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Each £3 unit of Home Unit Insurance gives you pm’tectiun up tothe 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. -

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
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The best yet!|

112 pages (plus covers) and our best yet! Practically all
items in catalogue 7 are there as the result of information
fed by our computer, enabling us to control stock-buying in
relation to demand with greater accuracy and real benefit to
customers. This means that your orders, which we micro-
film for record keeping, are handled with utmost speed and
efficiency. EV prices remain keenly competitive and in
addition there are discounts as well, to give you further
savings. Among the well known firms whose products we
carry are those of SIEMENS, NEWMARKET, RADIOHM,
SOLDERSTAT, GUEST INTERNATIONAL as well as
Texas Instruments, Mullard and others.

Send 25p now for EV Catalogue 7. It includes a
refund voucher for 25p allowable on orders for £5
or more list value.

DISCOUNTS

Available on all items except those shown at NETT
PRICE

10% on orders from £5 to £14.99 list.
15% on orders £15 and over.

WE PAY POSTAGE

and packing in U.K. For mail orders for £2 list value and
under, there is an additional handling charge of 10p.

GUARANTEE OF QUALITY :

All items guaranteed fully to makers’ specifications.
Everything brand new—no ‘‘seconds”, makers’ rejects or
clearance offers.

'ELECTROVALUE urp

Dept REC.12 28 St. Judes Road, Englefield Green, Egham, Surrey
TW20 OHB Telephone Egham 3603 . Telex 264475
All mail orders and communications to above address ’
@ NORTHERN BRANCH

680 Burnage Lane, Manchester M19 TNA

Imagine the thrill you'll feel ! Imagine how impressed
people will be when they’re hearing a programme on a =
modern radio you made yourself.

Now! Learn the secrets of radio
and electronics by building your
own-modern transistor radio!

Practical lessons teach you sooner
than you would dream possible.

What a wonderful way to learn ~ and pave the way 10 a
new, better-paid career! No dreary ploughing through page
after page of dull facts and figures. With this fascinating

Hours (both addresses) 9.00-5.30. Saturdays 9.00-1.00 p.m.
DECEMBER 1974

Technatron Course, you learn by building!

You build a modern Transistor
Radio . . . a Burglar Alarm. You
learn Radio and Electronics by doing
actual projects you enjoy - making
things with your own hands that
you’ll be proud to own! No wonder
it’s so fast and easy to learn this
way. Because learning becomes a
hobby! And what a profitable hobby.
Because opportunities in the field
of Radio and Electronics are growing
faster than they can find people to
fill the jobs!

No soldering — yet you
learn faster than you
ever dreamed possible.
Yes! Faster than you can imagine,
you pick up the technical know
how you need. Specially prepared
step-by-step lessons show you how
to read circuits — assemble compon-
ents — build things — experiment.
You enjoy every minute of it!

You get everything you need.
Tools. Components. Even a versatile
Multimeter that we teach you how
to use. All included in the course.
AT NO EXTRA CHARGE! And
this is a course anyone can afford.
(You can even pay for it by easy
instalments).

To: ALDERMASTON COLLEGE
DEPT. BRE 85

So fast, so easy,
this personalised course
will teach you even if
you don‘t know a thing
today!
No matter how little you know now,
no maiter what your background

‘or education, we’ll teach you. Step

by step, in simple easy-to-understand
language, you pick up the secrets
of radio and electronics.

You become a man who makes
things, not just another of the
millions, who don’t understand.
And you could pave the way to a
great new career, to add to the
thrill and pride you receive when
you look at what you have achieved.
Within weeks you could -hold in
your hand your own transistor
radio. And after the course you
can go om to acquire highpowered
technical qualifications, because our
famous courses go right up to City
& Guilds levels.

Send now for FREE
76 page book — see how
easy it is — read what
others say!
Find out more now! This is the
gateway to a thrilling new career,
or a wonderful hobby you'll enjoy
for years. Send the coupon now.
There’s no obtigation.

Rl |

READING RG7 4PF

Yes, I'd like to know more about your course. Please send
me free detalls—plus your big, 76-page book that tells
about ali your courses.




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.

GOODS SENTAT CUSTOMER'S RISK, UNLESS SUFFICIENT PAYMENT FORINSURANCEINCLUDED (2pper£1 min bp)

VALVE BASES

Printed circuit BSA — B7G 4p
Chassis B7 ~ B9G — B7G N 4p
Shrouded chassis B7G — BSA 6p
B8A — BYA chassis — B12A tube 6p

TO3 Mica Washer 2p
18 volt 4 amp charger,

bridge rectifies 60p
GC10/48B Cold
Cathode £5.00

Brand New Boxed

TAG STRIP WRIST COMPASS

6 way 4p Single 1p | 30p with Needle Lock pli” e 25p
14 glass fuses— 250 m/a or 3 amp (box of 12) 18p
3" tape spools . .. 8p
10K+ 10K Log SW|tched RO 55p
PVC or metal clip on M.E.S. bulb holder 5p
All metal equipment Phono plug ! 2p
Bulgin, 5mm Jack plug and switched socket (palr) 30p
12 volt solenoid and plunger .. 40p
250 RPM 50 c¢/s locked frequency mnmature mains’ motor 50p
200 OHM coil, 21" long, hollow centre ! 10p
Belling Lee whlte plastic surface coax outlet Box 30p
R.S. 12 way standard plug and shell . o 50p

SWITCHES RESISTORS

Pole Way Type 1% watt 1p

4 2 Sub. Min. Slide 18p |1 watt .. 2p

[¢] 2 Slide 20p {Up to 5 watt wire 10p

4 2 Lever Slide 15p | 10 watt wire

wound 12p

6 g 15 watt ., 14p

g e Wafer Rotary 30p each GEARED KNOB

2 5 Inner to Outer Ratio

1 3 + off Sub. min. edge 10p 8'1' sor

1 3 13 amp small rotary 12p | 500k Dual Concentric

2 2 Locking with 2 to 3 keys Potentiometer 40p

£1.50 -
WIREWOUND POTS
2 1 2 Amp 250V A.C. rotary 20p
1 2 Toggle 10p 250, 300 OHM, 1K, 4

COMPUTER AND AUDIO BOARDS
CONTAINING A SELECTION OF REASON-
ABLE LEAD TRANSISTORS, SOME POWER, |
SILICON, GERMANIUM, ZENER DIODES,
POT CORES HI-STAB RESISTORS, SOME
WIREWOUND, CONDENSERS, CHOKES,
TRIMPOTS, ELECTROLYTICS, ETC.

3lb. for 75p + 30p post and packing
7lb. for £1.50 4+ 60p post and packing

SKELETON PRESETS
SLIDER, HORIZONTAL OR VERTICAL
STANDARD OR SUBMIN. 6p

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
25M/A £3.60

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

THE RADIO SHA

161 ST. JOHNS HILL, BATTERSEA,

Open 10 a.m. till 7 p.m. Monday to Saturday
also most Sundays.
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watt, 5K, 10K,11K, 20K, |
50K, all at 20p each

Philips transformer,
safety fused. In 200-
220-240v. Out 240v
60ma -+6.3v 1a approx
2" x 21" x 2Y” £1.50
5K, 20K, Log Pot 15p
1meg Tandem Pot 25p
2M, BM, Log Switch-
ed pot 25p

THERMISTORS
VA1008, VA1034,
VA1040, VA1055,
VA1066, VA1100
VA1077, 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

ELECTROLYTICS MFD/VOLT. Many others

in stock
5p. 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,
25/30, 50/10, 50/12,
50/25, 50/50, 64/10,
100/6, 100/12, 100/
15, 100/18, 100/25,
125/10, 150/12, 150/

30, 260/12. 330/10

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. 50-50/
300: Solid Tantalum,
8/20,10/20, 12/20.

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

25, 200/3, 250/6, 200/ | 300.
12, 500/6. £1.100-100-100-150
6p. 1/350, .2/350, | —150/320.
150/40, 250/18,.250/ '

INDICATORS
Arcolectric green, takes M.E.S. bulb 20p
Bulgin D676 red, takes M.E.S. bulb 20p
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, 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.
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, .5/350.
6p. .1/600, .1/1500, .22/250. .5/250
10p. .01/1000, 1/350, 8/20, .1/900, .22/900,
4/16. .25/250 AC (600vDC)
40p. 5/150, 9/275AC, 10/150, 15/150, 40/150.

TRIMMERS, 20p each
100PF Ceramic, 30PF Beehive, 12PF PTFE
2500PF 750 volt, 33PF MIN. AIR SPACED
5PF, MIN. AIR SPACED, 50PF CERAMIC.

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

CAN CLIPS
1” or13” or 3"
LABGEAR MAINS DROPPER
36 ohm 25 watt + 79 ohm 9 watt 25p
TUNING CONDENSERS 50PF, 50p
2 Amp Suppression Choke 5p
PAXOLINE
3x2Lx5” 2p
43 x % , 2 for1p
220K 3 watt resistors . 2p
100 ohm 3 watt re5|stor . 4p
VALVE RETAINER CLIP, adjustable 2p
_OUTPUT TRANSFORMERS
Sub-miniature Transistor Type 25p
Valve type, centre tapped or straight 40p

CK

LONDON S.W.11

Phone 01-223 5016

3 pin din to open end, 13yd twin screened
lead 35p

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

RADIO & ELECTRONICS CONSTRUCTOR




SEMICCNDUCTORS 1 ; 2NT06 o 8p
Full spec. marked by Mullard, etc. Many other types in stock CA3001 £2.50 | 2N987 .. 42p
AC107 .. 15p | BC148A/B, 9B/C  12p| BF115 .. 20p | CV7042 (OC41 0OC44, 2N1091 55p
AC127/8 12p | BC157/8/9 . 9p| BF167/173 25p [ASY63) 12p | 2N1302 15p
AC188 12p | BC158A/B .. 15p| BF178/9 30p |GET111 72p | 2N2219 ‘ 20
ACY28 .. 18ip | BC159C,167A .. 15p| BF180/1 25p | MA393 50p | 2N2401 (ASY26- 27) 25p
AD149 . . 40p | BC178A/B 16p| BF182/3 40p |OC356 .. 40p | 2N2904/5 g 18p
AD162 33p | BC179B 22p| BF184 17p | TAA570 £1.39 | 2N2906 13p
AF116/7 13p | BC186/7 25p| BF185 .. 22p |TAD100 £1.42 | 2N2907 20p
AF124/6/7 20p | BC213L 11p| BF194/5 10p |2G302 .. 19p | 2N3053 14p
AF139 .. 30p | BC337/8 19p| BF194A 14p |2N393 .. 50p | 2N3055 (992) . 39p
AF178 .. 30p | BC547 12p| BF196/7 13p |Amp Vot THYRISTORS
AF180/1 45p [ BC558A 12p| BF200 .. 25p |1 240 BTX18-200 . 75p
AF239 .. 38p | BCY40 .. 87p| BF262/3 23p |1 400 BTX18-300 85p
ASY27 .. 30p | BCY70/1/2 12p | BF336 .. 28p |1 240 BTX30-200 40p
ASY73 .. 26p | BD112/3 52p | BFX29/30 27¢ 16.5 500 BT102-500R £1.12
BC107A or B 13p | BD115/6 55p | BFX84/88 22p |10 700 BT106 99p
BC107/8/9 9p | BD131/2 36p | BFY50/1)2 16p {15 500 BT107 £1.20
BC108A/B 13p | BD135 .. 37p| BFYS0 .. 60p |65 500 BT101-500R £1.15
BC109B 18p | BD203 . . £1.41| BR101 35p [65 500 BT109-500R 90p
BC147/8/9 7p | BD232 .. 75p| BSV64 50p |20 600 BTW92-600RM . .. £3.90
BC147A/B 13p | BD234/5 75p| BSX21 .. 20p {15 800 BTX95-800R Pulse Modulated .. £18.00
BRIDGE RECTIFIERS OTHER DIODES
Amp Volt RMS Amp Volt RMS IN916 .. 6p | BA182 .. 24p
1 1,600 BYX10 30p | 2 30 LT120 30p | IN4148 .. 4p |0A5/7/10 20p
1 140 OSHO01-200 38p | 0.6 6-110 EC433 BA145 14p [ BZY88 Up to 15 voit 7p
1.4 42 BY164 50p | Encapsulated with built-in .| Centercel 10p | BZX61 11 volt 17p
Plastic types heat sink 15p | BZY61 10p | BR100 Diac. 23p
1 AMP RECTIFIERS OPTO ELECTRONICS p . TRIACS
IN4003 ~ 200 volt . 5p | oRP12 44p | Photo transistor [P ey c
IN4004 400 volt . 6p | BPX40 65p | BPX29  £1.40|,0 360, BixsiionaN .
A 00 volt = ap | BPxa2  £248 | OCPTI__ 350 l3d  1500  Brx9s-1900 L £10.2
IN4006 800 volt .. 8 == Y
P I BPYIO  £1.50 | 516 ED atmm
IN4007 1,000 volt . . 8p (VOLTIAC) o CQY11B LE.D. WESTINGHOUSE 28TIO 30
HIGH POWER RECTIFIERS BPY68 £1.60 RED 18;; Infra red transmitter £1 AMP1000VOLTT<H’YRISTER‘
Amp Volt BPY69 £2.60 ORANGE 31p One fifth of trade WITHOUT NUT “£5
SR100 1.5 100  7p | BPY77  £2.60 | opEgn 31p [PHOTO  SILICON CONTROLLED SWITCH
SR400 15 400 8p Diodes YELLOW  33p |BPX66 PNPN 10 amp £1.50
LT102 2 30 10p
BYX38-600 25 600 48p PNPN ° PROGRAMM- PAPER BLOCK CONDENSER TAA300 T0-74 1 Watt
BYX38-300R 25 300  42p | ABLE UNIJUNCTION |0.25MFD 800 volt 30p [A.F. AMPLIFIER I.C.
BYX38-900 25 900  54p | ppyag 23p 1MFD 250 volt 15p |4-5t0 9y £1.46
BYX38-1200 25 1,200 62p 2MFD 250 volt 20p
D S a-g00 22 S e F.ETSs 2MED 1.5 kv 50p |  5lb New Mixed
HE S g 510 200 405 | BFWI0 .. B5p |4MFD 250 volt 20p- Components
BYX49-1200 2.5 1,200 52p BSV79 .. £1.30 | 156MFD 150 volt 50p | f£2 plus 50p p & p
BYX48-300 6 300 40p | BSV80 . £1.10 | METAL CHASSIS SOCKETS
BYX48-600 6 600  50p N. Channel Car Aerial 7p HANDLES
BYX48-900 6 900  60p | BSV81 M.O.S.T. .. £1.56 | Coax 7p | Rigid light blue. nylon
BYX48-1200 6 1,200 80p | BFS28 Dual M.0.S.T. 92p |5 or 6 pin 240° din | 7p | 63" with secret fitting
BYX72-150R 10 150  35p Speaker din switched .. 7p |screws 5p
BYX;g'gggg Ig 388 ggp Plastic, Transistor or Diode | 3 5mm Switched Socket .. 7p :
gxztz:soo 10 goo 453 Holder ) Ip Rotor with neon in-
BYX42-600 10 600 65p | Iransistoror Diode Pad 1p l A Ry A1 dicator, as used in
BYX42-900 10 900  8op | HoldersorpadsSOpper100| | 2100 | |seafarer, Pacific, Fair-
i aoey 19 1200 95 | Philips ron Thermostat . 15p | g way Cinch standard |Way depthfinders
BYX46-300* 15 300 £2.90 | giaic 2 i flat of ol . 20p eath
BYX46-200* 15 400 £3.20 | 30 <P IAEP UG andsocket 10D | g 45 hivch edge socket T
L - ! 00 £3.60 McMurdo PP108 8 way edge plug 15p 20
5 E : TO3 HEATSINK P Miniature Axial Lead
Hl S 595 £330 | Europlec HP1 TO3B individual ‘curly’ | UE.C.L. 10 _way pin |Foris Choke f
BYX20-200 25 200  60p h : errite oke formers
power transistor type. Ready drilled 20p | connectorr 2B6000
BYX52-300 40 300 £1.75 OA1P10 20 2p
BYX52-1200 40 1,200 £3.00 Tested unmarked or marked | . i 2 - -
*Avalanche type ample lead ex new equipment U.EC.L. 20 way pin DEE PLUG
RG4-1250 Mercury. vapour rectifier | ACY17-20  8p | 0C71/2 6p | connector McMurdo DA15P 15
R Y ASz20  8p | 0C2005  15p | 2A60000A1P20 30p |waychassisplug 20p
17 Terryclips chrome finish 4p | Becigs 113 2G240 2_58 U.E.C.L. 10 way pin Fairway 18009 Coax.
Cinch 10-way terminal block 15p | BCY30-34 10p | 2G302 6p | socket 2B606001R10 sockety 5p
Pair of LA2407 Ferrox cores SE1Y1750/1/2 183 %sg?} ;gs = qu
with a L0 L wa n
s = | Bv1z7 Spy Jf<n2ezp 7| o E|<Ct||'326c(>)800Ay1 R20 S EnQEIBS
Chrome Car Radio facia 15p | B7Y88 series 5p | 2N598/9 G| s Nylon self locking 77
Rubber Car Radio gasket 10p | HG1005 ap | 2N1091 8p 30p 2p
DL! Pal Delayline ‘£1.40 | HG5009 4p | 2N1302 8p | BELLING LEE L1354
Rel5y socKat 12p | HG5079 4p | 2N1907  2-50 | TV Aerial diplexer 10p CINCH 150
Take miniature 2PCO relay L78/9 4p | Germ diode 2p | Biocelectronic eng- |12 way edge socket
M3 10p | GET120 (AC128 | - 0 P S caric 10p
B7G or B9A valve can 2p | 0AB1- 4p | in1”sq. heatsink) | 'Peer Kits OMISCHLS
0-30, 0r0-15, black pvc, 360° 0A47 ap 200, "420. E1008, . E1005 A e et
dial, silver digits, self adhesive, 0A200-2 4p | GET872 12p £1.00 each h " 36p
43 dia. 2 15p | 0C23 20p (parts worth more) | Washers etc. p

SMALL ORDERS,

ENCLOSE SUITABLE

STAMPED ADDRESSED ENVELOPE
LARGE ‘ORDERS, ADD SUFFICIENT FOR

POSTAGE,

INSURANCE, ETC.

TOTAL GOODS PLUS CARRIAGE, ADD 8% V.A.T.

THE RADIO SHACK

161 ST. JOHNS HILL. BATTERSEA, LONDON S.W.11
Open 10 a.m. till 7 p.m. Monday to Saturday

Phone 01-223 5016
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EX COMPUTER BOARDS
Packed with transistors, diodes, capacitors
and resistors—COMPONENT VALUE £1-50.
3 for ONLY 55p + P. & P. 30p.

SPECIAL one as above PLUS Power Tran-
sigtors ONLY 55p each 4+ P. & P. 15p.
PAXOLINE BOARDS 7} x 9‘
4 for 30p + P. & P. 20p.

approx.

FIBRE-GLASS PRINTED
CIRCUIT BOARDS
164 x 4° approx. 2 for 55p

DECON-DALO 33PC Marker
Etch resistant printed circuit marker pen
99p each.

VEROBOARDS
Packs containing approx., 50sq.
sizes, all0*1 matnx 55p

in. various

BIB HI-FI ACCESSORIES

De Luxe Groov-Kieen
Model 42 £1.95
Chrome Finish

Model 60 £1.50

Ref. 36A. Record/Stylus Cleanmg Kit 33p
Ref. 43. Record Care Kit

Ref. 31. Cassette Head Cleaner 58p

Ref. 32. Tape editing Kit £1-68

Maoadel 9. Wire Stripper/Cutter 83p

Ref. 46. Spirit Level 62p

Ref. B. Stylus and Turntable Cleaning Kit 34p
Ref. P. Hi-Fi Cleaner 31p

Ref. 32A. Stylus Balance £1-37

Ref. J. Tape Head Cleaning Kit 62p

Ref. 56. Hi-Fi Stereo Hints and Tips 42p

Ref. 45. Auto Changer Groove Cleaner £1-08

ANTEX SOLDERING IRONS
X25. 25 watt £2-05

CCN 240. 15 watt £248

Model G. 18 watt £2-26

REPANCO CHOKES & COILS

RF Chokes
€H1. 2:5mH 29p CH2. 5 OmH 30p
CH3. 7-5mH 31p CHa4, 10mH 33p

CHs. 105mH 28p
COILS
DRX1 Crystal set 31p DR R2 Dual range 45p

COIL FORMERS & CORES
NORA i* Cores & Formers 8p
1" Cores & Formers 10p

SWITCHES
DP/DT Toggle 36p SP/ST Toggle 30p

FUSES

1" and 20mm. 100mA, 200mA, 250mA, 500mA,
1A, 154, 2A.

QUICK-BLOW 5p each.

EARPHONES

Crystal 25mm plug 42p
Crystal 3-5mm plug 42p
8 ochms 2-5mm plug 22p
8 ohms 3-5mm plug 22p

3
DYNAMIC MICROPHONES

B1223. 200 ohms plus on/off switch and
2:6mm and 3:5mm plugs £1-85

SK2. Sold Kit £3:25

STANDS: ST3, suitable for all models £1
SOLDER: 18SWG Multicore 7oz £1-61
225WG Toz £161. 185WG 22t 61p
22SWG Tube 33p

ANTEX BITS and ELEMENTS
Bits No.

102 For model CN240 & 42p
104 For model CN240 3 42p
1100 For model CCN240 ,° 42p
1101 For model CCN240 }° 42p
1102 For model CCN240 }~ 42p
1020 For model G240 42p
1021 For model G240 §~ 42p
1022 For model G240 " 42p
50 For model X25 3" 48p
51 For model X25 }~ 18p
52 For model X25 %~ 48p
ELEMENTS
ECN 240 £1-30 ECCN 240 £1-32
EG 240 £1-07 EX 25 £1:16

ANTEX HEAT SINKS 10p

luded

3-WAY STEREO HEADPHONE
JUNCTION BOX

H1012 £1-87

2-WAY CROSSOVER
NETWOR

CAR STEREO SPEAKERS
(Angled) £3-85 per pair.

BI-PAK

CATALOGUE AND LISTS
Send S.A.E. and 10p.~

INSTRUMENT CASES

(Black Vinyl covered)

No. Length Width Height  -Price

BVl 8 x 5} 2° £1-10

BV2 11- x 6" x 3 £145
'ALUMIN“JM BOXES

‘BA1 5}° 23° x u- 42p

x 47 x 'y ‘42p

x 2 g Noge

X 4 X 14 50p

X X 2" 42p

X x ] 3p

x x 21 70p

x X 3 90p

X 23 58p

(BA9 6" 4°
P. & P. 10p on each box

K4007 .80 ohms Imp. Insertion loss 3dB £1-21-

VAT i in all prices. Please add
10p P. & P. (U.K. only). Overseas orders—
please add extra for postage.

NEW COMPONENT PAK
BARGAINS

Pack
No. Qty.
C1 200

Description Price

Resistors mixed values approx.
count by weight 0-55

€2 150 Capacitors mixed values approx.
count by weight 0-55
€3 50 Precision Resistors 0:1%, 0-01%
mixed values 0-55
C4 75 4th W Resistors mixed preferred
values
C5 5 Pieces assorted Ferrite Rods 0 55
€6 2 Tuning Gangs, MW/LW VHF 055
C7 1 Pack Wire 50 metres assorted
colours 0-55
€8 10 Reed Switches 0-55
Co 3 Micro Switches 0-55
C10 15 Assorted Pots & Pre-Sets 0-55
C11 5 Jack Sockets 3 x 35m 2 x
Standard Switch Type 055
C12 30 Paper Condensers preferred
types mixed values 0-55
C13 20 Electrolytics Trans. types 0-55
Cl4 1 Pack assorted Hardware—
Nuts/Bolts, Grommets, etc. 055
C16 & Mains Slide Switches 055
C16 20 Assorted Tag Strips & Panels  0-55
€17 10 Assorted Control Knobs 0-55
C18 4 Rotary Wave Change Switches 0-55
€19 2 Relays 6—24V Operating 055
C20 1

Pack Sheets of Copper Laminate
approx. 20 sq. ins. 055
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VISIT OUR COMPONENT SHOP
18 BALDOCK ST., WARE, Herts. {A10)

Open Mon.-Sat. 9-5.30 p.m. Tel. 61593

PLUGS AND SOCKETS

The largest selection

IT’S VEW

IT'S POWERFUL

(15, 15w RM.S)AND—
IT LOOKS 6006D!

THE

LEGIONAIRE

STEREQ
AMPLIFIER _

ORDER NOW-—
ONLY £39.95 p. & p. 50p

100. 220, 470, 1K, 2:2K. 47K, 10K, 22K, 47K,
100K, 220K. 470K, 1M, 2M. 4-TM.

PLUGS f {
PS 1 D.LN. 2 Pin (Speaker) o1 | OR Write for fuli details
PS 2 D.LN.3Pin 0-12
PS 3 D.IN. 4 Pin 015
SifiEe i WORLD SCOOP
-PS 8 D.LN. 5 Pin 240° 0-16
PS 6 DIN.6Pin 017 JUMB
N o sewcomDUCToon PACK
PS 8 Jack 2:5mm Screened 018
PS 9 Jack 3:6mm Plastic 012 | Transistors, Germ, and Silicon Rectifiers,
PS 10 Jack 3-5mm Screened 0-18 | Diodes, Triacs, Thyristors, I.Cs and Zeners.
PS11 Jack |* Plastic 015 | ALL NEW AND CODED.
PS12 Jack }” Screened 0-22 APPROX 100 PIECES
]P;g :3 .Il,t;::(nfterea Screened g;’g ‘(I):k;er:‘g the amateur a fnntasuc bugam Puk
l;g ;Z garAA:l’:ll 022 | data sheet in every Pak. |
oriirla LS Only £2 p. & p. 20p
INLINE SOCKETS
PS 21 D.LN. 2 Pin (Speaker) [i37]
PS22 DLN.3Pin 020 RECORD STORAGE/
PS23 D.LN.5 Pin 180° 020 CLGHN T 2
PS 24 D.LN. 5 Pin 240° 0-20 7ir_1 EP. 18}in x Tin x Bin (50 records) £210
PS25 Jack 25mm Plastic 016 | 12in LP. 13}in x Tiin x 12}in (50 rec"o;d;g
PS 26 Jack 3-5mm Plastic 016
PS 27 Jack }° Plastic 030
PS 28 Jack !” Screened 035 CASSETTE CASES
PS 29 Jack Stereo Plastic 030 | Holds 12. 10in x 3jin x 5in. Lock and
PS 30 Jack Stereo Screened 0-38 § handle, £1-30
PS 31 Phono Screened 018
PS32 Car Aerial 0-22
PS 33 Co-Axial 0-22 SPECIAL PURCHASE
2N3055. Silicon Power Transistors NPN.
SOCKETS F‘amz};n; manufnctdure]:s o;'.l-_of spec devices
5 i X m open and short defects—every one
2 2 gm £ ]’;;: Geeaien) g_g‘:. able! 115W. TO3, Metal Case,
PS37 DIN. 5 Pin 180° 011 OUR SPECIAL PRICE 8 for £1
PS 38 D.IN. 5 Pin 240° 0-11
PS 39 Jack 2:5mm Switched 012 LOW COST CAPACITORS
PS 40 Jack 35mm Switched 012 | 001 1F 400V, 3p each
PS 41 Jack |* Switched 0-20 | 500:F 50V. Elect. 10p each
PS 42 Jack Stereo Switched 0-30
PS 43 Phono Single 0-08
PS 44 Phono Double 010 mv“:"“"‘gecﬂ:l“"“:n"m.sl N
PS 46 Co-Axial Surface 010 o am e TV 8 10V, 14V
5 from selected tappings 4V, 7V, & V, 14V,
PS 47 Co-Axial Flush 020 |15V, 17V, 19V, p’fwg 25V, 81V, 33V, 4o, 50
and '25V-0-25V.
LEADS Amps Price P.&P.
LS 1 Speaker Lead 2 pin D.LN. plug to MT50/} 4 £193 30p
open ends approx 3 metres long MT50/1 1 £2-42 35p
({coded) 0-20 § MT50/2 2 £330 40p
CABLES
CP 1 Single Lapped Screen 007 :gc:asrmncs.s
CP 2 Twi g
e 'win Common Screen 0.11 GPIL-1SC 200mV at 1-2cm/sec £135
8 3 Stereo Screened 0412 g
CP & F Co GP93-1 280mV at lem/sec £1:85
4 Four Core Common Screen 023 | GP96-1 100mV at lem/sec £2:80
CP 5 Four Core Individually Screened 0-30 | J.2005 Crystal/Hi Output - £1:05
CP 6 Microphone Fully Braided Cable 0-10 § J-2010C Crystal/Hi Output Compatible £1-20
CP 7 Three Core Mains Cable 0-09 { J-2006S Stereo/Hi Output i
CP 8 ‘Twin Oval Mains Cable 007 j gégg %/le;;:e‘i\ly gx‘i\cl)/‘;tcm/sec mcluchng£ o
CP 9 Speaker Cable 005 ! £495
CP10 Low Loss Co-Axial 018 | J- 22035 Replacement stylus for above = £300
AT-55 A
CARBON 4mV/5cm/sec £330
POTENTIOMETERS -
Long and Lin CARBON FILM RESISTORS
S 22K, 41K, 100K, 220K, 470K, | myg g1p Range of Carbon Film Resistors,
Yot . 4 watt available in PAKS of 50 pieces,
VC1 Single Less Switch 0-15 | assorted into the following groups:
VC2 Single D.P. Switch 028 Eé 50 Mlxgg 130 (;)_lanésk—s(?o ohms ggp
vC T, g 50 Mixed'1! 3 id
M 3 nnd.em Less Sv{ntch 0146 R3 50 Mixed 10k 0- 82k n 50p
C4 1K Lin Less Switch 015 | B2 20 Mieed 100k 01
VC5 100K anti-Log : 046 | THESE ARE ONBEATABLE PRICES "
JUST 1p EACH INCL. VAT
HORIZONTAL CARBON
PRE-SETS
01 watt 006 each BI-PAK SUPERIOR QUALITY

LOW - NOISE CASSETTES
Ce60, 36p; €90, 48p; C120, &0p
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AL10 AL20 AL30 AUDIO
AMPLIFIER MODULES

The' AL10, AL20 and AL30 units are similar
A in their appearance and in their general
ificati H , careful selection of

the plastic power devices has resulted in a
- Wes of output powers from 3 to 10 watts

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.

