Hobby
Electromcs

Al

..-i 1r--*‘

m R

| 1“‘"’”

.t;‘:. ;_
:3]"“”: :

| Electromc
Timekeeping

A trest for jaded ears Save it

Do it at a distance A treat for jaded eyes

High Alyers Power control



The Mark 1l FM Tuner
DIY Hi-Fi will never seem the
same again. Ambit's Mark !}
tuner system is electrically &
visually superior to all others.
Some options available, but
the illustrated version with
reference series modules:
£149.00 + £18.62 VAT

With Hyperfi Series modules
£185.00 + £23.12

al Dorchester All Band Broadcast Tuner:

LW/MW/SW/SW/SW/FM stereo

Tetknowledgey for

Features of the system:

Precision construction &

design of all parts
I'ime Trequeney display
)+ State of the art performance
wilh facilities tor updates.
using modular plug in
systems,
9 * Deviation level calibrator

for recording
All usual tuner fedtures

A multiband superhet tuner, constructed using a single IC for RF/IF processing - but with
all features you would expect of designs of far greater complexity. The FM section uses a
three section (air gang) tuned FET tunerhead. with ceramic IF filters and interstation mute;
AM employs a double balanced mixer input stage. with mechanical IF filters - plus a BFO
and MOSFET product detector for CW/SSB reception. Styled in a matching unit to the
Mark 11 FM only tuner, employing the same degree ol care in mechanical design to enable
easy construction. MW/LW reception via a ferrite rod antenna

Electronics only (PCB and all components thereon} £33.00 + £4.12 VAT
Complete with digital frequency readout/clock-timer hardware £99.00 + £12.37 VAT
Complete with MA1023 clock/timer module with dial scale £66.00 + £8.25 VAT

Upcdate your old radio, or build this into a new design.
Or use it as a servicing aid - this low power unit with
LCD display reads direct frequency in kHz/MHz, or
with usual AM/FM IF offsets for recejved frequency
Low power LCD means no RFI - 15-20mA at 9v aven
with the divide by 100 prescalar. FM resolution is
100kH2z, AM 1kHz. Sensitivities better than 10mV
Complete kit £19.50 +*£1.56 VAT Built and tested version £24.00 +£1.92 VAT
Various other DFM systems Jescribed in our catalogue part 2 - including a one chip
solution to providing digital display of FRG?7 kHz dial, combined with clock /timers etc.

Hardware packages ere available separately if you wish to house your own designs in a
professional case Structure. Please deduct the cost of electronics from complete prices.

PW SANDBANKS PI METAL LOCATOR [Radio and Audio Modules : The biggest range/ best specs: | COMPONENTS for Radio and Audio ICs, HMOS etc.
Maintaining our professional approach to |EF5801/3/4 6 stage varicap tunerheads with LO feed and various The list is too long to attempt here, but AMBIT specializes in all types of
home constructor kits, we offer the pulse levels of sophistication. New 5804 include pin AGC loop ‘on semiconductor for radio reception, including devices operating from DC to
induction ‘Sandbanks’. Now with inject- board’. 5801:£17.45+£2.18vat - 5803:£19.75+£2.47vat 5GHz. New low cost SBL1 diode ring mixers (equiv case MD108 etc) -first
ion molded casing for greatly improved 5804:£24.95 +£3.18vat. Frequencies in 40-180MHz on appcn. with. HMOS fets, now with a PCB for DC amplifier, and offset sense and
enviromental sealing. £37.00+ *£2.96vat. | EF5402 4 stage varicap with TDA1062, compound FE T/Bipolar [ Protection relay for speakers. See catalogue and updates for most info, pse
VHE MONITOR RX WITH PLESSEY IC input stage, fow noise, balanced mixer, pin agc, 05¢ output. A sqnd'an'SAE for information on anything you cannot find in catalogues.
4/9 channel version of the PW design worthy successor to the 5400. £10.75+£1.34vat Radio ICs costevat Stereo 1Cs cost+vaf AF power'ICs cost +vat
but using standard 3rd OT ecrystals, and | [he 5402 is available centred on a wide range of frequencies from CA3089E 1.94 24 MC1310P 150 19 LM380N 1.00 12
i h “hing | 30MHz to 180MHz. Non standard units £14.75+£1.84 - 3 weeks. CA3189E 245 30 uA758 2.20 27 TBAB10AS 1.09 14
TOYO 8 pole crystal filter with matching g .
i 8319 4 stage varicap tunerhead from Larsholt using MOSFET | HA1137W 220 27 CA3090A 275 34 TDA2002 1.95 24
transformers. Coil sets from our standard g ! &
RF and mixer stages. New temperature compensated oscillator SN76660 075 9 HA1196 395 49 TBA820M 0.75 9
range to cover bands from 40 to 200MHz L .
5 for wide ranges of ambient temperature £13.45+£1.68vat TDA1090 3.35 42 HA11223 4.35 54  f1om the general list:
Compiete module kit £31.25 +£3.90vat . 3 4
7252 Complete Larsholt FM tuner less stereo decoder. £26.50+£3.31vat | TDA1083 195 24  KB4437  4.35 64 ) gpq.ai) colours and
ETI r° REMCON RADIO CONT_ROL 7253 Stereo FM tunerset from Larsholt with FET head. {as 7252) TDA1220 140 17 KB2224 275 34 low prices
A tried and tested RC system with a |944378 Hyperfi stereo decoder. The very best. £19.95+£2.19vat SLB640 275 34  preamp ICs/switches  25148/2SK 134 HMOS
full set of supporting hardware from a | 911223 Pilot cancel stereo decoder, priced to make the MC1310as 4 MC3357 312 39 TDA1028 350 44  9.90 +£0.80 vat{Pair)
well known manufacturer. Please send obsolete as it now deserves to be.£12.60+£1.56vat HAMO7W 1.40 17 TDA1029 350 44  Signal fets/transistors and
for details - and watch our ads for further | jnotec 1-A fully DC tuned and switched LW/MW/FM stereo tuner MC1496 125 16  TDA1074 4.14 52 TOKO COILS & FILTERS!
news of developments in RC products. to interface with synthesiser control etc.A first! Details O/ LM373/4 375 49 Ba43g 2.22 28
OSTS: Remember all OSTS stocks are obtained from BS9000 approved sources - your a m'
assurance that all devices are very best first quality commercial types. Some LPSN g [ 4““0 [mos l(rnmurke
TTL is presently in great demand, so please check by phone before orderin: = 000 | 1) —_—
a AL i u 2 oW 200t | 170 | 4059 | s63u pav22 | raw, | 6800 series b ;gg LG
. ) ™Y 4002 17p 4060 | 1180 4527 | s | Grooe -
TIL:Standard AND LP SchottkY -:oo- Bl 22 [op |00 o | e eo0 o a7 1000
T | ', 3 IS IS 1007 | 18, [ 2066 | B3p [4529 | 1a1n | gunar 275 | B22) 6.25 : :
N LSN* N ‘LSN ‘N CLSN’ ‘N LSN° ‘Lsn gy 008 I 8op | 4067 | 400p 14530 | 90p | gar0p €4 H255 5.40 ';‘:::uoo «[g?uﬁo
7400 13 | 2017455 35 | 24 |724126 67 | 4a]74185 134 24377 120 BPd 2009 | s8p | 4088 | 25 la531 | 1410 [ ggs2 365 |MEMORIES I
7401 13 | 20|7460 17 74128 74 73188 275 e o R s0r0 | sap [4059 | 200 §a532 | 1280 | gaggan, 2102 €170
7402 14 | 207463 [12a |7a132 73 | 7872190 115 | 92| 74379 \ i 2001 | 17p | 4070 | 200 Jas534 | 614n | BETLS 12112 €340
7403 14 | 207470 28 | 74133 29 | 74191 24368 5 BB 2012 | 170 | 4071 | 200 {4536 | 3800 | 8980 6.30 {5613 g7.54
7404 14 | 24 [72a72 28 74136 4074192 105 | 180 72390 1o [EREN 013 | 590 | 4072 | 200 as3g | 150p | 8 . 2.30 lag2;  e578
7105 18 | 26 |7473 32 | 38 | 74138 60 [74193 105 | 180} 74393 14 By 4014 95p :g;g ;89 423? :lDu
7406 38 7474 27 | 38 |74139 60 {74194 105 | 182] 74 . P <016 52p p {454 an "
7407 38 7475 38 40 | 72141 56 24195 95 | 13/ ;4:3;32 :g a\o : 4017 8op | 4076 90p | 4543 174p MV_SCBEG/DVMS p L el
7408 17 | 24 }7476 37 | 38 |2a142 265 74196 99 | 1104 74398 18 N 4018 80p | 4077 20p |4549 | 399, JINESSS 30 NELSG /8y NESSE 180
7409 12 | 24 |7a78 38 | 74143 312 74197 85 | 110] 74399 15 B 4019 60p | 4078 20p {4553 | 440p [|LM3909 724  9HHIGIC /320MH, 7 BOa
7410 15 | 24 | 7480 a8 | 74144 312 74198 150 | 74426 5 ==l <020 a3p | 4081 20p fassa | 153 [[11€90DC /650MYT, €14 00
7411 20 24 | 7481 86 74145 65 | 97 |724199 160 74447 3 B 2 4021 82p | 4082 20p | 4556 77p | ['CM721681P1 8 decade 10MHz DFM/timer with
7412 17 7482 69 | 74147 175 74247 90 | 74490 % w 4022 90p | 4085 82p |a557 386p | |direct LED drive and sll counter teatures €19.82
' 7413 30 7483A 110 {74148 1069 | 191 [74248 a0 | 74668 3 Y=l 4022 17p | 4086 82p |a558 117p | {1ICM2217A181 4 decade gnogrummatile cnts £9.50
7414 51 7484 97 74150 99 74249 93 | 72670 249 g lall 5024 76p | 4089 150p | 4559 l 388p | [1CM7207 cloek pulse generaior 1C €495
7415 24 7485 104 | 99 [74151 64 | 84 [7426) | sop— 1 20 Rf 4026 | 17p |4093 | 50p [a560 | 218p {[ICM7208 7 decouts counte upiay diver €14 95
7416 30 7486 ‘ 40 [74163 64 | 54 |74253 105 |VOLTAGE /PSU "l 2026 | 180p | 4094 | 190p |as561 65p | [ICM7106CP LCD DVM IC {3 dugt) £9 55
7417 30 7489 205 734154 96 74267 108 |REGULATORS g 4027 65p | 4096 | 105p |4562 | 530p ||ICM7106CPK LCD DVM K17 €24 90
1420 16 24 | 7490 33 90 74155 54 | 110 [74258 153 |7800 95, : Y 4028 72p | 4097 372p | 4566 159, | [ICM2107CP LED DVM IC 0165
72421 29 | 24 | 7091 76 |110 [74156 20 | 110 | 74280 s series e N 4029 | 100p {4098 | 110p |4568 | 281p |[ICM7107CPK LED DVM KIT £20 65
7422 2a | 24 |7492 38 | 1874157 67 | 56 |74260 S| e vl 4030 | s8p | 4099 | 1220 |4569 | 303w [[SP8629 dwite by 100/200MH. seatar £4 20
7423 27 7493 32 | 99 |74158 60 | 74261 el calseresi 05 Falall <031 | 2500 |4160 | 90p [4572 25p [IMSL2318 dwide by 100 to 175MF,
2425 27 7492 78 724159 210 | 74266 a0 [p0220 pack) P <032 | 100p [4161 | 90p [4580 | 600p fvicl: by 10 1o 458MM i £4.20
7426 36 | 27{7495a 65 | 99 |74160 82 | 130 {74273 124 ;SM%‘};gﬂ,;gv E7Y <033 | 1450 4162 90v 14581 | 319 |lp| EASE REMEMBER TO AOD 8% VAT
7427 27 | 29 | 7496 58 120 174160 92 | 1874275 B A e e ERf 03 | 2000 4163 | 90p 14582 | 1641 | |ITO ITEMS LISTED UNDER OSTS
7428 35 | 32 |7497 185 74162 92 | 130 |74279 52 P Enlwll 4035 | 120p {4174 | 104y 14583 | 8ap
7430 17 | 24 |7a100 119 74163 92 | 8 |74283 120 [723€ 65p [ 4036 | 250p £4175 95y | 4584 63p
7432 25 | 24 |74104 63 74164 104 | 130 {74290 o0 [NESS0A  73p RN 4037 | 100p |4194 | 950 14585 | 100
7433 a0 | 32]74105 62 74165 105 74293 [ [o5]j282 195p sy <038 | 1050 4501 23p
7437 40 | 24 74107 32 | 38 |74166 24205 | 120 [MAINS FILTERS [frll 4039 | 250p 4502 | 91n llnenns'm"-w"w“w' op'o7 seg displays
7438 33 | 24 {74109 63 | 38 |7416/ 20 14208 100 1amp tEC 483 [l 4040 | 83p :ggg g?v o TP
7440 17 | 24722110 54 | 54 |724168 4324 1 : 7 4041 90p Tl LM324 m arT .
7441 74 2a11% 68 14169 7 ;“?5 2:‘;; g:r:;:’:lE"C gg;l ,_5 4642 g5, | 4507 550 | CA3130€  Hay| LM33YN G ?4.:!' High Efficiency HP:
7442 70 | 9974112 3g |74170 230 | 200 | 74326 247 [l BS approved 81 4043 85p | 4508 | 248p | CA31307  9up| LM348BN 18 5082 7650 1 CA
7443 115 74113 38 74122 25 14327 237 i 4044 | 8op | 4510 | 9% |cCAa3140E LM3Y0ON  Gop [ 5082 7653 e CC
7444 112 74114 38 | 74123 170 74352 100 |Requssts for the :‘48 4045 | 150p [ 4511 | 149 | CA3140T 72| 7090iC w5 64y [ S082 7660 yetkm CAL o
7445 92 74116 198 | 74174 87 | 120 |7435% 100 nont s of the RSl 4046 | 130p [4512 | 98p | CA3160E 90 [ J09PC i 36y | 5082 76GS yiliow CC
7346 94 74118 83 74115 87 | 110 | /4362 715 lcataliogus now ber 4047 | 99p {4513 | 206 | CA3160T  99p| 710HC w5 66y | 9082 7670 Ca
7447 82 | 89 |ra119 11y 74176 75 74366 43 |“booked™ for des. [l 4048 | 60p | 4514 2600 1 o) s 710PC da 59p | 5032 7673 e CC
7aa8 66 | 9974120 115 24177 78 74366 29 [pareh immediarely [EEREN 4049 | B0 14918 | 3000 | rgrpmAR—en | 723SN 650 | 0.3” Standard HP
7449 99 [74121 25 74180 85 74367 43 [ ceady (about. [EEGME 4050 | S%p 14916 4 1280 | unoian 30| /21CH 1 660 | uowz 7730 wa CA 7
7450 17 74122 46 | 57 | 74181 185 | 350 174368 | 29 |Novembir) Prasse  [EET) 205t | 65 § 4917 | 3820 | longn a2, L41CN Bad 2/0 | 6082 7740 1w CC han
7851 17 | 2a)74123 a8 | 73 [7a182 160 24313 77 |send 500 0 rosorve JRl] 4052 | 650 | 4518 | 03w | noun | 147CN % 1 0.5 Fairchild
7483 17 74124 |13/ [ /2183 210 | 14372 O SR 053 | esp 4519 | o7 | LA 9ldascn 36 | O E
7454 17 | 2a]7a126 38 | aa |sarga a3s | 7437°, 60 i % Pl 4054 | 120p } 4520 | 109p | "Oo o0 2240 NES31T  12Cp | FNDSOO sl CC 150:
ALL PRICES EXCLUSIVE OF VAT — VAT AT 15% XY 4055 | 13sp § 4521 | 236p 8 NES3IN 106y | FNDSO7 «iCA 150

Terms:
VAT, which is usually shown as a separate.amount. Overseas customers welcome
Catalogues: Ambit..Part 1 45p. Part 2 50p 90p pair.

Current news: Work continues apace on our HMOS PA kit, and by the time this is published - we expect to be about to launch the product
[The unit uses separate transformers and power supplies, and includes a DC offset sensing circuit combined with slow switch-on using a'relay.
advert - and a separate leaflet is available on request with an SAE. All new pricelist revision also available with an SAE. The Mullard DC controlled tone/volume and switch ICs with a ‘more
than HiFi‘ specification are in stock at last - together with reams of data (over 50 pages now). Also, RC enthusiasts will be interested to learn that we are supplying parts for various kits now.
CWO please. Account facilities for commercial customers OA. Postage 25p per order. Minimum credit invoice for account customers £10.00. Please foilow instructions on
please allow for postage etc according to desired shipping method. Access facilities for credit purchases.
TOKO Euro shortform 20p. Micrometals toroid cores 40p. All inc PP etc. Full data service described in pricelist supplements.
Hours/phone: We are open from 9am -7pm for phone calls. Callers from 10am to 7pm. Administrative enquiries 9am 1o 4.30pm please (not Saturdays). Saturday service 10am to 6pm.

in a style that matches the Mark {1l system
We introduce the HyperFi FM IF with this

ambit

®)
international 2 GreshomRoad, Brentwood, Essex.

AMBIT catalogues are guaranteed to contain the most up-to-date and best informed comment on

modern developments and advances in the field of radio and audio. There is no competetive
publication that even approaches the broad range of parts/information on modern techniques.
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ELECTRONICS

(A DIVISION OF GOTHIC ELECTRONIC COMPONENTS LTD)

PO Box 290
8 Hampton Street

MAIL

TELEPHONE. ORDER

Birmingham B19 3JR 021- -233:2400 ONLY

ALL PRICES IN PENCE EACH UNLESS OTHERWISE STATED

CAPACITORS
Electrolytic Axial Leads
=10% 10 +50% Tol
T Vde | -1

Order Code
Cap 015 +uF #V dec.
40 L )

Electrolytic Can Type * Qrder Code
High Ripple, 1EC Grade 1, Low E.S.R. Cop HR + uF + Volts
Suppiled complets with Vertical Fixing Clip
2200 4F 16V Ripple 1A @ 85°C  1.4A @ 50°C
4700 55 18V 28A 36A
100004F 16V
220004F 16V
2200,F 25V
47004F 25V
10000xF 25V
22000 uF 28V
10004f 40V
22004F 40V
47004F 40V
100004F 40V
10004F 70V
2200uF 7OV
47004F 70V
- 1000uF 100V
22004F 100V

5.8A
9.8A
1.3a
464

B.ta
1374

Miniature Low Value

Polystyrene, Axial, +1% Tol., > 63V D.C. Wkg

Ceramic Plate, Reduai, Low K. 1 8oF —8 2pF + 25pF Tol, 10-330pF + 2% Tol, 100V D.C. Wkg
Ceramig Plats, Radial, Med K, ¢+ 10% Tol, 100V D.C. Wkg

Ceramic Plate, Radisl, High K, ~20% to #80% Tol, 63V D.C. Wkg

424 | 632 | 630 | 629 424 | 632 1 630 | 629 424 | 632

B

Order Code
Cap PR+ uF ¢ Voits
16 |25 |35

| |

i

10

Electrolytic Radial Leads

~10% to +60% Tol.

uF |vdelsa | 10 | 16
7 }

Order Code,
Cap 034 + uF + Volits

3s 40 50 63

!

Damuwooaaoa

Y RURTSTRUY R RTAT RN R R RN RTR N
NP PRRAO DR R AW B BN

Order Code

Cap 424
Cap 632
Cap 630
Cap 629
+ Value
| 630 629
6

Polyester Radial Leads

Dipped Type, *20% Tol, > 250V D.C. Wkg. C280/352 Stvle
Moulded Type. - 10% Tol, >100V D.C. Wkg. 1D.2mm Pitch Centres
Moulded Type. * 10% Tol, >100V D.C. Wkg. 7.6mm Pitch Centres
uF 352
001

0015

0022

.0033

0047

160' PHE280 yF l352 360 | PHE28B0
8 9

IS B

22 10

.33

47

Small Desk Cansole — Boss Indusirial Mouldings
Siope Front Console, Recessed Top
ABS Base, C/W Brass Bushes, in Orange
tmm Atumiinium Top Panel Finished Gray

Order Code
Case BIM100S OR
Case BIM1006 OR

W161, D96, H39 (57)
W215, D130, H4T (73)

186
268

Plastic Boxes — Boss Industrial Mouldings

Moulded Box and Close Fittlng Flanged Lid

ABS Box, C'W Brass Bushes, and Lid In Orange

 Order Code
Case BIM2003 OR
Case BIM2005 OR
Case BIM2006 OR

L112 w62 D31
L150 W80 DS0
L130 w110 D60

8?7
15
19%

Instrumemt Case — Boss Indusiriat Mouldings
Covers J from 14SWG
Chassis Manufactured from 18SWG Mild Steel

-
Teimmers Order Code
250V D.C. Wkg. Film Dielsctric. Miniature

14 - 4.10F Cap BOB A B - 3.BoF
2 - 8oF .8~ 6.8oF
2 - 20pF 1 = 13pF

5.5 - 59.50F 1.7-197

25" x 5" .1" pltch Veroboard
1" pitch Veroboard
pitch Veroboard (5}
1" pitch Plain Board
. .9 .17 prich V-Q DIP Board
Spot Face Cutter
Pin Insertion Tool for D40 ND' ein
DS Pins .040 {100)
SS Pins .040 (100}
&mm Board Standofl {100}
. 15mm Board Standoff (100}
19mm Board Standott (100)
Verowlre Kit (1-pen, 2-wire, 25-comb}
Varawire Combs {100
Verowire Wire (4)
Fiin Top Box, Smail. Black
¢ Flip Top Box, Large, Black

Small Desk Consoles —
Siope Front Console, Recessad Top

ABS Base, C/W Brass Bushes, In Orange
1mm Aluminium Top Panet Finished Grey
Ventilation Slots In Base

500V D.C. Wky. CO04 EA Tubuier Type

VERO ELECTRONICS PRODUCTS

Boss Industrial Mouldings *

0068
o0
015

Order Code 68
1.0
- 15
Cap 8023 22
Cap 8026
Cap 80212
Cap 802 18

48
48
61

62

DB DB NN L NO O

HARDWARE
D.L.L. Sockets

B Pin Low Protiie Socket Tin
14 Pin Low Profile Sockst Tin
16 Pin Low Profile Socket Tin
24 Pin Low Profils Socket Gold
28 Pin L ow Profile Socket Gold
40 Pin Low Profile Socket Gold

VERQ 210694
VERO 21072D
VERQ 21076C
VERQ 21078E
VERD 21084E
VERQ 21013A
VERO 21015F
VERO 21087G
VERO 210178,
VEAD 21321K
VERD 21322G
VERO 213230
VERC 213410
VERC 21339F
VERO 213406
VEROQ 213170
VERO 213194

Heatsinks

indindual Tvoe for 1 x TO5 50°C/W
individual Type for 1 x T0B6 10.5°C/W
Indwvidual Type for 1 x T03 7.2°CW
Individusl Type for 1 x T0126 17°C/W
Individual Type for'1 x T0220 17°C/W

P.C.8.Components
Dsta Pen, Blue Ink, Slow Deying

Order Code
Cap 352
Cap 360
Cap PHE280

+ Value

Order Code

DIL SKT 8
DIL SKT ta
DIL SKT 18
DIL SKT 24
DiL SKT 28
DIL SKT 40

Sink SF

Sink TV2
Sink TV1
Sink TV4
Sink TVS

Pen 33PC

Qirder Core

Fuseholders

Covers Fimished Orange
Chassis Finisheo Matt Bisck

W105 0143 H32.i56)
W170 0143 H32 {56)
W170 D214 H32 {82)

N4

Order Code

206
2
378

Case BIM6OOS OR
Case BIMBDO6 OR
Case BIMBOOT OR

Suit 20mm x S5mm foses.

W250 D167.5 H €8.5 {Chassis 153mm Despl 1480

Plastic Boxes with Metal Lids — Boss Industrial Mouldings
Recessed Top Box
ABS Base, C/W Brass Bushes, In Orange
1mm Aturminium Top Panel Finished Grey

Order Code
Case BIM4003 OR
Case BIM4004 OR
Case BIM4005 OR

LB5 W56 D29
L1 WY1 D42
L161 W96 D53

97
130
182

Diecast Boxes — Boss Industrial Mouldings
Diecast Box snd Flanged Lid
Aluminium Box and Lid in Natursl Finish

Orrler Code
Cate BIM5003 NA
Care BIM5005 NA
Case BIMS006 NA

L1132 W63 D21
L152 w82 D50
L192 w113 D81

104
1831
280

RESISTORS
Carbon Film, Fixed

0.25W, E24 Values {RO-10M, 5% Tol.
0.5W, E12 Values IRO-4M7, 10% Tol.

1.5 ea.
2es.
Metal Film, Fixed

0.5W, E24 Values. SR1-IM, 2% Tol.

2.5W, E12 Values 10R-27K, 5% Tol.

Metal Glaze, Fixed

0.5W. E24 Values, IM-33M, 5% Tol. 10 ea,

90p/100 (Muh 10/Valuel
1.25p/100 (Mutt 10/Valuel

3.80/100 tMutt 10/Value]
7.90/100 {Mult 10/Valyel

5.40/100 (Muit 10/Value}

Case BIM3000 OR

All Metal Desk Consoles —
Slope Frant Console, Recessed Top
Two Pisce All Aluminium Construction
Ventilation Slots 1n Rear and Base
Chosce ot 15° or 30° Sioping Front

Off White Top Pane!, Blue Base

W102 D140 H28 {51} 15° stope
W165 D211 H33 {76} 15° siope
W254 D287 H33 (76) 15° siope
W356 D287 H33 (76} 15° slope
W102 D140 H28 (76} 30° slops
W165 D183 H28 1102} 30° siope
W254 D259 H28 {102} 30° slope
W356 @259 H28 (102} 30° siope

1018
1350
1572
1823
1018
1202
1572
1823

Eurocard Size Desk Console — Boss Industrial Mouldings

Slope Front Cansols
ABS Cose, C/W Brass Bushes, In Orange
1mm Aluminium Top Panel, Finished Gray

W169 D127 H45 (701 s
Order Code

£790/1000 {Mult 100/Value}
£10.10/1000 {Mult 100/Valuel

Res RO%

Res RD%
+ Value
£32.40/1000 {Mult 100/Value) Res MR10

Res PRS2
4 Value

Res VR37
+ Value

Boss Industrial Mouldings

‘ Case BIM7151A

F.C.8. Mounting, Open Type
Chaauis Mounting, Opan Type
Panel Mounting, Screwdriver Slot
Fanal Mounting, Finger Release

Fuses
’ 20mm x Smm Glass
" Canck Blow, Range 100mA—-SA
Slow Biow, Range 250mA~5A

Drder Code

Case BIM7154A
Case BIMT156A
Case BIMT158A
Case BIMTIONA
Case’BIM7303A
Case'BIM7I06A
Case BIM7308A

. Lampholders, Panel Mounting
Similar in Style to Fuse/H 20P
Low Voltage Type Suits LES and M/F Bulbs

Low Voltage, Red, Amber or Green
Internsl Neon 200/240V Red or Amber

Bulbs, Low Voitage, L.E.S.
6V, 0 36W; 6.5V, TW; 14V, 0.75W,

Grder Code

Case EIMBOOG OR

Skeleton Presets, Miniature

0.1W, E3 Vaiues, 100R-IM, Lin. Vertical Mounting
0.1W, E3 Values, 100RM, Lin. Horizontal Mounting

Fusa/H208
Fuse/H20C
Fuse/H20PT
Fuse/H20P

Fuse 20
AfS Fuse 20

+Rating

Lamp LV
tamp N

+ Colour

Bulb LES
+ Voltage

Order Code

Min Prete1 V
Min Preset H

+ Vatue

Skeleton Presets, Standard

0.3W, E3 Values, 1ICOR-4M7, Lin. Verticai Mounting
0.3W, E3 Values, tOOR4M7, Lin, Horizontal Mounting
.
Potentiometer, Rotary
0.5W, EJ Values, 1K-2M2 Lin.

0.25W. E3 Values, 4K7-2M2 Log.
+
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Stdl Proset V
St Praset H
Value

Pot Lin
Pot Log
Vaiue




® ACCESS

'l ADD 30p P&P

DIGITAL INTEGRATED CIRCUITS
4000 Butfered C-MOS — High Speed

5 -45V '8’ Series. Up to 20MHz 7400 T.T.L.

