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TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish" special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover: 

(a) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling-house. 

{b) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity £10,000 any one accident. 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £500. 

The cost of Cover (a) is 5/— a year for Sets worth £50 
or less, and for Sets valued at more than £50 the 
cost is in proportion. Cover {b) (i) and (ii) costs only 
2/6 a year if taken with Cover (a), or 5/— if taken alone. 

Why not BE PRUDENT AND INSURE your 
installation—it is well worth while AT THE VERY 
LOW COST INVOLVED. If you write to the 
Corporation's Office a proposal will be submitted for 
completion. 

Write for full details, quoting reference 5304, to;— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

66-67 CORNHILL, LONDON E.C.2 
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QUALITY-TESTED PAKS 
NOW EVEN MORE FOR YOUR MONEY 
2 Drift Trans. 2NI225 Germ. PNP 100 Mc/s. 6 Matched Trans. OC44/45/8I/8ID   16 Red Spot AF Trans. PNP   16 White Spot RF Trans. PNP  S Silicon Rects. 3 A 100-400 PIV   2 10 A Silicon Rects. 100 PIV   2 OC139 Trans. NPN Switching   1 12 A SCR 100 PIV   3 Sil. Trans. 2S303 PNP  12 Assorted Computer Diodes  4 NPN Med. Speed Switching Trans  4 Zener Diodes 250 mW 3-12 V   5 2G4I7 Trans. Eqvt. AFI 17  3 200 Mc/s Sil. Trans. NPN BSY26/27   2 Bi-directional Trans. ASY66 PNP  3 Zener Diodes 400 mW 33 V 5% Tol  4 High Current Trans. OC42 Eqvt  2 Power Transistors I OC26 I OC35  5 Silicon Rects. 400 PIV 250 mA   4 OC75 Transistors Mullard Type  3 NPN Silicon Trans. 70 Mc/s  1 Power Trans. OC20 100 V  4 OA202 Sil. Diodes Sub-min   2 Low Noise Trans. NPN 2N929/30   1 Sil. Trans. NPN VCB 100 ZT86  8 OA8I Diodes (CV448)   4 OC72 Transistors Mullard Type  4 OC77 Transistors Mullard Type  5 Metal Alloy Tranststors Mat Type   4 Sil. Rects. 400 PIV 500 mA  5 GET884 Trans. Eqvt. OC44  5 GET883 Trans. Eqvt. OC45  2 GET20 Germ. PNP Trans, with Heat-sink 3 VHF Sil. Epoxy Trans. NPN 100 Mc/s .... 2 2N708 Sil. Trans. 300 Mc/s NPN   5 GT4I/45 Germ. Trans. PNP Eqvt OC7I . 3 GT31 LF Low Noise Germ. Trans. PNP 6 IN9I4 Sil. Diodes 75 PIV 75 mA   8 OA95 Germ. Diodes Sub-min IN69  3 NPN Germ. Trans. NKT773 Eqvt. ACI30. 2 OC22 Power Trans. Germ  2 OC25 Power Trans. Germ  2 OC73 Mullard Trans  4 AC 128 Trans. PNP High Gain   2 AC 127/128 Comp. pair PNP/NPN   10 Assorted Gold Bonded Diodes  
C D C C One 10/- Pack of your own choice C R P F r r% c c free with orden yalned £4 or oyer ' ^ 

ng T 3 2NI307 PNP Switching Trans  I 20 Germ. Diodes General Purpose   7 CG62H Germ. Diodes Eqvt. OA7I  3 AFI 16 Mullard Type Trans  12 Assorted Germ. Diodes Marked ....... I 30 Amp Power Rectifier 100 PIV   4 AC 126 Germ. PNP Trans  5 I Amp Germ. Rect. 200 PIV   I ORP6I Photo-conductive cell   4 Silicon Rects. 100 PIV 750 mA  3 AFI 17 Trans. Mullard Type  ' 7 OC8I Type Trans  3 OCI7I Trans. Mullard Type   3 2N2926 Sil. Epoxy Trans  7 OC71 Type Trans  . 2 GET9 Power Trans. 60 VcB. 8 A  [ 25 Trans. Heatsinks fit TOI8. SOI2. etc. 1 TK400A Power Germ. Trans. ADY22 2 2S70I Sil. Trans. Texas   2 BFYI6 Sil. Trans. STC   2 Zeners Z2AI50F. 15 V I watt  3 BCY43 Sil. Trans. 100 m/cs  3 12 Volt Zeners 400 mW   2 GET571 Germ. Trans. OC28  2 10 A 600 PIV Sil. Rects. 1S425R  

t 

I M/ 

1 2N9I0 NPN Sil. Trans. VCBI00 SOMc/- 2 1000 PIV Sil. Rect. 15 A RS3I0 AF   3 High Volt. AF Trans. PNP ACYI7   15 3 BSY95A Sil. Trans. NPN 200 Mc/s   15 3 OC200 Sil. Trans. Mullard  '5 2 Sil. Power Rects. BYZI3   I Sil. Power Trans. NPNI00 Mc/s TK20IA 6 Zener Diodes 3-15 V Sub-min   1 2NI132 PNP Epitaxial Planar Sil. Trans  15 2 2N697 Epitaxial Planar Trans. Sil  IJ 4 Germ Power Trans. Eqvt. OCI6 Mullard ,c' 1 Unijunction Trans. 2N2646 Eqvt. D5E29 . 2 Sil. Trans. 200 Mc/s 60Vcb ZT83/84   15 I Sil. Planar Trans. NPN 100 Mc/s BSY25 . . 1 Sil. Trans. IS 104 150 Mc/s HFE 200 NPN . 2 SCRs 50 PIV I A TO-5 can   '5 I Tunnel Diode IN3720 (TD5) G.E  15 1 Unijunction Trans. 2N2I60 TO-5 can G.E. . 15 2 Sii. Rects. 5 A 400 PIV Stud Type  15 2 Germ. Power Trans. OC28/29   15 I 10 A Sil. Stud Rect. 800 PIV   15 1 Tunnel Diode AEY11 1050 Mc/s STC  15 2 2N27I2 Sil. Epoxy Planar HFE225 max  15 I 2N 1257 PNP Sil. Planar TO-5 can . ,e 

Sil. Power Trans. NPN 2S72I 85 W 6 BY 100 Type Sii. Rects  ^0 25 Sil. and Germ. Trans. Mixed all Marked New 3( 
MANY NEW PAK ITEMS 

ANOTHER CROWNING SUCCESS — 

DEVICES 

AT FRACTIONAL PRICES 
NEW SILICON RECTIFIERS TESTED 
PIV 750 mA 3 AMP 10 AMP 30 AMP 

50 21- 3/- 4/6 9/6 
100 2/3 3/6 6/- 15/- 
200 2/6 4/6 6/6 20/- 
300 3/- 4/9 81- 22/- 
400 3/6 6/- 91- 25/- 
500 4/- 6/6 9/6 30/- 
600 4/3 71- 10/- 37/- 
800 4/9 81- 15/- 40/- 

1000 6/- 10/- 17/6 50/- 
750 mA TOP-HAT TYPE 3. 10 and 30 A STUD TYPE 
SCR's L0WEST PRICE YET (THYRISTORS) LARGEST RANGE EVER 

1 AMP 7 AMP 16 AMP 30 AMP 
PIV (TO-5 can) (STUD) (STUD) (STUD) 

25 — 7/6 — 30/- 
50 7/6 8/6 10/6 35/- 

100 8/6 10/- 15/- 45/- 
200 12/6 15/- 20/- 55/- 
300 15/- 20/- 25/- — 
400 17/6 25/- 35/- 80/- 
500 — 40/- 45/- 95/- 
600 — 40/- 50/- — 

TRANSISTOR MANUAL BY G E 
CIRCUITS. APPLICATIONS. CHARACTERISTICS. THEORY. 30/- 

EACH 
P.P. 2 6 

INC. 
L.A. S.C.R's. G.T. SWITCHES. THEORY. RATINGS. APPLICATIONS. 

S.C.R. MANUAL BY G.E. 

★ VALUE PACKS for '67 ^ 
NEW UNTESTED ^ 

120 GERM. SUB-MIN. DIODES 10/" 

50 mixed transistors 10/- 

16 
s75OcSA RECTIFIERS 10/- TOP-HAT ' 

20 ZENERS 10/- 

25 a™ TRANSISTORS 10/- 

10 SILICON RECT. 10/- 

75 GOLD-BONDED 10/- 

30 TRANSISTORS 10/- SILICON ' 
60 ^ DIODES 10/- 

40 RECTIfiers TOP HAT 10/- MIXED ' 
20 GEiMAMupPTo RECTIFIERS 10/- 300 PIV ' 
40 o'cBi TRANSISTORS 10/- AC 128 ' 
10 5Vampiv SCR's 20/- 

AFI 17  3/6 AFI 39  10/- AFZ12  10/- BC107   61- BCI08   51- BFY50  10/- BFY5I   7/6 BFY52  10/- OA5  1/9 OA9  1/10 OA 10   1/9 OA47   21- OA70   1/3 OA79   1/9 OAS I   1/6 OA9I   1/3 I OA 162  1/6 OA200  21- OA202  3/6 OC44   1/9 OC45   1/9 OC7I   2/3 OC73    21- OC76  • • • ■ 21- OC8ID   2/3 OC82D   2/3 OC 170  2/6 OC200  41- OC20I  7/6 I ORPI2  8/6 
ALL BRAND NEW ^ 
AND GUARANTEED 

"INTEGRATED! 
CIRCUITS" 

8 LEAD —EPOXY CASE 
RT//L MICROLOGIC 
tx L 900 "Buffer" I9/6| 
H L 914 "Gate" 19/6| 
/t L 923 "J.K." 35/- 

(FLIP-FLOP) 
COMPLETE DATA AND 
CIRCUITS SEND l/«. OR FREE WITH ALL IC ORDERS 

Our vast stocks change daily with hundreds ol semi- conductor bargains becoming available. Just send 2/6 to cover 3 months mailing of our latest stock lists, eqvt. charts, circuits, etc. 
Minimum Order 10/-. CASH WITH ORDER PLEASE. Add I/- postage and packing per Order. GUARANTEED by return postal service. Overseas add extra for Airmail. 
BI-PAK SEMICONDUCTORS 
8 RADNOR HOUSE,93-97 REGENT ST., 
LONDON W.l. 

BI-PAK 

KING OF THE PAKS 

OCTOBER 1967 129 



HI-FI AMPLIFIERS TUNERS RECORD PLAYERS 

3 + 3W 
STEREO 

AMP. 
S-33H 

10W 
POWER 

AMP. 
MA-I2 

10W POWER AMPLIFIER. Model MA-12. 10W output, wide fVeq. range, 
low distortion. For use with control unit. Kit £12.18.0 Assembled £16.18.0 
STEREO CONTROL UNIT. Model USC-1. Ideal for use with the MA-12 
power amplifiers. Push button selection, ganged controls, rumble and variable 
low-pass filters. Kit £19.19.0 Assembled £27.5.0 
DE LUXE STEREO AMPLIFIER. Model S-33H. 3+3 watt output with 
two-tone grey perspex panel, and higher sensitivity necessary to accept the Decca 
Deram pick-up. Kit £15.17.6 Assembled £21.7.6 
m-FI STEREO AMPLIFIER. Model S-99. 9+gw output. Ganged controls. 
Stereo/Mono gram., radio and tape inputs. Push-button selection. Printed cirant 
construction. Kit £28.9.6 Assembled £38.9.6 
TRANSISTOR PA/GUITAR AMPLIFIER, PA.2. 20W amplifier. Four inputs^ 
Variable tremolo. New Low Price Kit £39.19.0 Assembled £54.10.0 

— iilillillillllliil* 
ENJOY YOURSELF AND SAVE MONEY 

20 + 20W GARRARD STEREO PLAYER AMP. AT-60 AA-22U 

TRANSISTOR MIXER. Model TM-1. A must for the tape enthusiast 
Four channels. Battery operated. Similar styling to Model AA-22U 
Amplifier. With cabinet. Kit £11.16.6 Assembled £16.17.6 

20 +20W TRANSISTOR STEREO AMPLIFIER.. Model AA-22U. 
Outstanding performance and appearance. Kit £39,10.0 (less cabinet).. 
Assembled £57.10.0 Attractive walnut veneered cabinet £2.5.0 extra. 

GARRARD AUTO/RECORD PLAYER. Model AT-60. 
less cartridge £14.12. 10 With Decca Deram pick-up £19.7.4 incl. P.T. 
Many other Garrard models available, ask for Lists. 

HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Attractive modern styling. 

Kit £11.9.6 Assembled £15.15.0 

Finished models provide years of superlative performances 

INSTRUMENTS 

3" LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS-2. Compact size 5" X 7f X 12" deep. 
Wt. only 9 Jib. "Y" bandwidth 2 c/s-3 Mc/s : 3dB. 
Sensitivity lOOmV/cm. T/B 20 c/s-200 kc/s in four 
ranges, fitted mu-metal CRT Shield. Modern functional styling. 

Kit £23.18.0 Assembled £31.18.0 
5" GEN-PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with professional 
specification and styling. "Y" bandwidth 3 c/s—4.5 
Mc/s ±3dB. T/B 10 c/s-500 kc/s. 

Kit £35.17.6 Assembled £45.15.0 
DE LUXE LARGE-SCALE VALVE VOLT- METER. Model IM-I3U. Circuit and speci- 
fication based on the well-known model V-7A but 
with many worth-while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. Kit £18.18.0 Assembled £26.18.0 
AUDIO SIGNAL GENERATOR. Model AG-9U. 10 c/s 
to 100 kc/s, switch selected. Distortion less^ than 0.1%, 
10V sine wave output metered in volts and dB s. 

Kit £23.15.0 Assembled £31.15.0 

VALVE VOLTMETER. Model V-7A. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.1 £2 to 1,000M C with internal battery. 
D.c. input resistance UMC. dB measurement, has centre- 
zero scale. Complete with test prods, leads and standardising 
battery. Kit £13.18.6 Assembled £19.18.6 
MULTIMETER. Model MM-1U. Rangra 0-1.5V to 
1,500V a.c. and d.c.; ISOplA to 15A d.c.; 0.2 C to 20M £2. 
41" SOpA meter. Kit £12.18.0 Assembled £18.11.6 
R.F. SIGNAL GENERATOR. Model RF-1U. 
Up to 100 Mc/s fundamental and 200 Mc/s on 
harmonics. Up to lOOmV output. 

Kit £13.18.0 Assembled £20.8.0 
SINE/SQUARE GENERATOR. Model 
IG-82U. Freq. range 20 c/s-1 Mc/s in 5 bands 
less than 0.5% sine wave dist. less than 0.1 Sp. 
sec. sq. wave rise time. 

Kit £25.15.0 Assembled £37.15.0 

t z" * 
#-* * 

OS-2 

3 
IM-13U 

RF-1U 

1G-82U 

VISIT THE HEATHKIT CENTRE Telephone No. 01-636-7349 
233 TOTTENHAM COURT ROAD. LONDON W.I 

Open Monday to Friday, 9 a.m.—5.30 p.m. Saturday 9 a.m.—1 p.m. 

Complete your motoring pleasure with this 
outstanding CAR RADIO, Modelcr-i 

Will give you superb LW and MW enter- 
tainment wherever you drive. Tastefully 
styled to harmonise with any car colour 
scheme. Available for your convenience in 
two separate parts, RF Amp. Kit £1.13.6 
incl. P.T. IF/AF Amp. Kit £11.3.6. 

Total Price Kit (excl. Loudspeaker) £12.17.0 incl. P.T. 
8" X 5" Loudspeaker £1.16.1 incl. P.T. 

TRANSISTOR RADIOS 
"OXFORD" LUXURY PORTABLE. 
Model UXR-2. Specially designed for use 
as a domestic, car or personal portable 
receiver. Many features, including solid 
leather case. Kit £14.18.0 incl. P.T. 
TRANSISTORPORTABLE.ModelUXR-l. 
Pre-aligned I.E. transformers, printed circuit. 
Covers L.W. and M.W. Has 7" X 4" loud- 
spcaker. Real hide case. £i2.11.0inci p T 

JUNIOR EXPERIMENTAL WORKSHOP 
Model EW-1. More than a toy! Will make 
over 20 exciting electronic devices, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present ! Kit £7.13.6 incl. P.T. 

UXR-2 

UXR-1 

STEREO TRANSISTOR FM TUNER 
(Mono version also available) 

14 transistor, 5 diode circuit. Tuning 
range 88-108 Mcc/s. Designed to match 
the AA-22U Amplifier, Available in sep- 
arate units, can be built for a total price. 

Kit (Stereo) £24.18.0 incl. P.T. 
Kit (Mono) £20.19.0 incl. P.T. 

Cabinet extra £2.5.0. 

SEE HOW EASY-IT-IS TO BUILD 
ANY HEATHKIT MODEL YOURSELF 

Full details of manual only purchase scheme in 
latest catalogue. Remember all Heathkit models 

are fully guaranteed. 
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TAPE AMPLIFIERS TAPE DECKS CONTROL UNITS 

STEREO FM DECODER TUNER SD-1 FM-4U 

HI-FI FM TUNER. Model FM-4U. Available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and I.F. 
amplifier unit, with power supply and valves (£13.13.0). May be used 
free standing or in a cabinet. Total Kit £16.8.0 
(Multiplex adapter available, as extra.) 
HI-FI AM/FM TUNER, Model AFM-1. Available in two units which, 
for your convenience, are sold separately. Tuning heart (AFM-T1— 
£4.13.6 incl. P.T.) and I.F. amplifier (AFM-A1—£22.11.6). Printed 
circuit board, 8 valves. Covers L.W., M.W., S.W., and F.M. Built-in 
power supply. Total Kit £27.5.0 
(Multiplex adapter available, as extra.) 
STEREO DECODER. Model SD-1. Converts FM Mono receivers to 
stereo at low-cost. Styled to match Heathkit models FM-4U and AFM-1 
Tuners. Kit £8.10.0 Assembled £12.5.0 

AM/FM 
TUNER TRUVOX 

DECK 

MAGNAVOX "363** TAPE DECK. The finest buy in its price range. Operating 
speeds: 11", 3J" and 71" p.s. Two tracks, "wow" and "flutter" not greater than 
0.15% at 71' p.s. £13.10.0 
TRUVOX D106 TAPE DECKS. High quality stereo/mono tape decks. D106, 
i track, £39.15.0 D108, i track, £39.15.0 
TAPE RECORDING/PLAYBACK AMPLIFIER 
Mono Model TA-IM kit £19.18.0 Assembled £28.18.0 
Stereo Model TA-IS kit £25.10.0 Assembled £35.18.0 

HI-FI CABINETS. Models available for example: Malvem Kit £18.1.0 
incl. P.T. Gloucester Kit £18.10.0 incl. P.T. 
MONO CONTROL UNIT. Model UMC-1. Designed to work with the MA-12 
or similar amplifier requiring 0.25V or less for full output. 5 inputs. Baxandall 
type controls. Kit £9.2.6 Assembled £14.2.6 

Build Britain's Best Electronic Kits 
No special Kit-buiiding skills or Electronic Knowledge required 

New! Portable Stereo Record Player, SRP-1 
Automatic playing of 16, 33, 45 and 
78 rpm records* All transistor— 
cool instant operation. Dual LP/78 
stylus. Plays mono or stereo 
records. Suitcase portability. De- 
tachable speaker enclosure for best 
stereo effect. Two Sin z Sin. special 
loudspeakers. For 220-250V a.c. 
mains operation. Overall cabinet 
size 15-^f x 3{ x lO^in. 

Compact, economical stereo and mono record playing for the whole 
Family—plays anything from the Beatles to Bartok. All solid-state 
circuitry gives room filling volume. 
KIT £27*15.0 Assembled price on request. 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM, Model SSU-1 
Ducted-port bass reflex cabinet in the white: Two 
speakers, vertical or horizontal models with legs. 
KIT £12.12.0, without legs, KIT £11.17.6 
incl. PT. 

AVON MINI SPEAKER SYSTEM 
6^" Bass, 31" Treble speakers and crossover unit. 
Kit £4.18.0 incl. PT. Beautiful. Walnut veneered 
fully-finished cabinet, £8.18.0, Total price Kit 
£13.16.0 incl. PT. 

SSU-1 

Heathkit =H" Send for this 
Catalogue ... 

... it's FREE! 
36 pages packed with Britain's 
largest selection of electronic Kits. 
Mail coupon or write: 
DAYSTROM LTD., Dept. RC-10 
GLOUCESTER. Tel. 20217. 

GC-1U 

"AMATEUR" EQUIPMENT 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
aerial, tuning meter and large slide-rule dial. 

Kit £37.17.6 Assembled £45.17.6 
AMATEUR BANDS RECEIVER. Model 
RA-1. To cover all the Amateur Bands 
from 160-10 metres. Many special features, 
including: half-lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. stage. 

Kit £39.6.6 Assembled £52.10.0 
160-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
perfonnance and stability. Completely self- 
contained. 

Kit £81.10.0 Assembled £106.15.0 
COMMUNICATIONS TYPE RECEIVER. Model 
RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

Kit £39.16.0 Assembled £53.0.0 

Low-cost 3 + 3W Transistor Stereo Amplifier, TS-23 
Incorporating all the essential features 
for good quality sound reproduction 
from record, radio and other sources. 
16 Transistor, 4 diode circuit. Good 
frequency response 6 position selector 
switch. Modem slim line styling. 
Kit (less cabinet) £17.15.0 

Kit (with handsome finished cabinet) £18.19.0 

r 

To DAYSTROM LTD., GLOUCESTER 
Please send me FREE BRITISH CATALOGUE Please send me details of models □ □ 

NAME 

| Please send a FREE 
Catalogue to my 

| friend 
I Name 
I 

Address 

RC-10 RC-10 
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II lOUDSPEUER 

0SSS» 

FROM 

SINCLAIR 

■ POWER HANDLING CAPACITY 
IN EXCESS OF 14 WATTS 

■ 15 OHMS IMPEDANCE 

■ IDEAL WITH THE Z.12 

SINCLAIR 

014 

HI-FI QUALITY AT A WONDERFUL PRICE 

• ACOUSTICALLY CONTOURED SOUND CHAMBER 
• WIDE ANGLE OF SOUND DISPERSION 
• BRILLIANT TRANSIENT RESPONSE 
• ALL-BRITISH DESIGN AND MANUFACTURE 
CONSTRUCTION 
The seamless sound, or pres- 
sure chamber and mounting 
baffle are of special high- 
density ultra-low resonance 
materials made possible by 
modern bonding and processing 
techniques. 
LOADING 
The Sinclair Q.14 will com- 
fortably accept loading in 
excess of 28 watts music power. 
Using the Q.14 in module 
formation (a unique Sinclair 
facility) enables a very powerful 
system to be built up. 
FREQUENCY RESPONSE 
As tests by an independent 
laboratory prove, remarkably 
smooth response is maintained 
between 60 and 15,000 c/s. 

DRIVER UNIT 
This specially designed unit 
having exceptionally high com- 
pliance uses a massive 11,000 
gauss ceramic magnet and 
aluminium speech coil 
CONTOURED PRESSURE 
CHAMBER 
The shape and proportions of 
the sealed sound or pressure 
chamber have been determined 
mathematically. Connections 
are marked for correct phasing. 
SIZE AND STYLING 
The Sinclair Q.14 measures 
9fin. square on its front by 
4|in. deep. A separate base for 
free standing position is pro- 
vided as well as a template for 
wall or flush mounting. A neat 
solid aluminium bar inset is 
used to embellish the front. 

THE SINCLAIR Q.14 is an entirely new sound re- 
producer designed and developed in Sinclair Radionics' 
Cambridge Laboratories. The application of fundamentally 
proven acoustic principles and the use of new materials 
has resulted in exceptionally good standards of per- 
formance. The uniquely formed pressure chamber allows 
the instrument to be used free-standing, in corner or 
flush mounted, for example in order to take full advan- 
tage of the surroundings in which it will be used. Its size 
and form make the Q.14 far more adaptable in use than 
conventionally styled cabinets. At the same time, this 
Sinclair Loudspeaker presents a functionally elegant 
appearance whether used singly, in stereo or in a multiple 
assembly. In performance, the Q.14 compares to advantage 
with loudspeakers costing four or more times its price. 

