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AUDIO FREQUENCY METER 
PART 1 

A compact frequency meter, with analogue display, working at 
audio frequencies and employing an integrated circuit for ease 
of construction. 

20p 

Sp ed« 
IN THIS ISSUE 

ME "DRO/rw/cK" cAR RUM 

TRIGGERED DOOR ALARM 
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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown 

This is the simplified insurance you have been waiting for. 
Not just cover on the contents of your home but a 

package of personal protection you and your family need. 
And it's how we save you so much money: just ONE 
policy to issue instead of nine! 
You can build up to the cover you need by additional units 

(or # units after the first) up to a maximum of five. So 
simple. So easy. Apply to your Broker, Agent or local office 
of a General Accident company. 
The Home Unit Policy can replace your existing insurances 
And remember- as you buy more possessions just add 
more Home Units at any time. 

THE GENERAL ACCIDENT FIRE & 
LIFE ASSURANCE CORPORATION LTD 

Metropolitan House, 35 Victoria Avenue, 
Southend -on -Sea, Essex, SS2 6BT 

r 
Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

2019468 

w 
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REVERBERATION UNIT KIT 
6 transistor reverberation chamber to which 
microphones, instruments, etc., may be con- 
nected for added dimensional effect. The out- 
put is suitable for most amplifiers and the 
unit is especially suitable for use with elec- 
tronic organs. A ready -built spring and trans- 
ducer assembly is used. 
Complete easy -to -build kit, with constructional notes and circuits 
E7.50. Pre -drilled and printed case 11.70 extra. All parts available 
separately. 

WAH -WAH PEDAL KIT 
The Wilsic Wah -Wah pedal comprises a 

SELECTIVE AMPLIFIER MODULE KIT, 
containing all the components to build a 
two' transistor circuit module, which may 
be Used by the constructor for his own 
design or fitted to the FOOT VOLUME 
CONTROL PEDAL (as photo) converting 

it to Wah -Wah operation. This pedal is in strong fawn plastic and 
fitted with output lead and screened plug. Selective amplifier 
module kit /1.75. Foot Volume control pedal L5.13. COMPLETE 
KIT L6.50. Add 38p for assembly of module. 

THE WILSIC BOOK OF CIRCUITS contains the full instructions for 
the Reverb unit & Wah -Wah pedal (above) and our Vibrato unit. 

PRICE ONLY 15p. 

WILSIC I -C STEREO AMP 
A constructional project to build a Hi -FI 
stereo amplifier using INTEGRATED CIR- 
CUITS. 2.7 Watts per channel with full tone 
controls. The chassis may be built into a 
simple but attractive veneered cabinet, or 
into the turntable plinth. Chassis only IO" x 
6f" x 2f ". COMPLETE KIT E18.50, all parts 
available separately. Full plans & prices 10p. 

SEND Sp in stamps for latest catalogue (Autumn 1971) of Hi -Fi, 
components, guitars, etc., etc. Friendly, high -speed service. 

WILSIC ELECTRONICS LTD, 
6 COPLEY ROAD, DONCASTER, YORKS 

50p BARGAIN PACKS 
All fully coded, all from well -known manufacturers 

and now available, while stocks last, at be-ter than 
bulk- buyer's prices! Cash with order only. 

THIS MONTH: 
2N2926 NPN Silicon Transistor 
(Ned) Hfe 55.110 
C6U 1.6 amp genera I purpose 

25V SCR in T05 case 
016P4 (Equals 2N5306) Dart ngton 

transistor Hfe min = 7000 3 for 50p 
2N3390 Silicon NPN ultra high gain 

transistor Hfe 400-800 3 for 50p 
2N3391A Silicon high gain low noise 

transistor (better thar 80109t 3 for 50p 

Post and packing lOp for 1 or 2 pack ;3 packs or 
more post free. 

Order any quantity, till sold (but we regret packs 
canno7 be subdivided). 
P.O. or Cheque payable Jermyr.lndustries, 
Vestry Estate, Sevenoaks, Ken 

8 for 50p 

3 for 50p 

This month SStar Bargain 

1.70 edit en Motorola 
Semiconndu ÿ£3a book. 

100 penar post free. 

Give us six months, 
and well turn your hobby 

into a career. 
You have a hobby for a very 

good reason. It gives you a lot of 
pleasure. 

So if you can find a job that 
involves your hobby, chances are 
you'll enjoy your work more, and 
you'll do better work. 

Now CDI can help you find 
such a job. A job where you'll be 
responsible for the maintenance 
of a computer installation. A job 
that pays well too. If you're inter- 
ested in mechanics or electronics 
(without necessarily being a 

mathematical genius), have a 
clear, logical mind and a will to 
work, then we can train you to be 
a Computer Engineer inside six 
months. 
So give us a call. CDI. We're 
the Education Division of one 
of the world's largest computer 
manufacturers. And we have the 
experience to know if you can 
make it. A ten minute talk with us, 
and you could be on the way to 
spending the rest of your life with 
your hobby. 

Ring 

01 -637 2171 
between 9 a.m. and 9 p.m. and ask for Mr Rogers 

NOVEMBER 1971 

rIt's quicker and easier to phone, but if your 
prefer, send this coupon to: Control Data 
Institute, Wells House, 77 Wells Street, 
London, W.I. 
Please give me further informaticn. 

Name 

Address 

Age Phone 

CONTROL DATA 
INSTITUTE 

6L1 

CONTROL DATA 

LIMLiEO 

The Education Division of one of the world's 
largest Computer monufa- _surer.. 
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NEW LOW PRICE TESTED S.C.R.'S. 
PIT lA SA 7A l0A 16A 30A1 

TO -6 TO-88 TO-68 TO-48 TO-48 
Sp Sp Sp Op Sp Sp 

50 0.28 0.26 0.47 0.60 0.58 1.16 
100 0.25 0.38 0.58 0.68 0.68 1.40 
200 0.85 0.87 0.57 0.61 0.76 1.80 
400 0.48 0.47 0.87 0.76 0.93 1.75 
600 0.68 0.57 0.77 0.97 1.25 
800 0.68 0.70 0.90 1.20 1.50 4.00 

SILICON RECTIFIERS- TESTED 
PIT 300mA 760mA lA 1.5A 3A 10A 30A 

Sp Op Sp Sp Sp Op Sp 
60 0.04 0.06 0:05 0.07 0.14 0.21 0.47 

100 0.04 0.06 0.06 0.13 0.16 0.23 0.75 
200 0.05 0.09 0.08 0.14 0.20 0.24 1.00 
400 0.00 0.18 0.07 0.20 0.27 0.37 1.25 
600 0.07 0.16 0.10 0.23 0.84 0.46 1.85 
800 0.10 0.17 0.18 0.25 0.37 0.55 2.00 

1000 0.11 0.25 0.15 0.30 0.46 0.88 2.60 
1200 - 0.88 - 0.33 0.57 0.75 - 

TRIACB 

VBOM SA BA 10A 
TO.1 TO-66 TO-88 

Sp Sp Sp 
100 0.50 0.68 1.00 
200 0.70 0.90 1.25 
400 0.90 1.00 1.60 

LUCAS SILICON 
RECTIFIERS 

36 -Amp, 400 P.LY., Stud 
Type £1.10 each. 

MACS 
FOR USE WITH 
TRIACS 
BR100 .. .. 879 each 

2A POTTED BRIDGE RECTIFIERS 200V 50p 

UNIIIHOTION AD 16I NPN ÚT48. Eqvt. 252646, 
Eqvt. TI543. BEN3000 AD I62 PNP 279 each. 26.99 26p 
100 UP 209. MATCHED COMPLE- 

MENTARY PAIRS 
OF GERM. POWER 
TRANSISTORS. 

NPE SILICON PLANAR 
BC107/8/9, 10p each; 
60.99. 99; 100 up, 
89 each; 1,000 off, 
7p each. Fully tested 
and coded TO -18 case. 

FREE 
One 50p Pack of your 
own choice free with 
orders valued £4 or over. 

ÁF239 PNP GERM, 
SIEMENS VHF TRAN- 
SISTORS. RF MIXER 
A OSC. UP TO 900 
MHZ. USE AS RE- 
PLACEMENT FOR 
AF139 -AF188 & 100'e 
OF OTHER USES IN 
VHF. OUR SPECIAL 
LOW PRICE: -1.24 87p 
each. 20.99 849 each 
100 +30p each 

FET'S 
2N 3819 35p 
IN 3820 08p 
MPF105 40p 

CADMIUM CELLS 
ORP12 43p 

OBP80, ORP81 40p each 

PHOTO TRANS. 
OCP71 Type. 43p 

SIL. O.P. DIODES Sp 
300mal 30..0.60 
40PIV (Min.) 100 .. 1.50 
Sub -Min. 500 ..6.00 
Full Tested 1,000.. 9.00 
Ideal for Organ Builder.. 

D13D1 Silicon Unilateral 
switch 609 each. 

A Silicon Planar, mono- 
lithic Integrated circuit 
having thyristor elec- 
trical characteristics, but 
with an anode gate and a 
bulltin " Zener" diode 
between gate and 
cathode. Full data and 
application circuits avail- 
able on request. 
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For maim driven out- 
put stage of Amplifiera 
and Radio receivers. 
OUR LOWEST PRICE 
OF 83p PER PAIR 

2N3055 1a. póW 
NPN 

OUR PRICE 639 EACH 

FULL RANGE OF 
ZENER DIODES 
VOLTAGE RANGE 
2-83V. 400mV (DO -7 
Case) 13p ae. 1 +W (Top - 
Hat) 18p ea. 10 W030-10 
Stud) 26p ea. All fully 
tested 5% toi. and 
marked. State voltage 
required. 

BRAND NEW TEXAS 
GERM. TRANSISTORS 

Coded and Guaranteed 
Pak No. EQVT 
T1 20371A 0071 
T2 20374 0076 
T3 2G3744A OC81D 
T4 20381A 0081 
TO 20382T OC82 
TO 20344A 0044 
T7 2G346A 0045 
T8 20378 0078 
T9 20399A 2N1302 
T10 20417 ÁF117 

All 50p each pack 

2302000 NPN SIL. DUAL 
TRANS. CODE D1699 
TEXAS. Our price 25p 
each. 

BB. tram. suitable for 
P.E. Organ. Metal TO -18 
Eqvt. ZTX300 Sp each. 
Any Qty. 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW UNTESTED 

SEMICONDUCTORS 

Satisfaction GUARANTEED in Every Pak, or money back. 

Pak No. £p 
Ul 120 Glass sub -min. general purpose germanium diode. .. 0.50 
U2 60 Mixed germanium translators AF /RF 0.50 
U3 75 Germanium gold bonded diodes eim. OAS, 0A47 0.50 
U4 40 Germanium translators like 0081, A0128 0.50 
115 60 200mA sub -min. Sil. diodes 0.60 
UB 30 Silicon planar transistors NPN elm. BSY95A, 2N700 0.60 
U7 18 Silicon rectifiers Top -Hat 750mA up to 1,000V .... 0.60 
U8 50 Sil. planar diodes 250mA, 05/200/202 0.50 
1J9 20 Mixed volts 1 watt Zener diodes 0.50 
Ul l 25 PNP silicon planar tranmietora TO -5 aim. 2N1132 0.50 
U13 30 PNP-NPN eR. translators 00200 A 28104 0.50 
U14 150 Mixed silicon and germanium diodes 0.50 
1/15 25 NPN Silicon planar tran.ietore TO -5 aim. 2N697 .... 0.50 
U16 10 3 -Amp silicon rectifiers stud type up to 1000 PIV .. 0.60 
Un 30 Germanium PNP AF transistors TO -5 like ACY 17 -22 0.50 
U18 8 8 -Amp silicon rectifiers BYZ13 type up to 600 PIT 0.50 
1711) 25 Silicon NPN traneietora like BC108 0.50 
U20 12 1.6 -Amp silicon rectifiera Top -Hat up to 1,000 PIV ..0.50 
U21 30 A.F. germanium alloy traneietore 20300 aeries A 0071 0.50 
U23 30 Madt'. like MAT eerie. PNP tran.istors 0.50 
U34 20 Germanium 1 -Amp rectifiers GJM up to 300 PIV .. 0.50 
U25 25 300Mc /e NPN silicon transistore 25708, BSY27 .... 0.50 
U26 30 Fast switching silicon diodes like IN914 micro-min .. 0.60 
1728 Experimenters assortment of integrated circuits, untes- 

ted. Gatee, flip -flope, register., etc., 8 assorted pieces .... 1.00 
U29 10 1-Amp SCR's TO-5 can up to 800 PIV CR81/25.600 .. 1.00 
U31 20 Sil. Planar NPN trans. low noise amp 253707 0.50 
U32 25 Zener diode. 400mW DO7 case mixed volts, 3-18 0.50 
U33 ]6 Plastic case 1 amp silicon rectifiers íN4000 aeries 0.50 
1134 30 SC. PNP alloy tren.. TO.S BCY26, 28302/4 0.50 
U35 25 Sil. planar trans. PNP TO -18 252906 0.50 
0138 25 Sii. planar NPN trans. TO -6 BFY60 /51/52 0.50 
U37 30 SN. alloy tram. 80.2 PNP, 00200 28322 0.60 
U38 20 Fast switching ell. tram. NPN, 400Mc /e 2N3011 .... 0.50 
U39 30 RF germ. PNP tram. 251303/6 TO.S 0.60 
U40 10 Dual trans. 6 lead TO -5 252060 0.50 
U41 26 RF germ. tram. TO -1 0045 NKT72 0.90 
U42 10 VHF germ. PNP tran.. TO -1 NET887 AF 117 0.50 

Code Noe. mentioned above are given es a guide to the type of device 
in the Pak. The devices themaelvee are normally unmarked. 

NEW QUALITY TESTED PACKS 
Pack Description Prioe £p 
Ql 20Red epot trans. PNP 0.50 
Q2 16 White spot R.F. trans. PNP 0.50 
Q9 4 0077 type trans. 0.50 
Q4 6 Matched tram. 0044/45/81/81D 0.50 
Q6 4 0075 transistors 0.50 
Q6 4 OC72 transistors 
Q7 4 AC128 trans. PNP high gain 
Q8 4 AC128 trans. PNP 
Q9 7 0081 type trans. 
Q10 7 0071 type trans. 
Q11 2 AC127/128 comp. pain PNP /NPN 
Q12 3 ÁF116 type trans. 
Q13 3 AF117 type trans. 
Q14 8 OCI71 H.F. type trans. 
Q16 5 252928 ail. epoxy trans. 
Q16 2 GET880 low noise germ. trans. 0.50 
Q17 3NPN I ST141A 2 ST140 0.50 
Q18 4 Madt'e 2 MAT 100 A 2 MAT 120 0.50 
Q19 3Madt's2 MAT 101 R 1 MAT 121 0.50 
Q20 4 °C44 germ. Lane. A.F 0.50 
Q21 3 AC127 NP:. germ. trans. 
Q22 20 NET trans. A.F. R.F. coded 
Q23 10 OA202 ail. diodes cub -min. 
Q24 8 OA81 diodes 0.50 
Q26 6 15914 sil. diodes 75PIV 75mA 0.50 
Q26 8 0Á95 germ. diodes sub -min. 1569 0.50 
Q27 2 l0A 600PIV ail. recta. 18468 0.50 
Q28 2 Sil. power recta. BYZ13 0.60 
Q29 4 Sil. trans. '2 x 25696, 1 X 25697, 

1 x 25698 0.50 
Q30 7 Sil. switch trans. 25706 NPN 0.50 
Q31 8 Oil. switch trans. 25708 NPN 0.50 
Q32 3 PNP ail, trans. 2 X 2N1131, 

1 X 251132 0.50 
Q99 3 Sil. NPN trans. 2311711 0.50 
Q34 7 811 NPN trans. 252369, 500MHZ 0.50 
Q35 3 Sil. PNP TO-5 2 X 2N3904 B 

1 X 2905 0.50 
Q96 7 253646 TO -18 plastic 3003AH2 

NPN 0.50 
Q37 3 253053 NPN cil. trans. 0.50 
Q38 7 PNP trans. 4x 253703, 9x 2N3702 0.50 
Q39 7 NPN trans. 4x 2N3704, 3x 253705 0.50 
Q40 7 NPN amp. 4x 253707, 2X 353708. 0.50 
Q41 3 Plastic NPN TO -18 2513904 0.50 
Q42 6 NPN tram.. 255172 0.60 
Q43 7 BC107 NPN trans. 0.60 
Q44 7 NPN trans. 4x BC108, ix BC109 0.50 
Q4b 3 BC113 NPN TO -18 trans. 0.50 
Q40 3 BC115 NPN TO -5 tram 0.50 
Q47 6 NPN high gain 3x BC167, 3X BC168 0.50 
Q48 4 BCY70 NPN trans. TO -18 0.50 
Q49 4 NPN trans. 2x BFY51, 2X BFY62 0.50 
Q60 7 BSY28 NPN switch TO-18 0.50 
Q51 7 BSY95A NPN tram. 300MH2 0.50 
Q52 8 BY100 type ail. rect. 1.00 
Q53 25 811. A germ. trans. mixed W 

marked new 1.50 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

0.50 
0.50 
0.50 

PRINTED CIRCUITS -EX- COMPUTER 
Packed with semiconductor. and component., 
10 board. give e guaranteed 30 tram and 30 diodes. 
Our price 10 boards, 50p. Plus 10p P. A P. 
100 Board. 08, P. R P. 30p. 

GENERAL PURPOSE GERM.. PNP POWER 
'TRANSISTORS 

Coded OP100. BRAND NEW TO -3 CASE. POSS. REPLACEMENTS FOR:-- 0023 -28- 29-30- 36-38. NET401- 403- 404 -405 -406- 460 -461 -452- 453. T13027 -3028, 25260A, 231456A -457A -458A, 25611 -611 A A B. 20220 -222. ETC. 
SPECIFICATION 
VCBO 80V VCEO 50V IC l0A PT 30 WATTS IIFE 30 -170. 
PRICE 1 -24 25-99 100 up 

43p each 40p each 88p each 

GENERAL PURPOSE SILICON NPN 
POWER TRANSISTORS 

Coded GP300. BRAND NEW TO -3 CASE. POSSIBLE REPLACE- 
MENT FOR:- 2N3055, BDY20, BDY11. 
SPECIFICATION 
VCBO 100V, VCEO 60V, IC 16AMP8, PT. 115 WATTS. Hfe 20 -100. 
FTI MHZ. 
PRICE 1 -24 26 -99 100+ 

66p each 50p each 47p each 

GENERAL PURPOSE NPN SILICON SWITCHING TRANS. TO -18 8IM. 
TO 2N70618, B8Y27/28/96A. AU usable devices no open or short circuits. 
ALSO AVAILABLE in PNP Sim. to 252908, BCY70. When ordering 
please state preference NPN or PNP. 

£9 Op £p 
20 For 0.60 100 For 1.76 1000 For 
50 For 1.00 500 For 7.50 13.00 

TRANSISTOR EQUIVALENTS BOOK. 
New Edition '71 

A complete erme reference and equivalents 
book for European, American and Japanese 
Translators. Exclusive to BI -PAK 90p each. 

GERM. POWER TRANSISTORS 

Type 
0020 
OC22 
0023 
0025 
00213 
0028 

Price 
each 
50p 
30p 
33p 
25p 
25p 
40p 

Type 
0019 
0025 
OLIO 
ÁD140 
AD142 
AD149 

Price 
each 
40p 

40p 
401 
40o 
43P 

JUMBO COMPONENT PARS 
Mixed Electronic Components. Exceptionally 
good value (no rabbleh) Resistors, capacitors 
pots, Electrolytic. A Coil. + many other 
useful item.. Approximately 31ba in weight. 
Price Incl., P & P. £1.50 only. Plus our 
satisfaction or money back guarantee. 

OUR STOCKS of individual devices are no 
too numerous to mention in this Advertise- 
ment. Bend S.A.E. for our Mating el over 
1,000 Semiconductors. All available En- 
Stoek at very competitive prima. 

SILICON PHOTO TRANSISTOR 
TO -18 Lens end. NPN Sim. 
to BP a 25 A P 21. BRAND 
NEW. Full data available. Pally 
Guaranteed. 
Qty. 1 -24 25 -99 100 up. 
Price each. 45p 40p 35p 

RTL MICROLOGIC CIRCUITS 
Price each 

Epoxy TO-5 case 1 -24 25-99 100 up 
uL900 Buffer 85p 33p 279 
uL914 Dual 21 /p 

gate 35p 33p 27p 
uL923 J -E flip -flop 50p 47p 45p 
Data and Circuits Booklet for I.C's. 
Price 7p. 

Dual -in -Line Low Profile Sockets 
14 and 16 Lead Sockets for use with 
Dual -in -Line Integrated Circuits 

Price each 
Order No. 1 -24 25-99 100 op 
TOO 14 pin type 309 27p 26p 
T80 18 pin type 359 829 80p 

THE RADIO CONSTRUCTOR 
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-the lowest prices ! 
74 Series T.T.L. I.C's 

DOWN AGAIN IN PRICE 

Check oar 74 Series List before you by any LC'e. Our prices are 
the lowest possible. All devices ex- stock. Full spec. guaranteed. 

9I -PAB 
Order No. Similar Types to:-- Description 

Price and qty. prices 
1 -24 25-99 100 up 

So an Op 
BP00 - 7400 Quadruple 2 -input NAND gate 0.15 0.14 0.12 
BP01 - 7401 Quadruple 2 -input positive NAND 

gate (with open collector output(.. 0.15 0.14 0.12 
BF02 - 7402 Quadruple 2 -input positive NOR 

gate. . 0.15 0.14 0.12 
BPO: - 7403 Quadruple 2 -Input poeitive NAND 

gate. (with open -collector output) 0.15 0.14 0.12 
8PO4 - 7404 Hex Inverter. 0.15 0.14 0.12 
BP05 - 7405 Hex Inverter (with open -colleetor 

output) . .. 0.15 0.14 0.12 
BPIO - 7410 Triple 3 -input positive NAND gates 0.15 0.14 0.12 
13P13 - 7413 Dual 4 -Input Schmitt trigger 0.29 0.28 0.24 
BP20 - 7420 Dual 4 -input positive NAND gates 0.15 0.14 0.12 
BP30 - 7430 8 -Input positive NAND gates .. 0.15 0.14 0.12 
BP40 - 7440 Dual 4 -input positive NAND buffers 0.16 0.14 0.12 
BP41 - 7441 BCD to decimal nixie driver .. 0.67 0.84 0.58 
BP42 - 7442 BCD to decimal decoder (4 -10 lines, 

1 of 10) . 0.87 0.64 0.58 
BP46 - 7446 BCD -to- Bevan- Segment Decoder 

Driver 2.00 1.75 1.50 
11P47 - 7447 BCD- seveneegment decoder /driven 

(15V outputs) .. 0.97 0.94 0.88 
BP48 - 7448 BCD -to- Seven- Segment decoder 

Driver .. . 0.97 0.94 0.88 
BP60 - 7460 Expandable dual 2 -lnpet AND 

OR- INVERT . 0.15 0.14 0.12 
BP61 - 7451 Dual 2 -wide 3 -Input NAND -OR- 

INVERT gate . 0.15 0.14 0.12 
BP53 - 7453 Quad 2 -input expandable NAND - 

OR- INVERT . 0.15 0.14 0.12 
BP54 - 7454 4 -wide 2 -input NAND -OR- INVERT 

0.16 0.14 0.12 
BP80 - 7460 Dual 4-input expander .. .. 0.15 0.14 0.12 
BP70 - 7470 Single -phase J -K flip -flop .. .. 0.29 0.26 0.24 
BP72 - 7472 Neater -.lave JK flip flop .. .. 0.29 0.26 0.24 
PB73 - 7473 Dual master slave J -K flip -flop .. 0.87 0.85 0.82 
BP74 - 7474 Dual D type flip -Sop .. .. 0.37 0.85 0.82 
BP75 - 7475 Quad latch .. 0.47 0.45 0.42 
RP76 - 7478 I hat J -K with pre -set and clear .. 0.48 0.40 0.38 
BP80 - 7480 Gated full adder. .. .. 0.87 0.64 0.58 
BP81 - 7481 16 -bit read /write memory .. .. 0.97 0.94 0.88 
BP82 - 7482 2 -bit binary full adder. .. .. 0.97 0.94 0.88 
BP83 - 7483 Quad full adder .. .. 1.10 1.05 0.95 
SPEW - 7486 Quad 2 -input exclusive NOR gate... 0.32 0.30 0.28 
By90 - 7490 BCD decade counter .. .. .. 0.67 0.64 0.58 
BP91 - 7491 8- hit .hift register. .. 0.87 0.84 0 -78 
BP92 - 7492 Divide -by- twelve counter. .. .. 0.67 0.84 0.58 
BP93 - 7493 4 -bit binary counters.. .. 0.87 0.64 0.58 
BP94 - 7494 Dual entry 4 -bit shift register .. 0.77 0.74 0.88 
11P95 - 7495 4 -bit up -down shift register .. 0.77 0.74 0.68 
BP98 - 7498 5 -bit parallel in parallel out shift - 

register .. .. 0.77 0.74 0.88 
BP700 - 7410o 8 -bit bieteble latches . 1.75 1.65 1.56 
BP104 - 74104 Single JK Flip -Flop equiv. 9000. 

Series. .. .. .. 0.97 0.94 0.88 
BP106 - 74103 Single J -K Flip -Flop equiv. 9001... 0.97 0.94 0.88 
BP107 - 74107 Dual Master Slave Flip -Flops 0.40 0.38 0.38 
BP110 - 74110 Gates Master -Slave Flip -Flops .. 0.55 0.53 0 50 
BP111 - 74111 Dual Data Lock -out Flip -Flop .. 1.25 1.15 1.00 
BP118 - 74118 Hex set -reset latches 0.95 0.90 
BP119 - 74119 Hex Set -Reset latches. 24 pin. .. 1.35 1.25 1.10 
BP121 - 74121 Monoetebleeoultivibrators .. 0.87 0.64 0.58 
BP141 - 74141 BCD -to- decimal decoder /driver 0.67 0.84 0 58 
BP145 - 74145 BCD -to- decimal decoder /driver. O /C. 1.50 1.40 1.80 
BP16p - 74153 1S -lilt Data Belector 1.70 1.80 
BP161 - 74161 8 -bit data selectors (with strobe) .. 1.00 0.95 0.90 
RP153 - 74153 Dual 4- line -to-I -line data .. .. 1.20 1.10 0.95 
BP154 - 74154 4 to 16 Line Decoder .. .. 1.80 1.70 1.60 

Device+ may be mixed to qualify for quantity prices. Larger quantities- price. on 
application. (TTL 74 Series only.) 
Data (I available for the above series of I.C's in booklet form. price. 13p. 

TTL INTEGRATED CIRCUITS 
Manufacturer.' "Fall outs" -out of spec. devices including functional units and 
part function but classed as out of epee. from the menufact,uere' very rigid speciflc- 
tlone. Ideal for learning about l.C's and experimental work. 
PAK No. PAK No. PAK No. 
0710ÁO - 12 X 7400N 50p UIC42 - X 74505 50p 111C80 - 5 x 7480N 50p 
0711()1 - 12 X 74015 2.05 UIC50 - 1 X 7450N 50p UIC82 - 5 X 7482N 50p 
171002 - 12 x 74025 50p 111051 - 1 x 7451N 50p 1Á1J83 - 6 x 7483N 50p 
077003 - 12 X 74035 500 UIC60 - 1 X 74805 50p 111086 - 6 X 74865 50p 
177004 - 12 X 74045 50p U1C70 - X 7470N 50p 171090 - 5 X 74905 500 
UI006 - 12 x 74035 50p Ú1C72 - X 74725 50p 1.1IC92 - S X 74925 50p 
UICI8 - 12 X 7410N 50p UIC73 - x 74735 50p 01093 - 6 x 7493N 50p 
071020 - 12 x 74205 500 UIC74 - X 7474N 60p 111094 - 5 X 7494N 50p 
UIC40 - 12 x 74405 50p UIC76 - x 7475N 50p 171095 - S X 7495N Sop 
UIC41 - 6 x 7441 AN 50p Ú1C76 - x 74785 50p UIC96 - 6 x 74965 50p 

UICX 1 - 25 X Asst 74'e 61.50 
Pack. cannot be split bit 20 assorted pieces (our mix) is available es PAR UIC %1. 
Every PAK carries our BI -PAK Satisfaction or money back GUARANTEE. 
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ANOTHER 81-PAK FIRST! 
THE NEW SGS EA 1000 
AUDIO AMPLIFIER 
MODULE 

* GUARANTEED 
NO LESS THAN 
3 WATTS RMS 

Especially designed by S.G.S. incorpor- 
ating their proven Linear I.C. Audio 
Amp. TA4621 providing unlimited 
applications for the enthusiast in the 
construction of radios, record players, Audio and Stereo units. 
Mso ideal for inter -corn systems, monitoring applications and 
phone answering machines. Other uses: portable applications 
where supply rails as low as 9V are of prime importance. 

Sensitivity 40 mV for 1 watt Voltage 
gain 40 dB but can be varied up to 
73 dB for some applications. 
Signal to Noise Ratio 86 dB. 
Frequency response better than 
50 Ha to 23 KHz for -3 dB. 
Normal supply Voltage 9.24V. 
Suitable for 8 -16 ohm loads. 
Overall size 2'x 3'X 8'. 
Typical Total Harmonic distortion 
at 1 Watt lees than 1 °.e. 

Supply Voltage (Vs) 94V 15 ohm 
load. 

Module Tested and Guaranteed. 

Qty 1 -9 10 -25 
Price each £2.63 £2.28 
Larger quantities quoted on request. 
Full hook-up diagrams and complete 
technical data supplied tree with each 
modual or available separately at lop 
each. 

ROCK BOTTOM PRICES ! -CAN'T BE BEATEN 
LOGIC DTL 930 SERIES I.C's 

Type Price 
No. Pnnotion 1 -24 25 -99100 up 
BP930 F.xpandable duel 4 -input NAND .. .. 120 lip 109 
BP932 Expandable dual 4 -input NAND buffer .. .. 13p 12v 119 
BP933 Dual 4 -input expander .. .. .. 13p 12p 119 
BP935 Expandable Hex Inverter .. .. .. .. 180 12p llp 
BP936 Hex Inverter .. .. 18p 125 119 
BP944 Dual 4 -input NAND expandable buffer without 

pull-op .. .. .. .. .. .. 13p 129 lip 
BP945 Master -slave JK or RS .. .. .. .. 25p 24p 22p 
RP948 Quad, 2 -input NAND .. .. .. .. 120 11p 10p 
BP948 Master -slave JK or RB .. .. .. .. 25p 24p 22p 
BP951 Mouoetable .. .. .. .. 65P 60p 55p 
BP962 Triple 3-input NAND .. 12p lip 10p 
BP9093 Dual Master -slave JK with separate clock .. 40p 38p 95p 
B P9094 Dual Master -slave JK with separate clock .. 40p 38p 359 
BP9097 DualMaster -slave JK with Common Clock .. 40P 38p 851, 
BP9099 Dual Master -slave JK Common Clock 40p 88p 350 
Devices may be mixed to qualify for quantity price. Larger quantity price. ou 
application. (DTL 930 Series only.) 

BRAND NEW LINEAR I.C's -FULL SPEC. 
Price 

Type No. Case Leads Description 1 -24 25-99 100 up 
IlP 2010- 8L20IC TO.S 8 O.P. Amp 68p 539 46p 
lsP 7010-- 8L70IC TO -6 8 OP Amp 63p 50p 45p 
BP 7020-- 6L702C TO-5 8 OP Amp Direct OP 68p 50p 469 
BP 702 -72702 D.I.L. 14 O.P. OP Amp (Wide 

Band) 538 45p 40P 
D.I.L. 14 High OP Amp 53p 45p 40p 
TO-5 8 High Gain OP Amp 68p 45p 40p 
TO -6 10 Dual comparator 68p 50p 45p 
D.I.L. 14 High Gain OP Amp 

(Protected) 76p 609 50p 
TO -5 6 S.F. -I.F. Amp 431 35p 27p 
TO -72 4 A.F. Amp 700 sop 55p 
TO-74 10 O.P. Amp 90p 75p 709 

11P 709-72709 
BP 709P-I1-A709C 
BP 711-11A711 
BP 741-72741 

üA 703C-1.1A703C 
TAA 263- 
TAA 293- 

All prices quoted in new pence Giro No. 388 -7006 
Please send all orders direct to warehouse and despatch department 

HI-PAM 
P.O. BOX 6, WARE - HERTS 

Postage and packing add 7p. Overseas add extra for airmail. 
Minimum order 50p. Cash with order please. 