HEF 4000 14 1 HEFa046 100 | HEF4514 250 | N7400N 9
HEF4001 14 | HEF4047 87 | HEF4515 293 | N7401IN 1
HEF 4002 14 | HEF4049 28 | HEF4516 90 ; N7402N n
HEF4006 95 | WEF4050 28 | HEFAS1T 382 | N7403N 1
HEF4007 14 | MEF4051 69 | HEF4513 69 | N7404N 2
HEF 4008 80 § HEF4052 72 | HEF4s19 55 | N7405N 12
HEF4011 14 | HEFa053 72 { HEF4520 65 | NJ406N 25
HEF4012 14 | HEF4066 37 | HEFaS21 188 | 740N 27
HEFA013 © 32 | HEF4067 380 | HEF4528 99 NT408N 3
HEFa014 84 | HEF4068 14 | MHEF4532 120 NT409N 13
HEF4015 60 | HEF4069 14 | HEF4534 $10 ;| N7410N 1"
HEF4016 35 | HEF4070 14 | HEF4539 10 | N7a1IN 18
HEF4017 55 | WEF4OT1 14 | HEF4543 155 | N74I2N 17
HEF4018 65 | MEF4OT2 16 | MEF4555 78 | N7413N 23
HEF4019 46. | HEF4013 16 | HEF4566 78 | NT4VAN 46
HEF4020 88 | HEF4075 16 | HEFa557 386 | n7atEN 22
HEF4021 85 | HEF4076 85 | HEF4585 97 | nrIIN 23
HEF 4022 82 | HEF40?7 14 | HEF4T24 171 1 N7420N 1
HEF4023 14 | MEF4078 18 | HEF40097 90 [ wn7421N 2%
HEF4024 45 | HEF4081 16 | HEF40098 73 | N7426N 27
HEF4025 ¥4 | HEF4082 16 | HEF40106 62 | N7426N 2
HEF 4027 32 | HEF4085 64 HEF40160 19 NTA2IN 22
HEF4028 52 | HEF4086 64 | HEF40181 19 | n7428n 30
HEF4029 60 | HEF4093 S0 | HEF4Q162 1o | Ny430N i1
HEF4030 46 | HEF4094 176 | HEF40163 19 | N7a3N 2
HEF4031 . 200 | HEF4104 166 | HEF40174 19 | N7433N 30
HEF 4035 110 | HEF4502 91 | HEF4017% 19 | N7a3IN 2
HEF 3040 68 | MEF4505 sNn HEF40192 140 NTA3BN N
HEF4041 75 | HEF4508 §1 | WEF40193 140 { N7439N 60
HEF4042 54 | HEF4510 70 | HEF40134 119 | N7440N 17
HEF4041 T719 | HEFaST 10 | HEF40195 117 | N7442N 40
MEF404a 84 | HEF4512 98 NT443N 9

N7444N
NTa4sN

Freepost

Birmingham B19 1BR

B 24 HR TELEPHONE ANSWERING SERVICE TEL ORDERS WELCOME

W FREEPOSTON ORDERS  GMT ELECTRONICS B

@ BARCLAYCARD B VAT INCLUSIVE PRICES *

o CASH
® CHEQUE

* DUE TO VAT INCREASE PLEASE ADD 5% TO ORDERS

8 N74122N
6% N7412IN

NT7446AN
N7447AN
N74484aN

N7450N
N74SIN
N7453N
N7454N
NTA60N
N74 0N
NTAT2N
N7473N
N7a74N
N7475N
N7T478N
N7480N
N7483N
N7485N
NT4BEN
NT7430N

62 N74125N
1) N74126N
44 N74128N
13 NTATI2N

13 N74145N
15 N7414IN
0 N74V148N
12 N74150N

% N74151N
22 N74163IN
2 N74154N
23 N74155N
28 N74156N
26 N7415TN
43 N74158N
83 NT4160N
65 N7418IN
23 NT4162N

NT7A91AN

NT492N
N7493N
N7494n

NT7495AN

N7496N

30 NTA16IN
60 NT74164N
33 N74165N
n N24166N
74 N74170N
48 | NT417IN

46 N74174N

N74100N
N74107N
NT4109N

NT4116N

N74121N

a8 N74175N
2% N74180N
42 N74181N

MT4182N

23 NTA9IN

39 N7419CN
37 N7419an
32 N74195N
32 NT419BN
4 N74199N
46 N74221N
60 NT4279N

N7429BN
NT4365N

65 NT4366N
a6 NT4367TN
55 N74368N

74LS

49 N74LSOON
54 N74LSOIN
74 N74LSO02N
74 N74LSOIN
kol NTALSO4N
74 NT74LSOSN
8s N74LS08N
&5 NT74LSOSN
93 N74LS1ON

N74LS1IN
N74LS12N

63 N74LSIIN
62 NTALS14N
80 NT4LS1SN

NT4LS20N

89 N74LS2IN
65 | N74LS22N

NTALS2EN 32
N74LS30N 16
NTAL5I2N 24 "
N74LS3IN 2
NPALSIIN 2
N74LS3IBN 24
NTALSA0N 22
N741LSA2N 53
N74LSSIN 22
N74LSS4N 16
NTALSS5N 22
N74LS7IN 29
N74L575N 40
N74LS76N a3
N74LS78N a3
N74LS83AN 97
NT74LSESN 70
NT4L586N kK
N74LSION 45
N74LS92N 70
N74LS9IN 4%

N74LS95BN 65

NTALSIEN

N74LSTOIN 38
N74LS109N 38
N74LS1IZN 40
N7ALSTI3N 38

| ~7aLstien 38
N74LS125N 40
N74LS 126N 40
N74LS13IN 60
NT4LSI36N 37

N74LS138N 83
NTALS139N 8S
NTALSIBIN 76
NTALSISAN 122
N7ALSISSN 8O
NPALS156N 80
NMLSISIN 54
N74LS15BN 60
NT4LS160N 120
N7ALSIGIN 78
N74LS162N 130
NTALSIBIN 78
N74LSI1BAN SO
N74LS1TON 200 |
N74LS174N 100
N74LSI74N 100
NT4LSITEN 100
N74LSIBIN 320
N74LSISON 91
N74LS19IN 95
N74LS192N 128
N74LS193N 130
NTALS194N 150
NTALS195AN 120
NTALS196N 80
NIALSIOIN 110
NJALS240N 160
NTALS24IN 160
N74LS242N 160
N74LS243N 160
N74LS244N 160
N74LS251N 90 |

NJALS253N
NTALS257N
NTALS258N
N74LS260N
NTALS261N
NTALS266N
N74LS273N
N74LS283N
N74LS290N
NTALS293N
N74LSZ98N
NTALS324N
N74LSI65N
N74LS366N
N74LSIEIN
N74LS368N
N74LSITIN
N7ALS3ITAN
NT4LS3TEN
N74LS378N
N74LSIBEN
N74LS380N
N74L5393N
N7ALS39SN
NT4LS430N
N74LS670N
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LINEAR INTEGRATED CIRCUITS OPTO ELECTRONICS Order Cods SWITCHES o
cA30N 92 NES92K 162 Light Emitting Diodes, Individusl Miniature Toggie — Honeywell ©
Ca30t8 75 AC4136 130 125" (3mmi s SPOT 2A/250V A.C.,5A/28V.O.C. 58 SwBA1011
€A3020 191 TBA1205 e Ll :,’;,‘ :; 2333; SPOT  c/Otf : 87 - SWBA102
g:ggi:* % TCAS80 346 Vellow 19 cave? SPDT  Double Biss To Centre 7 SW BA104Y
TCAT30 450 A P ie Bias To Contr 1051
CA3048 245 TCAT40 450 B s bl . SR UL Gt ;'.:: R B S
CA3080€ 70 TDA1008 a6 2 (Bmm) Red 5 cavzea oPOT 86 Sw BA2011
€A2089€E 253 TDA1022 648 Groen 17 cavse DPOT  ClOff 92 Sw BA2021
CA3130E 90 TDA1028 338 Yellow 19 CQy96 OPDT  Doubls Bias To Centrs 102 SWBA2041
CA3140E 8 TDA1029 338 Panel Mounting Clip to sult. s LEDS Clip DPDT  Singla Biss To Centre 102 SwBAa2051
CA3189E 266 TDA10348 n7 OPOT  Bim %6 SW BA2061
LM301AN 30 TDA2581 266 Light Emirting Diodes — 7 Segment Display
LM308N 95 TDA2640 292 3 (7.8rvm) C. Anods ALH, Decime! P1. Miniature Push = C & K
‘-::g:gx EE Teser 25 e 160 XAN3061 sp Push To Make, Momental 0.54/250V AC.. 1AR28V D.C. 54 SwBsd)
tmzm ?73 u;‘)’%‘g%'; e c Anoce AL Defnat PiL I N sp Push To Break, Mcmantal 54 swgsd3
reen XAN305
= 13 & o, o St — Switchrt
LMI81AN 180 Sariien Pt. Aed, Low current drain 160 X AN3074 DPOT  Standsrd Actuator 6 Sw 46206
LM382 0 J 6 (15.2mm} €. Anode LM, Oecimal DPDT  Siot Actustor, Voltage Change, Marked 1107240 a Sw 46206F
UAT41ON Pt Red 230 XAN6620
UAT47CN C. Angde L.H, Decimal T
a Pt Green 30 XANS!
MC1458N % - S 2 520 f}il:lCONOUC ORS
MC1496N 97 1 P 2 40 paces
NES31 19 - it 20 i R e O IN827 193 IN400S 7 88110G 61 0A202 9
NES36T 216 LM3090A (K] 108 Photoresistors INg14 . 1N40OT 8 avi27 15
NES40 228 UAT23CN 38 IN916 s ING148 3 8Y208 34
NESSSN 25 UA7805CU 65 ong2 SOjRN) OB AT IN40O 4 IN5402 15 BYX10 19 Msicramave
NESSGN 60 UATB12CU 65 ORPE1, 80 ORPSY IN4002 4 IN5404 1% 0aa? 0
NES6ON 351 UAT7815CU 65 _ 1N4003 ] 9AX13 5 0ag0 7 BAWI50 1091
NES6IN 427 UA7905CU 86 Phototransistony IN4004 6 8AY38 22 0491 7 cL8960 2592
NESG6IN 461 UAT912CU 86 ocP71 180 ocP7t IN400S 7 88106(4} 122 01200 9 cxviic 1280
NESE5N 120 UAT915CU 86 8pPX25 175 BPX25
NES66N 156 UATBLOSCS 32 BPX29 175 BPX29 Zener Diodes
NESBTN 170 UA78LO6CS 32 400mW C4V7.C33 13W CIVSCTS
NESTON 405 UA7BL12CS az Photocoupler BZYBB/BZX79 4 Voitage 8 BZXE? + Voltage 16
NESTIN 459 uazeLiscs 32 FCOR20 150 FCDB20 -
2Na29 a7 2Nda27 206 8C4TB 24 8588 I
SEMICONOUCTORS MAINS TRANSFORMERS Order Code 2N 1893 30 2N4856 158 BCS47 72 MJEI40 48
] 3 MN22184 28 2Ne858 134 8C548 10 MPF102 32
Rectifier Bridges Order Code Secondaries may be connected In series or W2222 2 2N4860 122 BC5488 15 oc2e 107
1A 400V S.1L. 93 BY179 paralle to give wide voltage range 2M2369 b INS294 43 | BCsa9 12 0038 a5
14460V S. 84 av164 Primaries 0-220, 240V N2369A 20 2N5416 108 8C5498 2 0Cas 82
1.5A 100V D.LL. 32 VMIB 8VA — Ciamp Type Consiruction IN7646 42 ;:S;g; gg { :gg:g ;: !73:3:7;" “B('J
. 400V D.L.L. VM48 IN2894 49
ooy :: Wwo1 P Lol L 5, i, Ak e 28 2N5459 3z BC559 17 TiIP29C 53
1.5 200V s2 wos 04,5V, 04.5V Secondarbes 220 Trans6YA 45 2N2904 2 2N6258 432 BCY34 97 TIPI0A 4
24 100V 89 vS148 0S5V, 08V 60 IN2904A 24 40673 80 BCY70 14 TiP30C 57
2A 400V 109 vseag 012v,0.12v 120 22905 22 | acss 22 BCYN 1 TIP31A a3
A 100V 143 VH148 G115V, 0-15v 150 2M2905A 24 ADI61 38 acy72 1% TIPIIC w8
64 40OV 183 VH4ag 020V, 0-20V 200 2N2906 19 AD162 kT 80131 s 11P3ZA 49
104 100V 172 vJ1a8 2N2907 22 8C107 10 80132 35 TIP32C 63
104 400V 20 V4B 20VA = Clamo Type Construction 2N2907A 25 8C1078 i 80135 :u; ;l':: :é zg
4 " 2N2918 330 BC108 10 BD136 3
::: :%: g;g Vi S s+ onlF C. 70338, Ve 2N2926G 1" BC108A 14 80137 38 TIPA2A 59
30A 100V 242 VK148 04,5V, 04 5V Secondarin 335 Teans 20VA 45 2N3053 17 BC108C 16 8D138 19 TtPa2C 69
30A 400V vKaag 06v. 06V e 2N3054 S0 8C109 10 80139 3 TIP2955 68
012V,012v 120 « | BCi0ss 17 8D140 38 | TiPaoss 5
SC.R.s 015V, 015V 150 2N3055 80 8C108C 18 8FINS 28 Ti543 32
017.5V,017.6V 175 2N3055 8C147 7 BF 180 a7 ZTX108C ta
Cry i o4 C1060 620V, 620V 200 Full 1IS8 Test 86 BC148 9 BF 181 37
124 400V 108 TIC126D L ito 4 Rctio d 86267 35
Triacs $SVA — Clamp Type Comtruction 2N3aa2 141 BCIST 10 B8F258 32
7 ] BC158 9 8F259 36
10A 500V 124 B8T138-500 R o © 5527 HEAT T g:::'ng: " 8C159 1 BFR90 303
154 500V 177 87139500 0-6V, 0-6V Secondaries 540 Trans S5VA 60 N304 B BC177 15 BFS21 a8
234 500V 492 ATW41.500 012V, 0-12v 120 N30 9 Y178 15 BFX1D 23
015V, 015y ;gg 2N3706 9 8C179 18 BF x84 2
020V, 0-20v 9 8C182 10 BFX8S5 2
COMMUNICATIONS INTEGRATED 530V, 0-30V 300 v o e K s 3
CIRCUITS — PLESSEY 2N3709 1" 8C183 10 BFX87 2
SL3I6OC 242 | SLBAIC 384 100VA — Frame Type Construction 2N3773 270 8CIBIL " BFX88 2%
5L362C 302 | SLBS0C 865 L N3B1D 20 BC184 10 BFYSO 15
ST S = Approx. 8% Requistion HB7, W74, D64 1 ;»uszo 2 3t b ot s
SLe11C 230 | 5L652C 129 025V, 0:25V Secondaries 825 Trans 100VA 250 B ¥ BC212 10 aFvs2 12
SL612C 230 | $L680C 230 040V, 040V 400 2N3903 2 BC212L n BE Y0 o7
sL613C 394 | SL70YC 220 " R 8 8C213 10 BLXGS 238
SL620C 347 : 2N3905 12 8C213L " BLY35 1889
5L621C 347 | SLIGIOC 166 | SL1623C 251 | SL1BBOC 170 | SPBEZD 446 | SPB690 Sy 2N3506 12 8C214 10 BLY93A 2706
sL622C 854 | SLI61IC 166 | SL1625C 225 | SL6600C 890 | SPB6I0B 1361 [ SPB760B 68O SNoes b § 8C214L " 8PX25 175
SL623C 629 | SL1812C 166 | SLI626C 251 | SLG64OC 401 | SPBGSSB 1058 | SPB790B 454 Na34? 227 8C327 17 8PX29 175
SL624C 321 | SLIGIIC 193 | SLIGIOC 166 | SLE650C 7B | SPB6E7B 1058 | SPB794B 454 R0 2 BC328 15 BRY9 0
SL630C 218 | SLi620c 225 [sLiesoc 193 5PBES9B 907 2Na403 e 80337 16 BSWES 23
SLB40C sL1621C sL1e41C %07 2N4416 86 £C338 14 05%20 18




Monitor

-

IT TELLS THE

Without devoting the whole of Monitor to this

new device it would be impossible to describe it.

fully. Anyway we’ll have a go at outlining
some of its more unusuat functions. It's called
the “'Compucrise—0On Board Electronic Com-
puter!’’ it has 26 different functions, so many in
fact that we wonder if things haven’t got a little
bit out of hand. The main feature is the Cruise
control, this will establish and maintain a
pre-selected speed, it has a memory that will
recall the last setting should the accelerator or
brake pedals be used. The next bit comes under
the heading Fuel Management, it will inform
the driver his or her most efficient driving
speed, the best brand of petrol to use and the
effects of different types of tyres, pressures etc.
would you believe?if that littlelotisn’t enough it
also incorporates a highly accurate Quartz
digital clock /stopwatch / alarm /calendar.

Now for the mundage features, temperature

TIME TOO

‘gauge, inside, outside or engine temperature.
‘Battery voltage indicator, generator voltage etc.

Time to tank empty, current speed, average
speed, it goes on, you'll just have to take our
word it does about a miltion other things too.

All this information is updated once a second
from a variety of remote sensors. The ‘"Com-
mand Module,”* measuring 3 inches by 6
inches will sit quite happily on the dashboard of
most cars. It can be fitted to nearly any car in
about 3 hours (not diesel or fuel injection
engines though) requiring the minimum of
calibration. Cost, well you wouldn’t expect to
get much change from a fiver would you? It's
actually not as bad as you would think, £173
plus VAT and fitting. Compucruise is currently
available from Macpro Ltd, The Coach House,
Birdingbury Road, Frankton, Warwickshire
CV23 9QR. Who said motoring was getting
boring?

—_—

TOOL TIME

Plastic tweezers have never been given the
publicity they deserve so we at HE are begin-
ning a campaign to’highlight the usefulness of
plastic tweezers to the electronic hobbyist.
We're starting our ‘campaign by introducing
you to the new range of plastic tweezers from
.Tele-Production Tools Ltd, their range includes
three difterent jaw sizes, coarse, medium and
fine serrations. The in-built guides ensure that
the faces mate correctly. The tweezers are
available in small quantities for about 60
pence, they are particularly useful for handling
components that are liable to damage from
static discharge.

To obtain your tweezers write to Tele-
Production Tools Ltd, Stiron House, Electric
Avenue, Westcliff-on-Sea, Essex SSO 9NW.

COVER STORY

Our thanks to Relcy Antiques of Nelson Road,
Greenwich, for being so patient when we took
the cover shot. We would also like to point out
that they do not sell Grandfather clocks with
LED displays. Mind you their shop is well worth
a visit if you are interested in “‘scientific’’
antiques.

6

COMMODORE CALCS

New book from Commodore on how to choose
your Calculator, one of theirs of course. Never-
theless it makes very interesting reading. Your
nearest Commodore stockist should be able to
furnish you with a copy. The book covers alt of
the new range of Commodores machines and
there should be something for everyone.

CASIO’'S COMEBACK

We must admit, we were slightly worried about
the lack of calculators in the past few months,
particularly from our friends Casio, who could
be relied to bring out at teast two new speci-
mens per month.

We need not have worried, the reason for
Casio’s disappearance was because they were
busily beavering away developing the FX-501P
and FX-502P programmables. (Wonder what
the bloke who thinks up these names does with
the other 23% hours of his day?)

Starting with the 501, we have 5 levels of
parenthesis, 11 memories and 128 programme
steps. The 502 is twice the calc. with 10
parenthesis levels, 22 memories and 256
programme steps. Both live in cases
140x76x16mm, 1300 hours continuous use,
auto switch-off, full scientific functions
yawn . . . etc., etc.

You guessed it, the cassette recorder con-
nects up to both models via a low cost adaptor
Within the calculators lurks a musical IC that
enables a programme to be written and read on
to and off of standard cassette tape. Now for the
price list. As usual there are recommended
retail prices, totalty unrealistic as they're always
sold cheaper somewhere or other. From the top
we have the 501 at £64.95 and the 502
£84.95. The adaptor (FA-1) can be yours for a
miserable £24.95. Casio can now be found at
28 Scrutton Street, London, EC2A 4TL and will
be only too happy to relieve you of any surplus
money you may have.
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News from the Electronics World

SIX DIGIT HAND HELD

Just about everything these days is available in
hand-held version, frequency counters are the
latest to succumb. This model, called the
Max-550, will handle up to 550 MHz on a 6
digit display. The counter is crystal controlled
{of course) giving an accuracy of 3 parts in 10°
on signals down to 250 mV. (That means it's
very accurate to the likes of you and me.)
Typical applications include audio, video
and RF in-circuit testing, checking clock

4

(axe550)

frequencies in digital systems, ultrasonic
equipment in fact anywhere something elec-
trical is happening many times a second. A fult
range of accessories includes a miniature aerial
for direct radio reception, input cable carrying
case, AC charger and an adaptor for use with a
car battery. The Max-550 can be yours for
£93.00 plus VAT. Available from Continental
Specialities Corp, Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ.

WIRELESS?

For any of you following lan Sinclair's new
series ''Into Linear ICs’' you’ll have noticed
he's using a "Eurobreadboard’’ to explain
much of the theory. This kit of jumper wires
might just come in handy. It's intended for use
with the Letrokit breadboard. The kit contains
350 wires and comes in a neat plastic box with
individual compartments. 14 different lengths
are supplied in the kit, the smaller ones conform
to the almost standard 0.1 inch matrix. The
longer lengths extend up to 5 inches. All the
different lengths are colour coded. and each
length has stripped ends, bent to 90" for
instant insertion. For further details contact:
Letrokit Ltd, Sutton Industrial Park, London
Road, Earley, Reading, Berks.
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Combination
Lock

Mechanical combination locks abound — as do ideas for electronic ones.
Unfortunately, electronic designs we‘ve seen are either too simple (and of
limited use) or too complex — and beyond the average hobbyist. Here’s

something that’s in between these two extremes.

COMBINATION LOCK

12

START

DIGGING THROUGH THE files produced a wealth of
ideas for locks — most of them impractical for the
constraints imposed on the project application. Tossing
ideas around the office threw up some fascinating
techniques . . . But we had to get a simple project
together.

The simplest method is to connect several rotary
switches in series to apply power to a solenoid-operated
door lock when you dial up the right switch position on
each. This has the advantage of extreme simplicity and a
reasonable number of possible combinations. Problem
is, if you leave that combination set on the switches then
security is compromised because somebody, less trust-
worthy than your good self, may just take notice, Tch,
tch.

What was needed was some technique that was
self-cancelling or did not reveal the combination once it
was ‘dialled up.’

It occurred to us that the rotary. numerical combina-
tion lock, such as on safes (you know — spin the dial, 13
left, 37 right, 21 left), did not reveal the complete
combination once the lock was opened.

8

Having digested that little principle the next thing was
to work out-how to do it electronically — and in a simple
way.

The rotary numerical combination locks operate by
successively unlatching a mechanical ‘circuit’. When the
last combination is dialled the bolt is released. How to do-
this electronically?

LATCHING CIRCUITS

A number of ‘latches’ connected in series and operated
in sequence such that power is applied to a solenoid lock
when the last latch is selected will be an electronic
equivalent to the mechanical combination lock. Next
problem — the electronic latch. This can be made up in
a number of ways. Relays can be connected to latch on
when energised. But they're relatively expensive.Digital
logic gates can also be connected to make a latch.
When a silicon controlled rectifier (SCR) has a voltage
applied to the gate it will conduct and remain ‘on’ until
the anode-cathode voltage falls to zero. That's a latching
operation. SCR's are cheap and readily available and will
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handle the current required to operate a solenoid lock
and for these reasons were chosen for the latches in this
project.

To dial a sequence of numbers, providing the re-
quired combination, we first considered a multi-bank,
multi-position switch. That turned out to be
mechanically awkward and expensive. Suitable switches
are also difficult for the average hobbyist to obtain. Two,
12-position, single-pole rotary switches were eventually
chosen. They are an ‘off-the-shelf’ item obtainable from
many component outlets.

Dialling three pairs of numbers in sequence on the
switches simulates the operation of a rotary numerical
combination lock — almost. This provides over 1.7
million combinations!

RESETTING

That solves the combination problem and the latch
problem, but how do you reset the SCRs once you’'ve
operated the lock? Simple — turn off the power source.
A switch could be used to momentarily disconnect the
supply, ‘unlatching’ the SCRs, resetting the solenoid
lock to await its next use.

What if you forget to push the button? Tch, tch, tsc . .

It seems a peculiarity of human nature that it is easy
to memorise a sequence of numbers but very difficult to
remember to reset a button or lock.

A simple timer operating a relay can do the job for
you. Accordingly, the project has a timer incorporated.

The project is designed to operate from a battery. No
current is drawn until the START button is operated.
Current will only be drawn from the supply for the 25
seconds duration of the timer.

Mains operation, from a small transformer and rec-
tifier is possible but a battery standby circuit should be
included in case of mains power failure.

SOLENOID LOCKS

There are two basic types: solenoid operated striker
plates (i.e.: that are fixed in the door jamb) and solenoid
operated boits (attach to the door itself). We recommend
you use a solenoid operated striker plate. Firstly, as they
are fixed in the door jamb it i§ an easy matter to conceal
all” wiring. Secondly they may be used with existing
dead-latching mortice locks. Solenoid operated -bolt
locks are made to fix on the door itself and require a
flexible lead run across the door at the hinged side.

Solenoid operated striker plates or bolt locks are
available from specialist locksmiths.

As the project operates from a 12 volt supply, a 12
volt version was used.

For new installations the key barrel of a lock may be
dispensed with. In existing locks, the key mechanism
may be disabled if you wish.

CONSTRUCTION

The relay and all minor components are mounted on a
printed circuit board. For convenience, and to avoid
wiring errors, this method of construction is recom-
mended.

Commence by putting all the resistors and capacitors
on the board. Take note of the orientation of the
‘tantalum capacitors. Next mount the transistors, diodes
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Interior of the lock. A diecast box provides a rugged and safe
housing. .

and SCRs — take note of lead orientation, carefully
follow the component overlay diagram. Mount the relay
last.

All external connections are made via pc pins inserted
in the appropriate holes on the board. To avoid wiring
errors, follow a sequence of wiring the connection from
each pin, step by step.

Wiring a ‘code’ on the switches is a fairly simple
process. Using the table below, allocate switch position

This shows how the connection of wires A to C and A' to C'
determine the combination of the lock. The above table shows
the connection pattern for the combination 4-1, 1-11, 8-4
which can be seen by looking at the switch contact numbers
corresponding to A, A’, B, B', C and C'.

TABLE 1

sSwi1 pc Sw2 pc
pos no pin poOs nNo pin
1 B 1 7:\-
2 2

3 3

4 A 4 ¢
5 5

6 6

7 7

8 c 8

9 9
10 10

1 11 B
12 12 o




*BC107,8C108 BCA

B8C109, BC548etc

SCR1
C106Y1

Fig. 1 The circuit diagram, SW1, SW2 and PB1 have to be operated in the correct sequence before the lock will open. Any deviation

PB1
START

BUTTON £2

10u=

5T
e
w
o
(3]

D2
© 1N4007

SCR3
Cc106Y1
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in sequence will result in the lock remaining secure

An ‘initial’ code is dialled on SW-1 and SW-2, 4
and 1 in this case. The gate of SCR1 will be
forward biased via R5, SW-1, SW-2 and D2,
SCRI1 turns on, charging C2 to 12 volts.

The push-button PB1 is then pressed. This
applies 12 volts from the cathode of SCRI to the
junction of R1/R2. Capacitor C1 will quickly
charge to 12 V Q1 and Q2 will turn on, operating
the relay RLA. The circuit involving Ql, Q2, R1,
R2, C1 and the relay is a 25-second timer. The
relay will drop out after about 25 seconds as C1
will slowly discharge via R1, R2 and the input
impedance of Q1, Q2, which is very high. The’
rest of the sequence must be completed within
25 seconds to operate the lock for when RLA
drops out, the circuit is ‘reset’.

When PBl is pressed and RLA operates, the
relay contacts, RLA1, will then transfer the 12 V
supply from the anode of SCR1 to the anode of
SCR2. SCR1 will turn off. C2 will then com-
mence to discharge via R7, falling to a volt or so
within 10 seconds. The next code sequence must
be dialled within this period, otherwise you will
have to return to the ‘initial’ code.

The second code is then dialled on SW-1 and

How It Works

SW-2, in this case 1 and 11. The gate of SCR-2
will then be forward biased via SW-1 and SW-2,
the current it draws will discharge C2. SCR2 will
then turn on, applying 12V to the anode of
SCR3. 3

The third code is then dialled on SW-1 and
SW-2, in this case 8 and 4. The gate of SCR3 will
then be forward biased via R10, turning SCR3
on, energising the solenoid lock. At the end of
the 25-second delay, the relay will drop out,
resetting the circuit.

An external connection socket, SK1 is pro-
vided to enable power to be supplied to the lock
should the circuit fail or the batteries run flat.

No current is drawn by the circuit until the
operating sequence is commenced.

Diode DI suppresses operating transients
from the coil of the relay and D2 prevents
possible spurious triggering of SCR2 and SCR3
via the gate ‘of SCR1 when the latter is turned
on.
The circuit is protected from spurious trig-
gering by bypass capacitors C3 and C8 and the
SCR gate resistors, R6, R8 and R11.

10
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Combination Lock

The printed circuit board and solenoid striker plate we used. Naturally any type of

solenoid lock can be protected using this system.

SUPPLY
+Ve

A simple lock using three rotary switches. If you forget
to move them off the combination after opening
the lock, you'll reveal it.

—Parts List—

SUPPLY

o O
SOLENOID
(0] (0]
—0
(0] (0] o
(0] (0]
o|0
‘ SW3

—Ve
PCB artwork shown full size.

Fig. 2 The component overlay. See Table 1 and the circuit
diagram for an explanation of the lettered AC pins.

RESISTORS (ALL % W, 5%) i1 P :
R1 2M7 ¢ a9 kag g
e 470k Cescpred  Legepred | beops—
1k .@.
R4 100R e P -Ro)— |
R5 ™ I *
R6 100R ¥ .
R7 560R ) a Y 4
R8 1k i i
R9 100R R et | i S| SRS
CAPACITORS D FCG EH
C1,2 10u 25V tantalum 2
C3-8 10n greencap MISCELLANEOUS
SEMICONDUCTORS SWi1, 2 1 pole 12 way rotary
PB1 miniature push to make
SCR1-3 C106Y1 orC106D1 RLA1 single-pole change-over 12V 180 ohm coil,
Q1,2 BC107, BC108, BC109 or BC549 or equi- 240V/5A contacts
: valent SK1 DIN 5-pin or similar
D1 1N914 Solenoid-operated lock (see text), 12V battery, pcb:
D2 1N4007 diecast case.
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_Combination Lock

pairs for SW1 and SW2 for each code in the three-step
sequence necessary to open the lock.

For example, the code sequence of switch position
pairs as shown in the diagram is 4-1, 1-11, 8-4. These
are respectively shown connected to pc pins A-A’, B-B’,
c-C.

INSTALLATION

As this will very much depend on individual circum-
stances, we can only give you general guidelines.

Firstly, there must be no externally exposed, or
visible, wiring. The switches should be mounted such
that their shafts protrude from the surface behind which
the circuitry is mounted, without the shaft securing nuts
being accessible. File a flat on the shafts so that you have
a permanent ‘location’ point for knob grub screws.
Better still, use collet knobs.

The external power/connection socket should be
placed in a concealed location, known and accessible
only to yourself, or those entrusted with the combina-
tion.

OPERATION

1. Dial the ‘initial’ code. As illustrated in the circuit,
turn SW1 to 4 and SW2 to 1.

2. Press the push button, PB1.

3. Dial the second code. As illustrated, turn SW1 to 1
and SW2 to 11. You have less than 10 seconds to do
this.

4. Dial the third code. Turn SW1 to 8 and SW2 to 4, as
illustrated.

5. The solenoid lock will release.

6. Twenty-five seconds after operating PB1, the circuit
will reset and the lock will return to its latched
condition. HE

Buylines

There should be no problems in obtaining any of the
components used in the Combination Lock.

Hobbyprints

We're just etching to tell you about HOBBYPRINTS, we
know you won’t be able to resist them.They're so good
we’'ve even patented the idea (1445171 and 1445172).
If you're board with all those untidy strip boards or
semi-permanent bread boards then read on.

After many months of extensive research we think
we've come up with the ideal solution (Ferric Ghlo-
ride?) to all of those problems people have with
making really professional PCBs. (Puns come at no
extra charge).

Seriously though, the HOBBYPRINT rub-down
transfer, {very similar to the rub-down lettering) is the
answer to the project builders prayer. PCBs take up a
disproportionate amount of time, using HOBBYPRINTS
a typical PGB can be finished in under half an hour.
Because HOBBYPRINTS are produced from our original
artwork there’s no likelihood of making a mistake.
They can even be used as photographic masks for
ultra-violet PGB production.

Each sheet of HOBBYPRINTS contains all the PCBs
for any particular month (an average of four PCBs), so
for only 75 pence including VAT and Post and Packing
that's not bad value. For a list of projects refer {o back
numbers ad. :

ORDER TODAY

Send cheque or postal order (payable to Hobby
Electronics) to:

HOBBYPRINTS,
HOBBY ELECTRONICS,
145 CHARING CROSS ROAD

LONDON WC2H OEE.
75p INCLUSIVE OF VAT AND POSTAGE.

Please mark the letter(s) of the HOBBYPRINTS on
the outside of the envelope.
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WHAT WITH ALL THIS energy crisis business it's to be
expected that someone would write in with a request for
some kind of solar heating circuitry, Congratulations to
Mr N. Shapped for being the first.

Dear HE,

Could | make a suggestion? With the current interest
being shown in energy saving, a useful constructional
project would be a circuit for the control of a solar energy
system.

N. Shapped
Anglesea

Well Mr Shapped, we would be only too happy to
publish such a circuit but for one thing. We have heard
from reliable sources that the gases used as aerosol
propellants are breaking down the upper layers of the
atmosphere. This will cause what the experts call the
‘Greenhouse effect’. In short the temperature of the
earth will steadily rise, making solar heating somewhat
redundant. With this in mind we were thinking of
developing some kind of Greenhouse effect detector,
trouble was we had nothing to calibrate it with.

Two letters this month concerning ‘Kit Review' (most
unusual). They both happen to be about the June review
of the Sparkrite Electronic Ignition, though each makes
a different point. The first is from Mr N. Allister of
Lichfield, Staffs.

Dear HE,

Having read the Kit review on the Sparkrite Ignition kit
an idea sprang to mind. | am keen on motorcycles,
unfortunately | can only afford small capacity bikes.

Motorcycles are usually fitted as standard with con-
tact breakers. These are not very reliable and can cost
quite a bit to replace. Several companies are now coming
out with contactless systems for multi-cylinder bikes,
rather pointless for a humble one cylinder machine. (Pun
intended.) Anyway these systems use an ordinary LED,
the light source being interrupted at the appropriate
moment during the ignition cycle and triggering the
ignition. | would like to see an article on how to make
such a circuit. | hope you give this letter some thought
and publish such a circuit in the near future.

N. Allister
Staffs
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It’s all down to the energy crisis this
month, don‘t worry though, Hobby
Electronics is guaranteed energy
saving, no batteries, no wires and
no connections to be made.

The second is from Mr George Tworkowsky (we think) of
Gwent, he poses a somewhat different question.

Dear Sir, )

! read your article ‘Kit Review’ with great interest. It
really is a pity that you did not carry out some detailed
tests. | have had some experience with electronic
ignition. In two years my own specimen failed three
times, this | considered dangerous so | disposed of it. |
noticed that my fuel consumption had actually increased
with the electronic ignition. A friend brought a Sparkrite
with similar results, his cold starting did not improve, still
needing four or five attempts before his car would start. |
think that electronic ignition has still got a long way to go
before it can beat a conventional system. To have any
advantage a completely new system is required, not an
adaptation to a conventional ignition.

G. Tworkowsky
Gwent

To Mr Allister we must say we would love to publish such
a circuit, the trouble is there are so many different bikes
around at the moment it would be literally impossible to
come up with a ‘universal’ fitting to suit everyone. Sorry.

Now to Mr Tworkowsky. Unless, as you suggest
extensive and exhaustive laboratory type tests are
carried out, results will be purely subjective. Two things,
however, must be borne in mind. An electronic ignition
system cannot improve a badly tuned car, wrongly
adjusted tappets for instance. The second thing to
remember is that the contact breakers should not wear
at anything like the rate of conventional points. That
means' the points will retain their optimum (hopefuily)
setting longer, hence improving fuel consumption, and
at nearly £1.30 per gallon every little helps. Don't forget

" that cold starting should also improve, simply because

an electronic ignition system will continue to operate
satisfactorily at a much lower voltage.

That's about it‘for this month. We would just like to say
thank you to everyone who took the trouble to write in-
with suggestions for a new name for the column. We've
decided to keep it as ‘Clever Dick’ simply to avoid
confusion. Keep your letters coming in to Clever Dick,
we'll try to answer as many as possible, it's good to
know that such a column was needed judging by the
amount of mail we're receiving.
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Thyristors

The Great Gate Story

Thyristors often seem to be the poor relation as far as electronic com-
ponents go, especially these days with new digital ICs appearing aImosf
daily. We would like to dispell any rumours here and now, the thyristor is
alive and well, doing things that only they can do. lan Sinclair looks at this
versatile semi-conductor and a few of its unique features.

