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Each £3 unit of Home Unit Insurance gives you pmtion uptothe limit shown

This is the simplified insurance you have been waiting for. (or  units after the first) up to a maximum of five. So
Not just cover on the contents of your home but a simple. So easy. Apply to your Broker, Agent or local office
package of personal protection you and your family need. of a General Accident company. i

And it's how we save you so much money: just ONE The Home Unit Policy can replace your existing insurances
policy to issue instead of nine! And remember— as you buy more possessions just add
You can build up to the cover you need by additional units more Home Units at any time. Quote Ref. 20/9468

THE GENERAL ACCIDENT FIRE & 7 -~ ~~~—~~~———=—-

Please send me further particulars of

LIFE ASSURANGE CORPORATION L TDE Lalrgeces CRRSCIRos:

Metropolitan House, 35 Victoria Avenue, : NBME. .yt
Southend-on-Sea, Essex, SS2 68T | AdAress............cc.cooiineeni s e,
_ : 7 ' nnnnnnn
Itpaystobeprotectedbya/General] !
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Ex-ggzllRPDUSTER Bib Hl-Fl ACCESSOR'ES BOOK BARGAIN BUNDLE

8 Books eomprising:
De Luxe Groov-Kleen 2 Tranxixtnr Equivalent Books.
r l)\L\ e 3

! Radio & Electronic Colour Code & Data Chart
SPECIAL ' Ax oo PLUS Pover icton erslel s )

1 Radio Valve-Guide PLUS
3 other Constructionat books on Reerivers, FM
ONLY 35p each +p&p 130 | chrome Finish Model 60 £1.50

STABILISED POWER MODULES

Tuners cte.
Alsa | General Constructional hook,
Compliete with cirenit dingrams ete,
99p cach +p&kp 15p

Traucked with trnnsistom, dnxlml capnritors aml
rmintars ~ COM Y 1LUE €1,

e Lot | A U

Reeond 8t e Rit 28p
1C

. £235 Stylus Hubine Y
PANOLINE BOARDS 71 7 appro I Cleaier 3ip Tape Heod Cleaning Ki ST IR e STt auialeuty
M eor 30p +pep 20p | R 32 Tape eliting £1.54 Ref 3 Cassette Cane .- Ik GG G 4op
Moxdel 9 Wire stripper eutter . 83p Ref. 565 Hi.Fi Strreo Hints and Tips 32p | BP2  Handbook of Radio T.\. nnd
FIBRE-GLASS PRINTED Industrinl Tube & Valve Equive.  40p.
CIRCUIT BOARDS ‘BP2 Handbhook of Tested Transistor

Y6y x4 approx. 2 for &5y ANTEX SOLDERING H—:lONS PLUGS AND Cirenits . 40p

23 watt £1.93 (45 LIS watt £2,15

) 05 e BP$  laternational Handbook of the

DECON-DALO 33pC Marker ;;:i‘b‘: b gl R R s SOCKETS Waorld s Shiort Wave, Medium and

P - ) iy 3 Long Wave Radio Stations and
Etch resistant printesd eirenit mavker pen 90p each. sll £1.21 2 . e SOCKETS FM/TV Listings. .. 5 asp

T . BP3 Houdbook of Simple Transistor
VEROBOARDS {':;‘} ",“f.:'"’“ ke WG T on 520 |1sys DIN 2 Pin (Speaker) . 006 Cirenits . GE 35p

Packs oot Apprs. 1 e varions sine. . =t < |ps3s DIN 3 Pin 3 010 | 5 Raio & Fietronio Colour Codes
2 Al 1 matric. 33p P37 DIN 5P 180° .. . .o & Data Chart .. 135p

ANTEX BITS AND ELEMENTS [Psst DIN5 Pin 24° . 010 Bpg  Sownd & Londepeak
s peakior Manunt 50p
REPANCO CHOKES & COILS Ps39 i . 009 . pigfipis | Bl

tE : ; - BP® 38 Practien] Tosted Diode Cireuits

RE Chokes (-m H 25p CH2 samll 25p 38p | PSi0 lack 3.5mum Switehed .16 for the Home Constructor - 35p
wH 23p  CH4 1unH 23p 3 psa1 dack 17 Switched I 3 1
el e asp M il T e ngp | BPY1 Practical Trausistor Novelsy
Coils RN Cevatal ot 31p: I)I(I{’Dunlnnu,n 43p ;‘:gp o LIGR b |' RIS do < 0456 Circuits .. bed 40p
a8p , ) 06 |

Bp A S R e Ly (L ot nallGram Bietor Speed a
COIL FORMERS & CORES T8p Cor v | ndicator. N p

NORMAN 1 Coremand Fovmers p #p g 991138 How to make 1-\( & TV Acriatn,
F Cores aned Formers fp 3np 0.09 Bands 18p
o O3 1151 RadioScrvicing for Amateurs .. 20p

SWITCHES 146 High Fideliny lAudapeakcr
DPMT Toggle 25p RSP ST Toughe 18p 2“2 Enclosures ; 37p
DS TR 013 | 156 Transistor Cireuits Manuat Xo. 1. 15
FUSES BIN3 B . . .. 047 T .

017 | 160 Coil Design & Construction Manual — 30p

DIN & Pin 18

147 ol 2o, 100m.A, Hma. 25304, S

0.17 | 161 Radio. TV & Electromics Data Book  25p
0.10 | 150 Transistur Circuits fur Radio

LOOK FOR OUR AUDIO

AL
QUICK-BLOW 4p vach. A TELRSURCE 5p vinh

AND ELECTRONIC 042 Contrulled Models .. .. 40p
EARPHONES COMPONENT -:"c‘l: { :"W' i SRl o g-:; 134 Travsistor Suhminiature Receivers azp
; dack 1" Nerwnedl . ..

155 Transistor Text qupmem nmd

rn e 33p Rohms 2.5

i pluge 33p ADVERTISEMENTS IN :-:i Setvicing Manual 25p
¢ 32§ 156 Transistor Audio Amplifier Manual — 40p
0.14
DYNAMIC MIC?OPHON ES PRACTICAL il e Towstor G or
200 ohins plus i of iteh and 25man F Bey 5 40,
il ) e S T ELECTRONICS' P wiond :
178 A Comprehensive Radio Valve
" : Guide, Book 5 a0p
3-WAY STEREO HEADPHONE PLUGS \ By
JUNCTION BOX ; 3 s . |83 How to Recvicr Foreign
ALL PR'CES SHOWN PS 1 DIN 2 Pin (Speaker) on grammes on your set by simple
1102 £1.87 = P2 DINE Pin.. . o2 modificutions azp
IN Lok] 015 | uss lumlshumm\eRﬂco:vcr(}lrcmu
2-WAY CROSSOVER NETWORK CLUDE V.A.T. P4 0.14 using MAT's .. 30p
K007 80 obowe Trup. Tnsertiom e 3018, £1.25, . s 015 | 187 The TSL Mark '+' Valved FM Tuner
1% . . | 0.15 and its construction ! 20p
CAR STEREO SPEAKERS NEW COMPONENT PAK 7| 17 DING I, . 035 |19 Renctance-Frequency Chart for
{Angelinl) £3.85p por pnir BARGAINS (LS wNenvmal 0.10 Audio & RF use - . 15p
B e T e h N Lz P9 ek 35mmn Plasti T Y™ Resistoc Colous Code Dise Caloustor  10p
O e TN O ot Pricel} 11 ek 2 ] 012
05s] P11 Anek L Plast . 013
B . ek TS SiY . - ]
INSTRUMENT CASES c2 { I Tuck J7 Serencd o
approx. connt iy w . 055 toro Sereencd . ois CARTRIDGES
Ca o Precision Resistors 1%, 0% [rem i _ 0.06
nixett val 0.55 - - | Acos GP91 18C 200m\ at 1.2cms/sec £1.18
bW b § P13 0.15 >
frrred valins 0559 Psi6 n. 0.10 ‘GP93 1 280m\ at kem/sec .. £1.85
Y o GP9G 1 100m\ at lemjuce. £2.65
5
CABLES TTC  J-2005  Crystal/Hi Output... 25p
05| €11 S lapperl s 0.06 1-20 16C CrystalyHi Output
03 Twin Comman Sereen . .. 0.08 Compatible .. £1.10
055 B SGRSE o .. o8 J-200 CS  Stereof/Hi Output ... £1,60
i Core Common Sereen .. 028
<M £1,64
035 Four Core individually Servemd 0.30 LMo Ot
- N . Y J . 0o Microphon Fally Braided Cadie 0.10
ALUMINIUM BOXES 13 20 Elietroletios Truns, types 0.55 Three core madns vulie .. 0.07
3 ) - ks T Pack awarted Hardsan CI'R Tuin oval mains eable ;
Prica A ) s win oval imains eable 0.06
x x o R T R e Ja] CARBON FILM RESISTORS
g X 4lp CPI0 Low Lo Candxial .. 010 The EI2 Range of Carbon Film Resistom fth watt
x B :',:' | available in PAKS of 50 pieces, assorted into the
folluwing grou
g x i CARBON POTENTIOMETERS | "U"es™h .
N b i g and Lin 47K K. 2K 4K 100K, 220K, | BE 90 Mix Pl
A 5 Rl K. R2 50 Mised 1Kohms 40p
BAY x N Ap vel Switeh .. .. .. 014| Ry 50 Mixed 10Knhms - 82Kohms .. 40p
pletss withe £ deep b | Ve 1%, Switoh . ez "
Jare a1 ki B e Ve SR with €01 R e P R 1 i B y| B EORED 100Kohms — | Megohm - 40p

"o | T L L THESE ARE UNBEATABLE PRICES - LESS
VlSIT OUR COMPONENT SHOP e :,‘:,:,‘h:;l’:: - 3‘: THAY 1 ACH ING, VAT

18 BALDOCK ST, WARE, HERTS. (A.10) e I CARBON

PRESETS
BI-PAK SUPERIOR QUALITY
OPEN: MONDAY - SATURDAY 9 a.m. -5.30 p.m. L1 wait 0.06 :
Tel. 61593 L 5 i e LOW-NOISE CASSETTES
LM,

K, 20K, 470K, 18 60 32p €90 4lp 120 52p
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BI-PAK QUALITY COMES TO AUDIO!

AL10 AL20 AL30
AUDIO AMPLIFIER MODULES

The AL10, AL20 and AL30 units are similar in their
appearance and in their general specification. How-
ever, careful selection of the plastic power devices
has resulted in a range of output powers from
3 to 10 watts R.M.S.

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

PARAMETER CONDITIONS PERFORMANCE
HARMONIC DISTORTION Po=3 WATTS f=1 KHz 0.25%
LOAD IMPEDANCE — 8160

INPUT IMPEDANCE f=1KHz 100 Kn
FREQUENCY RESPONSE +3dB Po=2 WATTS 50 Hz - 25 KHz
SENSITIVITY for RATED O/P Vs 25V. Rt. 80F 1KHz 75mV. RMS
DIMENSIONS = 3" x 24" x1”

The above table relates to the ALT 0, AL20 and AL30 modules.
The following table outlines the differences in their working conditions.

PARAMETER AL10 AL20 AL30

Maximum Supply Voltage 25 30 30

Power output for 2% T.H.D. 3 watts 5 watts 10 watts
{RL=80f=r1KHz) RMS Min. RMS Min. RMS Min.

AUDIO AMPUIFIER MODULES PRE-AMPLIFIERS
£2.1

AL10 3 Watts . PA 12 (Use with AL10 & AL20) £4.35
AL20 5 Watts £2.59 PA100 (Use with AL30 & AL50) £13.15
AL30-10 Watts £3.01
POWER SUPPLIES TRANSFORMERS
PS12 (Usewith AL10 T461 (Usewith AL10) p&p15p £1.38
and AL20) 88p T538 (Use with AL20) p&p15p £1.93
SPMB80 (Use with AL30 8MT80 (Use with AL30 & AL50)
and AL50) £3.25 p&p 25p £2.15

FRONT PANELS PA12 With knobs £1.00

PA 12. PRE-AMPLIFIER SPECIFICATION
The PA12 pre-amplifier has been designed to
match into most budget stereo systems. It is com-
patible with the AL10, AL20 and AL30 audio
power amplifiers and it can be supplied from their
associated power supplies. There are two stereo
inputs, one has been designed for use with *Cram-
ic cartridges while the auxiliary input will suit 'I_nput1

most tMagnetic cartridges. Full details are given Impedance 1 Meg. ohm.
in the specification table. The four controls are, Sensitivity 300 mV
from left to right: Volume and on/off switch, finput 2.

balance, bass and treble. Size 152mm x 84 mm. Impedance 30 K ohms.
x 35mm. Sensitivity 4 mV

Frequency response
20 Hz—-5CKHz (-3dB)
Bass control
+12dB at 60Hz
Treble control
+14dB 5t 14 KHz

EA1000 AUDIO AMP MODULE

Module Tested and Guaranteed.

Full hook-up diagrams and complete technical
data supplied free with each module or avaitable
separately at 10p each.

SPECIAL OFFER £2

'@ Supply voltage 10-35 volts

The STEREO 20

The ‘Stereo 20° amplifier is mounted, ready
wired and tested on a one-piece chassis
measuring 20 cm x 14 ¢cm x 5.5 cm. This com-
pact unit comes complete with on/off switch,
volume control, balance, bass and treble con-
trols. Transformer, Power supply and Power
Amps. Attractively printed front panel and
matching control knobs. The ‘Stereo 20° has
been designed to fit into most turntable plinths
without interferring with the mechanism or,
alternatively, into a separate cabinet.

Outpyt power 20w Input 1 (er.) 300mV into
peak.  Freq. res. 1M.Input2 (Aux.) 4 mV
25Hz-25kHz Harm- into 30K. Bass control
onic distortion typi- +12dB at 60 Hz. Treble
cally 0.25% at 1 watt con. +14dB at14 kHz,

AUGUST 1974

NOW WE GIVE YOU r
50w PEAK (25w R.M.S.) PLYS
THERMAL PROTECTION !

The NEW ALG0
Hi-Fi Audio Amplifier
FOR ONLY £3.95

@ Max Heat Sink temp 90°c

@ Frequency Response
20Hz to 100KHz

@ 0.1% Distortion

@ Distortion better than
1% at 1IKHz

@ Thermal Feedback
@ Latest Design Improvements

@ Load - 3, 4, 8 or 16 ohms
@ Signal to noise ratio 80dB

@ Overall size 63mm x 105mm

. x 13mm

Especially designed to astrict specification. Only the finest components
have been used and the latest solid state circuitry incorporated in this
pozert"ul little amplifier which should satisfy the most critical AF,
enthusiast.

FULLY BUILT - TESTED and GUARANTEED

STABILISED
POWER
© Y MODULE SPM80

AP80 is especially designed to power 2 of the AL50
Amplifiers, up to 15 watt (rms) per channel, aimul-

taneously. This modulé embodies the latest
and circuit hni incor i 1 short
circuit protection. With the addition of the Mains Trans-
former M%‘w, the unit will provide outputs of up to 15 amps

at 35 volts. Size: 62mm x 106mm x 30mm.

These units enable you to build Audio Systems of the highest
quality at a hitherto unobtainable price. ideal for many other -p{hclﬁou includ-
ing: l;hco Systems, Public Address, -I Units etc. Handb ilabl 3
‘PRICE £3.25

TRANSFORMER BMT80 £2.15 p. & p. 25p.
STEREO PRE-AMPLIFIER, TYPE PA100

Built to a specification and NOT a tx:"ca. and yet still the greatest value on the market,
the PA100 sterec p: lifier has n ived from the latest circuit techniques.
Designed for use with the AL50 power amplifier systam, this quality made unit incorporates
1o less than eight silicon planar transistors, two of these are specially selected low noise
NPN devices for use in the input stages.

Three switched stereo inputs, and rumble and scratch filters are foatures of the PA100,
which also has a STEREO/MONO switch, volume, balance and continuoualy variable
basa and treble controls.

SPECIFICATION
Frequency Response 20Hs — 20KHz 4 1dB
3 Harmonic Distortion better than 0.1%
Inputs: 1. Tape Head 1.25 mV into 50KN
2. Radio, Tuner . 85 mV into 50Kn

3. Magnetic P.U. A
All input voltages are for an output of 250mV. Tape and P.U. inputs
equali to RIAA curve within + 1dB, from 20Hz to 20KHx
Baso Control + 16dB @ 20Hs Treble Control % 15dB @ 20KHz
Filtars: Rumble (High Fass) 100Hz

L tch (Low Pass) 8KHz
Signal/Noise Ratio better than - 65dB
_Input overload "+ 26dB Supply + 35 volts @ 20mA
nsions 292mm x "X Sbmm

SPECIAL COMPLETE KIT COMPRISING

3 AL50's, 1 SPM30, 1 BMT80 and 1 PA10O oLy £25.30 rux P& p.
All prices quoted ia new pence Glro No. 388-7008
Please send all orders direct 1o warchouse and despatch department

3I-PANK

P.O. BOX 6, WARE - HERTS

Postaye and pack:ng ada '0p.0verseas add cxtra for arrmail
Minimum order 5Up. Cash with order please

Guaranteed Satisfaction or Money Back




DENCO (CLACTON) LIMITED
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX |

Our- components are chosen by Technical Authors and Constructors throughout
the World for their performance and reliability, every coil being inspected tw1ce
plus a final test and near spot-on alignment as a final check.

Our General Catalogue showing full product range »:- 24p
DTB4 Transistor & Valve circuitry for D.P. Coils =, 24p
DTB9 Valve Type Coil Pack Apphication circuity .3 24p
MD 1 Decoder Circuitry for Stereo Keception - 24p

All post paid, but please enclose S.A.E. with all other requests in the interests of
retaining lowest possible prices to actual consumers

LATEST
BOUND VOLUME
No. 26

of
“Radio & Elecironics

Constructor”’

FOR YOUR LIBRARY
Comprising AUGUST 1972
e oSS PRICE £2.10 P&P 33p

BOUND VOLUME No. 24 (August 1970 to July 1971) Limited number of these
BOUND VOLUME No. 25 (August 1971 to July 1972) volumes still available.

PRICES £2.00 per Volume P & P 33p.

We regret all earlier volumes are now completely sold out.
Available only from

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN

RADIO & ELECTRONICS CONSTRUCTOR
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COMPLETE TELEPHONES
EX. G.P.O. NORMAL
HOUSEHOLD TYPE

Only £1-05,

POST & PACKING 45p EACH
TELEPHONE DIALS

Standard Post Office type. Guaranteed in working order.

unly 27 ]/2 P. POST & PACKING 15p
It 22

Tested and

Guaranteed T [
Paks

TESTED AND GUARANTEED PAKS

879 IN4007 Sil. Rec. diodes. L
4 1,000 PIV lamp plastic 55p

881 Reed Switches, 1° long, § dia.
10 it Seivs oo ¥ B5p
Hi5 Mixed Diodes, G . Gold
100 Doileons  55p
Unmarked.

H3E Short lead Transistors, NPN
30 S e e 55p
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T B e on 6 s 55P

+ M2 S, 65p

N A et itiow et eeres DB

H_64 4 IJﬂBL‘)]:ﬂ::h(:r::el F.ET.'s ZN3819 Ssp

Hes 4 ;003651 ;{‘p;::Nmel transiseors Ssp

\ Hés 4 40362 Type PNP Sll tramlstorx 5 p

TO-5 can tomp. to H

F=—lUnmarked
Untested Paks

UNMARKED UNTESTED PAKS

—

81 in (Pi’:rPI'anlulr:dT;nsls(ers 55p
150 Shmmnee 55p
200 gose ey 55

Germanlum
884 St Diodes DO-7 gl
100 Co ook o 95p
886 5il. Dlod b, min.
100 |r|~m4 an?‘lwﬂsmr;pes 55p

7 iz

i

16ty Ao Ry
55p

H6T 10 3819 N Channel F.E.T.'s plastic
case type

A —_—__
Make a rev counter

for your car

The "TACHO BLOCK". This encapsulated block will turn
any 0-1mA meter into a linear and accurate rev. counter
for any car with normal coil ignition system.

£|mp each

l

A
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i
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BI-PRE-PAK

SUPPLIERS OF SEMI-CONDUCTORS TO THE WORLD
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Ex GPOPushButton S
Intercom Telephones

Exactly as internal elephone syscems still in everyday use
where automatic jnternal ex:gange: have not vet raken
over. Available in 5, 10 or 15 ways. Complete with circults
and inscructions, Price of each instrument Is Independent
of the number of ways. Please phone for latest details of
cable.

£2.75 15383

Per instrument
E:tenslon Telephones 711p each p.p. 274p £1.374 for 2

Plastic Power =
Tran3|st : \§

o

NOW IN TWO RANGES

There are 40W and 90W Sllicon Plastic Power
Transistors of the very latest design, avallable In
NPN or PNP at the most shatceringly low prices of
ali time, We have been selling these successfully in
quantlcy to alldparu of the world and we are proud to
offer them under our Tested and Guaranteed terms.
Range 1. VCE. Min. 15. HFE Min 1

1-12 T1325 2650
40 Wart 22 20y 18p
90 Wate Ibsp 244p 22p
Range 2. YCE. Min 40. HFE Min 40,
1-12

These phones are extenslons and do not contain bells.

NEW X HATCH

Our cewvastlyimproved Mark Two
Cross Hatch Generator is now available

W

W

Essential for aiignment of colour guns on all colour T.V. 40 Wace 33p 3 29p
recelvers. 90 Wart 3Blp  344p 33p

Featurin, % plug-In IC's and a more sensitive sync. pick-up
circuit. The case is virtually unbreakable - Ideal for the
engineer’s tooi box - and only measures 3* x 53" x 3°.

" £10.92 g £8.72

HIGH SPEED MAGNETIC COUNTERS
4 digit (non resec) 24v or 48v 4 x 1 x 1 in. 33p p.p. Sp.

INTEGRATED CIRCUITS

\§ We stock a large range of L.C.s at very competitive

prices (from 41p each). These are all listed :In our
|\ FREE Catalogue, see coupon below.

METRICATION CHARTS now available
This  fantastically  detalled  conversion  calculator
carries thousands of classified references between
metric and British {and U.S.A) measurements of
length, area. volume. liquid measure, weights etc.
Pocket Size 15p Wall Chare 18p

We have just received a large (onxl;nmenz of LN380 IC’s.
These are specially selected to a higher grade and are
marked with the number Sk 60745.

This fantastic lictle 3wate audio IC only requires two
capacitors and two potentiometers to make an amplifier
with volume and tone control. The quality is good and
has 1o be heard to be believed.

Our special £l 10 complete with data
price ea
/ BOOKS
nver ] uuu nuu @ 3 We have 3 large selection of Reference snd Technical
E: Books In stock.
7 By

Il'aIISIS_tOI‘S T
nteeh Our famous P1Pak

We hold a very large range of fully marked,
is still leading in value

tested and guaranteed transistors, power

transistors, diodes and rectifiers at very

competitive  prices. Please send for free Full of Short Lead Semiconductors and Electrontc
Components, approx. 170, We guarantee at least

30 really high quality factory marked Transistors

catalogue.
Our very popular 4p Transistors PNP & NPN, and a host of Diodes & Rectifiers
mounted on Printed Circuit Panels. dentification®

{::E o :S:SSIIII:::: I;::::’:]:&z;;:imon. Chart supplied to give some Information on the,
NP Germanium AF or RF. Transistors.
Piease ask for Pak P.1.only 55p
Y

PN Siticon plastic enupsn‘:lulon.
Please send me the FREE Bi-Pre-Pak Cotalogue

LOW COST DUAL IN LINE I.C. SOCKETS

14 pin type at 164p each
16 pin type at 18p each

}Now new low profile type

G NPN Silicon similar ZTX 300 range
TYPE “"H'" PNP Silicon simllar ZTX 500 range

8 revavs ron £1-10, 5,7,

TV Tuwélr Units

Brand new by a famous
manufacturer
Data supplied 2.75

\\

\\\\\

NAME

ADDRESS _

All'prices Include 10% VAT.
MINIMUM ORDER 55p. CASH WITH ORDER

PLEASE. Add 1Sp post and packing per order.
OVERSEAS ADD RA FOR POSTAGE

BUY THESE GOODS WITH ACCESS

AN

DN

M. = %
B' an pAK LTD Dept C. 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX,

TELEPHONE : SOUTHEND (0702) 46344,




COMPONENTS

HOBBYIST - AMATEUR - DOMESTIC - SURPLUS - INDUSTRIAL -
JUST A FEW OF OUR BARGAINS ARE LISTED BELOW - SEND
STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON OTHER
REQUIREMENTS. THESE OFFERS APPLY ONLY TO MAIL ORDER
AND NOT SHOP SALES.

MAINS POWER SUPPLY UNIT. 400m/A, 6-7.5-9-12 VOLT MADE TO SELL AT £5.25 OUR PRICE £3.50

VALVE BASES

Printed circuit BOA — B7G 3p
Chassis UX7 — UX5 — B9G — B7G 3p
Shrouded chassis B7G — B9A .. 4p
B8A — BYA chassis — B12A tube 5p

TAG STRIP
6 way 4p Single 1p

WRIST COMPASS
20p with Needle Lock

TO3 Mica Washer 2p

3” Standard Tape -
Boxed 20p

GP91-1 Cartridge.

. turnover stylii  75p
GC10/4B Cold
Cathode £5.00

Brand New Boxed
6K7G 25p

11 glass fuses— 250 m/a or 3 amp (box of 12) 12p
3” tape spools . £ ! . . 8p
FX2236 Ferrox Cores .. 5p
PVC or metal clip on M.E.S. bulb holder 5p
All metal equipment Phono plug 2p
Bulgin, 5mm Jack plug and switched socket (pa|r) 30p
12 volt solenoid and plunger 40p
250 RPM 50 c/s locked frequency miniature mains motor 50p
200 OHM coil, 21" long, hollow centre 10p
Belling Lee white plastic surface coax outlet Box 30p
R.S. 12 way standard plug and shell . " 50p
SWITCHES RIS RO
Pole Way Type s~z 7 Watt 1p
4 2 Sub. Min. Slide 10p |1 watt - 2p
6 2 Slide 15p VP t"atf watt wire 10p
R w wire
4 2 Lever Slide 10p o . 12p
6 4 15 watt . 14p
g ?l Wafer Rotary 20p each SKELETON
2 5 PRESETS
5K or 500K 4p
1 3 + off Sub. min. edge 10p | 5K wirewound 5p
1 3 13 amp small rotary »12p
2 2 Locking with 2 to 3 keys SAFETY PINS
£1.50 | Standard size, 10 for 4p
2 1 2 Amp 250V A.C, rotary 20p | WIREWOUND POTS
) 2 Toggle 10p | 250, 300 OHM, 1K, 4

COMPUTER AND AUDIO BOARDS
HOST -OF QUALITY, REASONABLE LEAD
TRANSISTORS, SOME POWER. SILICON,
GERMANIUM, ZENER DIODES, POT CORES
HI-STAB RESISTORS, SOME WIREWOUND,
CONDENSERS, CHOKES, TRIMPOTS,
ELECTROLYTICS, ETC. Y

3lb. for 75p + 30p post and packing
71b. for £1.50 4 50p post and packing

SUBMIN VERTICAL SKELETON PRESET

50, 100, 220, 470, 680 OHM 1, 2.2, 4.7,

6.8, 10, 15, 22, 47, 68, 100, 220 K OHM.
ONLY 3p EACH

KNOBS
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW, WITH
POINTER AND SILVER CENTRE 10p EACH.

ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope 170V
2.5M/A £3.60

RESETTABLE COUNTER
English Numbering Machines LTD.
MODEL 4436-159-989
6-14 volt, 6 digit, illuminated, fully enclosed. £2.50

watt, 5K, 10K,11K, 20K,
50K, allat 12p each

Philips transformer,
safety fused. In 200-
220-240v. Out 240v
60ma +46.3v 1a approx
2" x 21" x 23" £1.50
5K, 20K, Log Pot 15p
1meg Tandem Pot 25p
2M, 5M, Log Switch-
ed pot 25p

THERMISTORS
VA1034, VA1040,
VA1055, VA1066,
VA1077, VA1100 15p
VA1005, VA1026 25p

PARMEKO P480

6000/55, 20 Henry

‘12A, potted choke
£1

RELAYS
12 volt S.P.C.O. octal
mercury wetted high
speed 75p
P.O. 3000 type, 1,000
OHM coil, 4 pole c/o
60p

THE RADIO SHACK

161 ST. JOHNS HILL, BATTERSEA,
Open 10 a.m. till 7 p.m. Monday to Saturday
also most Sundays.

LONDON S.W.11
Phone 01-223 5016

ELECTROLYTICS MFD/VOLT. Many others

in stock

6p. 1/75.2/75, 2.5/64,
4/60, 5/50, 6/3, 6/25,
8/6,8/40,8/50,8/150,
12/50, 15/35, 16/40,
16/50, 20/12, 25/3,
25/6, 25/12, 25/25,
50/10, 50/12, 50/25,
50/50, 64/10, 100/6,
100/12, 100/15, 100/
18, 100/25, 125/10,
150/25, 200/3, 250/6,
500/6.

