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ambit international ...

PL1

New larger premises - with easy parking outside- at 2 Gresham Road, Brentwood, Essex. CM144HN

Here is Ambit's new price schedule for components and modules. All prices exclude VAT, items marked * are rated at
8%, otherwise the 12.5% rate applies. CWO please, postage now 25p per order unless otherwise stated. The small print
includes a special offer to R&EC readers - so look closely. Catalogue still 40p, large SAEs with enquiries please.

Telephone (as before) 0277 - 216029. Gresham Road is just 200 yards from Brentwood Station. (Towards Towr)

Components

Radio ICs £L.p TOKO COILS Modules: TUNERHEADS/TUNERSETS

&322335 Up‘ir\‘/ersa'leFl\A' IF' 1.94 AM IF TRANSFORMERS with Cap Egggggg T%K? 3cci:t varicap lé‘gg
with mute, afc etc Y A 1 0.30 cct varicap

HA1137W  As 3089, with dev- Yﬁ‘ééiég‘;iAgg é,s:d 185 0.30 NT3302 3 cct mech.+am  7.50

= iation muting 2.20 YHCS11100AC2 3rd 10E 0.30 EF5800 6 cct varicap 14.00

BA120A QIL FM limiter/det 0.75 Set of three above 0.70 EF5801 as 5800 with osc op 17.45
TBA120S HiGain DIL 12 1.00 YHCS1A589 HiQ 1st 10E 0.30 8319 Larsholt lo nolse
SN76660N As TBA120,; but DILO.75 YHCS1A590 HIQ 2nd 10E 0.30 4cct varicap 11.45
uA7210 AM radio system 1.40 Pair of above (for double tuned) 0.50 7252 Complete FM tuner
CagL2aE S Azl ) YMCS2A740AAE  series |F 10E 0.30 module with all hifl
u Alsl Linear RF/IF gain 1 .Bl YHCS17103DGM series |IF 10E 0.30 spec and features 26 50

é1397 Super AM system  1:40 7MCS2197 7P version 589 0.30 7253 Stereo tuner module
MC1350 AGC linear gain 1.00 7MCS2198 7P version 11100  0.30 with FET 4cct head
gé753 Limiting FM gain 1.80 7MCS2199 7P version 590 0.30 mute,afc,agc etc 26.50

/LM1496 DiL balanced mix 1.25 7MCS2194 7P version 2A740° 0.30 N o
Stereo decoders Pack of four above 7mm coils 1.00 FM IF MODULES
MC1310P  Universal PLL deco- LMCA4100A st RC 0 B e e e v
KB4400 der for 12v(inc led) 2.20 LMC4101A 2nd RC 7E 033 GRS 3 (2
CA3090AQ RCA PLI. decoder 4.35 LMC4102A 3rd RC 7E 0.33 7030 linear phase |F, afcéagc etc 7 67 kit
HA1196 Best P' . decoder LMC4200A 1st RC 7€ 0.33 7930 built and tested 70 95

yet available (+led) 4.20 EMEA20TA g RE 7E 933 NBFMI1 . 455/470kHz NBFM filter,
Audio (all power ICs short proof) LLC238 ist RC 7E  0.33 limiterpdetectons & ation
LM380N Best value 2W amp 1.00 LLC4827  2nd RC 7E  0.33 el e T P o it
LM381N dual hi gain preamp 1. BL LLC4828 3rd RC 7E 0.33 Built above[()staale treq) 9 35
A Ol T (S Maloowey ™ =2:3 FM IF TRANSFORMERS with Ca STEREO DECODERS (all with MPX filters)
TCA940E  10W RMS power 1.80 ap.
TBAB10AS 7W RMS power 1.0 KALS4520A 1t link 10K 0.33 92310 based on MC1310 with 5.35 kit

P ° KALS1506A 2t link 10K 0.33 stereo prea .95 bulit

Op amplifiers 94AES30465 1t link 10E  0.30 91196 base RAAT196 with 9.99 kit
LM301AN ‘Better’ op amp 0.39* TKACS34343 serles tuned 10K 0.33 blrdy flner&MPx filter 12.99 bullt
CA3130T  MOS version 709  0.85* TKACS34342 OK 0.33 93090 CA3090AQ based 7.35° kit
uA741CvV The unlversal OA 0.34* (Use 34342/34343 for double quad. 8.36 buiit
LM3900N Quad amp pack 0.68* detector for CA3089 etc) ).
PSU devices KACSKS586HM single quad detector AM Radio (tuner modules)
7805UC 5v/1A TO220 1,55% for CA3089 etc o 0.33 91197 MW/LW tunerset with
TDAI412 12v/600mA SOT32 095+ 119L.C30099 7mm |F 76 0.33 the HA1197. Ferrite rod
7815UC 15v/1A T0220 155+  KACBAABPIQ  4i get 19K 060 antenna, ceramic IF ~ 9.65 kit
78M20 20v/12ATO220 120+ KACB4495Z 10K Built with ferrite rod 11.35 built
78M24- MC7224CP224v Y2 A 1.20* KAN1508PAM RaVaet 10K 0.60 7122 Three stage tuned radio
UA723CN " “varlabie element  0.80%  KAX15095z  rate 10K QLT en s Sl e
NE5508 varlabte element O.BO: All the above are for 10.7MHz nam. :Javlcap. or crystal 'control
TAAS508  32v reference 0.50 For 6MHz, use approx. 100pF extra Kit for MW or LW 9.00 kit
Miscelleny 1A651/7 ratio det. for 455kHz . 1.35 Kit for SW with DIY
1CLB0O3BCC Waveform generatr. 4.50* . . coils in 10K form 8.65 kit
NES555V Tlmer IC 0.70* RF and oscillator coils 97122 tBuln 7%22 wltl?lvgrll’c e i
NES66V vcoic 2.50* RWO6A6408  360uH MWRF  0.30 T e an r
“Eggg\é gﬁt’;g??ﬂ%s %gg: RWR331208 330uH MW 0.30 ?u1"22 uses sungle wire anlt%nzr?a)bum
NE561B PLL plus AM demod3.50% YXRS17065N  180uH MW 0.30 |
NES565K PLL for LF FM 50* YMRS16726 156uH MW 0.30 Misc. AF Modules
MC1312Q Quad decoder IC 1 50 YXRS18576AQ 100uH 0.30 810k TBABlOAS general purpose

90 650MHz decade  14.00* CAN1A350 3.5mH Lw 0.40 7W AF amp module 3.00 kit
For R&EC readers only: 10% discount TKANS3269A 23uH SW DI O O a';’l%';zw'ztg L%S%‘wl:* 95 kit
it this ad presented by callers to our new TKANF2027 9uH SW 0.30 g::artslnks r?ylon ﬂxlnwsg 35 kit
premises, until Nov. 31st 1977 TKAN32698 2.1 0.33 8011 A dlstortlong
Blpolal’;l’anslstors 5 New range of sw coz/s ava:/ab/a 9:77 ‘birdy filter' for MPX 1.75 kit
ZTX10 50v/.3W NPN 0.14
ZTX108 3ov/3W NEN 014 10mm Variable inductors for MPX etc Hardware and other components, meters etc
2TX109 30v/.3W NPN LN 0.14 YXNS30450N 2mH (3090AQ) 0.33 8 PIN Skt quality 8 pin socket  0.15*
584313 3OVI-22iW Nm VLN °'§§- 87BNS1326HM 3.5mH 0.33 14 quality 14 pin socket 0.16%
BFo24 v/ 36w NPN RF .23 S B Z e 033 s S e tnasie gkt 0.2+
BF274 20v/.2W NPN RF  0.18 87BNS133AT0211.8mH 0.33 2pin DIN R ssicoHath 0.16*

878NS1192GO 11.75mH 0.33 5pin DIN 1800 chassis skt 0.16*
ZTX212 50v/.3W PNP 0.17 87BN132/CAN1896 22mH 0.33 750hm  chassis socket 0.16*
ZTX213 30v/.3W PNP 0.16 CAN1879A 11.75mH 0.33 810HS  al heatsink6spacer for

TX214 30v/.3W PNP LN :0.17 CAN1980 TmH 0.33 TBAB10AS 0.20*

S . T e CLNS30568 23mH 0.33 202HS iAI heatsink for TDA2020

. n black extrusion 0.75
ZTX551  60v/1W PNP 0.18 CLNEEEED o Sl 033 901 edgewise meter serles
. v:verticie, h:horizontal

BD515 45v/10W NPN 0.27 S.18 molded coils for VHF 901 no scale 120uA 2.50*
BDI6S  43v/BOWNPN 030 Leturn g4uLl 033 305 Bee: " 520
BD166 45v/20W PNP 0.54 i GoSEu 033 3502 2.50%
BD377 60v/25W NPN' 0.29 34z turn -114uH 0.33  gg5 2,50*%

37 60v/25W PNP 0.32 4Yz turn -18uH 0.33 906 2.50*%
2N5296 60v/36W NPN 0.42 5¥2 turn .23uH 0.33 907 2.50*
BD535 60v/SOW NPN 0.52 6Y2 turn .297uH 0.33 908 2.50*
BD536 60v/50W PNP 0.53 7V2 turn 389uH 0.33 909 0-1 5 2.50*
BD609 80v/90W NPN 0.70 Binturn asuH 0.33 911 Flat faced panel meter 2,75
BD610 80v/90W PNP 1.20 R T By (o3 0.33 (Ambit type ‘8')

. in mmmer capacitors (order y value
FET and MOSFET i P (onde¥ Gyavahi)
an .plastic trimmer tool for S18 0.55 7.5mm dia 1.2- 5 5pF, 1.5-11pF
BF256 1GHz J F 0.34 PTO FOR FIXED VALUE CHOKES 2.0-25p Q .
E/IIE7I3614 pA'(:)E;Z SW“C") ggg' Ceramic & Mechanical Filters 3.35;,;: 3 45pF 0.26
MEM616 40673 057* MFH70K 7kHz/455kHz  1.65 10mm dla3.5-65 0.24

EM680 low nolise 616) 0.75% MFH90K 9kHz/455kHz  1.65 MISC.

. . MFHA41T 4kHz/455kHz 1.95 FX1115 ferrite beads 10 for 0.20
?&%‘O'INW vapigap, ol MFH51T SkHz/455kHz (1.95  FRI1 NIt Od s 0190
1N5402 Fo0h/3A 0.15 M= 7kHz/455kHz 1.95  Ey1K 1000pF feedthru 0.05
1N4148 (1N914 etc) 0.07 NEW MFL455 2.1kHz/455kHz 9.95  AB47 22t 100k diode law
0A91 Germapium 0.08 CFX014 5kHz/455kHz 1.80 preset trimpots 0.40*
9v1l Zener 300mwW 0.12 CFuUr D 6kHz/470kHz  0.65 BC1 Bane'ry holder for

CFT455C 6kHz/455kHz  0.55 “AAT pencells 0.32*
\B/:S%ap dIOdC;FC/ — . CFT4558 8kHz/455kHz 055  LS1 ?g")lgol‘h"g')a SEEaKE [

switching . CFT470C 6kHz/470kHz  0.55 2

BBiods . VHENEtuhing  Oagt  CFSE107/SFE10.7FMIF 0550 Siiches’ Sway: Z’J’c'/‘o:’p%"i’? B 50
BB1058B UHF tuning 0.40 CFSB107 mono FM IF fliter 0.50 Sway:1x2pc/o pp
MVAM2 15-300pF MF/HF 1.351% CFR107 ‘roofing’ 10.7MH2 0.35 114:4121%/'? Cﬂ&g&'gﬁh:‘: 0o
N AN Sl 2 Ol oo R mF/ B0 BBR3132 6pole FM lin phase IF 2.25 & wayi3%2p CO op ‘
Ve 20K A0 0DEAN EMD S0 BBR3125 4pole FM lin phase {F 1.30 Nt /o I ncanoe Rad
L ey BLR2007 19/38kHz stereo filter 1.95 15mm pltch 1.95
g LIS G L BLR3107N MPX fliter (stereo)  1.90 220v mains switch 3p 0.40
LEDs SLRg:{-gg m°d"e‘;pl?1/(32:"‘z filter ggg Chrome capped knobs for above 08(75
5mm Red + Clip 0.18*  BLR3172 [8/85kHz tape/Dolby ol S el S LT e el

S SO0 oiamic 385 2700 pot eic

1 [of C .
SLAL .3 com. anode 7 5eg1.20*  SFDA55B eraraic blocek"‘,',':‘ fiter 0'85  National MA1012 Clock module 9.45 ¢ NEW
DL704 .3" com. cath 7 seg 1.10 SFDA470B ceramic block | F filter 0.75 Malns Transformer for above: 1.
130
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A NEW 60 WATT RM.S
MPLIFIER
FROM

Stirling
Sound

A COMPLETELY NEW DESIGN
60 WATTS R.M.S. (+1dB) INTO 4 £ USING 50V:

|
|

35 W.R.M.S. (+1dB) INTO 8 £L USING 50V:
B WILL OPERATE BETWEEN 20 & 65V SUPPLY
]

(Output varies accordingly)
T.H. DISTORTION BETTER THAN 0.3%
{Typlcally 0.1%)

B FREQUENCY RANGE 10 TO 50,000Hz.

It’s another winner!
.from Stirling Sound

~ —3dB AT 10Hz: —3dB at 60kHz Coming between §§.140 and §5.1100 the new §8.160 fills a

gap in power amplifier modules {3 to 100 watts r.m.s.) that
e will particularly please those wanting & not-so=blg disco of

B INPUT 350mV FOR FULL OUTPUT

MORE STIRLING

88, 105 5W/3/13.5V £3.96

fM. STEREO DECODER

SS. 203 Phase lock loop with LED
£8.26

10-50V adjustable

85.300 Add-on Srabilising unit
£56.02

—_ e

PAY ONLY THE PRICE YOU READ AND NO MORE | 70 STIRLING SOUND. 37 Vanguard Way. Shosburyness, Basex. |
Alt pr|Ees quoted include V.A.T, and goods are sent post free in U.K. I |
Owing to the time between sending our advertisement to this journal | Pioasa Supply |
and its appearing to the public, prices may be subjeot to alteration | ' |
without notice. £.&.0.E. | i
- z - | |

st |- v s } d | For which | anciose €. .{or by Access or .Barclaycard) i

Ir Ing nu“ | Nama . TR, |

37 VANGUARD WAY, SHOEBURYNESS, ESSEX I + I I R .
Telephone: Shoeburyness (03708)- 5643 | -- v L T oo .0 |

SHOP: (open all day Saturdays) 220-224 West Road, | Rec 11 j

Westclitf-on-Sea, Essex SSO SDF. (0702 351048).

NOVEMBER 1977

P.A. system as wall as those with spedkérs needing plenty of

= THE PO WER power to drive them. With clfcultry deveioped around a seif-

SOUND MOD ULES gantering mid-rall, excellent results will come also from using as

| powWER AMPS SUPPLY UNIT IBlﬁle as 20 volts sl;‘pply. (:owof output will v;u;y afcorﬂlhgly).
i ecauséd we use heavy duty comfponerits able to operate
f'a.',,ﬁﬁ""“‘s QUQONIT WINR, RLS: You WANT beyond our claimed speclfications; you can buy and build with

| 88,103 3W.J/one |.C/mano £2,86 confldence, YOUR 88,160 1S READY NOW AND WE HAVE
88, 103-3 Sterao of above/2 |.05£6,00 IS HERE EVEN MADE A NEW POWER SUPPLY UNIT (85.360)

SPECIALLY FOR IT,

8S, 110 10W/4/24V £4,66 All except S8312 and SS.300 afe - TR,

§8. 120 20W/4/34V €6.16 | | fited with low volt (13.16V) .take £8.50 ngf s St )<t 75p

§8. 1140 40\/)//4/45V £8.60 off polnts for pre-amps, tuners etc. - ayres .

$S. 160 80W/4/50V £8.60 .

Se 000 joomianoy oo | | SB31Z iavia ges0 Special Stirling Sound Offer

TONE CONTROL/PRE-AMPS $5.324 24V/1A £7.65 Bought separately SS. 160 costs £8.50, SS. 360

$S. 100 Actlve st./bass/treble £3.00 §5.334 34V/2A £€8.76 £12.75. heatsink 75p (total — £22.00). Buying all

§S. 101 St. Pre-Amp for ceramic P.U. §5.345 45V/2A £9.98 three together (post free and inc VAT) it costs you only £21
£2.76 $8.350 50V/2A £€11.75 ; -

SS. 102 St. PA. for mag. P.U. £4.45 $5.360 B0V/2A £12.75 And the SS.1100 money saver

UNIT ONE St. P.A/tr/Bass/Vol/Bal. $S8.370 T0V/2A £14.76 $S.1100 — £10.50; SS.370 — £14.75; Large

UNIT TWO as Unit One but for :\z.oo Output stated when unloaded finned heatsink — £1.50 (total — £26.75). Buying

S c1z?§o - | $5.310/60 Stabillsed unit, variable all three together (post free and inc VAT) saves £24.75

10V to 50V/2A £16.69 | you £2.00--at .

USE COUPON TO AVOID DELAY

R e e i e SO0 @ SR MM DU SUE SE AR S S N (RN SR NN SEM MmR RS G S
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TRADE
COMPONENTS

JUST A FEW BARGAINS ARE LISTED - SEND STAMPED ADDRESSED
ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. PAY A VISIT.
OVER 90% OF STOCK BELOW QUANTITY WHOLESALE PRICE.
ALL PRICES INCLUDE THE ADDITIONAL DISCOUNT IN LIEU OF
GUARANTEE. MINIMUM ORDER GOODS VALUE £1.00.

Goods sent at customer s risk. unless suficient payment for registration {1st class letter

post} or compensation fee (parcel post} included.

JAP 4 gang min. sealed tuning condensers 20p

VALVE BASES
Printed circuit BSA-B7G
Chassis B7-B7G !
Shrouded chassis B7G-B8A . 10p .
B12A tube . 10p

5p
9p

Speaker 6” x 4" 5 ohm ideal for car radio 70p

TAG STRIP - 6 way 3p| 5 x 50pF or 2 x 220pF

9 way 5p Single 1p trimmers 20p

Car type panel lock
and key 40p
18 volt 4 amp charger,
bridge rectifier 79p
GC10/4B £3.00

Aluminium Knobs
tor ;" shaft. Approx.

8 x 1" with indicator |

Pack of 5. 50p

BOXES — Grey polystyrene 61 x 112 x 31mm, top secured by 4

self tapping screws 32}p

Clear perspex sliding lid, 46 x 39 x

ABS, ribbed inside 5mm centres for P.C.B.,

24mm 10p
brass corner inserts,

screw down lid, 50 x 100 x 25mm orange 48p; 80 x 15C x 50mm

black 70p; 109 x 185 x 60mm black £1.10

ALUMINIUM

23" x53"x13"
4" x 4" x 14"

45p
45p

SWITCHES
Way Type
2 Sub. Min. Slide
2 Slide
1 Rotary Mains
1 {or 1p2W} Micro with roller 20p
3 Miniature Slide 16p
S.P.ST. 10 amp 240v. white rocker switch
with neon. 1“ square flush panel fitting 20p
'S.P.S.T. dot 13 amp, oblong, push-fit, rocker15§

12p
20p
20p

RESISTORS
$—4—% watt

1 watt

Up to 15 watt wire
wound 6p
1 or 2% five times,
price. - L i
Cinch 8 way std 0.16
pitch edge connector20p

p
2p

Diode Equivalent Book,
172 pages, AA111 to

Sidleen/AFA Very High Security barrel Key
Switch. 2 tubular keys £1.50

AUDIO LEADS
3 pin din to open end, 1% yd twin screened 35p
Twin phono—open end, 4ft,, twin screened 36p

COMPUTER & AUDIO BOARDS/ASSEMELIES
VARYING CONTENTS INCLUDE ZENER, GOLD BOND,
SILICON, GERMANIUM, LOW AND HIGH POWER
TRANSISTORS AND DIODES, HI STAB RESISTORS,
CAPACITORS, ELECTROLYTIES, TRIMPOTS, POT
CORES, CHOKESETC. :

3ib for 85p + £1.00 post and packing

7ib for £1.95 + £1.40 post and packing

‘3" Tape Spoois 3p
1" Terry Clips 4p
12 Volt Solenoid 30p
TV KNOB
Dark grey plastic for recessed shaft (quarter
inch) with free shaft extension 5p
ENM Ltd. cased 7-digit counter 24 x 13 x 1}”
approx. 12V d.c. {48 a.c.) or mains 75p

ZM1162A INDICATOR TUBE
0-8 Inline End View. Rectangular Envelope 170V
2:5M/A £1

1k horizontal preset
with knob 3p |

REGULATED TAPE MOTOR

9v d.c. nominal approx 14" diameter 60p

20p

3.5mm metal sterec plug

Ferric Chloride, Anhydrous mil. spec. 14It; bag 40p

ZY200, 1N34 to
183200, also outline

-{ and connection data.

£1.50 NO VAT

POTS
Log or Lin, single or dual,
switched carbon or wire-
wound, rotary or slider. All
types 1
1.5m Edgetype

Skeleton Presets

10p

ELECTROLYTICS MFD/VOLT. Many others
in stock 70— 200- 300- 450-
Up to 10V 25V 50V 75V 100V 250V 35CV 500V
MFD
10
25
50

4p
4p
4p
100 5p
250 9p 10p
500 10p 11p
1000 13p 22p 40p 75p
2000 23p 37p 45p —
As total values are too numerous to list, use this
price guide to work out your actual requirements
8/20. 10/20, 12/20 Tubular tantalum 20p each
16-32/275V. 100-100/150V. 100-100/275V 30p;
50-50/385V. 12,000/12Vv, 32-32-50/300V, 20-
20-20/350V 60p; 700 mfd/200V £1.00; 100-100-
100-150-150/320V £2.00.

RS 100-0-100 micro amp null indicator
Approx. 2" x 3" x 3" £1
INDICATORS
Bulgin D676 red, takes M.E.S. bulb
12 volt or Mains neon, red pushfit . 18p
R.S. Scale Print, pressure transfer sheet 10p
CAPACITOR GUIDE - maximum 500V
Up to .01 ceramic 3p. Up to .01 poly 4p.
.013 up to .1 poly etc. 5p. .12 up to .68 poly
etc. 6p. Silver mica up to 360pF 8p, then to
2200pF 11p, then to .01 mfd 18p.
p. .1/600: 12p. .01/1000, 8/20. .1/900,
22/900 4/15. .25/250 AC (GOOVDC) 40p.
5/160, 10/150, 40/150.

Many others and high voltage in stock.

6p
6p
6p
10p
11p
17p

12p
15p
18p
20p

16p
18p
25p

85p

20p
20p

5p
50
5p
6p

10

10p
13p
19p
28p
45p

£1.50

FORDYCE DELAY UNIT
240 volt A.C./D.C. Will hold relay, etc:, for approx.
15 secs after power off. Ideal for alarm circuits,
etc. £1

CONNECTOR STRIP
Belling Lee L1469, 4 way polythene. 8p each

6p
30p

5p

13 glass fuses 250 m/a or 3 amp (box of 12)
Bulgin. 5mm Jack plug and switched socket (pair}

Reed Switch 28mm. body length

Aluminium circuit tape, £ x 36 yards—self
adhesive. For window alarms, circuits, etc.60p

 Slider, horizontal or verti-
THERMISTORS
VA1008, VA1034,
VA1055, VA1066,
VA1082, VA1100
VA1005, Jse
RELAYS
mercury wetted high
speed 40p
OHM coil, 4 pole c/o
40p
heavy duty octal 50p
700 ohm 11-31 volt mini-

cal standard or submin. 5p
VA1039, VA1040,
VA1077,

12 volt S.P.C.O octal
R.O. 3010 type, 1,000
Mains or 12v d.p.c.o
ature seled d.p.d.t. 80p

MAINS DROPPERS
66 66.1-158 ohm, 66 66--137 ohm

17414--6 ohm, 26614193 ohm 5p

| 2854+575+41484-35 ohm

25,4 35+497 459430 ohm

51" x 23” Speaker, ex-equipment 3 ohm
2 Amp Suppression Choke .. .. -
3x2{-x =" } PAXOLINE

43 x £ x § '”

PCV or metal clip on MES bulb Holder
VALVE RETAINER CLIP, adjustable

OUTPUT TRANSFORMERS
Sub-miniature Transistor Type
Valve type,

Whiteley Stentorian 3 ohm constant impedance volume control

way below trade at
RS Yellow Wander Plub Box of 12
18 SWG multicore solder

80p
2bp
2}p foot

THE RADIO SHACK

161 ST. JOHNS HILL, BATTERSEA,

LONDON S.W.11

Open 10 a.m. till 7 p.m, Tuesday to Saturday. VAT raceipts on request.

Terms: Payment with order

132

Telephone 01-223 5016

STYLIl 15p

ER5SB/SMX/HC1/HC2/ER2. Compact X2/X/C/SX. Garrard

i GCM217/22T/GKM24T/GKS25/GPS9. B.SR. C1/FX1M/

ST3/CS80/TC8/0P and T, and many other sapphire types.

Send sample required with payment and s.a.e if in doubt.

KEY EDIT and display boards with up to 132* 12V bulbs, 38 d.tl. and t.t.. i.c.'s and other components. {(*A few bulbs may be broken).

£2.00 plus 75p p&p

£6.00 plus £1.00 p&p

Crouzet 30-minute timer-programmer,

multi-variable contacts

record
£1.00

ACOS DUST JOCKEY

Automatic
cleaner

Wood cased 8-12V buzzer
£1.50 plus 80p p&p

36p

McMurdo 8 or 12 or 18-way plug and

socket, ex-equipment

RADIO AND ELECTRONICS CONSTRUCTOR



is 15 days* to ensure

it now costing up to 16p bank

* Timed from banking at Barclays till G.

earance i
P.O. deliver returned cheque.

round or flanged chassis socket, or u.h f. plug, all 560p each

ice — unless a fee is paid for special cl

Postal order poundage charge is offset by

icker serv
charges on every cheque written out.

Greenpar 50 ohm BNC line plug.

cheques are not returned ‘unpaid’.