Guaranteed Satisfaction or Money Back 
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DENCO (CLACTON) LIMITED 
355 -7 -9 OLD ROAD, CLACTON -ON -SEA, ESSEX 

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

Our General Catalogue showing full product range 
DTB4 Transistor & Valve circuitry for D.P. Coils 
DTB9 Valve Type Coil Pack Application circuitry 
MD.1 Decoder Circuitry for Stereo Reception 

16p 
16p 

16p 

20p 

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

THE MODERN BOOK CO 
110 INTEGRATED CIRCUIT PROJECTS 

FOR THE HOME CONSTRUCTOR 
R. M. Marston 

£1.20 

The Mazda Book of Pal Receiver Servicing 
by D. J. Seal. £3.50 Postage 

ABC's of Integrated Circuits 
by R. P. Turner. £1.25 Postage 

Postage 5p 

Electronic Organ Servicing Guide 
12p by R. G. Middleton. £2.25 Postage 12p 

Foundations of Wireless & Electronics 
10p by M. G. Scroggie. £1.80 Postage 20p 

Public Address Handbook 
by V. Cape!. £3.00 Postage 7p 

Guide to Printed Circuits 
by G. J. King. £2.50 Postage 7p 

Radio & Electronic Laboratory Handbook 
by M. G. Scroggie. £4.75 Postage 15p 

Colour Television Picture Faults 
by K. J. Bohlman. £2.50 

Transistor Pocket Book 
by R. G. Hibberd. £1.40 

99 Electronic Projects 
by H. Friedman. £1.50 

Radio Valve & Transistor 
by A. M. Ball. 75p 

Making Transistor Radios 
by R. H. Warring. £1.10 

Postage 7p 

Postage 7p 

Postage 7p 

Data 
Postage 10p 

-A Beginner's Guide 
Postage 7p 

Handbook of Transistor Equivalents & 
Substitutes 
by B. B. Babani. 40p 
T.V. Fault Finding 405/625 Lines 
by J. R. Davies. 50p 

Postage 5p 

Postage 5p 
RCA Solid State Hobby Circuits Manual 
£1.05 Postage 10p 

VHF -UHF Manual 
by G. R. Jessop. £1.60 Postage 12p 

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

19 -21 PRAED STREET (Dept RC) LONDON W2 1NP 
Telephone 01 -723 4185 
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BIPREPAK 
LIMITED 

FULLY TESTED AND MARKED 
AC107 .15 OCI40 .17 
AC126 .13 0C170 .23 
ACI27 .17 0C171 .23 
ACI 28 .13 0C200 .15 
AC176 .25 0C201 .25 
ACYI7 .15 2G301 .13 
AF139 .13 2G303 .13 
AF186 .37 2N711 .50 
AF239 .37 2N1302-3 .20 
BC154 .25 2N1304-5 .25 
BC 17 I 2N 1306-7 .30 

= BC 107 .13 2N1308-9 .35 
BC172 BCII3 .10 

= BC108 .13 Power 
BF194 .15 Transistors 
BF274 .15 0C20 .50 
BFY50 .20 0C23 .30 
BSY25 .37 0C25 .25 
BSY26 .13 0C26 .25 
BSY27 .13 0C28 .30 
BSY28 .13 0C35 .25 
BSY29 .13 0C36 .37 
BSY95A .13 AD149 .30 
0C41 .13 AUY10 1.25 
0C44 .13 2N3055 .63 
0C45 .13 25034 .25 
0071 .13 Diodes 
0072 .13 AAY42 .10 
0073 .17 0A95 .09 
0081 .13 0A79 .09 
OC81 D .13 0A81 .09 
0C139 .13 IN914 .09 

FREE! with orders over L4. 

Packs of your own choice 
up to the value of 50p IIIMI 

CLEARANCE LINES 
COLOUR T.V. LINE OUTPUT TRANSFORMERS 
Design d to give 25KV when used with PL509 
& PY500 valves. As removed from colour 
receivers at the factory . 

NOW ONLY 50p EACH. Post and Packing .25 

I Amp. Plastic Rectifiers. These are voltage. 
reverse polarity and other rejects from the 
BYI27 range. Ideal for low voltage Power 
Units, etc. Price: L1 per 100. 

1 -10 10 -50 50+ 
BB105 Varicap Diodes 10 8 6 

0071 or 72 Fully tested 
Unmarked 5 5 4 

Matched sets, I -0C44 & 
2- 0C45's. Per Set 25 20 15 

Matched Sets of 0C45's 
I st & 2nd IF. 15 12 10 
0A47 Gold Bonded Diodes. 

Marked & tested. 3 3 2 
I Watt Zener Diodes 7.5, 
24, 27, 30, 36, 43, Volts 5 4 3 

10 Watt Zener Diodes 5.1, 
8.2, 11, 13, 16, 24. 20, 100v. 20 17 15 
Micro Switches, 5 /P, C /O. 25 20 15 
I Amp. Brdge Rect. 25v. 25 22 20 

INTEGRATED CIRCUITS 
SL403D Audio Amp. 3 Watt. 2.00 1.95 1.80 
709C Linear Opp. Amp. 50 40 35 
Gates Factory Marked & 

Tested by A.E.I. 25 22 20 
J. K. Flip Flops Factory 
Marked & Tested, A.E.I. 40 35 30 
PA234 1 Watt Audio Amp. 1.00 90 80 
UL914 Dual 2 I/P Gate. 40 35 30 

OUR VERY POPULAR 3p TRANSISTORS 
FULLY TESTED & GUARANTEED. 

TYPE "A" PNP Silicon alloy, metal TO -5 can. 25300 type, direct replacement for the 
0C200/203 range. 

TYPE "B" PNP Silicon, plastic encapsulation, low voltage but good gain, these are of 
the 2N3702/3 and 2N4059/62 range. 

TYPE "E" PNP Germanium AF or RF - please state on order. Fully marked and tested. 

TYPE "F" NPN Silicon, plastic encapsulation, low noise amplifier, of the 2N3707/8, 
9, 10, 11 range 

BULK BUYING CORNER 
NPN /PNP Silicon Planar Transistors, mixed 
untested, similar to 2N706/6A/8, BSY26- 
29, BSY95A, BCY70, etc. 
L4.25 per S00. L8.00 per 1,000. 
Silicon Planar NPN Plastic Transistors, un- 
tested, similar to 2N3707-11, etc. 
L4.25 per S00. L8.00 per 1,000. 
Silicon Planar Diodes, DO -7 Glass, similar 
to 0A200/202, BAY3I -36. 
L4.50 per 1,000. 
NPN /PNP Silicon Planar Transistors, Plas- 
tic TO -18, similar to BC113/4, BC153/4, 
BFI53 /160, etc. 
L4.25 per 500. L8.00 per 1,000. 
0C44, 0C45 Transistors, fully marked and 
tested. 
S00 plus at 8p each. 1,000 plus at 6p each. 

OC7I Transistors, fully marked and tested. 
500 plus at 6p each. 1,000 plus at Sp each. 

3823E Field effect Transistors. This is the 
2N3823 in plastic case. 
S00 plus, 13p each. 1,000 plus, 10p each. 

1 Amp. Miniature Plastic Diodes 
1N4001 500+ 3p each. 1,000+ 3p each. 
1N4004 S00+ Sp each. 1,000+ 4p each. 

1 N4006 500+ 6p each. 1,000+ Sp each. 
1N4007 500+ 8p each. 1,000+ 7p each. 

NEW UNMARKED UNTESTED PAKS 

880 8 Dual Trans. Matched 0/P 50p pairs NPN, Sil. in TO -5 can. 
883 200Trans.Makers rejects. NPN/ 50p 

PNP. Sil. & Germ. 
884 100Silicon Diodes DO -7 glass 50 

equiv. to 0A200, 0A202. p 
886 

888 

50 Si!. Diodes sub. min. IN914 50p 
& IN916 types. 

50 Sil. Trans. NPN, PNP. 50p 
2N706A, BSY95A. 2etc I 

860 10 7 Watt Zener Diodes. 50 Mixed voltages. 
H6 40 250mW. Zener Diodes 50p DO -7 min. Glass Type. 
H10 25 Mixed volts 1+ watt Zeners. 50p Top Hat type. 
866 150 High quality Germ. Diodes. 50p Min. glass type 
H15 30 Top Hat Silicon Rectifiers. 50p 750mA. Mixed volts. 
H16 8 Experimenters' Pak of Inte. 50p grated Circuits. Data suppd. 
H2O 20 BY126/7 type Silicon Recti. 50 fiers. 1A. plastic to 1.000o p 

NEW TESTED & GUARANTEED PAKS 

B2 4 Photo Cells, Sun Batteries. 50 0.3 to 0.5V, 0.5 to 2mA. p 
B79 4 IN4007 Sil. Rec. diodes, 50 1,000 Ply 1 amp plastic p 
881 I O Reed Switches, mixed types 

large and small 50 p 
B99 200 Mixed Capacitor. Postage I3p.50 

Approx, quantity, counted by ̀ "'r 
weight 

H4 250 Mixed Resistors. Postage 10p.50p 
Approx. quant :cy. counted by 
weight 

H7 40 Wirewound Resistors. Mixed50 
types and values. Postage Op `"`'Y 

H8 4 BY127 Sil. Recs. 
1000 PIV. 1 amp. plastic 50p 

H9 2 OCP7I Light Sensitive 
Photo Transistor 50p 

H12 50 NKTI55 /259 Germ. diodes,50p 
brand new stock clearance 

H I8 10 0071 /75 uncoded black glass5Op 
type PNP Germ. 

H19 in 0081 /8I D uncoded white 50p glass type PNP Germ. 

H28 20 0C200/I/2/3 PNP Silicon 50p uncoded TO -5 can 

H29 20 OA47 gold bonded diodes 50 coded MC 52 p 

F.E.T. PRICE 

BREAKTHROUGH!!! 
This field effect transistor is the 2N3823 in a 

plastic encapsulation coded 3823E. It is also an 

excellent replacement for the 2N3819. 
Data sheet supplied with device. 
1 -10 - 30p, 10 -50 - 2Sp, SO plus - 20p. 

MAKE A REV. COUNTER for your Car. The 

'TACHO BLOCK'. This encapsulated block will 
turn any 0 -1mA meter into a perfectly linear 
and accurate rev. counter for 
any car. £1 each 

FREE CATALOGUE AND LISTS for: - 
DIODES, INTEGRATED 

CIRCUITS, 
TRANSISTORS, RECTIFIERS, 

FULL PRE -PAK LISTS, 
& SUBSTITUTION CHART 

MINIMUM ORDER 50p. CASH WITH 
ORDER PLEASE. Add 10p post and packing 
per order. OVERSEAS ADD EXTRA FOR 
POSTAGE. 

8 RELAYS FOR 21 
Various Contacts and Coil 
Resistances. No individual 
selection. Post and Packing 25p 

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

DEPT. C, 222-224 WEST ROAD, El-PRE-MK LTEI TELEPHONE: SOU HEND (0702 46344EIFF 
ON SEA, ESSEX 
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000K8 A FAST EASY 
WAY TO LEARN BASIC 

RADIO 86 ELECTRONICS 
Build as you learn with the exciting 
new TECHNATRON Outfit! No mathe- 
matics. No soldering -you learn the 
practical way. 

Learn basic Radio and Electronics at home - the fast, 
modern way. Give yourself essential technical 'know - 
how' - like reading circuits, assembling standard com- 
ponents, experimenting, building - quickly and without 
effort, and enjoy every moment. B.I.E.T.'s Simplified 
Study Method and the remarkable TECHNATRON Self - 
Build Outfit take the mystery out of the subject, making 
learning easy and interesting. 

Even if you don't know the first thing about Radio now, 

you'll build your own Radio set within a month or so! 
and what's more, you 

will understand exactly what 
you are doing. The TECHNA- 
TRON Outfit contains every- 
thing you need, from tools to 
transistors - even a versatile 
Multimeter which we teach you 
to use. All you need give is a 

little of your spare time and 
the surprisingly low fee, pay- 
able monthly if you wish. And 
the equipment remains yours. 
so you can use it again and 
again. 
You LEARN - but it's as 
fascinating as a hobby. 
Among many other interesting 
experiments, the Radio set you 
build - and it's a good one - 
is really a bonus. This is first 
and last a teaching course, 
but the training is as fascinating 
as any hobby and it could be the 
springboard for a career in Radio 
and Electronics. 

BRITISH INSTITUTE 

OF ENGINEERING 

TECHNOLOGY 

A 14- year -old could understand 
and benefit from this Course - 

but it teaches the real thing. The 
easy to understand, practica! 
projects - from a burglar -alarm 
to a sophisticated Radio set - 

help you master basic Radio 
and Electronics - even if you are 
a 'non -technical' type. And, if 
you want to make it a career, 
B.I.E.T has a fine range of 
Courses up to City and Guilds 
standards 

New Specialist Booklet 
If you wish to make a career in 
Electronics, send for your FREE 
copy of 'OPPORTUNITIES IN 
TELECOMMUNICATIONS / TY 
AND RADIO'. This brand new 
booklet - just out - tells you all 
about TECHNATRON and 
B 1 E.T.'s full range of courses. 

Dept. B9, ALDERMASTON COURT, READING RG7 
Accredited by the Council for the Accreditation 

of Correspondence Colleges. 

4PF 

POST THIS COUPON FOR ;FREE- BOOK r------------------ Please send books and full information - free and without' 
obligation. 

NAME................_............................_...._.. .............._...._........... AGE. 
(BLOCK CAPITALS PLEASE) 

snra. 
ADDRESS.. 

BIETOCCUPATION ....._...._. ..............._ ......._.__..._.. ._...__...._...._..._..._... 

To B.I.E.T. Dept E9, Aldermaston ('Dort. Reading RG7 4PF r------- a-- OEM MOM - - -- - 
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NOW AVAILABLE .. . 

LATEST 
BOUND VOLUME 

No. 24 
of 

"The Radio Constructor" 
FOR YOUR LIBRARY 

Comprising 
772 pages 
plus index 

AUGUST 1970 
to JULY 1971 

PRICE£2.00Postage 28p 

BOUND VOLUME NO. 23 

OF 

"THE RADIO CONSTRUCTOR" 

AUGUST 1969 to JULY 1970 

Limited number of this volume still available 

PRICE £1.88 Postage 28p 

We regret all earlier volumes are now 

completely sold out. 

Available only from 

DATA PUBLICATIONS LTD., 
57 MAIDA VALE, LONDON, W9 1SN 
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NEW R.M. BOOKS 

LOW COST 

PROPORTIONAL 
The theory and practice of simple pro- 
portional control systems for models, 
plus: 

Over a dozen special circuits. 

Theoretical diagrams. 

Component lists. 

Full -size and twice -size practical 
diagrams. 

Full -size and twice -size Printed Circuit 
designs. 

Clear description of operation of each. 

Practical application gen. 

Build yourself: Transmitter Coders 
Pulsers De- coders Switchers 

Plus a wealth of ancillary 
electro- mechanical items 

A really practical book on the updating of single 
channel control systems to proportional, from the 
simple rudder -only, to full dual proportional, plus 
engine control. 
ALL THIS GEN FOR ONLY £1.5 (21/ -) 

plus 5p (1 / -) postage and packing 

THE S I N G LETS ET 
Stage -by -stage instructions to build a . - . 

Single channel transmitter 
Superregen receiver 

Superhet receiver 
All clearly illustrated with actual -size and enlarged 
placement and p.c. diagrams, theoretical circuits, 

easy -to- understand "how -it- works" descriptions. 
Just the thing for modellers starting electronics 
and electronic hobbyists starting modelling ! All 
In this 16 -page booklet - price only 30p (6/ -). 

Plus postage and packing 2ip (6d.) 

ON SALE NOW at all leading model 
shops or direct from: - 
RADIO MODELLER, BOOK SALES, 
64 Wellington Road, Hampton Hill, Middx. 

IMMEDIATE DELIVERY 

NOVFMßh.R 1971 

Too MUCH STOCK ! . 
-to list on one advetisement! 

Yes, LST would need half this magazine to 

show their full range. 

But 5p for postage will bring you our 

FREE components catalogue. 44 pages of 

semiconductors, integrated circuits, passive 

components, tools, kits, etc., etc. 

Send this coupon to: 

LST ELECTRONIC COMPONENTS LTD 
MAIL ORDER DEPT RC 
7 COPTFOLD ROAD 
BRENTWOOD 
ESSEX 

Please send your "cat" to: 

Name' 

Address' 

RSGB BOOKS FOR YOU 
RSGB AMATEUR RADIO 

CALL BOOK 
1972 edition now available 

Includes details of new calls notified by the MPT 
up to August 1971, and contains over 2,600 amend- 
ments to entries published in the 1971 edition. 
128 pages 57p post paid 

VHF -UHF MANUAL 
By G. R. Jessop, C.Eng., M,.I.E.R.E., G6JP 

2nd edition. Considerably enlarged and revised. 

Transmitters, receivers and test equipment for use 
at vhf and uhf are all fully covered on a practical 
basis in this new edition. £1.80 post paid 

RADIO COMMUNICATION 
HANDBOOK 

832 pages of everything in the science of radio 
communication. The Handbook's U.K. origin en- 
sures easy availability of components. Complete 
coverage of the technical & constructional fields. 
A superb hard -bound volume. £3.50 post paid 

These are three of a complete range of technical 
publications, log books and maps, all obtainable 
from: 

RADIO SOCIETY OF GREAT BRITAIN 
35 DOUGHTY STREET, LONDON, WC1N 2AE 
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ME 
Rpp10 

HOM.= 
ra When you think 
F4 of COMPONENTS 

think of HOME RADIO 

R AO1O 

HOME RADIO (Components) LTD. 

Dept. RC, 234 -240 London Road, 

Mitcham CR4 3HD. 01 -648 8422 

POST THIS 
COUPON 
with your 
cheque or 
postal order 
for 70p 

200 

1=1 

Some things in life are just about inseparable eggs and bacon, sausage and mash, 
Tweedle Dum and Tweedle Dee! Think of one and you think of the other. That's how thousands 
of radio and electronic enthusiasts think of Components and Home Radio Ltd. When they 
need the first they automatically contact the second. They simply flip through their Home Radio 
Catalogue, locate the items they need and telephone or post their order. 

If you have not yet experienced the simplicity and satisfaction of linking Components and 
Home Radio, why not make a start now? First of all you'll need the catalogue in its 

315 pages are listed more than 8,000 
components, over 1,500 of them illustrated. 
Every copy contains ten vouchers, each 
worth 5p when used as instructed. The 
catalogue costs 70p including postage and 
packing. Drop us a line or use the coupon 
below. 

1 
P /ease write your Name and Address in block capitals I 

Name 

Address 

HOME RADIO (COMPONENTS) LTD., Dept. RC, I 
234 -240 London Road, Mitcham, Surrey CR4 3HD. 
.maw - r- r_---- ssow - II= a 

24 -hour 
Phone 
Service. 
Ring 
01 -648 8422 

Ask for 
details of 
our Credit 
Account 
Service. 

The price of 70p applies only to catalogues purchased 
by customers in the U.K. and to BFPO addresses. 
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Radio Constructor 
Incorporating THE RADIO AMATEUR NOVEMBER 1971 

Vol. 25 No.4 

Published Monthly (1st of Month) 
First Published 1947 

Editorial and Advertising Offices 
57 MAIDA VALE LONDON W9 1 SN 

Telephone Telegrams 
01 -286 6141 Databux, London 

© Data Publications Ltd., 1971. Contents 
may only be reproduced after obtaining 
prior permission from the Editor. Short 
abstracts or references are allowable 
provided acknowledgement of source is 
given. 

Annual Subscription: £2.70 (U.S.A. and 
Canada $6.50) including postage. Remit- 
tances should be made payable to Data 
Publications Ltd." Overseas readers 
please pay by cheque or International 
Money Order. 

Technical Queries. We regret that we 
are unable to answer queries other than 
those arising from articles appearing in 
this magazine nor can we advise on 
modifications to equipment described. 
We regret that such queries cannot be 
answered over the telephone; they 
must be submitted in writing and 
accompanied by a stamped addressed 
envelope for reply. 

Correspondence should be addressed to 
the Editor, Advertising Manager, Sub- 
scription Manager or the Publishers as 
appropriate. 
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not necessarily those of the Editor or 
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Production.- Letterpress. 

CONTENTS 

GENERAL PURPOSE TRANSISTOR SIGNAL 
GENERATOR 202 

CAN ANYONE HELP? 207 

NEWS AND COMMENT 208 

TRIGGERED DOOR ALARM 
(Suggested Circuit No. 252) 210 

ADDING REGENERATION 212 

QSX 213 

LOCAL RADIO TRANSMITTING STATIONS 214 

THE `DROITWICH' CAR RADIO 216 

NOW HEAR THESE 223 

AUDIO FREQUENCY METER (Part 1) 224 

COIL -PACK COMMUNICATIONS RECEIVER 
(Part 2) 230 

BENCH CURRENT MONITOR 232 

CURRENT SCHEDULES 234 

NEW PRODUCTS 235 

IN YOUR WORKSHOP 236 

TRADE NEWS 243 

AN ENLARGER TIMER 244 

RADIO TOPICS 247 

LATE NEWS AND LAST LOOK ROUND 249 

RADIO CONSTRUCTOR'S DATA SHEET 
No. 56 (Foreign Language Broadcasts) iii 

Published in Great Britain by the Proprietors and 
Publishers, Data Publications Ltd, 57 Maida Vale, 
London, W9 1SN. 
The Radio Constructor is printed by Kent Paper 
Company Ltd, London and Ashford, Kent. 

DECEMBER ISSUE WILL BE 
PUBLISHED ON DECEMBER 1st 

NOVEMBER 1971 201 

www.americanradiohistory.com

www.americanradiohistory.com


GENERAL PURPOSE TRANSISTOR 

SIGNAL GENERATOR 

Front panel of the completed signal generator 

by 

R. A. PENFOLD 

By means of a neat design approach this instrument may be 
used both for calibration marker frequency generation and 
for receiver ri. and O. alignment. Completely self- contained, 

it is housed in a case measuring only 21 by 51 by 1áin. 

WHEN BUILDING AND SER- 
vicing vicing audio amplifiers, 
medium and long wave 

broadcast receivers, and more com- 
plex communications receivers, a 
signal generator was needed which 
would provide the following func- 
tions: 
1. The accurate calibration of a 

receiver tuning dial. 
2. The test and alignment of the 

r.f. stages of a receiver. 
3. The test and alignment of the 

i.f. stages of a receiver. 
4. The testing of audio amplifiers 

and the audio stages of a re- 
ceiver. 

It was also required that the unit 
be inexpensive, reasonably simple 
to construct, small and completely 
self -contained. 

DESIGN CONSIDERATIONS 

There are two types of signal 
generator which could be used. 
These may be referred to as `the 
harmonic calibration oscillator' and 
`the tunable wide range signal 
generator'. Both types often have 
an integral audio oscillator which 
may be used for either audio tests or 
to modulate the r.f. signal. 

The harmonic calibration oscilla- 
tor is the type which operates on 
fixed frequencies (usually 100kHz 
and 1 MHz) and provides harmonics 
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(multiples of the fundamental fre- 
quency) against which a receiver 
dial can be calibrated. It can also 
be used very effectively for testing 
and aligning the r.f. stages of a 
receiver, but it cannot do the same 
for the i.f. stages. This is because 
most i.f. stages operate at 455 to 
470kHz, or at 1.62MHz, at which 
frequencies there is no harmonic 
output from the generator. 

The wide range generator has a 
fully tunable oscillator, which 
usually has a coverage from about 
100kHz to 30MHz. This could per- 
form all the functions required, but 
to be really accurate a high quality 
slow motion dial would be needed. 
Such a dial would add to the size 
and the cost of the unit. 

The answer to the problem 
seemed to be a combination of the 
two types of generator. This would 
be a tunable oscillator which can be 
set up against a standard frequency 
transmission when employed for 
calibration purposes, and which 
would have sufficient tuning range 
to cover the i.f. frequencies on its 
harmonics. 

A tuning range of 200kHz to 
235kHz is adequate for these re- 
quirements. The i.f. range of 
455kHz to 470kHz is then covered 
by the second harmonic and 
1.62MHz by the eighth harmonic, 
whilst the calibration fundamental 
frequency is given at 200kHz. 

CIRCUIT CONSIDERATIONS 

The r.f. oscillator needs to be 
extremely stable and crystals are 
often employed to control the fre- 
quency of oscillation. However, 
crystals are rather expensive, and 
it would be imposible for a variable 
crystal oscillator to be given the 
required frequency shift of over 
15 %. In consequence, a v.f.o. had 
to be used. 

As with most v.f.o.'s, when the 
circuit employed in the present 
instrument was connected to a load, 
pulling in frequency resulted. To 
reduce this loading effect an un- 
tuned amplifier was included to 
isolate the oscillator from the out- 
put circuit. This amplifier stage also 
provides a convenient point at 
which to introduce the modulation 
from the a.f. oscillator. 

The a.f. oscillator is required to 
give a sine wave on a single fre- 
quency, and the simplest method 
of obtaining this is to employ a 
single transistor phase -shift oscil- 
lator. 

The output from this type of 
oscillator is rather small and was 
found to be insufficient for certain 
tests, and a stage of amplification 
was included to increase the output 
level. A potentiometer controls the 
amplitude of the output so that it 
may be reduced when testing low 
level stages. 
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BCIOB 
Lead -outs 

b c e l 1 
2N2926 

Lead -out s 

Fig. 1. Circuit of the a.f. section of the generator 

The total current consumption of 
the completed instrument is quite 
low, with the a.f. section drawing 
approximately 4mA, and the r.f. 
section 5mA. These currents ensure 
many hours use from the PP4 
battery used. 

THE CIRCUIT 

The a.f. circuit is shown in Fig. 1. 

and it will be seen that TR2 oper- 
ates as the phase -shift oscillator and 
TRI as the audio amplifier. 

The oscillator works by applying 
positive feedback from the collector 
to the base of the transistor. As the 
transistor gives 180° phase shift 
between the base and the collector. 
the feedback also has to have a 
phase shift of 180° to bring it back 
in phase at the input. This is per- 
formed by the three -section resis- 
tance- capacitance network between 
the collector and the base. 

The values of the components 
in the network decide the frequen- 
cy at which the required phase 
shift occurs, and thus the frequency 
of oscillation. The circuit should 
oscillate at about 1kHz. 

A high gain transistor needs to 
be used in this type of circuit to 
compensate for the losses in the 
phase shift network and to keep 
the overall gain at unity or above. 
The 2N2926 Yellow (available from 
LST Electronic Components, Ltd.) 
has an hfe spread from 150 to 300 
and so no difficulty should be ex- 
perienced in failure of oscillation 
due to lack of gain in the circuit. 
NOVEMBER 1971 

COMPONENTS 
Resistors 
(All fixed values watt 10%) 

R 1 22011 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
RI I 

R12 
R13 
R14 
R15 
R16 
R17 
VRI 

10012 
6.8k11 
22k1í 
8.2k1í 
l ks2 
8.2k12 
8.2k&2 
39k12 
4.7k12 
2.2102 
680(1 
ß2k12 
1.8k12 
11:11 

15k12 
15k12 
25k12 potentiometer, 
linear 

Capacitors 
Cl 10µF electrolytic, 50V 

wkg. 
C2 0.1µF paper or plastic 

foil 
C3 100µF electrolytic, 6V 

wkg. 
C4 I.F electrolytic, 6V 

wkg. 
C5 0.01µF paper or plastic 

foil 
C6 0.01µF paper or plastic 

foil 
C7 0.01µF paper or plastic 

foil 
C8 0.1µF paper or plastic 

foil 
C9 0.01µF paper or plastic 

foil 

CIO 0.044F paper or plastic 
foil 

CI1 1,000pF silvered mica 
or polystyrene 

C12 2,000pF silvered mica 
or polystyrene 

C13 2,000pF silvered mica 
or polystyrene 

C14 560pF silvered mica 
or polystyrene 

VCl 500pF variable, solid 
dielectric 

Inductor 
LI I.F. transformer. type 

XT50 /2 (Repanco), 
see text 

Transistors 
TRI BC I08 
TR2 2N2926 Yellow 
TR3 2N706A 
TR4 2N2926 Yellow 

Switches 
SI Slide switch 
S2 Slide switch 

Battery 
9 -volt battery type PP4 (Ever 
Ready), or equivalent 

Miscellaneous 
2 knobs 
2 coaxial sockets 
1 coaxial plug 
1 test prod 
I crocodile clip 
1 positive battery connector 
1 aluminium case type AB7 

(Electrovalue) 
22 x 31in. Veroboard. 0.15in. 
matrix (see Fig. 3) 
Screened lead, wire, solder, 
etc. 

203 

www.americanradiohistory.com

www.americanradiohistory.com


The BC108, TRI, is a Class A 
amplifier and should provide an 
adequate output for most purposes. 
The output level control, VR1, is 
connected with the output to the 
slider of the potentiometer so that 
its setting does not alter the amount 
of modulation applied to the r.f. 
section. 

The circuit of the r.f. section is 
given in Fig. 2. TR4 functions as a 
Colpitts oscillator. Coil Ll is the 
Green winding of a Repanco i.f. 
transformer type XT50/2, the other 
winding being unused. The internal 
capacitor across the coil remains in 
circuit. Some difficulty was ex- 
perienced in making the circuit 
operate as low as 200kHz, and 
several types of transistor normally 
used in r.f. oscillators failed to 
work. It would seem that a high 
gain transistor is required for 
satisfactory operation at this fre- 
quency, and so another 2N2926 
Yellow was employed. 

The 2N706A, TR3, apart from 
isolating the oscillator from the 
output, acts as a mixer combining 
the r.f. and the a.f. signals. The a.f. 
is brought to the emitter through 
the coupling capacitor C8. 

CONSTRUCTION 

Most of the generator components 
are fitted on a piece of 0.15in. 
matrix Veroboard, 2+ by 3 }in. in 
size. It is housed in a commercially 
produced aluminium case type AB7 
(available from Electrovalue, 28 St. 
Judes Road, Englefield Green, 
Egham, Surrey) measuring 21 by 
Sá by 1fin. 

The layout of the components on 
the Veroboard panel is shown in 
Fig. 3. To prevent overcrowding of 
parts it is advisable to use physi- 
cally small components wherever 
possible. 

The board is held inside the case 
by two 6BA bolts. To ensure that 
the copper strips on the back of the 
board do not short -circuit to the 
aluminium case a piece of expand- 
ed polystyrene cut from a l ft. square 
ceiling tile is placed between the 
two. 

The negative supply to the Vero - 
bL and is obtained by a solder tag 
under the mounting bolt at hole 
15 -0. Take care to ensure that suffi- 
cient copper is cut away at hole 
7-0 to ensure that the mounting 
bolt fitted at this position does not 

short- circuit the break or connect 
either of the strips at the break to 
chassis. The coil LI is secured in 
place by a loop of wire passed 
through two adjacent holes in the 
board. It could alternatively be 
secured in position with adhesive. 
It has to be mounted on its side 
to enable it to fit into the case. Its 
screening can is earthed by connect- 
ing it to the tag which couples to 
hole 16-V. 

Connections between the front 
panel and the Veroboard should be 
made using a fairly heavy gauge of 
single strand insulated wire. Multi - 
strand wire leads should not be 
used. The lead to the r.f. output 
socket is not screened. 

The negative rail chassis connec- 
tion to the moving vanes on tuning 
capacitor VC1 is provided, via the 
case and front panel, to the capaci- 
tor mounting bush. Similarly, the 
negative rail connection to the 
outer connectors of the output 
sockets is given via the chassis. Capa- 
citor Cl is connected directly be- 
tween the slider tag of the output 
control VR1 and the inner connector 
of the a.f. output socket. 

Two strips of 22 s.w.g. alumini- 

-h 9 V 

s2 

Co 

0.OIpF 
R.F. 

output T 

CB 
From TRI 
collector 

TR3 

2N706A 

R11 

C10 R12 

3 

TR4 

2 N 2926 
Yellow 

14 

CII 
1,000 pF 

I C12 

R15 
VC 

r 

í4 

ol 

1 
I 

1 

1 

1 

2N706A 
Lead -outs 

Fig. 2. The r.f. oscillator, TR4, and its buffer amplifier, TR3 

RI6 

RI 
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Direction of copper strips --> 

D E F G H I J K L M N O P O P S T U V W X Y 

Solder tag 

A.F output Mounting bolts To VC' 

Strips cut at : 7 -0, 8-0. 9 -0, 10- 0,11 -0, 12- 0,14 -0 and 15 -0 
Strip cut between 13 -N and 13 -0 
Mounting holes at 7 -0 and 15 -0 

Fig. 3. Component layout above the Veroboard. The copper strips are cut at the points 
indicated 

urn bent at 90° across the centre 
and then bolted into position form 
the battery holder. The positive end 
of the holder must be insulated 
with tape where the battery clip 
touches it or the battery will be 
short -circuited through the case. No 
battery clip is used on the negative 
terminal as this is connected direct- 
ly to the case via the 22 s.w.g. alu- 
minium strip at the negative end. 
The lead from the positive battery 
clip travels first to Si and then to 
S2. 