30, 260/12.

9p. 400/16, 550/12.
20p. 8/500, 16/450,
100/200, 100/250-—
275, 16-32/275, 32— |
32/275,100-100/150,
100-100/275.

Solid Tantalum, 8/20,
10/20, 12/20.

50p. 8/800, 2000/50,
12,000/12,32-32-50/
350.

6p. 1/350, 2/350, | £1.100-100-100-150

150/40, 250/18, 250/ | —150/320.
INDICATORS

Arcolectric green, takes M.E.S. bulb 15p

Bulgin D676 red, takes M.E.S. bulb 15p

12 voltred, small pushfit 20p

Mains neon, red. pushfit 20p

CAPACITORS
Mixed type PFDS,2p.1,3.3,4.7,5.6,10, 12 15,
16,18, 20, 22, 24,25, 27, 30 33,37. 39, 47,50, 56,
68, 88, 100, 110, 120, 150, 200, 220, 250, 270,
300, 330, 470, 500, 600, 680, 800, 1000, 2200,
3000, 3300, 5000.
Poly, met., film, paper, etc. MFD/Volt, 3p.
.001/1250, .005/250, .03/350, .03/12, .03/200
.033/100, .0068/70, .056/350, .061/035, .069/
350, .075/350, .08/350, .1/350, .1/500, .13/350,
.25/150. 3
4p. 1500, 1800, 2200, 3000, 3300, 6800,
8200 PFD. .01/350, .013/350, .05/125, .05/250,
.068/200 .25/350.
5p. .033/100, .1/250, .25/500, .5/350.
6p. .1/600, .1/1500, .22/250. .5/250
10p. .01/1000, 1/350, 2/150, 2/200, 2/250
.1/900, .22/900, 4/16.
40p. 5/150, 9/275AC, 10/150, 15/150, 40/150.

TRIMMERS, 15p each
100PF Ceramic, 30PF Beehive, 12PF PTFE
2500PF 750 volt, 33PF MIN. AIR SPACED
5PF, MIN. AIR SPACED, 50PF CERAMIC.

CONNECTOR STRIP
Beiling Lee L1469, 4 way polythene. 3p each

CAN CLIPS
1”or13” or 3* 2p
LABGEAR MAINS DROPPER
36 ohm 25 watt 4 79 ohm 9 watt 25p
TUNING CONDENSERS 50PF, 25p
2 Amp Suppression Choke 5p
PAXOLINE
3x 2' X 15" 2p
45 x L x §", 2 for1p
220K 3 watt l'eSIStOrS 2p
100 ohm 3 watt resistor . 4p
VALVE RETAINER CLIP, adlustable 2p
OUTPUT TRANSFORMERS
Sub-miniature Transistor Type 20p
Valve type, centre tapped or straight 40p

3 pin din to open end, 14yd twin screened
lead 35p

Whiteley Stentorian 3 ohm constant impe-
dance volume control way belowtradeat£1

RADIO & ELECTRONICS CONSTRUCTOR
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SEMICONDUCTORS BU105/01 £1.60 | 2N706 .. 8p
marked by Mullard, etc. Many other types in stock | CA3001 £2.50 | 2N987 .. 45p
AC107 .. 15p | BC148B/9B 9p| BF115 .. 20p | CV7042 (OC41 0OC44, 2N1091 24p
AC127 .. 12p | BC15748/9 11p| BF167 .. 21p | ASY63) 12p | 2N1302 15p
AC187/8 12p | BC158A/B 13p| BF173 .. 20p | GET111 55p | 2N2219 16p
ACY28 .. 18p | BC159C 13p| BF178 . 26p | MA393 50p | 2N2401 (ASYZG 27) 25p
AD149 .. 45p | BC178 16p| BF179 .. 30p |OC35 . 32p | 2N2904 17p
AD161/2 30p | BC186 25p | BF180/1 25p | TAA570 £1.50 | 2N2905 21p
AF116/7 14p | BC187 22p| BF182/3 40p {TAD100 £1.41 | 2N2906 15p
AF124 .. 24p | BC213L 11p| BF184/5 17p | 2G302 .. 19p | 2N2907 18p
AF127 .. 20p | BC547 12p| BF194/5 12p |2N393 .. 50p | 2N3053 15p
AF139 .. 30p | BC558A 12p| BF196/7 13p | Amp Vot THYRISTORS
AF178 .. 30p | BCY40 .. 87p| BF200 .. 25p |1 240 BTX18-200 - 75p
AF180/1 40p | BCY70/1/2 12p | BF262/3 23p (1 240 BTX30-200 40p
AF239 .. 37p { BD112/3 63p| BF336 .. 35p |65 300 BT102-300R 68p
ASY27 .. 30p | BD116 .. 80p| BFX29 .. 27p |65 500 BT102-500R 82p
ASY73 .. 253p | BD115 .. 62p | BFX30 .. 25p |10 700 BT106 £1.20
BC107A or B 16p | BD131/2 35p | BFX84 .. 22p 115 500 BT107 .. 90p
BC107/8/9 7p | BD135 .. 36p| BFX88 .. 18p 6.5 500 BT101-500R 83p
BC108A/B 15p | BD203 .. £1.41| BFY50/1/2 11p |65 500 BT109-500R 90p
BC109B 10p | BD232 .. £1.70| BSV64 50p | 20 600 BTW92-600RM . . . £3.90
BC147/8/9 9p | BD234/5 75p | BSX21 .. 20p |15 800 BTX95-800R Pulse Modulated £18.00
BRIDGE RECTIFIERS OTHER DIODES
Amp Volt RMS Amp Volt RMS Centercel . . . 10p | BZY88 Upto 15 volt 51p
3 1,600 BYX10 30p | 2 30 LT120 30p-| IN916 gp
1 140 OSH01-200 28p | 0.6 6-110 EC433 IN4148 p )
1.4 42 BY164 45p | Encapsulated with buiit-in BA145 17p SIg New Mixed
Plastic types heat sink 15p |BA182 .. 24p O POIEIES
0A5/7/10 15p| £2 plus 40p p & p
1 AMP RECTIFIERS OPTO ELECTRONICS S TACE -
IN4002 100 volt .. 4p ) DIAC BR100 20p
IN4003 200 volt . . 43p ORP12 44p Photo transistor | Amp Volt
IN4OO4 400 volt . . 5ip | BPX40 65p | BPX29  £1.60 [25 900 BTX94-900 £7.50
IN4005 600 voit . . 61p BPX42 £2.48 0OCP71 42p |25 1200 BTX94-1200 . £10.20
IN4006 800 volt .. 7p | BPY10 _ £1.50 coY11B WESTINGHOUSE 28TIO 30
IN4007 1.000 volt . 8p (VOLTIAC) RED L.E.D. ! AMP1000 VOLT THYRISTER
BPY68 £1.60 Infra red transmitter £5) WITHOUT NUT =
HIGH POWER RECTIFIERS BPY69 £2.60 2v 50m/A max:
Amp  Volt BPY77 £2.60 43 mm diam. |PHOTO  SILICON CONTROLLED SWITCH
SR100 1.5 100 ;P Diodes 3 mm diam. 28p | BPX66 PNPN 10 amp £1.50
SR400 15 400
LT102 2 30 105 PNPN PROGRAMM-| PAPER BLOCK CONDENSER |TAA300 T0-74 1 Watt
BYX38-600 25 600 34p ABLE UNIJUNCTION |0 25MFD 800 volt 30p |A.F. AMPLIFIER I.C.
BYX3§-388 %.5 ggg igp BRY39 23p| 1MFD 400 volt 15p |4:5to 9v £1.621
BYX38-9 5 , P 5 vol 20
BYX38-1200 25 1,200 52p IRERD = gmg 12550kv ! 502 WIREWOUND
BYX49-600 25 600 34p | BFW10 .. 55p 2;50 It 20 SLIDER
BYX49-300 25 300 26p | BSV79 . £1.30 | 4MFD 0 50 | 150 Ohm, 250 Ohm 5k
BYX49-900 25 900 40p | BSVBO .. . £1.10| 15MFD 150 volt 25p el -
BYX48-300 6 300 40p N. Channel METAL CHASSIS SOCKETS i PR
gzﬁigiggg- g ggg 23" BSV81 M.O.S.T. .. £1.56 Car Aerial 5p HANDLES
BYX48-1200 6 1,200 805 BFS28 Dual M.0.S.T. 92p | Coax ) gp Rigid light blue nylon
BYX72-150R 10 150  35p | Plastic, Transistor or Diade | 2 ©F 6 piN 240° din 6P 61" with secret fitting
BYX7§-300R 10 300 45p | Holder 1p Speaker din switched P |screws 5p
BYX72-500R 10 500 55p ] inda
BYX42-300 10 300 4sp L’g,’:f;f?;f’;?&gde Rid'r ALL ORDERS Rotor with neon in-
BYX42-600 10 600 65p 50 100l" OVER £6 V.A.T. FREE dicator, as wused in
BYX42-900 10 900  80p e Seafarer, Pacific, Fair-
BYX42-1200 10 1,200 95p = : . e ;
BYX46-300* 15 300 £2.90 Phllnp_s lror) Thermostat o 15p | g way Cinch standard | way depth finders
BYX46-400* 15 200 £3.20 Bulgin 2-pin flat plug and socket  10p 0.15 pitch edge socket 20p each
McMurdo PP108 8 way edge plug 15p
BYX46-500* 15 500 £3.60 20p o y
BYX46-600* 15 600 £3.90 TO3 HEATSINK - Miniature Axial Lead
P : Europlec HP1.TO3B individual ‘curly’ | U.E.C.L. 10 way pin e el
BYX20-200 25 200  60p istor type. Ready drilled 20 2B6000 errite Choke formers
BYX52-300 20 300 £1.75 power transistor type. Ready drille p | connector 2p
BYX52-1200 40 1,200 £3.00 Tested unmarked or marked QALP1O 20p :
*Avalanche type ample lead ex new equipment U.E.C.L. 20 way pin . DEE PLUG
RG4-1250 Mercury vapour rectifier { ACY17-20  8p | 0C23 20p | connector : McMurdo DA15P 15
_ £8.00 | ASZ20 8p | 0C71/2 6p | 2A60000A1P20 30p |waychassisplug 20p
= - — ASZ21 8p | 0C200-5 15p : -
17 Terryclips chrome finish 4p AUY10 40p 2G240 2.50 U.EI.(C.L.zéO way Rp1|n Fairway 18009 Coax.
Cinch 10-way terminal blook 15p | BC186 11p | 26302 ep | socket 2B60600TR10 | _ 0 o 5p
Pair of LA2407 Ferrox cores BCY30-34  10p | 2G401 10p 20p
with adjuster 25p BE1Y175?/1/2 139 gm;’g;e ng U.EC.L. 20 way pin TIE CLIPS
Chrome Car Radio facia 15p SY127 82 2N598/9 Gg socketB260800ATR20 | nylon self locking 77
*Rubber Car Radio gasket 10p BZY88 series 5p | 2N1091 8p 30p 2p
DLI Pal Delayline £1.40 HG1005 4p 2N1302 8p | BELLING LEE L1354 -
Relay socket 12p | HG5009 4p | 2N1907 2-50 | TV Aerial diplexer 10p CINCH 150 i
Take miniature 2PCO relay HG5079 4p | Germ. diode 2p | Phjjips electronic eng- |12 way edge socket
L78/9 4p | GET120 (AC128| . %P ; 10p
B7G or B9A valve can 2p | m3 10p | in1”sq. heatsink) | Ineer kits add on series
0-30, or 0-15, black pvc, 3600 0A81 4ap 20p [ A20, E1004, E1005 11b Mixed nuts, bolts
dial, silver digits, self adhesive, 0A47 4p GET872 12p £1.00 each . 35 L
4317 dia. Ay 15p | 0A200-2 4p | 100v 1A diode 3p (parts worth more) | Washers etc. P
SMALL ORDERS, ENCLOSE SUITABLE HA K
STAMPED ADDRESSED ENVELOPE TH E RADIO s c
LARGE ORDERS, ADD SUFFICIENT FOR | po N e N T T T R AL
POSTAGE, INSURANCE, ETC. Open 10 a.m. till 7 p.m. Monday to Saturday Phone 01-223 5016
TOTAL GOODS PLUS CARRIAGE, ADD 10% V.A.T. also most Sundays
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QUALITY

RABONE CHESTERMAN-LOCKFLEX RULE,
Beautifully made 3m/10ft precision rule
housed in a very attractive ABS case. Easy

to read, 13mm/3}" wide, metric and imperiai
steel tape. Extremely useful catch mechanism
locks the blade anywhere along its length -

power return o a 5 . - 5093

(76)

RABONE CHESTERMAN-COMBINATION TRY
AND MITRE SQUARE, For chassis work , etc,
such versatility. One tool combining Try and
Mitre Square. Depth,Height and Marking
Guages. 300mm/12in Rule and Straight Edge.
Spirit Level/Plumb and Steel Scriber incor-
porated in die-cast stock o E £1.75

(83)

RABONE CHESTERMAN-RETRACTABLE
TRIMMING KNIFE, New style retractable
design. Strong with just the right feel for
scoring, trimming, slicing or cutting a variety
of materials. Ideal for numerous generai and
specialised applications including cable work

etc. 3 c 3 - . £0-65

CJL PRICES INCLUDE P&P AND V.AT
|r--—-—---—-—----—--------1

: L[] Jze][ Tes]
Please send item(s) 23 76 83 :
I/We enclose crossed cheque / P.O. for €........ ) 1

. NAME ;

kLDDRESS )

1 ]

\ CJL LTD. P.O. BOX 34, CANTERBURY, KENT, CT11YT '

O e e e e e e S e S e D e T e e

ENGINEERS

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do you want promotion. a better job.  The B.IE.T. gulde to success should be

higher bay? “New Opportunities' shows  read by every ambitious engineer,

you how L0 get them through a low-cost Send for thts helpful 76 page FREE book

B.LE.T. homestudy course. There are no now. No obligation and nobody will call

books to buy and you can pay-as-you- on y%l'l& It could be the best thing you
rn. ever did.

P S EER ECUT OUT THIS COUPON B Il N Im
N 06) CHOOSE A BRAND NEW FUTURE HERE!
Oy

Tick or state subject of interest. Post Lo the address below.

Computer Bullding O RADIO, Garage Man. [
Elec. (0] Cnrrencry a T[L[C/DMMS. MAA/IMIDip O
Electronic Civil Eng. Olre ERA
Eng. . 0 Const.Eng. [ “RagioTv [ SENERAL
MECHANICAL Elec, Eng. O Heat& Vent. O cg g Agric.Eng. (O
AM.SE, Install. & Inst. of Telecoms. OO gAE.l.E‘1 a
(Mech} O Wiring O _ Builders O prac. Radio S Rulc.
DieselEng. 0O EMEN Inst. Works & Elec. re ul ?. ]
Inst. Motor MANAGEMENT and (with kity [ Refrigeratn. [
Ind. O Computer Highway Radio -C.E. o
Matntenance Prog. G Supers. O “amateurs [
2 [0 Management [ Painting& Radio Serv. [J v
Mechanical Prod. Eng. 0 ec. O TVMain& 6.C.E. 580
I Eng. o ga;xl.l((:onv.‘rol O Surveying O ° gery. a | &°a° LEVELS I
n)
g o WorkStids® [ ORAUGHTSMAN. AUTO & AERD
ELECTRICAL&  worksMan. [] SHIP Aero Eng. (o] [
ELECTRONIC AMILED 0O AMIMI [ Coaching for
AMS.E. CONSTRUCTIONAL Gen. A.E.C.Cert. 8 many major
{Elec) O A.M.S.E. Draughts. [] AutoEng. eraminations
C&GElec. { C&G Auto

Civil) O =
[ Architecture 0 Drawing [O Eng

Eng. . a L
ToB.LE.T. BRE 90 Atdermaston Court, Reading RG7 4PF gk [BRE S0 I

NAME (Block Capitals Please)

I ADDRESS

Other subiects Age I
Accredited by C.A.C.C. Member of A.B.C.C.

ISH INSTITUTE OF ENGINEERING TECHNOLOG

AR-2020
Quadraphonic Receiver

Ultrasonic Cieaner GD-1150

Small Engine Tune-Up Meter
CM-1045

there’s always
something new

from Heathkit

Handcrafted electronics with kit savings and plus values.
Whatever your requirements Quadraphonics, Calculators,
Digital home electronics, Ultrasonics, Automotive testers, etc.,
we offer something for every interest — every walk of life.

Want to know more? Read all about the ‘wonderful world
of Heathkit electronics in the FREE Catalogue.

Free

Please send me the FREE Heathkit Cata- ‘
logue & details of Monthly budget plans.

NAME

ADDRESS ._

1 HEATH (GLOS.) LTD. DEPT. REC/6/74
Bristo) Road,
Gloucester GL2-6EE

SHOWROOM LONDON:- 233 Tottenham Ct. Rd.
RADIO & ELECTRONICS CONSTRUCTOR
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Why go hunting for
components when
. there’s

CATALOGUE 7

@ 112 pages

@ Transistors, I.C.s,
Thyristors, etc.

@ Rs and Cs of ali kinds
@ Pots

GENUINE DISCOUNTS
tCOMPUTERISED
HIGH-SPEED SERVICE

Look it up in Catalogue 7 first. Packed with com-
ponents, attractively priced, brand new and guaran-
teed to spec. You are more likely to get the things
25p you want from ELECTROVALUE and there are

excellent discounts too.

Post free Anything over £2 (except Baxandall speaker)
including send carriage paid—in U.K. And with Catalogue
25p refund 7 you get a 25p Refund Youcher usable op orders

voucher for £5 or more list value, Catalogue 7 also includes
useful diagrams and data.

ELECTROVALUE LTD.

(Dept. RC.6) 28 St. Judes Road, Englefield Green, Egham, Surrey
TW20 OHB (Telephone: Egham 3603)
Northern Branch, (Personal callers) 680 Burnage Lane, Manchester
(Telephone: 061-432 4945)

by A.R.R.L.
STEREO SOUND

by H. W. Hellyer PRICE £3.70
RAPID RADIO REPAIR

by G. W, Heath PRICE £1.70
THE TRUE SOUND OF MUSIC

by Hans Fantel PRICE £2.70

TELEVISION ENGINEERS’ POCKET BOOK

by P. J. McGoldrick PRICE £2.60
HOW TO USE INTEGRATED CIRCUIT

LOGIC ELEMENTS

by J. W. Streater PRICE £1.50
TRANSISTOR CIRCUITS
by T. M. Adams PRICE £1.85

STEREO F.M. RADIO HANDBOOK ]
by P. Harvey PRICE £2.60
DIGITAL LOGIC BASIC THEORY & PRACTICE

by J. H. Smith PRICE £1.60
THE PYE BOOK OF AUDIO
by Pye Ltd. PRICE £1.05

AUGUST 1974

THE MODERN BOOK CO
THE RADIO AMATEUR’S HANDBOOK 1974

ALL PRICES INCLUDE POSTAGE
We have the Finest Selection of English and American Radio Books in the Country

19-21 PRAED STREET (Dept RC) LONDON W2 INP
Telephone 071-723 4185

PRECISION

POLYCARBONATE CAPACITORS
ALL HIGH STABILITY - EXTREMELY LOW LEAKAGE
63V Range +-1% +-2% +-5%
56p 46p 36p

04pF (15”"x37)" 50p 0.47F

0.22uF (137x%")  59p 1.0uF 66p 56p 46p
0.250F (137x8") 62p 2.20F 80p 65p 55p
047uF (137x3)  Tip 47pF £1.30  £1.05 85p
05uF (13"x31)  75p 6.8F £1.64  £129  £1.09
0.68uF (2”x3%) = 80p 10.0pF £2.00  £1.60  £1.40
1.0uF (2"x3¥)  91p 15.0pF £2.75  £245  £1.90

2.0pF (2'x17) £1.22
TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22,
0.47,1.0, 2.2, 4.7, 6.8uF at 15V/25V or 35V; 10.0uF at 16V/20V or 25V;
22.0pF at 6V/10V or 16V; 33.0uF at 6V or 10V; 47.0pF ac 3V or 6V;
100.0pF at 3V, ALL AT 10p EACH; 10 for 95p; 50 for £4.00.
TRANSISTORS:
BC107/8/9 %o BC183/183L 11p BF194 12p BFY51 20p
BC114 12p BC184/184L 12p BF197 13p BFYS52 20p
BC147/8/9 10p BC212/212L 14p AF178 30p OC71  12p
BC153/7/8 . 12p BC547 12p BFY50 20p 2N3055 50p
BC182/182L 11p BCS558A 12p

1N914 6p; 8 for 45p; 18 for 90p. 1N916 8p; 6 for 45p; 14 for 90p.
1S44 5p; 11 for 59p; 24 for £1.00. IN4148 5p; 6 for 27p; 12 for 48p.
LOW PRICE ZENER DIODES: 400mW; Tol. +-5% at SmA. Values
available; 3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8V7 7.5V, 8.2V; 9.1V;
10V; 11V; 12V; 13V, 13.5V; 15V; 16V; 18V; 20V; 22V; 24V; 27V; 30V,
All at 7p each; 6 for 39p; 14 for 84p. SPECIAL: 100 Zeners for £5.50.
RESIST ORS: High stability low noise carbon film 5%, + W at 40°C;
§W at 70°C. E12 series only — from 2.2Q to 2.2MQ ALL AT 1p EACH; 8p
for 10 of any one value; 70p for 100 of any one value. SPECIAL PACK:
10 of each value 2.2Q to 2.2MQ (730 resistors) £5.00.

SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire
ended D027: 100 P.\.V. — Tp (4/26p); 400 P.L.V. — 8p (4/30p); 80O P.I.V. -
11p (4/42p). BRIDGE RECTIFIERS: 25 Amp. 200V - 40p; 350V - 45p;
600V - 55p.

SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT 3p
each; 500),100Q, 220Q), 47040, 680Q 1K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K,
47K, 100K, 1M. .

PLEASE ADD 10% V.A.T. TO ORDERS. PLEASE ADD 10p
POST AND PACKING ON ALL ORDERS BELOW £5,00.
Send S.A.E. for lists of additional ex-stock items. Wholesale price lists
available to bona-fide companies. ALL EXPORT ORDERS ADD COST
OF SEA/AIRMAIL.

MARCO TRADING
Dept. C3, The Maltings, Station Road, WEM, Shropshire.
Tel: NANTWICH (Cheshire) 63291 (STD 0270)
(Props: Minicost Trading Ltd.)

Price £2.95

DIGITAL ELECTRONICS

by B. Ward PRICE £1.45
RAPID SERVICING OF TRANSISTOR
EQUIPMENT by G. J. King PRICE £2.00
BEGINNER'S GUIDE TO COLOUR T, V.

by G. J. King PRICE £2.05
HANDBOOK OF IC CIRCUIT PROJECTS

by J. Ashe PRICE £1.50
BASIC AUDIO SYSTEMS
by N. H. Crowhurst PRICE £1.70

FOUNDATIONS OF WIRELESS AND
ELECTRONICS by M. G. Scroggie PRICE £2.00-
SERVICING WITH THE OSCILLOSCOPE

by.G. J. King ] PRICE £2.00
UNDERSTANDING & USING THE VOM &
EVM by J. Cunningham PRICE £1.60
TEST EQUIPMENT FOR THE RADIO
AMATEUR by H. L. Gibson PRICE £2.00




HOME RADIO {Components) LTD , Dept RC, 234-240 London Road. Mitcham CR4 3HD Phone 01-648 8422

0 THINK ]

I wanaged Wit a
- give-awny calo/ggue
~until I splashed

ol on a

HOMVIE RADI
Components &z?‘a/gyae

Splashed out? /nvested is more the word! It cost
me just 77 pence (including packing and postage)
and | saved more than that on my first order. And
if 1 take into account the satisfaction I've gained
from using such a comprehensive, clearly set out,
well illustrated production, I've saved the outlay
many times over. Think I'm exaggerating? Why
not test it for yourself? The coupon below is just
waiting to be filled in and sent off with your cheque
or postal order. No need to keep it waiting any
longer.

By the way, the catalogue contains 10 free
Vouchers, each worth 5 pence when used against
; orders — so you can soon get most of the price
g of the catalogue back anyway!

240 pages :

Over 6;000 items I B
Nea r|y 2,000 pictu res Please write.your Name and Address in block capitals

55p._plus 99 FOST AND J NE e - v I S

Send GF tHS o b on-eb APDRESS
day. Itls your first step to e han e e e e N e .
solving your component I

buying problems. I HoME RADIO (Components) LTD., Dept. RC. Regd. Na.

The price of 77p applies only to customers in 234-240 London Road, Mitcham, Surrey CR4 3HD 912966, London
the U.K. and to BFPO addresses.

10
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By R. A. Penfold

HE LAMP DIMMER DESCRIBED IN THIS ARTICLE CAN

control domestic filament lamps up to 100 watts in
power. Few components are required, a factor which
makes the design inexpensive and simple to construct.
The prototype has been built as a portable unit incor-
porating a mains socket into which a standard, or table,
lamp can be plugged.

The unit can also be employed as a soldering iron
temperature controller, but it is not suitable as an
electric drill speed controller or for similar applications
where a fairly high power rating is required. Neither
should it be used with flourescent tubes.

THYRISTOR OPERATION

The power control element in the design is a thyristor.
This is a four-layer silicon semiconductor device, and
its circuit symbol is shown in Fig. 1(a). Its semi-
conductor structure is illustrated in Fig. 1(b).

A thyristor is usually considered as basically consisting
of two transistors, a p.n.p. type being formed by the
upper three layers of the semiconductor material, and an
n.p.n. type being formed by the three lower layers. Each
of these two transistors will have its base connecting to
the collector of the other transistor. This gives us the
transistor circuit equivalent shown in Fig. 1(c).

Anode -Anode Anode -
{ N
1 \ n Gate
Gate m Gate
Cathode Cathode Cathode
(@) (b ©)

Fig. 1 (a). Circuit symbol for a thyristor
(bJ). The four-layer structure of a thyristor
(c). A thyristor can be regarded as a
p.n.p. and an n.p.n. transistor con-

nected as shown here
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In normal operation the cathode of the thyristor is
taken to the negative side of a d.c. supply, and the
anode is taken, via the load, to the positive side. As the
transistors are silicon devices they will have very low
leakage currents, and these are the only currents that
can flow in the device as neither of the transistors is
receiving any appreciable forward base bias. The
device is in consequence turned off.

If a current from a voltage source that is positive of
the cathode is applied to the base, this will begin to turn
on the n.p.n. transistor. As this turns on its collector
causes a forward bias current to flow in the base of the
p.n.p. transistor. This in turn begins to turn on, and its
collector provides an increasing bias current for. the
base of the n.p.n. transistor. There is therefore a
regenerative action between the two transistors and it
results in their both very rapidly turning hard on. In this
state, the thyristor conducts heavily between its anode
and cathode, with very little voltage dropped between
these two electrodes.

Only a very brief gate pulse is required to turn the
thyristor on. Once it is turned on it will remain in this
state even if the gate current is removed, since the
internal n.p.n. and p.n.p. transistors continue to bias
each other hard on. The only way of turning the
thyristor off is to reduce the current flowing between its
anode and cathode to virtually zero, whereupon both
the internal transistors become non-conductive and,
once again, only leakage current flows.

The thyristor operates therefore as an electronic
switch, requiring only a brief pulse at its gate to turn it
on and the removal of the load current to turn it off
again.