POSTAL ORDERS means qu

NOVEMBER 1977

OTHER DIOD

SEMICONDUCTORS 2N2483 23p ES
Full spec. marked by Mullard. etc. Manv-other tvpes in stock %Ngggg/f’/eﬁ/n }ip 1N916 . 6p
2N3055 R.CA. s0p | AN4148 120
AC128N176 o BCX32 36 1zp | BEWIONI FET.  a0p e haae 200 | Centercel . 24p
AD149 a0p | BEY70/1/2 12p | BFWB7/58 17p | 2N3553 50p gagy?fg RoL_gt- 1018
AF116 161p 113 50p | BFX12/29/30 20p | 2N4037 3ap 0 Varicap 15p
AF124/6/7 26p 8D115/6 31p | BFX84/88/89 17p | 2N5036 (Plastic 2N3055) BB113 Triple
AF139 20p | 8D131/2/3 35p | BFY50/51/52 13p 30p Varicap 37p
AF178/80/81 30p | BD135/6/7/9 30p | BFY90 s0p | 25A1 4152/360 3(1)9 BA182 13p
AF239 30p | BD140/142 30p | BR101 30p | 258135/6/457 20p | QAB/7/10 " 15p
ASY27/73 30p | 8D201/2/3/4 ®20p | BRY39/56 26p | 40250 (2n3054) 30p | BzY88 U
8D232/4/5/8 0 pto33volt 7p
SS}%%S ] ,‘:/,%58/5 e | Box77 ¥ Bov99/80 FETs 305 BZx61 11 volt  15p
1 ET. ]
R S A A Y
! 5/167/17
T 93 BF178§9 7/173 ;gg 82740 275 | ECLBO 34p INTEGRATED CIRCUITS
BC186/7 20p | BF180/1/2/3/4/5 15p | BSY8A 120 | PCCB4 34p | TAA700 £2.00
8C213L/2148 10p | BF194/5/6/7 &p Cv7042 SOC41/44 6SN7 50p | TBASOO . £1.00
8C2618 8p | BF194A, 195C 6D ASY63 5p | BAT6 s0p | 741 8 pin d.il. op.24p
BC327/8, 337/8 8p | BF200, 268.324  20p | GET11Y 40p | Ez81 a0p | SN76013N £1.20
BC547/8/8A/8C 10p g;ggéla ggp %f;gé% BEs igg TRANSFORMER TAD100 AMRF £1
B8C555/6/7/8/9 o TR P | TiSBBA FET. 23 Ferromag C core. Screen-95- CA3001 R.F. Amp 50p
e 8| PoEEET S| [ETETRRR | ooy cugs s
P p e mp N
Amp Voir  BRIDGE RECTIFIERS 2N456A 50p | 2.+24:0-24v 104A 4+ 20v | TAAS50 Y or G 22p
? 1,600 8YX10 30p 2N929 14p - [hese current ratings [ TAA263 Amp 85p
140 0OSHO1-200 26p 2N987 a0p| can be sately exceeded 7400
by 50%. £3.50 + £1.00 p& 10p
1.4 42 BY164 40p 2N1507/2219 15p PP | 5402/4/10/20/30 14
06 1o £Ca33 a 2N2401 30p || wooDs 240v acC. |l 7414 56;‘:
= - el s S 7438/74/86  24p
" T or
RECTIFIERS ~OPTO ELECTRONICS 6in. FAN (ex-computer) e 69p
Diodes Photo transistor LM300, 2-20 volt _£1
Amp Voit TIL209 Red 12p | BPX29 80p || £360 plus £1 p&p || 74154 90p
IN4004/5/6 1 4/6/so0 5P | BPX40 50p | OCP71  34p. 1BAS50Q £1.50
IN4007/BYX94 1 1250  sp | BPX42 80p Amp  Volt THYRISTORS ,
BY103 1 1500 18 BPY10 80p | BIGLE.D. 02" 1 240 BTX18-200 - N .. 30p
5 te 1 400 BTX18-300
SR100 15 100 7p (VOLTIAC) 2v SOm/A max. |4 540 BTX30-200 i, E+44
SR400 15 400 8p YELLOW 14p |15 500 gT107 3%
RECoR 8 15 1250 14p | BEYER &5 800 BT101-500R 3
LT102 2 30 10p | BPYES 80p | RED 18p [ 22 800 BT109.500R 90p
BYX38-300R 25 300 40p | BPY7? 5 ; £1.00
BYX38-600 25 600 45 | PHOTO SILICON CONTROLLED fs 288 SPQ;%Z;,G“R“Q“. o = 3yl
BYX38-900 2.6 900  50p | SWITCH BPX66 PNPN 10 amp £1.00 0Tl e Modated 3oy
BYX38.1200 25 1200 S5 | = F 00|30 1000 28T10 (Less Nut) . £3.00
“300R 3" red 7 se t LED. 14 Push-to-Break
BYX48 300R 25 300 280 | 51U "0.9+0F dispiay 19v | PAPER BLOCK CONDENSER e b
Pl 3 B i | e e el e
BYX49-1200 3 1,200 52p BlomeD 250 voit 200 |ENAM. COPPER WIRE
BYX48-30UR 6 300 40p | Minitron 3" 3015F filament | 2n1FD 220 volt 200 | SWG. PER YD
BYX48-600 6 600 50p £1.10 ad p ]
BYX48-900 6 900 60 A L
s P CQY11B LE.O. 1.C. extraction and insertion 26 to 42 2.5p
BYX48-1200R 6 1,200 80p | .. o : £1 | 100! 32p
B8YX72-150R 10 150 35p nfra red transmitter 1 | e GARRARD
BYX72-300R 10 300 asp One fifth of trade a ACHA|SQS|S SOCKETS GCS23T Crystal Stereo
BYX72-500R 10 500 55p ; : F ar Aerial 9p, Coax 3p, 5 pin | Cartridge 66p
BYX42-300 10 300 30p ;'als;'c' Transistor or Diode [ {80c gp, & or 6 pin 240° din | Mono (Stereo compatible),
BYX42-00 10 500  65p older s 1p | 6p, speaker din switched 5p, | Ceramic or crystal __ 60p
BYX42-900 10 900 80p Transistor or Diode Pad 1p :‘45 mm switched 5p, stereo HANDLES
BYX42-1200 10 1200 95p | Holdersorpads50pper100 | « jack enclosed 10p. Rigid light blue nylon
YXA46- * 1 = 3 ” . VR
NS Y Errep— L
BYX46-500R* 15 500 £1.75 | McMurdo PP108 8 way edge plug 10p 22%%% "‘mff%- 54%‘(/ 13%':) iscrews Sp
BYX46-600* 15 600 £2.00 TO3 HEATSINK T ) 500v 6p Belling Lee white
< s ) 200 80P | gyopiec HP1 TO3B individual ‘curly | 400 mfd.  16v dp plastic surface coax
gy /300 40 300 £1.75 | oo (ransistor type. Ready drilled 12 1 mfd, 360/500v 13p outlet box 20p
BYX52-1200 40 1,200 £2.50 | Power transistor type. Ready driled 17 1 mid. 1500y 2p | .
RAS310AF* 125 1250 40p Tested unmarked, or marked 2200 mfd.  26v 30p | Miniature Axial Lead
ample lead ex new equipment I:)%%% "n‘_"f‘; 2(1)(%‘\’1 ;"gg Ferrite Choke formers
*Avalanche type ACY17-20 8p | 0C200-5  8p | 1280 mid. 35v 10p =8
/:SSZZ?O 33p l;lczdzt ngl 3gagg mf'd. z;gv gp RS 10 Turn Pot 1%
221 26240 1 +32 mfd. v
Amp  Volt TRIACS Be186 ":’) 26302 5p | 16432 mid.  350v 12p | 250. 500 Q, 1K,
6 800 Plastic RCA £1:20 | B(Cy30-34 8p 2G401 51y 8+8 mfd.  350v 8p 50K ..o, £1
25 > 900 BTXSA0  ENEOHI oy 0 MENSHD aN711 28 | loomid. 38, aff |Copper coated board
= 0 BY126/7  4p | 2N2926 4p | 1t mfd. non-polar3sov 3p | 107 x 9" approx 25p
HG1005 10p | 2N598/9 6p 680 mfd. 100v 10p
. 1 . p . TIE CLIPS
RS 2nim Tertninals HG5009 3p | 2N1091 8p 15 mfd.  160v 3p ]
Rlue & Black 5 for 40p | 11G5079  3p | 2N1302  8p e i Nylony =il ees]
L/8/9 3p | 2N1907 - e : P |33 2p
Chrome Car Radio facia 15p M3 10p | Gern. diode 1p &Y wik SISy Al Geared Knob
Rubber Car Radio gasket sp | 0AS1 3p | GET120(ACI28 | 4700 mid. 40v 35p =zl Wi
OA4/ 3 m 17 sq  heat 25y 20 8-1-ratio 13" diam,
= P | ik 15 25000 mfd. v 20p
DLI Pal Delayline 50p | 3a0002 3p THI‘ A 12p 1000 mfd 63v-30p black 70p
o : b [ . .
Relay socket o= . 10p- 0ca23 20p 253230 302 1288 m:d' 1708/ !Isp KLlPPON 25A 440v
Take miniature 2PCO relay AU 30 18 | TERMINAL BLOCKS
12000 mfd. 12v 12 rofessi !
B9A valve can Sp KLAXON 12-24v 2-tone transistorized | .; g.C. " 5% H\I,‘,S,a'z p.spriigocr}::nsaf
0-30, or 0-185, black pvc, 360° Alarm Sounder. Note, pitch and duration capacitors 013, 056, strip of 12 for 1'5
dial, silver digits, self adhesive, variable. Weatherproof alloy case. 061, 066, .069, .075, .08, B i 3 P
43 dia. = © 10p £10.00 p&p £1.30 | 089 2p each or twin with
clip-over cover 7p

SMALL ORDERS, ENCLOSE S

STAMPED ADDRESSED ENVELOPE
LARGE ORDERS, ADD SUFFICIENT FOR
INSURANCE, ETC.
RRIAGE, ADD V.A.T.

POSTAGE, PACKING,
TOTAL GOODS PLUS CA

UITABLE

MAIL OR

8% VAT-1 PAY BA
ALL ENQUIRIES, ETC., M

DER CUSTOMERS ONLY ADD

LANCE ON12{%ITEMS
\ UST BE ACCOMPANIED BY A
STAMPED ADDRESSED ENVELOPE
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from NEWNES-BUTTERWORTHS

RADIO CIRCUITS EXPLAINED °“v:’

*  Circuits in modern radio receivers are ex-
amined — from the simple transistor set to
the specialised hi-fi receiver.

Written by one of the best knowri authors in
radio and electronics.

Invaluable to the Radio and Audio Technician,
student and the enthusiast,

Richly illustrated, with a minimum use of
mathematics.

CONTENTS: Block and flow diagrams — R. F. amplifier
RECENT TITLES apd mixerlcircuits‘; Fréfquency chalngef and Bf. oscillatar
, circuits — Intermediate frequency circuits — Detector
BEGINNER'S GU|DF TO circuits — Audio amplifier circuits — Power amplifier
RADIO — 8th Edition circuits — Power supply circuits — Stereo coding and
Gordon J. King

circuits for decoding — Index.
1977 240 pages £2.75 .
Available now 160 pages £5.50

BEGINNER’S GUIDE TO

INTEGRATED CIRCUITS . Order now from your local bookseller or from
I. R. Sinclair NEWNES TECHNICAL, Borough Green,

1977 192 pages £2.75 D D Sevenoaks, Kent TN15 8PH

Electronics Elecironics
for nuts... for hams.

We take you step by step Learn how to become a radio-amateur in

through all the fundamentals — oontact with the whole world, We give

of electronics and show you . . ;

how easily the subject can skilled preparation for the G.P.O. Jicence.

be mastered using our unigue '

Lerna-Kit course.

{1) Build an oscitloscope.

{2) Read, draw and under-
stand circuit diagrams.

{3) Carry out over 40 experi-

ments on basic electronic

circuits and see how they

work.,

L xR & N § N W ¥ ¥ K ¥ B F R
Brochure without obligation to;

British National Radio & Electronic School |
I

P.O. Box 166, Jersey, Channel Islands,

NAME
ADDRESS

EC 14
REG 1 Block caps please

o RADIO AND ELECTRONICS CONSTRUCTOR




DeC-IT and BLOB-IT

Been Blob-a-jobbing? The Blob-a-job circuits were designed on DeCs — the solderless breadboards for
2 circuit tryouts. Want to try other circuits? Build them on a DeC, try them, alter them, get them right.
Now take each component in turn from the DeC and solder it on to the matching Blob-Board. So
quick, so simple, just DeC-lIt and Blob-It. S-DeCs have 14 groups of contacts, match D range of Blob-
Board. T-DeCs have 38 groups of contacts, can take 1 Dil IC and match 1-1C Blob-Board. U-DeCs
have 43 groups of contacts, can take 2 Dil lcs and match 2-1C Blob-Boards. All DeCs can be clipped
itogether to give multiple units.

-
Push the component
inta the $-Dec
No sotdering

o

9
When circuit is proved working,
transfer component by camponent
- - to exactly same numbered position
in Blob-Board. - -

o i o =

to re-use your components. Why not try

several circuits on the DeC and then

solder up the one you like best on Blob-
Board"'.

As
a special
offer to
Radio and Electronics
Constructor readers

The perfect kit for beginners, students, professionals and all users of discrete components. This S-De-K-IT contains
1 S-DeC + control panel, 9 Blob-Boards, 20 double ended Leads + Instruction book to build {no components)
Electronic Flasher + Binary Counter + LC Oscillator + 3 Stage Amplifier, Morse Practice Oscillator, Radio Receiver,
Radio-Microphone, Light Operated Switch, CR Oscillator, Wien Network Oscillator, S-De-K-IT complete in ABS
box, with component tray

Normally £6.38 only £4.95 + £1.00 Post and VAT

NB The discrete components to build the above S-De-K-IT are listad but not supplied. This is because using discrete
or surplus components you can buy all the components very cheaply from your local component supplier.

P.B. Electronics (Scotland) Ltd.
57 High Street, Saffron Walden, Essex. CB10 1AA England
Telephone: Saffron Walden (0799) 22876 Telex: 817185.
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PAKS—PARTS—AUDIO MODULES

PANEL TRANSISTORS
BRAND NEW — FULLY GUARANTEED T'E‘Cl‘“\ll\:CAL
Type Price [ Type Price [ Type Price| T: P
METERS ACl26 £0-18 gCIo9c .to 08 | BC550 .¢°'.'f4 5;5.52 toﬂf: ;w;oss ¢Po"1s 2K1p3'7 0BA &l BOOK
> ACI27 €18 |BCI47 240-10|BCSS6 +¢0-14| BIPI9 €038/ TISA)  €0-24 *€0-07
RANGE AC:%:K ‘o:;: sc'::g .20::0 BCSS7 +£0-131BIP20  €0-38| TiSS0  *£0-22{ 2N3709 *€0-07
L ACI28K €0-26|BCI4 24010| BCSSS  +d0-12 BiPiY) UT46  %£0-22| 2N3710 *£0-07 No. 229 Beginners
ize 43" x 33" x 13 Aie 20| BC1sT L0-10|BCSS9 ed0-14| 20MP  £0-80| ZTXI07 %40-10| 2N3711 #4007 Gulde to
Value. No. (e AS|)s €odoiBCise 14010/ BDIIS  £0-50| BRY3Y  £0-45| ZTXI08 €0-10/2N38I9 do- Electronics
026064 1302 PALY A to-;; BSi? .:O-IO BDI16  €0.80(BUIOS «I-70| ZTX109 *£0- 10| 2N3820 [Price £2.25t
070004 MR £450 | ASIA, L-1|8CI67 24012180121  £0-68[BU 0502 £1 95| ZTX300 *40-12| IN3B2 I
0-5001A 1304 €450 | ACi2 €0.20|BCI6S 4013 | Bolas £5.70| 8308 € 700 antels *eo-20] N
g_'gg\‘, 1398 £800 | Aci7Te £0.18|BCI6IC *£0-12|BDIII  €0-38| BU20B  (€2-40| 2NITI1 €0-20| 3N4ons No. 230 Beginners
. ACI76K €0-26 | BCI70 *£0-10 | BD|32  £0-40| BU208/02 €2-95| 2N1889 €0-48| 2N 4060 Stidsita
ACI78  €0-25 | BCI7I +£0-10 1 BDI3Y/ EI222  €0-38| 2N1890 £0-48 2N406| leluon
. ACI79  €0-25|BCI72 +€0-10| 132MP €0-88] MJE2955 €0-98]2N1693 €0-30] 2N4062 BuSiEZ2R
2 RANGE :g:ao €020 :c:;; *€0-121BDI33  £0-60( MJEIOSS €0-60]2N2147 €0 75| 2N4284
Size 24" x 14" x 13" ASIEBK :g:;: agm :o::: BDI35  €0-40| MJE3440 £0-52|2N2148 £0-70| 2N4285
ASIOl L0-20|BCI78  £0-16)BDI36  £0-40| MPBII3 €0-52/2N2160 £0-80f IN4286 No. 231 Beglnners
Xw Price ¢ GRS 16 (BDIJ7  €0-42| MPFI02 £0-38)2N2192 €0-38| 2N4207 Guide to
& wo A 1307 £3.50 AS|eT Co:1B|BCIB0 €0-25|BDIE  £0.43| MPFIO4 (08| IN2193 €0-38 2N4288 Transistors
u d 1308 £3.50 ACIOTK €0- 0:25(BDII9  £0-B4| MPFIOS £0-38| 2N2194 €0-38) 2N4289 Price £2.28¢
! (1)8 £3.50 A BDI40  €0-60| MPSAOS *£€0-30| 2N2217 €0-23|2N42
g 1316 £ % isek €020 8DI39/ MPSA06 *€0-30| 2N2216 €0-23| 2N4291
3 . D e aye 140MP €1-20| MPSASS *£0.28| 2N2218A €0-20| 2N4292 No, 233 Beginners
PR BDIS5  £0-80| MPSAS €028 2N2219  €0-20| 2N429) Gulde fo
ADI®  €0.60 BDI75 £0-60| OC22 €0 :3O| 2N2219A £0:24| 2N492) Radlo
MR2P TYPE i Geloc  iaumd, i
Slze 42 x 42 x 30mm :g::} £0-42 BDI78  €0.68( OC25  £0-60| 2N2905 ¢0-18 milii
v,m No. p,|ce AR £ BDI79  €0-7B( OC26  £0:'60| 2N2905A £0-2F| 2NBI18 *C0-(0 | N 234
g-B04A 13 geg0 | lSNP Lok BD20l; . |OC28  €0-80| 2IN2906 €016 ANEI94 do:Bé 0. 234 Beginners
$ B BR| e ow i £130 2680 fo:3) tamein Lo 18| dneadd S840 cotour Feion
| ARE o BD204  €0-80| OC36  €0-90| 2N2907A €0.22| IN5296 €0-B6 Erical£EigBY
EDGEWISE N ‘o_«" 8D20¥/ OC70  £0-24/ 2IN296G *£0-09| INS457 €032
Arie, fhee 204MP £1-70/ OC7I  £0-18| 2N2926Y5¢0 08| 2NS450 ¢€0-32
Slze 33 x 147 x 24" el N BDY20 £0-80( TIC44 *£0-29 2N29260°€0 08| IN5459 €038 No. 236 Electronic
¢ 3 N B BDX77. €0:90) TIC45 *£0-38| 2N2926R*€0 08| 2N555) *c0:36 lagrame
Ut out 24 x 1} A TR BF457  €0-37| TIP29A  £0.-44| 2N29268°€0-08]| IN6O2Y 4£0-d9 Price £1.80f
Yoius No. pice | AnIE BF458  €0-37(TIP29B  £0-52)2N3053 £o-16|2N6I121 €0.70 | -
-9 13]6 £4.08 | Aris 0.3 BF459  £0-28)TIP29C  €0-62|2N3054 (0-40| 2N6122 €0-70
0-500y.A 317 ‘08 : BFS94  *€0.30| TIPJ0OA €0-30| 2N3055 (0-40| 40311  ¢0-38 N &
AFig8l €060 BF596 *£0.28| TIPIOB £0- o 0. 238 Electronio
A5 RRT 0:601 2N3414 *€0-16[ 40313  ¢€0-98 Comnoiibais
AFIBg Smdaise 8FRI9  €0-28( TIP3OC £0-70| 2N34I5 *€0-16| 40316  £0-95 Price £1,801
MINIATURE BALANCE/ NG R BER40 €028/ TIP3IA  €0:4B| 2N3416 *€0.29| 40317 €040
TUNING METER Ablel gok BFR79  *€0-28| TIPIIB  £0-47|IN34I7 *40-29( 40326  ¢€0-40
Ay e BFRBO *£0-28) TIP3IC  £0-49| 2N3614 €0-85) 40327  £0-43
Size 23 x 22 x 26mm P BEX29  €0-23| TIP32A  €0-49| 2N36IS £0-90| 40346  £0.43 No. 237 Printad
oS BFX30  €0-30] TIPI2B  €0-8){2N36i6 €0-90| 40347  €0-48 Clrcult Assembly
Sensltivity 100/0/100mA e €100 BFX84  €0-23( TIP32C  £0-83| 2N3646 *€0-09) 40348  £0.80 Price £1.80t
No Briog | BEd @0 BFXB5  €0-24| TIP41A  £0-49| 2N3702 *€0-08| 40360 €036
Mo £orise 9ciuTs Go-08 BFX86  €0-23| TIP4IB  €0-51| 2N370] *€0.08] 403¢! ¢0-36
J BCIoBA £D.08 BFX87  €0-22| TIP4IC  €0-33| 2N3704 *£0-07| 40362  ¢0-38 No. 238 Transistor
BCIoBB €0-08 BEX30 40 33| Tip4s 6. o3| naros ool o Packet Book
P 0 008/ 40407 €02
BALANCE/TUNING BCI08C £0-08|BCS4B +€0-11|BFYSO  £0:14| YIP42C  40-57)2N3707 *co-o8| 40428 0.3 Price £3.30%
RandE 122 2mm 08 [BCS4Y °€012[BFYS)  €0-14| TIP29B5 .40-98|2N3708 *€0.07) 40409  £0-78
Sensitivity 100/0/100uA 74 SERIES TTLIC'S No. 228 110UTpvristor
Ne.o (orss FULL SPECIFICATION GUARANTEED ALL FAMOUS MANUFACTURERS SCECE T
. Type Prige | Type Price | Type Price | T Price £2.80t
ype Price | Type Price | Type Price
e 81178 RiT| i ee B o) B oo o
. ! I .88 0.70
MIN. LEVEL METER ;28% 8'}5 ;:}; 023 | 7446 0.90 | 7484 0.98 | 7496 0.76 | 74141 0.80 No. 227 110 COS/MOS
Slze 23 x 22 x 26mm Ja0s 18| 4z g.g;s 7446 090 | 7485 1.20 | 7496  0.80 | 74164 1.30 DIEIMI IC Projects
Sensitivity 20044 7406 048 | 7414 923 | 7447 078|748 030 | 74100 1.00 | 74180 1.30 | 2 the Home
7408 o0 | J41e 9583 [ 7448 080 | 7489 290 | 74110 06O | 74181 2.0 pConstructor
No. Price | 7407 0330 | 7417 o, 7476  0.48 [ 7490 0.42 | 74118 0.90 | 74190 150 rice £2.261
1320 £1.98 | 708 038 | 7440 28 | 7480 050 | 7481 076 | 74119 1.85 | 74198 2,00
! 0.16 | 7481 096 | 7492 045 | 74121 0.30 | 74189 190
No. 228 110 Operational
Vu METER CMOS IC’'S ﬂlfler Projects
Type Price | Typs Price | Type Price | Type Price | Type Price | Typs Price for the ome Constrﬂctor
Size 40 x 40 x 29mm CD4000 0:20 ( CD4012 020 | CD4022 0'98 | CD403] 2-20 | © 1-30 |CD407! 023 Price €
Sensitivity 1304iA €D40al  0:20| CD40I3 052 | CD4023  0-20 | CD4035 160 | CD4047 1-10 |CD4o™2 0213
o ‘ Price | CDAOE 098 | CDaole 033 | CDidas 930 | Corss oo | Ches o3f |SDksl om
1321 £2.00 | CO4007 020 | CDAOIT 098 | COJ26 195 | CDdo4l .42 | CO404 130 | CDASIO 120 No. 242 Etectronics
CDioon 032 | CDddls 1-00| CD4027  0:60 | CD4042 0-82 | CD4055  1-83 |CD4SII (60 Price £3.7Bt
0-38 | CD4019 055 | CD4028 098 | CD4043 098 1:35 |CD45i6 140
MINI ggmo 0:38 | CD4020 1-10 | CD4029 |-18 | CD4044 094 | CD4069 0.40 | CD43i8 (.23
4011 0:20 | CD4021 0-98 | CD4030 0-35 | CD4045 1.40 | CD4070 0-40 |CD4520 ¢-28
MULTI = ; No.c239 30 Photoelectrlc
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Wilmslow
Audio

THE firm for speakers!

SEND 10P FOR THE WORLDS BEST
CATALOGUE OF SPEAKERS, DRIVE UNITS
KITS, CROSSOVERS ETC. AND DISCOUNT

PRICE LIST

ATC e AUDAX #BAKER eBOWERS &
WILKINS eCASTLE eCELESTION o
CHARTWELL eCOLES eDALESFORD o
DECCA oEM{ eEAGLE eELAC oFANE o
GAUS e GOODMANS eHELME o|.M.F. ®
ISOPON oJR ¢ JORDAN WATTS eKEF e
LEAK e LOWTHER @ MCKENZIE e MONITOR
AUDIO e PEERLESS eRADFORD e¢RAM e
RICHARD ALLAN eSEAS eTANNOY e
VIDEOTONE eWHARFEDALE

WILMSLOW AUDIQ oeer rec

SWAN WORKS, BANK SQUARE, WILMSLOW
CHESHIRE SK9 1HF

Discount HiFi Etc. at B Swan Street and 10 Swan Street

Tel: Wilmslow 29599 for Speakers Wilmslow 26213 for HiFi

BUILD YOUR OWN

TELEVISION GAME

\ (SIX GAMES)
BASED ON THE AY-3-8500 I.C.

0 onry £10.50 BLACK AND WHITE
KIT — over five thousand sold

oony £16.60 coour kT —
this is our latest kit and gives a yellow bat, blue
bat, red boundary and a green field.

o onwy £6.60 OUR COLOUR CON-
VERTER makes your exit-
ing black and white television game
into colour. Only half an hour
approximately assembly time — no
extra parts are required.

oony £5.50 spare Av-3-8500

CHIPS WITH OUR CIRCUIT DIAGRAM.

| (Please note that we do not supfly loudspeakers, switches
or boxes.

TIFAX UNITS FOR SALE £99.00
All the above prices include VAT, post and package

% SPECIAL INTRODUCTORY BONUS %

We will give 50[) OFF an order if this advertisement Is received
with your order.

Send to: TELECRAFT, 63 WARWICK ROAD, NEW BARNET, HERTS.
Technical advice and information given on Tel: 01-440 7033.
Personal callers are welcome seven days a week.

"""""""""""""""""""""""""" Please tick in box appropriate
.................................................. item required and send your order
with this advertisement.

ALL CHEQUES AND POSTAL ORDERS MADE PAYABLE TO “TELECRAFT”
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LATEST
BOUND VOLUME
No. 29

“Rudie & Electronics
Constructor”’

AUGUST 1975 to JULY 1976

Comprising

776 pages PRICE £3.10 P&P 90p

inc. index

BOUND VOLUME No. 27
(August 1973 to July 1974)

BOUND VOLUME No. 28
(August 1974 to July 1975)

PRICES
VOL. 27

£2.40 per volume P&P 90p

VOL. 28
£2.75 per volume P&P 90p

Limited number of these
volumes still available.

We regret all earlier volumes are now
completely soid out.

Available only from

DATA PUBLICATIONS LTD.,
57 MAIDA VALE, LONDON, W9 1SN
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_1 "X'PR'NT for printed circults

_invaluable for
holding P.C.B.’s and other
panels when inserting and soldering

components. Can be adjusted to suit work up to 280mm,

rotating to gain access to reverse side and locks in any
position. All metal.

Write or phone for full detalls

[S

NEW ror electronic design engineers !

LI
' m’ug ;,'W f

- ”
0“‘0, {\g

Price €10 inc. VAT. p&p £1

52 Orill Stend

Robust, all metal with ample throat
dimensions. Adjustable height canti-
lever with lever actuated feed. Spring
return. Will accept both P1 & P2 drills
Price £18.50 inc. VAT. p&p 106p

S] Orill Stund

Constructed

precision work,

P2 Drlll £16.60. p&p 86p

PRECISION PETITELTD

119a HIGH STREET TEDDINGTON MIDDLESEX TWT1 8HG

reL: 01 9770878

to take the popular
P1 drill and ensure a high degree of
accuracy In all types of electrical

Price £6.13 inc. VAT. p&p 38p
Pl Drlll £9.67. p&p 38p

WITHOUT A

RTH DID I MANAGE
How oN E¢ RAvi0 CATALOGUE ?

HoME
ST

I'd been reading Home Radlo’s adverts for years and kept
telling myself | must send off for a copy of thelr famous
catalogue. But belng an expert procrastinator | kept putting
It off. | muddled along, plcking up blts here and there, often
calling at several shops before locating a particular compo-
nent | needed.

If only I'd got a Home Radio catalogue in the first place
—- what time, energy and frustration | would have saved
myself! | really do wonder now how | managed — this
catalogue really has solved my component buying problems.
In its 200 pages | hardly ever fail to locate just the piece |
need. Not surprising when you consider it lists over 5,000
items, nearly 2,000 of them illustrated. Home Radlo Com-
ponents Ltd. do everything possible to make ordering quick
and easy, and with their simple Credit Scheme | can order
by phone any time of day or night, and settle up once &
month.

NOVEMRBER 1977

'MOME RADIO (Componénts) LTD. Dept. RC, 234-240 London Road, Mitcham, CR4 JHD. Phone: 01-648 8422

Don't dilly dally like | did - take the plurige now by sending
the coupon below wlith £1.40, and in a few days you can
start on a wonderful new era of simpllfied component buy-

ing.