IF YOUR ELECTRONICS interests are in Hi-Fi, or short-
'wave reception, chances are you'll never have any need
‘to use a thryristor. There’'s an awful lot of other branches
of electronics, though, in which these devices are
extremely useful, so let’s take a look at how the thyristor
works, what it does, and the sort of circuits that are used.

Unlike the ordinary transistor, a thyristor has four
layers of semi-conductor material-(Fig. 1). Connections
are made to the outer layers of this sandwich, and these
are called the anode and the cathode connection. One of
the middle layers is also connected to a terminal, called
the gate. ;

ANODE

ANODE

(2) ’ (b)

GATE

GATE

CATHODE

CATHODE
Fig. 1. Four-layer arrangement (a} and the thyristor symbol (b).
How does it work? Imagine the four layers split up as
shown in Fig. 2a. This now looks like two transistors

(Fig. 2b) connected in series one a PNP type, and the
other NPN. More important, there are connections from

ANODE

N
e—
GATE N

CATHODE

Fig. 2. Two-transistor equivalent (a) as layers, (b) as separate
transistors.
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the collector of the PNP to the base ¢f the NPN, and from
the colléctor of the NPN to the base of the PNP — that
means 100% positive feedback. Using this transistor
arrangement as a guide, let's see what we would expect
to happen as voltages are applied. One thing has to be
added though — the connection to the electrode which
behaves like the gate has a bit of resistance in series
(Fig. 3). and that makes quite a difference.

With the emitter of the PNP transistor positive and the
emitter of the NPN negative, no current will flow when
the ‘‘gate’’ voltage is low. Since the "‘gate’’ connection
is to the base of an NPN transistor, no current will start to
flow until the-voltage on the box is something like 0.5 V
positive to the emitter of the NPN transistor. With the
base of this transistor at the same voltage as the emitter,
then, there's no conduction in either transistor. Either
transistor? Well, you see, the collector of the NPN
transistor will be at supply voltage when no current
flows, and that keeps the PNP type shut off — a PNP
transistor doesn’t conduct until its base voltage is less
than its emitter voltage. Fig. 3 shows a "'load’’ resistor
dotted; there’s no resistor deliberately placed there but
leakage through the semiconductor serves the same
purpose.

ANODE +

NPN

GATE

CATHODE

Fig. 3. The equivalent circuit, with gate resistance added.

GATE RESISTANCE

When the base input voltage rises to around 0.5 V, then,
the NPN transistor conducts, its collector voltage drops,
making the PNP transistor conduct, and current flows
from the emitter of the PNP transistor all the way to the
emitter of the NPN one.
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This is where the resistance at the '‘gate’’ input
comes in. When the transistors conduct, the collector
voltage of the PNP transistor goes high, keeping the
base voltage of the NPN one high. If the input voltage
goes low now, some of the current from the PNP
transistor will flow through the input resistor, but the
base of the NPN transistor will still be kept high enough
to ensure that current keeps flowing. This is why the
thyristor doesn’t shut off. In fact, small thyristors ¢an
be shut off if the supply voltage is low by taking the gate
voltage negative, so that the voltage at the base of the
NPN transistor drops below 0.5 V.

PEAK CURRENT

There aren’t two separate transistors, of course, so what
do we look for when we select a thyristor? One obvious
factor is the maximum voltage which we can use across.
the thyristor when it is switched off. This ranges from
around 15 V to over 800 V according to the type that is
chosen. Note, though, that these voltages are peak, so
that if you: want to use a thyristor with 240 V AC you
need a 400 V type to hold off the peak AC voltage.

The next thing to look for is the peak current rating.
Many manufacturers quote lg,, — meaning the ‘peak
current flowing for a once-only pulse when the thyristor
.is triggered on. The repetitive peak current (on every
cycle) is symbolised as l;gy, and is quite a bit less.

The gate trigger current, in milliamps, is labelled Igy
and is usually measured at 25°C — it gets less at higher
temperatures. The maximum value for reliable triggering
‘is usually quoted, ranging from about 200 uA for a smalil
thyristor to 30 mA or more for a large one. The actual
trigger current is often a lot less — | have triggered a
small thyristor at 8 uA.

Vor. as the letters suggest, means the gate voltage
(maximum) which will ensure triggering. This ranges
from 0.8 V for a small thyristor to 1.5 V for a large one
— once again most samples will trigger at lower values.

Finally, the quantity |, is the holding current — at any
greater value of current between anode and cathode, the
thyristor is guaranteed to keep conducting once trig-
gered. Values range from 5 mA to 40 mA, and, as usual,
most samples will stay conducting with quite a bit less.

o—= —_—0
FROM FUSE. TO CIRCUITS
POWER
SUPPLY
ZD1 T™HY
R1
o Yo}

Fig. 4. A crowbar protection circuit.

The thristor therefore behaves like a diode — but only
when the voltage at the gate has set the layers of
semiconductor conducting. With the gate connected. to
the cathode, a thyristor is simply an open circuit, no
current can flow in either direction unless, of course, the
voltage ratings of the thyristor are exceeded. When the
gate voltage is increased sufficiently above the cathode
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voltage — about 0.5 V or so — the thyristor will sud-
denly become conducting, provided the anode is
positive relative to the cathode. In this state, the thyristor
is said to be triggered. 1f the anode voltage is zero or
negative, or if the gate voltage is too low, no triggering
takes place, and the thyristor remains non-conducting.
Let’s look now at a circuit which makes use of what we
know already about the thyristor. Fig. 4 shows what is
called a crowbar circuit — it's designed to shut off the
power to a circuit very quickly.

This is a thyristor which is normally non-conducting,
with its gate connected to zero volts through Rl and to
the positive supply through ZD 1, a zener diode. You're
not too certain about a zener diode? Well, it’s a diode
which is used reverse biased, but because of its con-
struction it will suddenly conduct at some voltage,
usually in the range 2.7 V to 33 V, which is decided
when the diode is made. in this circuit, the diode has
been selected so that it breaks down at 5.6 V.

—————O0 +
E I RELAY
—o+
BELL
RELAY
CONTACTS
TO CONTACTS -
10k
- = = O~

Fig. 5. Burglar alarm basic circuit — the bell cannot be
connected directly to the thyristor because each stroke of a
bell interrupts the current; this would shut off the thyristor.

FAST FUSE

Now the normal voltage output of this circuit is 5.0 V,
and it's intended to supply a lot of IC’'s whose supply
voltage must not rise much above 5.6 V. What happens
if the voltage does get too high? Simple — ZD 1 conducts
and triggers the thyristor. The thyristor can then con-
duct, shorting out the power supply and causing the fuse
to blow. Once the fuse has blown, there’s no voltage in
the circuit, and the thyristor instantly resets, ready to
resume protection duty when the fault that caused the
trouble is sorted out.

Now it may look a bit daft using a thyristor to blow a
fuse, but it has two important advantages. The most
obvious one is the fuses don‘t blow just because the
voltage rises, so that the fuse doesn't protect the circuit
against excessive voltage, it only protects the power
supply against excessive current. The other point is that
a fuse takes some time to blow, several milliseconds.
That may not sound like a long time, but several hundred
pounds worth of IC’'s can be destroyed in only a thou-
sandth of that time. The thyristor operates faster, getting
the voltage down as soon as it reaches danger level, and
blowing the fuse so that some attention is called for. The
name ‘‘crowbar’’ circuit is a good one — the action is
pretty much the same as that of putting a crowbar across

the supply voltage! ; A=
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To. change output voltage, just switch in another
zener diode! The output is not easy to smooth to an
acceptable standard for most electronics equipment, but
is ideal for battery charging or running lights or motors.

The main application for thyristors, however, is the
control of lamps or motors, using the gate to control at
what part of the wave the thyristor switches on. Fig. 10
shows how this operates when the supply to the thyristor
is a full-wave rectified voltage. |f the thyristor is turned
on at the start of each wave, the outputis at full power —
the average value of voltage of such a wave is equal to
63% of peak voltage. If the thyristor is turned on at a

later part of the wave, the average value of voitage of the

output wave is less, down to nearly zero if the thyristor is
switched on very late. This is, incidentally, one of two
methods of control, the other will be discussed later.

TRIGGERING

The problem now is to trigger the thyristor at the correct

part of each cycle. One simple method is to use a
capacitor and resistor to delay the rise of voltage at the
gate. Fig. 11 shows the simplest type of circuit possible,
a capacitor connected across the gate, and a resistor
feeding the capacitor from the rectifier supply. As the
supply voltage rises from zero, following the shape of a
half-wave of AC, the voltage across the capacitor will rise
much more slowly, so that the gate voltage does not rise
high enough to trigger the thyristor until the supply
voltage is quite a bit above zero. We can alter the time
(after the wave starts from zero) at which the thyristor
fires by altering the time constant of the firing circuit.
Unless we discharge the capacitor again, however, the
thyristor may fire too soon on the next wave, so that Dl is
used to ensure that the capacitor discharges when the
supply voltage drops at the end of the wave.

NV o=
]
|
1
y INPUT
[
) r
o ! '
v WAVEFORM
»—/‘\U AT GATE
1
. I 1 TRIGGER
Ic1 ’oieulx‘:/
O

Fig. 11. Simple CR low voltage phase control. Because of the
time that C1 takes to charge, the voltage at the gate reaches
trigger level some time after the input voltage starts to rise.
The delay can be adjusted by altering the setting of RV1. D1
discharge C1 when the input voltage drops to zero again.

One snag of this simple circuit is that the current
passing through the charging resistor may not be
enough to fire the thyristor, if the resistor is a large value
and the thyristor gate needs a large (1 mA or so) current.
Most small thyristors will fire with a gate current of a few
uA, but the larger types may need quite a bit more.
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A method of overcoming this is the trigger diode — a
device which is non-conducting until a few volts are
applied between anode and cathode (Fig. 12), and
which then becomes fully conducting, with only a small
voltage drop. Using such a trigger diode, the voltage
across the capacitor (Fig. 11) builds up until the voltage
across D2 is enough to breakdown.the trigger diode.

—fes I L

Fig. 12. Trigger diode. (A) symboll (b} characteristic

LOW VOLTAGE

With the diode fully conducting, the voltage at the gate
.is more than enough to trigger the thyristor, and gate
current is provided by discharging Cl rather than by the
smali current through Ri.
A version of this basic circuit suitable for low voltage
supplies is illustrated in Fig. 13. A transistor takes the
place of the trigger diode making use of the principle
that a transistor will pass a large current from collector to
emitter when a small current passes from base to
emitter. The capacitor Cl is connected to the base of Ql,
so that base current will start to flow when the capacitor
has charged to about 0.5 V. The base current causes
collector current, so that the emitter voltage rises along
with the base voltage. When the emitter voltage rises to
about 0.5 V (the base will by this time be at about
1.0 V), the thyristor fires.

NV +0-

6V

-0—

Fig. 13. Using a transistor for triggering a low-voltage circuit.
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If the load is AC operated (such as a shaded-pole motor,
for example) the circuits used so far do not appear useful
because they are based on rectified AC. However, the
circuit is still a circuit, whether a rectifier is used or not,
-and the load can just as easily be connected in the AC
part of the circuit (Fig. 14). In this example, the firing of
the thyristor completes the circuit, so switching the
current on. The change of position of the load from the
DC to the AC side of the circuit does not alter the action
of the thyristor, '

So far, all the circuits we have looked at have been
low ‘voltage circuits, for which ordinary low voltage

Q=—=4 LOAD
10V TO THYRISTOR
AC CIRCUIT

o

Fig. 14. Using an AC load and a bridge rectifier circuit. The
thyristor circuits of Figs. 11 or 13 can be used if the voltage is
low.

components and construction methods are suitable.
Many thyristor and triac control circuits, however, make
use of AC mains voltages, for which a number of special
precautions need to be observed. One essential point is
electrical safety. In a mains circuit, the thyristor is-
connected between the load and one of the mains leads,
usually neutral. Since the gate must have a fairly low
resistance to the cathode, this means that all the
electrodes of the thyristor are connected to mains, and

R1

D3
R2

240V
AC

TH1
VR1 D2 LOAD

D1

Fig. 15. Mains-voitage power control. All parts of the circuit
can be at a dangerous voltage.
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Thyristors

any. firing circuit of the simple type will also be con-
nected to the mains. .
Great care must therefore be taken when these mains
voltage circuits are isolated from any low voltage circuits
and that no mains voltage points can be touched. In the
simple power control circuit of Fig. 15, for example,

“widely used for electric drill or light bulb control, the

potentiometer control. knob must be well insulated —
one useful method is to use a potentiometer with a
.plastic shaft, with the circuit fitted into a plastic box.

Particular care has to be taken when a heat-sink is
needed for the thyristor because the insulators which
serve well for mounting power transistors to heat sinks
are not good enough for mains voltages. A mains-
operated thyristor should never use a metal box as a heat
sink — if cooling is needed, the thyristor should be
mounted on a finned heatsink mMounted on substantial
insulators inside a ventilated box.

+9V

——oO L
H !)
{a) o —
"
"
PULSE
TRANSFORMER
e —© TO LOAD
‘EARTH
———oO L
Low
VOLTAGE
(b) OPTO—COUPLER
-0 LOAD

Fig. 16. Isolating the firing circuit from the thyristor. (:a) Using a
pulse transformer. (b) Using an optoisolator. With either
device, the insulation between the circuits can be good enough
to withstand several thousand volts.

ISOLATION

Several ‘applications of mains-voltage thyristors and
triacs involve driving the gate with signals from low
voltage equipment — typical applications include disco
lights. There are two safe ways of isolating the thyristors
from the low voltage equipment — pulse transformers’

Lo
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Now applications for thyristors such as the crowbar
circuit are very useful, but they represent only a fraction
of the possible uses. Fig. 5 shows in outline, for
example, how a thyristor could be used in a burglar
alarm circuit — the point is that the bell will keep on
ringing once the thyristor has been triggered, until the
power is cut off. Some care is needed, incidentally, in
the uses of this circuit. Small thyristors need very littie
gate current to trigger them, around 1 uA, so thata long
lead attached to the gate of a thyristor will pick-up any
electrical disturbance (next door washing machine, for
example) unless a resistor is connected between gate
and cathode. Once again, we are making use of the
thyristor as a device which can be switched on by a small
and brief change of voltage, but which cannot be
switched off the same way. Anything that behaves in this
way is called a latching device. Now we can connect up
relays so that they will latch, but a thyristor is self-
latching — this type of behaviour is built in to the
thyristor.

NEGATIVE PULSE

Suppose we want the thyristor to stop conducting?

it happens, some small thyristors will switch off when
the gate voltage is pulsed negative, but this is not a
reliable way of switching off. Switching off, as far as
most thyristors are concerned must be done by reducing
the voltage between anode and cathode to a very low
value. Once this minimum value, the minimum holding
voltage, has been reched, current stops. Unless the
gate voltage is kept high, the current will not start to flow
again when the anode returns to a positive voltage.

PUSH TO
EXTINGUISH
6V + o_——!—O
PUSH TO l M
LIGHT {8V}

THYRISTOR
TH1

-

Fig. 6. Simple low-voltage light-switch circuit.

One obvious way to do this, of course, is to interrupt
the supply momentarily, as shown in the low voltage
lamp circuit of Fig. 6. A less simple method consists of
discharging a capacitor at the anode of the thyristor, as
shown in Fig. 7. In this circuit, the thyristor is triggered
by the action of the push button switch — note the lk
resistor (R2) which prevents the gate from being trig-
gered by stray radiated pulses. Once the thyristor has
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been triggered on, there is a iow-resistance conducting
path between anode and cathode, so that the voltage
across the thyristor is low, not much above the minimum
holding voltage at which the thyristor switches off.

The switch-off method uses a large-vaiue capacitor Ci
which charges up when the thyristor conducts. During
the time that the thyristor conducts, the capacitor has
one plate at supply voltage and the other at the low
voltage of the thyristor anode. When the OFF switch is
momentarily depressed, the plate of the capacitor which
was at supply voltage is suddenly connected to Zero
volts. The other plate will follow it, dropping from about
0.2 Vto a negative voltage for afew milliseconds. This is
time enough to allow the electrons and holes in the N
and P layers of the thyristor to clear and the thyristor
becomes non-conducting. By the time the capacitor has
re-charged through the load, the thyristor is off.

I
: R3
. Swi1 ON LAMP 10k
PUSH TO
LIGHT }T
l sw2
OFF PUSH TO
2V EXTINGUISH
o

Fig. 7. Using a capacitor to switch off a thyroistor.

o—
l fon) - A3 fggnl
w0
TH1
R2
o

Fig. 8. A two-thyristor switching circuit. The capacitor C1 is
connected so that when one thyristor switches on, the otheris
forced off.

BACK TOBACK

This method works well when the load has a fairly high
resistance (such as a low voitage lamp) and when a large
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value capacitance can be used. The capacitor should be
a paper or plastic type, because electrolytics do not take
too well to having their plates at reverse polarity, which
will happen if the OFF switch is kept closed while the
capacitor re-charges through the load. A variation of this
method uses two thyristors switching each other
(Fig. 8).

Thyristors really come into their own, however, when
they can be used with a supply which passes through
zero volts at regular intervals. An alternating voltage fits
this. specification nicely, but a rectified unsmoothed
supply is even better. The reason is that a thyristor will
pass current in one direction only, so that to cope with
AC we need two thyristors, or the ready-made two-
thyristor device known as the Triac.

Using an unsmoothed rectified supply ensures that
the thyristor will turn off each time the voltage reaches
zero (or a fraction of a volt above zero). We don’t need
any special switch-off circuit, but on the other hand we
have lost that rather useful latching action. To keep the
thyristor conducting we must either keep a current
flowing into the gate, or apply a pulse each time the
anode voltage starts to rise.

N { p—O out
IN FROM
BRIDGE TH1
RECTIFIER A1
+

c2
1000u

.
Tm y
zD1

TRIGGER

N\(m -

Fig. 9. A simple voltage requlating circuit. If this is used as a
better charger (for lead-acid batteries only), C2 can be omitted.

A very simple circuit making use of this .principle is
shown in Fig. 9. This is a voltage adjuster; which
enables you to obtain several switched values of DC
voltage from a transformer without using toppings. It's
particularly useful for lead-acid (car or motorbike) battery
charging, as the voltage is so easy to charge. The
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principle is that the zener diode, which may be one of
several selected by a switch, applies a steady voltage,
equal to the zener diode voltage, to the gate of the
thyristor. At the anode of the thyristor, the waveform is a
full-wave-wave rectified wave from the bridge rectifier.
The cathode of the thyristor is connected to the
reservoir capacitor C2, a large value electrolytic rated at
the full peak voltage of the transformer secondary.

To see what happens, imagine that the peak voltage
of the rectified wave is 25 V and that we have a 15 V
zener diode. When the circuit is first switched on,
capacitor C2 is uncharged, so that the cathode voltage of
THIl s zero. When the voltage at the anode starts to rise,
the thristor will not conduct right away, because ci has to
be charged up first. As Cl charges, however, THI will
switch on, so that current flows, charging C2 to the full
peak voltage.

LOADING

Now if there is no load resistor connected across C2, the
thyristor will not conduct again even if it is triggered
because the anode voltage will not be any higher than
the cathode voltage. Any normal power supply is used
with a load, however, so that we can assume that the
voltage across C2 will drop quite a bit between the time
of the first voltage peak and the next one. If the voltage
across C2 is higher than the zener diode voltage,
though, the thyristor will not trigger, and the next
voltage pulse does not cause the thyristor to conduct.

AVAVAVAVA Y

J\ f\ J\ N ’,\ ouT

TRIGGER
TRIGGER
IN 0= % o ouT

TRIGGER

Fig. 10. Phase control of a wave. The average voltage at the
output depends on how late in the cycle the thyristor is
triggered.

This continues until the output voltage drops to less
than the voltage of the zener diode. When this happens,
the thyristor will start to conduct whenever the anode
voltage is higher than the cathode voltage, and the
reservoir capacitor C2 will once again be charged to the
full peak voltage. The thyristor will conduct every now
and again; enough to keep the average voltage at the
output fairly steady at around the zener diode voltage.

o
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and opto-isolators, illustrated in Fig. 16. Pulse trans-
formers can be obtained which have insulation guaran-
teed to 4 kV, but which will fire even a large thyristor
when a pulse is applied to the primary. Opto-isolation
provide smaller output powers, but can be used to
trigger a small thyristor which then fires the main
thyristor. Great care must always be taken with disco
light equipment, because faulty insulation in such
equipment is responsible for an increasing yearly total of
deaths caused by electrocution.

The other type of problem which is encountered when
thyristors are used with mains voltages is that of radio
frequency interference (RF1). When a thyristor switches
on suddenly at or néar the peak of a wave, a large pulse
of current flows, and the steep-sided wave is very rich in
harmonics. Such a wave is radiated easily from all the
wiring around the thyristor, and interferes badly with
radio, particularly on the lower frequencies. The long
wave radio-4 transmissions, in particular are badly
affected by thyristors in TV receivers, in. light dimmers,
drill speed controllers and other thyristor power circuits.

TO THYRISTOR
CIRCUIT

Fig. 17. Reducing radio-frequency interference (RFl).

Complete elimination of RFI is difficult, but a consid-
erable reduction in interference is possible if RF chokes
and filter capacitors are fitted into the circuit (Fig. 17).
These generally consist of inductors constructed with
several turns of insulated wire (typically about 40 turns)
on a ferrite rod, with 0.01 uF capacitors to earth on each
side of the inductor.

ZERO VOLTAGE CROSSING

A different approach to the problem of interference, and
to thyristor control, is the zero voltage crossing control
system. This can be used only when the load has a lot of
energy storage, such as a large heater, because the idea
is to switch the thyristor on when the wave is at zero
volts, to keep the thyristor on for several cycles, and then
to keep the thyristor off for another few cycles. In this
way (Fig. 18) the power can be controllied by varying the
ratio of the number of “‘on’’ cycles to the number of
“off"* cycles. Obviously, this is useless for loads such as
lights or drill motors, but for loads such as heaters which
do not charge noticably when power is removed for
several cycles this method has a number of advantages.
For one thing, since there are no sudden switch-on
pulses, greater amounts of power can be switched.
Because the switching occurs at the zero crossing points
of the wave, there is no RFIl. The only penalty is a more
complex circuit due to the need to generate a pulse when
the wave passes through zero, and to time a number of
cycles on and another number off. Fortunately, inte-
grated circuit zero-voltage crossing controliers can be
obtained from Feranti and from Plessey among other
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FULL POWER

_./\/V\{\[__/\/\/\/\/—— HALF POWER

b

FROM

TRIGGER

UNIT
Fig. 18. Zero-crossing control — the thyristor is always
switched on just at the zero-voltage level. For full-wave control
as shown, two thyristors or a triac would have to be used.

220u 6k8 FUSE
%V 10w
,mT I k }FUSE
16 15 13 12 n 10 9

TRIAC >
220K 47k =
100n
A2
——
10u
10V .=1L—t § 100R
P~
Tazoo
N ¥:1Y

Fig. 19. A zero-crossing switch circuit used for temperature
control. Note that all points can be live. (Courtesy of RS
Components Ltd).

manufacturers. Fig. 19 shows the circuitry used with a
zero-crossing type of circuit controlling a triac. In
general, triacs are used on purely AC circuits, with
thyristors being used on DC or rectified AC supplies.
When very large amounts of power are to be controlled,
thyristor bridges can be used when no triac of suitable
power rating is available.
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20 x 20 WATT STEREO AMPLIFIER

Viscount 1V unit in teak simulate cabinet Siver finish rotary controls and
pushbuttons with matching fascia. red mains indicator and stero jack socket.
Functions switch tor mic magnetic and crystal pickups, tape tuner and auxihary,
Rear pane features fuse hoider, DIN speaker and input sockets 20 x 20 watts
RMS 40 x 40 watts peak for use with B to 15 ohm speakers

Size 14%" x 3" x 10" approx. NEW feature—units now in:lndes|£31 90

a buiitin four channel stereo sound facility.

£3.00 p&p

30x30 WATT AMPLIFIER \J
IN KIT FORM

“For the experienced constiuctor com-
plete in every detat, same facilities
as Viscount IV, but with 30x30 output.
60x60 watts peak. For use wilh 2 15

ohms speakers )
© £31.50 300

SPECIAL OFFER
30 x 30 WATT AMPLIFIER KIT

with BSR P200 belt drive
£57.00

deck and Shure
+p&p £6.00

M75 cartridge.

EM! SPEAKER BARGAIN

Stereo pair 350 Wit. System consists of
13" x 8" approx. wooter with rolied
surround, 2%1" approx. Audax tweeter,
crossover companents and circuit
diagram Frequency response 20 H2
1o 20 KHz. Power handhing 15 watts AMS.
20 watls max i

£365p8p i

BSR P200

8 ahm impedance.
Belt drive chassis turniable unit semi £2550

£15.25
automatic, cueing device. p&p £2.60

Per stereo pair

A.D.C. QLM 30 Mk lil Magnetic Carindge
10 suit.

£7.95
——
Manuat single piay

] B s record deck with auto

N return and cueng lever, lited with stereo
ceramic cartndge 2 speeds with 45rpm_
spindle adaplor ideally suiled for home
or disco use. pbo

oun phive £11.25 r275

GARRARD DECK
MODEL CC 10A

Record changer with cueing device
titted with stereo ceramic caitridge
ready to it into your own plinth.

£8.15 pap £2.05 5ize 127 x 89"

AUDIOMODULESIN
BARGAIN PACKS

GURRENT CATAI.OGUE I

Mullard

ACCESSORIES ARE ONLY
AVAILABLE TO THOSE
CUSTOMERS WHEN BUYING
OUR BARGAIN PACKS,

ACCESSORIES :
Suitable mains power supply parts, N\
consisting of mains transformer, bridge
rectifier. ing capatitor and set

PACK 1.2 xLP1173 10w RMS outpul power audio
amp modules, + 1 LP1182/2 Stereo pre amp for
ceramic and auxiliary input.

OUR PRICE £5 00
.
2 PACK 2. 2x LP1173 10w RMS output power audio
magnetic. ceramic and auxibiary inputs
.
OUR PRICE
illus. 355 £7.65
An opportundy to buy a 10 watis per channel Stereo
cartridge. The amplitier utilises proven Mullard modules and
is available at a very competitive price The amplifier kit
comes complete with instructiors and includes; a Mullard
LP1183 stereo preamplifier mdule, two tP1173 power
Zobel ks, front and back panels, a tinished
fascia panel, all control potentiometers {bass, treble,
volume and balance}, switches, input, output and hesdphone
sockets, wite, and an easily assembled wrap around cabinet
Size appmnmalelv
9% x
BARGAINS FOR PERSONAL SHOPPERS

LCD Solar 5 tunction with backiite .

stainless steel finish case and strap £740

£9.55
£8.95

p+p £1.00
amp modules + 1 LP1184/2 3tereo pre amp for
ampglifier kit which ts suitable for use with 3 ceramic
ampliiers with integral heatsinks. a power supply,
to house the finished unit
plp £225 £l 2-25

LCD Solar Chrona 8 function with backide
stainless steel finish case and strap

Chrono stop watch 9 functiop with back lite
stamless steel finish'tase and strap,

Solar Alarm LCD
stainless steel case mnd strap.

v
AM/FR DIGITAL CLOCK /
RADIO  Accurate & Digit .'l
Etectronic Clock with 2" LED ,L

UNIT AUDID STAND

Can be used with TV too! Fiish
in chrome with decorative wood
spacer fitted with 4 Kenrick
Mini Meteor castars.

£3.95

£1.50 p&p

BARGAIN FOR
PERSONAL
SHOPPERS ONLY
Altone UA4

Stereo System
Features 8 watt total cutput. Full size BSR manual turntable
with cueing and auto return. Socket for tape in and out and
steree headphanes

complete with speakers.
; EOPFiE T ne et
Micro Cassette Recorder !

Packet size—hame or office use or £1 4 25

when travelling.

Battery operated fluorescent
camping lamp.

Runs off 8 U2 batteries.

Mains power supply for above unit

with pistol mans operation

PORTABLE AADIO/CASSETTE AECORDER, AM/FM with clock
LW, MW, SW. VHF mains/battery operation

SP Radio Cassette recorder Mains /Battery AM/FM built in
mi¢ auto stop.

I

£480 )

splay Buzzer and
o 2.20 '
' £14.25

snooze imer f‘
£3.60

125 Watt Power Amp Module

DECCA 20w Stereo speaker kit comprising a
28 approx bassunis + 2 34" approx fzu 45
tweele inC CIOSSOVErs °

VIDEOMASTER' Super Score TV Game £1 5 95

£42.90
£24.50

—4

R{ITnVv

323 EDGWARE ROAD, LONDON, W.2
21H STREET, ACTION W3 6NG
ACTON : Mail Order oniy. No calle;s
ALL PRICES INCLUDE VAT AT 15%

All items subject to availability. Price correct at
18.7.79 and subject to change wlithout notice.

Two Way Speaker Kit
Comprising of two 8 x 5" approx.
4 ohm hass and two 3% 15 ohm mid-

range tweefer with two £4 05

cross-over capacitors. 4
per stereo paw

plus £1.55 p&p

of rofaty stereo contsols for treble.
bass, volume and balance £3 00
plus £1.50 p&p

AVAILABLE ALSQ TO PURCHASERS OF
THE 10 + 10 AMPLIFIER KIT

50 WATT MONO
DISCO AMP

£30.60

php £2.70
Size approx.-13%" x 5%" x %"

50 watts rms. 100 waits peak output. Big teatures include two disc
inputs, both for ceramic cartridges, tape input and microphone nput.
Level mixing controls fitted with integral push-pull switches. Independent
bass and trehle controls and master volume.

I ——
FOR PERSONAL SFOPPERS ONLY

NOTE: Persons under 16 years not served without parent's authorisation.

A Size approximately 47" x 16%" x 15"

100 WATT
MONO 0iSCO AMP

Size approx.

14" 24”2104
Brushed alumenium
fascia and rotary contrais.
Five vertical shde contrals. master volume,

tape level, mic level, deck level. PLUS INTER DECK FADER
for perfect graduated change from record deck No. 110
No. 2, or vice versa Pre tade level cont:ol
{PFL] tets YOU 2rear next disc betore fading
st in, VU meter momitors outpur level
Qutput 100 watts RMS 200 watts peak

rer 405 £66.45

OR PERSONAL SHOPPERS 0
DUO It SPEAKERS

Attractive teak fimsh, modern design,
incorporating 2 speaker units -8
approx waoter and 2% approx.
tweeter. 45 to 1800 Hz Impedance
8 ohms. Power 15 watts RMS
18%"x 13%x %" Per siereo pa

£ £16.50

1650 p&p

STEREO RADIOGRAM CABINET
Finished in a natural teak veneer with opening top.
Easily modified to accommodate stereo equipment of

your choice. price £10.95

Personal Shoppers EOGWARE ROAD LONDON W2 Tel: 01-723 8432. 9.30am-5.30pm. Closed all day Thursday ACTON: Mail Order only. No callers GOODS NOT OESPATCHED OUTSIOE UK

]
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Hobby
Electronics

Book Service

POPULAR ELECTRONICS BOOKS

Sinclair. I. R.. Introducing Electronic Systems . .............. £1.80

Sinclair, I. R., Introducing Amateur Electronics ............ .. £1.55
-Sinclair, I R., Electronic Fault Diagnosis .................. £3.45

Sinclair, I. R., Repairing Pocket Transistor Radios .......... .. £2.50
Sinclair, I. R., Oscilloscope InUse ....................... £3.00 -
Sinclair, 1. B.. Understanding Electronic Components .......... £4.00
Sinclair, 1. R., Understanding Electronic Circuits ............. £4.00
Kitchen, H. T.. Handtools For Electronic Workshop ............ £2.75
Kitchen, H. T., Electronic Test Equipment .................. £5.00
Capel. V., How To Build Electronic Kits .............. L £2.20
Darr, J., How to test almost everything electronic ............. £3.50
Brown, R. M., How to read electronic circuit diagrams ~ ....... £4.10
AUDIO

Earl, J.. Audio Technicians Bench Manual .................. £3.50
Earl, J.. Pickups and Loud'Speakers ...................... £3.50:
Earl, J., Tuners and Amplifiers ...................... ... £3.00!
Earl, J., Cassette Tape Recorders ....... 0500 oo I8 0GB o o £5.25:
Earl. JLABCOfHIFi ... £4.25
Capel, V., Microphones In Action . ....................... £3.00.
Capel, V.. Improving Your Hi-Fi . ........................ £3.50
Capel, V., Creative Tape Recording ...................... £4.00.
Hellyer, H. W., Tape Recorders ......................... £4.25.
Sinclair, 1. R.. Audio Amplifiers For Home Construction ......... £2.75.
RADIO GONTROL

Aldridge, D.. Transistorised Radio Control For Models .. ..... .. £3.50
Drake, J., Radio Controlled Helicopter Models .. ............. £3.95
Jeffries, C. R., Radio Control For Model Yachts . ............. £1.85

- Safford, E. L. Radio Control Manual . ...................... £2.45

Satfford, E. L., Advanced Radio Control .. .................. £3.95
GOOKBOOKS

Tracton, K., BASIC Cookbook ........................... £4.10
Lancaster, D., TTL Cookbook . .......................... £7.00
Lancaster, D., RTL Cookbook ........................... £4.65
Lancaster, D., CMOS Cookbook . .............. S £8.20
Jong, W., IC Op Amp Cookbook . ....................... £10.00
Lancaster, D., T.V. Typewriter Cookbook . . ... AU F - £7.75
Lancaster, D, Cheap Video Cookbook ..................... £7.00
Jong, W.. IC Timer Cookbook ........................... £7.50
Lancaster. D., Incredible Secret Money Machine {a how to cook book for
setting up your computer or technical business) ............. £4.95

PTG B

QUESTIONS AND ANSWERS

SIMPLE AND CONCISE ANSWERS TO MANY QUESTIONS WHICH PUZZLE THE
BEGINNER.