Drilling details of the front panel 
(which is the lid of the case) are 
given in Fig. 4. The panel has been 
given a symmetrical layout. Circular 
cut -outs were used for the two slide 
switches in the prototype, but rec- 
tangular holes could be provided 
instead, if desired. Fig. 5 gives 
details of the case and battery 
holder. The spacing between the two 
clips, shown as dimension 'X' in 
Fig. 5, can be found with the aid of 
the battery and the particular posi- 
tive battery connector which is used. 
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13/8* 

- -- i 7/E3*- - - 
1/2:.1 Dimensions to 

suit individual 
switches 

VC! 3/8dia 

RF. output 
socket 

3 /8dio 
L 

VR1 

A.F. output 
socket 

t1J ® i 

Il 
I 

I 

IS/8 

Fig. 4. Drilling details for the front panel 

On final assembly the front 
panel is closed down over the 
veroboard and battery. The inter- 
connecting leads can be approxi- 
mately positioned before this is 
done so that they fold on them- 
selves neatly. 

A test lead is required. This can 
consist of a length of flexible in- 
sulated screened wire connected to 
a coaxial plug. The inner wire is 
terminated in a test prod and the 
outer braiding is terminated by a 
fly lead and crocodile clip. The 
latter is connected to the chassis of 
the equipment being checked. 

USING THE GENERATOR 

There are two controls for the 
a.f. section, these being on -off 
switch Sl, and output level control 
VR1. The output from the genera- 
tor is quite strong, and it must be 
remembered to keep VR1 well 
back when testing low level stages 
in an amplifier, in order to prevent 
overloading. 

Before the r.f. section can be 
used, it must be given the correct 
frequency coverage. This entails 
adjusting the core of LI, for which 
purpose the unit should be removed 
from the case. Crocodile clip leads 
are employed to make temporary 
connections between the metal front 
panel and the battery negative termi- 
nal, and between the battery negative 
terminal and strip 16 on the Vero - 
board. 

The r.f. output should now be 
coupled to a receiver tuned to 
B.B.C. Radio 2 on 1,500 metres. 
This is best achieved by placing a 
test prod and lead connected to the 
generator r.f. output near the set, 
being careful not to overload it. 

When the r.f. section is in use S1 
becomes the modulation on -off con- 
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trol, and this should now be set to 
the `Off' position. The tuning con- 
trol, VC1, should be turned fully 
clockwise to insert maximum capa- 
citance. 

The core of LI is next adjusted 
until a whistle is heard from the 
receiver. Make certain that this 
corresponds to a true 200kHz signal 
and is not a whistle caused by a 
harmonic of the generator output 
being at the receiver intermediate 
frequency. This point may be check- 
ed by turning the receiver tuning 
dial slightly. If the whistle remains 
at a constant frequency the genera- 
tor output is at the correct 200kHz, 
should the whistle change frequency 
it is caused by a generator harmonic 
at i.f. 

L__ 
3/8 

11/4' 

2" 

The core of LI should now be 
screwed as near to the centre of the 
coil as possible whilst still pro- 
ducing a whistle from the receiver. 

To use the generator as a cali- 
bration oscillator, VC1 should be 
turned back until zero beat is ob- 
tained between the carrier of Radio 
2 and the signal from the generator. 
At this setting the generator will be 
very accurately tuned to 200kHz. 

Harmonics should be detectable 
well into the short wave spectrum 
on any reasonably sensitive receiver. 
Direct coupling between the genera- 
tor output and the receiver aerial 
terminal may be needed at higher 
frequencies as the harmonics be- 
come weaker. In this respect it will 
be noted that no r.f. output level 
control has been provided. However, 
the desired level of coupling to any 
circuit will soon be found from 
experience, tight or loose couplings 
being easily arranged by having the 
output connect directly to the cir- 
cuit under investigation or by 
coupling via a low value capacitor. 
Frequently, the requisite loose coup- 
ling may be given by merely posi- 
tioning the r.f. output lead close to 
the wiring of the circuit being 
checked. 

Harmonics from the generator can 
be identified by comparing them 
with transmissions of known fre- 
quency. For example, if a receiver 
is tuned to an amateur on Top 
Band, the station must be operating 
on a frequency between 1.8 and 
2.0MHz. The receiver should now 
be tuned higher in frequency until 
a signal from the generator is re- 
ceived. This signal must be the 10th 
harmonic, at 2.0MHz. If the re- 
ceiver is tuned still higher, then the 
11th harmonic at 2.2MHz will be 
received. and then the 12th har- 

Veroboard outline 

6BA clear 

l/4 i 1 n 
6BA clear. 

X'(see text) 

L___ 

1/4n Lo - --t 

o 

Battery clips (each made from 

2 "x I" strips of 22 swg aluminium) 

,. 

i 

7 

Fig. 5. Details of the case and battery holder 
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motile at 2.4MHz, and so on. 
Other amateur bands, or broad- 

cast stations, may be used for 
calibrating other wavebands on the 
receiver. 

The harmonics from the generator 
can also be used very effectively 
for r.f. test and alignment. 

When the generator is to be used 
for the i.f. alignment of a receiver 
which had just been constructed, 
there will probably be no way of 
tuning the required intermediate 
frequency on the generator accur- 
ately enough unless a frequency 
meter is available, or the following 
method is employed. 

Most i.f. transformers are aligned 
at the factory to their approximate 
frequency, and it is only the final 
peaking adjustment that needs to be 
made. The i.f. amplifier can be 
aligned by coupling the generator 
output to the first i.f. transformer 
of the receiver, and tuning the 
generator for maximum output. The 
modulation should be switched on 
to make this process easier. The i.f. 
transformers are then peaked. 

Even if the i.f. transformers are 
not pre -aligned, this method should 
still be accurate enough. Re- align- 
ment can be achieved using the 
same method. 

The a.f. output of the generator 
is isolated by capacitor Cl, which 
has a working voltage of 50 and 
may be applied to any point in the 
equipment being checked where the 
standing direct voltage with respect 
to chassis is some 40 volts or less.This 
should cover all standard transistor 
equipment. If the standing direct 
voltage is in excess of 40 volts, as 

Another view, including the case and one of the two battery 
holder strips 

could occur in valve equipment, 
an external 0.02µF capacitor with 
an appropriate working voltage 
must be connected in series with 
the test prod. 

OPTIONAL BYPASS CAPACITOR 

It will be seen that there is no 
bypass capacitor across the supply 
rails to the r.f section of the gener- 
ator. If desired, such a capacitor 
can be added, a suitable value be- 
ing 0.2µF. As there is no room on 
the Veroboard for the capacitor it 

may be wired between the appro- 
priate tag on S2 and a solder tag 
under one of the securing nuts for 
this switch. 

The capacitor gives a marginal 
improvement in performance and 
removes a slight quivering in fre- 
quency which may otherwise be 
evident on harmonics above 
about 10MHz. Since it could also 
guard against increasing battery in- 
ternal resistance with age, some con- 
structors may wish to add it to the 
unit. The capacitor was not included 
in the prototype and is not shown on 
the Components List. 

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 reimburse 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. 

Solatron Solarscope Type CD 1014.2 Double beam 
Oscilloscope. - J. H. Taylor, 12 West Drive, Clea- 
don, Sunderland, Co. Durham circuit, service 
manual or any other details. 
July 1961 issue The Radio Constructor. - A. Giles, 
20 Fieldway, Dagenham, Essex RM8 2BH would 
like to purchase. 
BC 221 AF Frequency Meter. - Alignment instruc- 
tions, also circuit diagram and alignment details for 
the wavemeter D Mk II. 
Avo Universal Bridge No. 408 151. `Radar' C.R. 
NOVEMBER 1971 

Tester Reactivator Model TT, Ser. No. 1310. - 
G. M. Keenan, 15 Tudor Drive, Belfast BT6 9LS 
servicing information and operating instructions for 
either or both of these instruments. 
Ex- Government Equipment. - Receiver type R1082. 
Ref. No. 10J/22, Training Sets W.T. Mk III H.E.C.L. 
Ref. No. 10D/8415, Controller Electric Type 4 
Cat. No. Z.A.21137, Receiver Type R3003 Ref. No. 
10DB /2, Wireless Remote Control Unit `F' No. 1. 
Z.A.12642. - J. Hutcheon, The Manse, Borgue, 
Kirkcudbright, Kirkcudbrightshire operational data 
and circuits required. 
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NEWS AND 
DIGITAL VOLTMETER 

Based on a new low cost DVM of advanced design, 
the new Jaquet range of digital instruments is in- 
tended to offer the systems designer a family of 
instruments based on the DIN module size of 72mm. 
x 144mm. 

The digital voltmeter has a standard range of 
0 -200mV but other ranges are available at a small 
extra cost. Automatic zero point correction, AC re- 
jection and accuracy are claimed to be superior to 
most existing instruments. 

The DVM may be used as a digital ammeter by 
the addition of suitable shunts which may be built 
into the instrument itself. 

The digital tachometer is claimed to be the lowest 
priced instrument of its type on the market, but 
retains most of the features of the existing Jaquet 
tachometer range. Measurements of speed or ratio 
are possible and the full range of existing Jaquet 
pick -ups are compatible. 

The digital temperature indicators are available for 
platinum resistance thermometers but instruments for 
thermocouples will be added to the range shortly. 
Standard temperature ranges are 0 -550 °C and 
0- 200 °C. 

Remote indicators, printer outputs, digital com- 
parators and a digital -to- analogue converter for driv- 
ing Jaquet potentiometric recorders complete the 
range which supplements the existing Jaquet range 
of products. 
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BEST TYPE TAPE RECORDERS 

FOR SHORT WAVE LISTENERS 

We are quite frequently asked by readers of our 
short wave columns the question `What type of tape 
recorder should I purchase for use with my com- 
munications receiver ?' 

There are several types of recorder on the market 
today but that most favoured by the s.w. enthusiast 
is a 4- track, 3 -speed mono machine, transistorised 
of course! 

For short wave operation, stereo recorders are not 
required. In use, the recorder is used for taping 
station identifications, interval signals, etc., these 
being played back repeatedly in order to gain the 
correct identification - often at a later date. 

Most `dyed -in- the -wool' broadcast enthusiasts are 
equipped with a tape recorder - indeed many regard 
it as the most essential item of equipment in the 
shack after the receiver! 

TAYLOR EDGEWISE PANEL METER 

Taylor Electrical Instruments of Archcliffe Road, 
Dover, announce a new model in their range of 
Edgewise panel mounting meters. The Model 330 
offers a scale length of 21in. yet retains the same 
attractive styling of the smaller meters in the range. 

This new model has been specially developed for 
use in today's complex yet crowded instrument 
panels where space is at a premium. The design is 
such that the Model 330 occupies a minimum of 
front panel area when compared with a conventional 
meter of equivalent scale length. 

The well -proven Taylor centre pole movement is 
incorporated ensuring reliability and robustness. The 
Model 330 has a modern scale presentation and is 
offered with a choice of horizontal or vertical 
mounting. 
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COMMENT 

IN BRIEF 
Mr. A. J. Howarth, founder of Johnsons (Radio), 

St. Martin's Gate, Worcester, and a pioneer of construc- 
tion kits, recently retired. 

Johnsons, now part of the G -Ban Organisation, will 
shortly be introducing a new Globe -King Skyranger for 
the S.W. enthusiast. 

The Louis Tussaud's waxworks at Blackpool, situ- 
ated in the golden mile, has a closed- circuit colour tele- 
vision system supplied by EMI which relays `live' 
pictures of interesting tableaux in the exhibition. 

Would -be entrants for the Radio Amateurs Ex- 
amination who live in the North East and who have not 
enrolled for an instruction course, may still do so at an 
evening class at the Gosforth Secondary School, Jubilee 
Road, Gosforth, Newcastle -upon -Tyne. Enquiries should 
be addressed c/o the Headmaster. 

Millbank Electronics, of Uckfield, Sussex, have won 
the approval of the Canadian Standards Association to 
supply their 30 watt, 50 watt and 100 watt professional 
amplifiers as CSA certified. 

A. Marshall & Son Ltd., 28 Cricklewood Broadway, 
London, N.W.2, are now offering a mailing service. The 
service will provide information and prices on their 
ranges of components including quantities too small in 
number to advertise. 

The subscription fee is £1 per annum which entitles 
the subscriber to certain preferential discounts - a loose - 
leaf binder is provided to hold the information supplied. 

Professor J. F. Coales, Professor of Engineering 
(Control), Cambridge University, took office as President 
of The Institution of Electrical Engineers for 1971/72 on 
Ist October. 

The M -O Valve Co. Ltd. has received approval of 
its quality control organisation from the British Stan- 
dards Institution as satisfying the requirements of the 
BS.9000 scheme for the manufacture of electronic parts 
of assessed quality. 

Radiotelevision Skopje have taken delivery of 
another Marconi transmitter, this time for installation 
on the summit of the 8,500ft. Mount Pellister in the 
Federal State of Macedonia, the most southern and 
mountainous of the six Yugoslavian republics. 

An order for a telex /telephone communications 
system has been placed with Marconi Marine by North 
Sea Sun Oil Co. Ltd., of London for the drilling rig 
Transworld 61, which will be sited 140 miles east of 
Aberdeen within an area designated as Block 22 in the 
North Sea. 

Europe's first fully- automatic unmanned naviga- 
tional buoy, Hawker Siddeley Dynamics 84 -ton `Lanby', 
recently replaced the Shambles lightship off Portland 
Bill, Dorset. 

Mr. C. J. W. Scott has retired from executive duties 
as a managing director of Crompton Parkinson Ltd., 
after more than 40 years with the company. 

SMALL ADVERTISEMENTS 
Extract from letter just received `... In closing may I 

thank you for your mag., the response to our small ad. 
has exceeded all expectations.' 

Why not use this feature for your own benefit? The 
charge is only 4p per word, full details are give on 
page 251. 
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CHIEF ENGINEER OF EAST AFRICAN 
BROADCASTING AUTHORITY 

VISITS EMI 

Voice of Kenya's chief engineer. Mr. Simeon 
Macharia, tries out EMI's latest monochrome type 
2004 television camera during a recent visit to the 
Hayes, Middlesex, plant of EMI Electronics Ltd. Mr. 
Macharia, seen here with EMI export sales engineer 
Mr. Terence Bartlett (right), visited the company's 
Television Equipment Division during an eight -day 
fact -finding tour of major British television equip- 
ment manufacturers and broadcasting studios. 

Voice of Kenya is to expand its existing television 
and radio broadcasting network in Kenya and future 
plans may include additional studio facilities. 

Introduced in 1970, the EMI `2004' camera is 
designed for the smaller monochrome broadcasting 
station and for educational television work. It is a 
compact 625 /525 -line unit and its features include 
four -lens turret, tilting view- finder, variable aperture 
correction, built -in test signal facilities, cue circuits 
and camera talk -back. 

.. And I must apologise for loss of vision 
in Round Six.'" 
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T 
HE MULTI VIBRATOR IS AN 
oscillator which is very familiar 
to the experimenter. In Its 

semiconductor form it has the ad- 
vantage of considerable simplicity 
and it is also a circuit which is 
easy to put into operation. Further- 
more, it can run at exceptionally 
low supply voltages and currents. 

One factor of multivibrator opera- 
tion which is not normally exploited 
is that it is capable of being 'trig- 
gered' in a manner reminiscent of 
the thyristor. It is possible to cause 
a multivibrator to start oscillation 
following the momentary closure of 
two contacts and then to continue 
oscillation until its power supply is 
disconnected. This mode of opera- 
tion is quite reliable, and will now 
be discussed in this article. 

TRIGGER OPERATION 

Fig. 1 shows a standard transistor 

multivibrator circuit, with the 
familiar cross -coupling capacitors, 
Cl and C2, between each base and 
the opposite collector. We may 
assume that the component values 
are such that the multivibrator runs 
at an audio frequency. 

Let us next reduce the value of 
Rx, the base resistor of TR2. If we 
reduce this value to a sufficiently 
low level we will have the case 
where, when the supply is applied., 
transistor TR2 is close to becoming 
fully bottomed and offers zero or 
negligible amplification at audio 
frequency. Under this condition the 
multivibrator will not start. If.. 
however, the base of TR2 is tem- 
porarily connected to the lower 
supply line the transistor becomes 
cut off and its collector voltage 
approaches that on the upper sup- 
ply line. On removing the tempor- 
ary connection the transistor collect 
tor voltage starts to fall to its previ- 

TRI pp TR2 

Fig. 1. The basic transistor multivibrator. For certain values of 
Rx the circuit can be 'triggered' by temporarily connecting the 

base of TR2 to the positive supply line 
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ous low level but, in so doing, enters 
the range of voltages in which TR2 
offers useful amplification. The 
multivibrator now commences to 
oscillate and continues in this state. 
This is because the process of oscil- 
lation causes Cl to take the voltage 
on the base of TR2 below that on 
the lower supply line during the 
half -cycles when TR2 is cut off, 
whereupon TR2 is capable of func- 
tioning in the manner required by 
the multivibrator. 

A triggered multivibrator oper- 
ates reliably in practice but it is 
desirable, when switching on, to 
raise the power supply voltage 
gradually from zero to the final 
operating potential rather than to 
connect it abruptly to the multi - 
vibrator. If the supply is connected 
abruptly the multivibrator may 
start, since TR2 can momentarily 
pass through a condition at which 
it offers useful amplification. A 
gradual increase in supply voltage 
when switching on may be achieved 
very easily by connecting a large - 
value capacitor across the multivi- 
brator supply rails and applying the 
supply to this capacitor via a resis- 
tor. A gradual increase in voltage 
is then given as the large -value 
capacitor charges. 

PRACTICAL APPLICATIONS 

Uses for the triggered multivibra- 
tor will suggest themselves to the 
experimenter, and Fig. 2 gives a 
simple application which shows 
typical component values in a prac- 
tical working circuit. The circuit in 
Fig. 2 is for a novel door warning 
'buzzer', which generates a continu- 
ous tone of around 500Hz from a 
loudspeaker as soon as a press - 
button is pressed and then released. 
The 'buzzer' can only be silenced 
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Nu C3 R7 
2OONF 4711 

12V wkg 

200- A.C. 

250V mains 

green 
TI 

o+ 

whit 
red 

r 
All fixed resistors I /4watt 10 % 
Dl.D2,Tl.T2 - see text 

ACYI9 

Lead -outs 
Fig. 2. A practical application of the triggered multivibrator. A tone is given 

speaker atter S1 has been pressed 
at the loud- 

by switching off the supply to the 
circuit and then switching it on 
again. The output level, from the 
simple amplifier incorporated, 
should be adequate for a small flat. 

In Fig. 2, TR 1 and TR2 are the 
two multivibrator transistors of 
Fig. 1. The base resistor Rx is now 
replaced by a preset variable resis- 
tor R3 in series with fixed resistor 
R4. The purpose of R4 is to set 
an upper limit to the base current 
that can be obtained by way of R3. 

Switch SI is the push- button that 
activates the multivibrator. When 
pressed, it connects the base of 
TR2 to the lower supply rail. 

Additional components appear to 
the right of TR2. TR3 is an emitter 
follower which acts as a current 
amplifier and drives the loudspeaker 
by way of output transformer T1. 
D1 is a silicon diode and its func- 
tion is to ensure that TR3 passes 
leakage current only during the 
time when the multivibrator is in- 
operative. Under this condition TR2 
is nearly bottomed, and the voltage 
between its collector and emitter 
is less than the 0.5 volt which is need- 
ed for the flow of forward current 
in Dl. When the multivibrator 
operates, after pressure and release 
at Sl, the collector of TR2 swings 
above 0.5 volt on the half -cycles 
when this transistor is cut off, there- 
by enabling base current to flow in 
TR3 during these half -cycles. 
NOVEMBER 1971 

The supply for the circuit is 
obtained from transformer 12, this 
being a mains bell transformer 
having a relatively high internal 
resistance. Its secondary voltage is 
rectified by silicon diode D2 and 
the resultant direct voltage appears 
across reservoir capacitor C3. C3 
serves a secondary function also, 
since the transformer internal re- 
sistance and this capacitor provide 
the RC circuit, referred to earlier, 
which ensures that the supply volt- 
age rises gradually on switching on. 

S2 provides on -off switching. 
When it is desired to silence the 
`buzzer' after S1 has been pressed 
and released, S2 is set to the 'Off' 
position. This removes the supply 
and also connects R7 across C3, 
causing the latter to discharge rapid- 
ly. S2 is then returned to 'On' 
whereupon the supply voltage 
reappears, building up gradually 
due to the presence of the trans- 
former internal resistance and C3. 

COMPONENTS 

The three transistors are readily 
available germanium types. Diode 
D1 can be any silicon diode or 
rectifier. D2 should be a silicon 
rectifier capable of passing a for- 
ward current of 100mA or more. 
and having a p.i.v. in excess of 
25 volts. The Lucas DD000 would 
be satisfactory in both diode posi- 

tions. 
Transformer T1 is an Eagle 

LT -700 transistor output transfor- 
mer. Only half of its primary is 
connected into circuit. T2 is an in- 
expensive bell transformer of the 
type available from Woolworth's 
stores, and it offers a secondary 
voltage of eight volts with a tap at 
five volts. The tap is not used here. 
Any alternative type of mains trans- 
former offering about eight volts may 
be employed instead. If, however, 
the alternative transformer has a 
low internal resistance it may be 
necessary to add a physical resistor 
between the secondary and 172 to 
provide the gradual increase in 
supply voltage when switching on. 
A 512 or 1012 1 watt resistor should 
be adequate. 

The only remaining components 
which require comment are R3 and 
S2. R3 can be a skeleton preset 
variable resistor. S2 must be a type 
offering break -before-make switch- 
ing and a suitable component would 
be a s.p.d.t. toggle switch. 

SETTING UP 

After the circuit has been com- 
pleted, it has next to be set up. 

R3 should initially be adjusted 
so that it inserts zero resistance into 
circuit. The primary of T2 is con- 
nected to the mains and S2 is 
switched to 'On'. If all is well, there 
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should be no sound from the 
speaker. The slider of R3 is then 
adjusted to put increased resistance 
into circuit, and is turned until the 
multivibrator commences running 
and its tone is audible from the 
speaker. S2 is set to `Off', the 
slider of R3 is returned a little way 
towards the zero resistance end of 
its track, and S2 is put to `On' again. 
If the multivibrator commences to 
run again the procedure is repeated. 

Eventually, a setting in R3 will be 
found at which the multivibrator 
does not oscillate when S2 is re- 
turned to 'On'. This is the final 
setting and the multivibrator will 
now only run after SI has been 
pressed and released. 

The required setting in R3 was 
not at all critical with the prototype, 
and circuit operation was not affec- 
ted when the supply voltage to the 
multivibrator was experimentally 

taken over the range 6 to 12 volts 
without any re- adjustment to R3. 
There is a slight possibility that 
spread in gain with transistors 
employed in the TR2 position may 
require that R4 be reduced in value 
with some specimens if R3 is to 
offer a useful range of adjustment. 
It will probably be found that the 
final setting of R3 will be such that 
its slider is near the zero resistance 
end of the track. 

ADDING REGENERATION 
by 

S. G. WOOD, G5UJ 

This suggested method of adding regeneration to a valve broadcast 
receiver may not function with all sets, but its simplicity makes it worth 

trying out experimentally 

PERHAPS NOT WIDELY APPRECIATED IS THE FACT 
that the modification of an ordinary valve long, 
medium and short wave superhet to facilitate 

the reception of c.w. signals can be simplicity itself. 
It is necessary for the first i.f. valve to have its 
suppressor grid brought out to a separate pin and not 
be connected internally to chassis. 

ADDED POTENTIOMETER 

As a glance at the accompanying diagram will 
show, all that is required in the way of additional 
components is a linear potentiometer, either carbon 
or wirewound, having a value of 1 to 2k12. This may 
be mounted in any convenient spot on the receiver 
chassis, it being wired into the suppressor grid 
circuit of the first i.f. valve as indicated. By virtue of 
the variable resistance inserted, a fair measure of 
regeneration can be obtained, thus enabling c.w. to 
be copied as would occur with the more orthodox 
b.f.o. used with proper communications receivers. 

The modification need in no way interfere with 
the normal function of the receiver when used on 
the medium or long wave bands for broadcast re- 
ception. All that is necessary to render the receiver 
suitable for broadcast listening is to turn the poten- 
tiometer slider right to the end of its travel, thus 
reducing the resistance in circuit to almost zero, 
whereupon the i.f. stage will work normally. 

In many i.f. valves the internal screen is internally 
connected to the suppressor grid, and the regenera- 
tion may be the result of the resistance which is 
inserted in series with the chassis connection to this 
screen rather than to any effect resulting from the 
suppressor grid itself. Before fitting the potentiometer 
212 

First I.F. 

valve 

Added 
potentiometer 

Normally, the suppressor grid of an i.f. ampli- 
fier valve is connected direct to chassis, or 
to cathode. Here, it is connected to chassis 

by way of a potentiometer 

first check that the receiver will allow regeneration 
to occur by temporarily inserting a 1k02 or 2k12 
fixed resistor between the suppressor grid and chassis. 
If the receiver oscillates then the modification may 
be carried out and the potentiometer fitted. Should 
the valve have its internal screen brought out to a 
separate pin, try inserting the resistance between 
chassis and this screen as well as between chassis 
and the suppressor grid. 
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Q 

S 

by X 
FRANK A. BALDWIN 

(All Times GMT) 

Broadcast band listeners in this 
country are now engaged in logging 
those low powered Asian and Far 
Eastern stations occupying chan- 
nels on the low frequency bands, 
the 'season' for reasonable recep- 
tion of these transmitters now being 
upon us. For the summer months, 
however, most of their attention had 
been focused on the LA's (Latin 
Americans). The 'season' for LA's 
has not been a particularly good 
one as far as UK reception was 
concerned. In more years of Dx'ing 
than I care to remember, the writer 
considers that the prevailing high 
noise level, both man -made and 
natural, was the worst ever to be 
heard. However, be that as it may, 
some highlights inevitably occurred, 
making all those wasted LA 
sessions in which nothing of note 
was heard somewhat worthwhile. 

Most Dx'ers retain memories of 
an outstanding Dx feat they have 
accomplished or of a transmission 
heard that had an unusual 'aura' 
about it - the writer recalling, for 
instance, reception of several low - 
powered field stations during the 
Spanish Civil War - complete with 
the sounds of battle in the back- 
ground! All this leads into my latest 
'unusual aura' logging. 

On the 23rd of August, during an 
LA session, at 0319 the receiver 
was set at a measured frequency 
of 5055 when a programme of 
marching and patriotic tunes and 
songs was heard, interspersed 
with what one can only describe as 
political harangues in Spanish 
(shades of the Civil War!). The 
station identification, however, 
placed the transmitter far from the 
Ib9rian Peninsular, it was in fact 
CP87 San Rafael in Bolivia. 

The programme content was 
strange to say the least from an LA 
station. Usually, their bubbling - 
effervescent, folksy and rhythmic 
music dominates almost every pro- 
gramme - there was obviously 
something very different about this 
one! Listening to the news on the 
BBC later that morning provided 
the answer - I had been eaves- 
dropping on the latest (at the time 
of writing) LA revolution! One 
president had, apparently, rapidly 
replaced another! 

Turning to another aspect of 
Dx'ing, that of identifying mysteri- 
ous transmissions on unlisted chan- 
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nels, the writer located a station 
signing -off at 2200 with an anthem 
sounding very much like (but not 
quite) 'Auld Lang Syne' on a 
measured frequency of 4826, this 
being heard on two later occasions. 
This station can only be heard (a) 
if conditions are good for Dx, and 
(b) after the USSR transmitter on 
4825 closes -down at 2130. 

The most likely answer is that 
provided by the British Association 
of Dx'ers (BADX). The station is 
situated in the Maldive Islands (400 
miles S.W. of Ceylon) and is that 
of Radio Maldives, the anthem of 
this Independent Sultanate remind- 
ing one of the above -mentioned 
tune. R. Maldives is apt to appear 
on various channels without warn- 
ing and just as suddenly to vanish 
elsewhere. In the past it has been 
reported on 3473, 6665, 9996 and 
14310, according to the World 
Radio Handbook. 

LATIN AMERICAN STATIONS 

3365 0247 HIRL Radio Exitos, San- 
tiago, Dominican Repub- 
lic (1kW). Heard with 
station identification and 
LA songs. 

3380 0300 OAX1O Radio Chiclayo, 
Chiclayo, Peru (1kW). 
Logged with plaintive 
songs of the Altiplano 
and identification. 

4755 0100 ZYF23 Radio Dif Moran - 
hao, Sao Luiz, Brazil 
(1kW). Commercials in 
Portuguese and station 
identification. 

4830 0318 YVOA La Voz del Tach- 
ira, San Cristobal, Vene- 
zuela (1kW ). Pro- 
gramme of typical Latin 
American songs and 
music. 

4832 0323 TIHB Radio Capital, San 
Jose, Costa Rica (1kW). 
Station identification 
and LA music. 

4865 0104 PRC5 Radio Club do 
Para, Belem, Brazil 
(2kW). Discussion in 
Portuguese on world 
affairs. 

4875 0100 HCHE4 La Voz Esmer- 
aldas, Ecuador (5kW). 
Latin American music 
and station identifica- 
tion. 

4910 0036 YVPN Esc. Radiofonicas, 
San Fernando de Apure, 
Venezuela (10kW). Dis- 
cussion in Spanish fol- 
lowed by LA music. 
QRM from HCMJ1 Emi- 
sora Gran Colombia in 
the background. 

4923 0041 HCRQ1 Quito, Ecuador 
(5kW). Talk in Spanish 
with subsequent station 
identification at 0045 fol- 
lowed by LA music. 

4990 0023 YVMQ Radio Barquisi- 
meto, Barquisimeto, 
Venezuela (15kW). Dis- 
cussion in Spanish, 
identification at 0030. 
LA music. 

4995 0021 ZYX2 Radio Brazil Cen- 
tral, Goiania, Brazil (5 
kW) . LA songs and 
music, identification at 
0030. 

5010 0300 Radio Cristal, Santo 
Domingo, Dominican Re- 
public (1kW). Typical 
LA songs and music, 
identification at 0300. 

5030 0251 YVKM Radio Continente, 
Caracas, Venezuela (10 
kW). LA songs and 
music with station iden- 
tification at 0300. 

6040 0115 HJLB La Voz del Tolima, 
(bague, Colombia (10 
kW). Station identifica- 
tion and commercials in 
Spanish. 

6105 0110 ZYN6 Ceara Radio Club, 
Fortaleza, Brazil (5kW). 
Sports commentary in 
Portuguese - extended 
schedule, normally 
closes at 0100. 

6175 0106 ZYV74 Radio Guarani, 
Belo Horizonte, Brazil 
(10kW). Sports com- 
mentary, very excitable, 
complete with roar of 
crowd in background! 

6185 0104 ZYR77 Radio Bandei- 
rantes, Sao Paulo, Brazil 
(10kW). Same pro- 
gramme as above. 

6250 0145 OAX7A Radio Cuzco, 
Peru (1kW). Distinctive 
music of Peru inter- 
spersed with many iden- 
tifications. 

21460 2000 HCJB Voice of the An- 
des, Quito, Ecuador (50 
kW). Programme in Eng- 
lish with identification. A 
higher frequency at a 
reasonable(!) time. 

21705 2115 XERMX Radio Mexico, 
Mexico City (100kW). 
Programme of music re- 
cords after station iden- 
tification in English. 

HERE AND THERE 

From the British Association of 
Dx'ers journal, 'Bandspread', we 
learn that the full schedule of the 
Abu Dhabi Broadcasting Service is 
from 0230 to 0445 and from 1230 
to 2000 on 4988. An English pro- 
gramme is carried from 0930 to 
1100 (except Friday) during the 
0445 to 1230 period on 6124. Pres- 
ent (at time of writing) power is 
10kW but will shortly be increased 
to 500kW. 