SEND FOR YOURS TODAY 

£6.19.6 Your money will be refunded if not 
satisfied. 

indsjrr 

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD 
CAMBRIDGE. OCA3-52996 
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INTEGRATED 12 WATT 
AMPLIFIER AND PRE-AMP 

For size alone, the Z.12 marks an important advance 
in quality design, for its amazing compactness opens 
up exciting new vistas in amplifier housing and applica- 
tion. Combined with this are fantastic power and 
superb quality which can provide an effortless output 
of 12 watts R.M.S. continuous sine wave from the 
unique eight transistor circuit used. Basically intended 
as the heart of any good mono or stereo hi-fi system, 
the size and efficiency of this Sinclair unit make it 
equally useful for a car radio (with the Micro-6 for r 

example), a high quality radio with the Micro FM, 
in a guitar, P.A., or intercom system, etc. Other 
applications are certain to suggest themselves to 
constructors. The manual included with the Z.12 
details mono and stereo tone and volume control 
circuits by which inputs can be matched (and switched 
in) to the pre-amp. The size, performance and price 
of the Z.12 all favour the constructor seeking the 
finest in transistorised audio reproduction—it is in 
fact today's finest buy in top grade high fidelity. 

SINCLAIR MICROMATIG 
THE SMALLEST SET 
IN THE WORLD 
Unequalled for power, selec- 
tivity and quality. Six stage 
M.W. receiver. 2 R.F. ampli- 
fication, double diode detec- 
tor, 3 stage A.F. amplifier. 
A.G.C., bandspread, etc. 
This Sinclair masterpiece 
is completely self-contained 
in black case, l4^" x 13/io" x 
i". With brushed aluminium 
front and spun aluminium 
calibrated dial. Plays any- 
where. Easy to build. Avail- 
able as complete kit in 
"check for yourself" pack, or 
ready built. 

SiNClAiyMiCaOMAT 

Kit with earpiece 
Solder and Instructions 

59/6 
Built, tested TO/A 
& guaranteed » 

SINCLAIR MICRO FM 
COMBINED FM 
TUNER RECEIVER 
No aligning. Less than 3//x 
IJ" x J'7 7 transistor FM 
using pulse counting 
discriminator. Tunes 88- 
108 Mc/s. Telescopic 
aerial suffices for good 
reception in all but 
poorest areas. Signal 
to noise ratio—30dB at 
30 microvolts. One out- 
let to amplifier, the other 
allows set to be used as a 
pocket portable. And 
aluminium front. 
Complete kit inc. aerial, 
earpiece and instructions. 

£5.19.6 
FULL SERVICE FACILITIES 
GUARANTEE H/Z 

moB 

12 WATTS R.M.S. OUPUT ?2
04Tup?auk)S,ne WAVE 

15 WATTS MUSIC POWER (30 WATTS PEAK) 
15 ohm loads. Two 3 ohm -fa Ultra-linear class B output and 

generous neg. feed back. 
Response—15 to 50,000 c/s 
±1dB. 

it Output suitable for 3, 7.5 and 

speakers may be used in parallel. 
it Input—2mV into 2K ohms. 
it Signal to noise ratio—better than 60dB. 

Built, tested 
and 

guaranteed. 

896 

I 
t- -s ' 

SINCLAIR STEREO 25 
A SPECIAL DE-LUXE PRE-AMPLIFIER AND CONTROL UNIT 

Designed specially to obtain the very 
finest results used with two Sinclair 
Z.12's for stereo. The best quality com- 
ponents, individually tested before 
acceptance, are used in its construction, 
whilst the overall appearance of this 
compact de-luxe pre-amp and control 
unit reflects the professional elegance 
which characterises all Sinclair designs. 
The front panel is in solid brushed and 
polished aluminium with beautifully 
styled solid aluminium knobs. Mounting 

BUILT, TESTED 
AND 

GUARANTEED £9.19.6 

is simple, and the PZ.3 will comfortably 
power the Stereo 25 together with two 
Z.12's. When fitted, the Sinclair 25 
will grace any type of hi-fi furniture. 
Frequency response 25 c/s to 30 kc/s 
ibldB connected to two Z.12's. 
Sensitivity Mic. 2mV into 50kQ: 
P.U. —3mV into 50k£2: Radio —20mV 
into 4.7kQ. Equalisation correct to 
within rtldB on R1AA curve from 
50 to 20,000 c/s. Size 6^" x 2i,/ x 2^" 
plus knobs. 

A HI-FI STEREO ASSEMBLY FOR £22.18.0 
All you require is one Stereo 25 Unit (£9.19.6) two Z.ll's (£8.19.0) and one PZ.3 (£3.19.6). As an optional extra, you could include the Micro FM (£5.19.6). 

AVAILABLE TO SINCLAIR CUSTOMERS •e not completely satisfied when you receive your purchase from money will be refunded at once in full and without question. 
SINCLAIR 

PZ.3 
Transistorised mains power unit specially designed for Z.12. TO/A Will power two Z. 12,s and Stereo ' * J 25 with ease. 

SINCLAIR PRICE AND 
PRODUCT REMINDER 
Q.14 Loudspeaker £6,19.6 
Micromatic Kit 59/6 
Micromatic ready built 79/6 
Micro FM Kit £5/19/6 
Z.12 Amplifier 89/6 
Stereo 25 Pre-amp. £9/19/6 
PZ.3 Mains power unit 79/6 

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE 
Please send 

L 
for which I enclose cash/cheque/money order 
value £ s d. 

NAME   
ADDRESS 

RC.10 

OCTOBER 1967 133 



Airspaced Transistor Tuned Condensers 
365 pf. . . 4/6 

100+100 pf with S.M. drive . . . 5/- 
208 + 176 pf with S.M. drive ... 7/6 

4" x Ferrite Rod ... 1/6 
200 Kc/s Frequency Crystals . . . 6/6 

Loudspeakers 2" 80 ohm 1%" 35 ohm . . . 5/6 each 
Driver Transformers for above Loudspeakers . . . 2/9 

Slide Switches sub-miniature . . . 2/6 miniature . . . 2/6 
Field Effect Transistor MPF 105 .. . 8/6 

S.T.C. 1 Amp Transistors ACY27 . . . 1/- 
ACY28 ... 1/6 and ACY30 . . . 2/- 

Silicon NPN Gen. Purpose Transistor (300 Mc/s) . . . 2/6 
Transistors—2N2926 ... 3/6 BCY34, BCY38 ... 4/- each 

BFY 50/51/52/53 ... 4/6 each 
2N502 ... 8/6 AFZ12 ... 4/6 

SILICON RECTIFIERS 
Plastic encapsulated 400 P.l.V. 500 Ma ... 1/- 

800 P.l.V. 500 Ma . . . 2/6 
Stud Mounting Silicon Rectifiers 200 P.l.V. 6 Amps ... 2/6 

All items pre-paid 

|. Birkett, 25 The Strait, Lincoln 
TELEPHONE: 20767 

BE TRANSISTOR-WISE! 

% 

♦ 

Our course of 21 practical lessons on diodes and transistors 
imparts perfect understanding! No theory! Easy-to-follow in- 
structions! Common emitter, common base, emitter follower 
operations; current, voltage and power amplifications; switching 
transistors; temperature effects; leakage currents, etc., etc. Ger- 
manium and silicon pnp and npn transistors. 
TRANSISTOR COURSE TCI -P T 1 H H 
Complete course, but less * ■ I \J*\J 
9 volt battery .... 
METER KIT: 50m.A—50mA. 50mV—50V. 20,000 o.p.v. 69/6 
Also BASIC TRANSISTOR CIRCUITS KIT 85/- 
Wr/te for FREE DETAILS to: 
Electronic Experiments 
Brinkiow, RUGBY. 

FREE! J/Woo 

ALL-PURPOSE 

DAIA-RULE 

Gives quick-reference 
calculations and at-a-glance data 
of invaluable help to the radio worker and experimenter. 

* INSTANT CONVERSION FACTORS * COLOUR CODES 
-^17 SCALES -A- COMPONENT TOLERANCES * LCF ABAC 

•A PARALLEL RESISTOR CHART A DECIBELS 
if NORMAL MATHEMATICAL SLIDE RULE FUNCTIONS 

Plus Special Feature 
BUILD YOUR OWN TRANSISTORISED CAR RADIO 

WIRELESS 

November Issue — Out 6th October — 2/6 

MAKE SURE OF YOUR COPY! 
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Bargains 
for 

Autumn 
Building 

TAPE WITH FREE TAPE WALLETS FROM TRS 
With each reel of this tape by an internationally famous manu- facturer we give you a beautifully made wallet strongly made in simulated leather with space for a reel of tape each side. This is professional quality full frequency tape with metallised leader/ stop foils. These library wallets solve once and for all the problems of storing tapes efficiently and tidily. 

7in. reel, 1800ft. with wallet 
22/6 

SJin. reel, 1200ft. or 7in. reel 1200ft. with wallet 

Sin. reel, 900ft. with wallet 
12/6 

^ p. & p. I /6 per reel 
TRS MULLARD AMPLIFIERS 

STEREO 10-10 
Valve amplifier to exact Mullard spec. With pre-amp tapped o/p transformer 3 and 1552, all controls, H.T. and L.T. outlet, mono, stereo and speaker phase switching. Complete with escutcheon, knobs, plugs, etc., Ready buiit. rjo n n (p. & p. 12/6) tZU.U.U 
Kit form due shortly /I 7 IH H fp. & p. 12/6) tl/.IU.U 
3-3 MONO 
3 valve3W amplifier with controls, 
absolutely complete kit including 
panel, knobs, etc. £7.10.0 
(p. & p. 7/6) 

5-10 MONO 
5 valve, I0W basic amplifier kit complete. /Q *0 A (p. & p. 7/6) fc7. 17.0 with passive control network and panel £1 1.19.6 2 valve pre-amp kit £6.12.6 

GARRARD PLAYERS AND PLINTHS 
LM.3000 Record Player with 9 T.A, Stereo Cartridge. O (trtc Brand new as from factory. w 

AT.60 Mk.II Deluxe Auto-changer. Die-cast T/Table. Less cartridge. £11.19.6 
AT.60 Mk. I with die-cast T/Table £10.19.6 
SP.25 De-luxe single record player, less cartridge. Die cast. Oi Qnc T/Table. Packing and carr. on any one of above, 7/6 extra. '2 
Plinths. The ideal mounting for Units offered here. Will readily suit any hi-fi set-up. Teak finish with soft plastic TC/™ dust cover. Packing and carriage 5/-. ' ■'/ Clear-view rigid plastic cover 57/6, (p. & p.3/6). 
Garrard Cartridges. Hi-fi quality turnover mono and 75/— stereo cartridges. Mono from 15/- Stereo from / All post free. 

VEROBOARD — AM standard sizes including li'm. x Sin. 3/8; 2i-in. x 3Jin. 3/-; 3jin. x Sin. 5/2; 3|in. x 3fin. 3/9; 2^in. x I7in. 12/6. All accessories and tools in stock. 
RESISTORS—Modern ratings, full range 10 ohms to 10 meg- ohms. 10% i-iW, 4d. each; 20% IW, 6d. each; 2W. 9d. each; 5% Hi-stab. iW, 5d. each; ^W. 6d. each; 1.2-10 meg. 10% iW. 4d. each; ^-W, 5d. each. 1% Hi-stab. iW. 1/6 each (below 100D, 2/-each). 
WIREWOUND RESISTORS— 25n to lOkO 5W, 1/6 each; I0W, 1/9 each; I5W, 2/3 each. 

CONDENSERS—Silver Mica. All values 2pF to 1,000 pF, 6d. each. Ditto ceramics 9d. Tub. 450V T.C.C., etc. 0.001-0.01 mF, lOd. each; 0.1-350V, lOd. each; 0.02- 0.1 mF, 500V, I/- each. T.C.C. 350V 0-25, 1/9 each; 0.5, 2/- each. 

5-500pF, 9d.; 600-5,OOOpF, I/-; 1% 2-100pF, lid.; IOO-250pF, 1/2; 270-800pF, I/-; 800-5,OOOpF, 2/-. 
ALUMIN. CHASSIS—I8g. Plain undrilled, folded four sides, 2in. deep, 6in. x 4in., 4/6; 8in, x 6in., 5/9; lOin. x 7in., 6/9; I2in. x 6in., 7/6; I2in. x Sin. 8/-, etc. 

All SINCLAIR PRODUCTS STOCKED AS ADVERTISED 

7 VALVE AM/FM RG REPLACEMENT CHASSIS 
A superbly powerful high performance instrument for the keenest enthusiasts. Provides tuning on long, medium and F.M. wavebands. Excellent sensitivity. Permeability tuning on F.M. Large clear dial, A.V.C., good neg. feedback. Magic eye. 3W output. A.C. 200/250V. Circuit diagrams available. Aligned, tested and ready for use (Carr. and insurance 7/6). ^17 1Q A S.A.E. brings full details. 
OUR NEW 

LISTS 
feature more lines than ever at money saving prices. For latest issue please send 

6d. 
Please include S.A.E. with all enquiries. 

TRS 
RADIO COMPONENT 
SPECIALISTS Established 1946 

70 Brigstock Road, Thornton Heath, Surrey 
01-684 2188. Hours 9 a.m.—6 p.m. I p.m. Wednesdays 
A few doors from Thornton Heath Stn. (S.R. Victoria section). 

SEMICONDUCTORS 
DISTRIBUTED 

EXCLUSIVELY BY 
BI-PRE-PAK LTD.. DEPT. E. 
222-224 WEST ROAD. WESTCLIFF-ON-SEA, ESSEX 
PHONE: SOUTHEND (0702) 46344 

NEW FROM THE U.S.A. 
"TEXAS" Integrated Circuits 

19/6 SN7360 
SN7430 
SN7302 
F.E.T'S. 
2N3822 

Quadruple 2 Input Nand/Nor Gate 8 Input positive Nand Gate Dual J-K Flip-Flop with pre-set 
Field Effect Transistors 

'N' Channel 4-lead 

21/6 
35/- 

15/- 
No. Al. A2. A3. A9. 
A15. Bl. B2. 
B3. 
B5. 
B6. 

B9. BIO. B44. B2I. B42. C2. C4. 
C31. C32. 

PRICE 6—Silicon rectifiers BY 100 type 20/- 10—Relays mixed types and voltages 20/- 20—Mixed marked and tested trans. 20/- 1—2N 174 real power trans. 80V I SOW   20/- 2—Power Comp. Pair. ADI6I/2 20/- 50—Unmarked untested, trans., new 10/- 4—Solar cells, inc. Book of Instruc- tions   10/- 4—OAS gold bonded, diodes Mul- lard   10/- 7—Matched set, OC44, 45/81D/81 + diode ...   10/- 15—Red spot AF. trans, or white spot RF   10/- 2—Power trans. OC26/35 type ... 10/- I—Light sensitive cell, ORPi2 type 9/- 10—50V trans, germ. PNP latest type 10/- 1—Tunnel diode, AEYI I. 1050 Mc/s 10/- 2—Sil. recs. 10 amp., 50-100 PIV ... 10/- 5—Switching trans. TK22C STC ... 10/- 1—Uni junction, 2N2I60 or2N2646 15/- 2—RF power trans., OC22 and BUYII   15/- 4—Sil. recs. 800 PIV } amp. top hat 15/- 2—Power trans. TK400A/NKT404 VCB64 IC 8 amp  15/- I—ORP60 type light sensitive cell 5/- 

UVUV UIACTC unucv 0N UNTESTED PACKS} 
VVIII vvnoicnuncv OF semiconductors; 
ALL THESE PRE-PAKS ARE TESTED AND GUARANTEED 

40 TRANSISTORS 10/- 25 NP?i,1?o
0„Mcs TRANSISTORS 10/- 

40 s». DIODES 10/- 10 SilicT0
0

n
p
7H«mA rectifiers 10/- 

40 s^con TRANSISTORS 10/- 40 To^sfcAN TRANSISTORS 10/- 
75 ^rmanium DIODES 10/- 5 Vc^oospivn STUD RECS. 10/- 

GENUINE TRANSIS1 
OC45 IF transistor ] j<) 

FORS NOT REMARKS 
Equal to OAS 2/- 

OC44 Osc. transistor Power transistor 7/A (better than OC35) '1° 
TRANSISTORS PRICE AC 107 61- BSY25 AC 126 2/6 BSY26 AC 127 2/6 BSY27 AC 128 3/- BSY28 ACYI7 51- BSY29 AFI 14 .- 41- BSY95A AFI 15  51- OC4I AFI 16  51- OC7I AFI 17  41- OC72 AFI 18  3/6 OC73 AFI 19  3/6 OC8I AFI 78  10/- OC8ID ASY66 21- OC83 BCZI 1  7/6 OCI39 BFY50   15/- OCI40 

10/- 5/- 5/- 5/- 5/- 5/- 2/6 2/6 2/6 5/- 2/6 2/6 41- 2/6 5/- 

OC170... OCI7I... OC200... OC20I... 2G30I ... 2G303 ... 2N697 ... 2N706 ... 2N7I I ... 2NI302 2NI303 2N1304 2N1305 2NI306 2N 1307 2N1308 

2/6 2NI309   7/6 41- 2S303   2/6 51- POWER TRANSISTORS 8/- OC20 2/6 OC23 2/6 OC25 SI- OC26 51- OC28 10/- OC35 41- DIODES 41- AAY42 . 51- OA 10 51- OA70 61- OA79 61- OAS I 8/- OA 182 . IN9I4 

10/- 10/- 8/- 51- 51- 51- 
21- 21- 
1/9 1/9 1/9 21- 1/6 

FREE * * 
Packs of your own choice to the value of 10/- with all orders over £4. 

SEND FOR OUR FREE LISTS AND CAT- 
ALOGUE OF ALL OUR PRODUCTS. CHECK 
YOUR OWN EQUIVALENTS WITH OUR 
FREE SUBSTITUTION CHART. 

NO CONNECTION WITH ANY OTHER FIRM 
MINIMUM ORDER 10/- CASH WITH ORDER 
PLEASE. Add I/- post and packing per order. 
OVERSEAS ADD EXTRA FOR AIRMAIL. 

Great News 
We now give a written guarantee with ail our semi- conductors. 
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HOME RADIO LTD., Dept. RC, 187 London Rd., Mitcham, Surrey CR4 2YQ, Phone: MIT 3282 
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All Roads lead to HOME Radio! 

One of the delightful advantages of being situated only 
7 miles from the centre of London, and easily reached 
by Public Transport, is that a great number of our cus- 
tomers call on us. We even get many visits from those 
who, though living in the provinces, make a special 
point of calling on us when in London. It gives us great 
satisfaction to get to know our customers personally. 
So please remember that although most of our business 
Is carried out by post we do have a conveniently situated 
shop and are always pleased to see you—whether you 
are a Beefeater, a Pearly Queen or an Oxford Don. 

If you already have a copy of our famous Components 
Catalogue you will know that there is a map on the back 
showing how to reach us, by car or Public Transport. 
If you have no catalogue why not remedy the omission 

by posting the coupon right now with a P.O. or cheque 
for 9/6 (7/6 plus 2/- p. & p.). We're not suggesting that 
you buy the catalogue just for the map! ... but for its 
220 pages packed with over 6,000 components! And 
remember—every catalogue contains five vouchers, each 
worth a shilling when used as directed. 

| Name 

I 

BLOCK ■CAPS 

Address 

Radio Ltd., Dept. RC, 187 London Road, Mitcham, CR4 IYQ 
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Mfcrom/nfature Audio 

Amplifier 

By A, J. McEvoy, B.Sc. 

Integrated circuits are now available to the home constructor at fairly low cost, 
and can be employed for experimental applications in which their tiny dimensions 
offer particular advantages. This article describes how a logic silicon integrated 
circuit—whose 16 transistors and 12 resistors fit in a package measuring 0.25in 

square—may be pressed into service as an a.f. amplifier 

About ten years ago the transistor emerged 
from the laboratory and entered the field 
of radio for the first time, making the first 

challenge to the valve in forty years. It does not 
seem, however, that the transistor's reign will last 
as long, since current developments in micro- 
electronics threaten to displace it from its recently 
won position. We have already seen the emergence 
of computer systems based on microelectronic 
devices, and all the indications are that the present 
year will be, for the amateur enthusiast, the analogue 
of the 1957 year of the transistor revolution, with 

the availability of the first integrated circuits in 
small quantities and at competitive prices. 

Integrated Circuits 
First, a word about these devices and their mode 

of operation. The transistor differed from the 
valve in that it substituted a current in a semi- 
conductor for the motion of electrons in a vacuum, 
and all solid-state work since has followed on this 
line, taking in such exotic units as F.E.T.s, tunnel 
diodes, and so on. There is no corresponding break- 
through with the new integrated circuits (or I.C.s); 
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Fig. 1. Circuit diagram of the R.C.A. integrated circuit type CD2200. Terminal 7 is assumed to have the same potential 
as the earth symbols 
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they are merely the result of the manufacturers' 
increasing competence in the fabrication of semi- 
conductor devices, and so all the advantages and 
experience gained with transistors are retained. For 
example, the currents and voltages are approxi- 
mately the same as in any familiar transistor circuit 
and, of course, there is no heater supply required. 
The constructor is therefore spared the difficulty 
of learning a complete new technology, which many 
remember as a significaht problem with the earlier 
transistor circuits. The integrated circuit is so 
called because it integrates, or incorporates within 
itself, components equivalent to a whole range of 
separate components normally used in electronics 
—transistors, resistors, capacitors and diodes. 

There are two main types of integrated circuit. 
Thick film and thin film circuits represent one main 
type and these are composed of small, controlled 
areas of conductors deposited on an insulating base 
so that they form resistors and capacitors. The 
active elements—transistors and diodes—are added 
afterwards as small chips of semiconductor. It can 
be understood how a fairly complex system can be 
assembled within the volume usually occupied by a 
single transistor when it is remembered that the 
active volume of such a transistor is only about 1 % 
of the size of its can. 

The term "monolithic" refers to the alternative 
type of integrated circuit. This represents a more 
advanced approach which proceeds from an under- 
standing of the semiconductor, silicon. The pure 
semiconductor is practically an insulator but, 
by adding suitable "impurities", conduction may be 
initiated, current being carried by electrons or 
"holes". A diode is simply the junction between 
two such sections of a silicon crystal, and a transistor 
a sandwich of three of them. Of course, a slice of 
crystal, doped but lacking a junction, is equivalent 
to a resistor, and a sandwich with an insulating 
filling is a capacitor. A monolithic I.C. (or "silicon 
integrated circuit") incorporates all these functions 
in separate zones of the same crystal. The reduction 
in size given by this technique, when compared 
with conventional circuitry, is dramatic. 

Resistors 
(All resistors jj watt 10%) 

Rj lOkQ 
Rz 5.6kQ 
R3 22kO 

Capacitors 
Ci 2(j.F electrolytic, 6V wkg. 
Cz 100(xF electrolytic, 6V wkg. 

Loudspeaker 
80fl impedance 

Integrated Circuit 
Type CD2200 (available at £2 5s. Od. from 

R.C.A. Great Britain Ltd., Lincoln Way, 
Windmill Road, Sunbury-on-Thames 
Middlesex) 

The amplifier on top of a Vidor VT3 battery 

Integrated circuits first found applications in the 
computer field, because that seemed the best 
opportunity for the volume of sales required to 
justify tooling up for any particular design of 
circuit, since in a single computer the same basic 
subsystem may be repeated thousands of times. 
It is principally devices of this nature which are 
now becoming available to the home constructor, 
and while that fact enables him to obtain them at a 
reasonable price with the promise of further reduc- 
tions as production rises (remember the transistor 
—£3 for a pair of OC72's in 1957) there is the 
difficulty that he must adapt what is available to 
the application at hand, and this will inevitably 
be something other than what the integrated circuit 
was originally designed to do. 

The integrated circuit amplifier described here 
represents an example of this approach. In the 
first place, a computer circuit is designed to rest in 

0-25 

10 9 13 12 

0-25 

tide* 
point 

Fig. 2. Despite its complex circuitry, the CD2200 is 
housed in a container measuring 0.2Sin square 

only 
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Fig. 3. How the integrated circuit terminals are 
connected in the a.f. amplifier 

one of two states, saturated or cut-off, so that the 
output will be at earth potential or at the full 
supply line voltage, representing respectively the 
zero and unity which are all that is required to 
specify any number in the binary system. The 
circuit is expected to be quite stable in either state, 
and is therefore set to ignore small fluctuations in 
the voltages applied to it, and to change over only 
on application of a definitive triggering pulse. This 
is opposite to the operation of a circuit in a linear 
mode, as is required for an audio amplifier. In the 
latter case, the stable state is midway between the 
extremes of the logic outputs, and the circuit is 
expected to accept and amplify small signal fluctua- 
tions applied to it. 

