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SEMI-COND UCTORS COMPONENTS 
PANEL 

4" RANGE 
Size 4t-," x 3,t-"', x 1-" 
Value 
0-50UA 
0-1000A 
0-5000A 
0-1 MA 
0-50V 

No. 
1302 
1303 
1304 
1305 
1306 

Price 
£4.50 
£4.50 
£4.50 
£6.00 
£6.00 

2" RANGE 
Size 2ß" x 1 á" x 11" 
Value No. Price 

0-50UA 1307 £3.50 
0-1000A 1308 £3.50 
0-5000A 1309 £3.50 
0-1MA 1310 £3.50 
0-50V 1311 £3.50 

MR2P TYPE 
Size 42 x 42 x 3Qmm 
Value No. Price 
0-50UA 1313 £4.80 
0-1MA 1315 £3.20 

EDGEWISE 
Size 32" x 1 x 21 
Cut out 2a-," x 14" 
Value No. Price 
0-1MA 1316 £4.05 
0-5000A 1317 £4.05 

METERS 
MINIATURE 
BALANCE/ 
TUNING METER 
Size 23 x 22 x 26mm 
Sensitivity 

100/Oil00 M A 
No. Price 
1318 £1.95 

BALANCE/TUNING 
Size 45 x 22 x 34mm 
Sensitivity 

100/0/100U A 
No. Price 

1319 £2.00 

MIN. LEVEL METER 
Size 23 x 22 x 26mm 

Sensitivity 2000A 
No. Price 

1320 . £1.95. 

Vu METER 
Size 40 x 40 x 29mm 
Sensitivity 130UA 

No. Price 
1321 £2.00 

NEWNES TECHNICAL BOOKS 
No. 229 BEGINNERS 

GUIDE TO 
ELECTRONICS 
PRICE £2.25t 

No. 230 BEGINNERS 
GUIDE TO 

TELEVISION 
PRICE £2.25t 

No. 231 BEGINNERS 
GUIDE TO 

TRANSISTORS 
PRICE £2.25t 

No. 233 BEGINNERS 
GUIDE TO 

RADIO 
PRICE £2.25t 

No. 234 BEGINNERS 
GUIDE TO COLOUR 

TELEVISION 
PRICE £2.25t 

No. 235 
ELECTRONIC 
DIAGRAMS 

PRICE £1.80t 
No. 236 

ELECTRONIC 
COMPONENTS 
PRICE £1.80t 

No. 237 PRINTED 
CIRCUIT ASSEMBLY 

PRICE £1.80t 

No. 238 
TRANSISTOR 

POCKET BOOK 
PRICE £3.90t 

No. 225 
110 THYRISTOR 

PROJECTS USING 
SCRS & TRIACS 
PRICE £2.50t 

No. 227 
110 COS/MOS 

DIGITAL IC 
PROJECTS FOR 

THE HOME 
CONSTRUCTOR 
PRICE £2.25t 

No. 226 
110 OPERATIONAL 

AMPLIFIER 
PROJECTS FOR 

THE HOME 
CONSTRUCTOR 
PRICE £2.50t 

No. 242 
ELECTRONICS 
POCKET BOOK 
PRICE £3.75t 

No. 239 
30 PHOTOELECTRIC 

CIRCUITS & 
SYSTEMS 

PRICE £1.80t 
Also a full '77 range of Technical and Data 

Books - See our Catalogue 

SUPER UNTESTED PAKS 
Pak No. Order No. Price 
U50 100 Germ. Gold bonded 0447 diode16130 £0.60 
U51 150 Germ. 0A70/81 diode 16131 £0 60 

£0.60 U52 100 Silicon Diodes 20omA 0A200 16132 
L153 150 diodes 75mA 1N4148 16133 £0.60 
U54 50 Sil Rect Top Hat 750mA 16134 £0.60 
U55 20 Sil Rect Stud Type 3 Amp 16135 £0.60 
056 50 400mW Zeners D07 Case 16136 £0.60 
057 30 NPN Trans BC107/8 Plastic 16137 £0.80 
U58 30 PNP Trans BCl77/178 Plastic 16138 6£0.60 
U59 25 NPN T039 2N697/2N1711 sil 16139 £0.60 
U60 25 PNP TO59 2N2905 silicon 16140 £0.60 
061 30 NPN TO18 2N706 silicon 16141 £0.60 
062 25 NPN BFY50/51 16142 £0.60 
U63 30 NPN Plastic 2N3906 silicon 16143 £0.80 
U64 30 PNP Plastic 2N3905 silicon 16144 6£0.60 
U65 30 Germ. 0071 PNP 16145 £0.60 
U66 15 Plastic Power 2N3055 NPN 16146 £1.20 
U67 10 TO3 Metal 2N3055 NPN 16147 £1 20 
U68 20 Unijunction trans IIS43 16148 £0.60 
U69 10 1 amp SCR T039 16149 £1.20 
U70 8 3 amp SCR T066 case 16150 £1.20 
Code Nos mentioned above are given as a guide to the type of 
device in the pak. The devices themselves are normally un- 
mark.vd. 

COMPONENT PAKS 
PACK 
NO QTY 
Ct 200 Resistor mixed value approx. 

(Count by weight) 
C2 150 Capacitors mixed value approx. 

(Count by weight) 
C3 50 Precision resistors. Mixed 

values. 
C4 80 }th W resistors mixed preferred 

values. 
C5 5 Pieces assorted ferrite rods. 
C6 2 Tuning gangs. MW/1 W VHF. 
C7 1 Pack wire 50 meters assorted 

colours single strand. 
C8 10 Reed switches. 
C9 3 Micro switches. 
C10 15 Assorted pots. 
C 1 1 5 Metal jack sockets 3 x 3 5mm. 

2 x standard switch types. 
C12 30 Paper condensers preferred 

types mixed values. 
C13 20 Electrolytics trans. types. 
C14 1 Pack assorted hardware- 

Nuts/bolts, gromets etc. 
C15 5 Mains slide switches ass. 
C16 20 Assorted tag strips and panels 
C17 15 Assorted control knobs. 
C18 4 Rotary wave change switches. 
C19 2 Relays 6-24V operating. 
C20 1 Pak, copper laminate approx. 

200 sq. ins. 
C21 15 Assorted fuses 100mA-5amp. 
C22 50 Metres PVC sleeving assorted 

size and colour 
C23 80 - -1 watt resistors mixed preferred 

values. 
C24 25 Presets assorted type and value. 
C25 30 Metres stranded wire assorted 

colours. 

ORDER 
NO PRICE 

16164 0.80 
16165 0.60 
16166 0.80 

16167 
16168 
16169 

0.80 
0.80 
"0.60 

16170 0.60 
16171 60.60 
16172 0.60 
16173 60.80 

16174 60.60 

16175 60.60 
16176 60.60 

16177 
16178 
16179 
16180 
16181 
16182 

16183 
16184 

16185 

16188 
16186 

16187 

0.80 
0.80 
0.60 

0.60 
0.60 
0.60 
0.80 
0.80 

0.80 

0.60 
0.60 
0.80 

LINEAR PAKS 
Manufacturers "Fall Outs" which include 
Functional and part Functional Units. These 
are classed as 'out -of -spec' from the maker's 
very rigid specifications, but are ideal for 
learning about I.C.'s and experimental work. 
U721 30 Assorted Linear Types. 
709-741-747-745-710-588 Etc. 
ORDER NO. 16227 PRICE £1.50 
U76SD FM STEREO DECODER 
5 I.C.'s 76110 Eqv. to MC131OP-MA787. 
Data supplied with pak. 
ORDER NO. 16229 PRICE 6£1.50 

U76A AUDIO POWER OUTPUT 
AMPLIFIERS 
8 Assorted types SL403 76013 78003 etc 
Data supplied with pak. 
ORDER NO. 16228 PRICE 6£1.00 

74 SERIES PAKS 
Manufacturers 'Fall Outs" which include 
Functional and part -Functional Units. These 
are classed as 'out -of -spec' from the maker's 
very rigid specifications, but are ideal for 
learning about I.C.'s and experimental work. 
74G 100 Gates assorted 7400-01-04-10 
50-60 etc. 
Order No. 16224 £1.20 
74F 50 Flip -Flops assorted 7470-72-73-74 
76-104-109 etc. 
Order No. 16225 £1.20 
74M 30 MSI Assorted Types. 7441-47-90- 
154 etc. 
Order No. 16226 £1.20 

VEROBOARD PAKS 
VB1 Approx 30 sq. ins. various sizes, all 
.1" matrix. 
Order No. 16199 - £0.60 
V02 Approx 30 sq. ins. various sizes, .15" 
matrix. 
Order No. 18200 £0.60 

BIG VALUE 
JUMBO COMPONENT PAKS 
Mixed Electronic Components 

Resistors, capacitors, pots, electroly- 
tics and coils plus many other useful 
items. Approximately 3lbs in weight. 

Order No. 16221. £1.50 + 85p p&p 

C280 CAPACITOR PAKS 
75 Millard C280 capacitors, mixed values 
ranging from .01uF to 2.2uF complete with 
identification sheet. 
Order No. 18204 - £1.20 

PACK 
NO QTY 
51 6 

S2 

S3 

S4 

S5 

S6 

6 

6 

6 

6 

6 

SLIDER PAKS 
Slider potentiometers, mixed 
values. 
Slider potentiometers, all 470 
ohms 
Slider potentiometers, all 10k 
lin. 
Slider potentiometers, all 22k 
Sin. 
Slider potentiometers, all 47k 
tin. 
Slider potentiometers, all 47k 
log. 

NO 
ORDER' PRICE 

16190 60.60 

16191 0.80 
16192 0.80 

16193 60.80 

16194 60.60 

16195 60.80 

CABLES Price 

Description Order No. Nl etperer 

CP1 Single Microphone 3126 0.07 
CP2 Twin Microphone 3127 0.13 
CP3 Stereo Screened 3128 0.14 
CP4 4 core Screened 3129 0.25 
CP5 4 core Individ Screened 3130 0.28 
CP6 Single Mic'phone H/duty 3131 0.12 
CP7 3 core Mains 15ampl 3132 0.09 
CP8 2 core Oval (2.5amp) 3133 0.08 
CP9 2 core Speaker 3134 0.07 
CP10 Low -Loss U.H.F 3135 0.14 
CP1t Multicore: 8way 3146 0.25 

15way 3136 0.40 
CP12 Standard VHF Coax 3232 0.10 

ORDERING 
PLEASE WORD YOUR ORDERS 

EXACTLY AS PRINTED, NOT 
FORGETTING TO INCLUDE 

OUR PART NUMBER. 
V.A.T. 

ADD 12Z% TO PRICES MARKED* 
ADD 8% TO OTHERS EXCEPTING 

THOSE MARKEDt. THESE ARE ZERO 

386 

CASSETTES 
BI-PAK LOW COST 

Order No. Price 
C60 301 £0.36 
C90 302 £0.45 
C120 303 £0.84 
AGFA COLOUR COMPACT 

C60 304 £0.88 
C90 305 £0.95 
C120 306 £1.29 

AGFA STEREOCHROME 
C60 307 £1.29 
c90 
C120 

308 £1.56 
309 £2.22 

AGFA S. F. D. 
C60 310 £0.96 
C90 311 -£1.23 
C120 312 £1.80 

T.D.K. S.D. 
C60 321 £0.95 

C1120 323 £922 2.0404 
T.D.K. E.D. 

C60 324 £1.48 
C90 325 £2.05 

T.D.K. SUPER AVILYN 
C60 326 £1.63 
C90 327 f2.20 

C30 LETTER TAPE 
Complete in mailing box -15 
reins each side. 
Order No. 3193 Price £0.35 

MAMMOTH 
I.C. PAK 

APPROXIMATELY 
200 PIECES 

Assorted fall-out in- 
tegrated circuits, in- 
cluding: Logic, 74 series, 
Linear, Audio and D.T.L. 
Many coded devices but 
some unmarked - you 
to identify. 

'Order No. 16223 
OUR SPECIAL 
PRICE £1.20 

Just a selection from our huge 
Stocks 

SEE OUR 
1977 CATALOGUE 
126 pages packed with 
valuable information 

ORDER NOW ONLY 50p 
plus 15p p&p 

WORLD SCOOP! 
JUMBO 

SEMICONDUCTOR PAK 
Transistors -Germ and Silicon Rectifiers 
Diodes - Triacs - Thyristors - I.C.'s and Zeners. 
ALL NEW & CODED. Approx. 100 Pieces. 
Offering the amateur a fantastic bargain PAK 
and an enormous saving identification and 
data sheet in every pak. 
Order No. 16222 £2.25 

P.O. BOX 6, WARE, HERTS. 
SHOP 18 BALDOCK ST, WARE, HERTS. 

AT OPEN 9 to 5.30 Mon/Sat. Tel: 61593 
RADIO & ELECTRONICS CONSTRUCTOR 



SHUR' PO BOX 6 
WARE HERTS 

SEMICONDUCTORS 
POSTAGE & PACKAGE 
Please add 25p. Overseas 
add extra for airmail 
Minimum order £1. 

74 SERIES 
TTL IC's 

Type 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7416 
7417 
7420 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 

Quantity Type 
1 100 
f p £ p 

0.09 
0.11 
0.11 
0.11 
0.11 
0.11 
0.28 
0.28 
0.12 
0.12 
0.09 
0.22 
0.22 
0.26 
0.28 
0.26 
0.11 
0.19 
0.21 
0.25 
0.25 
0.25 
0.36 
0.12 
0.20 
0.38 
0.26 
0.26 
0.12 
0.60 
0.60 
0.95 
0.95 
0.80 
0.80 
0.70 

0.08 
0:10 
0.10 
0.10 
0.10 
0.10 
0.25 
0.25 
0.11 
0.11 
0.08 
0.20 
0.20 
0.25 
0.25 
0.25 
0.10 
0.18 
0.20 
0.23 
0.23 
0.23 
0.34 
0.10 
0.19 
0.36 
0.25 
0.25 
0.10 
0.57 
0.52 
0.90 
0.90 
0.75 
0.75 
0.68 

7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74104 
74105 
74107 
74110 
74111 
74118 
74119 
74121 

SECOND 
GREAT WINTER 
SALE! 

Quantity 
1 100 

£ p f p 

Type Quantity 
1 100 

f p f p 

0.70 0.68 74122 0.45 0.42 
0.12 0.10 74123 0.65 0.62 
0.12 0.10 74141 0.68 0.65 
0.12 0.10 74145 0.75 0.72 
0.12 0.10 74150 1.10 1.05 
0.12 0.10 74151 0.65 0.60 
0.24 0.23 74153 0.70 0.68 
0.20 0.19 74154 1.20 1.10 
0.26 0.22 74155 0.70 0.68 
0.24 0.23 74156 0.70 0.68 
0.44 0.40 74157 0.70 0.68 
0.26 0.25 74160 0.95 0.85 
0.45 0.42 74161 0.95 0.85 
0.90 0.88 74162 0.95 0.85 
0.75 0.73 74163 0.95 0.85 
0.88 0.82 74164 1.20 1.10 
0.85 0.80 74165 1.20 1.10 
1.10 1.00 74166 1 .20 1.10 
0.28 0.26 74174 1.10 1.00 
2.70 2.50 74175 0.85 0.82 
0.38 0.32 74176 1.10 1.00 
0.65 0.62 74177 1.10 1.00 
0.43 0.35 74180 1.10 1.00 
0.38 0.35 74181 1.90 1.80 
0.70 0.68 74182 0.80 0.78 
0.60 0.58 74184 1.50 1.40 
0.70 0.68 74190 1.40 1.30 
0.95 0.90 74191 1.40 1.30 
0.40 0.35 74192 1.10 1.00 
0.30 0.25 74193 1.05 1.00 
0.30 0.25 74194 1.05 1.00 

0.45 74195 0.80 0.75 
0.75 0.72 74196 0.90 0.85 
0.85 0.82 74197 0.90 0.85 
1.30 1.20 74198 1.90 1.80 
0.28 0.26 74199 1.80 1.70 

Devices may be mixed to, qualify for quantity price. Data is 

available for the above series of IC's in booklet form 
Price 35p 

LINEAR IC's 
TBA 800 75p 
72709 14 pin DIL 20p 

741P 8 pin DIL 18p 
72747 14 pin DIL 36p 

748P 8 pin DIL 25p 
NE 555 Timer 38p 
NE 556 Dual Timer 78p 

IC SOCKETS 
BPS 8 8 pin 1611 9p 
BPS 14 14 pin 161210p 
BPS 16 16 pin 161311p 

TRIACS 
2A/400 T05 
Order No. Price 
TR12A/400 50p 
10A/400 Plastic 
Order No. Price 
TR110A/400P 80o 

ZENER PAKS 
400mW 
PAK No: 
1 containing 20 3v -10v 
2 containing 20 11v -33v 
f1.00 PER PAK* 

OIACS 
138100 15p 
D32 15p 

CAPACITOR PAKS 
16201 18 Electrolytics 47 uF-10 uF 
16202 18 Electrolytics 10 uF-100uF 
16203 18 Electrolytics 100uF-680uF 

BUY ONE OF EACH 

Special Price f1.20* the 3 

16160 24 Ceramic Caps 22pf-82pf 
16161 24 Ceramic Caps 100pf-390pf 
16162 24 Ceramic Caps 470pf-3300pf 
16163 21 Ceramic Caps 4700pf-0.047äF 

BUY OF OF EACH 

Special Price f1.60* the 4 

RESISTOR PAKS 
16213 1/8th 100ohm-8200hm 
16214 1/8th 1K-8 2K 
16215 1/8th 10K-8 2K 
16216 1/8th 100L -1M 

BUY ONE OF EACH 

Special Price £1.60* the 4 

TRANSISTORS 
AC128 10p 0C44 12p 
AC153K 18p 0C45 12p 
AC176 19p 0071 9p 
AC176K 22p OC72 14p 
AC187K 22p OC81 14p 
AC188 12p ZTX107 6p 
AC188K 22p ZTX108 6p 
BC107 6p ZTX109 6p 
BC108 61a ZTX300 7p 
8C109 6p ZTX301 7p 
BC118 10p ZTX302 9p 
BC154 16p ZTX500 Sp 
BC147 8p ZTX501 10p 
8C148 8p ZTX502 12p 
BC149 8p 2N696 10p 
BC157 10p 2N697 11p 
BC158 10p 2N706 7p 
BC159 10p 2N706A 8p 
BC169C 10p 2N708 8p 
BC170 6p 2N1613 15p 
BC171 6p 2N1711 15p 
BC172 6p 2N1893 18p 
BC177 12p 2N2217 18p 
BC178. 12P 2N2218 15p 
BC179 12P 2N2218A 18p 
BC182L & K 2N2219 15p 

9p 
BC183 9p 
BC184 9p 
BC212L & K 

10p 
BC213 10p 
BC214 10p 
BC251 6p 
BC327 12p 
BC328 12p 
BC337 11p 
BC338 '11p 
8F115 10p 
BF167 10p 2N2906A 14p 
BF173 10p 2N2907 12p 
BF194 9p 2N2907A 13p 
BF195 9p 2N2926G 
BF196 12p 8p 
BF197 12p 2N2926Y 
BF198 12p 7p 
BF199 12p 2N3053 14p 
BF257 26p 2N3055 38p 
BF258 29p 2N3702 7p 
BF259 34p 2N3703 7p 
BFX29 18p 2N3704 6p 
BFX84 15p 2N3705 6p 
BFX85 20p 2N3706 7p 
BFX86 20p 2N3903 '11p 
BFY50 12p 2N3904 11p 
BFY51 12p 2N3905 11p 
BFY52 12p 2N3906 11p 
BFY53 12p 2N5172 9p 

2N2219A 18p 
2N2221 15p 
2N2221A 16p 
2N2222 15p 
2N2222A 16p 
2N2369 12p 
2N2369A 12p 
2N2904 14p 
2N2904A 15p 
2N2905 14p 
2N2905A 15p 
2N2906 12p 

D.I.Y. PRINTED 
CIRCUIT KIT 

Contains 6 pieces copper 
laminate, box of etchant 
powder and measure, 
tweezers, marker pen, high 
quality pump drill, Stanley 
knife & blades, 6" metal 
rule. FULL easy to follow 

instructions. 

SALE £5.50 

VAT 
Add 8% 

Add 12% to 
items 

marked* 

DIODES 
0A47 5p N4004 6p 
0A81 5p N4005 6p 
0A85 6p N4006 7p 
0A91 5p N4007 8p 
0A200/ N5400 11p 
BAX13 5p N5401 12p 
0A202/ N5402 13p 
BAX16 5p N5403 14p 
IN914 4p N5404 15p 
IN4148 4p N5405 16p 

1 N4001 3p N5406 17p 
IN4002 4p iN5407 18p 
1N4003 5p IN5408 20p 

VOLTAGE REGULATORS 
MVR 7805 
MVR 7812 
MVR 7815 

85p 
85p 
85p 

OPTOELECTRONICS 
LED DISPLAYS Order No. Price 

DL707 0.3" 1510 0.70 
DL747 0.6" 1511 1.50 

LED's Order No. 
TIL209 RED .125" 1501 
FLV117 RED .2" 1504 

5 of either 50p 

PHOTO DEVICES 
Order No. Price 

ORP12 1515 38p 
OCP71 PAK of 5 1520 £1 

THYRISTORS 
T05 Order No. Price 
1A/50 PIV THY 1A/50 18p 
1A/400 PIV THY 14/400 32p 
1A/600 PIV THY 1A/600 38p 
T066 
5A/50 Ply THY 5A/50 25p 
5A/400 Ply THY 5A/400 40p 
5A/600 PIV THY 5A/600 50p 
T048 
16A/50 PIV THY 16&/50 40p 
16A/400 PIV THY 16A/400 60p 

UNIJUNCTION 
UT46/TIS 43 18p 

F.E.T. 
2N3819 15p 

ORDERING 
Please word your 
orders exactly as 

printed not 
forgetting to 

iinclude our part 
number 
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Super 30 Kit shown with stand, flexible and 
transformer added 

THE ABOVE KIT IS AVAILABLE 
AS SEPARATES 

£ p p&p 

Kit Complete as above 33.48 1.15 
Mk.II Drill Stand 4.40 35 
Mk.11 Drill Only 8.79 35 
Flexible Shaft 5.46 25 
Transformer 6.00 70 
Variable speed Transformer. 70 
S.30 Kit (Drill with 30 tools)17.62 85 

Postage for spares (any quantity) 15p 

Replacement accessories ....40p each 
Circular Saw Blade Sets (4) £2.00 
Spare Collets £0.40 
Spare Chuck & 3 Collets £2.50 

ALL ABOVE PRICES INCLUDE V.A.T. 

S.A.E. 
FOR ILLUSTRATED 

(9" x 4") LEAFLET 
& ORDER FORM 

PRECISION PETITE LTD 

119a High Street 
Teddington, Middx. 

Tel: 01-977 0878 
(24hr. Tel: Enquiry Service) 

Have pleasure in introducing 
their Precision Tools from 

France for all types of 
electronic design and 

development, professional 
or amateur 
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RETURN OF POST MAIL ORDER SERVICE 
NEW BSR HI -Fl AUTOCHANGER 
STEREO AND MONO 
Plays 12", 10" or 7" records 
Auto or Manual. A high ,,,/ z t., 

quality unit backed by BSR 
reliability with 12 months y 
guarantee AC 200/250v. o,F ter' 
Size 13 } x 114,- /i 
Above motor board 34m 
Below motor board 21in. 
With STEREO/MONO CARTRIDGE £11.95 Post 75p 

Single player version with cueing device f 13.50 

ELAC 10in HI -Fl UNIT 
10 watt, 15 ohm full range unit, 35 to 
16,000 c.p.s. Base resonance 40 c.p.s. 
BARGAIN PRICE £4.50 post 45p 

HEAVY METAL PLINTHS 
With P.V.C. Cover. Cut ou, for most /e 
B.S.R. or G ward decks. Silver grey L v finish. Size 121 x 141 x 711in. 
Size 16 x 134 x 7in. £7.50 Post £1.25 

EXTRA LARGE PLINTH & COVER 
Size: 20in. X 19-1-Ìn. X gin. TEAK FINISH 
CALLERS ONLY £18.50 
TINTED PLASTIC COVERS Post £1 
Sizes: 'A' - 14}in. x 12}in. x 44in., £2,50.'8' - 204í 
x 124in. x 4 ;In., E3. 'C' - - 171ínx 134in. x 31 -in., £3.25 
19in. o 144in. x 44in, £3.50; 162 -in. x 14ín. x 4in. £3.50 
Ideal for record decks, tape decks, etc. 

R.C.S. 
DISCO 

1 ) DECK 
SINGLE 
RECORD 
PLAYER 

'Fitted with auto stop, compatible cartridge. Base. 
plate. Size 11 in, x 811n. Turntable. Size 7in. diameter. A/C 
mains. 22'0/250-V motor has a separate winding 14 volt 

3 speeds plays all size records. Post 
a smallys amplifier.siz 

£595 Two for £13. 45p 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 131 x 10 x 34in. Player 

tit clips to loudspeakers making it extremely compact. 
Overall size only 134 x 10 x 85m. 3 watts per channel, 

plays all records 
33 rpm 45 
Separate vol - 
me & tone 

controls 
o tros_t 

240v 

r,.,e, 
Aur,¢tiv" Bargain Price Tcak finish 
Weülhl 1316x. £22.50 85p carriage 

GARRARD 
MINICHANGER 

Plays all size records, 3 speed. 
Size 12 x 8110. Complete with 
stereo/mono cartridge, 

£9.95 Post 75p. 

CASsETrF RECORDER MOTOR ONLY. 6 Volt. 
Will rapt mee,nany types, Ideal for models. £1.25 

BLANK ALUMINIUM. CHASSIS, 18 s.w.g. 24 -in. sides 
6 x 4in. 70p; 8 x 6in. 90p; 10 o 7in. £1.16; 
14 o 9in. £1.50; 16 x 6in. £1.45; 12 x 3in. 87p; 
18 x 101n. £1.70. Ali boxes. many sizes in stock. 

ALUMINIUM PANELS 18s.w.g. 6 x 4ín. 15p; 8 a 6in. 25p; 
10 x 7in. 30p; 12 x Sin. 30p; 12 x Bin. 40p; 16 x 6m. 
45p; 14 x 9 in. 50p; 12 x 12in. 55p; 16 x 10in. 76p. 
ALUMINIUM ANGLE BRACKET 6in long x , ; 15p. 

1}inch DIAMETER WAVECHANGE SWITCHES 45p. EA. 
2 p. 2 -way, or 2 p. 6 -way, or 3 p. 4 -way. 

1 p.1 2 -way. or 4 o. 2 -way, or 4 p. 3 -way. 
TOGGLE SWITCHES, sp. 20p dp. 25p dp. dt. 30p. 

D.P.D.T, CENTRE OFF 65p, S.P.D.T. CENTRE OFF 45p, 
Many types TOGGLE SWITCHES in stock 

R.C.S. GENERAL PURPOSE TRANSISTOR 
PRE -AMPLIFIER BRITISH MADE 

Ideal for Mike, Tape P.U., Guitar, etc. Can be used with Battery 
9-12v. or HT. line 200-300V D.0 operation. Size 1á"x 11"' 

Response 25 c.p.s. to 25 Kds, 26 db gain. 
For use with valve or transistor equipment. Post 
Full instructions supplied. Details S.A.E. £1.45 30p 

NEW ELECTROLYTICS CONDENSERS 

2'350V 200 250/25V 18p 16+16+16/275v 45p 4/350V 20p 500'25V 20p r0+50/300V 50p 8/350V 22P 100+100/2 /5v 650) 32.r32/450V 75p 16/350V 30p 150+200275v 70P 100+50+ 50/350V 85p 32/500V 50p 8+6/450V 50P 32+32+32/350 75p 25/25V IOp 8+16/450V 50p -30,000/25V 95p 50/50V 10p 16+16/450V 50P 4700/63V 95p 100/25V 10p 32+32/350V 50P 420/500V £1.50 
LOW VOLTAGE ELECTROLYTICS CONDENSERS 
22. 25, 50, 68, 150. 470, 500, 680, 1500, 2200, 3300, 
mfd ail 6 volt 10p ea. 
22. 25, 68, 100, 150,'200, 220, 330. 470, 680, 1000, 
1500, 2200, infri all 10 volt 10p ea. 
220, 330, 1000, 4700. old all 4v. 10p ea. 

1 2, 4, 5, 8, 10 25, 30, 50, 100, 200mF 15V 10p. 
500n1F 12V 15p 

, 25V 20p , 50V 30p. 
1000mF 12V 20p , 25V 35p 50V 47p , 100V 70p, 
2000erF 6V 25p : 25V 42p ; 50V 57p 4700/63V 95p, 
2500nrF 50V 62p ; 3000mF 25V 47p ; 50V 65p. 
500omF 6V 25p; 12V 42p; 35V d5p; 50V 95p, 
500V-0001 to 0.1 10p; 0.25 12p; 0,47 255 
CERAMIC 1111100.01,71F, 5p. Silver Mica 2 to 50000F, 5p. 
PAPER 350V-0.1 7p, 0.5 18p, 1mF or 2rnF 150V 15p. 
MICRO SWITCH single pole changeover 20p. 
MICRO SWITCH sub min 25p 
TWIN GANG. "0-0" 208pF + 176pF £2. TWIN 365pF 50e. 
Slow motion drive 365pF + 365pF with 25pF + 25pF 65p. 
500,F standard hein gang /bp. 120 PF twin gang bUp. 

ELAC 9 s Sin HI-FI SPEAKER, TYPE 59RM. 
THIS FAMOUS AND WIDELY USED UNIT 
NOW AVAILABLE AT BARGAIN PRICE £3.45 10 WATT, 8 OHM. CERAMIC MAGNET. 

NEON PANEL INDICATORS, 250V Red or Amber, 30p 
RESISTORS '-w, }w, 1w 2016 2p, 2w 8p. 10 to 10M. 
HIGH STABILITY, w. 2% 10 ohms to 10 meg., 12p. Ditto 5%, Preferred values 10 ohms to 10 map., 5p. 
WIRE .WOUND RESISTORS 5 watt. 10 watt, 1b watt 
10 ohms to 100K 12p each, 2w 0.5 ohm to 8.2 ohms 15p 
TAPE OSCILLATOR COIL. Valve type 35p. 
FERRITE ROD 6" x }" 30p, 6" x M" 20p: 3" x 1" 10p. 
TAG STRIP 28 way 14p. 

MAINS TRANSFORMERS 50oeOach 
250-0-250V 80n,A. 6.3, 2A £2.95 2500 250 80inA. 63v 3.5a, 63v la or 5v 2a £4.60 
350 0350 80nnA. 6.3v 3.5a, 6.3v lo or 5v 2a. £5.80 300.0300 120mA. 6.3v 4a C.T.; 6-3v 2a £7.00 
220v 45mA. 63v 2a. ' £1.75 
HEATER TRANS 63v 3 amps. E1,45 }amp. 95p 
GrNERAL PURPOSE LOW VOLTAGE. Tapped outputs 
2 amp 3, 4, 5, 6, s, 9, 10, 12, 15. 18, 24, 30v £4.60 

1 amp 6 8, 10, 12, 16, 18. 20, 24. 30, 36 40, 46, 60, 14.60 
2m 6.ö 17 12 16,18,20,24..30. 36 40 46,60 C7.00 
3-1. 6, A 10, 12. 16, 18. 20 24 30, 36 40, 48, 60.f 6.70 
5a. 6. 8, 10. 12 16, 18. 20. 24 30. 36, 40.48, 60 11125 
5 8 10. 16v 1a 12. 6-0-6v 500mA 11, 9v la £1 
12v 300mA f 12v 500mA El, 12v 750mA £1. 
40v 2a tauued 10v or 30v £2.95. 20v 3a £2, 
40v 2a 17 75 30v 5A and 34v 2A ct. 13.50 
20-0-20v la 12, 30v 140 11.75 20v }a 0 1 75, la £2 

1 amp Transformer, mounted on panel with input and 
output fuses supplies 0,20v,40v,60v or 20-0-20v £3.50 
AUTO TRANSFORMERS 115v to 230v or 230v to l 15v 
150w 15, 250w 16; 400w £7 500w E8. 

.CHARGER TRANSFORMERS, Input 200/250v 
for 6 or 12v 11a 12.75 4a 14.60: 
FULL WAVE BRIDGE CHARGER RECTIFIERS: 

16 or 12v outputs 11a 40p; 2a 55p, 4a 85p. 

R.C.S. STABILISED POWER PACK KIT 
All paris Including printed circuit and instructions to 
build this unit. Voltages available: 6v, 7.5v, 9v, 12v. 
Up to 100mA output. f2.95 Post 
Please s1010 voltage required. 455 

STEREO FM/AM TUNER AMPLIFIER 
CHASSIS BY KUBA 

) . . . 

This all transistor chassis has push button selection tor long, 
medium. short and V.H.F. wave bands. Features A.F.C. on 
V.H.F. band with automatic stereo beacon light. Volume tone 
and Balance controls with push button mains on/off switch. 
An,l,lir uhi Iq,. hhh k 

m,'.k,m: firro.. 1 Fir ;iris loom r,h;inn.'l airrhil 
OA.... <, 1m/ n 4 x 3n' £33.50 POST 11.50 

E.M.I. 13-1 x 8 in. 
SPEAKER SALE! 
With tweeter 
And crossover, £5.95 A r, 10 watt 
Shute 3 or8 ohm Post45p 
15 watt vnrsion 
11n 1,i Dion, 
20 watt version 
8 or 15 ohm - - - -- 
as illustrated 
Bass units only 20W 
Bass units only 15W 

f8.50 
£9.50 
£7.50 
£6.50 

Bass units only 10w £4.95 
Post 65p 

Bookshelf Cabinet 
Teak Veneer. For above units 

f7.50 
Post £1.50 

R.C.S. 10 WATT 
AMPLIFIER KIT 

Titis kit is suitable for record players, tape play back, yui C+rs, electronic instruments or small RA. systems. Two versions are available. A mono kit or a stereo kit. The mono kit uses 13 semiconductors. The stereo kit uses 22 semiconductors with printed front panel and volume, bass and treble controls. Spec, 10 watts output into 8 ohm, 7 watts into 15 ohms. Response 20 cps to 30K/cs. Input from 20mV high imp. Size 94 -in x 3in 'x tin. 
Mono kit f11.25 Stereo kit £17.50 45p 

LOUDSPEAKERS P.M. 3 shins, / x 4in. £125, 6' in. £1.50: 
B r n 11.60, Sin. 11.75, 10 x 6in £1.90; 10in. £2.50. 
SPECIAL OFFER LOUDSPEAKERS! All Brand New, 
3 ohm. 21ín. 2;ín 3;in, 5in. 8 ohm, 2fin; 2min; 5.x 3in. 5in.15 ohm, 31 in; 5in, 6 x 4in; 5 x 3in; 7 x 4in; 25 1 7' ,n 31r 5 a 3in 7 o 4 in. 35 ohm, 3in, 5in. 80 ohm.2 in: 211n. 120 ohm 3n. 