The writer wishes to acknow- 
ledge the assistance of the British 
Association of Dx'ers and also B. 
Walsh of Romford, Essex. 
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Block Letters Please 
NOW 

LOCAL RADIO 
There are now no less than twenty local radio stations in 

service throughout England. These, together with their 

service areas are shown on the accompanying map, whilst 

frequency and power figures appear in the following list 

Frequency 
(MHz) 

Max 
e.r.p. (kW) 

BBC Radio London 95-3 16-5 

BBC Radio Medway 97.0 5.5 

BBC Radio Oxford 95-0 4.5 

BBC Radio Birmingham 95.6 5-5 

BBC Radio Derby 96.5' 5.5 

BBC Radio Leicester 95.2 0.14 

BBC Radio Nottingham 94.8' 0.2 

BBC Radio Stoke -on -Trent 94.6 2.5 

BBC Radio Brighton 95.8 0.5 

BBC Radio Solent 96.1 5 

BBC Radio Bristol 95.4 5 

BBC Radio Humberside 95.3 4.5 

BBC Radio Leeds 94.6 0.14 

BBC Radio Sheffield 88.6 0-03 
(Rotherham) 95-05 0.01 

BBC Radio Blackburn 96.4' 1.5 

BBC Radio Manchester 95.1 - 4 

BBC Radio Merseyside 95.85 2.5 

BBC Radio Durham 94.5 2.6 

BBC Radio Newcastle 95.4 3.5 

BBC Radio Teesside 96.6 5 

*Slant polarization; all other transmissions use horizontal polarization. 
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TRANSMITTING STATIONS 

The service areas are indicated by 
the .mshaded parts of the map. 
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THE 'DROITWICH' CAR RADIO 

by 

SIR DOUGLAS HALL, K.C.M.G., M.A.(Oxon) 

This receiver offers the ultimate in simplicity of car radio 
control since it is preset to the Radio 2 programme on 
200kHz. Single station tuning also enables circuit simplicity 
to be achieved, as there is then no necessity for the use of 
a superhet design. The set functions from a 12 volt supply 
and can be wired for either a negative or a positive earth 

NOW THAT RADIO 4 IS ALMOST 
confined to broadcasting 
speech, and while Radio 3 is 

still out of range in many parts of 
the country, there is a lot to be 
said for a fixed tuned Radio 2 car 
radio. A fixed tuned receiver is easy 
to make and set up, and can be 
operated without the driver taking 

his eyes from the road, since only 
a combined volume control and 
switch are required. Again, the com- 
parative complication of a superhet 
becomes quite unnecessary. After 
all, a superhet is no more than a 
straight receiver tuned to about 
465kHz, and preceded by a fre- 
quency changer which offers little 

amplification. The superhet is obvi- 
ously of advantage when variable 
tuning is employed, or when the 
medium waveband is covered, but 
entirely without merit when the 
fixed frequency is lower than that 
normally used in the i.f. stages. A 
circuit tuned to 200kHz will give 
better sensitivity and selectivity 

Resistors 
(All fixed values watt 10% un- 

less otherwise stated) 
R I 10k12 
R2 3.9k12 
R3 2.2M12 
R4 2212 3 watt wirewound 

5% 
R5 470kS2 
R6 22k12 
R7 4.7k12 
R8 10k12 
VRI 10k12 potentiometer. 

skeleton preset 
VR2 5k12 potentiometer, log 

track, with switch Si 
(see text) 

VR3 1.5k12 potentiometer, 
miniature preset 

Capacitors 
Cl 0.01µF paper or plastic 

foil 
C2 10µF electrolytic, 16V 

wkg, Mullard minia- 
ture 

C3 180pF silver -mica, 2% 
C4 220pF silver -mica 
C5 1µF electrolytic, 40V 

wkg, Mullard minia- 
ture 

C6 2,200pF, paper or 
plastic foil 

C7 100pF silver -mica 
C8 180pF silver -mica, 2% 

COM PON ENTS 

C9 100µF electrolytic, 4V 
wkg, Mullard minia- 
ture 

CIO 220pF ceramic 
CI I 1,000µF electrolytic. 

16V wkg, Mullard 
miniature 

VC1 100pF trimmer, mica 

Inductors 
LI 2.5mH r.f. choke 

(Repanco) 
L2 Miniature Dual - 

Purpose Coil, valve 
type, Blue, Range 1 

(Denco) 
L3, 4, 5 Miniature Dual - 

Purpose Coil, Valve 
type, Green, Range I 

(Denco) 
Tl Interstage transformer 

type LT44 (Eagle) 

Semiconductors 
TR 1 2N4289 
TR2 BCI69C for negative 

earth battery, 2N4289 
for positive earth 
battery 

TR3 AD162 for negative 
earth battery, ADI61 
for positive eyth 
battery 

Valve 
VI ECH83 

Switch 
S1(a) (b) d.p.d.t. (part of 
VR2) 

Fuse 
FI 2 -amp fuse and holder 

Speaker 
2512 speaker. 7in. by 4in. 

Sockets, Plugs 
3 -off B9A valveholders 
Car aerial socket 
2 -off 2 -way socket (or 
terminal) strips 

Case, Chassis 
(All Home Radio) 
2 -off 4in. by 2in. sides (Cat. 
No. CU 133) 
2 -off 7in. by 2in. sides (Cat. 
No. CÚ136) 
2 -off 4in. by 7in. plates (Cat. 
No. CU 158) 
1 -off Hardware Kit (Cat. No. 
CU 154A) 

Miscellaneous 
1 spindle extension (if needed 
- see text) 
1 knob 
Plywood 
Nuts, bolts, connecting wire. 
etc. 
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Fig. 1. The circuit of the 'Droitwich' Car Radio. The vertical dashed line is not a screen; the 
tuner section appears to the left of it and the ai. amplifier section to the right. A negative 

battery earth is assumed 

than one tuned to 465kHz, because 
of the better inductance -capacitance 
ratio. 

The design adopted for this re- 
ceiver uses the same basic principles 
as those employed in an earlier car 
radio design by the author for 
medium wavelengths, and described 
in this journal.* That is to say, it 
rakes advantage of the stability of 
a valve and the high mutual con- 
ductance of a transistor to give a 
very good level of amplified a.g c. 
The circuit has been considerably 
modified since the earlier design, 
and the present receiver uses fewer 
components but is more sensitive. 
Its construction can be safely under- 
taken by the comparative beginner 
who knows how to use simple tools 
and has made up two or three 
receivers. 

.Sir Douglas Hall, 'Design For Universal 
Car Radio', The Radio Constructor, April 
1969. 
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('IR('l IT OPERATION 

The circuit is given in Fig. 1. 

The signal is picked up by a normal 
car aerial and applied to the base 
of a high amplification common 
emitter amplifier which has a tuned 
circuit in its output, this connect- 
ing to the input of VI(a). VI(a) is 
a valve r.f. amplifier, transformer 
coupled to V 1(b), a leaky grid 
detector with reaction. The combina- 
tion of two high efficiency ampli- 
fiers and a reaction circuit gives 
large overall signal frequency am- 
plification. Because Vl(b) is a leaky 
grid detector the bias at its grid 
will increase on the arrival of a 
signal. In consequence, the direct 
voltage drop across the decoupling 
resistor R6 will decrease, this volt- 
age change having been amplified 
by the amplification factor of the 
valve. R6 is also in the bias feed 
circuit for the base of TRI. The 
emitter bias of TRI is held fairly 

steady by the potentiometer VRI. 
only a small degree of negative feed- 
back being given by R2, this being 
required to prevent too great a 
change' in amplification being 
brought about by differences in car 
battery voltage due to its being on 
or off charge. Consequently, the 
base bias of TR1 will be decreased 
by a strong signal and TR1 will 
offer less amplification. In the earlier 
design, the input transistor was 
operated as a common base device. 
This arrangement worked well on 
medium waves, but on 200kHz the 
transistor continues to offer good 
amplification when nearly cut off. 
In the common emitter configura- 
tion, amplification falls off more 
rapidly with a drop in collector 
current, and the a.g.e. effect is 
therefore improved. A further ad- 
vantage is the greater amplification 
available for weak signals owing to 
the greater efficiency of the com- 
mon emitter arrangement, provided 
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collector current is not too low. 
As regards circuit details in the 

tuner section it will be seen that Cl 
isolates the aerial from the battery. 
LI prevents cross- modulation by 
powerful medium or short wave 
stations during the times when TR 1 

is passing very little collector cur- 
rent. V1(a) obtains its necessary 
grid bias by means of grid current 
flow in R3. The smaller value of 
grid resistor, 125, provided for VI(b), 
enables that valve to operate as a 
detector. The presence of R7 in the 
anode circuit of V 1(b) allows re- 
action to be obtained. R4, which 
must have a rating not less than 3 

watts, drops the heater voltage for 
the valve to a nominal 6.3 volts. C3 
and C8 are close -tolerance capaci- 
tors which allow the variable cores 
of the two coils used to tune to 
200kHz. 

The tuner section ends at the 
dashed line and a pair of high 
resistance phones across the volume 
control VR2 will give good loud 
results. 

The a.f. amplifier, to the right of 
the dashed line, could hardly be 
simpler. TR2 is a high amplification 
common emitter n.p.n. transmitter 
feeding direct into the output tran- 
sistor, TR3, a p.n.p. emitter fol- 
lower with a 252 speaker in its out- 
put circuit. Correct bias is set up by 
VR3, C9 acting as a bypass capaci- 
tor at audio frequencies. VR3 is 
adjusted so that half the battery 
voltage is dropped across the 
speech coil of the speaker, this giv- 
ing conditions for maximum output 
by TR3 which, with the car running 
and the battery on charge, is about 
1 watt. C10 provides a small degree 
of treble cut by negative feedback 
and keeps radio frequencies away 
from TR3. C11 is the usual high 
capacitance electrolytic component 
across the power supply. 

A 352 speaker may alternatively 
be used, but this will reduce output 
to about 700mW. 

The circuit, as so far described 
and as shown in Fig. 1, assumes a 
battery with negative earth. Circuit 
changes for a car with positive earth 
are described at the end of this 
article. 

CONSTRUCTION 

Construction should start with cut- 
ting a piece of plywood as in Fig. 2. 
The two coilholders and the valve - 
holder (all identical components). 
VR2, Ti and VCI are mounted as 
shown in Figs. 3 and 4. VR2 should 
have a body diameter of about lin. 
or less, as it may otherwise foul 
the valveholder. This point should 
be checked before the valveholder 
hole is cut out; if necessary, the 
valveholder hole may be shifted 
very slightly to the left from the 
position indicated in Fig. 2. The 
two coilholders are fixed in posi- 
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The receiver before fitting in its case. In this photograph the 
screening can for the aerial coil is removed. An extension 

threaded rod may be seen inserted in trimmer VCI 

Lion with wood screws behind the 
panel, but the valveholder is set 
back a little by means of two 6BA 
bolts, each with three nuts. It should 
take up a position such that, with 
the valve inserted, there is 2in. be- 
tween the end of the valve pip and 
the outside surface of the panel. 
One of the coil can lids (i.e. the lid 
of one of the cans in which the 
coils are supplied) has a central por- 
tion cut away so that the coil can 
pass through it, and it is then 
bolted over the left hand coilholder, 
on the outside of the panel, the 
inner of the two bolts having a 
solder tag on it for earthing pur- 
poses. See Fig. 4. One of the coil 
cans has a }in. hole drilled through 
its bottom to allow the core to be 
adjusted and is then screwed to the 
lid. The other coil should not be 
screened. TI should be cemented 
in position, its core fitting into the 
slot cut for it and its orientation 
being as indicated in Fig. 4. Cut a 
second piece of plywood, 6 by l$in., 

1 A 

3/4" 

I 

13/44 

to act as a baseboard and tern - 
porarily screw the components 
panel to this as indicated in Figs. 
3 and 4. 

Now examine the Home Radio 
'Universal Chassis' parts specified 
in the Components List. It will be 
seen that there are two flanged sides 
Tin. by 2in., and two smaller sides 
4in. by 2in. There will also be two 
plates, a little under lin. by a little 
under 4in. Take one of the 7 by 
2in. sides, and fit the aerial socket. 
battery socket, speaker socket and 
TR3 to it as illustrated in Figs. 3 
and 4. Exact positions are not 
shown, since sockets vary a little in 
dimensions, but Fig. 4 shows how 
they should generally be placed. 
Small rectangular openings must be 
cut to allow the power and speaker 
plugs to be inserted into their 
sockets. Now, temporarily screw 
this metal side to the other side of 
the baseboard so that the assembly 
appears as in Fig. 3. Leave Ain. 
between the underneath of the base- 
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Hole for leads to VCI 
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o 

11/4+- I Ye" -- 13/e4 

Slot for Ti 

Fig. 2. Drilling details for the main component panel 
THE RADIO CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


I 

Coil can 
lid t 

VCI 
n m n 

Coil holder 

ñ 
Valve holder 
set back 
from panel 

vP 

G 

VP2 

S 

uu u LI 

Coil holder 

CI I 

I n n 
I 

----LL-;---- 7--- 

Aerial socket Power socket 

Jt - 

Speaker socket 
above TR? 

TR3 

Fig. 3. Components on the main component panel, baseboard and rear metal panel assembly. 
Note that the body of TR3 is on the outside 

board and the inside surface of the 
bottom flange of the metal side, so 
that one of the 7 by 4in. pieces 
may be later slid between the under- 
neath of the baseboard and the 
flange. 

Next, remove the main com- 
ponents panel and the metal side 
from the baseboard and wire up 
components as shown in Fig. 4, 
omitting the leads between the two 
sections. These leads are fitted when 
the components panel and metal 
side are, later, screwed to the base- 
board once more. Points to note 
are that VR1 is, in fact, soldered 
direct to the appropriate tags of the 
valveholder, and not equipped with 
wires as is shown, for clarity, in the 
diagram. Also, VR1 and VR3 are 
turned through 90 degrees so that 
they are easy to adjust when the 
chassis is screwed together as in 
Fig. 3. It is important that the a.f. 
amplifier components shown in the 
lower part of Fig. 4 should not ex- 
tend to the left further than the 
edge of VR2, or this component 
will foul them. The a.f. amplifier 
components should also lie fairly 
close to the metal side without being 
so close as to invite short- circuits. 
TR3 is bolted direct to the metal 
side - no insulating washer should 
be used, but care must be taken to 
see that neither the base pin nor the 
emitter pin is in contact with the 
NOVEMBER 1971 

metal side. It is as well to hold the 
main components panel and the 
metal side in place along the edges 
of the baseboard from time to time 
as wiring proceeds, to make sure 
that sufficient room is being left. 
There is room, but not much to 
spare. Do not use higher voltage 
electrolytic capacitors than those 

specified, or space will be at a 
premium. They are all standard 
Mullard components, easily avail- 
able. VR3 can be obtained from 
Amatronix Ltd., 396 Selsdon Road, 
South Croydon, Surrey. 

Further points are that the 
coupling winding fitted to L2 (and 
which connects to pins 8 and 9) 

The metal case and front panel 
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Blue coil holder 

Bolt holding coil 
can lid 

Leave l/4 clear 

Screwed to base 

board 

Leave I /2` 
clear 
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manufacture 
Y 
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Bolt and tag 
holding coil 
can lid 

Valve holder 

white 

VR2 with Si Green coil holder 

Leave 5/16" 
clear 
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A 

Hole for leads 

VC' 
mounted on 

other side 
of panel 

Main component 
panel 

This section 
screwed to 
base board 

Bcse board 

TR3 mounted on other side 

Screwed to 
base board 

Leave I/2 
clear 

Hole made by 

manufacturer 

F- 

Aerial socket Battery socket Leave 1 /l6'clear Metal back of case Speaker socket 

Fig. 4. Fitting and wiring of the components in the receiver 

does not appear in the circuit and 
no connections are made to it. Some 
of the spare tags on both coilholders 
are used as anchoring tags. The tag 
layout of switch SI may, with some 
components, vary from that shown 
in Fig. 4. Confirm the tags to be 
used with the aid of a continuity 
tester before wiring to them. If con- 
nections are made to incorrect tags 
the supply can become short - 
circuited when the switch is turned 
on. 

When wiring on the main panel 
and the metal side has been com- 
pleted, temporarily solder a 12in. 
length of red insulated wire to the 
end of R2 which joins to the slider 
of VR1, and a 12in. black lead to 
the other end of R2. Next, screw 
the component panel and metal side 
permanently back to the baseboard 
and complete the connections be- 
tween the two sections. Useful re- 
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finements are to fit small compres- 
sion springs over the core adjusters 
of the two coils, with nuts to com- 
press them, and to replace the screw 
in VCI with a short piece of 
threaded rod fitted with a knob. 
The first of these devices keeps the 
cores steady when the car is in 
motion, and the second makes ad- 
justment a little easier. 

Next, take the 4 by Tin. plates 
and cover one side of each with 
Fablon or Contact, leaving half an 
inch clear at each of the 4in. sides. 
With the covered sides inside, 
assemble with the two 4in. side 
pieces as shown in Figs. 5(a) and 
5(b). It will be seen that the plates 
are bolted underneath the side 
flanges. This is in order to keep 
the overall depth down to 2in. and 
so ensure that the receiver will fit 
any slot provided in the car. 6BA 
countersunk nuts and bolts are used. 

Be careful when countersinking the 
holes in the flanges that the counter - 
sinker or drill used does not go right 
through the metal! Four holes will 
need to be drilled for these four 
6BA bolts. In addition, four 4BA 
bolts and nuts are fitted to the exist- 
ing holes in the side flanges as shown 
in Fig. 5. Bolts and nuts are pro- 
vided, but slightly longer bolts will 
be required. These bolts will be used 
to lock the receiver into the case on 
the one side, and to fit the other Tin. 
by 4in. flanged side over the front 
when the receiver has been fitted. 

When the case has been assembled 
as described, the receiver is slipped 
into it from one open side until the 
two 4BA bolts protrude through the 
holes already provided by the manu- 
facturer in the Tin. by 4in. side 
which is the part of the receiver 
taking the amplifier components. 
Two nuts - dome nuts are neat here 
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- will lock the receiver into posi- 
tion. It will be seen that the edge of 
the bottom plate passes into the 
r'6 in. space left between the base- 
board and the metal side which is 
part of the receiver assembly. The 
two wires which have been soldered 
to R2 are passed round one end 
of the main components panel so 
that the ends pass through the front 
and are easily accessible. 

SETTING UP 

Setting up and testing can now 
take place. 

Open VCI fully, set the slider of 
VRI to the negative end of its 
track (clockwise in Fig. 4) and set 
VR3 with its slider at the half way 
position. Clip a voltmeter, set to 
give a clear reading of 6 volts, 
across the speaker terminals with 
the positive lead to the speaker tag 
connected to the positive line. Con- 
nect up a battery in charged con- 
dition, but not actually on charge, 
switch on and adjust VR3 for a 
reading of 6.3 volts. 

Now set the meter to a voltage 
range which offers at least 20ktl 
meter resistance (e.g. a 20k2 per 
volt meter on a 1 volt range, or a 
101aì per volt meter on a 2 volt 
range, the former being preferable) 
and clip its leads across the red and 
black leads attached to R2. No 
aerial should be connected at this 
stage and the receiver is partly or 
wholly out of its case to provide 
access to VR1. Adjust VR1 to give 
a reading of 0.2 volt (200mV). Leave 
the meter in position, slide the re- 
ceiver fully home in its case, plug 
in the aerial and adjust the cores 
of both coils for optimum results 
from Radio 2, which will be indi- 
cated by a minimum reading on the 
meter - down to near -zero in the 
case of a powerful signal. Now put 
the battery on charge, either by run- 
ning the engine of the car or by 
means of a charger. Tighten VCI 
a little, making any small adjust- 
ment to the core of the green coil 
as may be necessary. If VCl is 
tightened too far there will be a 
loss of treble and, eventually oscil- 
lation. Adjusting VCI will still fur- 
ther reduce the reading given by 
the voltmeter though it may cause 
little or no increase in volume level. 
Finally make sure that the core of 
the blue coil is at optimum, still 
using the meter as a guide. Tuning 
will be less sharp here than with the 
green coil. It should be pointed out 
that if VC1 is set for optimum when 
the battery is not on charge, there 
is likely to be distortion or in- 
stability when the engine is started. 

COMPLETION 

The receiver is now set up. Put a 
little adhesive on the coil core 
screws and the setting screw of VCl 
NOVEMBER 1971 

Flange of 

end piece 

4BA bolt 

End piece 

4BA bolts through holes made by manufacturers 

Top and bottom plates bolted 

underneath flanges of end 

pieces with countersunk 6BA 

bolts through holes which 

must be drilled for the purpose 

(a) 

Top plate 

Open sides 

Flange of 

end piece 

4BA bolt 

End piece 
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(b) 

Fig. 5(a). Top view of the case in which the receiver is housed 
(b). Side view of the case 

Rear view of the receiver. Note the output transistor on the 
rear panel 
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- this is especially important if an 
extension rod and small knob have 
been fitted as these encourage 
movement by vibration - remove 
the receiver from the case and un- 
solder the two leads from R2. These 
have served their purpose, and the 
receiver can now be finally bolted 
back into the case again. 

Take the remaining lin. by 4in. 
metal side and cut a hole in it for 
the spindle of VR2. This metal side 
is then pushed into place over the 
two 4BA bolts on the front of the 
case, and two dome nuts lock this 
into position. It may be necessary 
to use a spindle extension for VR2, 
or a long- necked self -locking type 
of knob. 

Because of the presence of the 
four 4BA bolts, the two sides will 
be held a little away from the case, 
leaving small air gaps at each cor- 
ner. These provide the ventilation 
necessary for VI and R4. TR3, 
bolted direct to the side of the case, 
is in open air and keeps very cool. 

The completed receiver may now 
be fitted to the car. A 2 amp fuse 
should be inserted in the positive 
lead to the battery (or in the nega- 
tive lead if the receiver is to be 
wired up for a battery with positive 
earth) and should be removed whilst 
the receiver is being connected up 
since the positive plug could acci- 
dentally touch the case during this 
process. The fuse is external to the 
receiver and is positioned at a con- 
venient point in the car. 

POSITIVE EARTH 

So far, the description of the re- 
ceiver has assumed a battery with 
negative earth. If a positive earth 
battery is used the amplifier circuit 

The completed receiver. There is only one control, this being 
for on -off switching and volume 

becomes as in Fig. 6, and the follow- 
ing changes are carried out. Tran- 
sistors for TR2 and TR3 should be as 
indicated in the Components List for 
positive earth batteries. This enables 
TR3 still to be bolted direct to the 
metal side without the use of a 
washer. The connections from VR1 
in Fig. 4 to speaker socket A and 
the securing bolt of TR3 are 
changed round. Speaker socket A 
now connects to the negative supply 
line and TR3 securing bolt to the 
positive line. Connections to C9 are 
reversed, and so are connections to 
C11. Also, Cll is physically turned 
round so that its positive lead ap- 
pears at the bottom in Fig. 4. This 
is a precaution against possible 
short -circuits if the Fablon case 
lining becomes damaged. Apart 

T1 

ADI61 
Fig. 6. The alternative a.f. amplifier circuit, for use if the car has a 

positive battery earth 
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from these changes, wiring is car- 
ried out as in Fig. 4. 

Current drawn from the battery 
when the car is running will be 
about 600mA with a 2552 speaker, 
or 500mA with a 3552 speaker. Do 
not use a speaker with a lower im- 
pedance than 2552. 

It may be pointed out that some 
constructors may prefer to use ter- 
minal strips rather than socket 
strips for the battery input connec- 
tions at the receiver, since there is 
then less risk of a power plug work- 
ing loose under vibration and short - 
circuiting to the receiver case or car 
earth. An important factor is that 
the battery must always be con- 
nected to the receiver with correct 
polarity, both in use and during 
setting -up. Battery connection with 
incorrect polarity can cause damage, 
particularly to the electrolytic capa- 
citor C11. 

As a final note it should be men- 
tioned that radio frequency ampli- 
fication is very high and all the 
normal suppression precautions 
should be taken. Otherwise, inter- 
ference will be experienced in areas 
of low signal intensity where the 
a.g.c. action is minimal and ampli- 
fication is at maximum. With some 
cars it may help to fit a low resist- 
ance choke in the non -earthy lead 
from the battery. This must not have 
a resistance of more than 112 and can 
be made by winding 16 yards of 
24 s.w.g. enamelled wire in a pile 
on a short length of *in. ferrite rod. 
The choke should be contained in 
an earthed screening can and should 
be fairly close to the receiver. It is 
also useful to use a fairly long 
aerial in the interests of good a.g.c. 
The author uses a 62in. Vanlan 
type AW300 /4E available from 
Alpha Radio, 103 Leeds Terrace, 
Wintoun Street, Leeds. Mount the 
aerial as far from the engine as 
possible. 111 
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NOW HEAR THESE 
Tines = GMT Frequencies = kHz 

ANGOLA 
The correct frequency of CR6RE is 4966 (listed 

4965). All transmissions are experimental, the parallel 
channel being 3215. 

THAILAND 
The External Service of Radio Thailand, Bangkok, 

may be heard daily from 1155 on 11905 (listed 
11910). It is planned to provide a service to the 
Middle East and Europe from 0440 to 0615 on 
17825 and on 17855. 

TAIWAN 
The North American Service of the Voice of Free 

China, Taipei, can be heard from 0200 on 15125 
(50kW - 19.83 metres). 

ARGENTINE 
It is reported that Radio Colon, a medium wave 

transmitter, uses 5514 as a standby channel for sports 
events on Sundays. 

PAKISTAN 
Radio Pakistan may be heard with their regular 

transmission in English, beamed to the UK, from 
1945 on 9460 (10 /50kW - 31.76m). 

NIGERIA 
NBC Kaduna may be heard with identification 

and newscast in English at 2200 on 9570 (10kW 
31.35m). Channel jammed from 2202. (BADX). 

VATICAN 
Vatican Radio may be heard at 2230 with an 

English programme to the Philippines on 7250 
(100kW - 41.38m). 

INDIA 
News in English at dictation speed can be heard 

at 0900 from Delhi on 11910 (25.19m), 15185 
(19.76m), 17840 (16.82m), 17780 (16.87m) and on 
15333 (19.56m). (BADX). 

ECUADOR 
HCJB Quito may be logged at 2000 with identifi- 

cation and English programme on 21460. 

GHANA 
Radio Ghana is to be heard with identification and 

a programme in Arabic at 1629 on 21545. 

N. KOREA 
Radio Pyongyang has been heard with programme 

announcements at 1958, identification after three 
short and one long `pip' at 2000 and then news in 

Korean on 4275. (BADX). 

LIBERIA 
ELWA Monrovia may be logged - QRM permit- 

ting - around 2100 on 4770 (10kW). 

MALAWI 
Blantyre can be heard at 2000 with identification 

in English followed by programme of records with 
English announcements on 3380 (20 /100kW). 

EGYPT 
Radio Cairo radiates a newscast in English at 1330 

on 17920 (50 /100kW - 16.74m). 

Acknowledgements: Our Listening Post, SCDX. 
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"VIBRATON" VIBRATO UNIT 
Constructional details of a self- contained vibrato 
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and all other electronic music sources offering a 

low level signal. The requisite printed circuit 
board and case are available ready -made. 

TRANSISTOR STABILISED 
POWER UNIT 

Part One of a two -part article 
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Cover Feature 
MMN1An 

by 

J. T. NEILL 

O 
NE ITEM OF TEST EQUIPMENT THAT THE HOME 
constructor does not normally have at his dis- 
posal is a means of determining frequency. 

In the radio frequency band, frequency measure- 
ment can often be carried out by comparison, in a 
receiver, of the unknown signal whose frequency it 
is required to determine with, for instance, the signal 
from a transmitter of known frequency. Comparison 
with the harmonics of a crystal oscillator is another 
system in common use. 

At audio frequencies other methods have to be 
employed. Comparison with the output of a signal 
generator by means of a Lissajou figure on an oscil- 
loscope is the most popular scheme, but of course an 
oscilloscope and, for that matter, an audio signal 
generator of good accuracy throughout its range, is 
not always to hand. 

ANALOGUE DISPLAY 

It was with these considerations in mind, and 
during the course of some audio experiments, that 
the author decided to construct an audio frequency 
meter. Commercial frequency meters invariably use 
a kind of digital display, but the circuits to drive 
them are complicated and correspondingly expensive; 
accordingly, the meter described here has an ana- 
logue display, using an ordinary 100µA meter for 
the purpose. 
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AUDIO FREQL 

PA I 

A compact frequency meter, with 
frequencies and employing an integr 
square wave output is also available. 

tion, will be pubi 

I/p 

+12v 

ti Sine to 

square 

Stabiliser 

Transistor 

diode pump 

+ 

1. Block diagram illustrating the basic 
operation of the audio frequency meter 

This does reduce the accuracy somewhat, com- 
pared to the digital instrument, but when the cost 
and the fact that no frequency measuring equipment 
of any kind is normally available to amateurs are 
taken into account, it will be seen that this audio 
frequency meter will fill a large gap in the usual 
range of test equipment. 
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ENCY METER 

r1 

tlogue display, working at audio 
i circuit for ease of construction. A 

rrt 2, giving constructional informa- 
ed next month 

In point of fact, the accuracy obtained here is as 
good as that of the moving coil meter incorporated, 
that is, about 21 %. 

Frequency is displayed in a selected one of three 
ranges - up to 1kHz, up to 10kHz and up to 100kHz. 
The minimum level of input for reliable readings is 
40mV, while the input impedance is 4.71(Q. Power is 
derived either from the mains via an isolating trans- 
former or from two 9 volt batteries which, as dis- 
cussed later, can be either incorporated in the unit 
itself or used externally. 

One feature which will be of particular interest to 
those enthusiasts who favour the use of square -wave 
testing of audio amplifiers is that a large amplitude 
square -wave of good rise time and of the same fre- 
quency as that of the input is made available. When 
this facility is in use the unit is not at the same time 
able to measure frequency, but can of course be 
returned to that mode when required. The square - 

wave output can also be used as a signal source in 
receiver fault finding, since it contains harmonics at 
least up to the 1MHz region. 

CIRCUIT DIAGRAM 

Fig. 1 gives the block diagram and Fig. 2 the 
circuit diagram, excluding the mains power supply. 

In order to simplify the construction and setting up 
of the frequency meter, an integrated circuit opera - 
NOVEMBER 1971 

I0 FREQUENCY 

In its battery -powered form the meter can be 
built in a completely self -contained housing 

tional amplifier is used to convert the input waveform 
to a square wave. The transistor diode pump re- 
sponds in such a manner that the resultant reading 
on the meter is proportional to frequency. The RC 
time constant in the pump is selected by the range 
switch to give the ranges mentioned. 

An operational amplifier (often referred to as an 
`op. amp.) ideally has infinite gain and bandwidth, 
infinite input resistance and zero output impedance, 
but of course no actual amplifier can have these 
characteristics. However, in the case of the SN72709 
amplifier used here, typically the gain is 45,000 and 
the input resistance is 250kí2, according to the manu- 
facturer's data sheet. 

Since in the present circuit no negative feedback 
is applied, we have the full gain of the amplifier 
available, and it will readily be seen that it requires 
only a very small input signal to drive the amplifier 
to saturation in either direction. Consequently, at the 
output of the amplifier there appears a square-wave 
of good rise and fall times due to the high gain pre- 
sent and also because the upper frequency limit of 
the SN72709 is in the megahertz region. 

It will be noted that there are two signal inputs to 
the SN72709, by convention labelled ` -' and `-f-'. 
These are the inverting and the non -inverting inputs 
respectively, and are available for the application of 
feedback when the SN72709 is used with its gain 
reduced from the value given above. As stated 
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Fig. 2. Complete circuit diagram of the meter. The 18 volt supply may be obtained from 
batteries or a mains supply unit 

previously, in this application no feedback is em- 
ployed. However, since the SN72709 is d.c. coupled 
throughout means must be provided for keeping 
the two signal inputs at the same d.c. level, and this 
is done by returning both of them, through appro- 
priate resistors, to half the supply voltage. 

A . 
brief . outline of why this is necessary is as 

follows. 
The SN72709, when used as a d.c. amplifier, is 

usually fed from equal positive and negative supply 
rails, with one signal input returned to earth, which 
of course lies mid -way between these two rails. The 
other signal input has the negative feedback, if any, 
applied to it, and so it also lies close to earth poten- 
tial. When a.c. coupling is used, as here, there is no 
need to go to the trouble of voltages of both polari- 
ties, so long as the signal inputs are returned to a 
voltage roughly mid -way between the two supplies. 
The `two supplies' are accordingly earth and the + 12 
volt rail; as described later, this 12 volt supply rail 
is stabilised. 

DIODE PUMP 

As noted earlier, at the output of the SN72709 
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there exists a square wave, of the same frequency as 
the input signal, and of a constant amplitude, due to 
the use of the stabilised rail. The circuit that follows 
is the heart of the frequency meter, for it charges up 
a capacitor to a voltage dependent on the frequency 
of the input signal. It is possible to obtain more 
than one range of frequency measurement by switch- 
ing in different values of capacitor. 

Basically, the circuit used is a diode pump, shown 
in its basic form in Fig. 3, and it functions in the 
following manner. 

Assume both capacitors are fully discharged, and 
then permit the first positive -going pulse to be 
applied to the input. Diode D2 will be non- conduct- 
ing, but diode D1 will switch on and Cl and C2 in 
series will charge up to Vi, provided that the source 
impedance of the pulse generator is low. Since, in 
the frequency meter, the source impedance is the 
output impedance of the SN72709, which is of the 
order of a few hundred ohms, we will assume that 
the voltage across Cl, and C2 in series will reach the 
input pulse voltage Vi. 

From simple capacitor divider theory, if for 
example C2 is five times larger than Cl, then the 
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COM PON ENTS 

Resistors 
(All fixed values watt 10 %) 

R1 4.7k12 
R2 4.7k12 
R3 10k12 
R4 1.5kí2 
R5 10E2 
R6 10k12 
R7 8.2k12 
R8 47052 
R9 4.7kí2 
R10 68012* 
R11 2.2k12 
R12 27012 
VR1 25012 skeleton preset 
VR2 50012 skeleton preset* 
VR3 50011 skeleton preset* 
VR4 50012 skeleton preset* 

*May require adjustment to suit meter resistance. 