Circuit Type CD2200 
These remarks apply to the integrated circuit, 

which is the subject of this article, the R.C.A. 
CD2200. This is described as a dual four- 

input gate. The circuit diagram, given in Fig. 1, 
shows that the unit incorporates two identical 
eight transistor subsystems, each with a series 
of four p.n.p. input transistors operating in the 
common-collector mode, followed by a four tran- 
sistor amplifier section using n.p.n. transistors. All 
four input transistors operate into a common 
emitter load, and the signal developed across this 
enters the base of Q5 (or Q12 in the right hand 
section, which "mirrors" the left hand section).* 
This again is a common collector circuit, driving 
the split-load phase splitter Qg (Qn), although 
there must be some overall current gain due to the 
partial super-alpha pair nature of this configuration. 
Qy and Qs (Q9, Q10) are obviously a push-pull 
pair. The reader will note that the same results in 
terms of gain and output could be achieved with a 
smaller number of transistors, but a feature of the 
silicon integrated circuit is that the number of 
transistors is no longer an important economic 
feature in the design of a circuit. 

With the circuit in question, the possibility was 
first considered of connecting the loudspeaker 
across the two outputs while sending in equal 
signals of opposite phase at the inputs of each gate. 
This arrangement worked, but inefficiently, due to 
matching difficulties, and it was finally decided 
for the sake of simplicity merely to parallel the 
gates. It was further necessary to ensure that the 
circuit operated on a linear section of its character- 
istic, and as the current in Rj (R12) sets the operating 
point of the amplifier transistors by controlling the 
bias of Qs (Q12), it was decided that one of the 
inputs at each gate should be used in the control 
function, with its bias and therefore its emitter 
current, fixed by a d.c. potentiometer. The operating 
point of the circuit was therefore stablised. A separ- 
ate input point was used to insert the audio signal. 
The control and signal input points, as well as the 
outputs, of the subcircuits are joined together. 
In all, therefore, four transistors out of the sixteen 

♦It is, of course, common American practice to employ the letter 
"Q" to identify transistors.—Editor. 

The complete amplifier has an area comparable with 
that of a penny. (The author is resident in Ireland 

—hence the origin of the coin) 
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Fig. 4. The complete circuit of the amplifier 
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in the circuit are unused, as are six of the fourteen 
connections. It is perhaps unfortunate that Rg 
and R7 are incorporated in the circuit, as there is 
some loss of output across them, but there is no 
means of access to them and this drawback must be 
accepted. 

Dealing with the integrated circuit on its own, 
Fig. 3 shows the basic way in which its terminals 
are connected for use as an amplifier. Terminals 
4, 5 and 3 are joined together, as are terminals 10, 
9 and 11. No other connections are made to -these 
terminals. The a.f. input is applied to terminals 2 
and 12 joined together. Bias is applied to terminals 
1 and 13 joined together. Thus, Q2 and Qh provide 
the first a.f. amplifying stage, whilst Qi and Q13 
set the bias conditions. Terminals 6 and 8 are 
joined together, and the a.f. output is taken from 
this point. Terminal 14 connects to the positive 
supply and terminal 7 to the negative supply. 

The complete amplifier circuit is given in Fig. 4, 
in which it may be seen that three external resistors, 
two external capacitors and the loudspeaker are 
required to obtain the practical working circuit. 
It should be noted that supply voltage must not 
exceed 6 volts. 

Assembly 
There are a number of ways of assembling the 

amplifier, of which the method illustrated in Fig. 5 
is probably the most compact. The I.C. sits on a 
plastic pad supplied with it, and its terminals are 
taken through slots cut with a fretsaw in the edge 
of the strip of Paxolin. Connections are made on 
the reverse side of the Paxolin. The resulting ampli- 
fier gives about 30 to 50mW when driven from the 
diode of a three transistor superhet tuner—quite 
sufficient for a loudspeaker under reasonably 
quiet conditions, and ample for an earphone 
anywhere. The writer will not try to claim that the 
I.C. amplifier has anything like the performance 

Supply + 

C2 

v 
i.e. To speaker 

4 5 

l2o 

20 

9 IO 

Paxolin Slots Supply - Signal in 

Fig. 5. The layout used by the author 

Fig. 6. The basic form of the R.C.A. CD2201 integrated 
circuit 

obtainable from a transistor unit of the same price, 
but no other unit of the same performance and size 
exists anywhere, and for some purposes that is 
more important than the price. The quality of the 
output was surprisingly good and deserves special 
note; this is perhaps due to the fact that the tran- 
sistors incorporated in the unit are the equivalent 
of the best silicon planars on the market, and the 
fact that they have considerable negative feedback 
from the unbypassed emitter resistors in each 
stage. 

Availability 
The integrated circuit type CD2200 is available 

from R.C.A. Great Britain Ltd., at the address 
given in the Components List, at £2 5s. Od. each. 
Individual integrated circuits may be purchased. 

The enthusiastic experimenter may be interested 
to learn that R.C.A. also produce a quadruple 
two-input gate, the CD2201, in which four amplifiers 
can be paralleled, as shown in Fig. 6. With the 
CD2201 there are only two inputs to each gate, 
and all its 24 transistors could be used in an a.f. 
amplifier application. This I.C. costs only 2s. 6d. 
more than the dual unit. The writer has not carried 
out any practical work with the CD2201 although 
it would seem to be capable of a higher output than 
the CD2200. However if, like the writer, the reader 
is mainly interested in experiments, the CD2200, 
which has access to more points in the circuit, is 
more attractive. Either way, these R.C.A. units 
represent as good an introduction to the applications 
of the silicon integrated circuit as is yet available. 

□ 
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Parallel-R Series-C Computer 

SUGGESTED CIRCUIT No. 203 by G. A. FRENCH 

An irritating feature of con- 
structional and experimental 
work is the necessity, from 

time to time, of having to calculate 
the total value of two resistors in 
parallel or two capacitors in series. 
With resistors in parallel, the 
appropriate equation is: 

Rtotal=R1+R2 
where Ri and R2 are the values of 
the individual resistors. The calcula- 
tion involved is not particularly 
difficult, but it can be very time- 
wasting and irritating, especially 
when the individual resistor values 
are in the preferred range instead 
of consisting of round-number fig- 
ures. The calculation becomes more 
exasperating if the desired Rtotal is 
known and one has to find Ri 
and R2 from one's stock of resistors 
at hand. 

For two capacitors in series the 
equation is: 

r QC2 
total C1+C2 

where Ci and C2 are the values of 
the individual capacitors. The equa- 
tion is similar to that for two 
resistors in parallel, and the same 
remarks apply. 

Simple Computer 
The writer felt that it would be 

interesting to contrive a computing 
device which would enable the total 
value of two resistors in parallel, 
or two capacitors in series, to be 
found without resort to calculations 
at all. In its basic form such a device 
can be quite easy to construct, and 
two versions, one a little more 
complex than the other, are described 
in this contribution to the "Sugges- 
ted Circuit" series. 

The simpler of the two computing 
devices is shown in Fig. 1. In this 
diagram, Ri and R2 are 20kO 
linear track potentiometers fitted 
to the panel of a small box. Each 
potentiometer is provided with a 
pointer knob or cursor, and a scale, 
the latter being calibrated in terms 
of the resistance presented by the 
potentiometer to the circuit. Calibra- 
tion is in figures from 1 to 20, 
these corresponding to 1 to 20k n 
in the potentiometer. Calibration 
below I (=lkn) is not provided as 
calibration units would be difficult 
to resolve reliably. The two potentio- 
meters are in parallel and connect 
to two test terminals. These terminals 
may also be mounted on the front 
panel, resulting in a layout similar 
to that shown in Fig. 2. 

R| : 
20 kn 

R2 : 
20kn Test terminals 

Fig. 1. The simplest form of paraltel-R, series-C computer. R, and R2 are 
calibrated in terms of resistance and a testmeter switched to a suitable 

ohms range connects to the test terminals 

To use the device, any testmeter 
switched to a suitable ohms range 
is connected to the test terminals. 
This testmeter then indicates the 
resistance offered by the two resis- 
tors in parallel. 

To take an example of how the 
unit may be employed, let us assume 
that we want to find the values of 
two resistors which, in parallel, will 
give us 5ka In our stock of resistors 
we have a 6.8kO resistor together 
with a number of resistors of higher 
value. One of the latter could provide 
a second resistor in parallel with the 
6.8kn resistor to give us a total 
value of 5kO. We commence by 
setting either of the two potentio- 
meters to 6.8, after which we rotate 
the other until the testmeter reads 
5kn. This will occur when the second 
potentiometer is at 18, wherepon 
we know that the second resistor 
must be 18kn. Thus, the computer 
tells us without any waste of time 
that, for the desired final resistance 
of 5kO, the parallel resistor has 
to be 18kn. 

The units with which the potentio- 
meter scales are calibrated, and 
which are indicated by the testmeter, 
are in kilohms, but it is very easy 
to mentally transpose the results 
to other units. Thus, the exercise 
just described will similarly indicate 
that ISO and 6.80 in parallel give 
SO, that 180kO and 68kO in parallel 
give 50k O, and so on. Dealing with 
capacitances, the exercise also shows 
that, say, 18pF and 6.8pF in series 
give 5pF, and that 1800pF and 680pF 
in series give 500pF. 

The two potentiometers in this 
simple computing device should be 
good quality wirewound components 

aying physically large tracks and 
reliable mechanical operation. They 
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Test terminals 

may be calibrated with the aid of 
the testmeter which is also used for 
measuring their total resistance. If 
the 500n to lOkO range of total 
resistances the computer unit offers 
does not correspond to a conveniently 
calibrated resistance range of the 
testmeter, the two potentiometers 
can be given values other than 20k n 
and be fitted with corresponding 
scales. The same basic principle of 
operation will still, of course, 
apply. 

Constant Current Computer 
The circuit of Fig. 1 has the 

advantage of simplicity and low 
cost, but it suffers from the dis- 
advantage that the resistance scale 
of a testmeter is non-linear and 
that it may be difficult to obtain 
quick and reliable results over 
sections of the testmeter scale which 
are cramped. The second, and more 
complex, computing device to be 
described this month overcomes 
this problem by presenting the 
total resistance reading on a linear 
meter scale. This involves the 
addition of a transistor, a diode 
and several other components, plus 
a 0-100[xA meter. However, the 
0-100|rA meter can be dispensed 
with if a testmeter is available 
having a sensitivity of at least 
10,0000 per volt, together with a 
d.c. voltage range covering 0-10 
volts. 

The basic principle behind this 
second device is illustrated in Fig. 3. 
A constant current is passed through 
two potentiometers in parallel, a 
high resistance voltmeter being con- 
nected across them. Since the 
current is constant the voltage 
across the potentiometers is propor- 
tional to the resistance they present 
to the circuit and may be read 
directly from the meter. 

Let us assume that, as in Fig. 1, 
both potentiometers have a value 
of 20k O and are calibrated 1 to 20; 
also that the constant current is 
1mA, that the voltmeter draws 
negligible current and that it needs 
0-10 volts. When both potentio- 
meters are set to 20 (=20kn) the 
total circuit resistance is lOkfl 
and 10 volts is dropped across 
them. The voltmeter will then 
indicate 10 volts. If, following our 
earlier example, one potentiometer 
is set to 6.8. and the other to 18, 
the total resistance in circuit becomes 
5kQ and the voltmeter indicates 5. 
Thus, the voltmeter now indicates 
total resistance (in kilohms) in the 
same way as did the ohmmeter 
used in Fig. 1, but computations 

@ 

Ohmmeter 20 20 

Panel 

Fig. 2. A practical panel layout for the circuit of Fig. 1. This also illustrates 
the potentiometer calibration 

are much easier to carry out because 
the total resistance is presented by a 
meter with a linear scale. 

A necessary requirement for the 
circuit of Fig. 3 to function properly 
is that the voltmeter should draw a 
low current compared with that 
passing through the two potentio- 
meters. With a constant current of 
1mA the maximum full-scale deflec- 
tion drawn by the voltmeter should 
not be in excess of 50u.A whereupon, 
if the voltmeter is to be incorporated 
in the computer, a O-SOu-A movement 
is required. However, it is possible 
to raise the constant current to 
2mA and modify the potentiometer 
values accordingly, whereupon the 
voltmeter can have an f.s.d. current 
of lOOfrA. This means that a less 
expensive instrument is required for 
installation in the unit. In the 
practical version of the computing 
device, whose circuit is given in 
Fig. 4, a constant current of 2mA 
nominal is in fact used. 

In Fig. 4 the two potentiometers 
appear as Ri and R2, and are given 
values of 10kn. Connected across 
them is a O-IOOu.A meter in series 
with a lOOkfl resistor, this com- 
bination representing a voltmeter 
reading 0-10 volts. 

The constant current is provided 
by the ACY19 transistor, TRi, 

which operates in grounded base. 
The base is held about 0.6 volts 
positive of the lower supply line 
by way of R6 and the forward- 
biased silicon diode Di. Emitter 
current is varied by preset variable 
resistor R5 in series with the current- 
limiting resistor R4. The constant 
current of 2mA flows from the 
collector through Ri, R2 and the 
meter to the negative supply line. 

When Ri and R2 are set to 
insert maximum resistance, the total 
resistance they offer is 5k O, where- 
upon the constant current of 2mA 
causes 10 volts to appear across them. 
This is indicated by the meter as 
100. In order that the potentiometer 
scales should correspond, in figures, 
with the meter indication, Ri and 
R2 are calibrated from 10 to 200, 
as shown in Fig. 5 (a), with 10 
corresponding to 5000 in the po- 
tentiometer and 200 to lOkO in the 
potentiometer. In other words, the 
scales correspond to potentiometer 
resistance in kilohms multiplied by 
20. How this method of calibration 
works out in practice may be readily 
illustrated. When both potentio- 
meters are set to 200, the meter 
indicates 100. If, to again use our 
previous example, one potentiometer 
is set to 180 and the other to 68, 
the meter will read 50; thereby 

Constant 
current 
(ImAl 

R| 
20 kn 

R2 O-IOVl 

Constant 
current 
(ImA) 

Fig. 3. By passing a constant current through the two potentiometers, their 
combined resistance may be read from the linear scale of a voltmeter. 

The circuit values given here are referred to in the text 
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—18 V 
On-Off 

\ JO-IOOpA 
lOkn lOkn 

lOOka 
l-8ka 
l00/o 5/o 

2mA TR 
ACY 19 

(^) IOOA 1 - "I IO7o DDOOO 

SOOn 
ACY 19 

Leadouts 

Rs.R^Rg- 74 watt 

Fig. 4. A practical circuit which employs the constant current principle shown in 
Fig. 3. R3 and the microammeter may be dispensed with if a high resistance 
testmeter with a 0-10 volt range is available, this being connected into 
circuit at points A and B. The constant current is 2mA nominal 

with the meter as was given in 
Fig. 5 (a). 

Practical Points 
A few words need to be said 

about the components. Di is any 
silicon diode capable of passing a 
continual forward current of 10mA. 
The diode employed by the writer 
was a Lucas type DD000. 

When the 0-100ij.A meter is 
included in the unit, R3 may be a 
component having a tolerance of 
5 % or better. In practice, it is not 
necessary for the meter to indicate 
100 when exactly 10 volts appears 
R1 and R2. Instead, it is necessary 
that it indicates 100 when Ri and 
R2 are both set to 200. Provided 
that the collector current of TRi 
then remains constant for all other 
settings of Ri and R2, the required 
numerical relationship between the 
potentiometers and the meter will 
be maintained. Rj and R2 should be 
good quality wirewound compo- 
nents, as with the circuit of Fig. I. 

The computer unit should be 
initially wired up with the meter 
and R3 out of circuit. Insert a milli- 
ammeter capable of reading 2mA 
between the upper ends of Ri 

indicating that 180 units of resistance 
in parallel with 68 units of resistance 
gives 50 units of resistance, or that 
180 units of capacitance in series 
with 68 units of capacitance gives 
50 units of capacitance. The resist- 
ance presented by the potentiometer 
set to 180 will actually be 9kfl and 
that presented by the potentiometer 
set to 68 will actually be 3.4kn. 
These two resistances in parallel 
give 2.5kO, whereupon the constant 
current of 2mA causes 5 volts to be 
dropped across them and the meter 
to indicate 50. Other combinations 
of numbers selected by Ri and R2 
will cause a similarly corresponding 
number to be indicated by the 
meter. 

If a testmeter having a resistance 
of 10,000H per volt (or better) 
and a 0-10 volts d.c. range is avail- 
able, the 0-I00;jA meter and R3 
are not required, and two test 
terminals can be added at points 
A and B of the circuit of Fig. 4. 
The testmeter may then be connected 
when required to these terminals, 
as illustrated in Fig. 5 (b). The 
testmeter scaling will normally be 
in numbers from 0 to 10, whereupon 
Ri and R2 are calibrated from 1 to 
20, as shown in the diagram. 
These calibration numbers corres- 
pond to potentiometer resistance 
in kilohms multiplied by 2, and 
give the same numerical correlation 

"2 O-IOOyA meter 

IOO IOO 
so^j^Viso 

200 200 

20 AOSOgO 

Panel 
(a) 

Rj R2 Sj Test terminals 

15 5 X /iX 15 

20 20 

Panel Testmeter (O-IOV) 
(b) 

fig. 5 (a). Suggested panel layout and potentiometer calibration when the 
microammeter is incorporated in the computer 

(b). Alternative layout and calibration for use with an external voltmeter 
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and R2 and the negative supply 
line, at the point marked with a 
cross in Fig. 4. Next, adjust Ri, 
R2 and R5 so that these all insert 
maximum resistance into circuit, 
connect the 18 volt supply and 
switch on. Adjust R5 to give an 
indication of 2mA in the milli- 
ammeter, and ensure that this 
current is maintained with negligible 
change at all settings of Ri and 
R2. Repeat this procedure with R5 
adjusted for 2.5mA in the milli- 
ammeter. (This last check merely 
confirms that the constant current 
can be maintained over a slightly 
wider range than will normally 
be required in use.) It is possible, 
with some transistors and diodes, 
that there may not be sufficient 
range in R5 to obtain these currents. 
Should this occur, R4 may be slightly 
reduced in value. 

Next, return R5 to the 2mA 
setting, switch off and take the 
milliammeter out of circuit. Connect 
up the meter and Rj, or apply the 
external testmeter switched to read 
10 volts to terminals A and B, and 

switch on. Set Ri and R2 to insert 
maximum resistance and, if neces- 
sary, slightly retrim R5 so that this 
setting corresponds to full-scale 
deflection in whichever meter is 
used. The computer is then ready for 
use. 

A final point concerns calibration. 
Either Rt or R2 may be calibrated 
in the unit itself for resistance 
values below 5k O. The other poten- 
tiometer is taken out of circuit 
during this process. For calibrating 
values above 5kn, both potentio- 
meters should be in circuit, one 
being set to insert full resistance. 
Several calibration points between 
5 and lOkfl may then be found 
on the remaining potentiometer 
working from their calculated value 
in parallel with IGkO. Only a few 
such calibration points should be 
needed as, if good quality potentio- 
meters are used, the scales should 
be linear in any case. 

With the prototype it was found 
that reducing the battery voltage 
to 15 caused the f.s.d. reading in the 
meter to fall by 2%, although the 

circuit otherwise still functioned 
correctly. This slight drop in meter 
reading could be readily taken up 
by a small adjustment in R5. Because 
of this factor, some constructors 
may prefer to mount R5 on the 
front panel as a form of "zero-set" 
control to take up changes in 
battery voltage. In this case both 
Ri and R2 are set to insert maximum 
resistance before the computer is 
to be used, R5 then being adjusted 
at the front panel for full-scale 
deflection in the meter. 

As is to be expected from the 
constant current of 2mA and the 
value of R6 the prototype unit 
drew approximately 12mA from the 
18 volt supply. 

To give a concluding note the 
writer understands that, elsewhere 
in this issue, Dick and Smithy of 
"In Your Workshop" make the 
comment that the constant current 
offered by a transistor in grounded 
base should be useful to the designers 
of "gadgets". The present "gadget- 
designer" is happy to be able to 
demonstrate this fact so promptly! 

□ 

CAN ANYONE HELP t 

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 

Circuit Required.—C. Galloway, 41 Eastfields Road, 
Mitcham, Surrey—circuit required for l.f. trans- 
mitter and receiver to operate garage door mech- 
anism, or an arrangement to operate a device buried 
in the drive-way from a coil fitted under the car. 

Jason JTL Tape Unit.—J. T. Tabor, Ridley Hall, 
Cambridge—circuit and data required, loan or pur- 
chase. 

Ferguson FR21 TV.—W. James, 19 Heslington Croft, 
Fulford, York—circuit or manual, purchase or loan. 

Jason JTL Tape Link.—J. Kitchener, 25 Beaconsfield 
Road, Gt. Yarmouth, Norfolk—instruction manual, 
loan or purchase. 

Cossor Double-Beam 'Scope.—A. M. Archer, 99 
Freeman Street, Grimsby—this equipment is No. 1 
MKII WY0212,serialNo. BD/R/54-108, any inform- 
ation, all expenses met. 

P58 VHF Receiver.—A. Haigh G8ARJ, 44 Barnhill 
Road, Hayes, Middx—circuit diagram or any other 
information, loan or purchase. 

HMV Radiogram 1618A.—M. J. Levy, 19 Totternhoe 
Close, Kenton, Middx—service manual or sheets 
for this equipment. 

E.A.R. Triple Four Amplifier.—J. Edwards, 94 
Woodland Road, Leeds 15—loan or purchase of 
service sheet. 

T. R. S. Radio Component Specialist 
The price of the 7-Valve A.M./F.M. R G Replacement Chassis, advertised on page 124, September issue, should read £13/19/6 

and not as shown. 
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Miniature Tunnel 

Diode Oscillator 

by A. D. Williams, B.Sc. 

After a brief introduction to the tunnel 
diode, our contributor discusses simple 
oscillators employing this device, together 
with practical details of a specific oscillator 

operating at 10 Mc/s 

The tunnel diode was invented by leo esaki 
in 1958, and is basically a heavily doped p-n 
junction. It possesses many of the properties 

of a conventional semiconductor diode, but its 
peculiar value lies in its use as an amplifier oscillator 
and switch at frequencies of up to several thousand 
megacycles per second. The theoretical frequency 
limit is of the order of 1,000,000 Mc/s. 

Tunnel Effect , a . ■ 
The device is named from the tunnel effect in 

Quantum mechanics described by Dr. L. A. MacColl 
in 1932. (Among its many other uses, this ettect 
permits a theoretical interpretation of the emission 
of alpha particles by radioactive atomic nuclei.) 
Classical physical theory states that unless an 
electron possesses enough energy to overcome a 
potential barrier it will never cross the barrier 
Quantum theory states, on the other hand, that 
the electron may cross the barrier by tunnelling 
through the potential "hill", and that the probabihty 
of this happening can be predicted. The probability 
is negligible unless the barrier is extremely narrow; 
and hence tunnelling does not occur unless spe^a 
precautions are taken in the manufacture ot the 
diode to obtain an abrupt junction with a very 

TABLE 

Rz Ri 
(supply 

1.5V) 

Ri 
(supply 

1.2V) 

Top 
Frequency 

Approx. 
Battery 
Drain 

2.2a 
4.10. 
10a 

120 
210 
56a 

10a 
isa 
39a 

160 Mc/s 
90 Mc/s 
50 Mc/s 

100mA 
50mA 
25mA 

The small size of a tunnel diode may be readily observed 
from this photograph, in which it appears alongside 

an OC71 transistor 

thin barrier between the p and n regions. In practice, 
this thin barrier is obtained by very heavy doping; 
the impurities added to the tunnel diode semi- 
conductor materials are approximately 1,000 times 
greater than those used in semiconductor materials 
for the rectifying junction diode. . 

The heavy doping changes the characteristic 
from that given in Fig. 1 for a conventional diode 
to that given in Fig. 2. t , 

If the tunnel diode is biased by a potential 
difference between Va and Vb it. act® as an a.c. 
negative resistance, and under suitable conditions 
can function as an oscillator, amplifier, modulator, 
waveform shaper or switching device. 

Apart from its high frequency performance the 
tunnel diode has the advantage that it can withstand 
very much higher temperatures than most other 
semiconductors (up to 400oC for gallium arsenide 
tunnel diodes). It cannot be easily damaged by signa 
overloads, because it is difficult to develop sufficient 
power to cause damage across the junction. 

As can be seen from the accompanying photo- 
graph, which shows a tunnel diode alongside_an 
OC71 transistor, the device is very small. The 

I 
I 

/ Reverse 
' breakdown 

Fig. 1. Current-voltage characteristic of a normal 
semiconductor diode 
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This 10 Mc/s oscillator comprises a DEAC cell, two 
resistors, a coil and a tunnel diode 

1 

T 

N3720 

Fig 3. Basic tunnel diode oscillator circuit. In the 
oscillator assembled by the writer, no physical 
capacitor is fitted across the coil, capacitance C being 

given by the self-capacitance of the coil 

simplicity of circuits using the tunnel diode repre- 
sents a further attraction for the experimenter. 
Against this must be set the cost which, at the time 
of writing and for a single device, is some 25s. or 
more retail in the U.K. It is possible that this cost 
may decrease with time. There are also design 
difficulties, these being given by difficulties in 
cascading several stages and by the fact that only 
a small voltage swing is available. 