THE CIRCUIT

The full circuit diagram of the light dimmer is shown
in Fig. 2. Since the thristor can only control direct
current and we require it here to control an alternating
current, a full-wave bridge rectifier circuit consisting of
D1 to D4 is included to ensure that the current in the
thyristor flows in one direction only. On a.c. half-cycles
where the Live inpuf is positive, current (from positive
to negative) passes through D2, through the thyristor
and then through D4 to complete the circuit to the
output socket. On the alternate half-cycles the current
flows through D3, through the thyristor, and then
through D1 to the Live input point.
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This continuously variable dimmer is

suitable for domestic mains lamps

having powers up to 100 watts and it

is housed in a standard electrical
fitting box

F =)
( L e
3amp
To AC e s
mamns
_l_lm}Vw_‘
N E ¢
2R
TH' - =
£ CRSI/40AF N NE,
Output ! T i
socket : UE C, C2=
|
|
| =N Leh
: C G
C3
1 CRSI/40AF
Lead-outs
Fig. 2. The circuit of the lamp dimmer unit
Resistors Neon
R1 22k § watt 109, NE1 Small wire-ended neon bulb (see text)
VRI1 500k potentiometer, linear
Switch i
Capacitors S1 S.p.s.t., push-on push-off
C1 0.15uF plastic foil
C2 See text Fuse
C3 0.002 or 0.0022uF, 250V A.C. Wkg. F1 3 amp fuse (fitted in input plug)
Inductor Miscellaneous ;
L1 Home-wound with 24 s.w.g. enamelled Mains plug, mains socket and parts for case
copper wire on 2 in. by % in. ferrite rod (see text)
3-core flexible mains load
Semiconductors Heat.sink (for TH1)
TH1 CRS1/40AF Plastic control knob
D1-D4 IN4004 Printed circuit board
AUGUST 1974 13



Fig. 3. If the thyristor did not become conductive,
the voltage at its anode could consist of rectified
half-cycles, as here

The power available at the output socket is varied by
having the thyristor turned on for a controlled part of
each half-cycle. If the thyristor were not-turned on, the
voltage at its anode, relative to its cathode, would be a
series of rectified half-cycles, as illustrated in Fig. 3.
However, the voltage at the anode is passed, via VR1
and R1 to Cl, C2 and the neon bulb NEI, and these
components ensure that the thyristor is, in practice,
turned on for at least part of each half-cycle. When
VRI1 is set to insert minimum resistance into circuit, the
capacitors Cl1 and C2 charge very quickly and the
voltage across these is only a little lower than that
across the thyristor.

At the beginning of each half-cycle under these
conditions, therefore, the voltage across the capacitors
will very quickly rise to the striking voltage of the neon
bulb, which is of the order of 70 to 80 volts. Since the
neon bulb couples to the lower terminals of C1 and C2
via the gate-cathode junction of the thyristor, the pulse
of current in the neon will also flow in the gate-cathode
junction, causing the thyristor to turn on. The voltage
across the thyristor will at once drop to almost zero,
whereupon C1 and C2 receive no further charge for the
remainder of the half-cycle. At the end of each rectified
half-cycle the anode current in the thyristor is reduced to
zero, and so the device turns off ready to function in the
same manner during the next half-cycle.

Even when VRI1 is set for maximum power, where it
inserts minimum resistance into circuit, there is still, of
course, some loss of power. This is because the thyristor
is not triggered on at the very beginning of each half-
cycle. However, as can be seen from the waveform of
Fig. 4(a), which shows the voltage appearing across the
lamp load under these conditions, the power lost is
negligible. There is also a very small loss of power in the
rectifier diodes and the thyristor, and this again is
negligibly low.

If we now consider the circuit with VRI slider set
about mid-way along its track, we will find that the
voltage across C1 and C2 takes longer, after the start of
each half-cycle, to reach the level at which the neon
strikes and the thyristor is triggered on. This is due to the
increased time constant of the circuit. In consequence,
the thyristor does not turn on until the mains voltage is
at about its peak level, whereupon the waveform shown
in Fig. 4(b) is produced, indicating that current flows
in the lamp load over the latter half of each half-cycle.
Thus, only half power is developed across the load.

14

When VR is set to insert maximum resistance into
circuit the time constant is increased still further, and a
relatively long time elapses after the start of each half-
cycle before the voltage across Cl and C2 reaches a
sufficiently high level to trigger the circuit. Triggering,
in fact, only occurs.just before the end of each half-
cycle, giving the output waveform shown in Fig. 4(c).
This provides very little power for the output load, and
represents the minimum available power output.

Thus, it is possible, by a switching action, for the
unit to provide a continuously variable control of the
output power. Since the thyristor is either turned fully on
or fully off for the major part of the time it dissipates
very little power and there is in consequence very little
heat generated. The thyristor is, in practice, fitted with
a small TOS5 heat sink.

Fig. 4 (a). Voltage waveform across the lamp
load when the dimmer unit is set to
give maximum power output
(b). The waveform given at half output
power
{c). The waveform for minimum output
power
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A vie-w looking directly down at the inside of
the unit

Due to the rapid speed at which the thyristor turns
on the output waveform is rich in harmonics and can
cause interference with a.m. radio receivers. L1 and C3
are suppression components which remove the har-
monics at radio frequencies. S1 is the on-off switch.
When the unit is assembled, there is little space for this
switch, and it has to be a small type. The author used a
push-on push-off mains switch obtained from the local
Woolworth’s store.

The neon bulb is a small wire-ended type. The bulb
retailed by Home Radio under Cat. No. PL32A is
suitable. Capacitor C3 must be rated at 250 volts a.c.,
and a 0.0022uF capacitor with this rating is listed bv
Home Radio under Cat. No. 2EL01. Capacitors C1 and
C2 should have a d.c. working voltage of at least 100
volts, and the value of C2 is found experimentally, after
the unit has been completed, in a manner which is
described later. The potentiometer, VR, is a standard
component with a carbon track. It should have a plastic
and not a metal spindle. Choke L1 is home-wound on a
2 in. length of % in. diameter ferrite rod. This can be
taken from a longer length of % in. rod by carefully
filing a groove in the rod at the point where the break is
required and then tapping the rod with a small hammer.
Ferrite rods with a diameter of  in. and a length of
3% in. are available from Henry’s Radio Ltd. The
thyristor specified is rated at 400 p.i.v. and 1 amp, and is
encapsulated in a TOS can.

el
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CONSTRUCTION

The prototype dimmer is housed in an MK Electric
Limited double-size plastic wall-mounting switch or -
socket block. ‘This has a mains socket on the left hand
side and a plastic blanking panel on the right hand side.
These parts can all be obtained from local electrical
shops, and are supplied complete with the necessary
mounting screws. The particular parts required can be
readily identified from the accompanying photographs.

A % in. hole is drilled in the centre of the blanking

-plate and VR1 is mounted on this. It should be fitted

with a plastic knob. A hole is drilled in the left hand side
of the box and a three-core flexible mains input lead
passes through this, being suitably anchored by a cable
clamp on the inside. The other end of the mains input
cable, which can be of any convenient length, is
terminated in a 3-way mains plug fitted with a 3 amp
fuse. Switch S1 is mounted on the right hand side of the
case, exactly opposite the mains input cable entrance.
Most of the components are wired up on a small
printed circuit board measuring 2 by 13 in. Details of
this are given in Figs. 5(a) and (b). To enable the copper

pattern to be easily traced, this is reproduced actual

'size in Fig. 5(b). The two mounting holes are drilled
6BA clear. After all wiring has been completed and the
required value for C2 has been found, the board is
mounted on the bottom of the case underneath VR1 by

Another view of the internal construction of 1
the dimmer
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L :
- ‘L' of mains
/4 dia P input lead
| »
2"
] ]
‘L’ of output
socket Co
/
7
-
6BA clear

(a)

(b)

Fig. 5 (a). Wiring on the component side of the printed board. The two 6BA clear holes are for mounting

purposes

(b). The copper side of the board. This is reproduced full size and the diagram may be traced

means of two % in. countersunk 6BA bolts and nuts.:
VR1 is wired so that the resistance it inserts into circuit
decreases as its knob is turned clockwise.

As already stated, choke L1 is home-wound. It
consists of approximately 60 turns of 24 s.w.g. enamelled
copper wire close-wound on the 2 in. by { in. diameter
ferrite rod mentioned earlier. The exact number of
turns is not critical, but they should not be significantly
less than 60. The ends of the winding are secured to the
rod with insulating tape. Although 24 s.w.g. is a rather
thin wire for the current it is called upon to carry, it
copes with it quite adequately. The author has not been
able to detect any noticeable heat generated in the choke
even when the unit has been run at maximum output
power. :

Most of the wiring is illustratéd in Fig. 5(a). C3 is not
shown, and this is mounted on the output socket
between the Live and Neutral terminals. The only other
connections are to the Neutral and Earth terminals of
the output socket. These connect to the wires from the
Neutral and Earth terminals, respectively, of the input
plug at the other end of the 3-core mains lead. Care
must be taken to see that all mains wiring is correctly
and reliably carried out.

SETTING UP

When initially testing the unit, no capacitor should
be connected in the C2 position. Firstly, it should be
ensured that the wiring to VR2 is correct and that
16

rotating its spindle in a clockwise direction gives an
increase in lamp brightness.

If, with VR1 set fully anticlockwise the lamp con-
nected to the output is still fairly bright, connecting a
capacitor in the C2 position with a value between about
.0.005pF and 0.022pF should enable a dimmer minimum
setting to be obtained. The best value is found by trial
and error. The unit input plug must be removed from its
mains socket whilst adding or removing different capaci-
tors in the C2 position or whilst carrying out any other
work on the internal wiring of the unit. Otherwise, there
is a risk of dangerous shock from the mains.

The reason why a precise value for C2 cannot be
specified is that different thyristors require varying
values of gate current to be turned on. There may also
be a small variance in striking voltage between different
neon bulbs.

Sometimes, it 'is found that a neon bulb does not
ionise and strike reliably if it is in complete darkness.
There was no. evidence in the present unit of erratic
operation when the socket and blanking plates were
screwed down to the box on which they are fitted.

If the unit is used very close to an a.m. radio receiver
it may be found that radiation from L1 causes a
certain amount of interference. This can be virtually
eliminated by orienting the dimmer unit relative to the,
radio so as to obtain the minimum amount of inter-
ference. Alternatively the unit could be built in a metal
case, which would screen L1. If such a case is used it
must be reliably connected to the mains earth. =)
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GAIN
METER

TRANSISTOR)

EST INSTRUMENTS INTENDED TO
measure the current gain of

52V

transistors have been described in the
home-constructor press from time to
time., In some instances the instru-
ments have been quite complex in )
design, whereas in others the main 2 1
design aim has been simplicity and R R3
low cost. 330kan
The gain meter to be described in
this article falls into the second cate-
gory and it also has two unusual
features. Firstly, the gain of the trans-
istor being checked is indicated directly
on the scale of a moving-coil meter

]
+IN 3TN
h

2700

2 Test

and, secondly, no switching is required ‘si’
to change circuit popularities for p.n.p.
and n.p.n. transistors. The accuracy of
the readings obtained is sufficiently
high for most general work with
transistors, and the instrument is
capable of selecting matched pairs of
transistors to a close tolerance. Current
gain measurements are taken at col-
lector currents between 1 and 10mA
according to the gain of the particular L
transistor being checked. ]

'S

Vi [
N N

L]

R2 Ra
33kn

4 .
terminals

O

TR
BC214L

TR
BC214L

)

AAAAA

BY,
ov

1}k

- Dy
h 3.9V
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THE CIRCUIT

The circuit diagram of the instru-
ment is shown in Fig. 1. At the right of
the diagram TR 1 and TR2 appear in a
stabilizing and current limiting supply
circuit, and this has primarily to be
discussed. The circuit is based on a
design described in ‘Suggested Circuit’
No. 283, which was published in the
June issue of this journal. A full
description of circuit operation ap-
peared in the earlier article, and so
only a brief account will be given here.

AUGUST 1974

bce

BC2l4L
Lead-outs

S) positions : 1-Ot0l000 Dy Dg

2- 0o 100

R|Rg
Re

IN4OO2
4 watt 5%
4 watt 10%

NPN. PNP.

Test terminals: | C E

2 B ]
3 E C

Fig. 1. The complete circuit of the transistor gain meter. This caters
for both p.n.p. and n.p.n. transistors without a polarity reversing
switch
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When the 9 volt supply from the
battery is applied by closing push-
'button S3, a stabilized voltage of
3.9 volts appears across zener diode
ZD1. If no current is drawn from the
collector of TRI1, its base-emitter
junction functions as a simple diode,
and conventional current (from posi-
tive to negative) flows from the 9 volt
positive supply rail via RS, the base-
emitter junction of TR1 and then via
TR2 to the negative supply rail. TR2
functions here as an emitter follower,
with its base coupling to the stabilized
voltage on the upper terminal of the
zener diode, and its emitter coupling
to the base of TR2. Both transistors
are silicon types, and the voltage drops
in their base-emitter junctions cause
the emitter of TR1 to be about 5.3
volts positive of the negative supply
rail. If a new 9 volt battery is employed,
its terminal voltage on a light load, will
be of the order of 9.4 volts, whereupon
a voltage of 9.4 minus 5.3 volts, or
4.1 volts, appears across RS5. This
corresponds to a current flow in RS
of 15mA. When the battery voltage
drops after use to 8 volts, the voltage
across RS then becomes 8 minus 5.3,
or 2.7 volts, whereupon the current in
RS is 10mA.

The voltage at the collector of
TR1 is 5.2 volts positive of the
negative supply rail. If a small current
is drawn from this collector, it still
remains at 5.2 volts. The unaltered
voltage is due to the relatively high
current in the base of TRI1, which
causes this transistor to be turned
hard on. .TR1 collector current is
drawn by way of its emitter through
RS, and since the voltage across this
resistor remains unaltered, the current
flowing through it is shared between
the collector of TR1 and the emitter of
TR2. When TR1 collector current is
very close to the limiting value (15mA
with a new 9 volt battery) the current
available from TR1 base for TR2
emitter becomes insufficient to main-
tain TR1 in the fully conductive state,
and the collector voltage of TR1 goes
negative. The overall effect is that TR1
collector is held at around 5.2 volts
positive of the negative supply rail for
all collector currents up to those
which are close to the limiting value.
The collector voltage of TRI1 then
falls rapidly, becoming zero with
respect to the negative supply rail at
the limiting current itself.

To sum up, the voltage at the
collector of TRI1 is approximately
5.2 volts positive of the lower supply
rail for load currents up to a limiting
value, with a new 9 volt battery, of
15mA, and up to a limiting value of
:10mA with a battery whose voltage
has dropped to 8 volts. Intermediate
battery voltages give intermediate
values of limiting current. It is
impossible to draw a current from
TR collector which is in excess of the
limiting value.

We may now turn our attention to
the remainder of the circuit, and we
can at once see the necessity for having
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a current limiting power supply. The
transistor whose gain is to be measured
is connected to the three test terminals,
of which Terminal 1 couples to the 5.2
volt stabilized rail whilst Terminal 3
couples to the negative supply rail
via a 0-10mA meter. With normal
usage of the instrument it would be
quite possible for Terminals 1 and 3
to be short-circuited together, where-
upon the current limiting supply
circuit ensures that, under worst
conditions. the current flowing in the
meter cannot exceed 1SmA. The cur-
rent flowing in the transistor being
tested is also limited to the same value.

P.N.P. AND N.P.N.
TRANSISTORS

As is indicated in Fig. 1, p.n.p.
transistors are connected to the test
terminals in a different manner than
are n.p.n. transistors. The two different
methods of connection enable the
usual polarity reversing switch to be
dispensed with.

A p.n.p. transistor is connected with
its emitter to Terminal 1, its base to
Terminal 2 and its collector to Ter-
minal 3. If it is a silicon transistor
switch S2 is set to ‘Si’, whereupon the
circuit around the test transistor is as
shown in Fig. 2. The range switch,
S1(a), (b), is initially at position 1,
whereupon a bias feed circuit is set up
from the negative supply rail via
S1(b), R4, D4, D3 and S2 to the base of
the test transistor. All the diodes in
the circuit are silicon types, and at the
low currents involved here it can be
assumed that the forward voltage drop
across a silicon diode and across the
base-emitter junction of a silicon
transistor is 0.6 volt. The forward
voltage drops across the base-emitter

junction of the test . nd
across D3 and D4 add u, re
to 1.8 volts, leaving 5.2 minus 1.8, or
34 volts, to be dropped across R4.
When S1(a) (b) is in position 1, full-
scale deflection in the meter indicates
an hre in the test transistor of 1,000.
Since meter f.s.d. corresponds to a
collector current of 10mA, the base
current to the test transistor then
needs to be 0.0lmA. R4, across which

-there is a voltage drop of 3.4 volts,

will pass such a current if it has a
value of 340kQ. In practice, the nearest
preferred value of 330kQ proves to be
satisfactory.

Setting Sl(a) (b) to position 2
selects the ‘0-100° range, with the
result that base current to the test
transistor needs to be 10 times greater,
at 0.1mA, than is given on the ‘0-1,000°
range. This current flows through R2,
whose value is one-tenth that of R4.

Under the conditions illustrated in
Fig. 2, no current can flow in the upper
bias resistors R1 or R3. The base of
the test transistor is held at 0.6 volit.
negative of the 5.2 volt rail, whereupon
diodes D1 and D2 cannot pass forward
current. If the test transistor is a
germanium type, switch S2 is set to
‘Ge’, thereby inserting D5 in series
with the transistor base. The forward
voltage drop across the base-emitter
junction of a germanium transistor is
much lower than that across the base-
emitter junction of a silicon transistor

"and is, typically 0.15 volt. Inserting

D5 in series with D3 and D4 ensures
that the total voltage drop across the
diodes and the base-emitter junction
of the transistor is just a little highar
than the 1.8 voit figure given with a
silicon test transistor; whereupon the
base bias current is still approximately”

0.01mA with Sl(a) (b) in position

+5-2v
Sia
2 1
R R3
Dy Ds
14 |
+'Y
Do £ 5
Fig. 2. Circuit con- S = Test
ditions when a 1 4] transistor
p.n.p. transistor js B3 5y
checked 1 g
D, 4 _./’— 3
59 10, e
Ge
Ra Ry @
33kn 330kn (\) M
Sib
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1 and 0.1mA with S1(a) (b) in position
2. The voltage at the junction of D2
and D3 still ensures that D1 and D2
cannot pass forward current.

The hre gain figure for the test
transistor may be read directly from
the scale of meter M1, multiplying by
the requisite factor according to the
setting of S1(a) (b). Should the meter
indicate 6mA with S1(a) (b) in position
1, then the hrE of the transistor under
the circuit conditions given by the
instrument is 600. Again, should the
meter read, say, 4.5mA with S1(a) (b)
in position 2, then the hre of the
transistor is 45. Test readings are taken
by pressing S3 after S1(a) (b) has been
set to position 1. If the h¥E is less than
100 (indicated by a reading of less
than ImA in the meter), S3 is released,
Si(a) (b) is set to position 2, and S3 is
then pressed again.

An n.p.n. test transistor is connected
with its collector to Terminal 1, its
base to Terminal 2 and its emitter to
Terminal 3, as shown in Fig. 3. If it is
a silicon transistor, S2 is again set to
‘Si’. This time a base bias supply is
taken from the 5.2 volt positive rail
via R3 or R1, D1 and D2, and this
again takes into account the forward
voltage drop across the base-emitter
junction of the test transistor and
across two silicon diodes. The latter
are now D1 and D2. In consequence,
Rl and R3 have the same. values
respectively as have R2 and R4. The
voltage drop across meter M1 has also
to be considered, but this can be ex-
pected to be negligibly low. The meter
employed by the author had an internal
resistance of 6Q, which means that, at
f.s.d., the voltage dropped across it is
only 0.06 volt. Most other standard
moving-coil 0-10mA meters have
similarly low internal resistances.

If the test transistor is a germanium
device, 82 is set to ‘Ge’, thereby
bringing D6 into circuit to provide the
requisite extra forward voltage drop.
No current flows in R2 or R4 because
the voltage at the junction of D2 and
D3 is sufficiently low to prevent D3
and D4 passing forward current.

When an n.p.n. transistor is checked
it functions as an emitter follower, and
the current flowing in meter M1 is
equal to the base current multiplied by
hre + 1. The slight inaccuracy intro-
duced by the ‘-~ 1’ térm is not of
importance in a simple instrument of
the present type.

COMPONENTS

The components are all readily
available types. There are rather a
large number of silicon diodes, and the
author employed rectifiers type 1 N4002
for these. However, the current flowing
in the diodes is low and any other
silicon diodes, rectifier or signal, could
be employed in the D1 to D6 positions.
The use of the four diodes Dt to D4
has the advantage of removing the
necessity for a polarity reversing
switch. The zener diode, ZDI, may
have a dissipation rating between 200
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and 400mW. Sl(a) (b) is a d.p.d.t.
toggle switch, and S3 is a push-
button which closes when pressed.

Capacitor Cl is included to reduce
the possibility of r.f. instability. When
p.n.p. transistors are being checked,
there is a long amplifier chain given
by TR2, TR1 and the test transistor,
and r.f. instability can occur if Cl is
not included in the circuit. R.F.
instability is indicated if the meter
reading changes when one of the test
-terminals is touched with a finger.
There was no evidence of instability
with the prototype circuit despite the
fact that no attempt was made to keep
wiring particularly short. Meter read-
ings will very probably change,
incidentally, if two of the test terminals
are bridged by a finger or fingers. This
effect is merely due to the added
resistance between the two terminals
being touched and should not be
confused with r.f. instability.

As has already been mentioned,
test readings are taken with S1(a) (b)
initially set to position 1. Most modern
transistors have current gains in
excess of 100 whereupon starting a
measurement with S1(a) (b) in position
2 will nearly always cause the meter to
pass the power supply limiting current.
Whilst, at worst, this cannot exceed
some 15mA, there is no point in
needlessly subjecting the meter to
currents in excess of the full-scale
deflection value. With normal use
occasional ,excursions of the meter,
beyond f.s.d. are, nevertheless. bound

to occur from time to time. If desired,
an electrolytic capacitor can be con-
nected across the meter to damp its
movement so that, in the event of its
passing the limiting current, its needle
is stopped less abruptly by the end-
stop. The value of the capacitor will
depend upon the meter used and may
be found by experiment. The author
did not use such a capacitor in the
prototype circuit as this incorporated
a normal robust meter movement.
When it is found that the limiting
current is less than 10mA, this is an
indication that the battery voltage has
fallen below 8 volts and that a replace-
ment is needed. The current drawn
from a 9 volt battery is approximately
17mA when S3 is pressed.

It will probably be found that there
is not an exact correlation between the
readings given on the “0-1,000° and
‘0-100° ranges with test transistors
having hre values close to 100. This is
mainly due to slightly different trans-
istor characteristics at the different
base bias currents. As a final point,
the readings given by small germanium
transistors will probably increase by a
small amount from their initial values
if 83 is pressed for an extended
period. This is particularly liable to
happen if the transistors produce meter
deflections of 5mA or more. The
effect is due to warm-up in the trans-
istor and can be ignored if the meter
reading remains steady at the slightly
increased value,

|
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. AND .

PLASTICS IN RADIO CONTROL

o i

Cases fabricated from ‘Bondene’ PVC-clad aluminium
supplied by BIP Sheet and Film Division (Turner &
Newall Limited), Manningtree, Essex, protect and
enhance the appearance of a range of transmitters made
for model aircraft enthusiasts by Skyleader Radio

Control Limited of Croydon, Surrey.

Originally anodised aluminium cases were used but
since this material was easily scratched during assembly
of the transmitters, and was also liable to become
scuffed and dirty in service, the firm changed to type
E180 ‘Bondene’ sheet, gold in colour.

As a result damage to cases during assembly has been
virtually eliminated and they now have greatly im-
proved wear-resistance. Furthermore they are less cold
to the touch than bare aluminium, and dirty marks are
easily wiped off the PVC surface.

There are three transmitters in the Skyleader series —
the SLX, Clubman and Clubmate. Frequencies can be
adjusted by fitting various plug-in crystals. The SLX
and Clubman also have a pupil training facility, which
prevents ‘learner’ modellers crashing their aircraft
whilst acquiring the art of radio control. The two
transmitters are coupled by a special lead, enabling an
experienced flyer to take control if his pupil sets the
model on a course to disaster.

Switches and other fittings on-the fascias are in black
nylon and plated ABS.

VAT REDUCTION

As copy for magazines is set well in advance of publi-
cation, changes in prices ‘due to budget action cannot
be immediately reflected.

Therefore, where appropriate, either an enquiry
should be made, or the amount due calculated on the
following formula.

Where price is inclusive of VAT - divide the total by
11 and deduct one-fifth of the resulting figure. When
VAT is charged separately, the rate is 8%.

Short Wave Regenerative Receiver

In this article, which appeared in our May 1974 issue,
the position of the valveholder for coil L1 is such that
the coil fouls VC4. The L1 valveholder holes should be
omitted when making the chassis and front panel. after
which a suitable position for the valveholder is found
with the front panel temporarily assembled to the
chassis and VC4 mounted. The valveholder will be to
the right and rear of the position indicated in Fig. 2 of
the article.

SKIL JIG SAW WITH ADJUSTABLE SPEED

. Since SKIL of 1B Thames Avenue, Windsor, Berkshire,
introduced their electronic speed control of diy-drills
several years ago, this feature has proven of great value
in practice. In the meantime various industrial drills and
drivers have been equipped with the Variable Trigger
Speed system.
~ After quite some research and tests, SKIL now
launch the ‘VTS jig saw’, which offers more application
possibilities than conventional 1- or 2-speed saws. As a
matter of fact, the speed can be adapted to any material:
synthetics, such as plexiglass, plastic, fibreglass; ferrous
and non-ferrous metals; all sorts of lumber; composi-
tion materials; in short practically all modern building
materials. It’s just a matter of selecting the right saw
blade and the appropriate speed. The cutting speed is
simply controlled by adjusting the finger pressure on the
trigger. More pressure . . . faster, less pressure . . .
slower. And every speed between zero and maximum
can be locked with the adjusting screw.

Other technical data: saw foot adjustable for bevel
cuts, for splinter-free cuts and for intricate precision
20

jobs; input 300 Watts; depth capacity in wood up to
45 mm, in aluminium up to 6 mm, in ferrous metals
up to 3 mm.

SKIL497H
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TREASURE HUNTING TODAY

Treasure hunting, either the hard way or with modern equipment, has
become one of Britain’s fastest growing hobbies. Already an estimated
80,000 people are looking where the eye cannot see.

Using a metal detector combines electronic expertise with the desire to
look into the past.

Britain may not be everybody’s idea.of a treasure island, but with
electronic metal detectors, a remarkable number of good finds have been
unearthed, including at least three major hoards. One at Reigate, was most
spectacular and consisted of nearly one thousand gold and silver 15th
century coins, tentatively valued at £250,000.

The C-Scope Metal Detector Company Ltd., 82 Castle Street, Canter-
bury, Kent, one of the most successful manufacturers of treasure hunting
metal detection machines in Britain, have been concerned with their
design development and unique advanced construction over the last
few years.

At the lower end of the C-Scope price range are the two induction
Balance machines, the 100 and the 300. Priced at £47.74 and £62.26
respectively, they both combine regular C-Scope features of fine weight
distribution, lightweight rugged construction, the ability to be used in
water to a depth of two feet, and are equipped with headphones.

‘PANEL SIGNS’ AND PRINTED CIRCUITS

We are indebted to T. E. Millsom for pointing out to us
that the adhesive on our current Strip-Fix Plastic ‘Panel
Signs’ is such as to make them suitable as a masking
material in the production of printed circuit boards.
The required shapes for the copper pattern are cut out
from a ‘Panel Sign’ sheet and are then pressed on to the
copper side of the laminate. The etchant fluid then
removes the copper which is not protected by the ‘Panel
Sign’ material.

We are pleased to pass on Mr. Millsom’s idea to

readers, but we have to stress that we cannot guarantee
success with ‘Panel Sign’ material for all printed circuit
etching applications. This is due to the fact that the
material is being employed for a purpose other than that
for which it was designed and because we have no control
over the etching process. Nevertheless, experimentally
minded readers may care to try for themselves the effect
of using scrap from ‘Panel Signs’ in the production of
small printed boards. L

HELPING HANDS

After twelve years of outstanding service to the Radio
Amateur Invalid and Bedfast Club, Frances and Joe
Woolley have retired from their respective positions as
Honorary Secretary and Honorary Treasurer res-
pectively. Mrs. Woolley is also giving up the editorship
of Radial, the news letter of the Club, -although she will
continue to handle the supply of QSL cards for mem-
bers. Evelyn and Sid Boakes have taken over the
responsibilities of Honorary Secretary and Treasurer.

Many of our readers will be aware of the voluntary
work of the R.A.I.B.C., whichassistsradio amateursand
SWL’s who are physically handicapped to follow their
hobby.

The new HQ address is RAIBC, Bristol -Road,
Cambridge, Glos. GL2 7BQ,

Torbay Amateur Radio Society are holding a Radio
Mobile Rally on Sunday, 11th August, at the All Whites
Rugby Football Ground, Newton Abbot.

Part of the proceeds will be towards an extension to
the Douglas House Cheshire Home at Brixham. The
extension has became necessary because the room
designated for the radio station only, installed by the
‘Society, has now to be largely used for the storing of
therapeutic equipment.