£1.25 EACH 
TWEETER VOLUME CONTROL 15 ohm 10 watt 
with 1in bong threaded bush for wood panel 
mounting: Will suit all tweeters 75p 

RICHARD ALLAN T\MIN CONE LOUDSPEAKERS. 8in, 
' hummu 4W 12.50, 10in diameter SW F2.95; Post 25p. 12ín. diameter, 6W 13.50, 3 or 8 or 15 ohm models, SPEAKER COVERING MATERIALS. Samples Large SIA, E. Hun, Tweeters 2- 16Kc/s 10W 8 ohm or 16 ohm £3.60. 
Dry Luxe Hom Tweeters 2-16 Kc/s, 15W, 8 ohm F6.80 TWO WAY 3 000 cps CROSS OVERS 3, B or 15 ohm E 1.90 3 -WAY CROSSOVER 850 cps and 3000 cps 125 watt) 17 70 
100 WATT HORN TWEETER £10.95 

GOODMANS CONE TWEETER f3.25; 
18,000 cps. 25 watts. 8 ohm, 
51in. Woofer 10 watt. Price £4.95. 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1-Fiv operation over 250 hrs continuous on SP2 battery, 
1n11y adjustable swing and speed Ideal displays teaching 
elisini noaul rct son or for netrono ne- strobe etc. 95p. Post 20p 

WEYRAD TYPE COILS 
P504 AC finn RA2W £1.20 Twin Gang £2 
P50'7CC 400) OPTI 85p Printed Circuit85p 
P50'3CC 40p LFDT4 85p 

COAXIAL PLUG 10p. PANEL SOCKETS 10o. LINE 18D. 
OUTLET BOXES, SURFACE MOUNTING 40p 
BALANCED TWIN RIBBON FEEDER 300 ohms, Sp yd. 
JACK SUCKt I Std. open -circuit 20p, closed circuit 25p; 
Chrome Leal Socket 45p. Phono Plugs 10p. Phono Socket Bp. 
JACK PLUGS Std Chrome 30P, 3-Smm Chrome 15p DIN 
SOCKETS Chassis 3 -pin 10p, 5 -pin 10p, DIN SOCKETS 
Lead 3 -pin 18p: 5 -pin 25p: DIN PLUGS 3 -pin 18p: 5 -pin 
25p. VALVE HOLDERS blo, CERAMIC 10p, CANS 5p. 

R.C.S. 100 WATT VALVE 
AMPLIFIER CHASSIS 

Professional model. Four inputs, Treble, Bass, Master 
Volume Controls- Ideal disco, P.A. or groups. 5 speaker 
outputs, very robust job 

S.A.E. for details f85 plus 2.50 Carr. 

NEW MIXER/AMP 150 WATT 
PROFESSIONAL TRANSISTOR AMPLIFIER £68 
4 inputo. 3 outputs. separate volume treble I Carr. £1.50 
anml loos', ,-.unpnls Ideal disco or group. PA, amplifier 
Send for leaflets on Disco Gear, Cabinets, etc, 

RADIOCOMPONENT SPECIALISTS 337 
WHITEHORCROYDON, 

SSURREE Y. 

Minimum post 30p. Access and Barclaycard welcome Phone your Order Open 9-6 Wed. 9-1 Sat. 9-5 (Closed for lunch 1.15-2.30) 

Rail Selhurst Tel. 01-684 1665 Components Lists 10p. Cash price includes VAT 

FEBRUARY 1977 389 



NEW STYLE SELF -BINDER 
for 

"Radio Er Electronics 

Constructor" 

Available only from:- 

Data Publications Ltd. 

PRICE 

£1.20 
including V.A.T. 

P. & P. 30p 

The "CORDEX" Patent Self -Binding 
Case will keep your issues in mint 
condition. Copies can be inserted or 
removed with the greatest of ease. Rich 
maroon finish, gold lettering on spine. 
Specially constructed Binding Cords are made 
from Super Linen of great strength, very hard 
twisted and twice doubled. They are attached 

to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 

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

impossible to overstretch the 
springs, as, a safety check 
device is fitted to each. 

Owing to heavy demand please 
allow 27 days for delivery. 

57 Maida Vale London W9 ISN 

I Understand 
electronics. 
Step by step, we take you through 
alI the fundamentals of electronics 
and show you how easily the sub- 

ject can be mastered using our 
unique Lerna-Kit course. 

REC 27 

2. Become a 
radio amateur. 
Learn how to become a radio- 
amateur in contact with the whole 
world. We give skilled preparation 
for.the G.P.Q. licence. 

(1) Build an oscilloscope. 

(2) Read, draw and understand 
circuit diagrams. 

(3) Carry out over 40 experi- 
ments on basic electronic 
circuits and see how 
they work. 

WAA 
ma ima rim rrm-arnorami--111Iort- nil -_lii_um no -a..i 

Brochure, without obligation to: ' 
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 
P.O. Box 156, Jersey, Channel Islands. 

NAME 
I 

ADDRESS Block caps please , 
am BR ION MI MI IMIN MN fflMmmfflM SIM IM 1.3 OM as an an mg NE si ma on mu am am ma um mu WV 
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Stirlïn 
Q.v: 

Sound 
MODULES 

Power and quality cost less! 
Special introductory offer 

ßh,;11 

to save you £1.95 u 

SS.1100 POWER AMP., delivers 100 watts R.M.S. into 4 ohms 
using a 70 volt/2A supply. Input sensitivity 500 mV for full output. 
Response - 10Hz to 50KHz +1dB. S/N ratio better than 75dB. Distortion 
at half power typically 0.1%. With heat sink mounting bracket. 5" x 31-" x ii". 

£9.45" Full size heatslnk £1.00" 
SS.370 A new heavy duty power supply unit to deliver 70 volts/2 amps. Complete 
with mains transformer and low -volt outlet (P/p £1.00) £12.50" 

YOU PAY ONLY £21.00* FOR THE TWO TOGETHER 
There is real power and reliability in this assembly. By buying them together you save nearly £2.00 
on these already competitively priced units. IDEAL FOR DISCO, P.A. and such like applications. 
Send only £21.00" (plus £1 p/p) for SS.1 100H (with full size heatsink) and Power Unit SS.370). 

SS.1100 
100w. AMPLIFIER 

;Htp1111Vuliu 

liqal 
W 

iilH11H'iº.. 

SS.370 
70V. POWER SUPPLY 

MORE Q.V. MODULES FOR COST-CONSCIOUS CONSTRUCTORS 

POWER AMPLIFIERS 
3 to 4 watts R.M.S. 
SS.103 5 watt r.m.s. mono. I.C. short 

circuit protection £1.75 
SS.103-3 Stereo version of above 

using two I.C.s £3.25 
SS.105 5 watts r.m.s. into 4 ohms, 

using 12V £2.25 
SS.110 10 watts r.m.s. using 24V 

and 4 ohm load £2.75 
SS.120 20 watts r.m.s. using 4 ohms, 

using 34V £3.25 
SS.140 40 watts r.m.s. into 4 ohms 

using 45V. Ideal for small 
discos. Size 4" x 3" x'-,"' £3.95" 

Suitable power units are to be found in the 
Stirling Sound range for the above, If 
ordered with Modules SS.103 to SS.120, 

V.A.T. becomes 121% 

TONE CONTROLS/PRE-AMPS 
SS.100 Active tone control, stereo. 

±15dB on bass and on treble 
-£1.60 

SS.101 Pre -amp for ceramic cartridges 
etc. Stereo. Passive tone control 
details supplied £1.60 

SS.102 Stereo pre -amp for low output 
magnetic P.Us R.I.A.A, cor- 
rected £2.65 

UNIT ONE 
Combined pre -amp with active tone - 
control circuits. ±15dB at 10Khz treble 
and 30Hz bass. Stereo. Vol./balance/ 
treble/bass. 200mV out for 50mV in. 
Operates from 10-16V. £7.80 

FM TUNING MODULES 
SS.201 Front end tuner, two gang, 

slow geared drive. A.F.C. 
facility. Tunes 88-108 MHz 

-£5.00 
SS.202 I.F. amplifier. Metering and 

A.F.C. facilities £2.65 
SS.203 Stereo Decoder for use with 

the above or any other standard 
type FM mono tuners. A LED 
may be fitted £3.85 

WHAY Q.V MEANS TO YOU 
It means Stirling Sound QUALITY and 
VALUE from modules made in our 
own Essex factory. They are all tested, 
guaranteed and offer unbeatable 
value. Designed by highly specialised 
electronic engineers with wide experi- 
ence of the constructor and experi- 
menter market. WATCH HOW THE 
STIRLING SOUND RANGE GROWS! 

POWER SUPPLY UNITS 
8 models to choose from 

Complete with mains transformers and 
low volt take-off points (except SS.312). 
All at 8% V.A.T. rate. Add 50p for p/p 
any model (except SS.300). 

SS.312 12V/1A £3.75" 
SS.318 18V/1A £4.15" 
SS.324 24V/1 A £4.60" 
SS.334 34V/2A £5.20" 
SS.345 45V/2A £6.25 
SS.350 50V/2A £6.75" 
SS.370 70V/2A £12.50" 

SS.310/50 Complete stabilised power 
supply with variable output 
from 10 to 50V/2A. Built-in 
protection against shorting 

-£11.95" 

SS.300 Power stabilising unit 10-50V 
adjustable for adding to un - 
stabilised supplies. Built in 
protection against shorting 
(p/p 3513) £3.25" 

A GOOD START FOR MOTORISTS! 
with a STIRLING SOUND "SUPER 
SPARK" Mk. 5 Electronic Ignition Unit. 
Over 10,000 Super Spark Units have 
been sold by us. Adjustable for + or - 
earth; simple rev. limiting control; on -off 
immobilising switch; switch for instant 
revert to car's own ignition; neon indi- 
cator; in strong enclosed metal box 

x 4e" x . Inc. transformer. (P/P 
add 50p either model plus 8% V.A.T.) 
KIT £8.95 READY BUILT £10.95 

WHEN ORDERING add 35p for p/p unless stated otherwise. V.A.T. 
add 121% to total value of order unless price shows when VA.T. is 
8%. Make cheques, etc. payable to Bi -Pre -Pak Ltd. Every effort is made 
to ensure correctness of information at time of going to press. Prices 

subject to alteration without notice. 

A member company of the Bi -Pre -Pak group established 1959 
DEPT. RC2, 220-224 WEST ROAD, 

WESTCLIFF-ON-SEA, ESSEX SSO 9DF 
Tele one Southend 10702146344 

'Persona% callers welcome 
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TRADE 
COMPONENTS 

JUST A FEW BARGAINS ARE LISTED - SEND STAMPED ADDRESSED 
ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. PAY A VISIT. 
OVER 90% OF STOCK BELOW QUANTITY WHOLESALE PRICE. 
RETURN POSTAL SERVICE UNLESS CHEQUE. ALL PRICES INCLUDE THE 

ADDITIONAL DISCOUNT IN LIEU OF GUARANTEE. 
Goods sent at customer s risk, unless suficient payment for registration (1st class letter 
post) or compensation fee (parcel post) included. 

VALVE BASES 
Printed circuit B9A-B7G 
Chassis B7-B7G 

. 

Shrouded chassis B7G-B9A-B8A 
B12A tube 

3p 
9p 

10p 
9p 

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

Car type panel lock 
and key 40p 

18 volt 4 amp charger, 
bridge rectifier 79p 

GC10/4B £300 
Telescopic aerial 

Closed 9'1", open 38k" 
TAG STRIP -6 way 3p 5 x 50pF or 2 x 220pF Fitted right angle TV 
9 way 5p Single 1p trimmers 20p plug, 5Op 
BOXES - Grey polystyrene 61 x 112 x 31 mm, top secured by 4 

self tapping screws 324-p 
Clear perspex sliding lid, 46 x 39 x 24mm 10p 

ABS, ribbed inside 5mm centres for P.C.B., brass corner inserts, 
screw down lid, 50 x 100 x 25mm orange 48p; 80 x 15C x 50mm 
black 70p; 109 x 185 x 60mm black £1.10 
ALUMINIUM 
3"x2"x1" 39p 
2;"x51"x13"45p 
4" x 4" x 13" 45p 
4"x 21"x 11" 45p 

4"x2t"x2" 44p 
4" x 51-" x 13"54p 
7" x 5" x 23" 79p 
8"x6"x3" £1.02 

10" x 43" x 3" £1.02 
12"x5"x3 £1.20 
10" x 7" x 3" £1.22 
12"x8"x3" £1.50 

SWITCHES 
Pole Way Type 

4 2 Sub. Min. Slide 18p 
6 2 Slide 20p 
1 3 13 amp rotary 6p 
2 2 Locking with 2 to 3 keys 

£1.50 
2 1 2 Amp 250V A.C. rotary 20p 

12 bank, multi-pole/way push-button 
(4 interlocking) 30p 
S.P.S.T. 10 amp 240v. white rocker switch 
with neon. 1" square flush panel fitting 20p 
S.P.S.T. dot 13 amp, oblong, push -fit, rockerl5p 

AUDIO LEADS 
5 pin din plug 180° both ends 13 Mtr., 80p 
3 pin din to open end, 13 yd twin screened 35p 
Phono to Phono plug, 6ft. 35p 

COMPUTER AND AUDIO BOARDS 
VARYING PANELS WITH ZENER, GOLD BOND, 
SILICON, GERMANIUM, LOW AND HIGH POWER 
TRANSISTORS AND DIODES, HI STAB 'RESISTORS, 
CAPACITORS, ELECTROLYTICS, TRIM POTS, POT 
CORES, CHOKES ETC. 

31b for 85p + 85p post and packing 
71b for £1.95 + £1.20 post and packing 

1k horizontal preset 
with knob 3p 

3" Tape Spools 3p, 
1" Terry Clips 4p 

12 Volt Solenoid 30p 

TV KNOB 
Dark grey plastic for recessed shaft (quarter 
inch) with free shaft extension 5p 
'ENM Ltd. cased 7 -digit counter 21 x 11 x 11" 
approx. 12V d.c. (48 a.c.) or mains 75p 

2M1162A INDICATOR TUBE 
0-9 Inline End View. Rectangular Envelope 170V 
2.5M/A £1 

REGULATED TAPE MOTOR 
9v d.c. nominal approx 1 }" diameter 60p 
12v 8 amp Transformer £2.50 (p&p 85p) 

IFerric Chloride. Anhydrous mil_ cnac 11h hog, Anr. 

RESISTORS 
S-,'-# watt 1 p 
1 watt .... 2p 
Up to 15 watt wire 
wound 6p 
1 or 2% five times 
price. 
Cinch 8 way std 0.15 
pitch edge connector20p 

Semiconductor Data 
Book 263 pages. Covers 
2N21 through to 
2N5558 plus some 
3N's. Type/connection/ 
parameter details£1.50 
No VAT 

POTS 
Log or Lin, single or dual, 
switched carbon or wire - 
wound, rotary or slider. All 
types 16p 
1.5m Edgetype 3p 

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

THERMISTORS 
VA1008, VA1034,11 
VA1039, VA1040,1 

16p VA1055, VA1066,)j{r 
VA1082, VA1100 
V.A1077, 1 

VA1005, VA1026 J 
15p 

RELAYS 
12 volt S.P.C.0 octal 
mercury wetted high 
speed 40p 
P.O. 30)0 type, 1,000 
OHM coil, 4 pole c/o 

40p 
Mains or 12v d.p.c.o 
heavy duty octal 50p 

3.5mm metal stereo 
plug 20p 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA. LONDON S.W.11 

Open 10 a.m. till 7 p.m. Tuesday to Saturday. VAT receipts on request. 
Terms: Payment with order Telephone: 01-223 5016 

JAP 4 gang min. sealed tuning condensers 20p 

ELECTROLYTIC.S MFD/VOLT. Many others 
in stock 70- 200- 300- 450 - 
Up to 10V 25V 50V 75V 100V 250V 350V 500V 
MFD 

10 4p 5p 6p 8p 1Op 12p 16p 20p 
25 4p 5p 6p 8p 10p 15p 18p 20p 
50 4p 5p 6p 9p 13p 18p 25p - 

100 5p 6p 10p 12p 19p 20p - - 
250 9p 10p 11p 17p 28p - 85p £1 
500 10p 11p 17p 24p 45p - - - 

1000 13p 22p 40p 75p = £1.50 - - 
2000 23p 37p 45p - - - - - 
As total values are too numerous to list, use this 
price guide to work out your actual requirements 
8/20. 10/20, 12/20 Tubular tantalum 20p each 
16-32/275V. 100-100/150V. 100-100/275V 30p; 
50-50/385V. 12,000/12V, 32-32-50/300V, 20- 
20-20/350V 60p; 700 mfd/200V £1.00; 100-100- 
100-150-150/320V £2.00. 

RS 100 0 100 micro amp null indicator 
Approx. 2" x ;'" x á" £1.50 

INDICATORS 
Bulgin D676 red, takes M.E.S. bulb 30p 
12 volt or Mains neon,' red pushfit .. 18p 
R.S. Scale Print, pressure transfer sheet .10p 

CAPACITOR GUIDE - maximum 500V 
Up to .01 ceramic 3p. Up to .01 poly 4p. 
:013 up to .1 poly etc. 5p..12 up to .68 poly 
etc. 6p. Silver mica up to 360pF 8p, then to 
2,200pF 11p, then to .01 mfd 18p. 
8p..1/600: 12p..01/1000, 1/350, 8/20, .1/900, 
22/900, 4/16..25/250 AC (600vDC) .1/1500 
'40p. 5/150, 2'275AC, 10/150, 40/150. 
Many others and high voltage in stock. 

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

CONNECTOR STRIP 
Belling Lee L1469, 4 way polythene. 6p each 
11 glass fuses 250 m/a or 3 amp (box of 12) 6p 
Bulgur, 5mm Jack plug and switched socket (pair) 30p 

Reed Switch 28mm. body length 5p 

MAINS DROPPERS 
36+79 ohm 
66+66-i-158 ohm, 66+66+137 ohm 
17+14-i-6 ohm, 266+14+193 ohm 
50+40+1k5 ohm 
285+575+148+35 ohm 
25+35+97+59+30 ohm 

5p 

5p 

5p, 

51" x 2;" Speaker, ex -equipment 3 ohm 
2 Amp Suppression Choke . .. 
3x2fx./" PAXOLINE 
41x1x1", 
PCV or metal clip on MES bulb Holder 
VALVE RETAINER CLIP, adjustable 

30p 
8p 
4p 
1p 
4p 
2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 
Valve type, 

25p 
40p 

Transformers 6 volt 3A ... ... .. 25p 
Whiteley Stentorian 3 ohm constant impe- 
dance volume control way below trade at 80p 
RS Yellow Wander Plug Box of 12 25p 
18 SWG multicore solder 2}p foot 
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I N4004/5/6 
IN4007/BYX94 
8Y103 1 

SR100 1.5 
SR400 1.5 
REC53A 1.5 
LT102 2 
BYX38-300R 2.5 
BYX38-600 2.5 
BYX38-900 2.5 
BYX38-1200 2.5 
BYX48-300R 2.5 
BYX49-600 2.5 
BYX49-900 2.5 
BYX49-1200 2.5 
BYX48-3U06 6 
BYX48-600 6 
BYX48-900 6 
BYX48-1200R 6 
BYX72-150R 10 
BYX72-300R 10 
BYX72-500R 10 
BYX42-300 10 
BYX42-600 10 
BYX42-900 10 
BYX42-1200 10 
BYX46-300 15 
BYX46-400* 15 
BYX46-500 15 
BYX46-600' 15 
BYX20-200 25 
BYX52-300 40 
BYX52-1200 40 

16p 
8p 

19p 
40p 
33p 

16}p 
25p 
20p 
30p 
30p 
30p 

*Avalanche type 

SEMICONDUCTORS 
Full spec marked by Mullard. etc. Many other types in stock 

ÁC1028/176 
ACY28 
AD149 
AD161/2 
AF116 
AF124/6/7 
AF139 
AF178/80/81 
AF239 
ASY27/73 
BC107/8/9 + A/B/C 6p 
BC147/8/9 + A/B/C/S 6p 
BC157/8/9 + A/B/C 6p 
BC178A/B, 1796 12p 
BC184C/LC 9p 
BC16/7 20 
BC218 3L/214B 10p 
BC261B 8p 
BC327/8, 337/8 Sp 
BC547/8/8A 10p 

BC557/9!9 
BCX32; 36 
BCY40 
B CY70/ 1 /2 
BD112/3 
BD115/6 
BD131/2/3 
BD135/7/9 
BD142 
B D 201 /2/3/4 
B D 232/4/5 
BDX77 
BF115/167/173 
6E178/9 
BF180/1/2/3/4/5 
BF194/5/6/7 
BF194A, 195C 
BF200, 258 
B F202/3 
BF336 
BFS28 Dual Mosfet 

9p 
12p 
50p 
12p 
50p 
31p 
35p 
30p 
30p 
80p 
49p 

£1 
15p 
20p 
15p 

6p 
6p 

20p 
30p 
27p 

£1 

Amp Volt 
1,60 
1400 

1.4 42 
0.6 110 
5 400 

BRIDGE RECTIFIERS 
BYX10 
OSH01-200 
BY164 
EC433 
Texas 

26p p 
40p 

6pp 

BFW10/11 F.E.T. 
BFW30 
BFW57 58 
BFX12 29/30 
B FX84/88/89 
B FY50/51 /52 
BFY90 
BR101 
BRY39/56 
BSV64 
BSV79/80 F.E.T.s 
BSV91 Mosfet 
BSX20/21 
BSY40 
BSY95A 
BU 105-01 
CV7042 OC41/44 
ASY63 

GET111 
0C35 
ON222 
TI P30/3055 
TIS88A F.E.T. 
ZTX300/341 
2N393 (MA393) 
2N456A 
2N929 
2N987 
2N1507/2219 

40p 
f1 

17p 
20p 
17p 
13p 
50p 
30p 
26p 
30p 
80p 
90p 
14p 
27p 
12p 
50p 

5p 
40pp 

20p 
45p 
23p 

7pp 

50p 
14p 
40p 
15p 

RECTIFIERS 
Amp Volt 

1 4/6/800 
1 1250 

1,500 
100 
400 

1,250 
30 

300 
600 
900 

1,200 
300 
600 
9Ó0 

1,200 
300 
600 
900 

1,200 
150 
300 
500 
300 
600 
900 

1,200 
300 
400 
500 
600 
200 
300 

1,200 

5p 

5p 
181p 

7p 
Bp 

14p 
10p 
40p 
45p 
50p 
55p 
26p 
35p 
40p 
52p 
40p 
50p 
60p 
80p 
35p 
45p 
55p 
30p 
65p 
80p 
95p 

£1.00 
£1.50 
£1.75 
£2.00 

60p 
£1.75 
£2.50 

Amp Volt TRIACS 
6 800 Plastic RCA £110 
25 900 BTX94-900 £4.00 
25 1200 BTX94-1200 £6.00 
Mullard Data Book 40p 
RS 2mm Terminals 
Blue Pa Black 5 for 40p 
Chrome Car Radio facia 
Rubber Car Radio gasket 

15p 
5p 

DLI Pal Delayline . . 50p 
Relay socket 

Take miniature 2PCO relay 
10p 

87G or B9A valve can .. 5p 

0-30, or 0-15, black pvc, 360° 
dial, silver digits, self adhesive, 
41" dia. .. .. 10p 

OPTO ELECTRONICS 
BPX40 50p Photo transistor 
BPX42 80p BPX29 80p 
BPY10 80p OCP71 34p 

(VOLTIAC) 

B PY681 
BPY69 BOP 
BPY77 

Diodes 
TIL209 Red 10p 

BIG L.E.D. 
2v 50m/A 
ORANGE 
GREEN 
YELLOW 
CLIP 

0.2" 
max. 
17p 
14p 
14p 
2p 

PHOTO SILICON CONTROLLED 
SWITCH BPX66 PNPN 10 amp £1.00 

2N2401 30p 
2N2412 70p 
2N2483 23 
2N2904/5/6/7/7A 

, 

15p 
2N3053 14p 
2N3055 R.C.A. 50p 
2N3704 8p 
2N3133 20p 
2N4037 34p 
2N5036 (Plastic 2N3055) 

30p 
2SA141/2/360 31p 
2SB135/6/457 20p 
40250 (2N3054) 30p 

NEW B.V.A. VALVES 
6BW7 
EB91 
ECH81 
ECL80 
EF80 
EF183 
EY86/7 
PC86 
PC88 
PC97 
PCC84 
PCC89 
PCC189 
PCF80 
PCF82 
PCF801 
PCL82 
PL81 
PY500A 
PY81/800 
R20/U26 

60p 
34p 
34p 
36p 
34p 
34p 
34p 
53p 
53p 
36p 
34p 
45p 
45p 
34p 
34p 
46p 
34p 
35p 
80p 
38p 
50p 

OTHER DIODES 
1N916 . 6p 
1N4148 ... ... 2p 
BA145 ...14p 
Centercel ... 24p 
BZY61/BA148 ...10p 
BB103/110 Varicap 15p 
BB113 Triple 

Varicap ...37p 

0A5/7/10 ... 15p 
BZY88 Up to 33 volt 7p 
BZX61 11 volt '15p 
BR100 Diac. ..... 15p 

INTEGRATED CIRCUITS 
TAA700 £2.00 
723 reg (1099) 45p 
741 8 pin d.i.l. op.Am 

20p 
TAD1p 00 AMRF £1 
CA3001 R.F. Amp 50p 
CD4013 CMOS 36p 
TAA300 1 wt Amp £1 
NE555v Timer 35p 
TAA550 Y or G 22p 
TAA263 Amp ...65p 
7400/10 9p 
7402/4/20/30 ...12p 
7414 56p 
7438/74/86 24p 
7483 69p 
LM300, 2-20 volt £1 
74154 90p 

Amp Volt THYRISTORS 
1 240 BTX18-200 . 

1 400 BTX18-300 .. 

1 240 BTX30-200 
15 500' BT107 
6.5 500 BT101-500R 
6.5 500 BT109-500R .. 

20 600 BTW92-600RM 
15 800 BTX95-800R Pulse Modulated 
30 1000 28710 (Less Nut) 

30p 
35p 
30p 

£1 
90p 

£1.00 
£3.00 
£8.00 
£3.00 

.3" red 7 segment L.E.D. 14 
D.I.L. 0-9+D.P. display 1.9v 
10m/a segment. common 
anode 61p 
DL747.6" £1.25 
Minitron 3" 3015F filament 

£1.10 
CQY11 B L.E.D. 

Infra red transmitter £1 
One fifth of trade 

Plastic, Transistor or Diode 
Holder 1 p 
Transistor or Diode Pad 1 p 
Holdersorpads 50pper100 

PAPER BLOCK CONDENSER 
0.25MFD 800 volt 30p 
1MFD 250 volt 15p 
2MFD 250 volt 20p 
4MFD 250 volt 20p 

I.C. extraction and insertion' 
tool 32p 

CHASSIS SOCKETS 
Car Aerial 9p, Coax 3p, 5 Din 
180° 9p, 5 or 6 pin 240° din 
6p, speaker din switched 5p 
3.5 mm switched 5p, stereo 
'-," jack enclosed 10p. 

Philips Iron Thermostat .. 15p 
McMurdo PP108 8 way edge plug 10p 

T03 HEATSINK 
Europlec HP1 TO3B individual 'curly' 
power transistor type. Ready drilled 12p 

Tested unmarked, or marked 
ample lead ex new equipment 

ACY17-20 8p 0071/2 5p 
ASZ20 8p 
ASZ21 30p 
BC186 11p 
BCY30-34 8p 
BCY70/1/2 8p 
BF115 10p 
BY126/7 4p 
HG1005 10p 
HG5009 3p 
HG5079 3p 
L78/9 3p 
M3 10p 
0A81 3p 
0A47 3p 
0A200-2 3p 
0C23 20p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

LARGE ORDERS, ADD SUFFICIENT FOR 
POSTAGE, INSURANCE, ETC.. 

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

0C200-5 8p. 
TIC44 24p 
2G240 £1 
2G302 5p 
2G401 5p 
2N711 25p 
2N2926 4p 
2N598/9 6p 
2N1091 8p 
2N1302 8p 
2N1907 £1 
Germ. diode 1p 
GET120 (AC128 
in 1" sq. heat 
sunk 15p 
GET872 12p 
2S3230 30p 

CRAZY OFFERS 
4700 mfd. - 40v 35p 
2500 mfd. 40v 30p 

8 mfd. 500v 6p 
400 mfd. 16v 4p 

.1 mfd, 500v lip 

.1 mfd. 1500v 2p 
2200 mfd. 25v 30p 
2200 mfd. 64v 40p 

10000 mfd. 15v 12p 
1250 mfd. 35v 10p 
6800 mfd. 10v 6p 

32+32 mfd. 275v 8p 
16+32 mfd. 350v 12p 

8+8 mfd. 350v 8p 
150 mfd. 35v 44.p 
100 mfd. 70v 4-zp 

1 mfd. non-polar35Uv 3p 
680 mfd. 100v 10p 

15 mfd. 160v 3p 
4/00 pf.sub min 500v 11-p 

Philips electronic engineer 
kits add on series E1004 

75p each' 

G.E.C. 5% Hi -stab 
capacitors .013, .056, 
.061.066, .069, .075, .08, 
.089, .095..1 2p each 

Push -to -Break or 
Push -to -Make Panel 

Switch 24p 

ENAM, COPPER WIRE 
SWG. PER YD. 
20-24 3p 
26-42 2.6p 

GARRARD 
GCS23T Crystal Stereo 
Cartridge 66p 
Mono (Stereo compatible), 
Ceramic or crystal 60p 

HANDLES 
Rigid light blue nylon 
6," with secret fitting 
screws ... 5p 

Belling Lee white 
plastic surface coax 

outlet box 20p 

Miniature Axial Lead 
Ferrite Choke formers 

2p 
RS 10 Turn Pot 1% 
250, 500 , 1K, 
50K £1 

Copper coated board 
10" x 9" approx 25p 

TIE CLIPS 
Nylon self locking 7" 
or 31" 2p 

Geared Knob 
8-1 ratio 1h" diam, 

black 70p 
R.S. 24-" 35 ohm loua 
speaker 60p. 

MAIL ORDER CUSTOMERS ONLY ADD 
8% VAT -I PAY BALANCE ON 12+% ITEMS. 
ALL ENQUIRIES, ETC., MUST BE ACCOMPANIED BY A 

STAMPED ADDRESSED ENVELOPE 
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PRECISION POLYCARBONATE CAPACITORS 
ALL HIGH STABILITY- EXTREMELY LOW LEAKAGE 

440V AC (1--10%) 63V DC Range +-1 % 
O.1pF (1"'x ") 68p 0.47pF £1.32 
0.22pF (1 "x ") 86p 1.0pF £1.56 
0.25pF (1 "xi") 92p 2.2pF £1.98 
0.47pF Oran £1.10 4.7pF £2.82 
0.5pF (1"xS1 £1.16 6.8pF £3.48 
0.68pF ((2"x ")) £1.25 10.0pF £4.98 
1.011F (2"xI") £1.37 

£1.37 
15.0pF £7.14 

2.0pF (2"x1") 22.OpF £9.66 

+.2% 
77p 
91p 

£1.32 
£1.88 
£2.32 
£3.32 
£4.76 
£6.44 

+-5 % 
51p 
60p 
75p 

£1.23 
£1.47 
£2.01 
f2.88 
£3.90 

TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22, 
0.47, 1.0, 2.2, 4.7, 6.813F at 15V/25V or 35V; 10.0pF at 16V/20V or 25V; 
22.0pF at 6V/10V or 16V; 33.OpF at 6V or 10V; 47.0pF at 3V or 6V; 
100.OpFat3V. ALL AT12p EACH: 10 for £1.10; 50 for £5.00. 
TRANSISTORS: 
8C107/8/9 9p BC183/183L 11p BF194 12p BFY51 20p 

.BC114 12p BC184/184L 12p BF196 13p BFY52 20p 

.BC147/8/9 10p BC212/212L 12p BF197 13p 0071 20p 
"BC157/8/9 12p BC547 12p AF178 10p 2N3055 SOp 
BC182/182L 11p BC558A 12p BFY50 20p 2N3702/411 p 

I N914 6p; 8 for 45p; 18 for 90p. 1 N916 /p; 6 for 4Sp; 14 for 90p. 
IS44 Sp; 11 for 59p; 26 for £1.00, 11,14148 Sp; 6 for27p; 12 for 48p. 
LOW PRICE ZENER DIODES: 400mW; Tol. 4 -5 % at 5mA. Value: 
available; 3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8V; 7.5V; 8.2V; 9.1V; 
10V; 11V; 12V; 13V; 13.5V; 15V; 16V; 18V; 20V; 22V; 24V; 27V; 30V. 
All at 7p each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for 66.00. 

*RESISTORS: High stability low noise carbon film 5%, } W at 40°C; 
}W at 70°C. E12 series only - from 2.20 to 2,2M0 ALL AT 1p EACH ; 8p 
or 10 of any one value; 70p for 100 of any one value. SPECIAL PACK: 
10 of each value 2.20 to 2.2M0 (730 resistors) £5.00. 

.SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire 
snded D027: 100 P.I.V. - 7p (4/26p); 400 P.I.V. - Op (4/30p). 
BRIDGE RECTIFIERS: 2} Amp. 200V - 40p; 350V - 45p; 600V - SSp. 

SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT Sp 
each; _500,1000,2200,4700,680í11K,2.2K,4.7K,6.8K,10K,15K,22K, 
47K, 100K, 220K, 680x, 1M, 2.5M, & 5M. 

PLEASE ADD 8% VAT TO ALL ITEMS EXCEPT THOSE MARKED 
WITH WHICH ARE 12}%. PLEASE ADD 20p POST AND 
PACKING ON ALL ORDERS. 
Send S.A.E. for lists of additional ex -stock items. Wholesale price lists 
available to bona -fide companies. ALL EXPORT ORDERS PLEASE 
ADD COST OF SEA/AIR MAIL. 

MARCO TRADING 
Dept. Pl, The Old School, Edstaston, WEM, Salop. Tel: WHIXALL (Salop) 
464/5 (STD 094872) (Props: Minicost Trading Ltd.). 

A CAREER IN RADIO 
Start training today and make sure you are qualified to take 
advantage of the many opportunities open to the trained 
person. ICS can further your technical knowledge and 
provide the specialist training so essential to success. 

ICS, the world's most experienced home study college, 
has helped thousands of ambitious men to move up into 
higher paid jobs - they can do the same for you. 

Fill in the coupon below and find out howl 
There is a wide range of courses to choose from, in- 

cluding: 
CITY & GUILDS CERTIFICATES 
Telecommunications Technicians' 
Radio TV Electronics Technicians' 
Electrical Installations Technicians' 
Electrical Installation Work 
Radio Amateurs' 
MPT Radio Communications Cert. 
EXAMINATION STUDENTS - 
GUARANTEE D COACHING 
UNTIL SUCCESSFUL 

TECHNICAL TRAINING 

ICS offer a wide choice of non -exam 
courses designed to equip you for a 
better job in your particular branch of 
electronics, including: 
Electronic Engineering & 

Maintenance 
Computer Engineering/Programming 
Radio, TV & Audio Engineering 

& Servicing 
Electrical Engineering, Installations 

& Contracting 

COLOUR TV SERVICING 
Technicians trained in TV Servicing are in constant demand. Learn all the 
techniques you need to service Colour and Mono TV sets through new home 
study course approved by leading manufacturer. 