I Please write your Name and Address in block capitals
| NAME

ADDRESS

234.240 London Road, Mitcham, Surrey CR4 3HD |
et N

i
|
|
| HOME RADIO. (Components) LTD. Dept. RC
|
L
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by P. R. Arthur

This simple receiver is primarily intended to
provide a good constructional project for the new-
comer to sﬁort wave reception. The circuitisa t.r.f.
type incorporating a regenerative detector. Using a.
t.r.f. design avoids the complication of alighment
which arises if the more sophisticated superhet
type of receiver is constructed. However, the price
tﬁat has to be paid for this is a lower level of perfor-
mance, although the set will provide good results if
it is used skilfully.

T.R.F. designs tend to have a reputation for be-
ing rather inconsistent, but in the author’s ex-
perience this is not the case provided ready-made
coils are employed. The coils used in the present
receiver are Denco Miniature Dual Purpose types
and they provide coverage of the entire short wave
spectrum in three ranges. The approximate
coverage of each range is: range 3, 1.5 to 5MHz;
range 4, 5 to 17MHz; range 5, 10 to 36 MHz. The:
range numbers 3, 4 and 5 are those employed by
the coil manufacturer. The coils are of a type in-
itially intended for .use with valves rather than

transistors; however, the present circuit incor-
porates a field-effect transistor in the first stage,
and this presents an impedance .of the same order
as that offered by a valve. The coils are plug-in
components and the desired range is selected by
simply plugging in the apgropriate coil. This
makes construction very much easier than it would
be if range switching were used.

The field-effect transistor is the detector and
there are two bipolar transistors which give a.f.
amplification. Power is obtained from an internal
PP3 battery, and running costs are low since the
current consumption (including that of the pre-
amplifier which is described later) is only about
3mA. The set has been designed for use with high
impedance magnetic headphones, although in
practice acceptable results will be given with
medium or even low impedance headphones.

CIRCUIT DETAILS

The circuit diagram of the receiver is given in
Fig. 1. The term t.r.f. (Tuned Radio Frequency) in-

\ 5
1 ) _ Do OV
\AAAL
VR £ l,’ l
= - -
3 C3 C7$ Co =
| L Ca - <
'} ; —A— | R3Z Cio Sk3
14 . ' :
Output
; S l%> TRa
SK 3 h BCIO9
@& SKi :
Ae 5
s L A'A'A'A'A
TR
8 |
: 2N3819 ] Ca
30 S ‘{] f
Ve VCy
9 2 p. Ce TR <
cliT- SR VR Se——f[l-} BCIO9 | g ZRs
=Cs T
e b l
1 E dgs (4
< 2N38I9 BCIO9
Lead-outs Lead-outs

Fig. 1. The circuit of the 3-band shortwave radio. The bands are selected by plugging the appropriate
coil in the L1 position
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SIMPLE TO CONSTRUCT

COVERS 1.5 to 36MHz

The 3 band short wave receiver Is housed in a ready-made
Verobox. The controls are well spaced out for ease of operation

COMPONENTS
Resistors

(All fixed values + watt 5%. R7 and R8 are in
the optional pre-amplitier.)

R1 1ko

R2 3900

R3 5.6k0

R4 2.2M 0

R5 4.7k

R6 5.6k

R7 180¢Q

R8 2.2k

VR1 10kq potentiometer, linear

VR2 5kn potentiometer, log, with switch S1

Capacitors
(C11 is in the optional pre-amplifier.)
C1 0.015uF polyester
C2 0.015uk polyester
C3 100uF electrolytic, 10 V. Wkg.
C4 0.47uF electrolytic, 10 V. Wkg.
C5 0.015uF polyester
C6 0.47uF electrolytic, 10 V. Wkg.
C7 100uF electrolytic, 10 V. Wkg.
C8 10uF electrolytic, 10 V. Wkg.
C9 0.0068uF ceramic plate or polyester
C10 1uF electrolytic, 10 V. Wkg.
C11 0.01uF polyester
VC1 365pF variable, type “01” (Jackson)
VC2 25pF variable, type C804 (Jackson)

Inductors
L1 Miniature Dual Purpose coils, Green, Ranges 3,
4 and 5 (Denco)

Transistors
(TR4 is in the optional pre-amplifier)
TR1 2N3819
TR2 BC109
TR3 BC109
TR4 2N 3820

Switch
S1 s.p.s.t. toggle (part of VR2)

Sockets
SK1 insulated socket
SK2 insulated socket
SK3 3.5mm. jack socket

Miscellaneous
Verobox type 75-1412K
9 volt battery type PP3
Battery connector
High Impedance (2ka or 4ka) magnetic
headphones fitted with 3.5mm jack plug
1 large control knob
3 small control knobs
B9A valveholder
Veroboard, 0.15in. matrix
18 s.w.g. aluminium sheet
4-way tagstrip (for optional pre-amplifier)
Grommet
Nuts, bolts, wire etc.
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dicates that the received signal is detected at its
transmitted frequency, with no intermediate fre-

uency stage being used as occurs in a superhet.

he aerial is coupled via socket SK1 to the coupl-
ing winding of coil L1, the tuned winding of which
couples directly to the gate of the f.e.t, TR1. This last
winding is tuned by the main tuning, or bandset,
capacitor, VCl, and the tine tuning, or
bandspread, capacitor, VC2. The manner in which
these two capacitors are operated is explained.
later.

TR1 is connected in the common drain, or
source follower, mode, the output from the source
being applied to the feedback winding of L1. In
consequence, part of the output is coupled back to
the input, providing regeneration, or reaction as it
is often called. The regeneration considerably in-
creases not only the sensitivity but also the selec-
tivity of the detector stage, and this is an important
factor with short wave listening. The short wave
bands are very crowded these days, and good selec-
tivity is f'ust as necessary as good sensitivity.

If the level of regeneration is too high the detec-
tor stage breaks into oscillation and proper detec-
tion of a.m. signals becomes impossible. For op-
timum results with a.m. signals the regeneration
should be just below the level at which oscillation
commences. In this circuit the amount of r.f. signal
fed back is fixed, and regeneration is controlled by
VR1, which varies the drain voltage and hence the
gain of TR1. This rather indirect control of
regeneration works ver{y well in practice,

The audio output of the detector is developed
across R1, with C1 providing an r.f. path to chassis
for the feedback winding of L1 and also func-
tioning as an r.f, filter component for the audio
gli‘%?fl' C2 provides an r.f. bypass for the drain of

C4 couples the detector audio outtput to the
volume control, VR2, from the slider of which the
signal is applied to the 2-stage common emitter a.f.
amplifier incorporating TR2 and TR3. These two
stages provide an extremely high level of
amplification, and in fact they account for most of

Under-chassis view of the recsfver,
The two a.f. stages are assembled on a
Veroboard panel whilst the detector stage uses
point-to-point wirlng. The optional untuned
pre-amplifier is wired up on a 4-way tagstrip
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the receiver’s gain. It is important to ensure that no
significant r.f, signal is allowed to leak through into
the a.f. stages, as this could result in instabilig.
Additional r.f, filtering is therefore Fmvided by Cb
and C9. These also slightly roll off the higher audio
f'req:encies with a consequent small improvement
in the signal-to-noise ratio.

The output signal is taken from the collector of
TRS3 and is couiled to the output socket, SK3, b
way of d.c. blocking caf)acitor C10. C3, R2 and C
provide supply decoupling. S1 is the on-off switch
and is ganged with the volume control VR2.

All the components are standard parts but it
should be noted that the electrolytic capacitors are
specified as 10 volts working, It will be found dif-
ficult to obtain the lower value capacitors C4, C6
and UlU with this working voltage, and it will be
perfectly in order to use capacitors having a higher
working voltage, extending to some 100 volts work-
ing or so. The other electrolytic capacitors could
have working voltages of 12 or 16 volts. The two
BC109 transistors are frequently sold as gain-
selected items, with the suffix letter A, B or C.
Either the BC109B or BC109C will be satisfactory

here.
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Fig. 2. Drilling details for the front and rear

panels, The somewhat unusual 0.43in. dimen-

sions define the positions of two of the bolts
which secure VC1

CASE AND CHASSIS

A ready-made case is used, this being a Verobox
type 75-1412K which has outside dimensions of
205 by 140 by 110mm. This consists of a 2-part
plastic outer casing with anodised aluminium pan-
els front and rear, Drilling details for the two pan-
els are given'in Fig, 2, The three 4BA clear moun-
ting holes for VC1 allow 4BA bolts to pass into
tapped holes on the front plate of the capacitor.
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" Fig. 3. The dimensions of the chassis. The

" holas should be marked out as described in the
e H“ Lt A ta\),(t“ e i 3:" “if S

These holes must be positioned very accurately.

The chassis is home constructed from 18 s.w.g.
aluminium sheet and is illustrated in Fig. 3. The
front flange of the chassis is secured to the front
panel by the mounting bushes and nuts of VR1,
VR2 and SK3, and the rear flange to the rear panel
by the bushes of SK1 and SK2.

To ensure good registration it is a good plan to
use the panels as templates for marking out the
corresponding holes in the chassis. The depth of
the chassis from front to rear, should be suci that
the assembly of chassis and two panels allows the
panels to fit correctly into the plastic case. This
depth is shown as 51 in. in Fig. 3 but best results
will be given by working to the actual physical
dimensions of the case. The holes for the two con-
trols and the three sockets are marked off and cut
out after the chassis flanges have been bent down.

The 2 in. hole on the chassis is for a B9A
valveholder into which coil L1 is plugged. It may
e cut out with a chassis punch or by drilling a
number of small holes inside its periphery, taking
out the centre piece and cleaning up with a small

. A"\ql:t;sa-up view of the V&r&boqf& pa\ryél
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half-round or round file. The valveholder may then
be used as a template for marking out its two 6BA
clear mounting holes. A hole is drilled between the
2 in. hole and the front flange of the chassis. This
fole takes a small grommet, through which will
pass a lead through the deck of the chassis.

The chassis and panels may next be secured
together, after which the valveholder is mounted
with the orientation shown in Fig. 5. A solder tag is
secured, below the chassis, under each of the
mounting nuts. VC1 and VC2 are next fitted in
position. It is important to ensure that the ends of
the three 4BA bolts which secure VC1 in place do
not pass more than fractionally beKond the front
plate of the capacitor frame as they may then
damage the fixed or moving vanes of this compo-
nent. Short bolts are therefore required. Spacing
washers may be passed over each bolt between the
front panel and the capacitor. It should be noted
that there is no necessity to make any wired con-
nection to the moving vanes of VC1 and VC2; these
are automatically connected into circuit via their
front panel mountings.
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Flg. 4. The a.f. stages are assembled on a Veroboard panel, as shown here. C10 is positioned
between the panel and the output fack socket

COMPONENT PANEL

The audio stages are wired up on a Veroboard
panel of 0.15 in. matrix having 16 holes by 7 copper
strips. Details are given in Fig. 4.

Start by cutting out a panel of the required size,
and then drill the two 6BA clear mounting holes.
Next make the 7 breaks in the copper strips, after
which the various components are soldered in posi-
tion. The panel is mounted on the underside of the
chassis, with the mounting holes nearer the front,
midway between SK2 and the space between VR2
and SK3. Its precise positioning is not critical, The
panel can be used as a template for marking out
the 6BA clear mounting holes in the chassis.
Spacers about § in. long are fitted to the bolts
between the chassis and the Fanel, causing the con-
nectors on the underside of the panel to be held
- well clear of the metal chassis. All the wiring in Fig.
4. should be completed before the component panel
is finally mounted. 1

The panel picks up its neﬁative supply connec-
tion via the mounting bush of SK3. f’n conse-

uence, the lead from hole A5 should connect to
the socket tag which is common with its mounting
bush. If the jack socket has an insulated construc-
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tion, the wire from hole A5 connects to the tag cor-
responding to the jack plug sleeve; a further wire
from this tag then runs to the nearer chassis solder
tag at the B9A valveholder.

Looking at the rear of the receiver. The only
items mounted on the rear panel are the aerial
and earth sockets
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DETECTOR WIRING

Point-to-point wiring, as shown in Fig. 5, is
employed for the detector stage. Some of the
valveholder tags, to which there are no coil connec-
tions, are used as dummy anchor tags. The lead
from the gate of TR1 passes through the grommet
to the fixed vanes tag of VC1 above the chassis. A
further wire, also above the chassis, connects the
fixed vanes tag of VC1 to the fixed vanes tag of

VC2. All the wiring associated with the detector

stage should be kept reasonably short and direct.

There is plenty of room for the battery to the
rear of VR2. A simple aluminium bracket can be
devised to hold it in place.

Battery-clip
neg.
Pos. from component

panel

~To VCjand VC2
fixed vanes

Fig. 5., Components and wiring in the detector
stage

AERIAL AND EARTH

It is possible to receive a number of stations with
a short indoor aerial, but for long distance (Dx)
reception it is really necessary to employ a proper
outdoor antenna. This is the case even when using
a sophisticated communications receiver.

A length of 16 s.w.g. enamelled copper wire
or multi-strand aerial wire set as high as possible,
and preferably well clear of buildings and other
large obstructions, should provide good results.
The precise length is not important, and something

in the region of 10 to 40 metres will be satisfactory.

As one would expect, an aerial 40 metres long will
provide a signal better than one 10 metres long.
This is particularly so for reception on the low
frequency bands covered by the range 3 coil.

It is also on the Lf. bands that the addition of an
earth connection provides the most noticeable in-
crease in signal strength. An earth can consist of a
length of metal pipe to which a wire is connected.
The pipe is pusﬁed into moist earth at some con-
venient spot.
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USING THE SET

In order to obtain good results it is important
that VR1 be adjusted correctly. This is not a
volume control, and it is not used in the same way
as a volume control. It is not even used in the same
manner as an r.f. gain control. With VR1 adjusted
fully anticlockwise it will probably not be possible
to receive any stations, and if any are picked up
they will only be weak and it will {)e impossible to
pick out just one signal using the bandset control.
As VR1 is advanced there should be a steady in-
crease in both selectivity and sensitivity until the
point where the detector breaks into oscillation is
reached. It is obvious when the detector is os-
cillating since a whistle of varying pitch is produc-
ed in the headphones as the set is tuned across an
a.m. station, and proper reception becomes im-
possible.

For optimium results with a.m. signals the detec-
tor should always be adjusted to a point just below
the threshold of oscillation. VR1 will need slight
readjustment each time the tuning is altered
significantly. VR2 is an ordinary combined volume
and on-off control. Although VR1 can control the
volume to a large extent, it should not be used as
the volume control. In order to obtain best results
VR1 should be adjusted in the manner just
described, after which VR2 is used to set the re-
quired volume level from the phones.

Tuning is rather difficult with the bandset con-
trol as this covers a wide range of frequencies, par-
ticularly on ranges 4 and 5. It is much easier if the
bandset control is adjusted to the centre of the
band of interest, with fine tuning being carried out
by means of the bandspread control. The
bandspread capacitor has a much lower value than
the bandset capacitor and it covers only a small
part of each tuning range; in consequence tuning is
much more spread out than is given with the
bandset control.

The coils are supplied with the threaded brass
stems of the dust cores fully screwed in. Each core
should be unscrewed so that about tin. of the brass
stem protrudes above the former.

A side view of the upper sections of the
receiver above the chassis
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PRE-AMPLIFIER

The receiver, as so far described is satisfactory
for reception of a.m. signals. It is also possible to
receive c.w. (morse) and s.s.b. (single sideband)
signals by taking the regeneration beyond the
threshold of oscillation. With s.s.b. signals, sen-
sitivity is higher when VR1 is adjusted well beyond
the oscillation threshold.

Unfortunately, when, the detector is oscillating
the oscillatory signal is coupled to the aerial via L1,
with resultant radiation which can interfere with
other receivers. If it is intended to use the receiver
for the reception of c.w. and s.s.b. it is necessary to
fit a pre-amplifier between the aerial and L1 to
prevent the radiation. The pre-amplifier can be
untuned and it needs only a simple circuit.

A suitable circuit is given in Fig. 6. In this a p-
channel f.e.t. is ‘connected in the common source
mode. R8 is the source bias resistor and C11 its

g Pos. from
l Ca+
Ch =Rg

SK;

AAAAA
YYVY
n
~

(oo-) v
2N3820
dgs

2N3820
Lead-outs

z!z =

Fig. 6. The circuit of the untuned signal pre-
amplifier. This is fitted when it is intended to
use the receiver for c.w. and s.s.b. reception
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bypass capacitor. R7 is the gate bias resistor and
the drain load is the winding of L1 to which the
aerial previously connected. The gain of the pre-

Fig. 7. The few components required for the
pre-amplifier are assembled on a 4-way
tagstrip

amplifier is negligible but it is not its purpose to in-
crease sensitivity, it is intended instead to provide
isolation between the detector and the aerial.

Wiring details for the pre-amplifier are given in
Fig. 7. The tagstrip is a piece cut from a 28-way
tagstrip type B, available from Doram Electronics,
but of course any other similar small 4-way
tagstrip would be equally suitable.

The completed tagstrip assembly is mounted
below the chassis between SK1 and the B9A
valveholder in the position shown in the
photograph of the chassis underside. It is mounted
by means of two 6BA bolts and nuts, spacers being
passed over the bolts to keep it clear of the chassis
surface. It is then wired to SK1, C3 and the
valveholder as indicated in the diagram.

The original wiring of the receiver remains un-
altered except for the lead between SK1 and pin 8
of the valveholder. This lead is omitted when the
pre-amplifier is included in the set. ]
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SUGGESTED CIRCUIT

ZENER

VOLTAGE CHECKER

By G. A. French

‘..

Although a fairly high proportion
of present day zener diodes
employed for home constructor
a}?lications are of the BZYS8S,
BZX85 and BZX61 types, there has
been an exceptionally wide range of
diodes manufactured in the past
with very many different type
numbers. Because of this a large
quantity of zener diodes are
available in constructors’ spares
boxes and in retailers’ stocks which
are difficult to classify reliably in
terms of zener voltage or, in many
cases, in terms of lead-out polarity.

The very simple zener voltage
checker which forms this month’s
“Suggested Circuit” is capable of
quickly finding both the zener
voltage and the polarity of any
zener diode having a zener voltage
of 25 volts or less. With a simple
modification the range of zener
voltages which can be checked may
be extended to 34 volts. Zener
voltage is checked at a current of
5mA, which is that recommended
by Mullard for acceptance tests on
diodes in the BZY88 series. The
checker may also be employed to
find the polarity of rectifier diodes.
It is used in conjunction with any
multi-testmeter having a sensitivity
of 10k per volt or better on its
voltage ranges.

CHECKER CIRCUIT

The circuit of the zener diode
checker aPIpears in Fig. 1. In-this,
transistor TR1 functions as a cons-
tant current generator offering a
current of 5mA in its collector cir-
cuit. Its base is held at a regulated
voltage with respect to the lower
negative rail by the light-emitting
diode LED1, across which appears
a voltage of the order of 1.5 volts.
The current flowing through the
Le.d. via R2 is approximately 3SmA.
Pre-set potentiometer VR1 is set up
such that when a zener diode is con-
nected to the zener test terminals, a
current of 5mA flows in the emitter
and, hence, the collector circuit.
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(Emitter current is equal to collec-
tor current plus the relatively small
base current needed to maintain the
collector current). Since the voltage
across LED1 is constant and the
resistance inserted into circuit by
R1 and VRI1 (after setting up) is
similarly constant, the emitter and
collector currents must also be con-
stant. This holds true for all collec-
tor loads, including short-circuits,
connected across the zener test ter-
minals, provided the loads are able
to cause the 5mA collector current
to flow.

The le.d. serves two functions.
Its first task is to furnish the
regulated voltage for TR1 base
which has just been mentioned.
When the collector of TR1 passes
its constant current of 5mA the

current flowing into its base via R2
is sufficiently small to be ignored in
practice, and nearly all of the
current in R2 passes through the
l.e.d., causing it to glow. If the zener
test terminals are open-circuit no
collector current can flow and TR1
ceases to function as a transistor.
Instead, its base-emitter junction
acts as a forward biased silicon
diode and all the current flowing in
R2 passes via this diode into VR1
and R1. The resistance values are
such that about 0.5 volt then
appears across VR1 and R1, and
about 1.1 volt between TR1 base
and the negative rail. Under these
circumstances the l.e.d. is ex-
tinguished. The le.d. remains ex-

. tinguished if TR1 collector current

rises to some 2.5mA, then com-
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Fig. 1. The zener voltage checker has a very simple circuit and re-

quires few components. The BD124 is a small power transistor,

and it does not need to be mounted on a heat sink as it is con-
siderably under-run
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mences to glow dimly as collector
current is increased above this
level. Its brightness increases with
increasing collector current and
reaches full intensity when the
collector current is at its constant
current value of 5mA. Thus, the
l.e.d. offers an auxiliary monitoring
of collector current conditions,
since it is extinguished if the collec-
tor current is lower than 2.5mA.

The intended collector load for
TR1 is, of course, the zener diode
being checked by the unit. This is
connected to the two zener test ter-
minals, across which are connected
a second pair of terminals. A multi-
testmeter switched to an ap-
propriate voltage range is connected
to this second pair of terminals and
indicates the zener voltage of the
device being checked.

To use the unit, the testmeter is
set to a suitable voltage range, say
0-50 volts, and push-button S1 is
pressed. With no zener diode con-
nected the meter will read about 26
volts and the le.d. will be ex-
tinguished.

A zener diode is next connected
with correct polarity to the test ter-
minals, as in Fig. 2(a). If S1 is now
pressed the zener voltage of the
diode at 5mA will appear across the
test terminals and this will be in-
dicated directly by the testmeter. If
necessary the testmeter can be
switched to a lower volts range to
resolve the zener voltage reading
more readily.

When the zener voltage is lower
than about 25 volts the l.e.d. will
glow and the meter will show the
appropriate voltage, Zener voltages
agove 25 volts will result in a reduc-
ed glow in the l.e.d. or in its extinc-
tion. Another method of working
here is to press S1 without the zener
diode being connected and then to
connect the diode. If there is no
reduction or only a fractional
reduction in voltmeter reading,
then it can be assumed that the
zener voltage of the diode is too high
for a reliable reading to be ob-
tained. If a rectifier diode is con-
nected with the polarity shown in
Fig. 2(a) there will simply be no
reduction in meter reading and the
l.e.d. will remain extinguished.

Should the zener diode be con-
nected with incorrect polarity, as in
Fig. 2(b), it will function as a nor-
mal forward biagsed silicon diode.
The l.e.d. will glow and the
voltmeter will indicate about 0.6
volt. The same result will be given if
a rectifier diode is connected with
the same polarity.

CIRCUIT DETAILS

A few circuit details need to be
discussed next. TR1 is a small
silicon power transistor in an SO-55
housing, and is considerably under-
run even at maximum dissipation
when the zener test terminals are
short-circuited. It does not need to
be mounted on a heat sink. Max-
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Fig. 2(a). When a zener diode is connected with correct polarity to

the zener test terminals the voltmeter indicates its zener voltage.

The voltmeter is an external testmeter connected to the testmeter
terminals

Fig. 2(b). If a zener diode is connected with incorrect polarity it
functions as a forward biased silicon diode and the voltmeter gives
a reading of about 0.6 volt

imum dissipation in TR1 is about
120mW and originally the circuit
was checked out with a small signal
transistor rated at 300mW in the
TR1 position. This worked quite
well apart from the fact that the
constant current drifted noticeably
upwards when the transistor was
maintained at maximum dissipa-
tion for protracted periods. Such
drift is completely absent with the
much larger BD124 transistor.

R1 can be a standard sized
skeleton pre-set potentiometer, as
ol;()posed to a miniature 0.1 watt
skeleton type. The latter could, in
practice, carry the 5mA emitter
current for TR1 but more reliable
long term results can be expected
with the larger component.

The battery voltage of 27 volts is
rather high, but, as the current re-
quirement of the circuit is 8mA and
this small current is only drawn
when 81 is pressed, a suitable supp-
ly could consist of three PP3 9 volt
batteries connected in series. If
desired, a fourth 9 volt battery
could be added, taking the supply
voltage up to 36 volts. This would
allow the checking of zener voltages
up to about 34 volts. With a 36 volt
supply, R2 should be increased in
value to 11k @ or 12k Q .

Battery voltage can be readily
monitored by the testmeter. If S1 is
pressed with no zener diode con-
nected the testmeter will read
battery voltage less about 1 volt.

The testmeter terminals may in
practice be insulated screw ter-
minals or insulated sockets, as
preferred. The same applies to the
zener test terminals. If it is intend-
ed that fairly large batches of zener
diodes are to be checked it will be
found helpful to use insulated
sockets spaced apart from each
other by s ifhtly more than lin. The

e

zener dio lead-outs can then
simply be pushed into the sockets
and the diode held in position

whilst S1 is pressed.

A component which has not as
yet been mentioned is capacitor C1.
This is included merely to ensure

that there is no risk of instability in
the amplifying stage from TR1
emitter to its collector. These two
electrodes are in phase to alter-
nating voltages and unwanted feed-
back can happen if the components
are housed 1n a plastic case, as is
preferable, and long leads are used
to make connection to a zener diode
under test. C1 may have a working
voltage higher than that indicated
in Fig. 1. The connection to TR1
collector is made, incidentally, to
its metal case by way of a solder tag
held under one of its securing
SCrews.

When the circuit has been
assembled it is necessary to set up
VR1 for a constant current of 5mA.
First, VR1 is adjusted to insert
maximum resistance into circuit.
The testmeter is then connected to
the testmeter terminals and, since it
will be measuring current in a cir-
cuit which has just been assembled,
is initially set to a high current
range. S1 is pressed after which, if
the first meter reading indicates
that it is safe to do so, the testmeter
is switched to a current range which
allows a clear reading of 5mA. S1 is
pressed again and VR1 carefully
adjusted for this reading. No
further setting up is required.

The -unit may be assembled in a
plastic case, on the front panel of
which are mounted S1, the le.d.,
and the two pairs of terminals. A
plastic case has the advantage,
when compared with a metal case,
that no problems arise if one of the
lead-outs of a zener diode being
checked should happen to touch the
front panel. )

If this article had been appearing
several years ago the circuit would
have included its own panel
mounted meter for zener voltage
readings. The present high cost of
Eanel mounting meters now,

owever, makes it more attractive
financially to merely fit a pair of
terminals to which an external
testmeter can be temporarily con-
nected when a zener diode, or
diodes, is being checked. [}
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'RECENT PUBLICATIONS N

RADIO, TV & AUDIO TECHNICAL REFERENCE BOOK. Edited by S. W. Amos, B.Sc (Hons), C.Eng.,
M.I.LE.E. 1,167 pages, 215 x 135mm. (8} x 51}in). Published by Newnes-Butterworths. Price £24.00.

One of the reviewer's favourite text books in the past for quick information retrieval has been the 1954
edition of Newnes’ ’"Radio and Televisior Engineers’ Reference Book.” This has been subsequently brought
up to date with a number of new editions, achieving its fourth edition in 1963. Since that date there have
been wide-ranging developments in electronics, in its hardware and in its maintenance. To reflect these
changes the publishers have now produced the new reference book which is under review, and this is in-
tended mainly for the technician who operates and maintains electronic equipment. Included in this category
are the technical assistant, the technical operator, the service engineer and the amateur radio or audio
enthusiast.

The volume has 35 different Sections, each written by an expert in the subject covered. Certainly all of
radio and television is here, from studio equipment and transmitters to the domestic receiver, and there is
more besides. For example, the Section on basic electronic circuits deals with such matters as pulse-shaping
and digital techniques. Audio is represented by Sections devoted to microphones, loudspeakers, disc and
magnetic recording and reproduction, high fidelity amplifiers (including current-dumping amplifiers), sound
studios and equipment, and sound transmitters. Other Sections are devoted to land-mobile radio telephone
equipment, test equipment and even batteries. Mathematical presentation has been kept to the minimum
and there are numerous clear photographs and line diagrams.

The book is a veritable treasury of information and it manifestly reflects great care on the part of its con-
tributors and excellent compilation on the part of its editor. :

AN INTRODUCTION TO OPERATIONAL AMPLIFIERS. By Lucas M. Faulkenberry. 269 pages, 235 x
190mm. (94 x 7%in). Published by John Wiley & Sons Ltd. Price £10.00.