Practical Oscillator 
The oscillator to be described employs a General 

Electric (U.S.A.) tunnel diode type 1N3720, this 
being used in the basic circuit arrangement shown 
in Fig. 3.* The accompanying Table gives top 
frequencies of oscillation for various values in R| 
and Rz- These frequencies are calculated from 
published data and from curves obtained from the 
author's diode, and they- should represent the 
minimum cut-off frequencies. The values of L 
and C in Fig. 3 must be such that they resonate 
at the frequency required. It is quite possible that 

♦The tunnel diode type 1N3720 is available from M. R. Clifford & 
Co., 66 Old Oscott Lane, Great Barr, Birmingham 22a. 

> V 

Fig. 2. The characteristic of a tunnel diode. The 
negative resistance section lies between Va and Vb 

practical operation will enable oscillation to occur 
at higher frequencies than those shown in the Table, 
this fact offering a useful field for experiment. 

Ri and R2 provide the required bias for the 
tunnel diode, different values being given for Ri 
according to whether a 1.5 volt dry cell or a 1.2 
volt DEAC cell is used for supply. The resistor 
values are rounded off to the nearest 10% preferred 
values which will provide correct bias. 

It can be seen that by decreasing Rz, whilst 
keeping the ratio Rj :R2 constant, the usable upper 
frequency is increased. However, this increase is 
obtained at the expense of increased battery drain. 
The value of R2 should not be increased so far 
that the resistance of R2 and L together exceed 
about 180, or oscillations may not be sustained 
at any frequency. This figure is determined by the 
characteristics of the diode, and may vary slightly 
between different specimens. The author's diode 
ceased oscillating when the sum of the resistances 
was about 190. 

The oscillator shown in the photograph represents 
a typical example of what may be achieved. This 
was about 190. 

The oscillator shown in the photograph represents 
a typical example of what "may be achieved. This 
is intended for operation at 10 Mc/s, and R2 has 
a value of 100. A single DEAC cell is employed 
for power, causing Ri to have a value of 390. 
Contact to the cell is made by way of the connecting 
wires, the cell being simply removed to "switch 
off" the oscillator. Oscillation around 10 Mc/s 
is given when L consists of 20 turns of 27 s.w.g. 
enamelled wire close-wound on a Radiospares 
"Core Former". This is a conventional polystyrene 
former having a height of 0.87in and a diameter of 
0.27in. Also used is a Radiospares iron dust core 
type "A", this being a standard 6mm core 0.5in 
long, with hexagonal trimming hole. No physical 
capacitor was fitted in the C position, resonance 
being obtained with the self-capacitance of the coil. 
Frequency adjustment is obtained by varying the 
position of the iron dust core in the former. 

□ 
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NEWS AND 

Radio Careers 

for 

Women 

Established readers may remember 
that a year or two ago we wrote 
about the difficulties women find 
in making a career in radio and 
electronics, which is still principally 
a male preserve. 

However, despite difficulties, wo- 
men can rise to the top in the elec- 
tronics world. 

Such a one is Dr. Elizabeth 
Laverick, Head of the Radar Re- 
search Laboratory, Elliott Automa- 
tion Radar Systems Limited, who 
has been elected to serve as an 
Ordinary Member of the IEE 
Electronics Divisional Board for a 
period of three years commencing 
on 1st October 1967. She will be the 
first woman to hold such a position. 

Dr. Laverick, whose field is 
microwaves and radar, first became 
interested in an engineering career 
when she worked for a year at the 
Radio Research Station before taking 
her Degree. 

In 1953 she joined Elliott Brothers 
(London) Limited, where, since 
1959, she has been Head of the 
Radar Research Laboratory. 

Dr. Laverick, who never had 
misgivings about pursuing what 
seemed a predominantly male pro- 
fession, can foresee a considerable 
increase in the number of women 
engineers in this country. As Senior 
Vice-President of the Women's En- 
gineering Society, she gives careers 
talks and advice to girls of school- 
leaving age and is greatly encouraged 
by the increasing number of en- 
quiries she receives from girls 
interested in engineering as a career. 
She emphasises the importance of 
attracting women into the profession 
and believes that "with perseverance 
and keenness in her work a woman 
will succeed, and in fact, be better 
than a lot of men". Her view that 
one can still be feminine and be an 
engineer is endorsed by Dr. 
Laverick's own appearance and 
personality. 

BBC WORLD RADIO CLUB 

r tf: 

rv 

Malcolm Nisbet, compere of the 6.6.C. World Service's newest programme 
WORLD RADIO CLUB, holds aloft the target area of his programme and 
the Club card. To become a member of this programme for shortwave 
enthusiasts, listeners simply write to WORLD RADIO CLUB, B.B.C., Bush 
House, London, W.C.2. Malcolm gives Dx news as well as tips to newcomers 

on how to improve shortwave reception 

In the World Service of the B.B.C. there has recently been started a 
programme series for shortwave enthusiasts entitled World Radio Club. 

The programme is broadcast on Saturday mornings, and repeated in three 
further broadcasts as shown in the list of transmission times and frequencies 
set out below. 

All aspects of shortwave interest are to be covered and programmes will 
include technical talks, advance information on listening conditions and Dx 
news, etc. 

A membership card will be sent on request to: World Radio Club, B.B.C., 
Bush House, London, W.C.2. 

Suggestions for topics to be included will be very welcome so that listeners 
may obtain the maximum benefit and enjoyment from the broadcasts. 

Transmission times and frequencies are; 

SATURDAYS 0745 GMT: 
Africa, Mediterranean 

Australia and New Zealand 

SUNDAYS 0245 GMT: 
Western Hemisphere and Pacific 

(Central Africa: 498 and 324 
m/w) 41, 19, 16, 13 metres 
(7.295, 15.07, 17.81, 21.71 Mc/s) 

41, 31, 25, 19 metres 
(7.15, 9.64, 11.955, 15.07 Mc/s) 

49, 41, 31, 25, 19 metres 
(6.11, 7.13, 9.51, 9.58, 11.75, 
11.78, 11.865, 15.07, 15.14, 
15.26 Mc/s) 
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• • • COMMENT 

HOUSEHOLDERS' "POP" RIVET KIT 

A rivetter's skill is brought 
within everyone's reach with the 
householders "POP" rivet kit. 

So simple that even a child can 
operate it the kit can be used for 
all manner of fastening jobs and 
often more conveniently than, a 
nut and bolt. 

The kit contains a rivetting tool, 
a supply of rivets in three lengths, 
washers, a 3.3mm drill bit and an 
instruction leaflet. It is marketed 
by United Marketing (Leicester) 
Ltd. and retails at 39s. lid. from 
do-it-yourself shops, ironmongers, 
and general accessories shops such 
as Messrs. Halfords. 

A special feature of the "POP" 
rivet kit is its use for blind rivetting 
jobs—where only one side of the 
work is accessible and a nut and 
bolt cannot be used. 

The "POP" rivet kit is a good 
example of the adaptation of a 
process widely used in industry for 
the benefit of the home handyman. 

\ 
v 

\ 

TUESDAYS 2100 GMT: 
Africa, Middle East and Mediterranean 

Australia and New Zealand 

South America 

West Indies and Central America 

THURSDAYS 1245 GMT: 
Africa, Middle East and Mediterranean 

South and South East Asia, and Far East 

West Indies and Central America 

(Middle East: 211 m/w) 
31, 25, 19,13 metres 
(1421 kc/s, 9.41, 9.58, 11.82. 
11.86, 12.095, 15.07, 15.40, 
15.435, 21.71 Mc/s) 

31, 25,19 metres 
(9.41, 11.86, 15.07 Mc/s) 

16 metres 
(17.79 Mc/s) 

13 metres 
(21.55 Mc/s) 

(Middle East; 211 m/w) 
19, 16, 13,11 metres 
(1421 kc/s, 15.07, 15.42, 17.705, 
17.79, 17.885, 21.47, 21.71, 
25.65 Mc/s) 

25, 19, 16, 13, 11 metres 
(11.75, 15.07, 15.435. 17.79, 
21.55, 21.66, 25.65 Mc/s) 

16, 13 metres 
(17.79, 21.71 Mc/s) 

PI O 
© 

l 6 o 

/ 

K pbh 

"Too much realism on TV?" 
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Four-Stage Voice-Operated Switch 

By L. J. Moore 

A very sensitive sound-operated switch which uses 
readily available valves. 

This voice-operated switch has a very high 
level of sensitivity and has applications other 
than that for which it was originally intended 

 that of automatically switching an amateur 
station to "Transmit" when the operator spoke. 
The sensitivity is such that the circuit can be set 
up to operate at the sound of a hand-clap from 
about 30 feet. It will be appreciated that, with this 
level of sensitivity, the switch can operate with very 
low level sounds as well as with speech. 

The prototype was made up from parts m the 
spares box. The valves employed are very common 
types, and are particularly liable to be encountered 
in scrap TV sets and the like. 

The Circuit . 
The circuit of the voice-operated switch appears 

in the accompanying diagram. A crystal microphone 
connects to the grid of Vi(a), which is one half of 
an ECC83. The amplified signal at the anode ot 
Vi(a) passes to the grid of Vi(b) where further 
amplification takes place. The signal appearing at 
the anode of Vi(b) is then passed to the grid of V2, 
which is an EF91. . 

A signal at low impedance and having nearly 
the same amplitude as that at the grid, appears at 
the cathode of the EF91. The cathode resistor is a 
5k fl potentiometer, and its slider taps oif the signal 
level desired and passes this to the anode of V3. 

The voice-operated switch constructed by the author 

V3 is one half of a double-diode type EB91, the 
remaining diode being unused. It functions as a 
rectifier, causing a positive voltage to appear on 
the upper plate of C3, the positive voltage increasing 
in proportion to the amplitude of the signal passed 
to V3 anode. This positive voltage is applied to the 
control grid of V4. ... , , 

V4 is an EF80 with screen-grid and anode strapped 
to form a triode. As its grid goes positive, an 
increased anode and screen-grid current flows 
through the coil of the relay. When this current is 
sufficiently high the relay energises, and its contacts 
carry out the external function (in the writer s 
case, the switching on of a transmitter) required ot 
the sound switch. . 

It is undesirable for C3 to remain charged for 
too long a period after the cessation of the actuating 
sound, and an adjustable discharge path is provided 
by VRz- 

It will be helpful, now, to sum up the circuit 
operation so far described. A sound signal picked 
up by the microphone is amplified by Vi(a) and 
ViftV) and is then passed to V2, from whose cathode 
the amplified signal is available at low impedance. 
The amplified signal causes C3 to charge such that 
the control grid of V4 goes positive, whereupon 
the increased anode and screen-grid current ot this 
valve causes the relay to energise and to turn 
on the external circuit. If the switch is to be actuated 
by speech it is necessary for it to operate without 
delay when the voice is picked up by the micro- 
phone. This requirement is satisfied by the low 
impedance signal available from V2, which enables 
C3 to charge and the relay to operate, almost 
instantly after the commencement of speech. At 
the same time, a short delay before the relay de- 
energises is needed with speech to cater for the tack 
of sound input between words, etc. The de-energising 
delay is made variable by means of VR2, which 
can be set up to give the particular delay desired. 
It should be noted that, in the absence of signal, 
V3 does not conduct since its anode is more negative 
than its cathode, and the discharge current then 
flows through VR2. 
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To mic. 

o HT+ 200V 

I 
20mA 

C4 Relay 
coil I /OOn. 

la I 7 4 
EF9 EF SO 

81  
VR 

A5 91 

ECC83 VR 

3< 5-< 8 
V3 
EB9I 

o — 

63V I-2A 

The circuit of the voice-operated switch. The relay employed in the prototype had 4-hole 2-way contacts (not shown here) 

Resistors 
(All fixed 
stated) 

Ri 
R2 
R3 
R4 
Rs 
Re 
R7 
Rs 
VR! 
VR2 
VR3 

values i watt 10% unless otherwise 

COMPONENTS 

2.2Mn 
120ka 
2.2ka 
iooka 
imo 
22k fl ^ watt 
68kfl i watt 
ma 
5k fl potentiometer, wirewound 
2Mfl potentiometer, carbon, linear 
5kfl potentiometer, wirewound 

Capacitors 
(All capacitors 300V wkg.) 

Q 0.01 ixF 
C2 0.01 [j,F 
C3 0.01 [jlF 
C4 SiiF electrolytic (see text) 

Valves 
Vi ECC83 
V2 EF91 
V3 EB91 (one diode unused) 
V4 EF80 

Relay 
700fl relay (see text) 

Microphone 
Crystal microphone 

Sockets 
2 B7G valveholders 
2 B9A valveholders 
Jack socket for microphone 

Miscellaneous 
Chassis 
Suitable power supply (see text) 

Sensitivity is controllable by VRi, whilst VR3 
is used to set up the operating conditions for V4 
which provide reliable energising of the relay. 
VR3 will also exert some control on sensitivity. 
In general, VR3 should be set up so that, in the 
absence of signal, the current flowing through 
the relay coil is considerably lower than that needed 
to energise the relay, or to hold it on when it is 
energised. VR| may then be set up for the required 

sensitivity, and VR2 for the required delay. In the 
author's prototype the EF80 cathode current for 
no signal input was 4mA, this rising to 13mA at 
maximum signal input. The relay operated at 
approximately 9mA, whereupon there was an 
adequate range of current in hand for reliable 
energising. Under no input conditions did the 
cathode current exceed the maximum rating of 
15mA specified for the EF80. 
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H.T. and heater supplies may be obtained from 
any conventional mains power supply olfering 
an h.t. voltage of about 200 volts at a minimum 
of 20mA and a 6.3 volt heater supply at a minimum 
of 1.2 amps. Capacitor Q is desirable to prevent 
feedback along the h.t. positive line, but its function 
will, in practice, normally be carried out by the 
smoothing capacitor of the h.t. supply circuit. 
If the power supply connects to the switch via 
short leads and it has the customary electrolytic 
smoothing capacitor across the h.t. output lines, 
there is no need for C4 and it can be omitted. 
It should be added that the h.t. voltage required is 
not critical. The author's version has been used 
with various supplies ranging from 125 to 200 
volts, with little effect on operation after setting up. 

The component values and circuitry shown in 
the diagram are the result of trial and error, and 
the writer claims no originality in the general 
design. 

Construction 
No difficulties should arise in construction, the 

main necessity being to keep hum level in the grid 
circuit of Vi(a) to a low level. The heater lead to 
pin 9 of V] should be kept well clear of the grid 
and anode pins, and all wiring in the Vi(a) and 
Vi(b) stages should be kept short. 

The unused anode and cathode of V3 (pins 7 

and 1 respectively) may be connected direct to 
chassis. So also may the internal screen (pin 6) 
of this valve. 

The relay was a miniature component with 
4-pole 2-way contacts rated at up to 1 amp at 
100 volts, and with a VOOH winding. This relay is 
available from Henry's Radio, Ltd. As stated 
earlier, the relay employed by the writer energised 
at about 9mA. 

The prototype was checked with several different 
crystal microphones, giving equally satisfactory 
results with all of these. 

The accompanying photograph shows the author's 
version, assembled on a home-built chassis. At 
the rear (to the left in the illustration) is the relay 
and the knob for VR3. In front of the relay is the 
EB91, alongside which is the EF80. The two valves 
nearer the front panel are the EF91 and the ECC83, 
a knob for VR2 appearing in front of the EF91. 
Mounted on the front chassis panel is VRj which, 
in the prototype, was a preset component. 

The author's switch has been in use for four 
months at the time of writing, and no faults have 
developed in operation. As mentioned at the start 
of this article, the main purpose of the switch was 
to turn on an amateur transmitter when the operator 
spoke, a single microphone being employed which 
was coupled both to the transmitter and the switch. 
Results with this application have been found to 
be most satisfactory. anf 
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The Beta Meter 

By Sir Pouijlaf Hall, M.A. (Oxon) 

This very useful instrument measures the common emitter 
d.c. gain of p.n.p. and n.p.n. transistors. Leakage currents 
are fully compensated for, and the design is such that 
both construction and operation are extremely simple 

The beta meter will give a 
direct reading of the current 
amplification factor of a tran- 

sistor in the common emitter con- 
figuration. It shows the d.c. amplifi- 
cation factor, which will be similar 
to the a.c. amplification at audio 
frequencies. Amplification at radio 
frequencies will depend on the 
characteristics of the transistor. The 
meter can also be used to test semi- 
conductor diodes. 

The current amplification factor of 
a common emitter amplifier is the 
ratio between the change of collector 
current and the change of base 
current. Provided the collector cur- 
rent is not less than about SOOij-A 
in the case of most transistors (or 
about 100|j,A in the case of micro 
alloy types) and not exceptionally 
high, a reasonably accurate figure 
will be obtained by dividing the 
collector current by the base current 
at any convenient figure. But a 
phenomenon which can make a 
nonsense of this simple calculation 
is the passage of leakage current 
—i.e. current which passes between 
collector and base without the 
influence of base current. Some 
transistors which are quite suitable 
as small signal amplifiers exhibit 
quite a large leakage current, 
and if this is ignored the apparent 
amplification factor may be very 
different from the true figure. 
The Beta Meter takes this point into 
account and provides compensation 
for leakage current which, at the 
same time, it measures. The meter 
is suitable for measuring amplifica- 
tion factor at collector currents 
from about lOOu-A to 2 or 3mA. 

It cannot be used for measuring 
amplification under the conditions 
prevailing in output stages which 
feed loudspeakers. Unless the current 
to be drawn is very high, a useful 
indication of the amplification likely 
to be obtained in an output stage 
can, nevertheless, be given by 
measuring at lower current levels. 

Basic Circuit 
The principles involved are demon- 

strated in the basic circuit in Fig. 1. 
Two meters are shown. Mi and M2, 
the first having a full-scale deflection 
of 50nA and the second a full-scale 
deflection of 5mA. Two meters 
are shown for clarity. In the practical 
version only one is used, with 
suitable switching. 

TRi is the transistor under test. 
Power is provided by Bi, a single 
1.5V cell. Base current is taken 
from the potentiometer, VRi. If 
TRi passes virtually no leakage 

current and VRi is turned to zero, 
both meters will register zero. 
But TRi may well pass leakage 
current. In this event, if VRi is 
turned to zero the needle of Mi 
will pass the zero mark and attempt 
to show a reverse current. The 
existence of leakage current means 
that there is, in effect, resistance 
between collector and base and it 
will be seen that current which 
passes through this resistance will 
find its way to positive battery 
through Mi. With VRi at zero, 
M1 now finds itself reverse connected, 
as it were, so that the current 
passing through it will give a reverse 
indication. Now, if VRi is adjusted 
to allow current to flow, a point 
will be reached when Mi will 
register exactly zero—when the 
current due to leakage is exactly 
cancelled out by the current pro- 
vided by VRi. At this setting the 
current passing through M2 is 
equal to the leakage current which 
would be exhibited if the base were 
disconnected. That is to say, a 
reading is given of the leakage 
current of TRi as a common 
emitter amplifier. 

At this stage, there is no base 
current and TRi will not function 
as an amplifier. It will be necessary 
to further adjust VRi to obtain 
an indication of amplification but, 
before this is done, current is passed 
through M2, by B2, in a reverse 
direction to that already flowing. 
VR2 controls the current from B2 
and is adjusted so that M2 reads 
zero. If VRi is now adjusted so that 
10(j.A passes through Mi, the reading 
given by M2 will indicate the 
collector current flowing as the 
result of the passage of IOjiA 
base current, and will show directly 
the amplification given by TRi. 
For example, a reading of 500nA 
in M2 will show an amplification of 

Mp 

VH 
TR 

Fig. 1. Simplified circuit demonstrating the basic operation of the Beta 
Meter 
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\ )MI 

Sik .v 

R/iS; '5 

1 5V Test 
terminals 

mt ' VR 
S2a 

P.N.P 
off 
N.P.N Collector 

So functions Sj functions 

COMPONENTS 

Resistors 

Fig. 2. The complete circuit of the Beta Meter 

The Beta Meter 
Fig. 2 gives the actual circuit ot 

the Beta Meter. Mi has an f.s.Q. 
of SOitA. Si can remove M, from 
the base circuit and place it in the 
collector circuit across a resistor 
R2 which has a resistance of yg 
of the resistance of Mi, so that Mi 
reads with an f.s.d. of 5mA when 
in the collector circuit. R3 has a 
resistance equal to the resistance ol 
Mi so that, when Mi is switched to 
the collector circuit, the bias tor 
the base remains unchanged. Ki 
prevents excessive base current from 
flowing, R4 limits the maximum 
collector current to 5mA, and K5 
prevents excessive current from 
passing through Mi in a reverse 
direction, should VRz be adjusted 
carelessly. S2 reverses the Polarity 
of Mi and of the two cells, Bi and 
B?, so that n.p.n. transistors can be 
tested as well as p.n.p. types. It 
also provides an off position to 
prevent current flowing through 
VRi when the meter is not in use. 

It will be noted that Si is a 3-way 
switch although only the two outside 
ways are employed in the circuit. 
The reason for using a 3-way 
switch is that, with the small type 
of wavechange component employed 
here it is possible for some contacts 
to make before the others as the 
switch is rotated whereupon, without 
having a central "blank" position, 
the meter needle could give quite 
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violent kicks as the switch is adjusted 
from one position to the other. 
This effect, which appeared when a 
2-way switch was originally tried 
in this circuit position, is entirely 
absent with the 3-way component. 
The actual component used is a 

Ri 
R2 
R3 
R4 
R? 
VRi 

VR2 

30k O i watt 5% 
See text 
See text 
3000 5 watt 5 X 
820a i watt 10% 
5k H potentiometer, 
linear 
SOOkH potentiometer, 
log 

Switches .... a  
<5. 2 4-pole 3-way, Midget 

wavechange switch 
(Radiospares) 

Meter 
Mi SOuA Kyoritsu type 

MR.2P (Henry's Radio 
Ltd.) 

Sanenes^y^ ^ (gyer Ready) 

Miscellaneous 
4 knobs . . 
Transistor holder or terminals 
Paxolin panel 
Material for case, wire, etc. 

(N.B. Radiospares components 
may only be obtained through 
retailers.) 

standard 4-pole 3-way switch, one 
pole being left disconnected. 

VRo VR 

Fig 3 Wiring behind the panel of the instrument. It should be noted that 
the switch tags shown correspond to Radiospares "heck with a 
other switches may have different tag positrons. If in doubt, check vmn continuity tester before wiring 
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uA 

COMPENSATION 

Q Q 

E B C 

Fig. 4. Front panel layout for the meter 

Assembly 
The layout is not critical, but that 

followed in the prototype is shown 
in Fig. 3, with a front panel as in 
Fig. 4. A normal transistor holder 
may be used for the transistor 
being tested, though the author 
finds these rather unreliable if 
they are constantly used, and prefers 
terminals. If the specified meter is 
employed it can be taken that its 
resistance is 8200 approximately. 
This is convenient since it gives 
values of 8200 for R3 and 8.20 
for R2. If an 8.20 resistor is not 
available it can be made up with 
two resistors of 470 and 100, 
respectively, connected in parallel, 
giving a combined resistance of 
8.260. (For an 8200 meter move- 
ment, the calculated value required 
for R2 is 8.280.) Should a different 
meter be used it will be necessary 
to find out its resistance if this is 
not shown on the dial.* 

The switches shown in Fig. 3 
are by Radiospares. If different ones 
are used their contact positions 
may vary from those shown. The 
cells have their paper covers removed 
and are held in position with two 
tinplate clips which have leads 
soldered to them. This means that 
only the positive leads (the central 
terminals) need to be soldered into 
position when battery replacement 
becomes necessary. 

Operation 
In the procedure which is to be 

described for using the meter it is 
suggested that Fig. 4 be studied at 
the same time in order to make 
matters clear. Fig. 4 shows the 
panel of the meter and, incidentally, 
shows suggested markings for the 
controls. Note the blank position 
between "Collector" and "Base" 
settings of Si. 