POST THIS COUPON OR TELEPHONE FOR FREE PROSPECTUS 

1.1 am interested in 

Name 

IAddress 

!ies 

Age 

Occupation 

Accredited To: 

by CACC International Correspondence Schools, 
Member of Dept 789C, Intertext House, LONDON 

ABCC SW8 4UJ or phone Ot-622 9911 lall hours) 

i 
i 

AF 25 
AF 30 
AF 300 
AF3103 
AF 340 
AF 380 
AT 5 
AT 30 
AT 50 
AT 56 
AT 320 
AT 325 
AT 347 
AT 365 
AT 405 
AT 460 
AT 465 
AT 466 
AT 468 
GP 304 
GP 310 
GP 340 
GU 330 
HF 61 
HF 65 
HF 305 
HF 310 
HF 3252 
HF 330 
HF 375 
HF 385 
HF 395 
LF 380 
M 310 
M 350 
M 360 
M 390 
M 391 
M 392 
M 393 
M 402 
NT 300 
NT 305 
NT 311 
NT 315 
NT 330 
NT 400 
NT 410 
NT 415 

Announcement 

Electronic 

Construction 

Kits for 1976/77 

Mixer - ., .. .. .. .. 

Pro -amplifier .. .. .. .. 
3 Watt audio amplifier .. 
Power amplifier .. .. 
40 watt AF power amplifier .. 
2 Watt IC universal amplifier .. .. 
Automatic light control 
Photo -cell amplifier .. .. 
Trias AC regulator up 4o 440W .. .. .. 
Trias AC regulator up to 2200W .. .. .. 
All-round AC/DC regulator .. .. .. 
Interval and flasher unit .. ... .. 
Electronic Roulette .. 
Light show .. .. .. 
Low-cost light/heat control .. .. 
Monolite .. .. .. .. 
Superlilc .. .. .. .. .. .. 
Slrobolite .. .. .. .. .. 
Quadrolite .. .. .. 
Main circuit unit .. .. .. .. .. 
Hi-Fi pre-amplifiet .. .. .. .. .. 
Hi-Fi pre -amplifier .. .. .. .. .. 
Guitar tremolo .. .. .. 
Diode medium wave-reciever 
FM transmitter/Signal Test Generator 
Amateur band 2 metre VHF 144 MHZ converter 
FM tuner .. .. 
FM tuner. module .. .. .. 
Stereo decoder .. .. .. .. 

Mini FM receiver ... .. 

VHF/UHF aerial amplifier .. 
Aerial amplifier AM -FM .. .. .. 
4d -stereo.. .. .. .. .. .. 

Stereo VU module .. .. .. 
S -meter module/amplifier .. .. .. 
Multivlbrator/signal generator .. .. 
Dia; module (meter not included) .. .. 
VU module (meter not included) .. .. 
Balance module (meter not included) .. .. 
Tuning module (meter not included) 
Semi -conductor tester for diodes/transistors -.. 
Power pack (transformer not included) .. .. 
Voltage converter .. .. .. .. 
Voltage converter .. .. .. .. 
Power pack .. .. .. ' .. 
Power pack 
Power Supply (transformer not included) .. 
Power supply .. .. .. 
Power supply (transformer not included) 

£ 
2 50 
2-30 
6 10 
5 40 
8 95 
3ß5 
390 
5 25 
3 70 
5 55 

10.75 
7 20 

.. 8 75 

.. 17 00 
275 

.. 10 80 

.. 17 10 

.. 20-45 
. 19 45 

.. 4 55 

.. 24 60 
. 29 10 

5.65 
4 30 

.. 2 50 

.. 6 70 

.. 11 50 
19 85 
670 
'295 
5-80 

1 50 
.. 8 45 
.. 4 30 

2.95 
1.40 
2 55 
1 60 
2-10 
2 60 

.. 4 50 
10-15 

4 40 
2 80 

.. 8 75 

.. 4.70 
17 15 

4 50 
845 

Please enclose 25p for p & p with order. 

Send for free Catalogue to: 
JOSTYKIT (UK) LTD., Mail Order Division 

P.O. Box 68, Middlesborough, 

Cleveland, TS1 500 

NAME 
ADDRESS 
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SPEAKERS 
Baker Group 25, 3, 8 or 15 ohms 
Baker Group 35, 3, 8 or 15 ohms 
Baker 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 BRS/DD 4/8 ohms 
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 018C 8 or 15 ohms 
Celestion HF1300 8 or 15 ohms 
Celestion HF2000 8 ohms 
Celestion MH1000 8 or 15 ohms 
Coles 4001 G&K 

Decca London ribbon horn 
Decca London CO/1000/8 Xover 
Decca DK30 ribbon horn 
Decca C0/1/8 Xover (DK30) 

EMI 14 x 9 Bass 8 ohms 14A770 
EMI 8 x 5, 10 watt, d/cone, roll surr 
EMI 61" d/cone, roll surr. B ohms 
Flac 59RM109 (15) 59RM114 (8) 
Elac 6f" 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 

WILMSLOW AUDIO 
THE Firm for speakers! 

Fane Pop 15, 8 or 16 ohms 
Fane Pop 33T, 8 or 16 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 128L, 8 or 16 ohms 
Fane Crescendo 15/100A, 8 or 16 ohms 
Fane Crescendo 15/125, 8 or 16 ohms 

£ 13.0C 
£ 14.50 
£21.00 
£25.75 
£17.50 
£ 15.00 
£22.50 
£ 12.50 
£21.00 
£25.75 

SPEAKERS 

Fane Crescendo 18, 8 or 16 ohms 
Fane 910 Mk.11 horn 
Fane 920 Mk.11 horn 
Fane HPX1 crossover 200 watt 
Fane 13 x 8, 15 watt dual cone 
Fane 801T 8" d/c, roll surr. 
Goodmans Axent 100 
Gooumans Audiom 200 8 ohms 
Goodmans Axiom 402 8 or 15 ohms 
Goodmans Twinaxiom 8 8 or 15 ohms 

£9.95 Goodmans 8P 8 or 15 ohms 
£12.95 Goodmans 10P 8 or 15 ohms 
£15.95 Goodmans 12P 8 or 15 ohms 
£18.00 Goodmans 12PG 8 or 15 ohms 
£20.00 Goodmans 12PD 8 or 15 ohms 
£26.95 Goodmans 12AX 8 or 15 ohms 
£39.95 Goodmans 15AX 8 or 15 ohms 

£7.50 Goodmans 15P 8 or 15 ohms 
£8.55 Goodmans 18P 8 or 15 ohms 

£13.50 Goodmans Hifax 750P 
£5.90 Goodmans 5" midrange 8 ohms 

Gauss 12" 
Gauss 15" 
Gauss 18" 

Jordan Watts Module, 4, 8 or 15 ohms 

Kef T27 
Kef T15 
Kef 8110 
Kef B200 
Kef B139 
Kef DN8 
Kef DN 1 2 
Kef DN13 SP1015 or SP1017 

Lowther PM6 
Lowther PM6 Mk.l 
Lowther PM7 
Peerless KO1 ODT 4 or a onms 
Peerless DT1OHFC 8 ohms 
Peerless K040MRF 8 ohms 

£31.50 
£6.95 

£20.50 
£4.75 

£ 12.50 
£3.95 
£3.95 
£3.95 
£3.95 
£3.95 
£6.75 

£11.95 
£ 14.95 
£18.50 

£4.50 
£5.50 
£5.25 
£7.50 

Peerless MT225HFC 8 ohms 
£5.75 Richard Allan CA12 12" bass 
£9.95 Richard Allan HP8B 

£12.50 Richard Allan LP8B 
£16.75 Richard Allan DT20 
£19.95 Richard Allan CN8280 
£21.75 Richard Allan CN820 
£33.95 Richard Allan Super Disco 60W 12" 
£42.95 Coles 4001 G&K 
£44.95 Tannoy 10" Monitor HPD 
£54.95 Tannoy 12" Monitor HPD 
£64.95 Tannoy 15" Monitor HPD 

£6.50 
£.6.95 

£ 16.50 
£17.75 
£18.75 
£44.00 
£49.00 
£24.0G 
£39.95 
£16.95 

£4.25 
£ 132.00 
£ 139.00 
£ 140.00 
£16.25 

£8.50 
£10.75 
£10.95 
£11.95 
£24.95 

£2.75 
£7.25 
£4.95 

£32.00 
£35.00 
£48.00 

£8.25 
£9.50 

£ 10.50 

£3.75 
£ 19.80 
£12.50 

£8.50 
£6.25 

£ 16.95 
£3.15 

£17.95 
£5.90 

£79.25 
£87.00 

£103.25 

COMPLETE KITS IN STOCK FOR 
RADFORD STUDIO 90, RADFORD MONITOR 180, 
RADFORD STUDIO 270, RADFORD STUDIO 360, 

HIFI ANSWERS MONITOR (Rogers), HIFI NEWS NO 
COMPROMISE (Frisby), HI FI NEWS STATE OF THE 

ART, WIRELESS WORLD TRANSMISSION LINE 
(Bailey), PRACTICAL HIFI & AUDIO MONITOR (Giles), 

PRACTICAL HIFI & AUDIO TRIANGLE (Giles), 
POPULAR HIFI (Colloms) ETC. 

On Dem. Answers Monitor, State of Art, etc. 
Construction leaflets for Radford, Kef, Jordan Watts, 

Tannoy, HiFi Answers Monitor, Free on request 
PA Amplifiers, microphones etc. by 

Linear, Shure, Eagle, Beyer, AKG etc. 
FREE with orders over £10 

"Hi-Fi Loudspeaker Enclosures" Book 

£75.95 
£15.75 
£45.95 
£2.50 
£5.50 
£9.50 
[8.60 

£1495 KEFkit 1 

£22.00 KEFkit Ill 
£ 10.60 Peerless 1060 

Peerless 1070 
Peerless 1120 
Peerless 2050 
Peerless 2060 
Richard Allan Twin assembly 
Richard Allan Triple 8 
Richard Allan Triple 12 
Richard Allan Super Triple 
Richard Allan RA8 Kit 
Richard Allan RA82 Kit 
Richard Allan RA82L Kit 
Denton 2XP Kit 
Wharfedale Linton 3XP Kit 

Wharfedale Glendale 3XP Kit 

SPEAKER KITS 
Baker Major Module 3, 8 or 15 ohms each £ 18.00 

Goodmans DIN 20 4 or 8 ohms each £15.75 
Goodmans Mezzo Twin kit pair £51.95 
Helme XLK 20 pair £17.5. 
Helme XLK 30 pair £21.95 
Helme XLK 35 pair £26.75 
Helme XLK 40 pair £38.5. 

pair £59.50 
each £56.00 
pair £61.50 

each £54.95 
each £61.00 
pair £43.95 
pair £58.50 

each £13.95 
each £20.75 
each £25.95 
each £29.50 
pair £37.8 
pair £59.4 
pair 65 70 
pair £23.25 

pair £34.25 
pair £49.50 

HI-FI 
ON DEMONSTRATION 

In our showrooms: 
Akai, Armstrong, Bowers & Wilkins, Castle, 

Celestion, Dual, Goodmans, Kef, Leak, Pioneer, 
Radford, Richard Allan, Rotel, Tandbera, Trio, 

Videotone, Wharfedale, etc. 
-Ask for our HiFi price list - 

THIS MONTH'S SPECIALS (Carr. £2.50) 
SANSUI 331 £114.00 
PIONEER 7070 £ 199.00 
TRIO KR 2600 £ 109.00 
SUGDEN A21 £ 130.00 
SANSUI SC 2000/2002 £ 160.00 
MINIMAX Mk II £46.95 

We stock the complete 'Radford range of 
amplifiers, preamplifiers, power amplifiers, 

tuners etc., and also Radford Audio Laborato 
equipment, low distortion oscillator, distortion 

measuring set, audio noise meter etc. 
ALL PRICES INCLUDE VAT 

(Prices correct at 12/1/77) 
Send stamp for free 34 -page booklet 

"Choosing a Speaker" 
All units guaranteed new and perfect 

Carriage and insurance 
Speakers up to 12" 60p; 12" £1.00; 15" £1.75; 
18" £2.50; Kits £1.00 each (£2.00 per pair); 

Tweeters & Crossovers 33p each. 

WILMSLOW 
AUDIO 

DEPT REC 
LOUDSPEAKERS, MAIL ORDER AND EXPORT) 
SWAN WORKS, BANK SQUARE, WILMSLOW 
HIFI, RADIO & TV: SWIFT OF WILMSLOW, 5 

SWAN STREET, WILMSLOW CHESHIRE 
PA, HIFI & ACCESSORIES: WILMSLOW 

AUDIO, 10 SWAN STREET, WILMSLOW 
CHESHIRE 

TELEPHONE: LOUDSPEAKERS, MAIL ORDER 
AND EXPORT WILMSLOW 29599 

HIFI, RADIO ETC.. WILMSLOW 26213 

Access & Barclaycard Orders 
accepted by phone 
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* Smoother running 
Instant all-weather starting 

* Continual peak performance 
* Longer coil/battery/plug life 
* Improved acceleration/top speeds 
* Up to 20% better fuel consumption 
Sparkrite Mk. 2 is a high performance, high quality capacitive discharge 
electronic ignition system in kit form. Tried, tested, proven, reliable 
and complete. It can be assembled in two or three hours and fitted in 
15/30 mins. 
Because of the superb design of the Sparkrite circuit it completely 
eliminates problems of the contact breaker. There is no misfire due to 
contact breaker bounce which is eliminated electronically by a pulse. 
suppression circuit which prevents the unit firing if the points bounce 
open at high R.P.M. Contact breaker burn is eliminated by reducing the 
current to about 1/50E, of the norm. It will perform equally well with 
new, old, or even badly pitted points and is nut dependent upon the 
dwell time of the contact breakers for recharging the system. Sparkrite 
incorporates a short circuit protected inverter which eliminates the 
problems of SCR lock on and, therefore, eliminates the possibility of 
blowing the transistors or the SCR. (Most capacitive discharge ignitions 
are not completely foolproof in this respect). All kits fit vehicles with 
coil/distributor ignition up to 8 cylinders. 

THE KIT COMPRISES EVERYTHING NEEDED 
Ready drilled pressed steel case coated in matt black epoxy resin, ready 
drilled base and heat -sink, top quality 5 year guaranteed transformer 
and components, cables, coil connectors, printed circuit board, nuts, 
bolts, silicon grease, full instructions to make the kit negative or 
positive earth, and 10 page installation instructions. 

OPTIONAL EXTRAS 
Electronic/conventional ignition switch. 
Gives instant changeover from "Sparkrite ignition to conventional 
ignition for performance comparisons, static timing etc., and will 
also switch the ignition off completely as a security device, includes. 
switch connectors, mounting bracket and instructions. Cables excluded. 
Also available RPM limiting control for dashboard mounting 
(fitted in case on ready built unit). 

CALLERS WELCOME. For Crypton tuning and fitting service - 
phone 10922133008 

PRICES INCLUDE VAT, POST AND PACKING. 

Improve performance &economy NOW 

Quick Installation 
IMee' .nemedi%tima 

ney« red 11 
S1 3DE. Phone: (0922 

Dept., RECi 1 Electronics Design Associates, 
82 Bath Street, Walsall, W 

1 33652 
Name 

Address 

Mk. 2 DI V Ass. Kit A £11.e0 go.rr,rrr qr I enclose cheque/PO's 

Mk. 2 Ready Built Negative Earth C £14.91 

Mk. 2 Ready Built Positive Earth (v Et4.9t 

Ignition (,ha ngeover switches C £4.30 

R.P.M. Limit systems in above units (v E2.42 

for 

Cheque No. 

Send SAE if brochure 
only required. 

1 

2 

NOW AVAILABLE .. . 

LATEST 
BOUND VOLUME 

No. 29 
of 

"Radio & Electronics 
Constructor" 

AUGUST 1975 to JULY 1976 

Comprising 
776 pages 
inc. index 

PRICE £3.10 P&P 75p 

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

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

PRICES 
VOL. 27 

£2.40 per volume P&P 75p 

VOL. 28 
£2.75 per volume P&P '75p 

Limited number of these 
volumes still available. 

We regret all earlier volumes are 
completely sold out. 

Available only from 

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

now 
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mmiamommaminn TAIE MODERN BOOK CO fflimmammummo 
JUST PUBLISHED NEW FIFTH EDITION 

RADIO COMMUNICATION HANDBOOK 
VOL. 1 - R.S.G.B. PRICE £8.10 
ELECTRONIC CALCULATOR USERS 
by M. H. Babani 
PROJECT PLANNING & BUILDING 
by M. A. Colwell 
SIMPLE CIRCUIT BUILDING 
5y P. C. Graham 
PRACTICAL ELECTRONIC PROJECT 
by A. C. Ainslie 
TRANSISTOR POCKET BOOK 
by R. G. Hibberd PRICE: £4.40 
110 OPERATIONAL AMPLIFIER PROJECTS 
FOR THE HOME CONSTRUCTOR 
by R. M. Marston 
STEREO F.M. RADIO HANDBOOK 
by P. Harvey 

RADIO SERVICING PROBLEMS 
by W. A. L. Smith PRICE: 86p 
THE HANQBOOK OF ELECTRONIC TABLES 
by M. Clifford PRICE: £1.70 

HANDBOOK 
PRICE: £1.20 

PRICE: £2.25 

PRICE: £2.25 
BUILDING 

PRICE: £2.26 

PRICE: £2.75 

PRICE: £3.00 

TEST INSTRUMENTS FOR ELECTRONICS 
by M. Clifford PRICE: £2.10 

110 ELECTRONIC ALARM PROJECTS FOR THE 
HOME CONSTRUCTOR 
by R. M. Marston PRICE: £3.20 
THE CATHODE-RAY OSCILLOSCOPE & ITS USE 
by G. N. Patchett PRICE: £4.00 
PRINCIPLES OF TRANSISTOR CIRCUITS 
by S. W. Amos PRICE: £4.45 
COLOUR T.V. WITH PART. REF. TO THE 
PAL SYSTEM 
by G. N. Patchett PRICE: £5.40 
COLOUR T.V. PICTURE FAULTS 
by K. J. Bohlrnan PRICE: £2.75 
PRINCIPLES OF PAL COLOUR T.V. & 
RELATED SYSTEMS 
by H. V. Sims PRICE: £2.50 
THE OSCILLOSCOPE IN USE 
by I. R. Sinclair PRICE: £2.80 
ELECTRONICS & RADIO 
by M. Nelkon PRICE: £3.10 
ELECTRONIC SYSTEMS FOR RADIO, T.V. 
& ELECTRONICS MECHANICS 
by R. Lewis PRICE: £3.45 

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 

The Home Radio Components catalogue has 200 pages fill- 
ed with over 5,000 items, well over a thousand of them 
illustrated. With every catalogue comes a free bargain list 

showing many items at such give-away prices that the 
savings can pay for the catalogue several times over. The 

catalogue costs just £ 1 plus 40p for post and packing. Send 
for one today! 

Yeah- it's electronic. 
ponentsm 

HOME RADIO ! 
Although the gear worn by today's electronic enthusiasts 
may differ from that sported by our friends in the photo, 
similar conversations can be heard any day of the week in 
this fair land of ours. Of course, the subjects under dis- 
cussion are by no means limited to musical instruments - 
they are as varied a:, the skill and ingenuity of modern man 
can devise. 

The components incorporated in them are even more varied, 
and thousands of them are to be found in the famous Home 
Radio Components catalogue. No matter what project you 
wish to tackle it will pay you to purchase this superb cata- 
logue and then, for quick and helpful service, to order your 
actual components from Home Radio. 

Please write your Neme and Address in block capitals 

NAME 

ADDRESS 

HOME RADIO (Components) LTD.: Dept. RC 
o34-240 London Road, Mitcham, Surrey CR4 3HD 

Reyd No 9,2966 London 
J 

HOME RADIO (Components) LTD. Dept. RC, 234-240 London Road, Mitcham, CR4 3HD. Phone: 01-648 8422 
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NEWS AND 
NEW NOISE CANCELLING MICROPHONE 

The new noise cancelling microphones from 
Selsound - Type 3500 (right), 

Type 4500 (left) 

From Selsound Limited comes the news that the 
Company's Engineers have developed a new noise 
cancelling microphone. This unit follows the Selsound 
type 2500, over 10,000 of which have been sold. 

The microphone - of which there are two 
variations, the 3500 and 4500 - is a miniature, 
pressure gradient,moving coil transducer which offers 
marked improvement in the quality of reproduction. 
It is for close talking applications and the Company 

has developed a new principle - for which a Patent 
has been applied - which makes it possible to utilise 
the special characteristics and the high magnetic 
energy of recently available rare earth materials. By 
utilising these materials, Selsound have found it 
possible to achieve small size while retaining good 
sensitivity. 

The design of Selsound types 3500 and 4500 com- 
bines high reliability allowing use under rough con- 
ditions and a large degree of shielding from external 
magnetic fields. The ability to discriminate between 
speech in close proximity and very high levels of en- 
vironmental noise, even approaching the threshold of 
pain, is claimed to be remarkable. 

The new module, designed to facilitate mounting, is 
available as a basic insert for inclusion in customer's 
own housings. alternatively, Selsound have produced 
an attractively styled, switched hand-held arrange- 
ment, and a boom mounting is available. 

Selsound is located in Victory Close Industrial 
Estate,Chandlers Ford, Eastleigh, Hants. 

Many constructors pursue their hobby 
without meeting fellow enthusiasts, either by 
choice or through force of circumstances. We 
always encourage readers to join radio clubs 
or organisations such as The Radio Society of 
Great Britain or The British Amateur Elec- 
tronics Club, as enthusiasts can then co- 
operate to mutual advantage. 

Electronics could not have developed to its 
importance in our everyday lives had not large 
numbers of people worked together as scien- 
tists, designers, manufacturers or indeed as 
amateurs - the latter having made a great 
contribution to radio communication in par- 
ticular. 

Therefore in this and other features we give 
news of activities and developments outside 
the scope of the individual shack or workshop. 
Such news can only be fragmentary in view of 
the enormous volume of activity. In this issue, 
for example, there is a brief report on some 
items of interest exhibited at Electronica 76, the 
great German electronics exhibition held last 
December. 

We feel that these short news items can add 
much of interest to your enjoyment of the hob- 
by and who knows you may discover, by acci- 
dent or design, some aspect of electronics 
previously overlooked which can be reported 
in these pages. 

AGFA CARAT CASSETTES - FERUM + CHROM NOW AVAILABLE 
The advanced dual coating in AGFA 

CARAT cassettes produces a tape of 
maximum sensitivity for both high 
and low frequencies and at the same 
time offers a minimal degree of distor- 
tion. 

The upper coating of chromium 
dioxide has optimum properties for 
recording high frequencies, whereas 
the lower layer of iron oxide ensures 
first class reproduction of the low fre- 
quencies. The result is a riew type of 
cassette which gives genuine hi-fi per- 
formance, which previously might 
only have been expected from reel-to- 
reel tape. 

AGFA claim the following im- 
provements over low -noise iron oxide 
cassettes and chromium dioxide 
cassettes (optimal bias setting in each 
case): Noise level - 4.5 dB better than 
iron oxide. Frequency response - 3 

dB better than chromium dioxide. 
Max. output level -4 dB better than 
iron oxide, 1.5 dB better than 
chromium dioxide. Dynamic range - 
8.5 dB better than iron oxide. 

Ideally, a new setting Fe -Cr on the 
recorder is desirable to achieve the 
most from these new cassettes, but the 
improved dynamics still offer a con- 
siderable advantage in sound quality 
over other cassettes when used on con- 
ventional machines. On recorders with a 
manual Fe or Cr change -over system, 
the qualities of the new cassette will be 
turned to the best account when recor- 
ding is carried out in Fe mode and 
reproduction in Cr mode. 

Further information from: Agfa - 
Gevaert Limited, 27, Great West 
Road, Brentford, Middlesex. 
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COMMENT 
12th APPLETON LECTURE 

Sir Edward Appleton's pioneering work in the 
1920's and 1930's on wave propagation in the 
ionosphere has helped broadcasters and other com- 
municators considerably in understanding the 
medium they use: In the 12th Appleton Lecture given 
to the Institution of Electrical Engineers (IEE), 
James Redmond, Director of Engineering of the 
BBC, described the nature of the various ionospheric 
effects first brought to light by Appleton's work and 
discussed the possible broadcasting developments 
based on an understanding of_these effects. 

Appleton's research led to ,the discovery of the up- 
per reflection layer of the ionosphere (the Appleton 
layer) and made possible the calculation of 
transmitter ranges on the MF band and the levels of 
interference from distant stations. As a result of this 
end subsequent work by others, the broadcaster has 
been able to predict the sometimes beneficial and 
sometimes harmful effects of ionospheric and other 
reflections on transmissions in bands which now 
range from a few hundred kiloherz to many gigaherz. 

'TELEVISION AND RADIO 1977' 
The first twenty-one years of Independent Broad- 

casting, including the evelopment of the Indepen- 
dent Television and Independent Local Radio 
transmitter networks, are reviewed in the Indepen- 
dent Broadcasting Authority's annual handbook, 
"Television and Radio 1977", published on 4th 
January. 

A new television relay station is opened by the IBA 
almost every week and at the end of 1976 some 250 
UHF transmitting stations were in operation, bringing 
39 people out of 40 in the United Kingdom within 
range of colour television. Many more stations re- 
main to be built, however, in order to provide im- 
proved reception for outlying districts. 

An important section of the handbook, "Better 
Viewing and Listening", is devoted specifically to 
technical operations. It describes how to get the best 
reception of television and radio programmes, gives 
details about the transmitting stations and looks at 
the latest technical achievements of the IBA. 

In 1976 the colour service reached the Channel 
Islands, new areas of the Highlands and Islands of 
Scotland and other remote parts of the United 
Kingdom. "Bringing the Pictures to You" describes 
some of the problems involved in extending the ser - 
.vice. 

"Technical Developments in Broadcasting" looks 
at the practical application of new developments and 
at the IBA's role in the engineering field, and 
describes the IBA's long-term plans for streamlining 
the running of its UHF transmitter network. "The 
Sound of ILR" examines the technical requirements 
of local radio, and "Good Listening to ILR" and 
"Good Viewing of ITV explains how to get the best 
reception. 

"Television and Radio 1977", is a comprehensive 

FM INTERCOM 

«KUM« 

111.1111111.11111111111.111181.11.11.11 

This new F.M. Intercom provides very clear two 
way communication which can be up to a distance of 
three-quarters of a mile, but both stations must be 
plugged into the same side of power line distribution 
normally on one side of the street. 

The frequency of the unit is pre-set at 145 kHz and 
should not be adjusted. 

Model FN1113S comprising two stations costs £60 
and additional stations cost £30 each. 

Model FN116S comprising three stations costs 
£105 and additional stations cost £35 each. An addi- 
tion of 12-r/0 for V.A.T. must be added to all costs. 

The units are obtainable from Hadley Sales Ser- 
vices, 112 Gilbert Road, Smethwick, Warley, West 
Midlands B66 4PZ. 

and detailed guide to the workings of Independent 
Television and Independent Local Radio. It 
describes the work of the IBA and the programme 
companies. 

"Television and Radio 1977", 224 pages, 9in x 72in, 
over 300 illustrations (many in colour). Price £1.40, 
available from newsagents and booksellers. 

52 

"Have you got a bent hairpin by any chance?" 
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INTEGRATED 
CIRCUIT 

T.R.F. TUNER 
by F. G. Rayer 

This is a simple medium and long wave tuner incorporating 
the integrated circuit type ZN414. Although primarily intended 
to be employed with an amplifier which was described in an 
earlier issue, the circuit can be readily modified to adapt it for 
use with most other amplifiers or with high impedance head- 

phones. 

In the July 1976 issue of this journal the author 
described a `General Purpose I.C. Amplifier,' this 
having its own a.c. mains supply and internal 
speaker, and incorporating an LM380N a.f. in- 
tegrated circuit. In a second short article, `General 
Purpose Pre -Amplifier' which appeared in the 
November 1976 issue, details were given of a single 
transistor pre -amplifier which could be added to the 
main LM380N amplifier. The present article 
describes a ZN414 t.r.f. tuner which may also be, 
employed with the LM380N amplifier (either with or 
without the pre -amplifier) to give loudspeaker recep- 
tion of medium and long wave signals. The tuner is 
capable of receiving local and some Continental 
signals on medium waves and, in areas of reasonable 
signal strength, the Radio 2 long wave signal on 1,500 
metres. 

Construction of the tuner should raise few problems 
and the only item of test equipment required is a mul- 
timeter having a sensitivity of 10,0002 per volt or 
better on its voltage ranges. 

CIRCUIT DIAGRAM 

'The circuit of the t.r.f. tuner appears in Fig. 1, and 
it will be noted that this is based on the integrated cir- 
cuit type ZN414. This i.c. provides a high level of r.f. 
amplification and includes a transistor detector. 

L1 and L2 are the medium wave and long wave sec- 

tions of the ferrite rod aerial, L2 being short-circuited 
by S1 for medium wave reception. The ferrite aerial is 

Ferrite 
aeria, 

rn 
111 

L1 Ill 
Ili 

1 

`2 IÌ 

1 ,2 
0 0` 

a 3 

414 

.eod -outs 

VC 

2 

Fig. 1. The circuit of the t.r.f. tuner. This incor- 
porates a ZN414 i.c. 
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COMPONENTS 

Resistors 
(All fixed values ; watt 5%) 
R1 100kí1 
R2 680 f1 

R3 330 Cl 

R4 5.6k S1 

R5 4700 or 5000 pre-set potentiometer, 
0.1 watt skeleton, horizontal 

Capacitors 
Cl 0.01µF type C280 (Mullard) 
C2 0.111F type C280 (Mullard) 
C3 0.1µF type C280 (Mullard) 
C4 4.7,u 'F or 5µ.F electrolytic, 6 V. Wkg. 
VC1 208pF variable (see text) 

Inductors 
Ll, L2 medium and long wave ferrite 
aerial type MW/LW.5FR (Denco) 

Integrated Circuit 
IC1 ZN414 

Switch 
S1 s.p.s.t., miniature slide (see text) 

Socket 
SKl 3.5mm. jack socket 

Miscellaneous 
Case and front panel (see text), 
Control knob 
Veroboard, 0.15in. matrix 
Aluminium sheet (for brackets) 
S.R.B.P. strip 
Wander plug and socket (see text) 
Bolts, nuts, wire, etc. 

a ready -wound Denco component, and if difficulty is 
experienced in purchasing this through retail sources 
it may be obtained direct from the manufacturer, 
Denco (Clacton) Ltd., 357/9 Old Road, Clacton -on - 
Sea, Essex, C015 3RH. The tuning capacitor 
recommended should have a maximum capacitance 
of 208pF, and this can consist of one section of a 
Jackson type '00' 208 +176pF 2 -gang capacitor, no 
connection being made to the 176pF section. Alter- 
natively, a Jackson type '01' single gang 208pF 
capacitor may be employed, this being available from 
Home Radio. 

In ZN414 circuits the tuning capacitor is usually 
connected directly across the ferrite aerial coils, but 
in this circuit it couples to the aerial coils via the 
bypass capacitor Cl. This method of connection 
causes no difference in circuit operation, and it allows 
the tuning capacitor to be directly mounted, without 
insulation, on a metal front panel which is common 
with the negative supply rail. Rl is the usual input 
bias resistor and R2 the output load for the ZN414. 
C2 bypasses the r.f. content of the output signal whilst 
C3 couples the detected a.f. signal to the output jack 
socket. 

When used with the General Purpose I.C. 
Amplifier, the tuner receives its positive supply from 
the rectified supply in that amplifier. A single in- 
sulated red wander plug socket is added at the back of 

the amplifer, this being connected to the positive side 
of the 2,5001F reservoir capacitor inside the 
amplifier. A flexible lead from the tuner terminated 
in a matching wander plug is then connected to this 
socket, whereupon the positive supply is applied to 
R4 of Fig. 1. The current drawn by the tuner is very 
low and it can be used with the amplifier when the 
latter incorporates a mains transformer having a 
secondary rated at 100mA. 

The supply voltage required by the ZN414 is in the 
range of 1.2 to 1.6 volts maximum, the manufac- 
turer's recommended voltage being 1.3 volts. This 
voltage is that across C4 and is applied to the i.c. out- 
put load resistor, R2. The supply voltage from the 
amplifier is dropped to the required level by means of 
the potential divider given by R4, R3 and R5. R5 is a 
pre-set potentiometer and is set up so that the desired 
voltage may be obtained. It is adjusted after the tuner 
has been assembled and connected up to the 
amplifier. R5 is initially set to insert minimum 
resistance into circuit, i.e. its slider is at the lower end 
of its track as depicted in Fig. 1. A voltmeter having a 
sensitivity of 10,000 fl per volt or better and switched 
to a suitable low voltage range is connected across C4, 
after which the resistance inserted by R5 is slowly in- 
creased until the voltmeter indicates 1.3 volts. The 
voltmeter is then removed. After some experience 
with the tuner has been obtained and the two ferrite 
aerial coils are correctly positioned on the ferrite rod 
R5 may be readjusted, with the voltmeter once more 
connected across C4. It will be found that at higher 
voltages below the maximum of 1.6 volts there are 
whistles at part or all of the tuning range. In general, 
it will be found that best reception is given when the 
voltage across C4 is just below the level at which the 
whistles appear. The voltage across C4 must not be 
allowed to exceed 1.6 volts. 

The tuner output is coupled to the amplifier input 
by way of a screened lead having a 3.5mm. jack plug 
at each end. The screened lead braiding connects to 
the sleeve contact of each plug, and the centre wire to 
the tip contact. If the amplifier has the pre -amplifier 
incorporated, the plug from the tuner is fitted into the 
socket which couples to the LM380N input and not to 
the socket which couples to the pre -amplifier. The 
screened lead braiding also carries the negative supp- 
ly from the amplifier to the tuner. 

DIFFERENT VOLTAGES 
If the tuner is to be employed with an alternative 

amplifier from which a different supply voltage is 
available, the value of R4 may be changed according- 
ly. Fig. 2 shows the values required in R4 for supply 
voltages of 3, 4.5, 6 and 9 volts. With these different 
voltages, R5 is adjusted for the requisite ZN414 supp- 
ly voltage across C4 in the manner just described. 

Supply voltage Value of R4 

3V 820n 

4-5V 1.5kn 

6V 2.2kn 

9V 3.9kn 

Fig. 2. Table showing alternative values for R4 
at different supply voltages 
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Fig. 3. The copper side of the Veroboard panel. 
The components appear on the other side of 

this panel 

SKI 

If it is desired that the tuner be a self- contained tuner with its own supply C4, R3, R4 and R5 can be omitted. A single 1.5 volt dry cell type HP7 or similar is then used for the ZN414 Supply. Its negative side is connected to the negative supply rail and its positive terminal via an on -off switch to R2. The circuit may then also be employed as a receiver 
in its own right by plugging a pair of sensitive high resistance headphones (2,00052 per phone) into the output socket. Incidentally, a single high impedance earphone will not normally have sufficient sensitivity 
for satisfactory operation in this manner. 

CONSTRUCTION 
The small components are assembled on a piece of Veroboard of 0.15in. matrix having 18 holes by 10 copper strips. The underside of this board is shown in Fig. 3. Note that a jumper consisting of bare tinned copper wire connects to seven of the strips. This wire is on the copper side of the board. So, also is the short jumper wire under R5. 
The author's tuner was assembled in a plastic case measuring approximately 6 by 4 by 4in. and having a metal front panel. Any plastic case of similar size which is capable of taking the components, and which has a plastic or metal front panel may be employed. A 

xeeeey.,,. 