BI-PAK QUALITY COMES TO AUDIO!

VoW WE GIVE YOU

50w PEAK (25w R.M.S.)
PLUS THERMAL PROTECTION!
The VEW AL60 Hi-Fi
Audio Amplifier FOR ORLY £3495

@® Max Heat Sink temp 90°C.
@® Frequency Response

@ Thermal Feedback
@ Latest Design Improvements

Parameter Conditions Performance

HARMONIC DISTORTION Po 3 WATTS f 1KHz 0-25%,
LOAD IMPEDANCE 8-16 1
INPUT IMPEDANCE f- 1KHz 100 k &
FREQUENCY RESPONSE —3dB Po 2 WATTS 50 Hz-25KHz
SENSITIVITY for RATED O/P Vs ~ 25V.R1  8uf - 1KHz | 7mV. RMS
DIMENSIONS ¥ x2 =1

The above table relates to the AL10, 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 out for 2%, T.H:D. 3 watts 5 watts 10 watts
(RL = 8af = 1KH2) RMS Min. RMS Min. RMS Min.

AUDIO AMPLIFIER PRE-AMPLIFIERS
M‘ODUI.ES | PA 12 (Use with AL10 & AL20) £435
AL 10. 3watts £250 | PA 100. (Use with AL30 & AL60) £13-15
AL 20.5 watts £285
AL 30.10 watts £3.20

TRANSFORMERS

T461 (Use with AL10) £1-38 P. & P. 15p

T538 (Use with AL20, AL30) £1'93 P. & P.
15p

BMT80 (Use with AL60) £2-15 P. & P. 25p

POWER SUPPLIES

P§ 12. (Use with AL10, AL20, AL30) 88p
SPM 80. (Use with AL60) £3-25
FRONT PANELS PA 12 with Knobs £1-00

PAI12 PRE-AMPLIFIER SPECIFICATION
The PA12 p lifier has been d d to match into | Frequency response—
most budget stereo systems. It is compatible with the 20Hz-50KHz (—3dD)
AL 10, AL 20 and AL 30 audio power amplifiers and it | D258 control—
can be supplied from their associnted power supplies. Treble mmr;_lZdB at,5H3
There are two sterco inputs, one has been designed for use + 14dB at 14KHz
with *Ceramic cartridges while the auxiliary input will | *Input 1. Impedance
suit most tMagnetic cartridges. Full details are given in 1 Meg. ohm
the specification table. The four controls are, from left to tinput 2. lS;:;(I;ﬂI;I:g S
right: Volume and on/off switch, balance, bass and treble. .
Size 162mm x B4mm x 35mm.

30 K ohms
Sensitivity 4mV

Look for our
SEMICONDUCTOR ADVERTISEMENTS in
Practical Wireless Wireless Worid Practical Electronics

ALL PRICES INCLUDE V.A.T.

The STEREO 20

The "'Stereo 20" amplifier is mounted. rendy wired and tested
on a one-piece chassis measuring 20 em x 14 cm X 55 cm.
This compact unit comes complete with onjoff switch
volume control, balance, bass and treble controls,
Transformer, Power supply and Power amps.
Attactively printed front panel and match-

ing control knobs. The “'Stereo 20" has been
designed to fit into most turntable plinths -
without interfering with the mechanism or,
alternatively, into a separate cabinet.
Output power 20w peak. Input 1 (Cer)
300mV into IM. Freq. res. 25Hz-25kHz.
Input 2 (Aux.) 4mV into 30K. Harmonic
glutpr“onb%i;s control + 12dB at 60Hz
ypically 0-259%, at 1 watt. Treble con. * E
14dB ot 14kHz. £14-45

TC20 TEAK VENEERED CABINET
For Stereo 20 (front board undrilled) Size 104" x 83" x 3°, £395 plus 30p postage.
SHP80 STEREO HEADPHONES

4-16 ohms impedance. Frequency response 20 to 20,000Hz. Ste 5
controls, £4-95 Y respo; 2. Stereo/mono switch and volume

DECEMBER 1974

= Treble Control  15dB at 20KHz
Filters: Rumble (High Pass) 100Hz
Seratch (Low Pass) 8KHz
Signal/Noise Ratio better than —65dB
I Input overload + B
Supply + 35 volts at 20mA
Dimensions 292mm x

20Hz to 100KHz @® Load — 3, 4, 8 or 16 ohms
@ Distortion better than @ Signal to noise ratio 80dB
0-1% at 1IKHz @ Overall size 63mm X 105mm

@ Supply voltage 15-50 volts X 13mm

Especially designed to a strict specification. Only the finest components
have been used and the latest solid state circuitry incorporated in this
powerful little amplifier which should satisfy the most critical A F. enthusiast.

STABILISED POWER

MODULE SPM80

SPMB80 is especially designed to power 2 of the AL60
Amplifiers, up to 15 watt (r.m.z.)} per channel simul-
taneously. This module embodies the latest components
and circuit techniques incorporating complete short
circuit protection. With the addition of the Mains Trans-
former BMTRO, the unit will provide outputs of up to 15
amps at 35 volts. Size: 63mm X 105mm X 30mm.

These units enable you to build Audio Systems of the highest
quality at a hitherto unobtainable price. Also ideal for many
other applications including:—Disco Systems, Public Address,
Intercom Units, etc. Handbook available 10p PRICE £3-25

TRANSFORMER BMT80 £2'15 p. & p. 28p

STEREO PRE-AMPLIFIER TYPE PA100

Built to a specification and NOT a price, and yet still the greatest value on the market,
the PA10G stereo pi i has been ived from the latest circuit techniques.
Designed for'use with the ALS0 power amplifier system, this quality made unit incorporates
no 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 rumhle and scratch filters are features of the PA100,
which also has a STEREO/MONO switch, volume, balance and continuously variable

bass and treble controls.

SPECIFICATIONS
.Frequency Response
Harmonic Distortion
Inputs: 1. Tape Head

20Hz—20KHz * 1dB
better than 0-1%,
3-25 mV into 50KQ
2. Radio, Tuner 75 mV into 50K0
3. Magnetic P.U. 3 mV into 50KQ )
All input voltages are for an output of 250mV. Tape and P.U. inputs
equalised to RIAA curve within * 1dB. from 20Hz to 20KHz.
Base Control + 15dB at 20Hz

82mm x 35mm
ONLY £13:15

MK 60 AUDIO KIT i

Comprising: 2 x AL60, 1 x SPM80, 1 x BTMs0, 1 x PA 100, 1 front panel. 1 kit of parts

to include on-off switch, neon indicator, stereo headphone sockets plus instruction booklets.
Complete Price: £28-75 plus 30p postage.

TEAK 60 AUDIO KIT .
Comprising: Tenk veneered cabinet size 163 x 114" x 33°, other parts include aluminium
chassis, heatsink and front panel bracket, plus back panel and appropriate sockets, etc.
Kit price: £9-95 plus 30p postage.

All prices quoted i1 new pence Giro No 388-70Ub
Piease send all orders direc! [0 warehouse and despaich depariment

I-PANK

P.O. BOX 6, WARE - HERTS

ostaye and packinyg ada '0p Overseas add eatra for airmadl

Minimum order SUp Cash with order please

Gearanteed Satisfaction or Money Back
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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 twice
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 o 24p

- DTBY Valve Type Coil Pack Application circuity e 24p
MD 1 Decoder Circuitry for Stereo Reception 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

et
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LATEST
BOUND VOLUME
No. 27

g

w24 COUFTRIIC TN

. KR COMMRL

of
“Radio & Electronics
Constructor”’
FOR YOUR LIBRARY

Comprising AUSSSEi :g;z:

e oS L PRICE £2.20 P&P 33p
BOUND VOLUME No. 24 (August 1970 to July 1971) PRICE £2.00 p. & p. 33p
BOUND VOLUME No. 25 (August 1971 to July 1972) PRICE £2.00 p. & p. 33p
BOUND VOLUME No. 26 (August 1972 to July 1973) PRICE £2.10 p. & p. 33p

Limited number of these volumes still available

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

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN
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BI-PRE-PAK

SUPPLIERS OF SEMI-CONDUCTORS TO THE WORLD
' ,. N

27 12 Watt Telephone dials RS ic. Poy
- stered amp— Standard Post Office type. + 16p each

Guaranteed in working order. only 25 P. & P, L
/ Only . :
1 £10. = sreciacoreen Electronic Transistor

& P. LIMITED QUANTITY age .
Ignition £6.00

Now in kit form, we offer this "up to the minute”
electronic ignition syscem. Simple to make, full instruc-
tions supplied with these outstanding features: Transistor
and conventional switchability, burglar proof lock-up and

AN

N
\I

T

i

[
i

N

\

N

This excellent lictle amplifier is of the latest integrated
circuit design. and wiil work into 4, 8. or 16 ahm speakers.
The reproduction is excellent for an amplifier of this size.
only B"x31" x 2" The case Is made of chromed metal.

40 WATT SILICON
Type No.  Gain YCE Polarity  Price

T

N

A

automatic alarm, negative and positive compatibility. \ g:; 13 13 ::: ggp
§ 40P1 15 15 PNP m:
- P2
TP B NewX-Hatch | rwroeon” ~
Tested and . = Ourzew vastlyimproved Mark Two § 90N1 15 15 NPN 25p
Cross Hatch Generator is now availahle \ AL 40 40 NPN 35p
: N Essentlal for ali f o \ 90P1 15 15 PNP Bp
Gua ranteed ;:cervers. ERRZaRnil°! colour guns on 4l colour T\; § 90P2 40 40 PNP 5p \
ring plug-in IC" e e Sl
T e R T : \

engineer’s .wol box - and only measures 3" x 5} x 3",
"oy’ £9.95  conpee £7.95

{and p&p but no batteries)

L.E.D.'s Complete with mounting grommet
Red 25p Green 40p

N

AN

/ =
7/ Paks
T4 N 60p

23] 10 Reed Switches, 17 long, " dia. 50p

INTEGRATED CIRCUITS

High speed P.O. type O W = We stock a large range of L.C.s at very competitive
H35 100 Mixed Diodes, Germ. Gold 50p ﬁ prices. These are all-listed in our FREE Catalogue, see

banded, etc. Marked and coupan below.

) | >lM 380
H38 Short lead Transistors, NPN

30 Silicon Planar types. 50p METRICATION CHARTS now avallable

H41 Sil Power transistors i 1} i

Comp pair BDI3I32 50p AUD'O IC This  fantastically  detailed  conversion  calculator

carries thousands of classified references between
metric and British (and U.S.A) measurements of
length, area, volume, liquld measure, welghts ete.

Pocket Size 12p Wall Chart 18p

We have just received a large consignment of LN380 IC’s.
These are specially selected to a higher grade and are
marked with the number SL 6074S.

This fantastic little Iwace audio IC only requires two
capacitors and two potentiometers to make an amplifier
with volume and tone control. Theiguality Is good and
has to be heard to be believed.

Our special £ 1 00 complete with data
price " ea and projects book

£

3 “
Over 1,000,000

Transistors Mlllﬂlllﬂlllllllﬂ
in stack ur 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 Electronlc
Components, approx. 170. We guarantee at least
30 really high quallty factory marked Transistors

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

TYPE “"A” PNP Silicon alloy, TO-5 can.
TYPE #B" PNP Silicon, plascic encapsulation. Chart supplied to give some information on the
Transistors.

ZE" PNP G.ermlnlum AF or RF. :
TYPE ““F” NPN Silicon plastic encapsulation. Please aSk fl‘lr Pak P.].only 50p
Tz,

“G" NPN Silicon simllar ZTX 300 range
Please send me the FREE BJ-Pre-Pak Catalogue

p. & p.
BreLavsron£1.00 %7
1 enclose large SAE with 5p stomp

UHF

2N3055 Type NPN Sil. power
transistors. Below spec, devices 50p

2
4
Hé4 § P3N Chmd FETR 2N f)p
4
4
8

in plastic case

40361 Type NPN SIL. transistors

TO-5 can comp. to Héb 50P
40362 Type PNP Sil. transistors

TS lan e talles 50P
Integrated Circuits DTL data 50p

H65

LOW COST DUAL IN LINE 1.C. SOCKETS

14 pin type at 15p each
16 pin type at 17p each

Heéb }Now new low profile type

Hé9

supplied, Mixed Types, Flip Flops,
Gates, Hex Invertors etc.

Pe== Unmarked
Untested Paks
T B0 G 50p

B&s 150 Germantum Diodes 50p

Min. glass type
B83 Transistors, manufacturers
200 oo peghewres  50p

\ |, | Germanium
B34 Sil, . 5
) 100 3505 6mll;pes 50p
H34 15 Power Transistors, PNP, Germ 50p

NPN Stlicon TO-3 Can.

Hé7 10 3;.:29.;4pfhannel F.E.T.'s plastic 50p

BOOKS
We have 2 large selection of Reference and Technical
Books In stock.

~

Wiz

AN

Wi

i

LI

Ny

Hé8 Experimenters Pak of Integrated
107 Srenree: supplied DTL & 50p

33

: TTL, some marked

-

\ ~| TV Tuner Unit
\{Make a rev counter | unernits g ...

W (e ourcar for 625 line channels 21t065

ll fory i ACE— :

The “TACHO BLOCK" Thi encaprulted block wilturn - B Brand new by a famous Please add V.A.T. at current rate
A ter into a linear and acCurate rev. unter

§ o any tar with normal coll Ignition syseem. = manufacturer A e Sl e OO ER

OVERSEAS ADD EXTRA FOR POSTAGE

, -£1.00-each )< Datasupplied £2.50 JA BUY THESE GOODS WITH ACCESS
Bl'p nE'PAK LTD Depl., 27252'::::*&ZS=T5§3::€:IDE(?)E%:;F;SX_SEA' ESSEX.

Co Reg NoB20919

DRI

il
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Goodbye fo the long wait
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Now therels Doram-
a completely professional
electronics service
forthe amateur

7-dayservice.

lfyou've been buying electronic
components long you'll know all
about the long wait.

Somehow the things you really
need never turn up on time.

Well, OK, now things have
changed. Now there's Doram.

Doram is a brand-new deal for
serious amateurs. It's a complete
door-to-door components service
operated by mail order.

Millions of components.

You justbuy the Doram catalogue
for25p lthat's a yearly reference book
forthe price of a pint of lagert and then
youorderfromit.

We can offeryou stocks of
millions of components. With a choice
of over 4,000 differentlines.

And we're so confident of our
service thatifwe can't supply the part
youwantwithin 7 days of receiving
gour order, we'll give you your money

ack. Immediately.

So you know just where you stand.

You'll neverwaste time hanging
around while we re-order.
No-quibble guarantee.

It's just about impossible to buy
a defective part from us. Because our
checking is so pains-taking.

Buteven iﬁhe unthinkable does
happen-and you're unlucky—then

DECEMBER 1974

r---_ |

| ENCLOSE 25p°. PLEASE SEND
ME THE NEW DORAM
‘CATALOGUE.

*This will be refunded on orders of £5
lless VAT} or more received by us
before 3lst March, 1975.

Name

Address

|
|
T pr—

REC/11/74

DoranvElectronics Lid.,

PO Box RS,

Wellington Road Industrial Estate;,
Wellington Bridge, Leeds LS12 2UF.

L--

r
i
I
3
i

for electronic components.

we'll still make you happy quickly.

Because we offer a no-quibble
replacement part service.

And our guarantee is guaranteed
by the factthat we belong to the
biggest electronics distribution Group
in Britain.

All the goods supplied are
branded goods. Produced by big-
name manufacturers like RS, Mullard,
SGS-ATES, Ferranti, Siemens etc.
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% Understand G
;* *electronrcs s

- Step by step, we. tgke you through :
- all the fundamentals of elegtromcs &
e and show you how easily the sub-
o ject can be mastered using our -
_+—__unique Lerna-Kit course.
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Brochure, without obligation to:

NAME

i G $

=
St

(1)* $8u1Id an oscilloscope. . . .. .
(2)% aead draw and understand .

i

A

06 (3} Carry out over ‘40 experi- ..
=@ |  ments on basic eiéct?gmé
@ % = © circuits and see how
seloll  theywork
. G S i e i g

---------------ﬁh---ﬁﬁi

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept AX 1274
P.O. Box 156, Jersey, Channel Islands.

i G
i e i

Be“m i) | o
radiowamaeeur .

‘Learn how to become aradio
‘amateur in contact with the wﬁol?
~ world. We give skilled pr;eparatlong i
~ for.the G.P. 0. ‘*‘hcence.’ saalad o
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Block caps please '

COLOUR T.V. WITH PARTICULAR REF.
TO THE PAL-SYSTEM
by G. N. Patchett

: TRANSISTOR RADIO SERVICING
MADE EASY by W. Lemons _ PRICE £1.70
BEGINNER’S GUIDE TO COLOUR T.V.
By G. J. King PRICE £2.70
BEGINNER’S GUIDE TO ELECTRONICS
By T. L. Squires PRICE £2.10
SIMPLE TRANSISTOR PROJECTS FOR
HOBBYISTS AND STUDENTS
By L. Steckler PRICE £1.40
MULLARD DATA BOOK 1974/5 PRICE50p
TRANSISTOR MANUAL By G.E. PRICE £1.30
BASIC THEORY AND APPLICATION OF
TRANSISTORS
By U.S. Dept. of the Army PRICE £1.60
ESSENTIAL FORMULAE FOR ELECTRONIC
AND ELECTRICAL ENGINEERS
By N. M. Morris PRICE £1.00
SIMPLE SINGLE CHANNEL RADIO

PRICE £5.10

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

THE MODERN BOOK CO
UNDERSTANDING IC OPERATIONAL AMPLIFIERS

By R. Melen & H. Garland Price £2.15

CONTROL by R. H. Warring
TROUBLESHOOTING WITH THE
OSCILLOSCOPE

By R. G. Middleton ‘PRICE £1.95
INTEGRATED CIRCUITS (IC’S) AND
TRANSISTOR GADGETS CONSTRUCTION
HANDBOOK By B. B. Babani PRICE 70p
ELECTRONIC HOBBYIST'S IC PROJECTS

PRICE £1.65

HANDBOOK By B. Brown PRICE £1.55
T.V. SERVICING HANDBOOK
By G. J. King PRICE £4.05

ELECTRONICS AN ELEMENTARY INTRO.
FOR BEGINNERS By L. W. Owers PRICE £1.60
FOUNDATIONS OF WIRELESS AND
ELECTRONICS By M. G. Scroggie PRICE £2.00
TEST EQUIPMENT FOR THE RADIO
AMATEUR By H. L. Gibson PRICE £2.00
JAPANESE RADIO, RECORD AND TAPE
PLAYER SCHEMATIC/SERVICING MANUAL
By H. Davidson PRICE £2.10
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SPEAKERS

Baker Group 25, 3, 8 or 15 ohm

Baker Group 35, 3, 8 or 15 ohm

Baker Group 50/12, 8 or 15 ohm

Baker Deluxe 12”,8 or 15 ohm

Baker Major 3, 8 or 15 ohm

Baker Superb 8 or 15 ohm

Baker Regent 8 or 15 ohm

Baker Auditorium 12"

Celestion PST8 (for Unifex)

Celestion G12H 8 or 15 ohm

Celestion G12M 8 or 15 ohm

Celestion G15C 8 or 15 ohm

Celestion G18C 8 or 15 ohm

Celestion MH1000 8 or 15 ohm

Coral 61” dfcone roll/surr. 8 ohm

Coral 63" (larger magnet) 8 ohm

Coral 8” d/cone, roll/surr. 8 ochm

£MI 13 x 8, 3,8 or 15 ohm

EMI 13 x 8, d/cone 3, 8 or 15 ohm

EMI 13 x 8 tftw. 3, 8 or 15 ohm

EMI 13 x B type 350, B or 15 ohm

EM1 13 x 8 20 watt bass

EMI 5”7 98132CP 8 ohm

EMI 63" 93850 4 or 8 ohm

EMI 8 x 5, cer. mag. 8 ohm

EMI 8 x 5, 10 watt, d/c roll/s 8 ohm

EMI 10 x 6 93870 8 ohm

EMI 2}” tweeter 8 ohm

Elac 9 x 5, 59RM109 15 ohm,
S59RM114 8 ohm

Elac 6%” d/cone, roll surr. 8 ochm

Elac 63" d/cone 8 ohm

Elac TW4 4” tweeter

Elac 10” 10RM239 d/c 8 ohm

Elac 8” 3 ohm

Eagle Crossover 3, 8 or 16 ohm

Eagle CTS cone tweeter 8 chm

Eagle CT10 tweeter 8 or 16 ohm

Eagle DT33 dome tweeter 8 ohm

Eagle FF5 3 way crossover

Eagle SN75 crossover with tw. control

Eagle FF28 multicelf, horn

Eagle HT15 horn tw. 16 ohm

Eagle HT21 horn tw. 8 ohm

Eagle MHT10 horn tw. 8 ohm

Eagle FR4 4” full range

Eagle FR65 63" full range

Eagle FR8 8” full range

Fane Pop 15 wate 12

Fane Pop 25/2 25 watt 12”

Fane Pop 50 watt 127

Fane Pop 55 12” 60 watt

Fane Pop 60 watt 15”

£7.75
£8.50
£12.50
£10.75
£8.50
£14.50
£7.75
£12.50
£2.55
£15,00
£12,00
£24.00
£33.00
£10.95
£2.50
£3.15
£3.25
£2.25
£2,50
£3.75
£8.25
£6.60
£2.50
£3,00
£1.65
£2.50
£2,25
.65

£2.80
£3.50
£2.65
£1.21
£2.65
£2.50
£1.50
£1.75
£2.55
£5.45
£3.15
£4.00
£7.75
£3.80
£5.88
£3.80
£5.30
£8.35
£10.65
£4.80
£6.95
£11.00
£12.50

£13.00°

WILMSLOW AUDIO

THE Firm for speakers!

SPEAKERS

Fane Pop 100 watt 13" £22.50
Fane Crescendo 12A 8 or 15 ohm £29.00
Fane Crescendo 12B 8 or 15 ohm £30.00
Fane Crescendo 15, 8 or 15 ohm £36.00
Fane Crescendo 18, 8 or 15 ohm £49.95
Fane 701 twin ribbon horn £35.00
Fane 910 horn £12.75
Fane 920 horn £33.00
Fane 152/12a 15”15 ohm £16.00
Fane 801T 8” d/cone roll surr. £7.00
Fane 803T 8” d/cone roll surr. £5.25
Fane BOST 8” d/cone roll surr. £3.50
Fane 808T 8” d/cone £2.75
Fane 807T 8” d/cone roll surr. £3.85
Goodmans 8P 8 or 15 ohm £5.00
Goodmans 10P 8 or 15 ohm £5.30
Goodmans 12P 8 or 15 ohm £12.95
Goodmans 12P-D 8 or 15 ohm £16.75
Goodmans 12P-G 8 or 15 ohm £15.75
Goodmans 12AX 100 watt 8 or 15 ohm £36.50
Goodmans 15AX 100 watt 8 or 15 ohm £40.25
Goodmans 15P 8 or 15 ohm £21.00
Goodmans 18P 8 or 15 ohm £36.00
Goodmans Midax 750 £16.00
Goodmans Axent 100 tweeter & crossover £7.25
Goodmans Audiom 100, 8 or 15 ohm £12.00
Goodmans Axiom 401, 8 or 15 ohm £17.25
Goodmans Twinaxiom 8” 8 or 15 chm £8.25
Goodmans Twinaxiom 10”8 or 15 ohm £9.00
Gauss 12” full range 8 ohm £69.50
Gauss 12” Bass 8 ohm £69.50
Gauss 15” full range 8 ohm £75.00
Gauss 15” Bass 8 ohm £75.00
Gauss 18” full range 8 ohm £80.00
Gauss 18” Bass 8 ohm £80.00

All the above Gauss (American) speakers are
fitted with 41" voice coils and can handle 200 watts
RMS.

Kef T27 £5.25
Kef T15 £6.00
Kef B110 £7.25
Kef B200 £8.25
Kef B139 £14.25
Kef DN8 £2.00
Kef DN12 £4.95
Kef DN13 £3.30
Richard Allan 12” d/cone 3 or 15 ohm £2.75
Richard Allan CG8T 8” dfc roll surr. 8 ohm £6.35
STC 4001G super tweeter £6.19
Wharfedale Super 1ORS/DD 8 ohm £9.80

231" 64 ohm, 70mm 8 ohm, 70mm 80 ohm .65

1”75 ohm .50
7”x4” 3,8 or 15 ohm £1.40
8” x 5” 3,8 0r 15 ohm £1.50

10" % 6” 3,8 or 15 ohm £2.30

P. & P. 15p per order

r‘". The
( Cassettes =
! buy
- 1 5 100
Agfa Low Noise Cassettes ggg :zp g.gg g.;g
AT LESS THAN HALF PRICE! e 635 S e
1 5 10
£2.40 £4.70
AGFA HIGHDYNAMIC SUPER &80T¢ 20p 2330 ¢80
C120  99p £4.90 £9.90
' 1 5 10
\ AGFA STEREO-CHROM o
\ CHROMIUM DIOXIDE  Cop  £1.08 £5.35£10.60
SAME DAY DESPATCH
WILMSLOW AUDIO Dept. RC'
10 Swan Street, Wilmslow, Cheshire:
SK9 1HF
Cut-price prerecorded cassettes ~ send stamp.

for list

SPEAKER KITS (Carr. 75p each, £1.50 pair)

Baker Major Module 3, 8 or 15 ohm each £10.75
Fane Mode One each £9.90
Goodmans DIN 204 ohm each £9.75
Helme XLK25 pair £22.00
Helme XLK30 pair £14.95
Helme XLKS50 pair £39.95
Kefkit 2 each £24.75
Kefkit 3 each £36.75
Peerless 3-15 (3 sp. system) each £15.00
Richard Alfan Twinkit each £8.95
Richard Allan Triple 8 each £13.75
Richard Allan Triple each £19.95
Richard Allan Super Triple each £23.75
Wharfedale Linton 2 kit pair £19.25
Wharfedate Glendale 3 kit pair £34.50
Wharfedale Dovedale 3 kit pair £52.50 |
PA/DISCO AMPLIFIERS (Carr. and ins. £1)
Baker Major 100 wate £49.75
Linear 30/40 £30.00
Linear 40/60 £35.00
Linear 80/100 £58.95
Linear 100 watt slave £44.00
Eagle PRO A120. 120 watts RMS £129.00
Eagle PRO A65. 65 watts RMS £98.50
Eagle PRO A35. 35 watts RMS £77.00
Eagle TPA40 mains/12v mobile £50.00
Eagle HH5 36 watts mobile 12v. £37.50
Eagle TPA20 paging amplifier £45.00
Eagle RAB59 Reverb (p. & p. 75p) £18.25
Eagle RA856 Reverb (p. & p. 75p) £12.50
MICROPH O NES (p. & p. 50p)

Shure 515 SB £14.95
Shure 515 SA £15.75
Shure 545 £29.95
FREE with loudspeaker orders over £7 - :

“HiFi Loudspeaker Enclosures" book
All items guaranteed new and perfect
Prompt despatch

Carriage: 38p per speaker, 20p per tweeter,
crossover or 21”/T0mm speaker, kits 75p each
(£1.50 pair)

ALL PRICES QUOTED INCLUDE VAT,
Send stamp for free booklet ‘Choosing a speaker’

Big discounts on Grundig, ITT, Koyo,

Send stamp for list

WILMSLOW
AUDIO

DEPT RC

etc,

LOUDSPEAKERS: SWAN WORKS
BANK SQUARE, WILMSLOW, CHESHIRE

AMPLIFIERS, RADIO ETC.
10 SWAN ST., WILMSLOW, CHESHIRE
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S0 YOU'RE FATH

CHRISTMAS EH! | JUST NEEDED A FEW
MORE CATALOGUES
OFFICER !