Coker. A. J.. Q & A On Electric Motors . ................... £1.50
Hellyer, H.. Q& AOn Radiosand T.V. ..................... £1.50
“Hibberd. R., Q & A On Integrated Gircuits .................. £1.50.
Jackson, K., Q & AOnElectricity .................... ..., £1.50
Brown, C.Q&AOnHI-Fi ... ... ... .. .. .......... £1.50
Brown, C.,Q & AOn Transistors ........................ £1.50
Brown, C..Q & A On Electronies  ........................ £1.50
Reddihough, J., Q & AOn Colour T.V. ..................... £1.50
Miller, H., 0 & A On Electric Wiring . ..................... £1.50"

CONSTRUCTOR GUIDES

Graham, P., Simple Circuit Building . ..................... £2.45
Colwell, M., Electronic Diagrams ........................ £2.45
Colwell, M., Electronic Components ...................... £2.45
Cofwell, M., Printed Circuit Assembly ..................... £2.45
Ainslie, A., Practical Electronic Project Building ............. £2.45
Colwell, M., Project Planning and Building . ................. £2.45
BEGINNER’'S GUIDE

Sinclair, I. R.. Beginner’s Guide To Tape Recording ........... £3.30
Sinclair, L. R.. Beginner's Guide To Integrated Circuits ......... £3.10
Sinclair. I. R., Beginner's Guide To Audio .................. £3.10
King, G. J.. Beginner's Guide To Radie .................... £3.10
King, G. J., Beginner's Guide To Television ................. £3.10
King, G. J., Beginner's Guide To Colour T.V. ................ £3.10
Guitou, F., Beginner's Guide To Electric Wiring .............. £3.10

PROJECT BOOKS

Marston. R. M., 110 Cosmos Digital IC Projects For The Home Constructor
.............................................. £3.25

Marston, R. M., 110 Wave Form Projects For The Home Constructor £3.45
Marston, R. M., 110 Op Amp Projects For The Home Constructor .. £2.95
Marston, R. M.. 110 Semiconductor Projects For The Home Constructor . .
........... o o g R e Er oo i LI i O
Marston, R. M.. 110 Thyristor/SCR Projects For The Home Constructor ..
.............................................. £2.95
_Marstos, . M.. 110 Electronic Alarm Projects For The Home Constructor .
.............................................. £3.45
Marston. R. M.. 110 Integrated Circuits Projects For The Home Constructor
.............................................. £3.45
Marston. R. M., 20 Solid State Projects For The Car and Garage .. £2.50
Marston, R. M., 20 Solid State Projects For The Home . ..... ... £2.50

P.0. Box 79,

Note that ali prices include postage and packing. Please make cheques, etc. payable to
Hobby Electronics Book Service (in sterling only please) and send to:

-Hobby Electronics Book Service,

Maidenhead, Berks.
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Starburst

Expand your universe with HE's pulsating phonoptic display. Ordinary LED

chasers beware . . . .

LOOKING FOR a novel, economical, yet versatile LED
display? Here is the answer to your dreams. Featuring an
attractive matrix design, audio control input and a choice
of three operating modes, the HE Starbursts adds a new
dimension to conventional light-chasers.

Assembled on two printed circuit boards, the unit is
designed around readily available CMOS chips and uses
only a few other discrete components. The display is
arranged as five semicircles of ten LEDs each which are
illuminated in bands sequentially producing the illusion

of either an expanding line of light or a band of light that

grows outward and collapses. A novel bonus of the
circuit design is the automatic mode where dots and bars
are displayed alternately.

The audio signal pre-conditioner, clock oscillator and |

counter-decoder-driver circuitry is mounted on one

board, whilst the other board holds the display and main -

decoupling capacitor. The circuit is powered by a single
PP9 nine volt battery. Choice of a larger battery ensures
longer life as currents of up to one hundred milliamps
may be drawn when all the LEDs are lit. No provision is
made for the battery or power switch on-board enabling
the unit to be neatly boxed and mounted in any suitable
remote position.

SEEING THE LIGHT :

After applying power to the circuit, the LEDs will
iluminate from the centre of the display outwards
appearing as a bar or dots of light; or alternately
depending on the position of mode switch SW1.
Application of an audio signal will cause the
frequency of movement to increase. By adjustment of
the input level and control RV 1, the display can be made
to follow -the dynamic range of the audio input; in-
creasing in frequency as the audio input level increases

.in amplitude. Component values shown make the unit
more sensitive to input frequencies above 1 kHz or so,

and more responsive to melody lines in music and to
vocal input.

LUCKY NUMBER

At first glance, it would appear that the way to produce a
display such as the one described above might be to use
a ‘bargraph’ chip driven from a ramp whose frequency
would be controlled by the audio signal. However, the
CMOS family contains some not so popular but
nonetheless versatile chips which enable an economical

The two boards of the HE “*Starburst, ’ the switch in the foreground controls the three modes of display.
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Starburst

CMOS chips at this stage. Note that some of the links
pass under the IC sockets. If you do forget to put one in
and discover later that it is inaccessible simply use a
piece of insulated wire on the underside of the board to
complete the connection.

The LEDs are wired in series-parallel and failure of one
will cause the other four. in an arm to extinguish. The
display board can be tested as it is assembled by use of a
separate nine volt supply. Insert and solder into place C6
ensuring correct orientation then connect the positive
lead of the battery as shown on the overlay and make up
a length of wire in series with a 330 ohm resistor.

Connect the free end of the resistor to the negative-

terminal of the battery. Then as assembly of each arm of
LEDs is completed, touch the free end of the wire from
the resistor to the connector pads on the PCB (shown
going to resistors R12 to R16 on the overlay). The LEDs
should light. Failure to do so indicates an open circuit or
reversed LED. Check for this condition by shorting each
LED in turn until the display lights and replace any faulty
ones ensuring correct orientation. A short lead, indent or
flat on the plastic encapsulation usually indicates the
cathode. We used red LEDs. In fact green or yellow LEDs
will not work with a nine volt supply as they have a
higher forward voltage drop

Once satisfied that the display board is working
correctly, make the remaining interconnections between
the boards. We mounted SW1 on the main circuit board,
there’s plenty of room. Insert the |Cs observing the usual
CMOS handling precautions and connect a nine volt
battery. The display should illuminate. If all is well,
connect an audio signal to the input and adjust RV1 for
satisfactory operation. Check that operation of SW1
causes the display mode to change.

We used the earphone socket of a transistor radio as
an audio source though any signal of around 1 volt peak
to peak will do. Finally, disconnect the battery and
assemble the boards together using spacing pillars to
separate them. That completes construction so switch
on, plug in and flash out! HE

r ©®© ® ®®® ®
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Parts List

RESISTORS (all AW, 5%)
R1 3M9
R2 10k
R3.,4 33k
RS 100k
R6 1™
R7.8,9,10,11 47k
R12,13,14,15,16 100R
CAPACITORS
C1,2 100n polyester
C3,5 10u tantalum
ca 1n5 polystyrene
Cé6 1,0004 electrolytic
SEMICONDUCTORS
IC1 40078
IC2 40178
IC3,4,5 40278
- Q1,2,3,4,5.6 BC108
D1,2,3 1N4148
LEDs 0.125" red (50 are needed if our

display board is used)

- MISCELLANEOUS

SWI SPDT centre off switch. PCB PP9 battery, connec-
tors. Approximate cost £10.00.

Buylines

All the components for this project should be readily
available from the usual suppliers. It is worth ‘shop-
ping around’ for the LEDs as these are sometimes
offered in quantity at a discount.

PCB foil pattern for the main control board, take particular -‘
care when soldering in the IC.g to avoid any solder bridges.

TO LEDS*

2 3 - -
O} v
= =4 B sov
] == ov
. o SW1

aed 3.5 3OS

Swt
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Hobby

Chit-Chat

HE project editor and chief designer Ray Marston takes another look at the

hobby scene.

THERE ARE GOOD BOOKS . ..

EVERY ELECTRONICS HOBBYIST should make a point
of building up a decent collection of electronics
reference books. Ideally, you should have at least one
really good book that explains the basic principles of
electronics, another that outlines the principles of
‘advanced’ electronics, and one more that gives elec-
tronics tables, colour codes, IC outlines, and other pure
‘reference’ data, etc. The following is our recommended
short list.

‘Foundations of Wireless and Electronics” by M. G.
Scroggie, is probably the best introductory text to
electronics ever published. It explains the basic prin-
ciples of electronics in such a clear manner that even a
complete layman can understand it. The subject material
of the book spans elementary principles of electricity to
fairly advanced electronics.

‘Foundations —  was first published in 1936, and is
now in its ninth edition. The book has sold some
265 000 copies, which shows how good it is. The latest
edition runs to 521 pages, and costs £4.45. It is
published by Newnes-Butterworth. _

‘Our next recommendation is for 'Electronics — It's
Easy’. This is an ETI publication (ETI is the big brother of
HE, if you didn’t know), and spans the information range
of basic principles of electricity to advanced electronics.
It makes an excellent companion to ‘Foundations —'.
‘Electronics — It's Easy was originally published as a
3-volume ETI ‘special’. Volume 1 is now out of print,
but the whole three volumes are presently being re-
issued as one single book. Release date shouid be late
August, and price about £3.

Our final recommendation is for ‘Newnes Radio and
Electronics Engineer’s Pocket Book’, 15th Edition. This
is an excellent pocket-sized (you'll need a magnifying
glass to read it) reference book of tables, formulae, IC
outlines, data, and basic electronic circuits. The book
has been compiled by the staff of ETI, is published by
Newnes-Butterworth, and is well worth having.

AND THERE ARE AWFUL BOOKS

As a professional book-worm, I'm obliged to read a great
many electronics books. Most are pretty mundane, a tiny
minority (like those mentioned above) are very good,
and a fair number are, frankly, awful. A couple of weeks
back, | read what must rate as the most awful electronics
book of all. It’s called 'Build Your Own Working Robot’,
is written by an American named D. L. Heiserman, and is
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published by Foulsham-Tab. It's well worth looking at,
simply because it IS so awful, it must be regarded as a
classic of its kind.

The first fourteen chapters of the Robot book describe
how to build, for a mere few hundred pounds, a device
called BUSTER, which is more or less capable of
emulating the actions of one of those cheap (about £5)
Hong Kong toy cars that change direction whenever they
crash into a wall, which is all very amusing if you like that
kind of thing. The book really takes off, however, in
chapter 15, which has the title HUNGER INTERFACE.

The HUNGER INTERFACE is, to put it as kindly as
possible, interesting. Briefly, what happens is that when
‘Buster’s’ 12 volt battery supply falls below 10 volts a
pulsed 3 kHz signal is transmitted from its loud speaker,
and this signal activates a kind of giant lighthouse (stop
laughing at the back there) that is built into one corner of
‘Buster’s’ private room (apparently, '‘Buster’ is prone to
permanent starvation if he moves out of this room).
Buster automatically charges at this lighthouse, like a
bull at a red rag, whenever it switches on, and ends up
impaling himself on a battery recharging circuit. All very
clever.

The lighthouse actually consists of a flashing strobe
lamp stuck on top of a five foot pole. At the base of the
pole is what is described as a ‘nest’, which includes
(amongst miscellaneous bits of wood and a mirror) a
battery charger and a couple of massive metal probes,
which get rammed up poor old Buster’s charging socket
whenever he suffers a slight electron deficiency. In front
of the ‘nest’ are two 8-foot lengths of wooden guide rail,
which encompass an area of 32 square feet and,
working on the ‘pea in a funnel’ principle, ensure that
Buster gets steered into his nest for a re-charge when-
ever the need arises. So how’'s that for American
technological know-how?

The final chapter of the book describes how to convert
Buster into a white-line follower. Which just about sums
up the true value of the project that has cost hundreds of

.pounds to build and sixteen chapters to describe.

To be fair, whatever this Robot book lacks in sophis-
tication of design of its main project is more than
compensated for by its author’s originality in the use of
strange circuit symbols and notations, his sheer guts in
presenting photo’s of his constructional efforts, and his
(thankfully) utter uniqueness of writing style.

As was said earlier, we thoroughly recommend ‘Buiid

<
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Your Own Working Robot’ as THE most awful book. You
simply must read it. Our congratulations to its author,
and to the staff of the Ohio Institute of Technology in
Columbus, who helped engineer, build, and debug the
super white-line follower known as Buster.

RELAY TIMER CIRCUITS

The real 'guts’ of Hobby Electronics is the actual
building of, rather than reading about, electronic
circuits. One of the most useful circuits that the hobbyist
can build is the relay timer. It consists of a relay and a
few electronic components, configured in such a way
that the relay switches on when you press a START
button, and then switches off again automatically after a
pre-set time delay. The time delay may vary from
seconds to days, and the relay contacts can be used to
activate such diverse objects as photographic enlarger
lamps, porch lights, battery chargers, and tape
recorders, etc.

+12V

-0
R2
47k
A1 ov
22k e
470k
U TIME
2
D1 1C1 7
3
6
4
+
ALA =
>120R | PB1 3]
D2 START . 100u
= | { —o

L] ’

—O)
OUTPUT TO
NORMALLY-ON LOAD

NOTES:
IC1 1S 555 TIMER
D1,D2 ARE 1N4001

:\>—4)

RLA
1 OUTPUT TO
—————(0) - NORMALLY-OFF LOAD

Fig. 1. A simple 6- d to 60-s d timer circuit.

Figure 1 shows the practical circuit of a simple
6-second to 60-second timer. The design is based on a
type-555 timer IC, wired in the monostable or one-shot
mode. The circuit starts a timing cycle when push-button
START switch PBI is momentarily operated. Relay RLA
immediately turns on, and C1 starts to charge towards
the positive rail via R2 and RV 1. Eventually, after a
delay determined by the RV 1 setting, C1 rises to 2/ 3rds

of the supply rail voltage, at which point the IC changes

state, the relay turns off, and the timing cycle is com-
plete. External devices can be turned on or off via the
relay contacts.

28

WEAKNESSES

A weakness of the basic Figure 1 circuit is that it
permanently draws current from the supply rails, even
when the relay is off. Figure 2 shows a 2-range timer
circuit that does not suffer from this defect, and which
covers the timing range of 6-seconds to 10-minutes. The
circuit operates as follows:

When START switch PBI is momentarily closed a
START pulse is fed to pin 2 of the IC viaR1 and C1, and
the relay turns on. Contacts RLA/1 then change over
and maintain the power connections to the circuit even
when PB1 is released. The circuit then runs through a
timing cycle similar to that already described, but with
the period determined by either C2 or C3, until eventu-
ally the relay turns off, at which point-contacts RLA/ 1
revert to their original state and break the supply
connections to the circuit. The timing cycle is then
compjete. Note that this circuit can be turned off part

way through its timing cycle by operating RESET switch
PB2.

v

R1
nin [;’”
1

Wl om

RLA
K >120R L
B2 nsssr

100n

) %

OUTPUT TO
NORMALLY-ON

RLA [
R \,___.o} £est NOTES:
3 IC1__ 1S 555 TIMER
} OUTPUT TO D1,D2 ARE 1N400Y

NORMALLY-OFF
LOAD

Fig. 2. A 2 range 6-60 second and 1-10 minute timer circuit.

Conventional electrolytic capacitors have very wide
tolerances (typically —50% to +100%), and suffer
from relatively large and unpredictable leakage currents.
Consequently, simple circuits of the types shown in Figs
1 and 2 can not be relied upon to give accurate timing
periods, or to give periods that significantly exceed
fifteen minutes or so. Figs 3 and 4 show two high-
accuracy long-period timer circuits that do not rely on
the use of electrolytics for their timing operations.

FREE RUNNING

In both of these circuits, IC1 is wired as a free-running
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astable multivibrator. In the Fig 3 circuit the astable
frequency is divided down by IC2, a 14-stage binary
counter, so that the relay turns on as soon as PB1 is
momentarily closed, and turns off on the arrival of the:
8192nd astable pulse, thereby giving total timing
periods in the range of 1 to 100 minutes.

The Fig 4 circuit is basically similar to that of Fig 3,
except that an additional decade-divider stage is used in

Chit-Chat

of 81 920, and making maximum timing periods up to.
20 hours available from the unit..This circuit is of
particular value in giving time-controlled turn-off of
battery chargers, etc.

Note in the four timer circuits given that the relay
used can be any 12-volt type with a coil resistance
greater than about 120 ohms. The relay used in the Fig
2 to Fig 4 circuits should have two or more sets- of

position 3 of SW1, thus giving a maximum division ratio change-over contacts. HE
+12v
ot Y 1
PB1
RLA START
1 i
: Y
6k8
16 OUTPUT TO
) R NORMALLY-OFF
= LOAD
c3
SN 100n
=2 . ouTPUTTO
K NORMALLY -
sl £ T LOAD
g R3
! 1Mo
1-10 MIN s t
bl D2 NOTES:
c1 c2 D1,02 ARE 1N4001
300 1u0 Q1 1S BC214L
u T TPOLYESTER IC1 1S 555 TIMER
L IC2 IS CD4020B
L [ i |
| mam
~
Fig. 3. A 2-range 1-10 minute and 10-100 minute timer circuit.
L
+12v
o B
PB1
RLA START
1 i
R3
6k8
AN
A1 N
22 o1 D1
-\ outruTTO
5 . NORMALLY-OFF
> T s 16 * LOAD
3 15 3 Tes
HESHI OUTPUT TO
€2 |14 Ic3 1 jLoon NORMALLY-ON
g CLK RESET LOAD
R2 [l
13 P —18 cLk {10 RLA
3% >120R
RV1 RS D2
470k 1Mo
TIME
1 -~ R4
o . 27k
1u2 =
1 Uy T T POLYESTER | ™ =3
=, " .
> > DS L = =0
~—
. — SW1p
NOTES:
1 3 D1,D2 ARE 1N4001 RANGE 1= 1- 12 MINS.
72 Q1 IS BC214L 2=10MIN — 2 HRS.
4 JIC1 1S 555 TIMER 3= 100 MIN — 20 HRS.
r 1C2 1S CD4017B
IC3 1S CD4020B

Fig. 4. A wide-range timer covering 1 minute to 20 hours in three ranges.
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Car Audio

Manual
Mw/LW

Full medium and long wave tuning. Com-
plete with speaker and mountings. Suitable
for positive or negative chassis. Latest

I
i £1.00

£10.25 -+

Post

=
Lo N

One LW, four MW buttons plus manual
tuning. Complete with speaker and moun-
tings. Latest model, negative chassis only.

£15.95

Stereo FM/
Cassette
+ Mw

Standard cassettes and FM in stereo plus
medium wave. Tone and balance controls.
Fast forward facility on tape. Adjustable
shatts. Suitable for 4 or 8 ohm speakers (not
supplied). This model is discounted else-

where at £50 up. £I 0 i

£40.95 + Post

Stereo .
Speaker Set '
Suitable for above £4.00

stereo unit. Good quality”
in surtace mounted (pair,
4 70p Post

casing, 5W nominal,.
8W peak.
Telescopic Car Antenna
Multi-section standard type, suitable for
angled mounting with locking key.

£1.60 + 30p Post

Metal Detectors

=  Treasure Tracer Mk Ill
g The original Treasure Tracer. Sales|
exceed 7.000. 5-transistor circuit
with Varicap tuning. Sensitive,
stable BFO design. Built-in speaker|
and earphone. Fitted with Faraday|
shield. Kit supplied with pre-built
search head.

Kit. £18.60 + £1.00 Post
Built £23.95 + £1.00 Post

 Induction Balance Model

Built with sensitivity up to 10in on
single coin; fitted with speaker and
meter; PP3 battery; 7in dia. search
head. Telescopic stem. Excellent
pin-pointing, positive reaction to
non-ferrous, negative reaction to
iron. This model’s normal price is
£39.95!

£24.50 + £1.00 Post

All goods guaranteed one year
10-day money-back offer. Goods
ex-stock at time of going to press.
Callers by appointment only please.
Send s.a.e. forillustrated leaflet.

Minikits Electronics Ltd.

6H Cleveland Road
S. Woodford

You probably won't believe us as we're selling
the goods but we're going to tell you anyway!
We have rejected eight clock radios for Mar-
ketplace, they were all cheap enough but the
quality was so poor that we couldn’t have
lent our name to them. However, we are now
able to offer a portable LCD Clock Radio to
you which meets our standards.

The clock is a 12-hour one with AM/PM
indicated and a back light. The radio is
Medium Wave with very nice quality for a
small speaker. The alarm can be either a
beep-beep type or the radio, there's also a
snooze facility.

The cylindrical construction is in keeping
with the very modern styling. The tuning dial
is actually incorporated into one of the end
caps!

We won’t even mention the RRP — but
just check on comparable prices — you'll find
ours a bargain. '

An example of this Clock Radio can be
seen and examined at our Charing Cross 1
Road offices.

£17.95

{(inclusive of 15% VAT and Pos-
tage).
To:
CLOCK RADIO Offer,
HE Magazine,
145 Charing Cross Road,
tondon WC2H OEE.
Please find enclosed my cheque/PO for
£17.95 (payable to HE Magazine) for my
Clock Radio.

Name

Address

Please allow 28 days for delivery.

HE MA

DIGITAL

THIS IS THE THIRD digital alarm clock that
we are offering (we regret the earlier versions
are no longer available). We have sold thou-

-sands and thousands of these and our buying

power enables us to offer a first rate branded
product at a really excellent price.

The Hanimex HC-1100 is designed for
mains operation only (240V/50H2) witha 12
hour display, AM/PM and Alarm Set indica-
tors incorporated in the large display. A
switch on the top controls a Dim/Bright
display function.

Setting up both the time and alarm is
simplicity itself as buttons are provided for
both fast and slow setting and there's no
problem about knocking these accidentally as
a 'locking’ switch is provided under the clock.
A 9-minute ‘snooze’ switch is located at the
top.

A example of this clock can be seen and
examined at our Charing Cross Road

offices.

{Inclusive of 15% VAT and Pos-
tage).

To:

Hanimex Alarm Offer
HE Magazine

145 Charing Cross Road,
tondon WC2H OEE

Please find enclosed my cheque/PO for
£10.60 (payable to HE Magazine) for a
Hanimex Digital Alarm Clock.

Name

Address

Please allow 28 days for delivery.
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=

CHAGNO CALENDAR
SET START-STOP

TIME
LAP-RESEY

MARTEN

We feel we've got to tell you carefully about
this offer which we re intre-ducing for the first
time. Why? Because our price is so enor-
mously lower than anywhere else you may
suspect the quality.

The display is LCD and shows the seconds
as well as the hours — and minutes — press a
button and you'll get the date and the day of
the week.

Press another button for a coujple of
seconds and you have a highly accurate
stopwatch with hundredths of a second dis-
played and giving the time up to an hour.
There is a lap time facility as well — and of
course a back light.

Our Chrono comes complete with a high |
grade adjustable metal strap and is fully’

guaranteed

£11.95

(Inclusive of 15% VAT and Postage).
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To:

LCD Watch Offer

ET| Magazine

145 Charing Cross Road,
London WC2H OEE

Please find enclosed my cheque/PO for
£11.95 (payable to HE Magazine) for my LCD

Chronograph.
Name

Address

Please allow 28 days for delivery.
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QUARTZ

“ALARM-CHRONOGRAPH srA;‘g?op
LIGHT DUAL TIME 5, aRm sET

MOOE SELECT
TIME SET/RESET

This new addition to our unbeatable
selection of hargains is no ordinary LCD
watch. It's a slim, multi-function, dual
time chronograph ‘alarm ‘watch, no less.

This model will show hours, minutes,
-seconds, date, day of the week, stop
watch, split time, alarm and alternate dual
time zone — not all at once, of course.
There is also a night light.

Hours, minutes, seconds and day of the
week are displayed continoously, while
the date will appear at the touch of a
button. The day of the week is indicated
by a flag. When used as a stopwatch, the
maximum count is 0.1secs. short of
thirteen hours.

£19.95

(Inclusnve of 15% VAT and Pos tage).
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To:

ALARM/CHRONO LCD WATCH Offer,
HE Magazine,

145 Charing Cross Road,

‘London WC2H OEE

Please find enclosed my cheque/PO for
£19.95 (payable to HE Magazine) for my
Alarm/Chrono LCD watch.

Name

Address

Please allow up to 28 days for delivery.
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Lamp Dimmer

How to Twiddle Your

Electricity Bills

If you're a BRIGHT spark, you will be able to astound your friends with your
DiMness simply by building the HE DIMMER.

THE HE DIMMER (S a self-contained unit, fitting into a
standard flush, wall-mounting light switch, which can
easily replace your ordinary switch.

The printed circuit board was designed so that it fits
into an MK rocker type switch although with modifica-
tions it should fit any similar sized switch plate.

Design features of the circuit include preset RV1 to
allow for component tolerances and individual pre-
ferences of light levels, radio frequency interference
suppression and an on board fuse to protect the circuit
should anything go wrong (and according to Murphy’s
Law it normally does). Otherwise the circuit is a fairly
standard triac/diac power controller which can be used
to dim up to 2 kilowatts of bulb power — a fair amount
by any standards.

CONSTRUCTION

Fit the PCB to the switch plate (with the switch bits
removed) first, before any parts are soldered on, as
various holes have to be drilled for screws etc. and this is
best done without obstruction.

Once this has been done the parts can be inserted.
Make extra sure there are no solder bridges across the
tracks.

The triac is the only polarised component which, of
course, must be inserted correctly. If you obtain the
same device as ours, the TRl 400-8, then it can simply
be lined up the same way as in the overlay ie with the
heat sink tab closest to the coil L1. If you can’t obtain the
same triac type, then virtually any type can be used as
long as you fit the 3 connectiofis G, MT1 and MT2 in the
correct places.

Incidentally, the triac is ratgd at 8 amps, which is
about 2 kW of power. At this rating a fair sized heat sink
will be necessary, bolted to the triac. However, at bulb
ratings up to 200 watts (adequate for house lighting) no
heatsink is necessary.

The coil L1 is not critical and therefore easily made by
hand. To construct, Scramble.wind 100 turns of
32s.w.g. insulated copper wire around a Y2 inch
diameter former as in figure 1 (we used the barrel of a
pen which was about the right size). Put a spot of glue on
the coil of wire and leave it to dry. When dry, slide the
coil off the formér and #t it to thgPCB. Remember to
scrape off about half an inch of insulation with wire wool
or emery cloth, so that a good soldered connection can
be made.

Hobby Eiectronics, September 1979

The HE Dimmer in its wall mounting box. For safety we
recommend using a plastic, flush mounting box.

When the unit is complete it only remains to fit it in
the wall and adjust it as described in the section on

setting up. Only two connections are necessary — the

same two that connect to the back of the existing switch
plate and its doesn’t matter which way round they are.
However, certain safety precautions must be adhered to.
If your wall has a metal backing box behind the switch
then make sure that nothing on the circuit board touches
the box — it may even be necessary to remove it and
insert a plastic box in its place.

The PCB has mains voltages on it and for this reason
we advise that the board is to be either sprayed or
painted with lacquer (nail varnish will do if you have
any!???). This will give a degree of protection against
shock — which can be fatal.

SETTING UP
The setting up procedure is simply a matter of adjusting
the preset RV1, with RV2 in the low position until the
required level of light, in this position, is found. Some
people might prefer the main controi RV2, to vary from
zero to full brightness, but it is probably better to adjust
RV1 so that the bulb is just visibly on when the main
control is at minimum. This means that it can be visually
checked simply by the appearance of the bulb, whether
or not the device is off.

Be very careful when adjusting RV1 — do NOT use a
metal trimmer. Use a plastic one and keep your fingers
clear of anything on the PCB whilst connected in circuit.

o
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NOTES:
TRI 11S TRI400-8 OR SIMILAR
D1 1S DIAC TYPE 133 OR SIMILAR
Fig. 1. Circuit diagram of the HE Dimmer, for details of the coil L1 refer to the text and drawing.
How it Works-
The heart of the projéct is the triac, which is simply (Z3]
an electronic switch which can be turned on by a RV
small pulse of about 5 volts applied to its gate, G.
The switch will stay on permanently, until the
applied voltage becomes zero, which with mains g
A.C. occurs at the end of every half cycle, ie 100
TO WIRING
times a second. .

The triac is switched on every half cycle at a
predetermined timeduring the wave. The triggeror
gate pulse can be altered to occur between the
beginning and end of each half cycle, the average
length of time which the triac is on can be
lengthened and shortened, thus altering the
average amount of power apphed to the bulb,
therefore the brightness of the bulb.

The component which produces the trigger is
diac D1. A diac only allows current through it
when the voltage across it exceeds its triggering
voltage (about 32 volts).

All that remains is to vary the position in the
cycle when this triggering of the diac at 32 volts
occurs. This is done with the RV1, RV2, C2 time
delay circuit. Altering RV1 and RV2 alters the time
constant of the circuit (ie the time it takes for the
capacitor to charge up to the applied voltage)
which alters the phase and therefore the point at
which the diac triggers, with respect to the voltage
applied to the bulb. Varying the potentiometers
therefore, alters the average power applied to the
bulb.

Because the voltage applied to the bulb is a bit
spiky, radio frequency interference tends to occur
and to suppress this, coil L1 and capacitor C1 are
included.

Rv2

C2

c3

NOTE:

unspecified devices.

x IO

Buylines

The MK rocker type switch plate should be obtainable
at any good electrical hardware stockist.

Make sure capacitor C1 is a 300V AC type (or
greater), mixed-dielectric capacitors or polypropylene
capacitors being normally the only varieties to be so
All components should be readily available.

=
[=]

RV2 IS MOUNTED ON THE P. C B. WITH ITS SPINDLE
PROTRUDING. SOLDER LEA

DS ONTO THE TAGS OF
RV2 AND INTO THE BOARD.

Fig. 2. Overlay diagram for the HE Dimmer, note the position
and orientation of the Diac and Triac, especially if using

34
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Lamp Dimmer

Parts List——

RESISTORS (All YaW, 5%)

R1 3K9

R2 47R

POTENTIOMETERS

RV1 47K Preset

RV2 100K LIN with DPST
Switch

CAPACITORS

Ci 10n Mixed Dielectric or

Polypropylene 300V AC
C2 100n Polyester
.C3 220n Polyester

SEMICONDUCTORS

D1 Diac (Type 133 or similar)
TRI 1 Triac (TRI 400-8 or
similar)
Fig. 3. PCB foil pattern for the Dimmer, take extra care if you MISCELLANEOQUS
make_ your own PC_B to avoid any stray whiskers of copper L1 Coil, 100 turns (see text)
creating short circuits, mains is dangerous stuff to play around y
with. . FS1 +Holder
. Rocker type switch plate
P.C.B. .
Knob to suit

HE

FUSE RATING POWER OF BULBS

60 watts Ya amp

100 watts Yaamp

\ 180 watts 1 amp
DIMMER

R __J 1kW 5 amp
- 2 kW 10 amp

Front panel of the dimmer, experience has shown that a large
knob is easier to adjust.

100 TURNS OF 32 S.W.G,
% INCH DIAMETER INSULATED COPPER WIRE

FORMER /
1

& SCRAPE OFF INSULATION TO A DISTANCE

OF % INCH FROM THE TWO ENDS

Inside the HE Dimmer, refer to the table for fuse ratings when Fig. 4. Details of coil L1, try to keep the coil as neat as possible
using high wattage lamps, when adjusting the pot RV1 make to avoid any short circuits.
sure you use an insulated screwdriver.
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Shown here are all the past issues with
their major features and projects. All are
y available (at the moment) for just 60 pence

each, including post and packing. Send your
order to:

L
Hobby Electronics
E e ct ro n I cs Backnumbers Dept.
145 Charing Cross Road
London, WC2H OEE

Shown next to each issue is the relevent code letter to use when
ordering Hobbyprints. (See Hobbyprints ad.
elsewhere in this issue).

NOVEMBER 78 (Hobbyprint A)

Projects: Stereo Amplifier, Digital Clock, Wah-Wah
Pedal, Bedside Radio.

Features: The Edison Effect, Robots, Hi-Fi Specs, Kit
Review, Transducers, Metal Locators etc.

APRIL 79 (Hobbyprint F)

Projects: Model Train Controller, Cistern Alarm, Tran-
sistor Tester.