The parts of the receiver are secured to the front panel. The disc ceramic capacitors visible 
in the Cl, C2 and C3 positions were later 

replaced by plastic foil components 

402 

possible case is given by a small plastic `lunch box' 
with the lid used as the front panel. These boxes are quite strong but the material of which they are made 
is rather brittle and care is needed when drilling 
holes; the drill used should be sharp and only light pressure should be applied. A good appearance can be given with lunch boxes by painting them on the inside. 
The paint must be absolutely dry before the lid is 
finally fitted. 

A small bracket cut out from aluminium sheet is secured with 6BA screws and nuts to the 6BA clear 
holes in the Veroboard panel. This bracket is on the component side of the board. The bracket extends so that it is clamped between the front plate of the tun- ing capacitor and the front panel, as indicated in Fig. 
4. Both the front panel and the bracket will require three 4BA clear holes to allow screws to pass into 4BA tapped holes in the tuning capacitor front plate. These screws need to be short, as their ends must not pass more than fractionally inside the capacitor front plate or the capacitor vanes will be damaged. Either a 

SKI 

Front panel S.R.B.P. strip 
(5/ex2") 

VC1 

Bracket 

01111111111111111111 

Bracket 

Fig. 4. Final wiring details. The lead from SK1 marked 'MC' is not needed if a metal front pan- el is used and the socket has an open construc- 
tion 

large central hole for the spindle and the ball race may be provided, or a smaller hole can be drilled and metal spacing washers fitted over the 4BA screws between the bracket and the capacitor front plate. The bracket provides the connection between the Veroboard panel and the capacitor moving vanes. If the front panel is plastic, or if the output jack socket is of insulated construction, a solder tag should be fitted on the component side of the board at the point marked 'MC' in Fig. 3. The sleeve contact of the socket is then connected to this tag. With a metal pan- 
el and an output socket of open construction the sleeve contact is connected to the negative rail via its mounting nut and bush. 

R5 is an 0.1 watt horizontal skeleton potentiometer 
with 0.2in. spacing between track tags and 0.4in. spacing between track and slider tags. Its tags fit com- fortably into the Veroboard holes indicated in Fig. 3. Unnecessary stray capacitive coupling between lead - outs 1 and 2 of the i.c. tends to cause instability and so 

RADIO & ELECTRONICS CONSTRUCTOR 



only lead -outs 1 and 3 are soldered to the Veroboard 
panel. An extension wire is soldered to lead -out 2 of 
the ZN414 and this is taken directly to the fixed vanes 
tag of the tuning capacitor. 

A small right angle bracket is secured to the front 
panel and a strip of s.r.b.p. is bolted to this, as in Fig. 
4. A band of stout card or flexible plastic is arranged 
to go round the ferrite aerial rod at its centre, and its 
ends are secured to the end of the s.r.b.p. strip with a 
6BA bolt and nut. The bolts and nuts at the small 
metal bracket are 6BA also. 

The Denco ferrite aerial has a base coupling win- 
ding on the medium wave coil and a tap in the long 
wave coil. These are ignored and the appropriate 
leads are rolled up out of the way. If necessary, they 
can be secured with adhesive to ensure that they do 
not make contact with component connections. L1 
and L2 are connected in series, as in Fig. 4, with their 
junction soldered at Si. Fit L2 so that the direction of 
the winding is the same as that of Ll. This can be seen 
by examining the coils or by following the maker's 
data. 

The layout on the front panel is not critical. The 
tuning capacitor is mounted to the right and switch S1 
to the left, both being centrally positioned between 
the top and bottom of the panel. The output jack 
socket is mounted near the bottom left-hand corner of 
the panel. The author covered the panel with self- 
adhesive decorative plastic, this having a wood grain 
appearance to match the sides and top of the 
amplifier. A simple scale can be fitted behind the 
knob for the tuning capacitor. S1 will normally be 
available as d.p.d.t. The unused contact tags are ig- 
nored. 

Another view of the parts fitted behind the 
front panel 

When construction is complete and the wiring has 
been carefully checked, the tuner is coupled to the 
amplifier with which it is to be used. R5 is next set up, 
as already described, for a voltage of 1.3. volts across 
C4. L1 is then moved along the ferrite rod until cor- 
rect medium wave coverage is given. After this, L2 is 
moved along the rod such that Radio 2 on 1,500 
metres is received at approximately the centre of the 
tuning range. 

R5 is later given its final adjustment and the tuner 
is then ready for use. 

CITIZENS' BAND ANNOUNCEMENT 
BY R,S.G.B. 

The Society is aware of the numerous items that have 
appeared on this subject in various journals both as cor- 
respondence and as feature articles. It is apparent that much 
of this material has been generated by those who will profit 
financially from the introduction of the facility rather than 
potential users. 

The Society is often asked to state its policy on a citizens' 
band. It is somewhat difficult to offer an informed opinion 
on a matter concerning which nothing definite is known. 
Understandably no guide lines are available from the ad- 
ministration regarding the various possibilities and it is in 
this context that the following statement is made. 

The matter of a citizens' band is under continual con- 
sideration by the Society's Telecoms Liaison Committee and 
the Council approves its present views which are: 
(a) The RSGB exists to safeguard the interests of its mem- 

members and of the Amateur Service in the UK. The 
Amateur Service is a defined service in the Radio 
Regulations (Geneva 1976) and is accorded world wide 
status in the same way as the professional services. A 

citizens' band facility exists only where a national ad- 
ministration is prepared to set aside spectrum space for 
this use. 

(b) While the RSGB may have no direct interest in a citi- 
zens' band facility by its present articles of association it 
must, in the interests of its members, take heed of 
developments likely to affect the Amateur Service. 

(c) The major consideration affecting the introduction of 

any new facility is the ability of the administration to ex- 
ercise complete and effective control. Anything less is not 
acceptable. 

(d) The RSGB is not opposed to the introduction of a short 
range personal communications facility provided that its 
location in the spectrum and the equipment used are 
suitable. The 27MHz band as used in the USA and some 
European countries is probably one of the most unsuitable 
frequency bands that could be envisaged. There are three 
main reasons: 

(i) its proximity to the amateur 28MHz band and the 
consequent availability of high power equipment 
together with the ease of illegal operation in this 
band, 

(ii) the existence of long distance propagation during 
part of the sunspot cycle, and 

(iii) the interference to television receivers, particularly 
those operating in Band 1. 

Having regard to equipment now available it would 
appear that a vhf or uhf fm service with power limitation, 
crystal control and type approved apparatus could be 
suitable. 

(e) Location of a citizens' band within an existing amateur 
amateur service allocation is not acceptable to the RSGB. 
Further, if this facility is eventually allowed it ought to be 
located in a part of the spectrum remote from any 
amateur allocation to prevent illegal operation in an 
amateur band such as is now experienced in the USA. 
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TURNING 
TRANSISTORS 

ON 
by J. M. Carstairs 

A useful short-cut in finding the max- 
imum base bias resistance value which 

will turn a transistor fully on. 

In electronic switching applications we frequently 
encounter the situation illustrated in Fig. 1. A tran- sistor is required to apply almost the full supply potential across a load in its collector circuit, the tran- sistor being turned hard on by the current flowing through the base bias resistor. This resistor is return- 
ed (either directly or effectively) to the same supply rail as the load. A typical load can be a relay coil. 

The basic circuit of Fig. 1 appears twice in the astable multivibrator of Fig. 2. The multivibrator 
does not necessarily require that each transistor turns hard on during the period in the multivibrator cycle when it is conducting, but it is normally preferable that this should happen. In consequence, the 

Base bias 
resistor 

l 
!Load I 

Fig. 2. The circuit of Fig. 1 appears twice in a 
standard astab/e multivibrator 

available bias current for each transistor in the mul- 
+ tivibrator should be sufficiently high to turn the tran- sistor fully on. 

Fig. 1. A commonly encountered circuit in 
which it is required that the transistor be turn- 

ed fully on 

BIAS RESISTOR VALUE 

Fig. 3(a) repeats the circuit of Fig. 1 with a 9 volt 
supply and the collector current value added. The 
transistor employed has an hFE range of 100 to 500 
with the result that, if we are unlucky enough to pick 
a transistor which is right at the bottom of the current 
gain spread, it would have an hFE of 100 only. If our 
design is to be successful, with the transistor turned 
fully on, we must find a base bias resistance value 
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+9V +9V 

RB 

9 
RL 

hFE =100-500 

(a) 

9 
IO0xRL 

RB 

(b) 

RB - 9 
9 

100x RL 

9xIOOxRL 
9 

= IOOxRL 

(c) 

Fig. 3(a). An example of the circuit with collector current noted. (b). The minimum base current needed 

for satisfactory operation. (c). Calculating the corresponding maximum value for the base bias resistor 

which caters for a transistor with this low gain figure. 

We now make two assumptions. First, we assume 
that the voltage across the emitter and collector of the 
transistor when it is turned on is negligibly low and 
can be ignored. And, second, we assume that the 
voltage across the base and emitter is also negligibly 
low. Following these assumptions, the voltage across 
RB is always 9 volts, as is the voltage across RL when 
the transistor is turned hard on. From Ohm's Law (I 
= E/R) the current flowing in RL is 9 divided by RL. 

To allow for the lowest gain transistor, the base 
current flowing in RB must be at least one -hundredth 
part of the current flowing in RL. This base current is 
shown in Fig. 3(b). Since there is an assumed 9 volts 
across RB we can now, from Ohm's Law (R = E/I), 
find the corresponding value of RB. This we do in Fig. 
3(c), to arrive at the fact that RB is 100 times RL, and 
that the supply voltage does not even enter the final 
equation. 

And this is all there is to it. Whenever we have a 
configuration like that of Fig. 1, we first check the 
hFE figures for the transistor concerned. We then 
multiply the collector load resistance by the lowest 
hFE figure in the spread and ascribe that as the max- 
imum satisfactory value for the base bias resistor. 
Normally, it pays to be generous with base current in 
applications like this and so we would in practice give 
the base bias resistor a lower value than that 
calculated from the load resistance and hFE figure. 

EXAMPLES 

Several examples may be of help here. Let us say 
that we have a BC237 with a 1k f1 load in its collector 
circuit. The BC237 has an hFE spread of 125-500, so 
what base resistance do we require to ensure that it is 
fully turned on? The answer is 125 times lkí2, or 
125kí2. In practice we would clinch the matter by 
using a base resistor of say, 100kí2, 75kí), or even 
less. 

In another circuit we have an ACY20, whose hFE 
spread is 50-145, and we connect a relay coil in its 
collectbr circuit. The coil has a resistance of 600 S2. 

The corresponding calculated maximum base bias 
resistance is then 50 times 6O0í2, or 30kí2, and we 
would in practice use a value of 24k 12 or less to ensure 
that the relay is fully energised by the transistor. 

The base bias resistance given by multiplying the 
collector load resistance by the lowest hFE figure 
always gives the maximum value which will ensure 
that the transistor turns fully on. Values lower than 
the calculated maximum value are in order whilst 
values above the calculated value should never be 
employed. In some instances the hFE values quoted 
for a transistor are at collector currents far removed 
from the collector current we wish to employ. To play 
safe it is best then to use a base bias resistor which is 
quite considerably lower than the calculated max- 
imum value and it could, say, be made lower than 
half the calculated value. 

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

We retain past issues for a period of two years and we can, occasionally, supply copies more than two 
years old. The cost is 40p plus 11 p postage. 

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

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

WAVE 

PRESELECTOR 
This preselector design incorporates its 
own ferrite rod aerial and employs a dual 
gate MOSFET in the interests of low 
cross -modulation. It is primarily intended 
for use with the medium wave DX- 
superhet described in the last two issues. 

Although this preselector has been designed 
specifically for use in conjunction with the medium 
wave DX superhet described in the last two issues of this journal, it can also be employed with a commun- 
ications receiver which is being used for medium wave DX reception. The unit is completely self-contained, 
and the only external connection that is necessary is that joining the output of the preselector to the aerial 
input socket of the receiver. 

CIRCUIT 
The circuit of the preselector is very simple, and it 

incorporates only a single active device. Fig. 1 shows 

Ll 

Ferrite 
aerial 

G2 
40673 

GI 
Lead -outs 

Fig. 1. The circuit of the medium wave 
preselector 

+9V 

by 
R A. Penfold 

the complete circuit, and it will be seen that it just 
consists of a ferrite aerial feeding a dual gate 
MOSFET common source amplifier. 

In the diagram, Ll is the ferrite aerial winding and 
VC1 the tuning capacitor. VR1 is the r.f. gain control 
and it also forms the source bias resistor for TR1. Cl 
is the source bypass capacitor. 

When the g2 of TRl is a little above chassis poten- 
tial, the gain from gl is quite high. Reducing the g2 
voltage results in a reduction in gl gain. TRl g2 con- 
nects to the slider of VR1, whereupon the gain of the 
preselector will be at a minimum when VR1 slider is 
at the lower end of its track, and at a maximum when 
the slider is at the top. 

Rl forms the drain load for TRl, and C2 couples 
the output from TRl drain to the output socket. This 
capacitor is required in order to provide d.c. blocking. 
C3 gives supply decoupling and Si is the on -off 
switch. 

The output impedance of the preselector is quite 
low and it provides a signal which is large enough to 
give excellent results with any reasonably sensitive 
receiver. Power is obtained from a PP3 battery, which 
has an extremely long life as the typical current con- 
sumption is only about 1mA. 

Long ferrite aerials are said to have better direc- 
tional properties than short ones, and so a rod about 
200mm. (7;in.) long has been used here. The ferrite 
aerial used in the prototype was a dual wave Denco 
type FRA.1 with the long wave coil removed. 

CASE CONSTRUCTION 
A suitable case for the project is easily constructed 

from 18 s.w.g. aluminium sheet and 4mm. plywood. 
Details are given in Fig. 2. The front and rear panels 
are cut out from the aluminium, whilst the top, bot- 
tom and two sides are in plywood. 

The drilling of the front panel is quite straight- 
forward apart from the three 4BA clear mounting 
holes for VC1. These holes correspond with three 4BA tapped holes in the front plate of the capacitor frame, 
and they may be marked out with the aid of a small 
paper template. This has a ;in. central hole cut out 
in it which is passed over the spindle of the capacitor; 
the positions of the three holes are then marked on the 
paper with a pencil, after which the paper is transferred to the front panel so that the three holes 
may be marked out there. When mounting the 
capacitor, fit spacers or washers between the front 
panel and the capacitor front plate to space the 
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COMPONENTS 

Resistors 
Rl 100ß , =, watt 10% 
VR1 1kí2 potentiometer, linear 

Capacitors 
Cl 0.047µ F type C280 (Mullard) 
C2 0.011.c F type C280 (Mullard) 
C3 0.1p, F type C280 (Mullard) 
VC1 365pF variable, type 01 (Jackson) 

Inductor 
L1 Ferrite rod aerial type FRA.1 (Denco) 

Transistor 
TRI. 40673 

Switch 
Si s.p.s.t. rotary 

Socket 
SK1 Coaxial socket, flush mounting 

Miscellaneous 
2 small control knobs 
Large control knob 
9 -volt battery type PP3 (Ever Ready) 
Battery connectors 
4 rubber feet 
Plain perforated s.r.b.p. panel, 0.lin. matrix 
Materials for case (see text) 
Wire, nuts, screws, etc. 

capacitor off slightly. The three 4BA mounting bolts 
must be short; if their ends pass more than fractional- 
ly inside the front plate of the capacitor they can 
damage the fixed or moving vanes. When SKI. is 
mounted, a solder tag is fitted under the securing nut 
nearer Si. This last component, incidentally, can be 
any small s.p.s.t. switch. The switch visible in the 
photographs is a multi -pole type with no connections 
made to the unused poles. 

Not shown in Fig. 2 are two holes which are needed 
at each end of the front panel for mounting it to the 
wooden part of the case. These holes are best marked 
out and drilled after the wooden sections have been 
assembled. 

The rear panel is identical with the front panel ex- 
cept, of course, that it does not require the holes 
shown in Fig. 2 for the controls and output socket. 

A good quality adhesive such as Bostik No. 1 is 
employed to glue together the sides, base and 12 by 
12mm. reinforcing corner pieces. When the glue has 
set firmly, the front and rear panels are fixed in posi- 
tion with woodscrews passing into the corner pieces, 
four screws for each panel. Note that the panels are 
set back from the front and rear of the wooden section 
by about 6mm. Four rubber feet are affixed at the 
corners of the base. 

The lid of the case has the same dimensions as the 
base. It is held in place by a woodscrew at each cor- 
ner, the screws passing into the upper ends of the rein- 
forcing corner pieces. An attraçtive finish can be im- 
parted to the case by giving the wooden parts several 
coats of paint or applying a self-adhesive plastic 
material, such as Fablon. A satin varnish was 

19 4BA clear 

lo dia---_-- 
-12 dia 

-a 
. j o 0 VC 56 28+ V o ----- 

6 

125x56 - 
plywood 
side 

1 

6 

All dimensions 
in mm 

40 -*I.- 50 y 
250x 125 plywood base 

- 55 55 

12 x 12 x 56 wooden 
blocks 

Front panel, rear panel -18 s.w.g.aluminium 

Top, base, sides -4 mm plywood 

Fig. 2. Constructional details for the front panel 
and the case. The rear panel and the case top 

are described in the text 

employed with the prototype. 
The approximate positions taken up by the compo- 

nent panel (to be described next) and the ferrite aerial 
are also shownin Fig. 2. The aerial is supplied com- 
plete with two mounting brackets. These are secured 
to the base of the case by means of four 6BA bolts and 
nuts. As already stated, the long wave coil is removed. 
The ferrite rod is not fitted permanently to its 
brackets until after the mounting holes for the compo- 
nent panel have been drilled and the panel mounted 
in place. This is because it may be damaged otherwise 
during the drilling and mounting operation. 

The layout inside the case. The ferrite aerial is 
well clear of large metal areas and is, in con- 
sequence, capable of offering a high efficiency 

FEBRUARY 1977 407 



6BA 
clear 

The ease of construction is well exemplified by 
this view of the component panel 
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Fig. 3. How the parts on the component panel 
are assembled and wired up 

COMPONENT PANEL 
Fig. 3 gives details of the wiring on the component 

panel. The parts are assembled on a piece of plain 
perforated s.r.b.p. board of 0.1in. matrix having 16 by 
16 holes. 

The two 6BA clear mounting holes are first drilled 
out and the board is then employed as a template for 
marking out and drilling the corresponding two holes 
in the bottom of the case. The components are next 
wired up on the board, flexible insulated wires being 
fitted for external connections. The board is then 
mounted with 6BA bolts and nuts to the case bottom. 
Spacing washers are required between the board and 
the case bottom as, without these, the panel may 
crack when the nuts and bolts are tightened. 

The connections external to the board are then 
completed. The lead to `VR1 and chassis' connects 
first to the track tag of VR1 which corresponds to full 
anticlockwise rotation of its spindle. A second lead 
then continues this connection to the tag under the 
securing nut for SKI.. The lead to `VR1' connects to 
the remaining track tag of the potentiometer. The 
lead to `VC1 and Ll' connects to the fixed vanes tag of 
VC1, to which is also connected one lead of the ferrite 
aerial winding. The other external connections in Fig. 
3 are self-evident and require no further explanation. 

The remaining ferrite aerial winding lead connects 
to the tag of VR1 which has already been connected to 
the solder tag at SKI.. The negative battery lead con- 
nects to the tag at SK1, whilst the positive battery 
lead connects to the appropriate tag of switch Si. The 
battery is installed at the extreme left end of the case, 
as seen from the front. 

It will be noted that, whilst the front panel is at the 
same potential as the negative supply rail, no connec- 
tion is made to the rear panel. There is no necessity to 
make any connection to this panel. 

USING THE UNIT 
The preselector is connected to the receiver via a 

length of 75 fl coaxial cable, the outer braiding of 
which bonds together the preselector front panel and 
the receiver chassis. The coaxial cable should be no 
longer than is absolutely necessary. 

VC1 should always be adjusted to peak the desired 
signal, and it will need adjustment every time the tun- 
ing of the receiver is changed by a significant amount. 
This will ensure the greatest freedom from unwanted 
signals and will provide good stability. The tuning of 
the preselector is quite sharp, but there is no need to 
fit a slow motion drive if a large control knob is fitted. 

The position of the coil on the ferrite rod deter - 

A view from the rear, illustrating the manner in 
which the ferrite aerial rod is mounted 

ir,>iiieaía 
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mines the frequency coverage of the unit. The coil can 
be placed in any position which enables VC1 to tune 
over the same range as the receiver. The preselector 
covers a range of frequencies that is wider than the 
normal medium wave band, and the positioning of the 
coil is therefore not critical. When a suitable position 
has been found, the coil is held in place on the rod by 
means of a band of insulating tape. This ensures that 
the coil will remain firmly in the correct position. 

It would be normal practice for the r.f: gain control 
in the preselector to be advanced no further than is 
necessary to provide good signal strength from a 
desired transmission. Too high an output could cause 
an excessive signal level in the receiver and increase 
the possibility of cross -modulation with unwanted 
signals. However, the author found that, with a 
MOSFET in the preselector and another in the 
receiver mixer stage, there was very little trouble with 
cross -modulation even when the r.f. gain control was 
well advanced. The good r.f. selectivity resulting from 
the use of the preselector also aids in giving freedom 

The preselector alongside the medium wave 
DX superhet which was described in the last 

two issues of this journal 

from cross -modulation. 
If the preselector is employed with receivers other 

than that described in the last two issues the risk of 
cross -modulation may be higher, whereupon the set- 
ting of the preselector r.f. gain control is more impor- 
tant. 

It should be remembered that the ferrite aerial is 
directional. If necessary, the preselector can be rotated 
so that it peaks a wanted signal or nulls an interfering 
signal. 

Pioneers. By The Sea 
by Ron Ham 

There are few things which will restrain the enthusiasm of the keen radio 
amateur who is working with new equipment at frequencies higher than 
the norm. Our contributor reminisces on two sets of experiments separated 
by 30 years and both, strangely enough, centred on Littlehampton in 

Sussex. 

Since the late 1940's, frequencies in the range of 40 
to 70MHz have been employed by the BBC to provide 
many homes in the United Kingdom with television 
pictures and, during the past decade, radio amateurs 
have freely used frequencies above 1,000MHz for 
communication. 

Today, we are inclined to take these facts for 
granted, but things were not always like this as the 
writer discovered recently when researching material 
about early amateur radio activity. 

REPORT FROM 1932 
In September 1932 the following item was publish- 

ed in The T. & R. Bulletin which, at that time, was 
the official journal of the Radio Society of Great Bri- 
tain. 

'The event of the month was a 56mc. camp by the 
sea. On Saturday, July 26, G2DC, G6GZ and 2BRP 
went down to Rustington, Sussex, with a complete TX 
and fixed up the camp. 

'With the dawn of Sunday came the rain, which 
continued throughout the day. In spite of the awful 
weather, G2NH, G2YD, G2DZ, G2MR, G5JZ, G5UI, 
G6NK, and G6BU arrived during the course of the 
morning. By this time, the weather was so bad that it 
was decided to abandon the camp and to move into 
Littlehampton. This was done, and midday found us 
with the 56mc. transmitter set up in a garage. The 
aerial, a half -wave ZEPP, was attached to an old cur- 
tain pole stuck in the ground and about 10 feet high. 

G2DC then cruised about Littlehampton with his 1LX 
in a car and R9 signals were received while on the 
move with little or no difficulty.' 

30 YEARS LATER 

This reminded the writer of an event he witnessed 
30 years later, almost to the day, when a small group 
of amateurs carried out a similar experiment. But this 
time the frequency used was 1,240MHz higher. 

In July 1962, G3FP and G3FEX met at the 
Littlehampton house of the late Eric Cosh, G2DDD, 
where Eric had previously installed some home-brew 
equipment for the 23 centimetre band. During the 
morning, G3FEX arrived by car in which he had his 
23 centimetre transmitter and an 18 inch dish reflec- 
tor behind a FEX special dipole. 

After lunch, G3FP and G2DDD settled down by 
their receiver while G3FEX set off with ,his 
transmitter on a tour around Littlehampton in his 
car, with the writer sitting in the back holding the dish 
aerial out of the window. 

On arrival back at G2DDD, we were told that 
strong signals were removed most of the time, and the 
reflection of these u.h.f. signals from high buildings 
was very pronounced. Incidentally, this latter experi- 
ment took place over 14 years ago, long before today's 
super semiconductors were available for the band. 

The enthusiasm of these radio pioneers should 
never be forgotten. 
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RECENT PUBLICATIONS gto 
SEMICONDUCTOR DEVICES. By Noel M. Morris. 191 pages, 235 x 150mm. (9+x 6in.) Published 
by The Macmillan Press Ltd. Price £4.35. 

The title of this book is no misnomer; it is designated "Semiconductor Devices" and it covers all semiconductor devices currently in use. For completeness it even takes in liquid crystal displays, although these are not in the semiconductor family. 
The book commences with the physical basics of semiconductor materials, discussing atomic structure, energy bands, Fermi energy level, holes, electrons and allied subjects up to metal -to - semiconductor junctions and applications of semiconductor materials. The second chapter carries on to the simpler semiconductor devices such as thermistors, magnetoresistors and photoconductors, 

and is followed by a chapter devoted to diodes and the unijunction transistor. 
The bipolar transistor appears in the fourth chapter, which also describes transistor amplifiers and logic gates, whilst the fifth chapter deals similarly with field-effect transistors. The sixth chapter 

proceeds to integrated circuits and includes information on such frequently misunderstood items as Schottky diodes and Schottky transistors. Charge -coupled devices and semiconductor memories are 
described in the next two chapters, being followed by a chapter covering thyristors and other multi - 
layer devices. The tenth and final chapter is devoted to'optoelectronics and discusses devices which are activated by light and devices which generate light. 

Mathematics at a very simple level is employed where applicable and the book forms an excellent 
text and reference work both for readers who wish to expand their understanding of semiconductor 
devices and for the more experienced who wish to revise or update their existing knowledge. The 
book is one of the Macmillan Basis Books in Electronics and the normal price is quoted at the head 
of this review. It is understood that it may be obtained at a lower price, as noted elsewhere in this issue. 

VHF/UHF MANUAL, Third Edition. By D. S. Evans, PhD, AIM, G3RPE and G. R. Jessop, CEng, 
MIERE, G6JP. 416 pages, 245 x 185mm. (9; x 7áin.) Published by the Radio Society of Great Bri- tain. Price £4.95. 

Ever since its inception in 1969 the R.S.G.B. "VHF/UHF Manual" has been a best seller around 
the world as a standard text book on the theory and practice of amateur transmission and reception at frequencies above 30MHz. This third edition maintains the standard of the previous editions and in- cludes for the first time a complete chapter on amateur microwave techniques up to 24GHz. Another innovation is a chapter on space communication which is particularly intended to assist the amateur 
in making the most of this exciting development. A data section has been added, and this includes inductance charts for small v.h.f. coils and rods. In general, the whole book has been revised and up- dated, and it is now presented in a larger format. 

As with all R.S.G.B. technical publications, the book is liberally illustrated with clear diagrams and photographs. Numerous circuits and drawings are employed in the description of practical v.h.f. and u.h.f. equipment, with active devices ranging from valves to integrated circuits. 
If necessary, "VHF/UHF Manual" may be obtained direct, at the cover price plus postage, from 

Radio Society of Great Britain, 35 Doughty Street, London WC1N 2AE. 

110 ELECTRONIC ALARM PROJECTS FOR THE HOME CONSTRUCTOR. By R. M. Marston. 120 
pages, 215 x 135mm. (8+ x 5+in.) Published by The Butterworth Group. Price £2.95. 

Most electronic alarms are, in general, relatively'simple circuits to assemble and wire up but they can nevertheless incorporate a considerable amount of ingenuity in their conception and operation. In this book R. M. Marston describes a very wide range of alarms, employing electronic components that are readily available to the home constructor. 
The first chapter deals with alarms which are actuated by the closing or opening of a set of con- tacts. The contacts may be those of a microswitch, a pressure -pad switch or a magnetically operated dry reed switch. Alarms are sounded by a bell or buzzer which is turned on by a relay or silicon con- trolled rectifier. Alternatively, the alarm can be given by a speaker coupled to an audio oscillator which may, if desired, be pulsed or offer a warble -tone. Latching facilities for the more Comprehen- 

sive circuits are provided. 
This approach continues into the second chapter, in which burglar alarms aré described, and the third chapter, which covers temperature -operated alarms. Here, the temperature sensing device can 

be a thermostat, a thermistor or a silicon diode. The fourth chapter is devoted to light-sensitive 
alarms incorporating a light dependent resistor, and include alarms which are actuated by smoke. .Next follows a chapter on miscellaneous alarm circuits, whilst the sixth chapter deals with automobile anti -theft circuits. The final chapter discusses instrumentation alarms, which are triggered by electrical malfunctions. 

A notable feature is the extensive use of CMOS logic elements. These reduce stand-by current consumption to very low levels, a valuable advantage when the alarms are battery powered. 
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SUGGESTED CIRCUIT I 

ELECTROLYTIC y 

CAPACITANCE METER 

A component whose value is 
notoriously difficult to measure 
with simple test equipment is the 
electrolytic capacitor. Apart from 
the fact that electrolytic 
capacitors have high values of 
capacitance and consequently 
low reactances, it is also 
necessary to apply polarising 
voltages to them during the 
process of measurement. These 
two factors introduce com- 
plications when attempts are 
made to measure electrolytic 
capacitance with basic bridge 
circuits and the like. 

This month's article in the 
"Suggested Circuit" series describes a 
circuit which is capable of offering 
reasonably accurate measurements of 
the values of electrolytic capacitors by 
taking advantage of the behaviour of 
two capacitors when they are con- 
nected in series. It will also indicate 
whether or not a capacitor being 
measured has an excessive leakage 
current. Repeatability of readings is 
excellent and the main limitation on 
accuracy is imposed by the fact that 
the standard capacitors against which , 

measurements are made are 
themselves electrolytic, and can 
therefore be subject to the rather wide 
tolerances on value which apply to 
aluminium electrolytic capacitors. 
However, two of the three standard 
capacitors could, at a slightly higher cost, 
be tantalum types with a tolerance of 
20%, whereupon the accuracy of 
readings on the corresponding two 
ranges becomes quite attractive when 
it is considered that the capacitors be- 
ing checked are electrolytic types. 

The circuit has three ranges and is 
capable of measuring capacitance 
from 2f,F to 5,0001 F. The only expen- 
sive item in the circuit is a 0-1004 

By G. A. French 

meter, and this can be dispensed with 
if a multimeter having a 0-1001.íA, or a 
0-50¡íA, d.c. current range is available. 

BASIC PRINCIPLE 
The capacitance meter functions by 

reason of the distribution of charge 
when two discharged capacitors in 
series are connected to a direct 
voltage. Fig. 1(a) shows the two 
capacitors, which are designated CA 
and CB respectively. The terms CA 
and CB apply also to their capacitance 
values. When the switch in this 
diagram is open the two capacitors are 
discharged. 

Closing the switch, as in Fig. 1(b), 
causes the two capacitors to charge, 
the total voltage across thém being 
equal to the supply voltage. The 
relationship between charge, voltage 
and capacitance for a capacitor is 
given by 

Q=VC 
where Q is the quantity of electricity 
in coulombs which has flown to create 
the charge, V is the voltage across the 
charged capacitor and C is the value of 
the capacitor in farads. Q, the quanti- 
ty of electricity, defines the number of 
electrons which have flown to set up 
the charge. Since the two capacitors 
are in series it is obvious that there has 

::i 

VA 

T 

VB 

CA VB 

CB VA 

CA VA 

VB 

i 

CA VB 

CB VA 

(a) (b) (c) 

Fig. 1(a). Two discharged capacitors in series. The terms CA and 
CB apply both to the capacitors and their capacitance 

(b). Closing the switch causes the voltages across the capacitors 
to have the relationship shown in the equation 

(c). The same relationship exists when resistance is inserted in 
series with the capacitors 
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been the same flow of electrons in 
each, whereupon both capacitors have 
the same value of Q. 

The flow of electrons occurs at the 
instant of closing the switch. If the 
capacitors had high values the flow of 
electrons could be indicated by a 
current -reading meter, and this meter 
will give the same reading if it is in- 
serted into the charging circuit at any 
point. The electrons do not, of course, 
flow through the capacitors 
themselves; they flow to constitute a 
self -retaining electric field between 
the capacitor plates. 

Since the value of Q is the same for 
both CA and CB, it follows that the ex- 
pression VC will also be the same for 
both capacitors. Taking the voltage 
expressions shown in Fig. 1(b), CA 
multiplied by VA is then equal to CB 
multiplied by VB, this simplifying to 
the equation shown in the diagram. 

It is an easy matter, with high value 
'capacitors, to measure the voltage VB, 
whereupon if either CA or CB is 
known it is possible to determine the 
value of the other capacitor. It is not 
necessary to know the value of VA 
because this will simply be the supply 
voltage minus VB. Should we use the circuit for measuring unknown 
capacitors either CA or CB can be the 
unknown capacitor, with the remain- 
ing capacitor being a known standard 
component. However, if CA is the 
standard capacitor and CB the un- 
known capacitor, the voltage VB will 
reduce as the value of CB increases. 
On the other hand, if CB is the stan- 
dard the voltage VB increases as the 
unknown capacitance, CA, increases. 
Psychologically, there is a marginal 
advantage in having voltage VB in- 
crease as the unknown capacitance in- 
creases (even when there is not a 
linear relationship between the two) 
and in the practical capacitance meter, 
CB is the known standard and CA the 
unknown test capacitor. 

In Figs. 1(a) and (b) it is assumed 
that there is no series resistance in the 
circuit. In practice some resistance 
must be present, and in Fig. 1(c) a 
physical resistor is inserted in series 
with the two capacitors. This resistor 
can have a relatively high value 
whereupon, after closure of the switch, 
a significant time elapses before the 
two capacitors become fully charged. 
When they are fully charged the same 
voltage and capacitance relationship 
as in Fig. 1 (b) exists, because once 
again there has been the same flow of 
electrons in each. 

Some readers may find it difficult 
to visualise the d.c. conditions of Figs. 
1(b) and (c) in terms of electron flow 
and the consequent voltage across 
each capacitor. They may find it help- 
ful, alternatively, to assume that after 
the closing of the switch the two 
capacitors are subjected to a small 
fraction of an alternating voltage cy- 
cle, whereupon the voltages across 
them become proportional to their 
reactances. Since capacitive reactance 
is inversely proportional to 

CB = IOOIJF V50ppl = 100V 

CA()JF) VA VB 

10 91 
. 

9 
20 83 17 
30 77 23 
40 71 29 
50 67 33 
60 62 38 
70 59 41 
80 56 44 
90 53 47 

IOO 50 50 
200 33 67 
300 25 75 
400 20 80 
500 17 83 

1,000 9 91 

Fig. 2. Table showing the 
values of VA and VB for 
different values of CA under 
the conditions noted. To en- 
sure accurate meter 
readings only the range 
from 20 to 5001.4F is 
employed in the practical 
capacitance measuring cir- 

cuit 
capacitance value, the same results 
are given. 

If, in Figs. 1(b) and (c), CA is equal 
to CB, it is obvious that VB will be 
equal to VA. Should CA be twice CB, 
then VB will be twice VA. When CA is 
four times CB, VB will be four times 
VA. 

