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This is the simplified insurance you have been waiting for. (or 4 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. gl 11

And it's how we save you so much money: just ONE The Home Unit Policy can replace your existing insurances
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'COMPONENTS

HOBBYIST - PROFESSIONAL - DOMESTIC - SURPLUS -
JUSTA FEW OF OUR BARGAINS ARELISTED BELOW - SEND STAMPED
ADDRESSED ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS.
PAY US A VISIT. OVER 90% OF STOCK BELOW QUANTITY
WHOLESALE PRICE. RETURN POSTAL SERVICE UNLESS CHEQUE.

INDUSTRIAL

Goods sent at customer’'s risk, unless sufficient payment for

JAP 4 gang min. sealed tuning condensers New 25p

insurance included (2p per £1 Min 7p}. British Isles only. Ex-eqpt. 2 or 4 gang 15p
VALVE BASES TO3 or TO66 ELECTROLYTICS MFD/VOLT. Many others
Printed circuit BSA — B7G 2p | Mica Washer 2p [in stock 70— 200- 300— 450~
Chassis B7 — B9G — B7G 4p | 18 volt 4 amp charger, | yp 15 10V 25V 50V 75V 100V 250V 350V 500V
Shrouded chassis B7G — B9A 6p bridge rectifier 50p | pFD
| BBA — B9A chassis — B12A tube 6p | GC10/4B £3.00] 10 4p 5p 6p 8p 8p 12p 16p 20p
v A . : Telescopic aerial 25 4p S5p 6p 8p 8p 15p 18p 20p
Speaker, 6” x 4”, 5 ohm, ideal for car radio etc. £1 Closed 937, open 384" 50 4p 5p 6p 9p 13p . 18p 25p —
TAG STRIP — 6 way 3p| VHF Radio Tuner Head| Fitted right angle TV| 100 5p 6p 10p 12p 19p 20p — —
9 way 5p Single 1p|{ Takes ECC 85 80p)| plug, 50p 250 9p 10p 11p 17p 28p — 85p f£1
14 glass fuses— 250 m/a or 3 amp (box of 12) .. 185 | 1000 190 }17:: ‘11(7):: el "i" B sde . st
3” tape spools  8p 1 Terryclips chrome flnlsh 4p 2000 23p 37p 45p — L
Brand new Boxed 6K7G  25p 1.5m, log edge pot 8p | As total values are too numerous to ||st use this
PVC or metal clip on M.E.S. bulb holder f 5p | price guide to work out your actual requirements
Geared Knob, Inner to Outer Ratio 8:1 60p | 8/20, 10/20, 12/20 Tubular tantalum 15p each

Wafer Rotary, all types 30p
S.P.S.T. 10 amp 240v. white rocker switch with

220-240v. Out 240v
60ma 4-6.3v 1a approx

CAPACITORS, ELECTROLYTICS, TRIMPOTS, POT
CORES, CHOKES ETC.

3lb for 85p + 75p post and packing

7Ib for £1.75 + £1 post and packing

Skeleton Presets
Slider, horizontal or verti-
cal standard or submin. 5p

Clear Plastic Boxes
For component storage or
projects, sliding lid. 13" x
137" x1” 10p

KNOBS
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW WITH POINTER AND
GOLD CENTRE 8p EACH.
17 DIAM. WITH 13” SKIRT SPUN ALUMINIUM
GRUB SCREW FIXING, 1" 30p EACH.

ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope 170V
2-8M/A £1.50

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

Ferric Chloride, Anhydrous mil. spec. 1lb. bag 50p’

neon. 1” square flush panel fitting 30p-|2" X 25" x 23" £1.50
2 AUDIO LEADS :
oy =l x 5 POTS
1
5 pin d.m plug 180° both end§ + Mtr., 80p 480" Uin Barbont18p
3 pin din to open end, H%d twin screened 35p | switched 25p
Phono to Phono plug, 6ft. ~_ 35p Dual Pots 38p
COMPUTER AND AUDIO BOARDS Dual & switch ~ 50p
VARYING PANELS WITH ZENER, GOLD BOND, | Lin wirewound 25p
SILICON, GERMANIUM, LOW AND HIGH POWER | Slider Pot 25p
TRANSISTORS AND DIODES, H! STAB RESISTORS, | Dual Slider 35p

Bulgin, 5mm Jack plug and switched socket (palr) 30p [16-32/275, 32-32/275, 100-100/150, 100-
12 volt solenoid and plunger 30p | 100/275 50-50/300 20p each
250 RPM 50 c/s locked frequency m|n|ature mains motor 50p | 50/50-385 30p
200 OHM coil, 21" long, hollow centre . . 10p { 12,000/12, 32—32—50/300 700/200 100-100-
Belling Lee white plastic surface coax outiet Box 30p | 100-150-150/320 e - 50p each
R.S. 12 way standard plug and shell 20p | 20-20-20/350 40p each
SWITCHES RESISTORS RS 100-0-100 micro amp null indicator
' Pole Way Type -1 1 watt 1p {Approx. 27 x 32" x 3" .. ..ol £1.50
4 2 Sub. Min, Slide 18p {1 watt .. 2p INDICATORS
6 2 Slide 20p | Up to 5 watt wire 1°P Bulgin D676 red, takas M.E.S. bulb 20p
4 2 Lever Slide 15p | 10 watt wire 12 volt*Mains neon, red, pushfit 20p
2 2 Slide | 12p | wound . - 12p g Scale Print, pressure transfer sheet 10p
1 3 + off Sub. min. edge 10p (15 watt .. .. 14p =
1 3 13 amp small rotary 12p CAPACITOR QUIDE — maximum 500V
2 2 Locking with 2 to 3 keys B Up to .01 ceramic 2p. Up to .01 poly 3p.
£1.50 | Philips  transformer, | Up to 1000PF silver mica 5p. 1,200PF up to .01
2 1 2 Amp 250V A.C. rotary 24p safety fused. In 200- |silver mica 10p. .013 up to .25 poly etc. 4p.

.27 up to .68 poly etc. 6p

Over 500 volt order from above guide and few

others listed below.

6p. .1/600:10p. .01/1000, 1/350, 8/20, .1/900,

.22/900, 4/16. .25/250 AC (600vDC) .1/1500

40p. 5/150, 9/275AC, 10/150, 15/150, 40/150.
TRIMMERS, 20p each

100PF Ceramic, 30°F Beehive, 12PF PTFE

2500PF 750 volt, 33PF MIN. AIR SPACED

50PF CERAMIC.

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

THERMISTORS
VA1008, VA1034,
'VA1039, VA1040,
VA1055, VA1066,
VA1082, VA1100
VA1077,

VA1005, VA1026

10p

}ISp

RELAYS

12 volt S.P.C.O octal
mercury wetted high
speed 75p
P.0. 3020 type, 1,000
OHM coil, 4 pole c/o

60p
Mains or 12v d.p.c.o.
heavy duty octal 60p

Boxed GEC KT88

| valve

THE RADIO SHACK

161 ST. JOHNS HILL, BATTERSEA,

LONDON S.W.11

Open 10 a.m. till 7 p.m. Monday to Saturday — Also Sunday afternoons

Terms: Payment with order
394 '

Teleohone: 01-223 5016

Strong grey pIastlc‘box same design as die cast

ali 43”7 x 23" x 11~ 40p
1”7 or13” or 3" CAN CLIPS 2p
MAINS DROPPERS
36479 ohm 15p
664661158 ohm, 66+ 66+137 ohm
1741416 ohm, 2664144193 ohm 20p
504404 1k5 ohm
28545754148 435 ohm } 30p
254-35497459430 ohm
51” x 23" Speaker, ex-equipment 3 ohm 30p
2 Amp Suppression Choke .. 5p
3x2‘x-r';-” PAXOLINE 2p
FxExg” .. 2for1p
2508 100 6hm 3 watt resistors 4p
VALVE RETAINER CLIP, adjustable 2p
OUTPUT TRANSFORMERS
Sub-miniature Transistor Type 25p
Valve type, centre tapped or straight 40p
12 volt 250M/A or 6 volt A
Transformers £1

Whiteley Stentorian 3 ohm constant |mpe-
dance volume control way below trade at80p

Drive Cord 1p per yd.

A
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SEMICONDUCTORS 85X20/21 - 13p OTW R
Fult spec. marked bv Mullard. etc. Manv other tvpes in stock ‘BSY40 . 28p | 1N916
AC107 .. .. 12p| BC179B 11p| BF180/1/2/3 BU105-01° .. 93p | 1N4148 . 1- 5p
AC128 .. .. 5p| Bcisac 9p| BF184/5 CV7042 (0C41 OCa4,” | BA145/148 11p
AC176 9p | BC186/7 .. 13p| BF194/5/6/7 .. ASY63) 7p | Centercel 10p
ACY28 .. .. 18p | BC213L/214B ..  9p( BF194A/195C/20 GET141 40p | BZY61 .. .. 10p.
AD149 . 40p | BC261B . 10p ABF258/262/263 2 p 0C35 324p-| BB103/110 Varicap 18p
AD161/2 ‘matched pr.68p | BC327 12p| BF336 ot ON222 30p |:BB113 Triple Varicap 80p
AF116 12p | BC328 10p| BFS28 Dual Mosfet 92p TIP30 43p | BA182 .. .. 18p,
AF124/6/7 .. 20p | BC337/8 11p | ‘BFW10/11 F.ET.  26p | TIP3055 50p | 0A5/7/10 .. 10p
AF1399[178/1 80[18l30p BC547/558A 7p| BFW30 £1.35 | TISBBA FET 23p | BZY88Upto33volt 6p
BC548/557 9p| BFW57/58 20p | ZTX30" | BZX61 11 volt 16p
ASY27/73 25p BCX32/36 12p| BFX12'. 20p.| ZTX341 .- 15p | BR100 Diac. 19p
BC107A0rB .. 9p | BCY40 .. 60p BFX29/30/84/88 16p %:’;gg/MA&%- 5 3gp R ATED EIHGIES
BC107/8/9 .. Bp | BCY70/1/2 9p| BFX89. . 35p7 5% a4 ]
BC108A/B/109B/C 10p BD112/3/5/6 .. 40p| gpyso .. 50;’,« 2N929 .. 14p | TAA700 £2.95
BC147/8/9 .. 6p | BD131/2/3/5/7/9  30p| peaoq -+ 200 | 2N287 .. .. 35p | 741 8pindj!.op. Amp 18p.
BC147A/B Y. 8p | BD201/2/3/4 £1.00| ppyag Programmablemp 2N1507/2219 .. 14p | TAD100 AMRF £1.00
BC148A/B, 9B/C/S 8p BD232/4/5 - P R 349 2N2401/2412/2483 25p | CA3001 R.F. Amp 50p
BC157/8/9 .. 6p | BDX77 £1.40 34p | 2N2904/5/6/7 .. _1_op TAA300 1wt Amp  £1.26
BC158A/B .. 11p| BF115 .. 10p| BSV64 40p |2N2907A NES55y Timer 40p
BC159B/C, 1567A 11p | BF167/173 10p. BSV79/80 F. ET s £1 [ 2N3053 TAAB50 Y or G 31p -
BC178A/B 12p | BF178/9 20p | BSV81 Mosfet .. 90p 2N3054/3055(ora_guw)35y TAA263 Amp - 65p
, : e |9N3133 $7400/2/10/20/30 11p
BRIDGE RECTIFIERS 2N3704 9p 7404 12p
Al e MK Amp  Volt 2N4037 [ 3sp | 7414 a5p
3 1,600 BYX10 = 30p | 2 30 LT120 type  30p | 5N5036 " op | 7438/74/86 . 25
i 140 OSH01-200 20p | 0.6 110 EC433 15p | 55A141/2/360 . . 3“, 7483 "
(A SRR 4 2 ENAEY 28p | 5 400 Texas 75p | 25B135/6/457 ..  20p’ | LM300, 2-20 volt 50p
RECTIFIERS OPTO ELECTRONICS 40250 .. 60p | 74154 .. 67p
Amp Volt ) BPX40 65p Photo transistor
IN4004 1 400 3p | BPxa2 £1.00 | BPX29 £13.00 Amp Volt THYRISTORS
IN4005 1 600 ’ ‘00 | ocP71 0p
maoos 1 sool 4p | PTUoae) | BIGLED oz |1 0 Smeoe 33
IN40O7 1 1.000 (V( ) -E.D.  0.2" |4 400 BTX18-300 26p
BY103 1 1,500 15p | BPYé8 2v _50m/A max.|q 240 BTX30-200 23p
SR100 15 ‘100 7p prss} £1.00 gg?weé 13p |18 7500 BT107 .. £1.00
SR400 1.5 400 8p BPY77 GREEN 16p 6.5 500 BT101-500R 90p
REC53A 15 1,250 14p Diodes YELLOW 6.5 500 BT109-500R 75p
e 2 0 e fg ggg gmsizs%ooonayulsé'm dulated gg'gg
BYX38-600 25 600  40p. | PHOTO SILICON CONTROLLED ogate ’
BYX38-300R 2.5 300 36p | SWITCH BPX66 PNPN 10 amp £1.00 30 1000 28710 (Less Nut) ~ ... ... £3.00
BYX38-900 25 900  45p
BYX38-1200 25 1,200 50p | .3” red 7 segment LE.D. 14 | PAPER BLOCK CONDENSER" SOLDER
BYX49-600 25 600 34p | D.IL.0-9+ D.P.display 1.9v, |0.25MFD 800 volt 30p | Multicore - 24p foot
BYX49-300 2.5 300 26p 10m/a segment 65p |1 MFD 250 volt 15p
BYX49-900 25 900  40p 2 250 vol 20p | ENAM.COPPER WIRE
BYX49-1200 25 1,200 52p CQY11B L.E.D. MFD voit P SWG PER YD
BYX48-300 6 300  40p | |nfra red transmitter e RS gl gop 20-24 20
BYX48-600 6 600 50p One fifth of trade 4MFD 250 volt 20p = P
B&:g-soo g ; 900  60p 15MFD 150 volt 50p | 26-42 ip
B -1200 ,200-  80p ]
BYX72-150R 10 150 35p Wire ended glas_s neons 5p MEIA_LICHASSIS SOCKETS GCSZ_ST gr GDPSSf
BYX72-300R 10 300 45p - - . Car Aeria Cryetal Stereo Cart
BYX72-500R 10 500 55p | Plastic, Transistor or Diode | Coax Yy ereo. £1 0(;
BYX42-300 10 300 30p | Holder ' 1p |5 or 6 pin 240° din - . 9p | ridge :
Sxﬁ-ggg “:0 600 65p | Transistor or Diode Pad 1p | Speaker din switched HANDLES
s 0 900 80p | Holdersorpads 50pper100 |3.5mm Switched Socket igid fi nylon
BYX42-1200 10 1,200. 95p s = i1 : 2:—9” lilt%h;eglrue: fiéin
BYX46-300* 15 300 £1.00 | Philips tron Thermostat 15p | 8 way Cinch standard z W S g
BYX46-400* 15 400 £1.50 | Bulgin 2-pin flat plug and socket 10p | 0.15 pitch edge socket {SCTeWS 5p
BYX46-500% 15 500 £1.75 | McMurdo ';F(’:::;mﬂseﬁys ﬁﬂg(e plug 10p 20p 14 D.I.L. socket, gold
BYX46-600* 15 600 £2.00 H
BYX20-200 25 200 60p | Europlec HP1 TO3B individual ‘curly [ U-E-C.L. 10 way_ pin PLa.ted contacts, f‘:gT
BYX52-300 40 300 £1.75 | powertransistortype. Ready drilled 20p | connectar 2B6000 |cheap type P
BYX52-1200 40 1,200 £2.50 Tt T 30 ST TRALE OA1P10 10p | Miniature Axial Lead
L8 T . ample lead ex new equipment UECL. 20 way pin |Ferrite Choke formezrs
Amp Volt TRIACS ACY17-20 8p | 0C71/2 5p | connector 28 . P
256 900  BTX94:900 €4 e 8p | 0C200-5  10p | 2A60000A1P20 20 B30 Tum Pot 1%
_ : .00 - :
ASZ21 15p | TIC44 24p U.EC.L. 10 way pin 0 (¥: 1, 50
25 1200  BTX94-1200 £6.00 250, 500 £}; 1, 50,
. BC186 Mp | 26240 2-50| ‘socket 2B606001R10 | 100K £1.50
12-0-12 50M/A Min, Tximr. 90p | BCY30-3¢ 10p | 2G302 6p 10p o il BL:
RS 2mm Terminals BCY70/1/2 8p | 2G401 10p — | Copper coated board
Blue & Black ........ 5 for 40p | BF115 10p | 2N711 25p | U.EC.L. 20 way pin |10 x 9" approx. 32p
Chrome Car Radio facia Tep | BY127 - 7p | 2N2926 7p | socketB260800A1R20
o) (i) o e ob | BzY8Bseries 5p | 2N598/9  6p 20p TIE CLIPS
upgeearhadiolgaske P | HG1005 2p | 2N1091 80 | 3E——STERE0 PLUG |NYlon self locking 7”
DLI Pal Delayline 50p | HG5009 2p | 2n1302 8p 3.5mm or 31" 2p
RESVIEockat 0p | HG5079 2p | 2N1907 ~ 2-50 | Metal screened  35p -
Take miniature 2PCO relay L78/9 2p | Germ.diode 1p | Philips electronic eng- CINCH 150
BIG BOA val 2 z M3 10p |.GET120 (AC128 | ineer kits add on series 12 way edge socket
el VaveToan P | oasi 2p | in17sq.heatsink) | E1004  £1.00 each 10p
0-30, or 0-15, black pvc, 360° 0A47 2p 20p =
dial, silver digits, self adhesive, 0A200-2 3p | GET872 12p | RS Yellow Wander 1lb Mixed nuts, bolts,
41” dia. . 10p | 0oc23 20p | 253230 30p | Plug Box of 12, 25p |washers etc. 35p
T L] MAIL ORDER CUSTOMERS ONLY ADD
STAMPED ADDRESSED ENVELOPE 8% VAT
LARGE ORDERS, ADD SUFFICIENT FOR .
. POSTAGE, INSURANCE, ETC. ALL ENQUIRIES, ETC., MUST BE ACCOMPANIED BY A
TOTAL GOODS PLUS CARRIAGE, ADD V.A.T. STAMPED ADDRESSED ENVELOPE
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Have you seen
this years most important
component catalogue yet"

HENRY'’S

CATALOGUE =
IS NOW AVAILABLE

Don’t buy another electronic component until you've consulted the
Henry's 1975 issue! It's packed with more items than ever before -
over 5000 in all, making the Henry's range of electronic components
the largest in the UK for the home constructor.

There are literally dozens of new lines and new ranges to get excited
about ! And many components are selling at reduced prices. Get your
copy soon, and start reading these 200 pages of vital statistics about
electronic components. If you don’t, you'll miss out on a lot of kits,
projects and test gear, apart from all the other products.

ONLY 50p\ FREE to Educational

FREE 50p Establishments when ordered
+20pp &p | piscount Voucher! | on official headed notepaper.
Get your copy NOW - send remittance of 70p_(cheque or P.0.).

Complete with

ELECTRONIC FOOTBALL & TENNIS
WITH THE FABULOUS

ON YOUR OWN TV

Play three exciting
efectronic ball games
FOOTBALL, TENNIS,
HOLE IN THE WALL or
your own TV! Just
plug Video Sport into
the acrial socket of
Your TV and away you
go. Completely safe
for you, your children
and your TV. Mains
operated.

OUR INCREDIBLE PRICE
f£2 0O inc vaT
DEMONSTRATIONS NOW IN ALL CENTRES!

AM/FM & DECODEH BOARD

Containing Mullard
Modules LP1185,
LP1186 and LP1181
with MC1310 decoder
IC on compact printed
circuit board. Ready
aligned. requires only
Ferrite Aerial Tuning Gang and AM Oscillator
Coil, Tuning Pot and Zener 15V supply, output
300mV, 75 ohms aerial input. Input circuit and
instructions supplled.

£16.50 inc. VAT & Postage

TEXAN
STEREO AMPLIFIER

Features glass fibre PC board. Gardners low
tield transformers, 6—Cls. 10-transistors plus
diodes. etc. Designed by Texas instruments
engineers for Henry's and P.W. 1972. Overall
size 154 x 2§ x 63 in. Mains operated. Free
teak sieeve with every kit.