Features: The Telephone System, TV Aerials, Elec-
tronics in Warfare, Catalogue Survey etc.

DECEMBER 78 (Hobbyprint B)

Projects: Metronome, Photon Phone, Audio Mixer,
Electronic Dice:

Features: Deep Space Communications, Understan-
ding Bias, Laser$, Photocelis, Caiculators, The Tesla
Controversy etc.

MAY 79 (Hobbyprint G)

Projects: Power Supply, Parking Meter Timer, Digibell,
White Noise Effects.

Features: Feedback, Electronic Music, AB Circuits, 555
Circuits, Aerial Tuners, Varicap Diodes etc.

JANUARY 79 (Hobbyprint C)

Projects: Graphic Equaliser, Touch Switch, Vari-Wiper,
Flash Trigger.

Features: BASIC programming, Viewdata, Starship
Daedalus, Pinball Machines, etc.

JUNE 79 (Hobbyprint H) N

Projects: GSR Monitor, Envelope Generator, Drill
Speed Controller.

Features: Citizen Banned, Display Techniques, Moving
Coil Meter, Electronics in Music Pt 2, etc.

FEBRUARY 79 (Hobbyprint D)

Projects: Short Wave Radio, Sine/Square Generator,
Scratch /Rumble Filter, Car Alarm Project.

Features: Video Tape Recorders, Radioactivity, CA
3130 Circuits, Computer Glossary etc.

JULY 79 (Hobbyprint 1)

Projects: Shark, Baby Alarm, Point Controller, Linear
Scale Ohmeter.

Features: Cassette Decks and Tapes, Binary Numbers,
Fixed Resistors, Short Circuits Special, etc.

MARCH 79 (Hobbyprint E)

Projects: Light Chaser, Tone Controlier, Photographic
Timer, Cassanova’s Candle.

Features: TV Signals, Test Gear, SW Aerials, Interfer-
ring Waves, Communications Satellites, etc.

AUGUST 79 (Hobbyprint J)

Projects: Home Security System, LED Tachometer,
Injector/Tracer, Constant Volume Amplifier.

Features: Security Installation, Variable Resistors,
Tools, Satellite Power etc.

To: Subscriptions

Hobby Electronics | would like a postal subscription to HE star-

P.0. Box 35 ting with the -

issue. | enclose payment (£650 for UK and

Gicpe xast, Eire, £7.50 elsehwere, £11.50 air mail).

Hemel Hempstead,
Herts
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ELECTRONIC GAMES

With one eye on Christmas we proudly present
the HE review of electronic games. (We enjoy
playing with them too). .From the humblest
hand-held to the most sophisticated video
computer, the latest chess playing micros,
they're all here next month.

GOONRON0ENERsRORIRENRBENIRRINERREIRIEERDD

HOME COMPUTING

Sorry about the distinct lack of Computing this
month, not to worry though, our resident
computer expert Pete Howells takes a personal
look at the current computer scene, what it’s all
about, what's happening now and what we can
expect in the very near future.

COMPETITION

We hope we will be able to bring you the results
of our August picture competition in next
month’s HE.

What's all the fuss about? Chances are it's
because most people don’t understand Micro-
wave cookers, they've never gained the wide
acceptance they deserve in this country. Next
month one of the countries leading authorities
on microwaves looks at what makes them.tick,
just how can a Chicken cook in 30 minutes, or a
Hamburger in 5? Find out next month.

D o~
i1egansnsonnaRRRRRRRRERRERRRRRRORRRRRER0RN!

AUDIO ANALOGUE
FREQUENCY METER

Some people seem to think that unless its got a
digital its old-fashioned. We will proove them
wrong with this beautifully designed piece of
test equipment. The circuit is extremely simple
to build yet will give a highly accurate readout
of frequencies within the audio range.

If built and calibrated correctly this very
useful piece of test equipment should prove to
be invaluable for servicing, troubleshooting and
experimental purposes. No need to guess
anymore.

lectronics

MICROWAVE COOKING

HOBBYTUNE

We sat around for ages trying to think of a
name for this musical project, nothing seemed
to do it justice. See what you think about this
stylus operated, miniature organ. We won’t
promise it'll turn you into a virtuoso overnight
but we would be surprised if you're not playing
tunes in just a couple of minutes. The HOBBY-
‘TUNE has many of the features found on-,
‘instruments costing three or four times as much
to buy, a great project for the kids, it must be
better than buying them a drum for Christmas.
inuncacaRonsssasoRRRaERRRROOROBRRERRROIND

MULTI OPTION SIRE

Yes folks, it’s annoy the neighbours time again.
Now you can plague them with a variety of
different siren noises, yes before you ask, it will
sound like an American police siren, but not
only that, like a lot of other sirens too. Not
recommended for people of a narvous disposi-
tion.

llllllllllllllllllllllllllll,llll[lll‘l'llll

HE TANTRUM

We think the wait will be worthwhile, the
Tantrum is a really superb piece of design work.
We've incorporated a facility for remote control,
(coming up soon) so not only will you be able to
enjoy your favourite music from the comfort of
your amrchair you'll be able to control it as well.
Again apologies for its absence this month, they
do say it makes the heart grow fonder.

The October issue will be on sale September14th

‘The items mentioned-here are those planned but circumstances may affect the actual contents
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Just in case the. R/C imodellers have felt neglected in the past few months
we‘ve got Bill Berkinshaw, one of the country’s leading experts, to review
\ the current radio control scene and some of the technology behind the

_ latest equip b

CONTROL OVER DISTANT EVENTS and activities has
always been a source of fascination to mankind, many
early weapons such as sling shots, bows and arrows and
even the gun were manifestations of this phenomena.
Couple this tendency with another natural trait of model
making, or image creating and in psychologists terms
radio control modelling is an absolute natural.

For many years the Leonardo da Vincis, Stephensons
and Cayleys of this world have produced models to
prove inventions, only to have to face the problems of
operating them without damage and under a degree of
control. Many early experiments in the field of aviation
attempted to tether and thus control their creations with
varying degrees of success. But thanks to modern
electronic techniques a degree of precise controllability
from a remote situation undreamt of even 20 years ago,
is a reality for anyone with the interest, and to be fair, the
finance to embrace it. Not that radio control of models or
full size cars, aircraft or boats is anything like that new.
My father for instance held a licence to operate a spark
transmitter for remote control of models in the early
1930’s, and full size aircraft such as the D.H. Tiger Moth
were flown during WWII under radio control.

HOW DOES IT WORK?

A typical radio contro! system consists of a transmitter,
receiver and a number of servos depending on the
number of individual items to be operated. Generally the
actuation of the controls is by a joystick, either single or
dual axis, in the transmitter. Most modern equipment is

38

Many modellers now uses support trays to operate their
transmitters in. This transmitter is a four function type — two
dual axis control sticks are fitted.

AMPLITUDE MODULATION
SWITCHED CARRIER WAVE
1 FRAME OF INFORMATION

AMPLITUDE

1-2MULTISECOND CONTROL
PULSES VARIED BY CONTROL
STICK POTENTIOMETERS

6 MILLISECOND {FOR EXAMPLE}
SYNCHRONISATION PULSE

CHANNEL 1 CHANNEL 2

FREQUENCY MODULATION
FREQUENCY SHIFTED CARRIER WAVE

1 FRAME OF INFORMATION

AMPLITUDE

1

FREQUENCY i J L i
T T i
FREQUENCY SHIFTED FREQUENCY SHIFTED SYNCHRONISATION
(F:::glujszs:‘cv SHIFTED  cammiER PULSE. 6 MILLISECONDS

122 My
CHANKEL 1 CHANNEL 2
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described as ‘‘proportional’ that is to say a small control
stick movement results in a small servo movement — a
large control stick movement a large servo movement
etc., the servo moving directly in sympathy with the
control stick.

The electronics that make it all happen are not very
highly sophisticated as modern electronics go, but
nonetheless a great deal of careful design work has to go
into the system in order that it should work reliably, be
light in weight, and of course not cost too much. No
electronic knowledge is necessary to operate radio
control, only the ability to read instructions and plug in
plugs. Most systems are described as Digital Proportio-
nal with encoding and de-coding of the signal largely
carried out with computer type ICs. A typical transmitter
would comprise of an encoding section' where a clock
generator eg 555 type IC clocks round the various
potentiometers coupled to the control sticks. The output
from this encoder is then fed, in the form of a chain of
pulses of length varying between 1 and 2 mS$S
(milliseconds) plus a larger synchronisation pulse,
through a mixer stage and the resulting modulated RF
signal fed through various filters to the transmitter aerial.

The RF modulation can be of two basic types,
Amplitude or Frequency. Many manufacturers are
‘currently changing over from AM to FM systems for as
far as Radio Control is concerned the Frequency
Modulation systems tend to exhibit better interference
rejection characteristics. This is particularly important at
present for the high sunspot activity level, and high
illegal CB activity level, are combining to make inter-
ference a very real problem for 27 MHz radio control
operation. Transmitters are all crystal controlled, most
have a plug-in crystal facility, the modellers have an
agreed list of ‘spot’ frequencies within the allocated 27
MHz band. Most modern systems will operate quite
happily on 25 KHz channel spacing, many of the latest
systems will operate on 10 KHz channel spacing.
Normally though 12 spot frequencies only are used
ranging from 26.960-27.280 MHz.

AM OR FM?

The amplitude modulation systems are very simply
"switched carrier wave' transmitters — the carrier-wave
being switched on and off in pulses of varying length as
dictated by the control stick positions (see Fig. 1) of
course for a fair proportion of the time there is no
transmission at all and during this time the Automatic
Gain Control of the receiver (AGC) tends to open right up
and even with correctly damped AGC the receiver is
still wide open to any spurious signals around.

An identical means of encoding is used for the
Frequency Modulated system but as there is no ‘off’ time
in the data transmission the receiver is at no time ‘open’
for interference. Modulation is achieved quite simply by
employing a capacitatively coupled crystal with a
Varicap diode in series, and as the voltage across the
varicap is altered the crystal frequency is swung. A
deviation of around 1.5 KHz is sufficient and more
would not really be desirable as the available bandwidth
as specified earlier is only in the order of 1T0KHz and
allowance has to be made for unwanted sideband
transmissions when settling on any deviation level as of
course sideband deviates just as much as the centre
frequency. '

Comparatively simple filtering of the RF output is
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A typical G.R.P. hulled R/ C speedboat — this example powered
by a 10cc engine. Radio control is limited to throttle and
steering. Note the water cooling pipes in the engine compart-
ment.

Helicopters are the most complicated of all R/C models.
Controls are throttle, collective pitch, main rotor, cyclic pitch
(for steering) fore and aft and sideways, and tail rotor pitch. A
centrifugal clutch is used between engine and rotors.

¥ - 3 v
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This superb scale model of the WWII ‘Wirraway’ was built and
flown by twice National Champion David Vaughan. Note the
fire extinguisher and detailed instrument panel — and it flies
well tool
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P518B.

Futaba 6 channel FM receiver/decoder. Employs ‘transistor
radio’ type ICs and filter. Decoder chip is the one nearest the
output block connector on the right of the photograph. Note the
plug-in crystal bottom left of the PC board.

Futaba 6 function FM transmitter. Encoding section is a train of
‘half shots’in this case on the section of board nearest the case
body. The keen eyed will perhaps spot the varicap diode
adjacent to the crystal and the trimmer for adjusting centre
frequency. The length of screened cable would normally
connect to the aerial and has been removed for photographic
purposes.
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used, mainly concentrating on removing 13.5 MHz
(fundamental frequency of crystal) and 54 MHz (second
harmonic) components, but care has to be taken in
design for the systems are frequently used with mis-
matched ie retracted aerials etc. for not ail modellers,
indeed very few are electronics experts.

RECEIVERS

Radio control receivers are comparatively simple, not
because sophistication is undesirable, but because use
of the equipment in models demands that it be light in
weight and small in size. Typical radio control receivers
weigh in the region of 1.5 ozs and around 2 in square
and %in deep. In common with the transmitter, plug-in
crystals for easy channel changing are featured. Design
follows conventional superhet procedure with double
tuned front end, oscillator mixer stage, |F strip,
‘amplification stage then the decoder. Usually this is of
CMOS type as any saving in current consumption is
worthwhile, and the very low current levelsin CMOS ICs
represent a very big saving. Discrete component or even
TTL logic decoders are now virtually unheard of; 4000 .
series CMOS types are the norm.

The decoder outputs are fed to a series of servos,
these are electro-mechanical devices which receive
pulses in turn from the decoder which are images of the
pulses encoded by the transmitter. A reference pulse is
produced by the servo amplifier which is compared with
the pulse received from the decoder. If a difference,
either positive or negative is detected then the servo
motor is turned on driving the control surface and a feed
back potentiometer until the reference pulse, altered by
the feedback potentiometer, and the decoded output
pulse are equal, whereupon the servo stops. Information
updates are fed to the servos from the decoder at the
rate of approximately 30 times per second.

Overall accuracy of thé system is highly dependent on
servo design, not least on the accuracy of the servo
feedback potentiometer where much detailed design
work has been done to improve upon the resolution and
linearity of the servo. Latest of these developments is the
use of ‘geared-up” feed back potentiometers as use of a
larger portion of pot track tends to minimise the effect of
minor deviations in resistance from point to point along
the track. Of course, similar problems are present right at
the very beginning of the chain, at the control stick itself,
where potentiometers are also-used. It is fair to say that
the majority of failures and problems in radio control
equipment occur in the electro-mechanical area rather
than the electronic.

POWER

Power for both transmitter and receiver can be either
from dry cells (alkaline type preferred) or from re-
chargeable Nickel Cadium cells. The latter are by far the
most suitable as they are able to cope with. occassional
high current requirements, have greater capacity and
can of course be re-charged indefinitely. From the
economic viewpoint alone Ni-Cads are much to be
preferred for if any regular use of the equipment is
anticipated, continual replacement costs of dry-cells.will
soon outweight the cost of Ni-Cads. Transmitter
operating voltage varies from make to make but is
usually 9.6 volts sometimes 12 V. (either 8 or 10, 12V
Ni Cads). Receiver/servo voltage is almost universally
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4.8 volts (4 x 1.2 volt Ni-Cads). Cell capacity is usually
500mAh (milliamp per hour} providing a system
operating time of 3-4 hours.

HOW FAR, HOW HIGH?

IT is fair to say that all modern R/C equipment has more
operating range than the normal operator will ever need.
The Home Office regulations governing the licensing of
R/C transmitters restrict output to a maximum of 1 watt,
a level which few transmitters genuinely achieve. This
output level is sufficient for the modelier to be able to
control his model as far away or as high up as he can see
it. It is obvious that if you can’t see it, you can’t control it,
therefore providing the range is sufficient for control of
the largest model at the limits of visual range, then all is
well; usually about % mile is the maximum needed.

Range is of course not just dependent on transmitter
output but also on receiver sensitivity, which despite the
incorporation of good AGC is itself a compromise
between overioading at close ranges and lack of sen-
sitivity at extreme ranges. A low output transmitter
coupled to a very sensitive and selective receiver is
perhaps the optimum but receiver electronics come
expensive so the reverse situation is more common-
place. FM systems do score in this respect as they do not
employ AGC instead a limiting device is employed and
the receiver is able to be much more sensitive without
fear of swamping when operated close to the transmit-
ter.

WHAT CAN BE DONE WITH IT?

Fly, drive, sail or just open your garage door from a
distance — there is really no limit to the range of models
or devices that can be operated by radio control. Take
advantage of the precision and reliability to controi
superb working replicas of full size aircraft or boats or
concentrate on the more sporting side of R/C activities.
All over the country every weekend competitions are held
for aircraft boats and cars ranging from the concours
D’Elegance type to thrilling racing with high speed
models. Most users are however purely interested in the
dual relaxations of building and operating models. Few
are interested in the technical details of the circuitry of
their equipment but simply take advantage of the ‘plug it
together, switch on and use’ aspect. Very few ever
attempt any sort of servicing and tuning, particularly
those who use the equipment in model aircraft, prefer-
ring to use the qualified expertise of service agents.
Faults are rare in modern equipment, and if they do
occur, are usually as a result of the environment in which
the equipment is used. High frequency vibration from
high revving two stroke engines, shocks from heavy
landings and collisions, moisture from boat use, dirt, are
all hazards which the equipment withstands with
remarkable reliability. Few uninitiated electronics en-
thusiasts appreciate the high level of performance that
R /C aircraft modellers in particular demand. Most of the
models in which the equipment is installed are worth
several hundreds of pounds and a momentary malfunc-
tion, a click or hiss as heard over a hi-fi loud-speaker can
spell total disaster to the R/C aircraft modeller whose
model may be flying at less than 10ft above the ground
at speeds of up to 150 mph, yet the owner of the
equipment will expect 100% reliability for several years
of life under the arduous conditions already described.

Hobby Electronics, September 1979

Radio Control World

41\

Servo internals; motor and amplifier are fairly obvious — the
feedback potentiometer is coupled to the amplifier via short
flyleads and is integral with the lower gear frame. Typical
output levers are arrayed in foreground. Case top is removed in
right-hand servo.

Radio controlled yachts are a relaxing aspect of R/ C modelling,
that in the foreground is sailed by Jack Barnard and the other
by author Bill Berkinshaw.
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Typical good quality 6 function system with a comprehensive
array of accessories including mains voltage charger for
receiver and transmitter batteries, alternative capacity
receiver batteries and alternative frequency crystal pairs.
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Installation of servos in a typical R/C aircraft. These operate
rudder/ steerable nose wheel, retractable nose wheel, eleva-
tor, and throttle. The main wheel retract servo and aileron servo
are mounted in the detachable wing. Switch and foam packed
receiver and battery pack are to the right of the servos.

John Ralph, of the North Berks Model Club, launches a thermal
soaring glider. The model is towed aloft, as are full size gliders
by a line, and then after release float around seeking thermal
upcurrents to extend their duration.
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V. Nordigen about to lift the hat from a stake with a Jet Ranger
helicopter. Expert pilots can guide models such as this with
almost uncanny precision.

FUNCTIONS

For model control at its simplest 2 function equipment is
the usual. Aircraft can be flown, cars driven or boats
floated with only a steering control but few modellers
use less than 2 controls. A simple aircraft can be
operated by a steering control (either a rudder or ailerons
on the wing) and. elevators. Some modellers use an
engine throttle to control height gain or loss. Cars
normally do not need more than two controls, steering
and combined throttle and brake (a centrifugal clutch is
generally employed). Boats use steering and throttle
controls. More complicated aircraft can use a basic four
function system, elevators, ailerons, rudder and throttle,
plus such items as retractable undercarriage, flaps
brakes, bomb dropping etc. Servos are either of a rotary
type output or linear.and are coupled up to the various
controls by simple wire pushrods and a variety of
commercially available plastic horns, cranks etc.

Operating a model by R/Cis not anything like as easy
as it appears. It is generally fair to say that if the job is
difficult to do directly, that is to say sitting in it’, then to
do it remotely by R/ C is doubly difficult. The ‘Seat of the

.pants’ feel is removed and that otherwise remarkable

instrument the human eye is really not very precise at all
when it comes to accurately judging distance or
altitudes, particularly when the model can be up to half a
mile away. It is fairly safe to attempt to drive a car or boat
unaided, provided neither are too fast and space is large
enough, but to attempt to fly an R/C aircraft without
expert help at hand is almost certain to end in disaster.
The newcomer to R/C flying will almost certainly not
only have his own inexperience to hamper him, but also
an untried model and a new engine as well. Most hobby
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dealers are able to introduce prospective R/C modellers
to like minded enthusiasts in their area.

BUILD YOUR OWN

Home built R/C equipment only accounts for a very
small percentage of that in use, largely because the R/C
modeller is interested in the flying, driving or boating
more than in the building, and also not many have the
confidence in their own ability to risk a valuable model to
what in their minds might be equipment of dubious
reliability. Their fears are to a certain extent unfounded,
for there are excellent kits available and just recently
excellent designs published. Electronics Today Intern-
‘ational have recently published details of an AM system
whilst Radio Control Models and Electronics have
published an FM system. Both publications are ex-
perienced in publishing articles of this type and both are
almost guaranteed fool-proof provided the instructions
are strictly adhered to. Of course the big attraction is the
amount of money to be saved which can be quite
considerable — possibly up to 50%.

Beware of designing your own equipment, |"will
accept that most people confident enough to embark on
a self design project will probably end up with a system
that works but at what cost to fellow modellers’. Badly
aligned and poorly designed filter networks on transmit-
ters may not affect your model but what of the other
users of the R/ C frequency allocations? | would suggest
that a minimum of test equipment for the home R/C
designer would be a spectrum analyser, digital counter
and oscilloscope in order that the transmitter can be
adequately checked for sideband emissions.

TRY IT YOURSELF

There are now some 70,000 plus licensed users of
Radio Control equipment in ‘the UK all participating in a
immensely satisfying and creative hobby. There are a
host of model clubs in all areas of the country where any
would-be members will receive a warm welcome. If you
are interested in seeing R/C models in action either visit
your local model shops and enquire /look in the yellow
pages) or write to one of the national governing bodies
for details of nearest local clubs. Do enclose a SAE to
those societies though, and don’t forget that a licence is
needed. This can be obtained by anyone — no age limits
or test, from the Home Office Radio Regulations De-
partment, Waterloo Bridge House, Waterloo Road,
London SE1. The cost is £2.80 for 5 years so it cannot
be described as expensive.

SMAE (Society of Model Aeronautical Engineers),
General Secretary,

Kimberley House,

-Vaughan Way,

Leicester.

MPBA (Model Power Boat Association),

The Secretary,
19 Lea Walk,
Harpenden, Hert s.

BRCA (British Radio Car Assoc;at:on}
The Secretary,

7 The Green,

Werriston,

Peterborough.
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Bill Dmry adjusts the engine prior to the start of a 10 lap pylon
race. Four models similar to the one shown race for 10 laps
around a triangular course at speeds approaching 150 m.p.h.

A semi-scale VC10 being demonstrated during a model airshow
at Woodvale, Lancs. This model is powered by two internal
combustion engines in place of the four gas turbines of the
original.

Past British R/C aerobatic champion and Worid Champs Team
Member Mick Birch starts up the engine in his own design
Capricorn model prior to a flight at the British National Champs.

HE
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Second Book of Transistor Equivalents: and Sub-
stitutes 110p
79 Electronic Noveity Circuits 75p
First Book of Practical Electronic Projects 75p
52 Projects Using IC74 1 95p
How to Build Your Own Electronic and Quartz
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Giant Chart of Radio Electronic Semiconductor and
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Resistor Selection Handbook (International Edition) 60p

* Major Solid State Audio Hi-Fi Construction Projects 85p
Two Transistor Electronic Projects 85p
Practical Electrical Re-Wiring and Repairs 85p
How to Build Your Own Metal and Treasure Locators100p
Electronic Calculator Users Handbook 95p
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Digital IC Equivalents and Pin Connections 250p
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IC555 Projects 145p
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Radio Circuits Using IC’s 135p
Mobile Discotheque Handbook 135p
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Radio Stations Guide 145p
TTL Pin Configuration Guide 175p
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Ultrasonic

Switch

Repel insects, upset small furry animals and confuse your cat with HE's

Ultraswitch.

INVISIBLE RAYS have always exerted a considerable
fascination on man down the ages. Isaac Newton
watched apples falling under their influence and Uri
Geller bent spoons with them (or did he?)

This project falls somewhere between these two
extremes of the sublime and the ridiculous. It uses
ultrasound; a high frequency sound, well above the
range of human hearing to control a relay. By selecting a
suitable type you can control your TV, Hi-Fi or bedside
light at the touch of a button or as you will see later, with
a snap of the fingers.

Completed units make an attractive and efficient pair.

NOISE ANNOYS

The unit is silent in operation. As the ultrasonic carrier
beam consists of very high frequency (40 kHz) waves,
special transducers have to be used as ordinary
microphones and loudspeakers are very inefficient at
this frequency. These transducers are just like crystal
microphones and earphones except that they are de-
signed to be resonant, ie very sensitive at a particular
frequency. The receiver and transmitter units have
different characteristics and best results will be obtained
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HEADPHONE AMPLIFIER

This simple stereo amplifier will
drive a pair of stereo headphones,
and can take its input from either a
tuner or cassette deck. It has the
advantage over a normal stereo
amplifier of being small, com-
pletely self contained, and there-
fore very portable. Of course, many
tuners and cassette decks have a
headphone output, but this often
lacks sufficient drive, and there are
usually no tone controls (or volume
and balance controls in some
cases). This circuit gives the usual

NICAD
CHARGER

This charger is intended for use
with the popular AA size NiCad
batteries (similar to ordinary HP7
cells). A special charger is needed

tor NiCad calls because they have.

a very low internal resistance,
leading to an excessive charging
current even if the applied voltage
is only marginally high. The
charger must therefore incorporate
a circuit to limit the charge current
to the appropriate level.

{n this circuit, T1, D1, D2, and
C1 form a conventional stepdown,
isolation, fullwave rectifier, and
smoothing circuit. The other com-
ponents provide the current
regulation. IC1 is used as a com-
parator with discrete buffer stage
Q1 giving a suitably high output
current capability for this applica-
tion. IC1's non-inverting input is
fed with a 0.65 V. reference
potential provided by R1 and D3.
The inverting input is taken to earth
by R2 under quiescent conditions,
causing the output to go fully
positive. With a NiCad cell con-
nected across the output a high
current will attempt to flow,
causing the voltage across R2 to
increase. It can only rise to 0.65V.

48

Lq/\/\/\,_> TO R6—C5-C6 ON OTHER CHANNEL

VR4
47k
log

tone, balance, and volume control
facilities, and also has plenty of
drive. Ideally the unit should be
used with phones having an
impedance of a few hundred ohms
each, and most good quality types
fall into this category. It aiso
seems to work perfectly well with
inexpensive 8 ohm types.

The circuit shown here is for one
channel, all the components being
duplicated in the other channel
except for S1, BY1, and RV4,
which are obviously common to

both channels. The two RV 1s are a
dual gang component, as are the
two RV2s and the two RV3s.

The input signal is applied to
volume control VR 1, and from here
it is coupled to a buffer stage based
on Q1. This gives the unit a rea-
sonably high input impedance ot at
least 100k. Its output feeds a con-
ventional passive tone control
circuit that can give bass lift or cut
using RV2, and treble lift or cut
using RV3. RV4 is used-in the
standard balance control arrange-

OTHER CHANNEL

ment. The output from the tone
controls is coupled by C6 to a two
stage direct coupled amplifier. This
uses Q2 in the common emitter
mode to give sufficient voltage
gain for an output level of up to
about 2 V RMS from most sources.
Q3 is an emitter follower buffer
stage which matches the output
from Q2 to the relatively tow
impedance of the headphones.

The unit has a total current con-
sumption for both channels of
about 30mA.

T1(9-0-9v @ 100mA)
R1
8k2
& ?
+
Ic1 9
CA3140E
B Qi
8D131
+
D
TS OUTPUT
D3 T—
1N4148
\
kg C
—
c1
470u
16V :‘gn
E ;
however, as a higher voltage here obtain the appropriate charge cur-
reverses the comparative input  rent. Some rapid charge types will
levels to IC1, resulting in the out- take 150 mA, and this necessitates
put going lower In voltage, and reducing R2 to 4.3 ohms (3.3
reducing the voltage across R2 ohms plus 1 ohm in series if a —
back 0.65V. The maximum output suitable component cannot be. CA3140E TOP VIEW @)
current (and the charge current obtained). Also, T1 should be 1 g
obtained) is therefore the current changed to a type having a current,
produced with 0.65 V. across 10  rating of 250 mA_, and Q1 should
ohms, or 65 mA. in other words. be fitted with a small bolt-on finned
Some AA NiCad cells have a heatsink. The unitcanchargeupto 4 5 U U U
maximum recommended charge four cells (six if T1 is made a 12V BBDﬁBf

current of only about 45 or 50 mA,
and for these types R2 should be
increased to 13 ohms in order to

type), and these must be con-
nected in series across the output,
not in parallel.

1
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24 TUNE DOOR CHIME

DOOR TUNES £16.44 + VAT. .
Waddington's Videomaster announce a doorbell that doesn’t
go Brrringgg, Ding-Dong o Bauzzzm. -Instead n plays 24
different classical and popuiar tunes. {t will play the tune
you sefect for your mood, the season or the visitor you are
expecting to call. Door tunes is not only grear fun and a
wonderful ice breaker, but is also- very funcuonally and
beautifully designed to enhance your home. There i
something for Chastmas, something for yous continéntal
vistors or your felations from the states, and even

has separate contrais for volume, tone and tempo.

PROGRAMMABLE £29.50 + VAT,
COLOUR CARTRIOGE T.V. GAME.

The TV game can be compared to 8n audin cassette deck
and is programmed to play a muhtitude of different games
in COLOUR, using various plug-n cartridges. At long last
TV game is avarable which wil keep pace with improving
technology by aliawing you to extend your hbrary of games
with the purchase of additional canridges as new games
are developed. Each canndge contains up 10 ten different
action games and the firs1 caniridge containing ten sports
games is included free wath the console. Other carndges
are currently available 1o enable you to play such games as
Grand Prix Motor Racing, Super Wipeout and Stunt Rider.
Further canridges are 1o be released later this year,
nduding Tank Banle, Hum the Sub and Targer. The
console comes complete with two removable joystick
player controls to enable you te move in all four dwections
{upidownirighvleft) and built into these joystick contrals are
ball serve and targer fire butrons. Oiher features include
several difficulty option swilches, automatic on screen
dignal scoring and colour coding on scores and balls.
Lifehke sounds are wansmitted through the TV's speaker,
simulanng the actual game being played.

Manutactured by~ Waddington's  Videomaster  and
guaranteed for one year. -

STAR CHESS - £55.09 + VAT,
PLAY CHESS AGAINST YOUR PARTNER,

using your own TV to display the board and pieces. Star
Chess is a new abserbing game for twe piayers, which wilt
interest and excite all ages. The unit plugs into the aenal
socket of your TV set and displays the board and pieces n
full coleur lor black ard white) on your TV screen. Based on
the maoves of chess It adds even more excitement and
interest 10 the game. For those who have never played,
Star Chess is a novel introduction ta the classic game of
chess. For the experienced chess plaver, there are whole
new dimensions of unpredictabilty and chance added to
the strategy of the game. Not only can preces be taken in
conventional chess type moves, but each piece can aisg
exchange rocket fire with its opponents. The unii comes
complete with a free 18V mains adaptor, full instructions
and twelve months guarantee.

CHESS CHALLENGER #- £85.65 + VAT,

PLAY CHESS AGAINST THE COMPUTER.

The stylish, compact, pontable cansole can be set to play at
seven different ievels of . ability from beginner to expen
including “Mate in two™and “Chess by mail”. The computes
will only make responses which obey mternational chess
rules. Casthng, on passant, and promoting a pawn are al
nciuded as pan of the computer's pragramme. |t s
possble to enter any given probiem from magazines or
newspapers o ahernatively estabhsh your own board
position and warch the computer react. The posmons of al
pieces can be verified by using the computor memary recall
hutton.

Price includes unt wih woad graned housing, amd
Staunton design chess pieces. Compuier plays black or
white and against nself and comes complete with 8 mains
adaptor and 12 months guarantee.

OTHER CHESS COMPUTERS N DUR RANGE INCLUDE:
CHESS CHAMPION' — 6 LEVELS £82.87 + VAT
CHESS CHALLENGER — 10 LEVELS - £143.06

+ VAT,

BORIS — MULTILEVEL TALKING DISPLAY £165.28
+ VAT,

CHECKER CHALLENGER 2 LEVELS £4138 + VAT,

4 LEVELS £80.09 + VAT.
The draughts computer enables you to sharpen your skills,
Jmprove your game, and play whenever you want The
computer ncorpbrates a sophisucated, rekable, decision-
making microprocessor as s bran. Its high level of
| thinking ability enables it to respond with its besi counter
moves hke a skiled human opponemt. You can select
offence or defence and change playing difficulty levels a1
any time. Positions can be venfied by compuier memory
recall. Machine does not pesmit ilegat moves and can solve
se1 problems. Computer romes complete with instructions,
mains adapator and Iwelve months,guarantee

something for the Gueen. Ooor twnes is easy to instalt and ~

-8R

EXTRA CARTRIOGES:

ROAD RACE - £B.37 + VAT,

Grand Prix motor racing with gear changes, crish naises
SUPER WIPEOUT - £9.17 + VAT.

10 different games of biasting abstacles off the screen.
STUNT RIDER - £12.16 + VAT.

Mutorcycle speed rials, jumping obsiacles, leaping various
rows of up to 24 buses etc.

NON-PROGRAMMABLE TV GAMES

6 Game — COLOURSCORE Il — £1350 + VAT,
10 Game COLOUR SPORTSWORLD £22.50 + VAT.

CHESS COMPUTERS

ELECTRONIC CHESS BOARD TUTOR £19.75 inc. VAT.