“The TV Repair Man can’t come
but suggests you call the
RS.P.CA.I"
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CRYSTAL 3

MARKER

e

The crystal marker components make up a t/d);
assembly on the board

A neat little unit which provides
calibration markers from 1MHz
to higher than 30VIHz.

* K *

F YOU HAVE NOT YET USED THE VEROBOARD PANEL GIVEN
away with the October 1973 issue of Radio and
Electronics Constructor, it can be employed for the
construction of this crystal marker. Alternatively, of
course, a panel of the required size can be cut out from a
larger piece of 0.15 in. Veroboard. The panel has 7 by 16
holes, with the strips running in the longer dimension.

CRYSTAL MARKER

A crystal marker is a device which provides extremely
accurate frequency calibration points for a receiver or
other equipment.  The marker described here has a
1MHz crystal, and will provide calibration points from
IMHz to above 30MHz. The 1MHz point is the funda-
mental frequency of the crystal itself. The calibration
points which are obtained at higher frequencies are
harmonics, or multiples, .of this. They thus arise at
2MHz, 3MHz, 4MHz, and so on, right up to 30MHz
and beyond. The way in which these points can be used’
to calibrate a receiver or other equipment is explained
later.

COMPONENTS

Resistors

(Al  watt 10%)
R1 470kQ
R2 2.7kQ

Capacitors
Cl 150pF silvered mica or polystyrene
C2 47pF silvered mica or polystyrene
C3 470pF silvered mica or polystyrene
C4 33pF silvered mica or polystyrene
CS 0.047 or 0.05uF disc ceramic
TC1 30pF mica trimmer

Transistor
TR1 OCI170

Crystal 1
X1 1MHz crystal, HC6/U (see text)

Miscellaneous
Veroboard, 0.15 in. matrix, 7 strips x 16 holes
9 volt battery
Flexible wire
Battery clips
Crystal holder.

‘RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 1. The circuit of the 1MHz crystal marker

The circuit of the unit to be described is shown here
and it will be seen that it employs a single transistor
type OC170. The capacitor values, and particularly
those for C1 and C3, are chosen to suit the crystal
frequency and would have in some cases to be modified
if a different frequency were used.

Trimmer TCI, in parallel with C2, allows some ad-
justment of the series capacitance for critical setting of
the crystal frequency. This can be carried out with the
aid of one of the standard frequency transmissions,
such as that available on 5SMHz. If this adjustment is
made, an accuracy of a few Hertz, or cycles per second,
is easily obtained. On the other hand, if an accuracy of
the order of 0.019%, is sufficient TC1 and C2 may be
omitted, a single 68pF capacitor being substituted in
their place.

Output is taken from the capacitor C4, and is at a
high enough level for any receiver of ordinary sensiti-
vity. In fact, with a receiver of good sensitivity, a read-
ing of over S9 may be anticipated at 30MHz.

The current required is about 3mA at 9 volts. This
may be taken from a separate battery, or from the
existing supply if the unit is to be installed permanently
in a receiver and the latter has a suitable supply voltage
available.

The components are quite standard types. The crystal
is in an HC6/U encapsulation and may be obtained
direct from its manufacturer, The Quartz Crystal Co.
Ltd., Wellington Crescent, New Malden, Surrey. The
crystal holder may be any type intended to take an
HC6/U crystal, such as that available from Henry’s
Radio. The trimmer TCl is a small 30pF component.
The trimmer employed by the author is made by
Cyldon (Home Radio Cat. No. VC29D) and fits
comfortably into the Veroboard layout. However, any
other small mica trimmer of the same value and having
tags which can be fitted to Veroboard holes spaced by
0.45 in. would be equally suitable.

VEROBOARD ASSEMBLY

Both sides of the board are shown in Fig. 2. Some
crystal holders can be mounted on top of the board,
with sockets projecting through holes drilled in the
board. The holder employed by the author required a
AUGUST 1974

-rectangular aperture measuring 9 by 20 mm. This was

cut out by drilling sufficient holes to allow a file to be
inserted and then carefully filing out to the required
size. The board should be supported to ensure that it
does not crack whilst being filed. Care should also be
taken to ensure that the filing does not turn up frag-
ments of copper so that a short-circuit could arise
between adjacent copper strips.

The centre strip is cut at hole 6D, using either a twist
drill or the special Vero spot face cutter. Components
are then inserted and soldered into circuit in the follow-
ing manner,

1. Fit R1 between holes 8A and 8D.

2. Fit R2 between holes 14A and 14G.

3. Fit C1 between holes 10D and 10E. This capacitor

is fitted vertically if a polystyrene component is
used.

4, Fit C2 between holes 3A and 3D.

5. Fit C3 between holes 13A and 13E.

6. Fit C4 between holes 15A. and 15C.

7. Fit C5 between holes 15E and 15G.

8. Fit TC1 between holes 5A and 5D. The Veroboard
holes have to be elongated with a very small file to take
the tags of this trimmer. Also, it may be necessary, with
some trimmers, to reduce the width of the tags by care-
ful snipping.

9. On the copper side of the board fit a wire between
hole 2D and the nearer tag of the crystal holder.

10. Fit a second wire between hole 7D and the re-
maining tag of the crystal holder.

11. Take up the transistor and identify its lead-outs.
The shield lead (S) is not used and is cut off fairly close
to the transistor body. Shape the other leads so that,
with the transistor on the component side of the board,
the collector lead (C) passes through hole 11A, the base
lead (B) through hole 11D, and the emitter lead (E)
through hole 11E. Position the transistor so that the
underside of its body is about 2 in. above the board
surface, then solder its leads. Cut off excess wire after
soldering.
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Fig. 2. Component and copper sides of the
Verobodrd assembly
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12. Connect a piece of red flexible wire to hole 16E
for battery positive.

13. Connect a piece of black flexible wire to hole 16G
for battery negative.

14. Connect a piece of flexible wire of some other
colour to hole 16C. This wire carries the output.

BATTERY OUTPUT

If the unit is to be used as it stands, the red and black
leads can be simply clipped to a battery when it is

required. If desired, an on-off switch can be inserted in -

either battery lead. The unit could also be fitted in a
case, complete with a small 9 volt battery and on-off
switch.

When the marker is to be installed inside a receiver
the method of mounting depends on whether it obtains
its power from its own battery or from the receiver
supply. In the former case, the unit should be mounted
in such a manner that both its positive and negative
supply rails are isolated from the receiver chassis. If,
later, it is found that performance is improved by hav-
ing the positive or negative rail common with the
receiver chassis, the requisite connection can then be
made. A suitable 9 volt supply may already be available
in the receiver, particularly if this employs transistors.
In this instance, either the positive or negative rail of the
marker may be made common with the receiver chassis
according to the polarity of the receiver supply.

An isolated fixing to a metal chassis is easily arranged
by cutting the copper strip at hole 14C. Strips B and C
are then isolated from holes 1 to holes 14, and holes for
two 6BA mounting screws can be drilled between these
strips in the vicinity of holes 1 and 10. These screws,
with extra nuts for spacing, must raise the board so that
the crystal holder tags do not touch the receiver chassist

COUPLING TO RECEIVER

The lower order harmonics are strong, and it is only
necessary to place the output lead near the receiver
aerial lead. Higher order harmonics are weaker. With
these, it may be necessary to twist the insulated output
lead a few times round the aerial lead, or even to make a
direct connection from this lead to the receiver aerial
socket. The effect of connecting the positive supply line
of the marker to the receiver chassis should also be
checked.

With many receivers it is possible to arrive at a degree
of coupling which will be satisfactory for the whole
range, from 1MHz to 30MHz. In order to avoid other
signals, it may be necessary to disconnect the actual
aerial lead from the receiver.

The marker signal is heard by switching on the
receiver b.f.o., in the usual way for the reception of a
C.w. transmission.

ADJUSTMENT

If adjustment of the crystal trequency is felt necessary,
tune in the standard frequency transmission from MSF
at Rugby on SMHz, and set up the marker coupling, as
already described, so that the received transmission and
the marker harmonic are of roughly similar strength.
The b.f.o. is switched off. Any difference in frequency
between the marker harmonic and the standard fre-
quency transmission will be heard as a low-pitched tone.
Adjust TCI so that this falls in frequency; the error will
24

I

A view looking directly down on the Veroboard

eventually become a matter of only a few Hertz or
cycles per second, heard as a rise and fall in background
noise, or observed as an upwards and downwards
movement of the S-meter. There is normally no purpose
whatever in securing an accuracy better than a few
Hertz,

It should be mentioned that the signals from MSF
are transmitted on alternate periods of about five
minutes each during the hour. The transmission con-
sists of carrier and second pulses for 0 to 5 minutes past
the hour, followed by no signal from 5 to 94 minutes
past the hour. From 94 to 10 minutes past the hour the
transmission consists of the call-sign and frequency
off-set in slow Morse, followed by carrier and second
pulses from 10 to 15 minutes past the hour. This cycle of
transmission continues throughout the hour.

RECEIVER CALIBRATION

Receiver calibration can be checked at 1MHz inter-
vals throughout the short wave bands. Appropriate
harmonic ‘pips’ will also allow the exact low frequency
ends of the 7MHz, 14MHz, 21MHz and 28MHz
amateur bands to be located.

With a home-built or uncalibrated receiver, establish
the frequency of any one ‘pip’ by its relationship to
an amateur band, or any other known frequency. The
1MHz points can then be counted up and down from
this, and marked up on the tuning scale.

SIGNAL GENERATOR CALIBRATION

To check the calibration of a signal generator, couple
it and the marker to a receiver. Tune in any required
1MHz harmonic from the marker on the receiver, then
tune the generator to zero beat with this.

A signal generator can be checked or calibrated
through the lower frequency bands by beating its har-
monics against the 1MHz fundamental or a 1MHz
harmonic from the crystal marker: As an example, tune
the receiver to 1 MHz with the aid of the marker. If the
signal generator is now tuned to half this frequency,the
second harmonic of its 500kHz output will beat with the
crystal marker signal, thus allowing the S00kHz tuning
point of the generator to be established. Some signal
generator frequencies giving harmonics at 1MHz will
not be convenient, a typical instance being 333.3kHz.
Others, where the fundamental is a round figure, will be
more useful; for example, the fourth. harmonic of
250kHz is 1,000kHz or IMHz, as is the fifth harmonic
of 200kHz. So by this means a check of signal generator
outputs can be made at frequencies lower than that of
the 1MHz crystal.

Similar methods can be employed to calibrate a grid
dip oscillator. But for general use the marker is most
likely to be employed to determine accurately the
frequencies to which a receiver is tuned. |
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PRECISION

AC. TO D.C.
ONVERTER

By A. Foord

The circuit described here functions
as a precision rectifier and allows a
moving-coil meter to directly indicate

e e  —

a.c. r.m.s. voltages up to 1 volt

.C. TO D.C. CONVERTERS ARE USED IN MANY INSTRU-
mentation applications; for example, in average
reading r.m.s. calibrated a.c. voltmeters. Although
semiconductor diodes have excellent forward to
reverse impedance ratios, they have severe limitations
in low level circuits. A silicon diode will have a 0.7 volt
threshold which must be exceeded before appreciable
conduction occurs. If the diode is placed within the feed-
back loop of an amplifier then this threshold voltage is
divided by the open loop gain of the amplifier, and is
effectively eliminated.

BASIC RECTIFIER CIRCUITS

One basic full-wave rectifier circuit often used in a.c.
voltmeters is shown in Fig. 1. Here a full-wave bridge
rectifier is placed in the feedback path of a high gain
amplifier. The meter measures the average value of the
a.c. input, but the overall gain is chosen so that the
scale reading is appropriate for the r.m.s. value of the
sinusoidal input. This circuit has several disadvantages
for general instrumentation applications because an
a.c. signal passes through the meter, and a ground
referenced output level is not available.
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Fig. 1. Basic full-wave rectifier circuit
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Fig. 2. Basic half-wave rectifier circuit

The simplest half-wave rectifier circuit for eliminating
the diode threshold voltage is shown in Fig. 2. If the
voltage at the non-inverting amplifier input is positive,
the amplifier output swings positive. As soon as the
amplifier output becomes 0.7 volts positive the diode
becomes forward biased. Negative feedback through
the diode forces the inverting input to follow the non-
inverting input. This gives a unity gain for positive
signals. However when the output swings negative the
diode is cut off and the amplifier saturates negatively.

This circuit will be relatively slow for two reasons.
Firstly, becausesince there is 1009, feedback for positive-
going signals a unity gain frequency compensation must
be used for the amplifier. Secondly, because when the
diode is reverse biased the feedback loop is opened and
the amplifier saturates. These effects limit the frequency
response to about 2kHz.

Although this half-wave circuit can be considerably
improved, adding an extra amplifier enables a precision
full-wave rectifier to be produced.

PRECISION FULL-WAVE RECTIFIER

The complete circuit for the full-wave rectifier is
shown in Fig. 3, and its operation is slightly different to
that of Fig. 2. IC1 forms a half-wave rectifier while IC2
forms an averaging filter and allows the complete cir-
cuit to function as a full-wave rectifier.

For negative-going input signals the output of ICI
is clamped to 0.7 volts by D2 and disconnected from
the summing point of IC2 by D1. IC2 then functions as
a unity gain inverter with an input resistor R6 and
feedback components R7 and VR3. This gives a positive
output.

For positive-going input signals IC1 operates as a
unity gain amplifier connected through R3 to the IC2
summing point (pin 2).

Positive current enters the IC2 summing point
through R6 and negative current is drawn from the
summing point through R3. Since the voltages across
R3 and R6 are equal and opposite, and R3 is half the
value of R6, then the circuit becomes a full-wave
rectifier giving a positive output. When C5 is connected
.across VR3 and R7 the output is averaged provided this
time constant is much larger than the maximum period
of the input signal.
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FREQUENCY COMPENSATION

I(_32 has to be compensated for unity gain, and the 741
has its compensation built-in. A 301A integrated circuit
has been used for IC1 so that feedforward compensa-
tion can be used. This form of compensation increases
thg, slew rate of the integrated circuit to 10 volts per
microsecond and reduces the error at high frequencies.
This is achieved by C3 which bypasses a lateral p.n.p.
transistor ipside the integrated circuit at high fre-
quencies to increase the unity gain bandwidth to 10MHz.
This arrangement can only be used with the inverting
configuration shown, and not with a non-inverting
arrangement.

The Components List gives full National Semicon-
ductpr and Texas Instruments part numbers for the
two integrated circuits in the round T099 case. Readers
whq purchase components through home-constructor
retail sources can obtain IC1 as type 301A and IC2 as
type 741C. Both are available in the round T099 case
(sometimes described as T05), in 8 pin d.i.l. or in 14 pin
d.il. The inset in Fig. 3 gives pin details for all three
versions, but the pin numbering in the circuit itself
corresponds to the T099 or 8 pin d.i.l. cases. The 741C
i.c. is widely available, whilst the 301A can be obtained
from Trannies, 4 Bush House, Bush_Fair, Harlow,
Essex. The Components List also specifies C1, C2 and
C5 as tantalum bead. Tantalum bead capacitors with

COMPONENTS
Resistors

(All fixed values 1 watt)
R1 20kQ 19%

R2 20kQ 1%

R3 10kQ 1%

R4 10kQ 59,

RS 5.6kQ 59,

R6 20kQ 1%

R7 18kQ2 5%

R8 5.6MQ 109,

R9 10MQ 109,

VR1 50k potentiometer, multi-turn
VR2  10kQ potentiometer, multi-turn
VR3  10kQ potentiometer, multi-turn

Capacitors

C1 22y F tantalum bead, 16 V.Wkg.
(€72 22pF tantalum bead, 16 V.Wkg.
C3 150pF ceramic 109,

C4 10pF ceramic 109,
C5 22pF tantalum bead, 16 V.Wkg.
Cé 0.047uF ceramic
C7 . 0.047uF ceramic
Integrated Circuits
IC1 LM301AH, SN72301AL, or similar,
~ TO099 case (see text)
1C2 LM741CH, SN72741L, or similar,
TO99 case (see text)
Diodes
D1 1N914
D2 1N914
Meter
M1 Moving-coil meter, 1 volt f.s.d. (f.s.d.

current 100pA to ImA)
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Fig. 3. Complete circuit for the precision rectifier, or a.c, to d.c. converter
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A side view of the completed a.c. to d.c.
; converter

the values quoted are available from Electrovalue Ltd., on a Lektrokit plain perforated 0.1 in. matrix s.r.b.p.

28 St. Judes Road, Englefield Green, Egham, Surrey. board type LK-141. (This is available from Home

Multi-turn potentiometers with the same general Radio under the same Cat. No.). The prototype

construction as those used by the author can be assembly can be seen in the photographs, and a wiring

purchased from Henry’s Radio, Ltd. diagram is given in Fig. 4.

The decoupling components C6 and C7 should be

CONSTRUCTION close to ICI because of its wide bandwidth. VR1, VR2

and VR3 are multi-turn potentiometers to ease the

The construction is straightforward and any of the process of setting up. The meter can be almost any

conventional techniques may be used. The author instrument with an f.s.d. of 1 volt, since several milli-
‘employed the T099 versions of the i.c.’s, wiring these up’ amps current can be drawn from IC2 if required.

‘——- I2em o T

e
f

Fig. 4. Component layout employed in the I
authoz's prototype o
1
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+
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RMS. DC.

6-3Vv

AAAAA
YVVY

Fig. 5. One possible arrangement for gain
calibration

SETTING UP PROCEDURE

To obtain the best possible accuracy from the circuit,
the offsets due to ICI and IC2 must be removed. If
points A and B in Fig. 3 are short-circuited directly to
earth then any unbalance due to IC2 may be removed
by adjusting VR2 until the d.c. output is zero. If points
A and B are now returned to normal, then with no
input signal (or with the input short-circuited) VR 1 may
be adjusted to restore the d.c. output to zero, thus
removing any offset errors due to ICL. Since these
errors are of the order of millivolts the adjustments
must be carefully performed.

The overall gain can now be adjusted. The circuit
values are so chosen that an input of 1 volt r.m.s. gives
a d.c. output of 1 volt. The gain adjustment may be
carried out at any frequency between 50Hz and S0kHz.
If no other equipment is available, a 1 volt r.m.s.
signal may. be derived from a low voltage ' mains
transformer and applied to the input, as shown in Fig. 5.
Then VR3 should be adjusted for exactly a 1 volt d.c.
output level.

Relative )
amplitude dB

OdB = IV RMS. input
IV DC. output

of

T 1
o 20 50 100
(274 Hz KHz KHz

Frequency

Fig. 6. The frequency response of the a.c. to d.c.
converter
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PERFORMANCE

The typical performance after setting up is shown in
Figs. 6 and 7. For a 1 volt signal the frequency response
is 0.1dB down (19) at 10Hz and 140kHz. The reading
will be in error at low and high voltages, as shown in
Fig. 7. Here the reading is 1dB down (10%) at 20mV
and 1.8V.

For all practical purposes the readings can be re-
garded as correct over the range of 50 millivolts to |
volt and from 20Hz to 100k Hz,

Theoretical

Practical

T
500 1000

Input, RM.S. at IOKHz (mV)

50 100 5000

Fig. 7. The input-output /)'neal/ty curve

nput Attenuator

>

AC.toDC,
precision
converter

Yyvy

High gain
amplifier

emmAAAAA

AAAA A AAAA
l vy fvvv- l
i

P o/P P ofp

Meter

AAA A
Yyvy

Fig. 8. A suggested arrangement for a sensitive
millivoltmeter

USES

The prototype converter was added to the output of 2
home-constructed audio oscillator to measure its output \
level, but more complex uses are possible. For example, \
in Fig. 8 a switched controlled gain pre-amplifier has
been added to provide an a.c. millivoltmeter. [ |
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"TOTES (O [ BIRES

POTENTIOMETER
POWER RATINGS

By F. L. Smith

The power rating of a potentiometer really defines the maximum
current its track can pass

ANY OF THE POTENTIOMETER CIRCUITS WE ENCOUNTER

in radio and electronic home-construction pro-

jects involve the dissipation of negligible power in the

potentiometer itself. Typical instances occur in volume

and tone control circuits, in which the power dissipation
in the potentiometer is extremely low.

Nevertheless, we quite frequently have the occasion
where a potentiometer is called upon to dissipate. a
significant amount of power, and we then start thinking
in terms of 3 watt, 5 watt and 10 watt wire-wound
components. What we sometimes fail to realise is that
what a potentiometer power rating really does is to
define the maximum current which may flow through
the track. It is quite possible that we may have to use,
say, a 5 watt potentiometer when circuit conditions
require it to dissipate a mere 1 watt only!

TOTAL TRACK RATING

The reason for this apparent anomaly is that a
potentiometer power rating applies to the power
dissipation along its total track. Let’s say that we have a
50 wire-wound potentiometer which is rated at 5 watts.
This is shown in Fig. 1(a). Fig. 1(b) demonstrates that
the total 5 watts will be dissipated if a voltage of 5 volts
is applied to its output track terminals. Ohm’s Law tells
us that current in amps is voltage divided by resistance
in ohms, with the result that the current which flows
when 5 volts is applied to the 5Q potentiometer is
1 amp. Wattage is voltage multiplied by current in amps,
and so we have achieved the 5 watts maximum dis-
sipation for which the potentiometer has been designed.
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Now, the 5 watts dissipation will inevitably cause a
temperature rise in the resistance wire which forms the
track of the potentiometer, and this temperature rise
will be the highest that the resistance wire and its
insulated mounting can safely handle.

Current = 1A
e ———— =
- -
Bal = o =
= ider =
Swatts “h 5v
Track
s e — -_—
(a) (b)

Fig. 1 (a). Circuit symbol for a 50 5 watt,

potentiometer
(b). The full 5 watts is dissipated in the
potentiometer when 5 volts s

applied across its track
RADIO & ELECTRONICS CONSTRUCTOR



In Fig. 2(a) we set the slider of our 5 watt potentio-
meter one-fifth of the way down its track, so that there
is a resistance between the top of the track and the
slider of 1Q. If, as in Fig. 2(b), we next apply a voltage
which causes a power of 5 watts to be dissipated bet-
ween the slider and the upper terminal of the track, we
will find that this voltage will be 2.236 volts and the
current which consequently flows is 2.236 amps. Both
these figures are the square root of 5 and, when multi-
plied together, give a power of 5 watts. So we are
dissipating a power of 5 watts in a 5 watt potentio-
meter, whereupon everything is, presumably, just as it
should be. Unfortunately, such is by no means the case.
We will soon find that the 1Q section of potentiometer
track through which the 2.236 amps is flowing starts
issuing smoke whilst the remaining four-fifths of the
track stays completely cool!

Current = 2:236A

f ) T

In : 2-236V

|

A AAAAAAAAAAAA
VVYYYYVYYVVY

(a) (b)

Fig. 2 (a). The potentiometer of Fig. 1 with its
slider set one-fifth of the way down
the track
(b). Applying a voltage to the slider and
the upper end of the track which
causes a dissipation of 5 watts

TRACK FRACTIONS

The reason for this state of affairs is that if 1 amp is
the maximum current which the whole track of our
potentiometer can safely carry then 1 amp is similarly
the maximum current which can be safely carried by any
fraction of the track, be it one-half, one-fifth, one-tenth
or one-twentieth of the track.

Thus, we find that the power rating of a potentiometer
actually defines the maximum current it can handle,
regardless of whether this current flows through the
whole track or just part of it.

P=I°R
Fig. 3. Successive steps in B |- %
obtaining an equation which e
relates current to power and * 1=/B
resistance L R

The equation relating cum;nt, power and resistance is
P=I’R

where P is power in watts, I is current in amps and R is
resistance in ohms; and if we rearrange this as shown in
Fig 3 we find that I is equal to the square root of P
divided by R. This equation enables us to find the
maximum current flow for any potentiometer whose
track resistance and power rating we know. In our
example we had a 5Q potentiometer rated at 5 watts and
the maximum current is then easily calculated as being
1 amp. If we had a 125Q potentiometer rated at 5 watts,
the current, if you care to calculate it, works out at
one-fifth of an amp, which is 0.2 amp or 200mA..

TABLE
Maximum track currents, in mA, for wire-wound
2 potentiometers
Track Potentiometer power rating
resistance 3 watts S watts 10 watfs
250 340 440 630
500 240 310 440
100Q2 170 220 310
250Q 100 140 200
50002 77 100 140
1kQ 54 70 100
2.5kQ 34 44 63
5kQ 24 31 44
10kQ 17 22 31
25k 10 14 20
50kQ 7.7 10 14

Unhappily, the resistance and power figures of most
potentiometers employed in practice do not calculate
out as conveniently as this and, as a guide, the accom-
panying table lists calculated maximum current figures
in milliamps for typical potentiometers, from 25Q to
50k, having power ratings of 3 watts, 5 watts and

‘10 watts. Thus, the table tells us that if we have a 50Q

5 watt potentiometer the maximum current we can
expect either the whole of its track or any part of it to
carry is 310mA..

BACK NUMBERS

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

We retain pastissues fora period of two years and we can, occasionally, supply copies more than two yearold.
The costis the cover price stated on the issue, plus 6p postage.

Before undertaking any constructional project described in a back issue, it must be borne in mind that compo-
nents 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 issue is not available for sale.

AUGUST 1974

31



By A. P. Roberts

An inexpensive electronic volt-
meter having an input resistance
in excess of 11Ma. If desired, the
input resistance may be in-
creased to greater than 20Ma.

THREE
F.E.T. VO

T IS A WELL ESTABLISHED FACT THAT CERTAIN D.C.
voltage measurements, when taken with an ordinary
multimeter, can be extremely inaccurate. Such in-
accuries occur when there are high resistance values in
series with the points at which the voltage readings are
taken. An example is given when an attempt is made to
measure the base potential of almost any low level
transistor amplifier stage. Many common emitter
amplifier stages in this class have a base current in the
region of 1 to 10uA only, whereas an ordinary 20k per
volt multimeter needs SOpA to give full-scale deflection
of its needle. Obviously, an ordinary multimeter is
completely inadequate for measurements such as this.
The unit described in this article has three voltage
measuring ranges, these being 0-1 volt, 0-10 volts and
0-100 volts. The input resistance is just over 11MQ on
all ranges, which is considerably higher than that of any
average multimeter. As is described later, the input
resistance can be increased to over 20MQ, if desired.
The circuit incorporates two f.e.t.’s and a bipolar
transistor, and it has overload protection and a built-in
battery check facility. It is powered by a single PP3 9
volt battery, and the current consumption is approxi-
mately 2.5mA only.

CIRCUIT OPERATION

A basic circuit for an f.e.t. voltmeter is shown in
Fig. 1. Two reasons for using an f.e.t. are, first, that its
gate presents an extremely high input resistance and,
second, the input terminal (i.e. the gate) can have the
same potential as one of the supply rails when no test
voltage is applied. Obviously a d.c. voltmeter requires
that the two input terminals be at the same potential,
and it is of advantage if one of these is common with a
low impedance supply rail.

RADIO & ELECTRONICS CONSTRUCTOR



RANGE

I I I COMPONENTS

Resistors

(All fixed values % or % watt)
R1 10MQ 19,
R2 IMQ 1%
R3 110kQ 19,
R4 390kQ 5%
RS 3.9kQ 59,

Supply + R6 1kQ 5%

R7 3.9kQ 59,
RS 470Q 5%

Raz R9 3.3MQ 59
R10 2.7kQ 5%,
hd RI11 100kQ 59,
VRI 1kQ pre-set potentiometer, skeleton,
< VR, standard size, horizontal mounting
= (Meter zero) VR2 50kQ pre-set potentiometer, skeleton,

sub-miniature, horizontal mounting

Semiconductors
TRI MPF103
TR2 MPF103

L TR3  BCI07
DI BZY88C3V3
D2 BZY88C3V3
Fig. 1. A basic circuit for an fe.t. voltmetér D3 BZY88C7V5
Switches

} Si(a)b) 2 pole 4 way miniature (see text)
The input resistance of the f.e.t. is so high in com- S2 d.p.d.t. slide switch

parison with Rg, that the input resistance ¢an be

regarded as being that of Rg. ; Meter
| The junction of Rd and the fe.t. drain can be M1 0-100uA, 38 Series (Henelec)
considered as a tap in a potential divider connected
across the supply rails. VR1 forms a second potential Battery
divider, and this is adjusted for zero reading in the BY1 9 volt battery type PP3 (Ever Ready)
meter when no input voltage is applied. If an input .
voltage is now connected it will cause the gate of the Miscellaneous
fe.t. to go negative, with a consequent increase in the 2 wander plug sockets
drain-to-source resistance. The voltage at the f.e.t. drain Pointer knob
goes positive, causing a forward deflection in the meter. Battery connector
There is an almost completely linear relationship Veroboard panel, plain, 0.15in. matrix, 32 x 24 in.
between the input voltage and the voltage change at the Aluminium chassis, 6 x 4 x 24 in., with base plate
drain, and so a very accurate voltmeter can be made 4 rubber feet

using a circuit based on this simple arrangement.
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Fig. 2. Complete circuit diagram for the three range f.e.t. voltmeter

PRACTICAL CIRCUIT

Fig. 2 shows the practical circuit employed in the
f.e.t. voltmeter. R1, R2 and R3-form a voltage divider,
enabling S1(a) to select the full input voltage, one tenth
of the voltage or one hundredth of the voltage. Which-
ever of these resistors is selected by Si(a) provides, in
combination with R4, the gate bias resistor for TRI.