1. Insert the transistor to be 
tested into the terminals and turn 
VRi and VR2 fully clockwise. 
Turn Si to Base and S2 to P.N.P. 
or N.P.N. as the case may be. A 
reading will be shown in Mi and 
this should be taken to zero by 
adjusting VRi. If the transistor has 
very little leakage, the proper 
position for VRi will be very nearly 
fully anticlockwise. But if leakage 
is considerable the proper position 

*To find the meter resistance, if unknown, 
connect the meter via a 250kQ variable 
resistor to a 6-volt battery. The variable 
resistor should initially insert its full resist- 
ance in series with the meter and it is next 
adjusted to cause the meter to read f.s.d. 
Then find the value of resistance which, 
when connected across the meter under 
these conditions, causes it to read half-scale. 
That resistance is equal to the resistance of 
the meter.—Editor. 

for VRi will be well above the fully 
anticlockwise point. 

2. Turn Si to Collector. Adjust 
VR2 to give a zero reading on the 
meter, if necessary. 

3. Turn Si to Base. Adjust VRi so 
that a reading of 10(iA is shown. 

4. Turn Si to Collector. The meter 
will now give a direct reading of 
the amplification factor. If the 
reading is, for example, 1mA 
(shown as IOuA on the scale) 
the amplification factor will be 
lmA/!0(iA, which equals 100. 

In the case of low amplification 
transistors it is as well to take 
a second reading with VR] set to 
20[iA (in 3 above) and possibly a 
third reading with VRi set to 30ij.A, 
This will show the amplification 
factor at greater collector currents 
than flow with a base current of 
IOijA. With a base current of 
20nA the figure shown for amplifica- 
tion should be halved, and with a 
base current of 30'jlA it should be 
divided by 3, and so on. It may 
sometimes be convenient to reverse 
the processes in 3 and 4, above, 
in order to find the amplification 
factor at a given collector current. 
Let us suppose that we wish to 
know the Beta for a collector current 
of 600uA. In this case the procedure 
will be that already shown for ,1 and 
2, but 3 and 4 should be as follows: 

3. Without moving Si or VR2, 
adjust VRi so that a reading of 
600uA is shown (remembering that 
f.s.d. is 5mA). 

4. Turn Sj to Base, and note the 
reading. This figure, which is now 
in iiA with an f.s.d. of 50nA, should 
be divided into 600 to give the 
amplification factor. 

It is clear that the amplification 
factor can be found for any collector 
current between about 100ij.A (it 
is difficult to read a lower indication 
with any accuracy) to about 3mA. 
At collector currents higher than 
3mA there may be a fall in amplifica- 
tion factor due to the voltage drop 
through R4 so that a useful indica- 
tion of the factor at more normal 
voltage levels will not be given. 
This applies particularly with silicon 
transistors, and diffused alloy types, 
as these need higher voltages be- 
tween collector and emitter than do 
most others. 

Diodes may be tested in the 
following manner. The positive end 
(cathode) is connected to the emitter 
terminal and the negative end 
(anode) to the collector terminal. 
VR2 should be fully clockwise. 
VRi is inoperative. Turn S2 to 
N.P.N. and note the reading. 
It should be about 2 to 3mA (20 
to 30 on the scale) Ft a good general 
purpose diode of the OA91 type. 
Turn S2 to P.N.P. There should be 
no movement or only a very slight 
movement of the needle away from 
zero. 

Silicon power rectifiers should 
give similar readings to those given 
by general purpose high frequency 
diodes. n 
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Water Level Alarm Unit 

By W. Kemp 

If two metal probes are inserted into tap water it will be found that quite a low 
resistance exists between them. This basic fact makes possible the very simple 
level detector described here, which can also be used with any other liquid having c-■ Wrkv rrmHilftiVltV 

This simple little unit was specifically 
designed to automatically sound an external 
alarm when the water in a bath reached a 

certain pre-determined level, but the unit is also 
suitable for use in any other application in which 
it is required that an alarm or other external circuit 
be activated when a liquid having conducted 
properties reaches a pre-determined level. The 
unit is perfectly safe to use in such situations, 
since it operates from a supply of less than 20 volts. 

The water level alarm uses a simple 2-transistor 
circuit that can be built, less the relay and external 
alarm or buzzer, for about fifteen shillings. 

A feature of the unit is that, when switched on 
but not activated by a liquid, the total current 
consumption is 2(xA or less, so that the device 
can, if require'd, be left permanently switched on in 
the knowledge that the battery life will be almost 
as long as its normal shelf life. The water level 
alarm is therefore suitable for permanent installation 
as a battery operated "flood alarm" in cellars or 
basements, etc. 

 A  

TRi TR2 

I I 
PrQbes 

■CD e 
TR1JR2 
Leadouts 

:R2 

"To alarm 
circuit 

D| i k \t rlA 

The Circuit 
The full circuit diagram of the unit is shown in 

Fig. 1. Here, TR) and TR2 are wired in the Darling- 
ton or "Super-Alpha Pair" emitter follower con- 
figuration, and can be regarded as a single-transistor 
emitter follower with exceptionally high gain. 
The coil of relay RLA forms the emitter load ot 
the emitter follower circuit. The outstanding features 
of the configuration are that the input impedance 
to TRi base is of the order of a few hundred thousand 
ohms, and that the voltage on TR2 emitter auto- 
matically adjusts itself to within about 1.2 volts 
of the potential on TRi base. 

Now, in the diagram, TR| base is coupled to 
the negative supply line via R2- so that TRi base 

Fig. 1. The circuit of the water level alarm unit 

Resistors 
R, lOkH 10% i watt 
R2 470kn 10% 1 watt 

Semiconductors 
TR, ST 140 (Sinclair) 
TR2 ST141 (Sinclair) 
D, OA200 or similar 

Switch 
S, s.p.s.t. on-oflf switch 

Relay 
See text 

Battery 
Maximum voltage 18V (see text) 

Miscellaneous 
Veroboard with 0.1 Sin hole spacing (see Fig. 2) 
Probe assembly 
Connecting wire, sleeving, etc. 
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is normally at a potential of zero volts with respect 
to this line. Under this condition TRj emitter is 
also at zero voltSj whereupon no current flows in 
the relay and only a small leakage current of 2ij.A 
or less is consumed by the circuit. If now the two 
probes are short-circuited together, either directly 
or by placing them in tap water, the positive supply 
line will be connected to TRj base via Ri and, by 
the potential divider action of R| and R2, almost 
the full battery voltage will appear at TRj base. 
A corresponding voltage will then appear at TR2 
emitter (across RLA) and the relay will be energised. 
It should be noted that, due to the high input imped- 
ance of TR| and the high value of R21 similar 
operation will be obtained even if the "short- 
circuit" across the probes has a resistance of tens 
of kilohms (although it may be necessary to employ 
a slightly higher battery voltage to obtain the same 
result as is given with the direct short-circuit of 
the probes). 

When operated, the relay can be made to switch 
external devices, such as alarms, buzzers, etc., 
via its contacts. D) is incorporated to prevent the 
back-e.m.f, damaging the circuit as the relay 
de-energises. Ri prevents excessive base currents 
flowing in TR| when the probes are short-circuited 
together. 

In practice, approximately 1.2 volts is "lost" 
between the base of TRj and the emitter of TR2 
when the relay is operated. The battery supply 
should therefore be selected to have a potential 
at least 1.5 volts greater than the operating potential 
of the relay that is employed. Any supply, up to a 
maximum value of 18 volts, can be used in the circuit, 
and any relay with an operating potential of less 
than approximately 15 or 16 volts may be used, 
providing that it draws a maximum operating current 
of less than 70mA. Low current relays are, however, 
much to be preferred. 

A slight complicating effect is that, when the 
resistance presented to the two probes by the 

Only a few steps ore required in the assembly of the 
components, as is well demonstrated here 

water has a value in the order of tens of kilohms, 
the conducting path provided by the water can cause 
the base of TR| to attain a potential a volt or so 
less than that on the positive supply line. The 
battery voltage will in consequence need to be 
slightly higher to counteract this effect than is 
required merely to overcome the voltage "lost" 

Rubber sucker 
\ 

Probe wires bonded to 
rod with Araldite v Rubber sucker 

x Ends bared and 
Perspex rod tinned 

Side view End-on view 
(a) 

Probes 

att. + via S 

0 o 
TR. 

TRpVo 

I 78 0 ■ o 

+ o 
*2 —- 0:° 

7^-4- Batt RLa coil 
A-drill 6BA clear 

Fig. 2. How the components are assembled on the 
Veroboard panel 

Probe wires bonded to block 
with Araldite 

Insulated block 

Ends bared and tinned 

Brass rod soldered to 
collar 

'/4'control spindle 
collar 

'/4" rod 

Heavy base 

Cb) 
Fig. 3 (a). A simple probe assembly 

(b). A more complex probe assembly which allows 
for the checking of surface level water 
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in TR| and TR2. Nevertheless, it should still not 
exceed 18 volts.* 
Construction 

The major part of the circuit is wired up on a 
small piece of Veroboard panel with 0.15in hole 
spacing, as shown in Fig. 2. Start construction by 
cutting this panel to size and then drill the two 
small mounting holes to clear 6BA screws. Clean 
the copper away from the inside edge of the upper 
hole in Fig. 2, to prevent possible short-circuits 
when the mounting screws are later inserted. 

Mount the two transistors, two resistors and the 
diode on the board, the resistors and diode being 
vertical. Use insulated sleeving where necessary 
and finish off the assembly by wiring the battery, 
probe and relay leads in position as indicated. 
The unit can now be given a simple functional test 
in the following manner. 

Connect a suitable relay coil to the relay leads, 
and connect a battery with the requisite voltage 
to the battery leads, taking care to observe the 
polarity indicated in the diagram. Next, with the 
probe leads insulated from one another, check 
that the unit draws a total current of less than 
several microamps. If satisfactory, remove the 
current meter from the circuit or switch it to a 
high current range, and short the two probe leads 
together, checking that the relay operates correctly. 
If satisfactory, bare the ends of the probe leads and 
ensure that the relay also operates when these 
leads are placed in normal tap water without 
being in actual contact with one another. 

The basic circuit is now complete and ready for 
use. 

♦The maximum power rating for the ST141 in free air is 360mW, 
and maximum dissipation will occur in TR2 when half the supply 
voltage appears across it, the remaining half appearing across t e 
relay coil. The power resulting from half the suPP'y X0 !wgeAarr<?.S»S 

the relay coil resistance should not therefore exceed 360mW. A ngni- 
weight relay which would enable TR2 to work well w,^,r].lts.™r^

x,[yiun} 
dissipation figure is the Cat. No. Z70B from Home Radio (Mitcham) 
Ltd., with a resistance of 670Q and a nominal operating voltage o 
7-9 volts. This could be used with a supply of 10.5 volts or, to over- 
come the effect of water resistance, any supply up to 18 volts.—Lditor. 

Using The Unit 
The Veroboard panel should now be mountea 

in a small box or container, complete with the relay, 
battery, on-off switch, and terminals for connecting 
to a suitable buzzer or alarm circuit. The actual 
probe can be either permanently wired to this 
container or coupled via a plug and socket. 

The probe itself can take any one of a number ot 
forms, and two typical examples are illustrated in 
Figs. 3 (a) and (&). • • •, , u 

A very simple probe is shown in Fig. 3 (a). Here, 
a short length of Perspex rod is attached to a rubber 
sucker, the two probe leads, with their ends bared 
and tinned, being secured to the rod with Araldite 
or a similar adhesive. This type of probe has the 
advantage of simplicity, and is ideally suited for 
quick attachment to the side of a bath or to some 
other smooth surface. 

A more complex probe, intended for use where a 
smooth surface is not available, is shown in Fig. 
3 (b). Here, a long rod -jin diameter is fixed vertically 
in a heavy base, and the probe leads are attached 
to a movable arm on this rod. The movable arm 
comprises a brass rod soldered at one end to a 
iin control spindle collar, which fits on the vertical 
rod. 'At the other end of the rod is an insulated 
block to which the probe leads, with ends bared 
and tinned, are secured with adhesive. This type of 
probe has the advantage that, provided the length 
of the movable arm causes it to extend beyond 
the base, the probe leads can be placed right down 
at floor level if required, making the unit suitable 
for the detection of surface water, etc. 

It should be noted that any liquid used to activate 
the alarm unit must have good conductive qualities, 
and in this context it should be appreciated that 
although many liquids, such as water and some 
types of oil, have excellent insulating properties in 
their pure states, they form very good conductors 
when slightly contaminated. Thus, tap water and 
even rain water in some industrial areas, are suf- 
ficiently good conductors to activate the alarm 
svstem. n 

Low Voltage and Isolating Transformers 

As a result of the increasing demand for low voltage and isolating transformers for use with radio and electrical 
appliances, coupled with the realisation of the greater safety given with low voltage equipment, GardnersTransformers 
Ltd have released a new publication illustrating their full range of low voltage and isolating transformers, and autotrans- 
formers intended for operation from the mains. A very wide range of transformers for applications extending from heavy 
industrial to light domestic use is listed. . , . r j /-u • . u .™i. 

The publication is Brochure No. GT.17, and is available from Gardners Transformers Ltd.. Somerford, Chnstchurch, 
Hampshire. 

New Calibration Resistance Standards 

A series of six Transfer or Secondary Resistance Standards for calibrating test intruments for
w

m
T

e
h

a^:l^^ 
currents between 10—Sand 10—16 amperes is now available from Morgamte Resistors Limited of Jar row. These MORGAN 
ITE Standards are made with resistance values of every decade from 108 to 1013 ohms. They d 
glass-enclosed resistor which over the past fifteen years has proved its exceptional reliability and stab!11^ 
fs enclosed in a case 4.25in (10.8cm) long on which the B.N.C. coaxial socket connectors are mounted. The complete set 
of six Standards is supplied in a presentation and storage case. 
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REGENT PUBLICATIONS 

COMPUTERS FOR THE AMATEUR CONSTRUCTOR. By R. H. Warring. 104 pages, 8i x SJin. Published by 
Museum Press Limited, Price 20s. 

Intended for any constructor who can follow simple circuit diagrams, this book provides a useful introduction to 
computer practice and principles, and illustrates how simple computing devices may be built at home. 

Computers For The Amateur Constructor commences by defining computers and stating what they are capable of doing; 
and then proceeds to the binary numbering system, showing also the advantage of working with binary and octal. Next 
dealt with are binary counters, with practical circuit advice; to be followed by decade counters, again with practical 
circuits. Chapters on logic, logic gates, logic circuits, and diode and valve circuits follow, the remainder of the book 
dealing with the arithmetic unit, memory devices, input and output devices, programming, and practical details for 
binary computer construction. There is a good index and the book will be of especial interest to those who wish to try 
their hand at constructing working computers of a simple nature. 

ABC's OF MICROWAVES. By H. Charles Woodruff. 102 pages, 8Jl x 5 Jin. Published by W. Foulsham & Co. Ltd. Price 
16s. 

Appearing in the Foulsham-Sams Technical Books series, ABC's Of Microwaves has an American text with an added 
introductory chapter for English readers. The book does not go into detailed mathematics or circuit design, but treats 
its subject in a manner which enables the basic operation of microwave equipment to be understood. 

The first chapter deals with the history of microwaves, and includes some interesting details of British wartime 
radar equipment. This is followed by chapters on microwave propagation, transmission systems (including waveguides), 
cavity resonators, and microwave oscillators. This last chapter discusses magnetrons and klystrons. A chapter on the 
microwave transmitter/receiver appears next and the seventh chapter, dealing with antennas, covers horns, parabolic 
antennas and the metal lens. The eighth and final chapter is devoted to multiplexing techniques. 

The book provides a useful introduction to microwaves for those who are conversant with radio transmission and 
reception at v.h.f. and lower frequencies. 

FURTHER TITLES. The following are further titles in the Foulsham-Sams Technical Books series. These also have the 
8J x 5|in page size, and each consist of an American text with an introductory chapter for English readers. All are published 
by W. Foulsham & Co. Ltd, K 

101 WAYS TO USE YOUR COLOUR-TV TEST EQUIPMENT. By Robert G. Middleton. 150 pages. Price 24s. 
This gives 101 examples of the use of American test equipment for performance checking and fault-finding with 

N.T.S.C. receivers. 

2-WAY MOBILE RADIO HANDBOOK. By Jack Helmi. 229 pages. Price 30s. 
A very detailed account of 2-way mobile systems, including a large number of working circuit diagrams with compo- 

nent values. Although intended for the American technician working under F.C.C. regulations there is much of interest 
to English readers, amateur and professional, who are interested in mobile working. 

CAR RADIO SERVICING MADE EASY. By Wayne Lemons. 134 pages. Price 24s. 
Down-to-earth practical advice on car radio faults and their repairs. The radios and cars referred to are American, 

but quite a lot of the information is equally applicable to British vehicles and equipment. 

ELECTRONIC CIRCUIT ACTION SERIES: TV SYNC AND DEFLECTION CIRCUITS. By Thomas M. Adams. 
166 pages. Price 25s. 

The approach in this book is to explain circuit "actions". A circuit is given and all the currents which flow in it are 
identified, by function and direction, after which the circuit operation is explained. Currents are depicted by coloured 
arrowed, lines printed alongside the circuit diagram lines. The text is carefully and painstakingly written, and there are 
no mathematics. There are many excellent waveform diagrams. Although the book deals primarily with 52S-line receivers 
much of the basics are common to British practice, and there is some interesting material on flywheel sync. 

ELECTRONIC CIRCUIT ACTION SERIES: TV VIDEO AND SOUND CIRCUITS. By Thomas M. Adams. 
164 pages. Price 25s. 

. Using the same techniques as are employed in TV Sync And Deflection Circuits, this book covers the passage of the 
signal from the aerial to the c.r.t. and to the loudspeaker. Again, reference is to 525-line receivers. The intercarrier 
f.m. discriminators dealt with include ratio and phase types, together with the gated-beam and locked-oscillator dis- 
criminators. 
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Cover Feature 

MAMMA 

This transmitter was built 
because checking through the 
log book showed that nearly 

one thousand QSO's had been 
made with a power of under 40 
watts, and over 600 of these had 
been inter-G chatter on 80. Since 
built, the transmitter has fulfilled 
expectations in every way. There 
have been some experimental 
modifications, but these have all 
been minor in character, and mostly 
caused by spasmodic interest in 
other bands. 

The 40W input level was chosen 
for several reasons. It is easily 
obtained with a quite modest h.t. 
supply (100mA at 400V) and is 
well inside the rating of an inex- 
pensive 807. High level modulation 
was felt to be essential, and push- 
pull 6L6's readily supply the 20 
watts or so of audio needed. If 
a receiver S-meter is calibrated in 
steps of 6dB for each S point, 
which is quite usual, then the 
40W transmitter will be only one 
S point down on a 1 SOW transmitter. 
This has been confirmed on scores 
of occasions by tests. Listening 
round with a receiver will also 
show that many stations using 
some 25-50W often provide good 
signals. . 

The transmitter was built in 
two sections—modulator and power 
supply on one chassis, and the 
r.f. section on another. This was to 
allow changing the r.f. section 
easily, and to fit a cabinet already 
to hand. The equipment could 
also be built as two completely 
separate units, and this might be 
preferred if suitable cases are 
available or if the modulator and 
power supply are to be used with a 
v.h.f, or other transmitter as well. 

40 Watt 80 Meter P. 

by F. G. Rayer, 

A comprehensive design which incorporates 
modulation, and which may also be readil 
Readers are reminded that this transmitte 
without the requisite Post Office licence. Hij 
appear in the circuit, and care should be ta 

dangerous shock when testing and 

Modulator Circuit 
The modulator circuit is part 

of Fig, 1. V, is a double triode 
giving two stages of amplification, 
if an audio gain control is wanted, 
R4 should be a 1M n potentiometer, 
with pin 2 of Vi wired to the slider. 
With no gain control a habit arises 
of speaking at the same distance 
from the microphone, and this 
may be preferred. 

For simplicity and heater 
economy, the 6L6's are driven by 
Ti, instead of a phase splitter valve. 
Ti is an easily obtainable intervalve 
transformer, with a ratio of 1 '.3. 
Resistors R? and Rs furnish an 
artificial centre-tap. Various surplus 
and other transformers of similar 
kind, but with a tapped secondary, 
exist, and if one is to hand, it can 
probably be used. The primary 
current of T1 was just under 3mA 
and this is not too much for many 
of the older driver transformers 
from battery type equipment. 

R9 provides cathode bias, whilst 
Rio and Rn hold the screen-grid 
potential at about 250V. Transformer 
T2 is a Woden type LI M1, wired for 
correct matching. The optimum 
load for the modulator stage is 
about 9,0000. The modulating im- 
pedance of the p.a. is about V/l 
or approximately 4,000a. So the 
transformer ratio required is 1.4:1 
or 1,5:1. Surplus and other trans- 
formers of about these ratios, and 
rated for 40W or more r.f. input 
and 20W or more of audio, should 
be satisfactory. 

A 5-pole 3-way switch (identified 
as S1-5) is fitted to the panel. Section 

in Fig. 1, applies h.t. to the 

I 

PA. 
meter 

VFO. and • 01 buffer 

i C2 
X 

R? X X r9 -II- 
v^.v 

Mic "2 . | 21   *8? -10- 
I L-rJ 6L6 

J 
4.5 

V| 
12 AX7 

C3 
fe- 

modulator and p.a. on "Transmit.' 
Section S2 provides h.t. for the 
audio amplifier and the earlier 

Fig. 1. The circuit of the modulator and power supply 
switch. The mainson-off switch is external to the tn 

Components List. The "R.F. Heaters" are thos 

jgQ the radio constructor 
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Phone Transmitter ★ 

yer, G30GR 

orates v.f.o., power supply and high level 
readily adapted for multi-band working, 
imitter must not, of course, be operated 
:e. High voltages at relatively high current 
be taken to avoid the consequent risk of 

g and operating the transmitter 

CHi Fl 
250mA 

»—cULSJULf 
5V 3A 

TJ C7 
<TTyim 
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"if 500V 
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5 

400V 

iT1 X X ov 

23 400 EZ8I 
rr 6L6 500 

63V 
3A 
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heaters 

53 
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A.C. 

R|2 mams 
C6 

I T 
F,-IOOmA 

supply section. Sj and Sj are part of a 5-pole rotary 
tfie transmitter proper, and is not included in the 
re those in the r.f. section of the transmitter 

OCTOBER 1967 

1 
■components! 

(Fig. 1) Inductors 
Resistors Ti Intervalve transformer 1:3 
(All resistors 10% unless otherwise ratio, Radiospares"Midget" 
stated) Tz Modulation transformer. 

Ri 2.2Mn \ watt Woden type UM1 
R2 33kn i watt Tj Mains transformer, Gard- 
Rs 220k fl \ watt ners type R147 
R4 1M fl J watt CFh Swinging choke, 5-25H 
Rs l.SkO J watt 250mA 
Re 22k O J watt CH2 Smoothing choke, 25H 
R7 220k 0 i watt 5% 60mA 
Rs 220k O | watt 5% 
R9 250n wirewound 3 watt. Valves 

or 2400 carbon 3 watt Vj 12AX7 
Rio 15kfl 2 watt V2 6L6 
Rn 47k fl 1 watt V3 6L6 
Rl2 68k fl 3 watt V4 5U4G 
Rl3 20k fl 5 watt V5 EZ81 
Rl4 20k fl 5 watt 

Fuses 
Capacitors Fi 250mA, with chassis-mount- 
(All electrolytic capacitors wire- ing holder 
ended unless otherwise stated) F2 100mA, with chassis-mount- 

c, O.OOSuF silver-mica 350V ing holder 
wkg. 

c2 8[xF electrolytic 350V Switch 

Cj 
wkg. S1-5 5-pole 3-way rotary (see 
50[j.F electrolytic 6V wkg. text) 

c4 50|j.F electrolytic 50V 
wkg. Sockets 

C5 0.002!j-F silver-mica or 1 Coaxial socket 
paper 800V wkg. 1 B9A valveholder 

Q 4(i.F electrolytic 350V 1 B9A valveholder with skirt and 
wkg. screening can 

c? 32ixF electrolytic 350V 3 Octal valveholders 
wkg. 