Well here’'s a fine how d’y do! Santa himself caught in the act of
‘borrowing’ a few of our catalogues . . . and Rudolph laughing his silly
head off! We can’t see the old chap getting away with it, but we did
warn him to lay in a large stock of catalogues. Well, let's hope he gets
bailed out in time to deliver one to you. The demand for this famous
components catalogue grows by leaps and bounds each year. We at
Home Radio Components work hard on it to make sure it more than
comes up to everybody’s expectations. If you haven’t seen one you
really should treat yourself for Christmas. It costs 65 pence plus 33p
packing and postage, but with it we give you 14 vouchers, each worth 5p
when used as directed. That means you can get 70 pence back. In which
case this magnificent publication will have cost you only 28 pence!
It can be bought over our counter at Mitcham for only 65p . . . or send
the coupon below with a cheque or postal order today for 98 pence.
If by any chance Santa Claus is still ‘detained for questioning” we’ll send
your catalogue round by postman!

o0 |
HoVE %.Anl-..‘ﬂe“

The price of 98p applies only to S

g Eappl) in the UK and to BFPO addresses

@brigtmag erIease write your Name 3nd Address in block capitals ﬂ I
tu al[ Dut I A ESE T T e e & l

ANADBRESS I sNw ST W il
, |
............................................................ l

T s vl ,
|

' HOME RADIO (Components) LTD., Dept. RC, Regd. No.
234-240 London Road, Mitcham, Surrey CR4 3HD 912966 London
- TN D D arn e -— ey D D D

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

@

@

A simple a.f. amplifier which can be assembled around an 8 pin d.i.l.
integrated circuit

HIS LITTLE AMPLIFIER CAN BE BUILT ON A SMALL PIECE

of 0.1 in. Veroboard having 22 by 9 holes, and it is
capable of giving an output of 500mW r.m.s. into an 8Q
load when powered by a 9 volt supply. The amplifier is
based on the Motorola MCI1306P integrated circuit.
This has a built-in pre-amplifier, enabling a variety of
gain and input impedance options to be obtained.

The circuit is capable of superior results when com-
pared with many discrete component amplifiers having
a similar output power. The typical.total harmonic
distortion with an output power of 250mW at 1kHz is
0.5% At S00mW it is typically 59,.

A Class B output stage is used, and the quiescent
current drain of the amplifier is only about 4mA. The
i.c. contains the equivalent of 14 transistors, 5 diodes
and 8 resistors. It is housed in a standard 8 pin d.i.l.
package.

I.C. CIRCUITRY

The internal circuit of the MCI1306P i.c. is shown in
Fig. 1. The input to the pre-amplifier is taken to pin 6.
TR1 and TR2 are connected as a common emitter
Darlington pair, and offer a high voltage gain.

It is not yet possible to fabricate large value capacitors
as part of an i.c., and this has led to the develqopment of
unusual techniques in i.c. circuitry to enable supply
decoupling and interstage coupling to be obtained
without such capacitors.

D1, R3, TRS, D2, R4, D3 and RS provide a number
of stabilized voltages across the main supply, and one of
these voltages is fed to the base of TR3. The emitter
voltage of TR3 is approximately 0.65 volt positive of its
base voltage, and the voltage across R1 is in consequence
also stabilized. A constant current must therefore flow
in R1, and TR3 operates as a constant current source
forming the collector load for TR1 and TR2. Supply
decoupling is thus provided.

270
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Fig. 1. The internal circuit of the Motorola i.c.
type MC1306P. Pin Jayout is given in ‘the
assembly diagram of Fig 3
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1.G. AMPLIFIER

By A. P. ROBERTS

TR4 is used as an emitter follower at the output of the
pre-amplifier, and it provides an output impedance
whichis sufficiently low to fully drive the power amplifier
section.

TR7 and TRY are connected as a modified Darlington
pair, and are the driver transistors. Their collector load
consists of a constant current generator formed by TRS8

[COMPONENTS|

Resistors
(All fixed values % watt 5%,)

R1 10kQ

R2 220kQ

R3 1kQ

R4 2.20

VR1 5kQ potentiometer, log, with switch S1
Capacitors

Cl 0.1uF, type C280 (Mullard)

C2 SOuF electrolytic, 10 V. Wkg.

C3 82pF, disc ceramic or silvered mica

with side wires
C4 0.047yF, type C280 (Mullard)
Cs 200pF electrolytic, 10 V. Wkg.

Semiconductor
IC1 Integrated circuit type MC1306P
(Motorola) )
Switch
Si1 s.p.s.t., part of VR1
Speaker
LS1 8 to 75Q speaker (see text)

Miscellaneous
9 volt battery (see text)
Battery connectors
Veroboard panel, 0.1 in. matrix

DECEMBER 1974

and RS. D4 and DS provide a small forward bias to the
output transistors, so as to reduce crossover distortion
to an unnoticeable level.

The output stage is a fairly conventional comple-
mentary configuration using TR11 and TR13 in an
emitter follower Darlington pair for the amplification
of positive-going output half-cycles, and TR10, TR12
and TR14 in a compound common emitter configura-
tion for the amplification of negative-going half-cycles.
R7, coupling back to the base of TR7, allows the output
terminal to be at half supply voltage. The input
impedance at pin 8 is such that the output of the pre-
amplifier can be coupled direct to the input of the
power amplifier.

The MCI306P is available from Jermyn Home

- Electronics, 112 Vestry Estate, Sevenoaks, Kent. It

should be mentioned that there is a 50p charge for post
and packing.

The prototype amplifier coupled to the volume

-control and speaker. The positive 9 volt lead

from the board to switch ST was not connected
when this photograph was taken
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PRACTICAL CIRCUIT

A circuit diagram of a practical audio amplifier using
an MCI1306P i.c. is shown in Fig. 2. This has been
designed for use as the audio stages of a small portable
radio, and can be fed from any normal a.m. superhet
detector circuit.

The input signal is fed via volume control VR1, Cl
and R1 to the input of the pre-amplifier section of the
integrated circuit. The pre-amplifier is biased by R2.
The values given to R1 and R2 determine the voltage
gain and input impedance of the pre-amplifier. The in-
put impedance is approximately equal to the value given
to R1. The method of setting the gain at the required
level is similar to that used with operational amplifiers,
and the voltage gain is approximately equal to R2 divid-
ed by R1. This is 22 with the values used here, and
assuming that VRI1 is at a low volume setting. The gain
reduces at higher volume settings in VR1 because of the
additional resistance inserted in series with R1 by the
control. The impedance of the circuit feeding the
volume control can also have a small effect on voltage
gain. (These comments do not mean that the volume
control does not carry out its normal function of
controlling signal amplitude. Adjusting it so that it
inserts increasing resistance in series with R1 has the
secondary effect of slightly reducing pre-amplifier gain.)

Obviously there is some limitation to the maximum
gain and input impedance that can be obtained. The
maximum voltage gain is 270, which is the open loop
gain of the circuit (i.e. the gain with no negative feed-
back). The maximum input impedance at any gain
setting is limited by the fact that R2 should not be
raised above a value of 1M or poor d.c. stability may
result. However, it is obvious that a large variety of gain
and input impedance figures can be obtained by giving
R1 and T2 the appropriate values.

Selecting the values of R1 and R2 for the required
gain and input impedance is simple. R1 is given thevalue
of the required input impedance, and R2 is then equal to
R1 multiplied by the required pre-amplifier voltage gain.

\
e +9V
Sy
c3l §§R2
T3]z
[ .
C RI‘ l\ a~4| 5 Cs
[ A [/, {1
7
1c, 1
MC1306P =Ra
e | | .,
LS
\ (=P E:ﬂ !
1\ T 8-75a
Input =
PR =R, -Ca
Volume
L =

Fig. 2. Circuit of the a.f. amplifier incorporating
the MC1306P integrated circuit
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For more precise results when calculating the value of
R2, the impedance of the source feeding R1 should also

. be taken into account.

In order to obtain good stability, the circuit is given a.
certain amount of high frequency attenuation by the
inclusion of C3. This gives a —3dB point where the
reactance of C3 is equal to the resistance of R1 (and is’
at about 10kHz with the values employed here).

R3 couples the output of the pre-amplifier to the
input of the power amplifier. The value of R3 sets the
voltage gain of the power amplifier section in the same
way that the value of R1 sets the gain of the pre-amplifier.
The biasing resistor for the power amplifier is included
in the i.c. (R7 in Fig. 1) and has a value of 10kQ.-

The manufacturer’s data sheet recommends a value of
between 500Q2 and 3.3k( for R3. With the value of 1kQ
specified in the present circuit the power amplifier
voltage gain is approximately 10 (i.e. 10kQ divided by
1kQ).

CS couples the output signal to the speaker. Since the*

: impedance of the speaker is largely inductive it rises with

v

frequency, and this can contribute to high frequency
instability. R4 and C4 are therefore required to reduce
the impedance across the output at the higher fre-
quencies, and so maintain stable operation.

Only a single supply decoupling component is
required, and this is C2. S1 is the on-off switch, and in
the prototype amplifier is ganged with the volume
control.

The unit gives an output of approximately 2 volts
r.m.s. for 500mW into an 8Q load, and with the values
shown has a total voltage gain of 220. Neglecting the
effect of the volume control resistance, an input of less
than 10mV is theoretically required to produce the full
rated output. The measured sensitivity of the prototype
amplifier was somewhat less than this due to the pres-
ence of the volume control. In many cases the voltage
gain of the unit will be higher than is required, and R2
can be reduced to a value between some 56k and
100k to produce a lower gain. With the values given in-.
the Components List, the unit works well in conjunction
with the popular ZN414 i.c., as well as with a.m.
superhet circuits.

CONSTRUCTION

Despite its small size the amplifier is very easy to
construct, as so few components are required. It is built
on a Veroboard panel of 0.1'in. matrix, and details of
this are shown in Fig. 3.

Start by cutting out a panel of the required size (22 by
9 holes with the copper strips running lengthwise) and
then drill the two 6BA clear mounting holes. Next, cut
the strips at the points indicated. The cuts at S2 and S8
isolate the strips at the mounting holes. Connect the
two insulated link wires, then the capacitors and
resistors, and lastly the integrated circuit. Be careful not
to overheat the i.c. when soldering it into the circuit. The °
author used Mullard type C280 capacitors having side
wires for C1 and C4.

The two electrolytic capacitors used had lead-outs at
one end, but it will be equally in order to employ the
more common type having lead-outs at opposite ends of
the body. One lead-out can then pass through one of the
requisite Veroboard holes and the other lead-out,
passing down the side of the capacitor body, through
the other Veroboard hole.

Finally, the external connections to VRI, SI, the

RADIO & ELECTRONICS CONSTRUCTOR
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Cut strips at: [4,15,16,17.P6,52,58 Direction of strips

Fig. 3. Component layout on the Veroboard panel. As can be seen, few parts are required in addition to the
integrated circuit.

speaker and the battery are made. -

If the full rated output of 500mW is not required (and
many small speakers are rated at only about 200mW or
even less) a speaker with an impedance greater than 8Q
can be used. A maximum power of approximately
250mW is available with a 16Q speaker, 160mW with a
25Q speaker, and 53mW with a 75Q speaker.

The circuit must not be used with a speaker having an
impedance lower than 8%, nor with a supply of more
than 12 volts.

When using the amplifier with a speaker of 16Q or
more a PP3 or PP4 battery is adequate to power the
unit, but when using an 8Q speaker a larger battery,
such as a PP7 or PP9, should be used.

. service
correspo,

Taylor 94A° TV Waveform and Alignment Generator —
J. F. O’Hara, Ardagh, Rocheston Road, Douglas, Cork.
To borrow or purchase manual or circuit.

CAN ANYONE HELP?

Requests forinformation are inserted in this feature free of charge, subject to space being available. Users of this

ice undertake to acknowledge all letters, etc., received for to reimburse all reasonable expenses incurred by

ndents. Circuits, manuals, service sheets, etc., lent by readers must be returned in good condition
within a reasonable period of time.

Sanyo MR939 (Reel to Reel) and Akai CS30 (Stereo
Cassette) — E. B. Davies, 103 Melbourne Road, Blacon,
Chester. Circuits required.

Hammerstein Radiogram with Tape Recorder, Mercuty 5?
~J. N. Shaw, 5 Yew Tree Road, Slough, Bucks. SL1 2AA.,
Circuit required for this South African made model.
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NEWS .

. AND .

BIG PRIZES FOR AMATEUR WILDLIFE RECORDISTS

Top prize in this year’s ‘Scotch’ Wildlife Sound
Recording Contest is £250 worth of hi-fi equip-
ment of the winner’s choice from Rank Audio
Visual. Pictured are two examples Akai CS-30D
cassette deck, Akai 5200 amplifier and two

Rank Domus 175 speakers
Other prizes include original watercolours
featuring the subjects of the winning recordings.
Grampian recording accessories and Scotch
Hi-Fi tape

Top prize in this year’s ‘Scotch’ Wildlife Sound Record-
ing Contest, organised by 3M United Kingdom
Limited, is £250 worth of Rank Audio hi-fi equipment.

This will be selected by the winner from the compre-
hensive range of units from Akai, Rotel, Rank Audio,
Rank Domus and Empire. This prize will go to the 3M
Wildlife Sound Recordist of the year, the best of the
six class winners.

As last year, there are two categories — for novices
and for experienced recordists who have won first or
second awards during the six preceding 3M contests.

There are classes for birds, mammals and insects and
outdoor ‘atmosphere’ recordings in each category.
Top Pprize for each of these six classes is an original
framed watercolour specially painted to depict the
subjects of the winners’ recordings.

In addition, there is a special prize of £20 worth of
Grampian recording accessories for the most original
recording, and reels of Scotch recording tape for all
successful entrants.

In order to encourage better techniques when
recording British Wildlife, the organisers are inviting
not only the winners, but every entrant, to the London
prize-giving in the spring of 1975, when the judging
panel will give an appraisal of the entries. There is no
entry fee, but all entries must be submitted on Scotch
reel-to-reel tape or Scotch cassettes. Closing date is.
January 31st, 1975, and entry forms are available from
W. R. Bowles, Public Relations Executive, 3M United
Kingdom Limited, 3M House, Wigmore Street,
London WI1A 1ET.

MODULAR PROTOTYPE HARDWARE FROM LEKTROKIT

Lektrokit’s modular prototype hardware — part of their
total hardware capability for design and development
engineers — consists of a complete and versatile range of
rack and chassis kits of parts, including a full comple-
ment of components from which chassis, racks, trolleys
etc. can be constructed quickly and economically.

Standard pieceparts ensure that kits can be assembled
and reassembled into many different rack/chassis/cage
sizes and card frames.

Its modular design approach permits the inter-
changeability of many parts, which means the chassis
area can be extended as required, and enables individual
assemblies to be stacked together to form more complex
systems.

Further details from Lektrokit Ltd., 3 Trafford Road,
Reading, RG1 8JR, Berkshire.
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COMMENT

NEW HEADPHONE FOR POPULAR Hi-FI

Beyer Dynamic, the West Germany based manufacturer of
microphones, headsets and audio equipment, have produced
a new headphone, primarily intended for the popular hi-fi
audio market. However, the quality of reproduction is still
very high and the Beyer engineers claim that it will satisfy even
the most discerning listeners.

This headset, coded DT 302, was featured prominently for
the first time in the U.K. at the time of the Audio Fair.

The Beyer Dynamic DT 302 is a very lightweight headset.
This is achieved by the design of the headband, which
allows simple adjustment of the ear pieces up‘or down. These
are protected by foam plastic pads eliminating any inter-
ference from ‘local noise’, at the same time being exceptionally
comfortable to the wearer. Three metres of lightweight cable
complete the DT 302 which will be retailed at £7.83 plus V.A.T.

&
A unique high velocity open
aire stereophone, ultra fight:
66 g (2.3 0z), with a wide
range frequency response of
exceptional fidelity due to
complete obviation of reson-
ance and inhibition of tran-
sient response experienced
with conventional stereo-

phones

HELPING HANDS

We have recently learned that the annual exhibition of
The British Amateur Electronics Club has enabled the
club to make a record donation of £457 to the Cancer
Research Campaign; our congratulations to the club on
such a splendid result.

Among the services members of the B.A.E.C.
receive is an excellent Newsletter edited by their chair-
man, C. Bogod. Readers who may be interested in
membership should write to the Honorary Secretary,

-"D-o

We wish all our readers
a Happy Christmas
PN and a Pr
g'\”];‘ osperous New Year
& —Editor

J. G. Margetts, 11 Peartree Avenue, Maidstone, Kent.

It is one of the delights of our hobby that so many
are prepared to give their time and energy to assist
others in its pursuit, whether as individuals or as
officers of a club or society. It is an additional pleasure
when groups help others who may be outside the
sphere of the hobby’s interest — a case of goodwill
always being in season.
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CONSTANT
CURRENT’

CLASS A
AMPLIFIER

by G. A. FRENCH

OME OF US WHO BIT OUR TEETH ON

valves tend occasionally to conjure
up nostalgic memories of the very
simple Class A a.f. output stages which
were the order of the day in those
earlier times. A typical output circuit
merely consisted of a valve anode
coupled to the primary of a speaker
transformer, the secondary of which
then coupled to the speaker itself. The
resultant reproduction was not in the
high fidelity category, but it was quite
adequate for low cost domestic enter-
tainment equipment.

The advent of the transistor has
resuited in the introduction of the
Class B push-pull output stage. This
has the considerable advantage of high
efficiency, thereby allowing smali
transistors to produce relatively high
audio output powers. Some level of
crossover distortion is liable to occur
when a very high efficiency is required,
although this can usually be reduced to
an acceptable level by the use of nega-
tive feedback. High efficiency in the
a.f. output stages of battery driven
equipment is obviously desirable be-
cause it results in a low drain on the
battery supply. With mains-driven
equipment the question of supply
‘current is much less important, and the
main advantage of a high efficiency
output stage is that this allows large
a.f. output powers to be obtained with
reasonably small output transistors.

The author decided to investigate
the possibilities of making up a mains
driven a.f. amplifier having a true
Class A output, and incidentally
offering an output power inevitably
‘lower than that which the output stage
transistors would provide in Class B.
He was pleased to find that such an
amplifier could have quite a simple
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circuit and that it gave good quality
reproduction for normal domestic
listening. The amplifier forms the basis
of this month’s ‘Suggested Circuit’
article, and it incorporates a constant
current drive technique which the
writer has not previously seen em-
ployed in this field.

CLASS A DRIVE

A simple method of providing a
Class A drive to a speaker consists of
using the output transistor as an
emitter follower with its emitter current
flowing directly through the speaker, as
in Fig. 1(a). Signal voltage is applied to
the base of the transistor, and this acts
as a current amplifier with- a voltage
gain of unity. The circuit is capable of
working reasonably well but it has the
disadvantage that there is a continual
standing current in the speaker. The
speaker current increases when the out-

T+

Qutput
transistor

(a)

put transistor base goes positive and
decreases when the output transistor
base goes negative. At zero signal input
the standing current causes the speaker
voice coil to be displaced from its
mechanical position of rest, and in-
ward and outward displacements of
the voice coil in the presence of signal
may not then be symmetrical about the
zero signal position.

A possible alternative method of
driving the speaker is shown in Fig.
1(b). Here, the direct emitter current
flows through a resistor, across which
the speaker is connected by way of a
high value electrolytic capacitor. In
consequence, there is no standing
direct current in the speaker, and voice
coil displacements on either side of the
mechanical rest position are symmetri-
cal, with the speaker functioning under
its designed conditions. Unfortunately,
the resistor requires a low value, com-
parable with speaker impedance, if the

+

|

AAAAA
YYvV

_}L ) =

(b)

Fig. 1(a). One possible method of obtaining a Class A a.f. output

stage
(b). If a resistor and capacitor are added, as here, there is no
flow of direct current in the speaker

RADIO & ELECTRONICS CONSTRUCTOR



Output
transistor

il

Constant
current
generator

(a)

Constant
current
generator

(b)

Fig. 2(a). Animprovement is effected by allowing the standaing direct
current to flow through a constant current device
(b). Slightly altering the circuit configuration produces several

transistor is to be brought onto proper
operating conditions, whereupon a
high proportion of the a.f. output power
is wasted in the resistor.

Fig. 2(a) illustrates a new approach.
Here, the resistor of Fig. 1(b) is
replaced by a constant current gener-
ator, this being a device which allows
the same pre-determined current to
flow in it regardless of the voltage
which appears (within limits) across its
terminals. If the voltage at the base of
the output transistor is varied the
emitter voltage changes in sympathy,
‘but the current flowing in the constant
current generator remains unaltered.
Thus, the constant current generator
acts as an infinite resistance to alter-
nating current. In Fig. 2(a) we have the
situation where all the direct standing
current from the output transistor
emitter flows in the constant current
generator, whilst all the alternating
current is routed via the series capaci-
tor to the speaker.

An even better configuration is
shown in Fig. 2(b). The only change
here is that the upper supply rail has
been made negative instead of positive
and we have now placed the speaker and
its series capacitor across the output
transistor instead of across the con-
stant current generator. This arrange-
ment forms a very effective Class A
output coupling circuit provided that

" the constant current is greater than the

highest peak signal current that will be

passed to the-speaker. In order that

both negative and positive excursions
of the signal can be handled equally,
the output transistor will (at a first
approximation) be biased so that its
emitter is at half supply voltage in the
absence of signal.

Having the constant current genera-
tor above the output transistor, as in
Fig. 2(b), confers two advantages. The
first of these is that it prevents any
hum ripple voltages on the upper
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further advantages

supply rail reaching the speaker or the
output transistor. The ripple voltages
appear at the upper terminal of the
constant current generator but, since
this passes the constant current only,
are not applied to the speaker or tran-
sistor. The second advantage is that all
the supply current to the output
transistor stage passes through the
constant current generator, with the
result that the current drawn from the
supply remains continually at the same
value both under zero signal and under
full signal conditions. There are, in
consequence, no problems with respect
to power supply voltage regulation or
bypassing, and the output stage will
work just as well with a poorly
regulated and bypassed supply as it
will with a high performance supply.
The concept of constant current
drain from the supply may be more
readily understood with the aid of Fig.
3. In this diagram the battery is an
accumulator and it has a voltage equal

Constant
current
generator

T
] +
o

Fig. 3. The operation of the

arrangement of Fig. 2(b) can

be explained with the aid of
this circuit

to half the supply voltage. The tran-
sistor is biased so that, at zero signal,
its emitter is also at half supply voltage.
Under the circumstances, no current
flows through the speaker. A positive-
going signal half-cycle at the base
of the transistor will cause its emitter
to go positive also. There will then
be two currents flowing in the emitter
circuit: the constant current from
the constant current generator plus
a discharge current from the battery
by way of the speaker. A negative-
going signal half-cycle at ‘the tran-
sistor base will cause the emitter to
go negative of half supply voltage.
This time the current from the con-
stant current generator will become
divided. Part of it will flow in the

transistor emitter and the remainder

will flow through the speaker into the
battery, acting as a charging current
for the latter. It will be seen that the
transistor passes increased current
with positive signal half-cycles and
decreased current with negative signal
half-cycles, the difference with the
constant current passing, in both
instances, through the speaker. Under
normal conditions the average current
in the transistor will be the constant
current from the constant current
generator. Also the overall discharge
and charge currents in the battery will
be equal and opposite giving an
average battery current of zero. So far
as the power supply is concerned, the
only current which has been drawn
from it is the continual constant
current.

If we replace the battery of Fig. 3
with a large value capacitor the same.
effect will take place. Once the capacitor
has become charged to half supply vol-
tage after switching on the supply, it
will behave in the same manner as
the battery, undergoing discharge and
charge currents on successive. signal
half-cycles. With the Fig. 3 arrange-
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Fig. 4. A practical amplifier circuit incorporating a constant current output stage. This may be fully loaded

ment the large value capacitor would
be between the speaker and chassis. It
may just as usefully be between the
transistor emitter and the speaker, as
in Fig. 2(b).

Returning to Fig. .2(b), both the
constant current generator and the
output transistor pass an average
current that is greater than peak signal
current, and each has half the supply
voltage across it. The overall power
dissipation in the two devices is there-
fore well in excess of the maximum
audio power which can be fed to the
speaker. This low level of efficiency is
accepted and it does not incur a serious
cost hazard if the amplifier is mains
driven.

PROVISIONAL DESIGN

It was decided to make up a small
amplifier employing the principle
shown in Fig. 2(b) to check results in
practice. An arbitrary output power of
1 watt into an 8Q loudspeaker was
chosen as the design target.

A dissipation of 1 watt in 8Q corres-
ponds to an r.m.s. voltage of approxi-
mately 2.8 volts. (The square of 2.8
volts divided by 8Q equals 1 watt.) The
corresponding peak voltage is 3.9
volts. Thus, the overall voltage swing
needed at the output transistor emitter
is twice 3.9 volts or, roughly, 8 volts. A
peak voltage of 3.9 volts across 8Q
corresponds, very nearly, to a current
of 0.5 amp. It was decided in conse-
quence to set up an output stage with
a voltage swing of 8 volts and to pro-
vide a constant current of 0.55 amp,
this being 50mA in excess of the
possible maximum signal peak current.
The simplified design treatment which
was then instituted did not take into
account possible base-emitter voltage
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by a crystal or ceramic pick-up

drops in the amplifier transistors, but
in practice it was found that the final
output voltage swing was still retained
at around 8 volts.

The practical anmiplifier circuit is
shown in Fig. 4, and here TR4 is the
output transistor and TRS5 is the
constant current generator. The nega-
tive supply voltage is 11 volts. If it is
assumed that 3 volts can be allowed to
be lost across the constant current
generator then 8 volts is available for
output voltage swing.

The constant current generator
configuration will be familiar to most
readers. The base of TRS5 is held firmly
at a fixed reference voltage level with
respect to its emitter supply point by
the three forward biased silicon diodes
D1, D2 and D3, whereupon emittér
current can be pre-set by means of R7
and VR3. The collector current is very
nearly equal to the emitter current and
can be looked upon as a constant
current. The current will be less likely
to vary if the forward current through
the diodes is well in excess of the con-
stant current divided by the transistor
hre. In Fig. 4 the diode forward current
is about 48mA, which is comfortably
higher than the current required with
the lowest gain transistor likely to be
encountered.

The amplifier proper consists of
TR2, TR3 and TR4. TR1 is an emitter
follower, and it is added at the input to
provide a high input.impedance suit-
able for crystal or ceramic pick-ups.
TR3 is a voltage amplifier driving TR4,
and here we arrive at another advant-
age conferred by the constant current
approach. In a conventional Class B
circuit it is usual to have the voltage
amplifier feed into a resistive collector
load which is bootstrapped to the out-
put. In consequence the voltage

amplifier collector feeds a steady
current into its load whilst collector
current changes due to signal are fed to
the output transistors. With the present
circuit there is a reasonably steady
base current in TR4 resulting from the
constant current in its emitter circuit.
As a result, TR3 collector feeds this
steady current to TR4 base and also
passes to it the changing currents due
to signal. It then becomes possible for
TR3 collector to couple directly into
TR4 base, effective ‘bootstrapping’
being given without the necessity for
actual bootstrapping components. A
circuit simplification is thus achieved.

TR2 couples directly into TR3 in a
manner given in many direct coupled
Class B amplifiers. D.C. negative
feedback is applied via R5 from the
emitter of TR4 to the emitter of TR2,
and it causes the emitter of TR4 to be
held at the half supply voltage. If, for
any reason, TR4 emitter should at-
tempt to go negative so also do the
emitter and collector of TR2, and the
base of TR3. Phase reversal in TR3
then causes TR4 base to go positive,
counteracting the initial tendency of
TR4 emitter to go negative. A similar
self-correcting chain of events takes
place if TR4 emitter attempts to go
positive.

The a.c. feedback loop takes in R4
and C3, whereupon’ the amplifier
voltage gain becomes RS5 plus R4
divided by R4, or 4 times. This is
adequate to load the amplifier with the
output from a crystal or ceramic
pick-up. The voltage gain can be in-
creased, if desired, by reducing the
value of R4.

As already mentioned, TRI1 is
merely an emitter follower which
enables a high input impedance to be
given. Its emitter can be conveniently
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coupled directly to the base of TR 1. The
potential on TR1 base governs the
potential on TR2 base, and this in turn
governs the potential of the output
emitter. The output emitter potential
is set up to half-supply voltage by
adjusting the pre-set potentiometer
VR2.

TR2, TR3, TR4 and TR1 collector
are all supplied from the voltage given
by the constant current generator,
TRS. The base of TRI is supplied via
the potentiometer consisting of R2,
R1, R3 and VR2. Additional smooth-
ing is given here by C2.

PRACTICAL OUTPUT SWING

In practice, it is impossible for the
emitter of TR4 to be taken fully down
to the positive supply rail because of
base-emitter voltage drops in TRI,
TR2 and TR4 itself. When, in the pro-
totype, the base of TR1 was taken to
chassis the emitter of TR4 fell to 1.6
volts above chassis potential. So the
furthermost positive excursion of TR4
emitter is limited to 1.6 volts above
chassis potential. However, the 3 volts
allowed for the constant current
generator proved to be generous, and
it was found that the collector of TRS
could, in practice, rise to about 9.5
volts above chassis. Thus, the 8 volt
output swing required at the output
emitter is very nearly achieved, and the
target 1 watt output is just obtained.
To ensure symmetrical working VR2
is adjusted so that the emitter of TR4
is mid-way between the two limiting
voltages; i.e. at about 5.5 to 5.6 volts
above chassis potential.