A special bulk purchase of these amazing chess teaching
machines enables us to offer them at anly £19.75 less than
halt recommended rerail price. The electronic chess tutor &
a simple battery operated machine that can actually teach
anyone to play chess and improve their game nght up 10
champicnship level. This machme is not only for total
begmners but also for established players wanting to play
better chess. Unit contains the electronic chessboard with
32 chess pieces, a B4 page explanatary booklet and a set of
32 progressive programme cagds including 6 beginners
cards, 16 check mate postigns, 9 miniature, games, 5
opemings, 3 end games, 28 chess problems and 2 master
games.

DRAUGHTS COMPUTERS

PLAY DRAUGHTSICHECKERS AGAINST THE COMPUTER

b

FOR FREE BROCHURES — SEND SAE |

For FREE dlusirated brachures and reviews en TV and chess games please send a stamped addressed envelope, and state
which particuler games you require infprmation on,
Callers welcome a1 our shop in Welling - demonstrations daily - apen from 9am5.3Upm Mon Sat 19am 1pm Wed).
To order by telephone please quute your name, address and AccessiBarclaycard number
Postage and Packing FREE

AJD DIREC'T SUPPLIES LIMITED, Dept. HE9, 102 Bellegrove Road,

Welling, Kent DA16 30D. Tel: 01-303 9145 (Day) 01-850 8652 (Evenings} .
Hobby Eleétronics, September 1979

SPECIALS
FROM
MODMAGS

Mark your envelopes Specials, and send them to
Specials, Modmags Ltd, 145 Charing Cross Road,
London, WC2H OEE.

Each volume contains over 150 circuits, mainly
drawn from the best of our Tech-Tips. The circuits are
indexed for rapid selection and an additional section
is included which gives transistor specs, and plenty of
other useful data. Sales of this publication have been
phenomenal — hardly surprising when the circuits
cost under 1p each!

£1.50 + 25p P&P each.

electronics
to

s PEAB

Nof

saco fu0 sesc

fodow-a

ELECTRONICS TOMORROW

Comprised entirely of new material, the edition
covers such diverse topics as Star Wars and Hi-Fi!
The magazine contains projects for everyone — none
of which have appeared in ETI — and a look at the
future of MPUs, audio, calculators and video. How
can you not read it?

75p + 25p P&P.

TOP PROJECTS
Book 1 + 2: £2.50 + 25p P&P.

Master mixer, 100W guitar amp., low power laser,
printmeter, transistor tester, mixer preamp., logic
probe, Ni-Cad charger, loudhailer, 'scope callibrator,
electronic ignition, car theft alarm, turn indicator
cancellor, brake light warning, LM3800 circuits,
temperature alarm, aerial matcher, UHF-TV preamp.,
metal locator, four input mixer, 1C power supply,
rumble filter, IC tester, ignition timing light, 50W
stereo amp. and many more.

Book 3: SOLD OUT! Book 4: £1.00 + 25p
P&P. Book 5: £1.00 + 25p P&P. Book 6:
£1.00 + 25p P&P.

TOP PROJECTS

Book 7: £1.25 + 25p P&P.
ER 11 loudspeaker, CCD phaser, 3-channel tone
control, bass enhancer, continuity tester, bench
supply, LCD digital muitimeter, digital frequency
meter, wide range oscillator, ETI wet, egg timer,
house alarm, porch light, tnrch finder, light dimmer,
IB metal locater, electronic bongos, puzzle of the
drunken sailor, race track, ultrasonic switch, tic-tac
radio, rev counter, Transcendent 2000, spirit level.

ELECTRONICS — IT'S EASY
Books 2 & 3.

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

£1.20 + 25p P&P each.

INTO ELECTRONICS PLUS

The complete series of Ian Sinclair’s series Into
Electronics Plus a selection of some of the most
popular and informative articles from HE. Everything
from Home Computing to making your own PCBs.
£1+ 25p P&P.
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Seconds
Out

Timekeeping

If you want to know the time ask a policeman. That may not be such a bad
idea these days, especially if his little radio is capable of picking up the time
code from Rugby. The ever punctual Rick Maybury looks at atoms that tick
phones that tock and watches that don’t make any noise at all.

ITHAS ALWAYS BEEN EASY to tell the time, even if you
haven 't got a clock or watch you could probably guess to
within half an hour. Even before the development of
reliable mechanical timepieces, the sundial, sand clock,
water clock or even a slow burning candle could indicate
the time to the nearest minute. Probably the single most
important invention in timekeeping was the pendulum in
1582, it enabled time to be measured to the second.

After that things remained fairly static for the next couple
of hundred years. Mechanical escapements improved
over the years to such a degree that fractions of a
second, as little as 100th of a second, could be accu-
rately measured. Very little new technology came into
the field of timekeeping until along came our old friend
electricity, then it all began to happen.

Electronic Timekeeping, Hobby Electronics style, these are just some of the examples of electronic timekeeping available from our
Marketplace special offers. The HE Digital Clock was featured as a project in our very first issue in November °78.

50
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TIME ON TAP

At first electricity just replaced mechanical energy in
electric clocks, until some bsght spark in 1918 discov-
ered that an AC electric motor could be synchronised
{synchronous motor) to the frequgncy of the mains. It
didn’t take long for the electricity board to latch on to this
and ensure that over a 24-hour period their generators
maintained an average frequency. A clock locked to
mains frequency could be compared with a known
standard and any losses or gains by the mains-linked
clock could be compensated for by slowing down or
speeding up the generators. This system of using a
central oscillator was the forerunner of today’s central
standard clock operated by the National Physical
Laboratory.

50Hz 1Hz
—»! 2 bpd 5 fd 5 — 5

Divider chain for decoding the mains 50 Hz into a 1 Hz output,
the 1 Mz is then used to drive a further chain (see page 54)
which will generate the various hours, minutes, seconds and
calendar outputs.

ATOMIC TICK TOCK

The NPL clock and all standard clocks around the world
are based on Atomic Time (AT). There are two main
methods of deriving atomic time, they are both based on
the natural vibrations of certain materials. These vibra-
tions or Atomic Resonance happens to be one of natures
invariables, rather like the speed of light, it is a fixed
constant.

3, !

Atomic clocks. The upper one is a laboratory standard Cesium
Beam Frequency Reference, a time output ijs displayed on the
right. The lower one js a portable version of the Cesium Beam
clock intended for experimental use, the freedom from mains
electricity enables the clock to operate safely even during
power cuts.

Hobby Electronics, September 1979

The oldest and most accurate type of atomic clock is
the Cesium Atomic Beam Controlled Oscillator, quite a
mouthful for a really quite simple device. {No we won’t
be featuring one as a project in HE, it's not that simple).
The ‘clock’ is based upon a quartz oscillator, usually
running at 5 MHz. This is multiplied up, to the resonant
frequency of Cesium. This is a good point to do a bit of
defining:

A second is defined as: The durationof 9,192,631,771
periods of transition within the Cesium atom.

So to put it crudely the 5 MHz is bumped up to
around 9192 MHz and fed to a microwave cavity full of
Cesium vapour. The Cesium will of course resonate at
only that frequency. Any disparity between the quartz
oscillator and the resonating Cesium will generate a
difference signal that can be ‘fedback’ to the crystal
oscillator. A frequency lock circuit keeps the crystal
oscillator running at the same frequency as the vibrating
cesium atoms. In practice the output from this now very
stable oscillator is divided down to a usable frequency,
usually 1 MHz and 100 kHz so further manipulation will
provide an output suitable for timekeeping.

. =
"I - ¥ Yadnf
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Inside an Atomic Clock, the cylinder in the middle, on the
left-hand side is the actual gas cell, the control circuitry and
quartz oscillators can be seen at the top, again on the left.

The second main type of Atomic clock is the
Rubidium Gas Cell Controlled Oscillator. To cut a very
long story short, the Rubidium clock operates in a very
similar manner to the Cesium clock. Suffice it to say that
it is not quite as accurate in the long term as the Cesium
clock, variables like the pressure of the Rubidium vapour
and the ‘buffer gas’ that has to be mixed with the
Rubidium vapour can affect its overall stability. (We are
still talking about a second in a thousand years, but
who’s quibbling, its doubtful if anyone is going to be
around that long to complain).

Of the two main types of Atomic Clock the Cesium
clock is referred to as a "‘Primary Standard, " that simply
means they cannot be calibrated because other than
other Cesium clocks there’'s nothing accurate enough!
The Rubidium clock because of its slight deficiencies is
relegated to the Secondary Standard league. <47
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It's interesting to note that the United States national
standard clock consists of no less than a dozen Cesium
clocks all checking one another. Our own British
Standard clock is operated by the National Physical
Laboratory and a comprehensive time signal is trans-
mitted via radio from their Rugby laboratories.

IT'S NOT CRICKET

The Rugby clock is designated the call sign MSF and is.
transmitted on 60 KHz at around 50 kW RF power. It
can be heard on a specialised receiver throughout most
of western Europe. The actual signal transmitted con-
sists of three ‘codes’, the first two are designated; Fast
Code and DUTI. The third code is a Slow Code using
UTC or Co-ordinated Universal Time, (probably French if
its back to front). The difference between the two can be
about one second. UTC is based on the solar cycle, (the
same as GMT and BST), as the earth does not rotate on
its axis or around the Sun at constant speed its necessary
to introduce a ‘leap second’ every now and again.
Strangely enougn this was only noticed when the
Atomic Clock was developed. The first two codes are
based on Atomic Time, the code DUTI! stands for
Difference between Universal Time and is a slow version
of the Fast Code. (Confusing isn't it?) '

The Fast Code is transmitted during the first second of
each minute and consists of about 30 bits of BCD (Binary
Coded Decimal) information giving the Hour, Minute,
and Day and Date. The DUTI signal is transmitted
between the first and 16th second (Hence Slow Code)
and contains all the information of the Fast Code, except
at a slower rate. The 17th second is set aside for a
«control bit to indicate whether or not a “Leap Second’
need be inserted. The final segment from the 17th to the
59th second is full of BCD information for the UTC time.

Fast- code
transmission

J— /l.\o I oY

identifier.

58 56 0 1 73
7
2 Seconds X
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The Rugby MSF clock, this diagram represents one minute in
the clock’s cycle. The fast code lasts from the zero mark to the
first second. The two fast codes are from the second second
(oh dear, oh dear} to the 16th second and the 17th to the 59th.

Special receivers can decode this information directly
into a time readout. In practice though a receiver will
only decode one of the three codes. Being a radio signal
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itis freely available to anyone wanting to know the right
time, and we mean the right time. Recent Cesium clocks
are quoted as having an accuracy of -not less than one
second in 5,000 years.

B

A typical MSF receiver, this one operates on one of the ‘slow
codes’, as you can see the controls are kept to a minimum. We
wonder how long it will be before a domestic version is on sale.

TIM AND TELETEXT

Both TIM (the Post Office speaking clock) and the BBC
(Ceefax) and IBA (Oracle) Teletext services are linked to
the Rugby MSF time signal.

TIM is a pre-recorded (in 1963 would you believe) on
to a rubber tape (mixed with Iron Oxide particles you
fool). The rubber tape or ‘tyre’ is fitted over a spinning
brass drum. The ‘tape’ is split into 79 tracks containing
all the well known phrases. Track number one has the
‘At the third stroke it will be . ." phrase. Tracks 2to 12
have the hour phrases, * . o'clock’. The next 60
tracks have the minutes, ‘one to fifty nine’, and the final
six tracks have the ten second intervals and the famous
‘precisely’. In all there are 12 replay heads scanning the
‘tape, they are not actually in physical contact with the
tape to avoid wear.

=
!
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Mr and Miss TIM, the lady is Miss Pat Simmons who gets
something like 430 million phone calls a year; we're told she
even phones herself every morning to check the time. Pat
retired in 1976 but her original recording made in 1963 will
continue for many years to come. The recording actually took
over two weeks to record, we‘re not surprised.
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There are four main speaking clocks in the British
Isles, one in constant use (plus one for backup and
checking) in London and a further two in Liverpool.

The accuracy of TIM is checked against MSF Rugby
and any variation is compensated for by ‘advance and
Retard’ circuits that regulate the speed of the spinning
drum. TIM is accurate to within 2 mS (milliseconds) in
any one second and an average of 6 mS in any 24-hour
period, not bad for 2 pence.

TELLY TIME

Both the major Teletext services, Ceefax and Oracle are
now linked to MSF via their computers. The Ceefax clock
(transmitted on the top of every teletext page) is accurate
to within 1/50th of a second. The Oracle (also on the top
of every page), clock has at the time of writing only just
been connected to MSF so figures are not available but
we would suspect.its accuracy to be similar to Ceefax.

21 CEEFRX 221 Thu 3 May 16:.56/07

connb n=

INDUSTRIAL PRODUCTION ~ RETAIL SALES

Retail

All-Industry
Sales

Output

nan) jasondj) ¢ manj jasond)tm

Industrial Production February 1ndex
110. 4 C(base 1978) up 6. Bpc on January.

Retail Sales Mareh Index 110. 5
(base 1971) unchanged on February.

CEEFAX, the clock can be seen on the ‘header’ on the left-hand
side. CEEFAX and ORACLE are both linked to the MSF clock at
Rugby so should be accurate to within one-fiftieth of a second.

PERSONAL TIME

All the timepieces discussed so far rely upon a central
source of reference, either the Atomic Standard, the
mains frequency or even the Sun in the case of a sundial.
When time keeping gets to a portable level, ie a wrist-
watch it becomes necessary to carry around your own
reference. At the moment its a little impractal to carry a
Cesium beam oscillator on your wrist so our old friend
the Quartz crystal oscillator has to suffice. A few years
ago, 1960 to be precise (pun intended), the first
electronic wristwatch from Bulova actually contained an
electronically driven tuning fork. This was mechanically
connected via a ratchet wheel to the hands. In its day it
was as good if not better than most mechanical chro-
nometers, the manufacturers even gave a written
guarantee confirming it to be accurate to within a second
per month. Many so-called electronic ‘chronographs’ of
today are hard pressed to better that. Unfortunately, the
watch for all its ingenuity still relied on moving parts to
operate, and eventually they would wear out.
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- Back to the present. Today's LCD, LED and now
Lithium digital watches all have one thing in common, a
quartz oscillator. Up until quite recently they all worked
at 32.768 kHZ, this strange figure is actually deliberate
because it is easily divided with modern digital ICs to a
usable 1 Hz. Lately though, higher frequencies of 2.09
and 4 MHz have begun to gain wider acceptance
because a higher frequency leads ultimately to greater

accuracy. 2
=
32,768
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Divider chain found most modern digital watches, the three
frequencies are the most common ones in use today. The
actual frequency is governed by a quartz crystal oscillator, this
is fed to the chain inside the IC. (See page 54.)

Inside one of our own digital alarm watches, we were surprised
to discover the actual bleeper consists of a thin slice of piezo
electric crystal on a metal diaphragm inside the back cover.
The little grill on the front is in fact a dummy, nonetheless it’s
loud enough to wake most people. The electronics are sited on
the small PCB top left. The display, beneath the PCB is a liquid
crystal device, it displays a stopwatch, calendar and of course
the time at the expense of only one or two microwatts.
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Divider chain for turning a 1 Hz pulse into hours, minutes,
seconds, days, months, etc, etc.

By using modern CMOS and I2L technology, coupled
to an LCD or Lithium display (LEDs tend to be a bit juicy)
current consumptions of around 2-5 uA are the
order of the day. Indeed a typical LCD watch battery
should last in excess of one year. One final point with
LCD displays, they are a chemical display and as such
have a limited life. Even with modern processes a life
expectancy of around five years is to be expected.
Remember that next time you see one for £100, check
how long its guarantee lasts for. With so many LCD
watches around the £20 mark its just not necessary to
spend that much. Wonder how long it’ll be before some-
one comes up with a disposable watch. If the battery life
expectancy of these watches is extended much more
they'll start to outlive the displays~

THE FUTURE

An obvious development has got to be a domestic MSF.
receiver, (who knows they may even make a wrist-watch -
version) already there are commercially available
receivers but they tend to be a little too expensive for us
mere mortals. ,

The current flood of cheap mains-locked LED, and
Flourescent bedside, alarm, and mantplepiece clocks
will continue to grow, after all who wants to keep
winding an old clockwork clock that doesn’t tell the time -
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Electronic Timekeeping

to the second. (Funny thing though, they always did
seem to keep going during power cuts.)

The way modern society seems to be going, time,
(and we mean accurate time) will continue to play a more
important role. Clocks and watches will get more and
more accurate, cheaper and cheaper and doubtless
sprout more and more semi-useless functions. Look out
for the Lithium displays, they rely upon a minute piece of
radio-active material to ijluminate a small screen. This
type of display does have a long life and is readable in
the dark, something the LCD watch has never been very
good at, even with a backlight.

Well, that's about it, we've literally only just
scratched at the surface of electronic timekeeping, one
thing you can expect though, is its a subject that is going
to get even more involved in the next few years, so keep
your eyes peeled for an update in the near future. HE

-

A
This is where it all began, man’s quest for accurate
timekeeping relied upon logging reqular events. The sundial
kept track of the apparent motion of the sun. The more
sophisticated sundials were accurate to within 10 minutes at
any time of year, quite an achievement. Today we measure
much shorter events, the 50 Hz of the mains, the oscillations of
the quartz crystal, and if you‘re really fussy you can count the
vibrations of the Cesium atom and you can’t get much more
accurate than that!

We would like to thank Hewlett Packard Ltd, the BBC the
Post Office and the National Physical Laboratory for their
help in preparing this article.
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Master
Electronics
The way

No maths needed-
No dull theory-

Step by step we take you through all the fundamentals of
electronics and show you how easily the subject can be
mastered.
1) BUILD AN OSCILLOSCOPE 3
2) READ, DRAW AND UNDERSTAND CIRCUIT DIAGRAMS
3) CARRY OUT OVER £) EXPERIMENTS ON BASIC
ELECTRONIC CIRCUITS AND SEE HOW THEY WORK [
Also
We provide practical tuition for:- 3) Digital Electronics 0
1) Radio amateurs licence. '[] 4) Computer Technology []
2) City and Guilds certificates.[[] 5) Test instrument kits [
Mark your interest(s} with an x in box provided.

British National Radio & Electronics School,
NAME P.O. Box 156, Jersey, Channe! Islands

ADDRESS __

H
HEQI/9 {block caps please)

ey g g ot gt |

e cons R

FCONTROL UNIT
CONSTRUCTION KIT
for DISCO LIGHTS
GROUPS, HOME
DISPLAYS etc.

A new world in lighting etfects
Is opened to the amateur Interésted
in minlature electronics evolved for the
space and computer programmes. This comes
to you NOW, In kit form, an easy to construct

4- Channel ‘éhaser' Unit, which when connected to a light
dispiay of your own design, wlil supply an on/off sequence
giving the effect of chasing or moving lights. It has a speed control
and has the ability to automatically make the lights appear to move forwards,
backwards or alternate between the two. The unit is designed to fit into your equipment
or Into a box of Its own. Slze of completed unit 180x35x30mm. Price £15.95 Includin

VAT. P & P 30p extra. The 4-Channel ‘Chaser’ Unlt can also be purchased assembled,
tested and guaranteed by qualified staff. Special price £21.95Including VAT,

P & P 30p extra.’

JGE

Send today chequelpostal order to —

COOK ELECTRONICS

304A HIGH STREET, WATFORD, HERTS. WD1 2JE
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The latest kit
innovation?

el Srsrhiiie

CLIPON -
capacitive discharge
electronic ignition

iNn KIT FORM /}

@ Smoother running ~/
@ Instant all-weather starting
@ Continual peak performance
@ Longer coil/battery/plug life
@ Improved acceleration/top speeds
@ Optimum fuel consumption

Sparkrite X4 is a high performance, high quality capacitive discharge, electronic
ignition system in kit form. Tried, tested, proven, reliable and complete. It can be
assembled in two or three hours and fitted in_ 1/3 mins. *

Because of the superb design of the Sparkrite circuit it completely eliminates
probiems of the contact breaker. There is no misfire due te cantact breaker
bounce which is eliminated electronically by a pulse suppression circuit which
prevents the unit firing if the points bounce open at high R.P.M. Contact breaker
burn is eliminated by reducing the current to about 1/50th of the norm. It will
perform equally well with new, oid, or even badly pitted points and is not
dependent upon the dwell time of the contact breakers for recharging the system.
Sparkrite incorporates a short circuit protected inverter which eliminates the :
probiems of SCR lock on and, therefore, eliminates the possibility of blowing the
transistors or the SCR. (Most capacitive discharge ignitions are not completely
foolproot in this respect). The circuit incorporates a voltage regulated output for
greatly improved cold starting. The circuit includes built in static timing light,
systems function light, and security changeover switch. All kits fit vehicles with
coil/distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED

Die pressed epoxy coated case. Ready drilled, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed
transformer and components, cables, connectors, P.C.B., nuts, bolts and silicon
grease. Full instructions to assemble kit neg. or pos. earth and fully illustrated
installation instructions.

'\V\

NOTE — Vehicles with current impulse tachometers {Smiths code on dial RV1)
will require a tachometer pulse siave unit. Price £4.25 inc. VAT, post & ;?ackmg_.

Electronics Design Associates, Dept.HE9
82 Bath Street, Walsall WS1 3DE. Phone: (9) 614791.

Name
Address

@"h'o'n-é'your order with Access or Barclaycard

QUANTITY REQID. Send SAE i brochure only veqywed.

“includmg pestage and packing UK saly

| enclose cheque/PQ’s lor
X4 KIT £17.95 Inc. VAT
TACHD PULSE SLAVE UNIT £_ -
£4.25 Inc. VAT Cheque No.

Access or Barclaycard No.
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Yes, It's here at last, the first British book on CB. The 72 page
special from the staff of Hobby Electronics contains a massive
technical section, dealing with aerials, accessories, How to
SWR, even a review of a microprocessor controlled ‘rig from
the States. We have given all the major organisations involved
with CB a chance to put their case, everyone from the CBA to the
radio control modellers. The legal side of CB in the UK. CB
around the world, cartoons, scenes from the film ‘Convoy’, and a
comprehensive dictionary of CB slang, codes etc. Plus much
much more. We're sure this will become a much sought after
‘standard’ work so why miss out. It should be on your news-
agents shelves now. If you have any difficulty in obtaining your
copy write to us at HE enclosing 75 pence plus 25 pence postage
and packing.

The address to write to is.

Citizens Band Special.

Hobby Electronics,

145 Charing Cross Road,

London WC2H OEE.

) |
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Breaker
One-Four

Send any news, comments, or
information you may have to:
Breaker One Four,

Hobby Electronics,

145 Charing Cross Road,
London WC2H OEE.

This is more like it, we’ve had a very large postbhag for Breaker One-Four
over the past four weeks, several clubs contacted us, alas one or two were a
touch too late to get in this month but we‘ll be devoting quite a bit of space
to them next month. As you can see the CB scene is really hotting up so

keep those letters coming.
CB SPECIAL

Sorry about the delays and confusion over the special
but we had some legal problems. Happily they're all
sorted out and it should be on your newsagents shelves
now. We have included everything from the legal side to
a massive technical section, easily the largest outside the
States. Look out for scenes from the film ""Convoy,”’
cartoons, a comprehensive CB dictionary of slang and
codes, CB around the world and a whole lot more. See
the Ad elsewhere in this issue for further details.

CB STICKER

As promised we’'ve produced a “'Legalise CB’’ sticker for
your car, the good news is thatitis FREE. All you have to*
do is write to us, mark your envelope CB Sticker and
enclose a SAE. Sorry, only one sticker per envelope.

SLANG COMPETITION

Whilst we were compiling the CB dictionary in our
"’special’’ it occured to us just how American it all was.
There's nothing wrong with that, except we're British
(and proud of it). So each month we'll be holding a CB
slang competition, we’ll print the best each month, and
the winners will each receive a HE Tee-Shirt as well as a
place in our all new British CB dictionary that we will be
compiling over the next few months.

The only conditions are: it must be new, it must be as
British as possible and of course as clean as possible.
‘Remember the purpose of slang is to convey an often
repeated message as simply and as quickly as possible
over what is potentially a very noisy medium. Send your
entries to: CB Slang, Hobby Electronics, 145 Charing
Cross Road, London WC2H OEE.

CB ON TAPE

Even if you can’t operate CB in this country (yet, we're
working on it) you-can listen to, and learn all about
"’stateside’” CB. A cassette tape now on sale over here
contains plenty of examples of yankee CB and has a very
comprehensive commentry from some (unnamed).
American gentleman. The tape is a full length C60 and
costs £2.50 from Dave Mills. Every aspect of CB is
covered, from how to choose a “'handle’” to how to
check our your rig. With the tape comes an explanatory
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leaflet containing all the 10 codes, glossaries etc, and
even a mention for HE (thanks Dave). For your copy send

‘your £2.50 (Inc P&P) to: Dave Mills, 267 Charminster

Road, Bournemouth, Dorset.

CB BAR-BE-Q

The men from the UKCBC have been telling us about a

‘open day they're planning, Bar-B-Q drinks etc, no firm

date as yet but you can be sure we’ll let you know, we
might even get along ourselves. Venue as far as we can
make out is somewhere in Wales.

PETITION

We've settled on the closing date for the Petition, it's the
30th August, unfortunately Parliament are on holiday
then so we’'ll let you know next month of the actual date
we will be handing it over.

RUMOUR TIME

If we were to believe all the rumours we hear during the
month it would seem that CB will be legalised on just
about every day until the middle of 1980. Those sorts of
rumours we expect, what we would like help in dispel-
ling are one or two of the more serious rumours that
seem to be flying about lately.

Both are of a medical nature, so if there are any
doctors out thete perhaps they could get in touch with
us. The first concerns interference to heart pacemakers,
obviously we are most interested in finding out whether
the illegal 27 MHz system does any harm in that respect
but does RF generally interfere and at what power, any
comments?

The second is the problem of paging systems, can
someone tell us what kind of power they work at and
more specifically, what frequency and what type of
coding system they use, particularly hospital pagers. Do
they suffer from interference or is it the other way round?
Perhaps someone from the R/C modellers would like to
comment on that, are you affected by paging systems?

cLuB CsB

In by the skin of their teeth are a new club in the
Weymouth area. The news comes from Ray Howes who
tells us that they have twice monthly meetings on
Sundays at around 8 pm at 39 St Thomas Street, Flat 1,
Weymouth, Dorset. Sorry it's a bit brief but we only
heard the day before we went to press. More details next

month. BREAKER BREAK.
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ZENER DIODE
TESTER

tage battery being required.

This circuit is an add-on unit for a
multimeter having a sensitivity of
20k/V or better, and it enables a
rough check to be made on zener
diodes having operating voltages
of up to about 33 volts. The unit
operates from a standard 9 volt
battery (PP6, PP7, or PP9 size), no
mains supply or special .high vol-

In order to obtain a suitably high
voltage for this application from an
ordinary 9 volt DC supply it is
necessary to have a volatage step-
up circuit of some kind. In this case
an audio oscillator using IC1 is
used to drive the prmiary winding
of step-up transformer T1, giving
about 50 V AC from the secondary
winding. T1 is actually intended
for use as a step-down transformer
in transistor amplifier output
stages, but it provides satisfactory
results when employed in reverse

to give a voltage step-up. The out-
put from T1 is halfwave rectified
and smoothed by D1 and C3 to
give to give an unloaded DC supply
of about 75 to 80 volts {about 40
to 50 V when loaded).

With SW1 at the ‘low’ position,
a current of about 1 to 2 mA.
{depending upon the voltage of the
zener under test) is fed to the test
device through current limiting
resistor R4, when W2 is operated
and power is applied to the circuit.
The multimeter, which is switched

there

to an appropriate DC voltage
range,
the test device and registers its
zener voltage. Switching SW1 to
the ‘high’ position causes about
double the previous current to flow
through the zener under test, as a
lower value current limiting resistor
(R3) is then switched into circuit. If
the test device is fully functional
this should cause only a very small
increase in the meter reading, and

change in the meter reading at all.

is connected in parallel with

may well be no noticeable
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Books from
the HE Book

Service

28 Tested Transistor Pro-

i€Ctl. romEEd - - CEEEE £1.15
Richard Torrens. The projects
can be split down into simple
building blocks which can be
recombined for ideas of your
own.

Electronic Projects for Be-

ginners ... ...... £1.55
F. G. Rayer. Divided into ‘No
Soldering Projects,” Radio and

Audio Frequency, Power Sup-
plies and Miscellaneous.

Practical Electronic Calcula-
tions and Formulae . £2.25
F. A. Wilson. A valuabie
reference for the home and
laboratory, containing ail the
most frequently used, and
some of the less well known
electronic formulae and calcu-
lations.

Popular Electronic Projects
£1.65
R. A. Penfold. A collection of
the most popular types of
circuits and projects using
modern, inexpensive and freely
available components.
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Linear IC Equivalents and
Pin Connections . £2.95
Adrian Michaels. Gives most'
essential data for popular de-
vices.

Electronic Secrity Devices

R. A. Penfold. Full of construc-
tional circuits covering the most
basic security systems to the
Ultrasonic and Doppler Shift
systems.

How To Build Your Own
Solid State Oscilloscope
£1.50
F. G. Rayer. The book contains
concise practical instructions so
that even an inexperienced
hobbyist can construct a fairly
sophisticated instrument with
the minimum of difficulty and
expense..

50 FET (Field Effect Tran-
sistor) Project . £1.45
F. G. Rayer. Contains some-
thing of interest for every class
of enthusiast. Short Wave Lis-
r tener, Radio Amateur, Experi-
menter or audio devotee.

50 Circuits Using 7400
Series ICs £1.35
R. N. Soar. The author has

Digital IC Equivalents and
Pin Connections . £2.70
Adrian Michaels. Covers most
popular types and gives details

of packaging, families, func-
tions, country of origin and
manufacturer.

Radio Stations Guide £1.45
B. Babani and M. Jay. An inva-
luable aid to everyone with &
radio reciever helping them to
obtain maximum entertain-
ment, value and enjoyment
from their set.

managed to compile no less
than 50 interesting and useful
circuits using this range of de-
vices, covering many different
aspects of electronics.

Essential Theory for the
Electronics Hobbyist £1.45
G. T. Rubaroe gives the hob-
byist a background knowledge
tailored to meet his specific
needs.

Beginners Guide to Building
Electronic Projects . £1.45
R. A. Penfold. Covers com-
ponent identification, tools,
soldering, constructional
methods and examples of
simple projects are given.

50 Projects using IC CA3130

£1.15

R. A. Penfold. Describes audio

projects, RF project, Test"'
Equipment, Household and

miscellaneous circuits.

IC 555 Project . £1.65
E. A. Parr. Circuits are given for
the car, model railways, alarms
and noise makers. Also covers
the related devices 556, 558
and 559.

Second Book of CMOS IC
Projects £1.50 .
R. A. Penfold. Following in the
success of the original CMOS
projects book we present the
second volume covering all
aspects of CMOS technology
from multivibrators to trig-
gering devices.

Note that all prices include postage and packing. Please make
cheques etc. payable to Hobby Electronics Book Service (in

Sterling only please) and send to:

Hobby Electronics Book Service, P.O. Box 79

Maidenhead, Berks.
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FET Special

Down the Gain Drain

This feature was prepared from ‘50 FET Projects’
by F. G. Rayer, published by Bernard Babani at
£1.25. It contains many practical constructional
projects using readily available FET devices.

As our project editor is always saying, the best way to get to know
something is to get it on the work bench in front of you. This month we get
hold of the FET and show you just what you can do with it (no that’'s not

meant to be rude).

INTRODUCTION

FIELD EFFECT TRANSISTORS find application in a wide
variety of circuits. The projects described here include
radio frequency amplifiers and converters, test equip-
ment and receivers, as well as various miscellaneous
devices which are useful in the home.

it will be found that in general the actual FET used is
not critical, and many suitable types will perform
satisfactorily. The FET is a low noise, high gain device
with many uses, and the dual gate FET is of particular
utility for mixer and other applications.

This article should be found to contain something'of
particular interest for every class of enthusiast — short
wave listener, radio amateur, experimenter, or audio
devotee. 3

FET OPERATION

Figure 1 will help clarify the working of the field effect
transistor. (a) represents the essential elements of the
device, which has Source lead S, Gate lead G, and Drain
connection D. The path for current is from Source to
Drain through the semi-conductor material, this path
being termed the channel. With the N-channel FET, the
carriers are electrons. The Source is connected to
negative of the supply, and Drain to positive.

D4 DRAIL
S D -
GATE
SUBSTRATE
G G
S| SOURCE
G D
G2
o G1
S
G
S

GATE
DRAIN SOURCE G2

SUBSTRATE

Fig. 1. Construction and symbols used for field effect transis-
tors.
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P-type gates are formed on the N-type channel,
providing PN junctions. When these junctions receive
reverse bias, areas surrounding them are emptied of
electron carriers. These "'depletion areas’’ reduce the
width of the carrier channel, as at (b). As a result there is
a drop in the passage of current carriers from Source to
Drain. Increasing the bias causes the depleted regions to
extend, and the channel grows smaller, reducing current
even further. Eventually the gate can be made so
negative that the channel is virtually closed. This is the
pinch off region, and current is practically zero. The
current from source to drain, and through external circuit
items, can therefore be controlled by adjusting the gate
voltage. Since the gate to channel junction area is
reverse biassed gate current is extremely small, and thus
the gate input impedance is very high. Generally, the
gate current is negligible.