R4, D1 and D2 form an overload protection circuit, -
and they limit the input voltage to TR1 gate by about
3.9 volts positive and negative. With excessive positive
inputs D1 acts as a 3.3 volt zener diode and D2 acts as a
forward biased silicon diode giving a voltage drop of 0.6
volt, whereupon the total limiting voltage is the sum of
these two voltages. At excessive negative input voltages
the roles of the diodes are reversed, with D2 functioning
as a zener diode 'and D1 as a forward biased diode.

The potential divider, VR of Fig. 1, is replaced by a
second f.e.t. circuit similar to that around TRI. This
provides temperature compensation, since any change
in temperature affecting the d.c. biasing level of TR1
will similarly affect TR2. In consequence, variations in
TRI1 drain voltage due to temperature changes will be
offset by similar variations in TR2 drain voltage, and
the circuit remains in a balanced condition. The
inclusion of TR2 gives very good long term stability.
VR1 adjusts the biasing of TR2, and enables the meter
to be zeroed. VR2 controls the sensitivity of the meter
circuit and allows the unit to be calibrated against a
known voltage.

For maximum accuracy a stabilized supply voltage is
required, and this is provided by TR3, R10 and D3. A
voltage of approximately 7.5 volts appears across D3
and is applied to the base of TR3. This functions as an
emitter follower, and approximately 6.8 volts appears
at its emitter for application to the meter circuit,

S2 enables the meter to be switched across the supply
via the series resistor R11. This resistor and the meter
form a voltmeter having a full-scale deflection of the
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order of 10 volts, with the result that it is possible to
check the supply voltage and to be advised when a new
battery is required.

So far as components are concerned, the two f.e.t’s
are available from a number of suppliers, although in
some cases they may be listed under the alternative type
number of 2N5457. The range switch S1 must be a
miniature type. The component used in the prototype

is a 4 pole 3 way type having an adjustable end-stop.

Only two of the poles are connected into circuit. This
switch is listed in page 208 of the Henry’s Radio 1973-74
catalogue, where it is described as a ‘Midget Wafer
(Wavechange) Switch’. The meter is a Henelec 38
Series type with an f.s.d. of 100pA, and is also available
from Henry’s Radio.

The resistors used in the input voltage divider, R1, R2
and R3 should preferably have a tolerance of 19, and
29, represents the widest tolerance which is acceptable.
The writer was able to obtain a single 10MQ 19,
resistor for R1, but close-tolerance components in
values as high as this are not generally available, and
the constructor may have to make up the resistor with
two or three individual resistors in series. The 10MQ
value can, for instance, be given by a 4.7MQ, a 3.3MQ
and a 2MQ resistor in series. If several resistors are
employed in this way, it will be found convenient to use
the outside tags on the unused pole of the range switch
as anchor tags for them.

VR2 is a sub-miniature skeleton potentiometer,
whilst VR1 is a standard sized skeleton potentiometer.
Both are intended for horizontal mounting. All the
components are housed in a standard aluminium chassis
measuring 6°by 4 by 24 in., this being fitted with corner
strengthening brackets capable of taking a base plate.
These brackets are clearly visible in the photographs
showing the interior of the unit. The author’s chassis
was home-constructed but it should be noted that a
ready-made chassis of the required dimensions is listed
by Home Radio under Cat. No., CU223.
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Inside the case of the voltmeter. The majority of

the components are assembled on a plain

Veroboard panel. Note the solder tags under the

meter terminal screw heads which also secure
the component panel in place

- CONSTRUCTION

Construction commences by drilling the requisite
holes in the chassis deck, which now becomes the front
panel of the voltmeter. The base plate becomes the rear
panel, and is secured to the corner brackets with self-
tapping screws. Front panel hole dimensions are given
in Fig. 3. The diameter of the holes which take the two
wander plug input sockets is not shown, and is found
from the actual sockets employed. Simitarly, the dimen-
sions of the cut-out and mounting holes for switch S2
depend on the particular component used. The rec-
tangular cut-out can be made by drilling a % in.

diameter hole, and then filing this out to the required

size and shape. A

The author used a fret saw with a fine toothed blade
to make the large cut-out for the meter. When this has
been completed the meter itself can be employed for
marking out the positions of its four small mounting
holes.

6" -
-—I“/lbl'j
19/16”
3/g'dia e
WV |
S ¢
Input sockets rv|1,
¢ % @
'3'{I6' & + S2
3¢ | 131" i'he”

Fig. 3. Hole centres and dimensions on the
front panel
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Also required in the chassis are holes for the mounting
bolts of four small rubber feet. These are fitted near the
corners of the chassis edge which is now the bottom
of the case.

All the small components, apart from R1, R2 and R3,
are wired up on a plain Veroboard panel, without
copper strips, having a matrix of 0.15 in. The board
measures 32 by 2% in., and this is a standard size. Two
6BA clear holes are drilled in this as shown in Fig. 4, and
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Neg. battery clip
Pos, input socket

Sjq arm

Fig. 4. How the components and wiring are laid
out on the Veroboard panel

these are used for securing the board to the back of the
meter by means of the meter terminal screws. Fig. 4 also
shows the components which are fitted to the board,
wiring under the board being depicted in broken line.
In most cases the component lead-out wires will be
sufficiently long to reach the various connection points.
Bare tinned copper wire can be employed at places
where component leads are too ‘short. None of the
wiring under the board needs to be insulated. The two
pre-set potentiometers do not fit perfectly into the
board, but they can be carefully manipulated into the
positions shown in the diagram. It does not matter if
they are not fitted at precisely the holes shown in Fig. 4,
provided that they are wired correctly into circuit.

Six flexible insulated wires pass from the board to the
components on the front panel. These wires need to be
sufficiently long to enable them to be connected to the
front panel components before the board is mounted in
position.
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Component panel

To pos. battery

M
clip

Component panel

Component panel
Fig. 5. The wiring of the front panel components

‘The front panel wiring is illustrated in Fig. 5. Before
wiring to switch Si(a)(b) it is advisable to confirm the
outer tags which correspond to each switch pole with
the aid of an ohmmeter or continuity tester, as they may
take up positions relative to the centre tags which differ
slightly from those shown in the diagram. All resistors
soldered to the tags of S1(a)(b) (including any additional
ones needed to make up R1) should be at right angles to
the switch tags, as shown, or they will otherwise come
into contact with the component board underside when
it is mounted. It will be seen that one of the outside tags
of the unused switch pole acts as an-anchor tag for R3,

When all wiring is completed the component board is
secured to the rear of the meter, the meter terminal
screws also taking the two solder tags at the ends of the
wires from tags 2 and 5 of S2. The battery is located on
the bottom of the case. A piece of rubber or plastic foam
is glued to the rear of the case such that it holds the
battery in position when the case rear is screwed in place.
It should be noted that the metal case is ‘floating’, and
is not connected to either the positive or the negative
supply rail,

ADJUSTMENTS

At the outset, VR is adjusted to a central position
and VR2 is adjusted to insert maximum resistance into
circuit. This is the fully clockwise setting, as viewed in
Fig. 4. Switch S2 should be set to the right, as viewed
from the front, thereby selecting the voltmeter function.
S1 selects ‘Off” when its knob is fully anti-clockwise,

The battery /[e; on the bottom of the case and is
held in position when the rear cover is fitted
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then selects ‘0-1V’, ‘0-10V’ and ‘0-100V’ as its knob is
turned successively clockwise.

After a visual check to ensure that all is well, the
battery is connected and the voltmeter switched on.
VRI is then adjusted to zero the meter. Both VR1 and
VR2 are easily reached for adjustment when the back of
the case is removed.

The unit is now connected to a known voltage, and
VR2 is slowly and carefully adjusted until the meter
gives a reading corresponding to this voltage. Take care
to ensure that VR2 does not insert too low a resistance
into circuit as this could cause high currents to flow in
the meter. A convenient approach to setting up VR2
consists of switching to the 0-10 volt range and then
connecting the input to an external 9 volt battery across
which a good quality multimeter is already connected.
VR2 is then set up to give the same reading in the f.e.t.
voltmeter as is given by the multimeter.

When S2 is moved to the left it takes up the ‘battery
check’ position. A reading of about 65 to 70 should be
indicated by the meter. A note of this reading is made,
and the battery is then checked before and after each
time the voltmeter is used. When, at some time in the
future, a reading significantly below the initial level is
obtained, this indicates that it is time for a new battery
to be fitted.

There is no real need to alter the scale of the meter
when it is employed in the voltmeter. If, for instance, a
reading of 50 is obtained on the 0-10 volt range, it is an
easy matter to mentally convert this to the voltage to
which it corresponds, which is obviously 5. For the
0-100 volt range there is, of course, already a -100
scale on the meter.
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Fig. 6. If desired, a high value resistor of around
10MS can be added at the input in order to
provide an eveh higher input resistance

INCREASED INPUT RESISTANCE

For all practical purposes the input resistance of the
unit can be regarded as being constant. Therefore, it is
possible to add a high value resistor in series with the
input and readjust VR2 to compensate for the resultant
loss in sensitivity. This does not alter the accuracy
resulting from the use of 19, resistors in the R1, R2 and
R3 positions. The added resistor does not need to be a
close tolerance component and it can cause the input
resistance to be considerably boosted.

The main limitation on the value of the added
resistor is that, if VR2 has to be adjusted too low in
value, the meter circuit becomes over-sensitive and there
is a loss of stability. A value of I0MQ was found to be
quite acceptable in the prototype and this boosts the
input resistance to slightly greater than 21MQ. i)
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‘SKYWIRES'

By Frank Osborn, G2CVO

Some practical notes on the erection of aerial masts

N SPITE OF THE GREAT EFFICIENCY OF MODERN COM-

munication receivers which give an adequate
performance on random lengths of wire strung from
eaves to fence, or around rooms and lofts, there are
many short wave listeners who wish to expand their
knowledge by experimenting with different types of
resonant aerials and to erect a mast from which to
hang such ‘skywires’.

For the transmitting enthusiast who prefers long wires
and dipoles to beams and verticals, a mast is a necessity
if there is no convenient tree available.

-MATERIALS

The problem of what to use for such a mast without
incurring ‘too much expense faces many who do not
receive the large pay packets one reads about in current
press reports. The author’s preference in this direction
is for aluminium or duralumin masts because of the
great advantage of permanency which they confer.
The materials employed by the author can be freely
adapted to individual requirements as to length, etc.

At his previous QTH the author’s 45 ft. mast com-
prised three 2 in. diameter 5 ft. long ex-W.D. inter-
locking tubes at-the bottomafollowed by a 20 ft. length
of builder’s aluminium sc:l%ld’ pole, and finally topped
with a 10 ft. length of 12 in. tubing. A standard 9 ft.
length of 13 in. TV mast could, alternatively, be used in
this last position. The ex-W.D. interlocking tubes used
at the bottom of the mast are still, at the time of writing,
advertised in the amateur press. These interfocking
sections are usually of steel, although if one is lucky, the
American Army duralumin types may be found.

The marrying in of each length can be achieved by an
inner sleeve with a bolt right through above and below
the joint, or by a J Beam 15 in. Mounting Sleeve for
2 in. masts type JBL59/15.

It will be found that in some cases the male end of the
2 in. interlocking sections will enter a length of 2 in.
scaffolding with the application of a little grease. Fix
with a high tensile bolt above and below the joint as it is
surprising how much such masts can bend when
erecting. There is no problem with shorter masts,
which can be erected single-handed.

The 45 ft. mast was guyed at the tube joins at 15 ft.
and 35 ft. from the bottom, and at the top. Ex-Govern-
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i H Aerial mast

Aerosol plastic cap Aerosol plastic cap

Pivot bolt -——

@:,Z:z

e

Locking boit

~ s
Cement

Fig. 1. Mounting framework at the base of an

aerial mast. The mast pivots on the upper bolt and,

when erected, is locked in place with the
lower bolt

ment stainless steer guy wire may be found in some of
the- older junk shops, but the author finished up
finally with polypropylene cord, which is easier to
handle. Also developed, for easier subsequent lowering
and raising, was the framework shown in Fig. 1. Two
spare 5 ft. sections were cemented in the ground with
the cement smoothed down so that rainwater would
run off. Rocks, pieces of old iron or similar can be
consolidated in the cement.

The two upright posts formed by the S ft. sections
should be coated with bitumen or several coats of rust-
proof paint. Their tops may be sealed off by fitting
aerosol plastic caps over them. The distance between
the two posts should be sufficient to take the 2 in. mast
and two clamps which hold a counterweight at the mast
bottom. Spacing washers are fitted, on either side of the

‘mast, over the pivot coach bolt which passes through

the upper holes in the posts and mast, and over the
locking coach bolt which passes through the lower holes.
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Acrial mast

\

Pivot bolt hole

Meta! box
filled with
i weights
y ~

Clamps

/

yd

/
Counterweight

I —— Locking boit hole

Fig. 2. A counterweight clamped to the bottom
of the mast eases lowering and raising during
maintenance

For the counterweight the author used an ex-Army
metal radio spares box filled with heavy bricks and
similar items. See Fig. 2. The clamps which secure the
box to the mast are exhaust pipe clamps, and these are
obtainable up to 2} in. diameter from motor accessory
dealers. Initially, the pivot coach bolt is fitted, after
which the locking bolt is fitted when the mast is raised.
The spacing washers keep the mast central between the
two posts and ensure there is no side play. Lowering
and raising can be achieved with one person holding
the two middle guy wires.

Maintenance with this mast was minimal and
consisted of a coat of paint every three years. This was
more for looks than of necessity.

As were the tops of the two support posts, the top of
the aerial mast was sealed by fitting the plastic cap from
an aerosol can. As may be seen from Fig. 3, an old
Admiralty ‘shell’ china insulator overcame the problems
of rusting or binding pulleys. A polypropylene aerial
halyard runs very smoothly through an insulator of
this type.

Aerosol plastic cap

Aerial wire

Insulator

/

\ ’ /.l

Shell type insulator
bound to mast
2”mast

| i

Fig. 3. A china insulator of the type shown here
replaces the usual pulley
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Fig. 3 shows a 2-hole glass insulator. However, the
author prefers an egg-type insulator as this ensures that
the aerial will not come down in the (admittedly)
remote possibility of its fracturing.

20 FOOT MAST

At his new QTH the author uses a vertical trap dipole
for h.f. transmitting together with a top band long wire
which is attached to a pair of less ambitious masts
having a height of 20 odd feet. A mast of this nature
would suit the average short wave listener and should
not offend neighbours or local bye-laws. Councils
usually become difficult over the bigger masts.

7/ n
2”aerial mast

2o0ft clamp

\

40tf brackets

Fig. 4. One method of securing an aerial mast to a
brick wall

Each of the author’s masts consists of a 20 ft. length
of 2 in. builder’s scaffold pole with a 9 ft. 14 in. TV
mast inserted at the top. The space between the two
at the join is filled with scraps of aluminium tapped into
place and a high tensile 4 in. bolt is passed through the
pole and TV mast to lock them together. One of the
aerial masts is secured to a fence at the end of the
garden and the other to a wall of the author’s'bungalow.
It should be mentioned that many of the materials used
for the masts had been in use at the previous QTH, a
factor which proves the permanency of these items.

Search of a junk shop produced ex-Army truck lamp
‘brackets, drilled and slotted. These are as shown in
Fig. 4, which also illustrates how the brackets are
secured to the brick wall of the bungalow and the
manner in which the bottom end of the mast is clamped
to them. i

If the reader cannot obtain these brackets a suitable
alternative, employed by the author in an earlier
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Stout mild steel strip

To take heavy
coach bolts
(screw type)

Counterbored holes to take
bolt heads flush

2x 3" hardwood,
oak, etc.

Fig. 5. An alternative bracket for wall fixing

installation, is shown in Fig. 5. A piece of hardwood,
such as oak, is bolted to the wall and this has two
countersunk holes to take the bolts which secure the
mast.

The present mast fitted at the bungalow wall has
4 guys, and it carries a 20 element 2 metre beam and a
3 element f.m. beam in addition to the long wire.

The fence posts at the end of the garden are strong,
with metal and concrete spurs, and so the other mast is
clamped direct to one of these, as illustrated in Fig. 6.

f Acrial mast

Fence post

Exhaust clamps Flat strap 2off

Coach bolts
either side

2Y2"exhaust clamp
on channel 2 off

Fig. 6. Provided it is sufficiently firm and strong, a
garden fence post can support a small aerial mast

Exhaust clamps hold the lower end of the mast to two
lengths of metal channel which, in turn, are held in
place by bolts which straddle the fence post.

One of the pleasures of assembling aerial masts of
the type described in this short article is that, after
having scoured around for the bits and pieces, made the
mast and prettied it up with a coat of paint, one can
stand back and survey it with satisfaction as being all
one’s own work, remembering also the money saved in
comparison with a commercial equivalent. [ |
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‘AUTO-SLIDE’
AN AUTOMATIC SLIDE TIMER

A timer unit which allows projectors to auto-
matically change slides at intervals of 5 to 20
seconds.
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PORTABLE RADI

A stabilized unit which provides 9 volts for a portable radio from a
12 volt car system

T IS OFTEN USEFUL TO BE ABLE TO POWER A NINE VOLT
transistor radio from a car’s 12 volt electrical system.
This can-be done quite simply by using a zener diode,
but as the current demands may easily approach 100mA
or more a high dissipation diode is required. The low
cost stabilized circuit described in this article requires
more components than a single diode circuit, but it
performs very well and is easy to construct. In the
author’s case, all the items came from the spares box.

CIRCUIT OPERATION

In the circuit, shown in Fig. 1, regulation is provided
by the zener diode, ZD1. The output voltage is held at
the zener voltage plus the emitter-base voltage drop in
TR3, and can be adjusted to various output levels by
selection of the zener diode.

TR,
oca25
o — i V-
b D
R, 9V
AAA
WW TR;
From car 2N3702 - To
electrics =] porto'blz
radio
+ o= £

S -
bce
b
0ocCas ACI27 2N3702
Lead-outs Lead-outs Lead-outs

Fig. 1. The circuit of the supply unit. This offers a
stabilized output at approximately 9 volts
40

The completed unit is small, and can in most
instances be positioned in the receiver in place
of the battery

To explain the-stabilizing action let us assume that
the output voltage tends to increase. This increase is
communicated to TR3, which passes a higher collector
current. This causes TR2 to turn on harder and starve
TRI1 of base current. Hence, the output voltage from
TR1 is reduced to counteract the postulated rise. A
similar action, but in the reverse direction, takes place
if the output voltage tends to fall.

R2 allows a reasonable zener current to flow, and R1
is made low enough in value to supply sufficient base
current when the input voltage is low.

CONSTRUCTION 4

Transistor TR1 may be calied upon to dissipate
powers approaching a watt at maximum output, and it
can conveniently be of the OC25 class. TR2 and TR3
are small transistors of general purpose type. The zener

COMPONENTS

Resistors
R1  560Q 1 watt 109,

R2  390Q % watt 109,
Capacitors

C1 S0uF electrolytic, 12 V.Wkg.
Semiconductors

TRI OC25

TR2 ACI127

TR3 2N3702

ZD1 9.1V zener diode, 250 or 400mW

Miscellaneous
Pr'mte_d circuit board
Heatsink and hardware
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0 SUPPLY UNIT

By James Kerrick

diode is a small 250 or 400mW component.

* The components are wired on a small printed circuit
board which is shown, viewed from the copper side, in
Fig. 2. This diagram is reproduced full-size, and may be
traced. TR1 is fitted to a small heat sink having a flat

Mounting hole ? EritteETR
1
- T L Neg. output
I Neg. input oL :__:lé
[X=Te ®
U H 1
i S T
R| ‘:
L <

r———m———
L L

=" @
-
[

Pos. input

1
: c TR3 *
b g (

Pos. output

IS Sy TSI

p Mounting
e hole

Fig. 2. The copper side of the printed circuit
board. This is reproduced full size

surface area of 12 by 1% in., with a § in. flange at one
end. No insulating washer is provided, and TR1 is
bolted direct to the heat sink. The printed circuit board
is secured to the sink by means of two metal spacing
pillars tapped 6BA, as shown in Fig. 3. The copper side
of the board is mounted outwards so that the com-
ponents face towards the heat sink, and this makes a
very compact unit. The collector connection to TR1 is
made by way of one of the spacing pillars, the appro-
priate mounting hole being at the top left in Fig. 2.
When making up the printed circuit board, ensure that
the copper foil does not too closely approach the bottom
right mounting hole, where connection to the mounting
screw is not required.

The whole unit can, in most instances, be fitted in the
radio in place of its battery. Flexible wires then run to a
AUGUST 1974

Side view of the unit, illustrating the manner in
which it is assembled

suitable point in the car’s electrical system. If the radio
has any metallic parts on its outside which are elec-
trically connected to its circuit, great care must be taken
to ensure that these do not come into contact with the
car body as it is then possible for supply short-circuits,
or even damage to the radio or supply unit, to result,

R
6BA screws
\ L TR 18swg. aluminium
; width 1l/2*
b.‘ e i ! 2
= i |
] F
T ; ] C@
l w |
s =
) \ % 5

6BA screws

Tapped spacing pillars Printed board

Fig. 3. How the heat sink and the printed board.
are assembled

PERFORMANCE

The performance of the supply unit is more than
adequate for running a radio from a car battery. With a
15 volt input, which is the most likely to be encountered
in practice, the output voltage drops only some 20 to
30mV with a 150mA load. At an input voltage of 12
there is a fall of some 600mV under the same current
condition.
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FOR DX LISTENERS

By Frank A. Baldwin

Times=GMT

In the July issue, mention was made of the reception
of Peru here in the UK and this has resulted in some
correspondence with readers who have written directly
to the writer. The questions asked most were *“. . . what
is the best time to hear Peru here in the UK” and
‘... which stations and on what channels™.

Dealing with the question of times to hear Peru for
listeners here in the UK, this will be found to be between
0330 and 0500 depending on the time of year. The signal
path (short route) must be entirely, or at least mostly, in
darkness. In this month (August) the path across the
South American continent and the Atlantic is in dark-
ness from approximately 2300 to 0500. However, from
2300 onwards to around 0300 many other Latin
American stations are active and on the same channels
as the, often, weaker Peruvians, therefore the wise SWL
awaits the closure of many of these LA’s before pro-
ceeding with the Peruvian Quest. In general terms, most
of the Brazilians close around 0300 (many of them
earlier) and the Venezuelans likewise around 0400.
From 0300 onwards then many ot the channels become
less cluttered and from 0400 even more so, leaving the
field largely clear for the Peruvians who, again in
general terms, tend to close around 0500. It all sounds so
easy, there must be a catch somewhere. There is -
beware of the Africans opening from 0400 onwards!

Which stations on what channels? Well, try the
following, OAX8F R. Atlantida on 4788; OAX8X
R. Samaren on 4815; OAZ4C R. Andina on 4995;
OAX8V R. Eco on 5010; OAX7Q R. Quillabamba on
5025; R. Libertad on 5040; and OAX8E R. Loreto on
5050.

CURRENT SCHEDULES

@ CZECHOSLAVAKIA

Radio Prague operates an External Service in English
to the UK and Eire from. 1630 to 1700, 1900 to 1930 and
from 2000 to 2030 on 5930 and 7345. From 2130 to
2200 on 6055. The ‘“Inter-Programme” to Europe in
in English is radiated on 6055 and on 9505 from 0745
* to 0800, 0845 to 0900, 0945 to 1000, 1045 to 1100 and
from 1145-to 1200.

@ SWITZERLAND
The “Overseas Service of S.B.C.”” from Berne has a
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service in English to Europe as follows — from 1100 to
1130 on 3985, 6165, 9535, 15305, 15430, 17795 and on
21520. From 1315 to 1345 on 3985, 6165, 9535, 15140,
15305, 17795, 17830 and on 21520. From 1530 to 1600
on 3985, 6165, 9535, 15430, 17830 and on 21520.

©® SWEDEN

Radio Sweden, from Stockholm, radiates in English
to Europe from 1100 to 1130 on 9630 and on 17840;
from 1230 to 1300 on 6065 and on 15240 and from 2045
to 2115 on 6065 and on 11970.

@ NORWAY

“The Overseas Service of Radio Norway”, Oslo,
offers a service in English to Europe on Mondays from
0200 to 0230 on 9550, 11850 and on 11860 ; from 0400
to 0430 on 9645, 11850 and on 11860. On Saturdays
from 1800 to 1830 on 6130, 11860, 21655, 21730 and on
25730. On Sundays from 1200 to 1230 on 6130, 15175,
21655 and on 25730 and from 1400 to 1430 on 9590,
17800, 21655 and on 25730. The entire Norwegian
Home Service from 0500 (Sundays from 0615) to 2315
is relayed to the North Atlantic area on 7240.

@ SOUTH AFRICA

“ ‘Radio RSA’ - the Voice of South Africa”, Johan-
nesburg, beams a programme in English to West
Africa and Europe from 2100 to 2150 on 4875, 5980,
7270 and on 9525. Some other programmes in English
that may be heard here in the UK are from 1100 to 1200
to Central and East Africa on 11900, 15220 and on
17805; from 1300 to 1550 on 9525 (from 1500), 11900
(to 1456), 15220 (to 1456) and on 17805. To East Africa
and the Middle East from 1600 to 1650 on 7270, 9525
and on 11900. To North Africa from 2230 to 2320 on
5980, 6035, 9585 and on 9695.

@ CHINA

Radio Peking provides an English Service to Europe
from 2030 to 2130 on 6860, 7590 and on 11685 (also on
8490 with suppressed-carrier SSB); and from 2130 to
2230 on 6860, 9030 and on 11685.

@ CANADA

“Radio Canada International” radiates to Europe in
English from 0600 to 0657 on 6140 and on 9655 and
from 2058 to 2155 on 11855, 15325 and on 17820.
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@ BRAZIL
Radio Nacional de Brasilia has a programme in
English from 2100 to 2200 on 15245.

@ LEBANON
Radio Beirut operates a service in English, Arabic and
French, to Europe, from 1830 to 2030 on 15210.

©® HUNGARY

Radio Budapest is in English to Europe from 1745 to
1800 on 5970, 6110, 7220, 9833, 11919, 15415, 17795
and on 21505; from 1945 to 2000 on 6110, 6130, 7220,
9833, 11910, 15415, 17795 and on 21505; from 2130 to
2200 on 3995, 5965, 7220, 9833, 11910, 15415, 17890 and
21505.

A Dx programme, in English to Europe, may be heard
from 1615 to 1630 on Tuesdays and Fridays on 5970,
7220, 9625, 9833, 11910, 15415, 17890 and 21505; also
‘from 2245 to 2300 on Tuesdays and Fridays on 3995,
5965, 7220, 9833, 11910, 15155, 15220, 17710 and on
2168S.

@ EAST GERMANY

“Radio Berlin International — Voice of the German
Democratic Republic”” from E. Berlin has transmission
in English to Europe from 1730 to 1815 on 7260; from
1830 to 1915 on 6080, 6115, 7185, 7300 and on 9730;
from 2115 to 2200 on 7260.

@® USSR , ;

Radio Moscow radiates in English to the UK and
Eire from 1130 to 1230 on 9450, 9530, 11705, 11745,
11810 and on 11830; from 1900 to 1930 on 7205, 7310,
7390, 9550 and on 9710; from 2000 to 2030 on 6045,

7205, 7250, 7310, 7320, 7390, 9480, 9550, 9610, 9685,

9710, 12020; from 2100 to 2200 on 6045, 7250, 7310,
7390, 9550, 9610 and on 9710; from 2200 to 2230 on
6045, 7160, 7250, 7390, 9550, 9610 and on 9710.

Radio Kiev offers an English Service to Europe on
Mondays, Thursdays and Saturdays from 1930 to 2000
on 6045, 7205 and on 7390.

AROUND THE DIAL

Time at the controls has been limited over the past
few weeks owing to various other interests, mainly
country cottage decorating, hi-fi listenting and reading
up to date accounts of the latest archaeological ‘digs’.
However, the following did emerge from the speaker
during the last few weeks.