£35.00 inc VAT
_ {p&p 50p} ]
{also built and

tested £45.00
inc VAT})

TEXAN STEREO FM TUNER

Features capacity diode tuning, LED anc|
tuning meter indicators, mains operated,
High performance and sensitivity. Overal)
slze in teak sleeve

x 2% x 63 In. £26.25
Complele kit with {(p&p 50p)
jeealetesvet {also built and

tested £31.20)

L UHF TV TUNERS|

625 hne receiver UHF transistonsed tunces UK,
operation. Brand ncw. (Post packing 25p each)

TYPE B 4button push butcon (rdjustable) £4.60,
TYPE C varable tuning £2.90.
TYPE D 6-button UHF/VHF tuner £5.75

AM/FM MODULES

Combined AM/FM tuner modules, together with a
small number of R ~ C's Ferrite Aerlal. make up
a sensitive FM/MW/LW tuner.

6 Volts supply, suppled with data and circuit
sheets.

LP1179 LP1IT71

LP117{ combined IF strip £4.60
LP$179 FM front end and
AM gang £4.60.

€8.62 the pair.

Suitable Ferrite aerlal 87p.

LONDON.

YOUR NEARESY STORE

OUT OF TOWN
NOTTINGHAM
94/9 Electronics Cenire Notingham 42668

ALL MAILORDERS TO 303 EDGWARE ROAD W2

Pucas cotrect at ime of prepatation.
Subject to change without notice E & OE.

- 2. Becomea
‘radio amateur.

“Learn how to become a radio- g
i amateur in contact with the whole i

EDGWARE ROAD LONDON w2

40/46 Electronics Centre & Supeimarkel 01-402 8381
303 Bargain Centre

309 Elecuonics Supetmarket

TOTTENHAM COURT ROAD w1
231 Etectionics Cantre & Supesmarkel 01 580 3459

l.Understand
electronics.

Step by step, we take you through
all the fundamentals of electronics

Barclaycard &
Access welcome
ALL PRICES INCLUDE VAT

G

G

and show you how easily the sub- “world. We give skilled preparatlon .
ject can be mastered using our - _f0r the G.P.O. licenes. /. b UL
unique Lerna-Kit course, “o : g “ el

(1) Buildan oscilloscope. o

(2) Read, draw and understand‘,, g |

- circuit diagrams. ~ ° e

(3)

Carry out over 40 experlv

ments on basic electronic - ;
*cu’cut_ts\and seehow .
:theyWOrk.; = ey -
S - o -

e =

-------------------i-i-----”i"‘--
Brochure, without obligation to:

i
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, ODept. REX 26 l
P.O. Box 156, Jersey, Channel Islands. i
NAME [ §
-ADDRESS Block caps please l
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| FROM BI-PRE-PAK|

‘ Stlrlma Sound Droducts

BRAND NEW MODULES FROM A FOREMOST
BRITISH MODULE DESIGNER AND EXCLUSIVE TO B-P-P

BUILT FOR QUALITY

The $5.125 High Fidelity Power Amplifier

® OUTPUT: p . . J .
25 watts R.M.S. into 8  using 50V Not only is this Stirling Sound’s best audio

22 watts RMS. into 4 Q using 33v  amplifier yet; it rightfully qualifies as one of the
{toad imp. not less than 4 (}} best of its kind yet made available to construc-
@ DISTORTION: tors. Intended above all for high-fidelity, the
Less than 0.0 5% at all power levels characteristics of the SS.125 are such that it can
{from 10Hz to 10KHz} be used in many other applications where depen-
©® FREQUENCY RESPONSE: dability is the prime consideration. The $S.125

+ 1d8B 15Hz to 30KHz (4 Q) integrates well with other S.S. units as well as
% 1dB 10Hz to 30KHz (8 () g W

HIGH-FIDELITY

those of other manufacturers. Incorporates new Power Amp.
L HIGI-%OZOTPhUT {40dB gain/100x) circuitry using a complementary long-tailed pair
® INPUT SEr:IJsT‘I'SIVITY g input and full complementary output circuits to and 5 new £7.25
150mV for 25W.R.M.S. out give lab standards of performance. LAk
- SlZE(Inc 40w. built on heat sink) UNSURPASSED VALUE FOR. METICULOUS Stlrlmg Sounds_
43 x 3" x§” high CONSTRUCTORS Power sllpply Units

Robustly designed
units in each of
which is a stabilised
take-off point to pro-
vide for tuner, pre-
amp and control

More Stirling Sound Modules

With sasy to follow instructions
F.M. TUNER UNITS
88.201 Tuner front end. Ganged, geared

variable tuning, 88— 108MHz. A.F.C. stages. ) Size: 53" x 3" x
facility £56.00 ss 312 12vi1a £3.75%* 2 1/8” high
S 208 oot (550 3 % T sy £2.88 53318 18v1a £4.15% 5533 3av24£6.20"

88.203 Stereo decoder for use with $5.201
and 202 or any good F.M. tuner. A LED
1 beacon may be attached (3" x 2),... £3.86
AUDIO MODULES
88.108 5 watt amplifier to run from 12V.

(G2 xed 1) I e . £2.25
$8.110 Similar to $5.105 but more powerful
.. £2.76

giving 10W. into 4ohms
88,120 20 watt module when use

Vellis MAlEIG] i = s e R SR ) £3.00
88.140 Delivers 40 watts R.M.S. into 4 ohms

using a 45V/2A supply such as our

$S.345 the power and quality of this

ss 324 24v/1A £4.60* ss 345 asvaa £6.25*
Transformers separate from
boards on SS 334 — SS 345
(all above are at 8% VAT. PIP add 50p any modal)

The new Super Spark Capacitor
Discharge Ignition Unit for your car

Even better than the orginal B-| P-P version, thousands of
which are in use saving motorists appreciable time and money
for petrol. Very easy to instal. The ‘Stirling Sound model in-
coporates switch for instance channe to conventional ignition;
immediate adaption to pos. or neg. earth return; anti-| urglar
immobilising switch, pre-set control for rev. limitation. There
are no exposed parts, the unit, on p.c.b. being housed in strong

unit are superb — two in bridge enclosed metal box. With instructions and eads. Size: 7 5/8 x
formation will give 80 watts R.MS. 4 5/8" x 2 1/8" ex. switches.
into 8ohms. size 4" x 3" x " ..o £3.76° BUILT &

88.100 Active tone control, stereo, + 15dB cut xit £7.95 testep £10.50
and boost with suitable network ......... £1.60

Please add 50p for P/P

A USEFUL CATALOGUE - FREE

Seand us a large S A.E. with 10p stamp and we will send
you the latest Bi-Pre-Pak catalogue free by return. Packed
with useful lines, it's a real money saver. See page 331
this issue.

88.101 Pre-amp for ceramic p.u., radio and

tape with passive tone control details £1.60
88.102 Stereo pre-amp with R.ILAA. equalisa-

tion, mag. p.u., tape and radio in....... £2.25.
TERMS OF BUSINESS:
VAT at 26% must be added to total value of order except for itams marked® T T N N I TTTYT™™™
or (8%), when VAT is to be added st 8%. No VAT on wo:;oau orders. POST & F q
PACKING add 26p for UK orders unless marked otherwise. Minimum mail To: STIRLING SOUND (BI-PRE-PAK LTD} I
order acceptable — £1. Overseas orders, add £1 for postage. Any difference 220/222 WEST ROAD, WESTCLIFF-ON-SEA
will be credited or charged. PRICES subject to aherstion, without notice. ESSEX SSO 9DF
AVAILABILITY: All itema available at time of going to press when every ef- I
fort is mede to ensure comectness of information.

Order your Stirling Sound products from

I Please send I

nc. VAT I

BI-PRE-PAKLTDO '‘pw i
CoR No 82091

222 224 WEST ROAD, WESTCLIFF -ON-SEA. ESSEX S50 9DF. Juiponcsss |

TELEPHDNE: SOUTHEND (0702) 46344 i o
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tecknowledgey in consumer ICs -and their applications;

= 0
SGS Audio ICs , Modules & Kits »
- ’ e ( :V( : I I |OV( : New modules:
-~ . ) g To accomodate expanded R&D 8011 Totally touch tuned varicap c’?nw?llerpuilt £14.99.
foiinias, AVBIT has moved safes ||| 5005 Lophols upamstsccsiory i o o tone B
and administration to 25 High St. reue. 2408ty b 2
Brentwood. The existing 37 High 8001 _  55kHz low pass filter {mpx birdy filter) £2.35 built
Street premises are retained for the £1.75 (kit)
engineering activities. 2001 Stereo scratch and rumble filter, with continuously
One of the first products of this \é:r.lgglszcieratlng frequencies. £6.80 {built)
move has been the development of 3000 Stereo control preamp - a wide dynamic range, low
a TV sound tuner, from an “off distortion-AF preamp, with vol, bal, bass and treble
et A i i controls. kit £5.78
air’* system, using its own varicap e S L e
S ey UHE TV tuner, with ICIF am- 4 e dla TR Kt pRotpernhecioniine
- ¥ plifiers and biock filters by TOKO. 7700 w'oﬂﬁfuus sound tuner - built £26.00
The much heralded TDA2020 is here. And just Apcpien. e ey 4 preset stations)
to make sure that you don’t go wrong, so is th Sircuisgan cleCLonI CORCTIIAST) ; v
SGS application tes;t circuit PgCB for ag'st(?r:eot : with scanning mode, and facilities St clvvllimTa‘:;z::r;zrn‘::aris;;uYé‘?nr:e::rr;:n:Jd 005
15 + 15 (RMS) Hi Fi amplifier. ||| for & preset stations. The unit is 7252 HiFi MOSFET FM tuner module by Larsholt  £24.00
P e suitable for use with FM, and now 7253 HiFi FET FM tuner module inc decoder £24.00
ices : AUDIO DISCRETES AM of course, and offers a com- 5600 Hi Q MOSFET varicap tunerhead by TOKO  £11.25
+ . EC3302 FET tunerhead from TOKO £5.00
TBA810AS HS 1.09
g 22 17T%107/8/9 14p plete tuner system without any Complete FM Tuner kits, inc case, for use with the above
i TCA940 +HS 1.80 ZTX413(LN) 17p moving parts. Selection is by means modules: details SAE piease. Prices range from £40 - £60.
TDA2020 2199 ZTX212/3/4 16p of touch tuning in all cases, with ! E [
A 1CS |BD 538 npm 7A/60v 52 manual scan and preset switching Amongst our various accessories for entertainment
AN el o 53 automatically intertocked. electronics is a range of FM tuning, frequency and
MC1350 . 070 |y (Al 3A/50v 299 sig. strength meters with 12v, SOmA bulb. £2.50 ea.
CA3089 +QC 1.94 BD378 npn] 329 Qur R&D facilities are available for
TBA120 +QC 1.00 BB P general consultancy to OEMs: further 5 - o
BD515 npnl 2A/45v 27p details on application. Standard project I “ = i
MPX LINEAR ICS [8D516 pnpl 30p estimation fee, inciuding project evalua- = —— s
veisior  wLEp 220 (80609 rom 10A0vTop | e ces wERSCome P
CA3090AQ +LED 3.75 P, P ) i = - e =
- = . ] Free price list with an SAE, catalogue of modules and parts
AIMDIT international g A i
Trede Mok General Terms: CWO please, official bodies and companies

25 high‘street’ brentWOOd, please note min. invoice £7.60. PP for CWO orders 22p per

order. (UK and Eire). Overseas customers please inciude suffi-
tel: {0277) 216029 cient for postage. VAT is not included, and must be added

essex. cm14 4rh_ tix: 995194 at 25%, In stock orders despatched within 48 hours.
NEW EDITION

RADIO VALVE & SEMI CONDUCTOR DATA
By A. M. Ball Price £2.50

FOUNDATIONS OF WIRELESS & ELECTRONICS TRANSISTORIZED RADIO CONTROL FOR MODELS
by M. G. Scroggie ; g PRICE: £4.25 by D. W. Aldridge PRICE: £2.80
BEGINNER’S GUIDE TO TRANSISTORS PRINCIPLES OF TRANSISTOR CIRCUITS )
by J. A. Reddihough PRICE: £2.16 by S. W. Amos i _ _PRICE: £3.65
UNDERSTANDING SOLID-STATE ELECTRONICS TRANSISTOR ELECTRONIC ORGANS FOR

by Texas Inst. PRICE: £1.45 THE AMATEUR

SEMICONDUCTOR CIRCUIT ELEMENTS by A. Douglas 1 - PRICE: £4.70
by T. D. Towers 'L PRICE: £6.80 99 WAYS TO USE YOUR OSCILLOSCOPE .
T.V. ENGINEER’S POCKET BOOK by A. C. W. Saunders i PRICE: £1.70
by P. J. McGoldrick PRICE: £3.00 ~ INTRODUCING AMATEUR ELECTRONICS

SOLID STATE HOBBY CIRCUITS by I. R. Sinclair_ ____PRICE: £1.45
by R.CA. PRICE: £1.30 RAPID SERVICING OF TRANSISTOR EQUIPMENT
BEGINNER’S GUJDE TO RADIO by G. J. King PRICE: £2.10
by G. J. King PRICE: £1.80 ELECTRONICS SELF-TAUGHT WITH EXPERIMENTS
PRINCIPLES OF PAL COLOUR T.V. & & PROJECTS

RELATED SYSTEMS by J. Ashe PRICE: £2.16
by H. V. Sims . PRICE: £1.80 BASIC THEORY & APPLICATION OF TRANSISTORS
HANDBOOK FOR RADIO OPERATORS by Dover. ., PRICE: £2.00
by H.M.S.0. - PRICE: £1.26 A GUIDE TO AMATEUR RADIO

410 SEMICONDUCTOR PROJECTS FOR THE by P. Hawker - PRICE: £1.10
HOME CONSTRUCTOR R.S.G.B. AMATEUR RADIO CALL BOOK 1976 Ed.

by R. M. Marston PRICE: £2.60 by RS.GB. PRICE: £1.46
INTRODUCING ELECTRONICS SYSTEMS WORKING WITH THE OSCILLOSCOPE

by I. R. Sinclair PRICE: £1.70 by A. C. W. Saunders PRICE: £1.80
. _ . 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 01-723 4185

398 RADIO & ELECTRONICS CONSTRUCTOR



BlI-PRE-PAK

Bargains in Semi-Conductors,components, modules & equipment.

B-P-P Packs

Originated in 1959 by managing director Bernard
Davis, his were the first_ semi-coriductor and compo-
nent packs to be marketed in this country, and indeed,
the .company’s name grew out of “British Industrial
Pre-Packed Components”. Today, Bi-Pre-Pak con-
tinues 10 occupy a position of pre-eminence in the
supply of packs as well as a vastly extended range of
products detailed in our latest 24 page A4 size free
catalogue. Send 10p stampod large  self-addressed
envelope for your_copy b
IT's ALL IN OUR FREE CATALOGUE

Gomponent Packs

‘CP1 150 Capacitors, mixed bag of paper, silver mica, slec-
trolrtk:s etc. Approx quantity, counted by weight. (post &
pac 80p

80 Resistors, mixad bag of differsnt typesl values, wat-
la 954 eic. Approx. quantity, counted by weig p
CP3 40 Wirewound resistors, mixed types, values “and wat-
tages 80p*
CP& 12 Potenti P . Wi
Mixed typas and values

CP6 5 rphones, single low Impedance for transistor mdn
casseltes, etc.’ Less ‘plugs, for suitable plugs ses PAKs CPS

d, carbon, etc

P10 .
CPB 50 TO-5 mounlmq‘ pads, fits between transistor snd
60p

board, for that pro. finis|
CP8 500 Cable clips for G.P.0. {" dia. cable. Nylon with
hardened steel pin {probably tungsten} per sealed box;:f
CP9 6 3-5mm plugs, miniat. hones in PKK

CP10 5 2-5mm sub miniature lack to fit earphones in PA(K

|ack to fit

CP5
CP11 6 Screwdrivers, 1 x mains neon tester, 5 x grub screw-

CP‘IZ 10 Reed relay inserts, 1" long }" dia. T'hese wnII
operate from an extemal magnet or coll For magnets see
PAK CP13 80p*
cP13 10 magnets of various sizes for opsrallng
reedswitches in PAK CP12. Ideal for burglar alarms on doors
and windows, etc. «~.80p®
CP14 40 P i pre-sets, carbx dualgangs, with
and without switches etc. Mixed values and wattages£1.20
CP16 12 Standard crocodile clips, screw fixing, md

uality. .
P16 5 P.C. boards each containing 8 BF180 UHF amplifier
transistor. A good basis for building a T.V. aerial pre- smp as
various parts inc.
CP17 25 Electmivllc Capacitors, various values and
.voitages, many useful types, from T.V. to lrnnslsmr radio and
Mi-Fi {post and packing 23p} 60p
CP18 1 Light activated SCR.50 volts 1 6 amps type L9F.
Ready mounted on PC board with gate resistor and leads
fitted. Full data and circuit diagrams for 14 projacts, Include
slave photo flash unit, burglar alarm, etc...
CP18 3 Micro switches 1 pote change over, standard m&hel

C}’ZO O Relays, assorted types, ex-GPQO and others, mixed
£1.20°

CPZf 200 Squars Inches of copper laminate P.C. board In
approx. 8 pieces
Ci 22 3 Fi reglass plaln printed circuit boards, approx Zéhl

P23 4 Switches, miniature push to make single pole  60p

e No R

semi-GConductors

TESTED AND QUARANTEED

TP4 3 SN7490 integrated circuits, 14 pin dual In line TTL
type. Deqade counter. Get one FREE these are 60p each in
singles. . £1.20°

All the following are at 60p sech pack

_TP9® 5 SN7400 integrated circuits, 14 pin dual In line TTL

tvpe Quad 2-input NAND gate. Get one FREE, these are 15p
TPr“l(O 2 hg:n dependant resistors. 400 ohms light, 1 megohm

TP11 10 Transistors XB102 and XB112 aquiv. to AC128,
AC156, 0CB1/2, OC72, etc.
TP12' 4 BY127 Silicon rectifiers 1000 piv 1 amp. Plastlc TV

TP13' 5 OCP71 Light sensitive transistors.
TP14 20 OC71 germanium PNP audlo pre-amp transistor,

black glass \Zs

TP16 2 1 germanium PNP audio output transistor,
white gl f

TP1k8d 0 0C200/1/2/3 transistors, PNP sillcon TO-5, un-
marke

TPI17 20 1 watt zener diodes, mixed voltages, 6-8 to 43

volts.

TP18 20 2N3707/8/9/10 transistors, NPN silicon plastic,
unmarked.

TP19 100 Diodes, mixture of germanium, goid bonded,
silicon, etc, a useful selection of many types, marked and un-
marked,

'I'PZO 10 Mullard OC45 transistors, LF. amp. PNP ger-

TP23 20 BFY50/1/2, 2N696/7, 2N1613 stc NPN silicon
TO-5 uncoded. Complementary to PAK TP24.
TP24 20 BFY64, 2N2904/5, etc, PNP slllcon TO-5 uncoded.
gl-mlnu/y to PAK TP23,
TP3 O NPN silicon planar transistors, TO-18 simitar to
BC108 etc. uncoded.
TP31 20 PNP silicon planar transistors. TO-18 similar to
BC178 etc. uncoded.
TP32 20 2N2926 silicon plastic transistors, uncoded and
ungraded for colours.
UNTESTED PACKS - 60p EACH
Specially keen bargein hunters
;.IT‘I 50 PNP germanium transistors, AF and RF. Very good
{
UT2 180 Germamlum diodes, miniature glass type.

UTB 40 Zener diodes, 260 mW OAZ240 range, average 50%
gooda.

SINGLES
Bridge R , Plastic
PIV = 50v 100v 400v
1 amp 26p* 36p° 48p*°
2 amp 36p° 48p* 66p*®
4 amp 46p° 60p*® 80p*
6 0 pe

9‘0£:

amp 50p° 80
BY 1864 equiv. SKB{/OE 400v 1.5 amp.

POWER TRANSISTORS

Vce Watts 1c Amps Price
40P1 15 20 3 20p°®
40N2 40 40 4 3ozo
40P2 40 40 4 30p°
90ON1 15 45 4 2Bp®
90P1 15 45 4 2Bp*®
90N2 40 20 8 36p*
90P2 40 90 8 36p*

Many other types avallable from-3 to 115 watts
Integrated Clrcuits: MM5314 Dual In line clock chip£3.00*
LMS 380/5L 60745 Dual i line 2w audlo amp. with data,

7

Dgal in line 1C sockets 8 pin — 14p; 14-pln — 16p®; 16- pInt
p*

Signal Generator: For MW and IF covers 550 KHz to 1.8/
glo z) for MW and 400 to 550-KHz for IF. Fully portable (p&g
Pocket Signal Injector: Fountain-pen type. Invaluable 'o:-
finding faults.