Capacitors 
Cl lµF miniature foil 
C2 4.7µF electrolytic, 10V. wkg. 
C3 100pF ceramic 
C4 10pF ceramic 
C5 4.7µF electrolytic, 10V. wkg. 
C6 0.0221.1F plastic foil 
C7 2,200pF plastic foil 
C8 220pF silver -mica 
C9 0.1µF plastic foil 
C10 4.7µF electrolytic, 10V. wkg. 

Semiconductors 
TR1 BC108 
TR2 ACY17 
Dl D5 1N914 
ZD1 zener diode, 12V 5' 250mW 

Integrated Circuit 
ICI SN72709 or equivalent, 14 pin dual -in- 

line (see text) 

Meter 
M1 moving -coil meter, 0 -100µA 

Switches 
SI s.p.s.t., toggle 
S2 2 -pole 4 -way, rotary 

Power Supply 
Either 
Ti Mains transformer, sec. 9V 50mA 

(see text) 
D6, D7 Rectifiers type DD000 
C11, C12 22µF electrolytic, 25V. wkg. 
Or 
Batteries to provide 18V 

Miscellaneous 
Diecast box or similar (dimensions dependent 

on power supply and meter used) 
Four terminals (two input, two output) 
Veroboard (See Fig. 7 in Part 2) 
Pointer knob 
14 pin dual -in -line holder for integrated 

circuit 

o - G o--11 
Dp IC2 

T 

Fig. 3. A simple diode pump 

voltage across C2 is '/5 of Vi, and that across Cl is 
5/6 of Vi. 

As soon as the input falls to zero, D2 conducts 
and discharges Cl; D1 is now reverse biased, for 
its cathode is held at '/6 of Vi due to the charge on 
C2, so the charge on C2 is maintained. 

The next input pulse is similarly divided between 
Cl and C2, but due to the existence of the voltage 
of '/s Vi already across C2 the division ratio is no 
longer the same as before, so that the voltage at the 
output rises by a rather smaller amount than with the 
NOVEMBER 1971 

first input pulse. 
The effect is to give a staircase waveform across 

C2 as in Fig. 4, with each step in the staircase be- 
ing smaller than the one preceding. 

However, what is required is a voltage that rises 
in equal steps for each input pulse. This could be 
achieved by making the ratio C2 /C1 much larger 
than the value of five considered above, and a value 
of C2 /C1 of, say, 100, would indeed give a voltage 
rise that approaches linearity. A drawback of this 
scheme is that with C2 100 times larger than Cl a 
very low level output is obtained, although it is much 
more linear. 

TRANSISTOR DIODE PUMP 

Luckily, there is a way of using a C2 /C1 ratio of 
low value, so giving a higher level of output, and at 
the same time ensuring that a linear staircase is 
available, and this makes use of the transistor diode 
pump shown in Fig. 5. 

The diode D2 is replaced by an n.p.n. transistor 
with its collector taken to a high positive potential. 
This ensures that when the input goes to zero poten- 
tial it returns the right hand side of Cl to the output 
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vo'tagc 

Time 

Fig. 4. Ideal and actual waveforms provided 
by the pump 

voltage. so that each input pulse is added on top of 
the output. 

With the output staircase now intrinsically linear. 
it is possible to use capacitors with lower C2 /CI 
ratio, so resulting in the required higher voltage at 
the output. 

In practice, the transistor collector should be re- 
turned to a positive voltage higher than the peak 
value of Vi and in the frequency meter, the un- 
stabilised supply is used. As the circuit operates with 
a considerable degree of negative feedback, it is 
not a disadvantage if this unstabilised supply varies. 
' One other point that should be mentioned here is 
that, so far, forward voltage drop in each diode 
(including the transistor base -emitter diode) is ig- 
nored. This is valid in the case of the transistor diode 
pump due to its inherent linearity, although the 
diode used should be of low leakage. 

So far, we have only a staircase waveform across 
C2, so that after a number of pulses the output 
voltage will reach a value equal to the supply rail 
and then no further change can take place. Such a 
state of affairs is of no use in a frequency meter and 
and it is at this point that resistor R in Fig. 5 comes 
into the picture. 

It partially discharges C2 between each input 
pulse. so that the average voltage across C2 is pro- 
portional to input frequency; for clearly the lower 
the frequency the longer the period of time between 
each pulse during which R can discharge C2. 

The indication of frequency could be made on 
a high impedance voltmeter in parallel with R, but 
the easiest way is to put a suitable current meter in 
series with R, where, of course, the current is pro- 
portional to frequency. 

In fact, to allow the reading to be set up using a 
known input frequency, component values have 
been chosen to give somewhat greater current in R 
than that required by the 100µ.A meter used; the 
meter is shunted by a fixed and a pre -set variable 
resistor, so permitting calibration, either overall or 
separately on each range, to be provided. Further 
details concerning calibration are given later. 

POWER SUPPLY 

In connection with the d.c. arrangements for the 
SN72709 it was mentioned that there was a require- 
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ment for the +12 volt supply to be stabilised, and 
this is done by means of a constant current stabiliser. 
In Fig. 2 the transistor TR2, by virtue of its constant 
base potential and fixed emitter resistor, passes a 
constant current to the zener diode and load in 
parallel. Since the load current is almost unchanged 
during operation - it does change with meter deflec- 
tion slightly - this means an almost constant current 
in the zener diode, so contributing to voltage stability. 

Other, more conventional, series stabilisers were 
tried but where, as here, input voltage varies due 
to either mains variations or battery exhaustion, and 
where there is (almost) constant load current, the 
constant current circuit has the advantage in terms 
of output voltage stability. Further, due to the high 
impedance of the constant current transistor and the 
low impedance of the zener diode, good rejection 
of power supply ripple is achieved. This is important 
if a poorly smoothed mains supply is used. 

+ supply 

Fig. 5. An improved waveform is given by the 
transistor diode pump shown here 

An output voltage of about 12 volts is required - 
the actual value is not so important as its stability - 
so two 5.6 volt zener diodes could be used in series 
to give best temperature stability. (It is with zener 
diodes of around 6 volts that the smallest voltage 
change occurs as the temperature changes.) Should 
the best accuracy not be required, then a single 12 
volt zener can be used instead. 

The input to the regulator can be either from two 
9 volt batteries in series or from the mains via a 
midget transformer and voltage doubler, as shown 
in Fig. 6. (Should difficulty be experienced in obtain- 
ing a 9 volt 50mA transformer, a suitable alternative 
is the MT9, offering 9 -0 -9 volts at 80mA, available 

i 

240V 
AL. 

Fig. 6. Circuit of a suitable mains supply 
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A view inside the author's 
frequency meter with the lid, 
on which the Veroboard hold- 
ing the components is mount- 

ed, removed 

,,.,.- .., 

from Amatronix Ltd., 396 Selsdon Road. South 
Croydon, Surrey. The full secondary of this trans- 
former can be coupled to a single diode half -wave 
rectifier and a 22µF reservoir capacitor.) If battery 
operation is decided upon, then two small batteries 
could be built into the unit, occupying about the 
same space as the transformer etc.; alternatively. 
two larger 9 volt batteries used externally would give 
greater economy. 

The decision as to which form of power supply 
to use will depend on a number of factors. Very 
frequent use of the frequency meter would point to a 
mains supply, while batteries connected externally 
reduce the cost to a minimum by enabling the smal- 
lest size of housing to be employed. 

Total current drain, at full scale deflection on the 
meter, is 14mA. 

PRACTICAL DETAILS 

That concludes the description of the basic prin- 
ciples of the frequency meter; now for some practical 
details. 

The SN72709 op. amp. in the required dual -in -line 
package is available from a number of advertisers in 
The Radio Constructor, as is the 14 pin holder. 
Alternative type numbers for the same basic ampli- 
fier are BP709, MIC709 and µA709, but care must be 
taken to purchase the dual -in -line configuration if 
the layout given is to be followed. The circuit will 
function as well with type 709 amplifiers in T05 en- 
capsulation, but since the pin layout is different, an 
alternative layout will need to be evolved. 

In order to stabilise the operation of the SN72709 
it is necessary to include R4, C3 and C4; these en- 
sure that no high frequency instability occurs. The 
input resistance is determined by R1; a higher value 
of input resistance, say 101x2, can be achieved by 
increasing R1 to this value, in which case R3 should 
NOVEMBER 1971 

also he increased, to 15kí2, to keep the resistance 
seen by the two inputs of the SN72709 to the same 
value. 

Two silicon diodes are connected back to back 
across the two inputs of the SN72709, they ensure 
that, should a large signal be applied to the input, it 
will be limited to about 1 volt peak -to -peak ampli- 
tude. The frequency of the signal will not, of course, 
be changed. 

This precaution is necessary since a very large 
signal (greater than 5 volts peak -to -peak) applied to 
the inputs of the SN72709 could cause damage to it. 

In order to provide the three ranges mentioned. 
switch S2(a) selects series capacitors in the pump 
circuit. Normally, care would have to be taken that 
the ratios of these capacitors were such as to pre- 
serve the calibration on all three ranges. That is. 
C6 should be ten times C7 and C7 ten times C8. 
However it was thought that the selection of such 
capacitors might be difficult for the home constructor, 
so an alternative scheme is used. A second pole on 
the range switch brings in a meter shunt resistor, 
which is adjusted, on calibration, to give the re- 
quired meter deflection on each range. In this way, 
only nominal valve capacitors are required. 

A single meter shunt could be employed but then 
the accuracy obtained by using non -selected capaci- 
tors will have to be accepted - this may suit those 
constructors who do not require a highly accurate 
measurement of frequency. 

The values shown for the meter shunts, consisting 
of a fixed resistor and a small carbon pre -set variable 
resistor in series, were chosen to suit the meter used in 
the prototype. This meter was quoted as having a 
resistance of 1,05052. Should a meter of some other 
resistance be employed, then the values of the resis- 
tances in the shunts will require modification accord- 
ingly. 

(To be concluded) 
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COIL PACK COMMUNICATIONS RECEIVER 

PART 2 

by 

F. G. RAYER, Assoc.I.E.R.E., G3OGR 

In this concluding article, our contributor discusses calibration, O. align- 

ment and coil -pack setting -up 

I.F. ALIGNMENT 
ACORRECTLY SHAPED TRIMMING TOOL.. WHMCH 

should not be metal, is advised, to avoid any 
danger of breaking the i.f. transformer cores. 

Each i.f. transformer has two cores one reached from 
the top and one from the bottom. The i.f. trans- 
formers are supplied pre- aligned, so the cores should 
be left as they are until the receiver is working. They 
may then be given the small adjustment required to 
take up the stray capacitances presented by the re- 
ceiver circuits and wiring. 

Use a short piece of wire as an indoor aerial, then 
obtain a meter reading of about S4 to S7 with a 
local B.B.C. station correctly tuned in on the medium 
wave band. Carefully rotate each i.f. transformer 
core for the best meter reading. Each core has a 
definite peak or tuning point. Once the cores are 
peaked up, they need no further adjustment. 

B.F.O. COIL 

A value of 140pF is specified by the manufacturer 
of the b.f.o. coil for its fixed tuning capacitor (C25 
in the present receiver) but it was found that a 150pF 
1% capacitor was suitable. Set VC3 half closed, its 
knob being fitted such that this corresponds to its 
pointer being vertical. Again, correctly tune in a 
B.B.C. transmission on the medium wave band. Turn 
switch Si to the `S.S.B. -C.W.' position. Rotate the 
core of the b.f.o. coil until a whistle is heard. This 
falls in pitch as the correct position is reached, then 
starts again and rises in pitch as this point is passed. 
Adjust the core to the central or zero -beat position. 
Rotating VC3 either way from its central position 
will now produce an audio tone, which rises in pitch 
as the control is turned. 

The `S.S.B. -C.W.' position is used only for the 
reception of single -sideband and c.w. (Morse) trans- 
missions. Working can be checked by finding an 
s.s.b. transmission on 80 metres. Tune this for the 
best meter reading, which will fluctuate with speech. 
With the switch in the `S.S.B. -C.W.' position, adjust 
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VC3 slightly, as necessary, to produce intelligible 
speech. 

The same method is used to receive c.w. signals, 
except that in this case VC3 is adjusted, one way or 
the other, to produce an audible tone. 

AERIAL AND OSCILLATOR TUNING 

Coverage is approximately as follows:- 

Long Wave: 

Medium Wave: 

S.W.1: 

S.W.2: 

800 -2,000 metres. 
375- 150kHz. 
194 -550 metres. 
1546- 545kHz. 
50 -160 metres. 
6- 1.85MHz. 
16 -50 metres. 
18.75 -6MHz. 

The SW1 range is readily adjusted to give coverage 
to 1.8MHz, for Top Band. 

Trimmers can be adjusted with a small screwdriver. 
Fig. 2, published last month, gives their locations. 
The cores can be reached with a suitable tool, or 
plastic knitting needle filed to a screwdriver shape. 
The trimming or alignment of one range is completely 
separate from that of the other ranges, so deal with 
one range at a time. 

Coverage should be approximately correct. How- 
ever, the frequency reached with VCI and 2 fully 
closed can be altered by rotating the oscillator coil 
core of the band in question. The coil -pack data 
supplied with the pack shows the cores, though 
they can easily be identified. If necessary, the fre- 
quency reached with VCl and 2 fully open can be 
modified by adjusting the appropriate oscillator 
trimmer, Fig. 2. 

Band coverage can be checked with a signal 
generator, if wished, or by tuning in known trans- 
missions. 

When band coverage is suitable, adjust the aerial 
cores and trimmers for best reception. Again, deal 
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with each band separately, adjusting the core at a 
low frequency, and the trimmer at a high frequency. 
As an example, switch to the medium wave range. 
Tune in a signal with VC1 and 2 nearly open, and 
adjust the medium wave aerial trimmer for best 
tuning meter reading. Then tune in a signal with 
VC1 and 2 nearly fully closed, and adjust the aerial 
coil core for best meter reading. Repeat the adjust- 
ments until there is no further improvement. 

With the higher frequency short wave range it is 
possible in some cases to tune the aerial circuit to 
the second channel. That is, to a signal two times 
465kHz too high in frequency. This will be avoided 
if the SW2 aerial trimmer is adjusted to the lower 
frequency position of its two settings which peak 
up signals. That is, the position where it is more 
nearly screwed down. 

CALIBRATION 

The dial has a vernier 0 -100 scale which rotates 
five times for one traverse of the pointer, which 
moves against a hundreds scale, thus giving a total 
of 500 divisions. If no other means of calibration 
are available, a graph of known transmissions could 
be drawn for each band. The readings for round 
figures may then be taken from the graph and 
marked on the tuning scale. 

The simplest method of calibration is to use an 
accurate signal generator, or a harmonic crystal 
marker. The latter will give harmonic pips at 100kHz 
and 1MHz or other intervals, which are tuned in 
one by one, and marked on the scales. 

A piece of thin Perspex, Bin. by l in., was drilled 
to fit over the lower control bushes, and this covers 
a thin card marked with control functions. 

CABINET 

The cabinet requires some ventilation holes at the 
back, and these can be made with a valveholder 
chassis- cutter. Cut -outs are also needed for the aerial, 

TABLE 
Logging Scale Readings 

The Table lists logging scale readings obtained 
with the prototype receiver. 

SW2 SW1 MW 
Freq.. Scale Freq. Scale Freq. Scale 

6MHz 492 1.8MHz 488 550kHz 482 
7MHz 397 2.0MHz 419 600kHz 408 
8MHz 332 2.5MHz 308 700kHz 321 
9MHz 278 3.0MHz 232 800kHz 260 

10MHz 233 3.5MHz 176 900kHz 211 
11 MHz 194 4.0MHz 128 1,000kHz 168 
12MHz 164 5.0MHz 65 1,100kHz 131 
I3MHz 134 6.0MHz 14 1,200kHz 100 
14MHz 109 1,300kHz 72 
15MHz 85 1,400kHz 53 
16MHz 65 1,500kHz 32 
17MHz 48 
18MHz 31 LW 

Freq. Scale 
150kHz 475 
200kHz 290 
250kHz 183 
300kHz 110 
350kHz 53 

NOVEMBER 1971 

This rear view of the receiver illustrates its 
neat and compact layout 

earth and speaker sockets. It was felt most conveni- 
ent to remove a piece about loin. by 2in. from the 
back, this being done by punching valveholder holes 
to give rounded corners to the aperture, and then 
cutting between these with a metal saw. Afterwards a 
file was used to smooth and level the edges. 

For adequate ventilation, six or eight similar holes 
are punched in the bottom of the cabinet, which is 
then raised on four plastic feet. 

SPEAKER 

A reasonably large 2 to 3S2 unit is required, and it 
should be fitted in a cabinet, or attached to a baffle 
board. 

AERIAL AND EARTH 

Many transmissions will be received well with no 
earth and quite a short indoor aerial wire. Such an 
aerial can also give good signal strength from many 
short wave broadcast stations. 

A more efficient aerial will, however, bring about 
a very substantial improvement, particularly with 
weak signals. Remote Amateur and other signals 
which can be received with a properly designed 
outdoor aerial may completely disappear with a 
short random wire, or an indoor aerial. 

For medium wave reception and for broadcast 
stations around the 4 to 18MHz range, a large aerial 
is by no means likely to prove best. When such an 
aerial is used, loading on the receiver input circuit 
can be reduced by placing a small pre -set or variable 
capacitor of around 100pF maximum in series with 
the aerial lead, at the receiver. This capacitor is then 
adjusted for best results. 

Finally, a set of logging scale readings, as obtained 
with the prototype, is given in the accompanying 
Table. Exact agreement with these readings should 
not be expected, but they should nevertheless prove 
of help in calibration. 
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BENCH CURRENT 

MONITOR 

by 

D. L. SIMPSON 

This monitor gives a visual indication when any power, from 5 to 750 watts, 
is drawn from a mains supply. Of particular interest is the technique 
employed for stepping down the mains current to a level suitable for 

application to small transistors 

MOST HOME CONSTRUCTORS INSTALL A COMMON 
mains supply for all the equipment which is 

employed on a bench for experiments or 
servicing. If a large quantity of mains -driven equip- 
ment is used it is quite possible for one or more 
items to be left accidentally switched on after a 
session of work has been completed. 

The device described in this article gives a visual 
indication whenever current is drawn from the mains, 
and therefore provides a reminder that equipment 
has been left switched on. Indication is by means of 
two small pilot lamps. For power consumption from 
5 to around 20 watts, one of the bulbs is illuminated 
whilst at higher powers both bulbs are illuminated. 
The circuit is intended for mains loads up to 
750 watts maximum. 

A previous device incorporating a similar method 
of operation appeared in the 'Suggested Circuit' 
published in the September 1970 issue of this jour- 
nal.* The present device is a development from that 
'Suggested Circuit'. 

OPERATION 
The circuit of the bench current monitor appears 

in Fig. 1. Here, a 6.3 volt winding on mains trans- 
former T1 is inserted in series with the live mains 
input lead to the supplied equipment on the bench, 
with the result that when any item of mains- driven 
equipment is switched on current flows in this trans- 
former winding. 

A 240 volt winding on the same transformer 
couples to diode D1 and to the base -emitter junc- 
tions of TR1 and TR2 in series. On half -cycles when 
the right -hand end of the 240 volt winding is positive 
diode D1 conducts, whilst when the right -hand end 
of the winding is negative the base -emitter junctions 
of TRI and TR2 in series conduct. Thus, no voltage 
in excess of about 0.5 volt can appear across the 

*G. A. French, Suggested Circuit No. 238, 'Switch -Off Reminder', 
The Radio Constructor, September 1970. 
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240 volt winding. Because of this, a considerably 
lower voltage appears across the 6.3 volt winding and 
there is negligible loss of mains voltage due to its 
insertion in the circuit. 

Working from its 6.3 volt to its 240 volt winding. 
the transformer produces a step -up in voltage. At the 
the same time it produces a step -down in current. It 
is the step -down in current which enables relatively 
small transistors, such as the ACY19's specified, to 
be employed in the circuit. The current step -down 
ratio is the opposite of the voltage step -up ratio and 
in the present instance is 240:6.3, or approximately 
40:1. If the maximum recommended r.m.s. current 
of 3 amps (corresponding to 750 watts) flows in the 
6.3 volt winding, the r.m.s. current in the 240 volt 
winding becomes 3/40 amps, i.e. 75mA. The peak 
value flowing in the base -emitter junctions of TR1 
and TR2 from the 240 volt winding is thus 75 times 
1.4, or 105mA, which is comfortably within the 
maximum base current rating for the ACY19. 

When the mains current in the 6.3 volt winding of 
Ti is low, a proportionately low current flows from 
the 240 volt winding in the base- emitter junctions of 
TR1 and TR2. TR1 functions as an emitter follower. 
causing an amplified current to flow in the base - 
emitter junction of TR2. TR2 then conducts and 
pilot lamp PL2 becomes illuminated. As the mains 
current increases so also does that in the base -emitter 
junction of TRI, with the result that its collector 
current increases and PLI commences to become 
illuminated in addition to PL2. At higher mains 
currents again, both transistors become bottomed 
on the half -cycles when they conduct and both lamps 
are fully lit. 

Power for the lamps is obtained, via rectifier D2, 
from the 8 volt winding on transformer T2, this be- 
in; phased such that negative half- cycles are passed 
to D2 when negative half -cycles are present at TR1 
base. Rectifier D2 is necessary for correct circuit 
operation. If it were omitted, both bulbs would 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


N 

Mains 
input 

To supplied 
equipment 

PLI.PL2 - 6V,0 06A 

c 

ACY 19 

Lead -outs 

Fig. 1. The circuit of the bench current monitor. The design approach offers a considerable 
economy in components 

become continuously illuminated on the opposite 
half- cycles due to the conducting path offered by 
the collector -base junctions of the transistors and 
by D1. 

COMPONENTS 
Many constructors may already have some of the 

components on hand. Transformer T1 is any mains 
transformer having a 6.3 volt winding rated at 3 

amps or more and a 240 volt primary. The latter 
is the 240 volt winding shown in Fig. 1. Any other 
windings on the transformer are simply ignored. 
Transformer T2 in the author's version was a small 
bell transformer purchased at a Woolworth's store. 
The primary is rated 200 -250 volts at 40 to 60Hz, 
and the secondary is nominally 8 volts with a tapping 
at 5 volts. It will be seen that the primary is connect- 
ed permanently across the mains supply, as would 
occur when the transformer is employed for its 
normal application. The current drawn by this 
primary will be negligibly low. Any other small 
transformer offering about 8 volts can, of course, 
be employed instead of the particular bell trans- 
former used by the author. 

DI and D2 are both silicon rectifiers. The author 
used BY100's, which happened to be available, but 
any small silicon rectifier with a forward current 
rating of 200mA or more should be satisfactory. In 
use, the peak inverse voltage applied to Dl is only 
about 0.4 volt. That applied to D2 is 11.2 volts. 

TR1 and TR2 are standard ACY19's. At mains 
currents approaching the maximum, TR2 tends to 
become a little warm since its base current includes 
that needed to illuminate PLI in addition to the 
current from the 240 volt winding of T1. In conse- 
quence, it is desirable to fit a heat sink to TR2, and 
this can be any small sink intended for a TO -5 can. 
A suitable heat sink is the type H2 available from 
NOVEMBER 1971 

Henry's Radio. It should be remembered that the 
can of an ACY19 is connected internally to its base. 

The two pilot lamps are m.e.s. 6 volt 0.06 amp 
types, and are available from Home Radio under 
Cat. No. PL7. On no account should 6 volt bulbs 
rated at currents higher than 0.06 amp be employed. 

CONSTRUCTION 

There need be few difficulties in construction as 
layout is not critical. It will probably be found most 
convenient to mount all the components with the 
exception of PLI and PL2 at some point at the side 
or back of the bench, taking care to allow access of 
air to the two transistors for cooling purposes. PLI 
and PL2 can then be mounted at a conspicuous point 
on the front of the bench. 

Great care must be taken to ensure that Dl is 
connected into circuit with correct polarity. If it is 
connected incorrectly both transistors will be dam- 
aged as soon as a mains current flows in the 6.3 volt 
winding of TI. Since it is easy to make mistakes here, 
it is advisable to wire in the diode and the base and 
emitter connections of TR1 and TR2 first, as illus- 
trated in Fig. 2. A voltmeter in series with a 6 volt 
battery is then connected to the circuit incorporating 
Dl, TRI and TR2 as shown, whereupon it should 
give a reading slightly less than 6 volts. The test 
leads are then changed over and re- applied, where- 
upon a reading of slightly less than 6 volts should 
again be given. The purpose of the Ikct resistor 
across the voltmeter is to prevent the latter giving 
misleading readings due to leakage current in the 
diode or transistors if either are connected wrong 
way round. When this test has proved satisfactory. 
the diode and transistors can be connected up to the 
240 volt winding of Tl and the remainder of the 
wiring carried out. 
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The correct method of connecting T2 has to be 
found experimentally. If the lamps do not light up 
when current is drawn from the supply, reverse the 
connections to T2 primary. 

Results with the prototype were satisfactory. Pilot 
lamp PL2 commenced to glow when a 20k12 resistor 
(representing a power load of 3 watts) was connected 

Fig. 2. A voltmeter test, described in the 
text, ensures that there are no errors in the 

wiring of D1, TR1 and TR2 

across the supply leads. The circuit was, also, 
temporarily overloaded by coupling a 1kW fire 
element to it. This overload was comfortably with- 
stood without any failures or overheating in the 
transistors or other components. With the 1kW fire 
element, the voltage dropped across the 6.3 volt 
winding of T1 was 0.4 volt r.m.s. only. 

CURRENT SCHEDULES 
Time.s = GMT Frequencies = kHz 

* JAPAN 
The morning transmission to Europe, from Tokyo, 

is now on 17825 (100kW) with the 21570 (200kW) 
transmitter in parallel. The 21535 channel is dis- 
continued. The address for reports is - Nippon Hoso 
Kyokai, No. 2, 2- chome, Uchisaiwa -cho, Chiyoda -ku, 
Tokyo. 

* SEYCHELLES 
Transmissions to the Middle East are now on 

11935 from 1700 to 1900. To India and Pakistan on 
11920 from 0100 to 0130 in Sinhala and from 0130 
to 0300 in English. The 15270 channel is used from 
1230 to 1645 with various language programmes, 
English being from 1500 to 1545. 

* SOLOMON ISLANDS 
The schedule of the Solomon Islands Broadcasting 

Service is now from 0655 to 1140 and from 1855 to 
0030 on VQO4 3995 (5kW) and on VQO7 7235 
(5kW). 

* SOUTH AFRICA 
A new transmission in English, beamed to Europe 

by RSA, may be heard from 2215 to 2315 on 5980 
(100 /250kW - 50.17 metres) and on 9575 (100/250 
kW - 31.33m). To N. America in English from 2215 
to 2315 on 9695 (250kW - 30.94m) and on 11970 
(100 /250kW - 25.06m). In German to Europe from 
1800 to 1850 on 15175 (250kW - 19.77m) and on 
17825 (250kW - 16.83m). 

* SWEDEN 
Programmes are beamed to South Asia from 1400 

to 1530 on 15240 (100kW - 19.69m); to the Middle 
East from 1600 to 1700 on 11930 (100kW - 25.15m); 
to Australia and New Zealand from 0515 to 0615 
on 9590 (100kW - 31.28m) and to East and North 
USA from 0000 to 0230 on 11825 (100kW - 25.37m). 

* CANADA 
The English daily schedule of Radio Canada is 

now as follows - To Africa from 0715 to 0745 on 
15390 (19.49m) and on 17820 (16.84m); to Europe 
from 0715 to 0745 on 5990 (50.08m) and 9625 
(31.17m); to the South Pacific from 0830 to 0930 on 
5970 (50.25m) and 9625; to Europe, Caribbean Area 
and USA from 1217 to 1313 on 9625, 11720 (25.60m), 
15315 (19.59m) and on 15325 (19.58m). To Europe 
(News) from 1515 to 1522 on 15320 (19.58m), 17820 
(16.84m) and on 21595 (13.89m). To Africa from 
1831 to 1914 on 15325, 17820 and 21595; to Europe 
from 2115 to 2152 (on Saturdays and Sundays from 
2100 to 2152) on 11720, 15325 and on 17820; to 
Caribbean Area, USA and Latin America from 
2300 to 2330 on 9625, 11945 (25.12m) and on 15190. 

* TRUCIAL STATES 
Schedule of the Abu Dhabi Broadcasting Service 

is as follows - from 0230 to 0445 and from 1230 to 
2000 on 4988. From 0445 to 1230 on 6124 (English 
programme from 0930 to 1100 except Friday). 
Present transmitter has output power of 10kW but 
this will shortly be increased to 500kW. (BADX). 

Acknowledgements: Our Listening Post, SCDX. 

INDONESIA 

Radio Angkatan Udara (Air Force Radio) 
was logged by several Dx'ers last 'season' 
on the out of band' channel of 11321. 
BADX report, that the station can also be 
heard on a measured 'frequency of 3408. 
Those living nearer Indonesia can also hear 
the station on 2475, a parallel channel to 
the former mentioned two frequencies. 
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HERE AND THERE 
NEW GUINEA 

BADX also provides the information that 
Radio Morobe, a new station, has been 
logged on 3220 from 0845 to 0900 sign -off. 
Programme consisted of western -type music, 
identification in English and Pidgin. Another 
new one reported is Radio Madang, now on 
a regular schedule from around 0800 to 
sign -off at 1100 with identification and 

National Anthem. A further new one is 
Port Moresby on 3290, noted from around 
0800 to past 1100, with taped announce- 
ment advising it is on the air for propaga- 
tion tests with 2kW. 
PERU 

OAX8X Radio Amazonas. Iquitos, trans- 
mits from 1100 to 0500 on 4815 (1kW). 
BADX report logging this station at 0451 
with identification in Spanish. 
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NEW PRODUCTS 

POLYSTYRENE CAPACITORS 

A range of polystyrene capacitors (Type CSP) has 
been introduced by Seatronics (UK) Ltd. The capa- 
citors, which are produced in Seatronic's Singapore 
factory, are of extended foil construction with welded 
terminations to the aluminium foil resulting in low 
self- inductance and low high- frequency losses. 

With a low temperature coefficient, the capacitors 
are suitable for computing circuits, coupling, filters, 
tuned circuits, etc. Voltage ratings are 160V and 
630V; capacitance range 4.7pF to 100,000pF; capa- 
citance tolerance ±10 %, ±5 %, ±2 %; operating tem- 
perature range -40 °C to +85 °C; and tan delta = 
0.001 max. 

For comprehensive data and prices please contact 
Seatronics (UK) Ltd., 22 -25 Finsbury Square, Lon- 
don EC2A I DT. 

LOW COST POWER SUPPLY UNITS 

NOVEMBER 1971 

Circuit Integration Ltd., of Runcorn, Cheshire, 
have announced the introduction of a new range of 
Power Supply Units, known as the CU600 series. The 
outstanding feature of these units is the prices, which 
are extremely low for units of this specification. 

It is believed that the CU600 series will fill a long 
felt need for power supply units which combine 
simplicity of operation, reliability and rugged con- 
struction with a low price. 

The initial range consists of six units which offer a 
range of currents and voltages particularly suitable 
for all Integrated Circuit and Transistor operations. 

The units are all fully stabilised, using Integrated 
Circuit techniques and silicon semiconductors 
throughout. Output ranges from 0 -60 volts, accord- 
ing to type, with output impedance less than 0.05 
ohm. All the units are provided with short- circuit 
protection. 

The CU600 units are of rugged, compact case 
design. with provision for slide -in stacking, and may 
he used in series or in parallel. 

Prices start at £10.00 per unit, subject to quantity 
and educational discounts. 

Further details on specific units available from 
Circuit Integration Ltd., Canal Street, Runcorn, 
Cheshire. 
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AGUST OF CHILLY NOVEMBER 
air blew into the workshop 
as Smithy opened the door 

and let himself in. Hurriedly, he 
closed the door behind him, then 
switched on the lights. Their cheer- 
ful blaze intensified the gloominess 
of the murky early morning air 
lapping at the windows. Smithy 
rubbed his hands together briskly, 
then proceeded to divest himself of 
his overcoat. At that instant the door 
opened once more, to admit Dick 
in his usual state of post- breakfast 
dishevelment. He slammed the door 
behind him and took off his rain- 
coat. 

Smithy looked on with intense 
disfavour as Dick walked to his 
bench, produced a small mirror 
from a drawer, propped it up 
against his signal generator, then 
proceeded to comb his unruly hair. 

P.A. SYSTEM 

"Corblimey," snorted Smithy in 
disgust, "You'll he shaving in here 
next." 

"Why, that's a good idea," said 
Dick cheerfully. "I could easily plug 
my shaver in on the bench, and that 
would mean a few extra minutes 
in the old pit each morning." 

"And a few extra minutes," 
growled Smithy, "of working time 
wasted here as well. Why on earth 
can't you get up early in the 
mornings ?" 