@ CYPRUS

BBC Relay, Limassol, at 2220 on 6180 with a pro-
gramme in English about the UK countryside and its
problems.

@® VENEZUELA

YVXJ Radio Barquisimeto from 2330 on 9510 with
Latin American music, announcements in Spanish,
heard often.

@ SWITZERLAND
Berne at 0700 on 9535, news of Swiss affairs in
English then “Reporters Notebook?” at 0703.

@ AUSTRALIA

Radio Australia at 0705 on 9570 with the “Mailbag”
programme in which SWL’s are named and thanked
for reception reports etc.
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@® VATICAN CITY

In English at 2049 on 11740 with recording of the
Pope welcoming visitors from Japan and other coun-
tries.

® CUBA

Radio Havana at 2025 on 15155 presenting their
English programme to Europe and announcing as
“Free America”.

® SWEDEN

Radio Sweden at 1838 on 15240 in English with
programme about Swedish schoolchildren and their
educational facilities.

@ GHANA

Accra at 2005 on 3365 when presenting a newscast in
English (good luck with the surrounding commercial
QRM).

©® ROMANIA

Radio Bucharest at 1305 on 11940 with news in
English and a following review of local sporting
activities.

@ BRAZIL

R. Nac. Brasilia at 2400 on 15245 with a programme
in English, testing and asking for reports. Also heard on
15385 at 2010 with similar programme.

@ JAPAN
Radio Japan at 0800 on 17825 with identification and
a newscast in English.

@ NORWAY
Radio Norway at 1415 on 9590 presenting a Dx
programme in English.

©® EQUATORIAL GUINEA

Bata at 2112 on 4926 in Spanish then local music.
Not often heard, the station,is apt to ‘vanish’ for long
periods at a time, as yet unexplained.

@ SOUTH AFRICA
Johannesberg at 2103 on 4875 with a newscast -in
English, quite often heard of late.

@ CHINA
Radio Peking at 2047 on 11675 in English with a talk
on Soviet foreign policy (Chinese version).

©® MALAWI
Blantyre at 1950 on 3380 with a programme of colour-
ful African music and announcements in local dialects.

CLANDESTINE

“Radio of the Patriots” operates from 1030 to 1130
and from 1515 to 1615 on 7320 in Farsi (Persian).
Believed located in Iraq, this is an anti-Shah, anti-
Iranian Government transmitter.

“Voice of Palestine’ transmits from 0900 to 1100 on
6662 and is operated by the Palestine Liberation
Organisation.

“Radio Liberation” operated by the African Party for
the Independence of Guinea Bissau and the Cape Verde
Islands (PAIGC) is reported operating from 0730 to
0900 and from 2000 to 2300 on 6122, from 1330 to 1500
on 9585 and from 2000 to 2300 on 15275, all in Portu-
guese and vernaculars.
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By J. B. Dance, M.Sc.
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Our contributor describes some recently introduced i_.f. filters
which are suitable for both a.m. and f.m. radio receivers

HE FREQUENCY SELECTIVE FILTERS IN THE INTER-

mediate frequency stages of a.m. and f.m. super-
heterodyne receivers provide virtually all the adjacent
channel selectivity of the receiver. It is possible to
obtain a sharply peaked selectivity curve with critically
coupled tuned circuits. A curve with a flatter top can be
obtained by using a combination of critically coupled
and over-coupled tuned circuits. This fairly flat top
provides improved audio quality.

A.M. RECEIVERS

A better way of obtaining a response with a flat top
involves the use of a ceramic filter. This may take the
form of a small component which is screened like an
intermediate frequency transformer; it contains the
parts shown in Fig. 1. This component can replace a
conventional intermediate frequency transformer, but
additional tuned circuits are usually used in the
receiver to provide steep skirts in the selectivity curve;
these steep curves enable a weak station to be received
even if it is close to a much stronger one.

The input tuned circuit in Fig. 1 is coupled by a coil
to the ceramic filter at the centre of the unit. The
current passing through this filter passes through the
output coupling winding and generates a voltage
across the output tuned circuit.

The ceramic filter itself at the centre of the unit
consists of a miniature ceramic disc with contacts
deposited on each side. The filters are usually designed
to operate at the conventional intermediate frequencies
of 450kHz to 480kHz for use in a.m. receivers.

4

Coupling coils
input tuncd

circuit \ =

g

Qutput tuned
circuit

L

Input circuit Output circuit

Ceramic filter

Fig. 1. Internal structure of a ceramic filter unit
suitable for use in the if. stages of a.m. receivers

A typical filter of this type is the Toko CFU-023D.
Its screening can is 24.7mm long by 10.2mm. wide by
13mmi. high. There are two tuning adjusters which alter
the inductance of the coils. The input adjuster is
coloured red and the output adjuster blue.

The centre frequency of the CFU-023D is 455
+#3.5kHz. The bandwidth is not less than 4.8kHz at
6db down, whilst the response at *10kHz from the
centre frequency is over 27db down.

Another type of filter for a.m. receivers is the CFT-
455C. Internally, it is similar to the CFU-023D but it is

- even smaller, its screening can being only 17.3 by 7 by

11.7mm. in size. The pass band is at least 6kHz at 6db
down and any_ ‘ripples’ within this band are less than
1.5db in amplitude.
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These components and other similar filters have been
developed especially for use in commercially manu-
factured radio receivers, but are now readily available
to the amateur enthusiast. The price at the time of
writing is around 50 pence each, depending somewhat
on the particular type concerned.

All the twelve connections shown in Fig. 1 are
brought out to separate pins on the base of the unit and
will fit into a printed circuit board. The three sections
can be carefully extracted from the screening can by
those who wish to examine the miniaturised internal
construction.

Inputj J__— Output

=

~
Input.” / Output

f
Earth

Fig. 2. Appearance and circuit symbol of a type
CFS 10.7MHz ceramic filter

FILTERS FOR F.M. RECEIVERS

Another type of ceramic filter has been developed for
use in the 10.7MHz intermediate frequency stages of
f.m. receivers. For example, the Toko type CFS filters
have body dimensions of only 9mm. by 7.3mm. by
3.5mm. See Fig. 2. They have three connections, these
being input, earth and output.

Two of these filters can be used in an f.m. receiver to
provide the required selectivity and pass band; no
additional tuned circuits are necessary. -

This type of filter contains a single ceramic resonator
which (owing to the positions of the electrodes) is
equivalent to a multi-section filter composed of conven-
tional tuned circuits. It has a good band-pass
characteristic.

The two ceramic filters required in an f.m. receiver
should not be directly coupled togethér or their band-
pass characteristic will be affected and an asymmetrical
response obtained. A stage of moderate gain is normally
used between the two filters. The driving and load
impedances should be of the order of 330Q. This
relatively low impedance is one of the few disadvantages
of these components.

Five colour coded types are available with centre
frequencies ranging from 10.64MHz to 10.76MHz
The two filters in a receiver must have the same colour
code. The response of a single filter is 3db down at
+300kHz, the tolerance on this last figure (300kHz)
being *50kHz. The response is at least 20db down at
+*600kHz. The change of centre frequency with
temperature does not exceed +150 parts per million per
degree Centigrade in the range —~10°C to -+ 60°C.

The price of these ceramic filters is just under 50
pence each at the time of writing.

AVAILABILITY

The ceramic filters mentioned in the article are all
available from Ambit International, 37 High Street,
Brentwood, Essex, CM14 4RH. 1}
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ambit

international
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CFU

MECH FILTERS BANDWIDTH FREQ PRICE
MFH41T 4KHz 455KHz 1-35
MFH71T 7KHz 455KHz 1958

CERAMIC FILTERS
CFT455C 6 KHz 455KHz -45
CFT470C 6 KHz 470KHz 45
CFUO050D 6 KHz 470KHz 50
CFS10-7 200KHz 10-7 MHz 40
CFK10-7 200KHz 107 MHz -60

RADIO COILS CA3089/90 COILS

AMIFT 24/ 220K/22pH 15
IFT Setof 3 60 QUAD COIL 33

AM 0OSC 27 DOUBLE QUAD 55

FM IFT 227/ 2mH -30

VHF HEADS VHF HEAD + [|F

ET703 3:30 LARSEN

EF5600 7-70 TUNERSET 17-60

LINEAR INTEGRATED CIRCUITS

SIS RADIO:

NE560/1/2 319 CA3089E 1-94

NE565 2:75 TBAB51 1-81

NE566 2-55 STEREO:

NEG67 2277/ MC1310 2:80

MISC: CA3090Q 2:80

LS8038CC 3:10 AUDIO:

NEG55V 7/ LM380 1-00

UA7805 2:05 LM3900 68

FOR MORE DETAILS OF AMATEUR
TRADE AND OEM PRODUCTS SEE THE
AMBIT 1974 CATALOGUE 20p.

P.P. 15p. VAT ADD 10%. CWO PLEASE

37a HIGH ST.BRENTWOOD

ESSEX. tel. 216029
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In your

“Ah,” said Smithy blissfully, *‘this
is the life.”

He leaned back on the park bench
and surveyed the scene in front of
him. In the distance a cluster of
children played around a group of
swings and a slide. The far corner of
the park was taken up by a cricket
pitch, and the occasional thwack of
bat and ball reached his ears comfort-
ingly. Lazily, he watched the players,
musing idly on the time which elapsed
between the hitting of the ball and the
instant when the resultant sound
reached his ears. Soothed by the warm
August afternoon sunshine, he closed
his eyes and fell into a state of philo-
sophic meditation.

“Stap me,” came a voice beside him.
“I’ve only got to leave him'on his own
for five minutes and he darned well
falls asleep.”

ZN414 RECEIVER

Smithy opened his eyes and looked
irritably up at his assistant.

“I am not asleep,” he stated scath-
ingly. **As it happens, I’'m pondering.”

“Pondering? On what?”’

“On the mysteries of life,” replied
the Serviceman loftily. ‘Do you realise,
Dick, that we are, every one of us,
all slaves of time?”

“Blimey,” remarked Dick, im-
pressed by this intelligence. ““In what
way 7’

“Well,” said Smithy. “When the
batsman in that game of cricket over
there hits the ball I assume that I see
him at the exact instant that he does so.
But I don’t, because the light rays
reflected from him take a finite time to
reach my eyes. Then again, if I rely
on my ears to judge when he hits the
ball there is, relatively, a very large
time lag between his hitting the ball
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and my aural perception of his doing
so. Even the batsman himself isn’t
aware of the precise instant at which
he hits the ball, because the sensation
from his hands takes at least a fraction
of a second to travel through his nerves
up to his brain.”

“I don’t think I like the sound of
this,” commented Dick uneasily. “If
you carry your argument to its con-
clusion, everything happens in advance
of our realising it.”

“That’s exactly so.”

“You shouldn’t dwell on things like
that,” stated Dick firmly. **Mysteries

are best left as mysteries. Anyway,.

here are the ice-creams.”

Abruptly, Smithy turned his
thoughts from abstractions to realities.

*‘Hey, I said wafers.”

“They didn’t have any wafers.
They’ve only got these ones on sticks.”

Sitting up, Smithy took the ice-
cream from his assistant and looked
at it with disfavour.

“Nothing’s the same as it used to
be.” he complained. ‘‘In the old days
you could get a nice runny wafer with
a bit of toilet paper put round it so
you didn’t get the ice-cream on your
fingers. Nowadays, it’s all these things
on sticks. What nourishment is there
in a stick ?”?

But there was no reply from his
assistant, who was already busily
engaged in licking away the outer
layers of his ice-cream. Smithy pro-
ceeded to do likewise. When he was
about half-way through the ice-cream
he glanced at his watch, then produced
a rather large plastic case from- his
pocket. This had three knobs on the
front r ace.

““What’s that?” queried Dick.

“Just a radio I’ve knocked up;”
replied Smithy. “‘It’s really a bedside
set, but I thought I’d bring it along

As is their habit
in August, Dick and
Smithy take time
off away from the
Workshop to enjoy
the dual pleasures
of fresh air and
sunshine. But not
to escape from
matters electronic,
for Smithy takes
advantage of the
break to explain
the circuit of his
bedside radio re-
ceiver incorporat-
ing the integrated
circuit type ZN414

with me today just to hear the news.”

Smithy consulted his watch once
more, switched on the receiver and
adjusted its tuning control. Almost
immediately the Radio 4 time signal
became audible, to be followed by the
announcer recounting a summary of
the day’s strikes, demonstrations, hi-
jackings and riots.

“Just the same old things,” grunted
Dick, as Smithy switched off the radio.
“‘Dead boring the news is these days.”

The pair returned to their ice-
creams. After some moments, a
thought occurred to Dick. He turned
to examine the radio receiver, which
Smithy had now placed beside him on
the bench,

““Is there anything peculiar about
that set. Smithy?” he asked curiously.
“I can’t see you spending your time
making up a conventional radio when
you’ve got plenty of manufactured
ones available to you.” ]

*“It /s a bit unusual,” replied Smithy.
“‘Actually, it’s a set which incorporates
the Ferranti ZN414 integrated circuit.”

“The ZN414, eh?’ repeated Dick,
his interest aroused. ‘‘Isn’t that the
integrated circuit which provides all
the r.f. amplification, together with
detection, for an a.m. receiver?”

“It is,” confirmed Smithy. *‘In its
simplest form the ZN414 can be
employed in_a circuit which requires
only one resistor, two fixed capacitors,
an earphone and a ferrite rod aerial
tuned circuit. Wait until I’'ve got
through this ice-cream and then I’ll
show you what [ mean.”

The pair finished their ice-creams at
about the same moment, after which
Dick took the two sticks and pieces of
wrapping paper and deposited them
in a nearby litter bin. As he returned
to the bench he noticed a very scruffy
old man just entering at the park gate.
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Then he glanced once more at Smithy’s
receiver, and the latter once more took
up all his attention.

Smithy had taken a piece of paper
from his pocket, and was sketching out
a circuit on it.

“As it happens,” he remarked, “I
had the circuit of the receiver on me,
but before I get down to that let me
show you the basic ZN414 circuit.”

Smithy showed Dick the circuit he
had just drawn. (Fig. 1).

+1-2t0 I'6V
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coil
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Fig. 1. The ZN414 integrated

circuit may be employed in a

basic circuit of the type

shown here. The earphone

should have a d.c. resistance
of 250Q or more

“You couldn’t,” he continued,
“‘have anything simpler than this. The
ferrite aerial can be a medium wave
type and the a.f. output from the
ZN414 is sufficiently high, at around
30 millivolts or more, to operate a
reasonably sensitive earphone having a
suitable impedance. Or, of ¢ourse, the
earphone can be replaced by a load
resistor and the output fed to an a.f.
amplifier which then drives a speaker.”

“In that case,” said Dick, “what
you’ve got in your receiver must
obviously be a ZN414 followed by an
amplifier and speaker.”

“You’re right,” confirmed Smithy.
“Now, there’s nothing particularly
marvellous in making an a.f. amplifier,
and so I decided to concentrate on
making an amplifier which was pretty
well as simple as it could be. To my
way of thinking, the very simple
circuit around ‘a ZN414 should be
complemented by an almost equally
simple a.f. amplifier circuit, and that’s
what I’ve attempted to provide in this
radio of mine. It doesn’t have as high
an a.f. output as the usual superhet
does, but it can give adequate volume
for a bedroom or a similarly quiet
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place from the local medium wave
B.B.C. stations.”

LOW SUPPLY VOLTAGE

“If the circuit is so simple,” asked
Dick, ‘“‘could it be made up to give a
really miniature radio?”

“Well, it could,” replied Smithy.
“But I don’t recommend such a course
because you would then have to use
a very small speaker, and this would be
rather insensitive. This circuit works
best with a speaker having a cone
diameter of about 4 inches or more.
When I tried it out after I built it T
connected it to an 8 inch speaker
housed in a proper cabinet, and I got
quite an appreciable volume level
from this. Anyway, I'll now show you
the complete circuit.”

Smithy turned over the sheet of
paper on which he had sketched the
basic ZN414 circuit. The circuit of
the receiver had already been drawn.

on the other side. (Fig, 2).

“Blow me,” remarked Dick. “The
battery supply is only 3 volts in this
circuit.”

“True,” agreed Smithy. “The speci-
fied supply voltage range for the
ZN414 is 1.2 to 1.6 volts, with 1.3
volts recommended by the makers.
The current consumption is tiny,
being only 0.3mA typical and rising to
0.5mA under strong signal conditions.
It seems reasonable, therefore, to
supply the ZN414 from one 1.5 volt
cell of the battery and to use the full
3 volts from this and a second 1.5 volt
cell to supply the a.f. amplifier. The
fact that the voltage dropped across
the base-emitter junction of a silicon
transistor is around 0.6 to 0,7 volt
then enables a very simple amplifier
to be made up, as I'll explain to you in
more detail shortly.” y

“Well,” remarked Dick, ‘“the circuit
doesn’t seem to be particularly compli-
cated.”

“It isn’t,” said Smithy. ‘“Now,
seeing that we are thinking in terms of
a 3 volt supply the best choice of
speaker impedance is 3Q. There won’t
be much a.f. output voltage available
so we'll obtain the greatest output
power by using the lowest standard
speaker impedance. If the two output
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Fig. 2. The circuit of Smithy’s medium wave radio incorporating
a ZN4i14
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emitters are at half supply voltage in
the absence of signal we can assume
for the moment that they are then able
to swing positive and negative by up to
nearly 1.5 volts. This corresponds to
an r.m.s. value of about 1 volt. Now,
the r.m.s. output power is equal to
voltage squared divided by speaker
impedance, and the figures I've just
mentioned point to an output of a
third of a watt. In practice the r.m.s.
output power will be lower than this
because the two output emitters won’t
be able to swing positive and negative
by quite as much as 1 assumed and
because there’ll be a small loss in the
1,000pF capacitor coupling the emit-
ters to the speaker. I would guess that
the maximum output power is of the
order of 250 milliwatts or so.”

“Even that,” remarked Dick, *‘isn’t
to be sneezed at. I see that you’ve used
power transistors type ADI61 and
ADI162 for TR3 and TR4 in the output
stage. Aren’t these rather large types
for use in a low power stage like you’ve
got here?”

“They are,” agreed Smithy, ‘“‘and,
in fact, they’re considerably under-run.
T had some difficulty in selecting the
output transistors when I was working
out the circuit. To start off with, the
output transistors must be germanium
as there just isn’t enough supply
voltage available to allow silicon
transistors, with their relatively high
base-emitter voltage drops, to be used.
Now, in theory, the output emitters
should be capable of applying 1.5 volts
to a.3Q load, and this corresponds to
an output current of half an amp. Also,
if an excessively high signal were
applied to the output stage, clipping
could cause the output transistors
to handle what is effectively a square
wave with a peak-to-peak amplitude
of 3 volts. Each output transistor
would then dissipate a power equal
to 1.5 volts multiplied by 0.5 amps,
or 750 milliwatts, for half the time.
The average dissipation for each
transistor would then be 375 milliwatts.
These theoretically possible output
currents and powers made me a little
unhappy about using smaller trans-
istors, such as the AC127 and ACi28.
So 1 decided to plump for the AD161
and ADI162, even though they would
be used far below their normal
dissipation level. Since the design is not
intended to be for a miniature radio,
little is lost by using bulkier transistors.
The ADI161 and AD162 do not need
to be fitted to heat sinks.”

“l notice,” remarked Dick, ‘“‘that
you haven’t fitted any series resistors
in the output emitter circuits to
counteract thermal runaway.”

“There isn’t,” grinned Smithy,

““enough output voltage available to

allow such resistors to be employed!
Also that’s another of the marginal
reasons which caused me to use the
ADI161 and ADi62. Their cases are
large enough to keep them cool in
normal working, and in the very
unlikely event of thermal runaway

actually taking place they almost
certainly wouldn’t come to any harm
anyway. Both types are capable of
passing currents up to 3 amps, and all
they’d do under thermal runaway
conditions would be to run the supply
battery down very quickly.”

FEEDBACK CIRCUIT

A shadow fell across them and they
looked up, to see that the unkempt old
man who Dick had spotted at the park
gate was now shuffling past. At this
closer range, Dick was able to examine
him in greater detail. On his head he
wore a cloth cap with a ragged brim
whilst, lower down, Dick noted a torn
and ragged jacket from one pocket of
which hung a repulsively filthy rag
which presumably served the function
of handkerchief. Crumpled and dirt-
stained trousers augmented the en-
semble, which was completed by dust-
laden shoes, the sole of one of which
flapped up and down as its owner
shambled” by. He was muttering
peevishly to himself, and a large drop
hung precariously from the end of his
nose.

Dick and Smithy watched the old
man as he proceeded shakily along the
park path. Eventually, he passed out of
earshot, and they tore their eyes away.

“What a disgysting old man,” said
Smithy. g

“I’ll say,” agreed Dick. “He ponged
a bit too, didn’t he ?”

“T think it’s a scandalous state of
affairs,” commented Smithy, “letting
people like that into public places.
Anyhow, he’s gone past now, thank
goodness, so let’s forget about him.
What were we talking about?”’

“You were describing the output
stage of your radio.”

“Was 1? Oh yes, I remember now.
Well, as I was saying, I decided after a
lot of thought to choose the ADI161
and ADI162 as output transistors.
Both of these have a minimum current
gain of 80 whereupon, if they are to
pass output currents of half an amp,
they need a minimum base drive of
half an amp divided by 80. This works
out at just over 6mA. In consequence,
the standing current in the collector
load for driver transistor TR2 needs
to be quite a bit higher than this. The
collector load is R4, and I’ve given it a
value of 82Q. Assuming a voltage drop
of 1.5 volts across this resistor, the
current which flows through it then
works out at just a little lower than
20mA. In practice it’s about 18mA
or so because some of that 1.5 volts is
dropped in R5. A current of 18mA in
R3S is quite high enough in practice.”

“I notice,” remarked Dick, ‘“that
you've bootstrapped the top of R4
to the lower terminal of the speaker.”

“True,” agreed Smithy. “You may
remember that we were talking about
a.f. amplifier output stages and boot-
strapping during our last gen sesh,
so we don’t need to go into that subject.
all over again, apart from saying that
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the bootstrapping causes R4 to have a
much higher effective resistance at a.c.
than its physical value of 8202.”

“Fair enough,” said Dick. “Now
what exactly do TR1 and TR2do?’ *

“TR1,” replied Smithy, *“acts as a
current amplifier feeding into TR2.
And here we come to a point which I
mentioned at'the start and which is
very helpful in the present design. Both
TR1 and TR2 are silicon transistors,
which means that there is a voltage
drop of 0.6 to 0.7 volt across their
base-emitter junctions. Thus, the volt-
age at the base of TR1 is about 1.2

to 1.4 volts positive of the negative °

supply rail. Negative feedback is
applied from the output emitters to
TRI1 base via R7 and R6, with the
result that the output emitters are also
held at around 1.2 to 1.4 volts positive
of the negative rail. As you can see,
this voltage is quite close to the half-
supply voltage. What happens here is
that R4 attempts to pull the output
emitters up to the 3 volt positive rail,
but as soon as they go sufficiently
positive for current to flow into the
base of TR1 both TR1 and TR2
conduct and hold them at this level.
The circuit is then in a state of balance.
If, for any reason, the output emitters
went positive, base current in TR1
would increase as also would its
collector current and the collector
current of TR2. The increase in TR2
collector current would then cancel out
the positive excursion of the output
emitters.” (Fig. 3(a).)
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“‘Blow me,” remarked Dick. “That’s
a bit of luck, Smithy! Just by using a
couple of silicon transistors in a very
simple amplifying circuit you can
automatically set up the output emit-
ters really close to half-supply volt-
age.”

“Yes, it’s an extremely fortunate
state of affairs,” agreed Smithy. “In
my set I find that the output emitters
actually sit at around 1.4 volts. They
go slightly more positive as R7 inserts
more resistance into circuit but only by
a tiny amount.”

“Now, that’s something else I was
going to ask you about,” said Dick.
“What is the idea behind making R7
variable 7’

“R7 is the amplifier volume con-
trol,” said Smithy. “The feedback
circuit which keeps the output emitters
at half-supply voltage is a d.c. arrange-
ment, and the feedback components at
d.c. are just R7 and R6 on their own.
But the a.c. feedback circuit is quite
different, because at audio frequencies
C5 has a low impedance. The feedback
circuit becomes a potential divider,
with R7 and R6 forming the upper
arm, and the lower arm being given
by R3, the output impedance of the
ZN414 and R2.” (Fig. 3(b).)

“Won’t the input impedance of TR1
base also be in the lower arm of the
potential divider?”’

“It will be,” confirmed Smithy.
“However, it will be very much
higher in value than the resistive
components and the output impedance

To output
emitters
R7
Rg E
R+ 3
R3 3
R6 |
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Fig. 3 (a). The d.c. feedback loop in the a.f. stages of the receiver.
This causes the output emitters to take up a potential
slightly higher than that at the base of TR1

(b}, Assuming that C5 has zero reactance ana that the upper
end of R2 is at chassis potential, the a.c. feedback loop
takes up the form shown here
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of the ZN414, and it can be ignored.
So also, incidentally, can the reactance
of C3, which is of the order of 15kQ
at 1kHz. When R7 is set to insert
‘minimum resistance into circuit, the
upper arm of the potential divider is
given by R6 on its own. The very high
level of feedback at the base of TRI
results in the a.f. amplifier stages
having almost zero gain. When R7 is
set to insert maximum resistance into
circuit the upper arm of the potential
divider is given by R6 in series with all
of R7, and the amount of feedback is
negligible. Under these conditions the
amplifier is working virtually all out.
R7 offers a very smooth control of
volume, the minimum volume position
being given when it inserts zero
resistance into circuit, and the maxi-
mum volume position occurring when
it inserts full resistance. A log pot is
used here, and it is wired so that it
inserts increasing resistance as its
spindle is turned clockwise. If desired,
this can be a pot fitted with a double-
_pole switch, and the latter can then be
the on-off switch, S2(a) (b).”
- “Why did you put R6 into circuit?”
“To avoid the situation where there
is zero resistance between the output
emitters and the base of TRI1,”
explained Smithy. “Without R6 the
af. stages would tend to go into r.f.
oscillation when R7 slider is right at
the -minimum resistance end of its
track. R6 prevents this happening.”

ZN414 OPERATION

“Well,” remarked Dick, “that seems
to have the a.f. amplifier part all
buttoned up. What about the coupling
between the ZN414 output and the
base of TR17”

“Things are pretty straightforward
here,” replied Smith. “C3 and C4
are r.f. bypass capacitors, and C5
is a plastic foil a.f. coupling capacitor.
Resistor R3 is part of the r.f. filter, and
it also provides part of the resistance
needed in the lower arm of the a.f.
negative feedback potential divider.
One important practical point is that
C3 must be wired very close to the
earth and output lead-outs of the
ZN414. If it isn’t, the ZN414 tends to
become a little unstable; which isn’t
surprising, of course, when you con-
sider the fantastic amount of gain it
has at radio frequencies. Also, input
wiring should be kept well spaced from
output wiring.”

As Dick turned to look once more at
Smithy’s circuit, he noticed something
out of the corner of his eye.

“Ye gods, Smithy,” he muttered,
“just look over there.”

Smithy glanced in the direction indi-
cated by his assistant and stiffened.

“Why, the dirty old man,” he snort-
ed disgustedly.

“Shocking, I call it,” said Dick,
primly.

“It didn’t ought to be allowed,”
?tz}t,ed Smithy firmly. ““Quite disgrace-
u 9

“I've seen everything now,” pro-
50

nounced Dick censoriously. “Just
imagine it, going through the litter
bins like that. I suppose he’s looking
for scraps to eat or something.”

“This is a Welfare State,” retorted
Smithy, “and there should be no
necessity for behaviour like that. I
wish he wouldn’t keep hanging around

‘us here, though.”

*“Oh, let’s forget dbout him,” stated
Dick, purposefully turning his gaze
back to the circuit’ of Smithy’s re-
ceiver. ““What are those germanium
diodes for at the top of the 1kQ
resistor?”” (Fig. 4).