Ex-G O B” Sldecutters: Not new, but In perfect ordor‘&?r-

Ex GPO 6" Long Nose Pllers: Not new, but in perfect ordcrl
per pair
Mlim Transformers:

MTB Bv O 6v 100mA £1.22*
MT12 12v O 12v BOmMA......ccccoocerrenannen R o [ - 1
SST9/1 9v lamp £1.87°
SST12/1 12v 1amp £2.06°
SST18/1 1Bv 1amp £2.50°
§5T725/2 25v 2amp £3.00°
S§ST30/2 30v 2amp £4.25°
SST35/4 35v 4amp £6.50°
PC EDGE CONNECTORS
;gpo o Sizes  Pltch Price"

EC 6 way 14" 156" 2p
SSEC 10 way 14 i 50p
SSEC 12 way & 156" 80p
SSEC 16 way 2!“ 158" 76p°
SSEC 18 way < 156 88p
S8EC 22 way 31" 156" 100p
Other untested packs 60p ea.

UT10 15 power transistors, PNP germanlum and NPN
silicon, mostly TO-3 but some plastlc and some marked.

uT13 15 ImeEvated circuits, experimenters pak, dual In line,
TO-5, marked and unmarked, some definitsly good
but old types.

For full ranges — See Catalogue
IOOKI

All free of VAT — Wa carry ® stocks of technical:
books by Baban! & 'cmurd Publl ors, by Newnas end
Butterworth as well as reference books from the Com-
mon M.*'t In English | Gclmun [itallan. All dtullcd In
our

2N4416 20p

FETas
2N3919T18p,

letters.

Tll211 grlt';fr?g Bed rect for description, quantity postal order} with your order,
and price. please.

Also: .

a8 . Don‘t forget V.A.T. at 26% of @ Mention this journal when

1P_3%E|Rs_r%|:snss. t’otal value of order unless ordering i you don’t want to

TRIACS, : Otherwise stated. cut out the coupon.

B-P-P SECURITY CHECK POINT

® Write your own name and ad- MAKE SURE YOU GET OQUR
dress clearly in block capital

@ Check that your order is cor- @ Cash (cheque, monsy of

AME AND ADDRESS |
IGHT WHEN ORDERING

DIAC.

ZENER DIODES.

OPTO-ELECTRONICS,
te.

EXCITING NEW
STIRLING SOUND

TERMS OF BUSINESS:
VAT st 26% m\\;cAth. ldb' e N
istobg e qt 8%. [ on oversea
PAS’ING add 26p for UK orders unltu ml od otherwi
order acceptabis ~ £1. GOverseas 6rders
will be credited or charged. PRICES
AVAILASILITY All itemy available at time of going to press when every ef-
fort Is made to ensure correctness of information.

o total valu- of order except for itema marked *
rders, POST

Minlmum . mail

Any difference

add E1 for posta
bject to slteration. without notice.

AUDIO MODULESF----------—-

SEE P. 329 OF
THIS ISSUE

222 224 WEST ROAD, WESTCLIFF-ON-SEA,ESSEX SSO 9DF.

TELEPHDNE: SOUTHEND (0702) 46344.
WRITE ORDER SEPARATELY AND ATTACH COUPON IF REQUIRED'

FEBRUARY 1976

Please send ........

To BI-PRE-PAK, 224-226 WEST RD., WESTCLIFF-ON-SEA, ESSEX .
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SPEAKERS

8aker Group 25, 3, 8 or 15 ohms
Baker Group 35, 3, 8 or 15 ohms
8aker Group 50/12 8 or 15 ohms
Baker Group 50/15 8 or 15 ohms
Baker Deluxe 12 8 or 15 ohms
Baker Major 3, 8 or 15 ohms
Baker Superb 8 or 15 ohms

Baker Regent 12” 8 or 15 ohms
Baker Auditorium 12" 8 or 15 ohms
Baker Auditorium 15 8 or 15 ohms
'Castle 8RS/DD

Celestion G12M 8 or 15 ohms
Celestion G12H 8 or 15 ohms
Celestion G12/50 8 or 15 ohms
Celestion G12/50TC 8 or 15 ohms
Celestion G15C 8 or 15 ohms
Celestion G18C 8 or 15 ohms
Celestion HF1300 8 or 15 ohms
Celestion HF2000 8 ohms
Celestion MH1000 8 or 15 ohms
Celestion CO3K

Decca London ribbon horn
Decca London CO/1000/8 Xover
Decca DK30 ribbon hom

Decca CO/1/8 Xover (DK30)

'EMI 14x 9 Bass 8 ohms 14A770
EMI 8 x 5, 10 watt, d/cone, roll surr.
EMI 61" d/cone, roll surr. 8 ohms
Elac 59RM109 (15) 59RM114 (8)
LElac 64 d/cone, roll surr. 8 ohms
-Elac 10" 10RM239 8 ohms

Eagle FR4

‘Eagle FR65

| Eagle FR8

Eagle FR10

| Eagle HT15

Eagle HT21

Eagle MHT10

Eagle FF28 multicell, horn

Fane Pop 15, 8 or 16 ohms

Fane Pop 257, 8 or*16 ohms

Fane Pop 33T, 8 or 18 ohms

Fane Pop 50, 8 or 16 ohms

Fane Pop 55, 8 or 16 ohms

Fane Pop 60, 8 or 16 ohms

Fane Pop 70, 8 or 16 ohms

Fane Pop 100, 8 or 16 ohms

Fane Crescendo 12A, 8 or 16 ohms
Fane Crescendo 12BL, 8 or 16 ohns

Eagle Crossover 300Chz 3, 8 or 15 ohms

Fane Crescendo 15/100A, 8 or 18 ohms £47.50

SPEAKERS
£8.64 Fane Crescendo 18, 8 or 18 ohms

WILMSLOW AUDIO

THE Firm for speakers!

SPEAKER KITS

£62.95 Baker Major Module 3, 8 or 15 ohmseach £13.44

Fane Crescendo 15/125, 8 or 16 ohms

£10.25+Fane 910 Mk.Il horn £14.95 Goodmans DIN 20 4 or 8 ohms each £14.75
£14.00 Fane 920 Mk.it hom £33.95 Goodmans Mezzo Twin kit - pair £47.194
£18.62 .Fane HPX1 crossover 200 watt £2.50 Heime XLK 20 ° pair £15.00
£13.75 Fane 13x8, 15 watt dual cone £5.50 Helme XLK 30 pair £19.00
£11.87 Fane 801T 8" d/c, roll surr. £9.95 Helme XLK 35 pair £24.00
£18.12 Goodmans Axent 100 ) £8.44 Helme XLK 40 pair £35.00
£10.00 Goodmans Audiom 100 15 ohms £13.90 Helme XLK 50 pair £56.00
£16.25 Goodmans Audiom 200 8 ohms £13.90 KEFkit 1 pair £563.00
£21.56 Goodmans Axiom 402 8 or 15 ohms £20.00 KEFkit Il each £48.00
Goodmans Twinaxiom 8, 8 or 15 ohms £10.14 Peerless 20-2 each £17.44
£10.31 Goodmans Twinaxiom 10, 8 or 15 ohms £10.75 Peerless 30-28 each £24.38
£12.95 Googmans 8P 8 or 15 ohms £5.50 Peerless 20-3 each £26.56
£15.95 Goodmans 10P 8 or 15 ohms £5.80 Peerless 50-4 each £40.50
£16.50 Goodmans 12P 8 or 15 ohms £13.95 Peerless 3-15 each £17.19
£18.00 Goodmans 12PG 8 or 15 ohms £15.95 Peerless 1060 pair £66.00
£26.95 Goodmans 12PD 8 or 15 ohmis £16.95 Peaerless 1070 each £46.00
£34.50" Goodmans 12AX 8 or 15 ohms £36.50 Peerless 1120 each £50.00
£7.76 Goodmans 15AX 8 or 15 ohms £40.25 Richard Allan Twin assembly each £10.95
£9.50 Goodmans 15P 8 or 15 ohms £21.00 Richard Allan Triple 8 each £16.50
£13.50 Goodmans 18P 8 or 15 ohms £36.00 Richard Allan Triple 12 each £23.95
£4.95 Goodmans Hifax 750P £16.00 Richard Allan Super Triple each £28.75
£32.00 Goodmans 5° midrange 8 ochms £4.50 Richard Allan RA8 Kit pair 242%8-
£7.50 Gauss 12" 200 watt £73.00 Richard Allan RA82 Kit pair £63.
£19.06 Gauss 15" 200 watt £83.00 Richard Allan RA82L Kit pair £73.00
£5.00 Gauss 18" 200 watt £110.00 Wharfedale Linton Il Kit pair £23.12
Jordan Watts Module, 4, 8 or 15 ohms £17.06 Wharfedale Glendale 11l Kit pair £40.62
£13.25 Kef 727 £6.06 Wharfedale Glendale 3XP Kit pair £58.00
gig; Kef T15 gg.g; Wharfedale Dovedale IlI Kit pair £63.12
2/ Kef B110 5
£3.44 ot B200 £9.50 HI-FI
£3.9% kef B139 £16.95 ON DEMONSTRATION
£175 Kef DN8 £2.31 in our showrooms:
£6.12 Kef DN12 £5.99  Akai, Armstrong, Bowers & Wilkins, Castle,
£9‘62 Kef DN13 SP1015 or SP1017 + £4.50 Celestion, Dual, Goodmans, Kef, Leak, Plonaer
£12.31 Lowther PM6 £27.50 Radford, Richard Allan, Rotel, Tandberg, Trio,
£15.62- Lowther PM6 Mk £29,95 Vidgotone, Wharfsdale, etc.
£4‘40 Lowther PM7 £48.00 —Ask for our HIFi price list—
£6.81 Peerless KO10DT 4 or 8 ohms £8.06
£4.44 Reerless DT10};AFCF880h’|"ns C‘I:g;?
£9.00 poolioss MT22BHFC 8 ohms £3.12 Complete RADFORD range in stock
£5.26 Richard Allan CA12 12" bass £22.00 Amplifiers, Preamps, power amps, low
£7.50 Richard Allan HP8B £13.25 distortion oscillator, distortion
£8.75 Richard Allan LP8B gggg measuring set, etc.
£12.00 Richard Allan DT20 .75
£13.95 Richard Allan CN8280 £18.00
£17.26 Richard Allan CN820 £4.00
£18.75 Richard Allan Super Disco 60W 12" £16.95 Al items guaranteed new and perfect
£25.95 STC 4001G £6.56 Prompt despatch
£34.560 Tannoy 10” HPD :::67.75 . !
" £36.50 Tannoy 12 HPD 72.50 PRICES INCLUDE VAT
repiey 16 R (g and are correct at 13-1-76
£67.95 Wharfedale Super 10 RS/DD 8 ohms £15.00

COMPLETE KITS IN STOCK FOR

RADFORD STUDIO 90, MONITOR 180, STUDIO 270,
STUDIO 360, HIFI ANSWERS MONITOR, HIFI NEWS
NO-COMPROMISE WIRELESS WORLD TRANSMISSION
LINE, PRACTICAL HIFI AND AUDIO (GILES)
MONITOR ETC.

Construction leaflets for
Radford, Kef, Jordan Watts, Tannoy etc.
free on request.

PA Amplifiers, microphones etc. by
Linear, Shure, Eagle, Beyer, AKG etc.

; FREE with orders over £10
"Hi-Fi Loudspeakers Enciosures’”’ Book

-Carriage: 50p per speaker.{12” and over 76p ‘each)
Tweeters, crossovers 30p each’
Kits 80p each (£1.60 pair)

Send stamp for free booklet
“Choosing a Speaker”’

WILMSLOW
AUDIO

; DEPT RC
LOUDSPEAKERS: SWAN WORKS
BANK SQUARE, WILMSLOW,

CHESHIRE

AMPLIFIERS, RADIO ETC.
10 SWAN ST., WILMSLOW, CHESHIRE
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LATEST
BOUND VOLUME
No. 28
of

“Radio & Electronics
Constructor”

e

“} MADE IT MYSELF”

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

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

g E 5
: f 33 &
¢ ¢ B
i i g
i i 3 ?

4, RADG CONSRUCTON

v

AUGUST 1974 to JULY 1975
Comprising

768 pages PRICE £2.75 P&P 65p

inc. index

BOUND VOLUME No. 25
(August 1971 to July 1972)

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

PRICES
VOL. 25

£2.00 per volume P&P 65p
VOL. 27

£2.40 per volume P&P 65p

Limited number of these
volumes still available.

We regret all earlier volumes are now
completely sold out.

Available oniy from

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

FEBRUARY 1976

Practical lessons teach you sooner

than you would
What a wonderful way to le

- dream possible.
arn - 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

.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
youw'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 E!ectroni:s 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 — bulld 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).

POST

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 matter what your background
or education, we'll teach you. Step
by step, in simple easy-to-understand
iinguage, 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 cateer, 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 on 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 obligation.

To: ALDERMASTON COLLEGE
DEPT. CRE 14, READING RG? 4PF

TODAY FOR Also at our London Advisory Oftice, 4 Fors Strest
Avanue, Moorq‘au, London, EC2Y 6EJ Tel: 01-628 2721

Yes, i'd LIKe 1O kNOW mote BDOUT yOUr course. rieage send
FR[[ BOOK me free detalis—plus your blg, 76-page book that tells

about all your ¢o

HOME OF BRITISH INSTITUTE

urses.

OF ENGINEERING TECHNOLOGY
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SEHTI-GUIILGTORS ™

e TRANS/S TORSJ??—WTEED

Type Price Type Price  Type Price Price Type Price  Type Price Prite Tvpe Price Type Price
ADT140 *0.51 [ BC149  0.12 [ BC225 ] 0C81  *0.16 %020 2N2%06 *0.18 | 2N3705 0.1Z
Fll14 *0.25 | BC150  0.19 | BC226 0C81D *0.16 *0.22 | 2N2906A *0.19 | 2N3706 0.12'
BC151  0.20 | BC301 0C82 *0.15 | 2N2907 *0.20 | 2N3707 0.13
BC162  0.18 | BC302 0Ca2D *0.16 | 2N2907A *0.22 | 2N3708 0.08
0.29 ['BC303 0C83 *0.18 | 2N2923  0.15 | 2N3709 0.08
BC154 021 | BC304 0C139 *0.18 | 2N2924 0.156 | 2N3710 0.08
BCI57  0.19 0C140 *0.21 | 2N2925  0.15 | 2N3711 0.08
BC158  0.12 [ BC460 0C169 *0.21 | 2N2926G 0.13 3819 *0.28
15 0.12 | BDI11 0C170 *0.24 | 2N2926Y 0.11 | 2N3820 °0.51
BC160 *0.46 | BD116 0C171 *0.24 | 2N29260 0.10 | 2N3823 *0.28
BC161  *0.51 | BD121 .m 0C200 ©0.20 | 2N2926R 0.10 | 2N3303 0.28
BC167 0.12 | BD123 *0.67 MJE2955~0.87 | 0C201 *0.20 | 2N2926B 0.10 | 2N3304  0.31
BC168  0.12 [ BD124 *0.70 MJE3055 *0.87 | 0C202 *0.73 | 2N3053 *0.18 | 2N3905 0,29
BC169 0.12 | BD131 *0.51 MJE3440 *0.51 | 0C203 *0.58 | 2N3054 °*0.47 3906 0.28
BC170  0.10 | BD132 *0.61 . MPFi02 *0.43°| 0C204 40.20 3055 *0.42 | 2N4287 0.18
BC171  0.10 | BD133 *0.87 0.56 | MPF104 *0.38 | 0C205 *0.20:| gN3402 *0.29 | 2N4288 0.18
BC172 0.10 | BD135 0.41 0.46 | MPF105 *0.38 | 0C309 *0.22 | 2N3403 *0.28 | 2N4289 0.18
BC173 015 | 'BD136 0.4 0C19  *0.36 | DCPT1 *0.20 | 2N3404 *0.28 | 2N42%0 0.18
BC174 0.15 | BD137 0.8 0C20 *0.65 | ORP12 *0.20 | 2N3405 °*0.43 | 2N4291 0.18
BC175 *0.35 | BDI138 0.5 0C22  *0.47 | ORP60 *0.18 | 2N3525 *0.77 | 2N4292 0.18
177 *0.18 | BD139 0.5 0C23  *0.48 | ORP61 .*0.15 | 2N3614 *0.69 | 2N4293 0.18
'BC178  *0.19 | BD140 0.61 0. 0C24  *0.57 | TIP29 IN2369A *0.156 | 2N3615 *0.76 | 2N5172 0.12
BC179 *0.18 | BD155 ¢0.81 0.61 | 0C25  *0.38 | T 2N2646 *0.48 | 2N3616 *0.76 | 2N5457 *0.32
BC180 *0.25 { BDI75 *0.61 . ©0C26  *0.30 | TIP31A 9N2904 *0.18 | 2N3646 0.08 | 2N5458 *0.32
BC181  0.256 | BD176 *0.61 0.36 | OC28  *0.51 | TIP32A 2N2904A *0.21 | 2N3702  0.12 | 2N5459 *0.41
BC182  0.15 | BD177 *0.67 . 0C29  *0.51 | TIP41A 2N2g905 *0.21 | 2N3703  0.32 [ 40361 ‘041
BC182L 0.15 | BD178 *0.87 0oC *0.43 | TIP42A 2N2905A *0.21 0.13

BCI83L 0.15 | BD180 *0.71 0.12 | 0C41 *0.20
84 0.20 | BD185 *0.87 0.12 { 0C42 *0.25 | ZN414
BC184L 0.20 | BD186 *0.87 0.16 | 0OC44 *0.16 | 2N696
s m RE S e ook 4R S
0.2 188  *0. 0C70 *0.15
BC207 0.11 | BD189 *0.77 0CT71 *0.15 | 12N699 .36, .
BC208  0.11 { BD190 *0.77 0C72  *0.15 | 2N706 .11 Please add 8% to prices
BC209  0.12 | BDI95 *0.87 0C74  *0.156 | 2N706A *0. marked *. Remainder add
82 BC212L 0.13 | BD196 *0.87 0C75 *0.16 | 2N708 0. 25%. Do not add V.A.T. to
ADI161 &ADI62 BC213L  0.13 | BD197 *0.82 OC76  *0.16 | 2Ng814 3 prices marked #
MP) 0.8 BC214L  0.17:| BD19s *0.82 OCT77  *0.2¢ | 2N918 .
SII.. G.P DIODES
UNTESTED PA KS 300mW 40 PIV (min) SUB-MIN FULLY TESTED
A Idea! for Organ builders
. A . 30 for 50p. 100 for £1.50. 500 for £5. 1000 for £9. 1
Pak  No. Description Price TRANSISTOR DATA BOOK
U 1 120 Glass Sub-min. General purpose Germ. diodes ............. 0.60 DTE 1 227 Pases packed with information on
8 4 30 Germanium transistors like OCBI,ACIZS i . *0.60 Tud thn Price 1£2.95 h
6 60 200mA sub-min. silicon diodes .............. *0.60 g e eac
U1l 20 PNP SiL planar trans. TO- Bi{ke 2N1132, 2N2904 . *0.60 OB oot - T 'g{}g"‘,ﬁ'szgg)*}fg”:{" “‘;5":{23?5 -
Taagia Pt Mplanastrans TO,5hke 20VE06) NGO . R e TO5  *0.31  *0.51 071 | cquivalents. for - European, American ‘and
icon transistors like BC108 ............ *0.60 & . ¥ s
U26 30 Fastswitching silicon diodes like 1IN914 Micro-Min. . 0.60 18‘2"‘1’ R)O?g :8.5,.} :8 g.‘l, .A) ;’; ‘;:Zha:::ﬁ/e“ez:l::::ts g‘:(,ﬂ' ;:e(‘:;“;::]z;
U29 10 1 Amp SCR's TO-5 can. up to 600 CRS/25-600 *£1.20 adJ . today and has an introduction in 13 languages.
U32 25 Zener diodes 400mW DO-7 case 3-33 volts mixed . 0.60 Price $£2.88 each.
U36 20 Silicon planar NPN transistors TO-5 BFYB()/BI/52 *0.60 DIODE EQUIVALENT BOOK

U46 7 3ASCR. TO66upto600PIV....... ‘DE 74 144 Pages of cross references and equiv-

U46 20 Unijunction transistors similar to TIS43 . 115 WATT SILICON 1‘03 METAL c SE alents for E: A an
U48 9 NPN 8il. power tranasistors like 2N3055 . Vebo 100V. Vceo 60V, IC, 15A, Hfe, 20-100 suitable dlodes, Zeners, Thyristors, Triacs, Diacs and
Code No’s mentioned above are given ae a guide to the type replacement for 2N3055 Bglg\'ll or BDY20 06 LED.s Price $£1.98 each
of device in the Pak. The devices themselves are normally s 00 THE WORLDS BROADCASTING
unmarked, R STATIO!
L) - WBS 75 An up to the minute guide for those
l o D E s intereswd in DX-ing. Com.ains all the world's
hroadcasters ap SW, MW apd LW, as well as
Type IPrice .Pnce Type Type 5 - Europ;)u:TAMl/;TV stations. Price $£3.58 each
gAlOO :0 e 23}83 og'{g ORI, :0(1): 8282 TO18 SIM. TO 2N706/8 BSY27/28/95A DIC 75 Now complete Data book of 74 series
AL16 0.21 BY126 *0.15 “0A47 .0‘ All usable devices. No open and shorts. TTL (7400-74132). Covering 13 main manu-
g:ifg :g.fg BY137 +0.18 g:;g .gg'; 8:‘;’3‘2) ALSO AVAILABLE IN PNP slmllar to 2N2906, BCY 70 facturfe‘;lsl dm the Uslix and Eurlope, this book
i 5 BYi128 +0.16 g 20 for * . L] . gives ata as well as equivalents.
BAI54  *0.12 BYi64 *0.51 0AS1 007 IN914 for L7394 0 =D T DR CSVE, PO W), DO Price $£3.74 each
.gﬁl% pOLY B%O *0.43. @ .0‘09 LNELE “When ordering please state NPN or PNP. > 7
173 *0.15 38, - OA90 0.07 1N4148 A full range of technical books guailable oa
. request.

| WRISTERS

PIV 0.6A 0BA 1A TA 10A 16A 30A : A
TO18 TO82 TO6 T066 TOGB T064 T()dB TO48 TO48 TO48

10 *0.13 *0.15 — — — = - B

20 *0.15 *0.18 — — — - — — — — JUMBO SEMICONDUCTOR PAK

30 *0.18 *0.22 — — — — — — — — | Transistors-Germ. and Silicon. Rectifiers-Diodes Triacs-.
183 :0.;2 *0.28 :0.20 *0.25 *0.36 °0.36 *0.48 *0.561 *0.54 *£1.18 | Thyristors-1.C.’s and Zeners. ALL NEW AND CODED.