When the amplifier is running TR4
dissipates a steady 3 watts whilst TRS
dissipates a steady 3.6 watts. Both these
transistors require heat sinks and the
author employed flat metal sheets
measuring 34 by 53 ins. in the proto-
type amplifier. Smaller heat sinks of
the ribbed type would probably also be
suitable. It is of course a simple matter
to check transistor temperature by
touching each transistor case with the
back of the finger, and this is quite
safe as there are no high voltages in the

Ny
+
D3]: R 2 I
Do H- 75:
2 A VR3
+ , 4
Dy ?i
‘_@ TRg
Rg 2 P l
= IOn = /
Swatt = SIV
+

F 0
Fig. 6. Test circuit for setting-
up the constant current

ampiifier. The transistors must have a
tight thermal coupling to their heat
sinks, and the heat sink for TR S must
be insulated from chassis. If a reason-
ably large chassis is used, TR4 could
be bolted to it directly, the chassis then
acting as its heat sink.

The power supply used by the
author i$ shown in Fig. 5. The 12.6
volt transformer secondary was pro-
vided by two 6.3 volt windings of a
heater transformer connected in series.
Many valve h.t. mains transformers
could be used here, the h.t. secondary
being ignored. So far as new compo-
nents are concerned there is an R.S.
Components ‘Hygrade’ Filament
Transformer offering two 6.3 volt 1.8
amp secondaries and this would be
satisfactory for the power supply. The
3.9Q current limiting resistor, R8.
allows the requisite 11 volts to be
produced across C5 when the supply
is loaded by the amplifier. Supply
voltages in excess of 11 volts should
not be used.

In the constant current generator
section of the amplifier, a voltage of
about 2.1 volts appears across diodes
D1 to D3, and R7 and VR3 are called

39n
IO watt

AAAAA

=l

S5 4
2,500pF 03

Yvyy

12-6V
2A

15V wkg

D4—Dy 3amp SOPIV. silicon

Fig. 5. The amplifier power supply
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upon to drop some 1.4 volts dt the
constant current of 0.55 amps: This
corresponds to a resistance -of about
2.5Q. VR3 was a Bulgin 3 watt wire-
wound potentiometer whose maximum
track current rating is, coincidentally,
550mA, and this is listed by Home
Radio. R7 is connected in parallel
with it to pass some of the emitter
current and keep the current in VR3
below its maximum rating.

The amplifier and power supply
should be assembled with, initially, no
connection to TRS5 collector.® This
collector is then temporarily connected
to chassis via a 10Q resistor, as in Fig,
6. A voltmeter is connected across the
10Q resistor and VR3 is set to insert
maximum resistance into circuit. The
power supply is switched on and the
resistance inserted by VR3 slowly
reduced until the voltmeter indicates
5.5 volts. VR3 is then set up for the
constant current of 0.55 amp, where-
upon the amplifier is switched off, the
voltmeter and 10Q resistor removed,
and the collector of TRS connected
into the amplifier circuit. This method
of setting up VR3 does not incur
excessive dissipation in TRS.

When VR3 has been set up, it is next
necessary to set up VR2. The volt-
meter is now connected between
chassis and the emitter of TR4 and
VR2 is adjusted for a voltage reading
of 5.5 to 5.6 volts. Since this setting is
to some extent dependent on the gain
of TR2 and TR3 there is a slight
chance that the desired voltage may,
with some amplifiers built up to the
circuit, be outside the range of VR2.
If the lowest voltage obtained is greater
than that desired, the value of R3
should be reduced slightly. If the
highest voltage obtained is below that
required, the value of R3 may be in-
creased or that of R1 reduced. The
amplifier must always be switched off
when changing fixed resistor- values in
the input circuit.

All the components are readily
obtainable with the possible exception
of the two high wattage resistors R7
and R8. The precise value of R7 is not
very important and it can in practice
lie between 4.7Q and 6.8Q. In any
event. a 4.7Q resistor in 2§ watt
rating is available from Home Radio.
Similarly, Henry’s Radio list a 4.7Q
4 watt resistor which would also be
satisfactory. If R8 cannot be obtained
as a single resistor it could consist of
four 1Q 24 watt resistors in series
(Home Radio) or two 8Q 9 watt
resistors in parallel (Henry’s Radio).
Other series or parallel combinations
are also feasible, and a stight discrep-
ancy from the nominal value of 3.9Q
is permissible.

The completed amplifier gave a very
satisfactory performance, and there
was no evidence of instability despite
the extended chain of direct transistor
couplings. It may be used with speaker
impedances greater than 8Q at the
expense of reduced output power.
Speakers with impedances lower than
8Q must not be used. | |
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OSCILLOSCOPE

AMPLITUDE
CALIBRATOR

By A. Foord

This unit provides a.c. or d.c. voltages

from 10mV to 10 volts for calibration

or test purposes, and consists of a

multivibrator followed by an accurate
attenuator

HE CIRCUIT DIAGRAM FOR THE AMPLITUDE CALIBRATOR
itself is shown in Fig. 1, with details of the attenu-
ator and switch in Fig. 2. A relaxation multivibrator is
formed by IC1 angd associated components. With Sl
in the ‘DC’ position the non-inverting input pin 3 is
referred to earth via R1 and negative feedback (from the
output pin 6 via R3 to the inverting input pin 2) holds
the output close to earth potential. This stage is then
isolated from TR1 because C6 is effectively open-
circuit at d.c.

MULTIVIBRATOR OPERATION

When S1 is in the ‘AC’ position the circuit will
oscillate at approximately 1kHz in a relaxation mode.
The negative feedback loop from the output to input
via R3 is still in operation but there is also a positive
feedback ‘loop via Cl to the non-inverting input. The
circuit changes state regeneratively each time the two
inputs are at the same potential. The voltage movement
at the output point (across the diodes D1 and D2) is
fully transmitted to the non-inverting input by C1, and
the voltage at this input then begins to recover expon-
entially towards earth potential. When part of this
movement has been completed the voltage at the non-
inverting input reaches the same voltage as the inverting
input (depending on the ratio of R3 and R2) and re-
generation occurs again.

Then the output voltage, the non-inverting input
voltage and the inverting input voltage levels all swing
to the opposite side of earth potential and the recovery
process takes place again. The waveforms are shown in
Fig. 3, which is not drawn to scale. Two of the accom-
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Fig. 1. The multivibrator and amplitude limiting

section - of the oscilloscope calibrator. The

numbers at IC1 terminals in the circuit apply to
the TO-99 and 8 pin d.i./ versions
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Fig. 3. Waveforms appearing at various points in
the circuit. These are not drawn to scale

Resistors
(All fixed v:
R1

R2
R3
R4
R5
R6
R7
R3
R9
R10
R11
Ri12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
VRI1

COMPONENTS

alues § watt)

3.3kQ 59,
2.2kQ 5%,
27kQ 59,
630Q 5%,
33kQ 59,
2.2kQ 59,
2.7kQ 5%
6.8k 5%,
1kQ 29,
1kQ 29,
3000 29,
1000 29,
100Q 2%
1009 29,
30Q2%
10Q 29,
100Q 29,
1000 2%,
300 29
11029,
10029,
10Q 29

'1kQ pre-set potentiometer, linear

Capacitors
Cl
C2
C3
C4
Cs

0.047pF 10%

0.047uF ceramic

10uF electrolytic, 16 V. Wkg.
0.047uF ceramic

10uF electrolytic, 16 V. Wkg.

Cé 10uF electrolytic, 16 V. Wkg.

C7 10uF electrolytic, 16 V. Wkg.
Semiconductors

IC1 SN72741L or equivalent (see text)

TRI1 2N3702

TR2 2N1308

D1 1N914

D2 1N914
Switches r

S1 s.p.s.t. toggle

S2 single pole 11 way rotary
Miscellaneous

SK1, SK2 sockets.
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Waveform at pin 6 of the integrated circuit

panying photographs show the actual waveforms
obtained at pins 3 and 6 of the integrated circuit.

The integrated circuit’s amplitude switches between
limits determined by its internal components, and this
level is symmetrically clipped by the diodes D1 and D2
before being fed back to the inputs. R4 limits the output
current from the integrated circuit.

TR2 provides a direct voltage slightly in excess of 10
‘volts at its emitter. When S1 is in the ‘DC’ position the
circuit before C6 has no effect, and R5 turns TR hard
on. The collector of TR1 therefore remains at 10 volts,
and by switching S2 in the attenuator circuit of Fig. 2
stepped voltages from 10mV to 10 volts are available.
When S1 is in the ‘AC’ position a 1.6 volt peak-to-peak
square wave appears at the base of TR1 so that TR1
switches on and off. TR1’s collector will therefore
produce a square wave between zero and 10 volts, and
again any peak-to-peak amplitude between 10mV and
10 volts may be switched to the output.

The integrated circuit used in the prototype and
specified in the Components List is in the 8 lead TO-99
can. Other ‘741" i.c.’s such as the LM741CH, etc., can
be employed, as also may the LM201H and LM301AH.
Fig. 1 shows the appropriate pin assignments in 8 pin
d.i.l. and 14 pin d.i.l. All pin references given in the text
apply to the TO-99 or 8 pin d.i.l. encapsulation.

The performance of the unit is detailed in the Table.

CONSTRUCTION

Construction is not critical and may follow normal
circuit practice. There is an output via R8 to SK2 which
may be used as an oscilloscope trigger. C2 and C4
should be kept close to the integrated circuit to ensure
that there is no danger of high frequency instability.

TABLE

IOSCILLOSCOPE CALIBRATOR PERFORMANCE|

Output A.C.ord.c., 1I0mV to 10V in 10
steps.

Frequency Approximafely 1kHz.

Accuracy +29%,.

+12V at 21mA, ~12V at 8mA.
1.6V peak-to-peak.

Power supplies
Trigger output

282

SETTING UP

With S1 in the ‘DC’ position check that pin 6 of the
integrated circuit is approximately at earth potential and
that the output can be varied by S2 over the required
range. Output voltages will only be approximately
correct at this.stage. With S2 in the ‘AC’ position check
that a square wave of about 1.6 volts peak-to-peak
appears at the trigger output socket and that an output
at SK1 is available.

If all is well, set S1 to ‘DC’ and S2 to ‘10V’ and
measure the d.c. output voltage at SK1. Adjust VR1
until this is at the correct value of 10 volts. Since the
unit relies indirectly on the -+ 12 volt supply for .its
10 volt reference, the + 12 volt supply should preferably
be stabilized.

Once the d.c. level has been adjusted the unit relies on
the attenuator for the other voltages, and so that its
accuracy is maintained it must not be loaded. When
used as an oscilloscope calibrator this is not a disad-
vantage.

o

/\\/

The waveform appearing at pin 3 of the i.c.

—

OSCILLOSCOPE GAIN CALIBRATION

The input stage of an oscilloscope has a similar
arrangement to our amplitude calibrator, and signals
greater than the most sensitive range of the cscilloscope
are attenuated down to a common level before being
applied to the amplifier. In setting the oscilloscope gain
it is usual to switch to the most sensitive position (which
may be 10mV or 50mV per centimetre of screen
deflection), apply a:-known signal, and adjust the oscillo-
scope pre-set gain control until a correct reading is
observed on the screen. The amplitude calibrator is ideal
for this application because it can provide known
signals, from 10mV peak-to-peak, which progress up-
wards in steps suitable for most oscilloscope calibration
purposes.

For a direct coupled oscilloscope this gain setting
could in theory be carried out at d.c. by measuring
the shift in spot position as the calitrator is connected
and disconnected ; but in practice the gain setting should
be obtained at 1kHz with the oscilloscope input set to
‘a.c. coupled’. There are two reasons for this procedure.
Firstly a nominally direct coupled oscillcscope may
suffer a small gain reduction at d.c.; and secondly,
be~ause of non-linearity in the oscilloscope amplifier, a
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The effect of over-compensating an oscilloscope
attenuator

Under-compensation gives the effect shown here

Trace

given by a
oscilloscope attenuator

d.c. voltage from zero volts at the bottom of the screen
to (say) 10 volts at the top of the screen may not appear
equal in amplitude to an a.c. coupled waveform of
plus-and-minus $ volts about the centre of the screen.
These points can easily be checked with the calibrator
and it is normally only in home constructed oscillo-
scopes where non-linearity or low d.c. gain is
experienced. Commercial instruments with their more
complex circuits usually have a good performance.
Once the most sensitive range of the oscilloscope has
been calibrated its built-in attenuator provides the other
ranges with an accuracy which depends on the resistors
used in its construction. If 19 resistors are used then
the overall accuracy to be expected will depend quite a
lot on the initial setting up and the care taken in reading
off the oscilloscope screen. A typical accuracy would be
5% or better, and this is normally good enough for
measurements taken with an oscilloscope.

OSCILLOSCOPE WAVEFORM
CALIBRATION

For waveform adjustment each resistor in the oscil-
loscope attenuator has a parallel capacitor which is
adjusted until the square wave visible on the screen has
a flat top. The results of under- and over-compensation
DECEMBER 1974

correctly compensated

are shown in the photographs. These capacitors should
be adjusted starting with the most sensitive range and
working towards the least sensitive range, since they are
interdependent.

When the basic oscilloscope has been calibrated any
attenuating probes (‘X10° or ‘X100°, etc.) can be
similarly compensated.

SIGNAL SOURCE

The calibrator may be used as'a signal source subject
to the limitations imposed on accuracy-if it is loaded.
For many purposes this is unimportant; for example, in
circuit testing or fault-finding on feedback amplifiers the
circuit either works with a well defined gain or it fails to
work at all. If 100mV is fed into an amplifier with a gain
of 10 then a quick check to determine that the output is
approximately 1 volt is often all that is needed.

Alternatively, if accurate measurements are required
then the output of the calibrator should be measured
under the loaded working conditions.

The calibrator is useful for square wave testing of
audio or feedback amplifiers since any imperfections
like ringing, poor rise time, 1.f. droop, etc., are quickly
shown up. |
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FOR DX LISTENERS

Times=GMT

By Frank A. Baldwin

Frequencies =kHz

Shortwave listening as a hobby is, by its very nature, a
somewhat lonely affair. Enthusiasts sit, often night
after night and sometimes even into the small hours,
operating their respective listening station whilst
listening for those elusive Dx signals they have read
about in journals such as this. Being a loner, it is
apparent that without some form of regular communica-
tion, much that could be heard would be missed
through lack of information.

News of current activities on the broadcast bands,
which is a necessity for all actively engaged seriously in
the hobby, is to be found in the publications of various
short wave listener clubs. Two such clubs which provide
a useful inflow, of information are the International
Short Wave League and the Weorld DX Club; for
further information see the Small Advertisement
section in this issue.

An overseas source that can be thoroughly recom-
mended is the Danish monthly ‘Shortwave News’
published by the Danish Shortwave Clubs International.
Entirely in English, the issue for October, for instance,
was of thirty-two pages plus cover and of this total, ten
pages were of members reports (broadcast band tips)
and the remainder on news and information. The
journal is extremely well produced and contains many
illustrations, the page size is 8% x 11} in. (approx.) and
is duplicated. The annual fee is £3.40 and the address
(U.K. representative) is N. R. Green, 14 Marsden Road,
Blackpool, Lancs. FY4 3BZ, to whom payments
should be made.

CURRENT SCHEDULES

@ PAKISTAN

Radio Pakistan, Karachi, currently (at the time of
writing) has an External Service in English as follows —
from 0230 to 0245 news at slow-speed to the Far East on
17830 and on 21730; from 0430 to 0445 news at slow-
speed to East Africa on 15325, 17830 and on 21590;
from 1100 to 1115 news at slow-speed to West Europe
on 15115 and on 17910; from 1530 to 1545 news at
slow-speed to the Middle East on 11672'and on 15520;
from 1745 to 1800 news at slow-speed to Eastern
Europe and Western USSR on 9690 and on 11672 and
from 2000 to 2045 to the U.K. on 7085 and on 9465.
Note that frequencies are subject to some variation,
that of the listed 15325 being actually measured by us on
15322.5 kHz.

@ FINLAND

The Finnish Broadcasting Company, Helsinki,
presents an External Service in English to Europe,
North and South America from 1400 to 1430, from 1600
to 1630 and from 1800 to 1830 on 9550, 11755, 15185
and on 21605 ; to Europe and South America from 2030
to 2100 on 9550, 11755 and on 15185 and to North
America from 0300 to 0330 on 9585.
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@ PORTUGAL

Radio Portugal, Lisbon, radiates an External Service
in English to Eastern U.S.A. from 0200 to 0230 on 6025
and on 11935; to Canada from 0300 to 0345 on 11840;
to Western U.S.A. from 0345 to 0430 on 6025 and on
11935; to the Far East from 0730 to 0900 on 17880 and
on 21495; to India from 1345 to 1430 on 17895 and on
21495; to East and West Africa from 1745 to 1830 on
11875 and on 21495; to ‘Europe from 2045 to 2130
on 6025.

@ NIGERIA

The ‘Voice of Nigeria’, Lagos, daily offers an
External Service in English to Africa, the Middle East
and Europe, from 0555 to 0735 .on 7275, 11770 and on
15185; to Africa, the Middle East and Europe, from
1530 to 1700 on 7275, 15120 and on 15185; to Africa,
Middle East and Europe, from 1800 to 1930 on 7275,
11770 and on 15120.

@ TURKEY

Radio Ankara listed a broadcast in English to
Europe, the U.K., North Africa and North America
from 2200 to 2230 on 11880, this has now been extended
till 0115.

@ CHINA

For Dxer’s, the Ikechao regional relay station of the
Inner Mongolia People’s Broadcasting Service at
Tunsheng operates on 4525 in Standard Chinese with
relays of Peking’s First Programme and the Inner
Mongolia Regional Service from Huhehot from 2125 to
0101 and from 0945 to 1401, according to the BBC
Monitoring Service.

@ LEBANON

Broadcasts from Radio Beirut to Europe and Africa
in English, Arabic and French, from 1830 to 2030 are
now on 11795 and those to Central and North America
in French, Arabic, English and Spanish, from 0130 to
0330 are now on 9675.

@ EGYPT

The Radio Cairo “Voice of Africa’ Service now opens
with’a broadcast in English to East Africa from 1430
to 1515 on 17725.

@ CLANDESTINE

The ‘Voice of Iragi Kurdistan’ currently operates as
follows — from 1600 to 1730 (to 1800 on Fridays) in
Kurdish; from 1730 to 1800 (Sundays, Tuesdays and
Thursdays) in Assyrian; from 1730 to 1800 (Mondays,
Wednesdays, Saturdays) in Turkmen; from 1800 to 1900
in Arabic and from 1900 to 1925 in English. All
transmissions from this pro-Barzani transmitter are on
6940 (but see Around. the Dial) and on 10055.

@ NORTH KOREA

Radio Pyongyang may be logged at 1800 when
commencing their programme in English with station
identification on 9977 and in parallel on 6338.
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@® LIBERIA

Monrovia (Voice of America) can be heard at 0730 on
7280, where we heard them presenting a talk on current
world economics.

@ CZECHOSLAVAKIA
Radio Prague at 0745 on 9505 with news of local
affairs after the station identification, all in English.

® MONACO
Trans World Radio at 0720 on 7105 when presenting
an evangelical programme in English.

@® CONGO

R. TV Congolaise, Brazzaville, at 2014 on 15190 with
primitively stirring African drums, chants and cries, the
basis of all pop music!

©® CLANDESTINE

The ‘Voice of Iraqi Kurdistan® at 1810 on a measured
6941 with OM in Arabic, local music at 1815 then into
Arabic harangue with both OM and YL speakers; lost
under deliberate jamming at 1825. (See under Current
Schedules).

@ AFGHANISTAN

Radio Afghanistan at 1130 on 15195 with identifica-
tion by OM and YL announcers in English, repeated
twice, then news, commentary and ‘Letter Box’
programme, all directed to Europe.

@® PAKISTAN

Radio Pakistan can be heard on many differing
channels at various times throughout the day, here are
some of those recently logged by us. On 4835 at 1603,
OM with local news in English, sign-off at 1617 after
talk by YL in English; on 7085 at 2035, identification
by YL as ‘World Service’ then a newscast in English;
on 15322.5 at 0917, programme of local music and
songs; on 17770 at 1055, talk on India/Pakistan
relations in English; on 17797 at 1059 interval signal
(rather appealing and synonymous with the East),
identification at 1100 in English then into Asian dialect
and on 17910 at 1105, YL with news of Pakistan affairs
at slow speed.

@ INDIA

All India Radio can also be heard on many channels,
both in the Overseas Service and the local Regional
Services. On 3205, Lucknow at 1656 with local music
and song programme; on 3295, Delhi at 1722 with local
music and songs; on 3355, Kerseong at 1650 with OM
and YL in duet; on 4800, Hyderabad with local music
and Delhi on 11775 at 1005 with a newscast of Indian
affairs in English.

@ KASHMIR
Radio Srinigar at 1702 on 3277 when just fading in,
local music and song programme.

@ MALAYSIA

Penang on 4985 at 1510, announcements by OM in
English, dance music Euro-style, songs in English,
sign-off with National Anthem at 1630; Kuala Lumpur
at 2220 on 4845, Indian-type songs and music in the
Tamil Service; Kuching (Sarawak) at 2212 on 5005,
OM with chants, YL announcer.

@® SRI LANKA

Colombo on 4902 at 1622, local music and songs,
Buddhist chants at 1703 after series of announcements;
Colombo on 4870 at 1709, local music, OM with songs.
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@ SINGAPORE
Radio Singapore on 5010 at 1540 with programme of
pop records (English), parallel on 5052.

@ INDONESIA

RRI Jambi on 4927 at 1559 when signing-off with
Hawaiian guitar rendering of ‘Love Ambon’ — a regular
daily ceremony.

® CAMBODIA

We should really list this as Kmere Republic but most
people refer to the country as Cambodia, except the-
pro-communist clandestine VUNFC (see last issue)
who use the name Kampuchea. Anyway, listen on 4907
from around 1600 when you will hear the capital
Phnom-Penh. We heard a programme of local pops,
complete with guitars etc., must they copy our bad
habits?

@ NIGERIA
Lagos on 4990 at 2209, A frican songs and chants, also
on 15120 at 2022 with a similar type of programme.

@ SWITZERLAND

Berne at 0920 on 11775 and also in parallel on 9590,
in English with ‘Dateline’, a programme about Swiss
and European current affairs.

® HOLLAND
Hilversum at 0935.on 7210 with a current affairs

* programme in English.

@ CHINA :
Radio Peking at 1717 on 15095 with a talk in English
on Chinese affairs.

® GHANA ' :
Accra at 1730 on 3365, six pips and then news in
vernacular by OM.

® DOMINICAN REPUBLIC

HIJP Radio Commercial, Santo Domingo, on 4882
at 0620, OM with song in Spanish and typical local
music.

HIBB La Voz del Papagayo, La Romana, on 5030
at 0622, Euro-type dance music records, identification
at 0630 in Spanish.

@ VENEZUELA

YVOI Radio Valera, on 4840 at 0400 with choral
National Anthem at sign-off.

YVNM Radio Coro, on 4950 at 2247, songs in

“Spanish, Latin American style music.

YVNW Radio Bolivar, on 4770 at 0355, OM with
song in Spanish, commercials with jingles, identification:
at 0356.

® ECUADOR |

HCVP2 Sistema de Em. Atalaya, Guayaquil, on 4790
at 0417, LA music, two chimes then OM with identi-
fication.

@ HONDURAS :
HRVC Voz Evangelica, Tegqcl galpa, on 4820 at 0422,
a religious programme in English.

@ KASHMIR

Azad Kashmir (Free Kashmir) on 3914 at 1812, local
music, YL with songs, sign-off with (almost) endless
choral anthem at 1835.
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DIODE
SORTER—OUTER’

By S. M. Peters

An inexpensive test circuit which is

helpful

when sorting out surplus

diodes and rectifiers

A COLLEAGUE OF THE WRITER RECENTLY PURCHASED A
batch of manufacturer’s surplus silicon rectifiers by
mail-order. On opening the pack he was a little surprised
to find that the supplier had inserted a small note: ‘Check
polarity before use’. My colleague did this, to find that
although all the rectifiers had the same shape, with the
plastic housing curved at one end, the curved end was in
some cases the rectifier anode and in other cases the
rectifier cathode.

This is by no means an unusual state of affairs and it-

is, in any event, a wise course to check polarity with any

‘unfamiliar or surplus diode, particularly if it is to be
used as a rectifier -in a power supply circuit. A rectifier
connected wrong way round can cause havoc when the
power supply is first switched on.

TEST UNIT

The test unit described in this short article requires
few components and can be built in a relatively short
time. The basic circuit approach is not new, but it may
well be that the method of presentation of the results it
gives is original. I

The circuit of the ‘Sorter-Outer’ appears in Fig. 1, in
which diagram T1 is a mains transformer having an 8
volt secondary. There are two test terminals, these being
indicated in the diagram as ‘A’ and ‘B’. The letters ‘A’
and ‘B’ are employed merely to identify the terminals
for purposes of explanation in this article, and they do
not appear as markings on the actual unit.

Let us now connect a diode to the terminals so that
its cathode (the end marked with a plus sign in the diode
symbol) connects to terminal ‘B’ and its anode to termi-
nal ‘A’. Thinking in terms of ‘conventional current’
(assumed to flow from positive to negative) the diode
across the test terminals will then pass current during
a.c. half-cycles in which the upper end of the 8 volt
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transformer secondary is positive. This current will then
flow, to the lower end of the secondary, via D2, R1 and
light-emitting diode LEDI, causing LED1 to light up.
Current cannot flow in the LED2 circuit because it is
blocked by D3. Similarly, current cannot flow through
any part of the circuit on half-cycles which cause the
upper end of the 8 volt secondary to be negative,
pecilfpse the current is then blocked by the test diode
itself,

If the diode is connected to the test terminals with its
cathode to terminal ‘A’, it will prevent the flow of

A Test B
terminals ©
C
Dowr D4¥ LEDZA
+ A \
a8V
AC. coo5V/ Rz R,
mains S 300a% 2 =z
oV 3000 §
T Al LED +
| 4 s
ol b 4 ! D3 &
S BN
C
D|-D4 IN40O2
A LED; g TIL209
TIL209
Lead-outs

Fig. 1. The circuit of the diode test unit. Test
diode polarity is indicated by illumination of one
of the two light-emitting diodes
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Fig. 2. A suitable front panel layout

current during half-cycles when the upper end of the 8
volt secondary is positive. It will, on the other hand,
allow the passage of current when the upper end of the
secondary is negative and the lower end is positive. This
time the current flows from the lower end of the
secondary through D3, R2; LED2 and the test diode to
the upper end of the secondary. Light-emitting diode
LED?2 lights up.

Thus, LEDI1 lights up when the test diode cathode is
at terminal ‘B’, and LED2 lights up when the test diode

cathode is at terminal ‘A’. When illuminated, the Le.d.’s

emit a bright red glow which one subconsciously
associates with electrical positive or ‘plus’. The front
panel layout of the unit appears in Fig. 2, and it will be
seen that LEDI is positioned alongside terminal ‘B’ and
that LED2 is positioned alongside terminal ‘A’
Connecting a diode to the test terminals results in a red
(equals positive or °‘plus’) glow appearing at the
terminal to which the diode cathode connects.

FURTHER POINTS

A few further points have to be dealt with before
leaving the circuit of Fig. 1. It will be noted that diode
D1 is connected across LED1 and diode D4 is connect-
ed across LED2. These two diodes are very probably
not required but the author has included them to ensure
that the reverse voltage across each l.e.d. cannot
exceed 0.6 volt. Texas Instruments specify an absolute
maximum . reverse voltage of 3 volts for the TIL209
l.e.d. The reverse current which could flow through each
le.d. via D2 or D3 is very low, but no reverse current
figures for the TIL209 are available to the writer, and it
was decided in consequence to follow an ultra-cautious
policy and fit the two diodes D1 and D4. All the four
diodes are silicon components type 1N4002.

Resistors R1 and R2 have a value of 3002 and permit
a current in each le.d. of about 30mA at half-cycle
voltage peaks. Both resistors are 1 watt 5%, types.

Transformer T1 is a small bell transformer of the
type available in Woolworth’s stores. Its secondary has
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a 5 volt tap, which is unused. There is no mains on-off
switch and the unit is simply plugged into the mains
whenever it is required. If it is accidentally left plugged
in after use no harm will result. Since T1 is a bell
transformer it is intended to be continually connected to
the mains supply, from which it draws negligible current
when its secondary is unloaded.

As an added bonus the unit also indicates when a
diode is short-circuited. Connecting a short-circuited
diode across the test terminals causes both l.e.d.’s to
light up. Neither diode will light up if the diode is
open-circuited.

CONSTRUCTION

Component layout is unimportant apart from the
fact that LED1 should be positioned alongside terminal
‘B’ and LED2 alongside terminal ‘A’. The author used
the front panel layout of Fig. 2, in which the l.e.d.’s
have their bodies positioned in the centres of two 2 in.
p.v.c. grommets. The dimensions of this front panel are
approximately 3% by 2% in., and it is fitted to a box,
2% in. deep, which has the transformer mounted at the
bottom. This is a case which the author happened to
have on hand. Any other box, metal or plastic, of about
the same size can be pressed into service. If the case is
metal, the mains lead must pass into it through a
grommet. The two terminals were insulated types having
what are effectively sockets at the top into which the
leads of diodes with wire ends can be quickly inserted.
Wander socket plugs would be equally suitable. At the
low voltages involved, the diode can be safely held in
the fingers whilst being checked.