This book, which is printed in U.S.A,, is primarily intended to introduce the student of electronics to
operational amplifier parameters, parameter measurement and basic operational amplifier circuitry. It may
be employed for a single semester introductory course in op-am theory and application in junior colleges and
technical institutes. The book is divided into ten instructional Units, each of which provides an introduction,
objectives, test material and examples, a summary, self-test questions and a laboratory experiment. To take
greatest advantage of the book the reader needs a basic understanding of transistor circuits, algebra and
trigonometry together with, for the Unit covering integrators and differentiators, an-elementary knowledge of
calculus.

The author, of Texas State Technical Institute, presents his facts in an extremely clear and lucid manner
and, apart from the student, the work will be of value to the enthusiast who has an amateur interest in
operational amplifiers as well as to the technician who deals with these devices professionally. Each
successive Unit in the book deals with a more advanced aspect of operational amplifier performance and,
although these are intended to be read in order by the student, the more experienced reader can consult any
section of the book to satisfy his requirements on a particular feature of operational amplifier behaviour. In
general, practical examples are based on the 702, 709 and 741 op-amps.

ELECTRONIC FUNDAMENTALS AND APPLICATIONS, Fifth Edition. By John D. Ryder. 555 pages, |
230 x 145mm. (9 x 5%in.) Published by Pitman Publishing Ltd. Price £4:95.

Intended for the more advanced reader, the fifth edition of this book has been almost totally rewritten to
take in latest developments. Chapters on integrated circuits and the operational amplifier as a gain element
have been added and the logic circuit chapters now reflect the ready availability of logic integrated circuits.
Whilst the book deals with the physical fundamentals of solid-state devices, the approach is circuit-oriented
with main emphasis on feedback, gain elements, modulation, frequency conversion, oscillation and logic as
being relatively independent of active device characteristics.

The book commences with an examination of solid-state conduction, then proceeds to the diode, the
bipolar transistor and the field-effect transistor. Further chapters deal with active networks incorporating
transistors, feedback, transistor bias, linear amplifier frequency response, the operational amplifier and its
applications, tuned and wide-band amplifiers and power amplifiers. The book then turns to oscillator prin-
ciples, modulation and frequency conversion, digital circuits, digital switching with integrated circuits; and
rectification and control. A final short chapter discusses the vacuum tube. There are three appendices deai-
ing with Bessel functions, fundamental physical constants and definitions of symbols.

“Electronic Fundamentals and Applications” has become well established, and in its fifth edition offers
valuable enlightenment on modern electronic devices and circuitry.
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ACCESSORIES EXTEND RANGE
OF DMM APPLICATIONS

The range of accessories available with the new-
ly announced Fluke 8020A miniature digital mul-
timeter, extends its capabilities into the fields of
temperature, r.f.,, high voltage and current
measurement.

Two r.f. probes can be provided. Model 82RF
enables the measurement of high frequency r.f.
voltages from 100kHz to 5001\sz, with an ac-
curacy of 1dB up to 100MHz and 3dB from
200MHz to 500MHz. The model 81RF may be
used for frequencies from 100kHz to 100MHz, and
has an over-all accuracy of 1dB.

The high voltage probe, model 80K-40, is a
general purpose accessory for measurements up to
40kV d.c. or 28kV r.m.s. a.c. With a guaranteed
probe accuracy of 1% at 25,000V, the 80K-40 is in-
valuable in t.v. servicing applications in which the
establishment of precise h.t. and e.h.t. values is es-
sential.

To convert the 8020A into an accurate ther-
mometer, the 80T-150 universal temperature
probe can be used. The operational temperature
range of the probe is —50°C to +150°C, and the in-
stantaneous temperature is registered at 1mV
d.c./degree.

THE B.A.E.C. 12th AMATEUR ELECTRONICS EXHIBITION

The organisers of this year’s B.A.E.C. Exhibi-
tion state that it was the best one they have had
since the event was first organised in 1966.

It was held from 16th to 23rd July and there
were many electronic games and projects provided
by members from all parts of the country. Many
members travelled long distances to attend.

With the aid of the annual raffle a record £753
was handed to the Cancer Research Campaign,
and again this year, we must congratulate all con-
cerneg.

Readers interested in learning more about the
club should write to the Hon. Sec. J. G. Margetts,
42 0ld Vicarage Green, Keynsham, Bristol.

SPECIAL R.A.E. COURSE — 1977-1978

Aspiring Radio Amateurs who live in North Lon-
don, and have failed the Radio Amateur examina-
tion for a transmitting licence, are especially
catered for in a special course for those who do not
wish to start all over again.

The course is held at the De Beauvoir G.L.C:

Evening Institute, Tottenham Road, Balls Pond
Road, Islington, N1, Tuesdays and Thursdays,
7.30-9.30 p.m.

The course is also for those who have passed and
want practical construction and operating ex-
perience. Senior Tutor: Fred Barns — G3AGP.

NUTSERT KIT FROM VEROSPEED

Verospeed, of Barton Park Industrial Estate,
Eastlei E, Hants, now offers an invaluable produc-
tion aid to those building metalwork enclosures for
one-off applications, with the introduction of a
Nutsert Kit.

The kit contains an easy-to-use hand tool,
developed specifically to place the one-piece insert
into thin sgeet metal down to 0.5mm. (0.02in)
thick. Accompanying this is a selection of M3, M4,
M5 and M6 Nutserts, together with the ap-
propriate nose bushes and mandrels.

hen inserted, the Nutsert gives a strong, deep,
vibration-proof steel thread, which can be placed
after painting without damage to the surrounding
surface. The operation requires access to only one
side of the sllu)eet, making it ideal for “square
tubing” and “box frame” cabinets.
150
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COMMENT

MARCONI INTERNATIONAL FELLOWSHIP

anrqed societies, academies, universities and individuals in industry and
ublic life throughout the world are now being invited to propose candidates
or the 1978 Marconi International Fellowship.

The Fellowship — a $25,000 grant — commemmorates Guglielmo Mar-
coni’s creative contributions to scientific discovery, engineering and
technology. Established in 1974 on the centenary of the inventor’s birth, the
Fellowship commissions significant creative works that will add to the
knowledge and understanding of how communications, science and
technology can be applied to the improvement of human life.

The Fellowship is granted to an individual in recognition of outstanding
contributions towards this goal with the clear understanding that the grant is
made to commission work by the recipient or some other person or persons
the recipient designates. If the recipient designates another to undertake the
work in connection with the Fellowshig, both parties will be explicitly iden-
tified and appropriately recognised when the Fellowship is presented.

It is customary to invite the Fellowship recipient to deliver a public lectire
based on the commission at an appropriate occasion during the twelve
months following the presentation of the Fellowship.

The first three Fellowships have been awarded in the fields of com-
munications and electronics to Dr. James R. Killian Jr., Honorary Chairman
of the Massachusetts Institute of Technology, in association with Lord
Briggs, Worcester College, Oxford University; to Professor Horoshi Inoso,
University of Tokyo; and to Professor Arthur L. Schawlow, Stanford Univer-
sity.

Nominations for the 1978 Marconi International Fellowship must be
received by October 15th, 1977. All inquiries should be addressed to: The
Marconi International Fellowship Council, Aspen Institute for Humanistic
Studies, 1919 Fourteenth Street, No. 811 Boulder, Colorado, 80302, U.S.A.

=

Although we pride ourselves on being a practical and down to
earth magazine we also give our readers news of scientific ad-
vances affecting the hobby.

In this issue, for example, is a report on GEOS, the first all-
scientific geostationary satellite, news of a Russian amateur
satellite programme and a description of the world’s largest in-
tegrated circuit.

In the next issue, in our practical role, we are featuring that very
Eopular piece of equipment — a metal locator. The Simple Metal
ocator, by our well known contributor R. A. Penfold, is a low cost
design offering adequate sensitivity for general purpose metal and
pipe detection. There are only two active devices in the circuit,
these being a field-effect transistor and a CMOS operational
amplifier.

LASCAR MODULES
NOW AVAILABLE IN
KIT FORM

Lascar Electronics, the Essex-
based manufacturers and dis-
tributors of electronic modules,
have recently announced that their
range of modules is now available in
kit form. The modules involved
include power supplies, ampli-
fiers, timers, comparators,
count/displays, digital frequency
meters, digital panel meters and
many other gopular modules.
Accessories such as soldering irons,
side-cutters etc., are also available.
A range of components including
I.C.s, LE.D.s and bezels, p.c.
mounting transforiners and various
other semiconductors are also in-
troduced. All Lascar products
feature competitive prices and
same-day deﬁvery by first class
letter post. A folder containing their
catalogue, new product up-date and
details of their kits and components
is available from Lascar for 50p.
Lascar are at Module House, PO
Box 12, Second Avenue, Billericay,
Essex.

LOCAL RADIO — BBC STATEMENT

BBC Local Radio station managers recently met Mr. Ian Trethowan,
Director General Designate, and‘l\/%r. Howard Newby, Managing Director
Radio, to discuss the future development of BBC Local Radio.

Mr. Trethowan reaffirmed the BBC’s commitment to the completion of the
Corporation’s network of community stations throughout the United
Kingdom, but pointed out that development could take place only if the ex-
pected White Paper on the future of broadcasting gave the go-ahead, and
within the context of the BBC’s financial situation.

Mr. Trethowan and the managers agreed that they oppose the Annan Com-
mittee’s recommendation for a new Local Broadcasting Authority. The BBC
believes in the valuable public service provided by its existing 20 station, but
they serve only two thirds of English listeners.

As a matter of urgency, a working party is to be set up by Mr. Michael Bar-
ton, the General Manager of Local Radio, to prepare more detailed plans for
the first batch of stations.

This would enable the BBC to advise the government of its priorities as
soon as their agreement to more stations is given.

From the list of proposed new stations already published, the working par-
ty will determine the priorities, and recommend where the first stations
should be, and how they can be readily established.
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SECONDS FLASHER

by I. R. Sinclair

This article describes a timin
flash once per second. Despite
controlled by the mains,

g device which causes an l.e.d. to
the fact that flashing frequency is

there is no direct connection to the mains

supply whatsoever.

This circuit can be very useful for timing, par-
ticularly in a photographic dark room, since its
output is a ﬂasﬁing l.e.d. working at one cycle per
second. Unlike the type of seconds flasher which is
controlled by an oscillator, this circuit uses the
mains waveform as the source of timing pulses, so
that timing accuracy is excellent and is not
affected by such things as changes in mains voltage
or, more important, battery voltage.

. The completed seconds
flssher. The Blob Board per- .
 mits a comfortable layout
~ for the components and in-
tegratad circuits. Spare
pads are available for series
Supply diodss should thase =

i T
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MAINS SIGNAL

The principle is to pick up a signal from any
mains wiring (a lamp flex, for example) without
making a direct connection, and to amplify this
signal in a transistor circuit. The output of the
transistor circuit will be pulses at 50Hz, the mains
frequency, and these pulses are counted by a fre-
quency divider consisting of two SN7490 in-
tegrated circuits. The output of the frequency

G e
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divider is a square wave of one second period,
which can be used to operate the l.e.d. so tgat the
light is on for { second and off for § second.

This type of circuit could be built more simply
with CMyC?S devices, but it was decided to stick to
the more rugged t.t.l. types despite the greater
battery drain (although this is less serious’if a 6
volt accumulator is used). Another price that has
to be paid for using t.t.l. is the necessity for tran-
sistor amplification of the mains signal. Like all
t.t.l. circuits, the flasher can be operated from a 5
volt supply, but a 4.5 volt battery can be used in
practice and will last quite well provided that the
flasher is not used for long periods continually. A 6
volt dry battery or accumulator may also be used if
a silicon diode or diodes is wired in series to drop
the voltage. One diode is required for a 6 volt dry
battery and two for a 6 volt accumulator (which
can give 6.6 volts when fully charged). The circuit
must never be operated from a 6 volt accumulaqtor
which is also being charged. The current drawn by
the flasher is around 80mA. By its nature the
flasher will not be used for long periods so that
battery life should be reasonable.

The transistor circuit employed with thei.c.’s is
designed to give a snap-over action to avoid false
triggering of the counter, together with an input of
sufficiently high sensitivity to pick up the 50 Hz
mains hum. Three transistors are used and these

could be any small-signal n.p.n. silicon transistors:

(not power types) of reasonably high gain. The
prototype used 2N1711’s.

BLOB BOARD ASSEMBLY

The circuit of the flasher is shown in Fig. 1, the
circled numbers in this diagram indicating the
pads or tracks on the Blob Board to which the cor-
responding components are connected. A type ZB-
2-IC Blob Board is used for the project, this having
mounting pads for two d.i.l. integrated circuits as
Iavelé1 as separate pads for the transistors and the
.e.d.

Start construction by tinning the pins of the
i.c.’s, using a hot iron and resin-cored solder. The

COMPONENTS

Resistors
(All 1 watt 5%)
R1 470k
R2 6.8kn
R3 39k a
R4 10k
R5 1k
R6 1k
R7 4700

Semiconductors
IC1 SN7490
IC2 SN7490
TR1 2N1711
TR2 2N1711
TR3 2N1711
D1 1N4001
LED1 TIL209

Blob Board

Blob Board type ZB-2-IC
Miscellaneous

Silicon diode or diodes (see text)

On-off toggle switch

1.c. can be held in a paper clamp in the manner
shown in the photograph* if you are worried about
heat shunting. However, tinning is such a quick
operation that there is no danger to i.c.’s of the type
used here. Set the board right way up on the bench
then place IC1 on it as shown in Fig. 2, with pin 1
on pad 7. Blob on pin 1 using a blob of solder
freshly melted on the iron then check that the
positioning of IC1 on the pads is correct. If all is
well, blob pin 8 to its pad, then check again. When
satisfied that the pin positioning is correct, blob on
all the other pins. %his process of checking is
necessary because the i.c. can be easily removed
when only pins 1 and 8 are soldered to the board.

* On page 156.
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Fig. 1. The circuit of the seconds flasher. The circled numbers refer to the Blob Board pads to which
connections are made.
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When all the pins have been soldered the i.c. can
only be removed with the aid of desoldering braid
or a desoldering tool.

Next solder IC2 to the board in the same
manner, by first blobbing pin 1 to pad 28, check-
ing, then blobbing pin 8 and checking again before
finally soldering aﬁ the remaining pins.

When the i.c.’s have been mounted start the cir-
cuit wiring by making the supply conections to
track 1 (5 volts positive) and track 2 (supply
negative). Using insulated wire links, connect pin
10 of each i.c. to track 2, and connect pin 5 to
track 1. Connect R7 between pad 33 (pin 12 of
IC2) and the spare pad 27, then connect the l.e.d.
between this pad and supply negative at track 2.
There is a flat on one side of the l.e.d. body, and
this indicates the cathode lead-out which connects
to track 2. Next connect pins 2 and 7 of eachi.c. to
supply negative. If these two pins are not con-
nected to the negative rail no counting will take
place, since these are the reset pins of the counters.
Finish off the i.c. connections by connecting pin 11
of IC1 to pin 1 of IC2, and connecting pin 11 of IC2
to pin 14 of IC2. All the wiring as so far described is
shown in Fig. 2.

TRANSISTOR CIRCUIT

The transistor circuit can be wired in now, and
this is shown in Fig. 3. Resistor R6 is wired from
pad 7 to track 1. Remember to tin the ends of the
resistor leads before blobbing it to the board. The
ends of transistor leads should be tinned, too. R5 is
blobbed between pad 5 and pad 6. The base of TR3
connects to pad 5, the collector to pad 7 and the
emitter to pad 3. D1 is wired from pad 3 to track 28
its cathode lead (indicated by a band on its body)
connecting to track 2. TR2 is now connected in
with its emitter on pad 3, its base on pad 4 and its
collector on pad 6. Load resistor R4 is blobbed
between pad 6 and pad 1, and R3 is blobbed
between pads 4 and 24.

The remaining transistor, TR1, is now wired in.
It has its emitter on pad 2, its collector on pad 24
and its base on pad 26. R2 is connected between
pads 24 and 1, and R1 between pads 26 and 1. Pad
26 is the input point for the transistor circuit and a
length of singﬁe insulated flexible wire about a

metre long is soldered to this. An on-off switch can
be added, this being inserted in series with the
positive supply. It can be fitted at any convenient
point.

Fig. 2. First stage in construction. The i.c.’s are mounted as shown, then the wire links, LED1 and R7
are blobbed on
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1

Fig. 3. Completing the assembly. Here, the transistors and resistors are wired to the Blob Board

TESTING AND OPERATING

Check that all the wiring, including the connec-
tions to the i.c.’s, is correct. Several i.c. pins are left
open-circuit deliberately. Make sure that the
battery polarity will be correct, although if a series
diode or diodes is used accidental reversed polarity
will do no harm. The i.c.’s will be damaged if a
battery is connected directly to them with wrong
polarity, so it is better to use a battery connector
when a dry battery is used.

As was mentioned earlier, a 6 volt dry battery
can be used if a silicon diode is connected in series
to drop the voltage. As shown in Fig. 4(a), the
positive side of the battery connects to pad 23, the

e s

| R T
xx@@mlmxm;xm;x
14 IR 1=t

i

il ,_;§,,|§£§k'§£®;sm§_w$ ém@éx@%’g’&%@
R e il

o - :&§a§§§ - mc:%w:@_méségmé; Al

NOVEMBER 1977

diode being blobbed between pad 23 and pad 22,
with an insulated link wire connecting pad 22 to
pad 1. The negative side of the battery connects to
track 2.

With a 6 volt accumulator two diodes are re-
quired, as in Fig. 4(b). The positive input connects
to pad 23, and the first diode is wired between pad
23 and pad 21. The second diode connects between
pad 21 and pad 22, with an insulated link wire con-
necting pad 22 to track 1. The negative input from
the accumulator is wired to pad 2.

When a diode or diodes is used the on-off switch
is connected between pad 23 and the positive ter-
minal of the battery or accumulator.

" @ " 2 ©

L4
IN4OOI

6V dry battery

(a)

+ @ (YL @ MLt @ @
L4} L4
AN A

6V accumulator 2x IN4OOI

(b)
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Switch on the flasher, keeping the pick-up lead
from pad 26 well away from mains wiring. The
counter will probably not operate. Now hold the
pick-up wire in your hand. If the gain of the tran-
sistors is high the counter will probably start, and
counting should definitely proceed when the pick-
up wire 18 wound around an unscreened mains lead,
as shown in Fig. 5. Note that there is no direct con-
nection to the mains. Should no counting still take
place, check your connections carefully; the other
possible source of trouble is leaky transistors,
possibly from unmarked job-lots or other
“bargain” sources.

In use always time events from the l.e.d. and
never the other way round, since the timing will not

Mains flex

Pick~up wire from pad No.26

Fig. 5. A 50Hz a.c. voltage is obtained by wrap-

ping the insulated pick-up wire around any un-

screened cable carrying the mains supply. Note

that there is no direct connection between the
two

A paper clamp affords a suitable heat shunt for

tinning integrated circuit pins. An 8 pin i.c. is

seen here, but the idea is equally applicable to
14 pin devices

be correct for the first second or so after switching
on. Switch on the timer, let the flash rate settle (a
tew tlashes only) and then use the flasher for tim-
ing. For example, when timing a photographic ex-
posure switch on the flasher and, on the third flash
of the L.e.d., turn on the enlarger, counting ZERO.
Count ONE on the next flash, and so on until the
'required exposure has been made. m

WORLD’S LARGEST
INTEGRATED CIRCUIT

by
Michael Lorant

What could well be the world’s largest integrated circuit is Westinghouse’s
multi-cell electroluminescent display panel.

Scientists of Westinghouse Research
Laboratories in America have successfully
demonstrated novel real-time video performance
on a thin-film transistorised electroluminescent
plamel that is no thicker than ordinary window
glass.

The scientists are investigating the grey-scale
156

capabilities of the 6 by 6 inch panel which has been
made in 20 and 30 lines per inch versions. “Grey-
scale” refers to the ability to generate a scale of
brightness levels between dark and light. Accep-
table television imagery with no visible smear,
even for rapidly moving objects, has been obtained
by the scientists.
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DIGITAL DISPLAY

The one-eighth inch thick panel is primarily
designed for digital and alphanumerical display
applications such as are required for computer
readouts, in radar displays and many other fields.
These involve simple on-off operation of the dis-
play elements. However, since the microminiature
thin-film transistors which control the brightness
of the elements are also capable of grey-scale
operation, a decision was made to attempt video
inputs.

Westinghouse’s new 6 by 6 inch electro-
luminescent display panel. The panel contains
some 12,000 microminiature light emitting
elements which light up when electricity
passes through them. Although intended
primarily for alphanumerical presentations the
panel offers possibilities for TV display, and
development is proceeding in the search for
greater resolution and true grey-scale perfor-
mance

According to Dr. Brody, head of the
Westinghouse research group, “the picture on our
current panel can be taken directly from any
video-tape feed or commercial TV signal. It has
high quality contrast and no problem with flicker,
though we have a long way yet to go before achiev-
ing the line resolution and brightness of a present-
day television receiver.”

e new thin-film transistorised panel is actually
an enormous integrated circuit — possibly, at 6
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inches square, the largest in the world. The picture
elements themselves are phosphor dots which light
up when electricity passes through them, in a
manner similar to the excitation of the phosphors
on the inside face of a television picture tube.

The matrix of dots is produced by vacuum
depositing thousands of tiny interlocked thin-film
circuits onto a glass substrate, coating the circuits
with a phosphor film and sealing the “sandwhich”
with a glass cover plate.

Each individual element consists of two thin-
film transistors, a storage capacitor and a
phosphor overlay ‘material. The transistorised mat-
rix allows separate elements to be energised without
activating otﬁers in the same row or column. Moving
images are formed when a number of dots are
triggered almost simultaneously across the entire
screen, 30 times per second. The transistors also
control the dots’ brightness.

TV IMAGING

Westinghouse scientists are now working on‘a 3¢
by 5 inch display panel designed specifically for
T{’ imaging. %hls panel, which will use a white
phosphor instead of the green of the alphanumeric
displays, will have 262 lines and will consist of over
80,000 elements. (A black and white screen with
full TV resolution would require some 250,000
elements, and a colour screen would need three
times as many). Work is also in progress to in-
crease the line density further, to 100 and even to
128 lines per inch. The latter density is above the
human eye’s resolution limit at normal viewing
distances and the image therefore appears con-
tinuous.

The major obstacle in developing a solid state
screen to a performance level comparable with that
of present day cathode ray tubes has been the

problem of distributing the information to large

numbers of picture points by some sort of wiring.
There has been no practical way of physically wir-
ing to 100,000 or more light emitting dots in-
dividually; nevertheless, through thin-film tran-
sistor technology, the wiring is Integrated into the
panel itself. Leads on two sides of the panel feed
signals to the thin-film circuit matrix, which then
energises the electroluminescent cells. The
development of scanning and edge drive circuits,
which can be simultaneously deposited onto the
substrate along with the transistorised matrix, will
further reduce the number of external leads from
the present 220 to about 20. Continuous shading,
rather than the eight levels of brightness presently
used, can be achieved through a modification of
the drive electronics. Substantially better TV-type
performance is expected from panels designed
specifically for video display.

Westinghouse already has phosphors in all
necessary colours for a thin-film, transistorised,
matrix-driven colour television panel, but it would
take many more years of concentrated effort to
achieve this.

However, the systematic development of thin-
film transistor technology, even without any
further technological breakthrough, could be the
solution to the electronics industry’s more than 20-
year search for a solid state equivalent of the
bulky, high-voltage cathode ray tube.
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FOR DX LISTENER

By Frank A. Baldwin

Times = GMT

As a starter this month there is news of an es-
tablished clandestine transmitter which, according
to the BBC Monitoring Service, is on the air from
0030 to 0130 and from 1200 to 1300 on 5110, also
from 1030 to 1130 on 6304. The latter transmis-
sion period is thought to change on a monthly basis
— 1030 to 1130, 1330 to 1430 and from 1400 to
1500. The transmitter in question announces in
English as “Voice of the People of Burma” (in
Burmese “Myama-pye Pey-Thu Ah-than”; in
Chinese “Mien-tien Jen-min Chih Shen Kuang-
0 Tien-Tai”). The policy is pro-Pel%ing and
urmese Communist Party, the transmitter itself

lgeir:ig located on or near the Burma/Chinese
order.

This month brings the commencement, in SWL
terms, of the Far Eastern ‘season’, with the arrival
of signals from those exciting and exotic-sounding
place-names all situated many miles east of Suez.
Looking at my log for October last year, I note such
entries as Rangoon on 4725 at 1408; RRI Jakarta
on 4805 at 1540; RRI Banda Aceh on 4954.5 at
1525; RRI Ujang Padang on 4719 at 1400; RRI
Yogyarkarta on 50486.5 at 1445; RRI Palembang
on 4855 at 1450; RRI Jakarta on 4774 at 2204;
Hanoi on 4932 at 1454 and on 3999 at 1447,
Bangkok on 4830 at 1540; Penang on 4985 at
1520; Phnom-Penh on 4908 at 1425; Sarawak on
5005 at 1440 and Lhasa on 4035 at 1533,

Perhaps this year may prove even better than
the last, hope springs eternal I su pose. Being an
incurable optimist, I am inning back my ears in
the hope ofplog ing Viet é)ac (on 4105 and 6917
from 1125 to IE%O and Hue regional radio service
(on 4680 from 1030 to 1100 and from 2200 to
2400), both of these being in Vietnam, -

Well — I did say I was an optimist!

CURRENT SCHEDULES

® ROMANIA

“Radio Bucharest” has an External Service in
which programmes in English intended for
listeners in Europe are from 1300 to 1330 on 9690,
11940 and on 156250; from 1930 to 2030 on 9510

and 11940 and from 2100 to 2130 on 9665 and on
11970.

® CZECHOSLOVAKIA

“Radio Prague” radiates programmes  in
English for the U.K. and Eire from 1630 to 1700 on
65930 and 7345; from 1900 to 1930 on 5930,
7245 and on 7345; from 2000 to 2030 on 5930
and 7345 and from 2130 to 2200 on 6055.
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Frequencies = kHz

® POLAND

“Radio Warsaw” offefs programmes in English
to Europe from 0630 to 0700 on 6135, 7270 and
on 9675; from 1200 to 1230 on 6095 and on 7285;
from 1600 to 1630 on 6135 and 7270; from 1830
to 1900 on 6095 and 7285; from 2030 to 2100 on
6095 and 7285 and from 2230 to 2300 on 3955,
5995, 6135, 7125 and on 7270.

® ALBANIA
“Radio Tirana” broadcasts in English to
Europe from 0630 to 0700 on 7065 and on 9500;

from 1630 to 1700 on 7065 and on 9480; from:

1830 to 1900 on 7065 and 9480; from 2030 to
2100 on 7065 and 9480 and from 2200 to 2230 on
7065 and on 9480, .

® PAKISTAN

“Radio Pakistan”, Karachi, beams programmes
in English to Europe from 1100 to 1115 (a newcast
at slow-speed) on 15115 and on 17665; from
1815 to 1820 (newscast) on 9790 and on 11640;
from 2115 to 2145 on 9790 and on 11640.

® ISRAEL

Programmes from Jerusalem, in English. to
Europe, may be heard from 1200 to 1230 on
11655, 15100, 15405, 15485 and on 17815;
from 2000 to 2030 on 9009, 9425, 9815, 11655,
11960 and on 15512; from 2230 to 2300 ¢n 9435,
9815, 11655, 11960 and on 15485,

@ CAMEROON !
Radio Garouga on 5010 at 0428 when opening
the proceedings with the National Anthem, iden-
tification and announcements in French by YL.
The schedule is from 0430 to 0700 and from 1700
to, 2200 daily, an English programme being
radiated from 1830 to 1845. The power is 30kW.

® CHAD

Ndjamana on a measured 4904.5 at 0425, in-
terval signal (Balafon), National Anthem, iden-
tification by OM in French. The schedule of this
one is from 0430 to 0630, 1740 to 2200 (Saturdays
until 2300) and the power is 100kW.

® CONGO

RTV Congolaise, Brazzaville, on 4765 at 1955,
OM with announcements in French, African
drums, YL with song in vernacular, Schedule is
from 0430 to 0700, 1700 to 2300. A programme in
both Portuguese and English ia radiated from 2115
to 2145 (Fridays 2150 to 2220, Saturdays 2100 to
2130, Sundays 2235 to 2305). The power is 50kW.
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® KENYA

Nairobi on 4804 at 1945, announcements in
English, Jim Reeves records in the Home Service
which is entirely in English on this channel.
Schedule is from 0255 (éundays from 0330) to
0630 and from 1300 to 2010 (Saturdays until
2110). Not an easy one to log, the power is just
1kW.