25 *0. y *0.! *0.. *0.: *0. *0. *0.! *£1.

150 *03; -g39 WZ° 025 "048 "0.48 051 057 *0.58 *£143| ,ppRoX 100 PIECES ONLY *21.85

200 *0.38 *0.44 °*0.256 *0.30 *0.50 . *0.57 *0.62 *0.62 °*£1.63

% -_ —  *0.30 *0.38 *0.66 2 ‘0.92 *0.71 *0.77 *£1.79 F. Y

AR EE IR EE JENERDIODES || roses” & pecing s 250

FULL RANGE IN STOCK unless otherwise shown.
P 2-33 Volts = Add extra for asirmail. Min-
PRD MR el LOISCP imum order £1.00.

300mA 7650mA IAmp 1.5Amp 3Amp 10Amp 30Amp
PIV {DOT) (8016) Plastic (SO 16) (S010) (SO10) (TO48)

0. 05 0.08 3 X 0.14 At *0.56

0.07 X 0.09 5 .. .89

X X b A E *£1.25
1 . . 28 035 *:125 ([ /

.| 3 3 .33 . *£1.76

5 . . 8 . .| *£1.94

.. 3 : ks *£2.31

} P.O. BOX 6 WARE HERTS
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[ [
E ° ANTEX Equipment
® SDLDERING IRONS
X25. 25 watt..... — 2 ¥ 1
[ ] Model G. 18 watt.
CCN 240. 15 wa
ALUMINIUM BOXES SK Soiinng
No. Length Width Helgh Pr:’c- BITS
ol e A A3 102 for model CN240 3"
BA2 B SR S+ o . Siipiocs ¥
BAZ & x 24" x 1l woas Add 8% V.A.T. to all prices 108 fr mode CNz2S
BAs % » 24 x 7 #048 ked * 1700 for model CCN240 §
P b ] ; "'I 1101 for model CCN240
BA7 1 % & 2;{" g arke 1102 for model 8(2:%43
BA8 8" x 6° «x 1.0 . or mode!
BA8 6" x 4" x- 2"  %0.65 Remainder add 25 % jiCaigrorgmodel ggzg‘
(Each complete with 1" deep lid & screws} 50 fo, ot X25
PLEASE ADD 20p POSTAGE AND 51 for model X251, " e e
PACKING FOR EACH BDX PLEASE ND?E THiEi V T 52 for model X25 ?. STt =
COMPONENTS /ABOVE DIRECTIONS -- . o o 2aEEMENTS
Mode! s
CARBON RESISTOR PAKS Model EG 240..
These Paks contain a range of Carbon . COMPONENT PAKS Model ECCN 240. ...
Resistors, assorted into the following §No. Qty Description Price Modsl EX 25 ...
0o Conir log"’:P-‘fszo o C1 200 Reslstctv)rs mixed values, apgrg)a
ixe ohms- ohms count by weight |
W e e €2 150 Capacitors mlxed values approx. sT3 S SIO‘;EE'RrIN"G"I‘gé)e?JS STAND *€
R2 50 Mlxed 1K ohms-8.2K ohms count by wi 0. A "'\' T S
{p W R S e ..0.60§ c4 75 1/8th wnd(h Reslslors mixed ntex heat shunt...oe e
R3 50 Mlxed 10K ohms-82K ohms preferred values...........-...0.80
/8th W 80 C5 5 Pieces assorten Ferrite Rods
R4 50 Mixed 100K ohms-820K ohms
e e B T P c? 1 Pak Wire 50 metres, assorted
R5 30 Mixed 100 ohms-820 ohms colours. — (o N
RV m— | ...0.80§ C8 10 Reed Switches %0.680 . .0,
R6 30 Mixed 1K ohms-8.2K ohms c9 3 Micro Switches... .. %0.80 Postage & Packmg 2 L
W . —.—_.0.80] C10 15 Assorted Pots & Pre-Sets..0.60 3 .14
R7 30 wd 10K ohms-82K ohms C12 30 Paper Co?denssvs preferred tzpss' add 25p unless g }g
— e mixed values mum e errsice .
R8 30 Rlixed 100K ohms-820K ohms C13 20 Electrolytics Trans. types.....0.60 .otherwise shown. 6 .16
|| S —— .0.608 C14 1 Pack assorted Hardware — Nuts Add t f 7 17
THESE ARE UNHEPEATABLE PRICES Bolts, Grommets, 81C,... ¥0.60 extra or PS 8 4 17
C16 20 Assorted Tag Strips & Pama(l,seo airma“ ! : 1(9) 4 }:I,
€19 2 Relays 6-24V Operating.....0.80 PS 11 ;] 14
__REPANCO CHOKES & COILS e e e eomna. spti { Minimum order £1.00 |}Fs 1} G e
RF Chokes CH1  2.6mH 0.27 200 sq. ins.- Fheo PS 13 tereo Scre .33
CH% 7-55’"‘“ ggs Please add 20p post and rncl(lng on aII P§ 14  Phono.... .09
cH Uiy 28] component packs, plus a further 10p on PS 15  Car Aerial -14
cHz  somH 0is! pack nos. C1, C2, C19 PS 16 Co-Axial 14
COILS DRX1 C e 201 0,28 ORAZyDUA REF ?_'; e F""K"dy"*:;?
rystal se ual REF ape He eanin| it — e
range 0.42 A e L P e Y 330 INCINE SOCKETS
Mé)ge2:39 ‘Wl{_e Smeod;: o *g‘]l o : 21 8:“ 2 Pin_(Soeaker). 8}3
R ** Tape ti e LN A
o BONIROTENTIOMETERS SOLVE THOSE STICKY REF 2} Cassott Ediing KIL_—#€1.84 |PS 23 DIN. 0.13
oL *44 I.N 0.19
9T IOK 722K, 47K, 100K, 220K, 470K, B A2 2 Sl (BT 0 P1E Ly :
M. 2M PROBLENSL Wit REF 33 Spiting Tapee. ~ s |PS 28 Jack 818
C1 S|ng|e Less Switch ......... 0.20 CYANDCRYMTE C2 AQHESIVE REF 36A ﬁ,',i'g,% ;pétylus p. P! 0.28
C2  Single D.P. Switch -40 - Cleaning Kit.....o......... il #*32p [P 0.32
Ci ]I'andem Less shw'":h e AEF 41 8-Track Cartridge Head Cleaner 88p | P 0.28
E5 130"‘(855095";:1‘::' -Log 0.60 el G o e REFTADIE 0, !’: 31 Phono Screened 8?;
""""" The v&/onder dbond which works in || REF 42/S Rotler & Brush for REF 42 &*2320 Pe 32 Csvo s 020
seconds. Bond plastic, rubber, transis- 431 RacordiCarel Ki *£2.76 |PS 33 Co-Axial 0.20
MOR‘IIZONTAL CARBOI& PQREECEITS tors, comqoner:jgst el”“anen“Y. FRIEE Ag Azfg'cha:reer IGroov—KIeen QBBp
100, 220, 470, 1K. 2.2K, 4.7K, 10K, 22K, immediately REF 48 Spirit Level
47K, 100K, 220K. 470K, TM, 2M, 4.7M. OUR PRICE ONLY 70p SE; ggAReccaosrst:&ug_t'-GOﬂ :22'{ = .
For 2gm phial :E: 53 Hi-| :l S(Iereo& ?_s( Cgssekne *E2. ; 0.
REPANCO TRANSFORMERS 56 Hi-Fi Hints ips Bool .
RO Py eEeC oy g ez avalable AUDIO LEADS ISR Siepinamant Brash Vewet P | ok
e e b vy #7% 5221 5 pin OIN ‘plug to 4 phono plugs fand Base Sticker for Madel 60, *24p |P 0.
(L1 L T R ——— 1.08 § REF 62 Cassette Head Cleaner (Liquid} 48p [P 0.
Yge ek Price p&pf 5222 5 pin DIN plug to 5 pin DIN socke( REF 71 Record ‘Dust Off' {Displays of ten} JP. tereo Switched 0.
mﬁggﬁ * Sgg 8'233 length 3.5m —ﬁ‘ : ( *66p |PS 43 Phono gmgtl)? = X
N i $237 5 pin DIN plug to in OIN U REF 71A Record ‘Dust Off (Bubble Pack] Phonio Double, "
MT/50/2 2 1€6.00 0.60p mueor image Iegnglh 1.5m........ | t78 PS 46 Co-Axial Surface..... .t}
$238 2 pin DIN plug to 2 pin DIN socks! REF 75 Indexa Record L xE1 PS 47 Co-Axial Flush... (.
COILS FORMERS & CORES SH I;nqthgm T i IDINTG BkBt EE: ;g gtylus CleFanerH S WinderE A any
NORMAN }* Cores & Formers .... 0.07p pin DUB 0 2 pin socke! assatte Fast Han inder. - T = E
. X length 1 ... 80D §REF 83 Sassette Title & Container Labels T FC
# Cores P o S, g ; e WL S S271 6 p?n DIN plug to 2 phono plugs con- (20 & 3 *36p |NSTRUMENT ASES
_— = nected to pins 3 & 5 length 1.5m70p (In 2 secti Biack Vinyi coverad top and
SWITCHES $275 S DIN plug to Z ph sockets n 2 sections, Black Vinyl covere
DP/DT Toggle 0.28p SP/ST Toggle 0.22p N A e \ I"'IR A‘ I - hidew:fhbm:, I
cm. 0. engtl i eigl
FUSES R el T T 2 ghonoiplu%s:‘ A deooe gvi ‘t?-; x SiTx 2 *E1.25
1 d 20| 100mA, 200mA, m, connected to pins ength! o Tox X o 1.
*SSSmA 5",{"1 SA"iA QUICK BLOW 23cm, & 7in.E.P. 18] )(7 xB (50 racords) *£2.48] py3 6" x Ai" x 13
#0.06p sachf S404 Coiled stereo headphones extensiontf 12 in. LP. 3t x 7 x 123" (50 records) § BV4 9 x 5 x 2 *£€1.39
Anti-serge 20mm only ... .. #0.08p each cord extends t0 7M e —%£3,30
$217 3 91?1 ?Ig] plug to 3 pin DIN %Isg CASSETTE CASES
VEROBOARDS ead o 5 o DIN olug [Holds 15. 107 x 33 x 5", Lock and handle Aunln ACCESSDHIES
B e 0.1 i " 8 60p o0 forh Tonto © 2 on 0T 88 : asEs r CROSSOVER NETWORK
sizes al matrix_........ W s ES
4 K K t! 8-TRACK CARTRIDGE CAS
j{B2gconiainingianprox. 50 sq s :6’3’”5 S 32""" Jac(o—35nln 8 Bn% Holds 14. 13" x 5 x 6. Lock and handle |[K4007 1/P Impedance 8 ohms. Insertion
sizes ali .15 matrix ... Op $600 5 pin DIN plug to 3.5m H 5i 1 £ 3'0 (32 way Loss 3dB. Crossover Frequency
nected to pins 3 & 5 length 1. 5m30p ‘Holds 24. 13" x 8" x Lock anc an e f 3KHz
CABLES $700 5 pin DIN Plug to 3. o e b —%£3.208 PRICE: £+.12®
CABLES r metre nected to pins 1 & 4 length 1.5m80p
P 1 Single lapped screen ... .. 0.08
2 Twin Common Screen
3 Stereo Scresned ........ 0.12 FANTASTIC VALUE
4 Four Core Common Screen®0.21 Y £1.20
S Four Core Individually
Screened .............. .28
6 Microphone Fully Braided
CRDIGEMNE By .. Lo Pt o #*0.11
7 Three Core Mains Cable . .%0.11
P 8 Twin Oval Mains Cable ..%0.08] Containing 75 of the C280 range of ca?acx-
CP 9 Speaker Cable .. %0,08[ tors assorted values between .01u
CP 10 Low Loss Co-Axial . *0.14] 2 2uF. Complete with identification chan

®
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EXPERIMENTS
WITH

o ANOTHER
SPECIAL
OFFER

1,000 copies of this brand new book are now in our warehouse and available
at a special low prige to readers of Radio & Electronics Constructor.
Paperback Hardcover

(Published Price £3.35) {Published Price £7.95)

£2.65 (save 70p) £6.50 (save £1.45)

Both prices include postage and packing.

GEORGE B. CLAYTON

A Companion to Linear Integrated Circuit Applications which we pre-

viously offered you, this book covers a wide range of practical operational
amplifier applications. It gives circuits which include component values, and
suggests measurements that can be made in order to study circuit action.

FROM THE AUTHOR
. the quickest way to learn about operational amplifiers is actually to use
them in working circuits. [t does not matter very much if a wrong connection
is made in the experimental circuits, the operational amplifier type suggested
for use in this book will tolerate quite a few mistakes and even if you destroy
it it should not break you. If resistor values suggested in the circuits are not
at hand try other values, electronic systems will work (in a fashion) with
a considerable range of component values.
'CONTENTS
1 Basic Operational Amplifier Ideas
2 Basic Operational Amplifier Applications
3 Operational Amplifier Circuits with a Non-linear Response
4 Some Signaf Processing and Measurement Applications
5 Operational Amplifiers used in Switching and Timing Applications
6 Operational Amplifiers used for Signal Generation
Appendix Operational Amplifier Performance Errors

To: Data Publications Ltd., 57 Maida Vale, London W9 1SN.

Please send me within 21 days copy/copies of
EXPERIMENTS WITH OPERATIONAL AMPLIFIERS
paperback [ ] hardback [] (please tick required edition)

| enclose Postal Order/Cheque for £

{Block Letters Please)
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On a cold dark winter's evening, with the
rain lashing down and the wind howling
around, there's nothing | like better than
to curl up in front of a fire, with tea and
toasted scones at my side . . . and my
catalogue on my lap. | then start choosing
the bits and pieces for my next project.
Home Radio Components had sent me
one of their special order packs, so | had
six order forms and six pre-paid addressed
envelopes to simplify my job. I've now
gone even one better. When |'ve written
out my order, | pick up the phone and
order direct. This was another thoughtful
idea of Home Radio. They've made it easy
for anyone to open a Credit Acount
without the delay and formality of
references and all that fiddle faddle. Once
you have an account, you can order
anything, any time during the 24 hours!

{
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COMPONENTS

ME

Just think what a boon that is, if you run
: out of wire or solder late at night.
i
)
3
1 . ;
How Asour YOU
3 b >
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e ——
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| expect by now you're itching to know how to get in on this. It's
really quite easy; but for a start you need the fabulous Home
Radio Components Catalogue. It costs 85 pence, plus 45p post
and packing; but with the catalogue you get 14 vouchers, each
worth 5 pence when used as directed, so you can recover 70
pence of your investment. Why hesitate any longer? Post off

the coupon below today, with your cheque or PO for £1.30,
and join the merry band of Armchair Shoppers!

R it Y

| Please write your Name and Address in block capitals

Today’s finest Components
Catalogue 85p plus 45 rackik

PACKING

POST THIS COUPON

with cheque or PO for £1-30

| nane

HOME RADIO (Components) LTD., Dept. RC
234-240 London Road, Mitcham, Surrey CR4 3HD

The price of £1.30 applies only to customers in the
UK and to BFPO Addresses.

A AR SR L

Regd. No. 912966, London

e —e—————— — —— ———d

HOME RADIO ﬂ:omponnu) LTD. Dept. RC, 234-240 London Road. Mitcham, CR4 3HD. Phone: 01-648 8422 |
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4 CHANNEL

STEREO MIXER

A comprehensive design which
allows four separate stereo signals
to be combined at any required
mixing level. A particularly attrac-
tive feature is that the constructor
may adapt the circuit to obtain in-
put impedances and sensitivities
tailored to his particular re-

quirements.

A multi-channel audio mixer is one of the most
useful pieces of equipment to have around the audio
workshop, especia(ily if one is interested in tape recor-
ding or electronic music. Many would-be constructors
are no doubt daunted at the prospect of building such
a unit due to the circuit complexity of a mixer having
inteital pre-amplifiers and giving stereo operation.

The mixer described in this article has four stereo
inputs as well as built-in pre-amplifiers, but by using
modern integrated circuits the unit has been kept as
simple as possible. Only three integrated circuits are -
used to provide an array of no less than ten amplifiers.

Approximate input sensitivities (r.m.s.) and im-
pedances of the unit are as follows:

Input A, 0.2mV into 200aQ (for dynamic
microphones),

Input A

(5.;_ '

Fig. 1. A simple four
channel passive mixing
network. The fixed resistors
should have values well in
oxcess of those of the

S irmmA A A A

.may va

G

By R. A. Penfold

Input B, 4mV into 50kQ (for dynamic microphones
with transformers),

Input C, 256m V into 100kQ (for guitars, etc),
Input D, 135mV into 1.5MQ (for ceramic pick-ups,
tuners, etc.).

As will become apparent later, these inputs can be
altered to suit particular requirements. This is an im-
portant factor as, obviously, individual requirements

considerably. TKe input sensitivities men-
tioned above are for an output of 500mV r.m.s. at an
impedance of 100Q. The pre-amplifiers have a con-
siderable overload margin before serious distortion
occurs,

A mains power supply is employed, as the current

‘consumption of 30 to 40mA at 12 volts would make

battery operation uneconomic.

BASIC MIXER CIRCUIT

Fig. 1 shows the basic circuit of a four channel
audio mixer. This is a simple passive network and is
really an adding circuit,-the output being the sum of
the inputs.

Four equal value potentiometers provide individual
gain controls for the four channels. The four fixed
resistors give isolation between the potentiometers; if
these were omitted the setting of each gain control
would affect the output level of the other three
channels. The values of the fixed resistors should be at
least equal to the value of each potentiometer mul-
tiplied by the number of channels, and should
preferably be a good deal greater than this to give
really good isolation between the controls.

]

©) Output
Input B Input C Input D
p— ) Oy e

P
-
AAAA Al <
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Fig. 2. The circuit of the left-hand channel of the stereo mixer, less the power supply. The right-hand
channel is identical and employs the unused sections of the three integrated circuits

PRACTICAL CIRCUIT

The circuit diagram of the four channel stereo mix-
er is given in Fig. 2. This is less the power supply sec-
tion, and is shown for one stereo channel only.

VR1 to VR4 and R14 to R17 form the actual mixing
part of the circuit. A separate pre-amplifier is provid-
ed ahead of each potentiometer to give the required
sensitivity and ingut impedance. The output from the
mixer circuit is then fed to a further amplifier. This
makes good the losses in the mixer and boosts the out-
put to a high enough level to drive virtually any tape:
recorder or amplifier. It also provides the unit with a
low output impedance.