With the author’s method of construction, the com-
ponents were fitted to two 5-way tagstrips having the
centre tag common with the mounting lug. These are
secured to the rear of the front panel, whereupon
wiring is carried out as illustrated in Fig. 3. The lead-
outs of each l.e.d. are soldered to two of the tags, as
shown.

Terminal A

7
Terminal B

Fig. 3. All the components apart from the mains
transformer can be mounted on the rear of the
front panel

The author’s unit has been in use for some months
now, and has been successful in determining the polarity
of a large number of silicon power rectifiers, as well as
small silicon and germanium diodes. [ |
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By employing the pulse counting
method of discrimination, this f.m.
tuner performs as a superhet receiver
having an i.f. amplifier which requires
no tuned circuits at all. The tuner may
be powered by a 9 volt battery or by a
9volt power supply unit. Next month’s
concluding article will give details of
construction and of setting up

PULSE COUNT,

Pa
By R. A

LTHOUGH THE PULSE COUNTING TYPE OF F.M. TUNER
has been popular in the past amongst home
constructors it does not nowadays seem to be encoun-
tered as frequently, this being possibly due to the advent
of low cost f.m. integrated circuits. It has also to be
admitted that the pulse counting tuner is suitable for
the provision of mono signals only, and that it cannot
be employed for stereo reception. Nevertheless, if a
high quality mono signal is required the pulse counting
method still represents the simplest method of f.m.
reception, and it still has economic advantages over
other systems. :

This article, together with a concluding article which
will appear in next month’s issue, describes a simple
6 transistor pulse -counting tuner covering the v.h.f.
f.m. band of 88 to 108 MHz. Provided it has a reason-
ably strong aerial signal the tuner is capable of giving an
extremely good signal to noise ratio. With a fully
modulated signal the a.f. output is about 250mV r.m.s. at
an impedance of 5k, and the unit is therefore suitable
to feed a signal to virtually any power amplifier or tape
recorder. The tuner can be either mains or battery
powered, and it is housed in a home-made cabinet
measuring 94 by 7 by 44 in.
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BASIC CIRCUIT CONFIGURATION

A block diagram of the tuner is given in Fig. 1. As
may be seen, the aerial couples to an r.f. amplifier stage.
This stage provides very little gain, but it is nevertheless

‘absolutely essential because it prevents radiation from

the aerial of the oscillation produced in the following
mixer-oscillator stage. The latter is a self-oscillating

AE Mixer — { iE
WA s Bilioid RO
(MPF102)

Fig. 1. Block diagram sh
simple f.m. tuner. This i
and has RC coupli
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\. Penfold

mixer and is tuned about 150kHz off the centre fre-
quency of the received transmission. At the output of
the mixer there are a number of v.h.f. signals together
with the 150kHz difference frequency. The v.h.f.
signals are filtcred out, leaving the 150kHz signal,
which is fed to the i.f. amplifier.

At the comparatively low frequencies involved here
(about 225kHz maximum) ordinary RC coupled stages

-imiting

xamp.
169C)

-

Discriminator
(BCI69C,
OA9I)

A.F.amp.
(BC158)

= A F output

)

howing the stages in the
incorporates 6 transistors
ing in the i.f. stages
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can be employed in the i.f. amplifier. Silicon transistors
with reasonably low values of collector load resistor are
used, and the voltage gain will not be significantly
lower than the high figure which would be given at
ordinary audio frequencies.

The first i.f. transistor gives normal amplification. So
does the second i.f. transistor, but this also provides
amplitude limiting as well. Amplitude limiting is very
important since it greatly reduces the noise and distor-
tion which would otherwise be present on the final
signal. The limiting process is extremely simple, and it
relies upon there being a sufficiently large signal at the
ilimiter stage for the signal to be automatically clipped.
The voltage gain of the tuner is very high and can be in
the neighbourhood of 100dB, or 100,000 times, where-
upon only a fairly modest signal amplitude is required
to initiate the limiting action. For instance, if an aeri
signal of only 100pV r.m.s. is subjected to 100dB of
linear amplification the output would be 10 volts r.m.s.
However, the limiter stage, powered only by a 9 volt
supply, could not produce such an output, and it
would clip the signal to about 3 volts r.m.s. maximum.
Thus, automatic limiting is achieved without circuit
complications.
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Fig. 2(a). A noise spike impressed on a signal
waveform
(b). The spike disappears if the signal is
amplified such that the spike is outside
limiting level

Fig. 2 illustrates how this clipping effects an improve-
ment in the signal to noise ratio. Fig. 2(a) shows a
hypothetical i.f. signal before clipping, together with a
noise spike on the carrier. Fig. 2(b) shows the output of
the limiter, and demonstrates that the noise spike has
been removed since it is in the clipped portion of the
signal. Obviously, if the signal is only poorly limited or
the noise spike is very large the limiting action will only
be partially effective. For this reason the highest signal
amplitude must always be sought. The limiting action
will of course reduce any form of noise which is modu-
lated on to the carrier. :

Another function of the limiter is to provide an
output which has a constant voltage for the discrimin-
ator stage. The purpose of the discriminator is to
produce an audio output signal which rises and falls
in amplitude as the carrier rises and falls in frequency.
If the amplitude of the signal at the input of the
discriminator should vary with frequency, this will
obviously cause distortion. The frequency response of
the i.f. amplifier is not flat and would cause such
distortion. However if, say, the response of the i.f.
amplifier varies by 6dB over the range of frequencies
involved, the resultant potential distortion will be.
eliminated if more than that 6dB of limiting is provided
as the output voltage amplitude from the limiter will
then be constant.

The a.f. output from the discriminator is insufficient
to drive many amplifiers, and it is in consequence
followed by a low gain audio stage.
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THE CIRCUIT

The circuit diagram for the tuner is given in Fig. 3.
TR1 is the r.f. amplifier, and this consists of a Jugfet (i.e.
a junction gate field effect transistor) in the grounded
gate mode. The output from TR1 is coupled to TR2 by
the coupling winding L2. TR2 is basically a grounded
gate Colpitts oscillator, using a second Jugfet. The
oscillator coil is 1.3 and oscillator tuning is carried out
by VC2. 14 is an r.f. choke. The output from the mixer
is developed across R3. CS bypasses the v.h.f. frequen-
cies, leaving the required lower frequency i.f. signal.
TR2 is very stable in operation, and no a.f.c. is required.

TR3 and TR4 are the i.f. amplifiers, TR4 operating
also as the limiter. Both transistors function as straight-
forward common emitter amplifiers, and they provide
the majority of the gain in the tuner.

TRS, in conjunction with D1, provides discrimin-
ation. The clipped signal from TR4 is applied via C9,
and a series of fixed short duration pulses are produced
across the collector load resistor, R9, there being one
pulse for each input cycle. Thus, if input frequency
increases, the average current through R9 increases
also, causing the average voltage at TRS collector to
reduce. Similarly, if the input frequency decreases so
does the average current in R9, with a consequent
increase in the average voltage at TRS collector. As a
result, the average voltage at TRS collector corresponds
with the modulating voltage on the input signal. The
series of pulses are at too high a frequency to be audible,
but the average voltage at TR S collector varies at audio
frequency and constitutes the audio output of the
discriminator.

TR6 is a common emitter audio amplifier having a
fairly low gain due to the negative feedback provided by
its unbypassed emitter resistor, R12. F.M. broadcast
transmissions are given a certain amount of treble boost
(pre-emphasis) as a simple method of noise reduction.
The receiver must therefore be given a small amount of
treble cut (de-emphasis) and this is the purpose of C12.
In addition to providing treble cut, C12 also causes the
pulses from TRS to be integrated, thereby producing a
conventional audio output. The collector load for TR6
is the potentiometer VR1, which acts as an output a.f.
volume control. Resistor R11 is inserted in series with
the positive supply to TRS and TR6. This resistor
causes hum level to be reduced when a mains supply is
employed, and also decouples the positive supply lead
if the tuner is power by a battery.

The method of reception employed in the tuner
results in a somewhat unusual effect so far as tuning is
concerned. Since the i.f. is only 150kHz a transmission
can be tuned in both with the receiver oscillator 150kHz
above the signal frequency and with it 150kHz below
the signal frequency. With this low i.f. it is not feasible
to provide r.f. tuned circuits which would allow recep-
tion at only one oscillator setting, and the overall effect
is that there are two closely spaced dial settings at which
each station can be received. Either of the dial settings
may be employed. Since local stations on the f.m. band
are well spaced out in terms of frequency, the double
tuning effect has no adverse effect on performance.

Only two pre-set adjustments are required in the
completed tuner. VR2 controls the amplitude of
oscillation in TR2, and is adjusted to give the best
sensitivity consistent with stable operation. VC3 is
used to align the r.f. stage. No test gear is needed for
either adjustment, and there is of course no complicated

RADIO & ELECTRONICS CONSTRUCTOR
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COMPONENTS A

Resistors
(All fixed values £ watt 59,)
RI1 330Q R7 3.3MQ
R2 1.5kQ RS 5.6kQ
R3 10kQ R9 4.3kQ
R4 820kQ R10 390kQ2
RS 6.8kQ2 R11 47Q
R6 820Q2 R12 2200
VRI 5k€ potentiometer, log
VR2 10k€2 pre-set potentiometer,
horizontal skeleton (see text)
Capacitors
Cl 5,000pF disc ceramic
C2 0.022i5F polyester
C3 560pF polystyrene or silvered mica
C4 4.7pF ceramic
@5 100pF ceramic
Cé 0.022uF polyester "
Ci 100pF electrolytic, 10 V. Wkg.
C8 0.022uF polyester
C9 150pF polystyrene or silvered mica
C10 100uF electrolytic, 10 V. Wkg.
Cl1 10uF electrolytic, tantalum bead,
16 V. Wkg.
Ci12 4,700pF disc ceramic
CI3 10uF electrolytic, 10 V. Wkg.
Cl4 10uF electrolytic, 10 V. Wkg.
VCI, VC2 15 + 15pF variable 2-gang (see text)
VC3 5pF air spaced trimmer, miniature
(see text)
Inductors
(Details in Part 2)
L1,2,3 Aerial, coupling and oscillator coils,
home-wound
14 R.F. choke, home-wound
Semiconductors
TR1 MPF102 TRS5 BC169C
TR2 MPF102 TR6 BC158
TR3 2N4059 Dt 0A91
TR4 BC169C
Switch
Si(a)(b) D.P.S.T.rotary, toggle
Miscellaneous
2 Knobs
Vernier dial drive, 2 in., type T502 (Eagle)
2 tag strips (see Part 2)

Coaxial socket

Phono socket

2 ‘Universal’ Chassis Sides, 8 by 4 in., Cat. No.
CUS56A (Home Radio)

6 4BA 1 in, threaded spacers, Cat. No. 7/Z56A
(Home Radio)

Plain Veroboard, 0.1 in. matrix (see Part 2)

Aluminium sheet, 18 s.w.g.

Timber for cabinet ends (see text)

9-volt battery (optional — see text)

Battery connectors (optional — see text)
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i.f. and discriminator alignment, as occurs with a
conventional f.m. tuner or receiver.

COMPONENTS

The components are in nearly all cases standard types
which are readily obtainable through the normal mail-
order suppliers. A few parts need some comment,
however. Cl11 is, for instance, specified as a tantalum
bead electrolytic capacitor. The capacitor needed here
is available from Henry’s Radio and a few other
suppliers. VC3 is quoted as 5pF in the Components
List. If this value cannot be obtained, the 10pF air-
spaced trimmer listed by Henry’s Radio as ‘Type Al’
can alternatively be employed. This component has been
checked by the writer in practice.

The 2-gang capacitor used in the prototype has the
construction indicated in the accompanying photograph
of the tuner interior, and has a value of approximately
I5pF each section. An exactly similar capacitor'is not
available from the larger mail order houses, but a
2-gang Jackson type ‘O’ capacitor having a capacitance
of 16pF per section is listed by Home Radio. A 2-gang
25 + 25pF capacitor is also available from Home
Radio, and this could be used as it stands, tuning being
carried out over the first two-thirds of its travel from the
minimum capacitance end.

The pre-set potentiometer specified for VR2 is a
horizontal mounting skeleton component. The type
‘PN’, available from Electrovalue, Ltd., can be em-
ployed here, and this has tag spacing which allows it.to
fit directly into the holes of the 0.1 in. Veroboard panel
on which the i.f. amplifier, limiter and discriminator
components are mounted. _

Further details on remaining components will
become apparent as these are discussed in the construc-
tional information, and readers who have queries on any
other parts are advised to wait until the concluding
article appears in next month’s issue. The parts needed
for the optional mains power supply will also be dealt
with in the concluding article. -

The interior of the tuner when it is fitted with a
mains power supply unit. Modular construction
permits a clean and uncluttered layout

RADIO &ELECTRONICS CONSTRUCTOR
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CABINET

The cabinet is home-built and, as may be seen from
the photographs, incorporates a ‘book-end’ mode of
construction. The front and rear panels are Home
Radio ‘Universal Chassis’ sides measuring 8 by 4 in.
Fig. 4 gives drilling details for these. The hole for the
neon bulb assembly is only required when the tuner is
supplied by a mains power unit. The type of neon
assembly employed is that which has its own integral
series resistor and which may be connected directly
across the mains supply. Switch Sl is a rotary double
pole component and switches the mains when the
mains power supply is employed, or the battery if the

tuner is to be battery powered. It does not appear in the-

circuit of Fig. 3.

The tuning drive is secured to the front panel by
three screws. The top screw is supplied with the drive,
and it passes through the panel from the rear into a
tapped hole in the drive. The lower two are 4 in. 6BA
screws (and nuts) and are obtained separately.

The aerial socket is an ordinary panel mounting
coaxial socket. It is secured to the rear panel with two
1 in. 6BA bolts, a solder tag being secured on the inside
under one of the nuts. The output socket is a phono
socket. The hole for the mains leads, if required, must
be fitted with a rubber or p.v.c. grommet.

When panel drilling has been completed, the front
and rear panels are secured to the wooden end cheeks.
These measure 7 by 43 by 3% in. thick, and are cut
from 2 in. timber. The panels are positioned % in. in
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The rear of the receiver. On this are mounted the
coaxial aerial input socket and the phono
output socket

from the top and bottom, and % in. in from the front
and back of the end cheeks. Two holes are already
drilled in each end flange of the panels, and it is through
these holes that the fixing wood-screws pass. The cheeks
are oak in the prototype.

The case is completed by two plates, top and base,
cut from 18 s.w.g. aluminium sheet, each plate measur-
ing 8 by 5% in. The base plate is secured to the lower set of
flanges on the panels by six 6BA 1 in. bolts, three to
each flange. The requisite 6BA clear holes have, of course,
to be drilled where required for these bolts. The
top plate is made removable to allow access to the
interior of the cabinet. It is secured to the upper set of
panel flanges by four self-tapping screws capable of
tapping into the existing flange holes.

A modular method of assembly is used, and Fig. 5

@ Main component panel
PSSy
component Q O —-
panel =
Bracket
eiorVC|,2@
9 )
(s
T 37
l =
ICI ! = ==
|7¥ VCo JTRE
- -:‘U ) wy VL il 1O
R D — = L2
ol Il 11 |
RF amp. Mixer-osc.

Fig. 5. General layout of the component modules

on the tuner base plate. The positions of TR1 and

TR2 are inaicated so that the r.f. amplifier and

mixer-oscillator sections (to be described in
Part 2) can be correctly orientea
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shows the positioning of the major components and the
circuit modules. T1, C17 and the power supply unit
component panel are not fitted if it is decided to have
the tuner battery operated. The precise positioning of
most of these parts is not critical, with the exception of
the 2-gang tuning capacitor which must, of course, be
positioned directly behind the tuning drive. Also, the
r.f. and mixer modules should be positioned so that the
two leads to the tuning capacitor fixed vane tags are
reasonably short, and are not more than | in. long.

Another view of the front of the tuner. Legends
cut from ‘Panel Signs® Set No. 4 enhance the
appearance

TUNING CAPACITOR MOUNTING

A mounting bracket is required for the 2-gang tuning
capacitor VC1, VC2, and Fig. 6 shows two methods of
providing this. The capacitor used in the prototype has
its mounting holes on the underside of its frame and a
bracket of the type shown in Fig. 6(a) is required. If the
tuning capacitor has its mounting holes on its front
plate (as has the Jackson type ‘O’ capacitor) the bracket
should have the shape shown in Fig. 6(b). In both cases
the purpose of the bracket is to raise the capacitor above
the level of the tuner base plate and to align its spindle
accurately with the tuning drive. No dimensions are
given as these will depend on the particular capacitor
employed. It is necessary for the capacitor and tuning
drive to be aligned with reasonable precision as, other-
wise, a smooth control of tuning will not be given.

The brackets in Figs. 6(a) and (b) are intended to be
bolted to the base plate by means of 4BA bolts and nuts,
and may be made from 18 s.w.g. alurhinium. If possible,
a thicker gauge of aluminium can be employed, should
this be available, as it is desirable for the tuning
capacitor to be mounted as rigidly as is reasonably
possible.

Mounting holes for securing bracket to base plate

A\
\
\
\ R ¥
FTC;M “Mounting holes
o
capacitor {2RYCl/2)
o* o)
—=
Bent to this shape |
(a)
Mounting holes for VC|/o
p
P
»” :
o / / O-1 Mounting holes
¥ ' for securing
O (] bracket to
o’/ base plate

[e]

Bent to this shape

(b)

Fig. 6. The 2-gang tuning capacitor needs a

mounting bracket to enable it to be mechanically

aligned with the tuning drive. The bracket in

(a) is suitable for capacitors having mounting

feet, and that in (b) for capacitors with mounting

holes in the front plate. Dimensions depend upon
the capacitor employed

NEXT MONTH

The construction and setting up of the tuner will be
described in next month’s article. Details will also be
given of the mains power supply unit.

(To be concluded)

DOUBLE REFLEX S.W.

In this receiver, described in the last October issue,
D1 should be 1SJ50 and D2 1S44, and not as specified.
The references to D2 at the end of the third line on page
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153 and about two-thirds down the left column on

. page 154 now apply to D1.
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AMSTERDAM RADIO
EXHIBITION

FIRATO
— 4

IRATO — 74, HOLLAND’S RADIO AND

T.V. Exhibition, was held recently.
It is the 18th such exhibition and was
thoroughly international in character,
and was a good index of ‘things-to-
come’ in the world of electronic
entertainment; 24 countries exhibited.

Altogether there were 130 exhibi-
tors; their exhibits covering radio and
T.V., recording and playback equip-
ment, video recorders, hifi audio
equipment, aerial installations, elec-
tronic musical instruments, gramo-
phone records, magnetic tapes, cas-
settes, etc., etc. .

It was held in the Europa Hall,
Amsterdam, and was jointly organised
by RAI Gebouw B.V. and ‘Stichting
Firato Radiotentoonstelling’ (Found-
ation Firato Radio Exhibition).

We visited the exhibition on the first
day, and from the crowds present, no
one could doubt the popularity of this
type of exhibition and the interest
shown in what’s new in this field.

The coming popularity of video tape
recording of T.V. was apparent from
equipment to be seen on a number of
Stands. Video tape recorders of very
reasonable size were to be seen and
complete ‘set-ups’ of portable video
recorder, T.V. camera of a size com-
parable to an 8 mm cine camera, and
interface ancillary equipment, were
available. The price is of course high,
when compared to current home movie
equipment prices, but for schools, etc.,
it is well within the sort of price they
would be happy to pay, and without
doubt, as production of this type of
equipment increases, so prices will
come down. We came across some
interesting facts and figures on this
question of cost.

‘A study of the price development of
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radio, T.V. and sound reproduction
equipment in recent years reveals that
these products are far less sensitive to
inflation than consumer goods in other
trades. Price increases are indeed
inevitable, as soon as the general
percentage of inflation exceeds the
percentage of the savings achieved by
large production series and improved
efficiency’.

There was a wonderful range of
portable transistor radios on view —
many quite sophisticated covering the
full shortwave range of frequencies.
Small portable mono cassette record-
ers of many varieties indicated the
present popularity of this type of
entertainment unit and some very
elaborate stereo tape recorders pro-
vided the more serious recording
enthusiast with ideas for future
developments in his particular field of
interest. Stereo radio reception was
well covered by numerous makes of
tuner, and the HiFi enthusiast con-
tinues to be well catered for by high
quality record players.

An interesting feature of the Exhibi-
tion was the inclusion of musical
instruments of the more conventional
type, as well as the electronic variety.
There were for instance, several stands
showing band and orchestral wind
instruments, as well as a good variety
of electronic organs.

One or two interesting novelties
caught our eye. One was a ‘black box’,
called a ‘Rhythm Maker’. It appeared
to be an electronic oscillator making
‘noise’. The unit appeared to feed into
the aerial socket of a portable tran-
sistor radio, from the loudspeaker of
which then issued much amplifier
noise! The pitch and rhythm of this
could be changed by controls on the

‘black box’. The numbers of enthusias-
tic pop fans surrounding this exhibit

prevented us from getting more
details.

It is customary on the Continent, to
take one’s TV programmes from a
variety of transmitters, located in
different directions and as often as not
in countries adjacent to one’s own. At
one time, most elaborate aerial arrays
were to be seen, with antennae point-
ing to half a dozen or so TV stations
located in different directions. The
appearance was truly reminiscent of
the proverbial ‘christmas tree’! All
this is giving way to rotators, so that
one good directive aerial array can be
swung round from one direction to
another as required. The design of
many of these arrays was interesting,
and we were intrigued to see at least
one making use of a small dish antenna
— real Space Age Stuff!

We naturally were particularly
interested in the exhibits by firms
dealing in Constructional Kits. These
we thought covered the field of Home
Construction of radio and electronic
projects very fully, and the Kkits
appeared to be complete and well
presented with a good deal of thought
having gone into the instructions. The
home construction of electronic equip-
ment is obviously a quite well patron-
ised hobby on the Continent.

As with most Exhibitions, one would
have had to spend several days there to
thoroughly cover all the exhibits
shown. One short visit left us in no
doubt however, that the European
Electronics Industry has lots of
‘goodies’ up its sleeve for catching the
eye of future customers.

u
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Battery Voltage
Monitor

By G. B. Brown

An ancillary circuit which prevents
battery driven equipment operating
at too low a supply voltage

UITE A LOT OF TEST EQUIPMENT THESE DAYS IS BATTERY
Q operated. A common practice here consists of in-
corporating a simple zener diode voltage regulator
circuit to ensure that a stabilized supply voltage is
available for the test equipment circuits. This is all very
well in theory but, in practice, the voltage regulating
circuit cannot- normally cope with the situation where
the battery voltage falls below the minimum at which
the zener diode exerts control. What happens then is
that the supply voltage in the equipment has a lower
value than it should properly have, and the equipment
is liable to give false readings or an otherwise incorrect
performance. It is possible to guard against this state of
affairs by periodically measuring the battery voltage or
by fitting the equipment with a voltmeter. But the first
of these approaches is tiresome and is liable to be for-
gotten, whilst the second incurs the expense of a
permanently installed meter movement.

Circuit of the battery voltage monior. This

ensures that the supply voltage passed to the

subsequent equipment falis to a very low value for
battery voltages below 8 volts
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MONITOR CIRCUIT

The battery monitor circuit described in this short
article allows the test equipment circuits to function as
their own voltmeter. Above a predetermined level the
supply voltage applied to the equipment is the same as
the battery voltage (minus a small voltage dropped
across a turned on transistor). This situation continues
down to the predetermined battery level; but below this
level the supply voltage to the equipment falls very
rapidly with only a small further decrease in battery
voltage.

With the author’s circuit, the nominal supply voltage
is 9 volts and the predetermined level approximately 8
volts. Below the predetermined level the supply voltage
to the equipment falls to 5 volts for a decrease in battery
voltage of only 0.1 volt, to 3 volts for a battery voltage
decrease of 0.2 volt and to 1 volt for a battery voltage
decrease of 0.3 volt. The test equipment will give an
obvious indication of low supply potential at these
rapidly falling voltages, and will thereby indicate that a
new battery is required.

In the circuit the zener diode gives a reference voltage
of 6.8 volts, this being maintained at battery voltages
below 8 volts by means of R1. TR1 and TR2 form a
compound amplifier having a total current gain,
typically, of some 15,000 times. Thus, a very small
current in TR1 base is capable of turning TR2 hard on.
As battery voltage decreases the voltage at the upper
end of R2 falls at the same rate, whereupon there is a
rapid transition from the conducting to the non-
conducting state in the transistors as the two silicon
diodes, D1 and D2, cease to pass forward current.

The voltage at which the transistors turn off is
dependent upon the actual zener voltage, within toler-
ance, of ZD1 and the forward voltage-current character-
istics of D1 and D2. If turn-off occurs at too high a
voltage, one of the diodes may be removed from cir-
cuit. Lower turn-off voltages may also be achieved by
using a 6.2 or a 5.6 volt zener diode in the ZD1 position.

Resistor R3 is a current limiting resistor and its
function is to prevent excessive charging currents
passing through TR1 when a high value electrolytic
capacitor is connected across the equipment supply
rails immediately after the monitor circuit. If such a
capacitor is not fitted, R3 may be omitted.

The authr’s unit gave a satisfactory serformance for
load currents from 5.5 to 60mA. With a 60mA load
current there was an 0.5 volt drop across R3 and TS2,
of which nearly 0.2 volt was due to R3. The monitor

_circuit incurs a drain on the battery of 1.5mA at 9 volts.



THREE WAVEBAND
TRANSISTOR PORTABLE

Part 1.

By
Sir Douglas Hall, K.C.M.G.,
M.A.(Oxon)

Covering long waves, medium waves and a short wave band from

19 to 60 metres, this receiver incorporates a 2-transistor reflex

circuit which offers considerable amplification after its single aerial

tuned circuit. Circuit operation and construction are described

here, and next month’s concluding article will give details of
setting up and the assembly of a suitable case

HIS IS A THIRD ARTICLE DESCRIBING THE CONSTRUCTION
of a receiver incorporating a new double reflex
circuit which has been introduced by the author to
readers of this magazine. The first article appeared in
the May 1974 issue, and dealt with the ‘Biflexette’, a
small 2-transistor portable covering medium and long
waves and giving speaker reception of the more power-
ful stations. A double reflex short wave personal
receiver was described in the second article (published
in the October issue) and this consisted of an earphone
receiver which required no external aerial or earth
connection and which covered the short wave bands
from approximately 19 to 50 metres.

The present article is devoted to the construction of a
quite powerful three waveband portable working on
long and medium waves and a short wave band extend-
ing from about 19 to 60 metres. Good loudspeaker
reception is provided from a large number of stations
on all three bands.

DECEMBER 1974

The completed receiver. This covers long, medium
and short waves, and incorporates a sensitive
reflex amplifying circuit
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THE CIRCUIT

The circuit of the present receiver is shown in Fig. 1,
in which TR1 and TR2 appear in the double reflex
circuit. The operation of this configuration was discuss-
ed in detail in the article which dealt with the ‘Biflexette’,
but a brief description will now be given as some
readers may not have seen the earlier article or have it
available. TR1 functions, at r.f., as a voltage amplifying
f.e.t., feeding into TR2 which acts as an emitter follower.
The r.f. signal is built up across L5, and diodes D1-and
D2 provide detection. D1 offers a barrier to the passage
of radio frequency current for purposes of reaction
unless a small forward direct current is made to pass
through it This current is provided by the network
comprising R2, VR1, R3 and R1, and its level is con-
trolled by VRI Smce it varies the forward current in
D1 and, hence, the impedance this diode presents to r.f.
current, VR1 functions as a reaction control. A larger
direct current is required on the short wave band, and
this is obtained by short-circuiting R2 when short waves
are selected.

Regeneration is in the Colpitts mode and C1 provides
the tap into the tuned circuit on short waves. This

capacitance is augmented on medium waves by C2,
whilst on long waves C4 comes into use in parallel with
C1. This is by way of choke L4, which offers a relatively
low impedance at long waves and a considerably higher
impedance at medium and short waves. Using a choke
in this manner saves the extra switching which would
otherwise be required, and it becomes possible to em-
ploy a simple 2 pole 3 way switch for wavechange
purposes. The author used a double pole slide switch
having a central off position.