"Because," replied Dick simply. 
"I go to bed so late on the previous 
nights." 

"I hope," pronounced Smithy 
sternly, "that you're not presuming 
to take the Michael." 
236 

This month Smithy's able assistant, Dick, returns to one of 
his old haunts. As so often occurs, however, this does not 
prevent him from obtaining his usual quota of information 
from the sagacious Serviceman. In the present episode the 

pair discuss microphones 

"No, I'm serious, Smithy. Things 
have been pretty hectic on the social 
scene lately, and I've got myself 
rather heavily involved." 

"Involved ?" 
"I'm involved in looking after 

the electronics," explained Dick. 
"Down at Joe's Caff." 

Smithy's hand, poised to take his 
overall jacket from its hook, fal- 
tered in mid -air. 

"Joe's Caff? Why. I thought you'd 
given that place up ages ago." 

"Well," admitted Dick, "my crowd 
does tend to drift away from time 
to time but, somehow, we still find 
ourselves going back there again 
for the evenings." 

"If I remember correctly," said 
Smithy thoughtfully, "Joe's Caff is 
the place where he's always having 
it done up differently and keeps 
changing its name each time." 

"That's right," confirmed Dick. 
"At the moment he's making it all 
Continental with the accent on the 
French." 

"What on earth for ?" 
"Because," explained Dick. "of 

the Common Market. He reckons 
that when we enter the Common 
Market we've got to change our 
ways so that we're more Conti- 
nental in outlook. He's starting off 
by giving his place a real French 
atmosphere." 

Smithy absorbed this information 
in silence. 

"What I'm doing," carried on 
Dick enthusiastically, "is installing 
a microphone and loudspeaker 
system for a cabaret he's thinking 
of starting. He's got a beat -up old 
amplifier which I've fixed up for 
him, and I spent last night coupling 
up a mike to it." 

"What sort of mike ?" 
"One of those stick moving -coil 

jobs." 
"That should be all right, then." 

commented Smithy approvingly. 
"Moving -coil microphones are much 
the best for knock -about jobs like 
that. They normally give a good 
frequency response and they're 
robust enough to stand up to rough 
handling. Also, there's no particular 
restriction on the length of lead be- 
tween the microphone and the 
amplifier." 

"I had a lot of trouble last night." 
commented Dick, "with feedback 
howl. Is there any special way of 
overcoming it, by speaker position- 
ing or something like that ?" 

"Are you having the microphone 
on a stage at the end of the room ?" 

"Oh no," replied Dick. "Joe's 
Caff is quite a smallish place and 
there's no room for a stage. The 
chap who's performing just moves 
around the centre of the room carry- 
ing the mike in his hand on the 
end of a long flexible lead." 

"Then, in that case," said Smithy, 
"all you need do is to have the 
speakers ranged around the walls at 
about eight feet off the floor and 
simply keep the whole system just 
below feedback level." (Fig. I). 

Speakers 

Microphone 

Speakers Amplifier 

Fig. 1. For light entertainment 
sound reinforcement involving 
solo artistes in surroundings 
that are too small to merit a 
stage, it is in order to employ 
a hand -held moving -coil micro- 
phone which is fully in the 
field of the speakers. To be 
successful, the system must 
have a reasonably flat overall 
frequency response. The num- 
ber of speakers used need 
not necessarily be the four 

shown here 

"What d'you mean, just below 
feedback level ?" 

"Dear, oh dear," grumbled 
Smithy. "With you I always have to 
go back to first principles. Now, the 
feedback you get with a microphone 
and amplifier normally consists of a 
howl, and it's caused by the micro- 
phone picking up the sound from 
the loudspeaker or loudspeakers. 
The whole chain, microphone, am- 
plifier and loudspeaker or loud- 
speakers, then forms an oscillator 
which oscillates at the frequency at 
which the amplification is greatest. 

THE RADIO CONSTRUCTOR 
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In the system I've just described, 
where you have the speakers round 
the walls, you deliberately allow the 
microphone to pick up sound from 
the speakers but you keep the am- 
plifier gain at a level which is just 
too low to allow the system to 
oscillate." 

"But," protested Dick, "doesn't 
that mean that the microphone will 
be insensitive and you won't be able 
to use the full power of the am- 
plifier?" 

"Of course it doesn't. The per- 
former holds the microphone fairly 
close to his mouth so that the sound 
intensity it receives from him is 
much greater than the sound in- 
tensity it picks up from the 
speakers. And the amplifier output 
stage is still going to deliver its 
rated number of watts if enough 
signal is fed to it, regardless of the 
position of the amplifier volume 
control." 

"Oh, I see what you mean," said 
Dick. "I can still visualise some 
snags, though. Quite a few other 
people will be playing around with 
the amplifier controls when I'm 
away and they're quite liable to take 
the volume up beyond feedback 
level and then think there's a fault 
in the amplifier." 

"There's an old dodge to cover 
situations like that," said Smithy. 
"What you do is to craftily secrete 
a little preset potentiometer into the 
amplifier chassis. This has the same 
value as the volume control and 
immediately follows it." (Figs. 2(a) 
and (b)). 

"What's it for ?" 

Input 

Volume 
control 

1 

Input 

1 

To following 
stage 

(a) 

To following 
stage 

Added 
potentiometer 

(b) 

Fig. 2. To guard against feed- 
back howl when the system of 
Fig. 1. is used by lay persons 
a preset potentiometer may 
be added after the amplifier 
volume control. The volume 
control circuit before and after 
the addition of the preset 
potentiometer is shown in (a) 

and (b) respectively 
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"It's for limiting the gain of the 
amplifier," replied Smithy. "The 
best way to adjust' it is to choose 
a time when the place in which the 
amplifier is to be used is nearly 
empty of people. You put the mike 
on a table in the centre of the 
room, turn up the main volume con- 
trol to maximum then adjust the 
preset control so that the whole 
system is just below the feedback 
oscillation point. You then pick up 
the microphone, walk around over 
the area in which it is to be used. 
hold it in all the positions it's 
likely to take up, and make sure 
that the feedback doesn't reappear 
at any point. If it does, then you 
back off the preset potentiometer 
a wee bit more, as required. After 
that, everything is set. Non -tech- 
nical people will use the normal 
volume control, and they cannot, 
even when this is set to maximum, 
cause feedback to occur. After a 
while you'll probably find that they 
just leave the volume control at 
maximum all the time and the only 
other amplifier control they'll touch 
will be its on -off switch." 

CRYSTAL MICROPHONE 

"Why," asked Dick, "do you 
do the adjustment when the place 
is nearly empty of people ?" 

"There are two reasons," replied 
Smithy. "First of all it's obviously 
going to be much easier walking 
around with the mike when there's 
nobody to get in the way. Also, 
people can be a positive menace 
when there's a mike around. They 
always want to blow into the darned 
thing or make silly comments into 
it. Secondly, the worst conditions 
for promoting feedback are given 
when the place is nearly empty, and 
you can then be sure that you've 
got a really reliable setting on the 
added preset volume control. When 
the place is full of people they will 
absorb some of the sound from the 
speakers and will help to kill reflec- 
tions from the walls, and so the risk 
of going into feedback will then be 
even less." 

"You said just now," commented 
Dick, as he suddenly thought of an 
earlier point, "that the people using 
the amplifier will probably, after a 
period, just leave its volume con- 
trol at maximum all the time. Won't 
they want to vary the volume to 
suit a particular act ?" 

"Not very often," said Smithy. 
"As the system uses a hand -held 
mike, this will mainly be used by 
comedians and singers. A performer 
will be able to hear the sound of 
his own voice from the speakers 
and so, if he is anything approach- 
ing professional, he'll automatically 
hold the microphone at the correct 
distance for best sound output from 
those speakers. But there's one im- 
portant point I haven't mentioned 
yet." 
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"What's that ?" 
"There mustn't be any pronounced 

peak in the frequency response of 
either the microphone, the amplifier 
or the speaker or speakers. They 
must all have a reasonably smooth 
response. If there is a peak in the 
system at any frequency, feedback 
is likely to occur at that frequency, 
and you'll have to keep the ampli- 
fier gain for all frequencies limited 
to the low level dictated by the 
peaky frequency." 

"I think," said Dick, "we're all 
right so far as frequency response 
is concerned. It looks as though I've 
got a nice little job to do at Joe's 
tonight. I'll put in a preset pot in 
that amplifier of his and get the 
whole system finally set up." 

"I'd almost forgotten," said 
Smithy, "that this sound system is 
to be used in Joe's Caff, of all 
places. I must confess that my mind 
still boggles at the thought of it 
going all French. Has he got any 
plans about the menu ?" 

"What he's going to do, so far 
as food is concerned," replied Dick, 
"is to keep all his English dishes 
and add French ones. For instance, 
he's thinking of introducing snails 
and beans, snails and chips, and 
snails on toast." 

"Dear me," said Smithy. "I don't 
think I'd like any of those." 

"None of us are very keen, 
either," admitted Dick. "He's also 
started putting up some signs in 
French, and that hasn't gone down 
too well, either. For instance, he 
put up a sign in the 'Gents' which 
was supposed to read 'Hommes' but 
he left out an 'm'. Then someone 
changed the `e' to 'o'. There was 
nearly a riot that night." 

"Well, well," remarked Smithy. 
"Dear me." 

His hand once more went out to 
pick up his overall coat. 

"Why," asked Dick, "did you say 
that a moving -coil mike was the 
best type to use for a job like that 
down at Joe's Caff? Why couldn't 
I use, say, a crystal mike ?" 

Again, Smithy's hand was 
arrested. He considered Dick's 
question. 

"There's no compelling reason," 
he said eventually, "why you 
shouldn't employ a crystal micro- 
phone for p.a. work; but its use is 
liable to raise several difficulties. 
The first of these is that, to obtain 
a good bass response, a crystal 
microphone has to work into a load 
resistance of about 2 to 5M12. 
Secondly, the lead connecting a 
crystal microphone to the amplifier 
has to be restricted to some ten feet 
or so. On the other hand, an ad- 
vantage with the crystal microphone 
is that it gives a high output and 
has a reasonably good frequency 
response although, with the cheaper 
crystal microphones, this may not 
he as flat as is offered by a moving- 

coil microphone. However, it doesn't 
do to be too dogmatic about micro- 
phone responses since, with the large 
number of microphones available 
these days, responses can vary quite 
a bit from make to make or model 
to model." 

"Why does the crystal microphone 
have to work into such a high load 
resistance? And why is its lead 
length restricted ?" 

"To answer those questions fully," 
said Smithy, "it would be helpful 
first to take a look at the construc- 
tion of the crystal microphone it- 
self. In its more common form the 
crystal microphone comprises a 
diaphragm whose centre couples 
mechanically to a crystal bimorph 
which may be either a bender or a 
twister." 

"You're joking, of course." 
"Indeed, I'm not joking," retorted 

Smithy indignantly. "A bender or 
twister crystal bimorph is the basic 
voltage -producing element in any 
crystal microphone." 

"I do wish," complained Dick, 
"that you wouldn't spring terms 
like that on me when I'm not pre- 
pared for them. I've never ever 
heard of bimorphs, and that's before 
we even get to this bending and 
twisting bit!" 

"Take it easy," said Smithy 
soothingly. "You'll find out in a few 
minutes that this business of crystal 
bimorphs is quite simple. As you 
know, a thin slice cut from a crystal 
of piezo -electric material such as 
Rochelle salt changes in dimension 
when a voltage is applied across its 
two surfaces. This is, of course, the 
result of the piezo -electric effect it- 
self. The directions in which the 
dimensional changes occur depend 
upon the angle of cut in the original 
crystal from which the slices are 
taken. One angle of cut can give 
you a slice which, if it were in the 
shape of a square, gets longer from 
top to bottom and narrower from 
side to side when the voltage is ap- 
plied. If you take two slices of this 
nature, turn one of them through 
90 degrees and then cement them 
together with suitably applied elec- 
trodes, you get what is called a 
crystal bimorph. The electrodes, in- 
cidentally, can consist of metallising 
deposited on the slice surfaces. I 
might add also that the expression 
'morph' comes from a similar Greek 
word meaning 'form'." (Figs. 3(a) 
and (b)). 

"So far as I'm concerned," 
grumbled Dick, "it's all Greek to 
me. What does this bimorph thing 
do ?" 

"When it's clamped at one edge," 
explained Smithy, "it bends when the 
voltage is applied across it. One 
of the slices gets longer and the 
other, because it's been turned 
through 90 degrees, gets shorter. 
So the combination of the two 
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Direction of 
elongation 

Direction of 
elongation 

Crystal slices 

Direction 
of bend 

This slice 
lengthens 

(a) 

(c ) 

This slice 
shortens 

Clamp 

Slices cemented together 

(b) 

Direction of twist 

(d) 

Fig. 3 (a). Two square slices cut from a crystal of piezo -electric 
material. The arrows show the dimension which increases when 
a potential is applied. (b). The two slices cemented together to 
form a bimorph unit. (c). When a potential is applied across the 
bimorph its free edge bends. The direction of bend reverses 
when the polarity of the potential is reversed. (d). Alternative 
cuts from the parent crystal can result in a bimorph whose free 

edge twists 

bends. It bends in one direction for 
an applied voltage of one polarity 
and in the other direction for an 
applied voltage of the opposite 
polarity." (Fig. 3(c)). 

"Blimey," exclaimed Dick, "I can 
see it all now! Why, it's rather like 
those bimetal strips which bend 
when you heat them." 

"It is, "rather," agreed Smithy. 
"Now, I referred to square slices 
of crystal to make things easier to 
explain, but the two slices making 
up the bimorph could also be rect- 
angular, if desired. One of the slices 
would be cut from the parent crystal 
so that its length was 90 degrees 
removed from the length of the 
other slice. Now, since we are using 
piezo -electric material we can re- 
verse the effect. Thus, if we bend the 
bimorph physically, a corresponding 
NOVEMBER 1971 

voltage appears across the outside 
electrodes." 

"What about the twister bi- 
morph?" 

"The twister bimorph," said 
Smithy, "consists of two strips cut 
at a different angle from the parent 
crystal. If one edge is clamped 
securely, the opposite edge of the 
bimorph twists when the voltage is 
applied. Or, in the reverse sense, a 
voltage is produced across the elec- 
trodes if the unclamped end is 
physically twisted." (Fig. 3(d)). 

"I see," said Dick slowly. "In the 
crystal microphone, then, you have 
the centre of a diaphragm mech- 
anically coupled to a bimorph which 
can be of either the bender or the 
twister type." 

"That's right," confirmed Smithy. 
"Sound picked up by the diaphragm 
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causes it to move in sympathy and 
either bend or twist the bimorph 
according to whichever type the 
latter is. The bender type is used 
more frequently than the twister 
type. In practice, the diaphragm 
will have some form of cloth or 
perforated material in front of it 
to damp down mechanical reson- 
ances." (Fig. 4). 

Diaphragm Perforated cover 

Crystal bimorph 

Fig. 4. Sectional view showing 
the basic construction of a 
diaphragm crystal microphone. 
A layer of cloth (not shown) 
is usually fitted between the 
perforated cover and the dia- 
phragm to damp down reso- 

nances 

SOUND CELL MICROPHONE 

"Is that the only type of crystal 
microphone that's made ?" 

"There's an alternative and more 
expensive type," said Smithy, "and 
it's known as the 'sound cell' 
microphone. In this, the crystal bi- 
morphs themselves act as dia- 
phragms. A typical construction 
comprises two bender bimorphs 
fixed in a rectangular frame with a 
small air gap between them. The bi- 
morphs bend in and out according 
to the pressure of the outside air 
and this produces a voltage corres- 
ponding to any sound that falls on 
them. A sound cell microphone can 
have about half -a -dozen of these 
assemblies all connected in series - 
parallel and stacked one above the 
other. The sound reaches them 
from the side." (Fig. 5). 

Crystal bimorphs 

Frame 

Fig. 5. Sectional view showing 
two crystal bimorphs in a 

sound cell microphone 
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"Right," said Dick briskly. "Now, 
let's get back to those questions of 
mine. First of all, why does the 
crystal microphone have to couple 
into such a high value of load 
resistance ?" 

"Because of its self- capacitance," 
replied Smithy, "which is the capa- 
citance between the two outside 
electrodes on the bimorph surfaces. 
At a first approximation, the equiv- 
alent electrical circuit for a crystal 
microphone consists of a voltage 
generator in series with a capacitor 
whose value is equal to the self - 
capacitance of the microphone. 
Typically, this capacitance is be- 
tween 1,000 and 2,000pF. Let's say 
it's 1,000pF and that it's connected 
to a load resistance of half a meg- 
ohm. The load resistance is the in- 
put resistance of the amplifier to 
which the microphone is connected." 
(Fig. 6). 

1,000 pf. 
Microphone 
self - capacitance 

Voltage 
generator 

To 
O.5Mo amplifying 

stages 

Load resistance 

Fig. 6. The crystal microphone 
behaves as a voltage genera- 
tor in series with a capaci- 
tance equal to its own self - 
capacitance. Here, a crystal 
microphone is applied, incor- 
rectly, to a load resistance of 

0.5MS2 

Smithy walked over to his bench 
and returned with a small file of 
papers. 

"Now let's have a look through 
our collection of Radio Construc- 
tor's Data Sheets," he continued as 
he opened the file. "Ah, here's the 
one I want: 'Capacitive Reactance - 
Audio Frequencies'. This Data 
Sheet tells me that a 1,000pF capa- 
citor has a reactance of 3981(2 at 
400Hz, so we can assume, rough 
check, that it will have a reactance 
of half a megohm at about 300Hz. 
In consequence, if we use the micro- 
phone with a load resistance of 
half a megohm all frequencies be- 
low 300Hz will be seriously attenu- 
ated, the attenuation increasing at 
6dB per octave as frequency goes 
down." 

"Ah," said Dick, a glint of sud- 
den understanding gleaming in his 
eye. "This is beginning to make 
sense now." 

He looked over at Smithy's Data 
Sheet. 

"At 100Hz," he went on, "the 

reactance of 1,000pF is 1,590kí2, 
which is a little more than three 
times the value of the half -megohm 
load resistance. The result of using 
that load resistor is that at 100Hz 
about three times more signal volt- 
age appears across the self- capacit- 
ance of the microphone than ap- 
pears across the load resistance." 

"You've got the idea," said 
Smithy, "and you can now see why 
we've got to use a high value load 
resistor with a crystal microphone. 
If you use a low value resistor you 
lose bass response. A value of about 
2 to 5MS2 is usual, the higher the 
value the better. The reactance of 
the 1,000pF self- capacitance we used 
as an example is 5MS2 at about 
32Hz, so you would get negligible 
fall -off in bass response if you used 
a 5MS2 load resistor. Now, let's turn 
to your other question, which was 
concerned with the length of the 
microphone lead. This lead will, of 
course, be screened wire, and it has 
to be limited in length because of 
its self- capacitance. You have the 
situation where the capacitance in 
the microphone is in series with the 
capacitance in the lead, whereupon 
there is a loss in signal voltage from 
the microphone. If the lead is too 
long, its self- capacitance will be so 
high as to cause the loss to become 
serious." (Fig. 7). 

Voltage 
generator 

Self -capacitance 
of microphone 

To 
amplifier 

Self- capacitance of 
microphone lead 

Fig. 7. The self- capacitance of 
the microphone and the self - 
capacitance of the lead coup- 
ling it to the amplifier form a 

capacitive potentiometer 

"Wouldn't the capacitance in the 
lead also cause a reduction in high 
frequency response ?" 

"Theoretically, no," said Smithy. 
"What you've got is a capacitor 
potentiometer in which all frequen- 
cies are attenuated by an equal 
amount. In practice, you might get 
a little top -cut. Looking upon the 
microphone as a generator in series 
with a capacitor represents rather 
a simplified picture of things, and 
a long microphone lead could, per- 
haps, slightly alter the frequency 
characteristics also." 

"I can certainly see now," said 
Dick, "that a crystal microphone 
wouldn't be much good for that in- 
stallation at Joe's Caff. Apart from 
anything else, there'd be the diffi- 
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culty of restricted microphone 
lead length." 

Smithy's interest was aroused yet 
again. 

"Tm still highly intrigued over 
the changes that are going on at 
that place," he remarked. "Tell me 
what else he's done to make it 
French in character." 

"Well," replied Dick, turning his 
thoughts back again towards his 
evening rendezvous, "one thing he 
did was to try using those long 
French loaves instead of the usual 
sliced bread he gets. They weren't 
too bad around ham and cheese, but 
they were a dead loss for fried egg 
sandwiches." 

"Has he given the place a new 
name ?" 

"Oh yes," replied Dick. "Joe 
always changes the name whenever 
he carries out alterations, and in 
this case he wanted a name which 
would carry associations with both 
France and with England. So he 
asked some of the students who 
come in what was the everyday 
French term for England, and that's 
the name he's now using." 

"Yes, but what is it ?" 
"He calls the place 'Le Perfidious 

Albion'." 
Smithy looked impressed. 
"That's a jolly good name," he 

stated approvingly. "It has a cer- 
tain ring about it." 

"It's not bad, is it? Anyway, let's 
get back to microphones again. I 
was reading about ribbon micro- 
phones recently. Could a ribbon 
microphone be used for general p.a. 
work ?" 

RIBBON MICROPHONE 

"I wouldn't recommend it," re- 
plied Smithy. "Ribbon microphones 
are delicate instruments which are 
intended for professional or semi- 
professional studio work and they 
won't stand up to physical abuse. 
On the other hand, they give excel- 
lent quality. They were used ex- 
tensively by the B.B.C. in the past, 
and you may recall seeing them in 
pictures showing B.B.C. artistes per- 
forming in sound radio broadcasts. 
The B.B.C. ribbon microphone was 
housed in a large oblong metal case, 
the top part of which was perfor- 
ated." 

I remember seeing them, now 
you mention it," said Dick. "How 
do ribbon microphones work ?" 

"They're a variation on the 
moving -coil microphone," replied 
Smithy. "As you know, the moving - 
coil microphone is basically a 
scaled - down moving - coil loud- 
speaker with the exception that the 
diaphragm is usually just a little 
wider than the diameter of the 
voice coil that's secured to it. Sound 
impinging on the diaphragm causes 
it to move in and out, whereupon 
the turns of the voice coil are simi- 

larly moved in the field of the 
microphone magnet. Current is in- 
duced in the coil and a signal volt- 
age appears across its ends." (Fig. 8). 

Pole 
pieces 

Coil Diaphragm 

Ring 
magnet 

Fig. 8. The basic construction 
of a moving -coil microphone 

Smithy paused for a moment to 
collect his thoughts. 

"Now, a ribbon microphone," he 
resumed, "doesn't have a coil mov- 
ing in the magnetic field. Instead it 
has a single conductor, which is the 
ribbon itself. This is a strip of ex- 
tremely thin aluminium foil, and it 
is usually corrugated along its length 
to bring its low frequency resonance 
below the audio spectrum. It is 
mounted between two vertical pole - 
pieces coupled to a powerful mag- 
net. When sound reaches the ribbon 
it moves back and forth in sym- 
pathy, whereupon current is induced 
in it due to the magnetic field be- 
tween the pole -pieces. The ribbon is, 
in effect, a single -turn coil, with the 
result that the impedance it presents 
and the voltage it produces are both 
very low. Because of this, a step -up 
transformer is built into the micro- 
phone case, this providing an out- 
put at an impedance suitable for 
connection to the cable which runs 
to the amplifier. The impedance pro- 
vided by the transformer secondary 
depends upon the application for 
which the microphone is required. 
A common figure is 60052, but 
lower impedances are also pro- 

To step -up 
transformer 

vided. If the ribbon microphone is 
a velocity type, as most models are, 
it is necessary for the pole -pieces 
to be thin, or to have large holes in 
them, so that the air displacement 
due to the sound appears on both 
the front and back surfaces of the 
ribbon." (Fig. 9). 

"Stap me," groaned Dick. "You've 
done it again." 

"Done what ?" 
"Introduced another of your way - 

out terms," complained Dick. 
"What's this `velocity' business ?" 

"The word `velocity' defines the 
mode of operation of the micro- 
phone," explained Smithy patiently. 
"The moving -coil and crystal micro- 
phones we have been considering up 
to now are described as `pressure' 
types because the sound reaches 
their diaphragms from one side 
only. As a result, diaphragm move- 
ment is proportional to the changes 
in air pressure resulting from the 
sounds. With the ribbon micro- 
phone, on the other hand, the idea 
is that the ribbon movement is pro- 
portional to the velocity of the air 
particles as they move back and 
forth with the successive rarefac- 
tions and compressions caused by 
the sound. If the ribbon is to be 
correctly affected by particle velo- 
city both its surfaces have to be 
open to the air carrying the sound. 
and so the pole -piece assembly 
mustn't get in the way too much." 

"Does that mean, then," asked 
Dick, "that you can speak into 
either surface of the ribbon ?" 

"Yes, it does," confirmed Smithy. 
"And this fact results in an im- 
portant feature of the velocity rib- 
bon microphone, which is that it 
has a figure -of -eight polar dia- 
phragm so far as its sensitivity to 
sound is concerned. It has maxi- 
mum sensitivity for sounds which 
come from points at 90 degrees to 
the surfaces of the ribbon, and 

1 

Pole pieces 

Pibbor 

Magnet 

Fig. 9. Essential features of a ribbon microphone. The step -up 

transformer is housed, with the ribbon in the microphone case 
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minimum sensitivity for sounds 
which reach it from either side. 
This is to be expected, of course, 
since sound coming from the side 
will affect both surfaces of the rib- 
bon equally." (Fig. 10). 

Plane of ribbon 

Fig. 10. The polar response 
of the velocity ribbon micro- 
phone. It has minimum sensi- 
tivity to sounds arriving from 

the sound side 

"You keep referring to velocity 
ribbon microphones," remarked 
Dick. "It sounds as though there are 
pressure ribbon microphones as 
well." 

"There are," agreed Smithy, "but 
just let me finish on the velocity 
ones first. Now, the word 'velocity' 
is not a very accurate one because 
even the exceptionally light ribbon 
of a ribbon microphone is still too 
heavy to faithfully follow air velo- 
city changes, and the term 'pressure - 
gradient' is sometimes used for these 
microphones instead. They have one 
peculiarity, incidentally, which re- 
sults from the velocity mode of 
operation. This is that they accentu- 
ate bass frequencies when the sound 
source is very close to them. If you 
speak too near to a velocity ribbon 
microphone, the lower frequencies 
are emphasised. This is because the 
microphone works best with a plane 
sound wave, which is one having a 
flat wave front and which is given 
when the sound source is some dis- 
tance away. If the sound source ap- 
proaches the microphone the wave 
front becomes more and more 
spherical and the bass accentuation 
takes place. A rather simplified way 
of explaining the effect is to say 
that the higher frequency sound 
waves in the spherical wave front 
do not all reach the ribbon at the 
same instant and tend to cancel out, 
allowing the bass boost effect to 
take place. Now, let's turn to the 
pressure ribbon microphone. This 
employs the same basic construc- 
tion as the velocity microphone but 
the ribbon is open to the air on 
one side only. The back of the rib- 
bon is enclosed by the microphone 
case, some form of material having 
acoustic resistance being positioned 
behind the ribbon to prevent 
resonances." 

"I suppose," remarked Dick, "that 
ribbon microphones are delicate 

items because of the thinness of the 
ribbon itself." 

"That is one of the reasons," 
agreed Smithy. "Another is that the 
spacing between the ribbon edges 
and the pole -pieces is usually quite 
small, and physical maltreatment of 
the microphone could cause the rib- 
bon to become distorted in shape 
and touch one or other of the pole - 
pieces. Another point is that you 
must never blow into a ribbon 
microphone to check whether it's in 
circuit and working, or you'll simply 
blow the ribbon clean out of the 
gap and it might not come back in 
again. Ye gods!" 

TIME TO GO 

"Blow me," said Dick, startled by 
Smithy's sudden exclamation. 
"What's up ?" 

"Have you seen the time, lad? 
Blimey, I must be going out of my 
mind. I've been talking with you 
all this time, and we should have 
started work ages ago." 

"Well," said Dick comfortingly, 
"the time hasn't been wasted so far 
as I'm concerned. You've certainly 
given me some useful information 
on microphones." 

"We've only brushed the surface 
of the subject," replied Smithy. 
"There are a lot of other types of 
microphone in addition to the ones 
we've talked about today." 

"Could we have a session on them 
at some time in the future ?" 

"Very well," promised Smithy. 
"But for the present we've got to 
get some work done, Dick." 

Whereupon the pair, Dick tem- 
porarily sated with information and 
Smithy fretting at the comple- 
mentary loss of working time, 
settled down to their noble and 
dedicated task of setting to rights 
the receivers which the lay public 
entrusted to their care. As they 
bustle briskly about the workshop 
we must now take our leave of them. 
Or rather, bearing in mind the 
machinations of the francophilie Joe, 
we should say our French leave. 

EDITOR'S NOTE 

The Radio Constructor's Data 
Sheet consulted by Smithy is No. 5 
in the series, and appeared in the 
April 1968 issue. 

THE `MINIFLEX' 
MARK IV PORTABLE 

RECEIVER 
Intending constructors of the 

Miniflex Mark IV Portable Re- 
ceiver, which was described in last 
month's issue, may note that an 
alternative supplier for the 40468A 
f.e.t. is Henry's Radio Ltd. 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


Trade Neins 

MINIATURE ELECTRIC TOOLS 

d., 

t'.kl't.)'Tt)r)1.a' ion$ j AP PLIA tiC',FgLTti 
, ..61,* 

> 

1ti!:7M)i., v}fZtt 

This battery- operated miniature 
tool is one of a range made by 
Expo (Drills) Ltd., 62 Neal 
Street, London W.C.2. They can 
be used with drills, cleaning 
brushes, abrasive stones, cut- 
ting burrs, polishing mops and 
other tools, and are completely 
independent of a mains elec- 

tricity supply 
NOVEMBER 1971 

A range of battery -operated mini- 
ature tools capable of operating 
drills, cleaning brushes, abrasive 
stones, cutting burrs, polishing mops 
and other tools for precision work 
has been introduced by Expo 
(Drills) Ltd., 62 Neal Street, London 
W.C.2. 

Exceptionally compact for tools 
of this type, they are designed for 
easy handling and for use in any 
situation independent of a mains 
electricity supply. There are several 
alternative power sources - 12V dry 
batteries, a transformer -rectifier, or 
a 12V car or boat battery. Low - 
voltage operation makes them com- 
pletely safe to handle in all circum- 
stances, arid being portable they can 
be used in confined situations where 
standard mains -powered tools are 
impractical. 

Two basic models are available. 
The `Reliant' is designed for lighter 
work such as model making, and 
has a full load current of 1.SA. Its 
rated torque is 1.38oz. in. (100 gm. 
cm.). For jobs requiring a more 
powerful tool and for professional 
applications the `Titan Super' is 
rated at 3.5A on full load. It has a 
rated torque of 350 cmp operating 
at 4,000 -9,000 rpm. It is capable 
of undertaking a wide range of in- 
dustrial work and is also recom- 
mended by the makers for use by 
lapidarists. 

An extremely large range of acces- 
sories is also available for both 
models. These include a diamond 
bonded drill for gem stones up to 
7MOHS and many types of abra- 
sives, cutters and saws. Various col- 
lets and accessories are supplied 
with the different models, which 
range in price from £3.00 to £5.50. 

.. 
PRINTED CIRCUIT 

CARDS 
Roxburgh Electronics Ltd., Sandy. 

Bedfordshire. announce the intro- 
duction of a new package -deal range 
of printed circuit cards designed to 
enable systems varying in com- 
plexity from small instruments to 
large installations to be economic- 
ally assembled. 

The first series of cards are digital 
functions using T.T.L. integrated 
circuits. These cards are designed to 
enable independent connection of all 
inputs and outputs of the devices 
on the card. 

Each card is provided with lever 
type card ejectors, a supply de- 
coupling capacitor, and strategically 
placed test points. The cards fit 
standard edge connectors and card 
racks. 

A wall chart showing full details 
of these cards is available on re- 
quest from the Company at 22 Bed- 
ford Road, Sandy, Bedfordshire. 
Future cards in the series will pro- 
vide analogue and subsystem 
functions. 

SOLID TANTALUM 
CAPACITORS 

A range of resin end- sealed solid 
tantalum capacitors codenamed TAR 
and giving a high capacity in a 
small can size has been introduced 
by ITT Components Group Europe. 

This new series of metal -cased 
axial capacitors offers capacitances 
in the range 0.l uF to 680uF with a 
-±-20% (standard) or ±-10% (special) 
tolerance. Working voltages of 6, 10, 
15. 20 and 35V d.c. are available 
and the rated temperature range is 
-40 °C to +85 °C. 

The encapsulation provides a 21- 
day humidity rating and a high 
resistance to damage from mech- 
anical vibration and shock. 

For further information contact 
ITT Components Group Europe, 
Capacitor Product Division, Brix - 
ham Road, Paignton, Devon. 