Cg 32[iF electrolytic 350V Microphone 

Co 
wkg. Crystal microphone 
16[iF electrolytic 450V 
wkg, can type with clamp Miscellaneous 
(see Fig. 3) Chassis, 10 x 11 x 2in 

Knob for S1-5 
Screened wire 
Connecting wire 
Grommets, tagstrips, etc. 
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■O- 
VR, 

Transmit receive- 'm m' 
-net switch Si Bracket - 

(S 1 
To Rg V, I'--, 

n Bracket 
In CHp 25/8 

*2 \ L lOOmA 
fuse 

.♦ „ i, 

250mA 

— 

v.S J X4vi-v _ 
§ ^ ^ 0 

B B S S E 

2I/2" Healers To V4 

bb BB K 

(■ \ j 
1  ^ R.F heaters © 

Fig. 2. The components above the chassis of the modulator and power supply 
section. Consult Fig. 3 for valveholder orientation and for the positions of 
solder tags fitted under valveholder securing nuts. Components VRj and R; 

are in the r.f. sect/on, whose circuit is given in Fig. 4 

stages of the r.f. section at both 
"Net" and "Transmit" positions. 
The centre position is for "Receive." 
Other poles on the switch transfer 
the aerial from the pi tank to the 
receiver, earth the receiver aerial 
circuit, and mute the loudspeaker. 
The single switch thus gives complete 
transmit-receive-net control, without 
any external relay or switching. 
Operation in this manner has 
always proved to be very convenient. 
But from the point of view of 
working the transmitter without 
aerial and receiver change-over, 
only Si and S2 need be used, and 
this might be preferred by some who 
have other favourite change-over 
systems, such as an aerial relay. 
Power Supply 

Power requirements are about 
40mA at 250-300V for the v.f.o., 
buffer and V! of the audio amplifier, 
and 180-200mA at 400V for the 
modulator and p.a. stages. Heater 
requirements are 1.95A at 6.3V 
for the r.f. section, and 2.1 A at 
6.3V for the modulator. To this 
must be added a 5V 3A separate 
supply for the 5U4G rectifier, and 
IA at 6.3V for the EZ81. There are 
also load currents of 10mA, drawn 

by the bleeder Ru, R14, and 4.5mA, 
drawn by the bleeder R12. 

These needs are conveniently met 
by the transformer listed, but 
surplus or other transformers might 
be perfectly satisfactory, whereupon 
the following points can be noted. 

Low voltage h.t. supply. Here, 
250V is adequate, so a receiver 
type 60mA 250-0-250V transformer 
could be used. It can operate with 
its normal rectifier—generally a 
5V4, 5Y3 or 5Z4 if there is a 5V 
2A rectifier heater winding. In the 
6.3V range, 6X4 or 6X5 rectifiers 
would be fairly usual. To obtain 
an h.t. voltage of 250V, capacitor 
input would be needed, and this 
could be given by an additional 
81J.F capacitor from rectifier cathode 
to chassis. The use of a separate 
transformer for these stages does 
in fact have much to recommend it. 

High voltage h.t. supply. This 
need not be 400V. With choke 
input, the 500-0-500V transformer 
winding specified supplies 400V on 
load. If capacitor input is provided, 
a 400-0-400V winding will allow 
a 5U4G to supply 400V output at 
200mA. A 350-0-350V transformer 
would allow an input of 35 watts. 

which is also useful. The transformer 
must of course be rated to supply 
the required current. 

Heater supplies. If, with alternative 
transformers, heater current needs 
cannot be entirely met, the best 
solution is to fit a small 6.3V heater 
transformer for some of the heaters. 
There is some unused space on and 
under the chassis which can accept 
such a transformer. 

Modulator And Power Chassis 
Fig. 2 shows the layout, with 

dimensions, used for the modulator 
and power chassis. The chassis 
should be 4-sided, 16 or 18 s.w.g. 
It was braced to the panel by 5 Jin 
brackets. (H, L. Smith & Co. Ltd., 
287/289 Edgware Road, London, 
W.2, can supply these parts if neces- 
sary.) The aperture for T2 tags was 
sawn out after drilling a few small 
holes at each corner. An appropriate 
chassis punch is best for valveholder 
holes. The diameters are Jin for 
Vi and V5, and l^in for V2, V3 and 
V4. Grommets positioned as shown 
in the diagram allow leads to pass 
to the underside. 

The choke CHi was to hand, 
and of larger rating than needed. 
The Components List gives the 
required specification. CH2 is a 
small receiver type component. The 
switch S1-5 and VRi (drive control 
—see Fig. 4) are immediately under 
the r.f. section chassis in the author's 
transmitter. If the transmitter is 
built as two separate units, these 
two items would be in the r.f. 
section cabinet. 

High voltage leads to V4 should 
be of adequately insulated wire. 
Connections can most easily be 
identified by using various colours, 
such as red for 500V, orange for 
400V, blue for 6.3V heaters, and 
yellow for V4 heater. Take one or 
two stout, well connected leads to 
chassis to complete h.t. and heater 
circuits. The heater circuits can be 
wired with 5A flex. 

Fig. 3 shows the underside of 
the modulator and power supply 
chassis, the speech amplifier and 
modulator occupying the left hand 
side and the power supply the 
centre and right. A short screened 
lead was run from the junction of 
Ri and R2 to the microphone 
socket, so that the latter could be 
mounted above the chassis. This 
was only to use an existing panel 
hole. The socket could, alternatively, 
be adjacent to Vi valveholder. 

Wiring should be straightforward. 
H.T. and anode circuits should be 
connected up with well insulated 
wire. Grid and anode connections 
must be short and direct, with the 
wire against the chassis. Coloured 
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The rear of the transmitter, illustrating how the r.f. 
section is fitted above the modulator and power supply 

section 

transmitter and are an approximate 
indication of correct working condi- 
tions: Vi h.t. line, 270V. Vi pin 
3, 2V. V2 and V3, pin 8, 22V. V2 
and V3, pin 4, 250V. V2 and V3 
pin 3, 400V. Should the h.t. line 
voltage be much over 275V on 
load at C9, connect a resistor 
between pin 3 of the EZ81 and 
fuse F2. The h.t. voltage given 
depends somewhat on the d.c. 
resistance of the small choke, CH2. 

RF Section Circuit 
The circuit of the r.f. section is 

shown in Fig. 4. Vi is the VFO, 
and tunes from 1,75 to 1.9 Mc/s. 
It is mounted in a separate screened 
box. The OB2 regulates the h.t. 
supply to both anode and screen-grid. 
L2 is resonant at about 3.6 Mc/s 
so the tuning range of 1.75-1.9 Mc/s 
of lu gives 3.5-3.8 Mc/s coverage. 

V2 is a buffer-amplifier, with L3 
tuned to about 3.7 Mc/s. VRi 
adjusts the screen-grid voltage and, 
thus, the drive applied to V3. By 
staggering L2 and L3 slightly, 
almost equal drive is obtained over 
most of the band, and VRi seldom 
needs adjusting. 

V3 is the power amplifier, with 
grid and anode current shown on 
individual meters. Best results were 

leads run from Re and T2 through 
a grommet near the panel, these 
being connected later to Si and S2. 

A long tagstrip was bolted to 
the side runner, as illustrated, to 
support C7, Cg, R13 and R14. An 
earthed tag and two separate insul- 
ated tags would, do equally well. 
The 100mA fuse holder was fixed 
with the aid of a long bolt, a spacer 
being fitted between the fuse holder 
and the chassis. 

A soundly insulated lead passes, 
from tag 2 on T2, through the 
grommet near R13, and is later 
connected to the r.f. section anode 
meter circuit. 

The inter-connecting circuits be- 
tween the modulator and power 
supply and the r.f. section are as 
follows: 

Low voltage h.t, supply, via S2. 
High voltage modulated supply 
from T2, tag 2. 
6.3V heater supply. 
Common chassis-to-chassis return. 
The input is intended for a crystal 

microphone, and a screening can is 
needed for Vi. The modulator valves 
can be 6L6 metal, large glass, or 
glass tubular. A microphone should 
not be connected and used until 
the modulator is loaded by the 
p.a, stage. 

The following voltages relative 
to chassis were given in the author's 

D 

500 RI4 Ce 
5V.3A 

PA. anode 
meter + 

fl 
63V 

CH| 
&CH lOOmA 

D 
Rl2 mc 

Tag strip 
Clip (TC 

I 
C2 

socket mic 

mc 3 chassis connection Panel 

Fig. 3. The underchassis wiring of the modulator and power supply section 
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wu M2 
I 2,4 300mA 

C6 
T 

C3 ClO . S VRi RFC 

3 I Rg 31 L4 TT Aer,al 

inmrv 
CI2 L3 

■n- 

C5 Cb 
1/ II Top VC2 Cap 

"2 
■  

II  17 

3 4 4 5 I 5 Speaker 
6CH6 V| 

6AM6 cll 807 C4 TC -II- . S5 R 

M| 
lOmA vc 

Chassis 

Fig. 4. The circuit of the r.f. section of the transmitter. Switches S3, S4 and S5, in company with Si and $2 of Fig. 1, make 
up the 5-pole rotary switch 

given with about 3 to 4mA grid 
current, or about 100V bias develop- 
ed across Rf,. L5 and Rg form a 
parasitic stopper. L4 is the pi 
output tank, with p.a. tuning capaci- 
tor VC2, and output capacitor 

VC3 (2-gang). This allows the p.a. 
to be loaded by a dipole, and by 
many of the usual end-fed aerials. 

Switch section S3 transfers the 
aerial from the tank to the receiver. 
S4 short-circuits the receiver aerial 

input circuit on transmit, to avoid 
too much r.f. being passed to the 
receiver, while Sj is open on transmit 
to mute the receiver speaker. 

Though there arc only three 
stages, the circuit of Fie. 4 has 

(Fig. 4) 

Resistors 
(All fixed resistors 10%) 

500V 

Ri 
R2 
Rj 
R4 
Rs 
Rs 
R7 
Rs 
Rp 

lOOktl | watt 
lOOkO | watt 
20kn 3 watt 
lOOkO | watt 
47k O 1 watt 
27k Q 1 watt 
lOkH 3 watt 
470 1 watt 
2.2k O { watt 

Cg 

C, 

disc 

VRi 50kO potentiometer, 
linear track 

Capacitors 
Ci 250pF 5 % silver-mica 
C2 47pF silver-mica 
C3 0.02[iF silver-mica or disc 

ceramic 500V wkg. 
C4 0.01,uF silver-mica or disc 

ceramic 500V wkg. 
C5 47pF silver-mica or disc 

ceramic 500V wkg. 
C6 0.01 n-F disc ceramic 500V 

wkg. 

0.01 [xF disc ceramic 
wkg. 
47pF silver-mica or 
ceramic 500V wkg. 
1,000pF silver-mica or cera- 
mic IkV wkg. 
1,000pF silver-mica or cera- 
mic IkV wkg. 
0.01 |j.F disc ceramic 500V 
wkg. 
5,000pF silver-mica or cera- 
mic IkV wkg. 

30 or 50pF air-spaced 
trimmer 
lOOpF variable 
250pF double spaced 
variable 
2-gang 500pF variable 
(both sections in parallel) 
—receiver type 

(Avoid using small or "miniature" 
components for VC2 and VC3) 

TC| 

VC, 
VC2 

VC3 

Inductors 
L,—L5 See text 
RFC, 2.6mH 250mA, 

RFC9A (Denco) 
type 

Valves 
V, 6AM6 
V2 6CH6 
V3 807 
V4 OB2 

Meters 
M, Grid meter, f.s.d. 10mA 

(see text) 
M2 Anode meter, f.s.d. 300mA 

(see text) 

Sockets 
2 Coaxial sockets 
1 B7G valveholder 
1 B7G valveholder with skirt and 
screening can 
I B9A valveholder with skirt and 
screening can 
I UX5 valveholder 

Miscellaneous 
Ball drive with circular scale and 
cursor 
Knobs for VR,, VC2 and VC3 
Chassis, 8 x 11 x 2in 
Metalwork for v.f.o. box 
Connecting wire 
Grommets, tagstrips, etc. 
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0B2 

RFC Box 3x3x5 372 

Top cap CI2 
l4 VC3 Vo VJ 

VC2 
?3[ VC| 

Ball 
drive \-j To Cm 

d * 
mc To R5 To R7 

an a 
"ir 

Aerial load 
XT 

PA tune 

Anode meter Grid meter 

VFO tune 

Stand-off spacer 

mc- chassis connection 

Fig. 5. Layout and wiring above the chassis. See Fig. 6 for valveholder 
orientation and solder tags mounted under valveholder securing nuts, 

and V2 have screening cans 

been found to be very free from 
pulling of frequency and similar 
defects. The grid drive available, 
with VR| set to apply maximum 
screen-grid voltage, is very much 
greater than required. It is also 
quite easy to change the transmitter 
to another band, as is described 
later. 

R.F. Section Construction 
Fig. 5 shows the chassis layout 

for the r.f. section. No side brackets 
were used because panel and chassis 
were braced by stand-off spacers 
between the v.f.o. box and the panel, 
and the chassis is light in weight. 
The r.f. section can be built and 
tested without the chassis being 
fixed to the panel. 

Valveholder and other positions 
can be taken from Fig. 5. Vi and 
V4 valveholders need a fin hole, 
V2 a Jin hole, and V3 a Ijin hole. 
If to hand, an OA2, VR105, or 
VR150 voltage regulator will do 
instead of the OB2 specified for 
V4. The VR105 and VRI50 require 
octal holders with pin 2 to chassis 
and pin 5 to R3. 

Connect the two sections of VC3 
together and take a lead down for 
S3. (This lead can go to a co-axial 
socket if aerial switching is not 
wanted). Join the rotor tags of 
VC2 and VC3 to each other and to 
the chassis with 16 s.w.g. wire. 

L5 is self-supporting, and consists 
of 5 turns of enamelled 18 s.w.g. 
wire, about fin in diameter, with 
Rg placed inside. The turns are 
spaced by slightly more than wire 
diameter. Use very short stout 
leads from the valve cap clip to 
Rs and L5, and to the r.f. choke, 
C12, and VC2. 

The ball drive for VCi was fitted 
in a hole in the panel, so that it 
lined up with the spindle of VCj, 
when the v.f.o. box was in place. 
This requires accurate fitting, or 
a clearance hole so that the ball 
drive can be moved slightly, if 
necessary. Alternatively, the drive 
could be permanently fixed to VCi, 
and its lug held by a pillar or bracket 
bolted to the front of the v.f.o. 
box. The drive would then simply 
come into a clearance hole in the 
panel, but would not be fixed to it. 
The ball drive should have a flange 
capable of taking a circular scale. 

Fig. 6 shows the underside of the 
chassis. Disc ceramic capacitors 
are most suitable for Q, C7 and 
Cn, but C10 should be rated at 
more than twice the screen grid 
voltage, while C9 must be suitable 
for over twice the h.t. voltage. 
Appropriate mica capacitors were 
used in the author's version. 

Tagstrips anchor some of the 
leads. External connections consist 
of low voltage h.t. from S2. modul- 

ated h.t. from T2, 6.3V from the 
mains transformer, and a chassis- 
to-chassis return. These points were 

V4 mc 
RFC | 

C9 
6 3V 

Modulator R? 
c8 Pin 4.V| 

Qo 
r9 

C5 VRi 
C7 PinSV (fig 

=6 VC3 
o 

C3 / Anode / / Anode 
Grid meter-/ meter-meter + ^53 

mc-chassis connection 

Fig. 6. The wiring and components below the r.f. chassis 
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C2 

VC, V 
Tap 
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©Li bide 

TO 
Front 

6-3V R3 

w ■B1 7 

Chassis To L2 

mc - chassis connection 

Fig. 7. Wiring in the v.f.o. box. This is shown "opened out" for clarity 

referred to earlier, when discussing 
the modulator and power supply 
chassis. 

Flexible leads pass up through 
the chassis for the grid and anode 
meters. For grid current, an indica- 
tion around 3 to 5mA is needed, 
and so a 5mA, 10mA or similar 
instrument may te fitted. Normal 
p.a. anode current is 100mA, so a 
150mA, 200mA, 250mA or 300mA 
meter may be used. More sensitive 
instruments can of course be shunted, 
to obtain suitable ranges for grid 
or anode currents. 

V.F.O. Box 
The v.f.o. box measures 5x3 

x 3in and is made up easily from 
Home Radio (Mitcham) Universal 
Chassis members. Fig. 7 gives an 
"opened-out "view. The v.f.o. is 
most conveniently built and wired 
by assembling the top, side and 
front sections shown in Fig. 7. 
When construction is finished, bolt 
the v.f.o. to the chassis, passing the 
three leads down through grommets. 
When all is found to be in order, 
fix the remaining side and back by 
self-tapping screws. The Universal 
Chassis members have flanges all 
round so they only need drilling. 

Use stout connections. TCi was 
soldered across VCi and was not 
secured in any other way. A 50pF 
or similar variable capacitor with 
its spindle slotted, and mounted 
in a hole in the box top, could also 
be used for TCi. So would the type 
of trimmer which is secured by 
bolts and has a slotted spindle 
reached through a hole. 

Components in the v.f.o. box 
are well removed from heat, and 
results proved quite satisfactory in 
practice. Vi must be fitted with a 
screening can. 

Switching 
Switching connections are shown 

in detail in Fig. 8. Section Si com- 
pletes the high voltage h.t. circuit 
at "Transmit" only. S2 applies low 
voltage h.t. in both "Net" and 
"Transmit" positions. S3 transfers 
the aerial from VC3 to the receiver, 
and S4 short-circuits the receiver 
circuit on "Transmit." S5 completes 
the speaker circuit on "Net" and 
"Receive." The switch used should 
have insulation and contacts ade- 
quate for the voltages and currents 
involved. 

The switch is fixed to the panel 
immediately under VC3. This allows 

short r.f. connections. The "Net" 
position is for tuning up, or netting 
on the frequency of a station heard. 

VRi is at the other side of the 
panel, matching up with the switch. 
In the photograph of the transmitter 
front panel, the v.f.o. dial is top 
right. Under this is the drive control 
VRi, with the microphone socket 
below, and a twin socket strip for 
speaker muting at the bottom 
right. 

The two knobs central and left 
are p.a. tuning and aerial loading. 
Below is the aerial socket, then the 
transmit-receive-net switch, and re- 
ceiver aerial socket. Below is the 
mains lead. This is 3-core, with 
green earthing to chassis. No mains 
switch is present in the actual 
transmitter because a switch was 
included in an external supply 
panel used for various equipment. 
If a switch is wanted, insert it in 
the red (L) lead to the transformer 
primary. 
Coils 

Lj is wound with 24 s.w.g. enamel- 
led wire, the turns being side-by-side 
on a smooth Paxolin former lin 
in diameter. Anchor the wire at 
each end through two small holes. 
First, smear the former thinly with 
dear Bostik or similar cement. 
Wind 30 turns, make a small loop 
for the tap, and wind 10 further 
turns, finally fixing the wire in 
place. The beginning is at G and 
the end at E, so the tap is 10 turns 
from E. The former was cemented 
to a disc of wood pushed inside, 
and bolted to the v.f.o. box side. 

When wiring is complete, this 
coil is checked in the following 
manner. Set VCi half open and 
rotate TCi until the v.f.o. harmonic 
is heard at 3.65 Mc/s on a receiver. 
VCi has some unused rotation at 
each end of the band, and this can 
be reduced if desired by removing 
some of its plates. Exact calibration 
of the v.f.o. is left until the box is 
closed and construction finished. 
The easiest method is to calibrate 
at 3.5, 3.6, 3.7 and 3.8 Mc/s by 
beating the v.f.o. against the har- 
monics of a 100 kc/s crystal marker, 
using the station receiver. 

Coils L2 and L3 have 65 turns of 
32 s.w.g, enamelled wire, on iin 
diameter formers with adjustable 
iron-dust cores. L2 is mounted 
vertically, and Li horizontally on a 
small bracket. Set VRi to show 
2 to 3mA grid current, put the 
v.f.o. at 3.6 Mc/s, and rotate the 
core of L2 for maximum grid current. 
Move the v.f.o. to 3.7 Mc/s, and 
rotate the core of L3 for maximum 
grid current. 

L4 has 34 turns of 18 s.w.g. 
enamelled wire, spaced to occupy 
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2iin winding length on a IJin 
diameter former. This will allow 
tuning over the 80m band with most 
aerials. 

Other coils should also be satis- 
factory. Small medium wave coils 
with adjustable cores can be used 
after modification, for L2 and L3. 
Take off unwanted coupling or 
other windings, and remove turns 
from the remaining winding (grid 
coil) until the core can be peaked 
for maximum grid current, or as 
necessary when checked in circuit 
with a grid dip oscillator. With 
Osmor QA5 coils, 31 turns needed 
to be removed. Another type of 
80 metre or multi-band tank could 
also be fitted instead of L4. 

Tuning And Operating 
The receiver is tuned to the channel 

to be used, the switch put at "Net" 
and the v.f.o. adjusted until the 
carrier is matched in frequency with 
the receiver. This will be shown by 
the receiver tuning meter, or by a 
heterodyne with a station to be 
answered, or as a result or putting 
on the receiver b.f.o. 

First tests are best made with a 
40 or 60 watt 200 to 250V household 
lamp connected to the aerial socket, 
or across VC3. Set VC3 for maximum 
capacitance, turn the switch to 
"Transmit" and rotate VC2 for 
minimum anode current. To load 
the p.a. more fully, open VC3, 
meanwhile closing VC2 for minimum 

Aerial 

VC, VFO/bufter 

Coax socket 

Rear wafer Transmit 

Receive 

Net 
S4 

CH2 CH 
Coax socket J Socket strip mc 

To receiver 
(aerial input) Receiver Speaker 

Fig. 8. Connections to the 5-pole rotary switch. This should have insulation 
and contacts suitable for the voltages and currents handled 

current. If this is continued until 
the anode meter shows 100mA, 
the lamp should light brightly. Grid 
current is set at about 3-4mA by 
VR|. VC2 is always "dipped" for 
minimum current. 

If headphones, with a crystal 
diode in series, are connected to 
a loop of about 2 to 4 turns, and 
this is brought towards L4 (not too 
near!) speech in the microphone 
should sound crisp and clear. Altern- 
atively, listen with the station 

, 

V, 

A further view of the r.f. section of the transmitter. The panel light is an 
optional extra which can be run from the 6.3 volt heater line, if desired. 

receiver, but avoid feedback to the 
microphone. 

Loading up with an aerial follows 
the same method. Begin with VC3 
set to maximum capacitance. Should 
it prove impossible to load the p.a. 
to full input, this shows that the 
impedance of the aerial falls out- 
side the range of adjustment. The 
cure is to use some form of aerial 
tuner, change the type of aerial, 
or change its length. If space permits, 
a J-wave dipole will avoid difficulties 
of this kind, though end-fed wires 
can be perfectly satisfactory. 

If no other means are available 
to test modulation depth, then 
reports from stations contacted can 
he used as a guide. 

4-Band Coverage 
With a little modification, the 

transmitter will cover 80, 40, 20 
and 15m bands. The changes neces- 
sary are best seen from Fig. 9 and 
this circuit is particularly straight- 
forward for 4-band coverage. 

In Fig. 9 Vi is a 5763 to increase 
output, and the v.f.o. is set for 
3.5 Mc/s. Li consists of 24 turns of 
24 s.w.g. enamelled wire on a Jin 
diameter former and spaced to 
occupy lin winding length. The 
cathode tap is 3i turns from the 
chassis end. Trim the circuit to 
obtain a range of 3.5-3.8 Mc/s. 
The OA2 provides 150V, stabilised, 
for the anode and screen-grid. 

L2 consists of 33 turns of 32 s.w.g. 
enamelled wire, wound side-by-side 
on a -|in diameter former with an 
adjustable core. This tunes to 7 Mc/s, 
and provides 7 Mc/s drive for V2 
on the 7, 14 and 21 Mc/s bands. 
On 3 5 Mc/s T acts as an r.f. choke. 
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Subsequently, adjust the core of 
L2 for maximum 807 grid current 
at 7.1 Mc/s (or 14.2 Mc/s, or 21.3 
Mc/s). 

V2 acts as buffer-amplifier, doubler 
or tripler, according to the band. 
The screen grid potentiometer is 
omitted, because 807 grid current 

can now be adjusted by the tuning 
capacitor VC4. L3 is wound on a 
lin diameter former without core, 
Sg being the bandswitch. Beginning 
at the anode end of Lj, wind 
7| turns and make the 15 metre 
tap, then a further 6 turns and tap 
for 20 metres. These 131 turns are 
of 20 s.w.g. wire and are spaced to 
occupy Jin. Leave Jin space, then 
continue with 15 turns of 26 s.w.g. 
wire side by side, and tap for 40 
metres. Leave another Jin space, and 
wind 25 turns, also 26 s.w.g. enam- 
elled wire side-by-side to complete 
the coil. , . . . 