The a.f. signal which appears after detection is passed,
via the ferrite rod aerial coils, to the gate of TR1, which
once more functions as a volage amplifier coupling to
the base of TR2. This time TR2 operates as a common
emitter amplifier, and the a.f. signal at its collector
appears across volume control VR3. The signal at VR3
slider is then passed to the ‘sliding bias’ a.f. amplifier
incorporating TR3 and TR4. Under no-signal
conditions, base bias for TR3 is provided by way of
VR4, D3 and Ré6. The collector current of TR3 is the
base current for TR4, and VR4 is adjusted so that a
small quiescent current flows in the two transistors.
When an a.f. signal is applied to the amplifier it is
rectified by D3 to produce an increased base bias current
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Fig. 1. The circuit of the three wavebanda transistor portable. TR1 and TR2 appear in a reflex circuit which
offers amplification both at r.f. and at a.f
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COMPONENTS

Resistors
(All fixed values } watt 10%)
R1 470kQ
R2 1.5MQ
R3 100kQ
R4 3.9kQ
RS 1kQ
R6 10kQ
VRI1 500 or 470kQ2 potentiometer, linear
VR2 27kQ pre-set potentiometer,
miniature slide
VR3 1kQ potentiometer, log
VR4 1kQ pre-set potentiometer,
miniature skeleton
VRS 250 or 220k potentiometer, log,
with switch S2¢a)(b)
Capacitors
1 27pF silvered mica or ceramic
C2 68pF silvered mica or ceramic
C3 0.1uF polyester
C4 180pF silvered mica or ceramic
C5 1,000pF silvered mica or ceramic
Cé6 100uF electrolytic, 6.4 V. Wkg.
C7 0.1pF polyester .
C8 0.1uF polyester
C9 0.01pF polyester
C10 0.1uF polyester
Cl1 800uF electrolytic, 4 V. Wkg.
VCi1 150pF variable (see text)
Inductors
L1,L2,L3 see text
L4 1.5mH r.f. choke, type CHS
(Repanco)
Ls 1.5mH r.f. choke, type CH5
(Repanco)
T1 Output transformer type TT56
(Repanco)

Semiconductors
TR1 2N3819
TR2 2N4126
TR3 2N4289
TR4 BFYS51
D1 1SJ50 (R.S. Components)
D2 1844
D3 1544
D4 1544
D5 1S44
Switch
Sl(a)(b) double pole switch, centre off,

slide or toggle (see text)

S2(a)(b) d.p.s.t. switch, part of VRS
Speaker

3Q speaker, 8 by S.in.
Batteries

9 volt battery type PP3 (Ever Ready)
3 volt battery No. 800 (Ever Ready)

Miscellaneous

Ferrite rod, 7 by # in.

Ferrite rod, 3 by # in.

Ball drive type 4511/F (Jackson Bros.)

Spindle coupler type EH16 (Bulgin)

18-way group board (see text)

PP3 battery connector

4 knobs

4 small rubber feet

2 small brass hinges

1in. plywood

S.R.B.P. (‘Paxolin’) sheet

Fablon or Contact

Packet 1 in. spring clips No. LK2761
(Lektrokit)

Packet $ in. spring clips No. LK2721
(Lektrokit)

Speaker fabric

Bolts, nuts. washers, etc.

for TR3. The circuit functions such that, up to the over-
load point, the base bias available for TR3 is always
greater than that needed to amplify the signal. This
circumstance is achieved due to the negative feedback
given by VRS and C9, which reduces the gain of TR3
and TR4, together with the standing quiescent current
which is initially present. Thus, TR3 and TR4 offer
Class A amplification of the a.f. signal, drawing a
current from the 3 volt supply which increases as signal
strength increases. VRS is made variable so that it may
also function as a tone control.

D4 and DS are included in circuit to stabilize the
voltage across VR4, and thereby maintain the standing
bias for TR3 as the battery voltage falls. These are
silicon diodes and each gives a forward voltage drop of
around 0.6 volt.

Transformer T1 couples TR4 to a 3Q loudspeaker.
The transformer ratio employed is a little over 4:1, and
presents a load of approximately S0Q to the emitter of
TR4. A 35Q speaker could have been used instead,
thereby dispensing with the need for a transformer.
However, such a speaker offers a relatively high resist-
ance, causing much of the available battery voltage to be
lost and the audible volume at maximum output to be
considerably reduced. Transformer ’Tl has a low
DECEMBER 1974

primary resistance and allows a higher output to ke
obtained. The need for a low resistance load for TR4 is
of particular importance when a 3 volt supply is used.
A 3 volt supply is attractive because it can be provided
by an Ever Ready No. 800 (or equivalent) twin cell
cycle lamp battery and this, at the time of writing, offers
more power per penny than any other dry battery
available.

COMPONENTS

Some points concerning the components required
need to be dealt with next.

VR1, VR3 and VRS should be small components.
Those used by the author were type P20, available from
Electrovalue Ltd., and having a body diameter of
0.79 in. Any other potentiometers of similar or smaller
size may be employed. If difficulty is experienced in
obtaining the 1kQ log component required for VR3, a
5kQ potentiometer may be employed instead with a
1.2kQ resistor connected across its outside tags. The
pre-set miniature slide potentiometer, VR2, is listed by
Home Radio under Cat. No. VR101A. In the prototype,
VCl1 is an old but excellent Eddystone short wave air-
spaced component. A suitable alternative is the Jackson
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The parts which are visible inside the receiver
when the hinged case is opened up
type C804 variable capacitor of the same value. Do not
use a variable capacitor having metal end plates. Apart
from DI the semiconductors are generally available. It
is essential to employ propery marked transistors.
So-called equivalents may well be found not to work in
tlténfs gircuit. D1 is an R.S. Components diode type

An 18 way group board is required. This is an R.S.
Components ‘Standard’ group panel.

Two ferrite rods are employed, one being 7 in. by
4 in. and the other 3 in. by 4 in. Both of tk.ese will have
to be obtained from a longer length of rod. The rod is
marked with a file at the appropriate point and the
excess then snapped off. The rods can be any grade
other than blue grade, the latter being distinguished by
a blue coding at one end. Blue grade ferrite is a low
permeability type which is not suitable for the present
receiver. It was handled by R.S. Components until a
few years ago, and has since been discontinued. How-
ever, small stocks may still be held by some retailers.

As was mentioned earlier, the wavechange switch used
by the author was a double pole slide-switch having a
centre off position. This type of switch is not advertised
by the large mail order houses but readers who are
fortunate enough to live near component retailers may be
able to obtain one. Failing this, a double pole toggle
switch with a centre off position can be employed. In the
appropriate constructional diagrams which follow, the
slide switch is assumed.

A flexible spindle coupler is required for VC1 and this
should be an insulated type. The Bulgin type EH16
coupler can be employed here. In the hardware category
are two small brass hinges, two 4BA boits 2 in. long,
two 4BA bolts 12 in. long and two 4BA bolts 14 in. long.
The S volt PP3 battery is held by a 1 in. spring clip
(Lektrokit LK2761) and the 7 in. ferrite rod by two 2 in.
spring clips (Lektrokit LK2721). These clips are
available, in packets of ten, from Home Radio.

The speaker employed should have dimensions which
do not exceed 8 in. by 5 in. by 3 in. If a speaker having
any of its dimensions larger than these figures is used
it will. be necessary to amend the corresponding
dimensions of the plywood and s.r.b.p. (‘Paxolin’)
panels on which the parts are assembled.
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CONSTRUCTION

Construction starts by taking the group board and
cutting off three and a half pairs of tags (seven tags in
all) so that it has the appearance shown in Fig. 2. Drill
three 3 in. holes to take the bushes of VR1, VR3 and
VRS5. Then fit these three components and wire up these
and the other parts in the manner illustrated in Fig. 2.
For ease of presentation, some components are shown
outside the group board in the diagram, but in practice
they should all be within the group board outline. All
component wiring should be as short as is reasonably
possible. Transformer T1 is fitted by soldering its
mounting lugs to the two tags shown. i

Next turn to Fig. 3, which shows three items, all of
which are cut from s.r.b.p. sheet. The item in Fig. 3(a) is
merely a bracket, and its large hole takes a grommet in
which is fitted the 3 in. ferrite aerial rod. The piece in
Fig. 3(b) is a platform on which are mounted the PP3
battery and the No. 800 battery. The No. 800 battery is
fitted between two 4BA 11 in. bolts at holes E and C,
with its positive terminal strip pressing against the bolt
at hole C. A solder tag is fitted below at hole C, and the
bolt provides the positive connection to the battery.
A 4BA 1 in. bolt at hole D, with a solder tag below,
picks up the negative connection from the battery. When
the battery is later fitted, its negative terminal strip is
downwards, in contact with the % in. bolt. The battery is
then held down by means of the item shown in Fig. 3(c),
this passing over the 14 in. bolts and being secured by
4BA nuts on the top. The positions of holes A and B in
Fig. 3(b) depend upon the speaker mounting holes, as
also does the small hole in Fig. 3(a), and these three
holes are marked out and drilled later.

Cut out a piece of Fablon 2 in. by 3 in: and leave all
the backing paper on except for a 4 in. strip along one of
the 2 in. sides. Wind the Fablon on to the 7 in. ferrite
rod to form a loose-fitting sleeve 2 in. long. The § in.
strip of exposed adhesive is last to be wound on and it
thereby secures the end of the Fablon to itself. Wind 11
turns of 26 s.w.g. enamelled wire on this sleeve with the
turns spaced out so that the coil length is 13 in. Leave a
few inches of wire at each end for later connections,
securing the coil ends with a suitable adhesive tape. This
is L1. Cut out a piece of Fablon 24 in. by 3 in. and make
a similar sleeve, 2} in. long, for the 7 in. ferrite rod.
Wind on 80 turns of 26 s.w.g. enamelled wire in a single
layer with each turn touching the next. This coil is L2.
Fit the two windings to the 7 in. rod so that they occupy
the appropriate positions shown in Fig. 4(b). Both
windings are in the same direction so that, when their.
inner ends are connected together, they are series-aid-
ing. Make up a third Fablon sleeve 2} in. long in the
same manner as the two previous sleeves. This is fitted
to the 3 in. ferrite rod. Wind on four pies of 90 turns
each (360 turns continuous in all) of 38 s.w.g. enamelled
wire. The pies may be about 2 in. wide and each
separated from the next by about § in. This last coil is
L3 and the winding of the ferrite aerial coils is now
completed.

A 1 in. plywood panel measuring 8% by 3 in. is next
cut out. This is the lower panel shown in Fig. 4(b) and
the 7 in. ferrite rod is, later, fitted to this so that the rod
and its mounting clips are just inside the adjacent long
edge of the panel. A free margin of at least % in. should
be maintained inside the two 3 in. edges to take the
edges of the receiver cabinet. Stick a piece of Fablon
onto the panel over the area where the group board will
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Fig. 2. Wiring on the group board. The 3 volt and 9 volt pasitive leads connect to separate poles of S2(a}(b)

be mounted, and make three holes to accept the bush
mounting nuts of VR1, VR3 and VRS. The potentio-
meter spindles should be along the horizontal centre
line of the panel, and this should allow just sufficient
space on the panel for the 7 in. ferrite rod and its clips.
Make a rectangular hole and two mounting holes for the
slide switch S1(a)(b), or a single hole if a toggle switch

is used here. The switch is just to the right of the group
board, as seen in Fig. 4(b).

Also to be mounted are the tuning drive and flexible
coupler for VCI1, of which details are given in Fig. 4(a).
A % in. hole is required for the flange of the tuning drive,
and its centre is on the horizontal centre line of the panel
and 1 in. in from the adjacent 3 in. edge. The capacitor

A I/4”'

S
172" 4BA bott, - Al
heug\below I 316" 3/I60
2l12" T \‘@ _ L ——— '
| R K 735 N T ¥
3/8” I |
1 | 178" \
N o ] I} [V h 1”spring clip 3 \
” - 4BA clear 4BA clear e o
” e gy o e 334 4BA clear
’ / * IS~ |~
4BA£ar - lf4” 4BA bolt, solder A
/ tag below
, _ |
Hole to take grommet The . | }
4 3 1 ) 3 5
TR e’ = 1316 12" 4BA bot. head and a |‘ 36
B | solder tog below .
- 2~ 3"
(a) (b) ()

Fig. 3(a).

The s.r.b.p. bracket on which the 3in. ferrite rod is mounted. The 4BA clear hole passes over one of

_ the speaker mounting bolts
(b). Dimensions of the battery platform. The 4BA clear holes, A and B, pass over two of the speaker
mounting bolts, and their positions depend upon the positioning of the corresponding mounting
holes in the speaker frame
(c). The strip which secures the 3 volt battery
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Fig. 4(a). Illustrating the manner in which YC1 is coupled to the ball tuning drive
(b). Final wiring steps on the plywood and speaker panels. Ensure that the two connections to S2(a)(b)
on the group board correspond with the 3 volt and 9 volt switch poles shown in Fig. 2

is fitted to a strip of s.r.b.p. measuring 24 by 2 in. This
has a § in. central hole for the capacitor bush and two
4BA clear holes to take the ends of the 4BA 2 in. bolts
shown in Fig. 4(a). These space the capacitor back from
the panel in the manner illustrated, leaving space for the
insulated coupler. If the spindle of VCI projects for-
ward too much it may be cut, as appropriate, or the
capacitor spaced back a little by washers on its mount-
ing bush. A short length of § in. spindle, which may be
metal or insulated, appears between the coupler and the
ball drive, and this can be a piece cut from the shaft of a
potentiometer, or similar component. It is necessary for
the spindle, and hence the moving vanes, of VCI1 fo be
insulated from the ball drive because, to avoid hand
capacitance effects, the latter is earthed to the negative
supply rail of the receiver. The anchor lug of the ball
drive is held under the 4BA nut securing the upper 2 in.
bolt (as seen in Fig. 4(b)) and a second 4BA nut secures
a solder tag to which the earth connection to the ball
drive may later be made. The group board is now
affixed to the plywood panel wjth short wood screws or
countersunk bolts and nuts, after which S1(a)(b) and
the VCI mounting assembly are also fitted. It may be
necessary to cut a small piece from a corner of the 21
?y 3 in. s.r.b.p. strip to give clearance for the speaker
rame.

302

FERRITE AERIAL

The 7 in. ferrite rod, with L1 and L2 on it, is fitted to
the plywood panel by means of two-§ in. spring clips, as
shown in Fig. 4(b). The clips are positioned as shown,
with L2 between the clips and L1 to the right of them,
this latter winding being free to be moved over the end
of the rod. When it is finally adjusted, one or two turns
of L1 will be off the rod.

Next cut out.a piece of s.r.b.p. 8% by 5% in. This is the
upper panel illustrated in Fig. 4(b), and it has the
speaker mounted on it. The speaker 1s fitted such that
there is } in. clear below its bottom edge, as seen in Fig.
4(b). If the speaker width is exactly 5 in., its upper edge
will then be flush with the top edge of the panel. The
surface of the s.r.b.p. panel below the speaker is screwed
to the edge of the plywood panel when the two are, later,
secured together. Mark out and drill four 4BA clear
mounting holes for the speaker and then cut out a suit-
able aperture in the panel. Drill several holes at the
bottom of the panel for the screws which will pass-into
the edge of the plywood panel. Four holes for the two
hinges are also required, but 1t is better to leave these
until later, when the case is being made up.

Bolt the speaker in place over a piece of speaker
fabric. The two lower speaker mounting bolts in Fig.

RADIO & ELECTRONICS CONSTRUCTOR
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The internal components, as seen from one side
of the receiver

4(b) are 3 in. long. The two upper bolts are 13 in. long
and the first to be fitted is that at the left in the diagram.
Before fitting the upper right-hand bolt scrape away the
enamel at the speaker frame so that an earth connection
may be made to this frame. Solder a piece of flexible
wire to a 4BA solder tag, then fit the right hand bolt,
securing the tag under the nut. Take up the s.r.b.p. piece
of Fig. 3(a), and mark out and drill the 4BA clear hole
in this such that, when it is passed over the upper right-
hand speaker bolt, the piece will take up the position
shown in Fig. 4(b). The right hand edge of the s.r.b.p.
piece should be at least 4 in. in from the adjacent 5§ in.
edge of the speaker panel. Fit the grommet and the 3 in.
ferrite rod with L3 to the s.r.b.p. piece, pass the latter
over the 4BA speaker bolt and secure it with a second
4BA nut. The 3 in. ferrite rod projects upward, perpen-
dicular to the speaker panel.

Take the s.r.b.p. battery panel of Fig. 3(b) and mark
out and drill the 4BA clear holes, A and B, on this such
that, when the panel is passed over the two 13 in.
speaker bolts, it takes up the position illustrated in Fig.
4(b). The left-hand edge of the platform should be
at least 3 in. in from the adjacent S in. edge of the

-speaker panel, and the upper edge (as seen in Fig. 4(b))

should be inside the top edge of the speaker panel.
Solder a flexible lead to the solder tag at hole C of the
platform and another lead to the tag at hole D. Fit a
further nut over each of the 13 in. speaker bolts, pass the
battery platform over these bolts, and fit two final nuts
on top of the platform. Adjust these last four nuts so
that the platform is held in a level position and just
touches the frame of the speaker.

Complete the wiring shown in Fig. 4(b), this including
Cl1, C2, R2 and L4. The wiring is carried out with the
two panels disassembled.

The major part of construction is now complete.
Next month’s concluding article will deal with the pro-
cedure of setting up and the assembly of a case. The two
panels of Fig. 4(b) are not secured together until the
setting up has been completed.

(To be concluded)
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"TIOTES (O EBIGIEDS

ZENER CLIPPING
CIRCUITS

By K. V. Logan

When current flows through a zener diode in the forward direction
it acts just like any other silicon diode

E ARE ALL FAMILIAR WITH THE SIMPLE ZENER DIODE
voltage stabilizing circuit which is shown in Fig.
1(a). The voltage across the zener diode is equal to its
zener voltage, within tolerance, and the circuit provides
voltage stabilization when the series resistor passes a
current which is greater than that drawn by the circuit
which the stabilized voltage supplies. The remaining
current then flows through the zener diode. :
What happens if, as in Fig. 1(b), we reverse the zener
diode? We will now find that the current which flows
through the zener diode is the forward current which
flows through any conducting diode. The semiconductor
material in a zener diode is silicon, and in Fig. 1(b) the
diode acts just like any other silicon diode. The voltage
dropped across it is then of the order of 0.6 volt.

Series
resistor +
. AAMAA
WW
.L
- L,
| Battery A Zener diode Hediyy
i voltage

(a)

TWO VOLTAGE LIMITS

Thus, a zener diode can limit voltage excursion in
both directions. For one polarity the voltage is limited
at the zener voltage of the diode, and for the other
polarity it is limited at 0.6 volt. This fact can be of
advantage if we want to clip an alternating voltage.

Fig. 2(a) shows an alternating voltage having a value
of 20 volts peak. We apply this voltage via a series
resistor to a 10 volt zener diode in Fig. 2(b). Fig. 2(c)
shows, in solid line, the voltage which appears at the
upper terminal of the zener diode with respect to the
lower earth line. During positive half-cycles the device
functions as a zener diode, and the half-cycles are
clipped at 10 volts. On negative half-cycles the device

Series
resistor +
AAAAA
WW
-
T ¥ Zener diode O-6volt
T

(b)

Fig. 1(a). A standard zener diode voltage stabilizing circuit
(b). In this circuit the zener diode is reversed, and it passes forward current
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Fig. 2(a). A sine wave alternating voltage with an amplitude of 20 volts peak

(b). Applying the alternating voltage to a 10 volt zener diode

(c): The clipped waveform appearing at the upper terminal of the zener diode with respect to the
earth line

functions as an ordinary silicon diode and it clips the
half-cycles at 0.6 volt. In consequence, the diode has
changed the. original waveform to ome having an
amplitude of 10.6 volts peak-to-peak.

SPEECH CLIPPING

Speech clipping is often used in amateur transmitters
to prevent over-modulation. A single zener diode can
provide the clipping, but not-in the circuit of Fig. 2(b)
because the clipped waveform this gives is asymmetric
and distortion would set in at the 0.6 volt clipping level.
If, however, we feed the alternating voltage to the zener
diode via a capacitor and take off an output via a
second capacitor, as shown in Fig. 3(a), we would get
symmetrical clipping at the output. Both capacitors
need to have a low reactance at the frequency to be
clipped. The first capacitor takes up a charge which
allows successive half-cycles to be clipped at the same
level along the half-cycle. These then appear, at the
upper terminal of the diode and with respect to the earth
line, in the form shown in Fig. 3(b). We now have

Series capacitors

N :

Clipped

symmetrical clipping of the alternating voltage. How-
ever, the horizontal centre line of the clipped waveform
{which represents its average voltage) is mid-way
between the positive and negative clipping levels and is
positive of earth potential. This is the same as having a
symmetric alternating voltage plus a direct voltage, and
we remove the direct voltage by means of the second
capacitor. The output waveform is then that shown in
Fig. 3(c).

The circuit of Fig. 3(a) can be used to clip the output
of a communications receiver driving high resistance
2,000Q or 4,000Q headphones. The two capacitors may
be 0.2uF for this application and the limiting resistor
can be of the order of 1.2kQ. A low zener voltage is
preferable and a useful value would be 3.6 volts. The
diode can-be a 400mW component. The output from
the receiver is then limited to a peak-to-peak level of
3.6 plus 0.6, or 4.2 volts. This could protect the receiver
operator’s ears from that nerve-shattering sound which
is given when accidentally tuning through a powerful
transmission with the volume turned too high.

Two zener diodes connected back to back as in Fig. 4

/7N, waveform /TN
—Ali—w— i — pou [N TR N
Alternatin c_~||125:;g___' '/ - \\ / ! }—

g - Clipped Eorth [ \ [\

voltage -~ = e, M X =
input SRS g A PR __J I gereptic \ I \ I
Earth ‘\ I/ ‘\\ l/

o= < potential \ 10-6V

‘%‘ Ne’g. clipping \\ \/l\\ \\ //

level . -
= Original
waveform

(a) (b)

()

Fig. 3(a). Inserting capacitors in series with the input and output
(b). The clipped waveform is now symmetric, but its average voltage is positive of the earth line
(c). The second capacitor allows the average voltage of the waveform to become coincident with
earth potential
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Fig. 4. Two zener dioaes connected back to back

proviae symmetric limiting without the need for

series capacitors, but limiting voltages cannot be

maae as low as with the single zener aiode of
Fig. 3(a).

give symmetrical clipping without the necessity for
series capacitors, provided both diodes have the same
zener voltage rating. When the upper input terminal in
Fig. 4 is positive with respect to the earth line, ZD1 acts
as a zener diode and ZD2 as an ordinary silicon diode.
"When the upper input terminal is negative, ZD1 acts as

an ordinary diode and ZD?2 as a zener diode. The peak
level of the clipped signal is then the zener voltage of
each diode plus 0.6 volt. This circuit does not offer
clipping limit voltages that are as low as can be given by
Fig. 3(a). With Fig. 4 the clipped peak-to-peak voltage
(double the peak voltage with a symmetric waveform) is
twice the zener voltage plus 1.2 volts, whereas in Fig,
3(a) the clipped peak-to-peak voltage is zener voltage
plus 0.6 volt. [ |

Anyone who works with solid-state circuits will
appreciate the Heathkit IT-1121 Semi-Conductor Curve

Tracer. Just connect it to any oscilloscope with hori-
zontal sensitivity of 0.5V/div. and vertical sensitivity of
1V/div. and get an accurate display of operating
parameters for virtually any discrete semiconductor.

Connecting the IT-1121 to a scope is easy with the
plug-in ‘cables supplied. A calibration switch permits

" fast, accurate scope calibration. You can display

fundamental parameters such as gain (beta), leakage,
breakdown veltage, saturation, forward conduction
voltage, output admittance, linearity, capacitance
effects, temperature effects and others. The extensive
manual included in each kit tells how to interpret each
display, making the IT-1121 a valuable educational aid.

Kit K/IT-1121, £52.95. Assembled A/IT-1 121, £127.45
(including 8% VAT and delivery within United
Kingdom.) FREE catalogue available from: Heath
(Gloucester) Ltd., Gloucester, GL2 6EE.

PRINTED CIRCUIT KIT

A printed circuit kit from Eagle Internafional of Wembley,
Middlesex contains all the items necessary to reproduce a
printed circuit to exact individual requirements. Designated
the PK3 it is supplied in a durable case complete with

comprehensive instruétions,

The contents of the kit include: polishing powder, etch
resist remover, flux, copper clad
phenolic circuit boards, stencil knife, spatula and etching tray,
Recommended retail price of the PK3 is £2.86 excluding VAT,

resist, etching liquid,
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T WAS THE MORNING OF CHRISTMAS

EVE.

As always occurred just before
Christmas, the Workshop presented
a scene of frenzied activity as Dick
and Smithy wrestled with the recalci-
trant radios, record players and TV
receivers which had chosen this, of
all times, to go on the blink.

Outside, the unheeding crowds
scurried about their Yuletide business,
engrossed with the last-minute pre-
occupations of purchasing presents for
suddenly remiembered aunts, of cal-
culating oven times against turkey
weights from at least three different
formulae in three separate cookery
books, of' dreading the arrival of
mothers-in-law, and of parcelling up
toy drums as gifts for the children of
hated enemies.

The Festive Season had also left its
imprint inside the bustling Workshop,
and this gave evidence of Dick’s
dedicated labours during the previous
week. All the window panes bore
little circles of cotton-wool in neat
parallel rows, apparently representing
an arrested instant during a precise,
geometrically controlled snow-storm.
Two gaily coloured paper chains
stretched from corner to corner,
crossing each other at the lamp in the
centre, to the flex of which they had
been securely fastened. Stuck incon-
gruously to the wall above Smithy’s
bench was a huge plastic Santa Claus,
and stuck to the wall above Dick’s
bench was an enormous and equally
improbable rubber reindeer. Both of
these, seemingly poised without sup-
port in mid-air, gave the impression
that the slightest tremor would bring
them tumbling to the floor. But Dick,
who was no slouch when it came to
adhesives, had taken the precaution of
fixing the figures in place with liberal
applications of Araldite. The rest of

In your
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the Araldite had come in useful too,
and he had used it for sticking the
mimic cotton-wool snow to the
Workshop windows.

STEREO PLAYER

At the moment we join them, how-
ever, Dick and Smithy had no thoughts
to spare concerning decorations or any
other attribute of Christmas as they
struggled with the sets they were
servicing. Gradually the stock of
receivers in the ‘For Repair’ rack
diminished, whilst those which had
been triumphantly carried over to the
Repaired’ rack increased in quantity.
The morning passed on and, as-Dick
made his way yet again to the ‘For
Repair’ rack, his first hurried im-
pression was that there were still three
units left on.its shelves. The frown he
had been exhibiting up to now sud-
denly changed to an expression of
delighted surprise when he realised
that the three units conmsisted of an
inexpensive stereo record player and
its two separate loudspeakers in their
small cabinets.

“Hey, Smithy, *’he called out. *““We’re
nearly at an end. I’ve just come to the
last job!”

“Good show,” grunted Smithy,
from his bench. “I don’t think P’ll be
long getting the TV Pve got here
finished, either.”

Cheerfully, Dick carried the record
player to his bench, after which he
returned for the two speakers. He
plugged these in at the rear of the
record player unit then connected the
latter to one of the row of mains
sockets at the back of his bench. He
switched onand listened expectantly.
The record changer motor whirred
just audibly into life but there was no
evidence of any background noise or
hum from the speakers. He selected a

This month Smithy
the Serviceman,
aided as always by
his able assistant
Dick, is engulfed
in the flood of re-
pairs which never
fails to appear just
before Christmas.
The pair are even-
tually left with a
simple stereo rec-
ord player, but this
offers a few un-

expected effects
before it is finally
repaired

record from a battered collection on
the shelf above his bench and placed it
on the changer. Unfastening the transit
clip which held the pick-up in position
on its rest, he then set the changer in
operation. The record clattered down
onto the turntable. The pick-up arm
rose, moved to the edge of the record
and then gently descended. There was
a thin reedy sound from the stylus in
the record groove, but no correspond-
ing output from the two loudspeakers.
Dick adjusted the volume, tone and
balance controls, but the speakers
maintained their silence.

Leaning over towards the back of
the record player he rocked each
speaker plug gently in its socket, and
then experimentally moved the speaker
wires near the points where they
entered their plugs. All this was to no
avail and, as he gave the speaker plugs
a last visual appraisal, he was mildly
surprised to note that a jack plug had
been inserted into another socket
mounted on the rear panel. The jack
plug served no obvious purpose, and
it had no lead connected to it. Dick
scratched his head, then reached
forward and pulled the plug out of
the socket.

At once the two speakers came to

life and they reproduced the sound
from the record at good volume and
with quite acceptable quality. With
a satisfied expression, Dick turned
the volume down.
. “How about that, Smithy?” he
called out exultantly. ‘‘Pve cleared
this' last job without even having to
get inside the cabinet!”

“Hang on a jiff,” replied Smithy
over his shoulder. “Let me just get
the back on this set of mine, and then
I’ll come and join you.”

Smithy put the last screw into the
back of the television receiver on his
bench and gave it a final check.

307



Satisfied with its performance he
switched it off, walked over to his
assistant’s bench and flopped down on
his assistant’s stool.

“Phew,” he said, pulling out a
handkerchief and mopping his brow.
‘““What a morning!”

“Well, it’s nearly over now,” stated
Dick consolingly. “This record player
I’'ve got here is the last thing we've
got to do before Christmas. So far
as I can tell, I've already got it work-
ing.”

“What was the snag?”’

“When I turned it on,” said Dick,
“there was no sound from the speak-
ers. Then I found this jack plug stuck,
all by itself, into a socket at the back.
As soon as I pulled it out the speakers
came on and since then the record
player’s bren going like a bomb.”

JACK PLUG

Dick handed the Serviceman the
offending jack plug. Smithy looked at
it critically.

“There’s something queer here,” he
remarked, raising his eyebrows. “The
socket this plug was in would be meant
to give a stereo output. But this isn’t
even a stereo jack plug. It’s just an
ordinary quarter inch jack plug giving
two connections at its tip and its
sleeve.”

“Does that matter?”’

“Well,” replied Smithy. “it cer-
tainly mtroduces an _ element of
mystery. The stereo type of jack plug
has three connections: one for chassis,
one for the right-hand channel and
one for the left-hand channel.” (Fig. 1.)

“What’s the socket for, anyway?
For an extra pair of speakers, or
something?”’