Two R.C.A. CA3401E integrated circuits are used
as the basis for the pre-ampliﬁers. Each of thesei.c.’s
comprises what are described as four operational
amplifiers. However, although these have the usual
inverting and non-invertirig inputs, they cannot be
used in quite the same circuit configurations as a con-
ventional operational amplifier such as the 741.

These devices are intended to operate trem a single
| rather than a double supply. They are biased by a
resistor connected between the output and the inver-
ting input, and a second resistor which connects
between the non-inverting input and the positive

FEBRUARY 1976

supply rail. The resistors can have values lying
between a few kilohms and a few megohms. The input
signal is coupled to the inverting input of the ampli?ier
via a d.c. blocking capacitor and-a third resistor.

This third resistor determines the input impedance
of the circuit and also helps to determine the voltage
gain. Selecting resistor values for specific input im-
pedances and gains is extremely simple. The resistor
in the input circuit is given the value of the required
input impedance. This value is then multiplied by the
required voltage gain and the result gives the value of
the resistor which connects between the output and
the inverting input. The remaining bias resistor is ap-
proximately double this value.

As will be seen by referring to Fig. 2, all four pre-
amplifiers use this simple arrangement. The circuit
has purposely been designed this way so that the pre-
amplifiers can be easily adapted to suit individual
requirements. If, for instance, a mixer for four
dynamic microphones were required, this would be
achieved by simply using the component values
shown for the dynamic microphone pre-amplifier in
all the pre-amplifiers. By following the details just

iven, one coul(s) also design for input sensitivities and
impedances to meet other requirements, within
reason, while still retaining the physical component
layout of the prototype:
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Resistors

(All fixed values miniature 1 watt or { watt 5%)
R1, R1(a) 100kQ
R2, R2(a) 2200
R3, R3(a) 56kQ
R4, R4(a) 1IMq
R5, R5§a) 47kq
R6, R6(a) 560kQ
‘R7, R7(a; 390k Q
R8, R8(a) 100kQ
R9, R9(a) 220kn
R10, R10(a) 1IMQ
R11, R11(a) 1.5MQ
R12, R12(a) 560kn
R13, R13(a) 3.3k Q
R4, R14Ea) 47kQ
R15, R15(a) 47kQ
R16, R16(a) 47k
R17, R17(a) 47kQ
R18, R18(a) 39k
R19, R19(a) 820
R20 4700
VRI1, VRl(a; 5kQ potentiometer, log, 2-gang
VR2, VR2(a) 5kQ potentiometer, log, 2-gang
VR3, VR3(a) 5k potentiometer, log, 2-gang
VR4, VR4(a) 5k Q potentiometer, log, 2-gang

Cagacitors :

1 100uF electrolytic, 16V Wkg.
C2, C2(a) 32uF electrolytic, 10V Wkg.
C3, C3(a) 10uF electrolytic, 16V Wkg.
C4, C4(a) 0.47uF plastic foil, type C280 (Mullard)
C6, C5(a) 10uF electrolytic, 16V Wke.
C6, C6(a) 0.1uF plastic foil, tygle C280 (Mullard)
C7, C7(a) 10uF electrolytic, 16 Wkg.
C8, C8(a) 0.047uF plastic foil, gge C280 (Mullard)
C9, C9(a) 10uF electrolytic, 1 Wkg.

COMPONENTS

C10, C10(a) 0.47uF plastic foil, type C280
(Mullard) _

C11, Cl11(a) 100uF electrolytic, 10V Wkg.

C12, Cl12(a) 2,200pF polystyrene

C13, C13(a) 10uF electrolytic, 16V Wkg.

C14 1,000uF electrolytic, 25V Wkg.

C15 400uF electrolytic, 16V Wkg.

Transformer .
T1 Mains transformer, secondary 6-0-6V at 100mA

Semiconductors
IC1, IC1(a) CA3401E
IC2 MC1339P
TR1 2N5172
D1-D4 1N4002
D5 BZY88C13V

Switch
S1(a)(b) d.p.s.t. toggle

Sockets
SK1, SK1(a) &.5mm. jack socket
SK2-SK5 3-way DIN

Miscellaneous
2-off “Universal Chassis” sides, 2 x 14in. (Home
Radio)
2-off ‘“Universal Chassis” plates, 5 x 10in. (Home
Radio)

4-off control knobs

Veroboard, 0.lin. matrix (see text)
Veroboard, 0.15in. matrix (see text)
Veropins (for 0.1in. Verobosrd)
Aluminium sheet, for screen
Screened wire

3-core mains lead

Hardware, materials for case, etc.

OUTPUT AMPLIFIER

The output amplifier is based on the Motorola
MC1339P integrated circuit, which is an inexpensive
high quality low noise stereo ;)re-ampliﬁer. t has a
typical channel separation of 70dB and an open loop
gain of 66dB.

Each of the input pre-amplifiers has an output of
50mV, but after the attenuation of the mixer network
this is reduced to only about 12.5mV. The output
amplifier therefore needs a voltage gain of about
32dB or 40 times, to raise the output to the required
500mV level. The ratio between the feedback resistors
R13 and R19 sets the voltage gain at approximately
this level. _

C12 provides high frequency roll-off and prevents
the circuit from oscillating at an ultrasonic frequencly.
The input of the device receives a bias current via R18
and an internal resistor in the i.c. C11 prevents a.c,
negative feedback via these resistors, and the remain.
{)r;g high level of d.c. feedback produces very stable

iasing,

Si%nals at the ou
coupled to the input o
of the i.c. is taken via

ut of the mixer network are
the i.c. via C10, and the output
C13 to the output socket.
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As the MC1339P has internal supply filtering and
regulation, C1 is the only discrete decoupling compo-
nent that is required for the complete circuit.

The pin functions for the CA3401E and MC1339P
are shown in Fig. 3. A regulated output is available at
pin 2-of the MCg1339P, but this is not em(i.)loyed in the

resent circuit and no connection is made to the pin.
-Both the i.c.’s are available from several retail sources,

MCI339P CA340IE
Top view Top view
Vee =1® @ 4= Amp carth +input | (- @14 Ve
Zener Rgltr. earth +input 2 +lnput 3
Feedback | Feedbock 2 —input 2 +input 4 -

Roll-oft | Roll-off 2 Qutput 2 =Input 4
Qutput | Qutput 2 Qutput | Qutput 4
Input return | Input return 2 ~Input | Qutput 3
Input = 7 8f=Input 2 Earth €47 8 f=—Input 3

Fig. 3: Pin functions of the intagrated circuits
employed in the four channel mixer
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The rear of the mixer unit, illustrating the input
and output sockets

POWER SUPPLY

The circuit diagram of the mains power supply sec-
tion is shown in Fig. 4.

T1 is a mains transformer with a 6-0-6 volt secon-
dary. The centre-tap on this secondary is ignored. D1
to D4 provide full-wave rectification and C14
provides smoothing. R20 and D5 produce a stabilised
13 volts, which is applied to the base of TR1. This is
the emitter follower supply output transistor and,
with a drop of almost 1 volt between its base and
emitter, gives a low impedance output of fractionally
more than 12 volts.

AC.
mains

P l 4xiN4002  [C5Em ADs gy
Sip j i
E ) X ) /
= BZYSBCI3V
(B8
R A=)
2N5I172
tead-outs

Fig. 4. The circuit of the powsr supply section

COMPONENTS

The accompanying Components List shows all the
parts required for the stereo mixer. Since there are
two stereo channels a- number of components are
duplicated, and this is indicated by listing a second
component with the suffix ‘(a)’. The choice of stereo
channel is quite arbitrary, and it will be assumed that
the components without a suffix letter appear in the
left-hand channel, whilst those with the suf%x ‘(a)’ are
in the right-hand channel. The potentiometers VRI,
VR1(a) to VR4, VR4(a) are four two-gang poten-
tiometers. Four of the sockets, SK2 to SK5, are 3-way
types common to hoth channels.

¥
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CASE CONSTRUCTION

An attractive home-made case for the mixer is easi-
ly constructed from Home Radio ‘“Universal Chassis”

 members. Two 14in. by 2in. sides form the main

framework of the case, and these are drilled as
detailed in Fig. 5. _

In the prototype mixer 3-way DIN sockets are used
for SK2 to SK5, and 3.5mm. jack sockets are used for
SK1 and SK1(a). These can of course be altered to
other types should it be felt necessary. The hole for
the mains input lead is fitted with a grommet.

Four 90° sections are cut out of the two flanges of
each “Universal Chassis” side, two out of each flange.
These are removed 2iin. from the flange ends, as
shown in Fig. 5. The two members can then easily be
bent at right angles at these points to form two U-
shaped pieces. 'Iﬁlese are bolted together using short

bolts with nuts. The method of assembly is
shown clearly in the photograﬁhs of the interior. The
pieces should be bolted together such that the holes
for S1 and the mains lead are beth at the left side of
the case, as seen from the front.

Next, cut out two 5} by 24 by iin. é)ieces of chip-
board, and cover these with a self-adhesive plastic
material having a wood-grain pattern. These are then
screwed to the ends of the framework, to produce a
case of the “book-ends’” type. :

Two 10in. by 5in. “Universal Chassis” plates form
the top and bottom panels of the case. These are cut

=W A i it

SCREEN
I Dia to suit Sy
13/4" fl o” i
z :
Bend at approx 120°
5/8”
ah s’ k4’ 3/4”\ 34" \yg* 1he” the”  2l2*
e ——= —-—
yo'dia U4 |58
da |da SK3 SK4
A !
1 € O
P N7
|"_ / Ky NIW ‘
7/ REAR
Mains input SKig SK2
90%sections removed from flanges
=\~ NN
90°bend VRyjja 38'dia 90°bend
Dia to /
suit Sy /
SIRN N v
TN e
I Siy \R2f2a id b}
: | FRONT
VRa/?q VR4/4a
o PN AL A DL AL A LA B O -

Fig. 5. Details of the screen and the two
chassis members which, after bending, form
the sides of the case
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down in length so that they become a snug fit between
the end cheeks of the case. The base plate is bolted to
the bottom set of flanges of the case by four short 6BA
bolts with nuts. The top plate is secured to the upper
set of flanges using four ‘self-tapping screws.

An internal screen shields the power supply section
from the mixer circuitry. This is very easily made
from 16 to 24 s.w.g. aluminium, as shown in Fig. 5,
and it is secured behind the front panel on the moun.-
ting bush of S1.

MAIN CIRCUITRY

The bulk of the circuitry is assembled on a 5 by
24in. Veroboard panel of 0.1in. matrix. This is a stan-
dard size board and does not need to be cut from a
!arigr piece. Complete details of the panel are shown
in Fig, 6.

Start by cutting the copper strips at the points
shown in the diagram, using the special spot face
cutter tool. Then S;ill the two 6BA clearance moun-
ting holes with a No. 31 twist drill.

iring of the panel can then commence. The longer
link wires are insulated, and it is probably easiest if
these and the integrated circuits are soldered in first.
The latter are not fitted in sockets but are carefully
mounted direct onto the panel. The remaining com-
ponents can then be fitted and soldered, one by.one,
until the panel is finished.

A large number of components are assembled in a
comparatively small space, and a soldering iron hav-
ing a miniature bit (J3in. or less) is really necessary
when wiring up the panel. Even then, great care must
be taken not to bridge any of the copper strips with ex-
cess drips of solder.

Detail showing the position taken up by the
screen between the power supply and signal
sections

410

Looking down into the chassis. The positioning
and orientation of the two Veroboard panels is
clearly visible here

Veropins are used where leads from the poten-
tiometers and sockets, etc., connect to the panel. The
negative supply is carried to the panel via a lead
which connects to a 6BA solder tag secured under one
of the mounting nuts for the panel.

Eight leads are indicated in Fig. 6 as connecting to
VR1 to VR4(a). These leads connect to the maximum
volume (i.e. non-earthy) ends of the tracks of these
potentiometers. Since §14 to R17 all have the same
value the sliders of the left-hand channel poten.
tiometers can connect to any of these and do not
necessarily have to follow the circuit diagram. In con-
sequence, the four sliders of VR1 to VR4 connect to
any of the four points marked “L.H. IN”’. The same
applies to R14(a) to R17(a), and the sliders of VR1(a)
to VR4(a) can connect to any of the points marked
“R.H:IN”. To avoid confusion it is necessary to adopt
a convention with the two-gang potentiometers, and
the front sections of these can be in the left-hand
channel and the rear sections in the right-hand
channel.

When completed, the Veroboard panel is mounted
on the base of the cabinet using. two 1}in. 6BA bolts,
with the bolt heads under the base. It is positioned as
far to the right of the case as possible, between the
gain controls and input sockets. Extra nuts are placed
over each mounting bolt between the base and the
panel to space the panel a little way clear of the bot-
tom of the case.

The wiring between the gain controls, input sockets
and component panel is then completed. All the leads
to the input sockets are screened, and the. outer
braiding is earthed to chassis at the sockets. The
earthy ends of the gain control potentiometer tracks,
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Fig. 6. The mixer components are assembled on a Veroboard panel. Connections to the input sockets
and the gain controls are described in the text

both left and right channel, are all connected together,
and are then taken to chassis at a solder tag at the
VR4/4(a) end, the tag being held under one of the
nuts securing the base plate. The wiring between the
otentiometers and the component panel does not
ave to be screened, but the leads should be kept as
short and direct as is reasonably possible.

FEBRUARY 1976

POWER SUPPLY WIRING

The power supply section, apart from the mains
transformer, is wired up on a 0.15in. matrix
Veroboard panel having 11 by 16 holes. The copper
strips run across the width of the board and none of
these are cut. Details of the panel are given in Fig. 7.
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Start construction of this by cutting an 11 hole sec-
tion of board from a piece 21in. wide, then drill out the
two 6BA clear mountini holes. The various com-
ponents and the single link wire can then be soldered
In position.

Next connect the two secondary leads from

Fig. 7. The power supply components are wired
up on a second Veroboard panel

transformer T1. Solder a lead from the negative out-
put on the panel to a solder tag which can be fitted un-
der one of the mountinf1 nuts securing T1. Fit, also, a
lead which will take the positive output to the ap-
propriate Veropin on the main component panel. Tge
power su gly panel is then mounted by means of two
13in. 6BA bolts in the same way as was the component
panel. It should be to the rear of the case and on the
extreme left-hand side. Connect the positive output
lead to the main component panel, then mount T1
just behind S1. Fit the screen of Fig. 5 by means of the
mounting bush of 81, so that it takes up the position
shown in the photographs.

A view from the rear with the cover removed

To complete the unit, the 3-core mains lead and the
primary of T1 are wired up, with S1 in the live and
neutral leads as indicated in Fig. 4. The mains lead

earth wire is soldered to the tag under the mounting
nut for T1. The mains lead should be correctly ter-

minated in a fused 3-way plug.
/ Pos. output
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TESTING

Before turning the unit on,. check all the wiring
thoroughly then connect a multimeter switched to
read voltages around 12 volts across the supply rails.
Upon switching on this should give a reading of 12
volts. If a significantly different reading is obtained,
switch off at once and recheck the wiring.

If and when a correct reading is obtained, connect
the output of the mixer to an amplifier via a screened
lead, and then confirm that all eight inputs are being
properly controlled by the four potentiometers. u

e T o L AT o = S S oy O =< Sy = e e o i TS0
BACK NUMBERS

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

Woe retain past issues for a period of two years and we can, occasionally, supply copies more than two
years old. The cost is the cover price stated on the issue, plus 11p postage.

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

Wae regret that we are unable to supply photo copies of articles where an issue is not available.
Libraries and members of local radio clubs can often be very helpful where an issue is not available for
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REGENT PUBLIGATIONS m

HI-FI LOUDSPEAKERS AND ENCLOSURES, 2nd Edition. By Abraham B. Cohen. 448 pages, 210 x
135mm. (84 x 5%in.) Published by Newnes-Butterworths. Price £5.80. '

The arrival of this book on the reviewer's desk was like the re-appearance of an old friend, since in
the past he has obtained much help and information from it in its first edition form. Appearing now as
an extensively revised and updated second edition, the book covers recent advances in stereo
reproduction, dealing also with three-element stereo and advances in enclosure design.

The book is divided into five parts, the first four of these discussing the loudspeaker, the enclosure,
the listening room and stereo practice. The fifth part describes acoustic measurements and the
building of enclosures. In the latter instance dimensioned drawings are given for no less than 27
different enclosures, the constructional information for which was provided by seven leading
loudspeaker manufacturers.

This work is of an authoritative nature and will be of especial value to the home-constructor who.
is interested in high fidelity reproduction and to the owner or prospective purchaser of a packaged
audio system. It is extensively illustrated with clear line drawings and photographs, and the text is at
all times straightforward and lucid.

TRANSISTOR ELECTRONIC ORGANS 'FOR THE 'AMATEUR, 3rd Edition. By Alan Douglas,
Sen.M.LLE.E.E., A..S.0.B. and S. Astley. 127 pages, 135 x 220mm. (54 x 8%in.} Published by Pitman
Publishing Ltd: Price £4.50.

This third edition of Transistor Electronic Organs For The Amateur has been.completely revised
for its present printing. As with the previous editions the emphasis is towards providing information
which will be of assistance to the amateur constructor and designer of electronic organs.

The first chapter of the book deals with the terminology employed in the field of organs whilst the
second gives an introduction to transistor basics. The third chapter, devoted to electronic organ
designs, is the longest in the book and takes in power supplies, oscillators, frequency dividers,
vibrato, waveshaping and other relevant.aspects of organ functioning. Integrated ciruits encountered
in this chapter include the TCA430-N, which can provide four RC oscillators, the SAJ110 seven-
stage frequency divider and the TCA250A double filter amplifier. The fourth chapter provides further
transistor organ circuits whilst the fifth and last deals with miscellaneous experimental circuits,
amplifiers and speakers.

There are five appendices which give colour coding, a frequency table for tonal derivations,
a glossary of organ stops, a table relating British and American instrument wires and a nomogram for
inductive and capacitive resonance at audio frequencies.

PRACTICAL TRIAC/SCR PROJECTS FOR THE EXPERIMENTER. By R. W. Fox. 197 pages, 215 x
130mm. (8% x 5%in.) Published by Foulshan-Tab Limited. Price £1.80..

This book consists of an American text with an introductory chapter for English readers, and it
covers the whole field of triggered solid-state devices. In addition to the triacs and SCR’s in the title
these include diacs, unijunction transistors, programmable unijunction transistors, silicon unilateral
switches and silicon bilateral switches. ]

The theoretical treatment in the book can be of considerable help to a technician or experimenter
commencing work with these devices and there are very many practical working circuits illustrating
the various ways in which trigger devices can be controlled. These are dealt with broadly in terms of
static control and phase control. Other sections of the book cover motor control circuits, the heat-
sinking of thyristors and the choice of thyristors for particular applications.

Some of the circuits dealing with a.c. mains switching and control are applicable to American 117
volt 60Hz supplies, but this does not detract greatly from what is an informative and detailed work.

SERVICING TRANSISTOR RADIOS. By Leonard D'Airo. 230 pages, 215 x 130 mm. (8} x 54in.)
Published by Foulsham-Tab Limited. Price £1.95.

This is another book having an American text with an introductory chapter fér English readers. It is
also a book which was written quite some years ago, although it has now been re-issued in 1975.

These points having been made the book, whilst not being fully representative of the present
'scene, nevertheless provides a useful introduction to transistor operation and to transistor receivers.
Much of the servicing information is straightforward and sensible, and is applicable in general to
almost any generation of radio receiving equipment. It is apparent that this book has been popular
over the years and this factor may well be the reason for its appearance now.
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NEWS . .

. AND .

NEW RANGE OF CHINON HI-FI EQUIPMENT

L T

A completely new range of hi-fi equipment has been
launched by Dixons under their exclusive Chinon

brand name. This new equipment is also available in
Wallace Heaton shops — part of the Dixons Group.

We show in the accompanying photograph the
Chinon TC5000D Cassette Deck. A switchable Dolby
noise reduction circuit is built into the TC5000D. This
deck, too, has facilities for both normal and chrome
tape. The twin ‘VU’ meters are supplemented by peak
signal warning indicators. Separate sliding level con-
trols are provided for recording from microphones or
auxiliary sound sources making Mic/Line mixing
possible. In addition to the usual digital tape counter

. the TC5000D has a built-in Memory system. A button

— operated switch, coupled with the auto stop facili-
ty, enables a specific point to be fixed on a cassette —
in either recording or playback mode — so that the
cassette stops automatically at the pre-determined
point on the tape. Price £99.95.