® MAURITANIA

Nouakchott on 4845 at 1957, announcements
in French, OM with local pops on records.
Schedule is from 0630 to 0900 and from 1800 to
2230 (Fridays and Saturdays until 2400; Sunday
1700 to 2400). The power is 100kW.

® GHANA

Ejura on 4980 at 1940, a programme of record-
ed pops, OM announcer in English. The schedule is
from 0530 to 0800 and from 1200 to 2305 (Satur-
(2181)(1 Va\"nd Sunday from 0530 to 2305). The power is

® GUINEA

Conakry on 4910 at 0308, OM in vernacular,
local-style music. The schedule is from 1230 to
0830 and the power is 18kW.

® S. YEMEN

Aden on 5060 at 0315, YL with song in Arabic,
local music in a programme intended for East
Africa scheduled from 0300 to 0805 also from 1100
to 2200 (Friday from 0300 to 2200), during
Ramadan until 2300. The power is 7.5kW.

® N. YEMEN .
Sana’a on 4853 at 2020, OM with song in

Arabic, local-style music. Also logged in parallel on-

9780. Schedule is from 0300 to 0700 and from
1100 to 2110 and the power is 25kW.

® BENIN

Cotonou on 4870 at 1943, OM’s with a discus-
sion in French on foreign policy matters. Schedule
is from 0515 to 0830 and from 1615 to 2300 (Satur-
da V{',rom 1600, Sunday from 1630). The power is
30kW.

® EGYPT

Cairo on 17625 at 1032, Arabic songs and
mdsic in a ‘“Voice of the Arabs” programme
scheduled from 0800 to 1400 on this channel.

® ISRAEL

Jerusalem on 17630 at 1036, local pops, YL an-
nouncer in the Hebrew Domestic Service schedul-
ti% (1;1;1"7e from 1030 to 1400 and also in parallel on

® PAKISTAN

Islamabad on 17665 at 1041, OM with song in
Urdu, local music then a newscast at slow-speed in
English after station identification at 1100.

® YUGOSLAVIA

Belgrade on 9620 at 1850, YL with the English
programme to Europe, the Middle East and Africa
scheduled here from 1830 ‘to 1900, also logged in
parallel on 6100 and 7240

® E. GERMANY

Berlin on 9730 at 1903, YL with the
programme in English radiated to Europe daily
from 1830 to 1915 on this channel and in parallel
on 6080, 6115, 7185 and on 7300.
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® FINLAND

Helsinki on 11755 at 1916, YL with listeners in
the English programme intended for Europe, the
Middle East and W. Africa from 1900 to 1930 here
and in parallel on 15265.

® CHINA

Radio Peking on 6665 at 2020, YL in Chinese
in the Domestic 1st Programme on this channel
from 2000 to 1735.

Radio Peking on 7504 at 2015, YL in Chinese in
the Domestic 1st Programme scheduled here from
2000 to 1735.

® INDIA

AIR Delhi on 11620 at 1925, YL and OM alter-
nate with listeners letters in the English
programme in the General Overseas Service
directed to the U.K. from 1745 to 2230.

® RWANDA

Kigali on 15410 at 1214, programme an-
nounced as “African Service of the Voice of Ger-
many” followed by news commentary in English.
This is the Kigali Relay of Deutsche Welle
Cologne, the English programme being scheduled
from 1200 to 1245 and intended for West Africa.
Also in parallel (from Kigali Relay) on 17765 and
from Cologne on 17875 and on 21600.

® ECUADOR

Radio Splendit, Cuenca, on a measured 5025.5
at 0430, OM station indentification, an-
nouncements with added echo-effect, local-style
music. Schedule is from 1100 to 0430 but the clos-
ing time can vary up to 0530. The power is 5kW.

® COLOMBIA

Ondas del Meta, Villavicencio, on 4885 at 0404,
OM with identification, guitar music, OM with
song in Spanish. The schedule is from 1000 to 0500
and the power is 1kW.

La Voz del Llano, Villavicencio, on 6115 at
0239, OM in Spanish, local-style music, heard un-
der a Moscow transmission. The schedule is from
0900 to 0500 and the power is 1kW.

® BRAZIL

Radio Difusora de Amazonas, Manaus, on a
measured 4806 at 2206, OM with announcements
in Portuguese, local pops on records. Schedule is
from 2200 to 0400 and the power is 5kW. This one
tends to vary in frequency from 4805 to 4806.

Radio Clube do Para, Belem, on 4855 at 0336,
OM with announcements in Portuguese, local-style
music. Schedule is from 0800 to 0500 and the
power is 2kW.

Radio Jornal do Brasil, Rio de Janeirg, on 4875
at 0342, YL with songs in Portuguese, guitar music.
Thlf schedule is from 0900 to 0630 and the power is
10kW,

Radio Borborema, Campina, on a meas-
ured 5023.5 at 0310, OM announcer in Por-
tuguese, Latin-American style dance music.
The schedule is from 0830 to 0420 and this one can
vary in frequency from 5020 to 5025 and, just to
make life easier, it sometimes identifies as “A
Princesa do Sul.” The power is 1kW.

©® NOW HEAR THIS

La Voz de los Caras, Bahia de Caraquez,
Ecuador, on 4795 at 0432, OM with songs in
Spanish after identification.
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ANALOGUE FRES¢

® Covers 0-100kHz in 4 switched ranges

byR.lII

@ Direct indications of input signal frequency

There are many methods of measuring the fre-
quency of a signal which lies within the range. of
about 10Hz to 100kHz. Some methods require the
use of an accurately calibrated signal generator to
provide a reference signal; these include the Lissa-
jous figure method, which also requires a suitable
oscilloscope. Making frequency measurements us-
ing this or a similar method has the disadvantage
that sophisticated items of test gear are normally
required. Such methods also tend to be rather slow
and tedious.

There can be little doubt that a digital frequency
meter provides the best way of measuring the fre-
quency of both a.f. and r.f. signals. guch in-
struments can provide the ultimate in accuracy
and convenience, but unfortunately they tend to be
rather complex and expensive. For the measure-
ment of audio frequencies only, an analogue fre-
quency meter is probably a much more practical
proposition. An analogue meter can be quite sim-
ple and inexpensive, but will nevertheless provide
an adequate degree of accuracy for most amateur
requirements.

unit of this nature forms the subject of the pre-
sent article. The circuit is based on two CMOS
i.c.’s, which are the only active devices employed.
There are four measurement ranges, these being
Range 1, 0-100Hz; Range 2, 0-1kHz; Range 3, 0-
10kHz; Range 4, 0-100kHz. The. unit is self-
contained and is powered by its own internal 9 volt
PP3 battery.

Schmitt
trigger

input Input
e
amplitier

Monostable

multivibrator

Voltmeter

Fig.' 1. Block diagram illustrating the stages
which make up the analogue frequency meter
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OPERATING PRINCIPLE

The block diagram of Fig. 1 shows the stages
which make up the instrument. The input
amplifier has to fulfil two functions, those being to
ﬁrovide a reasonably high sensitivity and to offer a

igh input impedance. This enables the unit to
measure low level signals with a minimum of
loading on the signal source. The Schmitt trigger is
a circuit which can have only two stable output
states: the output can either be low (virtually equal
to the negative supply rail potential) or high (vir-
tually equal to the positive supply rail potential).
The output assumes the low state if the input
voltage is below a certain threshold voltage, and
the high state if it is above this voltage. The pur-
pose of this stage is to produce an output waveform
having a fast rise time, even if the input signal has
only a slow leading edge (such as a sine wave has).

This fast rise time is needed in order to operate
the next stage reliably. The third stage is a
monostable multivibrator, and this type of circuit,
once triggered, provides an output pulse of a fixed
duration. The monostable circuit is triggered each
time it receives a positive input pulse, and so in the
presence of a suitable input signal a string of out-
put pulses will be produced.

An important feature of the monostable is that it
can only be triggered by a rising waveform.
Therefore, if the input is still in the high state after
the output pulse has ended, the circuit will not be
retriggered at once. First it is necessary for the in-
put to go low, and then high once again. Thus, one
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output pulse is produced by each input cycle, and
the length of the output pulses is constant and un-
affected by the frequency of the input signal.
The oufput of the monostable feeds a simple
voltmeter circuit which measures the average out-
put voltage. For the sake of explanation let us
assume that full-scale deflection of the voltmeter is
given by the multivibrator output waveform shown
in Fig. 2(a). Here, the output signal hasa 1:1 mark-
space ratio, whereupon the average output voltage
will obviously be half the peak output voltage.

Fig. 2(a). Multivibrator out-
put waveform given when
the length of an input signal
cycle is twice the length of
the multivibrator pulse
(b). Halving the input signal
frequency results in the
number of output pulses be-
ing similarly halved
{c). Here, the input frequen-
cy is one quarter of that at

fa)
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JUENCY METER

® Employs 2 CMOS integrated circuits

® Low current consumption of 4mA

If the waveform of Fig. 2(a) were produced by,
say, a 1kHz input signal to the multivibrator, then
reducing the input frequency to 500Hz would
produce only half the number of output pulses, as
shown in Fig. 2(b). The average output voltage
would then only be a quarter of the output peak
voltage, or one half of its previous level. The
voltmeter would therefore rea(? half f.s.d. A further
halving of the input frequency to 250Hz would
produce the output waveform of Fig. 2(c) and the
reading in the meter would be a quarter of full-
scale deflection.

There is obviously a linear relationship between
the frequency of the input signal and the meter
reading, and so the meter can be calibrated direct-
ly in terms of frequency. In practice, f.s.d. in the
meter does not have to correspond with a 1:1 mark-
space output waveform for the desired relationshi
to be produced. It is only necessary for the lengtﬁ
of each input cycle to be longer than the length of
the monostable output pulse.

o= ‘—— Constant pulse length

(a)




THE CIRCUIT

. The complete circuit diagram of the analogue
frequency meter is given in Fig. 3. The input
amplifier and Schmitt trigger circuits are built
around IC1, which is a 4001 quad 2 input NOR
* gate. Here each of the gates has its two inputs con-
nected in parallel, so that each of the gates acts as
an inverter. It is possible to make such an inverter

act as an amplifier by connecting a bias resistor
between the output and input, and this is the pur-
pose of R2. The input signal is coupled to the input
of this inverter via d.c. blocking capacitor C1 and
resistor R1. The values of R1 and R2 control the
voltage gain and input impedance of the circuit by
the virtual earth technique. The specified values
produce an input impedance of about 270k Q, and
a voltage gain of just under 4 times.

|
2k +9V

—IT? Sob

20 e
203

Fig. 3. The circuit of the analogue frequency meter. Current consumption from the 9 volt battery is
only 4mA

Resistors
(All fixed values { watt 5% unless otherwise
stated)
R1 270ka
R2 1Mo
R3 1.5Mn
R4 5.6ka
R5 18kn
R6 1M
R7 100kn
R8 10ka
R9 1ko
R10 1.2kn
R11 5.6kn
R12 47k@ pre-set potentiometer, skeleton,
horizontal 0.1 watt
R13 47kQ pre-set potentiometer, as R12
R14 47k pre-set potentiometer, as R12
R15 47k o pre-set potentiometer, as R12
R16 100k 2%

Capacitors
C1 0.1xF type C280 (Mullard)
C2 2.2uF electrolytic, 10 V. Wkg.

C3 0.0'OI#F polystyrene
C4 100uF electrolytic, 10 V. Wkg.

Semiconductors ,
IC1 CD4001AE or MC14001CP
IC2 CD4047AE or MC14047CP
D1 BZY88C6V2

Meter
M1 0-100uA moving-coil
Switches
S1(a)(b) 2-pole 6-way rotary with adjustable
end stop
S2(a)(b) 2-pole 6-way, as S1(a)(b)

Socket
SK1 3.5mm. jack socket

Miscellaneous
Case (see text)
2 control knobs
9 volt battery type PP3 (Ever Ready)
Battery Connector
2 i.c. holders, 14 pin d.i.l.
Veroboard, 0.1in. matrix
Screened cable, connecting wire, etc.
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The two integrated circuits and most of the

other small components are assembled on

a Veroboard panel. The four resistors R6 to

R9 project backwards from the tags of the
range switch

The output from this amplifier is fed to a second
amplifier stage via C2. This second amplifier has
R3 as its bias resistor and gives a voltage gain of
about 50 times.

The remaining two inverters are used in a simple
Schmitt trigger configuration. They are connected
in cascade, and the input signal is applied to the in-
gut of the first inverter via R4. R5 is connected
between the output of the second inverter and the
input of the first inverter and provides the positive
feedback needed for the Schmitt trigger action.
The operation of this type of Schmitt trigger has
been discussed in detail in an earlier article
(“Stereo Peak Level Indicator”, Radio and Elec-
tronics Constructor, March 1977).

IC2 is a 4047, and this is a very versatile device
which can be used in several astable and
monostable modes. It is connected to operate here
as a non-retriggerable positive edge triggered
monostable multivibrator. The timing capacitor is
C3, and the timing resistor is whichever of the four
resistors, R6 to R9, is switched into circuit by
S1(a). Using four switched timing resistors enables
the four frequency ranges to be ‘covered.
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The Q output of the i.c. is the one which is used
here, and the not-Q output (pin 11) is simply ig-
nored. The Q output is normally in the low state,
and goes high when the monostable is triggered
(the not-Q output is the inverse of this), and the
output pulses are fed to the voltmeter circuit by a
zener shunt regulator circuit which consists of R10
and D1. This regulator circuit is essential, as
otherwise the peak output voltage, and hence also
the meter reading, would be affected by changes in
the supply voltage.

The voltmeter is given by the 0-100uA meter
M1, whichever of the pre-set potentiometers R12
to R15 is switched in by S1(b), and R11. Using
four pre-set potentiometers enables each range to
be calibrateJ) individually.

S2(a)(b) provides on-off and function switching.
In position 2 the unit is switched on and S2(a) con-
nects the meter to the arm of Sl(b), thereby
providing normal functioning. In position 3, S2(a)
connects the meter to the positive rail via R16,
whereupon the meter indicates battery voltage on
load with f.s.d. at approximately 10 volts.

The current consumption of the unit is a little
under 4mA, and so with normal usage the battery
will have nearly its shelf life. At middle frequen-
cies an input signal of only about 10mV r.m.s. is
needed in order to activate the circuit, and signals
of as much as a few volts r.m.s. will not damage the
unit. The sensitivity falls off somewhat towards the
upper and lower limits of the frequencies which
can be handled.

It is possible that the input amplifier may show
signs of instability, in which case the meter will not
indicate zero when no output is applied. This can
be cured by adding a low value capacitor across the
input to reduce the input impedance at very high
frequencies. The capacitor is not shown in Fig. 1 or
in the Components List, and further details of it
are given later.

The two switches, S1(a)(b) and S2(a)(b) are 6-
way 2-pole rotary types with adjustable end stops.
S1{a)(Db) is set up for 4-way operation and SZ(a)Fb)
for 3-way operation. Capacitor C2 is specified as 10
volt working but it will almost certainly be
necessary to obtain this with a higher working
voltage. Working voltages up to 63 volts will be
quite in order here. The capacitor functions, in the
present circuit, with virtually zero polarising
voltage across it, but in practice this is quite a
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satisfactory state of affairs. Potentiometers R12 to
R15 are miniature skeleton types having 0.2in.
spacing between track tags, and 0.4in. spacing
between the track and slider tags.

CONSTRUCTION

The dimensions of the case will depend upon the
physical size of the meter which is employed for
MI. The author employed an imported Japanese

6BA clear

meter with front dimensions of 42mm. square
which he happened to have on hand, whereupon
the prototype was housed in a Verobox type 75-
1238D which has a width of 154mm., a height of
60mm. and a depth of 85mm. However, a meter of
this size may be difficult to obtain, although any
other 0-100#A meter will be equally suitable elec-
trically. Otﬁter 0-100pA meters will very probably
be too large to fit into the 75-1238D case
whereupon 1t may be possible to accommodate

Neg. battery

T

S

R

Q

P

[e]

N

M

L

K

J

I

H

G

F

E o °

D © o o o o

(5 o1 10 1o gD

B © 06 © 0 0o o o © o o o © © o o o

A © © 0 © o o o oo‘o © 0 o o o
| 8 Lt TS 7 e e T TN S S S R e S e \» o7 SR

Meter neg.

clip

° e{oe

A

B

(o3

D

E ) ° o e{o) e o o ‘(o? ° o‘(o)go [ [
F o Ol T W IO 0 JT(olo ) e (o] e ¢ o °
G o . 0 o e{o} e o JoJe o {o] e . o
H o * o e (o] D e (o] ¢ o{o] w )
| ° . e e(o] e e e (o]Je oo e D B
J o . ® e o({o0) e @ {o}e o (o] e °
K o ¢ s{o] e @ — (o] @ EeN( o4 s o °
L ° . . o
M ° ~ (o] e . V o
N o ° e {o] o [o) ©
O o e 0 D . ° o
P o ‘e 0 D . & o
Q ° °
R =S L s
S

T

o (o] e(o)e @ (O i O 9 S O

(o] — "e[o]e e 4 °

Fig. 4. Most of the small components are assembled on a pisce of Veroboard. This diagram shows
the two sides of the board
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L A view from the back of the frequency meter:
E% with the case top removed. The input jack
: socket is mounted on the rear panel and con-
nects to the coiponent panel by way of

scroened cable S -

them in the slightly taller Verobox type 75-1239K,
which is similar to the 75-1238D case but has a
height of 80mm. Any other box capable of taking
the meter, the switches, the component panel and
the battery may of course be used.

A very simple front panel layout is used, as can
be seen from the photographs. The large cut-out for
the meter, which for most types is 1.5in. in
diameter, can be made with a fretsaw or a coping
saw. The meter can then be used as a template by
means of which its four mounting holes are marked
out. These are then drilled a suitable clearance
size. The mounting holes for S1(a)(b) and S2(a)(b)
are ¢in. diameter. The input socket is mounted on
the rear panel. This is a 3.5mm. jack socket which,
with most types, requires a iin. diameter hole.

COMPONENT PANEL

Most of the circuitry is wired up on a Veroboard
panel of 0.1in. matrix having 32 holes by 20 copper
strips, and details of this are provided in Fig. 4.
Inevitably a large number of link wires are used,
and care should be taken not to omit any of these.
Also, be careful not to leave out any of the
numerous breaks in the copper strips. The two
mounting holes are 6BA clearance, and it is ad-
visable to drill these as soon as the panel has been
cut to size, and before any of the components have
been soldered into position.

The two CMOS 1.c.’s can be damaged by high
static voltages, and so they are usually packed in
some form of protective material, such as conduc-
tive foam. It is recommended that i.c. sockets be
used, and that the i.c.’s should be left in the protec-
tive packaging until all the wiring has been com-
pleted and checked. They may then be plugged
into the sockets.

Fig. 5. The connections to the two switches.
The points marked “"A” to "G are wired to tha

simitarly identified points on thé Veroboard
- component pansl - L

Sonie of the components are mounted on the
switch tags, and details of this wiring are given in
Fig. 5. The latters “A” to “G” in this diagram cor-
respond to similarly identified points in Fig. 4.
Before wiring to the switches check the outer tags
which correspond to the inner tags. With some
switches, their relative positioning may differ from
that shown in Fig. 5. When all wiring is complete,
the component panel may be secured in position by
means of two 6BA bolts passed through holes in the
bottom of the case, the four pre-set potentiometers
being at the front. Spacers are used on the 6BA
bolts to ensure that the Veroboard underside is

"clear of the case bottom and also, if a Verobox is

used, one of the mounting pillars moulded into the
case. There should be space for the battery behind
S1(a)(b). It can be held in position by foam rubber
or plastic above and below, or by means of a simple
clamp fixed to the rear panel.

If it is found necessary to add the low value
capacitor across the input to clear instability this
may be connected directly across the input socket.
The value required will typically be 100pF, but it
is best to experiment here and find the lowest value
whlich eliminates the instability and then fit that
value..

CALIBRATION

In order to calibrate the unit it is necessary to
have four signals of known frequency, one being
used for the calibration of each range. With the
unit turned on and switched to the appropriate
range, the calibration signal is coupled to the input
socket and the relevant pre-set potentiometer is
adjusted to produce the appropriate meter reading.
For ranges 1 to 4, the calibration pre-set poten-
tiometers are R12, R13, R14 and R15 respectively.

Meter pos.

Pos. battery clip

G
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There are many possible sources of calibration
signals. Many modern crystal calibration os-
cillators have outputs at 100kHz and sometimes
even 10kHz, and other low frequency outputs are
provided. Some items of digital test equipment will
provide outputs at 100kHz, 10kHz, 1kHz and
100Hz from a crystal oscillator and divider chain
(or will provide sub-divisions from other known
and accurate frequencies) and if access to such
equipment is available this is obviously ideal.

A good quality commercially manufactured a.f.
signal generator will provide suitable calibration
signals, but unsophisticated types are less than

gr}ﬁect here as their accuracy may not be very
igh.

This angled view of the frequency meter
emphasises its functional and professional
presentation

The linearity of the analogue frequency meter is
excellent, and so its accuracy is dependent upon
the linearity of the meter used (which can be ex-
pected to be of a high order) dnd the accuracy with
which the pre-set potentiometers are adjusted.
Therefore, it is worthwhile taking the trouble to
find accurate calibration signals and exercising
due care when setting up the potentiometers.

In the absence of suitable test equipment it will
be necessary to use one’s initiative in order to find
suitable calibration sources. For instance, the U.K,
mains supply is maintained at a frequency of 50Hz
with quite a high degree of accuracy. Thus, a low
voltage mains transformer can be used to provide a
50Hz calibration signal. The output fprom the
transformer can be reduced to a suitably low
voltage level by means of a simple potential
divider. :

A piano can be used to find suitable known fre-
quencies. For example the “A” above “Middle C”
has a frequency of 440Hz, the “A” above this is
880Hz and the “A” below is 220Hz. It is possible
by aural means to accurately tune an a.f. signal
generator or oscillator to the same frequency as the
piano, and then use the signal from the generator
or oscillator as the calibration source.

i
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HIGHER VOLTAGE
SWITCH

By D. Snaith

How one set-maker overcame a small dif-
ficulty with supply voltages.

Here’s a little problem.

In a mains-driven f.m. receiver you have an
MC1310P stereo demodulator i.c. which splits the
signal from the detector into left and right hand
channels. Pin 6 of the MC1310P can operate a pilot
lamp, causing this to light up when a stereo signal
is present. The internal transistor in the i.c. which
switches on the lamp handles currents up to 75mA
and the maximum supply voltage which should be
applied to pin 6 is specified as 14 volts.

wo supply voltages are available. One is a
stabilized 13 volt supply and the other is an un-
stabilized 23 volt supply which is given immediate-
ly after the full-wave supply rectifier. The pilot
lamp is rated at 14 volts 40mA.

ow can the MC1310P and the pilot lamp be
connected up?

SUPPLY DIFFICULTY

The obvious answer is to connect the lamp
between pin 6 and the stabilized 13 volt supply, as
in Fig. 1. When a stereo signal is present the inter-
nal transistor in the MC1310P turns on and causes
the lamp to light up. But in some receivers this
solution can cause difficulties. There is an abrupt
demand on the stabilized supgly and this demand
could result in a small but undesirable variation'in

-+23V (unstab.)

+13V (stab.)

14V
40mA

10 6
MCI3IOP
7

7L -

Fig. 1. A simple means of lighting a stereo
beacon lamp from a 13 volt stabilized supply. A
23 volt unstabilized supply is also available
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423V (unstab.)
1av
40mA
+13V (stab)
39 220n
kn
BCI83L

+

Fig. 2. An alternative circuit which takes ad-

vantage of the 23 volt supply. This arrange-

ment reduces current demand on the stabilized
supply to a much lower level

the stabilized voltage; sufficient, perhaps, to cause
detuning when the varicap tuning potentiometers
of the receiver are fed from the stabilized supply.

Fig. 2 shows a neat answer to the problem. An
n.p.n. transistor is added to the circuit as also is.a
3.9kn base bias resistor and a 2200 resistor in
series with the pilot lamp. The latter is now return-
ed to the unstabilized 23 volt supply.

In the absence of a stereo signal, pin 6 of the
MCI1310P is high, no current flows through the
base-emitter junction of the transistor and the
pilot lamp is extinguished. At the same time, pin 6
of the i.c. cannot rise above the potential of the 13
volt stabilized rail.

When a stereo signal is received, pin 6 of the i.c.
goes low and a bias current flows through the
3.9k resistor, turning the transistor on. A current
of 40mA now flows from the 23 volt supply through
the lamp, the 220Q resistor and the transistor into
pin 6. 40mA in 2200 gives a voltage drop of 8.8
volts, leaving a nice comfortable voltage of about
14 volts for the lamp.

The author spotted this circuit, incidentally, in
the service sheet for the Ferguson 3476 stereo
tuner-amplifier. [ |
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THE QUIZZOR
QUIZ GAME
PRECEDENCE |

A number of sequence/quiz ‘indicators have
preceded the Quizzor. A few have been extendable
to any number of inputs, but these have not all
been particularly inexpensive. The Quizzor is both
cheap and extendable and is, so far as the author is
aware, the first integrated logic unit to be publish-
ed. It uses t.t.1. integrated circuits, which are readi-
ly available at low cost and which interface direct-
ly with light-emitting diodes.

The object of the 8uizzor is to indicate who has
the right to answer a question in a quiz game or
who wins in a game such as “snap”. The person
who pushes his button first has his l.e.d. lit, and it
remains alight until the reset button is pressed.

%

(a)

Input Output

A Y

M
Input 4

Output

YYvy

~
<
>
@

A AA AA

AAAA A=

yYYy

(c)

Fig. 1(a). The symbol for an inverter
{b). Two inverters connected to form a m’amory
cell
(c). In practice, resistor RB has to be inserted
in the memory cell circuit. RA blases the cell so
that it always takes up the same state at
switch-on
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Once one l.e.d. has been lit up, no other l.e.d. can
subsequently be turned on.

LOGIC

In t.t.]1. digital systems it is customary to call a
low output voltage O and a high output voltage 1.
This notation is useful in explaining the logic cir-
cuits employed in the Quizzor. Fig. 1(a) shows the
diagrammatic representation of an inverter; and
there are six of these in a 7404 integrated circuit. If
you put a logical O at the input (A) you get a logical
1 at the output (Q). In the same way a 1 at A gives a
O at Q. Thus the device gives at its output an op-
posite, or inverted form of the signal at its inpuit.

1f two of these inverters are connected as in Fig.
1(b) they form a memory that can store either a O
or a 1. If the input is a O then the output of inverter
A is a 1. This 1, when put through inverter B, gives
a O which reinforces the input and thus stores the
information. As the circuit stands the input can-
not, in practice, be changed from O to 1 because
the output of inverter B remains at O until the out-
put of inverter A falls to O. Attempting to force the
input to 1 could damage inverter B.

A solution consists of inserting a current limiting
Tesistor between the output of inverter B and the
input of inverter A, the resistor having a value
which prevents excessive current in inverter B at
the instant when the input is taken to 1. The value
of the resistor is, also, such that the input of A is
still held at O before the application of a 1 to the in-
put. With t.t.l. devices a suitable value for such
resistor is 3300

This resistor appears as RB, in Fig. 1(c). A se-
cond resistor, RA, biases the memory cell to give
an output of 1 at switch-on. The value of this
resistor is too high to draw the input of inverter A
back to O if it is momentarily taken to 1. However,
at the instant of switch-on, when the memory cell
could take up either of its two. states the small bias
current drawn by RA is sufficient to ensure that
the output of the cell always takes up a 1 after
swiliéch-on. A satisfactory practical value for RA is
4.7k . \

The Quizzor employs six memory cells of the
type shown in Fig. 1(c). After application of power
all six cells take up an output of 1. A positive pulse
is applied via a diode to any one of the six inver-
ters, whereupon its output drops to 0 and stays in
this state.