Ss is set for the band on which 
output is wanted. VC4 is 
maximum capacitance for 3.5 Mc/s, 
but its vanes are almost fully open 
for 14 and 21 Mc/s. The grid drive 
actually found was 7.5mA for 80 
and 40, 6.5mA for 20, and 4.75mA 
for the 15 metre band. yC4 is 
adjusted to the position giving the 
required grid current. With the 
values shown, L3 could not be 
tuned to wrong harmonics of 7 
Mc/s. But when first testing this 
stage it would be wise to check 
with a simple wavemeter, especially 
on the h.f. bands. 

yf 

L 1 12.; 

* 
f* i''8111881111111101^ 

A view of the underside of the r.f. chassis 
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Vj could be used with a com- 
mercially made multi-band tank coil 
and switch assembly in the tank 
circuit. Alternatively, L4 can be 
home-wound on a 1 iin diameter 
former. Beginning at VC2, wind 
on 6 turns of 16 s.w.g. wire, and 
make the 15 metre tapping. Wind 
on 4 turns more, join on 20 s.w.g. 
wire, and make the 20 metre tap. 
The 10 turns of 16 s.w.g. wire 
are spaced to occupy 1 Jin winding 
length. Leave fin clear, wind on 
7 turns of the 20 s.w.g. wire, and 
make the 40 metre tap. Continue 
for a further 17 turns to complete 
the coil. The 24 turns of 20 s.w.g. 
wire occupy 1 fin. S7 should be 
immediately over the variable capaci- 
tors, connected to L4 with stout, 
short leads. Coverage of L4 can be 
checked by setting VC3 to maximum 
capacitance, switching to "Net", 

and noting the slight dip in grid 
current when VC2 is tuned through 
resonance. VC2 is almost fully open 
for 21 and 14 Mc/s bands. 

Layout and wiring will be almost 
exactly the same as with the 80 
metre—or by transmitter r.f. section. 
L3 is under the chassis, near V2 anode 
and VC4, the latter being near V3 
grid. Capacitor Cx is wired from 
L3 to the moving vanes tag of 
VC4 (chassis). A second 5763 was 
tried for V2, with equally satisfactory 
results. Make an initial test on each 
band by loading up into a lamp 
or other artificial aerial. 

When operating into a suitable 
aerial, it was found possible to work 
80, 40 and 20 metre bands with no 
interference to TV. On the 15 metre 
band, TV interference arose in the 
author's locality, but this was also 
the case with a well known com- 

mercially manufactured transmitter. 

Case Dimensions 
As a guide to the possible use of 

cabinets to hand, the modulator 
and power supply chassis is 11 in 
wide and lOin deep, and this unit 
required a clearance height of 8 Jin. 
The r.f. section is on a chassis 11 in 
wide and Sin deep, and also requires 
8Jin height. The single panel illus- 
trated is 12Jin x 17Jin. The case 
was 12J x 17 J x llin. 

H. L. Smith & Co. Ltd., can supply 
various cases, and prepared members 
to assemble cases. The dimensions 
given above for the power supply 
unit and r.f. section are those of 
the actual assemblies, so a little 
must of course be added for clear- 
ance, or to allow for internal 
flanges on cabinets. □ 

Step Recovery Diodes 

by J. B. Dance, M.Sc. 

If any semiconductor diode is 
made to conduct in the forward 
direction and the polarity of the 
applied voltage is reversed very 
suddenly, conduction in the reverse 
direction will take place for a very 
short time. 

This effect is the result of residual 
minority carriers being stored in the 
semiconductor material and causing 
conduction for a short time after 
the polarity has been reversed. 

Fast Recovery Diodes 
The charge storage and the conse- 

quent reverse conduction is detri- 
mental in many applications of 
diodes in logic circuits and in 
computers, and the period of con- 
duction must be reduced to the mini- 
mum possible time. The resulting 
diodes are known as "fast recovery 
diodes". 

Step Recovery Diodes 
In step recovery diodes there is a 

very abrupt transition from the 
state of reverse conduction to that of 
non-conduction. If the reverse cur- 
rent flowing is plotted against time, 
the resulting graph approximates 
closely to a step function. Such a 

function can be shown (according to 
Fourier Analysis) to contain many 
harmonics. One of the main uses of 
step recovery diodes is therefore 
the efficient generation of harmonics 
in the microwave region. 

Device Design 
Step recovery diodes are designed 

so that a high field is present across 
the p-n junction, since this will 
confine the charge to the junction 
region. High fields are obtained on 

Coaxial line 

both sides of the junction by employ- 
ing epitaxial silicon devices with 
very abrupt junctions. Process con- 
trol of the very abrupt gradient of the 
semiconductor material at the junc- 
tion allows the lifetime and transition 
times to be determined in the devices. 

The delay between the change of 
polarity of the applied potential and 
the end of the period of reverse 
conduction may be varied from 
about 1 to 500 nanoseconds by 
variation of the forward or reverse 
currents1 (1 nanosecond = 1/1000 
of a microsecond). 

Pulse shaping 
Step recovery diodes may be used 

as pulse sharpening devices for 
providing pulses with rise and fall 
times of less than two nanoseconds 
at pulse amplitudes exceeding 10 
volts and impedances of about 
500.1 Some types will provide pulses 
with rise and fall times as small as 
0.25 nanoseconds when extremely 
simple circuits are employed. 

2 input stub 

C4 

2000Mc/s 
filter Output 

Input 

Sliding short Step recovery diode 

This diagram (due to Hewlett Packard) illustrates a step recovery diode 
frequency multiplier 
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Tens of volts or hundreds of milli- 
amps can be switched in less than a 
nanosecond. No other known device 
can switch such currents at this 
speed.2 

Step recovery diodes can be used 
as impulse generators to drive 
tunnel diodes and sampling bridges. 

Frequency Multiplication 
The most important use of step 

recovery diodes is almost certainly 
the generation of high order harmon- 
ic power using a simple single 
stage circuit. For example, 100 
milliwatts of power at 100 Mc/s may 
be multiplied in frequency by a 
factor of twenty to provide about 
10 milliwatts of power at 2 Gc/s. 
(1 Gc/s is 1,000 Mc/s.) Over 20 
milliwatts of power can be obtained 
at X band frequencies (5,200 to 
10,900 Mc/s) from an input of 500 
or 1,000 Mc/s. In some applications 
the input frequency can be multi- 
plied by a factor of up to one 
hundred. 

Comparison with varactor diodes 
In most solid state equipment used 

for frequency multiplication varac- 
tor diodes are employed, these 
devices acting as variable capacitors. 
High order harmonic power is not 
easily generated by varactors, since 
there is a smooth (or steady) varia- 
tion of capacitance with the applied 
voltage. The efficiency of conversion 
with a varactor diode falls off 
at a rate of 1/n2 where n is the 
number of the harmonic. Therefore 
a number of cascaded frequency 
multiplying stages are often needed 

when varactor diodes are used. 
The conversion efficiency of a step 
recovery diode generating the nth 
harmonic fa'lls off as 1/n where n 
exceeds 5.3 Therefore step recovery 
diodes can be used to make much 
more efficient multipliers for obtain- 
ing a high harmonic in a single 
stage. Although they behave to 
some extent like the varactor, this is 
a second order effect-4 

Step recovery diodes used as 
frequency multipliers also have the 
advantage over varactors that they 
give a more even response over the 
band of frequencies which is under- 
going frequency multiplication. They 
also have a better noise performance 
and the simpler circuitry which can 
be employed enables the alignment 
procedure to be carried out much 
more quickly. 

A typical single stage twenty- 
times frequency multiplier circuit 
is shown in the diagram.3 Efficiencies 
exceeding 2/n where n is the number 
of the harmonic can be obtained. 
The input power is fed through the 
capacitor Ci (about 0.1 gF) which, 
in conjunction with the 5u.H choke 
Li, is used to separate the input 
power from the bias voltage devel- 
oped across Ri (50k H), The input 
impedance is matched by a network 
consisting of the variable capacitor 
C3, L2 (0.07uH) and the bypass 
capacitor C4 (70pF). The step 
recovery diode is placed in series 
with the input resonant circuit. 
The sliding short is adjusted for 
optimum output. The 2,000 Mc/s 
output filter has a bandwidth of 
20 Mc/s and 2dB insertion loss. 

The total circuit losses are 2.5 to 
3dB. 

An exceptionally stable source of 
microwave power can be obtained 
by using a crystal oscillator and 
amplifier to drive" a step recovery 
diode used as a frequency multiplier. 

It should be noted that there is no 
such thing as an ideal step recovery 
diode. The most suitable device 
must be chosen according to the 
application in hand, paying attention 
to the circuit impedances and power 
levels. Various theoretical papers on 
the diodes have been published.3.6 
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yorkshire Colour TV 

Yorkshire Television Ltd., one of the new independent television programme contractors, has ordered Marconi 
colour television cameras, telecine equipment and outside broadcast units worth nearly £650,000. This is probably the 
largest single order for television studio equipment ever placed in this country, and it will provide Yorkshire with their 
main programme origination equipment for their initial development. 

This is the first equipment to be ordered by one of the new programme contractors created in the re-shuffle of 
independent television earlier this year, and it will give Yorkshire the first studio centre in the country to be designed 
for full colour capability from the outset. 

A total of 16 of the latest Marconi Mark VII colour cameras have been ordered. These will be used in a new studio 
centre at Kirkstall Road, in Leeds, and in two four-camera, colour outside broadcast units to be built by Marconi. The 
studio centre will contain a four-camera studio, a three-camera studio and a remotely-controlled presentation studio, 
with a single Mark VII camera. The very high stability of the camera, which can be operated for long periods without 
adjustment, will be of particular importance in this last application. 

Three colour television channels will also be supplied to Yorkshire Television. These new units, which will be intro- 
duced by Marconi later this year, employ a modified version of the Mark VII camera, and provide similar advantages in 
terms of stability, and high quality performance. 

Deliveries of the equipment will start in February of next year, and the majority will be supplied by the summer 
when this new contractor is due to go on the air. 
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IN LAST MONTH'S ISSUE WE EXAMINED OUTPUT 
pentodes and beam tetrodes; and we saw how. 

in the latter, the optical alignment between con- 
trol grid and screen-grid wires causes the electrons 
emitted by the cathode to form horizontal beams 
which converge to give maximum electron density 
per beam at a plane between the screen-grid and the 
anode. This plane of maximum electron density is 
equivalent to a virtual cathode, and its existence 
prevents the passage of secondary electrons from 
the anode to the screen-grid which is characteristic 
of a normal tetrode. Hence, the beam tetrode has a 
"kinkless" Iaya characteristic similar to that of a 
pentode, and it may be similarly employed as an 
a.f. output valve. 

We now turn our attention to other features of the 
output stage, and will also commence, this month, 
to deal with phase splitters. 

Valve Performance 
As was stated last month, pentodes and beam 

tetrodes olfer a higher output for a given h.t. 

amount of second harmonic distortion, and it could 
be described as representing a higher degree of 
"shrillness". 

Because the beam tetrode provides predominantly 
second harmonic distortion the use of this valve in 
simple push-pull output stages, where second har- 
monics cancel out, becomes attractive. Two 6BW6 
beam tetrodes (the output valve type we employed 
in the receiver which formed our last constructional 
project) are, for instance, quoted as offering 1% 
harmonic distortion at 12 watts output in a push-pull 
output circuit. This is quite a reasonable performance 
for a simple output stage in which no additional 
distortion-reducing circuit device (i.e. negative 
feedback—to be discussed later) is employed. The 
third harmonic distortion introduced by pentodes 
does not cancel out in a push-pull output stage, but 
it is possible, by lowering the anode load impedance, 
to reduce the third harmonic distortion at the 
expense of an increased second harmonic distortion, 
which is then cancelled out whereupon pentode but- 
put operation in push-pull can also become attractive. 

It must be emphasised that the points concerning 
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consumption than do comparable triodes, and they 
are also more sensitive. In consequence, pentodes or 
beam tetrodes are almost always employed in the 
output stages of valve a.f. amplifiers. Triode a.f. 
output valves are not, indeed, normally listed in 
valve manufacturers' current lists, although the 
technical details given for most output pentodes 
and beam tetrodes specify operating conditions for 
such valves when triode-operated, as is given when 
the screen-grid and anode are "strapped" (i.e. 
connected) together. 

An important feature of the performance of an 
a.f. output valve is the amount of distortion it 
introduces, and this can be expressed in terms of the 
additional harmonics of the input grid signal which 
are generated due to the distortion. Speaking in very 
general terms, triode and beam tetrode output valves 
operated in Class Ai (the normal mode for radio 
receiver output stages) cause distortion in which the 
second harmonic predominates. Pentodes in Class Ai 
produce distortion in which the third harmonic 
predominates. The subjective effect of third harmonic 
distortion is more unpleasant than an equivalent 

by W. (f. Morley 

distortion which have been given in the preceding 
two paragraphs are of a general nature, and apply 
to simple a.f. output circuits only. It has also to be 
remembered that the distortion increases with out- 
put, with the result that distortion may be small at 
low output settings, reaching a high figure only when 
the output approaches the maximum for which the 
valve is rated. In practice, the output stages of 
commercially manufactured valve radio receivers 
tend to employ pentode valves more frequently than 
beam tetrodes. So far as home constructor designs 
are concerned either type of valve may be used, and 
it is always very desirable to employ an output 
transformer having a ratio which offers an anode 
load impedance equal to, or close to, the anode load 
impedance specified by the manufacturer of the 
valve. A widely incorrect anode load impedance may 
not result in a very large apparent reduction in 
output volume, but it can cause a significant increase 
in distortion. 

With a.f. output stages employing a single valve, 
the normal method of connection for the beam 
tetrode and the output pentode consists of returning 
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Fig. 1 (o). In a simple a.f. output stage, the screen-grid may be returned to the same h.t. positive point as the primary of the 
output transformer. A pentode is shown here, and in (b), (c) and (d), but a beam tetrode with its beam forming plates 

connected to cathode can be similarly employed in all cases 
(b). In some output circuits the screen-grid is fed by way of a fixed potentiometer given by two resistors 

(c). A typical circuit technique in which the high ra of a pentode or beam tetrode allows only a low ripple current to flow 
in the output transformer primary. A valve h.t. rectifier is assumed 

(d). An improvement in the circuit of (c) which further reduces the ripple level in the output transformer secondary 

the screen-grid direct to the h.t. positive rail, as 
shown in Fig. 1 (a). Either type of valve may be 
connected up in this manner. If it is desired to operate 
the screen-grid at a lower potential than the anode 
it may be fed via a fixed potentiometer given by two 
resistors, as shown in Fig. 1 (6). In general, the 
resistors should have values which cause about 
four times as much current to flow in them, on their 
own, as is drawn by the screen-grid, and the screen- 
grid should be bypassed to chassis via a capacitor of 
some 4(xF or more. Due to the fact that the ra of an 
output pentode or beam tetrode has a high value 
(of the order of 30 to 80k H for either type of valve) 
it is possible for the output transformer primary to 

be returned to an unsmoothed point along the h.t. 
positive line, as in the example shown in Fig. 1 (c). 
Even if there is a relatively large ripple at the point 
where the output transformer primary connects, 
the high ra presented by the valve keeps the ripple 
current flowing in the primary of the output trans- 
former at a sufficiently low level to be acceptable for 
normal domestic applications. The circuit of Fig. I 
(c) has the advantage that the high anode current 
does not flow through the smoothing resistor, where- 
upon this can have a high value without incurring an 
excessive voltage drop, and h.t. smoothing require- 
ments become eased. An improved version of this 
arrangement is shown in Fig. 1 (d), in which the tap 
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in the output transformer primary is close to its 
upper end. The. small ripple current flowing in the 
lower section of the primary is approximately can- 
celled out, in the transformer, by the ripple current 
flowing in the opposite direction in the upper section, 
thereby ensuring an even lower ripple in the second- 
ary. 

In all the output circuits shown in Figs. 1 (a) to 
1 (d), the output transformer primary has a resistor 
and a capacitor in series connected across it. This is 
standard practice in low-cost a.f. output stages 
employing a single valve, the function of the capaci- 
tor and resistor being to attenuate the higher audio 
frequencies and thereby reduce the subjective effect 
of the harmonics introduced by the output valve. 
Typical values of resistance and capacitance for an 
output pentode are lOkO and 0.05uF respectively, 
and it would be possible to use components offering 
less attenuation with a beam tetrode output valve. 
Circuit devices of this nature do not affect the cause 
of the distortion, they merely alleviate its audible 
effect. Alternative approaches are employed in a.f. 
amplifiers which are intended to offer a high fidelity 
output. 

Ultra-Linear Output Stage 
An interesting push-pull a.f. output stage is 

illustrated in Fig. 2. This employs two pentodes but, 
whereas it is normal, practice for the pentode screen- 
grids of a push-pull output stage to be bypassed to 
chassis by way of a large-value capacitor, in Fig. 2 
the screen-grids are connected to taps in the primary 
of the push-pull output transformer, these taps 
being situated between the anode connections and 
the h.t. positive centre-tap. The cathode, control 
grid and screen-grid of each valve constitute a 
triode, whereupon the circuit takes up the attributes 
of a triode push-pull output stage as well as those of 
a pentode push-pull output stage. As a result, the 
performance of the circuit tends to fall between that 
of a triode output stage and that of a pentode output 
stage. 

The distortion introduced by a pentode output 
stage is predominantly third harmonic whilst that 
introduced by a triode is predominantly second 
harmonic. When pentodes are employed in the 
circuit of Fig. 2 the odd harmonic distortion de- 
creases, whereupon the remaining even harmonic 
distortion can be readily cancelled out in the primary 
of the push-pull output transformer. Thus, the circuit 
offers less distortion than is given with pentodes 
whose screen-grids are bypassed to chassis. At the 
same time, the available output power is somewhat 
lower than with two pentodes operated in the normal 
manner. 

The circuit of Fig. 2 is frequently used in the out- 
put stages of high quality and high fidelity a.f. 
amplifiers because the advantage of lower distortion 
outweighs the disadvantages of reduced power in 
such applications. The pentodes may be operated in 
Class A or ABi. Beam tetrodes may also be employed 
in an output circuit of this type. 

The screen-grid taps in the output transformer 

primary, are, according to individual output stage 
design, positioned some 20 % to 45 % of each half of 
the winding away from the anode end. Speaking in 
general terms, both distortion and power output 
reduce as the screen-grid taps approach the centre- 
tap within this range. 

Valve manufacturers (notably Mullard) quote out- 
put stage operating conditions for specific screen-grid 
tap positions in their literature covering valves 
suitable for use in this type of circuit. The circuit 
shown in Fig. 2 is generally known as an ultra-linear 
output stage. In Mullard literature, however, it is 
referred to as an output stage operating under 
distributed load conditions. 

Phase Splitters 
When, in the July issue, we introduced the push- 

pull output stage, we employed an a.f. transformer 
with a centre-tapped secondary to provide the two 
out-of phase signals needed for the output control 
grids. The centre-tap was connected to chassis and 
the two outside ends of the secondary to the control 
grids, whereupon the input a.f. signal caused one 
grid to go positive when the other went negative and 
vice versa, thus providing the desired 180° phase 
difference between signals which is required for 
push-pull working. 

In practical high quality a.f. amplifiers having 
push-pull output valves which operate in Class A or 
Class ABj, the use of a transformer to provide out- 
of-phase signals is not attractive because, if the 
transformer is not to introduce a relatively large 

HT+ 

Grid.— 
resistors 

X US 
Cathode = O 
bias ® 

: resistorsr-"0 

Grid 
input Output 
signals transformer 

Fig. 1. Two pentodes in an ultra-linear push-pull 
output circuit. This differs from a conventional push- 
pull pentode output circuit because the screen-grids 
are connected to tabs in the output transformer primary 
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Fig. 3. A simple phase-splitter, Ci, Cj and Cj are a.f. 
coupling capacitors. R, is the grid resistor, having a 
value of the order of 470K11 to 1A111 

amount of distortion, it has to be a carefully designed 
and expensive component. It is much simpler and 
cheaper to provide the out-of-phase signals with a 
valve or valves, and the circuits employed for this 
purpose are known as phase splitters. We shall 
next commence to consider some of the phase 
splitter circuits which are most commonly encount- 
ered in valve amplifiers. 

Fig. 3 shows a very simple and effective phase 
splitter. In this diagram a single voltage amplifier 
triode is used, and equal values of resistance are 
connected between its anode and the h.t. positive 
line and between its cathode and chassis. The anode 
resistance is given by R2 and the cathode resistance 
by Rj and R4 in series, R3 plus R4 being equal to R2. 
R3 is a cathode bias resistor having a value suitable 
for the triode employed, grid resistor Ri being return- 
ed to its lower end. Outputs are taken, via coupling 
capacitors C2 and C3, from the anode and cathode. 
Ci is an a.f. coupling capacitor in series with the 
input signal. . 

Let us consider the action of the circuit when the 
input a.f. signal causes the triode grid to go positive. 
The consequent increase in anode current causes a 
higher voltage to be dropped across R2, whereupon 
the anode goes negative. The increased anode 
current has to flow through R3 and R4, whereupon 
the voltage dropped across these two resistors 
increases also. Thus, the cathode goes positive. 

If the input a.f. signal causes the grid to go 
negative, anode current decreases. Less voltage is 

dropped across R2 and the anode goes positive. At 
the same time, less voltage is dropped across R3 and 
R4, and the cathode goes negative. 

We can now see that, if an a.f. signal is applied to 
the grid of the triode of Fig. 3, a signal which is 180° 
out of phase with the input appears at the anode and 
a signal which is in phase with the input appears at 
the cathode. The signals at the anode and cathode 
are, therefore, suitable for passing on to the control 
grids of a push-pull output stage. 

Because there is no bypass capacitor across the 
resistance in the cathode circuit (R3 and R.4) there is 
a very high degree of degeneration in the circuit, and 
the a.f. output voltages at the anode and cathode 
are slightly lower than the a.f. input voltage. With 
conventional component values, the output voltages 
will be about 0.9 times the input voltage. Typically, 
the value of R2 (and, in consequence, of R3 plus R4) 
may be about half the value of anode load resistor 
which would normally be used by the triode when 
employed as a straightforward voltage amplifier. 
Sometimes, somewhat lower values are used. The 
impedances at anode and cathode are different, that 
at the cathode being lower. Because of this, it is 
necessary for subsequent stray capacitances to chas- 
sis to be kept low or there will be unbalance (i.e. 
dissimilar output voltages) at the higher audio fre- 
quencies. 

For good balance, R2 should be equal to R3 + 
R4 within ± 5% or better. Similarly to maintain 
balance, the following output stage grid resistors 
should also be closely matched in value. R3 provides 
cathode bias and, in a normal voltage amplifier, 
would have a large-value bypass capacitor connected 
across it to prevent degeneration. No advantage 
would accrue from adding such a capacitor across R3 
in the present circuit, because R4 is normally 
considerably higher in value than R3 and it is R4 
which provides most of the degeneration. A dis- 
advantage with the circuit is that, since the cathode 
is unbypassed and connects to chassis via a relatively 
high value of resistance, it is capable of picking up 
hum from the heater supply due to stray heater- 
cathode capacitance and leakage. This hum could be 
particularly troublesome if there were voltage 
amplification between the phase-splitter and the 
output stage. Normal practice, however, is to 
apply the phase-splitter output direct to the push- 
pull output control grids, whereupon there is usually 
insufficient subsequent amplification for any hum at 
the cathode to be reproduced at excessive level. 

The circuit of Fig. 3 is sometimes referred to as a 
split-load phase splitter. 

Next Month 
In next month's issue we shall continue our 

discussion on phase splitters. □ 

^^nthe Components List of the SCT/RS1 Superhet Receiver—see page 36 August issue—the value of R29should read 
33011 and not 330kn. 
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In your 

workshop 

In this month's episode Smithy the Serviceman, aided as 
always by his able assistant, Dick, locates a component with 
an intermittent fault in a transistor record player. In the 
process, Dick learns a few facts about transistor output 

in mains operated equipment 

"T MUST SAY," REMARKED DICK 
I chattily, "that I do like to have 

-i- a go at a bit of transistor gear 
which runs from the mains. All 
during this last Summer I seem to 
have been doing nothing else except 
fix transistor portables with fiddling 
little batteries hidden away inside 
them. It's a real change to have 
something you can plug into the 
mains." 

Smithy, standing at his side, 
nodded gravely in assent. 

Dick picked up the mains plug 
of the transistor mono record 
player he had just placed in front 
of him and surveyed the row of 
assorted mains sockets fitted to the 
back of his bench. With a grunt of 
satisfaction he fitted the plug into 
the particular socket which corres- 
ponded to it, and leaned back 
again. 

He switched on the record player. 
Obligingly, the gram motor whirred, 
just audibly, into life. 

Dick placed one of his 45 r.p.m. 
test records on the turntable spindle, 
selected the correct speed and actu- 
ated the changer mechanism. The 
record fell cleanly, the pick-up 
arm rose, and it descended on the 
rotating disc at exactly the correct 
point. The tinny sound of a pygmy 
pop group became audible from the 
pick-up head. 