NEW TECHNOLOGY FOR OLD ESTABLISHED FOOTBALL CLUB

One of the founder-members of the Football League,
first division Aston Villa, are to become the next foot.-
ball club to equip with a GEC 2050 seat reservation
system from 8E8 Computers Limited. An order has
been placed for a system to. be installed early
next year. )

Aston Villa’s present box office methods are
manual and involve a considerable amount of handl-

ing, sorting and storing of books of pre-printed tickets.
The new GEC 2050 system will enable box office staff
to rapidly call up a visual display showing the state of
sale of any chosen block of seats for any forthcoming
match. Tickets are printed on the spot as required
and, simultaneously with the action of printing, ac-
countancy and statistical records are updated on the
computer memory automatically. No specialist com-
puter knowledge is necessary to operate thé system.

INGENIOUS AERIAL MAST FIXING FROM RAWLPLUG

The Rawlplug Company Limited have just released
an ingenious new fixing for television and radio aerial
masts. Called the Rawlplug SSB1, the new self-
supporting bracket outdates the traditional and time-
consuming lashing kit. With the SSB1, aerial rigs can
be safely and strongly fixed in less than two minutes.

The SSB1 is ready assembled and features two ad-
justable arms which are clipped into the mortar joints
of brickwork and locked by a single bolt.

The SSB1 offers professional aerial riggers more
rigging opportunities a day and yet is simple enough
for the do-it-yourself enthusiast.

Ideal for the majority of domestic aerial in-
stallations, the Rawlplug SSB1 has'a recommended
retail price of £2.21 plus VAT at 8%. Ttade enquiries
to Roger Walker, The Rawlplug Company Limited,
Rawlplug House, 147 London Road, Kingston-upon-
Thames, Surrey, KT2 6NR.

SSB1 Product Manager, Roger
Walker, demonstrates his com-
plete faith in the product onthe .
4th floor of Rawiplug House. £ =
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COMMENT

VEROELECTRONICS LEADSHEARS

Vero Electronics Ltd of the Industrial Estate,
Chandler’s Ford, Eastleigh, Hants have announced
the introduction of their Leadshear range of low cost,
high quality cutters. Leadshears have been designed
to offer a long life with efficient economical cutting of
wire.

A quick return sprinf1 allows continuous operation
without adjustment. The cutters themselves are oil
hardened and are fitted with non-slip light weight
gri{‘)s for ease of use.

-Type 74-0476D has a unique cut’n’catch action
which guarantees against flying ends and thus meets
the new safety requirements which are being applied

in industry. All types are available on an ex-stock
basis.

WORLD RADIO CLUB

Consequent u%on a recent World Radio Club broad-
cast in the BBC’s World Service, in which our
Technical and Production editors were guests, we
have taken an increasing interest in this weekly
transmission. Although primarily intended for
overseas listeners, the programme can be picked up
satisfactorily in most parts of the UK. In addition to
giving information of use to DX listeners, technical
matters of interest are dealt with in an informative
and not too technical fashion, and are therefore of
particular value to less advanced constructors. In the
broadcast received just before these notes were
written, the subjects of resonance and aerial tuning
units were dealt with in an easily assimilated manner.

Broadcasts are on Wednesdays at 13.30 repeated on
Sundays at 08.15 G.M.T. In Southern and Eastern
England we found reception was best on 276 metres,
and in the West Country on 49 metres.

Readers interested in becoming members of the
World Radio Club should write to World Radio Club,
BBC World Service, Bush House, London.

LASERS MEASURE RUST

Lasers have been used in a novel way for measuring in
an inaccessible part of a nuclear power station.
Britain’s Central Electricity Generating Board has
devised an instrument, cylindrical in shaf)e and only
150 millimetres in diameter which can be lowered into
steel tubes to check for corrosion, it was reported on a
BBC science programme.

It contains two lasers. One laser produces pulses of
focused which actually blast a tiny hole in the rust.
The other laser a beam of light into the hole. The in-
strument can detect the light which is reflected back
when the bright metal underneath the rust is exposed.
The number of laser pulses needed to penetrate the
rust is an indication of its thickness.

Dr D. T.-Swift-Hook,who described the instrument
at a meeting at the Royal Society in London, said that
it was like measuring rust by scraping it off with a
penknife — but more accurate.
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HENRY'S-LINDAIR OPERATE NEW
'"PART EXCHANGE SCHEME’

Henry’s-Lindair, one of Europe’s largest hi-fi and.
audio retail groups, operate a new Part Exchange
Department within the group. This scheme is one
more step in the planned expansion programme 6f the
company which coincides with the opening of two new
units in Reading and Notting Hill Gate, London.

While Part Exchange has been an accepted part of
allied electrical goods retailing, there is no such
‘trade-in’ facility for customers 1n the hi-fi and audio
business which tgives customers the opportunity to off-
set the cost of their new equipment with such a
straightforward transaction in one store.

Customers who bring their old equipment into any
Henry’s-Lindair store will be given a reasonable
‘trade-in’ allowance by fully trained salesmen which
they may then use against ti;e purchase of new equip-
ment from that particular store. The trade-in equip-
ment will then be passed to the Service Department, if
necessary, where it will be tested and overhauled. It
will then be sold through one of the group’s newly es-
tablished Bargain Centres in Edgware Road and
Tottenham Court Road, London, with a three months
guarantee.

<oy
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SUGGESTED CIRCUIT

303

Battery Voltage|

Monitor

By G. A. French

It is common practice in battery
operated test equipment to fit a simple
zener diode vglta e stabilizer circuit
for any stages which require a constant
supply voltage. In many instances this
consists of a zener diode coupled to an
emitter follower. Albernativefy the cir-
cuit may quite simply employ a zener
diode on its own.

The only disadvantage with these
circuits is that if the supply voltage is
not monitored it may fall, as the
battery ages, to a level which is too low
for the stabilizing action to take place.
The user of the test equipment may
continue to employ it unaware that the
stabilized voltage 18 no longer present,
whereupon the equipment may offer
incorrect readings or results.

This article describes a comparator
circuit which causes the stabilized
voltage to be abruptly reduced to a
very low value when the supply
battery voltage falls to a pre-
determined level. Thus, as soon as
battery voltage approaches the level at
which stabilization ceases, the equip-
‘ment shuts down and wil] not function
until a new battery has been fitted.

ZENER CIRCUIT

A typical zener diode and emitter
follower circuit is illustrated in Fig. 1.
In this, a small current flows via R1
into the zener diode ZD1; across which
a stabilized voltage appears. The junc-
tion of R1 and ZD1 connects to the
base of the transistor TR1, the emitter
of which feeds the stabilized voltage,
less the voltage dropped in the base-
emitter junction, to the stage or stages
being supplied. The circuit has the
merit that nearly all of the stabilized
supply current flows through the tran-
sistor, whereupon the current flowing
in R1 alters only slightly despite wide
changes in the current drawn from the
transistor emitter. Also, the zener
diode current can be kept low, thereby
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giving an economy in overall battery
current.

Fig. 2 shows the stabilizing circuit of
Fig. 1 modified to function as a battery
voltage monitor. The components
which are added are a 741 operational
amplifier functioning as a voftage com-
parator, a pre-set potentiometer, a fix-
ed resistor and another zener diode.
The idea of using a 741 i.c. as a battery
voltage comparator is not new, and
was employed in the ‘“Battery Condi-
tion Indicator” described by P. R.
Arthur in the October 1975 ‘issue of
this journal. The present circuit differs
from the previous design, which caus-
ed a light-emitting diode to be il-
luminated at the pre-set battery
voltage level.

Circuit operation in Fig. 2. is very
simple. The stabilized voltage across
ZD2 is applied to the inverting input of
the i.c. wl{’ilst the voltage on the slider
of R2 is applied to the non-inverting
input. When the non-inverting input is
positive of the inverting input the i.c.
output is fully positive, allowing a
current to flow through Rl to Z%l,
whereupon the stabilized voltage is

resent, as in Fig. 1, at the emitter of
R1. When the non-inverting input is
negative of the inverting input tﬁe i.c.
output swings fully negative,

Fig. 1. A standard voltage
stabilizing circuit for battery
operated equipment
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whereupon the voltage across ZD1 and
that at the emitter of TR1 falls to a
very low level. R2 is adjusted such that
the changeover in i.c. output occurs
when the battery voltage is at the
minimum level for which satisfactory
stabilization can take place.

In practice the voltage at the 741
.output, when this is fully positive, is
approximately 0.8 volt gelow the
voltage on the positive supply rail.
When it is fully negative the 741 out-
put is about 1.75 volts above the
negative rail. The output can readily
supply currents up to some 10mA or so
for %1 and ZD1.

COMPONENTS

In Fig. 2, TR], R1 and ZD1 may be
the same components that would be
employed in. the circuit of Fig. 1. R2
can be a small skeleton pre-set poten-
tiometer and R3 a {watt 10% resistor.
ZD2 may be a zener diode from the
BZY88 series, having a zener voltage
approximately equal to half the
battery voltage. Thus it may be
BZY88C4V7 for a 9 volt battery. The
6.2 volt version may be used for a 12
volt supply and the 7.5 volt version for
a 15 volt supply.

Fig. 2 shows the 741 in its 14 pin
dil. form. The 8 pin package may

AA

Stab.
voltage TR

L D)

)
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Fig. 2. The stabilizing circuit modified to tunction as a battery voltage monitor

alternatively be employed. With this,
pin 2 is the inverting input, pin 3 the
non-inverting input and pin 6 the out-
put. Also, pin 7 of the 8 pin package
connects to the positive supply and pin
4 to the negative supply.

. To set up the circuit, R2 slider is in-
itially set to the centre of its travel and
a voltage equal to that at which it is

Fig. 3. Resistors should be in-
serted in series with R2 if the
supply voltage is high

desired the circuit should trip is
applied to the supply rails. A testmeter
switched to a suitable volts range is
connected between the 741 output and
the negative supply rail.’If the 1.c. out-
put is high the slider of R2 is moved
slowly towards the negative end of its
track until the point is reached at
- which the output suddenly changes to
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the low state. Conversely, if the i.c.
output is low the slider of the poten-
tiometer is moved towards the positive
end of the track until the point of
changeover is reached.

If the battery supply is in excess of
15 volts it is pre?erable to insert
resistors in series with R2 as il-
lustrated in Fig. 3. This circuit is

+I5 to 24V
= 220ka
icy " ]
=Ry
5 = 500ka
= 220ka

suitable for battery voltages up to 24
volts. Again, ZD2 should have a zener
voltage approximately equal to half
the battery voltage.

The current drawn from the supply
by the 741 circuit is approximatel
1.2mA at 9 volts, rising to about Z.GmX
at 24 volts. .
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2 TRANSISTOR

PERSONAL

RECEIVER

By A. P. Roberts

A simple receiver design offering earphone reception on
the medium wave band. A particularly attractive feature is the
very low current consumption, this being less than
TmA from the 9 volt battery.

Dual gate m.o.s.f.e.t.’s can now be purchased at
reasonab%e prices and this fact, together with their
high performance as r.f. amplifiers, makes them an
ideal choice for use in a simple medium wave t.r.f.
receiver. The receiver described in this article
employs a dual gate m.o.s.fe.t. as a regenerative
detector followed by a conventional high gain single
transistor audio stage.

Good reception of the usual B.B.C. medium wave
transmissions is possible, and after dark (in the
South-East of England) the author has also received

many foreign stations. The output is suitable for a-

crystal earphone only, from which very good volume
is obtained. An output in excess of 1 volt r.m.s. is
possible on strong stations.

The receiver is very simple to operate and has a
single control only
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The receiver is quite compact, being housed in a
commercially made plastic case having approximate
dimensions of 4} by 3 by 14in. There is no undue
cramping of the components inside the case, and so

.the receiver is suitable for construction by a near-

beginner.

CIRCUIT OPERATION
F_A very simple circuit is used, and this is shown in
ig. 1.

Dual gate m.o.s.f.e.t.’s have extremely high input
impedances and so it is possible to connect a tuned
circuit direct to gate 1 of TR1 with a negligible loss of
efficiency. In the present receiver, the tuned circuit
given by L2 and VC1 is so connected. L2 is wound on a
ferrite rod, and therby acts as a ferrite aerial coil. It
also provides negative gate bias to TR1 by holding the
gate 1 at the same d.c. potential as the negative supply
rail. VCI1 is the receiver tuning capacitor and provides
coverage of the entire medium wave band.

R2 is the source bias resistor for TR1, with C2 as its
bypass capacitor. Positive feedback, or regeneration,
is provided between TR1 drain and the ferrite aerial
by way of L1. Regeneration has several beneficial
effects. First, it increases the gain of the circuit and,
second, it gives a very marked increase in selectivity.
A regenerative detector relies on the fact that the
amp[igfying device amplifies half-cycles of one polarity
more than those of the opposite polarity, and this

rovides a form of rectification and detection:

egeneration tends to increase the inequality of the
two levels of amplification, and so also increases the
efficiency of the detector.

R1 is the drain load for TR1, and C1 bypasses most
of the r.f. signal which is present across it. The
remaining audio signal is fed to the base of TR2 via
d.c. blocking capacitor C3.

TR2 is a high gain transistor and is used as a com-
mon emitter amplifier. It has R4 as its collector load
resistor and R3 as its base bias resistor. Any small
residual r.f. signal present at the collector of TR2 will

RADIO & ELECTRONICS CONSTRUCTOR
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be in phase with gate 1 of TR1, and could cause in-
stability. C4 is therefore included to bypass this
remaining r.f. signal.

The a.f. signal at TR2 collector is directly coupled
to the crystal earphone. JK1 has a single make con-
tact which switches the set on when the jack plug is in-
serted into the socket, and turns it off again when the
plug is removed. ;

Power is obtained from a PP3 9 volt battery, and as
the current consumption of the receiver is less than
1maA, this has a very prolonged life and running costs
are extremely low.

TR1 may be a 3N140 or a 40673. Both have similar
characteristics, but the 40673 also has integral diodes
which protect the gate insulation from damage due to
excessive gate voltage. There is a choice also for TR2,
which may be a BC108C or BC109C. These tran-
sistors can be obtained from a number of retailers.
For example, the 3N140, 40673 and BC109C are
available from Technomatic Ltd., 54 Sandhurst
Road, London, N.W.9. The plastic case is available

from H. L. Smith & Co. Ltd., 287 Edgware Road, All the parts for the receiver are secured to the

London; W.2.

front panel of its case

T +9v
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Fig. 1. The circuit of the 2 transistor personal receiver. This
serted in the output jack

switches on when an earphone plug is in-
socket

C2 10uF electrolrtic, 10 V. Wkg.

COMPONENTS

Resistors Socket
(All { watt 10%) JK1 3.5mm. jack socket (see text)
R1 5.6kQ R3 2.7MQ
R2 4.7k R4 6.8k0
Capacitors ¥, Miscellaneous
1 0.01u«F plastic foil, type C280 (Mullard) 9 volt battery type PP3 (Ever Ready)

Battery connector

C3 2.2uF electrolytic, 10 V. Wkg. Crystal hone with 3.5mm. jack plu
C4.0.01uF plastic foil, type C280 (Mullard) Ferrite rod (see toxt) gl
C5 0.1pF plastic foil, type C280 (Mullard) Large control knob .
VC1 air-spaced variable (see text) Plastic case, 4} x 3 x 1}in. approx. (H. L. Smith
st & Co., Ltd.)
Tr%rﬁsis 1%3140 or 40673 Plain Veroboard, 0.15in. matrix

TR2 BC108C or BC109C Connecting wire, etc.
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3/4"insulating tape 3%4"% 38" errite rod

=

I¥
g

I turn (single
= strand insufated
Lead-outs approx. 3”fong connecting wire)

Fig. 2. Details of the ferrite rod aeiial assembly.
Regeneration level is controlled by moving L1
along the rod

FERRITE AERIAL

The ferrite aerial is home-made, and is wound on a
3% by $in; diameter ferrite rod. A rod of this length is
not readily obtainable, and it will then be necessary to
break a 3%in. length from a longer rod. This is easily
done by first cutting a deep V-shaped groove around
the circumference of the rod at the point where it is to
be broken. The groove is made with the aid of a small
triangular file. The rod is then broken over the edge of
a workbench, and should give a fairly straight and
clean break at the groove. g}‘hel'e will be no adverse
effect on performance if the break is a little jagged.

‘Details of the two windings are shown in Fig. 2. L1
merely consists of a single loop of single strand in-
sulated connecting wire which is slipped over one end
of the rod after the receiver has been wired up.

L2 consists of 75 turns of 32 s.w.g. enamelled or
d.s.c. copper wire wound directly onto the rod. The
winding starts $in. from one end of the rod, and a
lenfth of #in. wide insulating tape is used to hold the
end of the winding in place. The coil is close-wound as
neatly as possible in a single layer. A second piece of
insulating tape is used to secure the wire end to the
ferrite rod at the finish. Leave lead-outs about 3in.
ong.

Looking straight at the rear of the front panel.
There is adequate space for the components
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Readers who would prefer not to cut down a longer
ferrite rod may use a 4 by gin. ferrite rod, which is
available from Henry’s Radio, Ltd. The slightly in-
creased length will not have any serious effect on tun-
ing range and there is adequate space for the 4in. rod
in‘ the plastic case.

COMPONENT PANEL

Most of the components are wired up on a plain (i.e.
without copper strips) 0.15in. matrix Veroboard pan-
el. This has 10 by 5 holes, and is cut from a larger
board by means of a hacksaw. The component layout
gnd details of the underside wiring are shown in Fig.

Mount the components in the positions shown in
the diagram, and then bend their lead-out wires flat
against the underside of the panel. Making reference
to the underside view in Fig. 3, solder together the
lead-outs accordingly.

If TR1 is a 3N140 it will be supplied with a metal
clip short-circuiting the four lead-outs together and to
the case. This clip must not be removed until all the
wiring to the receiver has been completed. If at any
future time it is necessary to carry out work on the
receiver, use a short length of thin bare wire to short-
circuit the leads of TR1 together while the work is be-
ing carried out.

These precautions are not necessary when a 40673
is employed. The internal protective diodes in the
40673 prevent the transistor from damage by static
voltages, and this device can be treated in much the
same manner as an ordinary silicon transistor. The
soldering iron should be earthed regardless of whether
a 3N140 or a 40673 is used:
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Fig. 3. Most of the parts are assembled on a
component paneél, and are wired up as shown
here
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Contacts must not touch until
the jack plug is inserted _

Fig. 4. The output jack is modified to provide an
on-off switching function

JACK SOCKET

The jack socket is required to make a contact when
the jack plug is inserted, but 3.5mm. sockets fitted
with such a contact are not readily available. It is,
however, a simple matter to modify a 3.5mm. jack
socket of open construction which has a contact which
breaks when the plug is fitted. Most, if not all, open
construction 3.5mm. jack sockets have this break con-
tact.

The unmodified jack socket has two contacts, a fix-
ed upper one and a flexible lower one. The modifica-
tion merely consists of carefully bending the fixed
contact down below the flexible one, so that the socket
takes up the appearance shown in Fig. 4. Note that
whereas the contacts were previously touching until
the plug was inserted, now they do not do so until the
plug is fitted. If it is found difficult to insert the jack
plug, or if it will not enter properly at all, the fixed
contact must be bent down a little further.

CASE LAYOUT

The specified case has a removable lid which is
used here as the front panel. The receiver is built up
on this panel, and Fig. 5 shows the general layout of
the components inside the case.

VC1 is mounted by three short 4BA countersunk
screws passed through the panel, and these are not
quplie with the capacitor. A central {in. diameter
hole is required for its spindle. The positions of the
three 4BA clearance mounting holes can be located by
first pressing a piece of paper against the front plate of
the capacitor and then using this as a template to
mark out the hole positions on the panel. The three
mounting screws must not be permitted to penetrate
more than fractionally inside the front plate of the
capacitor, as they may then damage the capacitor
vanes. If necessary, spacing washers can be used over
the mounting screws, between the capacitor front
plate and the inside surface of the case front panel.

The value of VC1 is not very critical, and any air-
spaced variable capacitor small enough to fit in the
case and having a value between 170 and 210pF may
be employed. A single gang Jackson type ‘01’ with a
value of 208pF would be suitable, as also would the
176pF section of a 2-gang Jackson type ‘00’ capacitor.

he ferrite aerial rod is mounted on a wooden block
measuring $ by $ by jin. and having a semicircular
groove across one surface into which the rod fits. First
take up a piece of § by $in. timber and drill a §in. hole
with its centre $in. from one end. Then cut the timber
across the hole centre, and the block with its groove
will be produced. The aerial rod is glued to the wooden
block1 which, in turn, is glued to the inside of the front
panel.