RADIO AND RILEFCOTRONITCQ CONQTRITCTOAR
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By L. O. Green

INDICATOR

FULL CIRCUIT

Looking at the full circuit'diagram for the Quiz-
zor in Fig. 2 is now much easier. The six memory
cells can readily be distinguished, with resistors R1
to R6 carrying out the RA function and R7 to R12
the RB function. More than six memory cells could
be employed if desired, using the same basic cir-
cuit for each additional cell.

After switch-on all the outputs of the cells are at
1, with the result that no current flows through
R13. There is no voltage across this resistor and
hence no base bias for TR1, which remains cut off.

With TR1 off there is no current in R15, where-
upon TR2 is turned off as well. No current can flow
in R17, so the voltage at point P will rapidly rise to
that of the positive supply rail as C1 charges via
R18. This point is thus a source of logical 1.

If any of the push-buttons, S1 to S6, is pressed,
point P is connected to the input of the correspon-
ding memory cell. The output of the cell at once
drops to O, causing the l.e.d. to which it is con-
nected to light up and a current to flow through
R13. The voltage dropped across this resistor turns
on TR1, the collector of which takes up a voltage

Sy On-0Off
Reset Sg +5V
A J, l (nominal)
pin 14 2R3 pin 14
R = 1C T ICo
8% =
TRy e
2N3702 R
LED| ¥ v LE02!:; LED3!['; LED4_'_I:; LEDg 3;; LEDsj[;
v 8 |2<| |o<],, e<9 |2<],3 |o<] " e< o
Ov ~ SN7404 =R~ =Rg ZRg =R 2Ry L
Top view ¥ = = > : = b3
|>2 3>4 5>6 |'>2 3>4 5176
bce c i ]
2N3702 | 1€ IC e NN N S X E IS0 s
Lead-outs pin7 pin7 | RIZ D RS Do RaZ D3 Ry D4 K Rs3 Ds & ReZ Do
) oV
- )\~ = S <
AN
(oooj\ 1 l L l
e sh s2h sh suh s b s p
2N2526 i i i b
Lead-outs IC ICo
SN7404 SN7404

Fig. 2. The complete circuit of the Quizzor. This incorporates two integrated circuits type
SN7404
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nearly equal to that of the positive rail and causes
TR2 to turn on also. The potential at point P then
drops to logical O at a rate governed in the main b
the values of R18, R17 and C1. The fall to logical
is, in any case, less than 0.001 second; there is
more than ample time for the triggered memory
cell to latch into its new state. At the same time the
period is short enough to prevent another memory
cell being triggered.

The circuit stays indefinitely in this state with
the l.e.d. corresponding to the button which has
been pressed remaining alight. If the Reset button,
S7, is pressed and released, the power supply is
momentarily disconnected and the circuit reverts
to its previous state with all l.e.d.’s extinguished.
Diodes D1 to D6 ensure that no other memory cells

The Quizzor unit complete with the leads to the
contestant’s press-buttons. The two black falt
satchels on either side hold the batterles

170

COMPONENTS
Resistors

(All L watt 5%)
R1-R6 4.7k q
R7-R12 3300
R13 2700
R14 47kq
R15 10kn
R16 47ka
R17 1ka
R18 82kq

Cagacitors
1 0.1uF type C280 (Mullard)

Semiconductors
IC1, IC2 SN7404
TR1 2N3702
TR2 2N2926 (see text)
D1-D6 1N914
LED1-LEDS6 red l.e.d., with mounting bush

Switches
S1-S6 press-button, push to make
S7 press-button, push to break
S8 s.p.s.t., rocker

Miscellaneous
Plastic case type PB1
2 batteries, l\f:). 800 (Ever Ready)
Veroboard, 0.1in. matrix
Twin flexible wire
Material for battery satchels

can be triggered by the 1 at the input of the
triggered cell.
ransistor TR2 is specified as a 2N2926, which

is offered by many retailers in current gain group

selections with a different colour for each group.
The gain required in TR2 is not at all critical and
any of the gain groups could be used. Readers who
prefer a closer specification may obtain a 2N2926
in the middle Orange group.

CONSTRUCTION

‘With the exception of the l.e.d.’s and switches,
all the components are assembled on a Veroboard
%anel of 0.1in. matrix having 22 holes by 24 strips.

his panel is illustrated in Fig. 3. First drill out the
two mounting holes then make the breaks in the
strips as shown. These are numerous and care
must be taken to ensure that they are made in the
correct places and -that the strips are fully cut.
Next, solder on the link wire on the copper side of
the board. This passes over all the strips, and each
strip apart from strip D is soldered to it. The com-
ponents may then be fitted. The author
recommends that the two integrated circuits be
soldered into place first. Once the i.c.’s are in posi-
tion it is easier to locate the remaining components
because of the symmetrical layout. Resistors R7 to
R12 straddle over the i.c.’s. The lead from hole G6
provides the common connection to S1 to S6, whilst
that from hole H18 provides the common connec-
tion to the l.e.d. anodes. The wire from hole W18
connects to S7 and thence to S8 and the positive
side of the battery.

RADIO AND ELECTRONICS CONSTRUCTOR
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soldered to all the strips except strip D
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Quizzor . unit

Battery satchel

Battery satchel

Leads to press-

-buttons Arm of armchair

Fig. 4. The Quizzor unit is held in place on the
arm of an armchair by allowing the two battery
satchels to hang down on either side

The author’s unit was assembled in a plastic box
type PB1 which has dimensions of 114 by 76 by
38mm. This is available from Maplin Electronic
Supplies. The l.e.d.’s are mounted on the front of
the case in company with S7 and S8. S7 is a small
press-to-break push-botton whilst S8 is a rocker
action switch. The Veroboard is mounted on the
detachable rear of the case, connecting to the front
Qanel components by thin flexible insulated wires.
Switches S1 to S6 are push-buttons of the type
which can be held in the hand. The wires to these
switches pass through holes in one side of the case.

MECHANICS

The author does not feel it is out of place to dis-
cuss the mechanics of the Quizzor to some length as
they cost far more than the actual electronics used.

The Quizzor has been designed for quiz games
and must therefore fit into this environment. The
case is small because the electronics are small, and
the small case greatly enhances the appearance of
the l.e.d.’s. Since the batteries need to be fairly
large to cope with the quiescent current, which in
the case of the prototype is 25mA, they are outside
the case. Two 3 volt twin-cell batteries, Ever

Ready No. 800, are used. In order to allow simple
access to the batteries and to hold the case on the
arm of an armchair each battery is fitted in a felt
satchel, the satchels being glued to either end of the
case rear, as show in Fig. 4. The satchels hang down
on either side of the chair arm. The author made
his own satchels, but you may need to enlist the
services of a girl-friend, wife or mother! Wires
passing througglthe rear of the case connect to the
batteries by means of solder joints at the battery
terminations. A third wire connects the two
batteries in series to give 6 volts.

The correct operating voltage for the integrated
circuits used in the Quizzor is 5 volts, but a 6 volt
battery with its normal internal resistance does not
give an excessive voltage for the simple logic func-
tions which are carried out here.

Switches S1 to S6 are on long leads so that the
contenders do not have to huddle around the con-
trol box. The lead lengths used by the author are
two each of 1, 2, and 3 metres. This is 12 metres of
wire and does not come cheap. Although round sec-
tion cable looks much better than the twin twisted
and twin moulded types, sheer cost decrees that
the cheapest wire is used. In the author’s nase this
turned out to be the twin moulded type.

Finally, the value of R13 may need to be altered
to suit the particular l.e.d.’s employed. Its value
should be such that the maximum current through
it is 14mA. If you have a meter you can measure
the increase in supply current when an l.e.d. lights
up, and this will give you the current in R13. In the
prototype it is 12mA, and this is adequate. If you
do not have a meter don’t worry; the mode of
operation of the %uizzor is such that the l.e.d.’s will
only be on for a short time, and the i.c.’s are in any
case capable of a safe maximum output current of
16mA. If you feel that the l.e.d.’s could be less
bright it is advisable to increase the value of R13
slightly, say to 3300 or 390a . Apart from reduc-
ing i.c. output current, this will certainly extend
the life of the batteries. |

satellite, similar to the OSCAR 6 and 7 satellites.

12th, 1977 which states:

without demodulation on a real time scale.”

Plesetsk launch site.
Comparative data for OSCAR 6 and 7 is:

146.0MHz; transmit frequency 29.45 to 29.55MHz.

RUSSIAN AMATEUR RADIO SATELLITES

There have been persistent rumours in amateur radio circles that the Russians were about to launch an amateur radio

At last a definite announcement of the USSR's intentions in this field have been made. AMSAT has received from the
Internationa! Telecommunications Union’s: International Frequency Registration Board circular No. 1273 dated July

“The USSR Administration wishes to inform countries, Members of the I.T.U., that the USSR is working on the es-
tablishment of an amateur satellite service system. This system ‘RS’ will be based on 3 to 4 satellites on a circular near-
polar orbit. The amateur satellite stations are designed for multiple access with re-transmission and frequency translation

The proposed date for bringing the system into operation is given as 1977-1978. The satellites’ orbit will be at an in-
clination of 82° with an apogee and perigee of 950Km, i.e. the orbit will be circular. The orbital period will be 102
minutes. The uplink frequency will be 145.8 to 145.9MHz, i.e. 100KHz bandwidth, and the down link will be 29.3 to
29.4MHz, again 100KHz bandwidth. The maximum communications distance will be 6000Km, i.e. 3700 miles.

The satellites will have quarter wave circularly polarised receiving antennas, and a user uplink power of 10-15 watts
into a 10-12dB antenna which is suggested as adequate for reliable communication.

The downlink transponder power will be 1.5 watts into a half-wave transmitting circularly polarised antenna.

It is thought that the “RS-OSCARS" will be launched piggyback with the Meteor meteorological satellites from the

OSCAR 6. Period 115 minutes, inclination 102°, circular orbit of 1451Km. Transponder receive frequency 145.9 to
OSCAR 7. Period 115 minutes, inclination 102°, circular orbit of 1450Km. Two transponders, one with receiving

facilites on 145.85 to 145.95MHz, transmitting on 29.4 to 29.5MHz. The second, receiving on 432,125 to
432.175MHz and transmitting on 145.925 to 145.975MHz.

A.C.G.
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NEXT MONTH'S
SPECIAL FEATURES

SIMPLE METAL

LOCATOR

@® Easy to build

® Only 2 active components
® Low Cost

@® Completely self-contained

CMOS CAPACITANCE EVALUATOR

Another low cost instrument
incorporating a quad 2-input CMOS
NAND gate. Capable of measuring capacitance
from 50pF to 5uF

MANY OTHER ARTICLES

ON SALE 2nd NOVEMBER PRICE 45p

BACK NUMBERS T

For the benefit of new readers we would draw attention to our back number service.

We retain past issues for a period of two years and we can, occasionally, supply copies more than two
years old. The cost is 40p plus 12p postage.

Before undertaking any constructional project described in a back issue, it must be borne in mind that
components readily available at the time of publication may no longer be so.

We regret that we are unable to supply photo copies of articles where an issue is not available.
Libraries and members of local radio clubs can often be very helpful where an issus is not available for
sale.
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Petty thieving is, un-
happily, one of the
norms of our present
society, and it even in-
trudes into the
sheltered world of
Dick and Smithy. But
Smithy, ingenious as
ever, is able to produce
an electronic device
which guards objects
on display from the
attentions of the small-
time criminal. The
device is battery
operated and the stan-
ding supply current
when it is in the non-
activated state is ex-
tremely low.

“It’s Joe again.”

Dick, slouched on his stool, gazed
moodily at the floor.

((Joe?’Q 1

“Yes, Joe,” repeated Dick
dolefully. i

Smithy took a prodigious
draught of tea from his mug then
laid it back on his bench, alongside
the remains of his lunch-time
sandwiches. The mug, a recent ac-
quisition in the Workshop, bore on
its side the pictures of the Queen
and the Duke of Edinburgh
to%;ether with the legend, “Silver
Jubilee: 1953-1977.”

“D’you mean Joe down at the
Caff?’

“That’s the one.”

“Isn’t he the bloke who's always
changing. the g)lace round to suit
current trends?”’
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“That’s right. But for the mo-
ment he’s just let it go back to being
an ordinary Caff, with all the sauce
bottle tops corroded and no
mustard on the tables.

PROTECTION DEVICE

Dick brightened.

“Still,” he continued more cheer-
fully, “he did do the place up for
the Silver Jubilee Bank Holiday.
He had flags and bunting
everﬁwhere. ou’ve never seen
anything like it.”

is face fell again.

‘““And that,”” he concluded
mournfully, “is when he got his
Jubilee mugs in. He picked up a
whacking great job-lot of them real-
ly cheap, and he reckoned he’d
make a bomb with them. In the end
he o,nly flogged one and that was to
me.”

“That must be the one you flogg-
ed to me then,” remarked Smithy.

“The one I’'ve got here now. You

didn’t half make a sales pitch with
it, too, telling me how unpatriotic I
would be if I didn’t buy it. Why
couldn’t he sell the rest of the
mugs?”’

“Look at the dates on the side of.

your mug.”

Smithy turned his mug round
and examined the, dates in ques-
tion.

“Well, I'm dashed,” he exclaim-
ed. “I’ve been drinking out of this
for the last three months or so and I
hadn’t even noticed anything
wrong. It should have 1952’ on it
instead of ‘1953’.”

‘“Exactly,” confirmed Dick.
“There must have been a mistake
at the mug works and that’s why
Joe got them so cheap. He didn’t
spot the error either until he tried
to sell them. In fact, he’s still trying
to sell them after all this time. He’s
got a dirty great display shelf full of
them which he keeps replacing
every now and again.”

“If he doesn’t sell any mugs why
does he have to keep replacing
them?”’

“They get pinched,” explained
Dick. “And that’s why I’'m so
cheesed off at the moment. Last
night he talked me into dreamin,
up an electronic alarm which woul

revent the mugs being lifted, and
or the life of me I can’t think of
anything that would work.”

“What about a simple insulated
guard wire passing through the

andles of the mugs, rather like the
guard wires you see in shops where
they sell clocks and things?”
suggested Smithy. “If the wire is
cut a relay causes an alarm bell to
ring.”

‘““That wouldn’t beat the
characters who go into Joe’s Caff,”
stated . Dick with conviction.
“They’d stick pins through the wire
on either side of the point where
they were going to cut it, and then
connect the pins together with

another bit of wire!”

“Would they, indeed,” said
Smithy thoughtfully.

He sipped reflectively at his tea.

“What we want then,” he resum-
ed, ‘‘is something more
sophisticated. This is starting to get
interesting.”

“Have you any ideas?”’ asked
Dick eagerly.

“They’re beginning to come
through,” responded Smithy.
“Now, to start off with, an ordinary
piece of wire is no good, and so we
can use, say, a screened wire. If we
pass a, signal through this wire the
signal will be cut off if the wire is
broken, thereby operating a relay
which sounds an alarm bell. That
bit shouldn’t be difficult. The next
thing to think about is the power

supply.”

Rg‘ﬁ]e alarm gadget will have to
be battery operated,” put in Dick.
“If it was mains operated and there
was a power cut with the lights go-
ing out, the entire shelf of mugs
would disappear in ten seconds
flat!”

“Fair enough,” said Smithy.
“Then we have to make up a
battery operated circuit which,
when the guard wire is uncut,
draws a very low current from the
battery. Otherwise the cost of
replacing batteries would make the
whole thing uneconomic.”

“T suppose,” stated Dick, “we
could knock up something which
only drew a few milliamps from the
battery.”

“I’m not thinking in terms of
milliamps,” responded Smithy.
“I’m thinking of a standing current
which is measured in microamps.
Let’s say as a design aim that we’ll
try to keep the standby current
wl}ulen the guard wire circuit is un-
broken down to less than twenty
microamps.”’

“Less than twenty microamps?”’
repeated Dick incredulously.
“Blimey, you’d need some sort of
CMOS integrated circuit to do that
wouldn’t you?”

“Not really,” replied Smithy.
“We could do it (}uite easily with a
few low-cost silicon transistors.
Now, where’s my note-pad?”

MULTIVIBRATOR

Smithy turned round on his stool
to face his bench, and retrieved his
note-pad from a pile of service
manuals. As he pulled out his pen
and started to sketch out a circuit,
Dick walked over towards him and
peered down at the pad. :

“There you are,” said Smithy
proudly, as he laid down his pen.
“Here’s the first part of the guard
circuit and it’'s a straightforward
multivibrator. ' This provides the
signal which goes into the screened
guard wire. I've even jotted down
the formula which gives you the
frequency.” (Fig. 1.)

Dick looked uncertainly at the
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Fig. 1. The circuit of the multivibrator section of Smithy's guard
circuit. In the equation the C and R terms apply to R2 and C1, or
to R3 and C2

circuit. ;

“That doesn’t look very straight-
forward to me. I’ve never ever seen
a multivib having base and collec-
tor resistors with values as high as
that.”

“Well, you’re seeing one now,”
retorted gmithy. “The collector
resistors are IMQ and the base
resistors are 4.7M Q , and I chose
these values to keep operatin
current low. Since this 1s a standar
multivibrator, TR1 is on when TR2
is off, so that current flows first in
R1 and then in R4. A resistance of
1M~ at the supply voltage of 6
volts means a current of 6xA, and
so the total collector current at a
first guess is only 6uA, drawn for
half the time by TR1 and for the
other half by ¥R2. Actually, the
current will be a bit higher than
this because there is a small
current in each collector resistor for
a short while after the associated
transistor has turned off. When
TR2 turns off, for instance, current
still flows in R4 until C1 becomes
fully charged. There’ll be a little
extra current, too, in R2 and R3.
I’d say that the total current drawn
by the multivibrator would be,
rough check, around 10xA.”

“Gosh,” said Dick, impressed,
“that’s really low. Just a minute,
though. The two transistors you’ve
used are silicon types. Isn’t that
likely to cause trouble because of
the low reverse voltage ratings that
silicon transistors have in their
base-emitter junctions?”

‘““What happens in a mul-
tivibrator of this nature,” said
Smithy in reply, “is that when each
transistor turns off its base is taken
negative of the negative supply rail
by approximately the supply
voltage. If the base-emitter junc-
tion of a silicon transistor is taken
to its breakdown level the junction
then acts as a zener diode. But that
won’t happen here because the
transistors I’ve selected are
BC107’s and these have a reverse
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base-emitter rating of 6 wvolts.
Which is the same as the supply
voltage.”

“Blimey, Smithy,” said Dick
aggrievedf;. “You have answers
ready before I even ask the
questions! How do we know this
multivibrator circuit will work?”

“By the simple process of trying
it out in practice,” stated Smithy.
“Find yourself an odd piece of
tagboard and wire it up. It's a very
simple circuit and it shouldn’t take
you more than five minutes or so to
put it together.”

Dick needed no second bidding,
and he rushed eagerly to his benc
to start work on the multivibrator.
Smithy rummaged around on his
own bench and found a battery
holder into which he inserted four
HP7 cells. He checked the voltage
at the battery holder terminals and
noted that this was a satisfactory
6.1 volts. He then quaffed deeply
from his colourful mug of dubious
dating, after which he scribbled
some figures on his pad and then
thoughtfully drew a further circuit
diagram.

“T’ve nearly finished,” called out
Dick from his bench. “I’ll bring
this multivib over to you in a few
more ticks.”

Quickly, Smithy’s assistant
applied his soldering iron to several
final joints, after which he laid it
back on its rest. This done, he ex-
amined his handiwork carefully,
then carried the small tagboard on
which he had wired up the mul-
tivibrator to Smithy’s bench.

“Right,” said Smithy. “We’ll see
how it works. Whilst you were mak-
ing it up I worked out its frequency.
This is approximately 15Hz.”

“How will you check that it
works?”

“The obvious method,” replied
Smithy, “would be to connect the
output to an a.f. amplifier or an os-
cilloscope. But there are a couple of
very quick dodges that can also be
used to check whether a ‘mul-
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tivibrator is running. One is to use
an ordinary medium and long wave
transistor radio. There’s one here
on my bench and I'll show you.”

Smithy leaned over and picked
up a small transistor receiver which
he had finished repairing just
before lunch-break. He switched it
on, selected long waves, then tuned
it to a section of the dial where
there were no signals. He connected
the multivibrator to the 6 volt
battery holder and positioned the
radio so that its internal ferrite rod
aerial was close to the mul-
tivibrator wiring. A faint 15Hz buzz
became audible from its speaker.
He disconnected the 6 volt supply
and the buzz ceased.

““That multivib is working
all right,” he remarked confidently,
as he switched off the radio and
returned it to the back of his bench.
“Even with the very high values of
.collector resistor it has, that mul-
tivibrator is generating a sufficient-
ly strong square wave for its har-
monics to come through on the long
wave band.”

HEADPHONE DODGE

“What’s the other dodge. for
checking multivibrators?”

“It’s to use a pair of reasonably
sensitive high resistance magnetic
headphones,”” replied Smithy.
“You know, the types which are
2,000 2 per headphone. If you just
connect one lead to the collector of
a multivibrator transistor you’ll
usual{y hear the multivibrator
tone. You don’t have to cennect the
other headphone lead to anything,
and the great advantage of this
dodge is that there’s virtually no
loading on the multivibrator. Now,
I have to say that both of these
ideas are one-way in character. If
Kou hear the tone in the

eadphones or via the receiver
speaker you know that the mul-
tivibrator is running. If you don’t
hear the tone it’s still possible that
the multivibrator is working, but
it’s then necessary to check this by
more conventional means.” (Fig.

2.)

“Well,” said Dick, looking down
at Smithy’s note-pad, “those are
two little 1deas which I'll have to to
remember for the future. What’s
this new circuit you've drawn up?”’

“It’s the section of the alarm unit
which detects the presence of the
multivibrator signal passed via the
guard wire,” explained Smithy.
“The signal from C3 in the mul-
tivibrator circuit passes through
the guard wire and then goes
through a second capacitor, C4,
before being applied to the base of
transistor TR3.” (Fig. 3.)

“What does TR3 do? Does it
amplify the signal?”

“It acts as a .switching tran-
sistor,”” replied Smithy. “If you
look at its collector circuit you'll see
that there’s a 1M Q resistor, R6, go-
ing up to the positive supply, ang a
176

Fig. 2. It is frequently possi-
ble to hear the tone of an
a.f. multivibrator in a pair of

high resistance magnetic
headphones with only one
of the headphone leads con-
nected to the multivibrator

0.22uF capacitor, C5, coupling the
collector to the negative rail.”

Dick studied the circuit for a few
moments.

“You've got the multivibrator
output coupling directly to the base
of TR3,” he said eventually, “and
there’ll be a low impedance
between that base and the negative
rail. Won’t this low impedance load
the multivibrator output very
heavily?”

“It will put a fair load on the
multivibrator,” agreed Smithy,
“but only for the first few cycles of
oscillation after switching on. After
that, C3 and C4 will have acquired
a charge which causes the base of
TR3 to be taken positive by about
0.6 volt during the most positive

art of each multivibrator cycle.
ike this.”

Relay
contacts t
To bell
circuit
T s

Smithy sketched out the
waveform appearing at TR3 base.
(Fig. 4(a).)

“Oh, I see,” commented Dick.
“The base-emitter junction of TR3
is acting like a silicon diode.”

“That’s right.”

“Why,” asked Dick, “have you
drawn the multivibrator output
waveform so that the positive-goin
edge is curved instead of straight’
Surely, that multivibrator should
be giving a square wave output.”

“It doesn’t,” stated Smithy.
“That positive-going edge is what is
given when TR2 in the mul-
tivibrator turns off. As I mentioned
just now, its collector doesn’t go ful-
ly positive immediately; instead, it
goes positive at a fairly slow rate as
C1 charges via R4. You get that
effect in any multivibrator of the
type we're using here. The impor-
tant point is that the base of TR3 is
taken up to about 0.6 volt positive
for quite a sizeable part of each
multivibrator cycle.”

“And what does that do?”’

“It causes TR3 to turn on during
the period when the base is
positive,” replied Smithy. “In con-
sequence, C5 is maintained dis-
charged by the transistor. What
happens here is that the voltage
across the capacitor is held at about
0.2 volt when TR3 is on. When TR3
turns off, C5 commences to charge
via R6 but, due to the high value of
this resistor, it can only charge up
to a little less than a volt before
TR3 turns on again and takes the
voltage back to about 0.2 volt. The
voltage across the capacitor has a
waveform something like this.”

Smithy drew a further waveform.
(Fig. 4(b).)

“I’'m beginning to see the idea
behind all this,” said Dick thought-
fully. “When there’s an input signal

I
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(0)

5
charges

Fig. 4(a). The voltage on the base of TR3. This
causes the transistor to turn on for a relatively
large fraction of each multivibrator cycle
(b). €5 charges when TR3 is off and Is rapidly
discharged when TR3 turns on. This waveform
shows the voltage at TR3 collector

from the multivibrator getting
through the guard wire to the base
of TR3, that transistor keeps C5
discharged so that the voltage
across it never rises more than a lit-
tle under 1 volt.”

“That's the idea,” confirmed
Smithy, ‘“Also, the only current
drawn from the 6 volt sugply is that
passing through R6. Since this
resistor has a value of 1IM@, the
current pasaing through it [s a little
less than 6uA.”

“Right,” stated Dick. ““I suppose
that if the signal is interrupted by,
say, a break in the guard wire, TR3
is not turned on at all and C5
charges up via R8.”

“You've got it,” grinned Smithy,
“If there’s a break in the guard
wire, TR3 base is taken to the
negative rail via R6 and the tran-
sistor turns off completely. C6 at
once charges up by way of R8.”

DARLINGTON PAIR

“I wonder,” mused Dick, “what
the rate of charge will be.”

“It’s quite easy to make a rough
guesstimate here,” said Smithy, “If
you can cast your mind back to the
gen-session we had around the time
of the Jubilee Bank Holiday you
may recall that we found that a
charging current of 1uA into 1uF
gives a voltage increase across the
capacitor of 1 volt per second.
We're starting off here with a charg-
ing current of a little less than 6uA
going into a capacitance of 0.22uF,
and so the initial increase of voltage
across C5 when TR3 turns off will
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be at around 30 volts per second,
this slowing down as the voltage in-
creases. Speaking in very ap-

roximate terms, the voltage across

5 will reach a target value of 1.8
volts -about one-fifteenth of a se-
cond after TR3 turns off.”

“Blimey,” remarked Dick ex-
citedly as a sudden thought struck
him. “The frequency of the mul-
tivibrator is 16 cycles per second.
You only need to miss one positive
pulse from the multivibrator for the
voltage across C5 to rise to that 1.8
volt level you're talking about.
Gosh, you don't half hide some
crafty deals in the circuits you
dream up, Smithy!"

“I have my moments,” remarked
Smithy modestly, “In practice
you'd need to lose more than one
positive multivibrator pulse before
the remainder of the circuit is ac-
tuated but, even 8o, you wouldn't
need to lose more than a few.”

He picked up his vividly red,
white and blue mug, drained its
contents with one Brobdingnagian
swallow and handed it to his assis-
tant. Wordlessly, the latter took it
from the Serviceman and carried it
over to the variegated assortment of
cracked and battered utensils near
the sink which constituted the
Workshop’s culinary effects. Dick
returned with the mug, now charged
with a fresh steaming quantity of
the precious fluid. Smithy drank
avidly, then wiped his mouth noisi-
ly with the back of his hand.

“I don’t know why you bother to
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just drink that stuff,” Dick remark-
ed dispassionately. “It would save
you time if you simply mainlined it
straight into your bloodstream.”

Smithy frowned at his assistant.

“I don’t think,” he stated, a
touch of ice in his voice, “that that
comment was in the best of taste.”

“It was a joke,” explained Dick
patiently. “It was a remark intend-
ed to be in jugular vein!”

Smithy groaned. !

“Let’s get back to this circuit,”
he said hastily. “As I was saying
just now, when TR3 turns off com-
pletely the voltage across C5 rises to
1.8 volts in something like one-
fifteenth of a second.”

“There’s something that’s just
occurred to me,” remarked Dick.
“We keep talking about 1.8 volts
across C5. What’s so important
about 1.8 volts?”

“It’s the voltage at which TR4
commences to pass base current,”
said Smithy. “There are three
silicon junctions between the upper
plate of C5 and the negative rail,
these being the base-emitter junc-
tion of TR4, the base-emitter junc-
tion of TR5 and the gate-cathode
junction of thyristor TH1. Each of
these drops a forward voltage of
about 0.6 volt, with the result that
no current can flow into the base of
TR4 until that base is 1.8 volts
positive of the negative rail.”