+I-5V
(o] h
Germanium
diodes
a-*S. 4
2R
R| T
B e {
Ry
2~ O —

Fig. 4. Switch S1 and diodes

D1 and D2 enable varying

supply voltages to be applied
to the ZN414

“They’re to enable different supply
voltages to be applied to the ZN414,”
said Smithy. *“This integrated circuit is
very sensitive to supply voltage
changes between about 1.2 and 1.6
volts. I found that, if the supply voltage
is at the high end of this range, the
ZN414 tends to become a little chirpy
and to give heterodynes on either side
of the received signal, with the result
that tuning becomes rather the same as
the tuning of a t.r.f. receiver with the
reaction advanced a little too far.
Reception of the more powerful

+ stations is still possible under these

conditions, presuriably because the
a.g.c. action in the ZN414 decreases
its gain when the signal is properly
tuned in and thereby takes it just be-
low the oscillation point. When switch
S1 is at its right-hand contact, the full
1.5 volts from the battery is applied to
R2_1If S1 is set to the middle position
the voltage applied to R2 is 1.5 volts
minus 0.1 to 0.2 volts dropped in
diode D1. Setting S2 to the left hand
position puts both diodes in circuit'and
the supply voltage drops by another
0.1 to 0.2 volt. Having the diodes in
series does nat affect the load resist-
ance given by R2 to any great extent
because, whilst the diodes drop the

supply voltage, the resistance they
present into circuit is only their low
forward slope resistance. 1 find S1 is
very useful for setting up the ZN414 at
just the right supply voltage for a
particular station. It also caters for the
situation given when the battery volt-
age falls with age. I’ve shown the
diodes as OA90 in my circuit, but in
practice almost any germanium diodes
could be used here.”

“That seems to be a jolly good cir-
cuit approach,” commented Dick.
‘“What about the ferrite rod aerial?”

“Any medium wave ferrite aerial
can be used,” said Smithy. “I used a
ready-wound aerial and simply con-
nected its tuned winding into circuit.
The value of C2 is that required for the
particular aerial being employed and
would, typically, be 208pF.”

‘““How about iong waves?”

_**I wouldn’t recommend this receiver
for long wave reception,” said Smithy,
“unless it is to be used in an area where
the Radio 2 signal on 1,500 metres
comes in at pretty good strength.
Incidentally, whilst talking about long
waves, there’s one point I would like
to bring up. Ready-wound ferrite rod
aerial assemblies for medium and long
waves normally have the medium and
long wave coils separate. If no con-
nection is made to the long wave coil
it is quite possible for it to resonate,
with its own self-capacitance, at a
frequency in the medium wave band.
It then acts as an absorption tuned
circuit and considerably attenuates
medium wave signals picked up on the
medium wave coil.” (Fig. 5).

Long wave | 1
tuned winding} {

I
L..ll..l
Self-capacitance
of long wave winding

Medium wave
tuned winding

Fig. 5. It is possible for the

long wave tuned winding on

a ferrite rod to resonate, with

its own self-capacitance, at a

frequency in the medium
wave band

“That’s awkward,” commented
Dick. “How do you know if the long
wave coil is doing this?”

“By simply slipping it off the ferrite
rod,” replied Smithy, ‘“‘whereupon any
effect it has on medium wave reception
should disappear. It’s because of this
absorption trouble that the long wave
ferrite aerial tuned coil is frequently
short-circuited in medium and long
wave sets when medium waves is
selected. Anyway, we’re straying from
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set to minimum resistance, and the 1.5
volt supply rail is not connected to the
battery. Then switch on. You don’t
néed to worry if the meter gives a read-
ing that’s a little lower than the 18mA
I mentioned earlier .as the current
which flows through R4; the lower
reading is merely due to the fact that
testmeters tend to drop a relatively
large voltage across their terminals
when they’re switched to the higher

our subject, which is this medium
wave set of my own.”

“Fair enough,” said Dick. “What
about current consumption?”

“It’s about 24mA from the 3 volt
battery under quiescent conditions,”
stated Smithy. “And it rises up to well
over 100mA or more when it’s repro-
ducing a signal at the maximum
volume level.”

“Blimey,” said Dick, “that’s a bit

WA PRACTICAL

PAPERBACKS

FROM

FOULSHAMI-TAB

Colour TV Repair

high, isn’t it?” current ranges. Then gradually in- by Ma'ti” QIiﬁord £1.40
“Not really,” replied Smithy. “Don’t crease the resistance inserted into Basic Audio Systems
forget that the supply voltage is only 3 circuit by RS until the current reading by Norman H. Crowhurst £1.60

increases by about a third. If, for in-
stance, the original reading was 15mA,
situation in a superhet receiver having then RS is adjusted for a reading of
a 9 volt battery, where quiescent cur- 20mA, and so on. Incidentally, you
rent is around 10mA, rising to 50mA can’t use a skeleton pre-set for R5 as

volts. The current consumption com-

! g Everyman’s Guide to Car
pares quite favourably with the usual

Maintenance
by George Zwick
Matv Systems Handbook

£1.50

or so at high volume levels.” these aren’t normally made for values by Allen Pawlowski £1.40
“What sort of battery do you  below 1009, and so this resistor can be Mobile Radio Handbook
recommend ?” a small wire-wound potentiometer. It £1.50
: . by Leo G. Sands :
“Probably the best buy here,” said  should also be in reasonably good Rapid Radio Repair
Smithy, *“is a twin_cell cycle lamp  condition because, if the wiper is in AR 0L -
battery, such as the No. 800 made by poor contact with the track, it will by G. Warren Heath £1.

present a high resistance between the

Ever Ready. If you pull up the card-
bases of TR3 and TR4, and these

Understanding & Using the
board at the top of this battery it’s

VOM & EVM

quite easy to solder a lead to the in- transistors could pass an excessively by John Cunningham £1.50
ternal wire joining the two cells. This high current as a result.” (Fig. 7.) Handbook of Electronic

gives the 1.5 volt supply needed by the

ZN414. The advantages with these AL

cycle lamp batteries are that they are g S il

intended to provide quite high currents
for long periods, they have a low

How to use your VOM &
VTVM and Oscilloscope

internal resistance and they’re rela-
tively inexpensive.” (Fig. 6.)

£1.50
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Fig. 7. The test set-up
required for adjusting R5.
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.zero resistance into circuit

Fig. 6. An Ever Ready No. 800

battery, or equivalent, can be

used to power the receiver,

A connection made to the

internal wire linking the two

cells provides. the positive
1.5 volt point

; \O% 1 by Martin Clifford
@) Introduction to Medical
Testmeter Electronics
Soq by Burton R. Klein
Q=TS raised el B Modern Radio Repair
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by Art Margolis £1.70
-5V Practical Colour TV Service
Techniques
T by Robert L. Goodman
TV Troubleshooters
-|_ Handbook
. by Editors of Electronic
Technician/Dealer
Acoustic Techniques for
Home & Studio
by F. Alton Everest £1.50
199 Colour TV Troubles &
Solutions
by R. L. Goodman £1.50
IC Projects for Amateur &
Experimenter
by Wayne Green £1.45
Japanese Colour TV Service
Manual
by Hitachi Etc.
‘Radio Electronics Hobby

£1.90
*“I see,” commented Dick. ‘“Now

there’s only one final question I want DESTINY |Proje‘cts .
to put to you.” by Editors of Radio-
“Fire away.” Smithy folded up the circuit dia- {Electronics £1.45

“How do you set up R57”

“That’s not too difficult,” remarked
Smithy. “When the set has been
assembled, you connect the negative
supply rail to the negative terminal of
the batterby, and the 3 volt rail to the ) . T
positive battery terminal via a test- - L
meter switched to read currents of the voice at Smithy’s ear. FOULSHAM-TAB LCKPS
order of 25SmA. RS should be initially Startled, Smithy shook himself out | YEOVIL ROAD. SLOUGH. BUCKS.

AUGUST 1974 51

gram of his receiver and returned it to
his pocket. Even Dick’s enquiring
mind seemed to be satisfied for the
time being, and a long peaceful minute
passed as they sat contentedly in the
sunshine.

“Hey, guv,” wheezed a tremulous
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of his reverie and found himself gazing
into the rheumy blood-shot eyes of the
disreputable old man who had been
haunting them during the afternoon.

The old man drew a faltering breath
and brought his face closer to Smithy.
The Serviceman leaned back as far as
he could on the bench.

“Have yer,” continued the old man
purposefully, “got the price of a cup
of coffee?”

“I’m not certain if I have,” replied
Smithy, attempting the near-impossible
task of talking without inhaling. “In
fact, I don’t even know how much
coffee costs these days. I always drink
tea myself.”

The old man looked at the Service-
man with acute distaste.

“It’s always the same,” he grumbled.
*“Nobody’s ever prepared to help me.”

Dick decided to come to Smithy’s
rescue.

“You should be ashamed of your-
self,” he said sternly, ‘‘going around.
begging like this.”

Quivering, the old man turned to-
wards Smithy’s assistant.

““Hah,” he coughed bitterly, *“it’s all
right for you young ones, you’ve got
all your time in front of you. I was
starry-eyed and full of hope myself
once, but the world has cheated me. I
f;}n only look back now on a wasted
ife.”

Dick’s ever-present curiosity rose
above his aversion to the disreputable
figure in front of him.

“How do you mean, your life was
wasted ?”’

I chose the wrong career,” faltered
the old man. “‘A life of drudgery is all
I’'ve known, and all of it to no pur-
pose.”

‘“What career did you choose?”’

The old man, now in an ecstacy of
self-pity, drew himself, trembling, to
his full height.

“I was,” he intoned, ‘‘a radio and
TV service engineer!”

“You were a whar?’
Smithy.

spluttered

STELED
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“l was a radio and TV service
engineer, mate, Just think of it: all
those years breathing in solder fumes,
getting shocks and fixing sets free for
in-laws.”

The old man drew in a rasping
breath.

“But worse was to come.”

“Don’t tell me,” implored Smithy.

““‘Just don’t tell me.”

“I must tetl you,” said the old man.
“Iwas promoted to Service Manager.”

““Oh no,” breathed Smithy.

*“So,” went on the quavering voice,
“not only did I have the solder fumes,
the shocks and the in-laws, but I also
had staff troubles and non-delivery of
spares. Well, that’s the story of my life,
and now I haven’t even got the price
of a cup of coffee.”

Hastily, Smithy reached into his
pocket, fished out a tenpence piece and
handed it over to the old man. He
clutched the coin with a muttered grunt
of thanks, then set off towards the park
gate. Dick and Smithy watched in
silence as he shuffled along the path
and eventually disappeared outside the
gate.

There was a thoughtful pause, after
which Smithy reached down absently
at the park bench beside him. A frown
creased his brow, and, unwillingly, he
looked down.

“Why, the old devil,”” he burst out.
“Do you know what he’s done?”’

*“No,” replied Dick, “what has he
done?”’

‘“He’s pinched my radio!” snorted
Smithy furiously. ‘‘He’s been and gone
and nicked my darned radio!”

The Serviceman rushed feverishly
towards the park gate and then started
to search the streets on the outside.

But, as he himself had observed, we
are indeed the slaves of time. Just as
apart-from rare moments of precogni-
tion the future is hidden from our eyes,
so also had the aberrant old man, in
the few minutes vouchsafed to him,
apparently disappeared off the face of
the earth. 11
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SIMPLE
SQUARE WAVE
GENERATORS

By M. J. Darby

()
»
AN

Five Square wave generator circuits
incorporating the 555 i.c. timer

ARIOUS CIRCUITS FOR CONVERTING THE SINE WAVES

from a signal generator into square waves have
appeared in the past, whilst other circuits have been
designed to generate square waves directly. Such cir-
cuits normally employ several transistors and quite a
number of associated components.

This article shows how the economical 555 integrated
circuit (which was developed mainly for use as a timer)
can be employed in very simple circuits to generate
square waves or to convert sine waves into square
waves.

The output waveform is very suitable for checking
the frequency response of audio amplifiers and similar
equipment.

THE 555

The 555 is basically a voltage comparator system
which controls a bistable circuit; it can be used for
many purposes other than those for which it was mainly
designed.

The basic internal circuit of the device is shown in
block form in Fig. 1. If pin 5 is left unconnected, the
bistable circuit will be switched when the voltage at pin
2 falls to a value of less than one-third of Vcc; this
results in the voltage at the output rising to its ‘high’
state, where it is only a little less than Vcc.

The circuit will remain in this state until the voltage
at pin 6 rises to a value equal to two-thirds of Vcc; the
bistable will then be reset and the output will return to
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Fig. 1. Block diagram for the 555 i.c., showing the
functions employed in the circuits described in
this article
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its ‘low’ voltage state in which it is only slightly above
the negative supply line potential. In this state the
internal transistor connected to pin 7 conducts, so this
pin is effectively grounded. ¢

Th rise and fall times of.the output waveforms are
about 0.1 microsecond, so one can obtain reasonable
square wave outputs at frequencies up to about 1MHz.

USE WITH SIGNAL GENERATOR

If one already has a signal generator which provides
sine waves, one may wish to convert the sine waves into
square waves so as to be able to use the calibrated
frequency scale of the generator.

A very simple circuit which will convert sine waves
into square waves is shown in Fig. 2. The sine wave
input must have an amplitude which is not less than
about 2 volts peak-to-peak.

The mean potential of pins 2 and 6 is half of the supply
voltage, namely 24 volts. When the applied sine wave
raises the potential of pin 6 to two-thirds of the positive
line voltage (i.e. to 3} volts) the output is switched to its
low voltage state.

Similarly, when the sine wave drives the potential of
pin 2 to below one-third of the positive supply line
voltage (i.e. to 1% volts) the output returns to its high
voltage state.

Pins 5 and 7 of the 555 are left unconnected in this
circuit.

The lowest frequency at which the circuit can be-used
is determined by the value of the time constant formed
by CI multiplied by R1 and R2 in paraliel, although the
input voltage has some effect on the minimum fre-
quency. If the circuit ceases to provide an output as the
frequency is reduced, either C1 or the input voltage may
be increased. '

The values of R1 and R2 have been chosen so that the
current taken by pins 2 and 6 (less than 1pA) produces
only a small effect on the potential of these pins.

The reset facility is not used, so pin 4 is'returned to
the positive line to prevent the possibility of spurious
resetting. This cuts off the internal p.n.p. transistor
connected to pin 4 (see Fig. 1).

The power supply voltage has been chosen to be near
to the minimum recommended value for the operation
of the 555 so that the sine wave input voltage required
iS a minimum.

As in all of the circuits to be discussed; the output
current from pin 3 must not exceed 200mA.. In the cir-
cuits which follow, Vcc may be between 4.5 and 16
volts.

+5v
ZR z PR3
= =
OC5| b = 470kn o 8 kn
6
! 3 e
——E 555 Output
Si 5
ine wave 4 . Tl
input = Ra .
I 2 470kn

Fig. 2. A circuit for converting a sine wave to a
square wave

54

&l :E 2R3
8-2kn = = tka
7 4 8
) 3 —
Ry = Output
68kn 5 555
6
= ,
S

M e
OF ﬁng To}-gou

= I-44
(Rj+ 2Rp)C

Fig. 3. A square wave generator which provides
oulputs at approximately 100Hz, 1kHz and
10kHz-

ASTABLE MODE

A simple square wave generator circuit using the 555
in the normal astable circuit is given in Fig. 3. The
component values shown have been selected so that the
circuit will provide three output frequencies (selected by
S1) at about 100Hz, 1kHz and 10kHz for the testing of
audio amplifiers. Pin § is not connected in this circuit.

The capacitor selected by S1 charges through R1 and
R2 in series until the potential across it reaches two-
thirds of vcc, whereupon the upper threshold com-
parator switches the bistable and the output voltage
falls to its low state. The same capacitor then discharges
into pin 7 thfough the one resistor, R2, until the voltage
at pin 2 falls to one-third of Vcc; the bistable is switched
back again at this point and the output voltage rises.
Thus the capacitor continually charges and discharges
between one-third and two-thirds of Vcc.

The charging time is slightly greater than- the dis-
charging time in this circuit, since charging takes place
through R1 and R2 in series, but discharging takes
place through R2 only. R1 has therefore been made
much smaller than R2 in Fig. 3 so that the output wave-
form is not very asymmetrical.

The frequency of oscillation is given by the equation,
included in Fig. 3.

If R2 is replaced by a variable resistor, the frequency
is continuously adjustable, but a few ‘spot’ frequencies
are usually adequate for audio amplifier testing. The
maximum value of (R1 + R2) is about 20MQ, but this
limit is only of importance at very low frequencies.

The output voltage is slightly-less than Vcc, its exact
value depending on the output current. The frequency is
not affected by the output current.

RADIO & ELECTRONICS CONSTRUCTOR
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SIMPLER CIRCUIT

An even simpler circuit for producing symmetrical
square waves at three frequencies is shown in Fig. 4;
only one resistor is required.

If the output voltage in the circuit is initially high, the
capacitor selected by S1 will charge through R1 from
the output pin of the 555. When the potential of pin 6
reaches two-thirds of Vcc, the bistable switches and the
output changes to its low state. The capacitor then
discharges through R1 into pin 3. When the voltage at
pin 2 falls below one-third of Vcc, the output is switched
to its high state again. Thus the circuit continues to
oscillate.

In this circuit the charging and discharging currents
both pass through the same resistor, so the waveform is
symmetrical. The frequency of operation is given
approximately by the equation shown in Fig. 4. If
appreciable current is taken from the output, the volt-
age swings at pin 3 will be slightly reduced and this will
reduce the frequency somewhat.

Fig. 5. A square wave generator offering an
improved waveform
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Fig. 4. A simp/e square wave generator for
100Hz, 1TkHz and 10kHz

The three frequencies produced by the circuit of Fig.
4 are approximately 100Hz, 1kHz and 10kHz.

IMPROVED WAVEFORM

The circuit of Fig. 4 provides an output which may
show some minor defects in its waveform immediately
before the output voltage rises. This trouble can be
avoided by the use of the circuit shown in Fig. 5 which
is designed to provide three switched frequencies’ of the
same approximate values.

When the output is in the low voltage state, the
capacitor selected by S1 charges through R1, the current
passing into pin 3; the voltage at pin 2 therefore falls.
When this voltage reaches a value of one-third of Vcc,
the output is switched to the high voltage state and the
capacitor discharges through R1 into pin 3.

The output waveform is fairly symmetrical. The
frequency is given by the same equation as that for the
circuit of Fig. 4.
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VARIABLE DUTY CYCLE

In the circuit of Fig.'3, the charging time cannot be
less than the discharging time. The output therefore
spends more time in the high voltage state than in the
low voltage state. The circuit of Fig. 6 is a modified
version of Fig. 3; it has the advantage that the duty
cycle. can be varied over a very wide range by the
potentiometer VRI1. The frequency of oscillation is
almost independent of the setting of VR1. Only one
-capacitor is shown in this circuit for simplicity. If this
has a value of 0.001uF the frequency is approximately
14kHz.

The capacitor charging current flows through Rl,
part of VR1 and D2. The discharging current flows
through D1, R2 and part of VRI to pin 7. The two
diodes therefore effectively separate the charging and
discharging paths and enable the value of the resistors
in these paths to be chosen independently.

When the slider of VR1 is at the upper end of its

Fig. 6. A rectangular waveform generator having
a duty cycle which can be varied over wide limits

travel, the charging time is very short and therefore the
output spends only a very small part of its time in the
high voltage state. Short positive pulses are in conse-
quence obtained at the output.

Similarly, when the slider of VR1 is at its lowest
point in Fig. 6, the discharging time is short compared
with the charging time and a series of short negative-
going pulses are obtained at the output.

The duty cycle may be varied anywhere between these
two extremes. The frequency is not very dependent on
the setting of VRI. In addition, the frequency is in-
dependent of the output current up to the 200mA
recommended maximum output current for the 555.

CONCLUSION

The 555 i.c. is available from a number of suppliers as
NES55V or LMS55CM. It can also be obtained as the
R.S. Components ‘555 type’ timer, from retailers of
R.S. Components parts. |

LETTERS...

The Editor,

Readers’ Letters,

Radio & Electronics Constructor,
57 Maida Vale,

London, W9 1SN.

Dear Sir,

I have just finished building John Green’s “Wyvern”
amplifier, and am very pleased with the result. My
version supplies 15 watts from a mono cassette recorder.
The whole project took about a month to finish, and
the only difficulty experienced was that of obtaining
components.

The amplifier was my second project, the first being
a rather unsuccessful multimeter, so I was pleased when
it worked first time.

Many thanks for a great magazine.

Peter P. Garner — Peterborough.

56

Dear Sir,

Many readers of Radio & Electronics Constructor are
also members of the Radio Society of Great Britain,
and will be familiar with the book entitled World at
Their Finger Tips. This book was written by the late
John Clarricoats and covers the history of the society
and the work of many of its members from 1913 to
1963.

The RSGB have honoured me with the task of writing
a sequel to this book in order to bring the society’s
historical records up to date. During the past decade
the RSGB and numerous members have contributed to
the tremendous advance in all fields of radio com-
munication throughout the world.

In order for me to make a success of this book, and
do the society justice, I must have information, there-
fore I appeal to RSGB members who read this journal
to send to me at Faraday, Greyfriars, Storrington,
Sussex, details of their radio achievements during the
past ten years. I would like to have this information by
August 31st, because there is a lot to do, and I.hope to
have the work complete within a couple of years.

Ron Ham, Storrington, Sussex.
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FRENCH STEREO TURNTABLE

A new French stereo turntable of very high quality, the ERA 3033, is now
being marketed in the UK by De Banks Electronics Ltd., of High Street,
Tring, Herts.

This is a precision-engineered transcription unit, manually operated,
extremely simple in design, yet capable of reproducing recorded sound
with the utmost fidelity to the source.

At 33} rpm, wow and flutter are better than 0.049%,. Rumble is better
than 73dB, a level undetectable except by laboratory instruments. This has
been achieved through the use of a lightweight 48-pole synchronous motor
and neoprene belt drive.

The 3033 is equipped with a statically balanced tone arm, with counter-
weight calibrated for stylus pressures of 3gm to 4gm. Setting up is extremely
simple: anfi-skating bias correction is controlled by a graduated ring
integral with the arm. The turntable, dynamically balanced, is internally
suspended, together with the arm and cueing mechanism, on a sub-chassis
and patented “Silent-Bloc’ svstem.,

At £106.92 plus VAT, the 3033 is available from ERA De Banks
appointed dealers, and is guaranteed for one year.

OPEN POCKET PLATE STORAGE BATTERIES

‘Ever Ready (Special Batteries) Ltd., are introducing a range of open

pocket plate, storage batteries. This augments their range of sintered sealed
Nickel Cadmium Cells.

The new range is divided into basic groups; T range for continuous
discharge requirements from 1-10 hours and the TS range which is designed
for high current loads and impulse discharge. Cells are available in sheet
steel cases or in plastic cases depending on capacities, the latter being

power.

identified by the letter P.
Capacities available are as follows:
qr — a range of 11 cells from 75 to 520 Ah (in steel case).
TP - a range of 10 cells from 10-140 Ah (in plastic case).
TS -~ arange of 9 cells from 65 to 300 Ah (in steel case).
TSP - a range of 9 cells from 7.5 to 125 Ah (in plastic case).

In addition a range of battery crates are available of either wooden or
plastic construction. The individual cells can be installed on floor, tier or
table stands, as well as in battery boxes.

The availability of these cells should greatly ease the problems of
emergency lighting installations, indeed any project requiring stand-by

Details are available from: Ever Ready (Special Batteries) Ltd., Hockley,

SS5 4AH, Essex.

100 WATT 4-CHANNEL RECEIVER

The new Heathkit AR-2020 4-channel Receiver is a
simple, straightforward design that can reliably operate
at performance limits usually only associated with far
more expensive components. Amplification is a clean
25 watts, IHF, 15 watts continuous, per channel into
8 ohms. The FM receiver section boasts two integrated
circuits and two ceramic filters in the IF for selectivity
greater than 60 dB, with superior amplifying/limiting
characteristics. A phase lock multiplex demodulator
offers 40 dB typical channel separation at less -than
0.5% distortion. The preassembled FM tuner provides
2uV sensitivity and a 2 dB capture ratio.

There are individual front-panel controls on all four
channels, plus a master volume control. Pushbuttons
give access to mono, stereo, discrete 4-channel and
matrixed 4-channel programme sources. And the
generous rear-panel input cluster provides sockets for
Phono, Tape, Tape-Out, plus ‘two sets of auxiliary
inputs — one for a stereo source, the other for 4-channel.
AUGUST 1974

Solid-state components and a modular circuit layout
simplify the kit-building project, with the customer
assembling one board at a time and installing them in
the chassis. And in conclusion the £159.50 mail order
price, carriage extra, includes all necessary cabinetry,
with a black vinylclad top and walnut veneer and
panels.

For further information write Heath (Gloucester)
Ltd., Bristol Road, Gloucester, GL2 6EE.
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SMALL ADVERTISEMENTS

Rate: 4p per word. Minimum charge 60p
Box No. 10p 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 cannot be held liable in any way
for printing errors or omissions, nor can they
accept responsibility for the bona fides of
advertisers. (Replies to Box Numbers should
be addressed to: Box No. . Radio and
Elcctronics Construcror. 57 Maida Vale, London,
W39 1SN

BUILD THE MULLARD C.C. TV CAMERA. Complete
kits now available from Crofton Electronics. Send large
s.a.e.- for details to: 15-17 Cambridge Road, Kingston-
Upon-Thames, Surrey. Reply by post. No callers please.

BURGLAR AND FIRE ALARMS. Professional Control,
Detection, and Warning equipment supplied ~ or advice,
1974 Catalogue 25p. CASTLE ALARMS, P.O. Box
WO6, Windsor, Berks.

HARDWARE SUPPLIES. Sheet aluminium, screws, nuts,
washers, etc. Fascia panels in aluminium, individual
requirements. Printed circuit boards, one-off or small runs,
individual and for patterns published in this magazine,
Send 10p for list. Ramar Constructor Services, 29 Shel-
bourne Road, Stratford-upon-Avon, Warwicks. CV37 9JP.

SERVICE SHEETS for Televisions, Radios, Transistors,
Tape Recorders, Record Players, etc., from S5p with
free Fault Finding Guide. Over 10,000 models available.
S.A.E. enquiries. Catalogue 20p and S.A.E. Hamilton
Radio, 47 Bohemia Road, St. Leonards-on-Sea, Sussex.
Telephone Hastings 429066

TRANSISTOR RADIOS. Completely wired, M/L PCB,
speaker, cabinet, leatherette case, earpiece. Sample £3.
TEN for £25. M/W £2, TEN for £15. Post extra, Cook,
ggsli.?.;vhurst Road, Crawley, Sussex. Telephone: Crawley

UNIQUE VHF KITS, 80 - 180 MHz. Receiver, tuner,
converter, World wide sales. £4.50p. S.W. Kits also
available. S.A E. for literature. Johnsons (Radio C),
Worcester, WR1 3QQ.

CATALOGUE NO. 18,, containing credit vouchers
value 50p,.now available. Manufacturers new and
surplus electronic and mechanical components, price
23p post. free. Arthur Sallis Radio Control Ltd., 28
Gardner Street, Brighton, Sussex.

BATTERY ELIMINATOR KITS. Our well-known Mini
Mains Pack Kits now complete with drilled insulated base
32 x 55mm. Fits into space of most large transistor
batteries. Easy wiring instructions. Safe; silent mains
transformer, silicon rects., smoothing capacitor, all to
§rade. For any ONE of these voltages (stage which): 3\2

00mA max.; 6V, 180mA; 9V, 120mA; 18V, 60mA. £1.50,
VAT ,INCLUDED. By mail only, UK. post 5p. Ama-
tronix Ltd., 396 Selsdon R,oad, South Croydon, Surrey.
CR2 ODE.

FOR SALE: Avometer Model 8, completely overhauled,
£28.50. TS60R Multimeter, £3.00. Box No. G231.

BUILD IT in a DEWBOX robust quality plastic cabinet
2 in. x 2% in. x-any length. S.A.E. for details. D.E.W.
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write
now - right now.

(Continued on page 6 1)
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BENTLEY ACOUSTIC CORPORATION LTD.

All prices inclusive of V.A.T.
The OId Police Station, Gloucestar Road, LITTLEHAMPTON Sussex. PHONE 6743
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All goods are unused and boxed, and subject to the standard 90-day
guarantee. Terms of business: Cash or cheque with order only. Despatch
charges:- Orders below £5, add 10p per order up to three items, each addi-
tional item 3p extra. Orders between £5 and £10 add 25p total. Orders over
£10 post free. Same day despatch. Terms of business available on request.
Any parcel insured against damage in transit for only 3p extra per order.
Please enclose S.A.E. with all correspopdencc.

Learn fo understad

electronics
for your hobbies

1. I.erna-it course

Step by step, we take you through all the funda-

mentals of electronics and show you how easily the

subject can be mastered.

(1) BUILD AN OSCILLOSCOPE.

(2) READ, DRAW AND UNDERSTAND
CIRCUIT DIAGRAMS,

(3) CARRY OUT OVER 40 EXPERIMENTS
ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK,

2.Become a Radio-Amateur

Learn how to become a radio-amateur in contact

with the wide world, We give skilled preparation for

the G.P.O. licence.