TRANSFORMER 
SUPPLIES 

Gardners Transformers Ltd. of 
Christchurch. Hampshire, announce 
the appointment of W. S. McMillan 
& Co. Ltd. of 29 Waterloo Street. 
Glasgow C2. as sole selling agents 
for Scotland and Northumberland 
for all of Gardners' transformer 
products. 
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AN ENLARGER TIMER 
by 

B. E. HUNTER 

This interesting circuit takes advantage of a semiconductor device which 

may be new to some readers - the programmable unijunction transistor 

THIS ARTICLE DESCRIBES A SIMPLE TIMER WHICH 
was designed to be used with an enlarger, en- 
abling the exposure to be automatically con- 

trolled whilst the user is otherwise engaged. Using 
the timer, repeat exposures can also be made from 
one negative with accuracy, enabling a number of 
prints to be made in the minimum amount of time. 
The timer also has a focus switch which overrides 
the timing circuit and allows for focusing the 
enlarger. 

In use, the negative is put into the enlarger, the 
focusing switch is operated and the lamp comes on. 
The negative is focused, the exposure determined and 
the time set on the dial. The lamp is then switched 
off again using the focusing switch, the bromide 
paper placed on the baseboard and the start button 
is then pressed momentarily. This starts the timing 
period and the lamp comes on for the pre -set period. 

P.U.T. OPERATION 

The circuit of the timer is shown in Fig. 1. The 

only unusual component is TR2 which is a pro- 
grammable unijunction transistor, or p.u.t. The 
equivalent circuit of a programmable unijunction 
transistor and its symbol are shown in Fig. 2(a) and 
those of a conventional unijunction transistor (or 
u.j.t.) in Fig. 2(b). 

It will be seen from the equivalent circuit that the 
u.j.t. can be considered as a potential divider with 
a diode tap. With a voltage applied across the poten- 
tial divider, the tapping point is set to a fixed poten- 
tial, and until the voltage on the diode exceeds that 
on the tap, the diode is reverse biased. When the 
diode voltage does exceed that on the tap the diode 
becomes forward biased, and R1 becomes low resist- 
ance and generates a negative resistance charac- 
teristic. 

The disadvantage of the simple u.j.t. is that the 
tapping point varies quite a lot due to manufac- 
turing difficulties and so the voltage at which the 
device will switch varies correspondingly. 

This disadvantage is not present with the p.u.t. as 
the potential divider is formed by two external re- 

COMPONENTS 
Resistors 

(All fixed values 3.f watt) 
R1 27kí2 10% 
R2 5652 10% 
R3 IM52 5% 
R4 820kS1 5% 
R5 4.752 20% 
R6 10052 10% 
VR1 2M51 potentiometer, linear 
VR2 250kS2 potentiometer, pre -set 

Capacitors 
Cl 20µF electrolytic, 25V wkg 
C2 250µF electrolytic, 25V wkg 
C3 100p.F electrolytic, 25V wkg 

Transformer 
Tl Mains transformer, secondary 12 -0 -12V 

50mA, Cat. No. TMM13 (Home Radio) 

Semiconductors 
TR1 BFY51 
TR2 D13T1 (L.S.T. Electronic Components 

Ltd.) 
D1 DD000 
D2 DD000 

Fuse 
FS1 100mA cartridge fuse with panel- mounting 

fuse -holder 

Relay 
RLA See text 

Switches 
S1 push- button 
S2 s.p.s.t. toggle 

Socket 
Bulgin 3 -way plug and socket, Cat. No. P340 

(Home Radio) 
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RLA1 

(NO) 

RLA 
f 3 

TR 

BFY15; 

(11 

RLA2 

(NC ) 

Relay 
coil 

X 

R5 

VRI 

VR2 

A 
TR2 

DI3TI K 

r 
A G K 

bbd 

D13TI 

Lead -outs 

. c 
BFY 51 

Lead -outs 

N.O. - normally open 

N.C. - normally closed 

Fig. 1. The circuit of the timer section. TR2 is the programmable unijunction transistor 

sistors, as in Fig 3, which can be of as close a toler- 
ance as required. When the voltage on the anode 
exceeds that on the gate the diode conducts and 
regeneration in the p.n.p.n. device causes it to 
switch on. 

TIMER CIRCUIT 

In the timer circuit of Fig. 1, the resistors R3 and 
R4 set the gate potential to a little below half sup- 
ply voltage. When push- button Si is pressed, the 

supply is applied to the circuit and TR 1 is biased 
on via R1. The relay operates, maintaining the sup- 
ply when the push- button is released and removing 
the short -circuit from across Cl. Cl now begins to 
charge via VR1 and VR2 and TRI base -emitter 
junction. When the voltage across the capacitor 
reaches the triggering point of the p.u.t., the p.u.t. 
turns on and takes the positive plate of C1 negative. 
This causes the base of TR1 to go negative which, 
in turn, turns the transistor off. The relay de- energises 
and the supply is disconnected from the circuit, so 

A G 

K 

(a) (b) 
Fig. 2(a). Equivalent circuit and circuit symbol 
for a p.u.t. (b). Equivalent circuit and circuit 

symbol for a unijunction transistor 

Eo 

N 

P 

R2 

BI 

Fig. 3. The p.u.t. triggering level is set up by 
the values of R1 and R2 
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E 

input 

Focus 
switch 

F51 

DI R6 

RLA3 (N.0) 
+15V 

12-0-12V 

Bulgin 
3 -way 
socket 

Fig. 4. The power supply section. Contacts RLA3 switch on the enlarger lamp when the 
relay energises 

leaving it ready for the next operation. The relay 
also puts a short -circuit on Cl via limiter resistor 
R5, thereby ensuring that it is fully discharged be- 
tween operations. Without this short- circuit it was 
found that, if the timer was operated twice in rapid 
succession, the second timing period was shorter due 
to the capacitor remaining slightly charged. 

POWER SUPPLY 

The power supply is shown in Fig. 4. It is simply 
a full -wave rectifying circuit supplying the 15 volts 
required by the timer at about 20mA. The timer 
was built on one piece of Veroboard and the power 
supply and mains transformer on another. The timer 
board also supports the relay which, in the proto- 
type, is a miniature plug -in type. 

The whole circuit is built into a case measuring 
6 by 4 by 4in., with the three controls on the front 
panel. These are the focus switch, S2, the start button, 
Sl, and the timing period adjustment, V R l . The output 
to the enlarger appears at a 3 -way Bulgin socket 

FS' 

Fig. 5. A circuit modification which allows a 
second relay to switch the controlled mains 

circuit 
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mounted on the back panel, along with the fuse, 
FS1, for the timer. It will be seen from the circuit 
of the power supply that the fuse is inserted after 
the enlarger socket; this is done so that the fuse can 
be made small enough to protect the timer. The mains 
plug should be fused if possible to protect the en- 
larger circuit. 

The timer covers a range from about one second to 
50 seconds. The value given for Cl should be cor- 
rect but, due to tolerances in this component, it may 
be found that the range cannot be covered, even by 
adjustment of VR2. If this is so Cl should be made 
smaller or larger as required. Its value can be effec- 
tively increased by adding one or more small value 
capacitors in parallel. 

To calibrate the scale of the timer, control VR I 

was first set to maximum and VR2 adjusted until 
the timing period was exactly 50 seconds. The tens 
of seconds points were then found by trial and error, 
after which the smaller divisions were marked in by 
judgement. 

EDITOR'S NOTE 

The relay employed by the author was the Radio - 
spares relay Type 45. This is not available to readers 
direct from Radiospares, although a retailer could be 
asked to order the component. Any other relay, cap- 
able of energising at 12 volts, with a coil resistance of 
600S2 or more and two make (normally open) contact 
sets and one break (normally closed) contact set can 
be used, provided that the make contact set in the 
RLA3 position can handle 1 amp at mains voltage. 
Should difficulty in obtaining a suitable relay be en- 
countered, the circuit may be modified in the manner 
shown in Fig. 5, in which a second relay, RLB, is 
included. Contact set RLA1 is now changeover and 
causes the second relay to be de- energised when RLA 
is energised and vice -versa. RLA now only requires two 
contact sets and a suitable type would be Home Radio 
Cat. No. WS162. Relay RLB could be Home Radio Cat. 
No. WS163, whose s.p.d.t. contacts are rated at 5 amps 
at 250 volts a.c. 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


Radi 
les 

By Recorder 

N 
ATURE, IT IS SAID, ALWAYS 
steps in to maintain the bal- 
ance. Thus if, in our some- 

what turbulent atmosphere, a rare- 
faction appears in one place, then 
sooner or later air from outside 
rushes in to rebuild the pressure. 

Perhaps Nature's nicest balance 
of all is exemplified in the water 
content of our planet. Most of it 
is present in its familiar liquid 
form on our lakes and seas, but 
sufficient of it still manages to be- 
came vaporised so that it can sub- 
sequently be distributed in the form 
of rain. 

THE DANGER 

Nature can also, to keep the 
balance, put a curb on a species if 
it gets too far out of hand. She 
allows the species to evolve into a 
form in which one or other of its 
characteristics becomes too ad- 
vanced to be sustained by the 
whole. Witness the dinosaurs and 
pterodactyls of prehistoric times, 
which just evolved themselves out 
of existence. 

If we aren't careful Nature is 
going to teach mankind a rather 
unpleasant lesson, too. As a species 
we have evolved to the state where 
we can change the mineral sources 
of our earth to complex materials 
which have vastly different proper- 
ties and which are virtually inde- 
structible. This in itself is no par- 
ticular sin: indeed we are deserving 
of praise for our ingenuity and skill. 
But we can earn nothing but pity- 
ing wonder when it is seen that 
after learning these skills we apply 
them to producing great quanti- 
ties of the new materials and do 
nothing whatsoever to ensure that 
they are broken down again to their 
NOVEMBER 1971 

harmless constituents after they have 
been used. Worse, when some of the 
processes involved in the manufac- 
ture of the new materials result in 
the appearance of byproducts which 
are, without any question, toxic to 
the human body, we have no com- 
punction whatsoever in simply 
dumping them in the most conveni- 
ent and economic spot available. 

All this, of course, refers to our 
present gigantic problem of pollution. 
Above a certain level pollution tends 
to spiral. When a river choked with 
industry's rubbish, approaches total 
deoxidation, its life, which would 
have helped to fight that deoxidation. 
dies out and the battle is lost. 

Perhaps Nature has allowed us 
to over -develop our mechanical and 
chemical skills so that, like the 
blundering dinosaur, we have be- 
come directly aimed towards ex- 
tinction. In this instance, though, 
extinction will not follow from the 
fact that we have become unsuited 
to our environment but that we have 
knowingly wrecked the environment 
ourselves. We have certainly bashed 
our old globe around, and it is a 
little frightening to realise that most 
of the damage we have created has 
occurred within the last hundred 
years or so. 

It is difficult to say what elect - 
tronics - which represents our own 
special interest - has done either in 
the cause or in the prevention of 
pollution. In terms of worn -out 
items, some parts of our country- 
side do tend to have their comple- 
ment of old radio and TV sets in 
addition to the usual depressing 
old mattresses and junked motor 
cars, but the proportion of discard- 
ed electronic gear is low. There are 
other less serious forms of pollution. 
of course, including the sound 
pollution resulting from the use 
outdoors of distorted and over -run 
transistor radios. Turning to another 
facet, nobody yet knows whether 

the myriad electromagnetic waves 
which currently travel through the 
ether, and presumably through us, 
cause any prolonged physiological 
damage. It would appear safe to 
assume that the general effect, if it 
exists, is minimal. Obviously, one 
does not stand in the path of a high 
intensity microwave beam, and curi- 
ous phenomena are liable to happen 
close to exceptionally high power 
transmitters, but such happenings 
hardly fall into the category of last- 
ing pollution. 

It looks, therefore, that the science 
and practice of electronics has not 
contributed grossly to our present 
pollution problems and that instead 
- admittedly more by luck than 
judgement - electronics could al- 
most be described as presenting an 
example for others to follow. Let 
us hope that those others can, in 
future, try to be equally blameless 
and that a halt will be called to the 
processes which will eventually 
make our earth uninhabitable. 

ARTERY FORCEPS 

Do you remember that reader's 
hint in 'In Your Workshop' in the 
last July issue where it was suggest- 
ed that 4-1-in. artery forceps be em- 
ployed as a heat shunt when sol- 
dering transistors into circuit? To 
recap, these forceps have interlock- 
ing notches on the handles which 
engage with each other and keep 
the forceps closed. The forceps are 
ideal for the heat shunt application 
as they can be readily applied to 
the transistor lead -out being sol- 
dered and they leave both hands 
free for the soldering operation. 

The only apparent snag which was 
evident when the hint appeared was 
that readers might have difficulty in 
obtaining the forceps through nor- 
mal retail channels. We are now 
indebted to Mr. R. Weaver of 

- 

(2),K 

"Don't look now, but here comes - Mister Big'ead" 
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Rochester, Kent, who tells us that 
the forceps can be purchased from 
fishing tackle dealers, as they are 
used extensively by anglers for the 
purpose of removing hooks from 
fishes' mouths. Indeed, Mr. Weaver 
purchased his own pair for this 
very purpose some ten years ago, 
then subsequently started to use 
them as a heat shunt in the manner 
described in 'In Your Workshop'. 

BRITISH RAIL REGRETS 

There is something comforting 
in observing the signs of bureau- 
cracy at work, since one then 
acquires the feeling that someone, 
somewhere, maintains the system. 
Even the tools of bureaucracy - 
forms and notices - are themselves 
regulated by being given numbers 
so that they may be correctly stored, 
requisitioned and issued with full 
and proper regard for orderliness. 

Whilst inspecting a drink -vending 
machine on a railway station plat- 
form recently I was pleased to note 
that British Rail are no mean hands 
at the business of keeping strictly 
to the routine, and that station staff 
may, when required, obtain British 
Rail stick -on notice No. B.R.29100. 
This reads: 'Out Of Order'. 

SPEAKING BUTTONS 

A letter from Philip Abd El 
Malik of 214A Ramsis St., Cairo, 
U.A.R., has been passed on to me. 
It describes an invention which is 
described as 'The Speaking Buttons', 
and which is certainly of interest. 

'The Speaking Buttons' is stated 
to comprise three inventions under 
one title, the first of these being 
called 'The Dumb Speaks'. This is a 
small portable apparatus with 200 or 
more buttons, each of which is 
inscribed with a single word. On 
pressing any button, the apparatus, 
by means of pre- recorded tape, 
speaks the word on the key. 

The second invention is claimed 
to solve the problems of translation. 
Two persons of different language. 
each being completely ignorant of 
the other's language, can hold a 
conversation by way of another 
small portable apparatus having a 
series of buttons on either side. In 
one series the buttons are inscribed 
with words of the first language but 

the sounds given when they are 
pressed are in the second language. 
In the other series the buttons have 
words in the second language and 
the sound output is in the first 
language. 

The third invention is referred to 
as a `Universal Sound Library'. The 
operator first presses a button cor- 
responding to the language he 
wishes to hear, then presses a word 
key to hear its sound in the selected 
language. 

The apparatus has been patented 
and further details may be obtained 
from Philip Abd El Malik at the 
address at the start of this section. 

1.:1MPHOLDERS 

One of the busiest counters at any 
Woolworth's store is that on which 
the electrical goods are displayed. 
Apart from the usual array of mains 
plugs and sockets, you will nearly 
always find a line that has remained 
virtually unaltered since well before 
the war. This consists of a small 
Bakelite batten -mounting lamp - 
holder intended for m.e.s bulbs of 
the flash -lamp variety. You are 
almost certain to know the type I 
mean: there are two mounting holes 
in the circular base and two small 
nickel -plated screw terminals for 
connections. Over the years I have 
bought quite a few of these lamp - 
holders for various projects and I 
should imagine that quite a few 
other experimenters have done so 
as well. 

Recently the design has been 
slightly changed. The tip of the bulb 
used to make contact with the head 
of a bolt in the lampholder, the 
bolt being screwed into a tapped 
hole in the metal terminal- connect- 
ing strip in the bottom of the 
moulding. Nowadays, however, the 
bolt has been replaced by a copper 
rivet which, alas, does not make as 
reliable a connection to the metal 
strip. I had quite some difficulty 
with one of these lampholders until 
I realised the cause, and the inter- 
mittent connection it gave cleared 
completely after I had soldered the 
bottom of the rivet over to the 
metal strip. 

I mention this little tip because 
these lampholders are a popular 
line, and it could well be of value 
to other constructors who use them. 

COLOUR CODE 

I know it's a bit late in the day. 
but even so I think it's worthwhile 
passing on the latest mnemonic 
going the rounds for remembering 
the new mains lead colour coding. 

Yellow -green for 'earth' is simple 
enough because it carries over the 
old green earth colour, and the 
first syllable of 'neutral' and blue 
rhyme with each other. But how 
about brown and 'live'? 

That's easy. Just remember that 
'George Brown is a live -wire'! 

SWITCH ABBREVIATIONS 

Finally, let me pass on some brief 
details about switch abbreviations 
which appear in some of our Com- 
ponents Lists and which, apparently, 
tend to confuse newcomers to our 
ranks. 

The abbreviations concerned are 
` s.p.s.t.', `s.p.d.t.', ' d.p.s.t.' and 
`d.p.d.t.' and they all apply to toggle 
switches or two -way rotary switches. 
The term 's.p.s.t' stands for 'single - 
pole single- throw' and defines the 
simplest switch of all, this having 
one arm and one contact. In one 
position the switch is closed and 
in the other position it is open. The 
letters `s.p.d.t' indicate 'single -pole 
double- throw'. In this case there is 
still one arm but there are now two 
contacts. The arm connects to one 
contact in one position and to the 
second contact in the other posi- 
tion. The switch may alternatively 
be referred to as a 'changeover' 
switch. 

The letters 'd.p.s.t.' stand for 
`double -pole single- throw'. This time 
there are two separate arms which 
move together in unison. The two 
arms connect to two separate con- 
tacts in one position, and the two 
sections of the switch are open in 
the other position. A 'd.p.d.t.' switch 
is a 'double -pole double -throw' type 
and this, again, has two separate 
arms which move together in 
unison. In one position they con- 
nect to two separate contacts and 
in the other position they connect 
to a second set of two separate 
contacts. 

And that's all there is to it! 

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 the cover price stated on the issue, plus 4p postage. 
Before underaking any constructional project described in a back issue, it must be borne in mind 
that components readily available at the time of publication may have gone off the market. 
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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14 TE NEWS 
I irres = GMT Frequencies = kHz 

* AMATEUR BANDS 

MARTINIQUE 
Often heard these days is FM7WF using CW on, 

or near, 14060 around 1900 to 2000. 

MOZAMBIQUE 
A regular user of the CW mode from this part of 

the world is CR7FM, usually around 14095 in the 
early evenings. 

SOUTH AFRICA 
ZS6ME puts a very strong CW signal into the UK 

and may often be heard working all and sundry on 
14055 around 1900 to 2000. 

KENYA 
Zone 37 is often represented at the CW end of 

14MHz by 5Z5KL. A favourite spot is near the band 
edge on 14005 around 2000. 

PUERTO RICO 
For those brave enough to ward off the QRM on 

`forty', try around 0030 for the CW signals of 
KP4CBI on 7040, often working into the USA. 

LIBERIA 
EL2CB often uses CW on, or near, 21040 in the 

early afternoons around 1430 busily working into 
Europe. EL2CJ favours the SSB mode and can be 
heard during the same period higher up the band. 

* BROADCAST BANDS 
NETHERLANDS 

The weekday schedule of Radio Nederland, in 
English to Europe, is now as follows - 0930 to 1050 
on 6020, 17810 and on 21480. From 1400 to 1520 on 
6020, 15330, 17810 and on 21480. From 1830 to 1950 
on 6020, 6085 and on 17830. 

AUSTRIA 
A station not often reported has been heard by B. 

Walsh of Romford, who informs us that a QSL card 
has been obtained from OYE21 Vienna on 6255. 
Schulungssender Des Osterreichischen Bundesheeres 
(Austrian Army Radio) has a daily programme in 
German (Mondays to Fridays) from 1100 to 1230 
and from 1630 to 1900. After the opening announce- 
ments, a course of Morse classes are held of approxi- 
mately one half hour duration, this being followed by 
music, news and slogans. The address for reports is 
- Gussriegelstrasse 45, A -1100 Vienna. 

IRAN 
This country can fairly easily be logged on 3778 

around 1930 with transmissions from Tehran. The 
power is 100kW, programmes in Farsi (Persian) and 
the address - Ministry of Information, Meidan Ark, 
Tehran. 

CAPE VERDE ISLANDS 
Radio Barlavento operates on 3930 (1kW) week- 

days from 1500 to 1600 and from 2200 to 0100. 
Saturdays from 1600 to 1900 and from 2200 to 0100. 
Sundays from 1100 to 1300, 1600 to 1900 and from 
2200 to 0100. The address of CR4AC is - C.P.29, S. 
Vicente. Programmes are in Portuguese. 
Acknowledgements: BADX, Our Listening Post, 
SCD X . 

120 METRE BAND 
Did you know that the reception 

of stations operating in this, the 
lowest (in frequency terms) Broad- 
cast band is perfectly possible here 
in the UK? You didn't? Let us 
assure you that in fact it can be 
done. Needless to say, endless 
patience is required, an ability to 
brave the QRM and fish -fone, with 
the equipment and aerial system at 
the highest peak of efficiency for 
this band, then with some luck one 
may hear the following - as did 
Alan B. Thompson of Neath, one of 
our ablest operators. 
2326 1937 SABC Johannesburg, S. 

Africa (20kW). English 
Service heard through the 
surrounding fish -fone. 

2346 1935 SABC Johannesburg, S. 
Africa (20kW). Afrikaans 
Service, again heard 
through the fish -fone. 

2376 0020 SABC Johannesburg, S. 
Africa (20kW). Logged 
with musical programme 
in the All -Night Service. 

2442 1932 Galei Tsahal, Tel Aviv, 
Israel (1kW). Light music 
and songs. Hebrew an- 
nouncements. 

That lot should be enough Dx of 
the highest order for anyone - why 
not have a try at the 120 metre band 
and see? 
NOVEMBER 1971 

LAST Le eK ROUND 

BRITISH ASSOCIATION OF DX'ERS 

On page 91 of our issue dated September 1971, in our feature QSX, 
an account was given of the work of the British Association of Dx'ers 
(BADX) which resulted in the eventual identification of several trans- 
mitters operating from the Arabic -speaking world. 

As a direct result of this article, a large number of membership 
enquiries were received at the BADX Headquarters, 16 Ena Avenue, 
Neath, Glamorgan. It would considerably assist the Association if 
those making membership enquiries would kindly enclose a stamped 
(3p), addressed envelope (preferably 9 x 4in.). 

BADX is a non -profit making organisation having a limited mem- 
bership devoted to Broadcast band Dx'ing. Their journal `Band - 

spread' is posted first class to members on a fortnightly basis (monthly 
during July and August), normally eight foolscap pages, it is a veritable 
mine of information. 
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FORTHE S.W... . . 

Simple Short-Wave Receivers 

by F. A. Baldwin 

* WORKSHOP PRACTICE 
Tools Required; Connections to Valveholders; Rubber and PVC Grommets; Drilling 
Panels and Chassis; Test Equipment for Receivers; Resistor Colour Codes; Circuit 
Symbols. Five diagrams, Resistor Colour Code Table. 

* SOLDERING NOTES 
Three pages of advice and instruction on this important subject. Two diagrams. 

* GENERAL PURPOSE POWER SUPPLY 
May be used as a bench supply or for use with two of the basic receiver designs. Two 
photographs, four working diagrams, Test Table. 

If you are interested in the hobby of receiver construction and short wave listening this 
is the book for you. It covers the whole field of s.w.I'ing from construction to operating - 
both Broadcast and Amateur bands. It explains how the circuits work, how to asemble the 
parts, how to wire -up the circuits with point -to -point wiring diagrams, step -by -step instructions 
and how to test and operate the completed projects. 

* FOUR BASIC DESIGNS 
1, 2 and 3 Valves. In total, six design variations are 

described, all have been thoroughly air -tested. 
Fifteen photographs and thirty -nine working dia- 
grams illustrate the construction of the `Saxon', 
`Voyager', `Explorer' and `Sentinel' receivers. 

* INTRODUCTION TO SHORT WAVE 
LISTENING 

Radio Wave Propagation Conditions; Aerial and 
Earth Systems; Broadcast Bands Operating; Identi- 
fying Broadcast Stations; Using a Tape Recorder; 
Reception Reports (Broadcast); Reporting Codes 
(Broadcast); Specialising; Amateur Band Operating; 
Reception Reports (Amateur); Reporting Codes 
(Amateur); CW or Phone ?; Clubs and Societies; 
Receiver Calibration; Operating a Short Wave Re- 
ceiver; Addresses. Six Tables, two photographs and 
ten diagrams. 

FOR ONLY 

80p 
140 Pages (52 x 8in.) Postage 6p 

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 1SN 
Please supply copy(ies) of `Simple Short Wave Receivers', Data Book No. 19 

I enclose cheque /crossed postal order for 

NAME 

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 
Rate: 4p (9d) per word. Minimum charge 60p (12/ -). 

Box No. 10p (2/ -) extra. 

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

BUILD IT in a DEWBOX robust quality plastic cabinet 
tin. x 22in. x any length. S.A.E. for details. D.E.W. 
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write 
now - right now. 

SERVICE SHEETS (1925 -1971) for Televisions, Radios. 
Transistors, Tape Recorders, Record Players, etc., by 
return post, with free Fault -Finding Guide. Prices 
from 5p. Over 8,000 models available. Catalogue 13p. 
Please send S.A.E. with all orders /enquiries. Hamilton 
Radio, 54'London Road, Bexhill, Sussex. Telephone: 
Bexhill 7097. 

RECORD TV SOUND using our loudspeaker isolating 
transformer. Provides safe connection to recorder. 
Instructions included. 70p plus 10p P. & P. Crow - 
borough Electronics (R.C.), Eridge Road, Crow - 
borough, Sussex. 

FOR SALE: VHF KIT, 80 - 180MHz. Receiver, tuner. 
converter. World wide sales. Incomparable. £4.00 or 
s.a.e. for literature. Johnsons (Radio C), Worcester 
WR t 20T. 

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

CONSTRUCTORS USED COMPONENTS. Parcels 
at 50p each, including postage, 50 assorted resistors. 
50 assorted capacitors. 10 electrolytic capacitors. IO 
assorted knobs. 5 assorted potentiometers. 20 assorted 
valve bases. Please state which parcel required. Broad- 
cast type twin gang variable capacitors at 18p each. 
Speakers at 50p each. 7 inch, 5 inch 51 x 37 inch 
elliptical. P. & P. I8p. Box No. G142. 

5;% } WATT HI- STABS. Three for 2p plus p. & p. for 
up to 50 resistors plus I p for each additional 50. 
100µF 16V. 4p. F.M. stereo L.F. strip £3.50 plus 25p 
p. & p. F.M. front end £5.00 plus 25p p. & p. F.M. 
stereo decoder £5.25 plus 25p p. & p. Large com- 
ponent range. FREE CATALOGUE, p. & p. Sr. 
Chromasonic Electronics, 56 Fortis Green Road. 
London NIO 3HN. 

NEW COMPONENTS - Capacitors. 1000/30V. 100,25V. 
14p; 350/12V, 25/50V, 8/150V, 8p; 16/275V, 1/125V. 
0.5/250V, 6p. 4 -pole 3 -way wafer switches. 12p. Appli- 
ance suppressor cap. (lead thro') .025 +005, 15p. Min. 
order 60p plus lop P. & P. Many other items. Send 
s.a.e. for free list. Balfour Supplies, 2 Church Lane 
Cottages, Chalfont St. Peter, Bucks. 

RELAYS. Sigma type 72A0Z, octal base. £1.50; Carpen- 
ter polarised, £1: D164816, £1.50. Box No. 6155 

ELECTRONIC ORGAN GENERATOR. Solid state 72 
or 84 note, Mallard pots., sil. trans., plug -in dividers 
for easy servicing, all parts standard, suit most set -ups. 
Large drawings, ins., £1.00. ENGRAVING. Easy con- 
structed device gives professional results for Perspex 
organ, tabs. etc. Large drawings, 80p. Seon Smyth. 234 
Dumbarton Road. Partick, Glasgow W.I. 
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BENTLEY ACOUSTIC CORPORATION LTD, 
38 Chalcot Road, Chalk Farm The Old Police Station 
LONDON, N.W.I. Gloucester Road 

01.722 -9090 LITTLEHAMPTON Sussex 
Please forward all mail orders to Littlehampton PHONE 6743 

042 30 3017L2 .60 FCC84 .28 EZ80 PY80I .33 AFI19 .23 
1 B3Cìl ì5 
11.1 .13 
IS4 .22 

30FL14 .68 
30LI5 .58 
301.17 .67 

ECCSS .24 
ECC86 .40 
ECC88 .35 

.21 
E2.81 .22 
HVR2 .53 
KT W 62 .63 

00V03) 
10 1.20 

R19 

AF121 .30 
AF126 .18 
AFI39 .65 1 U .29 30P19:4 58 ECC189 KT66 .80 
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30P4MR 
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ECF80 .27 

PC86 .47 
PC88 .47 

1325 .64 
1326 .56 

AF186 .55 
AF239 .38 

6130L2 .55 30PI2 .69 ECF82 .26 PC97 .36 13191 .58 BC107 .13 
64,45 .43 30PL1 .59 ECFS6 .64 PC900 .32 U251 .65 BC108 .13 
6AN8 .49 30PL13 .75 ECH42 .60 PCC84 .29 14301 .40 BC113 .25 
6405 .22 35A3 .48 ECHSI .27 PCC88 .41 I) 801 .93 BC118 .23 
6AT6 .18 35W4 .23 ECH83 .39 PCC89 .45 UABC80 BCZ11 .38 
6A V6 .28 90C1 .59 ECHS4 .34 PCCI89.48 .30 BFI59 .25 
6BAfi .20 150B2 .58 ECL80 .30 PCF80 .28 UBCBI .40 BF163 .20 
fi8('8 
68E6 

.Ì DAF91 .20 
DAF96 .33 

ECL82 .30 
ECLS3 .52 

PCF82 .30 
PCF84 .40 

UBF80 .30 
UBF89 .30 

BF173 .38 
BF180 .30 

6BH6 .43 DF91 .14 ECL84 .54 PCF86 .44 UC92 .35 BY100 .18 
61(J6 .39 DF96 .34 ECL86 .35 PCF801 .29 UCC84 .33 BY126 .15 
6BR7 .79 DK91 .26 EF22 .63 PCF8O2 .40 UCC85 .34 BY127 .18 
6B W6 .72 DK92 .35 EF41 .58 PCF806 .57 UCFRO .33 OA81 .09 
6BW7 .54 DK96 .35 EF80 .22 PCL82 .32 UCI-142 .60 0491 .09 
68Z6 .31 DL92 .25 EF85 .26 PCL83 .58 UCH81 .30 0A95 .09 
6C4 .28 DL94 .32 8886 .29 PCL84 .34 UCL82 .33 0C23 .38 
IiCU5 .30 DL96 .35 FF89 .23 PCL8O5 UCL83 .48 0C24 .38 
6E5 .35 DY8716 .24 _F9I .17 .40 UF41 .50 0C25 .38 
6F1 .59 DY802 .35 EF92 .35 PCL86 .38 UF80 .35 0C26 .24 
6F23 .fi8 ESSCC .60 EF18.1 .26 PD500 1.44 UF85 .34 0C28 .60 
6F2R .60 E:03CC A(1 EF184 .29 PFL200 .52 UF86 .63 0C35 .32 
6K7G .10 El 80F .90 EH90 .36 PL36 47 UF89 .27 0C36 .43 
r,K8G .16 EA DOS) El 34 .44 PL81 .44 13L41 .54 OC38 .43 
6L66T .39 .30 FL-84 .22 PL82 .30 UL84 .31 0C44 .10 
6X4 .20 EAF42 .48 EL86 .38 PL83 .32 UY41 .38 0C45 .1I 
9117 .7S EB34 .20 EL91 .23 PLR4 .30 UY85 .25 0C46 .15 
10E18 E891 .10 EL95 .32 PL504 .62 AC113 .25 OC70 .13 
1246 .6.3 EBC4I .48 EM80 .38 PL5o8 .90 ACI27 .17 OC71 .11 
12ATfi .23 EBC81 .29 EM81 .39 PL509 1.30 AC128 .20 0072 .11 
12AU6 .21 EBF80 .30 EM83 .75 PX4 1.16 AC154 .25 OC74 .23 
12846 .30 EBFS3 .38 Ex184 .31 PX25 .98 ACI56 .20 0075 .11 
IZBH7 .27 EBF89 .27 EMS7 .35 PY33/2 .50 AC157 .25 0078 .15 
20P4 .89 EC92 .34 EY51 .33 PY8I .24 ADI40 .36 OC78D .15 
311C15 .60 ECC33 EY81 .35 PY82 .24 AD149 .50 0081 .1l 
311C17 .77 1.50 F.Y83 .54 PY83 .26 AD161 .45 OC81D .11 
IOC] 8 .60 ECC81 .16 EN 87/6 .30 Pl'88 .32 AD162 .45 OC82 .11 
3oF5 .65 ECC82 .19 EY88 .40 PY500 .95 AF114 .25 0083 .20 
30FLI .60 ECC83 .22 EZ40 .40 PY800 .33 AF1I5 .15 0084 .24 

All goods are unused and boxed, and subject o the standard 90 -day 
guarantee. Terms of business: Cash or cheque with order only. No 
C.O.D. orders accepted. Post /packing charge 3p per item subject to a 
minimum nt 9p per order.Orders over £5 post free. All orders despatched 
same day by first class mail. Complete catalogue with conditions of 
sale 7p post paid. Any parcel insured against damage In transit for only 
3p extra per order. Business hours 9 a.m. -5.30 p.m. Sots. 9 a.m. -I p.m. 
Littlehampton closed Sats. No enquiries answered unless S.A.E. 
enclosed for reply. 