When these components have been' mounted, the
component panel is wired into circuit. Fig. 5 il-
lustrates the remaining wiring of the receiver. The tag
layout shown for JK1 should conform with normal
jack sackets of open construction, but if any doubt ex-
ists about’ tag positioning a continuity tester or
‘ohmmeter may be employed to determine the tags
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which connect to the individual socket contacts. The
socket may then be wired up to agree with the circuit
of Fig. 1.

Heavy gauge single strand insulated wire of around
18 s.w.g. is.used to complete the connections between
JK1, VC1 and the component panel. If these leads are
kept reasonably short the component panel will be
herd quite firmly in .position and will require no
further mounting.

Wooden block Component panel

4 N

o g o}
Battery

\. e/

Fig. 5. Component layout and wiring behind
the front panel

ADJUSTMENT

Only a single adjustment is required to the finished
receiver, andg that 1s to set the regeneration level. This
is carried out by sliding L1 along the ferrite rod to find
its optimum position.

Start with L1 at the very end of the rod and, with
the earphone plugged in, adjust VC1 in search of
stations. A few should be received, but if there are
none or if they are very weak L1 probably has the
wrong phase, It must be removed from the rod,
ro&ated through 180 degrees, and then replaced on the
rod.

It should be possible to increase the level of receiv-
ed signals by sliding L1 further along the rod towards
L2. If it is taken too far along the rod, however, the
circuit will begin to. oscillate, this being heard as a
whistle when the receiver is tuned across a station. L1
is taken as far towards L2 as is possible without the
'set breaking into oscillation at any setting of VC1. The
receiver will then have maximum sensitivity and
selectivity. If preferred, the level of regeneration can
be reduced slightly whereupon, at the cost of lower
sensitivity and selectivity, improved audio quality
will result.

When the optimum position for L1 has been found
it can be glued or tapecF to the rod, care being taken to
ensure that its position is not significantly altered in
the process.

. Finally, legends indicating function can, if desired,
be affixed to the front panel below JK1 and the knob
for VC1, these being taken from ‘Panel Signs’ Set No.
4 (available from the publishers of this journal). Also,
a simple scale may be fitted behind the knob. A piece
of foam rubber or plastic may be glued to the rear of
the case behind the battery, to hold the latter in place
when the two parts of the case are screwed together.

..
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FOR DX LISTENERS

By Frank A. Baldwin

Times = GMT

In the past few issues we have discussed some of the
Dx transmissions emanating from the East and Far
East and, I trust, some readers who have recently
joined the ranks of Dxers will have logged a few that
have been highlighted here.

We now come to the really difficult Dx which, if you
manage to log, award yourself an accolade!

Radio Bougainville, Papua New Guinea, operates
on 3322 with a power of 10kW from 1930 to 2200 with
the District Service and has been reported here in the
UK around 2000, the languages being English, Pidgin
and a multitude of local dialects.

Radio Wewak on 3335, also in Papua New Guinea,
has a power of 10kW and radiates the District Service
from 2000 to 2200.

Then there is Port Moresby on 3926 with a power
of 10kW with the National Service from 1945 to 2230.
A good time for this one is around 2015, we heard
them with a report of the Darwin disaster, in English,
way back in December 1974. Port Moresby also
operates on 4890 with a power of 10kW and can
sometimes be heard here in the UK when opening
transmission at 2000. Schedule is from 2000 to 2215.

Or, of course, you could switch the receiver and your
attention to South Korea in the shape of KBC Seoul
which has a power of 5kW and operates from 2000 to
1700 with the Home Service 1. Nominally on 3918,
we recently logged it on a measured 3917.5 at 2040.

NOW HEAR THIS

Current schedules being rather sparse, regular
followers of this feature will probably be interested in

some of the more unusual oigl gs that have taken
place within the past few weeks.

® CHINA

Kunming on 6936.5 at 1550, programme of local
classical music in Provincial Service 2. Sign-off with
choral “Internationale’ at 1600.

® VIETNAM

Radio Hanoi on 7374 at 1506, YL in Vietnamese,
local songs in 1st Network programme directed to
South Vietnam (replacing Saigon — now Ho Chi Min
City, programmes). Also logged in parallel on a
measured 10060.5.
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Radio Hanoi on 6449 at 1640, YL with a rousingl
patriotic song in Vietnamese, in the 1st Networ
programme to South Vietnam. Sign-off at 1657 after
1dentification in Vietnamese, without National
Anthem. Also logged at 2216, YL announcer with
many mentions of Vietnam.

® INDONESIA

Jakarta on 6045 at 1604, OM with religious chants
ater announcements by OM in Malindo.
® ISRAEL

Jerusalem on 9400 at 1906, songs and music from
British musical comedy in the Domestic Service 2
programme to Europe and N. America, announce-
ments in Hebrew. Schedule 1900 to 2305, also
logged in parallel on 12045.

Jerusalem on 156512.5 at 1443, OM with songs in
Hebrew in Demostic Service 2 programme to Europe
and N. America. Schedule from 0600 to 1845, also
logged in parallel on 12080.

® MEXICO
Radio Mexico on 16385 at 2031, OM with iden-
tification in Spanish, local songs and music.

AROUND THE DIAL

The introductory paragraphs in the past few issues
have dealt with the reception of broadcast stations
located in the East, Far East and South-East Asia on
the low frequency bands so here are listed some of the
transmitters in ti;ese areas which have been recently
entered in the log book.

® INDIA

Hyderabad on 4800 at 1525, typical local-style
music, 6 pips at 1530, station identification and world
ll'lg\évs in'English by OM newscaster. Schedule 1130 to

0.

Delhi on 3366 at 1605, YL announcer in local
dialect, songs and music for local consumption. After-
noon schedule is from 1230 to 1735 with the news in
English at 1530 and 1730.

Delhi on 39256 at 1502, OM with local songs,
orchestra with Indian music. Schedule is from 1330 to
1735 with the news in English at 1430, 1530 and 1730.

Lucknow on 3206 at 1529, OM with a talk in Hindi
then newscast in English at 1530. Schedule (after-
noon) is from 1130 to 1830.
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Gahauti on 3375 at 1513, songs by YL, local music,
talk by OM in Asian dialect (programmes are mostly
in Assamese). Full schedule is from 0025 to 0145 and
fr011115 %&45 to 1730. A newscast in English is scheduled
at N

® PAKISTAN

Quetta on 3870 at 1518, YL and OM alternate with
announcements in local dialect then into programme
of songs and music. I well remember ‘“‘discovering”
this station some three years ago. The schedule is
from 1315 to 1810; additionally May to October from
0100 to 0400, November to April from 0115 to"0430.

Karachi on 3890 at 1525, OM with a seemingly
endless talk in vernacular. Schedule (November to
April) is from 1415 to 1810.

® BANGLADESH

Dacca on 4890 at 1450, YL with songs in local-
style, OM announcer. Schedule is from 0030 to 0400
and from 1200 to 1545.

® NEPAL

Kathmandu on 5007 at 0055, OM in Nepali. This
one can also be heard during afternoons, appearing in
our log at 1435, YL with songs, music typical of the
area and announcements in Nepali. This is the Home
Service having a schedule from 0020 to 0350 and from
éasz() to 1730 and can also be heard in parallel on

5.

® SRI LANKA

Colombo on 4870 at 1618, local-style music, songs
in Sinhala in the Channel 2 programme which has a
schedule from 0015 to 0300 and from 1030 to 1730.

® BURMA

Rangoon on 4725 at 1404, YL with songs, music in
the appealing (to me) local-style; sign-off without
National Anthem, after a few bars of local music, at
1415. The schedule is from 1100 to 1415. Also logged
on 5039 at 1440, OM with a talk on foreign affairs in
English. Schedule is from 0930 to 1600 with the
programmes in English being from 1430 to 1600.

® THAILAND

Bankok on 4830 at 1427, programme of Euro-style
dance music records complete with vocals in English.
Schedule is from 2300 to 1600.

® MALAYSIA

Kuching (Sarawak) on 4950 at 1550, YL with local
pops, OM with announcements in English. Schedule
of this one is from 0800 to 1600 and from 2200 to 0100
in both English and Chinese.

Penang on 4985 at 1553, dance music, songs in
English and announcements. Schedule, in English
and vernaculars, is from 0530 to 0630, 0930 to 1630
and from 2230 to 0130.

® CHINA

Lanchow on 4866 at 2141, OM and YL alternate in
Chinese, local music at 2146. Schedule is from 0950 to
1600 and from 2120 to 0600.

Peking on 4905 at 1607, OM with a talk in Chinese
in Home Service 1 programme. Schedule is from 1353
to 1735 and from 2000 to 0020 (March to October
until 2300).

Urumchi on 4110 at 1458, military music in the
Sinkiang Regional programme, also logged on 4500.
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Peking on 4960 at 1445 YL with a talk in
Japanese. Schedule (Foreign Service in Japanese) is
from 0930 to 1525, additionally May to October from
2130 to 2155.

PLA Fukien on 3200 at 1859, OM in Chinese, local
orchestral music. Schedule is from 1000 to 2000 (May
to October from 1215), from 2005 to 0040.

Foochow on 4975 at 2102, OM in Chinese, military
music. Schedule is from 0740 to 1600, 2050 to 0540; to
Taiwan from 1600 to 1810.

Kunming on 4759 at 1605, OM and YL alternate
in Chinese in Provincial Service 1. Sign-off at 1620
after choral rendition of the ‘‘Internationale”.
Schedule is from 0950 to 1620 and from 2150 to 0800,

relaying Yunnan 1.

PLA Fukien on 3640 at 1440, OM with a talk in

_ Standard Chinese in the Network 1 Service to Taiwan

and other offshore islands, also logged in parallel on
4042.5. Schedule is from 1150 to 2240.

PLA Fukien on 2430 at 1605, OM in Amoy in the
Network 2 Service to Taiwan and other offshore
islands, also logged in parallel on 3300 and on 4380.

® SINGAPORE

Radio Singapore on 5010 at 1602, programme of
light classical music, songs in English and an-
nouncements, also in parallel on 5052.

® INDONESIA

Jakarta on 4804.5 at 2202, OM with a newscast in
Malindo after station sign-on at 2200. Schedule is
from 1000 to 1600 and from 2200 to 0100 in the
Programme Nasional.

Randa Aceh on 4955 at 1542, OM in Malindo, local
music in the distinctive style of Indonesia, song by
YL4.. Schedule 0500 to 0800, 1000 to 1600 and 2300 to
0100.

Palembang on 4855 at 1547, local-style music,
songs and announcements in Malindo. Schedule 0900
t97 1(;00 and from 2200 to 0100 (Sundays 0000 to
0700).

Yogyakarta on 5047 at 1550, OM announcer,
local music, gongs, chimes. Schedule is from 1000 to
1600 and from 2200 to 0230.

Ujang Padang on 4719 at 1400, OM in Malindo
then into programme of local music. Schedule is from
1225 to 1520. x

Medan on 4764 at 1417, OM in Malindo, military
music. Schedule is from 1000 to 1600.

Jambi on 4927 at 1545, YL with announcements,
religious chants, sign-off with “Love Ambon” at 1600.
Schedule is from 1000 to 1600 and from 2200 to 0100.

LATE LOGGINGS
Since the above was written, several other loggings
of interest have taken place such as—
]

® PAKISTAN

Rawalpindi on 3406 at 1750, OM with an-
nouncements in English, pop records (U.K. made).
Identification and news in Urdu at 1800. Listed
3400. -

® INDIA
Kurseong on 3365 at 1511, OM with songs in ver-
nacular, local-style music.

® CLANDESTINE

_Azad Kashmir on a measured 3939 at 1415,
signing-on with the usual long anthem, choral style.
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One of the more useful weapons in the armoury of
the electronics experimenter is the signal source.
Although signal generators of several types would be
required to cover the entire frequency spectrum, for
many applications a generator which covers only the
lower frequency ranges, up to around 100kHz, is often
adequate. Of course where radio or television receiver
alignment is involved an r.f. type of generator would
be needed.

OUTPUT WAVEFORM

Most of the older designs of generator covering the
low frequency ranges provide only sine wave output,
which is adequate for audio work. When one is work-
ing with modern electronic equipment, however, it is
an advantage to have triangular and square
waveforms available in addition to the sine wave.
Modern laboratory generators often provide such out-
puts, instruments of this type being referred to as
function generators.

By making use of integrated circuit techniques the
normally complex circuit arrangement needed for a
function generator can be greatly simplified, so far as
construction is concerned, and at the same time the
cost can be reduced to the point where it ig not likely
to put too great a strain on the average amateur con-
structor’s bank balance.

In this article the construction of a simple function
generator will be described. This unit covers the fre-
quency range from 0.1Hz to 100kHz and provides
either sine, triangular or square wave outputs at up to
4 volts peak-to-peak. It would have been possible to

incorporate sawtooth and pulse outputs as well but it -

was felt that the basic facilitieg provided would meet
most of the needs of the average experimenter. An os-
cilloscope is required for setting up the generator.
In order to obtain an understanding of how this
type of instrument works it might be as well to ex-
amine the circuit techniques involved before
proceeding to describe the construction of the unit.

424

INTEGH
FUNCT.

Offering triangular, square and sine wave outputs from 0.1Hz to
100kHz, this function generator is built around the Intersil 8038 in-
tegrated circuit. The use of this i.c. enables a relatively simple
assembly procedure to be adopted. Construction and setting up, which
requires the use of an oscilloscope, will be described in the concluding

article to be published next month.

SINE WAVE OSCILLATORS

Most of the older and simpler designs of low fre-
quency generator make use of some form of sine wave
oscillator as the initial signal source. Because of the
problems which may be encountered when LC tuned
circuits are used at low frequencies it is usual for the
oscillator to be of the RC tuned type.

Commonly used oscillator circuits are the Twin
Tee, Wien Bridge and Phase Shift types in which two,
or more, sets of resistor-capacitor timing components
are employed to determine the frequency of oscilla-
tion. To give optimum performance such circuits
usually require that two or more resistors are varied in
unison when the oscillator is tuned through its fre-
quency range. This inevitably leads to the use of mul-
tiple ganged potentiometers for the frequency control.
Range switching also becomes somewhat complex
because of the need to switch a number of timing
capacitors simultaneously.

Although it is possible to devise simplified versions
of these RC tuned oscillators in which only one
resistor or capacitor is varied to alter the frequency,
this usually involves a compromise in which the
amplitude or waveform of the output signal may be
affected as the frequency of operation moves away
from its optimum value. :

A further problem associated with sine wave RC
tuned oscillators "is that of stabilizing the output
amplitude. Some form of automatic gain or bias con-

trol is required to ensure constant output level.

Generation of triangular and square wave outputs
from the basic sine wave signal can also pose
problems. It is not too difficult to derive a square
wave output from the sine wave by merely passing the
signal through a high gain limiting amplifier, the out-
put of which will go from one limit to the other each
time the sine wave passes through zero volts.
Triangular waves can ge produced by feeding the
square wave through an integrator circuit but unfor-
tunately this type of circuit 1s frequency sensitive so
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Part 1 |
By Steve A. Money

that the amplitude of the triangular wave will vary
with frequency.
Of course it would be possible to generate a square
wave as the initial signal. This type of waveform is
uite readily produced by means of a simple mul-
tivibrator circuit and it is possible to control the fre-
quency of such a circuit by using only one resistor and
capacitor without any compromises on output
waveform or amplitude. Unfortunately, the problems
posed by the production of sine and triangular
waveforms from the square wave can perhaps be more
difficult than are those which occur when starting off
with a sine wave signal.

TRIANGLE WAVE GENERATOR

The third possible approach to a function generator
would be to start off by generating a triangular wave
and then to derive the sine and square wave outputs
from it. :

For a triangular waveform the voltage follows the
simple law,

V =kt

where V is the instantaneous voltage, t is time and k is
a constant which will be positive for the rising slopes
of the waveform and negative for the falling slopes.

A triangular waveform is easily generated by charg-

‘ing and ischar%ing a capacitor. The voltage across
the capacitor will follow the law, :
_Q _Lt
(O (T

where 1 is the charge or discharge current and C is the.
capacitance. If a fixed capacitor is used then C will be
a constant value, leaving only I and t as variables.
In the simple resitor and capacitor circuit shown in
Fig. 1 the capacitor charges and discharges through
the resistor R. The charging or discharging current, IC,
depends upon the voltage drop across R and therefore
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.and discharging characteristics shown in

will vary as the voltage across the capacitor changes.
his gives rise to the familiar exponentl%!. charging
g. 1.
If the current in the capacitor were held constant
then the voltage across it would follow the law,

V=kt

and a linear triangular waveform would be produced.
These conditions can be met by using ‘“constant
current” source circuits to control the values of the
charge and discharge currents through the capacitor.

lc lc
——
S
P
i Vs
i
s

Time ————p

Fig. 1. A simple circuit in which a capacitor
may be made to charge and discharge by ac-
tuating a switch
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Fig. 2. By the use of constant current sources
and a switching system controlled by a flip-flop
and two comparators, the waveform across the
capacitor becomes triangular. A square wave is
available, also, from the flip-flop

Fig. 2 shows a basic circuit arrangement for the
production of a triangular wave. Here the capacitor
voltage, VC, is fed to the inputs of two voltage com-
parator stages Al and A2 which compare it with the
reference voltage levels V1 and V2. The output signals
from the two comparators are used to trigger a
bistable flip-flop circuit which in turn operates the
charge and discharge control switch S1.

Suppose that initially the capacitor is discharged
and switch S1 has just been set to the charge position.
The capacitor now begins to charge up from the
“constant current” source I1, and the voltage, VC,
across it increases linearly with time until it reaches
the level V1. At this point the comparator stage Al
operates. The output from Al is used to trigger the
bistable which, in turn, switches S1 into the discharge
position. The capacitor will now start discharging
through the second ‘“constant current” source I2.
Discharge continues until the capacitor voltage has
fallen to the second reference level, V2. When the
voltage reaches this level the second comparator, A2,
comes into action and its output causes the bistable
circuit to be reset. Switch S1 now returns to its
original condition so that a new charging period can
commence. This sequence of events will repeat con-
tinuously, and the capacitor voltage VC will rise and
fall linearly between the voltage limits V1 and V2 to
produce a constant amplitude triangular waveform.

The output from the bistable circuit will be a
square wave of constant amplitude and with the same
frequency as the triangle wave. The frequency of os-
cillation is governed by the capacitor value and the
levels of the currents I1 and I2. If I1 and I2 are equal
the output waveform is symmetrical. When the two
currents are unequal then, as the ratio of one to the
“other increases, sthe triangular wave will gradually
change to a sawtooth shape and the square wave
become a pulse with a progressively greater mark-to-
space ratio. .
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SINE FUNCTION
GENERATOR

It is possible to derive a sine wave output from a
triangular wave input by utilising techniques original-
ly developed for use in analogue computer systems. In
this type of computer there is a frequent requirement
for circuits in which the output follows some
mathematical law in relation to the input voltage.
Typical examples are circuits where the output is
proEortional to the square or perhaps the square root
of the input signal. For our purpose we need a circuit
where the output voltage follows the law,

Vout = sin(Vin).

The basic principle on which these function
generator circuits operate is to build up an ap-
proximation to the desired outgut function curve by
means of a series of straight line segments. Fig. 3
shows this technique in the formation of the positive
half-cycle of a sine wave signal.

At first it might be assumed that, to achieve
reasonable accuracy, a large number of straight line
segments would be required, but in fact quite good ap-

roximations can be obtained by using surprisingly
ew segments. In the case of a sine wave an output
within +1% of the correct wave shape can be achieved
by using only five segments to build up each quarter-
cycle of the waveform. For most purposes this degree
of accuracy is perfectly adequate.

A typical arrangement for a ‘“‘curve fitting” circuit
is shown in Fig. 4. A symmetrical triangular waveform
is applied at the input of this circuit.

At the start of a positive half-cycle of the input
waveform all of the diodes D1 to D4 are reverse bias-
ed, so that the input signal is simply attenuated by the

Slope 2
/

Slope 3
-

-

Fig. 3. lllustrating the operation of the “curve

fitting”* process. By changing slope at carefully

selected break points it is possible to cause a

triangular wave to .approximate closely to a

sine wave. Both the simulated and a true sine
wave are shown
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Fig. 4. A sine wave shaping circuit

potential divider consisting of RA and RB. If the
values of these two resistors are chosen correctly the
slope of the output waveform can be made to match
closely that of the desired sine wave curve over ap-
proximately the first 22° of the cycle.

When the output voltage reaches level V1 diode D1
starts to conduct and effectively connects resistor
R1 across RB. This increases the attenuation ratio of
the circuit and has the effect of reducing the slope of
the output waveform above level V1. Here it is
assumed that the impedence of the biasing network
between the zero and positive supply voltage rails is
negligible in comparison with the values of the resis-
tors RA, RB and R1, so that the network has no signi-
ficant effect upon the output signal. By careful choice
of the value of R1 the new slope of the output signal
can be made to match the desired sine curve over a
further segment of the cycle.