“It’s for stereo headphones, you
twit. You don’t seem to realise it, but
there’s a very wide range of stereo
headphones available these days.”

““Is there? What sort of impedances
do they have?”

“Most of them,” replied Smithy,
“*have impedances in the 8 to 16Q
range, but a few go up to 6002 or so.
They’re all hi-fi jobs and many of
them use moving-coil assemblies to
reproduce the sound.”

LH. le
phone

To L.H. output

RH. [ j
phone

To RH. output

To amplifier chassis
Fig. 1. Stereo headphones
may be couplea to an
amplifier by means of a
3-way jack plug. Typical
connections are illustrated
here
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“Blimey,” remarked Dick, impressed
with this information. ‘I wonder what
advantage there is in using hi-fi head-
phones? Why not just listen to the
loudspeakers?’

““Apart from anything else,” ex-
plained Smithy, ‘“‘using stereo head-
phones means that you can listen to
hi-fii without disturbing anyone else.
Also, the phones help to keep out
extraneous sounds.”

Dick considered the situation.

‘“Stereo on headphones, eh?’ he
remarked eventually. *‘I suppose that
if you turn your head to the right the
whole orchestra moves round with
you!”

“Let’s not get involved in minor
details,” chuckled Smithy. ‘““And let’s
concentrate on this record player
instead. Now it’s obvious that its jack
socket is wired up so that the speakers
are muted when a plug is inserted.”
(Fig. 2).

“Fair enough,” said Dick, *but
why was the plug put there in the first
place?”’

Smithy frowned, then shrugged his
shoulders.

“Goodness alone knows,” he re-
marked helplessly. ‘“Some customers
do very strange things with their
equipment, as you know. Perhaps
somebody found the plug lying around
and thought it belonged to the record
player because it fitted the socket.
Or it may have been a kid larking
around. At any event, I don’t think
we’d better assume that we’ve made
the record player completely service-
able just by .pulling that plug out.
There may have been another snag,
and someone then put the plug in
before the player was picked up for
repair.”

“Well, 1 hope that’s not the case,”
remarked Dick. ‘“I’ve had enough of
fault finding for now. I want to get
off on my Christmas holiday.”

*“So do 1 ”’ confessed Smithy. ““Any-
way, we'll give this record player a
quick check.”

By now the record on the turntable
had played to its end. Smithy set up
the changer and started to play the
record once more. Experimentally, he

‘adjusted the record player controls.

““The volume control,” he remarked,
““is working okay. Ah yes, and so are
the tone controls. And there doesn’t
seem to be any noticeable distortion
on either channel. All that’s left is
the balance control.”

Smithy adjusted the balance control
over its range to find that, whatever
its setting, the volume level on both
channels remained entirely unaltered.
He checked again. But it was quite
evident that the control was having
no effect whatsoever on the output
levels of the two channels.

*“There is a snag,” he sighed. *‘Still,
it should be a pretty easy one to clear
up. Pop over to the filing cabinet,
Dick, and get out the service manual
for this record player. If it’s going to
be our last job before the Christmas
holiday, we might as well tackle it in

RH.

speaker
RH.
output
e
180n<T i
- [ |
LH. =
output

= L.H.
Amplifier speaker
chassis

Fig. 2. A stereo heaaphone
jack which  automatically
switches off the speakers
when a fack plug is inserted.
The outputs to the headq-
phones are attenuated by
series resistors, a representa-
tive value being shown

the correct routine manner.”

Whilst Dick went in search of the
manual, Smithy cycled the changer
to its stop. After the pick-up arm had
descended on its rest and the turntable
had become disengaged he switched
off the record player. He next slipped
the transit clip over the pick-up arm,
turned the player on to one side and
started to remove the screws which
held its cover underneath.

“This balance circuit looks dead
simple,” remarked Dick, returning
with the service manual. ‘“‘Here is is.”

He placed the record player manual
on the bench and pointed his finger at
the circuitty around the balance
control. (Fig. 3). _

Smithy glanced at the circuit briefly.

““Yes,” he agreed shortly, “it’s the
elementary arrangement you fre-
quently get in these record players.
-All it consists of is a pot whose slider
goes to chassis, and whose outside ends
couple into the left and right channels
after the pre-amplifier stages.”

“You couldn’t have anything much
easier,” remarked Dick, continuing
on the theme. ‘“When the slider of the
pot goes downwards it causes less
resistance to appear across the left-
hand pre-amplifier output and ‘more
resistance to appear across the output
of the right-hand pre-amplifier. The
result is that the left-hand channel
offers lower gain and the right-hand
channel gives greater gain. And the
reverse happens if the slider of the
pot goes upwards.”

“Exactly,” confirmed Smithy, still
busy with the screws securing the
bottom cover. ‘““And the end result is
that you can set the balance control so
that both channels give the same level
of gain. Ideally, you should be able
to set the balance control for equal
sound from each speaker whilst
playing a mono record.”
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Fig 3 A simple balance control network

“This particular balance circuit,”
commented Dick, frowning, ‘‘seems
to be pretty fierce in operation, Why,
you can adjust the pot for zero output
on either channel. When the pot
slider is at the bottom of its track the
left-hand channel is killed completely.
The same thing happens with the right-
hand channel when the slider is at
the top of its track.”

“True,” agreed Smithy, “‘the amount
of control is very high. Some record
players have equal value resistors in
series with the balance control track
ends so that the range of control is
reduced. But others use a circuit of
the type we have here. 1 suppose the
idea is that a balance control of this
nature satisfies the more compulsive
type of knob twiddler. If he finds that
one or other of the channels is com-
pletely silenced when the control is
at the ends of the range, then he will
be quite convinced that there must be
a setting in the middle which gives
correct balance.” (Fig. 4).

OPEN-CIRCUIT

Smithy put down his screwdriver
and removed the cover.

“Now what,” he queried, “do you
think will be the most likely cause of
the snag we’ve got here?”

Dick thought for a moment.

“Since,” he suggested, “the balance
control has no effect on either channel,
I would guess that the fault is common
to both sides. Most probably there’s
an open-circuit between chassis and
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the slider of the pot, or between the
pot slider and its track.”

“Very good,” commended Smithy.
“Let’s next have a quick shufti inside.
Oh dear!”

“What’s up?”

“The chassis connection for the
pot slider,” said Smithy, “is to a solder
tag eyeletted to the metalwork of the
record player.” (Fig. 5(a) ).

To batance Solder tag
_control slider /‘/ Eyelet
L -
- Y
i}
Chassis

(a)

Tag soldered to

chassis
/
— ;

b 1

(b)

Fig. 5(a). The chassis con-
nection for the
balance conirol sli-
der in the record
player serviced by
Smithy was made
by way of a solder
tag eyeletted to the
chassis metalwork

(b). To obviate the risk
of a future inter-
mittent connection,
Smithy solderea
the tag over to the

chassis

“Is that bad?”

“It can be. Anyway I'll just check
for continuity between chassis and the
centre tag of the pot.”

Smithy pulled Dick’s testmeter to-
wards him and set it to a low ohms
range. He next connected one test
clip to chassis at a point remote from
the eyeletted solder tag and connected
the other to the centre tag of the
balance potentiometer. The testmeter
needle was deflected only slightly from
the left-hand end of its scale.

“Blow me,” remarked Dick,
“Y‘ou’ve found the open-circuit first
g0.7!

‘“Now watch.”

Smithy picked up a screwdriver and
prodded the chassis tag lightly with
its blade. At once the testmeter needle
moved over to the right, to indicate
zero ohms.

*“See what I mean?” went on Smithy.
*“That eyelet probably wasn’t thumped
down hard enough at the factory,
with the result that the contact be-
tween the solder tag and the metal-

work had gone high resistance with
time. Now that I’ve moved the tag the
connection between the two will
probably stay good for months or
even years before it goes high resistance
again. However, I’ll make certain that
this one doesn’t go high resistance.”

Smithy picked up Dick’s soldering
iron and a piece of solder, then
applied them to the solder tag and the
metalwork surface. After some mo-
ments the tag and metalwork were
soldered together over most of the
round section of the tag. (Fig. 5(b) ).

The Serviceman next turned the
record player over so that it stood on
its base once more. After releasing
the pick-up arm clip he switched it on
and played the record once more.
This time the balance control carried
out its function correctly.

“Hooray,” said Dick exuberantly,
“that’s the last job finished before
Christmas.”

He listened critically to the music
from the speakers,

“That stereo player sounds jolly
good,” he remarked appreciatively.
“I suppose it won’t be long, though,
before we’ll be looking upon stereo as
old hat and we’ll be spending our time
fixing up quadraphonicrecord players.”

““It probably won’t be long,” agreed
Smithy. “Four channel reproducing
systems are a bit pricey at the time
being but these are early days yet.
Incidentally, it’s possible to get a
subjective ‘all-round’ sound effect
with just the output of a stereo record
player. Indeed, the scheme is used
with some U.K. manufactured stereo
ampilifiers.” ‘

“Is it?”’ remarked Dick, surprised..
“How does it work?”’

“It works,” replied Smithy, “by
having two extra speakers which are
positioned behind the listener. These
are then fed with the channel differ-
ence signals at reduced level. Here’s
the idea.”

Smithy scribbled out a circuit in
the margin of the service manual
(Fig. 6).

“What happens here,” he went on,
“is that the front right and front left
speakers reproduce the right and left
channels in normal manner. The two
rear speakers are connected in series
across the right and left outputs with
a resistor between them to reduce their
power level. When they’re phased in
the manner I've shown, the right-hand
rear speaker reproduces an R-L signal
and the left-hand rear speaker repro-
duces an L-R signal.”

Dick looked at Smithy’s circuit
thoughtfully.

‘“Are those plus and .minus signs
alongside the speakers intended to
indicate phase?”

“They are,” confirmed Smithy.
“They can, for instance, indicate the
polarity across each speaker which is
needed to make the cone move for-
wards, and this could be determined
physically with the aid of a small dry
battegy applied to the speaker term-
inals.”
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“How is it,” asked Dick, “that the
right-hand rear speaker reproduces an
R-L signal whilst the left-hand rear
speaker produces an L-R signal?”’

“Simply because they’re connected
out of phase with each other,” replied
Smithy. “It’s fairly obvious that the
rear right-hand speaker is producing
an R-L signal because the right-hand
signal is applied to it in phase and the
left-hand signal is applied to it out of
phase. You can use the same sort of
reasoning to see why the rear left-hand
speaker produces an L-R signal. Don’t
forget that you indicate a reversal
of phase by a minus sign. If you put
R-L into brackets and put a minus
sign in front, then the result when the
liracligt's” are removed is -L+R, or

PILOT LAMP

“Well, that’s a speaker system I
didn’t know about before,” pro-
nounced Dick. “Anyway, now that we
have finished work let’s start thinking
about Christmassy things.”

He leaned forward, opened a drawer
in his bench and produced a small
parcel wrapped in colourful paper.
This sported a motif of robins and
holly leaves intertwined against a
background of snow.

“Here we are, Smithy,” he an-
nounced, ‘“here’s my present for you.”

“Ah,\ thank you, lad,” intoned
Smithy, taking the parcel from him,
“Now let’s see what we have here.”

Carefully, the Serviceman removed
the wrapping paper and placed it on
one side. He looked doubtfully at
Dick’s present.

“Do you like it?’ asked . Dick
eagerly.

“Why yes, of course,” said Smithy
uncertainly.

“I spent a lot of time choosing it.”

DECEMBER 1974

“I’m certain you did.”

“In fact it should just suit you.”

“I have no doubt of it.”

“The salesman said it was the most
colourful tie;he had in the shop.”

“Oh, it’s a tie,” said Smithy, “Dear
me, it’s very wide, isn’t it?”’

“Not at all,” responded Dick
briskly. “Wide ti€s these days are all
the rage, you know.”

“I'm certain I’'m most grateful,”
responded Smithy. “Now, let’s see
what I’'ve got for you.”

He walked over to his bench and
returned with a package. Its wrapping
paper had a pattern of robins and holly
leaves intertwined against a snowy
background.

‘“Why, that’s a coincidence,” Te-
marked Dick. “Just the same paper that
I used.”

He removed the paper, then dub-
iously examined the contents of the
package.

“Er — -,” he remarked hesitantly,

“*‘they’re very nice.”

“I was sure you’d appreciate them,”
said Smithy cheerfully. “They should
fit you just right.”

“Fitme?”’ queried Dick suspiciously.
“Whereabouts?”’ :

“Why, on your shoes, you idiot.
They’re galoshes.”

“Galoshes?”’

“Galoshes,” repeated Smithy. ‘“You
slip them over your shoes.”

“Sounds kooky to me,” remarked
Dick disapprovingly. “Do people
actually go around with things like
these over their shoes?”’

“Of course they do,” returned
Smithy irritably. “They’re to keep out
the rain and the snow.”

“Oh, I see,” said Dick, relieved.
“Well, they should be jolly useful to
me. Thanks very much, Smithy.”

“I'm glad you like them,” said
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Smithy in a mollified tone. “I must say
it’s very pleasant to have a nice
mellow Christmassy atmosphere in
the Workshop.”

“Yes, isn’t it?”

Dick glanced over at the record
player. The record had finished and
the pick-up had returned to its rest.
Suddenly, Dick’s eyes sharpened.

“Hello,” he remarked, “There’s still
one little job outstanding.”

“What’s that?”’

“The pilot light on that record
player isn’t working. Oh well, we can
soon clear that!”

Impulsively, Dick turned the record
player on its side and peered inside its
cabinet. At once the pick-up arm left
its rest and banged against the centre
spindle of the changer.

“Trust you to knock things about,”
snorted Smithy irately. “Hadn’t you
better switch that player off before
you start poking around inside?”

“There’s no need,” replied Dick
airily, “it’s only low voltage round the
pilot lamp. Ah, here we are. The pilot
lamp holder is one of those m.es.
types that slide on and off. Wait a
minute, it’s a bit stiff.”

_Dick pulled at the refractory lamp
holder. It suddenly came free, where-
upon it shot out of Dick’s grasp and,
at the end of its two leads, rested on
the case of one of the transistors on
the printed circuit board. A frighten-
ingly loud and raucous hum was
reproduced by the left hand channe]
speaker, and Dick hastily flicked the
bulb holder away from the transistor.
The holder next came to rest on the
chassis metalwork. The raucous hum
from the loudspeaker ceased, to be
succeeded by a quieter but far more
unexpected and ominous hum emanat-
ing from the record player motor.
After some moments there was a
flash from one end of the circuit board
and this last menacing hum stopped.
Shaken, Dick switched off the record
player.

“For 'the love of Pete,” snarled
Smithy furiously, *“you’d wreck Fort
Knox if they were dim enough to

leave you in there on your own for
five minutes. Do you realise that you
may have completely destroyed the
left-hand channel of that record:
player? I wouldn’t be surprised if
you’ve burnt out the gram motor,
too.”

“The gram motor?” spluttered Dick.
“How on earth can a pilot lamp
circuit burn out a gram motor?”’

“Just take a look at the power
supply section,” grated Smithy, point-
ing a trembling finger at the record
player circuit. (Fig. 7). “For a start
the amplifier supply is obtained from
a low voltage overwind on the gram
motor. The voltage from the overwind
then goes into a silicon bridge rectifier.
When that lamp holder was resting
on the chassis, one or other of its
tags, or its metal body, was creating a
short which was causing the overwind
to feed direct into a single silicon
rectifier. With an overload like that, it
was no wonder the gram motor
started humming.” (Figs. 8(a) and (b) ).

“What was the flash?”’

“Hopefully,” growled Smithy, it
was the fuse blowing.”

“All right,” continued Dick defen-
sively. “Then why was there that loud
hum from the speaker when the lamp
holder was touching the transistor
case?”’ :

“Because,” replied Smithy, ‘‘the
transistor in question was a BC109 in
the pre-amplifier stage. The BC109 is
ina TO0-18 metal can and, like many
other T0-18 transistors, has it collector
common with the can. You were
injecting about 10 volts of raw a.c.
into the output of the pre-amplifier
stage.”

“Stap me,” said Dick contritely. “I
hadn’t realised it was possible for all
these things to happen. Shall I put
another pilot lamp in?”’

“Blow the pilot lamp,” said Smithy.
“I’'m more interested in seeing if the

" rest of the record player is still work-
ing. The safest thing you can do is
get me a new fuse. The type I want is
800mA anti-surge.”

Disconsolately, Dick walked over

8COmA 20V overwind On-Off
Anti-surge
O e “
it
1 i
Supply + Rictldmp b ac
S 24v '
i mains
fwatt H
1l
c_rl Gram
2000pF 5
i Bridge oten
rectifier

Fig. 7. Power supply circuit in which an overwind on the gram motor
connects to a bridge rectifier
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Short-circuit

(a)

Short-circuit

(b)

Fig. 8. If one of the terminals of the pilot lamp in Fig. 7 is short-

circuited to chassis the resulting effect will be that shown in (a)

or in (b). In either instance the gram motor overwind is effectively
coupled to a single silicon rectifier

to the spares cupboard. Smithy
temporarily wrapped a few turns of
insulating tape round the lamp holder
and its tags to ensure that it could not
cause any more short-circuits. When
Dick returned, Smithy quickly fitted
the new fuse, set the record player
upright and put the pick-up arm back
on its rest. He switched on and started
the changer cycle.

The pair listened with bated breath.
The pick-up arm rose and descended
on the revolving record. There was a
slight hiss, and then the recording
started. Dick and Smithy released
their breath in a slow sigh of relief
as the music was reproduced, just as
before, from both channels.

CHRISTMAS SPIRIT

“Well, thank goodness for that,”
said Smithy with emphasis.

He went over to the spares cup-
board, took out a ‘spare pilot lamp
and, after switching off the record
player, fitted this to its holder. Stead-
fastly refusing all offers. of help from
his assistant he replaced the lamp
holder in its correct place inside the
record player, checked this out once
more, then fitted the bottom cover.

“And that,” he said with finality,

““is that job done.”

Dick handed him a record.

“Here,” he said, “put this one on.”

Carelessly, Smithy switched on the
player again, put the record on the
changer and set it in motion. Very
soon, the Workshop was filled with
the strains of “I’'m Dreaming of a
White Christmas™ sung, as ever, by
Bing Crosby.
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“We couldn’t,” grinned Dick, his
sturdy sclf-assurance once more re-
turned, “‘let a Christmas go by without
that record.”

Now that the stresses of the day
were over, Smithy allowed himself to
gradually relax. With slowly increasing
cheerfulness he gazed at the levitated

‘Santa Claus above his bench and at

the equally unsupported reindeer
above Dick’s. He glanced at the
windows with their neat rows of
pseudo-snow, giving the impression
of an ordered cotton-wool-cushioned
security at the heart of the maelstrom.
He surrendered himself contentedly
to a welcome period of tranquillity.

Dick coughed politely.

Smithy brought himself back to his

surroundings. There was one more

duty to be done.

Rising, he walked over to his bench,
then returned accompanied by the
pleasant clink of glass against bottle.
Carefully, he charged Dick’s glass,
handed it to him, then filled his own.

“Well, Dick,” he said, “a very
Merry Christmas to you, lad.”

“And,” returned Dick warmly, “a
very Merry Christmas and a Happy
New Year to you, Smithy.”

They rose, and held up their glasses.

“Most important of ail,” stated
Smithy, “let us next wish a Merry
Christmas and a truly Happy New
Year to all the readers who’ve put up
with our antics over the last year.”

They drank deeply.

“And,” concluded Dick, “let us

once more finish, as on so many'

previous Christmasses, by

saying
‘God bless us, every one!” ]

by Louis E. Gardner Jr.

WA PRACTICAL

PAPERBACKS

FROM
FOULSHAM-TAB

BASIC TV COURSE £1.50
by George Kravitz

NEW SKILL-BUILDING
TRANSISTOR PROJECTS

AND EXPERIMENTS £1.45
by Louis E. Gardner Jr.

RADIO CONTROL
HANDBOOK £1.90

by Howard G. McEntee
TRANSISTORS: THEORY
AND PRACTICE £1.40
by Rufus P. Turner
WORKING WITH
SEMICONDUCTORS

by Albert C. W. Saunders
CASSETTE TAPE
RECORDERS - HOwW
THEY WORK — CARE
AND REPAIR

by Walter Salm
ELECTRONIC
MEASUREMENTS
SIMPLIFIED

by Clayton Hallmark
SOLID-STATE CIRCUITS
GUIDEBOOK £1.75
by Brice Ward

10 MINUTE TEST
TECHNIQUES FOR PC
SERVICING

by Art Magolis

TV BENCH SERVICING
TECHNIQUES

by Art Margolis
MINIATURE PROJECTS
FOR ELECTRONIC
HOBBYISTS

by.Ken W. Sessions Jr.

FM STEREO/QUAD
RECEIVER SERVICING
MANUAL

by Joseph J. Carr
TROUBLESHOOTING
‘SOLID-STATE WAVE
GENERATING AND
SHAPING CIRCUITS

by Ben Gaddis
THE2-METRE FM
REPEATER CIRCUITS
HANDBOOK

by Ken W. Sessions !
PINPOINT TRANSISTOR
TROUBLES IN :
12 MINUTES

£1.50

£1.60

£1.70

£1.60

£1.65
£1.45

£1.55

£1.55
£1.90

£2.50

@

FOULSHAM-TAB LTD.

YEOVIL ROAD. SLOUGH. BUCKS.
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NOW AVAILABLE... NEW FIFTH

EDITION

FAULT FINDING

arf03/6Z0
NS

REVISED & ENLARGED

EDITED BY J. R. DAVIES

Over 100 illustrations, including 60
photographs of a television screen
after the appropriate faults have been
deliberately introduced.

Comprehensive Fault Finding Guide
cross-referenced to methods of fault
rectification described at greater length
in the text.

races 0P

POSTAGE 9p

To Data Publications Ltd., 57 Maida Vale, London, W.9 1SN

Please supply the NEW EDIFION OF “TV FAULT FINDING” DATA BOOK No.5................ eI § ot Rk b
| enclose cheque/crossed postal orderfor.................covvvvnnn... T T T 4 4 s TE A ORAE B 0™ emir ol + v LT o Tl CTE
DA 300 e T N s T8 e TP b S 0 o ofB o BB BB GBI 50 00 T iy AT S et o e g 1l e = =
ADDRESS

B g A O A S S e S ] e R PO O P B s = P8

(BLOCK LETTERS PLEASE)
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SMALL ADVERTISEMENTS

Rate: 5p per word. Minimum charge 75p
Box No. 10p extra.

Advertisements must be prepaid and all copy must be
received by the 4th of the month for insertion in the fol-
lowing 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 bé
addressed to: Box No. —, Radlio and Electronics Cons-
tructor, 57 Maida Vale, London, W9 1.SN

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.

BATTERY ELIMINATOR KITS. Our well-known Min:
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\}3

00mA max.; 6V, 180mA; 9V, 120mA; 18V, 60mA. £1.50,

VAT ,INCLUDED. By mail only. UK.
tronix Ltd., 396 Selsdon R,oad
CR2 ODE.

post 5p. Ama-
outh Croydon, Surrey,

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

BUILD THE MULLARD C.C. TV CAMERA. Complete
kits now available from Crofton Electronics. Send large
s.ae. for details to:- 124 Colne ‘Road, Twickenham,
Middlesex, TW2 6QS. Telephone: 01-898-1569

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

SERVICE SHEETS for Televisions, Radios, Transistors,
Tape Recorders, Record Players, etc., from Sp 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 420066

ANTIQUE WIRELESS ENTHUSIASTS. For all your
requirements in radio pre-1945 contact: Tudor Rees’s
- Antique Wireless Service. Retail shop now open at 64
Broad Street, Staple Hill, Bristol. Telephone : 0272-565472.

SUPERB INSTRUMENT CASES by Bazelli. Manufactured
from heavy duty P.V.C. faced steel. Hundreds of radio,
electronic and hi-fi enthusiasts are choosing the case they
require from our range of over 200 models, Generous trade
discount. Prompt dispatch. Free literature : Bazelli, Dept.

No. 26, St. Wilfrids, Found Lane, Halton, La t
LA2 6LT. i o S

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

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.

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 magazins,

Send 10p for list. Ramar Constructor Services, 29 Shel-

bourne Road, Stratford-upo‘n-Avon, Warwicks. CV37 9JP.

(Continued on page 317)
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BENTLEY ACOUSTIC CORPORATION LTD.

All prices inclusive of V.A.T.
The OId Police Station, Gloucester Road, LITTLEHAMPTON Sussex. PHONE 6743
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6X5GT .45 DK96 .60 EF183 .30 PCF802 .50 UF85 .44 0OC84 .26
786 .75 DL92 .40 EF184 .35 PCFB805 .80 UF86 1.00 0C202 .4
Y4 75 DL96 .55 90 .55 PCF806.50 UF8® .40 0OC205 .47

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 to cover up to three items, then
each additional 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 3pextra
per parcel. Please enclose S.A.E. with any enquiries.

ENGINEERS

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do ;'ou want promotion, a better job, higher  This helpful guide to success should be read
pay? “New Opportunities” shows youhow to by every ambitious engincer.

get them through our low-cost home study -Send for this helpful 76 page FREE book
course. There are no books to by and you*  now. No obligation and nobody will call on
can pay-as-vou-learn. you. It could be the hest thing you everditi.

PO \- EERECUT OUT THIS COUPON ----1
N S CHOOSE A BRAND NEW FUTURE HERE!
011 Tick or state subject of interest. Post to the address below.
Computer Building 0 RADIO/ Garage Man. []
L O Carpentry 0 TELECOMMS. MAAIMIDip O
Electronic Civil Eng. O ¢
Eng. O Const.Ene. 0O ~ Radlo TV O GENERAL
MECHANICAL Elec. Eng. O Heat& Vent. [ C&G Agric.Eng. O
AMSE. . Install. & Inst. of Telecoms., [ C.E.1 =]
(Mech) g Wirlng O _ Builders - O prac ‘Radio Gen. Educ. g
Diesel Enz. [J Inst. Works - Blec. Shde Rule 3
Inst Motor MANAGEMENT an (withkity O Refrigeratn. [
Ind. O Computer Highway Radio G.C.E. a
Maintenance TOg. O _ Supers. O “aAmateurs
ng. © [ Management [ Painting& Radio Serv., 8
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Eng. a gt‘g}éfg‘:“{"l 8 Surveving O ° gery, a | &'A'LEVELS I
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Please insert the following advertisement in the ...

SMALL ADVERTISEMENTS

Use this form for your small advertisement

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W9 1SN
...issue of RADIO & ELECTRONICS CONSTRUCTOR

15 words at 5p

= 75p.

- . ALL WORDING
1 IN

! . BLOCK LETTERS
| PLEASE

| enclose remittance

of Zruccdi-cr b being payment at 5p a word. MINIMUM 75p.
Box Number, if required, 10p extra.

Copy to be received four weeks prior to publication. Published on the 1st of every month.

PRECISION
POLYCARBONATE CAPACITORS
ALL HIGH STABILITY - EXTREMELY LOW LEAKAGE

440V AC (+-10%) 63V Range +-1% +4-2% +-5%
0.1pF (15" x3¥") - 50p 0.47uF Sép 46p 3é6p
0.22pF (13”"x5") 5% 1.0pF 66p 56p 46p
0.25pF (13"x3") 62p 2.2uF 80p 65p 55p
0.47uF (12"x%") T7ip 4.7uF £1.30 £1.05 85p
0.5uF (13"x % 75p 6.8uF £1.64 £1.29 £1.09
0.68uF (2”x%") 80p 10.0pF £2.00 £1.60 £1.40
1.0pF (27x¥") 91p 15.0uF £2.75 £2.15 £1.90
20pF (27x17) £1.22 22.0pF £3.50 £2.70 £2.55

- TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22,
0.47,1.0, 2.2, 4.7, 6.8uF at 15V/25V or 35V; 10.0pF at 16V/20V or 25V;
22.0pF at 6V/10V or 16V; 33.0uF at 6V or 10V; 47.0uF at 3V or 6V;
100.0pF at 3V, ALL AT 10p EACH; 10 for 95p; 50 for £4.00.
TRANSISTORS:

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% at5mA. Values
available; 3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8Y; 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.
RESISTORS: High stability low noise carbon film 5%, + W at 40°C;
W at 70°C. E12 series only — from 2.20) to 2.2MQ ALLAT 1pEACH; 8p
or 10 of any one value; T0p 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.L.V. - 7p (4/26p); 400 P.1.V, — 8p (4/30p); 80O P.LV. -
11p (4/42p). BRIDGE RECTIFIERS: 2§ Amp. 200V - 40p; 350V - 45p;
600V - 55p.
SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT 5p
each; 5002, 1000, 2200}, 470Q), 68002 1K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K,
47K, 100K, 250K, 680K, 1M, 2.5M, & 5M.
TRANSFORMERS: Primary 220-240V,12V @ 2A & 24V @ 1A, £2,00
plus 22p post.
PLEASE ADD 8% 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 borfa-fide companies. ALL EXPORT ORDERS ADD COST
OF SEA/AIRMAIL.

MARCO TRADING

Dept. C9, The Old School, Edstaston, NR. WEM, Salop.
Tel: WHIXALL (Salop) 464 (STD 094872) (Props: Minicost Trading Ltd.)