TECHNICAL TRAINING 
in Radio, Television and 
Electronic Engineering 

Let ICS train YOU for a well -paid post in this 
expanding field. ICS courses offer the keen, 
ambitious man the opportunity to acquire, quickly 
and easily, the specialized training so essential to 
success. Diploma Courses in Radio, TV Engineer- 
ing and Servicing, Colour TV Servicing, Elec- 
tronics, Computers, etc. Expert coaching for: 
* C. &G. TELECOMMUNICATION TECHNICIANS CERTS 
* RADIO AMATEURS EXAMINATION 
* RADIO OPERATOR CERTIFICATES 
CONSTRUCTOR COURSES 
Build your own transistor portable, signal genera- 
tor, multi -test meter -all under expert guidance. 
POST THIS COUPON TODAY and find out how ICS 
can help YOU in your career. Full details of ICS 
courses in Radio, Television and Electronics will 
be sent to you by return mail. 

Member of the ABCC. Accredited by the C.A.C'.C. 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Dept. 248, lntertext House. Stewarts Road. London SW8 4UJ 

Name _._... 

BL(K'6 (A1'11,51,9 l'I 1 551 

Add re, 

/Ma/ 1111111 !_ tttt11111.4>_ a 

Age 

11.71 

I 

I 
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2ADI0 
OPE RATORS 

Do you Hold 
PMG II OR PMG I OR 
New General Certificate 

OR had Two Years' Radio 
Operating Experience? 

LOOKING FOR A 
SECURE JOB 

WITH GOOD PAY 
AND CONDITIONS? 

Then apply for a post with the 
Composite Signals Organisation. These 
are Civil Service posts, with oppor- 
tunities for service abroad, and of 
becoming established ,i.e. Non- Contri- 
butory Pension Scheme. 

Specialist Training Courses (free 
accommodation) starting April and 
September 1972, and January, 1973. 

If you are British born and resident 
in the United Kingdom, under 35 

years of age (40 for exceptionally well 
qualified candidates). write NOW for 
full details and an application form 
from: 

Government Communications 
Headquarters, 

Recruitment Officer 
Oakley, 
Priors Road, 
CHELTENH AM, 
Glos., GL52 5AJ. 
(Tel: Cheltenham 21491. Ext. 2270. 
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NEW STYLE 
SELF -BINDER 

for "The Radio Constructor" 

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

to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
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. 

PRICE 75p Postage 10p 

Available only from:- 

Data Publications Ltd. 

57 Maida Vale London W9 1 SN 
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SMALL ADVERTISEMENTS 
Continued from page 251 

WORLD DX CLUB covers all aspects of SWLing on 
Amateur and Broadcast Bands through its monthly 
bulletin "Contact". Membership costs £1.38 a year. 
Enquiries to Secretary, WDXC, 11 Wesley Grove, 
Portsmouth, Hants., P03 5ER. 

AERIAL AMPLIFIERS, Bands 1, 2 and 3. Secondhand 
but in excellent condition, reputable maker Teleng, 25, 
40 or 60dB. S.a.e. for further details. Fraction of 
original price. Webster, 15 Lindsay Road, Sprowston, 
Norwich, Norfolk NOR 92P. 

"THE ANSWER" BUREAU, PRINCES RIS- 
BOROUGH, BUCKS. For sincere and genuine 
marriage /friendship introductions. Details free. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
services to members including Q.S.L. Bureau, Ama- 
teur and Broadcast Translation, Technical and Identi- 
fication Dept. - both Broadcast and Fixed Stations, 
DX Certificates, contests and activities for the SWL 
and transmitting members. Monthly magazine, 
Monitor, containing articles of general interest to 
Broadcast and Amateur SWLs, Transmitter Section 
and League affairs, etc. League supplies such as 
badges, headed notepaper and envelopes, QSL cards, 
etc., are available at reasonable cost. Send for League 
particulars. Membership including monthly magazines, 
etc., £1.75 per annum. Secretary ISWL, 1 Grove Road, 
Lydney, Glos., GL15 5JE. 

FOR SALE: Creed Teletax transceiver type TR 105, £ 15. 
Ex- R.A.F. tuning fork drive unit type 114, £12. Box 
No. G167. 

FOR SALE: 50 OC71 type transistors 50p. 0083 tran- 
sistors 5p each. 1000pF polyester capacitors 2p each. 
P. & p. 8p. E.C.B.. 45 Brockhurst Street, Fullbrook, 
Walsall, Staffs. 

IF YOU HAVE ENJOYED A HOLIDAY on the Nor- 
folk 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. 

RADIO CONSTRUCTORS Components for sale. 
Several books, amateur antennas. S. W. Hughes. 11 

Henley Road, Ludlow, Salop. 
POSTAL ADVERTISING? This is the Holborn Service. 

Mailing lists, addressing, enclosing, wrapping, fac- 
simile letters, automatic typing, copy service, campaign 
planning, design and artwork, printing and stationery. 
Please ask for price list. - The Holborn Direct Mail 
Company, Capacity House, 2-6 Rothsay Street, Tower 
Bridge Road, London, S.E.1. Telephone: 01 -407 1495. 

SHARPEN YOUR RESPONSES with Brush Clevite 
Vernitron ceramic IF resonators. Identical resonators 
TF -04 442 need only fixed std. capacitors to set band- 
width from 2 to 12kHz, centre freq. 455 kHz. Set of 4 
with data, £1.50, UK post 5p. Special types for SSB, 
FM, etc., in stock. Amatronix Ltd., 396 Selsdon Road, 
S. Croydon, Surrey CR2 ODE. 

WANTED: 9.5mm cine equipment. Cameras, projectors, 
editors, splicers, film reels, etc. Details to: Box No. 
G169. 

HOLIDAY ACCOMMODATION. Burwood Lodge 
Hotel, Dawlish Road, Teignmouth, S. Devon. Especi- 
ally for parents with young children. Facing south, 
on the cliffs, direct access by private path to sea. 
Mothers' kitchen, automatic washing machines, baby 
listening service. Licensed lounge. Ample free parking. 

(Continued on page 255) 
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PLAIN- BACKED 
NEW STYLE 

SELF -BINDERS 
for your other magazines 

(max. format 71" x 91 ") 

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 seni 

PRICE 70 p Postage 10p 

Available only from 

Data Publications Ltd, 
57 Maida Vale London W9 1 SN 
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To All Users of Industrial 

Electronics 
Take advantage of our very competitive prices 
and high quality workmanship. 

DESIGN AND CONSTRUCTION OF 
INDUSTRIAL ELECTRONICS EQUIPMENT. 

INDUCTION HEATING GENERATORS. METAL 
DETECTORS, POWER SUPPLIES, AUTOMATION 

AND CONTROL EQUIPMENT. 
HIGH QUALITY 

SHORT DELIVERY TIMES, 
TWO YEARS GUARANTEE 

DESIGNS CONSTRUCTED TO 
CUSTOMERS OWN SPECIFICATIONS. 

WRITE FOR FULL DETAILS TO:- 

"E.B.E.R. A. KYPRIOTIS" 

LABORATORIES OF INDUSTRIAL 

ELECTRONICS 
OFFICE FACTORY 
ANDROMAHIS 50, KALL1THEA PAPAFLESSA 3, TSAKOS 
ATHENS, GREECE AGI-HA PARASKEVI 

ATHENS, GREECE 

INTERNATIONAL 
SHORT 

WAVE 

LEAGUE 

Membership £1.75 (35s. Od.) per annum 
(U.S.A. $5.00) including 12 monthly issues 
of Monitor - the League journal. Includ- 
ing free use of all Services. QSL Bureau 

etc. 

THE LARGEST S.W.L. ORGANISATION 

IN THE WORLD 

For full details write to: 
The Secretary, 

I.S. W.L., 
1, GROVE ROAD, LYDNEY, 

GLOS. GL15 5JE. 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

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

Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 4p 
= 64p. 

ALL WORDING 

IN 

[LOCI, LETTERS 

PLEASE 

I enclose remittance of be ng payment at 4p a word. MINIMUM 60p. 
Box Number, if required, 10p extra. 

NAME 
ADDRESS 

Copy to be received four weeks prior to publication. Published on theist of every month. 
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SMALL ADVERTISEMENTS 
(Continued from page 253) 

FOR SALE: Electronic Devices (Cheltenham) Ltd. 
electric "bug" morse key. £10. Box No. G170. 

WANTED: Bound volumes of The Radio Constructor 
for years 1962 to 1967. State price to: A. Wilcock, 23 
Irving Street, Hollinwood, Oldham, Lanes. 

WANTED: Marconi AD 8882B receiver manual circuit 
diagram, p.s.u. details, etc., for loan or purchase. Post- 
age refunded on all corespondence. Pring, 89A High 
Street, Chard, Somerset. 

ARE YOU A MOTORING ENTHUSIAST? The Seven - 
Fifty Motor Club caters for all types of motor sport - 
racing, rallies, hill climbs, etc. Monthly Bulletin free 
to members. For full details write to: The General 
Secretary, Colin Peck, "Dancers' End ", St. Winifred's 
Road, Biggin Hill, Kent. 

FOR SALE: Small stamp collection £5. Box No. G.171. 
200 MIXED RESISTORS, $ - # - 1 watt. All preferred 

values. No uncommon types. Brand new, only 60p 
post paid. Manley, 13 Randisbourne Gardens, Bromley 
Road, London S.E.6. 

SERVICES FOR CONSTRUCTORS:- Etched alu- 
minium fascia panels to specification. Plain aluminium 
panels to individual sizes. Labels, dials, nameplates. 
Instrument scales. Drafting tapes for printed circuit 
layouts. S.A.E. for details. R. A. Marsh, 29 Shel- 
bourne Road, Stratford on Avon, Warwicks. 

FREE GIFT when you request our quality stamps, 
supplied on approval. Generous discounts. Details 
from: Watson's Philatelic Service, 6 Beech Avenue, 
Brentwood, Essex. 

FOR SALE: Raven radio control Tx & Rx. Multichannel 
reed. £25. S.A.E. for details. Box No. G172. 

"GOVERNMENT SURPLUS WIRELESS EQUIP- 
MENT HANDBOOK ". Contains circuits, data, illus- 
trations, components lists for British/U.S.A. receivers, 
transmitters, trans /receivers; includes modifications to 
sets and test equipment. Surplus /commercial cross - 
referenced transistor and valve guide. A gold mine of 
valuable information. Price £2.84. P. & P. 16p. Myers, 
112 Stainburn Crescent, Leeds 17, Yorks. 

RECITALS OF RECORDED MUSIC. The second 
Saturday evening of each winter month. Next recital: 
November 13th, 1971, 8 p.m. Woodford Green United 
Free Church, Woodford Green, Essex. Bus routes 20, 
20A, 179 and 275 - alight at "The Castle" stop. Pro- 
gramme consists of A German Requiem by Brahms, 
with Schwarzkopf and Fischer -Dieskau. 

"MEDIUM WAVE NEWS" Monthly during Dx season 
- Details from: K. Brownless, 7 The Avenue, Clifton, 
York. 

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. 

RESISTORS, CAPACITORS, POT'S, Electrolytics,Tran - 
sistors, Diodes, Valves at very reasonable prices. 
Beginners specially catered for. S.A.E. for list. 24 
resistors on card with values marked, 20p. Hope, 
Pentalardd, Maesycrugiau, Pencadar, Carms. 

5 TRANSISTOR 1 WATT AUDIO AMPLIFIERS, for 
72 -15V supply. Standard 3 ohm output. Only £1 each. 
Manley, 13 Randisbourne Gardens, Bromley Road, 
London S.E.6. 

RADIO AMATEUR EXAMINATION COURSE 
Wednesday 6.30 to 9.00 p.m. To secure a place, enrol 
as soon as possible at ACTON TECHNICAL COL- 
LEGE (opposite Town Hall). Telephone 992 3248. 
Lecturer: W. G. Dyer, M.I.E.E., G3GEH. Syllabus 
embraces Theory, Licence Conditions and Morse in- 
struction; no prior knowledge is assumed or required. 

FREE TO AMBITIOUS ENGINEERS 
-THE LATEST EDITION OF ENGINEENING OPPORTUNITIES 

SEND FOR YOUR FREE COPY TO -DAY 
ENGINEERING OPPORTUNITIES is a highly informative 74 page 
guide to the best paid engineering posts. It tells you how you can 
quickly prepare at home for a recognised engineering qualification 
and outlines a wonderful range of modern Home Study Courses In 
all branches of Engineering. This unique book also gives full details 
of the Practical Radio & Electronics Courses administered by otur 
Specialist Electronics Training Division - explains the benefits of our 
free Appointments and Advisory service and shows you how to 
qualify for five years promotion in one year. 

PRACTICAL EUIPMENT INCLUDING TOOLS 
The specialist Electronics Division of B I.E.T. NOW offers you a 
real laboratory training at home with all the practical equipment 
you need, plus Basic Practice and Theoretical Courses for beginners in 
Radio, TV, Electronics, etc. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
Dept. (B10), Aldermaston Court, Reading RG7 4PF 

r'-SEND OFF THIS COUPON TO -DAY ! 

Tick subjects that interest you: 
IAMSE (Elec) City & Guilds Certificate RTEB Certificate 

Radio Amateurs' Exam DMG Certificate Colour TV I 
IElectronic 

Engineering Computer Electronics Radio and TV 
Servicing Practical Electronics Practical TV & Radio I 

IPlease 
send booklets & full information without cost or obligation. I 

I 

NAME AGE 
(BLOCK CAPITALS PLEASE) 

ADDRESS 

OCCUPATION 
BIET Dept. B10, Aldermaston Court, Reading RG7 

Accredited by the Council for the Accreditation 
of Correspondence Colleges. 

4PF I 

JOHN SAYS... 
J 

RING MODULATOR by Dewtron is professional, transformer - 
less, 5 transistor, has adjustable Fl /F2 rejection. Module £7. 
Unit L8.90. WAA -WAA Pedal kit of all parts. inc. all mechanics 
& instr. ONLY L2.95. AUTO RHYTHM from Dewtron 
modules. Simple unit for waltz, foxtrot, etc. costs £18 in 
modules. SYNTHESISER MODULES and other miracles. 
Send 15p for illust. list. D.E.W. LTD., 254 Ringwood Road, 
FERNDOWN, Dorset. 

200 Mixed Resistors 1, 1, 1 watt types all preferred values from 
10ohm - 2meg. only 50p 

RELAYS moving coil, very small sealed type 350 + 350ohm 
ISp each 

Miniature, 700 ohm 2 pole 2 way. 10p each 
1 WATT Transistor Amplifiers, S transistor, 3 -15 ohm output. 

71 - 15v supply. L1.00 each 
3 WATT Amplifiers, 6 transistor, 18 - 24v supply. L2.50 each 

Please include lop postage per order. MAIL ORDER ONLY 
A. J. Manley, 13 Randisboume Gardens, Bromley Road, 

London S.E.6 

MORSE MADE EASY ! ! 
FACT NOT FICTION. If you start RIGHT you will be reading amateur 
and commercial Morse within a month. (Normal progress to be 
expected.) Using scientifically prepared 3 -speed records you automatic- 
ally 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 guaran- 
teed. Complete course L4.50 (Overseas L1 extra). For details and 
course C.O.D. ring s.t.d. 01 -660 2896 or 01 -668 3255 send 4p stamp 
for explanatory booklet to: 

G3H5C /Box 38, 45 GREEN LANE, PURLEY, SURREY. 

SYNTHESISER 
MODULES 

Send s.a.e, for details of voltage -controlled modules for syn- 
thesiser construction to D.E.W. Ltd., 254 Ringwood Road, 
Ferndown, Dorset. 
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CHASSIS 
and 

CASES by 
EDGWARE ROAD 

H. L. SMITH &CO. LTD. 
287/9 Edgware Road 

London W2 IBE 
TEL: 01- 723 5891 

CASES 
Type Size 

ALUMINIUM, SILVER 
HAMMERED FINISH 
Price Type Size Price 

N 8x6x2" L1.00 W 12x7x7" £2.50 
N 6x6x3" [1.05 W 15x9x8" £3.15 
N 4x4x2" 80p Y 8x6x6" L2.25 
U 4x4x4" 95p Y 12x7x7" 0.80 
U S }x4 }x41" £1.15 Y 13x7x9" E3.15 
U 8x6x6" L1.45 Y 15x9x7" [3.35 
U 9 1x7 1.x3}" £1.55 Z 17x10x9" L4.15 
U 15x9x9" 0.00 Z 19x10x8 }" L4.25 
W 8x6x6" 61.90 Height 
Type N has removable bottom, Type U re- 
movable bottom or back, Type W removable 
front. Type Y all screwed construction, Type 
Z removable back and front. Plus p. & p. 

TYpe N 

Type 
W 

I 

ALUMINIUM, SILVER CASES HAMMERED FINISH 
Type Size Price Type Size Price 
N 8x6x2" L1.00 W 12x7x7" £2.50 
N 6x6x3" [1.05 W 15x9x8" £3.15 
N 4x4x2" 80p Y 8x6x6" L2.25 
U 4x4x4" 95p Y 12x7x7" 0.80 
U S }x4 }x41" £1.15 Y 13x7x9" E3.15 
U 8x6x6" L1.45 Y 15x9x7" [3.35 
U 9 1x7 1.x3}" £1.55 Z 17x10x9" L4.15 
U 15x9x9" 0.00 Z 19x10x8 }" L4.25 
W 8x6x6" 61.90 Height 

- Type Y 

Type Z 

Type U 

BLANK CHASSIS 

THE RADIO CONSTRUCTOR 

YUKAW SO DROFESS /O VAL THE 

ELF- srat`l 'A- W AEROSOL wAY- 

Se air drying GREY HAMMER 
Get BLACK WR/N(16 

(CRRCKLE) finishes 
Yukan Aerosol vpraykit contains 453g. fine quality, durable easy Instant 
spay. No stove baking required. Hammers available in grey and blue, 
90p can. pd. Modern Eggshell Black Wrinkle (Cockle) producing a 3D 
textured finish, 90p can. pd.. all at 85p per push -button sail-spay can at 
our counter. Also durable, heat and water resistant Black Matt finish 
(339g. sell -spray cans only) 75p can. pd, 
SPECIAL OFFER: One can plus optional transferable snap -on trigger 
handle (value 25p) for 96p can. pd. Choice of 13 self -spray plain cobua 
and primer (motor car quality) also available. - Please enclose cheque or crossed P.O. for total amount direct to: -" ' 

even better 

DEPT: N16 fUKAN, 307e EDGWARE ROAD, LONDON W2 -NN 
We supply many Government Departments. Municipal Authorities. s Institutes and Leading Industrial Organisations -We can supply you too. New 13lt 1t- 
ol 

Other Yukon Ad 
Drying Arosais, 
d598. at Sop 
pan. p0. 
Meru.: 
Zinc Chromte 
Cl,., Gec:uer 
Mad/ice: Grey, 

Closed ALL DECEMBER for annual holiday 

FREQUENCY LIST TRANSFERS 

We have a limited supply of sheets of Dial 
Frequency Transfers in black. Short Wave fre- 
quencies 1.8Mc /s to 32Mc /s and 144Mc /s and 
146Mc /s. Includes amateur band marker frequen- 
cies at 100kc /s points and other short wave 
frequencies from 2 to 32Mc /s at every S00kc /s 
points. Each frequency is repeated. Two sheets 
for 5p, five sheets for 10p, postage 3p. 

DATA PUBLICATIONS LTD., 
57 Maida Vale, London W9 1SN. 

DATA BOOK SERIES 
DB5 TV FAULT FINDING 

124 pages. Price 50p, postage 6p. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 75p, postage 8p. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price £1.88, postage 20p. 

DB18 AUDIO AMPLIFIERS 
128 pages. Price 53p, postage 6p. 

DB19 SIMPLE SHORT WAVE RECEIVERS 
140 pages. Price 80p, postage 6p. 

I enclose Postal Order /Cheque for in payment for 

NAME 

ADDRESS 

(Please use Block Capitals for both name and address) 
Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order. 
All publications are obtainable from your local bookseller. 
Data Publications Ltd., 57 Maida Vale, London W9 1SN 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 

256 256 

Data Publications Ltd. 
Overseas customers please pay by International Money Order. 

All publications are obtainable from your local bookseller. 
Data Publications Ltd., 57 Maida Vale, London W9 1SN 

THE RADIO CONSTRUCTOR 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
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HENRY'S RADIO LIMITED 
ENGLAND'S LEADING ELECTRONIC CENTRES 
HI -FI COMPONENTS TEST PA. DISCOTHEQUE ELECTRONIC ORGANS MAIL ORDER 

HENRYS RADIO 

10th EDITION 
CATALOGUE 

pages Oily 
detailed and 
Illustrated 
covering eve, 
aspect of 
Electronics - 
plus data. 
circuits and 

ormation 

Plat7FIVE 100101100S 
FOR USE WITH PURCHASES 

12000 
Stack lines 
at Special 

Low Prices and 
Fully Guaranteed 

Send to this address - Henry's Radio Ltd., (Dept. R.C.), 
3 Albemarle Way, London, E.C.1 - for catalogue by 
post only Al! other mail to "303 ", see below. 

A NEW HENRY'S CATALOGUE IS 
A MUST FOR ELECTRONICS TODAY 1 

STEREO HEADPHONES 

With stereo 
lack. Post typ 
DUlci SH650D 
Rotel R0600 
Altei ASE9S 
Eagle SE30 
Koss K711 
Pioneer 5E30 
Koss 00040 

C2.25 
£4.67 
C5.50 
£5.97 
£7.97 
C9.45 

C15.50 

BUILD THIS VHF FM TUNER 
5 MULLARD TRANSISTORS 300 kc /s 
BANDWIDTH. PRINTED CIRCUIT, 
HIGH FIDELITY REPRODUCTION. 
MONO AND STEREO. A popular VHF 
FM Tuner for quality and reception of 
mono and stereo. There is no doubt 
about it - VHF FM gives the REAL 
sound. All parts sold separately 
Free leaflet Nos. 3 8 7. 
TOTAL £6.97 p.p. 20p :4/ -) 
Cabinet £1.00. Decoder Kit £5.97. Tun- 
ing Meter £1.75. Mains unit (optional) Model P5900 £2.47 
Mains unit for Tuner and Decoder PSI200 £2.62 

HOME EQUIPMENT 

AF105 50k /V multimeter ( illus.). Price 
£8.50, p.p. 20p. Leather case 01.42 
200H 20k /V. Price £3.87, p.p. 20p. 
Case 62p 
500 30k /V multimeter. Price £8.87, 
p.p. 20p. Leather case £1.50 
THL33 2k /V. Price £4.12, p.p. 15p. 
Leather case C1.15 
TE65 Valve voltmeter (illus.). Price 
£17.50, p.p. 40p 
SE250B Pocket pencil signal injector. 
Price £1.75, p.p. 15p 

SE 00 Pocket pencil signal tracer. Price 
£1.50, p.p. 15p 
TE OD RF generator. Price £15, p.p. 40p 
TE 2D Matching audio generator. Price 
£17 p.p. 40p 
TE15 Grid dip meter. Price (12.50, 
p.p. 40p 
TO Scope 3in. tube. Price £37.50, 
p.p. 50p 
TE 2 Audio Generator. Price £17, 
p.p. 40p 

Cl -5 Pulse Scope £39.00 p.p 50p 

U4341 AC /DC Multitester and transistor tester. AC 8 DC 
Current. In steel case. Price £10.50 p.p 15p 
TMK 500 30k /v Multitester. Price £8.87 p.p. 13p. Leather 
case £1.98 
Largest Range of Panel Meters, Edge Meters and Test 
Equipment of every sort. Full details in latest catalogue - 
see above. 

LOW COST HI -FI SPEAKERS 
E.M.I. Size 135" o 85 ". Ceramic Magnet. 
TYPE 150 6 watt, 3, 8 or 15 ohms 

£2.12. Post 22p 
TYPE 150TC Twin cone version £2.75. 

Post 22p 
TYPE 450 10 watt with twin tweeters 

and crossover. 3, 8 or 15 ohms. 
£3.50. Post 25p 

TYPE 350 20 watt with tweeter and 
crossover. 8 and 15 ohms. £7.50. 
Post 28p 

HI -FI TO SUIT 
EVERY 

POCKET 

SAVE ON LIST 
UP TO 40% PRICES 

Plus Free Dual Bug Value C1.20 

ROTA 1500. 5 - 5 watts Garrard 2025TC 
w,th 9TAHC diamond ceramic. Plinth /Cover 
SOL 'Envoy Compact Speakers 

SC27E £47.50 Carr 

TELETON '206. Garrard 5P25 Mk. III. 
GolOrrng 6800 Series Can., Plinth /Cover. 
New 15 watt Quality SOL -Envoy Bookshelf 
Speaker Systems, all leads etc 
SAVE £54.95 Carr C30.00 E2 

TELETON F2000, Med. Wave. Stereo FM 
Tuner Amphtier, Gerrard 202510. 9TAHC 
Diem., Plinth /Cover. New 15 watt Speaker 
Systems as above, all leads etc. 
SAVE £59.95 C2r 

ROTA 2200.10 ` 10 Watt. Garrard SP25 
111/060011 Plinth /Cover. New 15 watt SOL 
''Calypso' Speaker Systems, all leads etc 
SAVE Carr 
035 £61.95 E2 

LOW PRICES PLUS 12 MONTH'S GUARAN- 
TEE AND DEMONSTRATIONS 
FREE LATEST SPECIAL PRICE STOCK 
LIST AND STEREO SYSTEMS Ref. 16/17. 

HIGH QUALITY SILICON AMPLIFIERS 
AND PRE -AMPLIFIERS 

Self powered Silicon - FET 
Pre Amplifiers. Push button 
selectors, tape record /play, 

adjustable levels, drive up to 
4 x PA25 or 2 x PASO per channel. 

FET 9/4 Mono or single charnel. All facilities plus micro- 
phone. Mixing. Price C12.50 
FET 154 Stereo with all facilities, magnetic cart, Input etc. 
Price £18.50 
SILICON POWER AMPLIFIERS RMS OUTPUT 
PA 25 25 watts into 8 ohms £7.50 
PA 50 50 watts into 4 ohms £9.50 
MU442 Power Supply for 1 or 2 
PA25's or 1 only PA50 £6.00 Post 20p. 
Free brochure No. 25 on request. No soldering - All units 
Interconnecting. On demonstration at "356" 

TERRIFIC GARRARD . BSR . 

THORENS . GOLDRING . 

SAVINGS 1 PIONEER . CONNOISSEUR 

CHASSIS IPI ASSEMBLED (P) ASSEMBLED 
Hess cartridge) (less cartrige with (with cart. P 5 CI 

cover 
5025 Mk III 011.30 MPRO (TDIP) ) 018.75 2025TC /9TAHC £13.95 
AP76 019.97 HT70 PC £24.00 SP25/3 -G800H 018.95 
MP60 011.30 PL12 AC £36.50 AP76 - 0800 [30.85 
MP610 015.15 0L69 /2 PC 032.00 0L69/2 - G800 035.95 
HT70 C16.60 GL75 PC £42.50 GA202 Electronic í59.9S 
GL69/2 C21.97 TD150AB /TXII C45.50 Chassis with Cartridge 
GL75 £22.00 GA308 £34.75 2025TC/9TAHC £9.50 
DUAL 1215 C39.00 502 032.25 3000 /9TAHC C9.98 

TEAK 
PLINTH 
WITH 
COVER 
(Slate 
deck) 
Post etc 

Pt /T1 Standard £3.75 IPI Special Price with Cartridge 
BNt Deluxe C8.75 All magnetic - Recommended for 

- Pa /T4 Standard C4.95 V970 (= 007601 £3.25; AT66 C4.951 
554 Deluxe C8.75 G850 £4.25; AT21 09.80; G000 or 
P6 /T6 Standard C3.75 G ®OH 06.55: M44.7 or C £7,451 909X 
BSR Deluxe E6.50 0712 
Chassis 50p. with plinth /cover 700, Plinth / c0ver 300. Cens 15p- 

300 mW TRANSISTOR AMPLIFIER 
MODEL 4 - 300 

Fully assembled 4TR Amplifier. Size 5} x 15 o 
fin. 1 - 10 mV adjustable sensitivity. Output 
3 - 8 ohms. Fitted Vol. control. 9 volt oper- 
ated. Thousands of uses plus low oust. 
Price C1.75 p.p. 15p (or 2 for £3.25 p.p. 15p) 

QO 

POLISHED CABINETS FOR 150. 150TC and 450 £4.50. Post 

SPEAKER KITS 
Whaetedale 4-8 ohms Peerless 8 ohm Systems 
Unit 3. 8" 15W £10.50 20 -2 8" 30W £11.25 
Unit 4. 12" 25W £14.25 20 -38" 40W £16.75 
Unit 5. 12" 35W C20.25 4- 30/1212" 40W 022.75 
Carriage etc. 50p each. 75p per pair for Kits 

30p 

FREE BROCHURES 
P.A., DISCO and LIGHTING No 18 
ELECTRONIC ORGANS IN KIT FORM 
No 9 
TRANSISTORS. I.C.'S No. 36 

SINCLAIR PROJECT 60 
PACKAGE DEALS - 

SAVE POUNDS ! 

2xZ30 amplifier. stereo 60 pre -amp, PZ5 power supply, £16.75. 
Carr. 40p. Or with PZ6 power supply £18.25. Carr. 40p. 2xZ50 
amplifier. stereo 60 pre -amp, PZ8 power supply, £20.25. Carr. 
40p. Transformer for PZ8 £2.45 extra. NEWT Project '605' 
stereo system £21.50. Any of the above with Active Filter unit 
add £4.75 or with pair 016 speakers add 016. Also new FM 
Tuner £20.25. 2000 Amplifier C24.50, p.p. 50p. 3000 Amplifier 
031.50. Also IC12 £2.50. 

20 WATT I.C. AMPLIFIER 
Toshiba 20 watt Power Amplifier, C4.57. 
Toshiba PreAmprrar I.C. £1.50 
Data and sue 

c 
suggested circuits Na 2. ú5P 

SL4030 3 watt I.C. with data d circuits 
01.50 
IC12 6 wall I.C. £2.50 

NIXIE TUBES (post lsp per order) 
XN3 or uN13 69 side view with data sheet, 
55p each. GN4 end view 0.9 wilt socket and 
data, [1.75. All I.C.'s for Digital Clocks In 
stock. HENRY'S CLOCK CIRCUIT No. 29/2 
150. 

"BANDSPREAD" PORTABLE TO BUILD 

Printed circuit all -transistor design using Mollard 
RF /IF Module Medium and Long Wave bends 
plus Medium Weave BOandspreead for entre Ism. 

tuning, 60OmW 
push-pull oulp. t, libre glass PVC covered cabinet. 
car rial socket. Attractive appearance and per. 
formante. TOTAL COST TO BUILD 07.95 p.p. 320 

(Battery 22p) 
All parts sold separately - Leaflet No. 2. 

71 PORTAILE (as previously advertised) L8.9e 
pp. 35p. From stock. (Leaflet No 11. 

MORE OF EVERYTHING AT LOW PRICES ALWAYS FROM HENRY'S 
'Components In stock for most published 

designs - send large S.A.E. with Ilst for 
parts quote for your circuit. 

Electronic Components, 
Audio and Test Gear Centre 
356 EDGWARE ROAD, 
LONDON, W.2. 
Tel: 01 -402 4736 

"354' 

High Fidelity Sales & 
Demonstrations Centre 
354 EDGWARE ROAD, 
LONDON, W.2. 
Tel: 01 -402 5854 

& "356" OPEN SIX FULL DAYS 

Electronic Organs. 
P A. & Discotheque Centre 
309 EDGWARE ROAD, 
LONDON, W.2. 
Tel: 01 -723 6963 

Mail Orders, Special Bargain 
Shop, Industrial Sales 
303 EDGWARE ROAD, 
LONDON, W.2. 
Tel : 01 -723 1008/9 

A WEEK 9 rant to 6 pm MONDAY TO SATURDAY 
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