(c) is the symbol for this FET, with S indicating
Source (negative), G for Gate, and D for Drain (positive).
Such N-channel FETs are conveniently operated with a
negative ground or source line. "'D"" is the symbol for a
P-channel FET. Typical types and lead outs are shown
later.

(e) represents an insulated gate FET. The gate is
insulated from the channel by an extremely thin dielec-
tric so tht there is no junction in the way described for
(a). The substrate is P-type material with positive hole
carriers. When the gate is made negative, positive
charges move from the substrate towards the gate, so that
the width of the conducting channel is reduced, and thus
also the current from drain to source.

MEDIUM FREQUENCY AMPLIFIER
This circuit, Figure 2, is primarily intended for use over
the 1.7MHz to 30MHz range, and will be found to
provide considerable gain. RF amplifiers of this kind are
generally used to improve long distance short wave
reception, to increase volume, and to reduce second
channel interference on the higher frequencies.

To avoid winding coils and permit easy band
changing, Denco (Clacton) miniature plug in coils may
be used. These are the "'Blue’’ (Aerial) ranges, valve
type. The most useful coils will be Range 3, 1.67-
5.3MHz, or 580 to 194 metres; Range 4, 5-15MHz, or
60 to 20 metres; and Range 5, 10.5-31.5MHz, or 28 to
9.5 metres. Exact coverage depends on the setting of

<
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the adjustable cores, and will also be modified if VC1 is
of different value. The coils are inserted in a B9A type
holder. If only a single range is wanted, the coil can be
mounted by its threaded end, and leads are then’
soldered directly to the pins.

NVN—o +

3 R4
Lo
oo 270R
RFC

ca
100p

ATl
g

RV1
470R 9 315p

1 27k <i :5 i
mn

Fig. 2. Circuit diagram for a Medium Frequency RF amplifier.

RV1 is an adjustable aerial input control, as over-
loading may easily arise with strong signals. R1 and R2
provide the voltage for gate 2, and R3 is for source bias.

The drain circuit is arranged for capacitor coupling by
C4 to the aerial socket of the receiver. This lead should
not be unnecessarily long, as this may cause losses, as
well as picking ujp signals which cause second channel
interference. If the lead is screened,it must be no longer
than necessary. A 2.6mH short wave sectionalised radio
frequency choke will be satisfactory for the frequencies
mentioned.

Construction is best in a metal case, which can have a
hinged lid if plug-in coils are to be fitted. No ganging
difficulties can arise with VC1, which is adjusted for best
volume.

Second channel interference is caused by signals
which are 2X 1F frequency from the wanted signals.
With a 470kHz intermediate frequency, these offending
signals will be 940kHz from the wanted transmission.
As aresult, interference from this cause is unlikely at low
frequencies, but very probable at high frequencies. Such
second channel interference is considerably reduced, or
completely avoided, by using a tuned RF stage of this
kind, actual results in this direction depending on the
receiver IF, and frequencieds tuned.

A 8 V supply is adequate, and current may be drawn
from the receiver if convenient. Only about 2mA to
3mA or will be wanted. The MEM618, 40602, and
40673 will be found satisfactory here.

144MHz CONVERTER

The reception of 2 metre signals is generally with a
converter and short wave receiver, preferably of com-
munications type. The latter will have sensitivity and
selectivity better than average. With such an arrange-
ment of equipment, the 144MHz or other VHF signal is
changed in frequency so that the converter output falis
within the tuning range of the receiver.

A converter of this type often has its own RF amplifier,
and a relatively low frequency crystal controlled oscilla-
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tor, followed by frequency multipliers. This allows high
sensitivity and excellent frequency stability, but is a
relatively complicated and expensive item. Bearing in
mind that at this frequency the RF amplifier will not
contribute very much gain, and that tunable VHF
oscillators are used in many domestic VHF receivers, it is
possible to use'the much simpler circuit in Figure 3.

L1 is broadly tuned to the wanted frequency band by
T1, and signal input is to gate 1-of Q1. Q2 is the local
oscillator, and the operating frequency here is deter-
mined by L2 and T2. Oscillator injection is via C3 to gate
2 of Q1. The frequency of the output from the drain of -
the mixer Q1 is the difference between G1 and G2
frequencies. Thus if the signal at G1is 144MHz, and Q2
is tuned to oscillate at 116MHz, output will be at 144
minus 116MHz, or 28MHz. Similarly, with the oscillator
set at 116MHz, an input at 146MHz to G1 will give an
output of 30MHz. Therefore 144-146MHz can be
covered by tuning the receiver from 28MHz to 30MHz.
L3 is broadly tuned to this band, and L4 couples the
signal to the short wave receiver.

The oscillator can actually be tuned above or below
the aerial circuit frequency of the converter, as.it is the
difference between converter signal input and oscillator
frequencies which determines the converter output
frequency. It is also possible to choose other reception
and output frequencies, provided L1, L2 and L3 are
chosen to suit.

I— RECEIVER
'

Fig. 3. Circuit for a 144 MHz converter for short wave receivers.

L1 and L2 are wound in the same way, except that
L1 is tapped one turn from its grounded end. Each coil
has five turns of 18 swg wire, self supporting, formed by
winding the turns on an object 7mm in diameter. Space
turns so that each coil is ¥2in or about 12mm long.

L3 is fifteen turns of 26swg enamelled wire, side by
side on a 7mm former with adjustable core. L4 is four
turns, overwound on the earthed (positive line) end of
L3. Layout should allow very short connections in the
VHF circuits. A co-axial aerial socket is fitted near L1, A
screened co-axial lead is preferred from L4 to the
receiver, to avoid unnecessary pick-up of signals in the
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28-30MHz range. The converter will operate froma 9 V
to 12V supply.

L3 should first be peaked at about 29MHz. If a signal
generator is available couple this to Q1 drain by placing
the output lead near the drain circuit. Tune generator
and receiver to 29MHz, and adjust the core of L3 for best
results. Otherwise, couple an aerial by means of a small
capacitor to the drain circuit, and tune in some signal in
the 28-30MHz range, to allow adjustment of the core of
L3.

It is now necessary to tune L1 to about 145MHz, 'and
L2 to 116MHz, or 174MHz. If an absorption frequency
indicator is available, this will permit an approximate
setting of T2. A dip oscillator will also allow T1 to be
adjusted. Subsequently adjust T2 to bring the wanted
signals in at the required frequencies on the receiver,
and peak these for best volume with T1, and check the
setting of L3 core.

The converter is best assembled in a small aluminium
box, completely closed, which can be placed behind the
receiver. Note thatif Q2 is not oscillating, no reception is
possible through the converter. Q2 should be a VHF
FET, such as the BF244, MPF102, and similar types,
and if hecessary T3 may be adjusted to secure oscillation
here. The 40602, 40673, and similar VHF types will be
satisfactory for Q1. If needed, frequencies can be
brought within the swing of T1 and T2 by stretching or
compressing L1 or L2.

The aerial may be about 38 ¥2in long, constructed as a
simple self-supporting or wire dipole, with a feeder
descending to the converter. Amateur activity is most
likely to be greatest at weekends, and in many areas a
whip or very short wire aerial will provide local reception.

FIELD STRENGTH METER

The device in Figure 8 will operate at any frequency up
to 2560MHz or even higher if necessary. A short whip,
rod, telescopic or other aerial picks up radio frequency
energy, and rectification by diode D1 provides a positive
voltage for the FET gate, across R1. This FET is only
operating as a DC amplifier, and the 2N3819 and other
general purpose transistors will be satisfactory.

The "'Set Zero”' potentiometer may be 1k to 10k.
With no RF signal present, it allows gate/source poten-
tial to be adjusted, so that the meter shows’only a small
current, which rises in accordance with the strength of
the RF present. For high sensitivity, a 100 uA meter can

o+

SET ZERO

Jo——o—

Fig. 4. Field strength meter, useful for determining the
. efficiency of RF equipment.
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be fitted. Alternatively, a meter of lower sensitivity, such
as 25 uA, 500 uA or 1 mA can be used, and will provide
enough indication in most circumstances.

Should the field strength meter be wanted for VHF
only, a VHF choke can be ‘used, but for general usage
over lower frequencies, a short wave choke is necessary.
An inductance of about 2.5mH is satisfactory for
1.8MHz and: higher frequencies.

The device can he constructed in a small insulated or
metal box, with the aerial projecting vertically. In use, it
allows tuning up a transmitter final amplifier and aerial
circuits, ‘or the adjustment of bias, drive and other
factors, to secure maximum radiated output. The effect
of adjustments will be shown by the rise or fall of the
reading of the field strength meter.

FET TRF RECEIVER

Figure 9 is a circuit giving good headphone reception for
persons listening, and it can if wished be contructed as a
miniature receiver with a short throw-out aerial. Altern-
atively, it can be used with reduced range by relying on
the ferrite rod alone for signal pick-up

Q1 is the detector, and regeneration is obtained by
tapping, the source up the tuning coil. The use of
regeneration greatly improves selectrivity, and also
sensitivity to weak signals. The potentiometer RV 1
allows manual adjustment of the drain potential of Q1,
and so acts as a reggneration:control.

VR
Skﬂ‘

——C\ O=——10 +9v

o -

Fig. 5. FET TRF receiver.

Audio output from Q1 is coupled to Q2 by C5. This
FET is an audio amplifier, operating the headphones. A
complete headset-is preferable for general listening, and
phones of about 500 ohms DC resistance, or about 2k
impedance, will give very good results here. If-a minia-
ture earpiece is wanted, this should be a medium or high
impedance magnetic unit. A crystal earpiece will require
resistance capacity coupling.

The tuning inductor is fifty turns of 26swg wire, on a
ferrite rod about 5in X 3/8in. If the turns are wound on
a thin card sleeve which can be moved on the rod, this
will allow adjustment of band coverage. The winding
begins at A, and aerial tapping B is at about twenty-five
turns. D is the grounded end of the coil. The best
position of the tapping C depends somewhat on the
actual FET, on the battery voltage, and on whether the
receiver is to be used with an éxternal aerial wire or not.
Should the tapping C be too near to end D, no regener-
ation will be obtained, or regeneration will be weak,
even with RV1 rotated for maximum voltage. On the
other hand, with too many turns between C and D,

<
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oscillation will begin with RV 1 only slightly advanced,
and signals will be weak. Best results are expected when
regeneration begins smoothly, with RV 1 apout halfway
through its rotation. It was found that only one to two
turns were required between C and-D. As changing the
whole coil by a turn or so has little practical effect on
frequency coverage, the best method is to make C two
turns from D. Then if necessary unwind half a turn or
more at D.

When regeneration is obtained, a heterodyne will be
heard if the receiver is tuned through a transmission.
RV 1 should then be turned back very slightly. Maximum
possible sensitivity is achieved when Q1 is aimostin the
oscillating condition. RV1 has to be set to suit the
frequency tuned by VC 1, so that final critical adjustment
can be made. It is useless to regard RV1 as a gain
control, and set it at maximum-

A metal case is suitable where an external aerial wire
will be used. Where the ferrite rod only will be
employed, for local signals, the box or case must be of
plastic or other insulating material.

TIMER

An adjustable timer, giving a delay of about 10 seconds
to 1 minute, can be used for photographic and other
purposes; or with various games where each competitor
must make his move within the agreed period.

The circuit in Figure 11 can be employed in various
ways, as will be explained. When the switch is moved to

set from approximately 10 seconds to 60 seconds.
Increasing C1, R1 or RV1 will lengthen the interval.
Smaller values here will reduce it. This was with current
rising to 40mA, with a 100 ohm relay.

It is not of course essential that these values or
transistor types be followed exactly, and other relays
would also be practicable, provided the circuit and Q2
allows a satisfactory current and voltage to suit the:
winding. Generally, a relay with a coil resistance of
about 100 to 250.0hms will be most satisfactory.

The relay contacts can be so wired, that when the
relay coil is energised, the circuit is completed, or
interrupted. The former will most usually be wanted.
Closure of the contacts.can then light an indicator lamp,
or sound a buzzer or bell. The use of opening contacts
will be convenient for repeating a set interval when
enlarging. A 2-pole 2:way switch is then required, so
that switching the timer on lights the lamp to begin the
exposure, which continues until the relay contacts open.

For .games-and similar purposes, a 12 volt 3 watt
indicator lamp can be operated from the same 12 V
supply. Should any kind of mains-voltage circuit be
controlled, the relay must be a type intended for this
purpose, and care must be taken to arrange mains circuit
so that no danger can arise for the user. HE

Type No. Base Maximum  Other

Ratings Information
General purpose

the "“On’’ position timing begins, and C1 commences to 2N3819 ! 200mwW 25v AF and RF.
charge through R1 and RV1. The two resistors R4 and N-channel.
R5 hold the source of Q1 at approximately a fixed 2N5457/
potential. When the voltage across C1 has reached a MPF103 2 General purpose
high enough level Q1 gate is positive, so that drain 2N5458/ 310mW 25v AF. N-channel.
current flows through R3. This causes a voltage drop in MPF104 2
R3, so that the base of Q2 moves negative. Q2 is a PNP 2N5459/ ° General purpose
transistor, so conducts, and collector current flows in the MPF105 2 200mw 25v AF and RF.
relay coil, closing the relay contacts. When the switch is N-channel.
returned to the "' Off"’ position, C1 is discharged through BF244 1T 200mwW 25v VHF. N-channel.
R2, so that the interval can be repeated. 7644/ VHF. N-channel.
BF244 5 200mW 25v (Sub. lead omitted)
MPF102 2 200mwW 25v VHF. N-channel.
o dbdcd 2N5450/5 3  310mW 25v General purpose
AF. P-channel.
ne 40602/ 4 330mWwW 20v Dual-gate VHF amp
= ‘ B MEM618 and mixer.
40673 4 330mW 20v Dual-gate VHF amp
and mixer.
2N3823 5 300mW 30v VHF amp/ mixer.
N-channet.
RELAY ’ 2N2497/ 6  500mW — Low noise.
e 500 P-channel.
2k2 80111 7 100mW 20v RF amp. N-channel.

Table showing all the important parameters for the various
FETs used in the circuits, the types used are all freely avaiiable
— ~ and with only one or two exceptions are not very specialised.

Fig. 6, A timer using a FET, the delay can be varied from about

Rl oy This article is reproduced by kind permission of

Bernard Babani (Publishing) Ltd, The Grampians,
Shepherds Bush Road, London W6 7NF, and taken
A 2N3819 is suggested for Q1, and AC128 f§ F from the book 50 (FET) Field Effect Transistor

With C1 as shown (4 70uF) the interval was found-to I|e
between 10 seconds with a total of 250k inthe R1/RV1
position, up to 1 minute with 2 megohm. So the values
in Figure 42 can be expected to allow any interval to be
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Projects by F. G. Rayer. The book (Bernard Babani
No. BP 39) is available from most component shops
price £1.25. It is also available from the HE Book
Service, see ad in this issue
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s SUSTAIN UNIT

Normally each note from a guitar
has a high initial volume that
rapidly decays to a much lower
level, and the gradually fades out.

A sustain unit provides a relatively -

constant output level when used
with an electric guitar, despite the
wide range of input levels. The
most simple form of sustain unit is
a clipping amplifier, but these in-
‘evitably introduce quite large
amounts of distortion. A better
method, and the one used in this
unit, is to use a compression circuit
having fast attack and decay times.
This type of circuit is basically a

voltage controlled amplifier, the
gain of the circuit being controlled
by an output level sensing circuit
which varies the gain to produce a
tairly consistent output level. Little
distortion is produced using this
method.

Q1 is used as a low noise pre-
amplifier having a voltage gain of
about 20dB. Its outputis fed by C3
to the input of IC1, the voltage
controlled amplifier device. This
has a quiescent voltage gain of
about 13dB. ‘but this can be
reduced to an attenuation of over
70 dB by taking pin 2 of the device
several volts positive. C6 couples

some of the output from IC1 to the
output socket, and C5 couples the
remaining output to a common
emitter amplifier based on Q2. The
amplified signal at Q2 collector
couples via C9 and R7 to a con-
ventional smoothing and rectifier
network. The positive bias pro-
duced by this network is fed to the
control input of IC1 via a low gain
amplifier and buffer stage based on
IC2.

With low input levels {below
about 1mV).the control signal is too
small to affect the gain of IC1
Higher level signals produce a pro-
portionately larger control voltage

and lower gain through ICT1, pre-
venting the output level from nsnng
much above about 30mV RMS, =&
and giving the required virtually e
constant output level.

both quite short so that the unit
responds suitably rapidly to
changes in input level, but neither
of these time constants are so short
as to cause serious distortion.

The unit will be most effective um

with the volume control on the m

guitar set at maximum, unless the
output should then be so high as to
overload the unit and cause distor-
tion.

Sw1
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L [ —0 /> Q +9v
7
CA3130T
R2 = s
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?07,( sl R10 ! 7
c5 + ak7
L 330n f - 6
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+
7 1Ic2 =
7 s CA3130T
= = R6
Tes R4 o0k | + D2 Q2 a 5
680p 12k 2 1N4148 BC109
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AC METER
BOOSTER

Measuring small audio ‘frequency
signals is often impossible using an
ordinary multimeter because most
of these have a lowest AC range of
about 1 to 5 V FSD. A simple and
inexpensive solution to the pro-
blem is to add an amplifier, such as
the one shown here, ahead of the
multimeter. The amplifier has a
switched voltage gain of 10 or
100, and would therefore boost
the sensitivity of {say) a multimeter
switched to the 2.5 V AC range to
250 mV and 25 mV FSD respec-
tively. Measurements down to just

a few mV RMS can then be made
with reasonable accuracy.

The circuit uses a CA3130T
operational amplifier in the non-
inverting mode. The non-inverting
input is biased to about half the
supply voltage by R1 and R2, and
the input signal is coupled to this
point by C1. The input impedance
of the circuit is set at over 1M by
R1 and R2, so that the unit places
little loading on the circuit under
test. R7 biases the inverting input
and gives @ quiescent output vol-
tage of about half the supply
potential. Although IC1 has an
extremely high (open loop) voltage
gain, the voltage gain of the
amplifier as a whole (closed loop) is

much lower, and is set by the ratio
of two resistances. With SW1 in
the 'X 10’ position the two resist-
ances are R7, and R3 plus R4. The
voltage gain is equal to the sum of
the two resistances divided by the
shunt resistance (R3 + R4) in this
negative feedback network. This.
gives almost exactly the required
figure of 10 with the specified
values. With SW1 in the ‘X 100’
position the lower shunt resistance
of RS and R6 is switched into
circuit, boosting the voltage gain to
almost exactly 100.

DC blocking at the output is
provided by C4. C5 is a supply
decoupling capacitor and should
be mounted physically close to
IC1. C3 is the compensation

capacitor for IC1, and prevents the
device from becoming unstable.
Note that a carefully designed
layout having the input and output
well isolated from one another is
required, or the circuit as a whole
may become unstable. Screened
input and output cables should be
used to drive the primary winding
maximum output of about 3 V
RMS. it should therefore be used
with the multimeter set to a range
of 3 V or less, or if a higher range
must be used, the part of the scale
above 3 V is ignored. The amplifier
has a flat response up to about
30kHzinthe ‘X 100’ mode, and up
to about 300kHz in the ‘X 10’
mode.

q\o—o +9V
sw2
s ON/OFF
2M2
IN 8
ca
c—i - a7 & .
R3 R4 Ic1 1w
c1 +
100n 100k 1k CA3130T '__*’ = 3 .
— ANV 1 . T cs
OUTPUT 2240 3 5
TO
X100 MULTIMETER i
e AR A=A AAA CA3130T TOP VIEW
RE
100R
40

R3, R4, R5 AND R7 ARE 2% OR BETTER
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The attack &=
and detay times of the circuit are oo
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POWER
AMPLIFIER
CP2-15/20

Each CP2-15/20 contains two identical amplifiers, each of
which can give 20 Watts rms into 4 Ohms (15W into 8 Ohms).
Alternatively the module may be connected to give 40 Watts
into 8 Ohms. Protection is provided against short and .open
circuit loads, reverse supply connection (as all Magnum
Modules) and thermal overioad. Transient performance is
virtually unaffected by loading and free from overshoot and TIM
distortion. THD is typically O 03% at 1kHz. All this adds upto a
vetsatile and robust amphtier of extremely ‘clean’ and ‘musical’

CP2-15/20 £14.80 incl. (U.K.) £16.80 incl. (Export).

Also available: Pre-Amplifiers, Peak Programme Monitors,
Filters, Stereo Image Width Control, Compressor/Expander,
Active Crossovers, Power Supplies, Interconnection PCBs, pfus '
all pots, switches, etc.

MAGHIUM AUDIO Lid.

DEPT. HE9, 13 HAZELBURY CRESCENT
LUTON, BEDS. LU1 1DF
TEL: 0582 28887

SEND LARGE S.A.E. FOR DETAILS

Largest range of quality components in the U.K. — over 8,000 types stocked

/Marshall:

Retail Sales: London: 40 Cricklewood Broadway, NW2:3ET. Tel: 01-452 0161/2. Also 325 Edgware Road, NW. Tel: 01-723 4242
Glasgow: 85 West Regent Street, G2 2QD. Tel: 041-332 4133. And Bristol: 108A Stokes Croft, Bristol. Tel. 0272 426801/2

Head Office and Mail Order to Dept. HE
A. Marshall (London) Ltd.

Kingsgate House, Kingsgate Place
London NW6 4TK. Tel: 01-634 0805
Telex 21442
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electronics today

international

What to look for in the Oct issue: On sale Sept 7th

SPEECH COMPRESSOR

For anyone out there using the airwaves, this ingenious
circuit will enable you to increase your average power
to peak power ratio considerably — thereby “‘upping””

your talk power! And it doesn’t use RF compression
* either.

REACTION TESTER

Single PCB construction with auto-start and random
interval times built in. Readout is in 1/100 secs on
two “jumbo” LED displays. All adds up to a pretty
nifty little game does it not? Don’t be slow picking
up ETI next month!

LM 10 APPLIED

Next month Ray Marston attempts to fill the '

issue with applications — some of which you
couldn’t ever have dreamed of —

for his new champion chip, the amazing LM
10. See how close he gets to making it in the
Octoberissue of ETI.

CABLE TESTER

No it is not as simple as it sounds. You should know us
better than that by now. This little unit will test any type

of audio hook-up wiring — or indeed any conceivable
cable.

Each wire is tested, in sequence, for open-circuit or short
to earth (or other wires), and then visual indication ot
the state of each is provided. 0K?
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Audiophile amp

Now you’ve all seen magazine projects for hi-fi
amplifiers before. We’ve done-several ourselves!
However, we believe that NO-ONE — not even ETI
— has produced a design anywhere near this
quality before. Specifications include a noise
figure of 83dB for the phono input, and a pre-amp
distortion of 0.015%.

The power amp produces over 60W at 0.04 %
THD with particular attention having been paid to
“open-loop’’ performance such that TiD is
negligible. Hum and noise —110dB for the power
amp. Listening tests played a huge part in settling
the final design too.

The system is modular such that either the
pre-amp or power amps can be utilised separately.
Put them together and you have the best sounding
magazine amplifier ever! Full details next month.

Andalog delay

Since the advent of CCD (charge coupled
devices) you could be forgiven for believing
that all other methods of obtaining a time
delay on a signal have curled up and died.

This is simply not so, and next month Tim
Orr takes time off from String Thing to explain
this largely unknown flourishing field.

RADIO CONTROLLED

Of course you’ve all built our radio control project
out there haven’t you? No?... Oh.

Well the reason why not could simply be that you
haven’t seen this article yet. Written by Geoff
Chapman — one of the few real experts in the field,
it illustrates the different types of model that can be
operated by R/C and how to get them operational!

Full of the kind of detail you’d spend years of lost
patience gathering.
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Into

By lan Sinclair

Linear ICs

Part 3

Deep breath, this month lan Sinclair (with the help of twenty practical
circuits) describes how the 741 ¢» amp can be used to make anything from
a ‘boing’ generator to ‘pepping’ up the output of your cassette recorder.

THE 741 IS GOING TO BE our introduction to linear ICs.
It would be difficult to choose any other chip, because
the 741 is probably the most frequently used of alf linear
ICs. It can come with a variety of letter codings (LM, MC,
CA, NE and others), but as long as these letters are
followed by the number 741, it’s the'same chip. It's also
found in a variety of packages, but the one we shall use
§s the DIL 8-pin one, which is the most convenient one
for our purposes.

The 741 is classed as an operational amplifier,
meaning that it's a direct-coupled amplifier with a very
large voltage gain — 100 00O times or more — and the
usual two inputs to which signals or feedback can be
connected.

The pinout for the 8-pin package is shown in Fig. 3.1.
Note that not all of the pins are connected internally, and
two of the pins that are connected are seldom used —
we'll show later how and when they are used. Like most
operational amplifiers, the 741 is intended for dual
+ve and —ve power supplies, but the circuit designs
can nearly always be adapted for a normal + ve and OV
type of supply as we shall see.

+ Vs

OFFSET NO CONNECTION
- INPUT +Vs
+INPUT ouTPUT

Vs OFFSET

Fig. 3.1 The pin-out diagram of the 741 showing the chip
appearance and the circuit symbol.

CIRCUITS AND MORE CIRCUITS
Now for some circuits. Fig. 3.2 shows what is called a
voltage follower. The — (minus) input of the 741 is
connected directly to the output through a resistor R1,
with no other components in the way, so that there is
100% feedback of bias and signal voltages. The +
(plus) input is earthed through another resistor R2, and
is used as the signal input.

What does this do? There’s no voltage gain, to start
with. The signal voltage out is exactly equal, as far as we
can measure, to the signal voltage in, which at first sight
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+9V

INPUT R2 R1, R2... 100k

Fig. 3.2 The voltage follower circuit using dual power supplies.
The dotted lines indicate where capacitors can be used
connected to isolate the 741 from bias voltages in any circuits
it’s connected to. The letter/ number references are to the line
-positions of the Eurobreadboard.

doesn’t seem too encouraging. There is, however, a
huge difference between the input and the output
resistances. Remember what that's about? Any elec-
tronic device behaves as if it had a resistance at its input
and another resistance at its output. When we connect
these devices (transistors, ICs or whatever) together,
these resistances form potential dividers, reducing the
amount of signal which can be passed from one device
to the next, as illustrated in Fig. 3.3. An ideal amplifier
would have a very high input resistance and a very low
output resistance. This way we could connect any source

mxuévuous I Rout

STAGE) | (THIS STAGE) |

Rout

/

_Fig. 3.3 Internal resistances (8) and how they act as potential '
dividers (b) for the signal.

L
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of signal (tape, disc, microphone, radio . . .) to the input
with no loss of signal, and in the same way have no loss
of signal at the output even if we connected a very low
resistance (such as a loudspeaker) to the output.
Sometimes we prefer a lower input resistance for other
reasons, but these are the rules for ensuring the greatest
possible transfer of signal from one stage to the next.
The circuit of Fig. 3.2 certainly has the correct
resistance values, very high at the input and very low at
the output, so that the lack of gain isn’t always a
disadvantage. We can, for example, connect a very high
resistance crystal pickup to the input and a low-
resistance magnetic earpiece to the output and get a
detectable" signal at the output. |f we connected the
pickup directly to the earpiece, we don’t hear a thing.
This isn‘t because of a low signal from the pickup —
crystal pickups can produce a volt or more of signal —
but because of mis-match. The very high resistance of
the crystal pickup is connected to the very low resistance
of the magnetic earpiece, and the signal is simply
divided out of existence! The 741 circuit of Fig. 3.2 is
called a voltage follower, and it's a useful headphone
amplifier. You can connect its input almost anywhere in
an amplifier circuit without affecting the signal voltage

(why? Because of the high resistance) and that’'s not"

something you can risk with headphones. If you're
going to use the voltage follower in this way, though, it's
advisable to use a O 1 coupling capacitor at the input so
that the 741 is not affected by any bias voltage at the
place where it's connected. In addition, stick to battery-
operated equipment until you have a lot of experience in
servicing — you don’t get a second chance where there
are mains voltages around.

BIASSED TOWARDS
COMPONENTS

Fig. 3.4 shows another version of this circuit, re-drawn
this time so that a single supply of 18 V can be used. You
can see that this heeds more components because the
bias on the + input has to be set at a voltage midway
between the positive and the zero supply lines. In this
circuit, equal value resistors R3 and R4 set the midway
voltage to which the + input is returned. The — input is
biased by feedback as before, but the input and output
have to be capacitor coupled because of the bias

voltages.
— +18V

R3
a7k A2

R2
100k ouT

A7

g
1u0

R4
47k

O 0

Fig. 3.4 The single-supply version of the circuit of Fig. 3.2,
Eurobreadboard line A7 is used for the additional resistors R3,
R4 junction with R2.
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Both circuits are shown with the letter-and-number
locations for a suggested Eurobreadboard layout, with
pin 1 of the IC on line A1 of the breadboard. A simple
way to demonstrate the high input resistance goes like
this. Connect an LED and a 2K?2 resistor in series to the
board as shown in Fig. 3.5: note the two possible

B3 83
2k2 2k2
B? B7
LED \\ LED \\
AB A4

Fig. 3.5 Using an'LED voltage detector (a) for the circuit of Fig.
3.2, (b) for the circuit of Fig. 3.4 R2 should be 1M in this circuit
when the LED is being used as a detector.

connections according to whether you've built the dual

~or the single power supply version. Now, with no signal

of any sort into the 741, the LED should not light,
because the output voltage of the 741 is the same as the
voltage at the cathode of the LED. Now touch the' input
of the 741 circuit with one finger and the +9 V supply
with another finger — what happens? Could the resist-
ance between your fingers possibly supply the LED
directly (Fig. 3.6)? This 741 circuit is the basis for
countless circuits which detect small voltages; circuits
such as moisture detectors, ‘lie’" detectors, continuity
testers and so on.

Fig. 3.6 Can enough current pass through your fingers to light
an LED? :

We needn’t, of course, use 100% feedback for our
voltage amplifier. Fig. 3.7 shows a circuit which feeds
back only a fraction of the output signal. Using a dual
voltage supply, this is easily arranged by connecting a
potentia! divider from the output to earth, and taking the
— input to the output of the potential divider. This kind
of circuit is called a follower-with-gain. It has the same
high input resistance as the simple voitage follower, but
a voltage gain which is greater than one. The value of
voltage gain is given by the ratio:

R1 + R2

R2 {;‘?
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so that if, for example, R1=47K and R2 = 15K, then the
gain is '
47 + 15

15

which is 4.13, as near 4 as makes no difference. The
single voltage version of this circuit isn't nearly so
simple. The resistor R2 can’t be connected directly to
earth without disturbing the bias on the + input, so that
an isolating capacitor is needed. The usual pair of
resistors to set half-supply-volitage, and the coupling
capacitors to avoid shorting out. the bias will also be
needed.

n
l A5 g
—9v
Fig. 3.7 The follower-with-gain. The (dotted) capacitors will be

needed if the circuit is to be connected to any points which are
not at earth voltage.

O +18V

220k R2

out

47k .
c2
8u0
O— A - —

Fig. 3.8 Single-supply version of the follower-with-gain. C2 is
needed to prevent the voltage at A2 from being reduced by the
potential divider circuit, R1, R2.

GAIN

The gain which this circuit can have makes it much more
useful. It can, for example, be used to amplify the signal
at a detector diode to form a modern version of the
old-fashioned crystal set, as shown in Fig. 3.9. It’s also
an excellent pre-amplifier circuit, giving a moderate gain
along with high input resistance and low output resist-
ance. The output will drive magnetic earpieces quite
happily, though the low-resistance earphones which are

N 2
B2 470k
A2 2 7
6
B3
1
B e A3 7
3 4
N P, HEADPHONES
0 VCI! (2k OR MORE}
L1 =% R3 R2
"
x 7T m™o -[7:1 ak7
100p
A7 LINK ! B7
-

Fig. 3.9 A simple radio circuit, using the high gain of the 741 to
amplify the feeble signals from the diode detector. D1 must be
a germanium diode such as OA91. Note the link (wire) between
A7 and B7 to ensure enough plug-in points on the earth line.

used along with stereo receivers usually need a bit of
resistance connected in series if they are not to overload
the 741. For the same reason, low resistance loud-
speakers (4R to 15R) should not be used, though the old
“transistor- radio’” 80R loudspeakers will work quite
nicely.

Now for the next trick. This time, instead of using the
+ input for signals, we'll use the — input. Yes, | know
that we take the feedback to this input as well, but we
can get around that, as we’'ll see. The circuit of an
inverting amplifier, as this type is called, which uses dual
power supplies is shown in Fig. 3.10. As usual, the use
of two separate supplies makes the circuitry simpie, with
the + input connected through a resistor to earth.