“Just a minute,” interrupted
Dick, looking more closely at the
circuit. “Aren’t TR4 and TR5 con-
nected up as a Darlington pair?”

“They are,” confirmed Smithy,

Al resistors /4 watt 5%

“with the consequence that there is
a very high degree of current gain
from the base of TR4 to the emitter
of TR5. Right now, let’s get back
agdin to C5 charging up. When the
voltage across Cb reaches 1.8 volts,
forward current flows via R6 into
the base of TR4. C5 needs to charge
up only a little higher after this for
the forward current flowing into
TR4 base to be sufficiently high to
allow the emitter current from TR5
to trigger on the thyristor. That
current is limited to about 15mA by
R7, but the thyristor will in fact be
triggered when its gate current is
somewhat less than 10mA. The
relay whose coil is in the thyristor
anode circuit then energises, and its
contacts cause an alarm bell to ring.
Once the thyristor is triggered on it
stays on, even if the gate current is
removed again, and so the relay
remains energiséd until the circuit
is turned off by the on-off switch.
The' current drawn on the 6 volt
supply is now the current drawn by
the relay coil plus the gate current
flowing into the thyristor, but this
relatively high current doesn’t
matter because the alarm is now on
and triggered. Previously, the
current drawn by this part of the
circuit was only the 6uA passed by
‘R6, because TR4, TR5 and TH1
were all turned off.”

“What about leakage current in
the transistors and the thyristor?
Won’t these add to the standby
current?”’

“With modern silicon semicon-
ductors,” stated Smithy, “leakage

currents will be negligibly low. Well
now, you might as well assemble
this part of the alarm circuit on
another tagboard and we’ll then
check out the whole thing.”
“What sort of relay will I want?”
““Oh, any relay with a coil
resistance of 3000 or more which
will energise reliably at a coil
voltage of 5 volts or less. An ex-
cellent choice would be the Doram
Electronics Miniature Open P.C.
Relay with a 410Q. coil. I think
we’ve got one knocking around
somewhere.”’
“And the on-off switch?”
“There’s no need to mount that
on anything at this stage. Just con-
nect it into circuit with a pair of
flexible leads.”

COMPLETE CIRCUIT

Again Dick returned to his bench
and again there was the sound of
frenzied industry as he assembled
the signal sensing and relay section
of Smithy’s circuit. Whii,st Dick
worked, Smithy sipped at his tea
musingly. After some moments he
pulled his note-pad towards him,
tore off the top sheet and drew a
new circuit. Eventually, Dick an-
nounced that he had completed his
wiring of the circuit. ‘

‘““Good show,” commented
Smithy. “Bring it over here and
then find two co-ax sockets, two co-

lugs and a length of screened
cable. TV aerial plugs and sockets
will do.”

Dick soon found the items re-
quired and he then positioned
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himself alongside the Serviceman.

“I have now,” stated that worthy,
‘‘drawn out the complete circuit of
the electronic guard device, On the
left is the multivibrator and on the
right is .the sensing and relay sec-
tion. These are joined together by
the guard wire which passes
through the handles of the items be-
ing protected. The guard wire is, as
I auggeated at the beginning, a
lengtn of flexible screened wire.
With this, the wire screening does
three things. For a start, it screens
the centre wire from picking up any
static or noise which could upset the
ogeration of the sensing section.”
(Fig. 5.)

“You've connected the screening
to the positive rail. Why's that?”

“To give added protection. Let's
suppose someone tries to beat the
alarm and, in so doing, cuts the
screening of the guard wire without
cutting the centre lead. The positive
supply to the multivibrator will
then be interrupted, the mul-
tivibrator will stop and the alarm
will sound. That's the second thing
the guard wire screening does.”

“What's the third thing?"”

“It causes the alarm to sound if
someone starts messing around with
the guard wire and, in so doing,
shorts the centre lead and the
screening together. The output from
the multivibrator to TR3 will then
cease because it {s short-circuited
effectively to the negative rail."”

“Gosh Smithy, you've thought of
everything! The alarm sounds if the
guard wire screening is cut, if the
guard wire centre lead is cut or if
the guard wire screening and centre
lead are shorted together. Blimey,
there's iust no way of beating this
cireuit!’

“It would certainly be difficult to
do s0,” stated Smithy cheerfullff.
“When you make up the eircuit In
final form you put all the elec.
tronics in a plastic or wooden box
with the two coaxial sockets on the
front panel, The guard wire has a
coaxial plug at each end; this is
threaded through the objects being
protected and the ends are then
glugged into ‘the coaxial sockets.
‘or the time being you can connect
up the sockets with flexible wires
and just have them lying on the
hench. And we shan’t bother about
the bell circuit at this stage. We can
tell if the gadget is operating by just
looking at the relay armature. i’ve
shown a separate battery for the
bell, incidentally, because most
electric bells draw quite heavy in-
terrupted currents, and these could
mess up the electronics if the same
battery was used for both, "

With the-aid of Smithy’s solder-
ing iron Dick quickly coupled
together the negative rails of the two
sections of the guard circuit, then
temporarily wired up the coaxial
sockets. Finally, he connected the
screened wire to the two coaxial
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plugs and fitted them into the
sockets,

Ceremonially, Smithy connected
the circuit to the 6 volt battery
holder and switched on, The relay
remained de-energised, He remov-
ed one of the coaxial plugs from its
socket and quickly replaced it. The
relay became energised, and stayed
energised until Smithy switched the
circuit off. Smithy switched on
again- then, with a screwdriver,
short-circuited the screening and
centre lead of the guard wire at one
of the coaxial sockets. The relay
energised, and remained energised
once more until the circuit was
switched off. Finally, Smithy un-
soldered the wires at the inner and
outer contacts of one of the coaxial
sockets and held them in place with
two crocodile clips. The relay was
triggered on when the connection to
the centre contact was broken. It
was also triggered on when the con-
nection to the outer contact was
broken. S8mithy re-soldered the
leads at the socket.

CURRENT READING

“rl!

“There you are,” he said
triumphantly, “Everything is work-
ing just as it should do.”

“That's fantastic,” breathed
Dick, round-eyed. “Old Joe will g0
mad with delight when I bring this
little lot in to him tonight.”

“There's just one last thing to
check,” said Smithy. “And that’s to
measure the standby current drawn
by the eircuit when {t's in the non-
triggered condition.”

Smithy drew his testmeter
towards him and clined {ts leads in
serien with the positive connection
to the battery holder. He initially
selected a high current range and
switched on, The meter needle gave
a.slight kiek as the 100uF bypass
capacitor in the guard circuit charg-
ed, and then fell virtually to the
zero mark., Smithy selected lower
ranges until, on the most sensitive
range of the meter, he obtained a
uign(;{'icant forward deflection of the
neeqle,

“And how,” said Smithy ex-
uberantly, pointing at the
testmeter, “about that?”

The testmeter needle indicated
17uA.

And so we end with a jubilant
Dick and Smithy together with a
Jubilee mug guard circuit in-
dubitably drawing less than
Smithy’s design aim of 20uA.
Would Jubilee-ve it?

EDITOR’'S NOTE:

The CR1/051C thyristor
employed by Smithy is available
from Arrow Electronics Ltd.,

Leader House, Coptfold Road,

Brentwood, Essex.
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GEOS
S THE FIRST ALL —

GEOSTATIONARY
IN THE WORLD

By Arthur C. Gee

WHAT HAPPENS WHEN A SATELLITE DOES NOT GO
INTO PLANNED ORBIT?

The European Space Agency planned to launch the
world's first purely scientific geostationary satellite
GEOS in April. A geostationary orbit is one in which the
satellite appears to be stationary because it makes one
circular equatorial orbit in exactly 24 hours. These orbits
are usually associated with communications satellites
which need to provide fixed continuous zones of coverage.

The satellite’s geostationary orbit was to have been
36,000 km above the equator, when it would be in view
of ESA’s new ground station at Odenwald in Germany,
for 24 hours a day. Also 36 hours after launch, a specially
developed European apogee boost motor would transfer
GEOS from its launch orbit into the geostationary orbit.

One of GEOS’'s main functions is to study the
magnetosphere, which is the region of near-Earth space
where the magnetic field of the earth still plays a
dominating role. The magnetosphere prevents direct
access of energetic solar particles to the earth and thus
protects our planet from the harmful effects of space
radiation.

The fact that GEOS, which is ESA’s ninth satellite,
was to carry an exceptionally sensitive experimental
‘payload, imposed severe constraints on the design of the
spacecraft, especially in the fields of electromagnetic and
chemical cleanliness. For example, a complex system of
eight booms which deploy in orbit, including two radial
booms 20 metres long, had to be designed to position
sensitive experimental detectors as far as possible from
satellite generated interference so that they could
measure minute variations in the magnetosphere. In
order to maximise the correlation of satellite data with
ground station, balloon and sounding rocket measurements
made on the same magnetic longitude. GEOS was to
have been shifted on the same orbit between 0° and*35°
E during the first year of operations by means of its
altitude control hydrazine thrusters. In another difficult
orbital manoeuvre, the satellite, with its booms deployed,
was to be turned over every six months to avoid shadow-
ing of the solar array by the radial booms.

The total weight of GEOS at launch was 573 kg.
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Height 1.1 metres; diameter 1.62m. Two of its axial
booms were 2.5 m. long; two more 1.0 m. long; two
radial booms 3 m. long and the two more long radial
booms 20 m. long.  The "beginning of life’ solar array
power was 115 watts, with an “end of life” array power
of 87 watts. The planned operational life is 2 years. Its
geostationary was planned to be 36,000 km; its inclina-
tion less than 1.6°,

The spacecraft was built for ESA by industry in ten
European countries. The prime contractor was the British
Aircraft Corporation and the project was managed by
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SCIENTIFIC
SATELLITE

ESA’s European space Research and Technology Centre
at Noordwyk in Holland.

GEOS was launched on schedule at 10.15 GMT on
Wednesday, April 20th, from the Eastern Test Range at
Cape Canaveral, Florida. Whilst initial reports indicated
that its orbital parameters were as expected and the
spacecraft was operating satisfactorily, it soon became
clear that the satellite had received no spin at separation
from its Delta 2914 launcher and it was announced from
the Eastern Test Range that a malfunctioning of the
launch vehicle had occurred during second and third
stage separation. As a result, the launcher failed to place
the satellite into the transfer orbit required for subse-
quent injection into geostationary orbit.

Immediate and successful action was taken by ESA’s
space operations centre at Darmstadt in Germany to
stabilise the satellite, and it was reported that it was safe,
but in a too low transfer orbit, but was operating normal-
ly. This meant that GEOS would not now be able to be
placed in its intended geostationary orbit as planned. A
special meeting was called to which all those concerned
with the experiments aboard GEOS were invited to dis-
cuss what could best be done with GEOS in its new orbit.
This meeting took place on 26th April, and also an in-
quiry opened at the McDonnell Douglas HQ at Hun-
tingdon Beach, California, into the malfunctioning of the
Delta 2914 which launched GEOS.

As it was observed that the satellite’s pasition in its in-
correct transfer orbit was having an adverse effect on its

)(
/ elecme rizeo mose $160 6

1Dn COMPOVION SENSOR $30)

ULP-VUP MsGE NG MM 5300 5

ELECTRC FIELD PoBE $30047 PEMMAL MLASuA SENSDAS $2001-4
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MAGNETOPAUSE

PLASMASPHF RF E ;

PLASMASHEET

Diagrammatic view of earth’'s magnetosphere
showing orbital environment of GEOS.

solar cells and endangering the spacecraft’s power supp-
ly, a decision had to be taken immediately on an alter-
native orbit. On April 25th at 07.38 hours GMT, the
ESA’s European Space Operations Centre at Darmstadt
successfully fired the spacecraft's apogee boost motor
and ptaced GEOs in a new orbit of 12.06 hours elliptical
format, with an apogee of 28,498 km and perigee of
2,131 km and an inclination of 26.85 degrees. The
operation was preceded by various altitude manoeuvres
carried out over the weekend to reorientate the spin axis
of the satellite to 70 degrees to enable the apogee boost
motor to be fired in exactly the right direction.

At the meeting on April 26th it was decided to
proceed with the first of GEOS’s seven experiments,
switching -them on and testing for 30 minutes on April
29th. Prior to this a rotation of the satellite’s orbit to
move its apogee westwards from 90° E to 35° E at the
rate of 4 to 5 degrees per day was carried out. This
increased its visibility from Odenwald to about two
to seven hours daily, disappointing when compared with
the planned 24 hour visibility of the geostationary orbit,
but better than nothing at all.

During subsequent days, boom deployment was
proceeded with in easy stages, to see all was working
properly. By the end of the first week in May, the ex-
perimental switching on and testing programme was
completed and all seven experiments became
operational. The UHF antennas were successfully
deployed on April 27th, since when, telemetry at twelve
KBS and 95 KBS has been received and processed
successfully each day.

The seven GEOS experiments have, between them,
detected electron and proton spectra, relatively heavy
ions and have provided magnetic field data down to 3.5
earth radii. The electron beam experiment acquired its
signal almost instantaneously. This is an indication that
this novel experiment designed to measure the electric
and magnetic fields will be able to carry out these
measurements over the observable part of the satellites
revised non-geostationary orbit.

So, what at first looked like being a disaster, was turn-
ed into something which after all will produce
worthwhile scientific data.
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Trade News . . .

SLIM AND RUGGED
SUBMINIATURE
LOUDSPEAKER

A new subminiature loud-
speaker, the CB, combining a slim
and rugged design with reliable

erformance, has been launched by
nowles Electronies of Viectorla
Road, Burgess Hill, Sussex.

The CB's exceptional slimness —
ita depth is only 9.65mm — makes
it ;ﬁarticularly suitable for use in
talk-back pagers and walkie.
talkies,

It is also suitable for inter-office
communications equipment, dic-
tatinﬁ machines, sophist{cated
telephone systems and other com-
munications equipment.

Its rugged and splash proof
design makes it especially ideal for
outdoor applications. The front can
be exposed to splashing rovided
the rear cavity is sealed from the
atmosphere,

Yet nothing has been sacrificed
to performance. Although rated at
50 milliwatts, the new model has a
level of intelligibility of equipments
up to one watt.

The CB range contains six types,
that is three impedances of 12, 24
and 48 ohms at 500 Hertz, with
either face-fire or edge-fire sound
outlet ports for manufacturing con-
venience. Its dimensions are 25.15
x 26.40 x 9.65mm.
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WEIR INSTRUMENTATION RANGE »
AT LABORATORY EQUIPMENT EXHIBITION

Weir Instrumentation Limited will be showing their latest
bench power supply units and card power supply modules at the
Laboratory Equipment Exhibition, to be held at the Thames
Polytechnic, Woolwich, 26th and 27th October.

They will be featuring the advanced Microlab 105, believed to
be the first unit of its kind specially designed for use in develop-
ment and test of microprocessor based systems. This unit not
only delivers all the d.c. supplies required for a complete
microcomputer system but also provides essential “start-up”
and “shut-down” logic signals and delays for programme and
memory protection.

Also on display will be the Weir Twinpack dual power supply,
based on the very successful Mini 400, a pair of these units being
mounted in a single case with a common mains supply inlet.

The Company will, in addition, be showing examples of Weir
Electronics custom built power supply equipment, specially
designed and manufactured on an o.e.m. basis to imeet
customers’ exact requirements.

Equipment shown will include high voltage power units, such
as the supply for the photo multiplier units in EMI’s advanced
Body Scanner computer controlle X-ra{y diagnostic system, and
high-voltage multi-rail power supplies for use in photo copying
machines, :

Also on show will be examples of high reliability low voltage
composite power supplies specially tailored for computer
systems,

PRECISION MADE BENCH VICE

A precislon made bench vice and can be locked in any position.

which should interest many
enthusiasts is now available from
Greenwood Electronics of Portman
oad, Reading, Berkshire

manufacturers of professional
solderli\r/}g irons and equipment, The
Oryx Model 1B vice is a versatile
tool with 3.6 inch jaws and is full

adjustable to rotate through 366’;

The vice is equipped with nylon
jaw linings glving a firm grip with
no damage to the work piece, Jaw
linings are reglaceable. he main
components of the vice are cast in
hiFh tensile strength lightweight
alloy and finished in stove enamell-
ed green. Cost of the Oryx bench
viee s £19.86 plus VAT at 8%.
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SIMPLE &
TO MAKE

INSTRUMENT = s

CASE = s

Metalworking often raises RAW MATERIAL
problems for constructors, usually The raw material proposed is sheet aluminium

because of lack of facilities, space or in 18 s.w.g. (approximately lmm. thick), or

. p erhaps 16 s.w.g. (a i d . thi
Blitablo. tools. Our contributor ?or lall‘)ger sizeVEagseg. pproximately 1.5mm. thick)

therefore describes a neat instrument The shape of the case is that of a triangular
case which is quite easy to make, and  cross-section with flat ends. The ends are two

separate pieces of metal and the triangular body
also passes on a number of very u_seful itself is dlso made of the-parts.

general tips. When deciding on the sizes of the parts it seems
usually that the most important considerations are
This case is designed for construction using very  either the dimensions of the front panel if the in-

- simple technical skills in sheet metalwork whic
yet yield a satisfactory and even professional look-
ing result.

Only the most basic tools are needed: a hand
drill and a few drill bits, a hammer or mallet, some
short squared, off scraps of wood and a pair of good
t@nlsnips. A bench vice is desirable but not essen-
tial,

The main purpose of this article is to
demonstrate how easily the case may be con-
structed. Dimensions are given for the front and
back, and these can be readily modified if a larger
or smaller case is required.

/Back panel

Approx. position
of tie rod

Front panel

End piece
1

/" Fig. 2. A section through the middle of the case

strument needs a large number of knobs and dials,
------- ] or alternatively the enclosed volume if shoehorning
many components in is the real problem.

The example chosen to illustrate the general
method is a simple multimeter using a standard
panel meter movement, a wafer switch and a
potentiometer with a small selection of resistors
g eyt 9 and pre-set potentiometers. For economy of bench
space the whole thing is made as small as possible
so that the limiting factor becomes the size of the

front panel. _ J
Fig. 1. The case in its assembled form. There Now if you 1901( at the dlagrams ou WI.H see that
are four aluminium panels, a tie rod and four the one really important feature of the dimensions
rubber feet is that the front and back panels should be exactly
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the same width and should have parallel edges.
This is just the sort of requirement that is difficult
to meet with tools of home workshop type so we
must adopt a sensible expedient. For most of us our
material will almost certainly be obtained, directly
or indirectly, as off-cuts from some factory scra
bin and usually the pieces are trimmings taken off
the edges of large sheets with an accurate
guillotine. These pieces are hence truly parallel
and well suited to our needs. Because of this the
choice of width of our case will tend to be influenc-
ed bti] the size of our available material. For the
multimeter case the width adopted is 106mm. and
naturally both front and back panels were cut from
the same piece of metal.

Having chosen the best off-cut for our re-
quirements we now need to mark out where we
have to cut it and bend it. For neatness the cuts
should be at right angles to the edges of the sheet
but real precision in this is not absolutely vital. On
the other hand it is very important that the bends
should be as truly as possible at right angles to the
edges or the finished case will end up with a skew-
ed shape. If you have a good engineer’s tri-square
by all means use it but if not you need not rush out
and buy one. All you need to make a very precise
right angle is a straight edged piece of card, or even
paper, which can be folded neatly in half so that it
edge doubles back over itself, It can then be passe
over the edge of our sheet metal to allow us to mark
a true line across. A more permanent square can be
improvised by substituting thin sheet metal for the
card. For making the marks upon our aluminium
sheet a ball-point pen is quite as %ood as a proper
scrlilber and an ordinary pencil will serve almost as
well.

.When sheet metal is cut with ordinary tinsnips it
will be found that the edges will inevitably become
curled to some extent but, in the thickness we are
using and especially with a malleable metal like
aluminium, this can be corrected very easily either
with judicious use of a mallet or hammer and
wooden block or even just by reshaping with finger
pressure alone.

Bend lines shown dotted

\

J 7 T mn
1
150
mm
4 m
Back panel Front panel L
s s 101D - T
mm 15 mm 15
mm mm

BENDING

Now as has been said the most critical part of
the construction lies in making good crisp bends in
the front and back panels so, having marked their
positions carefully as shown in the diagrams, we
need to make quite sure that the actual bend lines
come just where we want them. If we have a good
bench mounted vice available this will simplify
matters considerably. We can clamp the metal up
against some well defined straight-edged former
such as a piece of steel angle or strip (if the latter it
should be at least mm. thick) or a cf)iac_e of
hardwood or perhaps even Formica-faced chip or
blockboard, and them push the metal down with
the hands, finally closing it up using a mallet or
hammer with a block of wood to protect the metal
from direct blows,

If no vice is available the sheet metal can be held
between two pieces of wood with the edge of the
lower one aligned with the line of the required bend
and then turned down using a hammer and wooden
block. The two pieces of wood can be held together
by clamping to the bench or merelﬁ' by placing
them on the floor and standing on them.

Tie rod

Fig. 4. The tle rod. This consists of a bicycle
wheel spoke cut to length with its end bent to
form a hook

The two bends on the front panel and the single
bend in the rear ganel are all made to an included
angle of about 60° If this angle can be achieved
over the wooden or metal former all well and good
but if the available former can only yield 90° bends
don’t worry. Once the bend has been well started in
the right place it can be finished by putting the
panel flat upon the bench, or even on a plank on
the floor, with the bent Jaart uppermost and the
metal restrained by hand (or foot) pressure, and
then using a mallet or hammer and block to close it
down as desired.

When this has been done it will be possible to fit
the front and back panels together as a direct
check that the angles are correct and match one
another. To join these two together we shall use
four self-tapping screws roughly in the positions in-
dicated. Actual positions are largely immaterial
provided only that the two panels align properly at
the edges., ) )

For fitting self-tapping screws we will need two
drills, the first giving a hole of such a size that the
screw cuts its thread and grips when screwed in
and the second, larger, drill giving a hole, called the
clearance size into which the screw fits loosely. To
ensure that these two holes are in line first clamp
the Fanels in position and drill through with the
smaller size then separate them and enlarge the top
hole only to clearance size. If the holes are drilled
as described one at a time and screwed together as
they are made there will be plenty of scope for

RADIO AND ELECTRONICS CONSTRUCTOR
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Location pieces for front

and back panel assembly  *
/S S \

Fig. 5. The end panels. Also shown are four
rubber pads which provide the feet

minor adjustments to the shape of the case as it ig
assembled. Some simple form of temporary fixing
by small cheap G cramps or even a pair of Mole
grips will be found very helpful at this stage.

CASE ENDS

The ends of the case are made from identical flat
blanks which are bent as before either in a vice or
held between planks of wood. Notice that the edges
of the end pieces are, unlike the front and back
panels, fully exposed and so must be smoothed and
rounded to remove any sharpness. This can be best
accomplished by rubbing emery cloth along the

Flg. 6. The front and back panels ready for
assembly. These have been modified to provide
an Integral handle

NOVEMBER 1977

edges but remember to avoid scratching the face of
the metal.

To hold the ends in place we will use a single tie
rod passing down the middle of the case parallel
with the front panel. The actual position of this rod
will probably be influenced by the components in-
side but it must be reasonably near the centre of
the triangle which is the cross-section. The rod
could conveniently be a length of studding (con-
tinously threaded metal rod) with nuts each end,
but there is a simpler and perhaps more attractive
alternative in the form of an ordinary bicycle
wheel spoke. This can be cut to a suitable length
and a flattened hook formed on the cut end, as
shown, to fit into two adjacent holes drilled in one
end piece. The hole in the other end piece should
be large enough to take the nipple and preferably
countersunk to match it.

It would seem sensible to insulate the tie rod
with a plastic sleeve which, if reasonably tight, will
also serve to simplify assembly by making the rod

captive in the end cover in which it is hooked.

To prevent the ends sliding about we now stick
on the inside surface of each, using Araldite, three
scrap pieces of metal so placed that they locate
against the inside of the triangle formed by the
front and back panels. It is suggested that for
many types of instruments it will ge a good idea to
arrange the positioning of the ends so that the
protruding lip each side of the front panel is quite
deep to give protection to knobs and lamps etc., in
%he event of the instrument being dropped on its
ace.

The lower edges of the ends, which are turned
back under the case, can have strips of rubber
glued on with Evostick to provide simple and very
satisfactory feet.

An additional feature which can quite easily be
worked into this design is an integral handle. The
finger grip itself is provided by slitting the flange,
at the top of the front panel, in two places about 90
or 100mm. apart and curling this part back inside.
To allow clearance for the finger tips a similar pair
of slits are cut into the upper edge of the back pan-
el and the intervening section is bent inwards.

To obtain a rather different effect using the
same basic method the end pieces may be made
very satisfactorily out of chipboard either veneered
or Jaminate faced. These are edged appropriately,
after cutting, with a veneer or vinyl strip or even
paint. ]
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THE MODERN BOOK CO

MASTER TRANSISTOR - I.C. SUBSTITUTION HANDBOOK £5.50

A giant easy-to-use manual giving replacements for over 80,000 transistors and l.C.'s

MAKE THE MOST OF YOUR
POCKET CALCULATOR

by L. Jansson PRICE: 956p
THE POCKET CALCULATOR GAME
BOOK

by E. Schlossberg PRICE: £1.10.
ADVANCED APPLICATIONS FOR
POCKET CALCULATORS

by J. Gilbert PRICE: £3.90
INTRODUCTION TO COMPUTERS
by K. London PRICE: £1.36

BUILD YOUR OWN WORKING ROBOT
by D. L. Heiserman PRICE: £3.60
INTRODUCTION TO MICRO-
PROCESSORS

by D. Aspinall PRICE: £5.30
MICROPROCESSORS/MICRO-
PROGRAMMING HANDBOOK

by B. Ward PRICE: £4.00
UNDERSTANDING MICRO-
PROCESSORS

by Motorola PRICE: £3.76
T.V. ENGINEERS' POCKET BOOK
by P. J. McGoldrick PRICE: £56.10

‘COLOUR T.V. PICTURE FAULTS

by K. J. Bohiman PRICE: £2.80
COLOUR T.V. WITH PART REF. TO
THE PAL SYSTEM

by G. N. Patchett PRICE: £6.60

THE CATHODE-RAY
OSCILLOSCOPE & ITS USE

by Patchett PRICE: £3.90
THE OSCILLOSCOPE IN USE

by I.R. Sinclair PRICE: £2.80
SERVICING WITH THE
OSCILLOSCOPE .

by G. J. King PRICE: £4.95
BASIC ELECTRONICS |-V

Schools Council PRICE: £7.60
BEGINNER'S GUIDE TO
ELECTRONICS

by T. L. Squires PRICE: £2.60
OP-AMP CIRCUIT DESIGN &
APPLICATIONS

by J. Carr PRICE: £3.90
99 ELECTRONIC PROJECTS

by H.Friedman PRICE: £2.66
110 OPERATIONAL AMPLIFIER
PROJECTS FOR THE HOME
CONSTRUCTOR

by R. M. Marston PRICE: £2.80
T T L COOKBOOK

by D. Lancaster PRICE: £6.60

ELECTRONIC CLOCKS & WATCHES
by M. Robbins PRICE: £6.00

BEGINNER'S GUIDE TO AUDIO
by I. R. Sinclair PRICE: £3.00

PRICES INCLUDE POSTAGE

IMPROVING YOUR HI Fi
by J. Earl PRICE: £3.65

CASSETTE TAPE RECORDERS
by J. Earl PRICE: £5.20

RADIO CONSTRUCTION FOR
AMATEURS ]
by R. H. Warring PRICE: £2.76°

STEREO F.M. RADIO HANDBOOK

by P. Harvey PRICE: £2.90
RADIO SERVICING POCKET BOOK

by V. Capel PRICE: £3.25

ILLUST. TEACH YOURSELF RADIO
by D. Gibson PRICE: £1.80

FOUNDATIONS OF WIRELESS &
ELECTRONICS
by M. G. Scroggie PRICE: £4.40

THE PRACTICAL AERIAL HANDBOOK

by G. J. King PRICE: £6.20
RADIO & AUDIO SERVICING
HANDBOOK

by G. J. King £5.45
WORLD RADIO TV HANDBOOK

py J. M. Frost PRICE: £5.70
THE RADIO AMATEUR'S

HANDBOOK 1977

by ARR.L. \ PRICE: £6.70

We have the Finest Selection of English and American Radio Books in the Country

19-21 PRAED STREET (Dept RC) LONDON W2 INP

Pin 1. 24 .
Lascar Electronics Ltd, P.O. Box 12,'Second Avenue, Billericay, Essex. Tel. Billericay (02774) 3394

Total £13-14

Telephone 01-723 4185

Transformer

module)

Digital Alarm Clock Module

A 4-digit clock .module which combines a MOS-LS| clock circuit, 4-digit 0-8” high efficiency Red LED display, power supply and other
associated discrete components on a single P.C.B. to form a complete electronic clock movement. The user need only add a
transformer and switches to construct a 12-hour digital alarm clock. Features include flashing 1 second colon, AM/PM indication, alarm
set indication, alarm switched O/P to drive high impedance speaker direct, ‘Sleep’ and ‘Snooze’ timers, fast and slow set controls

Our Price £11:95+VAT+P & P £2:25+VAT+P&P Total £2.47

Full details of this and other modules including amplifiers,
timers, comparators, power supplies, countdisplays, oscil-
lators, digital panel meters etc. are given in our comprehensive
catalogue. Also featured are details of our kits and components,
all at highly competitive prices with SAME-DAY delivery by
FIRST-CLASS LETTER POST. Send 50p for a folder containing
our catalogue, new product up-dates and details of our large
range of components and Kits. (Sent free with each clock

4N

are accepted.