Fig. 2 gives a table showing the 
values of VA and VB for different 
values of CA, it being assumed that 
CB is 10012F and the supply voltage is 
100 volts. The voltage ' figures are 
calculated to two significant figures. 
The capacitance and voltage ratios 
just mentioned can be noted in the 
table, as also can other readily 
calculable ratios, such as occur with 
CA at 50µF and at 300µF. As we have 
already seen, the value of VB in- 
creases with increasing value in CA. 
To obtain good indications of 
capacitance against meter resolution, 
only the range between 20 and 500pF 
is used in the practical version of -the 
meter. 

The table assumes a supply voltage 
to 100 volts, whereupon the figures in 
the VB column represent a percentage 
of supply voltage, and can be con- 
sidered as a percentage of any other 
supply voltage which may be chosen. 

FULL.CIRCUIT 

The full circuit of the electrolytic 
capacitance meter appears in Fig. 3. 
Here, CA is replaced by the test 
capacitor and CB is replaced by Cl, 
C2 or C3 according to the position of 
the range switch S2. When S2 is in 
position 2 it selects a 100,uF capacitor 
and the usable part of the resultant 

N 
range is taken as being 20 to 50014F: 
On position 1, S2 selects a 10icF 
capacitor and the resultant range is 2 
to 50uF. The 1,0001&F capacitor, C3, is 
switched in on position 3, giving a 
range of 200 to 5,000µF. Thus, the 
total measurement capability is 2 to 
5,000µF, with good overlap between 
ranges. 

When Sl(a)(b) is in position 2, the 
test capacitor and the standard 
capacitor are held discharged via the 
33 f2 resistors R2 and R3 respectively. 
Setting Sl(a)(b) to position 1 removes 
the short-circuits from the capacitors 
and allows them to charge via Rl. The 
voltage across the capacitors increases 
until it reaches approximately 5.1 
volts, whereupon zener diode ZD1 
becomes conductive and no further 
charging current flows. The two 
capacitors can, in consequence, be 
looked upon as having a supply 
voltage that is equal to the zener 
voltage of ZD1. This voltage will be 
adequately stable despite relatively 
wide variations in voltage from the 9 
volt battery BY1. 

The voltage across the standard 
capacitor switched in by S2 is 
measured by a simple electronic 
voltmeter which draws negligible in- 
put current. This incorporates the 
Darlington pair given by TRi 'and 
TR2, which offers an extremely high 
level of current gain from the base of 
TRI to the emitter of TR2. Ml, in 
series with R5 and VR1, gives an in- 
dication of the voltage at the emitter of 
TR2. VR1 is set up so that the meter 
gives an f.s.d. reading when the 
voltage at the base of TRl is the same 
as the zener voltage of ZD1. Since the 
scale of Ml is graduated from 0 to 100, 
the readings it gives are precisely the 
same as those in the VB column in Fig. 
2. 

The voltage at the emitter of TR2 is 
about 1.2 volts negative of that at the 
base of TR1 because of the base - 
emitter voltage drops in the two tran- 
sistors. The negative terminal of the 
meter has to be taken to a voltage 
which is similarly negative of the 
lower 9 volt rail, in order that it will 
read zero when the voltage across the 
standard capacitor is zero. The meter 
terminal is in consequence returned 
to the slider of VR2, which functions 
as a panel set -zero control. Resistor R4 
is included to ensure that an emitter 
current still flows under zero voltage 
conditions. Without R4 the electronic 
voltmeter would be non-linear near 
the zero volt end of the scale and it 
would be impossible to zero -set the 
meter. 

Switch S3(a)(b) is the on -off switch, 
and it disconnects both batteries when 
it is turned off. The current drawn 
from BY1 with Sl(a)(b) in position 1 
is normally about 4mA, which flows 
mainly through Rl, whilst that from 
BY2 is approximately 6mA. 

In use, the capacitor to be measured 
is connected with correct polarity to 
the test terminals, S1(a)(b) being in 
position 2. S2 is set to the range re - 
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quired. The capacitance meter is turn- 
ed on and S1(a)(b) set to position 1. 

The reading in M1 will then rise until 
it reaches a steady level. Sl(a)(b) 
is next taken hack to position 
2 and returned to position 1. If the 
reading in Ml is the same as before 
then the value of the test capacitor can 
be taken from this. Should the reading 
be lower than before, then S1(a)(b) 
should be operated one or more times 
again until the same reading is given 
by the meter on successive occasions 
when the switch is at position 1. The 
reason for this procedure is that some 
capacitors, if they have been in store 
for a considerable period, draw an in- 
itial polarising current, in excess of the 
normal leakage current, which "forms" 
the electrolyte in the capacitor. This 
current flows for only a short period 
before the capacitor reverts to normal 
functioning, but it will cause the 
capacitance meter to give a false high 
reading when it exists. The author 
checked a considerable number of 
capacitors in the prototype circuit and 
found that about one in a dozen ex- 
hibited the polarising current effect, 
and that even the worst case was 
cleared after Sl(a)(b) was operated 
four times. All the remainder gave the 
requisite final reading at the first and 
all subsequent operations of S1(a)(b). 

It may be considered surprising 
that voltage conditions remain stable 
after Sl(a)(b) has been set to position 

1 and the capacitors have charged, 
and it may be thought that the voltage 
applied to the base of TR1 could drift 
due to leakage current in the 
capacitors. In practice, it was found 
that the voltage at TRl base remained 
quite_ steady after S1(a)(b) had 
been operated, and certainly so for a 
far longer period than was needed to 
read M1. This performance is typical 
of what is offered by normal modern 
electrolytic capacitors. If the test 
capacitor passes a high leakage 
current, the reading in M1 will tend to 
gradually increase, but such an effect 
was not present with any of the 
capacitors checked by the author. 

COMPONENTS 
All the components can be standard 

parts. S1(a)(b) should be a d.p.d.t. 
toggle switch, as it is essential that the 
short-circuits be removed from the 
capacitors before Rl is connected to 
the test capacitor. S2 may be a rotary 
switch and S3(a)(b) either toggle or 
rotary. VR1 can be a standard or 
miniature skeleton potentiometer. 
Alternative values which can be 
employed for VR1 and VR2 are 22kû 
and 470 û respectively. 

As was mentioned at the start of this 
article, the standard capacitors are 
electrolytic, with the usual broad 
tolerance on capacitance. It is possi- 
ble, however, for Cl and C2 to be 20% 
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Fig. 3. The full working circuit of the capacitance meter 
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Fig. 4. Conversion chart for 
Range 2 

tantalum and these would impart a 
relatively good degree of accuracy to 
Ranges 1 and 2. C3 would still have to 
be an aluminium component although 
it could, if desired, be selected (with a 
fair degree of accuracy) with S2 set to 
Range 2, working to a reading of 91µA 
in the meter. So far as aluminium 
electrolytic capacitors are concerned, 
Mullard tubular subminiature types 
appear to have the closest tolerance, at 
plus 50 and minus 10%. The working 
voltages of Cl, C2 and C3 can have 
any value between 5 and 30 volts. 

The testmeter may be assembled in 
a plastic or wooden case. A metal case 
is probably best avoided due to the 
difficulty of finding a chassis point in 
the circuit which (as would be 
desirable) is common with one side of 
the test capacitor. Mounted on the 
front panel are the meter, the three 
switches and VR2. 

When the unit is completed, it is 
necessary to set up VR1. The test ter- 
minals are short-circuited together 
and the capacitance meter is switched 
on with S1(a)(b) in position 2. VR1 
should be adjusted to insert maximum 
resistance into circuit. VR2 is 
then adjusted for a zero reading in the 
meter. Sl(a)(b) is next set to position 1 

and VR1 adjusted for an f.s.d. reading 
in Ml. Sl(a)(b) is returned to position 
2 and VR2 readjusted, if necessary. 
S1(a)(b) is then finally taken to posi- 
tion i and VR1 given any further final 
small adjustment that may be needed. 
The short-circuit is removed from the 
test terminals. No further adjustment 
is required in VR1. VR2 is adjusted 
from time to time during the use of the 
meter to take up falling voltage in 
BY2. 

Since it is difficult to translate Ml 
readings into capacitance values by 
way of a table, Fig. 4 gives a conver- 
sion chart for Range 2. Capacitance 
values are divided by 10 on Range 1 

and multiplied by 10 on Range 3. 
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Fig. 5. To reduce costs, the 
meter M1 may be omitted 
and a multimeter connected 
to two sockets, as shown 

here 

Some constructors may be reluctant 
to fit a fairly costly meter to an instru- 
ment which is not used extensively. In 
consequence, M1 may be omitted and 
two test sockets added, as in Fig. 5. An 
external multimeter switched to read 
0-100p.A d.c. can then be connected to 
these sockets when requited. VR1 is 
set up with this external meter in the 
same way as with M1 in the unit. 

Sockets for testmeter 

VR2 

Many testmeters have a 0-50/LA range 
instead of a 0-100/LA range, and this 
may also be employed, with R5 in- 
creased to 75k í2 and VR1 to 50k f) or 
47k íl . The meter reading graduations 
in Fig. 4 then need to be changed from 
0-100 to 0-50. 

CMOS VOLTMETER 
With reference to last month's ar- ticle, some readers have experienced 
difficulty in obtaining the CA3130T. 
They are obtainable from Anglia Com- ponents, Burdett Road, Wisbech, 
Cambs., PE13 2PS, price £1.30 each inclusive of V.A.T. and postage. 

NEXT MONTH IN 
SPECIAL FEATURES 

RADIOuRIC I ¡i'1I 1'. 
CONSTRUCTOR 

MEDIUM AND LONG WAVE 
S U P E R H ET - Part 1 (2 Parts) 
A basic design for a superhet receiver covering 
the medium and long wave bands. As with all 
conventional superhets, alignment of the mixer - 
oscillator and i.f. stages is required, but this can 
be carried out either with the aid of a multimeter 
or simply by working to the audible strength of received signals. 

STEREO PEAK LEVEL INDICATOR 
VU -meters are not able to give warning of brief peak signals which can cause overloading in a recording system. The peak level indicator described in this article responds instantaneously to signal amplitudes above a predetermined level, and can be connected to any equipment offering signal voltages at the overload level of more than 500mV peak -to -peak. 

PRODUCING PRINTED CIRCUIT BOARDS 
Many electronic constructional projects feature the use of printed circuit boards. This article reviews the production of printed boards at home, and offers much practical advice on board preparation and on the essential etching process. 

MANY ARTICLES PLUS USUAL 
FEATURES 

aeae #0/09 ON SALE 1st MARCH 

414 RADIO & ELECTRONICS CONSTRUCTOR 



r-- 

O O mrIH 

BOOTSTRAPPING 
by 

D. Snaith 

Bootstrapping circuits are very common in present-day a.f. amplifiers. 
This article describes how they function and the advantages they provide. 

Some eloquent and evocative expressions appear in 
electronics, notable amongst these being the term 
`bootstrapping'. Bootstrap circuits were employed oc- 
casionally in the old days of valves, and they have 
now come fully into their own with transistor a.f. 
amplifiers. This is because of the ease with which 
bootstrapping can be employed in circuits incor- 
porating emitter followers. 

BATTERY BOOTSTRAP 
In Fig. 1(a) we have a simple emitter follower stage, 

with Rl as the base bias resistor and R2 as the emitter 
load resistor. We apply an input signal to the base and 
take an output signal from the emitter. The resistor 
values are such that under no -signal conditions the 
base and emitter are at voltages which are ap- 
proximately mid -way between the upper and lower 
supply rails. The transistor offers a relatively high 
current gain, with the result that the current flowing 

into the base is much lower than the current flowing 
out of the emitter. The value of Rl is correspondingly 
higher than the value of R2. 

The voltage at the emitter of an emitter follower is 
lower than that at the base by a nearly constant 
voltage dropped across the base -emitter junction of 
the transistor. With silicon transistors this voltage 
drop is of the order of 0.65 volt. If we take the base 
positive by 1 volt the emitter goes positive by 1 volt. 
Similarly, if we take the base negative by 1 volt the 
emitter goes 1 volt negative as well. Thus, if an alter- 
nating input signal with a peak value of 1 volt is 
applied to the base the output voltage at the emitter. 
has a peak value of 1 volt also. The emitter `follows' 
the base (hence the name of the configuration) and 
the voltage gain can be taken as one, or unity. In prac- 
tice the voltage gain is very slightly lower than unity. 

The input impedance of the emitter follower is 
equal to Rl in parallel with the input impedance of 

Bootstrap 
capacitor 

Output 

(a) (b) (c) 

Fig. 1(a). A simple emitter follower stage. The input can be an audio frequency signal (b). The base bias 
resistor is split into two separate resistors, and the battery bootstraps their junction to the emitter (c). A 

more practical approach consists of employing a capacitor instead of the battery 
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TR2 

CI 

(a) 

Bootstrap 
capacitor 

1=1C 
I 

(b) (c) 

Fig. 2(a). A complementary a.f. output stage (b). Performance is improved by incorporating a bootstrap 
coupling back to the driver transistor collector load (c). A very simple output stage bootstrap circuit 

the transistor at its base. With an emitter follower, 
base input impedance is approximately equal to the 
emitter load resistance, R2, multiplied by the hFE 
(d.c. current gain) of the transistor. 

In Fig. 1(b) we split Rl into two resistors, R3 and 
R4, and connect a battery between their junction and 
the emitter of the transistor. The battery voltage is 
lower than the supply voltage and is such that the 
standing voltages in the circuit at the base and emitter 
remain the same as before. If we take the base 
positive by 1 volt the emitter goes positive by 1 volt as 
before, but so now does the upper end ,of R4. The 
same thing happens if we take the base of the tran- 
sistor negative by 1 volt; the upper end of R4 goes 
negative by 1 volt too. The outcome is that the voltage 
across R4 remains constant despite the changes in 
transistor base voltage caused by the signal. When an 
alternating voltage such as an audio frequency signal 
is applied to the base no signal current flows in R4 
because the voltage across it remains the same all the 
time. So far as the signal is concerned R4 does not ex- 
ist and the input impedance becomes equal to the 
transistor base input impedance on its own. 

In Fig. 1(a) the input impedance is base input im- 
pedance in parallel with the base bias resistor. In Fig. 
1(b) the base bias resistor has been virtually 
eliminated so far as the signal is concerned and the in- 
put impedance is that of the transistor on its own. The 
junction of R3 and R4 is described as having been 
`bootstrapped' by the battery to the transistor 
emitter, and the result has been a significant increase 
in signal input impedance. If we recall the phrase 'to 
pull oneself up by one's bootstraps' the origin of the 
electronic term `bootstrap' starts to become clear. 

The circuit of Fig. 1(b) is not attractive from the 
practical point of view because of the use of a battery. 
As, however, the only function of the battery is to app- 
ly the alternating signal at the transistor emitter to 
the junction of R3 and R4, it can be conveniently 
replaced by a capacitor having a low reactance at the 

lowest signal frequency to be handled, as in Fig. 1(c). 
Immediately following switch -on the capacitor 
charges to the standing voltage between the junction 
of R3 and R4 and the transistor emitter, after which it 
passes signal voltages from the emitter to the junction 
of R3 and R4. The performance of the circuit is not 
quite as perfect as was assumed when discussing Fig. 
1(b), because the voltage gain of the transistor is very 
slightly lower than unity and because, now, there may 
be a slight loss of signal voltage coupling in the 
capacitor at low frequencies, but it closely approaches 
the perfect performance. 

OUTPUT STAGE 
Bootstrapping is very commonly employed in the 

driver and output stages of transistor a.f. amplifiers. 
Fig. 2(a) shows a typical output stage without 
bootstrapping, and in this TR1 is the driver transistor 
and TR2 and TR3 the output emitter followers. The 
diode between the two bases represents the voltage 
dropping device which is employed to prevent 
crossover distortion, and it can be considered as offer- 
ing no significant- resistance at signal frequencies. 
Under quiescent conditions the collector voltage of 
TR1 is about mid -way between the supply rails. 
When an a.f. signal is present, TR1 collector may go 
positive nearly to the upper supply rail and negative 
nearly to the lower supply rail. Dutifully, the output 
emitters follow the collector of TR1 and drive the up- 
per terminal of the speaker, via Cl, correspondingly 
positive and negative. 

When TR1 collector goes positive, the current driv- 
ing TR2 (which is then the conducting output tran- 
sistor) is that available via TR1 collector load, Rl. If 
TR1 collector is near the positive rail the voltage 
across this resistor is low and the current it can pass 
into TR2 base is limited by its value. In consequence, 
if distortion of large positive -going signal half -cycles 
is to be avoided Rl needs to have a fairly low value, 
lower perhaps than is justified during the rest of the 
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signal cycle. 
This difficulty is eradicated in Fig. 2(b) by splitting 

R1 into two resistors, R2 and R3, and bootstrapping 
their junction to the output emitters via C2. The up- 
per end of R3 now goes positive and negative in sym- 
pathy with the output emitters and (ideally) no signal 
voltage appears across it. There is no problem with 
output base drive current when the collector of TRl 
goes highly positive because the upper end of R3 is 
taken well positive, too. It will, indeed, go positive of 
the upper supply rail. 

A further advantage is that the provision of 
bootstrapping causes the signal current flowing in R3 
to be much lower than that in R1 of Fig. 2(a). In con- 

sequence, TRl can offer a higher efficiency because 
part of its signal output is not wasted in its collector 
load resistor, as it was without bootstrapping. 

An even simpler output stage bootstrap circuit 
appears in Fig. 2(c). Here, the speaker is connected to 
the upper supply rail and is driven via the capacitor 
Cl. Under quiescent conditions the lower terminal of 
the speaker is at the same potential as the upper 
supply rail. When an a.f. signal is present the lower 
terminal of the speaker goes positive and negative of 
the upper supply rail as the output signal is fed to it. 
To achieve bootstrapping, the upper end of TRl 
collector load resistor, Rl, is then simply connected to 
the lower terminal of the speaker. 

LABORATORY KIT 
Introduction of boxed kits of nutserts 

and Avex rivets, with tools 

Verospeed, the new Distribution Division of Vero 
Electronics Ltd., have now begun to introduce 
products in their own right. Two of the first such 
products are manufactured by Avdel Ltd., and con- 
sist of boxed kits of nutserts and Avex rivets complete 
with hand placing tools. 

The thin sheet nutsert kit (see photograph) with its 
new easy to use hand tool is housed in an attractive 
steel box and includes a selection of M3, M4, M5 and 
M6 nutserts with the appropriate nose bushes and 
mandrels. The tool has been developed specifically to 
place a one piece insert giving designers a strong, deep 
vibration -proof steel thread in thin sheet applications 
down to a thickness of .020in. The operation requires 
access to only one side of the sheet, making it ideal for 
square tubing and box frame cabinets. 

'l'he threaded nutsert can be placed after painting 
without damage to the surface, thereby eliminating 
the need to blank prepared holes. M3 threaded 
nutserts are manufactured from brass and zinc 
plated. All others are made of steel and are also zinc 
plated. Additional nutserts can be supplied separate- 
ly in packs of 100. 

The Avex rivet kit follows the same principle as the 
nutsert kit, including a high quality, extremely robust 
hand tool ergonomically designed to place and 
positively fix an Avex in plastic, metal and wood - in 
fact, anywhere that two or more materials need to be 
joined tightly together. A selection of 3.2mm (*in.) 
and 4mm (,Z in.) rivets is alos housed in the same 
box. 

Avex rivets are capable of joining a wide range of 
material thickness - a feature which drastically 
reduces the number of different sizes required for 
variable thickness applications. 

The Avex rivet can be installed from one side of the 
work only - ideal for hollow tube applications. The 
expansion of the rivet during installation fills the hole 
and clamps the components tightly together. The 
rivet material flows both behind and in front of the 
stem during installation; the stem head is retained to 
plug the tail end of the rivet bore. This gives a vibra- 
tion and weather proof seal and also means that hole 
size tolerances are less critical during assembly. All 
this is incorporated in the design of the rivet - all the 
operator has to do is insert the rivet in the nose of the 
tool, place the rivet in the hole and squeeze. 

Details from Verospeed Industrial Estate, Chandlers 
Ford, Eastleigh, Hants. 
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electronica 76 
A report on some of the interesting exhibits: By David Gibson. 

Electronica, the Munich electronics exhibition 
colossus, is over until 1978. Held every two 
years, this enormous German electronics show 
occupied some 80,000 square metres with its 
20 "Halls." To get from a low number Hall to a 
higher number, one took a bus! Something like 
1,600 companies had goods on display and ex- 
hibitors came from all over the world. 

And what a galaxy of electronics interest it turned 
out to be. Even apparently uninteresting things like a 
mains cable caused a stir - perhaps it was because of 
the robot which kept dipping the luckless cable into a 
pot of molten solder - without any ill effects to the 
cable! The manufacturers claim that their cable can 
withstand temperatures up to +210°C. Phew! 

At the other end of the technology scale was a tiny 
solid state television camera, about the size of a single 
lens reflex photographic camera. It used a 64 x 64 
array of light sensitive diodes as its sensor. By split- 
ting the image up into 4,096 little bits (64 x64) it was 
able to process the picture digitally. Resolution was 
surprisingly good and the accompanying electronics 
very simple. 

Buzz word at the exhibition was "Microprocessor." 
This is the tiny chip (IC) which does all the work in 
routing and controlling all the signals in the moderñ 
computer (for example), making sure that all these 
signals, which are racing around the circuit in frac- 
tions of a second, arrive at the right place and at the 
right time; quite a task. 

With just three chips you can build a computer - 
until Electronica. Now, a company has launched a 
complete computer on a single chip, and with an 
erasable memory in it, too. Housed in a 40 -pin DIL 
package the whole thing looks just like any other 
DIL, just a little bigger. Perhaps the James Bond 
wrist watch computer isn't quite so far away after 
all? 

The Germans view microprocessors very seriously 
as a major component and one which will influence 
electronics more and more in the coming years. Of- 
ficial figures in Germany put the sales of 
microprocessor ICs at around five million 
Deustchmarks (5M DM), that's about £1;M. But 
over the next decade they forecast that this annual 
world sales figure will rise dramatically to 2000M DM 
(about £500M). 

Two devices which drew much interest came from 
Japan. One was a shirt button size transducer. Placed 

in contact with the human body it can sense blood 
pressure which can then be measured. 

The other device, similar in size, turned out to be a 
miniature ultrasonic humidifier. It transforms water 
into a very fine mist of the order of only a few 
microns. 

Real miniaturisation was everywhere. One trimmer 
capacitor shown was only 3.5mm. in diameter. The 
newest V -Cal capacitors were interesting: they are 
fixed variable capacitors! 

Basically the V -Cals comprise a little slab of 
ceramic with individual, minute plates sandwiched 
inside. These devices have a small pattern of tiny 
contacts on each side of their bodies. By connecting 
or shorting together these contacts in different 
patterns, one can vary the otherwise "fixed" 
capacitance between quite wide limits. Using an or- 
dinary lead pencil one can `draw' a short circuit with 
the lead between these contacts. Capacitance can be 
varied from 2pF to 57pF. 

And now for something completely different - as 
the man on the Rockwell stand proclaimed. He was 
right, too. There was the Dynavit heart -monitoring 
bicycle exerciser; electronic, of course. To use it, you 
merely entered your weight, age and sex etc into the 
bicycle via a small calculator type keyboard on the 

An electronic printer in a suitcase. Information 
is typed into a "memory." On pressing a but- 
ton the entire information is printed out on 

electro -sensitive paper 
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One of the many electronic games exhibited. 
On the screen is the final score in a game of 

-bowls" 

cycle itself. By wearing a small wristband sensor, your 
heart rate is automatically fed into the system. Dur- 
ing your exercise period a built-in microcomputer 
calculates your "health factor" and displays this con- 
tinually on a digital readout. The health factor scale 
goes from 0 to 150 with 50-75 being about average. 
Highly athletic types scored between 75 and 100. 
Your scribe's score will not be mentioned - suf- 
ficient to observe that he was immediately offered a 
cup of warm tea and a chair! 

How small is small? One exhibitor showed four 
'red' matches. But the head of one match had been 
removed and replaced by something slightly smaller - a filament light bulb. Ratings for this range of 
micro -miniature bulbs is 1V or 1.5V, and current 
from 6mA to 20mA. Dare I say, "Strike a light"? 

Television games proved a popular feature and 
drew large crowds. One company has a games unit 
which may be used with colour or B/W receivers. It 
proved interesting in that a small cassette tape car- 
tridge is used to programme in different games. One 
cassette, for example, gives four games; noughts and 
crosses, shooting gallery, and two doodle games which 
enable the user to draw (or doodle) with a choice of 
three colours (on colour receivers) and four line 
thicknesses. 

Another cassette allowed the user to play the card 
game Black Jack against an electronic dealer while 
another variation on the same cassette catered for 
two players and a dealer. 

The company says it intends building up a library 
of cassettes. At the moment three cassettes are 
offered giving a choice of eight different games. One 
further useful asset; the games can be made easy or 
difficult simply by pressing a button. There are four 
buttons giving four levels of required skill - 
Greenhorn, Amateur, Pro and Master. 

And so the show went on. Television cameras so 
sensitive that they can transmit pictures when the 
scene is lit from the light of a single star (true - 
much to the joy of the Military). Other TV cameras 
differentiated between levels of heat and were sen- 
sitive in the infra red region only. One exhibitor 
amused passers by with a television screen which 

showed people passing in infra red (not a pretty 
sight!). 

One clever radio receiver on show had an 
automatic scanning and tuning system. It will, on 
command, scan a set number of specified frequencies 
and, if a signal comes up on any one of them, will im- 
mediately spring to life, tune in the station and turn 
up the volume. It can scan the whole band, too, and 
can also be instructed to search for the strongest 
signal. A boon to short wave listeners but, alas, a 
professional piece of equipment and rather expen- 
sive. 

Italian semiconductor manufactured SGS-ATES 
amused and fascinated music fans with a mini elec- 
tronic organ rhythm generator. It generated manual, 
semi -automatic or fully automatic rhythms at the 
touch of a switch. It gave chords and arpeggios, too. 
Further, these could be played at an infinitely 
variable speed (just select and leave) and the whole 
tone rhythm could be raised or lowered over three oc- 
taves. 

The SGS-A TES Mini elec- 
tronic organ rhythm 

generator 

A large number of audio and radio ICs were in 
evidence. One German manufacturer highlighted the 
TDA 2850 chip which houses the f.m. i.f. section of a 
receiver plus a 4W audio amplifier. Previously, they 
claimed, two chips were necessary to couple i.f. cir- 
cuit with this level of audio power. 

For the serious radio experimenter a frequency 
synthesizer IC was on show. It is capable of deriving 
practically any number of frequencies from a single 
quartz crystal and with the same stability as the 
crystal to which it is locked. Its range is 0 to 2.5MHz 
but a prescaler is available which extends this range 
(where needed) to 800MHz. It is possible to select 
any channel spacing starting from 100Hz. 

The items mentioned represent a tiny fraction of 
the many interesting things on display. It is frighten- 
ing to think that at the next Electronica, in two years 
time, a completely new batch of electronic wonders 
will be on show; an indication of the rate of innova- 
tion in electronics. 

Photographs by David Gibson 

FEBRUARY 1977 419 



It is probably true to say that the weakest links in 
most budget hi-fi record reproducing systems are the 
speakers and the cartridge. The reason is simple. In 
these days of inexpensive integrated circuits it is not 
difficult to design a low cost amplifier which has very 
low levels of noise and distortion and a very wide fre- 
quency response. To achieve low distortion and a 
wide, flat frequency response from speakers and car- 
tridges is far more difficult, and in consequence this 
tends to greatly boost the price of very high quality 
units. 

Most inexpensive audio systems use a ceramic car- 
tridge and, unless this happens to be one of the few 
high quality types, a considerable improvement in the 
performance of the system can be achieved by replac- 
ing it with a magnetic type. Of course, magnetic pick- 
ups are more expensive than ceramic ones but not ex- 
orbitantly so, and this is almost certainly the most 
cost-effective way of improving most budget systems. 

Unfortunately, it is not always a simple matter of 
changing the pick-up. Apart from such physical 
problems as determining whether the cartridge can be 
fitted to the pick-up arm and if the tracking weight 
can be adjusted to the correct level, it is very probable 
that the amplifier will not have an input suitable for a 
magnetic cartridge. The output from a magnetic car- 
tridge is of the order of 100 times lower than that from 
a ceramic cartridge, and it is also necessary to provide 
¿ i & circuits to equalize its frequency response. 

It will be helpful here to briefly consider certain 
aspects of disc recording before proceeding to the 
main subject of the present article. This is a practical 
design for a pre -amplifier which can be used as a 
ceramic to magnetic cartridge input converter and 
which can therefore be interposed between a magnetic 
cartridge and an amplifier input intended for a 
ceramic pick-up. The circuit could also be used as the 
magnetic pick-up pre -amplifier in a complete home 
constructed amplifier. 

TYPES OF RECORDING 
The basic method of modulating the audio signal 

onto a groove cut in the disc is well known. It is 
probably less well known that there are two recording 
systems which can be used when cutting the groove 
into the disc. These systems are called `constant 
amplitude' and `constant velocity' recording. 

With constant amplitude recording the side -to -side 
displacement of the groove is proportional to the 
amplitude of the recorded signal, and the extent of 

MAGI 
CARTI 

PRE-AW 
By R. Aen 

Many hi-fi amplifiers have dr 
ceramic pick-up only. This acl 
amplifier which brings the outp o 
the same level as that of a cerait 
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(dB) 0 

10Hz 100Hz 

Fig. 1. The equalization required 
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this displacement is independent of frequency. A 
ceramic cartridge has an output amplitude which is 
proportional to the level of the record groove modula- 
tion, and this type of cartridge is therefore compatible 
with constant amplitude recording. 

Constant velocity recording produces a speed of 
stylus movement which is proportional to the 
amplitude of the recorded signal. For a single record- 
ed frequency this is no different to constant 
amplitude recording, since in order to increase the 
stylus speed the amplitude of the groove modulation 
must be increased. However, as frequency increases, 
the speed of the stylus will increase for a given level of 
recording signal. Thus, with constant velocity recor- 
ding the amplitude of the groove modulation 
decreases with increasing frequency. 

The output amplitude from a magnetic pick-up is 
dependent upon stylus velocity, and so a magnetic 
cartridge is compatible with constant velocity recor- 
ding. 

It is often said that discs are cut using the constant 
amplitude system and that no equalization is needed 
when a ceramic pick-up is used, and that equalization 
in the form of treble cut and bass boost is needed 
when a magnetic cartridge is employed. This is not 
entirely accurate, and in fact a form of constant 
velocity recording is used, but with a certain amount 
of treble boost. This enables treble cut to be applied in 
the playback equipment, giving a flat overall frequen- 
cy response with a greatly improved signal-to-noise 
ratio. 

A certain amount of bass cut is given to the record- 
ed signal, and this is necessary as otherwise there 
would be excessively large groove modulation on high 
amplitude bass signals, with a possibility of groove 
wall collapse. Bass boost must be applied in the 
playback equipment for an overall flat response to be 
obtained. 

The use of bass cut and treble boost during recor- 
ding produces an approximation of constant 
amplitude recording. It is therefore possible to 
employ a ceramic cartridge quite successfully with a 
disc recorded by this system, even without any 
equalization in the playback equipment. When using 
a magnetic cartridge though, bass boost and treble cut 
must be added in order to obtain an overall flat fre- 
quency response. 

The replay equalization characteristic which a 
magnetic cartridge pre -amplifier must provide is 
shown in Fig. 1. This is the complement of the recor- 
ding characteristic. 
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Fig. 2. The circuit of the left hand channel of 
the magnetic cartridge pre -amplifier. Apart 
from C4 and C5, this is duplicated in the right 

hand channel 

PRACTICAL CIRCUIT 

Fig. 2 gives a practical circuit for a pre -amplifier 
offering the gain and frequency equalization required 
for a magnetic cartridge. This circuit is for one 
channel in a stereo pre -amplifier, the other channel 
being identical. 

The pre -amplifier incorporates an operational 
amplifier i.c., which provides a high performance at 
low cost. The voltage gain of the circuit is equal' to the 
sum of the impedance between the inverting input 
and chassis plus the impedance between the output 
and the inverting input, divided by the impedance 
between the inverting input and chassis. Two 
capacitors, Cl and C2, are included in the network 
between the output and the inverting input, and their 

A view of the interior, showing the component 
panel and the screened leads connecting to the 

input socket 

reactance decreases as frequency increases. In 
general, therefore, voltage gain reduces as frequency 
increases, as is required by the response curve of 
Fig. 1. 

C2 offers treble cut for the higher frequencies, and 
bass boost is provided by Cl. The circuit requires a 
fairly high gain as the output from most magnetic car- 
tridges at middle frequencies is only about 5mV. A 
signal amplitude of the order of 300mV is available at 
the output of the pre -amplifier, and this should be 
sufficient for the ceramic cartridge input of most 
amplifiers. C3 provides d.c. blocking at the output. 

The input impedance is approximately equal to the 
value of R4 at the non -inverting input of the 
amplifier. This is 47kQ, which is the recommended 
load impedance for most magnetic cartridges. A few 
cartridges require a different load impedance and the 
value of R4 can be correspondingly altered, if 
necessary. The input circuit is a little unusual in that 
there is no series d.c. blocking capacitor, whereupon 
the input bias current for the i.c. flows through the 
magnetic cartridge. However, the current will be in 
the order of nanoamps and this will not affect car- 
tridge operation. 

Two 9 volt PP3 batteries power the pre -amplifier, 
giving the usual dual supply rail required by an 
operational amplifier. Current consumption is only 
3mA and the batteries will in consequence have a long 
life. S1 (a) (b) is the on -off switch and C4 and C5 are 
supply bypass capacitors. 

A high level of performance is achieved, with an un - 
weighted signal to noise ratio (input short-circuited) 
of approximately 66dB being obtained with the 
prototype. Total harmonic distortion is only a small 
fraction of 1%, and the unit has a high overload 
margin of almost 26dB. 

COMPONENTS 
Resistors 
(All ; watt 5%) 

Rl, Rl (a) 220k tl 
R2, R2 (a) 15k fl 
R3, R3 (a) 390 f2 

R4, R4 (a) 47k 1I 

Capacitors 
Cl, Cl (a) 0.018 µ F plastic foil (see text) 
C2, C2 (a) 0.0047,a F plastic foil 
C3, C3 (a) O.ljì F plastic foil 
C4 10 µ F electrolytic, 10V. Wkg. 
C5 10 µ F electrolytic, 10V. Wkg. 

Integrated Circuits 
IC1, IC1 (a) 741 in 8 -pin d.i.l. 

Switch 
S1 (a) (b) 2 -pole 2 -way rotary 

Sockets 
SKl input socket (see text) 
SK2 output socket (see text) 

Miscellaneous 
Verobox type 75-1238D 
2 batteries type PP9 (Ever Ready) 
2 battery connectors 
Control knob 
Veroboard, 0.lin. matrix 
Screened cable 
Wire, solder, etc. 
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Fig. 3. The pre -amplifier components are assembled on a Veroboard panel. The component and copper 
sides of the panel are shown here 

CONSTRUCTION 
All the small components are assembled on a 

Veroboard panel of 0.lin. matrix, and full details of 
this are given in Fig. 3. Since the pre -amplifier is in- 
tended for stereo operation, all the components, apart 
from C4 and C5, are duplicated. Those in the left 
hand channel have the usual component number 
identification whilst those in the right hand channel 
have the suffix 'a'. 