HE I AN BN B BN E B B ..
Brochure, without obligation to: l

BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL
RO.BOX15&JERSEY,CHANNELISLANDS.l

i NAME
ADDRESS |

| BLOCK CAPS
: PLEASE
SN BN BBS BEE BEG DN UEm EEN Sem D e R -l
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RADIO VIODELLER Jfn

SR
@ MODEL RADIO CONTROL 1]

Detailing both Theory and_Practice, this book, | {1
by leading authority Paul Newell, will become

the standard reference work. A brief historical

survey leads up to a detailed description of

roportional systems, with over 100 illustrations,

ncluding theoretical circdits’ and p.c. layouts for

an advanced digital system. .

134 pages. Price £2-25 U.K..Postage 13p

@ SINGLET SET

The Singlet Transmitter, Superhet and Super-regen receivers, are now ail
three available in one book. Complete construction details with full size
p-c. layout, components list etc. ldeal introduction to the hobby for the

home constructor. 20 pages. Price 3Up. U.K. Postage 3p

@ LOW COST PROPORTIONAL

Modellers who want to save money buy this volume when converting single
channel equipment to simple proportional. They find a wealth of really up to
date information in the clear descriptions, full size practical and working draw-
ings, plus over a dozen circuit modules for pulse proportional units.

118 pages. rice £1 05 U.K, Postage 1p

ON SALE NOW at all leading
shops or direct from:—

RADIO MODELLER, BOOK SALES, 64 Wellington Road, Hampton Hill, Middx.

| NEW STYLE SELF-BINDER

for
“Radio & Electronics
Constructor”

The “CORDEX" Patent Self-Binding
Case will keep your issues in mint
condition. Copies can be inserted or
removed with the greatest of ease. Rich
maroon finish, gold lettering on spine.

Specially constructed Binding Cords are made
from Super Linen of great strength, very hard
twisted and twice doubled. They are attached
to strong RUSTLESS Springs
under tension, and the method
adopted ensures PERMANENT
PRICE RESILIENCE of the Cords. An'y
slack that may develop s

immediately compensated for
and the Cords will always
remain taut and strong.' It is

impossible to overstretch the
including VAT springs, as a safety check

device is fitted to each.
Available only from:— P.&P.18p

Data Publications L’(d“. 57 Maida Vale London W9 ISN
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SMALL ADVERTISEMENTS

(Continued from page 59)

SUPERB INSTRUMENT CASES by Bazelli. manufactured from
heavy duty PVC facedsteel. choice of 174 types. send for free list.
Bazelli Instrument Cases. Dept. 26. St. Wilfrid's. Foundry Lane.
Halton. Nr. Lancaster. LA2 6L T.

WANTED: Portable oscilloscope, walkie talkies and
communications receiver. FOR SALE: Overhauled Avo 8,
£25.00. Factory reject 2 band radios, £2.00. 6 in. dia.
meter, £3.00. Box No. G232.

WORLD RADIO TV HANDBOOK 1974 £3.15. HOW TO
LISTEN TO THE WORLD £2.00. Postage and VAT included
David McGarva, PO Box. 114, Edinburgh. EH1 IHP.

FOR SALE: Ferranti silicon solar cells type MS1B, 25p.
Mains transformers, 13-0-13V, 100mA, 75p; 20-0-20V,
1.5A, £1.00. Box No. G233.

CHROMASONIC ELECTRONICS. New list 10p, post free.
Data Dept., 56 Fortis Green Road. London, N10 3HN.

FOR SALE: Codar ATS + A/C P/U, £30. Multi-band 6RX,
£10. Heath GR64 RX, £15. BRS 5% in. deck and mains
?]%Elé £10. Deliver Tyne-Wear. Nesbit, North Shields

FOR SALE: Raven Flight Electronics Multi-channel radio
control transmitter and matching reed R/C receiver, £12.
S.A.E. for details. Box No. G234.

VINTAGE RADIO Valve Collector. Exchange notes. Will
visit U.K. Huckell, 285 Military Road, Cremorne, N.S.W.,
Australia.

FM RADIO Transmitter Modules complete with microphone
and battery. Four simple connections only required.
Return of post delivery. £4.50. E:E.S. Ltd., The Airport,
Exeter, Devon.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Amatear
and Broadcast Translation, Technical and Identification
Dept. - both Broadcast and Fixed Stations, DX
Certificates, contests and activities for the SWL and.
transmitting members. Monthly magazine, Monitor,
containing articles 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., £2.00 per annum. (UK. and
British Commonwealth), overseas 6 Dollars or £2.50. Sec-
retary ISWL, 1 Grove Road. Lydney, Glos., GL15 SJE.

FOR SALE: Polarised relays, suitable for RTTY terminal
units. £1.00. Box No. G235.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrapping, facsimile
letters, automatic typing, copy service, campaign planning,
design and artwork, printing and stationery. Please ask
for price list. — The Holborn Direct Mail Company,
Capacity House, 2-6 Rothsay Street, Tower Bridge Road,
London. S.E.1. Felephone: 01-407 1495.

NEWNES Radio and Television Servicing. Six volumes,
1956 to 1962 inclusive. £10 post paid. Denby, 52 Parsons
Road, Redditch, Worcs.

WANTED. Early radio books, prior to 1925. Box No. G236.

MACNIFIERS, ideal for wiring printed circuit boards, etc.
4" dia. lens on flexible adjustable arm and heavy base @
£4.50, also Binomag headband magnifier @ £5.70.

Available by post from Revor Optical & Technical, -

36 Baker Street, London W1M 1DG.
FOR SALE: 9.5mm Pathe cine camera. £7.50. Box No. G237.
(Continued on page 63)
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C RICAOAMPERES

el 5 | 41" x 31" Meter
~ . 30uA, 50uA
i or T00uA

MULTIMETER Model 200H

20,000 ohmjvolt  £7-00

MULTIMETER Modef
C-7081GN Range Doubler
50,000 ohm/volt High Sensi-

tivity Meter  £14-46

C'ARDIOID DYNAMIC
MICROPHONE Model UD-
130 Frequency response 50-
15,000 cps. Dual Impedance

50K & 600 ohms £6-60

Small DYNAMIC MICRO-
PHONE as pictured or similar
with remote on/off switch

£1-60

Large S.A.E. for List No. 10.

Special Prices for quantity

quoted on request. Add 10p for P&P on crders under £5.
M. DZIUBAS
158 Bradshawgate, Bolton, BL2 1BA, Lancs.
All above prices include 10% V.A.T. ]
All items advertised in previous numbers of this magazine'
still available.

NOW! A FAST EASY WAY
TO LEARN BASIC RADIO
& ELEGTRONIGS

Free book shows you how to learn basic Radio and Elec-
tronics at home—the fast, modern way. Give yourself

essential technical

“know-how—like reading circuits,

assembling standard components, experimenting, building
—quickly and without effort, and enjoy every moment.
B.LE.T.’s simplified home study method and the remarkable
TECHNATRON Self-Build Outfit take the mystery out of
the subject, making learning easy and interesting.

Tick subject of interest

Home of BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

- em e e s S s - s s o oee

General Radio and
T.V. Engineering
Colour T.V.

Television Majn-
[Jtenance & Servicing[Jmaintenance & repairs
[] Practical T.V.

Radio servicing, J

[ Electronic

Radar Technology (] Applied Electronics(] engineering O

Practical Radio and Elementary Elec-
[ tronics Course for

Electronics

(Technatron) Radio

City and Guilds Radio and T.V. Electrical Mech.

Radio Amateurs [J
Elementary Physics
[ Course for Radio [J I

Dept. BRE07 ALDERMASTON COLLEGE Reading RG74PF

POST THIS COUPON FOR FREE BOOK

Accredited by C.A.C.C

Member of A.B.C.C
| BRE 07 | l




PLAIN-BACKED |
NEW STYLE SELF-BINDERS

The “CORDEX” Patent Self-Binding i
Case will keep your copies in mint for your Other magazmes
condition. Issues can be inserted or (max. format 7" x 94")
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 attached 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.

PRICE 85p P. & P.18p

L - COLOURS: MAROON OR GREEN
including V.A.T. - . ’
Available only from:i— (If choice not stated, colour availabie will be sent)

Data Publications Ltd. 57 maida Vale London W9 1SN

MASSIVE CLEARANCE BARGAINS
Bargain component parcels contain Resistors, Capacitors, Poten-

tiometers, Knobs, Rotary, Slide, Switches, IF's, Tag Strips, Drive
Drums, Springs, Coil Formers, Wire, Grommets, Rela s, Pulley
Wheels, Magnets, Transistor Panels etc., etc. Save yourself £s on these
well selected parcels 6lbs net weight £1.00, p.'p. 50p. J
Brand new Wire-wound Resistors. 1-7 Watts. Good Selection. 100 =t I =
for £1 p. p. 20p. ;.
Assorted Computer Panels. These panels are exceptionally good
value and contain a minimum of 75 transistors, stacks of diodes
plus Trim Pots, Polyester Capacitors, and include a few 1.Cs. 10
panels for £1.00, p. p. 35p.
Mullard Ferrite Cores, LA3 50p, LA4 75p. LA2100 50p.
Assorted Electrolytic Capacitors. 6lbs net weight £1.00, p. p. 50p.
Assorted Capacitors, Silver Mica, Tubular and Disc Ceramics, Poly-
styrene. Tremendously good selection. 300 for £1. p. p. 20p.
Please include 10% V.A.T. to total cost of goods.

MAIL ORDER ONLY

XEROZA RADIO

41, EAST STREET,
BISHOPS TAWTON,

DEVON

C AND G EXAM Membership £2.00 per annum (U.S.A.
MHdKBESIE;e \t/qu Tulcceeﬁ with \a,\r; Ifsgo{_nehstudy course for C $6.00) including 12 monthly issues of
an ectrical Installation Worl echnicians Radio/TV/ g 1 i
Electronics Technicians. Telecommus Technicians and Radio Monitor — the Lea_gue _]0Ul'l'lal. InCIUdmg
Amateurs. free use of all Services, QSL Bureau etc.

COLOUR TV SERVICING

Make the most of the current boom! Learn thz techniques of THE LARGEST SWL- ORGANISATION
servicing Colour and Mono TV sets through new home stud
courses, approved by leading manufacturers. v IN THE WORLD

TECHNICAL TRAINING

Home study courses in Electronics and Electrical Engineering, For full details write to:
Maintenance, Radio, TV, Audio, Computer Engineering and The Secretary
Programming. Also self-build radio kits. LS.W L ’
Get the qualifications you need to succeed. Free details from: Eent I
INTERNATIONAL CORRESPONDENCE SCHOOLS l’ GROVE ROAD’ LYDNEY’
Dept. 233§ Intertext House, London SW8 4UJ. GLOS. GL15 5JE.

Or phone 01-622 9911
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(Continued from page 61)

WORLD DX CLUB covers all aspects of SWLing on
Amateur and Broadcast Bands through its monthly
bulletin ““Contact”. Membership costs £1.60 a year.
Enquiries to John Rush, 12 Northfield Road, Thatcham,
Berks.

PSYCHEDELIC DISCO LIGHTING. 3 channel 3kW
sound to light control unit, £24.50. Light bank including
3 reflector lamps, £8.50. Fantastic strobe effect flashing
fluorescent lights for use on above control unit, 2 ft. £15,
4 ft. £18 including . coloured tube. Bellard Electronics,
Bellard House, Bellard Drive, Chester.

FOR SALE: Radio Constructor August 1963 to July 1972.
Mint condition. Weight about 30 Ibs. Best Offer. Box No.
G238.

NEW COMPONENTS BY 1ST CLASS POST. 2N3055,
40p. Fibre glass board, D.S. copper, size 9° x 4~, 20p.
Resistors, W, 5%, 2.2Q to 1M, 40p per 50, 80p per 100,
ANY MIX. 400mW zeners, (voltage) 4.7, 5.6, 6.8, 7.5,
8.2, 9.1, 10, 11, 12, 13.5, 15, all 10p each. 1.5 Amp/
rectifiers, Sil. plastic, 100 p.i.v., 9p, 400 p.i.v. 10p, 800 p.i.v.
12p. Tantalum bead capacitors, (mF/V) 0.1, 0.22, 0.47,
10, 2.2, 4.7, 6.8, /35V, 10/25V, 22/15V, 33/10V, all 9p.
each. Prices include V.A.T. P. & P. 8p. B.T. ELECTRON-
ICS, 200 Melton High Street, West Melton, Nr. Rother-
ham, Yorks.

FOR SALE: Philips rear projection lens box and good tube
etc. Also Mullard EN91 valves. Box No. G239.

TRANSISTORS, 2N2926, unused, tested, 9p each. 5p P. & P.
39 Burnetts Road, Windsor. Berks., SL4 SPL.

, PERSONAL

JANFE, SCOTT FOR GENUINE FRIENDS. Introductions
to opposite sex with sincerity and thoughtfulness. Details
free. 3p stamp to: Jane Scott, 50/CON Maddox Street,
London WIR OLY.

INCOME TAX and Business Accounting. Stop worrying
and let us cope. Call Walton-on-Thames 28080. 1

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beautiful water-
ways. 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 85S.

MAN REQUIRED with a normal fund of engineering and
electrical knowledge, possibly to take charge of the
electrical department of .a well-known Company. Staff
position and good salary for suitable applicant. Non-
contributory pensionable position. Box No. G240,

MAKE NEW FRIENDS! The exciting reliable way. All
areas, all ages. Write: S.I.M. Computer Dating (REC),
109 Queens Road, Reading, Berks.

ESSEX GARDENERS. Buy your bedding and rock’
plants, shrubs, etc., also .cacti from May's Nurseries,
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers
only. Monday to Saturday. -

ELECTRONICS -MEN. You are worth more than a measly
£40 or £50 a week. Much more. And you do not need to be
highly qualified. Last year I earned £3,600 for six months
work. The other six months I had off. My booklet will tell
you how I started and how you too could do similar if not
better. No selling and no capital outlay except the price of
the booklét. It’s 43p from Alben, Mill Lane, Acle.
Norwich, Norfolk, NOR 60Z.

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 by Industry and
Commerce in Norfolk. Recreational. Educational. You
can be involved. Write to: NAS Secretary. The Manse
Back Lane, Wymondham, Norfolk.
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ESSENTIAL

MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK. Gives
circuits, data and illustrations plus some valuable modifications for
Al ] : .

teur use for col lephone eq including PYE and
other popular makes. This impression is being printed at the moment and
should be available in August. Price £4.75, p.p. 35p.

HOW TO MAKE 2 & 4 METRE CONVERTORS FOR AMATEUR
USE. Being printed. 65p, p.p. 15p. Available early August.

THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT HAND-
BOOK. Gives circuits, data, and illustrations plus valuable information for
British/USA recaivers, transmitters, trans/receivers. With modifications to
sets and test equipment. £3.25, p.p. 35p.

DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIP-
MENT DEALERS. Gives details of surplus wireless equipment stores and
dealers includi ddi plus i and spares that they are
likely to have available. A valuable book. Onily 50p, p.p. 10p.

GETTING THE BEST FROM YOUR COLOUR TV. R. Maude,
T.Eng (CEl), FSERT, AMRTS. Essential advice for colour TV engineers,
owners. Coutd save you pounds. Size 97 x 7* in true colour. Just published.
50p, p.p. 10p.

THE THEORY OF GUIDED ELECTROMAGNETIC WAVES. The
most comprehensive book yet written about waveguides, transmission
lines, cavity resonators. Over 500 pages. deal for anyone interested iIn
Radar and UHF. Published at £11.50. Special offer of £4.50, p.p. 50p.

THE SCATTERING AND DIFFRACTION OF WAVES. A goldmine of
information for the experimenter, amateur and scientist, profusely
lllustrated. Published by Oxford University Press at £1.60. Special price
80p, p.p- 25p.

HANDBOOK OF SATELLITES AND SPACE VEHICLES. A working
handbook that provides important data both tabular and graphical
ling space scienti hnici and tel ication i
to acquire a greater working knowiedge of satellite and space vehicle.
design, | i orbiting, etc. Includes a detailed coverage of SPACE
COMMUNICATIONS. An imposing book of 457 pages. Published at

£8.20. Special price £6.50, p.p. 50p.

PRINCIPLES OF ELECTRICITY & MAGNETISM. (Page & Adams).
A handbook of electricity and magnetism for the student, electronics
engineer and technician who wishes to improve his knowledge of the
subject. 532 pages. Published at £4.50. Special price £2.50, p.p. 35p.

HI-FI P.A. GUITAR AND DISCOTHEQUE AMPLIFIER DESIGN
HANDBOOK. Includes circuits up to 1100 watts, output, tremolo,
vibrato, fuzz box etc. 75p, p.p. 15p.

A DICTIONARY OF SCIENTIFIC UNITS. An interesting little book
that lists and defines units in alphabetical order and gives the origin of
each unit including literature references. An important reference book for

d and hnicians. Incl units that are being used in the
Common Market and throughout the world. Price 50p p.p. 10p.

Dept. R.C. GERALD MYERS (Publisher & Bookseller).
MAIL ORDER AND CALLERS TO i
138 CARDIGAN RD., HEADINGLY, LEEDS &, Y®rks., England..

MORSE MADE EASY!!!

FACT NOT FICTION. If you start RIGHT you will be reading amateur and
commercial Morse within a month. (Normal progress to be expected.) Using
scientifically prepared 3-speed records you at ically learn to r i
the code RHYTHM without translating. You can't help it, it's as easy as
eaming a tune. 18-W.P.M. IN 4 WEEKS GUARANTEED. Complete course,
3 Records and Books, £4.95 incl. P.P.1. etc. (Overseas £1 extra). Or details
only, 4p stamp. Orphone S. Bennett, G3HSC, 01-660 2896.

Box 38. 45 GREEN LANE, PURLEY, SURREY.

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 100kc/s points and other
short wave frequencies from 2 to 32Mc/s at every
500ke/s points. Each frequency is repeated. Two sheets
for Sp, five sheets for 10p, postage 4p. Data Publications
Ltd., 57 Maida Vale, London W9 1SN.

SYNTHESISER
MODULES

Voltage-controlled modules for synthesiser construction “and
other musical MIRACLES! Catalogue 15p. D.E.W. Ltd., 26«
Ringwood Road, Ferndown, Dorset.

63



SMALL ADVERTISEMENTS

Use this form for your small advertisement
To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W9 1SN
Please insert the following advertisement in the ............ issue of RADIO & ELECTRONICS CONSTRUCTOR

15 words at 4p
‘ = 60p.
|
! - ALL WORDING
| | 1§ 3 IN

l BLOCK LETTERS

PLEASE

| enclose remittance of............... being payment at 4p a word. MINIMUM 60p.

Box Number, if required, 10p extra.
NN Eesh. iz, 20k 10 ] —omme | So il . 1 3 SO SREENEES S TN D
ADDRESS

.......................................................................................................

Copy to be received four weeks prior to publication. Published on the 1st of every month.
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DATA BOOK SERIES
DBS TV FAULT FINDING

New edition in course of preparation.

DB6 RADIO AMATEUR OPERATOR’S HANDBOOK
88 pages. ' Price 70p, postage 7p.

DB16 RADIO CONTROL FOR MODELS
192 pages. Price 75p, postage 13p.

DB17 UNDERSTANDING TELEVISION
512 pages. Price £2.10, postage 25p.

DB18 AUDIO AMPLIFIERS
128 pages. Price 53p, postage 9p.

DB19 SIMPLE SHORT WAVE RECEIVERS
140 pages. Price 80p, postage 9p.

Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order.
All publications are -obtainable from your local bookseller.
Data Publications Ltd., 57 Maida Vale, London W9 1SN

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS

" RADIO & ELECTRONICS CONSTRUCTOR
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You pay less
VAT with Henry's
Low Prices

10 transistors, stabilisers. Gardners fow field
transformer. Fibre Glass PC panel, complete
chassls work. Now avaflable buile and tested as well as in kit form,

HIGH QUALITY & STABILITY ARE PREDOMINATE FEATURES -
DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE.
RELIABILITY AND EASE OF CONSTRUCTION FACILITIES.
Onfoff switch indicator. headphones socket, separate treble,
bass, volume and balance controls. scratch and rumble filters,
monofstereo switch, input selector: Mag. P.U. Radlo Tuner. Aux.
Can be altered for Mic., Tape, Tape-head etc. Constructional
derails Ref. No. 21 30p. Distriboted by Henry's throughout UK.
. FREE - Teak cabinet with complete kit

KiT

BUILD THE

TEXAN

Now bullt and used by thousands of
satisfied customers. Features slim design
overall size in cabinet 1537 x 23" x 63°. 6-IC's.

(VAT (+ VAT 50p
50p  or built ond fested 535 carr/packing)
PRICE ° carr/packing) as ilstroled

DON'T RELY ON YOUR MEMORY

.BUY NOW AT BARGAIN PRICES

Hi Fi and Transistors — Up to date
Brochures on request

BUILD THE
HENELEC
STEREO

FM TUNER
20 + 20 WATTIC | &

completely new high scabilly sterec FM tuner. Features variable
STEBEﬂ AMP""E“ capacity diode tuning, stabiliser power supply, IC Decoder, high
gain low noise. IF stages. LED indicators.
As fegtured by Tuning meter, AFC, casy to

construct and use. Mains

operated. Slim modern design with
fibre glass PC. Teak cablnet. ete.
Available as a kit to bujld or ready
built. Overall size 8" x 23" x 6%°
Produced to give high performance
a realistic price. (Pares list and
structional  details Ref. No. 5 30p)

Henry's are sole distributors UK and Europe

or built and tested
wrerice £20.00 (4 VAT)  £24.95 (+ VAT)

Practical Wireless
1972

LIVING SOUND LOW NOISE TOP QUALITY CASSETTES MADE BY EM!

TAPES LTD. TO INTERNATIONAL STANDARDS ESPECIALLY FOR HENRY'S:

ék; POST PAID LESS THAN 4 REC. PRICES. COMPLETE WITH LIBRARY
ES.

3 fa 6 f 10 fort 25 for
e C 60 £1-1 £1.98 | £3-00 .
EARN YOURSELF EASY MONEY, WITH ; Co0 | 146 | 280 | £460 | #1135 ,
PORTABLE DISCO EQUIPMENT T (e
Quantity and trade enquiries, invited.
DISCO MINI A completc portable disco, EXCLUSIVE LEARN A LANGUAGE - complete with phrase
fitted mixer/preamp. 2 decks aH facilities. £98-50 DECCA KELLY book. German — French — Spanish —
As above but with Slider Controls £118.50 Italian £1-36 per course., £5 for any 4.
100 watt amplifier for above £49-50 SPEAKERS
SDLS 100 watr mixerfamplifier with siider 12 wate S:,ea‘éef Tweetgr
controls £69-00 systems. 87 Bass Midrobe 0 0
R50 50 watt mixerfamplifier £49-50 and Melinex Domed MF I- w c ST Hl FI SPEAKER J
R100 100 wate mixer/amplifier £57-50 radiator plus crossover £12.50 SPECIAL OFFERS =
DISCO AMP 100 watt mixer/amplifier £73.00 per pair of systems (carr./packg. 40p) EMI 13 x & — full range speakers
Northcourt or built into veneered cabinets, size 18 x (PO“TéOp ezschozr 30; plalr)c s
2 = ms Twin Cone 10 wa
400 40 wate mixer amp £37-50 12 x 63" £19:50 pair {carr. £1). £220 cach or £400 palr.
800 80 watt mixer amp £45-00 450 10 wate Cfo Twin Tweeters 3, 8 or
DISCO MIXER/PREAMPLIFIERS (OP for HI FI TAPE 15 ohms £3-85 each.
up to 6-100 watt amplifiers) EW 15 watt 8 ohms Cjo Tweeter €525
SDLI (rotary controls) £49-50 EQPIPMENT 5 each or £7.40 per palr.
SDLII (slider controls) £58-50 ;JK s ':s" ﬁs; FeRES with 350 20 vkt & Fofioy 0 o i
DISCO VOX (slider control h 1 iscound ant emonstra- i each,
disco pre amp . gt ried £72:00 tions for callers. Latest * Polished wood cablnet £4:80 post 35p.
DJ100 100 watt power amplifier for above £49-50 stock fists on request (Kef. No. 1 SPEAKER KITS (carr. etc. 35p)
DJ30L MKIl 3 channel Jkw sound to light £41.25 Phone 01-402-4736 for Barclay/Access 202 30 wart £2450 pair
DJ30L MKl Slider Controls £45-50 Card. Direct orders and latest prices. 20-3 40 wate £35-95 pair
OJ DISCLITI LINTON 2 20 watt £18:30 pair-
CLITE As 30L/Il + variable speed flashes  £54.00 TRANSISTORS/SEMI RN 5 D ot £32.95 palr
- DOVEDALE 3 S0 watt £51-50 pair
) i CONDUCTORS KEF KK2 £55-00 pair
g.-:rlsbro I:(e'vcrbonuon Unit £44-00 U.K.'s largest range for every application. KEF KK3 £78-00 pair
csco:sr:)n- eedback microphone £11-95 Small quantity discounts. Also Trade.
15‘;“ W;‘“I liquid wheel projector £2350 Export and Industrial enquiries invited.
watt Q1 liquid wheel projector £50.00 Latest stock list (Ref. No. 36) including
150 wact Q1 and Liquid cassette wheel projector  £50-00 valves on request.
Spare Effects cassettes large range of patterns £6:00 A complcte kit, packaged In a polystyrene container and
6° Liquid wheeis  £5-00 Ve & o £6-00 taking about 3 hours to assemble — that’s the Sinclair
Min spot bank fitced 3 famps £12.95 JOSTY KITS ] Ch:mbrldge ;’;ockc( c:lculla:‘or frorrr; Hen;{s. S:m:nof
thes many features include interface chip. thick-film
Auto Trilite {mini with flashers) £17-00 NOw IN'_STOCK JOSTY resistor pack, printed circuit board. electronic compo-
Bubblemaker with liquid £22:50 Latest stock list | nents pack. Size 4} long x 2° wide x 1&” deep.
G'"f:‘:";‘::ls'iAKing.FIG‘:sT‘I:PéGL:Q;;ITmRGEST RANGE (Ref11 on request) Free of charge with the kit for (he more advanced
FREE stock list ref. No, 18 technologise s a 32-page booklet expiaining how to
b g ONALEg e calculate Logs. Tangents. Sines etc.
CERAMIC FILTERS
10.7 MHz Ceramic filters now in stock 40p BarclaycardAccess. call, write or SPECIAL OFFER £13.50 + VAT
P Also availabl bled
per pair. phone. your order 01.402 473% ey forase o £19.95 + VAT
é\ll lprlce;/Acarr paid (UK) (VAT EXTRA) EASY TERMS FOR CALLERS
arclaycard/Access, call, write or phone your ==
order 01723 6963 — casy terms for callers, SUPER TESTER e price
AKG/RESLO/DI/CARLSBRO/EAGLE MICS, The completetesting system
STANDS, MIXERS, CABINETS, CHASSIS FREE LISTS Volts AC=11 ranges from 2V to 2500Y £18 .50
::‘:gMEPSLE;E SPEAKER SYSTEMS, MEGA. Volts DC=13 ranges from 100mV to 2KV .
N URNTABLES, PUBLIC ADD- Amp DC =12 ranges from S00A to 10A :
RESS COMPONENTS. 36 TRANSISTORS IC’s Amp AC--10 ranges from 200iA to 5A  ACCESSOries
Ohms= 6 ranges from one tenth of Ohm Transistor tester £11.00
to 100MQ El ic Voltmeter £18.00
14 100 KITS TO BUILD Reactance =1 range from 0 to 10MQ At £11.95
i Cagardrr=6 rmgsesF'wr: '0 to S00pF Temperature probe £11.95
and from 0 to 0.54F and from 0 to Guass meter £11.95
17 HI FI TAPE GEAR i Guss mecer 1
Frecquency =2 ranges from 0 to 500Kz Phase Sequence £5.95
2 TRANSISTOR RADIO om0 000z U s P
- utpuc Voltage=9 ranges 0 Shunts
TO BUILD " | Decibels=10 ranges from—24to +70dB  25/501100A £4.50

10% VAT to he added to all orders. Expart Supplied. Prices and descriptions correct ot time of proof. Subject 1o change witl'mmE rg)t:]ci:

ALWAYS BARGAINS FOR CALLERS

EDGWARE ROAD, W2

RADIO
LIMITED

404-406 Electronic Components and Equipment 01-4028381 . Open.-9am-6pm
354-356 High Fidelity and Tape Equipment 01-4025854/4736 §evs » weok
309 PA-Disco-Lighting High Power Sound 01-723 6963 Thussday)

303 Special offers and bargains store

- All storas open
Allmailto 303 Edgware Road. London W2 1BW allday Saturday

WWW.americanradiohistorv.com
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