BC107/8/9  9p BC183/183L 11p BF194 12p BFY51 20p
BC114 12p BC184/184L 12p BF196 13p BFY52 20p
BC147/8/9 10p BC212/212L 14p BF197 43p OC71 12p
BC153/7/8 12p BC547 12p AF178 30p 2N3055 50p
BC182/182L 11p BC558A 12p BFY50 20p  2N3702/411p

316

CJL PRICES INCLUDE PP AND V.AT.

AERIAL ,telescopic,15-120cm. . . . . . £1.20
COAERIAL, telescopic,h and v swivel,15-80cm. . £1.78 Ae——e—

COJEARPHONE , stethoscope style,8 ohm dynamic. £1.00 K}

CHAND DRILL, (Leytool )}, Compact precision drill .5/16"

ehuck. Gears totally enclosed.S/L bearings. . £2.90
INTEGRATED CIRCUITS (
AUDIO POWER AMPLIFIER {National) LM380 £1.00 _
OA.M.RADIO RECEIVER(RCA) CA3123E £1.40
OF.M.STEREO DECODER(Motorola) ' MC1310P £2.80
g1/C TIMER(Signetics) NESSSV £0.78

D.I1.L.SOCKETS(pk of 3) [I8 pin £0.50 ([J14 pin £0.55
[OKEYNECTOR, rapid connect-single/multiple leads to @
mains.Built-in pilano switches,neon & 13A fuse. .£3.20 %
OMICROPHONE , lightweight dynamic,remote start/stop ?

200 ohms, 100-10,000Hz, 6mV average output. £1.80 S—a

JMULTIMETER ,small and attractive, Vde-10.50,250,

1,000.Vac-10.50,250, 1,000. ldc-100mA .R-150k. £4.95 ﬁ
POWER SUPPLY COMPONENTS

OSILICON BRIDGE RECTIFIER, 100 P.LLV./2A £0.40

DELECTROLYTIC CAPACITOR, 2,200uF /50V £0.57

CELECTROLYTIC CAPACITOR, 5,000uF/25V £0.63

OSILICON POWER TRANSISTOR, 2N3055 £0.60

LIVOLTAGE REGULATOR (Fairchitd) uA7805 £1.70

OVOLTAGE REGULATOR (Signetics) NESS0A £0.80

OSIGNAL INJECTOR produces audio through video signals, %
excellent-servicingamplifiersradiostelevigions,etc. 23.92/
[CISOLDERING IRON, 25 WATT,(Antex) , X25,240V, Very

low leakage, 1/8" long life bit{interchangeable}). . £1.85

[3/32"bit £0.45 03/16"bit £0.45  [OOElement £0.95
OSTAND.(Antex), ST3,High grade base,chrome plated

spting, sponges and accomodation for spare bits. .£0.95 =
[OSPEAKER, miniature,8 ohms,70mm dia. . . £0.80 @
CJLLTD.P.O.BOX 34,CANTERBURY.CT11YT
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SMALL A.DVERTIS EMENTS

(Continued from page 315)

FOR SALE: Puffs and cans galore. Mica, ceramic, 2p each.
.Smoothing blocks 60p each. Quantity discount. Send 10p
for list. Post and packing free on orders over £1.50.
Quartic Electronics, 6 Stancliffe Avenue, Bulwell, Notting-
ham, NG6 SHP.

RADIO, TV AND OTHER VALVES. Large stocks 1930-
1974. S.A.E. for quotations. Price list 15p. Also available
transistors and stylii. Cox Radio, 19 The Parade, East
Wittering, Sussex. Telephone: West Wittering 2023.

MAGNIFIERS, ideal for wiring printed circuit boards, etc.
4” dia. lens on flexible arm and heavy base £6.00, also
Binomag headband magnifier — £5.70. Available by post
from Revor Optical & Technical, 36 Baker Street, London
W.1. Telephone: 01-836 4536.

EXPERIMENTERS! Hundreds of unusual items cheap.
List No. 9, 6p. Grimsby Electronics, Lambert Road,
Grimsby, Lincs. (Callers Saturdays only).

‘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.

WANTED: Service manual for Hallicrafter’s Skyrider
communications receiver. Box No. G248.

PRINTED CIRCUIT BOARDS. PCB from your pattern £1
plus 5p per square inch. From published patterns in this
magazine 50p per board. Add v.a.t. 5p P. & P. per pcb.
Mail Order only. TEC, 241 Burnt-Oak Broadway, Burnt
Oak, Middlesex.

QUARTZ CRYSTALS. 5675 kc/s to 8650kc/s in steps of
25ke/s. 1 pin spacing. £2 for 20 our selection. 7000 to 7175
£1.00 each. E.E.S. Ltd., The Airport, Exeter, Devon.
Telephone 66523.

FOR SALE: Codar muiltiband G receiver in excellent
condition. Price: £9.50. Telephone: 061-485 8301 evenings.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identifica-
tion 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. Mem-
bership including monthly magazines, etc., £2.00 per
annum. (U K. and British Commonwealth), overseas 6
Dollars or £2.50. Secretary ISWL, 1 Grove Road, Lyd-
ney, Glos., GL15 5JE.

RADIO & ELECTRONICS CONSTRUCTOR. Issues from
August 1963 to July 1974, mint condition, best offer.
Rylance, 46 Cedar Drive, Hatch End, Pinner, Middlesex.

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. Telephone: 01-407 1495,

(Continued on page 318)
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BI-PRE-PAK
Audio Bargains

STEREO
— DECODER

“£4.50

incl. P. & P.

Ready-built unit, ready for connection to the IF stages of exi_sling‘ M Radiq or
Tuner. The very latest 2nd Generation coil-less integrated circuit design, operating
on this phase locked loop system, offering even better stereo separation. Only
owing to our bulk buying capacity are we able to offer this at the old price.

LED stereo indicator lights available Redat25p Green at40p

3 Wams C.AMP,

L}
I Incl. P. & P.
on y " Order Cade I.C.A. 1

On P.C. Board with all components or 2 on
one hoard for £2.60. Order Code I.C.A. 1/S.

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

5W & 10W AMPS

5Wony £1.80
10W ony £2.26

incl. P. & P,

These matchbox size amplifiers have an exceptionally good
tone and quality for the price. They are only 21 x 12”. The 5W
amp, will run from a 12V car battery making it very suitable for
portable voice reinforcement such as public functions. Two
amplifiers are ideal for stereo. Complete connection details
and treble, bass, volume and balance control circuit diagrams are
supplied with each unit. Discounts are available for quantity
orders, More details on request. Cheapest in the U.K. Built
and tested.

Now availahle for 5 &10WAMPS

Pre-assembled printed circuit boards 2 x 3” available in
stereo only, will fit -15 edge connector.

Stereo Pre-Amp 1 (Pre 1). This unit is for use with low gain
crystal or ceramic pick up cartridges. £1.10

Stereo Pre-Amp 2 (Pre 2) This unit is for use with magnetic
pick-up cartridges. £1.55

Stereo Tone Controi {STC). This unitis an active tone control
board and when used with the right potentiometers will give bass
and treble boost and cut. £1.10

Instruction leaflet supplied with all units. Post and

Packing inciuded in prices.

PLEASE ADD VAT AT CURRENT RATE

ﬁ--——-_——_

enclose £........ for........ 8 Tracks/...... .3W
Amps/. .. ... .. SW Amps/........ 10W Amps/...... I
Stereo Pre-Amps 1..... . Stereo Pre-Amps 2 ... .. A

Stereo Tone Controls (Please insert quantities and deiete those .
I not applicabie). I

I ACAress MR ol e BB . o i . L g™l e B il Anomy. £ l

I BI PRE PAK Dept, C, 222/224, West Road, _ |}
a [ ]
Co. Regn No.820919

Westcliff-on-Sea, Essex SSO 9DF
Tel: Southend (0702) 46344
\ [ r—y 5 8 B __B N ]
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ENGINEERS
»

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do you want promotion, a better job, higher  This helpful guide to success should be read
pay? “New Opportunities” shows youhow to ~ byevery ambitious engineer.

get them through our low-cost home study ~ Send for this helpful 76 page FREE book
course. There are no books to buy and you  now. No obligation and nobody will call on
can pay-as-you-learn. you. Itcould be the best thing you ever did.

PO \- ENECUT OUT THIS COUPON H Il HNN I 1
N \S) CHOOSE A BRAND NEW FUTURE HERE!
Oh, Tick or state subject of interest. Post to the address below. l
- Build-As-You- Electronic : CITY & GUILDS I
Learn Engi ing 0 Wiring s and m,
PRACTICAL
I RADIO AND Conpgter 3 0 CITY & GUILDS I
ELECTRONICS Electrical
{with kit) nl Computer ‘Technicians l:]
Elcctrical Programming  [J  crry & GuiLDS [
Engineering ] General Radio Telecommunications
Electrical and TV Radio Amateurs”
I Installations Engincering [ T fete ]
and Wiring (3 o
Bl ek Gck 20
& Eri:ughmmnn- D and Repairs O & A" LEVELS
Electrical Transistor Coaching for many
Mathematics L] Technology L] major examinations
! NAME (Block Capitais Please) . . . ., . .. ... .....,.... e e e e

E ACORESS .- WS T IE Y WAL Wb St W R oA
Other subieCts™ - = =« « + « o o Lt i e s s e e s e Age - .-

Accredited by C.A.C.C. Member of A.B.C.C. .
HOME.OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

To ALDERMASTON COLLEGE, pept 8RE 95. READING RG7 4PF | BRE 95_:_.

ELECTRONICH]iI]6

& MODEL RADIO CONTROL

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

an advanced digital system. U.K. Packing

134 pages. Price £2.25 & Postage 32p
EU L
3 e U
ON SALE NOW I M
at all leading shops T
or direct from:— ek | L_l
| 1!

RADIO MODELLER
BOOKS DIVISION,

64 Waellington Road,

Hampton Hill, Middx.
L : : j
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SMALL ADVERTISEMENTS

(Continued from page 317)

FOR SALE: Handbook of satellites and space vehicles

£7.00. Self-sealing plastic bags 24” x 24", 100-30p, s.a.e.
for sample. 5lbs mixed components £2.50. Avo 8 £20.00.
Battery operated door chimes (need repair) 75p. Servisol
switch cleaner 70p, 2 tins £1.00. 10 mixed LED’S £1.50.
Valve tester £20.00. 2-speed drill with ‘hammer’ action,
#” chuck, £12.50. 75 yds x 2” Sellotape roll £1.00. Freezing
spray aerosol £1.30. Bush CTU2S5 colour TV, serviced
with new tuners, £125.00. 10” 8Q speaker £2.75. 100mW
walkie-talkies £27.00. 147kHz-220MHz signal generator
£38.00. Reconditioned adjustable arm bench lamp £5.00,
24V input 500W 240V inverter £30.00. 50W hi-fi amplifier
kit £12.50. Manufacturer’s reject (repairable) walkie-
talkies (retail £59.95) £30.00. Minifon pocket wire re-
g)zrzigr, new condition, .£8.00. S.A E. for lists. Box No.

BOUND VOLUMES of Radio Constructor for sale: Nos.

17-23 inclusive 1963 to 1970 (last three unbound). Best
offer secures. Telephone: 01-722 7040,

FOR SALE: 5 new Pop-8-track cartridges £6.00. 50 ex-juke

box records £3.50. Cassettes C60 40p, C90 50p, C120 60p.
Cassette cube case MOCD36 £4.50. Head cleaners cassette
50p, 8-track 75p. Adaptor to play cassettes through car
radio £12.00. Miniature radio, rechargable batteries and
recharger, £4.50. Box No. G250.

SUPER CONSTRUCTORS PACK containing 50 assorted

spacers 4 and 6BA clearance and threaded types. Two
6” extension shafts, Two couplers, Two 2” extension
shafts with couplers attached, 1 foot each of 2—4 and
6BA brass studding (3ft.), 20 tag strips, 2 trimmer con-
verters, 100 mixed self-tapping screws, plus free gift.
Bargain at £1.65p inclusive of postage. Electro-Mech
Products, 7 Chantry Avenue, Bideford, Devon. Telephone:
6820.

FOR SALE: Electronic circuits manual £4.50, Also back
numbers of Rodio Constructor and Wireless World.
Send for list. Box No. G251.

RADIO & TELEVISION AERIAL BOOSTERS. Improve
weak reception. £3.10. 5 television valves, 45p. S.A.E.
leaflets. Lancashire Mail Order (R), 6 William Street,
Stubbins, Ramsbottom, Bury, Lancs.

MULLARD 10W RMS AMPLIFIER MODULES, Brand
new for 24 volt 4 ohm operation. Tremendous offer,
absolqtely no extra components or hardware required.
Supplied with circuit and full data for simple operation.
£2.65 inclusive. LTE, 46 Minehead Road, South Harrow,
Middlesex. Mail order only please.

RECITALS OF RECORDED MUSIC. The second Saturday

evening of each winter month. Next recital: December
14th, 1974, 8 p.m. at Woodford Green United Free Church
Woodford Green, Essex. Bus routes 20,20A, 179 and 275 -
alight at *“The Castle” stop. Programme includes works
by Bach, Handel and Ravel.

FOR SALE: Enamelled copper wire 21 oz. reels 30 S.w.g.

only, 30p each. 250MQ 1 in. pots, 5p each. Post and
packing 10p. Daniel Collier, Sturtsbury Farm, Bumbles
Green, Nazeing, Essex. -

FOR SALE: Germanium point contact diodes, equivalent

OA91. Branded. 5 for 25p inclusive. T.A.C., 59 Luckwell
Road, Bristol, BS3 3ES.

(Continued on page 319)
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SMALL ADVERTISEMENTS
{Continued from page 318)

FREQUENCY LIST TRANSFERS. We have a limiied
supply of sheeis of Dial Frequency Transfers in black.
Shori  Wave frequencies 1.8Mc/s io 32Mc/s and
144Mc/s and 146Mc/s. Includes amaieur band marker
frequencies ai 100kc/s poinis and oiher shori wave,
frcquencies from 2 o 32Mc/s ai every 500kc/s poinis.
cach frequency s repeaied. Two sheeis for Sp. five
sheeis for 10p. posiage 3p. Daia Publicaiions Lid..
57 Maida_ Vale. London W9 1SN,

PERSONAL

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

MAKE NEW FRIENDS! The exciting reliable way. All
areas, all ages. Write: Ss.M. Computer Dating (REC),
109 Queens Road, Reading, Berks.

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 booklet. It’s 65p from Alben, Site 3, Church Street,
Diss, IP22 3DD.

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.

YOUNG MAN DISABLED needs work at home. Electronic/
wire assembly. Would collect and deliver. Mr. B. Grimes,
Llainwen, Glanrhyd, Cardigan, Wales, SA43 3PE.

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 de-
termining Broadlands future. Further details from: —
The Hon. Membership Secretary, The Broads Society,
“Icknield”, Hilly Plantation, Thorpe St. Andrew, Nor-
wich, NOR 858S. '

SITUATION VACANT

ENGINEER with sound electronics knowledge and :x-
perience required for our Wembley service dept. Good pay
and prospects for suitable applicant aged 16 to 20. Close
to trains, buses. Free lunches. Apply: Box No. G252.

C AND G EXAM
Make sure you succeed with an ICS home study course for C
and E Electrical Installation Work & Technicians Radio/TV/
Electronics Technicians. Telecommus Technicians and Radio
Amateurs.

COLOUR TV SERVICING
Make the most of the current boom! Learn the techniques of
servicing Colour and Mono TV sets through new home study
courses, approved by leading manufacturers.

TECHNICAL TRAINING
Home study courses in Efectronics and Electrical Engineering,
Maintenance, Radio, TV, Audio, Computer Engineering and
Programming. Also self-build radio kits.
Get the qualifications you need to succeed. Free details from:

INTERNATIONAL CORRESPONDENCE SCHOOLS

Dept. 233B Intertext House, London SW8 4UJ.
Or phone 01-622 9911

ESSENTIAL

BOOKS!

HOW TO MAKE 2M & 4M CONVEATORS FOR
AMATEUR USE. Available at last after many delays. Fully
comprehensive. Contains circuits, lay-outs, component lists,
diagrams and full instructional notes. Price 60p, p.p. 15p.

HOW TO MAKE WALKIE-TALKIES FOR LICENSED
OPERATION. 40p. p.p. 15p.

THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT
HANDBOOK. Gives circuits, data and ilustrations plus
valuable information .for British/USA receivers, transmitters,
trans/receivers. Available later October. £4 including postage.

DIRECTORY OF GOVERNMENT SURPLUS WIRELESS
EQUIPMENT DEALERS. Gives details of surplus wireless
equipment stores and dealers including addresses plus equip-
ment and spares that they are likely to have available. A valuable
book only 50p. p:p. 10p.

GETTING THE BEST FROM YOUR COLOUR TV.R. Maude.
Essential advice for colour TV engineers and owners. Could
save you pounds. 50p. p.p. 16p.

THE THEORY OF GUIDED ELECTROMAGNETIC WAVES.
The most comprehensive book yet written about waveguides,
transmission lines, cavity resonators. Over 500 pages. Ideal for
anyone interested in Radar and UHF. Published at £11.50.
Special olfer £4.50. p.p. 50p.

MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK.
Gives circuits, data and iliustrations plus some valuable modilica-
tions for amateur use for ial radi h. i
including PYE and other popular makes. Available early
November. £4.75. p.p. 35p.

HANDBOOK OF FIXINGS & FASTENINGS. B. Launchbury.
Covers all aspects of fixings & f. i isti
and range of sizes, types and applications of nails, wood screws,
light plugs, heavy masonry fixings, rivets, screws, washers,
bolts etc. ial e do-it-y: if i Prolusely
illustrated. Published at £1. Special offer 50p per copy. p.p. 25p.

s

NN .
Radio Book Catalogue’

M F N 4RI

Send for this fully comprehensive catalogue of radio books. Free.

THE BARGAIN BOOK GAZETTE. Contains thousands of
.interesting new and out of print books at bargain prices.
Subjects include all types of hobbies, collecting. 1001 interests.
Published regularly and sent free on request.

Dept, R, C. GERALD MYERS {Publisher & Bookseller).

138 Cardigsn Rd., Headingly, Leeds 6. Yorks. (Callers Welcoma).

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, Relays,
Pulley Wheels, Magnets, Transistor Panels etc., etc. Save yourself £s
on these well selected parcels 6lbs net weight £1-00, p. p. 50p.
Brand new Wire-wound Resistors. 1-7 Watts. Good Selection. 100
for £1 p. p. 20p. i
Mullard Ferrite Cores LA3 100 to 500K Hz, 50p. LA4 10 to 30KHz. 75p.
LA2100 3 to 200 KHz, 50p.
P.V.C, Flexible Connecting Wire Assorted i{Colours 100 yards for
£1.00 p.p. 20p.
Assorted Capacitors, Silver Mica, Tubular and Disc Ceramics, Poly-
styrene. Tremendously good selection. 300 for £1. p. p. 20p.
Special Offer Electrolytic Capacitors Reversible 3600uF 70 volts H.D.
Terminals 60p, p.p. 20p.
Please include 8% V.A.T. to total cost of goods.

MAIL ORDER ONLY
v XEROZA RADIO
1, EAST STREET,
BISHOPS TAWTON,
DEVON

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 automatically leam to recognise
the code RHYTHM without translating. You can't help it, it's as easy as
leaming a tune. 18-W.P.M. IN 4 WEEKS GUARANTEED. Complete course,.
3 Records and Books, £4.95 incl. P.P.l. etc. (Overseas £1 extra). Or details
only, 4p stamp. Or phone S. Bennett, G3HSC, 01-660 2896.

Box 38, 45 GREEN LANE, PURLEY, SURREY.

DECEMBER 1974
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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 o1 (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

. - COLOURS: MAROON OR GREEN
-including V.A.T. . - : -
Available only from:— (If choice not stated, colour available wiil be sent)

Data Publications Ltd. 57 maida Vale London W9 1SN

DATA BOOK SERIES

DBS TV FAULT FINDING
132 pages. Price 90p, postage 9p.

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
512pages. 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.

............... mveereeraeeeraerervnn.. (BLOCK LETTERS PLEASE)

Pastal 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

320 RADIO & ELECTRONICS CONSTRUCTOR
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UK'S LARGEST STOCKIST OF ELECTRONIC
COMPONENTS & EQUIPMENT
ALSO HI-FI - TV - TAPE EQUIPMENT

S You can build the Texan and Stereo FM Tuner
SUNINN TEXAN 20 - 20 WATT IC STEREQ AMPLIFIERS

Features glass fibre PC-board, Gardners low field transformer, 6~IC's,
10-transistors plus dlodes ete. Designed by Texas Instruments engineers
for Henry's and. P.W. 1972. Supplied with full chassis work, detailed
construction handbook and all necessary parts. Full Input & control
facilitles. Stabilised supply. Overall size 155" X 223° X 63” mains operated.

Free teak sleeve with every Kt £3100 (G B pOSt paid) » 2 5
A

BUILT + TESTED £37.50 ‘ RV
L **:ns.___a_ ” Features capacity diode tuning, led & tuning meter Indicators, stabilized powdr supply

IC stereo decoder. Overall size in teak siceve 8” x 23" X 63°. Complete kit with teak sleeve.

£21.00 (GB post paid) BUILT —+ TESTED £24.95
Join the large hand of Huppy Constructors!

ELECTR
CompgyIC

on
EQUipyEyy S AND

Ction— p;
tion Bl‘g”"s'OCks
2 + Let uys
fequ,m"' (']
o onts, (Pleasg

E with alf anquirias).

PORTABLE RADIO

Actlvity counter complete with
power pack

£9.97 post £1
’

CALCULATORS

SIEBEO FM Tu“En — mains operated. High performance and sensitivity with unique station indication
UHF TV TUNERS

EXCLUSIVE 5 WATT IC | EMI SPEAKERS

625 line receiver UHF transistorised tuners Special zfa,f,g:::‘;&}‘ﬁ::k:g 50p pair)

FM UK operation. Brand new. purchase 5 wate *150 TC 10 watts 8 ohm twin cone £2-20
(Post/packing 25p each) output, 8-16 ohm *450 10 watts 4, 8, 15 ohm with twin

TYPE Cvariable tuning £250 | load. 30 volt max tweeters and crossover £3-85 cach

TYPE B 4-button push-button DC operation com- EW 15 watt 8 ohm with tweeter £5:25
(adjustable) £3-50 plete with data. Price 350 20 watt 8, 15 ohm with tweeter £7-80 each

£1-50 each, or 2 for £2:-85
Printed Circuit
Panels 50p

*Polished wood cabinet £4-80 carr. etc. 35p each
or 50p pair

Sinclair Cambridge kit £13.50
Sinclair Cambridge (built) £17.50
Sinclair Memory £22.50
Sinclair Scientific £26.95
0SR  62p 45p

0-50R  62p each

0-150R 62p per dozen

GRAVINER INFRA
RED DETECTOR

Designed for heat or tight detector.
Containing 931A photo multiplier &
GK4S5 & network £3.50

TRANSISTORISED MODULES
TUNERS-POWER SUPPLIES-AMPLIFIER

AMPLIFIERS
(all single channel unless stated)

(Post/Packing 15p per 1-6 ltems GB uniess stated)
Ceramic Fiiters

Miniature 10.7 MHZ filters 40p pair
Radio IC Chip
ZN414 Radio IC with circuit £1°20

Ultrasonic transducers
with data/circuits £5-50 pair
TAA 960 £1-75

il JIVIPU )

AMTRON KITS

AVAILABLE EX-STOCK. SEND FOR'FREE
LISTS

JOSTY KITS

AVAILABLE EX-STOCK. SEND FOR FREE
LISTS

4-300 9 volt 300 MW OfP 3-8 OHM, 1-10 MV /P €175 | Strobe tubes
2004 9 volt 250 MW ofg 3-8 OHM, 10-100MV I/P £2:70 ZFTBA (similar to 4A) £4:00
104 9 volt 1 wate OfP 8-16 OHM, 10 MV |jP €340 | ZFT12A £5:00
04 9 volt 3 watt OfP 4-8 OHM, 10 MV /P £395 7 segment indicators
555 12 voit 3 watt OfP 8-16 OHM, 150 MV /P £4-10 3015F with data £1-70 each
5555T 12 volt 14 + 14 OfP 8 OHM, 150 MV I[P £5-95 Spring delay units
E1208  12volt 5'watt OfP 4-16 OHM, 25-60 MV |/ 6510 | RS twin spring, pp 20p £330
608 24 volt 10 watt O/P 4-8 OHM, 30-50 MV /P £495 | HR16  twin spring, pp 25p £6.85
410 28 volt 10 watt O/P 8 OHM, 160 MV I/P £4-95 Fib f
620 45 volt 30 watt OfP 4-8 OHM, 150 MV |/P £9-95 jureiopticy f 100 £5-50
40 30/35 voit 15 watt OfP 4-8 OHM, 100 MV I[P £5.45 3.01. :'"“- R ilament, per 100 metres ‘f' s
260 45/S0 volt 25 watt OfP 4-8 OHM, 100-250 MV [/ £6:95 1-513 diam. 64 fi pes e e s
SA6817 24 volt 6 1 6 OfP 8 OHM, 100 MV I/P £10-20 m: diam, gnares tails €as -
Marriot XRSP/47 % Track High £2.50
F M M 0 D U I_Es Marriot XRSP/18 % Track Med £3.50
Marriot XRSP/36 § Track Med £5.00
Muflard LP 1186 FM tuner (front end) with data 10.7 MHZ O/P £4-85 Marriot XRSP/63 g Track High £1.75
Mullard LP 1185 10.7 MHZ IF unit with data £4-50 Marriot Erase heads for XRSP 17/18/36 (XES 11)  75p
Gorler Permability FM tuner (front end) 10.7 MHZ O/P £420 Marriot 13X1ZE 343 % Track Erase 5p
R/RPI Record/Play ¥ Track 4p
H/RP Single Track Rec/Play - 35p
Bogen Type UL290 Erase £1.50
Miniature Stereo Cassette Rec/Play £2.25

FM and AM TUNERS AND DECODERS

FM5231 (tu 2) 6 volt FM tuner £795

TU3 12 volt version (FM use with Decoder) £7-95 I N v E RTO R K ITs
SD4912, Stereo Decoder for Tu3. 12 volt £7-95 15 Wate

SP62H 6 volt stereo FM tuner £14-80 40 Watt

£5.20 post 30p
£6.80 post 40p

A1007 9 volt MW-AM tuner £11-95

Sinclair 12/45 volt FM tuner stereo recorder for above £7-45 P.P.9 BATTERY ELIMINATOR

A1018 9 volt FM tuner in cabinet £13-95 Complete kit of parts including P/C boards

A1005M (§) 9-12 volt Stereo decoder FM for above £7.50 £1.95 complete kit
1062 12 volt Stereo decoder General purpose £6:50

) mud- TRANSISTORISED
CONDUCTORS

UK's largest stockists of branded guaranteed devices at

PREAMPLIFIERS

Sinclair Stereo 60 Preamplifier £6-75 low prices

E1300 CART/TAPE/MIC INPUTS 9 volt £2:85 EXTRA DISCOUNTS Any one type

E131 Stereo 3-30 mV mal cart 9 volt £475 Extra 10%, for 12+, 15% 425, 209, 100+

FF3 Stereo 3 mV tape head 9 volt £4-95 The above also applies to mixed SN74 serles |C.

3042 Stereo 520 mV Mag. cart. mains £5.95 Get your free stock list now — new "74-'75 edition now

EQ25 Mono 3-250 mV TAPE/CART/FLAT ¢ volt £1-95 avallable (Ref. No. 36).

89, VAT TO BE ADDED TO ALL ORDERS (EXPORT VAT FREE
__SUPPLIERS OF ELECTRONICS FOR OVER 30 YEARS
Prices & descriptions correct at time of proof. Subject to change without notice E&0

Electronic Centres

SINCLAIR MODULES
AND KITS

SINCLAIR
PROJECT 80

ST80 Stereo PreAmplifier £11-95

Audio Filter Unit £6:95
Z40 15Watt Amplifier £5-45
Z60 25Watt Amplifier £6:95

PZS Power Supplies for 10or 2 Z40  £4:98
PZ6 Power Supplies (S Tab) for 1 or 2
740

PZ8 Power Supplies (S Tab) for 1 or 2
260 €

98
TRANSFORMER FOR PZ8 £3.95
FM TUNER £11:95
STEREO DECODER £7.45
1C20 power amp kit £7:95

PZ20 power supply for 1 or 21C20  £5.45
All above post paid (GB only)

PACKAGE DEALS
carriage/packing 35p

2 x Z40, 5780, PZS £25-00
2 x Z60, S780, PZ6 £27-75
2 x Z60, 5780, PZ8 -+ Trans £34-40

SINCLAIR SPECIAL
PURCHASES

*Project 60 stereo preamplifier

£6-75 post 20p

£19-95 post 25p
£2-10 post 15p

£13-50 post 15p
2250

*Project 605 Kit
1.C. 12 6W AMP
*Cambridge calculator kit
Sinclair Cambridge Memory
Cambridge Calculator buile £17-50 {post 15p)
Cambridge Scientific builc £26-95 (post 15p)

Best prices

, 404-406 Electronic Components & Equipment 01-4028381| Phone or call
309 PA-Disco-Lighting High Power Sound 01-723 6963
303 Special offers and bargains store Barclay/

EDGWARE ROAD, W2

WWWw.-americanradiohistorv.com

All mail to 303 Edgware Road. London W2 1BW
FREE stock list on request

Access cards
welcomed

e