It will be noted that Cl and Cl (a) have the rather 
unusual value of 0.018,u F. If capacitors with this 
FEBRUARY 1977 

value cannot be obtained it will be in order to employ 
0.015 µ F plastic foil capacitors with 3,000pF (or 
2,700pF) silvered mica capacitors in parallel. 
Polystyrene 0.018 µ F capacitors are available from 
Electrovalue Limited, 28 St. Judes Road, Englefield 
Green, Egham, Surrey. These are rather bulky, with a 
length of 32mm., but they could still be fitted onto the 
Veroboard panel. 

The unit is housed in a Verobox measuring 154 by 
85 by 60mm., this being available from retailers, in- 
cluding Maplin Electronic Supplies, P.O. Box 3, 
Rayleigh, Essex. 
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Construction commences by cutting out a 
Veroboard panel of the required size with a small 
hacksaw. The panel should have 30 holes by 15 strips. 
Next, the hole at B7 is drilled out to accept one of the 
self -tapping screws supplied with the Verobox, after 
which the breaks in the strips are made with the aid of 
a Vero spot face cutter or a small twist drill held in the 
hand. The four link wires are soldered in place first, 
and then the components are mounted. 

A 10mm. diameter hole is drilled in the centre of 
the front panel, and S1 (a) (b) is fitted to this. This 
switch can be any 2 -pole 2 -way rotary type; the 
switch employed in the prototype was a multi -pole 
component with no connections made to the unused 
poles. The input and output sockets are then mounted 
symmetrically . on either side of the switch. The 
sockets employed are left to the choice of the con- 
structor, 3 -way DIN sockets being used in the 
author's pre -amplifier. The Veroboard assembly is 
next wired to the front panel components. The con- 
nections to the input socket or sockets are made by 
way of screened leads, the braiding of which connects 
to holes L4 and L20 of the Veroboard. At the front 
panel the braiding of the two screened leads is con- 
nected to the earthy side of the input socket or 
sockets, thereby connecting the central zero voltage 
supply rail to the front panel. If there is no automatic 
connection to the front panel via the input socket or 

The component panel is comfortably laid out 
with no crowding of parts 

A side view of the pre -amplifier. There is plenty 
of space for the two batteries behind the out- 

put socket 

sockets, this can be made by way of a solder tag under 
one of the socket securing nuts. 

Two leads from the Veroboard panel connect to Si 
(a) (b), and a further two unscreened leads to the out- 
put socket or sockets. The positive 9 volt and negative 
9 volt battery leads are connected to S1 (a) (b), and 
the two leads for the zero voltage rail to an earthy tag 
of the output socket or sockets (or to a solder tag un- 
der one of the socket securing nuts). 

When all this wiring has been completed the com- 
ponent panel is secured to the bottom of the case 

. behind SKl and Sl. The Verobox specified has a 
suitable mounting pillar, and the panel is mounted on 
this by one of the self -tapping screws provided. There 
is plenty of space for the batteries to stand vertically 
behind SK2. A piece of foam rubber or plastic can be 
glued to the inside of the case lid at the appropriate 
place to retain the batteries in position when the lid is 
fitted. 

In use, it is essential that the dual lead from the 
magnetic cartridge to the pre -amplifier be screened. 
The output lead from the pre -amplifier to the main 
amplifier should also be screened. 

CATALOGUE 
Now available is the 1977 Tandy catalogue, Fully 

illustrated, with many pages in colour, it lists more 
than 2,000 items which can be obtained at the 160 
Tandy Stores currently operating in the U.K. 

A large number of the items are manufactured 
domestic entertainment products, including in par- 
ticular three stereo cassette decks incorporating 
Dolby circuitry, and a comprehensive music centre. 
There is an extensive list of radio receivers, these 
ranging from tiny portable broadcast band sets to 
a.m.-f.m. stereo units. The world of high fidelity is 
very well catered for and the catalogue offers a wide 
choice of speakers, headphones, amplifiers and other 
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audio equipment. Many accessories are listed and 
even to be found are such items as sprung plastic in- 
serts for the centres of 45 r.p.m. records. 

'rhe radio hobbyist is catered for as well, and in- 
cluded amongst the pages of the catalogue are lists of 
transistors, resistors, capacitors, integrated circuits, 
l.e.d.'s, photocells and many other items employed by 
the constructor. Further to be found are tools, solder- 
ing irons, equipment cases and multimeters, as well as 
kits for simple electronic projects. 

The 1977 Tandy catalogue has 100 pages and may 
be obtained free at any 'Tandy Store. 
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CAR BATTERY 
MONITOR By F. T. Jones 

A simple circuit which gives a visual in- 
dication of car battery voltage. It is suitable for both 12 volt and 6 volt 

systems. 

This little unit can be added to any car and it in- 
dicates the state of the battery by monitoring its 
voltage. Indications are given by three light -emitting 
diodes, of which one is green, one is yellow and the third is red. The green 1.e.d. lights up when the voltage 
is equal to or greater than that of a fully charged 
battery, the yellow l.e.d. lights up for battery voltages 
between the charged and the discharged states and 
the red l.e.d. lights up for voltages at or below that of a discharged battery. One version of the circuit may be 
employed with a 12 volt car system and the other with 
a 6 volt system. 

OPERATING VOLTAGES 
The voltages at which the green l.e.d. gives way to 

the yellow and at which the yellow gives way to the 
red are pre-set, and can have any values within reason 
which are favoured by the user. The author feels that, 
in a 12 volt system, the voltage corresponding to a 
charged battery should be 13 volts and that cor- 
responding to a discharged battery 10 volts, and these 
figures will be employed in the following description 
of circuit operation. 

Fig. 1 shows the circuit of the unit and it will be assumed that this has the component values 
applicable to the 12 volt version. The two circuit 
points at the left connect to the car battery. It will be 
helpful to look upon the battery voltage as being in- 
itially very low, well below 10 volts, and then observe 
what happens as it is increased. 

As soon as the battery voltage is raised above some 
3 volts the red l.e.d., LED3, commences to glow, and 
it continues to glow as battery voltage increases. 
When the voltage comes close to 10 volts the potential 
at the slider of VR2 with respect to the negative rail 
rises to that needed (about 1.2 volts) for current to 
flow in the base -emitter junctions of the silicon tran- 
sistors, TR3 and TR4. TR4 commences to draw a 
collector current through R4 and the yellow l.e.d., 
LED2. As the battery voltage further increases TR4 
becomes turned fully on with only a low voltage, of about 0.2 volt or less, between its collector and 
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b 
BC 107 

Lead -outs 

Fig. 1. The circuit of the car battery inonitor. 
The l.e.d.'s light up as explained in the text to 

indicate battery voltage 

emitter. The yellow 1.e.d. glows at full brightness. Part 
of TR4 collector current flows through the now 
forward -biased diode, D2, whereupon the voltage 
across the red l.e.d. falls to 0.8 volt or less and it ex- 
tinguishes. 

The battery voltage continues to increase, with the 
yellow l.e.d. alight on its own. When the voltage 
reaches the 13 volt level, current flows from the slider 
of VR1 into the base of TR1 and a similar action to 
that given with TR3 and TR4 takes place. At about 13 
volts TR2 turns fully on, causing the green l.e.d. 
LED1, to light up. At the same time D1 is now 
forward -biased and the voltage across the yellow l.e.d. 
becomes too low for this to be illuminated, and it ex- 
tinguishes. The green l.e.d. then stays alight for all 
voltages above 13 volts. 
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COMPONENTS 

12 VOLT VERSION 
Resistors 
(All fixed values 5%) 

Rl 10k i2 ; watt 
R2 lkt2 2 watt 
R3 10kí2 + watt 
R4 1kí2 2 watt 
R5 1kII 2 watt 
R6 2.7kt2 ; watt 
R7 2.7kí2 watt 
VR1 10k1', pre-set potentiometer, skeleton, 0.25 
watt 
VR2 lOk t2 pre-set potentiometer, skeleton, 0.25 
watt 

Semiconductors 
TR1-TR4 BC107 
ZD1 zener diode, 9.1V 5%, 400mW 
ZD2 zener diode, 7.5V 5%, 
Dl, D2 1N4002 
LED1 green l.e.d. 
LED2 yellow l.e.d. 
LED3 red l.e.d. 

6 VOLT VERSION 
Resistors 
(All ; watt 5%) 

R1 4.7kR 
R2 390 tl 
R3 4.7110 
R4 390 0 
R5.390 t2 

400mW 

Semiconductors 
ZD1 zener diode, 4.3V 5%, 400mW 
ZD2 zener diode, 3V 5%, 400mW 

All remaining components as for 12 volt version. 

The process just described would have occurred in 
reverse order if we had commenced with a battery 
voltage higher than 13 volts and reduced it to lower 
than 10 volts. The battery voltages at which the two 
pairs of transistors become turned on are, of course, 
controlled by the settings of VR1 and VR2. The 
manner in which these two potentiometers are set up 
is described later. 

Fig. 2. Illustrating how the I.e.d.'s light up at 
different voltages from the battery 

CIRCUIT PERFORMANCE 
Fig. 2 shows the performance of the circuit in terms 

of battery voltage versus subjective observation of the 
1.e.d.'s. As battery voltage rises to 10 volts the red 
l.e.d. extinguishes rapidly whilst the yellow 1.e.d. 
lights up with a slightly less rapid increase in 
brightness. A similiar effect takes place at 13 volts, at 
which the yellow l.e.d. extinguishes quickly and there 
is a slightly slower increase in brightness in the green 
l.e.d. It will be seen that there are two small areas of 
overlap, at which two 1.e.d.'s are alight at the same 
time. This is an advantage, since two fairly precise in- 
dications of battery voltage are then given. 

In the circuit, the voltage across VR1 and R6 is 
equal to the battery voltage less the fixed voltage drop- 
ped across zener diode ZD1. As a result the voltage rise 
across VR1 track is more rapid, with battery voltage 
increase, than would occur if a fixed resistor were 
employed instead of the zener diode. R6 is included in 
series with VR1 to limit current if VR1 slider is set to 
the upper end of the track. R7 is connected in series 
with VR2 for the same reason. The collector of TR1 is 
returned to the positive rail via Rl instead of being 
connected to the collector of TR2, as occurs in the 
familiar Darlington configuration. This method of 
connection gives slightly increased gain and permits 
TR2 collector to fall to 0.2 volt or less with respect to 
the negative rail when it is turned fully on whereas, 
with the Darlington configuration, the collector of 
TR2 would fall to some 0.8 volt. These are marginal 
advantages, but they nevertheless merit the inclusion 
of an extra fixed resistor. The remarks concerning 
ZD1, Rl, TR1 and TR2 apply similarly to ZD2, R3, 
TR3 and TR4. 

The three 1.e.d.'s can be any types having maximum 
forward current ratings in the region of 30 to 60mA, 
and in the circuit they are operated at about 10mA or 
more. Suitable components are the light -emitting 
diodes Type 4, which are available from Doram Elec- 
tronics Limited, P.O. Box TR8, Wellington Road In- 
dustrial Estate, Wellington Bridge, Leeds, LS12 2UF. 
These are supplied with a panel mounting bush, and 
the anode lead (which connects to R2, R4 or R5 as 
applicable) is identified by being shorter than the 
cathode lead. Diodes D1 and D2 are simply small 
silicon rectifiers, and 1N4002's were used by the 
author. VR1 and VR2 are skeleton pre-set poten- 
tiometers. They should be rated at 0.25 watt or more. 

SETTING UP 
The circuit is set up by applying the requisite 

voltages to the unit and adjusting VR1 and VR2 ac- 
cordingly. Initially, the sliders of both these poten- 
tiometers are at the negative ends of their tracks. If 

L.E.D. 

brightness 

Red Yellow Green 

10 II 12 

Applied volts 

13 14 
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the discharge and charge voltages to be chosen are 10 
and 13 volts respectively, a 10 volt supply is first 
applied. VR2 slider is then adjusted so that both the 
yellow and the red l.e.d.'s are illuminated. A supply 
voltage of 13 volts is next applied and VR1 is adjusted 
to cause both the green and the yellow l.e.d.'s to light 
up. The unit is then set up. As already stated, VR1 
and VR2 can be adjusted for other battery input 
voltages. 

Obtaining the requisite input voltage is a very sim- 
ple matter if a variable voltage power supply is 
available. Alternatively, batteries can be employed 
and it is in order to use dry batteries here if com- 
binations can be devised which give the desired 
voltages. The input voltage should be checked with a 
voltmeter. 

The current drawn from the battery is about 10mA 
when the red l.e.d. is alight, this rising to about 23mA 
when the yellow 1.e.d. is illuminated and to about 
37mA when the green l.e.d. is lit up. Such values are 
negligibly low in an electrical system where current 
levels are normally defined in amps. 

6 VOLT VERSION 
The 6 volt version of the unit has the same circuit 

as the 12 volt version, but some of the component 
values are changed. Most of the fixed resistance 
values are reduced, as also are the voltages of the 
zener diodes, and the altered values are listed in the 
accompanying Components List. The 6 volt version 
functions in exactly the same manner as the 12 volt 
version, and can be set up for discharge and charge 
voltages at or near 5 and 6.5 respectively. The transi- 
tion from one l.e.d. to another as voltage changes is 
rather less sharp than occurs with the 12 volt circuit. 

The circuit may be assembled in any manner 
desired, the only components which need to be visible 
being the three l.e.d. s. The parts should be accom- 
modated in a fairly cool part of the car and, of course, 
care must be taken to prevent short-circuits to the 
vehicle metalwork. The unit can be wired to the 
battery circuit after the ignition switch. Alternatively, 
it can be connected directly to the battery, with its 
own on -off switch in series with the non -earthy 
battery lead. 

"Are you sure you are familiar with corn- 
puterised Aston Martins?" 

CAN ANYONE HELP? 
Requests for information are inserted in this feature free of charge, subject to space being available. Users of this service undertake to acknowledge all letters, etc., received and to reim- burse all reasonable expenses incurred by correspondents. Circuits, manuals, service sheets, etc., lent by readers must be returned in good condition within a reasonable period of time. 

"ELPICO" Car Radio CRP 700A - T. A. Taylor, 45 Ceefax Unit - D. Bullivent, 9 Meadow Lane, Ryhall, Linkhay, South Chard, Somerset - Service data to Stamford, Lincs. PE9 4EP - Plans or details of any kit borrow or purchase. manufactured. 

Martin Transistorised FM Tuner - W. Mullen, 9 Field Lane, Braunton, Devon - Any information, 
purchase or loan. 

R7303, R1466, BC1206C (28v Aircraft) - R. 
Marsh, 7 Gawsworthy Close, Holmes Chapel, Crewe, 
Cheshire - Circuits and other details needed. 
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CRT, VCR 97(10/E/222) - Dr. A. V. Forage, Box 84, 
Dover, Tasmania 7116 = Data and pin connections re- 
quired. 

HRO National Receiver - A. Clancy, 5 Carlton Man- 
sions, 387 Coldharbour Lane, Brixton, London SW9 8QD - Valve line up and/or Service Sheet or Handbook re- 
quired, all expenses paid. 
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FOR DX LISTENERS 

By Frank A. Baldwin 

Times = GMT 

Recent attempts at `Dxing Laos' have not proved 
successful but for those who care to have a try at 
receiving this 'rare country' (in radio terms) the 
following notes may be of some interest. 

LAOS 
The Laotion External Service from Vientiane 

operates from 0400 to 0630; 1100 to 1400 and from 
2300 to 0130 on 7145. For U.K. listeners the best 
times would be from around 1300 to 1400 when they 
are in French (1300 to 1330) and in English (1330 to 
1400 sign -off); from 2300 to about 2400 when they 
are in Thai (2300 to 2330) and Vietnamese (2330 to 
2400). The power is 25kW. 

The Domestic Service from Vientiane would 
probably best be heard here in the U.K. (if at all) 
from around 1300 through to 1430 sign -off on 6210. 
From 1300 to 1400 there is a programme on 
Literature and Art, 1400 to 1430 General News in- 
cluding commentary, all in Laotion of course. Other 
channels in use at this time are 4245, 5160, 6130, 
6200 (logged last year on 6199), 7310 and on 
7480. At the 2330 sign -on, try on 5160; the only 
other channel in use at this time being 6130 and that 
is hopeless! 

For real super-Dx why not try some of the Regional 
Service stations such as Savannakhet on 7385 from 
2300 sign -on or at 1330. A word of warning here, 
Radio Peking opens at 1400 on this channel in Tamil 
to South Asia. 

Or there is Xieng Khouang on 4603 and 6693 
from 2300 sign -on or try again just prior to the 1400 
sign -off when they are relaying Vientiane. 

All that still leaves Luang Prabang on 6985, 8175 
or 8395 and note that only one of the latter channels 
will be operative at any one time. Listen from the 
2300 sign -on or from around 1400 to 1430 sign -off, 
during which period they are relaying Vientiane. 

A check recently showed that the recommended 
channels are all clear of QRM except 6693 which 
sports a running teletype transmitter quite frequent- 
ly. 

CURRENT SCHEDULES 
VIETNAM 
Radio Hanoi, the "Voice of Vietnam", operates an 

External Service in which broadcasts to Europe in 
English are as follows - from 1800 to 1900 and from 
2030 to 2130 on 10040 and 15012. 

LAOS 
Of interest to Dxers would be the Regional Ser- 
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vices (Domestic), the first being Xieng Khouang from 
2300 to 0100; 0400 to 0600 and from 1000 to 1400 on 
4603 and 6693. The second transmitter is Luang 
Prabang from 2300 to 0200; 0400 to 0600 and from 
1000 to 1430 on 6985, 8175 and on 8395. 

CLANDESTINE 
"National Voice of Iran" may be heard on 6025 

when in Persian from 1730 to 1745 and from 1800 to 
1815 or in Azerbaijani from 1745 to 1800. The 
programmes are pro -communist and anti -Shah and 
are thought to emanate from Radio Baku. Listen for 
the identification "Seda -ye Melli-ye Iran". 

SOMALIA 
The Somali Broadcasting Service, Mogadishu, 

presents an External Service in which an English 
programme is radiated from 1100 to 1130 on 9585. 

BELGIUM 
Apart from a short programme directed to the 

U.S.A. once a month, the only English transmission 
from Brussels is that directed to Africa from 1730 to 
1800 on 9745 and 11940. 

VENEZUELA 
"Radio Nacional de Venezuela", Caracas, offers a 

programme in English to Europe and the Americas 
from 2200 to 2300 on 6170 and on 15390. 
AROUND THE DIAL 

CLANDESTINE 
Radio Iran Courier on 11415 at 1802, OM in Far- 

si to Iran. This station operates at various times 
throughout the afternoon and early evenings, 
probably the best time for listeners here in the U.K. 
would be the scheduled 1720 to 1810 period. The 
transmission can also be heard in parallel on 11695 
but note that on Fridays the sign -on is at 1620. 
Programmes are anti -Shah, Iranian Government, 
Western interests in Iran and CENTO; pro- 
communist and Tudeh Party of Iran (local com- 
munist organisation). 

Voice of the Thai People on 9423 at 1553, YL and 
OM alternate with harangues in Thai. This one closes 
at 1615 (slightly variable) and is thought to be 
located in China. 

CHINA 
Radio Peking on a measured 7504 at 2008, YL in 

Standard Chinese in a Domestic 1st programme for 
home consumption, scheduled on this channel from 
2000 to 1735; also to be heard in parallel on 6665. 

Radio Peking on 6225 at 2054, YL with songs, 
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local orchestral items complete with mixed choir. This is the 1st Domestic Service scheduled here from 
2000 to 0100. 

Radio Peking on 6345 at 2100 when signing -on 
with interval signal and "East is Red" in 2nd Domestic Service which is scheduled from 2100 to 
2330 at this point on the dial. 

Radio Peking on 6590 at 1815, YL in English to South Asia, scheduled from 1800 to 1900. 
Radio Peking on 7780 at 1821, OM and YL alter- nate in German to Europe, scheduled from 1800 to 

1900. 
Radio Peking on 3450 at 1613, OM in Standard 

Chinese in 1st Domestic Service, schedule from 1250 
to 1735. ' 

Radio Peking on 9080 at 1620, YL in Standard 
Chinese in 1st Domestic Service, schedule 1133 to 
1735. 

Radio Peking on 6410 at 1625, OM in Urdu to In- dia and Pakistan, scheduled from 1630 to 1700. 
Radio Peking on 7620 at 1628, YL in English to East and South Africa,,schedule is from 1600 to 1700. 
Radio Peking on 6645 at 2015, YL and OM alter- nate in Albanian to Albania - where else? Schedule 

is from 2000 to 2030 and may also be heard in parallel on 7590. 
Radio Peking on a measured 6932.5 at 2025, OM 

in Portuguese to Africa and Europe, scheduled from 
2000 to 2100 on this channel and in parallel on 6345. 

Lanzhou on 4865 at 2327, YL with a talk in 
Chinese. The schedule of this regional station is from 
0950 to 1600 and from 2150 to 0600. 

PLA (People's Liberation Army) Fuzhou on 4330 at 2028, OM in Chinese to Taiwan and other offshore 
islands, scheduled from 1000 to 0144. 

Shenyang 6n a measured 4832 at 2215, OM in Chinese. Schedule is from 0720 to 1515, 2040 to 0100 and from 0250 to 0535. 
MALAYSIA 
Radio Malaysia, Penang, on 4985 at 1520, OM with a talk in English about local tropical diseases and cures. This station operates both in English and vernacular and the schdule is from 0530 to 0630 (Saturdays to 1630), from 0930 to 1630 (Sundays to 

1630) and from 2230 to 0130. The power is 10kW. 
THAILAND 
Bangkok on 4830 at 1540, distinctive local -type 

music interspersed with long announcements by YL 
in Thai. Radio Thailand operates throughout from 
2300 to 1600 and the power is 10kW. Bangkok is the seaport capital of Thailand and is on the banks of the Menam river 20 miles inland from the sea. Rice, tea and teak are the main exports. 

BURMA 
Rangoon on 4725 at 1410, military marches with 

choral songs in patriotic -style. This one radiates in 
Burmese and vernaculars from 1000 to 1415,. the power is 50kW. The city of Rangoon is the capital of Burma and has two cathedrals, many mosques and 
pagodas. Despite the schedule however, the writer has logged Rangoon as late as 1450 and still going 
strong! 

INDONESIA 
RRI (Radio Republik Indonesia) Ujang Pandang 

on a measured 4719 at 1400, typical local -style 
music, YL with songs, OM announcer in Indonesian. The schedule is from 1225 to 1530 (Saturdays until 
1600) and the power is 50kW." Ujung Pandang is 
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situated in Propinsi Sulawesi Selatan (literally 
Province Celebes South). 

RRI Banda Aceh on a measured 4954.5 at 1525, 
short excerpts of orchestral music Euro -style, YL an- nouncer then UM with a local song in vernacular. The schedule is from 0800 to 1600 and from 2300 to 0015 (Sundays to 0600), the power is 10kW. Banda Aceh is 
in Sumatera (Sumatra) and located in Daerah Istimewa Aceh (literally District Special Aceh). 

RRI Jakarta on 4805 at 1540, OM in Indonesian, 
gamelan mx. Schedule is from 1000 to 1600 and from 
2155 to 0100 and the power is 20kW. On Java (Jawa), this one is located in Daerah Khusus Jakarta Raya (literally District Special Jakarta Great). 

PAKISTAN 
Radio Pakistan on 5010 at 0139, OM with a newscast in vernacular, many mentions of Pakistan, programme of local music. Presumably Karachi in a. move from 5020 where they normally operate a link 

to Islamabad from May to August from 1615 to 1900. 
Karachi can also be logged on 3330 at 1534, at which time wt heard them radiating a programme in Urdu. 
TIBET 
Lhasa on 4035 at 1533, OM in Tibetan until 1540 when the signal was wiped out by commercial QRM. 
MALAYSIA -2 
Sibu, Sarawak, on"5005 at 1440, programme of local pops complete with traditional orchestra. 
VIETNAM 
Radio Hanoi on a measured 3999 at 1447, OM in Vietnamese to the former South Vietnam in a relay of the 1st Network, scheduled on this channel from 1230 

to 1600. 
Radio Hanoi on a measured 4932 at 1454, OM and YL in Vietnamese to S. Vietnam, scheduled from 

2055 to 1600 (1st Network). 
Radio Hanoi on a measured 4994 at 1432, YL and 

OM alternate in Vietnamese. This is the Home Ser- 
vice 2, scheduled from 2245 to 1600. 

KHMER REPUBLIC 
Phnom -Penh on a measured 4908 at 1425, local 

music, OM in vernacular (presumably Cambodian)). 
NORTH KOREA 
Radio Pyongyang on 6770 at 1415, OM in French, 

military music in a programme directed to S.E. Asia, 
scheduled from 1400 to 1600. 

SAO TOME 
Radio Nacional de Sao Tome on a measured 4807 

at 1948, YL with a newscast in Portuguese. Schedule 
is from 0530 to 2300 and the power is 1kW. 

CAPE VERDE 
Voz do Sao Vicente, on a measured 3931 at 2154, 

OM's with a discussion in Portuguese. Schedule 
Monday to Friday 0700 to 0830; Sunday 1100 to 
1400, 1500 to 1630; Saturday 1600 to 2030; daily 
2030 to 2400, the power is 10kW. 

Radio Clube Cabo Verde on a measured 3886 at 2054, OM in Portuguese amid a welter of commercial 
QRM! 

NOW HEAR THIS 
Voice of the Revolutionary Party for Reunifica- 

tion, Haeju, North Korea, on a measured 4554 at 
2140, YL with a song in Korean, local orchestral 
music, OM in Korean with a (political?) harangue at 2152. 
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V.H.F. A.M. 
SUPERHET 

Part 1 By D. F. W. Featherstone 

This battery operated superhet covers 70 to 147MHz and thereby offers 
reception on both the 4 metre and 2 metre amateur bands as well as on the 
frequencies between. Range selection is achieved by means of plug-in coil 
pack modules, and the design is presented for the more experienced con- 
structor who is capable of working out his own component and wiring 

layouts. The concluding article will appear in next month's issue. 

The v.h.f. bands carry many transmissions besides 
those in Band II, and they are usually amplitude 
modulated. This receiver is designed to cover the 70 
and 145MHz amateur bands and the frequencies 
which lie between them. The very stable design 
should enable coverage to be extended at both ends of 
this frequency range if desired, but this has not yet 
been confirmed by the author. 

The receiver uses a superheterodyne circuit with a 
separate local oscillator running below signal fre- 
quency. The four bands are selected by inserting 
home -wound plug-in coil packs, and this method 
avoids the problems usually associated with v.h.f. 
switching. The receiver is sensitive, stable and easy to 
align, and can be built at relatively low cost. The four 
bands give ample equivalent scale length for accurate 
tuning, and the items of test equipment required are 
an r.f. signal generator, an electronic or high 
resistance voltmeter and a millivoltmeter. 

THE CIRCUIT 

From the circuit diagrams it can be seen that two 
power supplies are used. A 9 volt negative supply 
powers the r.f. amplifier, local oscillator and a.g.c. 
amplifier at a total current of under 3mA, and a 9 
volt positive supply is used for all other stages. With 
thé a.f. amplifier shown, the current drawn from the 
9 volt positive supply is about 10mA. 

Fig. 1 shows the r.f. amplifier, in which TR1 is a 
grounded base transistor. The aerial signal is fed by 
Cl to the emitter and R3 provides acceptable im- 
pedance matching to a 7512 coaxial feeder. The 
negative supply is decoupled by R2 and C3, whilst C2 
grounds the base for r.f. VR1 is used to set the collec- 
tor current of TR1 and C4 limits the effective max- 
imum capacitance of VC1(a). The r.f. tuning coil of 
the coil pack in use is connected between pins 1 and 4 

of the B7G valve base, SKT2, and a tapping, from 
which the output is taken, is connected to pin 7. The 
output then passes via C5 to the base of the mixer 
transistor. 

Fig. 2 shows the circuit of the local oscillator, TR3. 
This is similar to the r.f. amplifier but the input con- 
sists of positive feedback via C10 and the output is 
applied, via C9, to the emitter of the mixer transistor. 

The mixer, 10.7MHz i.f. amplifiers and a.g.c. 
amplifier are shown in Fig. 3. The collector current of 

- 9V 

shiel.''c 
BF180 

Lead -outs 

VCIa 

Fig. 1. The circuit of the r.f. amplifier stage 
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Fig. 2. The receiver local oscillator also 
employs a grounded base transistor 
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Fig. 3. The mixer, i.f. amplifier and detector stages 
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Top view of the chassis. The a.f. amplifier sub - 
chassis is mounted above the main chassis 

the mixer, TR2, is set by VR3, and R7 prevents loss 
of signal while adjustments are being made. TR2 
supply is decoupled by R8 and C11 and the 
difference frequency of the r.f. and local oscillator 
signals is selected by IFT1. 

TR4 and TR5 are normal i.f. amplifiers, the base 
bias currents for both passing through R14. TR6 is 
the final i.f. amplifier feeding into the detector cir- 
cuit. IFT4 is a modified version of the other i.f. 
transformers to enable it to match the higher im- 
pedance of the detector. The modification consists of 
carefully removing the existing secondary, which has 
only one or two turns, and replacing it with 8 turns of 
thin enamel covered wire. The wire employed by the 
author was 38 s.w.g. Alternatively, a ratio detector 
type of i.f. transformer could be used with only one 
section of the secondary connected. 

The receiver has good sensitivity with only two i.f. 
amplifying stages and it may be tried in this way in- 
itially, but the third stage was found to give a much 
improved signal-to-noise ratio and to give better 
reception of signals from the more distant mobile 
sources. If only two i.f. stages are used the final i.f. 
transformer must still, of course, be modified. 

The detector circuit supplies both the audio signal 
to the a.f. amplifier and d.c. to the delayed amplified 
a.g.c. system. The a.f. amplifier, Fig. 4, gives ample 
output for a crystal or high impedance earphone, or it 
will drive a small loudspeaker if a suitable 
transformer is connected in place of R37. 

TR10 is the a.g.c. amplifier. The potential divider 
chain, D2, D3, R40 and D4, holds TR10 emitter at 0.4 
volt negative of chassis. TR10 collector is connected to 
the junction of R10, R14 and R15 which, under no -signal 
conditions, has a potential of 3 volts positive of 
chassis. TR10 base is held at chassis potential by 
VR4. If a signal is present the upper end of VR4 track 
becomes more positive due to the action of Dl. When 
this voltage reaches about 0.25 volt positive the 
base -emitter junction of TRIO is at 0.65 volt 
and TR10 starts to conduct, drawing current 
through R14 and thus lowering the voltage at 
the junction of R10, R14 and R15. This lowers the 
base current of TR4 and TR5, thereby reducing their 
stage gain. As TR10 does not start to conduct until 

the detector output reaches 0.25 volt there is no a.g.c. 
action when weak signals are present, and these 
receive full amplification. Any further increase of 
signal strength, however, produces a much amplified 
a.g.c. action. 

COMPONENTS 
Most of the components are standard parts, but a 

few require comment at this stage. VC1(a)(b) is a 2- 
gang 17 + 17pF variable capacitor, and a suitable 
type is available from Home Radio. This capacitor 
has an integral 3:1 reduction gear. The value of C8 
may require to be changed during alignment for op- 
timum tracking. 

There are eight coil pack trimmers and these can 
be mica components with a range of 1.5 to 20pF. 
Other points concerning the parts required for the coil 
packs will be covered when their construction is 
described. 

The layout employs seven single anchor points for 
supply connections in the r.f. and i,f. stages. These 
may be given by lead -through insulators. Alter- 
natively, 1,000pF feed -through capacitors could be 
employed. 

The 10.7MHz i.f. transformers employed in the 
prototype were single -tuned types, with the primary 
tuned and the secondary untuned. It would be possi- 
ble to use double -tuned types, although this point has 
not been checked by the author. It is unlikely that 
double -tuned transformers would reduce stability 
but, should ,this occur, one of the emitter bypass 
capacitors can be omitted. Alternatively, a double - 
tuned transformer can be converted to single -tuned 
operation by removing the secondary and adding a 
new untuned secondary consisting of two turns of the 
coil wire wound over the earthy end of the tuned 
primary. 

R25 

C25 

2N706 
Lead -puts 

R32 

TR7 TR8 
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R35 
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11-»a 
+ 

urn 
9V ¡ y TR9 

2N 706 

-9V 4 t 
Slb 

T 
9V 

Fig. 4. The circuit of the 3 -transistor a.f. 
amplifier 
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Resistors 
(All fixed values ; watt 10%) 

Rl 3.9k12 
R2 lkcl 
R3 12011 
R4 2.7k fl 
R5 lkcl 
R6lkc1 
R7 5.6k12 
R8 lkn 
R9 lkn 
R10 22k11 
Rll lOkº 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 

lkcl 
47012 
27k n 
18k12 
10k fl 
39012 
220 c1 

39k cl 
56012 
6.8k 12 

22011 
56011 
4700 
22011 
47k n 
6.8k 12 

8.2k 11 

COMPONENTS 

R29 390n 
R30 6.2k n 
R31 56k11 
R32 lkn 
R33 6.2kû 
R34 22011 
R35 39kc1 
R36 4.3k 11 

R37 3.9k c1 

R38 10011 
R39 560S2 
R40 39012 
R41 4.7k1 
VR1 1Okn pre-set potentiometer, miniature 

skeleton, vertical 
VR2 25kû pre-set potentiometer, miniature 

skeleton, vertical 
VR3 25kí2 pre-set potentiometer, miniature 

skeleton, vertical 
VR4 51m potentiometer, log, with switch S1(a)(b) 

Capacitors 
Cl 200pF silvered mica 
C2 0.01µF plastic foil 
C3 1,000pF silvered mica 
C4 15pF silvered mica 
C5 1.5pF silvered mica or ceramic 
C6 0.01/LF plastic foil 
C7 1,00µpF silvered mica 
C8 15pF silvered mica (see text) 
C9 8.2pF ceramic 
C10 4.7pF ceramic 
C11 0.05µF plastic foil 

C12 0.04F plastic foil 
C13 0.05µF plastic foil 
C14 0.01µF plastic foil 
C15 0.05µF plastic foil 
C16 0.05µF plastic foil 
C17 0.01µF plastic foil 
C18 0.112F plastic foil 
C19 0.05µF plastic foil 
C20 0.1µF plastic foil 
C21 0.05µF plastic foil 
C22 1,000pF silvered mica 
C23 1,000pF silvered mica 
C24 10µF electrolytic, 10 V. Wkg. 
C25 501F electrolytic, 10 V. Wkg. 
C26 32µF electrolytic, 10 V. Wkg. 
C27 50µF electrolytic, 10 V. Wkg. 
C28 10µF electrolytic, 10 V. Wkg. 
C29 16µF electrolytic, 10 V. Wkg. 
C30 32,uF electrolytic, 10 V. Wkg. 
C31 50µF electrolytic, 10 V. Wkg. 
C32 2.2µF electrolytic, 10 V. Wkg. 
C33 luF electrolytic, 10 V. Wkg. 
VC1(a)(b) 17 + 17pF 2 -gang variable. 
8 -off trimmers, 1.5-20pF (see text) 

Inductors 
IFT1-4 10.7MHz i.f. transformers (see text) 
8 -off coils, home -wound (see text) 

Semiconductors 
TR1 BF180 
TR2 BF180 
TR3 BF180 
TR4 BC109 
TR5 BC109 
TR6 BC109 
TR7 BC109 
TR8 BC109 
TR9 2N706 
TRIO 2N2926Y 
D1 0A90 
D2 0A91 
D3 0A91 
D4 6.8V zener diode, 400mW 

Switch 
S1(a)(b) d.p.s.t. toggle, part of VR4 

Sockets 
SKT1 coaxial socket 
SKT2 B7G valveholder, low -loss 
SKT3 B7G valveholder, low -loss 
SKT4 3.5mm. jack socket 

Miscellaneous 
2 -off 9V batteries, type as desired 
Battery connectors 
2 -off knobs 
Perforated s.r.b.p. board, 0.1in. matrix 
Tagstrips, as required 
Materials for coil packs (see text) 
Materials for case (see text) 
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CONSTRUCTION 

The author constructed the case and chassis of the 
receiver from 22 s.w.g. galvanised mild steel, which 
can be obtained from builders' merchants. General 
details are given in Fig. 5. The front panel is 4 by Tin. 
and has holes for VR4, SKT4 and VC1, as well as for 
the chassis securing bolts. The rear panel is 4 by 
7.lin. and has two holes for access to VR2 and VR3. 
The slightly longer length is required as the end 
flanges pass over the side panels. Hole positioning is 
best determined with the aid of the components con- 
cerned. The whole receiver could be made smaller, 
but the size chosen leaves space for batteries if por- 
table operation is required. 