The output signal continues to rise with this new
slope until the level V2 is reached, whereupon diode
D2 conducts and brings R2 into circuit to produce a
further reduction in the slope of the output signal.
Similarly, R3 and R4 are brought into use as the out-
put voltage passes through the levels V3 and V4
respectively, and they give two more short segments of
the desired output waveform. Careful choice of the
values of the resistors will give the correct slope for
each of the segments of the output curve. By choosing
appropriate voltage levels for V1 to V4 the break
points in the resultant output curve can be selected so
that the outi)ut waveform matches closely the desired
sine wave law over the first quarter-cycle of the
waveform.
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Since the triangular waveform falls during the next
quarter-cycle witiua slope equal but opposite to that
of the first quarter-cycle the diodes will turn off in
reverse order and the resultant output will match the
sine wave as closely as it did during the rising part of
the cycle.

For the negative half-cycle, however, a second set of
diodes and resistors is needed. Here, the diodes are
wired in the opposite polarity and the bias levels are
negative but the principle of operation is the same.
This network operates with the same two basic
resistors, RA and RB, to produce the negative half-
cycle of the sine wave.

Since the circuit is purely resistive its output will
not be affected by changes in frequency. The output
voltage levels are determined entirely by the input
level, the attenuation of the circuit and the bias levels.

INTEGRATED CIRCUIT

It will be seen that the shaping circuit is complex
but fortunately it lends itself very nicely to fabrica-
tion on an integrated circuit chip. If discrete com-
ponents were used, precision resistors would be re-
quired to produce the correct ratios in the shaping
network and its associated bias chain. In an in-
tegrated circuit it is difficult to produce precise values
of resistance because the resistance depends on the
level of doping of the silicon in the chip, which can
vary from one batch to another. It is, however, quite
easy to provide precise ratios between the resistors on
the same chip, because this is determined by the
geometry of the chip layout which can be closely con-
trolled in production.

Intersil have produced an integrated circuit known
as the 8038 which incorporates not only the wave
shaping circuits but also the current sources, com-
parators and flip-flop to make up the primary os:
cillator. This i.c. is available from Ambit Inter:
national, 37 High Street, Brentwood, Essex. Tran-
sistors are used in the wave shaping circuits instead of
diodes because they give greater isolation between
the signal path and the bias network. In all there are
56 transistors on the chip, which is mounted in a 14
pin dual-in-line package.

Two external resistors connected between pins 4
and 5 of the i.c. and the positive supply rail are used,
in conjunction with a voltage applied to pin 8, to con-

A view inside the function generator case.
Nearly all the small components are assembled
on a printed circuit board
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trol the current levels in the “constant current”
sources. Frequency can then be controlled by simply
varying the voltage on pin 8.

. Three separate pins on the package bring out the
sine, square and triangular wave signals so that all
three outputs are available simultaneously if re-

uired. An open collector buffer stage is provided at
the square wave output and for proper operation this
needs a pull-up resistor of the order of 4.7kQ between

the output pin and the positive supply rail. The other .

outputs are of fairly high output impedance and can
only tolerate load impedances of 100kQ or greater if
the signal is not to be affected. Therefore, it is ad-
visable to have a buffer amplifier stage between the
integrated circuit and the output terminals of an in-
strument incorporating the i.c. In the unit to be
described only one of the outputs is selected at any
time so that a single buffer amplifier can be used. The
appropriate output waveform 1s switched to the input
of the buffer amplifier as desired.

A supply voltage of between 10 and 30 volts can be
employed with the integrated circuit. It is convenient
to use a centre-tapped supply since the output
waveform will be roughly symmetrical about the
supply mid-point.

GENERATOR CIRCUIT

Fig. 5 shows the circuit for the L.f. generator using
the 8038 integrated circuit.

Six frequency ranges, each covering a little over a
decade, are provided by this instrument. One bank,
S1(b), of the range selector switch is used to connect
one of the six timing capacitors, C1 to C6, between
pin 10 of the 8038 and the negative supply rail.

For the four higher trequency ranges polystyrene or
polyester capacitors can be used. To provide the large
values of capacitance needed for the two lower fre-
quency ranges electrolytic capacitors are required.
Aluminium foil types were used in the prototype unit
and found to be quite satisfactory.

The levels of the charging and Xischarging currents
are largely determined %y the resistors R1 and R2.
For proper operation in the sine wave mode the two
half-cycles must have equal periods and therefore the

charge and discharge currents must be exactly equal.
Pre-set potentiometer VR7 is included so that the
levels of the two currents can be balanced.

Since there can be quite wide tolerances in the ac-
tua] values of the timing capacitors an adjustment is
included in the current controlling circuits to allow
the frequency scale on each range to be set up correct-
ly. A second bank, Sl(a), of the range switch is
employed to bring one of the pre-set potentiometers,
VR1 to VRS, into circuit to enable the overall level of
both charge and discharge currents to be adjusted on
each range and thus produce the correct frequency.

Continuous variation of the frequency within each
range is controlled by the potentiometer VR9, which is
mounted on the front panel. This potentiometer con-
trols the voltage applied to pin 8 of the 8038. The
currents flowing through the two “constant current’’
sources in the 8038 are directly proportional to the
voltage difference between pin 8 and the positive
supply rail. The output fretiuency Froduced is also
directly proportional to the levels of the charge and
discharge currents and therefore will be directly
proportional to the voltage applied to pin 8. If this
voltage is provided by a potentiometer with a linear
law track then the frequency scale will be linear also,
and this makes for ease of scale calibration.

If the voltage applied to pin 8 of the 8038 is allowed
to fall below about 0.8 of the supply voltage the output
waveform from the oscillator may become distorted,
so R4 is included to ensure that this condition cannot
occur. To restrict the span of each frequency range to
about 11:1 resistor R3 and pre-set potentiometer VR8
are included in series at the positive supply end of the
frequency control VR9. If the total value of R3 and
VRS is set equal to one-tenth of the value of VR9 the
frequency sweep for each range will be 11:1. Once set,
this span is identical on all six ranges.

BUFFER AMPLIFIER

To provide a low impedance output a buffer
amplifier, IC2, is included between the 8038 and the
output terminals. Switch S2(b) selects one of the three
output waveforms from the 8038 and couples it to the
input of the buffet amplifier stage.

he square wave output from pin 9 of IC1 has a

Resistors
(All fixed values {watt 5%. Pre-set potentiometers
0.1 watt skeleton, horizontal mounting.)
R1 4.7kq
R2 4.7kQ
R3 3300
R4 22kQ
R5 4.7kn
R6 47k
R7 390k
R8 47kQ
VR1 500 pre-set potentiometer
VR2 5000 pre-set potentiometer
VR3 5000 pre-set potentiometer
VR4 5000 pre-set potentiometer
VR5 500 Q pre-set potentiometer
VR6 5000 pre-set potentiometer
VR7 1k&Qpre-set potentiometer
VR8 3300 (or 470Q) pre-set potentiometer
VRS9 5k Qpotentiometer, linear

COMPONENTS

VR10 100kQ pre-set potentiometer
VR11 100kQ potentiometer, linear

Capacitors
81 47uF electrolytic, 20 V. Wkg.
C2 4.7uF electrolytic, 20 V. Wkg.
C3 0.4’;pF olyester, type C280 (Mullard)
C4 0.047u Fpolyester, type C280 (Mullard)
C5 0.0047uF polyester or polystyrene
C6 470pF polystyrene
C7 100pF polystyrene (see text)

Semiconductors
IC1 8038 )
IC2 NE531V (or 741, see text)

Switches

S1(a)(b) 2-pole 6-way rotary
~ S2(a)(b) 4-pole 3-way rotary (2 poles unused)
Miscellaneous

1.C. socket, 14 pin d.i.l.

I.C. socket, 8 pin d.i.l.
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Fig. 5. The circuit of the If. function generator. This provides square, triangular and sine waveforms over
the frequency ranges indicated.

peak-to-peak amplitude which is nearly equal to the
supply voltage. In the case of the triangular waveform
on pin 3, however, only a third of this. amplitude is
produced whilst the sine wave output from pin 2 has a
peak-to-peak amplitude of only 0.22 of the supply
voltage. Resistors R7 and R8 are included in the
square and triangular waveform feeds to switch S2(b)
and serve to reduce the levels of these two waveforms
to match that of the sine wave, Potentiometer VR11
acts as the output level control.

A 741 type amplifier could be used in the buffer
stage but it has some limitations on the higher fre-

uencies. The rate at which the output voltage from
the amplifier can change is its output slew rate, and
for a 741 amplifier at unity gain this is 0.5 volt per
microsecond. For a 2 volt peak sine wave the output
from the 741 would be unable to follow a sine wave
shape at frequencies above about 40kHz. If the output
level is limited to about 0.75 volt peak a 741 type
amplifier can work properly up to 100kHz.

0 obtain the full 2 volts peak output undistorted at
frequencies up to 100kHz a high slew rate amplifier
will be required. The Signetics NE531 has a slew rate
of some 30 volts per microsecond and is capable of
good reproduction of all three waveforms at full
amplitude up to 100kHz. The NE531 is in an 8 pin
d 1f) package and has the same basic pin layout as the
741 except that it requires a compensation capacitor
of about 100pF between pins 6 and 8. This capacitor is
C7 in Fig. 5, and is not of course needed if a 741 is to
9& I(IJS(’-:‘,d. Tn any event, pin 8 of the 741 in 8 pind..l. is
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When sine or triangular waves are being produced
it is preferable that the load resistor at the square
wave output be disconnected. This reduces the
possibility of spiky transient signals being coupled to
the sine and triangular circuits and producing distor-
tion in the output waveforms. The disconnection is
carried out by S2(a).

A small distortion of the sine wave output may be
found due to slight manufacturing tolerances in the
sine wave shaping circuit. This distortion can usuall
be reduced to less than 1% by adjusting VR10, whicK
alters the bias conditions in the network.

NEXT MONTH

In the concluding article, to appear next month,
details will be given of the power supply ‘and of the
construction of the L.f. generator. The article will in-
glud(ce1 a full-size diagram of a.suitable printed circuit

oard.

The accompanying Components List specifies the.
parts employed in the circuit of Fig. 5. A further Com-

onents List will be given next month, and this will
ﬁst the remaining parts that are needed. Constructors
are advised to wait until the following article appears
before obtaining the pre-set potentiometers, as the
printed:circuit diagram will more clearly indicate the
type of potentiometers that are em loyed.

The NE531V is available from S.g.S. Components,
5 Northfield Industrial Estate, Beresford Avenue,
Wembley, Middlesex, HAO 1SD.

(To be concluded)
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TRANSISTOR
D.C. LOADS

By R. J. Caborn

Some notes on d.c. test loads incorporating power transistors.

When a laboratory power supply has been designed
and assembled, it is necessary for its performance to
be checked. This is particularly the case when the
supply offers variablg voltage output and overload
current trip facilities.

OUTPUT CURRENT

An obvious test load for a power supply consists of a
variable wire-wound resistor, as shown in Fig. 1. The
output voltage at various output currents can then be
checked by altering the value of the resistor. This ap-
proach is feasible under normal home-constructor
conditions if the maximum power supply output
current is of the order of 100mA or so. Indeed, a
suitable variable resistor is then offered by a valve
heater chain dropper resistor having an adjustable
tap. Such dropper resistors are not readily available
as new components in these transistor orientated
days, but many of the older hands may still have one
knocking around in their spares box.

If the maximum output current of the power supply
is of the order of several amps then the use of a

Variable
wire-wound
resistor

AAAS
VVVY

Power v
supply

Fig. 1. Using a variable resistor to check the
performance of a power supply.
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Power

i
[EA%—3
supply

AAAAA
Yyvy

Power
transistor

Fig. 2. An alternative test load can consist of a

power transistor mounted on a heat sink. Care

has to be taken to ensure that the variable

resistor in the base circuit is not accidentally
set to insert too low a resistance.

variable resistor is not in most instances practicable,
as it would require an exceptionally high wattage
rating if the wire in its track were to carry the output
current. ;

A more attractive output load, both for high and
low current supplies, is given by the use of a power
transistor, as in Fig. 2. This is mounted on a suitably
large heat sink, and its collector current is varied by
altering the current flowing in its base-emitter junc-
tion. The latter can be controlled by a variable
resistor connected between the base and a 1.5 volt cell
as indicated.

The arrangement of Fig. 2 is adequate for a quick
one-off check, but even in a simple circuit such as this
the question of current in the variable resistor has to
be considered. An excellent choice for the power tran-
sistor would be the 2N3055, which has an hrerange of
20 to 70. If a low gain 2N3055 passes a collector

RADIO & ELECTRONICS CONSTRUCTOR
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current of 2 amps its base current will be no less than
100mA. The wire of the variable resistor track must
be capable of passing this current, which means that,
should a 3 watt component be employed, it cannot
have a value higher than 300Q. It must be
remembered that the wattage rating of a poten-
tiometer applies to its entire track, and specifies the
maximum current any section of the wire in its track
can safely carry.

When using the circuit of Fig. 2, care has to be
taken to ensure that the variabfe resistor is not ac-
cidentally adjusted to offer too low a resistance. Also,
the rate of increase in collector current against change
in resistance becomes greater as the resistance is
reduced.

3 5:6n
=112 watt 5%

1On

= wirewound A
Iwatt - 15V =
Power F
supply .
= 68n

= /4 watt 5%

2. C
SN
£ 15 a 2N3055
{/ Lead-outs
b

Fig. 3. An improved circuit which limits max-

imum base current in the 2N3055 to 100mA,

and which offers a smoother control of collec-
tor current.

BETTER METHOD

The circuit of Fig. 2 is useful for quick hook-up
conditions, but a better method which requires only
two more resistors is shown in Fig. 3. The values of
the resistors in this diagram are such that when the

otentiometer slider is at the lower end of its track the
gase of the 2N3055 is about 0.5 volt positive of the
emitter, whereupon the transistor is cut off. Near this
setting the potentiometer functions as a voltage poten-
tial divider. As the slider moves upward base current
to the transistor flows through the upper section of the
track, with the result that the potentiometer acts less
and less as a potential divider and more and more as a
series variable resistor. Maximum base current is ap-
proximately 100mA.

The component values shown are suitable for a low
gain 2N3055 giving a maximum collector current of 2
amps. A typical 2N3055 will have an hrg in excess of
20 and the possible collector current will then be
greater than 2 amps. The change of collector current

‘with potentiometer adjustment is smoother than

occurs in the circuit of Fig. 2.

The current drawn from the 1.5 volt cell in Fig. 3
varies from about 66 to 140mA according to the set-
ting of R2. A high power cell, such as the Ever Ready
HP2, would be suitable. There is little point in
attempting to stabilize the voltage applied to R1, R2
and R3. If the cell voltage falls markedly with use the,
maximum collector current passed by the 2N3055 will
simply become lower. m
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SPECIAL FEATURES
IN
MARCH ISSUE
* Kk &
LOW COST WOBBULATOR

A very simple and inexpensive design which is
primarily intended for the investigation of the r.f. and
i.f. pasbands of a.m. receivers. Its fundamental output
may be tuned in on the medium wave band and the
second harmonic on a short wave band.

* k X

STEREO |.C. AMPLIFIER
(5 WATTS PER CHANNEL)

Incorporating a popular a.f. power integrated circuit,
this stereo amplifier has switched inputs for radio
tuner or for ceramic or crystal cartridge.

Many other articles
on sale 1st March 35p

Copies may also be obtained direct from - the

Publishers, 46p including postage. Published by
Data Publications Ltd., 57 Maida Vale, London
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710

By Arthur C. Gee

This article is based on a paper read to the 4th
Congréss of the International Union of Amateur
Astronomers, held at MacMaster University, Hamilton,
Ontario, Canada, by the author. It brings together an ac-
count of the various satellites which have contributed to
the Orbital Satellite Carrying Amateur Radio (OSCAR)
project. As such, we feel it will enable those of our
readers who are interested in this latest aspect of the
amateur radio scene, to view the development of this
project from its inception to the latest developments in
the radio amateurs’ ‘‘space’” activities.

When the Russians launched Sputnik 1, its simple
radio transmitter could be heard wherever there was
a suitable radio receiver. Who were most likely to
have such radio receivers? — Radio Amateurs. The
Russians knew this and it must be assumed, therefore,
that the choice of a transmitting frequency for Sput-
nik’s transmitter near the 21 MHz amateur radio
frequency band was not just by chance. Within
minutes of the announcement on Radio Moscow,
radio amateurs were at their receivers anxious to hear
the first radio signals from space.

Early satellites, both Russian and American, were
one-way devices, transmitting mainly beacon-type
signals, with occasional information about conditions
on the satellite telemetred back to earth. Getting
payloads of appreciable size into orbit was the
primary consideration at first, but the com-
munications Eeople were hard at work on satellite
systems which eventually provided world wide radio
communications of a reliability never before attained
over long distances with earth-bound -methods.

The idea of a satellite for use in amateur radio com-
munications, began to take shape very early in the
United States Satellite Programme. Many problems
— technical, financial and even political — stood in
the way of this dream’s fulfilment, but none of these
difﬁcuf'ties stopped the group of advanced radio
amateurs who first proposed.the plans for amateur
radio ‘satellites. A group of U.S.A. West Coast radio
amateurs, many of whom were engineers working
professionally in the Sﬁ)ace field, designed and built a
series of amateur satellites, and succeeded in convin-
cing the right people that these should be put into
space.

432

| OSCARS

The first of these was known as OSCAR 1: Orbital
Satellite Carrying Amateur Radio — to give it its full
title. It “hitch-hiked” a ride irito space aboard the
USAF’s Discoverer 36 Rocket on December 12th
1961. It had aboard, a simple radio transmitter sen-
ding in morse code the signal “Hi Hi” on the 145 MHz
amateur radio band. The news that radio amateurs
now had a satellite of their own in orbit around the
earth had an impact in non-amateur circles, seldom
— if ever — e<}ualled in the long history of an always
exciting hobby! The satellite, designed deliberately to
be short-lived, transmitted its message until noon on
December 30th. This short but active life brought in
over 5,000 separate and detailed reports from over 570
amateur radio stations in 28 countries. The satellite
wz;)s a 10 pound weight package and it completed 312
orbits.

OSCAR 2, transmitting in much the same manner
as its predecessor, was launched on June 2nd 1962. It
complgted 295 orbits and was last heard eighteen days
later on June 20th. It transmitted information about
its temperature, speeding or slowing, its keying rate
according to its temperature.
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OSCAR 3 was the first true communications
satellite for amateur use. It was put into a 570 mile
high orbit on March 9th 1965. It carried a receiver
and a transmitter, working in the 145 MHz amateur
band. The receiver received signals sent to it from
ground stations at one end of the band, and the
transmitter relayed them back to earth, at the other.
end of the band. 176 two way contacts were made by
amateur radio stations through OSCAR 3, by 98 par-
ticipating stations — 67 in North America, and 31 in
Europe.

OSCAR 4 was a disappointment, due to a
malfunction in the launch vehicle. It did, however,
enable the first satellite communication exchange to
take place between the USSR and the USA, by any
satellite whatever — not just amateur.

OSCAR b was launched from a Delta N. Booster
Rocket on January 23rd 1970. It weighed 39lbs, and
measured 12in. x 17in. x 6in., and it carried 20lbs. of

batteries! This was before'the days of solar panels — -

on amateur satellites at any rate. It was unique in
several ways. Most important of all, it was an inter-
national effort, the package having been designed and
built by students at Melbourne University, Australia.
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It was the first satellite project carried through by a
new amateur group, the Radio Amateur Satellite Cor-
oration — AMSAT — based in Washington, D.C.,
.S.A. This group worked with many of the original
OSCAR people in bringing the effort to fruition. It was
mainly an educational satellite, designed to transmit
only. Signals were radiated in the 2 and 10 metre
amateur bands, permitting study of the ionosphere
near the peak of the sunspot cycle. It was the first to
be used by the Talcott Mountain Science Center at
Avon, Connecticut, in their educational programmes.
It was particularly interesting in that it carried two
bar magnets, which it was hoped would stabilise its
orientation in space, preventing the “tumbling” which
had been troubgesome on earlier satellites, leading to
much fading of the radio signals from them.

OSCAR 6 and OSCAR 7 are both currently in or-
bit and functioning. They are primarily com-
munications satellites. Technically they are a great
advance on the earlier models. They are the first of
the AMSAT-OSCAR-B series of amateur radio
satellites, representing a second generation of OSCAR
spacecraft. They are so<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>