+9V

IN (}A.,wg :"J\/W
R1

+

i foen OUT

o— o
pe .

Fig. 3.10 The basic inverter-amplifier circuit. The value of R3
should be chosen so as to equal R1. Capacitors, shown dotted,
should be used if the input or output is connected to points
which are not at earth voltage.

-9V

This circuit is different in a number of ways. For one
thing, we find that if we conhect our signal directly to the
— input, the input resistance is as near as we can
measure, zero! It's so near zero in fact that the — input s
often called a virtual earth — there’s zero resistance to
earth for signals at this point. We can add some resist-
ance, however, in the shape of R1, and when we do the
voltage gain of the circuit is easy to calculate — it's just
R2/R1. The output resistance is low, the input resist-
ance is R1,-and the output signals are inverted
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Into Linear ICs

compared to the input signals.

How can we try this one out? One way is to use it with
a signal source which has a low resistance. We can, for
example, use a small loudspeaker as a microphone. Fig.
3.11 shows a suitable circuit, with a magnetic earpiece
used at the output, which can be used as a remote
listening device — not everyone knows that a loud-
,speaker can double as a microphone. :

+9v
100k
B2
A7 2
— VMV \ 7
A2
a70R
B3 B3
L/S DJ 3 J 3 I
INPUT
3R-30R LT+ e 68R
OuTPUT
= 80R

N
l AS g
—9Vv A5

Fig. 3.11 An eavesdropper circuit. (a} The loudspeaker at the
input can be of high or low resistance, but the loudspeaker at
the output can be a high resistance type. (b} shows how a lower
resistance loudspeaker can be used at the output.

As usual, the circuit is a bit more complicated when a
single power supply is used, and coupling capacitors
have to be connected to prevent the bias from being
shorted out. Fig. 3.12 shows the single-supply version
of the circuit of Fig. 3.11.

B —0 +9V

100k

47k

. AS
J:’VVV‘ -

100u 470R

L/s
INPUT

A3 3/4

47k
A4

0

Fig. 3.12 A single-voltage supply version of the circuit of Fig.
3.71.

FOR OUR NEXT TRICK . . ..

These circuits are basic circuits — they illustrate with
only a few components what a 741 can do. By adding
more components we can end up with a lot of useful
project ideas, and that's the next step. As always, we've
shown the suggested Eurobreadboard layouts along
with each circuit diagram. One such circuit is illustrated
in Fig. 3.13. This one is an overload compressing
amplifier; a boon if you use a microphone live or for tape
recording. All microphones give a much greater output
when you're close to them than when you're a few feet
away, so if you set the gain of an amplifier to be just right
when you're three feet from the mike, it's horribly
overloaded and distorted when you come closer. The

Hobby Electronics, September 1979

.

LOW RESISTANCE
L/s

L/s OUTPUT

compressor circuit has a variable gain which corrects this
situation — when the signals are small, the circuit has a
large gain; when the signals are large the gain drops. It's
like having a very smart operator at the volume control,
Jbut with the additional advantage of being automatic.

How does it work? The circuit (Fig. 3.13) is basically
an inverting amplifier but the feedback is through a pair
of diodes, D1 and D2. Now, as you’ll recall, diodes
conduct one way only, so that to ensure that both halves
of a signal voltage will be fed back, we have to use two
diodes connected back-to-back. Even when the anode of
a diode is positive to the cathode, however, a diode does
not.conduct until there’'s enough voltage across it, about
0, 15 V for a germanium diode, and 0.5 V for a silicon
diode. Once the diode starts to conduct, what’s more, it
doesn’t obey Ohm's law, or anything like it. There's no
fixed single value of resistance for a diode, the value of
resistance changes as the current through the diodes
changes, becoming smaller when there’s a lot of current
through the diodes, and large when the diodes are
almost cut off.

+9v D1

ouT
A4
10k

A10 N\

—) +9V

D1

+1
.H B10
<
10u

A5

—) —

P

Fig. 3.13 The diode compressor circuit {a) dual voltage supply
version, (b) single voltage supply version.

COMPRESSION

How does this achieve compression? Well, if the input
signal is very small, the amplified signal at the output
may be too small to make the diodes conduct, in which
case there’s no feedback and the circuit operates at full
gain. When a larger input signal happens along, the
diodes start to conduct, and their resistances act as a
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negative feedback resistor, reducing the gain of the
amplifier. Still larger input signals make the diode
resistance lower, causing more feedback and less gain.
In the circuit which is shown, the gain for a 1 mV signal
is about 20 times (output 20 mV), but the gain fora 1V
signalis about 0.5 {output 500 mV). One thousand time
the original input signal has caused only 25 times the
output signal — that's compressionl

If you want to use this in a microphone circuit, you'll
have to experiment with the best place to connect the
compressor — either between the mike and the pre-amp,
or between the first stage of the pre-amp and the second.
Remember to use coupling capacitors if you're connec-
ting to anywhere which has a bias voltage, and don’t
take risks with mains-operated equipment.

Something different now, in the circuit of Fig. 3.14.
This one is called the ‘Buzby-cheeper’ because it can be
inserted between two stages in an amplifier to make the
output sound as if it had come from a telephone. It's a
circuit which is very useful in radio and taped piays, and

oV R3
?(?Ok i 100k

”%7' A0 LINK J'M 810

-9V

Fig. 3.14 The ‘Buzby-cheeper’, dual voltage supply version.
Input and output capacitors are shown dotted; they will not be
ded if the input is a microphone and the output is to an
amplifier or tape recorder. RV1 controls the amount of ‘cheep’
"in the sound.

I sometimes wonder if it's not used in ‘phone-in’
programs. The circuit needs a lot more components than
any of the circuits we've used up to now, but it's not
going to clutter up the wide open spaces of your
Eurobreadboard. As usual, the dual-supply version is
simpler, but Fig. 3.15 shows an alternative single-
supply circuit. The signal input in each case is to the +
input of the 741, with feedback of DC bias and of signal
through the resistors and capacitors which are con-
nected between input and output — an arrangement
which is called a ‘network’,

These resistors and capacitors aren’t just any old
values, they've been chosen so that they control the
feedback of signais. At one particular frequency, around
400 Hz, there's less feedback of signal than there is at
other frequencies. The result is that we get more gain at
that particular frequency range, around 400 Hz, than at
other frequencies. It's this feature which makes the
Buzby sound, because a telephone acts also to emphas-
ise these same frequencies. The telephone does it
unintentionally — it's the construction of the telephone
microphone and earpiece which filters out ail the other
frequencies, but our circuit does this deliberately and
with some control because of the use of the 100K
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potentiometer. With this control at its maximum resist-
ance setting, the sound isn’'t terribly ‘Buzbied’, but
decreasing the resistance of RV 1 will increase the effect,
even to the extent of letting the whole circuit oscillate,
generating a tone.

B2

O +9V
88
R2 R3
100k 100k
L B6 {
4
BMel o c2
.005 .005
B2
2
A2 Z
6 B3 B10
Tﬂ out
o A" %
10u u
A10 Iﬂ+ - +7 3
] 8u0 A4 R4 e
47k c3
1N RS VR1 1 o
100k < 100k l ilE
& s beoo— : —0
A4 LINK B5

I-;ig. 3.15 Single- voltage supply version of the Buzby-cheeper.

Try this one out between a microphone and a tape
recorder or between a tape recorder and an amplifier —
but if you use a small cassette recorder, the sound may
be pretty well Buzbied even without thi§ circuit!

+9v

100k

O out

— +9v

O

7777

Fig. 3.16 Microphone booster circuits (a) dual supply, (b) single
supply.
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TALK ABOUT TAPE

Talking about recorders, is. your cassette recorder
sensitive enough when you use it with a microphone? If
it isn’t, then the circuit of Fig. 3.16 could prove useful.
This is a booster preamp which uses the microphone as
its input and delivers a boosted signal to the recorder. It
can’t be used with the built-in microphones which some
cassette recorders have, of course, but most recorders
have a separate microphone which is seldom very
sensitive.

The circuit is straightforward, particularly when dual
supplies can be used. The gain is fixed at about 25
times, because there’s not much point in having a
variable-gain pre-amplifier when the recorder itself has a
gain control or has automatic gain-control circuits.

Connections can be a bit awkward when you're trying
out the circuit. For testing the breadboarded circuit, |
used crocodile clips to connect to the jack plug which
was on the end of the microphone cable, with short
lengths of wire plugging into the board. The recorder
which | used also had a 5-pin socket input, and wires
from the board could be inserted (once | found the
correct holes) to make contact. A better method would
be to solder wires to a jack -socket for the input and
connect a jack-plug to the board (Fig. 3.17) for the
output. Remember that stranded wire must NEVER be
plugged into the Eurobreadbgard — not all the strands
will come out again, and the lost strands will create short
circuits inside the board until you peel the backing off
and remove them.

JACK SOCKET

H=ty
<3 ! FROM OUTER
FROM CENTRE

INPUT EARTH

SOLDER JOINTS

o)

:
INNER } ouTER

WIRE SOLID CORE
OUTPUT TO EARTH

Fig. 3.17 Making connections to and from the booster.

Has that lot whetted your appetite for 741 circuits? If
it has, the next one will also be of interest, because it
allows you to get a fair amount of audio power to a
loudspeaker by adding a couple of cheap transistors to
the IC circuit. At the same time, it's not too hard on
batteries because the current which the circuit takes is
fairly low unless you turn the volume right up.

SOUNDING OFF

The 741 is a voltage amplifier, and its output resistance

is not low enough to drive much current into a low-

resistance speaker. In addition, to prevent overheating, -
the 741 is fitted with circuits which limit the amount of

current which can be passed. The transistors which

we've added in Fig. 3.18 can pass rather more current to

the loudspeaker than a 741, and are completely con-

trolled by the 741. One of these transistors, Q1 isa PNP
type, and the other is NPN, but you can’t tell them apart

by looking at the cans, so be careful not to rub the labels

off. An alternative is to use a waterproof marker pen, the

kind that’s used for marking PCB tracks is ideal, to mark

P on top of the PNP can, and N on top of the NPN can.

With a dual 9 V supply, this circuit can pass rather a lot
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-0
R6
R3 100R
470R
B7
2N2905
A ™™
A NVN———¢ B9
t LINK
Il .05 A9
L/s
16n
Y
2N2219
R2
A7
R4 R7
470R 100R
—

Fig. 3.18 A medium-power output stage using a 741 with two
transistors.

of signal current into an 8R loudspeaker, so that emitter
resistors R6 and R7 have been added for safety. These

_resistors also control the bias in the output pair of

transistors, so don’t be tempted to omit them!

The circuit is a bit unusual, because it doesn’t use the
output of the 741 directly. The output is simply con-
nected to earth through a resistor, and the output
transistors are driven from the power supply terminals! it
certainly looks unusual, but it’s quite a reasonable way if
using the 741, because most of the current flowing in
the power supply terminals goes to the output terminal.

= -0 +9Vv
\4/ 220k
A0 »—'c aa
1 .
05
- 1k0
L o -
E —— §1 0k 88 s
c2 01y
1080 10k
AS LINK B5

Fig. 3.19 A simple radio circuit using a single voltage supply.

On one half of the signal sinewave current flows mair..y
through R3 into the 741, and to earth through the
output and R2. On the other half of the sinewave,
current flows through R2, the output, and so through
the 741 to the — supply terminal then thought R4. On
the positive half of the wave, the voltage across R3

biases Q1 on (it's PNP, remember, .so that it turns on {»\?
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when its base voltage is more negative than its emitter
voltage. Q1 then passes current to the loudspeaker. On
the other half of the cycle, Q1 is biased off, and the
voltage across R4 turns Q2 on, so that current flows
through the loudspeaker in the opposite direction and
through Q2.

Because of the difference between this and the other
circuits we’'ve looked at so far, the constructional
methods for this one should be rather different.

DC COUPLING

Because the circuit is completely DC coupled, the
bias /feedback connection is very important. Any faultin
this line can cause one of the output transistors to pass a
lot of DC through the loudspeaker, and this can happen
also if the input line is biased above or below earth
voitage. For safety, then, it's a good.idea to use an old
loudspeaker when the circuit is first tried out, and to
couple to the input through a capacitor. Since this is a
power amplifier, there isn’t much voltage gain, and a
preamplifier will be needed if very small signals are to
produce an output which can be clearly heard.

The high gain which can be obtained from a 741 can
be used for simple radio circuits. The circuit of Fig. 3.19
is just another up-to-date version of the old crystal set,
but it's a useful way of using the gain of the 741 to
display the principles of radio reception, and quite
acceptable results can be obtained if a long-wire aerial is
used.

In the circuit of Fig. 3.19 L1 is a tuning coil which
consists of 50 turns of enamelled copper wire wound on
to a ferrite core. This is connected in parallel to a 500 pF
tuning capacitor, so forming a resonant circuit which can
be tuned to various frequencies by altering the setting of
the variable capacitor. The radio frequency which is
selected by the tuned circuit is detected by diode D1,
and the resulting audio frequencies are amplified by the
741, .

The audio output can be heard if a pair of high-
resistance (2K or more) headphones are connected to
the output, alternatively a high resistance (80R) louds-
peaker can be used.

SN,

0 9V
AT .
7 BOING
SWITCH
R4
100k
R
ak?
-
4
VR1
B2
i A8 | a2 \ wo
aw] 1 7 2 L4
70 | N e Lo our
0
i b
o ] &
A3 / ade cs Ry
A8 A4 w0 100k
S AAAA—D— 8
c1 AE ff
1 ol 100k
[ 1'} £2
1ok | o2 %o VR2
7 50K
el
==
ce
L as ou2
c3 100k
A12 LINK s LINK .
a —o0—o O -

Fig. 3.20 The ‘Boing’ circuit.
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‘BOING’ ‘BOING’

How about something different? Fig. 3.20 is a ‘boing’
circuit — if the signal at its output is taken to an amplifier
and loudspeaker, then a drum-like ‘hoing ' sound will be
produced each time the push-button is pressed. The
pitch of the note can be varied by adjusting RV2, and the
amount of ‘boing’ by adjusting RV 1.

It works like this. The 741 has two feedback circuits.
One of them uses capacitors and resistors, like the circuit
of Fig. 3.14, to ensure that the gain of the 741 is
greatest at one selected frequency. There’s a variable
resistor included in this bit of the circuit to control the
pitch (frequency) of the note that we get when the
‘boing° occurs. The other bit of the feedback circuit is
just a variable resistor, RV 1. This, along with resistor R3
decides what the gain of the 741 is for a signal which
comes in through D 1. When the push-button is pressed,

'C1 is quickly charged to +9 V, and the rise of voltage is

passed through C2 and D1 to the 741 input. This
disturbance causes the -741 to give an output,‘and the
feedback network of C4 to C6 and R6 to R7 turns this
into a continuous signal. As the charge on C2 ieaks away
through R3, the — input is slowly biased off, so that the
signal produced by the feedback network dies away —
end of boing.

MILLIVOLTMETER

Finally, Fig. 3.21 shows a circuit for an AC millivolt-
‘meter, which allows you to measure the size of small AC

'signals which are at audio frequencies. The 741 is

connected as an inverting amplifier so as to amplify the
audio signals at the input. At the output of the 741, the
‘signals are forced by diodes (it's the familiar bridge
rectifier circuit) to pass through the meter M, a 1 mA
meter, before being fed back through resistor R5 to the

—0

Fig. 3.21 The AC milliammeter circuit.

— input of the 74 1. Because of the way the diodes are
connected, signal current always passes through the
meter in one direction, so that the meter reads average
current. The resistors in the circuit are there to ensure’
that the meter readings correspond to RMS values of a
sine-wave input; their values muct not be altered.

The sensitivity of the circuit is selected by the value
that is chosen for R1. With the value shown, 10K, the
meter reads full-scale for an input of an input of 10 mV
RMS; other ranges can be selected by using switched
valves for R1. A value of 100 K gives a sensitivity of
100 mV, and a value of 1M gives a sensitivity of 1V for
fuli-scale meter deflection. For a lot of applications a
cheap edge-type meter is adequate, so that the AC
millivoltmeter needn’t be an expensive project. HE
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THE NEW CASIO
CHRONOGRAPHS

Put most solar watches in the shade!

CASIO0 95Q0S-318
4 year battery.
1/100 sec. chrono
to six hours.

Dual time.

12 or 24 hour.
Stainless steel
encased.
Lightweight.

Water resistant

to 66 feet (2 at.)
RRP £29.95

£25.95

CASIO 95 CS-318
(De-luxe model),

5 year battery.
1/100 sec. chrono
to six hours.

‘Dual time.

12 or 24 hour.
Solid stainless

steel case.

Water resistant

to 100ft. (3 at.)
RRP £44.95

£34.95

Both have new Lithium batteries which outlast
most SOLAR watches. Constant LCD display of
hours, minutes, seconds, a.m./p.m. and day.
(12 or 24 hour). Dual time (12 or 24 hr.).
Automatic day, date, month and year calendar.
Mineral glass face. Backlight. High quality s/s
bracelets with easily removable links.
SEIKO—new digitals—lower prices
20 % offl

AD INDEX

AJD DIRECT SUPPLIES .. ........ 49
AMBITINTERNATIONAL ......... 2
BANERES S 5 e o o - e o S 55
COOK ELECTRONICS  ........... 55
EREYYATIRL N S . . - . henepeiah Guenaal 55
GMT ELECTRONICS ........... 485
GREENWAY ELECTRONICS ... ... 64
MAGNUM AUDIO .............. 64
MAPLIN ....................0 76
MARSHALLS ................. 64
METAC ......c.cccvvtnnnncans 75
MINIKITS . ..........c0cenenn 30
PRESCOTT CLOCK & WATCHCO. . 73
RAMAR ................ el 73
(17 S B S e S - SR 21
STEVENSON .................. 32
SWANEEY, .. . .00 .5 - .. 44
TECHNOMATIC ............... 44
MEMIPUS | 0y oiooieiolaione oo o o o 73

LATEST SCIENTIFICS |

T
CASIO FX-68 e M &
LC Display. 37 f§ 23456-99
scientific functions. T o
Trigs, logs, exponentia- | (3 @B @& @ @
tions, etc. T o i S
Standard deviations. }- , ’v ..-. .-
Polar to Rectangular, B EEE®s
R-P and sexagesimal to
decimal conversions. .n oaom. -
Pi, cube root, six [ M- Mol & ]
levels of brackets. [ .
Full memory. 500 hrs. K0 B E I:I B
battery. RRP £22.95. - [ - W] =
£ 1 9.95 caso =
5 g an

A very convenient 3/16 x 2% x 3% ‘' Wallet.

COLLEGE FX-80 POWERSAVER!
Specification as above plus ENG key. 4,000
hour battery life from two AA size batteries.

Yax 3 x5%''. RRP £17.95. £15 95

PROGRAMMARBLES. FX-501P (£64.95)
£54 .95 FX-602P (£84.95) £74.95. FA-1
(£24.95) £19.95.

MELODY 80. Now only £23.95 (£25.95).
ISN'TIT WORTH PAYING A LITTLE MORE

FOR QUALITY AND RELIABILITY?
Fully guaranteed for 12 months.

Most CASIO products available from
stock. Send 25p for illustrated broch-
ures of this superb range of watches or
calculators (both on request).

Prices include VAT, P&P. Send cheque/P.0. oi

phone your ACCESS or BARCLAYCARD
number to:

TEMPUS

Dept. HE, Beaumont Suite, 164-167 East Road

Cambridge C81 10D8. Tel: 0223 312866
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BARGAINS FOR THE
ELECTRONIC HANDYMAN
BRANDED LED DIGITAL
ALARM CLOCKS

m (2) )

Rewrned 1o Service Depanmenl within guarantee

period.

(1) With alarm repeat — S.R.5.P. of £17.00 offered at
£3.95 inc. VAT.

{2) With !uxury lamp and repeat alarm as featured int
most major U.K. Mail Qrder catalogues, S.R.S.P.
£31.00—offered at £7.95 inc. V.AT.

(3} With |megral luxury light and repeat alarm also as
featured in most major U.K, Mail Order catatogues,
S.R.S.P. of £32.00—oftered at 7, 4Binc. VAT,

"These will be sold as received from our customers with

the existing fault(s) and without guarantee.
Discounts available on large bulk purchalos

PRESCOTT CLOCK AND

WATCH COMPANY LIMITED
Prmon House. Humber Road, London NW2 6ER

INTRODUCTION TO MICROPROCES-

SORS AND COMPUTING. 50 pages of

diagrams and explanation to get you started.

Price £2.30 + 45p postage.

EDUCATIONAL DATA AND TECHNICAL
SERVICES

59 Station Road, Cogenhoe, Northampton
NN7 1LU

PLEASE MENTION
HOBBY ELECTRONICS
WHEN REPLYING TO

ADVERTISEMENTS

PRINTED
CIRCUITS

HARDWARE

Comprehensive range Constructors’ Hardware
and accessories.

Selected range of popular components

Full range of HE printed circuit boards
normally ex-stock. same day despatch at
competitive prices.

P.C. Boards 10 individual designs
Resist-coated epoxy glass laminate for the
d.iy. man with full processing mstrucuons (no
unusual chemicals required)

Altac range of etch resist.transfers. and other
drawing matenials for p ¢ boards.

Send 15p for catalogue.

RAMAR CONSTRUCTOR
SERVICES
MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tal 4879

com uutmg

N (EFT

s 8Y

‘-Il‘\ i
Rk

First there was ETI, catering for the
middle-range to advanced electronics
enthusiast. Then there was HE which
was aimed at the newcomer to the field.

Now there is Computing Today from
the same stable. CT covers the area of

small-business and amateur computing
and deals with both software and hard-
ware.

CT’s sixth issue (cover date of
August) is out now — 50p at your new-
sagent.
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TELEPHONE X
CHARGE CLOC

Have you any idea how much
phone calls actually cost you?

You can work it out, of course, but do you
ever bother? Bet you don’t. The final
cheque-book-splitting figure depends on the
time of day, distance and how long you spend
discussing the philosophical ramifications of
decreased bacon sandwich availability in
Colchester (or the weather).

You can save yourself a lot of calculation
or guesswork by sending only £15.95 for the
Monitel Telephone Charge Clock.

The unit sits underneath your telephone,
plugs into any electrical socket and, when
you're not using it, serves as a smart digital
clock. It even comes in all the seven standard
telephone colours.

It comes already programmed with Post
Office charge bands. Moreover, it adjusts
automatically to peak, standard and cheap
rate periods and the charge includes VAT.

The clock takes its instructions from a
punched card. When the rates change,
Monitel will automatically supply a new
card.

Win £50

When you get your Charge Clock,
have a look at the punched card.
Monitel are offering a prize of £50 for
the first person to send us a punched
card correctly programmed to operate
a UK Monitel according to the fol-
lowing imaginary tariff structure:
Unit — 4.5p; Peak rate Monday-
Friday 10 am-2 pm; Standard rate
Monday-Friday 8 am-10 am and 2
pm-7 pm and Saturday 10 am-2 pm;
Cheap rate other times.

Times Peak Standard Cheap

L 30 60 90
a 20 40 60
b 30

ONLY

15.95

(Rec. retail price £19.95)

inc. vat &
postage
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| To: Telephone Charge Clock Offer

*

ETI Magazine
145, Charing Gross Road
London WG2H OEE
Please find enclosed £15.95 for my Telephone Charge Clock.

Namem B, N . W . LR T B

SPECIAL OFFER * SPECIAL OFFER * SPECIAL OFFER * SPECIAL OFFER * SPECIAL OFFER * SPECIAL OFFER
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[ QUARTZ LCD
5 Function

Hours, mins., secs.,
month, date, auto
calendar, back-light,
quality metal
bracelet.

£6.65

Guaranteed same
day despatch.

Very slim, only
6mm thick.

L M1

[ SOLAR QUARTZ LCD
5 Function :

Genuine solar panel
with battery back-up.
Hours, mins., secs.
Day/date.

Fully adjustable
bracelet.

Back-light.

Only 7mm thick.

£8.65

Guaranteed same day
dispatch.

\

(QUARTZ LCD
11 Function st crrono

6 cigit, 11 functions.
Hours, mins., secs., day,
date, day of week.
1/100th, 1/10th, secs.,
10X secs., mins

Split and lap modes.
Back-light, auto
calendar. Only 8mm
thick

Stainless steel bracelet
and back.

Adjustable bracelet.

Metac Price

£10.65 Thousands sold!

Guaranteed same day dispatch

M3

QUARTZ LCD
ALARM 7 Function

Alarm

Hours, mins., secs
Month, date, day.
6 digits. 3 flags
plus continypus
display of day

and date

or seconds.
Back-hght.

Only 9mm thick
£12.65

Guaranteed same
day dispatch

L

[ MULTI ALARM
6 Digits
10 Functions

oy

[ FRONT-BUTTON ALARM )
Chrono Dual Time.
P

6 digts, 5 flags,
22 functions.

SOLAR QUARTZ LCD 1
Chronograph with Alarm

Dual Time Zone Facility
6 digits. 5 flags,
22 funcuons.

RN

ALARM CHRONO
with 9 World

Time Zones
* 6 digits, 5 flags

solar panel with

battery back-up.

6 digit, 11 functions.
Hours, mins., secs., day

month, day and date,
24 hour Alarm, 12
hour chronograph,

* Hours, mins., secs, [ @ e Constant display of . * 6 basic functions
* Month, date, day hours a?d minz- plus ﬁ:{?;ﬁ?ai'kﬂ? * 8 further time
* Basic alarm. optional seconds 3 el zones j
P 6 basic functions |

* Memory date zu?;’edﬁﬂiac‘;lion e PR : (S)oum-d?v:‘n‘alarm

L L At : 12 hours 59.9 sacs. e o
* Timer alarm Conun;;ous &lsplay in 1/10 sec. steps. 1/01u‘_; . ‘secs.

with dual time A Split and lap timing n sec. steps

and 5 country g ay. - - * Spht and lap

zone. 1‘20‘:;‘”3&59!09 Dl imeronos. timing modes
+* Back light. 12 hours 99.9 secs. AlSn *. Alarm
* 8mm thick. in 1/10 second steps. g W5 crabile . Omm thick. # 9mm thick

i,:)l:;easnd lap timing open bracelet. Back-light. : Eaﬁk hghl LT
3 g : ully adjustable
£18.65 Dual time zones. £22 .65 ;‘r’;'gfela;'“s"ab'e Bracela
Only 8mm thick.  Guaranteed same 1
L L Back-light, day dispatch. MG L £27.95 M7 LEZ 9.65 M8
r g [~ ™ N
SOLAR QUARTZ LCD SEIKO Alarm Chrono ] [SEIKO MEMORY BANK SEIKO-STYLE
Chronograph O, e, moi Calendar Watch M354 Dual Time-Alarm
’ p i Hours, mins .. secs Ch h

Powered from secs., day of week, month, day, date fee— ! ronograp

n 12 or 24 hour
format all indicated
continuously

Mineral glass face
Battery hatch for

Features and Specification

Hour/minute display Large LED display with
p.m. and alarm on indicator. 24 Hours alarm with
on/oft control. Display flashing for power loss
indication. Repeatable 9 minute snooze. Display
bright/dim modes control. Size* 5.15" x 3.93” x
2.36"” {131mm x 1tmm x 60mm)

Weight 1.43 Ibs {0.65 kg)

£9.65 Thousands sold!

Mains operated.

Guaranteed same
day despatch.

* Batteries supplied free.
* Quartz crystal controlled.

£17.95

Monthly calendar DIY batt
date, day of week 1/10th secs., and display, month, year and| || repnafe,ﬂu.
1/100th, 1/10th secs. | lap time. Back light, all dates Top quality finish
10X secs., mins. = stainless steel, tor any selected with fully
Split and tap modes. HARDLEX glass. month over adjustable bracelet.
Back’light. Auto i 80-year period
calendar. Only 8mm List Price £130.00 Memory bank
ek, METAC PRICE o £35.00
Stainless steel bracelet Any desired dates P LI Spec same
and back. ]
Adjustable bracelet. £105.00 g:n‘ct’)e stored tistPrice £130] J 2sM6
Metac Price in advance. Metac Price £105
Guaranteed same  2-year £35.00
L £12.65 day dispatch. M9 s ) M10 Lbanery life water resistant. V111 L )
e A Y2y N ; AYd
HANIMEX HANIMEX QUARTZ LCD PRICE BREAKTHROUGH. —
Electronic Portable LCD Ladies 5 Function. ONLY
LED Alarm Clock Clock. Radio Only 25 x 20mm and £18.95
* Back-light. 6mm thick.

5 function. Hours,
mins., secs., day, datg
and back light and
auto calendar. 2
Elegant metal
bracelet in silver or
gold.

State preference.

£9.95

Guaranteed same day

L despatch.

M15

HOW TO ORDER

Service. All prices include VAT.
Metac Wholesale:

Payment can be made by sending cheque, postal order, Barclay, Access or American Express
card numbers. Write your name, address and the order details clearly, enclose 30p for post
and packing or the amount stated. All products carry 1 year guarantee and full money back 10
day reassurance. Battery fitting service is available at our shops. Also Electronic Calibration

Trade enquiries: Send for a complete list of trade prices and minimum order details.
Telephone Orders: Credit card customers can telephone orders direct to Daventry or Edgware Rd.,
24 hour phone service at both shops: 01-723 4753 03272-76545.

CALLERSWELCOME

OUTSTANDING FEATURES
® DUAL TIME: Local time always vis-
ible and you can set and recall any
| other time zone {such as GMT). Also
has a light for night viewing
® CALENDAR FUNCTIONS include

A the date and day in each time zone.

CHRONOGRAPH /STOPWATCH

displays up to 12 hours, 59 minutes,

59.9 seconds

® On command stopwatch display
freezes to show intermediate (split/
lap) time while stopwatch continues
to run. Can also switch to and from
timekeeping and stopwatch modes
without affecting either’s operation.

@® ALARM can be set to any time within
a 24-hour period. At the designated
time, a pleasant, but effective buzzer
sounds to remind or awaken you!

Shops open 9.30 - 6.00. -

L Guaranteed same day dispatch.  [\]1 6

L N
4 =\
North & Midlands South of England
67 High Street, DAVENTRY 327 Edgware Road
ELECTRONICS Northamptonshire LONDON W.2
Telephone: 03272 76545 Telephone: (01) 723 4753
| & TIME CENTRES W




IRRRNERN
#”””H”J

i
ll(‘l'”

A 63-key ASCIl keyboard with 625-line
TV interface, 4-page memory and
microprocessor interface. Details in

“
: ° our catalogue.
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® — Our catalogue even includes some
. popular car accessories at marvellous

; e  prices.
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4 A10-channel stereo graphic equaliser
« With aquality specification atan

' e unbeatable price when-you build it
e yourself. Full specification in our

: . catalogue.

‘ L J
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These are just some of the metal cases
we stock. There are dozens of plastic
ones to choose from as well.

See pages 52 to 57 of our catalogue.

A massive new
catalogue from
Maphn that's even
bigger and better
than before, f you
ever buy electronic
components, this is
the one catalogue
you must not be
without. Over 280
pages -some in full
colour-itsa
comprehensive
guide to electronic
components with
hundreds of
photographs and
iHustrations and
page after page of
nvaluabie data.

Qur br-monthly newsletter contains guaranteed prices,
special offers and all the latest news from Maphn.

1o

-

Mobile amateur radio, TV and FIV
aerials plus lots of accessories are
described in our catalogue.

A digitally controlled stereo
synthesiser the 5600S with more
facilities than almost anything up to
£3,000. Build it yourself for less than
£700. Full specification in our
catalogue.

A superb range of microphones and
accessories at really low prices.

Take a look in our catalogue —send the
coupon now! '

An attractive mains atarm clock with
radio switching function and battery
back up! Complete kit with case only
£15.92 (incl. VAT & p & p) MA1023
module only £8.42 (incl, VAT).

INTIRPLINA

ELECTRONIC SUPPLIESLTD

Y

(@)

HEQ79

Post this
coupon now for your * ﬁ
catalogue price 70p.
Please send me a copy of your 280 page
ﬁ If 1 am not completely satisfied | may return the 0
ﬁ. catalogue to you and have my money refunded. n
International Reply Coupons. e
| lenclose £1.07.
hNAME
ADDRESS

copy of our 1979-80
catalogue. | enclose 70p (plus 37p p&p).
If you live outside the U.K. send £1.35 or ten

A superb technical bookshop in your
home! All you need is our catalogue.
Post the coupon now!

i A, =g

A hi-fi stereo tuner with medium and
I long wave, FM stereo and UHF TV
| sound! Fult construction details in our
catalogue.

s

I

{

v -
Add-on bass pedal unit for organs.
Has excellent bass guitar stop for
gultarists accompaniment.
Specification in our catalogue.

All mail to:~

PO. Box 3, Rayleigh, Essex SS6 8LR.

Telephone: Southend (0702) 554155.

Shop: 284 London Road, Westcliff-on-Sea, Essex.
{Closed on Monday).
Telephone: Southend (0702) 554000.