(Bock is 7.1" to fit outside ends 

VR4 SKT4 

0 0 
(at front) 

Holes for adjusting VR2and VR3 

(in back panel) 

Holes for chassis bolts 

VCI 

o 
(at front) 

Front and back panels of case 

Holes for A.F. sub -chassis not shown 

End panels - 
SKTI and supply 
on RH end 

4' 

Bolt on inside 

rear panel 

SKT1 

O Chassis bolts x ~x 
o 

Supply 
cable 

Bolt on outside 
front panel 

Chassis slightly under 

7 x 4°to fit case 

Fig. 5. Details of the receiver case. The O.3in. 
flanges are bent through 90 degrees in the 

direction required 

The chassis is a flat flanged plate mounted so that 
its surface is mid -way between the top and bottom of 
the case. The bodies of the mixer and i.f. transistors, 
the i.f. transformers and the coil packs are all below 
the chassis. A lid can be fitted to the case later, and 
the base is left open to enable the coil packs to be 
changed. 

The tuning capacitor should be mounted so that 
the spindle is at least 1.6in. from the right hand end 
of the case to allow space for fitting a tuning scale. 
This also leaves room between the tuning capacitor 
and the case end on the inside for one of the two 
batteries. 

The general layout on the chassis of the r.f. and i.f. 
stages is given in Fig. 6. SKT2 and SKT3 are B7G 
valve bases, mounted on the chassis underside with 
their tags uppermost. Before fitting these, remove the 
sockets for pins 2, 3, 5 and 6, together with the centre 
metal screen. Also, file flat the slightly raised part in 
the centre so that the coil packs will seat firmly. 

A view from underneath. The coil packs, the i.f. 
transformers and the mixer and i.f. transistors 

are all mounted below the chassis 

Holes for the i.f. transformer pins are drilled Ain. 
and those for fixing lugs ,kin. Fig. 7 shows how the 
transformers may be mounted. After passing the pins 
and lugs through the appropriate holes, a piece of 24 
s.w.g. bare tinned copper wire is fitted between the 
two lugs and is then soldered to them. 

Fourein. holes are drilled at the positions for TR2, 
TR4, TR5 and TR6, after which a piece of plain per- 
forated s.r.b.p. board of O.lin. matrix, and measuring 
0.5 by 0.75in., is secured under the chassis at each 
hole, as in Fig. 8. The transistors are held in position 
by passing their lead -outs through holes in the 
boards, with connections made above the chassis. 

Fig. 6 also gives general wiring details including the 
positioning of chassis connections where this is im- 
portant. Not all the components appear in the 
diagram and the constructor should consult the cir- 
cuits of Figs. 1, 2 and 3 when necessary. Some com- 
ponents, such as R2, are below the chassis. Also 
below the chassis, under VC1(a)(b), is a 3 -way tagstrip 
for the battery connections. In the author's receiver 
the battery leads pass through a hole in the right 
hand side panel, but they can be alternatively routed 
if the batteries are to be positioned inside the 
receiver. 
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SKT4 

Supply posts shown thus : 0 and 0 
Fig. 6. General layout of wiring in the r.f. and i.f. stages. This diagram is intended mainly to show the positions where chassis connections are made, and not all components are shown. Some of the positive supply points do not connect directly to the positive 9 volt supply, but do so via decoupling resistors 

Wire soldered to mounting lugs 

24 s.w.g. wire I 

I.F. transformer 

Chassis 

Fig. 7. The i.f. transformers are secured by lay- 
ing a piece of tinned copper wire across the top 
of the chassis and soldering it to the mounting 

lugs 

TR10 and the a.g.c. components are not fitted until alignment has been carried out. They are wired later 
on a tagstrip fitted to the front panel above SKT4. The a.f. amplifier is assembled on a sub -chassis having the dimensions given in Fig. 9. This is bolted 
to the rear panel and left hand side panel, and is parallel to and about lin. above the main chassis. It has three 8 -way tagstrips with TR7, TR8 and TR9 taking up the approximate positions shown. The wir- ing layout of the a.f. amplifier is unimportant provid- 
ed that the normal common-sense rules, such as 
FEBRUARY 1977 

Leads protrude 3/8" 3/8'hole in chassis 

Self -tapping screws 

Chassis 

<<.. , )1"., 

Transistor 
Plain Veroboard , O-I"matrix 
cut to I/2 *x 3/4e 

Fig. 8. The mixer and i.f. transistors are 
positioned below the chassis with their lead - 
outs passing through the holes of 0.1 in. plain 

perforated board 

keeping output wiring away from input wiring, are 
observed. The leads from the remainder of the 
receiver to the a.f. amplifier should be long enough to 
enable it to be positioned outside the case during set- 
ting up. 

SETTING UP 

When assembly is complete make a thorough 
visual check and set VR1, VR2 and VR3 sliders to the 
more negative ends of their tracks before connecting 
the batteries. Initially apply power via a suitable 
meter to check that current consumption is not ex- 
cessive. The current from the negative supply should 
be very low until the two coil packs are fitted. Adjust 
VR3 to obtain 0.2 volt across R9. Connect a meter 
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Fig. 9. Dimensions of the a.f. emplifier sub - 
chassis. TR7, TR8 and TR9 take up the ap- 

proximate positions indicated 
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Pin 7 
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Trimmer (earthy tag to pin I ) 

(b) 

l/16`S.R.B.P. 1`x I. 

Ends of coil soldered to 

to pin tops and extended 

to trimmer 

Fig. 10(a). Side view of a coil pack assembly. 
For clarity the trimmer is omitted 

(b). Top view of the coil pack 

switched to a 0.5 volt or lower range across VR4 and 
apply a signal generator set to 10.7MHz, via a 100pF 
capacitor, to the base of TR6. Adjust the core of IFT4 
for maximum meter reading, reducing the signal 
generator output as necessary to give a low but 
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readable meter deflection. Next, connect the signal 
generator output to the base of TR5 and adjust the 
cores of IFT3 and IFT4 for maximum meter reading. 
Continue this procedure, working back to the base of 
TR2, until all the i.f. transformers have been aligned. 
Only small adjustments should be required as i.f. 
transformers are usually set approximately at the 
factory. 

The pairs of coil packs have next to be made up. 
The assembly of the coil packs is illustrated in Fig. 
10. Three pins are fitted to a panel of s.r.b.p. measur- 
ing 1 by 1 in. so that they will fit into pins 1, 4 and 7 

of the B7G valve base. An accurate method of mark- 
ing the holes for the pins is to press the pins of a B7G 
valve firmly onto the top sheet of a writing pad. This 
leaves indentations in the paper conforming to the 
pattern of the pins. Place the s.r.b.p. underneath the 
top sheet, holding the paper firm, and mark out the 
positions of pins 1, 4 and 7 through the paper on to 
the s.r.b.p. using a scriber or other sharp pointed tool. 
The pins used by the author were the half -pin version 
of 0.15in. Veropins. 

The coil formers are fixed to the s.r.b.p. panels 
with Araldite or a similar powerful adhesive and are 
20mm. in length by 4.5mm. in diameter. The tuning 
slugs are brass. Suitable formers and slugs will be 
found in many discarded v.h.f. television tuners, and 
the formers could also be made up from plastic tub- 
ing. The Home Radio coil former type CR27, with 
dimensions of 21 by 5mm., will also be satisfactory, if 
its base is removed, although some means of fitting 
this with a brass slug will need to be devised. The 
slug can, of course, be cut from a brass bolt with a 
screwdriver slot cut across one end. Its length can be 
of the order of 10 to 15mm. 

Table 1 

Coil Winding Details 

R.F. Coil Oscillator Coil 

Signal 
Range Frequency 

(MHz) Turns Length Turns Length 
(in.) (in.) 

1 70-90 4+10 0.35 24+12 0.35 
2 85-105 2+84 0.35 24+9 0.4 
3 110-130 14+44 0.4 2+54 0.5 
4 120-147 4+4 0.35 2+44 0.35 

Coil winding details are given in Table 1. All the 
coils are wound with 24 s.w.g. enamelled copper wire. 
It is helpful to remove the enamel and tin the coil 
wire connecting to pin 4 over about an inch from the 
end, as this allows adjustments to be made in coil 
length during alignment. The table indicates the tap- 
ping point for each coil. Thus, the r.f. coil for Range 1 

has 122 turns overall, with a tap 24 turns from the 
earthy end. 

NEXT MONTH 

Further details on the alignment of the receiver 
will be given in next month's concluding article. 

(To be concluded) 
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FOUR 
LEVEL 
DIGITAL ByKf Wong 

O VOLTMETER 

This neat digital voltmeter circuit causes successive I.e.d.'s to be illuminated as input voltage increases. It is primarily intended for operation with a variable voltage power supp- 
ly offering outputs up to 9 volts and having an unstabilized voltage available of 14 to 21 volts, but it has other applications where visual indications of voltage are required. 

In some 'instances, a voltmeter which gives ap- 
proximate indications of certain voltages is quite 
adequate. Such is the case, for instance, with variable 
voltage power supplies, which are becoming very pop- 
ular among home constructors due to the high cost of 
dry batteries. The most commonly employed voltages 
are probably 3, 4.5, 6, 7.5 and 9 volts; a circuit was in consequence designed to indicate these voltages by 
means of a number of light -emitting diodes. An ac- 
curacy of better than 5% was found to be practically 
feasible at low cost. The unit should also appeal to 
novelty builders. 

CIRCUIT DETAILS 
The block diagram for a single voltage indicator is 

shown in Fig. 1. Here, a voltage comparator compares 
the input voltage with a reference voltage. When the 
input voltage exceeds a certain level the voltage com- 
parator produces an output which activates the l.e.d. 
driver, which in turn causes the l.e.d. to light up. To 
indicate a number of voltages the stages are 
duplicated and each voltage comparator is fed with a 
different reference voltage. 

FEBRUARY 1977 

Two simple methods of obtaining the reference 
voltages are available, as shown in Fig. 2. One of these 
consists of a potential divider network placed across 
an accurate voltage source, whilst the other consists of 
accurate resistors connected to a constant current 
source, whereupon accurate voltages are dropped 
across them. 

The first method demands a fairly complex circuit 
for the accurate voltage source and is rather inflexible 
when adjustment of the voltage divider is anticipated. 

Vin o---- Voltage 

comparator 

t 
V ref. 

L.E.D. driver L.ED. 

Fig. 1. Block diagram illustrating the func- 
tioning of a single voltage indicator 
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Fig. 2. Two methods of obtaining accurate 
reference voltages 

COMPONENTS 

Resistors 
(All fixed values ; watt 5% unless otherwise 
stated) 
Rl 1000 pre-set potentiometer, 0.1 watt 
horizontal 
R2 15 k 
R3 1M 
R4 1M n 
R51M0 
R6 1M0 
R7 150 n (see text) 
R8 1500 (see text) 
R9 150 it (see text) 
R10 240 0 (see text) 
R11 330k 
R12 330k n 
R13 330k0 
R14 330kO 
R15 2.7k n 
R16 2.7k n 
R17 2.7kn 
R18 2.7kn 
R19 330 0 2 watt 

Semiconductors 
TR1 BCY71 
TR2 BC169C 
TR3 BCY71 
TR4 BC169C 
TR5 BCY71 
TR6 BC169C 
TR7 BCY71 
TR8 BC169C 
TR9 BCY71 
D1 1N4148 
D2 1N4148 
D3 BZY88C9V1 
LEDI TIL209 
LED2 TIL209 
LED3 TIL209 
LED4 TIL209 

Miscellaneous 
Veroboard, 0.1 in. matrix 
Connecting wire 

On the other hand, a constant current source can be 
readily designed and the resistor network is more 
easily adjusted when different reference voltages are 
needed. 

The final circuit is shown in Fig. 3. Transistors 
TR2, TR4, TR6 and TR8 are the voltage com- 
parators, each comparing the input voltage with the 
reference voltage at its emitter. When the input volt- 
age just exceeds the reference voltage plus the 
base -emitter voltage at any of the comparator 
transistors the transistor turns on and pro- 
vides base current for the corresponding 1.e.d. 
driver transistor. The driver transistors are TR3, 
TR5, TR7 and TR9, and they control LED1, LED2, 
LED3 and LED4 respectively. 

If the input voltage is increased in the positive 
direction from zero, LED4 commences to light up at 3 
volts, LED3 at 4.5 volts, LED2 at 6 volts and LEDs at 
7.5 volts. Thus, at 7.5 volts all the l.e.d.'s are alight. 
TR1 is the constant current source, and Rl is set up 

to give a constant current of 10mA. This current per- 
mits the use of preferred values in the resistor chain 
consisting of R7, R8, R9 and R10. The author used 
5% resistors in the prototype but closer tolerance 
components may be employed, if desired. In the in- 
terests of good long term stability, these four resistors 
should be high stability types. The amplitude of the 
constant current is made relatively large so that, when 
the base and collector currents of the voltage com- 
parators are added to the current in the resistor chain, 
the error incurred is sufficiently small. The base 
currents of the voltage comparators have been kept 
low by using large series base resistors. These are R3, 
R4, R5 and R6. As a significant amount of base 
current is necessary to activate an 1.e.d. driver into 
turning on an l.e.d., there will be a small input voltage 
range between the level where the l.e.d. is just coming 
on and where it is adequately bright. The value of the 

The assembled digital voltmeter unit. The four 
l.e.d.'s are coupled to the Veroboard panel by a 
common cathode lead and four anode leads 
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9.1V 
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o 

DI *+IN4148 

IN4148 

b 

e 

TRI 

BCY 71 

BCY 71 

Lead -outs 

TR2 
. BCI69C 

000 
b c c 

R19 
W1M 

BC 169C 

Lead -outs 

TR3 
BCY7I 

A 

° TIL 209 0 
Lead -outs 

Fig. 3. The circuit of the digital voltmeter 

-0Vs+ 
Unregulated 
supply 
14-21V 

A \ LEDI 

C 11/4 TIL209 

'7727 

LED2 

o OV 

comparator base resistors was chosen such that this 
range is only about 0.1 volt while still allowing the 
base current to be kept low when the input voltage is 
at a high level. Similarly, the collector currents of the 
voltage comparators are kept small by inserting 
330k i2 resistors in the collector circuits. Current 
limiting resistors of 2.7kC are connected in series with 
the 1.e.d.'s. These cause equal currents to flow in the 
1.e.d.'s and ensure equal brightness. 

The voltage supply to the constant current source is 
stabilized by zener diode D3, which is fed by R19. 
The zener diode prevents variations in supply voltage 
from seriously affecting the accuracy of the voltmeter. 
The 1.e.d. drivers are fed from the unregulated supply 
and this is found to be perfectly satisfactory. There is 
in consequence a saving of the cost of a voltage 
stabilizer for the whole circuit. The accuracy of the prototype was found to be well within the 5% quoted 
at the beginning of this article for all supply voltages 
between 14 and 21 volts. 

The circuit shown in Fig. 3 can only be used to in- 
dicate 3, 4.5, 6 and 7.5 volts. The reason is purely an 
economic one; if the unit is used with a power supply that is designed to provide a maximum of 9 volts it 
will be superfluous to have a 9 volt indication. A 
modification which permits indication at 9 volts, is, 
however, described later. 

The current consumption of the unit has been kept 
to the minimum to reduce loading of the power supply 
whilst maintaining a good level of brightness in the 
light -emitting diodes. 

There is a very slight risk that an l.e.d. may not turn fully on if its driver transistor happens to have 
an exceptionally low gain. Should this occur the value 
of the series base resistor to the transistor concerned 
should be reduced below the specified value of 330k12. 
The reduced value will definitely not need to be lower 
than 150ku2 . The chance of this event happening is ex- tremely small, and the point is mentioned only to 
provide completeness of information. 
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Fig. 4. Component amd copper sides of the Veroboard panel 
on which the voltmeter is assembled. 
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ASSEMBLY 
The circuit is assembled on a 0.1 in. matrix 

Veroboard panel having 21 holes by 17 strips. Fig. 4 
shows the component and copper sides of the 
Veroboard. It is mounted by two 6BA screws passing 
through the two 6BA clear holes. 

The board is first cut to size and the rough edges 
cleaned up with a file. The two 6BA clear holes are 
drilled and the copper strips are cut at the holes in 
dicated in Fig. 4 with a Vero spot face cutter or a twist 
drill held in the hand. The diodes and resistors are 
mounted horizontally while the transistors are 
mounted vertically in the normal manner. The in- 
sulated wires connecting to the l.e.d.'s, the supply and 
the input voltage are soldered in last. 

The l.e.d.'s are mounted on the front panel of the 
power supply unit and are suitably labelled. All the 
cathodes are soldered to a common lead connected to 
the zero volt line. The 'anodes are connected to their 
respective drivers by other insulated wires. To 
produce a neat layout these wires are loomed together 
when the wiring is completed. Alternatively, the 
whole Veroboard panel may be mounted directly at 
the front panel. The l.e.d.'s could then be mounted 
directly on the Veroboard with strip `L' as the com- 
mon line for the cathodes, an insulated wire link being 
fitted between strip 'L' and the zero volt line. Moun- 
ting would be no problem with this method of 
assembly as the holes for the l.e.d.'s on the Veroboard 
are equally spaced. The board would be suitably 
spaced from the front panel and fixed with two 6BA 
screws. 

SETTING UP 
When the unit has been assembled, the constant 

current has to be set up. This process is carried out 
with the aid of a testmeter having a sensitivity of 
10,000e per volt or better on its voltage ranges. The 
testmeter is connected between the collector of TR1 
and the zéro voltage line, and the pre-set poten- 
tiometer is adjusted for a reading of 6.9 volts. The cir- 
cuit is then left in this condition for ten minutes after 
which the voltage reading is checked and, if 
necessary, the pre-set potentiometer is readjusted for 
the reading of 6.9 volts. This period of 10 minutes 
allows the constant current components to stabilize 
thermally. The voltmeter is then disconnected and 
the unit is ready for use. 

The circuit is not temperature compensated as this 
would put up the cost of the unit, but its accuracy will 
not be seriously affected if changes in ambient 
temperature are small. This point should be kept in 
mindlwhen positioning the Veroboard panel inside the 
power supply. 

The unit is checked by connecting its input to the 
output of the variable voltage power supply. A 
voltmeter is also connected across the output of the 
power supply. At precise voltages of 3, 4.5, 6 and 7.5 
volts the appropriate l.e.d.'s should have reasonable 
brightness. After a few test runs checking voltmeter 
readings and l.e.d. brightness the constructor should 
be able to set the power supply to these voltages work- 
ing just to the brightness of the l.e.d.'s. 

9 VOLT INDICATION 
As was explained earlier, the circuit of Fig. 3 does 

not provide an indication for 9 volts. If such an in- 
dication is required the add-on circuit shown in Fig. 5 

BCI69C 

IMn 

R3 

R4 

o-+ R5 
Vin 

-MgiM 

TRI 

330kn 

3 x 

Vs+ 

6.9V 

9V 
indicator 

14-21V 

BCY 71 

2-7kn 

TIL209 
'111. 

Fig. 5. An add-on circuit which gives an indica- 
tion for 9 volts 

may be incorporated. The three 1N4148 silicon diodes 
give a voltage delay of approximately 1.5 volts and are 
returned to the 6.9 volt reference point at the junction 
of R7 and TR1 collector. The l.e.d. turn -on character- 
istic is not, however, as good as is that for the l.e.d.'s 
in the circuit of Fig. 3. 

The unit may also be used for fault-finding by giv- 
in rough voltage readings. Loading problems are 
minimal as the input resistance is well above 100kí2. 
Another obvious application is as a logic probe for 
testing digital circuits. With t.t.l. circuits using 
positive logic, no l.e.d. will light up for a logic 0 whilst 
the 3 and 4.5 volt l.e.d.'s will light up for a logic 

RADIO AMATEUR LICENCES 
From January 1, 1977, the Home Office will be 

issuing four new types of radio amateur licence which 
will replace all existing amateur licences when they 
become due for renewal. 

The new Amateur Licence A (full facilities) and B 
(having certain limitations) will include all those 
facilities available to holders of the existing Amateur 
(Sound) Licences A or B, and will also include opera- 
tion from a vehicle, or vessel other than at sea, or as a 
pedestrian; facsimile, amateur television, slow scan 
television, data on amateur bands 144-146 MHz and 
above, as well as double sideband suppressed carrier 
operation will also be included; and Emergency 
County Planning Officers will be added to the 
categories able to call upon Raynet (emergency com- 
munications). 

The purposes of the new -style licences are: 
(1) to give more flexibility \to British radio 

amateurs, so that they may pursue their hobby 
without having to make special application for 
several of the above facilities at present need- 
ing separate licences or authorities: 

(2) to enable the Home Office to deal with the in- 
crease in applications for amateur licences and 
regulatory work over the next few years with 
the minimum of delay. 

Existing facilities authorised by a total of 20 
licences and special authorities will thus be contained 
(with a few exceptions) in the new Amateur Licence A 
or B; and for Aliens combined fixed and mobile 
facilities in the Amateur Licence C or D. The new fee 
for all UK amateur licences will be £5.50. 
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CHIP RES/STÖRS 
IN 

HYBRID CIRCUITS 
By Michael Lorant 

Despite the advent of the monolithic single chip integrated circuit, the 
hybrid thin film circuit still flourishes. In this short article we examine a uni- 
que component intended specifically for hybrid manufacture: the chip 

resistor. 

The role of the chip resistor in up-to-date hybrid 
circuit manufacture may not be immediately ap- 
parent. In general, hybrid circuits consist of thin-film 
circuits in which wiring and passive components are 
deposited in the form of a thin film on a ceramic or 
glass substrate, and to which other components, ac- 
tive and passive, may be connected by soldering, bon- 
ding or welding. Chip resistors may be added to thin 
film circuits and can be of assistance during the 
development of a hybrid circuit as they enable circuit 
parameters to be altered more readily than is the case 
where resistors are directly deposited on the sub- 
strate. 

The ability, during development of a new circuit, to 
build a hybrid `breadboard' with lead lengths and 
component placements exactly like those of the final 
manufactured design has obvious merit. During this 
stage of engineering, resistor values are easily changed 
and circuit performance, current levels, biasing, etc., 
can be readily optimised. 

When resistance changes are required in the 
deposited material, even the smallest alteration re- 
quires complete readjustment in all the steps leading 
to the finished product: layout, artwork, photographic 
reduction, screen making and firing. Such a 
procedure is expensive and time -wasting. 

FURTHER ADVANTAGE 
A further advantage of chip resistors arises due to 

the limited range of resistances that can generally be 
screen -printed using a single resistivity material. If a 
circuit requires only one or two resistances that are 
significantly higher or lower in value than the majori- 
ty it can be more economical to use specific resistor 
chips. 

Two varieties of chip resistors are available, in the 
United States, from Mini -Systems, Inc. One has gold 
electrodes for face -up wire bond assembly, whilst the 
other is tinned for solder reflow connection. This se- 
cond type has the registered trade -mark `Flip -R'. The 
wire bond version is electrically isolated between 
front and back, and the reflow solder type has insula- 
tion over its resistor body. Either device may be used 
as a cross -over in the circuit, thereby eliminating 
metal cross -over screening. Because of their accurate 
size and geometry, these resistor chips fit into 
designated locations without hidden short-circuits. 

One pass of 
resistive ink has 
caused 256 
resistor squares to 
be created on a 
single substrate. 
Measuring no 
more than 50 by 
50 mils, each tiny 
square will later 
be cut out to form 
an individual 

resistor 
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After firing, the resistors are subjected to an 
abrasive trimmer, which brings them to the 
final required value. An electronic monitor 
automatically shuts off the trimmer when 1% 

accuracy has been reached 

On the standard Mini -Systems chip, which is only 
0.0ti5in. square, the resistor body itself measures 0.035 
by 0.035m. Temperature coefficients of the resistors 
are consistent and predictable. The coefficient tends 
to be more negative above 100k û due to a greater glass 
content in the resistive material, and to be more 
positive below 100 û because of a higher metal con- 
tent. With mid -range values, careful blending of 
materials can produce a temperature coefficient 
significantly better than those of most di3crete 
resistors. 

During the trimming operation, probes to 
monitor resistance value are applied to each 
square in turn. Also directed at the square is a 
small carbide nozzle through which are ejected 

abrasive particles at high speed 

Here a chip resistor, under microscopic ex- 
amination, is overloaded at 30 times its 
nominal power rating. The resistor glows red 

but does not fail 

PROPERTIES 

When choosing chip materials, first consideration 
should be for electrical properties, ease of processing 
and predictability. Frequently, even the most expen- 
sive material represents only a minute portion of the 
total circuit cost, and a slightly higher material cost is 
insignificant if it permits an overall improved circuit 
yield. Another factor is that not all chip materials are 
compatible, and `equivalent' materials have to be 
carefully evaluated before substituting. 

After firing and 
trimming, the sub- 
strate is sliced to 
produce the in- 
dividual resistors. 
Some chips have 
already been 
removed from this 
block of resistors 

Resistance shift with chip resistors is less than 
0.4% after 10,000 hours at 150 degrees Centigrade in 
air. Without overglazing, drift is less than 0.1% after 
10 days at 95% relative humidity. When loaded to 50 
watts per square inch, resistive stability is better 
than 0.5% after 10,000 hours at 85 degrees Cen- 
tigrade. Soldering changes the resistance value by 
less than 0.1%. 
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This month Smithy the 

Serviceman, aided as 
always by his able assis- 
tant Dick, embarks on the 
unusual project of com- 
piling a crossword puzzle 
incorporating as many 
technical words as possi- 
ble. Not only does the ven- 
ture succeed but it also 
produces several minor 

surprises. 

"What's a word of six letters mean- 
ing `pertaining to problems'?" 

Are there any letters already in?" 
Smithy peered more closely at his 

newspaper. 
It's blank blank, 0," he an- 

nounced, "blank TY." 
" `Grotty'," responded Dick im- 

mediately. "The word you want is 
`grotty'." 

Smithy ran his ball-point pen along 
the line of his crossword puzzle. 

"Well," he said dubiously, "it fits. 
If the G at the start is right, the very 
last word in this crossword is G 
something FF something R." 

"What's the clue?" 
" `South African native of Bantu 

stock'." 
"Gaffer'," stated Dick without 

hesitation. 
"Are you sure?" asked Smithy 

doubtfully. "I thought gaffers are peo- 
ple who order other people around." 

"That's where the word comes 
from," explained Dick. "The Gaffers 
used to be the leading tribe in South 
Africa and they told all the other 
tribes what to do." 

"Okay, fair enough," said Smithy in 
a satisfied tone as he entered the last 
two words of the puzzle. "Then that's 
got today's crossword done." 

PUZZLE MAKING 
The Serviceman tossed the 

newspaper over to the back of his 
bench, picked up his disgraceful tin 
mug and drank deeply. 

"There's still half an hour of lunch- 
time to go yet," he remarked com- 
plainingly. "These darned crosswords 
are getting too easy nowadays. You 
can fill them in in no time at all." 

Dick nodded in sympathy and then 
froze momentarily as a sudden in- 
spiration visited him. 

"Hey Smithy," he exclaimed ex- 
citedly, "I've just had one marvellous 
idea." 

Have you? What is it?" 
"Why don't we make up a 

crossword of our own?" 
"Our own crossword?" 
"Our own crossword," confirmed 

Dick eagerly. "We can make up a real- 
ly technical one. We won't put just 
any old words in it and we'll make it 
all up with technical terms." 

Smithy looked at 17is assistant with 
an expression approaching respect.. 

"That's not a bad idea at all," he 
remarked thoughtfully. "But I think 
we'd better allow ourselves just a few 
non -technical words." 

"All right," responded Dick. "We'll 
ration ourselves to three non -technical 
words." 

Smithy drained his mug, then hand- 
ed it over to his assistant. 

"We'd better make it four," he 
stated. "We don't want to rupture our 
brains trying to do something that's 
too difficult. Look, you fill up my mug 
and I'll start making out a crossword 
pattern." 

As Dick replenished the Ser- 
viceman's mug from the collection of 
cracked crockery alongside the 
Workshop sink, Smithy pulled his 
note -pad towards him, picked up a 
ruler and started to draw out a 
crossword puzzle pattern. He was still 
at work on this when Dick returned 
with a fresh mug of tea, and several 
more minutes elapsed before Smithy 
finally put the ruler to one side and 
declared that the crossword pattern 
was complete. (Fig. 1.) 

"There you are," he announced 
proudly. "One crossword pattern all 
ready to be filled in. As you can see, 
it's all symmetrical just as you'd have 
in a newspaper crossword." 

Smithy took a prodigious draught 
from his mug whilst Dick gazed at his 
note -pad. 

Let's kick off on the top line," 
suggested Dick. "What we want for 
starters is an eight letter word for 1 

across." 
"That shouldn't be too hard," 

pronounced Smithy, placing his mug 
on the bench. "All we need is any 
technical word of the right length 
which hasn't got any awkward letters 
like X or Z in it.". 

Dick's brow furrowed as he concen- 
trated. 

"Isn't it ridiculous?" he said 
irritably after some moments. "We've 
got the whole field of technical words 
to choose from, and I can't for the life 
of me think of a single one with eight 
letters." 

"Well, we've got to put something 
in," stated Smithy, "or we'll 'never get 
started at all. I know a word. 'Ver- 
tical'." 

`Vertical'?" 
"Like you have in vertical scanning 

in a TV set. As opposed to horizontal 
scanning." , 
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Fig. 1. The crossword puzzle pattern drawn up by Smithy 
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Smithy entered the word in the 
crossword. 

"Fair enough," remarked Dick as 
he watched him. "That means that 2 
down starts with an E. How about 
`erode'? You get erosion when 
something gets eaten away." 

"All right," said Smithy, writing in 
the word. 

"And 3 down," continued Dick 
keenly, "can be `thermic.' As in those 
thermic lances which are all the rage 
these days for cracking safes. There's 
a C at the start of 4 down and it's got 
six letters. That can be `camera'." 

"Here, take it easy," grumbled 
Smithy, busy with his pen. "Give me a 
chance to get them all in." 

"I tell you," boasted Dick. "If it's 
technical terms you want you only 
have to come to me." 

"All right, smarty -pants," snorted 
Smithy. "If you're so clever, see if you 
can find' something for 9 across. It's 
blank blank 0 blank E blank M." 

Dick frowned. 
"Now, let's think. What we want is 

a seven letter word that ends in E 
something M." 

The pair concentrated. 
"I've got it," said Smithy suddenly,. 

" 'Beam'. `Beam' ends in E blank M." 
"But it's only got four letters," ob- 

jected Dick. 
"That's no problem," retorted 

Smithy. "The full entry can consist of 
CROBEAM." 

`Crobeam'? There's no such 
word." 

"It isn't one word, you idiot. It's 
`C.R.O. beam'. Cathode ray os- 
cilloscope beam!" 

Exultantly, Smithy wrote in the 
letters. 

"Blimey, Smithy commented 
Dick, "you're stretching things a bit, 
aren't you?" 

"Not at all," replied Smithy. 
" `C.R.O. beam' is a perfectly respec- 
table technical term. Now, 7 down has 
four letters with the second letter be- 
ing C. That could be `acid' and ..." 

Smithy's voice faded away and he 
gazed with a perplexed expression at 
the crossword puzzle. 

"What's up, Smithy?" Dick's voice 
broke in. " `Acid' would be a jolly good 
word for 7 down." 

"I know it would," replied Smithy 
pensively, "but I've just thought of 
something else. Look, let's leave 7 
down alone for a bit, but we'll still 
start 11 across with a D. That makes it 
D blank E blank M blank R." 

"There's just no technical word at 

lll," 
said Dick slowly, "that fits those 

etters." 
"No, there isn't," agreed Smithy. 

"Well, we'll just have to use up one of 
our ration of non -technical words. I'll 
make 11 across `dreamer'.' 

SECOND SECTION 

Smithy filled in the line of the puz- 
zle, and they both looked critically at 
the section they had completed. (Fig. 
2.) 

"That's not too bad at all," com- 
mented Smithy cheerfully. "Let's 
have a stab at the top right hand part 
next. We'd better fill in 5 down. That's 
got six letters and it begins with L." 

Smithy picked up his mug and 
drank copiously whilst Dick scratched 
his head. 

"I'm a bit stumped here, Smithy," 
remarked Dick. "Have you got any 
ideas?" 

"Oh yes," replied Smithy, as he put 
the mug back on his bench and wiped 
his lips with the back of his hand. 
"How about `lambda'?" 

" `Lambda'? What in heck is 'lamb- 
da'?" 

"It's a Greek letter," stated Smithy. 
"In electronics it stands for 
wavelength. If you've got a half -wave 
dipole you say that its length is lamb- 
da divided by 2." (Fig. 3.) 

"Do you?" said Dick. "Well. that 
should be okay, then." 

He watched Smithy write the word 
into the puzzle. 

10 across," he went on thoughtful- 
ly, "is six letters starting with E blank 
B. How about `emboss'? 

"An excellent word," pronounced 
Smithy approvingly. "And it's quite 
technical, too. You emboss a piece of 
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Fig. 2. Dick and Smithy's first steps in compiling the puzzle 
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GAREX 
Modulation transformer 
Valve type 747, for 30W Tx £2.60 
Mains. transformer (multitap primary)" 
250 0-250V 200mA, 6.3V 5A, 5V 2A, 
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MORSE MADE 
EASY 

cb 
BY THE RHYTHM 

METHOD! 
These courses, which have been sold for 
over 23 years, have been proved many times 
to be the fastest method of learning Morse. 
You start right away by learning the sounds 
of the various letters, numbers, etc., as you 
will in fact use them. Not a series ofdots and 
dashes which later you will have to translate 
into letters and words. 
Using scientifically prepared 3 -speed records 
you automatically learn to recognise the 
code RHYTHM without translating. You 
can't help it. It's as easy as learning a tune. 
18-W.P.M. in 4 weeks guaranteed. 
The Complete Course consists of three 
records as well as instruction books. 
For Complete Course send f5.00 including 
P.P.I. etc. (overseas surface mail f1 extra). 

THE MORSE CENTRE 
Box 8, 45 Green Lane, Purley, Surrey. 

I enclose f 5.00 or large s.a.e. for explanatory 
booklet. 
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Fig. 3. The Greek letter 
lambda stands for 
wavelength. Here, it 
denotes the length of a half= 

wave dipole 

sheet metal when you raise a pattern 
on it by pressure. I see that 8 across 
has four letters and that it starts with 
A. So `atom' will fit in nicely there." 