SEMI|-CONDUCTORS @ COMPONENTS @ ACCESSORIES @ TOOLS
* FREE POSTAGE on all C.W.0. mail orders o$er £2 list value {ex-
cluding VAT) in U.K., add 15p handling charge.

h All communications to Head Office, Dept RCI/I, 28 ST JUDES
'ROAD. ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB. |
Phone Egham 3603 Telex 284475. Hours 9-5.30 daily: 1 pm Sats,
NORTHERN BRANCH: 680 Burnage Lane, Burnagse, Manchestel
MT9 1NA. Phone 061-432 4945. Hours 9-5.30 pm, 1 pm Sats.

4th ISSUE INCLUDES NEW METERS AND SWITCHES
as well as items from advanced opto-electronic com-
ponents to humble (but essential) washers. Many things
listed are very difficult to obtain elsewhere. The company’s
own computer is programmed to expedite delivery and
maintain customer satisfaction. Attractive discounts con-
tinue on many purchases, Access and Barclaycard orders

40p

Post paid

voucher
worth

40p

144 pages

inc. refund
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' SMALL ADVERTISEMENTS

Rate: 10p per word. Minlmum charge £1.50
Box No. 26p extra

Advertisements must be prepaid and all copy must
be received by the 4th of the month for insertion in
the following month's issue. The Publishers can-
not be held liable In any way for printing errors or
omisslons, nor can they accept responsibility for
the bona fldes of Advertisers. (Replies to Box
Numbers should be addressed to: Box No. —
Radio and Electronics Constructor, 57 Maida
Vale, London, W9 1SN,

OUTSTANDING HI-FI FM TUNER. Comoprises 7 trans-
dstor superhet design with vericap tuning, AFG. Latest
silicon circuitry, full coverage 88-102MHz, Supplied built
and tested with metal front panel and instruction sheet.
Only £9.95 + 30p P. & P. Gregg Electronics, 86-88
Parchmore Road, Thornton Heath, Surrey.

TIRRO ELECTRONICS the mail order division of Ritro
Electronics UK, offers a wide range of components for the
amateur enthusiast. Large s.a.e. or 20p brings list.
Grenfell Place, Maidenhead, Berks., SL6 1HL.

R.E.C. KITS. Pocket Radio, August. £6.98. Case 72p. LED
VU Meter, August. £6.10. Verocase £2.98. Sound Switch,
July. £6.26. Verocase £2.98, Multimeter Booster, June.
£3.60. Case £1.20. Continuity Checker (Wirewound
potentiometer), September, £2.50. Case £2.26, Prices in-
clusive, ELECOLIT Conductive Paint £2.70, New Bigger
COMPONENTS & HARDWARE CATALOGUE — 2 x
9p stamps, MAGENTA, RLIO, 81 Newton Leys, Burtons
on-Trent, Staffs;,, DE15 0DW,

SERVICE SHEETS for' Radio, Television, Tape Recor-
ders, Stereo, etc, With free fault-finding guide. From 60
and s.a.e, Catalogue 25p and s.a.e. Hamllton Radio, 4
Bohemia Road, St. Leonards-on-Sea, Sussex.

BOOKS TO CLEAR: Introductory Radio — Theory and
Serutcinf, 1948 (With Teacher's manual) by H. J. Hicks,
£1.60. Klystron Tubes, by A. E. Harrison, 1 47, 81,60, An
Apé:roac to Audio P"req5 ency Amplifier Design, 1967,
G.E.C. Publication, £1.25. Television Engineers' Pocket

Book, 1954, by Molloy & Hawker, 50p. All prices include

postage. — Box No. (3329.

WANTED: Large and small quantities of transistors, 1.C.’s,
displays, etc., etc., Call any Saturday to: 306 St. Paul’s
Road, London N.1. Telephone: 01-359 4224.

ELECTRONIC TIME DELAY KIT. Uses: Nite-lite,
Extractor fan, Auto music, etc. Times secs/mins/hrs.
Mains powered, 1100W output! (No case). Send £9.
S.A.E, details. L. O. Green, 4 Gurney Road, Costessey,
Norwich, Norfolk, NR5 OHA.

RESISTORS: E12, 6% 1/3 W — 1p, Diodes 4148 — 3p,
4004 — 5p, LM655CN — 38p. VAT inclusive, 15p postage.
Cleveland Supplies, P.O, Box 20, Redcar, Cleveland.

WANTED: Desk-FAX machine, complete or spare parts,
with literature, manuals, etc., in. the series TR100/1 and
£R102/1. made by Creed & Co. Ltd. Details to Box No.

3

(Contlnued on page 189)

REVOR OPTICAL &
TECHNICAL

42 TAVISTOCK STREET
LONDON W.C.2
Tel. 01-836 4536

T
417 ——— POST
dia. lens
FLEXIBLE
MAGNIFIER

WITH CAST IRON BASE,
PRECISION GROUND AND
POLISHED LENS, CHROME PLATED
FRAME AND FLEXIBLE TUBE.
IDEAL FOR HOBBIES, AND
DETAILED WORK WHICH REQUIRES
BOTH HANDS FREE.

CALLERS WELCOME

(Subject to price ruling at the time of issue)

£10.00

VALVE
BARGAINS

Any 5-84p, 10-£1.20,
60=£5,00. Your cholce
from the list below.

ECC82, EFBO, EF183, EF184,
EHO0, PCF80, PCF802, PCL8B2,
PCLB4, PCL8BS, PCLBOS,
PL604, PYB1/300, PY8S8,
30PL-14, 6F28, PFL200.

Colour Valyes— PL508,
PL509, PL519, PY500/A. All
tested. 35p each.

Aerial Splitters— 2-way, 75
OHMS, Inside Type, £1.50,

AERIAL
BOOSTERS

Aerlal boosters can produce

rerarkable Improvements on

the pletute and sound, in
fringe or difflcult areas.

B11~ For the stereo and
standard VHF/FM radlo.

B12— For the older VHF tele-
vislon-~Please state channal
numbers.

B45— For Mono or colour this
covers the complete UHF
Television band.

All boosters are complete with

battery with Co-ax plugs and

sockets. Next to the set fitting.

£4.20,

250,000

Capacitor Clearance Sale

ALL MULLARD C280 and C28t RANGE OF

POLYESTER FILM CAPACITORS 250 AND 400

VOLTS WORKING. VERY GOOD MIXED SELECTION
OF VALUES FROM 01p TO 1-Bpuf.

PRICE 100 - £1.50, 500 - £7.00, 1000 - £12.00

ALL PRICES INCLUDE VAT. P&P 30p PER ORDER, PLEASE SEND
UNCROSSED P.0. OR CHEQUES FOR RETURNING IF WE ARE
OUT OF STOCK OF CAPACITOR BARGAIN PACKS.
EXPORTS WELCOME AT COST,

ELECTRONIC MAILORDER LTD.

62 BRIDGE STREET, RAMSBOTTOM, BURY, LANCS.
Telephone: RAMS (070 683) 30368
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TOWERS INTERNATIONAL
TRANSISTOR SELECTOR

(NEW REVISED EDITION)

Towers’ International
Transistor Selector

T Towers. MBE. MA, 556, C Eing, MERE

This is dead| (Eﬁ/

Would this replace it?

If it takes you longer than 1 minute to find out all about these tran-
sistors then you need a copy of TOWER'S INTERNATIONAL
TRANSISTOR SELECTOR. Its one of the most useful working
books you will be offered this year. And probably the cheapest!

In it.you will find a really international selection of 13,000 tran-

sistor types — British, Continental European, American and
Japanese. And we think that they will solve 90% of your transistor
enguiries.

Current and widely used obsolete types were carefully selected
and arranged in Numero-Alphabetical order by an author who was
uniquely qualified to do the job. With his compendium, all you need
to know is the type number and you can learn all about a tran-
sistor's specification; who made it and where to contact them; or
what to use to replace it.

Price £56.00 inc P&P

—————-—————————————1

Tower’'s by T. D. Towers
International MBE, MA, BSc, C Eng, MIERE
Transistor £5.00

Selector inc. post and packing

To:—DATA PUBLICATIONS LTD.
57 MAIDA VALE
LONDON W9 1SN

Please send me ..........c..ceeeveenn.. copy/copies
to the address shown below

NAMEST SR - L as o e e RS T e M 2 s srmiras £ - e Bl T
ADDRESS ........ A 50 3 e TN, . s B ADDRESS W.......c.si P . i s ol o G
B e o e L Sy (Block capitals) bl o e B e (Block capitals)

DIRECT SUPPLY SERVICE TO READERS

(Please allow 21 days for delivery}

TOWERS INTERNATIONAL
FET SELECTOR

{JUST PUBLISHED)
Towers' International |
Fet Selector

B i & i d
ak -

If you deal with field effect transistors, or fet's — whether as a stu-
dent, a hobbyist, a circuit engineer, a buyer, a teacher or a ser-
viceman — you often want data on a specific fet of which you
know only the type number.

Specifications apart, you may be even more Interested in where
you can get the device in question. And perhaps more important
still (particularly with obsolete devices), you may want guidance on
a readily available/possible substitute. )

This fet compendium, a comprehensive tabulation of basic
specification, offers information on:

1. Ratings

. Characteristics

. Case details

. Terminal identifications

. Applications use

. Manufacturers

. Substitution equivalents (both European and American)

The many fet's covered in this compendium are most of the
more common current and widely-used obsolete types.

It is international in scope and covers fet's not gnly from the
USA and Continental Europe, but also from the United Kingdom
‘and the Far East (Japan).

Price £4.00 inc P&P

r——————————————————

| Tower's by T. D. TOWERS
International MBE, MA, BSc, C Eng, MIERE

EET £4.00

Selector inc. post and packing

NOOA~WN

To:—DATA PUBLICATIONS LTD.
57 MAIDA VALE
LONDON W9 1SN

Please send me ........c.cceveeevnnrnnn. copy/copies
to the address shown below

=z
>
<
m
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SMALL ADVERTISEMENTS

(Continued from page 187)

ANTIQUE WIRELESS: For valves, radios, components
and service sheets, 1920 to 1950. Contact The Vintage
Radio Shop. 1977 Full Catalogue 70p. 64 Broad Street,
Staple Hill, Bristol BS16 5NL. Telephone: (0272) 565472.

LOW DEFINITION TELEVISION - (Baird style),
healthy, and living at 1 Burnwood Drive, Wollaton,
Nottingham. Annual subscription, L.D.T.V.A}, £1.00.

TREASURE HUNTERS! Construct 11-transistor metal
detector giving £300 performance. 10 page illustrated
plans, send ¢1. C. H. Lucas, 241 Upminster Road South,
Rainham, Essex.

FOR SALE: Complete 9.5mm cine “Wide screen” outfit —
ggggeras, projector, screen, etc. S.A.E. for details. Box No.

TV REPAIKS SIMPLIFIED. Full repair instructions in-
dividual British sets £4.50; request free circuit diagram.
Stamp brings details of unique TV publications. Auserec,
76 Churches, Larkhall, Lanarkshire.

FOR SALE: Small electrolytics 10uF-220uF. £2/100, £15/
1000. Same unmarked £1/100, £8/1000. J. Bruere, 17
Heald Close, Shawclough, Rochdale, Lancs.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrapping, facsimile
letters, automatic typing, copy service, campaign plan-
ning, design and artwork, printing and stationery. Please
ask for price list. — The Holborn Direct Mail gompan
Capacity House, 2-6 Rothsay Street, Tower Bridge Road,
London, S.E.1. Telephone: 01-407 6444, :

INVENTORS: “Profit from your Invention”. Sources of
finance and other assistance. Details: Large s.a.e. Delta
(RE), 15 St. Mary Street, Southampton, Hampshire.

FOR SALE: Copies of “Hi-Fi News” January 1975 to Oc-
tober 1975 inclusive, plus December 1975 and January
1976. Mint condition. Offers? Box No. G338.

THE RADIO AMATEUR INVALID & BEDFAST
CLUB is a well established Society providing facilities for
the physically handicapped to enjoy the hobby of
Amateur Radio. Please become a supporter of this worthy
cause. Details from the Hon. Secretary, Mrs. Rita
gllz%pherd, 59 Paintain Road, Loughborough, Leics., LE11

TIDY THOSE WIRES for a professional finish. Self
locking nylon cable ties, 15p/10 plus 15p P&P. L. O.
gl}‘{eend ;_1{ l(gumey Road, New Costessey, Norwich, Norfolk,

5 .

SILICON SOLAR CELLS: Booklet 75p. — Data on cells
in stock 20p or s.a.e. for current price list. Edencombe
Limited, 16 Prince’s Avenue, London NW9 9JB.

WHY NOT TRY something new — RTTY? The British
Amateur Radio Telety%e Group will give you all the infor-
mation vou need, “RTTY The Easy Way”, kits, a Joun}al
and so on. Details from: A. C. Butcher, Hon. Treasufer
g‘A.l?.T.G., 70 Hughenden Avenue, High Wycombe,

ucks.

BOOKS TO CLEAR: The Radio Constructor Vol. 15
August 1961 to July 1962, Bound, £2.30. Short Wave
Magazine, Bound, Volume VIII, March 1950 to February
1951, £2.00. Newnes Television & Short Wave Handbook,
by F. J. Camm, 1935, £2.00. All prices include postage.
Box No: G340. g

{Continued on page 190)

GAN YOU DO
WITHOUT
im

NEARLY ALL CONSTRUCTION PROJECTS REQUIRE
SOME TYPE OF CIRCUIT BOARD.

VEROBOARD is offered toyouin 15 sizes, 0.1"" x 0.1"
and 0.15"" x 0.15" matrix. Every square inch of 0.1""
Veroboard has 100 accurately placed holes for maximum
versatility (imagine drilling those yourseif!).

Vero also manufacture boards for integrated circuits,
strip boards, plain boards, tools, pins and a superb range

of plastic and metal cases. All these products are available
from your local shop_or mail order company.

Send for our booklet describing these products. S.A.E.
7" x 9" plus 10p to:-
VERO ELECTRONICS LTD. RETAIL DEPT.
INDUSTRIAL ESTATE, CHANDLERS FORD, HANTS. SO5 3ZR
Telephone Chandlers Ford 2956

MULLARD FERRITE CORES — LA3 100 to 500 kHz, 75p; LAS
30 to 100 kHz, 100p; LA7 10 kHz, 100p LA13 for W.W.
Oscilloscope, £2.00.
SPECIAL OFFER — Metallised Polyester Capacitors by Erie,
Mullard, etc. Values include: -01/160V, -01/250V, -015/160V,
-022/160v, -033/160V, .0.47/160V, -0.68/160V, -1/160-250V,
-22/160V, etc. This is a bargain not to be missed. 100 for £3.00.
1N4148 SWITCHING DIODES, 10 for 30p; 50 for £1.25; 100
for £1.50; 1,000 for £12.50.
TRANSISTORS — All branded BC147, BC148, BC149, BC157,
BC158, BC1569, BF194, BF195, BF196, BF197, 10p each or
100 for £7.50. )

Please note all prices include UK Postage and

appropriate VAT @ 8% or 124%

XEROZA RADIO
306 ST. PAUL'S ROAD, HIGHBURY CORNER, LONDON N1
Tel: 01-226 1489

FANTASTIC VALUE
AM/FM ST TUNER MODULE MW/LW/FM

Varicap tuning, ready built and tested. Brief spec. FM section,
supply volts 20-40 sersitivity 1uV for 30 dB S/N selectivity 3 dB
300 KHz ST. Sep @ 1 KHz 30 dB min. Provision for signal strength
and centre zero meters. Interstation muting switchable or continu-
ously adjustable. AFC switchable AM section. Sensitivity 10uV
20 dB S/N @ 1 MHz, band coverage MW/LW. Provision for signal
strength meter. Price £40.00, which includes tuningpot, switches
and instructions. VAT is 1234% extra, p&p 50p. A ready screen-
printed dial and ass will be available shortly. Send s.a.e. for
details of tuner ot remittance with order.

HUNTER AUDIO PRODUCTS
Market Street, Shipdham, Norfolk IP25 71.Z

Telephone: (036282) 584
TRADE ENGQUIRIES WELCOME
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PLAIN-BACKED
SELF-BINDERS

for your other magazines

(max. format 74" x 94”)

The “CORDEX'® Patent Self-Binding
Case will keep your copies in mint
condition. Issues can be inserted or
removed with the greatest of ease.
Specially constructed Binding cords are
made from Super Linen of great strength,
very hard twisted and twice doubled.
They are atiached to strong RUSTLESS
Springs under tension, and the method
adopted ensures PERMANENT RESILI-
ENCE of the Cords. Any slack that may
develop is immediately compensated for,
and the Cords will always remain taut
and strong. It is impossible to over-
stretch the springs, as a safety .check
device is fitted to each.

COLOURS: MAROON OR GREEN

(!f choice not stated, colour available will be sent)

PRICEELT1.15 r.ar.300

Available only from:—

Data Publications Ltd,
b7 Maida Vale London W9 1SN
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{Continued from page 189)

LOW COST BOXES and instrument cases. a range of
aluminium boxes from aslittle as 48p including p&p. High
quality range of Instrument Cases from 86p includin
p&p. Sheet aluminium standard and cut to size. Self-
tapping screws, BA nuts, bolts, and washers. Send a self
stan.ped addressed enveiope for pam hlet to Harrison
Bros., P.O. Box 65, Westcliff-on-Sea, Essex SS0 7LQ.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including @.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identification.
Dept. — both Broadcast and Fixed Stations, DX’ Cer-
tificates, contests and activities for the SWL and
transmitting members. Monthly magazine Monitor, con-
taining articies of general interest to Broadcast and
Amateur SWLs, Transmitter Section and League affairs,
etc. League supplies such as badges, headed notepaper
and envelopes, QSL cards, etc., are available at
reasonable cost, Send for League particulars,
Membership including monthly magazines, etc., £3.75 per
annum. (d.)K, and British Commonwealth), overseas
$10.00 or £4.00, Secretary ISWL, 1 Grove Road, Lydney,
Glos., GL15 5JE.

ELECTRONIC WIRING REQUIRED. Prototypes, pro-
duction runs, p.c.b..’s, cable forms. High standard work.
Reasonable rates. Telephone: Maidstone 30302.

MAGAZINE COLLECTORS. Disposing of very early
issues of Radio Constructor. Various odd issues dating
from 1950 to 1975 at 25p each. S.A.E. for list. Prices in-
clude postage, Box No. G341.

FOR SALE: Used t.tl. ic.’s. 90% good. £4/100 gates,
bistables. J. Bruere, 17 Heald Close, Shawclough, Roch-
dale, Lancs.

FOR SALE: Copies of Radio & Electronics Constructor Oc-
tober 1956 to July 1977, (April, June and September 1975
missing). Offers? Telephone: 01-398 1991,

300 PAIRS OF S/H SPEAKERS In 9" x 14" teak cabi-
nets, From £3.50. Edwatds, 103 Goldhawk Road, London
W12. Telephone: 743 6996.

INTERESTED IN OSCAR? Then join AMSAT-UK,
Newsletters, OSCAR NEWS Journal, prediction charts,
ete. Details of membership from: James Keeler, G4EZN,
Church Farm Cottage, Banningham Road, Aylesham,
Norfolk, NR11 6LS.

FOR SALE: Unmarked BZY88, 100 — 756p. Unmarked 2W
zeners, 75 — 60p. Unmarked transistors (BC107/8/9) 40
— B50p. Ferric chloride 1lb. pack 50p (p&p 50p). 10.
15p. 12V miniature relays 50p. Ferranti silicon solar cells
50p. 8 No. 625 mercury cells 20p. 100 high wattage 75p.
Stereo cassette mechanism £10.00. As above with pushbut-
tons and auto stop £15.00. Video recorder non-working
€75.00. Ni-cad battery chargers £1.00. Tachomoter motor
3V at 1000 rpm £1.55. Kodak Brownie cine camera £5.00.
8mm super projector and cine camera £10.00. Croydon
STO08 cine camera £7.50. Hanimex 126 camera £4.00.
36mm camera £3.00. Super Servisol switch cleaner 75p.
4mm plugs and sockets. 20p pair. Insulated post termina?s
15p. Box No, G342.

FREQUENCY LIST TRANSFERS. We have a limited
supply of sheets of Dial Frequency Transfers in black.
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s
and 146Mc/s, Includes amateur band marker frequencies
at 100ke/s points and other short wave frequencies from 2
to 32Mc/s at every 500Kc/s points. Each frequency is
repeated. Two sheets for 5p., five sheets for 10p,, postage
Zg.NData Publications Ltd., 57 Maida Vale, London, W9

{Continued on page 191)
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{Continued from page 190)

WANTED in any condition: Wireless set No. 18, 21, 22,
46, 48, 58, 68 and R109. Will be collected. Also wanted
working instruction books of British wireless sets.
PAOPCR, 28 Smetana Laan, Schiedam, Holland.

STAMP FOR LISTS of new and used components. Box
No. G343.

INTERESTED IN BARGAIN OFFER? Quantity
Mullard FX2243 ferrite cups with DT2206 former or
similar Siemens. Lomnicky, 28 Caerleon Drive, Andover,
Hampshire, SP10 4DE.

FOR SALE: Volumes 27 & 28 of Radio & Electronics
Constructor. Also some earlier, Offers with s.a.e please.
Box No. G344.

FOR SALE: 8 inch 10W speaker, Eagle tweeter 10W 16
ohms, ,with crossover network and transformer. Teak
veneered cabinet free, £12.00 Telephone: 01-455 0740.

FOR SALE: 213 copies of R.C., P.E., P.W. from 1958 in-
cluding 9 complete years. Offers ? Box No. G345.

PERSONAL

JANE SCOTT FOR GENUINE FRIENDS. Introdue-
tions to opposite sex with sincerity and thoughtfulness.
Details free. Stamp to: Jane Scott, 3/Con North St.
Quadrant, Brighton, Sussex, BN1 3GJ.

SPONSORS required for exciting scientific project.
Norwich Astronomical Society are building a 30~
telescope to be housed in a 20’ dome of novel design. All
labour being given by volunteers. Already supported b
Industry ang Commerce in Norfolk.” Recreational.
Educational. You can be involved. Write to: NAS
t$elci;{retar3'/, The Manse, Back Lane, Wymondham, Nor-
olk.

ESSEX GARDENERS. Buy your Bedding and rock
lants, shrubs, etc., also cacti from May’s Nurseries, 608
ayleigh Road, Hutton, Brentwood, Essex. Callers only.

Monday to Saturday.

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beautlfl}l
waterways. Join the Broads Society and play your part in
determining Broadlands future. Further details from: —
The Hon. Membership Secretary, The Broads Society,
“Icknield,” Hilly Plantation, Thorpe St. Andrew,
Norwich, NOR 858S.

©® MODEL RADIO CONTROL

Detailing both Theory and Practice, this book,
by leading authority Paul Newell, has become
the standard reference work. A brief historical
survey leads up to a detailed description of
proportional systems, with over 100 il-
lustrations, including theoretical circuits and
p.c. layouts for an advanced digital system.

134 pages Price £2.256

U.K. Packing

& Postage 32p e0 30 d
‘ON SALE NOW pia £ O
at all leading shops NE
or direct from:— l :

RADIO MODELLER
BOOKS DIVISION,
High Street,
Sunningdale,
Berkshire SL5 ONF.

ELECTRONICETITTE

PRINTED CIRCUITS AND
HARDWARE

Comprehensive range Constructors’ hardware and acces-

sories. Selected range of popular components. Printed

circuit boards for individual designs. Drawing materials for

printed circuits. Resist coated laminate, epoxy glass for the

d.i.y. man.Full processing instructions,no unusual chemicals
required.

Send 15p for catalogue

Ramar Constructor Services
Masons Road - Stratford-on-Aven - Warwks CV37 SNF

Please mention

‘Radio & Electronics
Constructor’
when replying to
Advertisements

NEW ELECTRONIC BOOKS

Making & Repairing Transistor Radios £3.00
Basic Colour TV Course £3.00
Build Your Own Working Robot £4.95
Pictorial Guide to Colour TV Problems £2.65
Build It Book of Miniature Test Instruments £3.95

Mail order only. Books post paid from:

FINBARR BOOKS
16 London Street, Folkestone, Kent

THE DALESFORD SPEAKER BOOK
By R. F. C. Stephens

This book is a must for the keen home constructor. Latest technology
DIY speaker designs. Contains full plans for infinite baffle and reflex
designs for 10-100 watts, also unusual centre-bass system for those
who want hifi to be “heard and not seen”. £1.95 (£2.20 post paid.

$5 Overseas).

VAN KAREN PUBLISHING,
5 SWAN STREET, WILMSLOW, CHESHIRE.
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RADIO & ELECTRONICS CONSTRUCTOR

Single Copies
Price 40p each, postage 12p
T T e L S S s S R s P A SO 0 1 .

Annual Subscription
Price £6.00, post free, commence with.................c...oos AR . issue

Bound Volumes:

Vol. 27. August 1973 to July 1974 Price £2.40, post & pkg 90p
Vol. 28. August 1974 to July 1975 Price £2.75, post & pkg 90p
Vol. 29. August 1975 to July 1976 Price £3.10, post & pkg 90p

CORDEX SELF-BINDERS
With title, ‘RADIO & ELECTRONICS CONSTRUCTOR' on spine,

|
maroon only Price £1.20, post & pkg 30p ‘
With no title on spine, maroon Price £1.15, post & pkg 30p |
With no title on spine, green Price £1.16, post & pkg 30p |
Max. Format 73" x 93" Prices include V.A.T. ‘
DATA BOOK SERIES |
DB5 TV Fault Finding, 132 pages Price 90p, P. & P. 20p i
DB6 Radio Amateur Operator’'s Handbook, |
88 pages Price 70p, P. & P. 13p .
DB17 Understanding Television, 504 pages Price £3.25, P. & P. 70p ‘
DB19 Simple Short Wave Receivers Price. 80p, P. & P. 20p |
140 pages .
STRIP-FIX PLASTIC PANEL SIGNS
Set 3: Wording — White Price 75p, P. & P. 8p
Set 4: Wording — Black Price £1.00, P. & P. 8p
Set 5: Dials Price 38p, P. & P. 8p
Prices include V.A.T. on Panel Signs
| enclose Postal Order/Cheque for............ i payment fOr ...c...ooooveiiiiiiinnnernirs
NPANE e ssevensiobanntosenne b A et Lt dowmih one s ir s N B 5 i 4 e AU R A S
ABBRESS 3 5vrvis fwnisrye hicd s alah spis-sn -« - oot E0ka - o2 i ey e S b B
................................................ -..-u-».,................................-.H...-..-....---.-.-(BLOCKLETTERSPLEASE)

Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order.
All publications are obtainable through your local bookseller

Data Publications Ltd., 57 Malda Vale, Londors W9 1SN

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS
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