Smithy entered the words. 
"6 down comes next next," remark- 

ed Dick. "Something 0 something S 
something. Dash it all, I don't seem to 
be able to think of anything except 
`posse'!" 

"You've been seeing too many 
Westerns." 

"Or 'horse'." 
"Now that's more like it," said 

Smithy, taking up his pen. 
"You're not going to put in `horse,' 

are you?" 
"I'm going to put in a word very 

close to it," said Smithy, "and which 
you've just reminded me of. `Morse'.' 

"Now why," said Dick irritatedly, 
"didn't I think of that? Well, all we've 
got left in this section is 12 across. A 
blank A blank." 

"That's dead easy," remarked 
Smithy. "AJAR." 

" `Ajar'?" repeated Dick uncom- 
prehendingly. "Do you mean like 
when is a door not a door?" 

"No," replied Smithy. "What I 
mean is two words. 'A' and `jar'." 

"But that's not a technical term." 
"Yes it is," said Smithy. "A jar is a 

unit of capacitance. It was used by the 
Royal Navy in the past until they 
changed over to microfarads." 

"Well, that's something I didn't 
know before," said Dick, impressed 
by this information. "I suppose they 
used jars in the old days when they 
had press gangs and scurvy, and 
things like that." 

"You've got it," stated Smithy. 
"They changed over from the jar after 
they posted the press gangs to Fleet 
Street and had eradicated scurvy by 

adding lager and lime to the rum 
ration." 

Dick sighed. 
"Gosh," he said wistfully, "those 

must have been colourful times. The 
only excitement you get these days is 
in books, and they all seem to be about 
the C.I.A. Incidentally, Smithy, what 
does C.I.A. stand for?" 

" 'Caught In the Act' they tell me," 
replied Smithy. "Anyway, we are 
wandering a long way from our main 
object, which is supposed to be mak- 
ing up a crossword puzzle. Don't 
forget we've already finished the se- 
cond part of it." 

Smithy indicated the last section 
which they had compiled. (Fig. 4.) 

THIRD SECTION 
"Stap me," remarked Dick, "so we 

have. Hey, Smithy, making up 
crossword puzzles is quite good fun, 
isn't it?" 

"It cejtainly makes a break from 
our usual activities," agreed Smithy 
reaching once more for his mug. "It d 
suggest we tackle the lower right hand 
part next." 

Smithy drank deeply. 
"We'd better fill in 13 down next," 

said Dick, looking at the puzzle. 
"that's got seven letters and it starts 
with J. How about `jumpers'?" 

"Jumpers'?" repeated Smithy, 
lowering the mug to the surface of his 
bench. 

"You know," said Dick impatient- 
ly. "Lengths of wire which you use for 
connecting things together. Usually, 
jumper wires are flexible and they 
have crocodile clips or plugs at the 
ends." 

Smithy surveyed the puzzle as so 
far completed. 

` `Jumpers'," he remarked slowly, 
"would be an admirable word. That 
makes the third letter of 18 across M 
so I'll put in `numeral' there." 

"Very good," stated Dick, as 
Smithy wrote in the last two words. 
"Let me have a go now, with 19 down. 
That's got five letters, starting with 
R." 

Smithy looked at him speculatively. 
"I can," he remarked gently, "think 

Fig. 4. Making up the top 
right hand section of the 

crossword 
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Fig. 5. The words entered in the lower right 
hand section 

of an extremely common technical 
word which has five letters and starts 
with R." 

"Can you? I'm blowed if I can!" 
"It ends," said Smithy slowly, 

"with O." 
"Does it? Oh blimey, of course! You 

mean `radio'." 
A satisfied gleam appeared momen- 

tarily in Smithy's eyes. 
"That's exactly what I mean," he 

remarked, busy with his pen. "I'm 
now going to use a second non- 
technical word, and I'll make 22 
across `overdue'. Here we are." 

Smithy entered the word. 
"That leaves us 20 down," said 

Dick, scratching his head. "L blank E 
blank. I think we had better make 
that LEEK." 

" `Leek' doesn't sound very 
technical to me." 

"Well it is. Don't you remember 
that in the old days they used to have 
high resistance grid leaks. The word 
stands for resistance." 

"You great nit," growled Smithy. 
"That word is spelt LEAK, not 
LEEK." 

I don't care," said Dick mutinous- 
ly. "If you can have a jar I'm going to 
have a . leek. It's a unit of Welsh 
resistance!" 

Smithy threw up his hands in 
despair. 

"All right, all right," he said, "I give 
in. Well, that's got the third part done, 
even though we've had to bend things 
a bit to get it finished." (Fig. 5.) 

COMPLETE SOLUTION 
The pair looked at the puzzle. 
"There's only about half a dozen 

words left now," remarked . Dick. 
"And we've still got two non -technical 
words in hand." 

Smithy grunted but made no 
further comment at this statement. 

"What about 14 across?" continued 
Dick. "Blank blank C blank." 

"I've got just the right word for 
that," stated Smithy. "Foci'.' 

" `Foci'?" queried Dick. "Is there 
such a word?" 

"Of course there is," retorted 
Smithy. "It's the plural of `focus'. And 
since you say we've got two non- 
technical words in hand I'm going to 
use them up right now. I'm going to 
make 15 down. 'outlaw' and I'm going 
to make 17 down 'embar'. That last 
word, by the way, means to shut in or 
stop." 

There was a bewildered expression 
on Dick's face as Smithy entered the 
words into the puzzle. 

"You're up to something, Smithy," 
he said suspiciously "I can feel it in 
my bones." 

`What, me?" enquired Smithy 
blandly. "Now, why on earth should I 
be up to anything? Let's next take a 
look at 23 across. Something A 
something A. Can you think of a word 
that will fit in there?" 

Dick frowned and an awed look 
came into his face. 

"You can't mean," he stammered 
fearfully, "you don't mean - ̀Data'?" 
as in... 

"I do," said Smithy reverently, 
"Data Publications." 

The Workshop went very quiet. 
"Data Publications," resumed 

Smithy in a hushed tone, "who have 
financed our Workshop, through fat 
years and lean years, ever since those 
far-off days when we started up in 
business. Data Publications, from 
whose palatial offices in Maida Vale 
comes the finance which purchases all 
our equipment, from the most expen- 
sive signal generator to the humblest 
neon screwdriver. Who actually built 
the Workshop itself." 

"I can only express myself," in- 
toned Dick solemnly, "in terms of the 
utmost venereal respect." 

Smithy looked shattered. 
My boy, my boy," he cried broken- 

ly, "the word is `venerable'.' 
"Ah yes," stuttered Dick, "I meant 
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Variable 0-3V PkPk * Very Low Current Consumption, 
9V Btty 

* One IC Plus 4 Transistor Circuit 
* Smart ABS Case, drilled and 

screen printed 
* KIT includes All Components, 

Drilled PCB, Controls, etc. 
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Fig. 6. The crossword puzzle with only one important word, at 21 
across, to be entered for completion 

in terms of the utmost venerable 
respect." 

"Let us now," stated Smithy grave- 
ly, "inscribe the term `data' in our 
puzzle." 

Ceremoniously, he entered the 
word. Dick watched mutely. 

"I don't think I like this," he 
remarked uneasily. "This crossword 
puzzle' seems to be assuming a life of 
its own. It's almost as though it's 
taking over from us." 

"Well," said Smithy musingly, "we 
certainly seem to be coming to some 
quite interesting parts." 

"Don't forget," . Dick pointed out, 
"that we've run out of our ration of 
non -technical words. Everything we 
put in from now on must be 
technical." 

"Don't worry about that," said 
Smithy soothingly. "Let's have a go at 
16 down next." 

"Dick examined the puzzle. 
"That," he remarked, "is IN blank 

0 blank blank. Blimey, I certainly 
can't think of anything to fit that." 

"Try it," suggested Smithy, "as two 
words, the first word having two 
letters and the second word having 
four letters." 

"Well," stated Dick, "the first word 
is already completed, and it's 'in'. So 
the second word is blank 0 blank 
blank." 

"Can you think of a suitable word," 
prompted Smithy, "which could 
follow 'in' and have 0 as the second 
letter?" 

"Why yes," exclaimed Dick. "The 
second word could be `your'. So, 16 
down is 'in your'." 

"You've got it," confirmed Smithy 
writing down the missing letters. "And 
that makes 24 across W blank R blank 
S blank 0 blank." 

"Which," said Dick, hastily grab- 
bing the pen from Smithy's hand and 
entering the letters in the puzzle, "can 

mean only one word. `Workshop'!" 
"That's it," grinned Smithy. 
"Well, that is a turn -up for the 

book, and no mistake. Who'd have 
thought this puzzle would have in- 
volved us as much as it has done." 

"You're in it, too." 
"Me? Where?" 
"At 7 down," replied Smithy. "If 

you remember, we left that one blank. 
I wasn't able to get you in right way 
round, but at least you can get in 
upside-down!" 

Smithy took the pen from Dick and 
wrote Dick's name backwards in the 7 
down space. (Fig. 6.) 

THE LAST WORD 
"And that," stated Smithy with im- 

mense satisfaction, "is that. One 
technical crossword finished." 

Dick gazed at the puzzle with the 
fondness of the creative artist. 

"We've certainly done a really 
sizeable job here," he stated. "From 
now on I'll have a little more respect 
for those geysers who compile the 
crosswords in the newspapers. Hallo, 
there's still one word missing." 

"Is there?" said Smithy innocently. 
"There is," stated Dick. "It's 21 

across, blank M blank T blank Y. 
Dash it all, we've still got to dream up 
something technical to go in there 
before the puzzle is complete." 

"Well," chuckled Smithy, "don't 
think that you're the only person who 
can find his way into a crossword 
puzzle." 

"Blank M blank T blank Y," 
mused Dick, "Now what on earth will 
fit in there?" 

Dick scowled at the final entry, and 
then his brow cleared. He took up the 
pen and happily completed the entry 
for 21 across. 

SMITHY. 
And you can't get more technical 

than that. 
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New Products 
CHEKITS AMPLIFIER MODULES 

The accompanying photograph shows the power amplifier modules type 75-X (10 watt) and 75-B (7 watt) which are now available in kit form from Chekits Limited. The two modules are basically the same except that the 75-X employs an integrated circuit type TCA 940 whilst the 75-B incorporates an i.c. type TBA810AS. 
Each amplifier consists of a printed board on which are mounted the integrated circuit and all the components required for output d.c. isolation, supply bypass, compensation and bootstrapping. A large heat sink centrally dis- posed on the board provides cooling for the in- tegrated circuit, and five connecting pins at the board edges allow the module to be wired to the input, speaker and power supply. Further details are available from Chekits Limited, 56 Fortis Green Road, Muswell Hill, London, N10 3HN. Chekits Limited state that a pre -amplifier suitable for use with the 75-X or 75-B power amplifier is currently under development. 

TWO NEW LOW COST SIGNAL GENERATORS 
Marconi Instruments Limited, of Chelmsford, 

Essex, a GEC -Marconi Electronics company, has 
added two new versions of its highly successful TF 
2015 10-520MHz general purpose a.m./f.m. signal 
generator to its wide range of test and measuring in- 
struments. 

The two new versions offer alternative deviation 
ranges: TF 2015/1 is a narrow deviation instrument 
with three ranges of 2.5kHz, 5kHz and 25kHz full 
scale while TF 2015/2 is a wide deviation variant with 
ranges of 20kHz, 100kHz and 500kHz. 

The TF 2015/1 is particularly suitable for mobile 
radio and other narrow band applications where the 

ease of setting low deviations makes it ideal in 
manufacture and servicing. In contrast the TF 2015/2 
is designed for measurements on multi -channel 
systems such as those used in data communication 
and telemetry. 

The TF 2015 Series 
Fundamental frequency generation is used 

throughout, completely eliminating non -harmonic 
spurious components. The range is covered in eleven 
switched bands using separate oscillators, each band 
having an easily -read scale with only the range scale 
in use visible at any time. 

LIGHTWEIGHT MINIATURE 
SOLDERING IRON 

S. & R. Brewster Limited, of 86-88 Union Street, 
Plymouth, is now producing a new lightweight, 
slimline, miniature soldering iron under their 
trademark S.R.B. with over 30 years of specialised 
know-how behind it. 

The S.R.B. iron operates at 220-240 V., 16-18 W. 
and fully complies with the latest Consumer Protec- 
tion Regulations. A new bit securing method (Prov. 
Pat.) provides high efficiency heat flow and permits 
rapid interchange from the standard 3mm. bit to 
alternative 1.5, 4.5 and 6 mm. bits which are also 
available in addition to the one supplied as standard 
on the iron. It can be used pen fashion for fine work 
and a robust suspension hook is incorporated in the 
body moulding to facilitate quick, positive hang-up 
and retrieve. Quality control testing is on a 100% 
basis, every S.R.B. iron being tested to 1500 V. AC for 
leakage. Although competitively priced, the S.R.B. 
iron is designed and produced to high standards and 
all components are easily replaceable. 

S.R.B. Soldering Iron - £3.24 each + VAT. 
Please add 20p for p&p 
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TV 
FAULT FINDING 
MANUAL for 
405/625 LINES 

90p 
P. & P. 18p 

REVISED & ENLARGED 

EDITED BY J. R. DAVIES 

132 pages 

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

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

UNDERSTANDING 
TELEVISION 

by 

J. R. DAVIES 

Over 500 pages 
300 diagrams 

£3.25 
P. & P. 60p 

UNDERSTANDING TELEVISION deals with: 

Principles of 405 line reception 
Principles of 625 line reception 
Nature of the television signal 
Receiver tuner units 
A.F. and video amplifiers 
Deflector coil assemblies 
Automatic gain and contrast control 
Receiver aerials 
The cathode ray tube 
Receiver i.f. amplifiers 
Vertical and horizontal timebases 
Synchronising 
Power supply circuits 
Colour television 
COLOUR TELEVISION -80 page 
comprehensive introduction to 
the subject 

The reader is required to have only á basic 
knowledge of elementary radio principles. The 
treatment is non -mathematical throughout, and 
there is no necessity for any previous experience 
in television whatsoever. At the same time 
UNDERSTANDING TELEVISION is of equal value 
to the established engineer because of the very 
extensive range it covers and the factual inform- 
ation it provides. 

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

Please supply the 4th revised edition of TV FAULT FINDING, Data Book 

Please supply UNDERSTANDING TELEVISION, 

No. 5 

Data Book No. 17 

I enclose cheque/crossed postal order for (Tick which book is required) 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 
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SMALL ADVERTISEMENTS 
Rate: w: N per word. Minimum charge í1.0p 

Box Na extra 
Rate: 8p per £1.00 

No. 20p extra 

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

Vale, London, W9 1SN. 

MULLARD COMPONENTS. Send s.a.e. for free list to 
P.M.S., Dept REC5, PO Box 6, Crawley, Sussex, RH10 
6LH. 

T'HERS FIND MASSES MORE 
COINS/VALUABLES with latest auto -tuning 8 tran- 
sistor variable acoustic professional detector. Save £100+ 
over comparable commercial machinés. Complete 
easybuild plans/suppliers list £1.50. Detex Electronics, 20 
Maldon Road, Acton, London W.3. 

WANTED TO PURCHASE: All early books on radio, 
preferably before 1925. Box No. 282. 

PRACTICAL ELECTRONICS PROJECTS. An exciting 
new construction book by G. C. Dobbs. '75p plus lop 
postage. Calverton Publications, Redgates Court, Calver- 
ton, Nottingham. 

SERVICE SHEETS for Radios/ TV's etc. 50p and s.a.e, 
Catalogue 20p and s.a.e. Hamilton Radio, 47 Bohemia 
Road, St. Leonards-on-Sea, Sussex. 

BOOKS TO CLEAR: Television Engineering by Amos, Birkinshaw & Green, 1969, £2.00; Radio & Line 
Transmission by Danielson & Walker, 1969, £1.50; Elec- 
tric Model Car Racing by D. J. Laidlaw-Dickson, 1965, 
60p. All prices include Postage and Packing. Box No. 
G316. 

WANTED TO PURCHASE: large and small quantities of 
transistors, diodes, I.C.s, etc. Immediate requirement for 
10,000 BC109 transistors. Send samples/lists of any sur- 
plus components. Elekon Enterprises, 224a St. Paul's 
Road, Highbury Corner, London Nl 2LJ. Telephone: 
01-359 4224. 

60kHz lyISF RUGBY RECEIVERS BCD time -of -day 
output. High performance PLL 5V operation, pulsating 
LED. Kit or assembled instrument available. Prices 
£14.08-£23.47. Details: Toolex, Sherborne, Dorset. 

ANTIQUE RADIO BOOKS. Newnes "Television & Short 
Wave Handbook" by F. J. Camm, 1935, £3.00. News 
Chronicle "Wireless Constructor's Encyclopaedia" by F. 
J. Camm, 3rd edition, circa 1930, £3.50. Prices include 
postage and packing. Box No. G318. 

HEATHKIT TEST GEAR, ETC. Most factory built. 
Generators: RF -1U £20. A.F. AG -9U £20. R/C bridge C - 
3U £15. Valve voltmeter with R/F probe V -7A £18. 
Oscilloscope 0-12-U £25. Electronic Switch S -3U £10. S.B.- 101 case only £5. Collins mechanical filter 455-Z-5 
with crystal £10. All items must be sold, i.e. o.n.o. Telephone: West Coker 2712. 

(Continued on page 453) 

ETCHING KIT 
All you need to make your own 

PRINTED CIRCUITS 
Full instructions, Copper Clad Board, Ferric 

Chloride, Dish and Pen 

Price incl. VAT & Postage £4.75 
Send cheque or P.O. today to: 

HOME RADIO COMPONENTS LTD. 
240 London Road, Mitcham, 

Surrey, CR4 3HD 
`11Waara3111ra.. 

s 

00 
{(00/} 0 00 - 

Beaorue- 
a radio 
amateur. 
Learn how to become a radio- 
amateur in contact with the whole 
world. We give skilled preparation 
for the G.P.O. licence. 

N 

i 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, 

P.O.Box 156, Jersey, Channel Islands. 

WAA 
7 

REK 27 

NAME 

ADDRESS 
(Block caps please) . 
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R A EJ I i:3 .n-nru= 
MODELLER 
ELECTRONIC 

MODEL RADIO CONTROL 
Detailing both Theory and Practice, this book, 
by leading authority Paul Newell, has become 
the standard reference work. A brief historical 
survey leads up to a detailed description of 
proportional systems, with over 100 il- 
lustrations, including theoretical circuits and 
p.c. layouts for an advanced digital system. 
134 pages Price £2.25 

U.K. Packing 
& Postage 32p 

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

RADIO MODELLER 
BOOKS DIVISION, 
84 High Street, 
teddington, TW11 8J D. 

theory and 
practice of 

MODEL 
RADIO 
CONTROL 

ee.oloomenl ol I.aem. 
oeupoloon1i , ned 

dY, ,m ae 
prìal r,yrnplelInd 
lull unml detedt. 

nd,om. HßlNIT 

W lred ready for use 

Complete with three £1V mps 
M flash nldepeorendeMly 

at random. 

,TWless IN BANK LIGHT 
LENGTH 

UNI T dt 'rte 144,.: inches u 1. 

Sound to Light 600 
TYPE A SPOT (less lamp;. 

B.C. 
Fitting 

l 9.55 
EAcH 

ES. 
Fitting Z, Wag - EACN 

MASTER UNÎT WAPER 

INTQVDNG CHAN,ÿ 
op uTPL40$AND 
NAINS lNOijT SpcKET 

TYPE B 3 BANK UNIT 
(Less 

O 

BiCg6'9U Fittingl/6 L 
EY - M 

100 WATT SPOT LAMPS hlinimpm. 
RED,YELLOW,GREEN 3 lamps 

BLUE, 

g i 3U each £3.90 CLEAR j B.C. or .S. Fitting 

eL PRICES INCIUUE V.A.T. Ind Pe T & IACKIN 

B.C. Fitting 

£1.95t 
E.S. Fitting 

£2.12E 

TWIN BANK 12LIGHT 

UNIT 
Length 

313/4 

(less lamps) 

n,,,,41560I H,,,£17-00 
EACH - 

Send 20 for illustrated leaflet & daubs 

ALBEN ENGINEERING CO. LTD., 
DEPT. RE THE CRESCENT WORSTHORNE, 
BURNLEY. LANCS. Tel -Burnley 20940 

peen Sr to the United Kin 

DATA PROCESSING 

UNDERSTAND DATA 
PROCESSING 

DATA PROCESSING, by Oliver & Chapman, is now in 
its Third Edition - first published 1972. 

200 pages 94ne x 6*" PRICE £L50 
Inclusive of postage 

The primary aim of this outstanding manual is to provide a simplified approach to 
the understanding of data processing - (previous knowledge of the subject is not 
necessary). 

The 40 chapters and appendices cover the following topics: Introduction to 
Data Processing; Organisation and Methods; Conventional Methods; Introduction 
to EDP and Computers; Hardware; Computer Files; Data Collection and Control; 
Programming and Software; Flowcharts and Decision Tables; Systems Analysis; 
Applications; Management of EDP, etc. 

Available from: 
D.P. PUBLICATIONS 

4 AMPORT CLOSE, WINCHESTER, HANTS S022 6LP 
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SMALL ADVERTISEMENTS 
(Continued from page 451) 

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

COLLECTORS' ITEMS: Bound volumes of The Wireless 
World (which was then published weekly) for 1931, 1932, 
1933, 1934, 1935, 1936, 1937, 1938 and 1939 (nine months 
only for this year due to outbreak of war). Two volumes 
per year, total of 18 volumes. All in very good condition. 
Offers invited. Box No. G319. 

FAST SERVICE for resistors, capacitors, transistors, din 
plugs, jack plugs, audio leads. Special Offer: AC128 12p, 
post extra. S.A.E. list. Callers welcome. Torbay Electronic 
Components, 185 Higher Union Street, Torquay, Devon, 
Telephone: 211086. 

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

SALE: Avo electronic multimeter £10.00. Avo Minor 
£7.00. Super 8 projector £5.00. Stereo cassette mechanism 
£10.00. Closed circuit television camera, not working 
£40.00. Video recorder, not working £50.00. Box No. G322. 

FOR SALE: 4¡ in. reflector telescope, f/1 900mm. Wooden tripod. 6mm. and 20mm. eyepieces. £50 o.n.o. Tony Weatherley, G3WDI, 16 Beverley Court, Carlton Colville, Lowestoft, Suffolk. 

FOR SALE: 100 unmarked BZY88 50p. 25 unmarked 2W zeners 50p. 100 high wattage resistors 50p. S.A.E. for lists. 
Box No. G323. 

FREQUENCY LIST TRANSFERS. We have a limited 
supply of sheets of Dial Frequency Transfers in black. 
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s 
and 146Mc/s. Includes amateur band marker frequencies 
at 100kc/'s points and other short wave frequencies from 2 
to 32 Mc/s at every 500Kc/s points. Each frequency is 
repeated. Two sheets for 5p., five sheets for 10p., postage 
7p. Data Publications Ltd., 57 Maida Vale, London, W9 
1SN. 

FOR SALE: Cassettes 10 - £10.00. S.A.E. for list. Box No. 
G324. 

COMPONENTS OBTAINED ON REQUEST for pro- 
jects in this and other magazines for constructors in the 
Coventry area. Barras Electronics, 11 North Street, 
Coventry. Telephone 441141. 

(Continued on page 455) 

REVOR OPTICAL & 
TECHNICAL 

42 TAVISTOCK STREET 
LONDON W,C.2 

Tel. 01-836 4536 

£10.00 
POST 
FREE 

FLEXIBLE 
MAGNIFIER 

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

CALLERS WELCOME 
(Subject to price ruling at the time of Issue) 

MULLARD FERRITE CORES - LA3 100 to 500 kHz, 
75p; LA5 30 to 100 kHz, 100p; LA7 10 kHz, 100p 
LA13 for W.W. Oscilloscope. £2.00. 
SPECIAL OFFER - Metallised Polyester Capacitors by Erie, Mullard, etc. Values include: 01/160V, 01/250V, 015/160V, -022/160V, 033/160V, 047/160V, 068/160V, 1/160-250V, 22/160V, etc. This is a bargain not to be 
missed. 100 for £3.00. 

1 N4148 SWITCHING DIODES, 10 fór 30p; 50 for £1.25; 
100 for £1.50; 1,000 for £12.50. 
TRANSISTORS - All branded BC147, BC148, BC149, 
RC157, BC158. BC159, BF194, BF195, BF196, BF197, 
10p each or 100 for £8.50. 

Please note all prices include UK Postage and 
appropriate VAT @ 8% or 121% 

XEROZA RADIO 
306 ST. PAUL'S ROAD, HIGHBURY CORNER, LONDON N1 

FOR SALE: TELEOUIPMENT D54 DOUBLE -BEAM OSCILLO- 
SCOPE, Screen 6 x 10 cm. Y Amp. 10MV-50V/cm., 10 MHz, with 
manual, Excellent condition. £150. HEATH -M-25 VOM. F.S.D.: -.15 
to 1,500 V AC/DC, .015 to 1,500 ma AC/DC, Ohms X1 to x 1 Mohm. 
Mains/battery. 3 probes (switched, RF and 30kV) & manual, £48. 
TAYLOR 68Á/M SIGNAL GENERATOR with meter, 100kHz to 240MHz 
all fundamentals. With 3 test leads and manual, £28. B & K 960 TRANSISTOR RADIO ANALYST. Gen. 250kHz to 2.2MHz. 2kHz audio. 
"In and Out Circuit" transistor tester. VTVM and Ohmmeter. With leads 
and manual. £18. NOMBREX INDUCTANCE BRIDGE 66. 1uH to 100H. 
0 .1 to 1,000, tan 10 to .001. £12. NOMBREX REGULATED PSU 61. Volts 15 a 0-100 ma, £6. TAYLOR WINDSOR 240A TV PATTERN 
GENERATOR. 40MHz-70MHz. Unmod/Hor/Vert. £7. HEATH SINE- glUARE GENERATOR IG -82, 20Hz-1MHz. With leads and manual, £28 
HEATH VISUAL -AURAL SIGNAL TRACER IT -12. With Audio/RF probe 
and manual, £14. HEATH DIRECT READING CAPACITANCE METER 
CM -1U. FSD 100 pfd to .1 mfd. With manual, £18. HEATH CAPACITOR 
CHECKER IT -11. 9 ranges 10pfd to 1,000 mfd, 5 ohms to 50 Mohms. 
Test volts 3V to 600V. With manual, £36. 2 -STATION WIRELESS 
INTERCOM, £6. 

OR NEAREST OFFERS 
S.A.E. FOR DETAILS TO: 

BOX G325 
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THE O - EN DOOR TO QUALITY 
This catalogue - Electrovalue Catalogue No. 8 (Issue 2, 

144 pages updated) offers items from advanced opto electronic 
components to humble (but essential) washers. Many things Post paid 

listed are elsewhere very difficult to obtain. The company's®n 
computer is programmed to expedite delivery and maintain 1l'' 

customer satisfaction. Attractive discounts are allowed on inc. refund 
many purchases. Access and Barclaycard orders are accepted. voucher 
+FREE POSTAGE on all C.W.O. mail orders over £2.00 list worth 
value (ex. V.A.T.) in U.K. If under, add 15p handling charge. 

All commrinications to Dept. REC2 

28 St bodes Rd. Fogletield Green, Egham, Surrey 1W20 OHB 
Phone: Egham 3603. Telex: 264475. Shop hours 9-5.30, 9-1 pm Sots. 

Northern Branch: 680 Burnage Lane, Burnage, Manchester 
M19 INA. Phone: (0611 432 4845. Shop hours 9-5.30, 9-1 Sets. 

N.M. ELECTRONICS 
275a FùTwood Road, Broomhill 

SHEFFIELD S10 3BD Tel: 0742-689676 elie BEC CABINETS (Book End Chassis) 
Standard Cabinet GB2 14" x-7" x 3" 

Gel 14" x 6" x 2" G B 3 14" x 9" x 4" 
GB1A 9"x6"x2" GB4 14"x9"x 6" 

Send 15p for wallet of leaflets. 
A beautifully designed modern cabinet with annulated black leatherette top 
(PVC bonded to metal) solid wooden end cheeks, with room at the beck for 

Output Sockets etc, felt pads are fitted on bottom of cheeks for non -scratch. 

GOING DOWN? 
LISTEN to EXCITING 100-600KHz band with an L.F. 
CONVERTER. Includes 20dB gain antenna tuner and 
feeds 3.5-4MHz receiver. EASY to make, all parts, 
coils, printed circuit, case, etc., instructions, money 
back assurance. ONLY £8.80 inc. post. 

CAMBRIDGE KITS 45 (EN) Old School Lane, Milton, Cambridge 

OVER 2,000 ELECTRONIC COMPONENTS INA 

NtWFRff )41 -ve/ 

100 PAGE CATALOGUE 

Please send me 
the 100 page 
Tandy catalogue 

Name 

I Address t 
TAII D REC/6 

' Tandy Corporation (Branch UK), Ms= Road, I 
Wednesbury. W Midlands WS10 7JN. 

Nationwide supermarket of sound! L J 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

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

Please insert the following advertisement in the issue of RADIO & ELECTRONICS CONSTRUCTOR 

15 words at 8p 
_ £1.20 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of being payment at 8p a word. MINIMUM £1.00 
Box Number, if required, 20p extra 

NAME 

ADDRESS 

Copy to be received four weeks prior to publication. Published on the 1st of every month. 
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SMALL ADVERTISEMENTS 
(Continued from page 453) 

THE BRITISH AMATEUR ELECTRONICS CLUB 
for all interested in electronics. Four Newsletters a year, 
concessions for members and Major Projects sponsored 
by the B.A.E.C., currently the B.A.E.C. Computer. U.K. ' membership fee £2 a year from January 1st, overseas £3 surface, £4 airmail. S.A.E. for details to Hon. Sec., J. G Margetts, 42 Old Vicarage Green, Keynsham. Bristol. 

TREASURE HUNTERS! Construct, inexpensively. 
metal detector giving £300 performance. 10 pages, il- lustrated plans, £1. C. H. Lucas, 241 Upminster Road South, Rainham, Essex. 

RECITALS OF RECORDED MUSIC: The second Saturday evening of each winter month. Next recital: February 12th, 1977, 8 p.m. at Woodford Green United 
Free Church, Woodford Green, Essex. Bus routes 20, 20A, 
179 and 275 - alight at "The Castle" stop. Programme 
will include works by Dvorak, Wagner, Elgar, etc. 

FOR SALE: Telford Communications 2m. converter, 
G8AEV MKII. £10. G2UK, 21 Romany Road, Oulton 
Broad, Lowestoft, Suffolk. 

THE JUNK BOX: Buy, sell, trade. Sample copy 70p', and 
goods list. 20 word small ad free with this ad. The Junk Box, PO Box 872, Peabody, Mass. 01960, U.S.A. 

FOR SALE: Books on Communications: Electronics: I.E.R.E. Journal Vol. 43: List. Transistor Checker. Tran- sistor 2 -Metre pre -amp. Wanted: 'Microwave Journal" 
Hughes, 11 Henley Road, Ludlow, Salop. 

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

PERSONAL 

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

SPONSORS required for exciting scientific project. Norwich Astronomical Society are building a 30" telescope to be housed in a 20' dome of novel design. All labour being given by volunteers. Already supported by Industry and Commerce in Norfolk. Recreational. Educational. You can be involved. Write to: NAS Secretary, The Manse, Back Lane, Wymondham, Nor= folk. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk Broads, why not help to preserve these beautiful 
waterways. Join the Broads Society and play your part in determining Broadlands future. Further details from: - The Hon. Membership Secretary, The Broads Society, "Icknield," Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

ESSEX GARDENERS. Buy your Bedding and rock 
plants, shrubs, etc., also cacti from May's Nurseries, 608 
Rayleigh Road, Hutton, Brentwood, Essex. Callers only. 
Monday to Saturday. 

FEBRUARY 1977 

PLAIN -BACKED 
NEW STYLE 

SELF -BINDERS 
for your other magazines 

(max. format 74" x 9f") 

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

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available will be sent) 

PRICE £1.15 P. & P. 30p 

Owing to heavy demand please allow 
27 days for delivery 

Available only from:- 

Data Publications Ltd, 
57 Maida Vale London W9 1SN 
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RADIO & ELECTRONICS CONSTRUCTOR 
Single Copies 

Price 35p each, postage 11 p 
Issue(s) required 

Annual Subscription 
Price £5.50, post free, commence with issue 

Bound Volumes: 
Vol. 27. August 1973 to July 1974 Price £2.40, post & pkg 75p 
Vol. 28. August 1974 to July 1975, Price £2.75, post & pkg 75p 
Vol. 29. August 1975 to July 1976 Price £3.10, post & pkg 75p 

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

maroon only Price £1.20, post & pkg 30p 

With no title on spine, maroon Price £1.15, post & pkg 30p 
With no title on spine, green Price £1.15, post & pkg 30p 

Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages 
DB6 Radio Amateur Operator's Handbook, 

88 pages 
DB17 Understanding Television, 504 pages 

DB19 Simple Short Wave Receivers 
140 pages 

Price 90p, P. & P. 18p 

Price 70p, P. & P. 12p 
Price £3.25, P. & P. 60p 
Price 80p, P. & P. 18p 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording White Price 75p, P. & P. 7p 

Set 4: Wording - Black Price 50p, P. & P. 7p 

Set 5: Dials Price 38p, P. & P. 7p 

Prices include V.A.T. on Panel Signs 

I enclose Postal Order/Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

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

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

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 
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(The new Maplin Catalogue 
is no ordinary catalogue... 

URCATAOGUE i IS COUPON FOR YOUR COPY OF OUR 

SEND SEND NO MONEYcatalogue the 

PleAPPRshmeacoe of 
Please rush me a copy of Your brand new 1977 

satisfied ß that is 

within 1 e dss sf d that. t I am 

instant it r pennye serf 1am0 comp 

you 
within ei days 

notos 

everyp 
may 

Irnth uetoy 
a return the catalog purchase 

out 
obligation. 

m Y 

our catalogue should I choose to keep it. 

without ob¡IiomtY n.I understand 
that I neednot 

anything 

NAME 

ADDRESS 

I 
I 
I 
I 
I 

Catalogue includes a very wide range of 
components: hundreds of different capacitors; 
resistors; transistors; I.C's; diodes; wires and 
cables; discotheque equipment; organ components; 
musical effects units; microphones; turntables; 
cartridges; styli; test equipment; boxes and 
instrument cases; knobs, plugs and sockets; 
audio leads; switches; loudspeakers; books; tools - 
AND MANY MANY MORE. 

eOur bi -monthly newsletter keeps you up to date with latest 
guaranteed prices - our latest special offers (they save you 

I for the next six issues (51) discount voucher with each copy). 
pounds) - details of new projects and new lines. Send 30p 

I 
REC2 I 

Box 3,RayleighEsseR J L=inElecn DON'T DELAY 
POST COUPON NOW 

IT COULD BE THE 
BEST 5 Op YOU'VE EVER SPENT 

ni n 
ELECTRONIC SUPPLIES 
P.O. BOX 3, RAYLEIGH, ESSEX SS6 SLR 

Telephone: Southend (0702) 715155 
Shop: 284, London Road, Westcliff-on-Sea, Essex 

(Closed on Monday) Telephone: Southend (0702) 47379 