"Intermittent Fault 
"Turn the wick up a bit," com- 

manded Smithy. 
Dick put his hand on the knob 

in question, to find that it was at 
its minimum setting. He turned it 
up, whereupon the speaker offered 
a weak sound which had very 
nearly the same high-pitched quality 
as had been given at the stylus. The 
pop record spinning on the turntable 
reached a heavy and unexpected 
crashing guitar chord. This chord 
obviously had a beneficial effect 
on the internal workings of the 
record player because the sound 
from the speaker abruptly changed 
for the better. It suddenly covered 
the full compass of audio frequencies 
at the maximum volume of which the 
record player was capable, and the 
Workshop reverberated to the sound 
of the pop group as it caterwauled 
its way (borrowed drummer, et al) 
through its rendering. Hastily, Smithy 
leaned forward and turned the 
volume down. 

"Well, blow me," remarked Dick, 
as the record player continued 
at reduced volume level but without 
the loss of the lower frequencies 
which had previously afflicted its 
output. "All of a sudden it started 
going all right! Just after that 
guitar chord." 

"That record player," commented 

Smithy, "has got an obvious inter- 
mittent in it. If we're lucky the 
fault may show up again soon." 

"We've got plenty of time to 
wait for it anyway," remarked 
Dick. "There's nothing else in the 
Workshop that needs servicing." 

And such, in fact, was the case. 
The "For Repair" racks were 
completely empty. Indeed, Smithy 
had decided to devote the last hour 
or so of the afternoon to giving 
Dick a hand with the record player, 
which was the only unserviceable 
item outstanding. 

"Hallo," exclaimed Dick. "That 
fault's on again!" 

Without warning, the sound from 
the record player had reverted to 
its previous weak and high-pitched 
character. Dick leaned forward to 
adjust the volume control, but 
Smithy motioned him back. 

"Hang on a minute," he said. 
"Let's see if it clears up when the 
volume is at this reduced level." 

Quietly, the pair watched the 
record as it rotated to its end. 
There was a click, the pick-up arm 
rose, traversed the surface of the 
record and then descended neatly 
on its rest. The turntable began to 
slow down whilst, in the silence, 
the little motor under the gram deck 
could just be heard as it whirred 
busily away. 

"I wonder," queried Dick ab- 
sently, "why the motor doesn't 
switch off." 

"There's a good reason for that," 
replied Smithy, "but don't let's 
bother about it now. Play the 
record again." 

Obediently, Dick switched the 
^changer to "Manual" and placed 
the pick-up on the disc. Once more, 
the weak, high-pitched reproduction 
became audible from the speaker. 
Smithy listened attentively. 

"I think that's enough at low 
volume," he announced eventually. 
"Turn the gain up again." 

Once more, Dick turned the 
volume to full and the high-pitched 
reproduction increased in level. 
Again, the pop recording reached a 
crescendo, whereupon the fault 
suddenly cleared and the Workshop 
was once more filled with the deafen- 
ing racket from the speaker. This 
time, however, Smithy made no 
immediate attempt to reduce the 
volume control. Wincing visibly 
as the record abraded on, he allowed 
some thirty seconds to elapse before 
he finally adjusted the gain control. 
The record player continued to 
offer an undistorted output at its 
reduced volume level, then it ab- 
ruptly returned to its former condi- 
tion. 

With a satisfied expression on his 
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face, Smithy selected "Reject', 
waited until the pick-up arm had 
returned to its rest, then switched 
off the record player. 

Complementary Output Stage 
"Dick, my boy," he remarked 

cheerfully, "we're in luck! We've 
got an intermittent here all right, 
but it's one that we should be able to 
locate quite quickly." 

"Don't tell me," queried Dick, 
"that you know what it is already." 

"I don't," grinned Smithy, "but 
I've got a darned good idea where 
to start looking for it, nevertheless. 
Whilst you're getting the works 
out, I'll find the service sheet." 

Smithy soon returned from the 
filing cabinet with the service sheet. 
He opened it and looked carefully 
at the circuit diagram. 

"Here we are," broke in Dick. 
"I've got the chassis out, although 
I've had to unplug the speaker 
leads to do it." 

"Fair enough," said Smithy. "Can 
you see any obvious snags in it?" 

"Nothing at all," replied Dick. 
"All the components look nice and 
new, and the printed circuit board is 
as clean as a whistle. Just a minute, 
though!" 

"What's up ?" 
"What output is this record 

player supposed to give?" 

"Oh, about four watts or so," 
replied Smithy. "Why do you ask ?" 

"There don't," said Dick, puzzled,' 
"seem to be any large transistors 
in it at all. All the transistors are 
the standard small types in little 
cans. Don't tell me that f/iese can 
handle four watts!" 

"They can, you know," said 
Smithy. "Come and have a look at 
the circuit of the output stage, and 
I'll show you what I mean." 

Smithy indicated to his assistant 
the appropriate part of the circuit 
diagram in the service manual. 
(Fig. 1). 

"If you look at this," he continued, 
"you'll see that the output stage is 
given by a complementary pair 
consisting of an AC128 p.n.p. 
transistor and an AC176 n.p.n. 
transistor. Both these transistors 
are in small cans but they can offer 
up to 4 watts speech and music in 
the present circuit, provided that 
they're very adequately coupled to a 
good large heat sink. In some 
amplifiers they're inserted into aper- 
tures in the sink, with a liberal 
amount of silicone grease around 
them to ensure good thermal con- 
tact. In others, they're secured to 
the sink with clips which make good 
thermal contact all the way round 
the can. Several different manu- 
facturers are using the AC128 and 
AC176 in the output stages of mains- 

driven transistor record players and 
radiograms, and these two tran- 
sistors give a jolly good account of 
themselves provided that care is 
taken with their cooling. The drive 
circuitry up to the two transistors 
tends to vary a wee bit according 
to the manufacturer, but the actual 
output stage proper, with the two 
transistors and their 2.2T1 emitter 
stabilising resistors in a complemen- 
tary circuit, seems to represent 
a standard approach." 

"It certainly," remarked Dick, 
"looks like a very simple output 
circuit." 

"It is," confirmed Smithy. "Each 
of the transistors functions as an 
emitter follower. On one half-cycle 
the base of the AC 128 is driven 
negative, whereupon this transistor 
drives the speaker. On the next 
half-cycle the base of the AC176 
is driven positive, and it's then 
this transistor which drives the 
speaker. In other words you've got 
a standard transistor Class B output 
stage. Also, you have the usual 
circuit technique to prevent cross- 
over distortion. There's resistance 
between the two bases which causes 
the base of the AC128 to go a little 
negative and the base of the AC 176 
to go a little positive under quiescent 
conditions, so that both transistors 
pass a small current even when no 
signal is fed to them. In the circuit 
we have here that resistance is 
provided by a preset pot in shunt 
with a thermistor. The pot is set 
to give the correct quiescent current, 
and the thermistor then looks after 
changes in temperature." 

"You meet that sort of thing in 
battery output stages, too," volun- 
teered Dick. "I suppose the idea is 
that, when temperature goes up, 
the resistance of the thermistor goes 
down." 

"You've got it," confirmed Smithy. 
"The consequence is that an increase 
in temperature results in a decrease 
in base bias, thereby counteracting 
the tendency of the output tran- 
sistors to pass increased current 
themselves. An alternative idea of 
providing the base-to-base resistance 
is to use the base-emitter junction 
of a third transistor. (Fig. 2). This 
base-emitter junction is forward- 
biased and you once again get a 
decrease in resistance as the tem- 
perature increases. It's usual practice 
to couple this third transistor to 
the same heat sink as is employed 
by the two output transistors, with 
the result that it is affected by the 
temperature of the actual output 
transistors themselves." 

Smithy pushed the service manual 
away from him. 
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"That's it then," he remarked. 
"As you can see, all that we've 
got here is pretty much the same 
that we find in battery output 
stages." 

"Not entirely it isn't," said Dick, 
quickly pulling the service sheet 
back again. "For a start, there's 
a lot more power available for the 
output transistors than you find in 
battery equipment." 

"Well, that's true enough," ad- 
mitted Smithy. "The fact that 
you've got stacks of cheap power 
available from the mains can influence 
the output stage design, though 
manufacturers still tend to follow 
the Class B output stage techniques 
which have grown up with battery 
sets. Incidentally, the power supply 
circuits you get in mains-driven 
transistor equipment are pretty well 
the same for all types of domestic 
gear, whether these be radios, 
record players or radiograms. There 
are two very similar approaches, 
one of which is to have a simple 
double-wound mains transformer 
whose secondary applies some 17 
to 20 volts a.c. to a bridge rectifier. 
(Fig. 3 (a) ). Occasionally the mains 
transformer has primary taps to 
suit different input voltages between 
200 and 250 volts, but it's much 
more usual to have a primary with- 
out taps. Any voltage between 200 
and 250 is applied to the complete 
primary in this case. The bridge 
rectifier following the mains trans- 
former secondary feeds into a 
dirty great reservoir electrolytic 
having a value of some 2,000 to 
4,500|xF. The output stage and driver 
supplies are normally taken direct 
from this capacitor, resistance cap- 
acitance smoothing being employed 
for the supply to the earlier stages 
of the equipment." 

"What's the other approach?" 
"It's almost identical," said 

Smithy, "except that instead of a 
mains transformer a secondary wind- 
ing is fitted to the gram motor 
instead. (Fig. 3 (b)). This idea is 
only used with record players, of 
course. The secondary winding ap- 
plies about 17 to 20 volts a.c. to 
the bridge rectifier in the same way 
as does the secondary of a mains 
transformer, and the cost of the 
latter component is saved." 

Dick was visited by sudden 
illumination. 

"That explains," he said brightly, 
"why the gram motor in that 
record player is running all the 
time, even when the pick-up is at 
rest. It's got to run all the time in 
order to provide a continual a.c. 
supply for the rectifier." 

"Exactly," agreed Smithy. "A 
secondary winding on the gram 
motor is, in fact, just the job for 
a record player, whose only function 
in life is to play records. On the 
other hand, you'd have to use a 
mains transformer in a radiogram, 
because you wouldn't want the 
gram motor running all the time 
whilst you were listening to radio 
programmes. Incidentally, I'm rather 
surprised that you found it necessary 
to comment on the fact that the 
motor in this record player runs 
continually. You've handled quite a 
lot of valve record players in the 
past in which the heater supply 
is taken from a tap in the gram 
motor windings. The motor runs 
continually in those, too." 

But a quite different query had 
now arisen in Dick's mind. 

"If," he remarked suddenly, "the 
driver and output stages take their 
supply directly after the rectifiers, 
won't there be a pretty hefty ripple 
introduced into the a.f. output?" 

"Not really," replied Smithy. 
"What you have to remember is 
that transistors have a high output 
resistance, in the same way that an 
a.f. output pentode has a high ra. 
You can run an output pentode 
anode straight from the h.t. reservoir 
capacitor without introducing too 
much hum, as you know from your 
own experience with valve equip- 
ment." 

Smithy took a pen from his 
pocket and scribbled in the margin 
of the service manual. 

"The collector voltage-collector 
current curves of a transistor in 
grounded emitter," he continued, 
"are rather like this. (Fig. 4 (a)). 
As you can see, after you've gone 
to the right of the knee, increases in 

collector voltage cause only a small 
increase in collector current. This 
indicates a high output resistance. 
At the same time you still get 
amplification because, as these curves 
show, changes in base current cause 
large changes in collector current. 
The same sort of thing happens 
with an output pentode where, 
despite the high ra, changes in grid 
voltage cause large changes in 
pentode anode current. A transistor 
in grounded emitter is very much 
like an output pentode in this respect. 
In grounded base, incidentally, a 
transistor becomes virtually a con- 
stant current device, giving you 
curves like this. (Fig. 4 (6)). To 
the right of the knee of the curves, 
collector current remains virtually 
unaltered, despite very large changes 
in collector voltage." 

"Blimey," said Dick impressed. 
"I hadn't realised you could get 
a transistor to give quite as steady a 
current as that! There must be all 
sorts of gadgets you could make up 
which take advantage of that constant 
current." 

"There are," chuckled Smithy. 
"The fact that a transistor in groun- 
ded base can give a constant current 
hasn't been entirely forgotten by 
the gadget designers! In the record 
player circuit we've got here, the 
transistors are more likely to exhibit 
a collector voltage-collector current 
characteristic similar to that of the 
grounded emitter transistor, but the 
output resistance will still be high 
enough to ensure that negligible 
hum gets into the output. Incident- 
ally, please note that the rectified 
voltage applied to the output 
stage is about 20 to 25 volts, together 
with quite a high current availability. 
Voltage and current are a lot greater 
 20-25V - 

2 2n; 

22ni 

I AC 128 

AOO^F 
10+ 

J AC 176 
4 

Fig. 2. The preset potentiometer and parallel thermistor of Fig. 1 are replaced, 
in some models, by the forward-biased base-emitter junction of a third 
transistor. In the H.M.V. 2024 record player, which uses this circuit device, 

the third transistor is an AC169 
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Fig. 3 (0). A typical power supply for mains-driven transistor equipment. 
The driver and output stages are fed directly from the reservoir capacitor, 
which normally has a value between 2,000 and 4,500^F. The subsequent 
smoothing resistor may be of the order of 1kCt, and the smoothing capacitor 

around 200nF 
(b). An alternative approach, which is encountered in record players. This is 
the same as (a) with the exception that, by adding a secondary winding 
to the gram motor, the latter replaces the mains transformer 

than could be provided economically 
with batteries." 

Speaker Impedance 
"Fair enough," said Dick. "Well, 

I suppose I'd bettter get this record 
player amplifier going and see if we 
can find that intermittent." 

He reached up to the shelf over 
his bench and brought down a pair 
of test leads which he clipped to 
the speaker leads from the record 
player chassis. 

"Ye gods," snorted Smithy, shock- 
ed. "What the dickens do you 
think you've doing?" 

"Coupling up my bench speaker 
to the output of the record player 
amplifier," replied Dick innocently. 
"You'll remember that when I 
took out the chassis I had to unplug 
the output leads to its own internal 
speaker." 

"What's the impedance of your 
bench speaker?" 

"Oh," replied Dick vaguely, "it's 
the usual 30, I suppose." 

"Then," retorted Smithy, "jolly 

well disconnect it again! That 
transistor output stage is intended 
to operate into a ISO speaker, 
and you'd wreck it if you coupled 
it to an impedance as low as 30." 

"Pull the other leg, Smithy," 
replied Dick indignantly. "This 
one's got bells on it! How on earth 
can the output stage be wrecked 
when it's isolated from the speaker 
by a AOOu-F electrolytic?" 

"That 400uF electrolytic," pro- 
nounced Smithy, "is nothing less 
than a dead short so far as a.f. is 
concerned. You've got two emitter 
followers in the output stage and 
the only thing that limits emitter 
and, hence, collector current flow 
when a high level of a.f. is applied 
to their bases is the impedance of 
the speaker. If the speaker imped- 
ance is lower than the figure intended 
by the designer, those output 
transistors are going to pass exces- 
sive collector currents and they're 
quite liable to break down in the 
process. Don't forget also that this 
is a mains-driven job, and its power 

supply is quite capable of providing 
such excessive currents." 

"Well, stap me," remarked Dick 
elegantly. "I must say that this 
speaker impedance business is a 
new one on me." 

"Then you'll have to start remem- 
bering it from now on," stated 
Smithy, sternly. "I'd better say 
right now that the best approach, 
when working with mains-driven 
transistor amplifiers, is to always 
ensure that the speaker impedance 
presented to the output terminals 
is never lower than the figure 
intended by the manufacturers of 
the amplifier. It's a good idea to 
apply this rule to all the mains- 
driven transistor amplifiers you 
handle, even though many of these 
may be very much less susceptible 
to damage in this respect than others. 
And, of course, there is a similar 
risk of damage if you should 
happen to accidentally short-circuit 
the speaker leads together whilst 
the amplifier is handling an a.f. 
signal." 

Armed with this information, 
Dick disconnected the output of the 
amplifier from his bench speaker 
and, using a spare pair of leads 
fitted with crocodile clips at each 
end and which he kept on hand for 
contingencies of this nature, coupled 
the output instead to the speaker 
inside the record player cabinet. 
He carefully checked that there 
was no risk of the crocodile clips 
short-circuiting together, then looked 
up enquiringly at the Serviceman. 

"That's better," commented that 
worthy approvingly. "Well, we can 
now, at long last, get down to that 
intermittent fault of ours! Inter- 
mittent faults being what they are, 
it's always unwise to make any 
firm prediction as to their position 
in a circuit, but in this instance I 
think I can volunteer a fairly safe 
guess. To start off with, it's an 
intermittent which clears temporarily 
when a high-level a.f. signal appears 
in the circuit. This is a fairly corn- 
mon intermittent fault condition 
and it's very probable that the 
heavy a.f. signal is causing the 
intermittent connection to become 
good for a while. A sudden surge of 
a.f. current can break down the 
oxidation which has presumably 
built up between the two conductors 
of the faulty connection, thereby 
making it good again. Following 
from this, we can make the assump- 
tion that the fault is in a component 
or connection to which a.f. is 
applied. I must admit, by the way, 
that those horrible pop records 
you use for testing purposes do at 
least have the advantage of feeding 
some good sudden bursts of noise 
into the works!" 
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Smithy paused for a moment. 
"Now a second pointer to the 

fault," he continued, "is given by 
the fact that we had to turn the 
volume up high to get it to clear. 
There was no evidence of the fault 
clearing when the volume control 
was at a low level. So the fault is 
almost certain to be after the volume 
control. Thirdly, the fault, when it 
comes on, causes the output to be 
weak and high-pitched. What does 
that suggest?" 

"Off-hand," replied Dick prompt- 
ly, "I'd say it sounds like an a.f. 
coupling capacitor going low in 
value." 

"Exactly," confirmed Smithy. 
"And, finally, which is the first class 
of components you normally suspect 
whenever you get an intermittent 
fault?" 

"Electrolytic capacitors," said 
Dick, equally promptly. 

"Good," said Smithy. "Then it 
looks as though our beady eyes of 
suspicion must be at once directed 
at one single component in that 
circuit of ours." 

"Would that be," enquired Dick, 
"the 400ij.F electrolytic which couples 
to the speaker?" 

"None other," confirmed Smithy. 
"So let us now get this machine 
into operation." 

Dick plugged the record player 
into the mains once more, switched 
on and set the pick-up on the 
turntable. Smithy turned the volume 
control to mid-travel. The weak 
high-pitched sound was once more 
audible from the speaker. 

Smithy located the 400|j,F electro- 
lytic capacitor in question, and 
gently tapped it with his pen. At 
once, the sound from the speaker 
changed to full and correct repro- 
duction. Several seconds later the 
fault returned, to clear once more as 
Smithy gently tapped the capacitor 
again. 

"That's it, then," remarked Dick. 
"All we now need to do is to tell 
the customer that his record player 
will go like a bomb provided he 
keeps tapping that electrolytic every 
few seconds!" 

Smithy chuckled. 
"That's one way out," he laughed, 

"but we'll do the next best thing, 
which is to fit a new electrolytic 
instead." 

No Meters 
Dick soon found a new capacitor 

in the spares cupboard, and fitted 
it in place of the suspect component. 
On checking the record player, 
the pair found that it now worked 
correctly and that no amount of 
tapping of components or gentle 
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Fig. 4. Typical collector voltage-collector current curves for a germanium 
p.n.p. transistor in (0) grounded emitter and (b) grounded base 

flexing of the board could cause 
the fault to reappear. The record 
player continued to operate just as 
reliably after the chassis had been 
returned to its cabinet, and even 
the cautious Smithy eventually pro- 
nounced that it was now well and 
truly repaired. 

"Have you noticed," said Dick, 
as he triumphantly carried the 
record player to the "Repaired" 
rack, "that there was something 
rather unusual about this last job?" 

"What was that?" 
"We cleared it," replied Dick, 

"with nothing more technical than 
a screwdriver to get the works out, 
or a pen to tap the capacitor with. 
We didn't even have to use a test- 
meter." 

"That's not entirely true," said 
Smithy. "We had one highly tech- 
nical device to help us." 

"Did we?" 
"We did," stated Smithy. "And 

the highly technical device was the 
service manual. I think it's safe 

to say that the service manual car 
sometimes be more useful than al 
the rest of the test gear put together 
I know that a lot of servicing is 
done without a service sheet, because 
many snags are pretty easy to spot 
visually and because a service 
engineer gains experience with par- 
ticular makes and types of set. 
But if you ever have a fault which 
promises to be at all sticky you 
should always get the manual 
out without delay. A couple of 
minutes' quiet study of the circuit 
and the gen that goes with it can 
often save you hours of fruitless 
prodding around in the dark." 

There was an unwonted silence 
for a moment and Smithy looked up 
enquiringly. 

"Oh no," he sighed to himself, 
as he saw the furrowed look on 
pick's brow which indicated that 
his assistant was about to produce 
a further sample of his occasional 
instant doggerel. 

Suddenly, Dick's face cleared. 
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"Here, listen to this. Smithy," 
he said excitedly. "This must be 
one of the greatest I've done up to 
date! 

"Now, why is Robert nervous, 
Whilst Pete is confident ? 

They're both in radio service; 
They're each as diligent. 

Yet, two days' work for Robert 
Takes half-an-hour with Pete. 

And what makes Pete so expert ? 
He reads the service sheet!" 

An embarrassed expression spread 
over Smithy's face as Dick brought 
his creation to an end. 

"Now, what," asked Dick eagerly, 
"do you think of that!" 

Smithy hesitated as he searched 
for the correct word. 

"I would say," he remarked, 
after what was obviously consider- 
able thought, "that it expresses an 
admirable sentiment." 

"Do you," said Dick, pleased, 
"really think so?" 

"Oh, definitely," replied Smithy, 

grateful at having found a safe 
avenue for comment. "It's a senti- 
ment, indeed, with which I am in 
full accord." 

"That's fine," commented Dick, 
beaming at the Serviceman. "I'll 
try and dream up some more later 
on." 

Smithy stole a glance at the 
Workshop clock whose hands, he 
was relieved to note, were now 
pointing to finishing time. 

"Tomorrow," he said firmly. 

□ 

When Beta doesn't 

matter 

By G. Short 

With careful circuit design it is possible 
to obtain a fixed stage gain figure despite 

wide variations in transistor beta 

amplifier. The only difference between the tran- 
sistors in (a) and (b) is in their hfe, which is 50 and 
500 respectively. The bias resistances are selected 
to produce identical operating conditions. Despite 
the enormous difference in hfe, the voltage gain 
of the high-gain transistor is only slightly higher. 

Why? Well, the reason lies in the fact that we 
are using a low-impedance microphone. The 
consequence of this is that the input impedance of 
either transistor is much higher than the impedance 
of the signal source. In the case of Fig. 1 (a) the 
input impedance is 2,5000, In .the case of Fig. 
1 (b) it is 25,0000—ten times larger, because the 
input impedance of a transistor is approximately 
proportional to htg. 

+9V 

IN THE EARLY DAYS OF THE JUNCTION TRANSISTOR, 
great emphasis was placed on the small-signal 
current amplification factor, then known as 

"beta", and now as hfe- The reason was pretty 
obvious. Any transistor with hfe greater than about 
10 was a saleable commodity, and one with hfe 
over 50 was a rather good one. The first British 
junction transistors to be mass-produced were the 
OC70 and OC71, with hfe ranges of 20 to 40 and 
30 to 75, respectively. These were, of course, 
basically the same transistor, produced by the same 
process, and afterwards sorted into gain groups 
with a higher price tag on the higher gain group. 

Transistors are still priced according to hfe, but 
for some purposes hfe doesn't matter so long as 
it exceeds a certain figure, and you may as well 
buy a lower-gain transistor and save money. 

Microphone Amplifier 
Look at Fig. 1, which shows a simple microphone 
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Fig. 1. The transistors in (a) and (b) have greatly 
differing current amplification factors, but the stage 

gain is virtually the same in each case 
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If the microphone produces ImV, then in case 
(a) the input current to the transistor is 1,000/ 
2,530(xA. In case (b) it is 1,000/25,030^. The ratio 
of these input currents is 25,030 : 2,530, and 
without working it out exactly it is obviously 
going to be very nearly 10. The low-gain transistor 
takes nearly ten times as much input current as the 
high-gain transistor, and this almost exactly com- 
pensates for its lower hfe. If the transistor para- 
meters other than hfe were identical the voltage 
gains would be within 1 % of each other. However, 
other parameters tend to be correlated with hfe, 
and this has a slight eflfect on the voltage gain. 
But the improvement (if any) is not large. If the 
transistor in case (a) had a really low hfe, say 10, 
the difference would be slightly larger, because its 
input impedance would then be only 500a, but to 
reduce the gain by half (6dB) it would be necessary 
to reduce hfe to less than 1. 

I have taken an extreme (though quite practical) 
case. But the principle which emerges can be applied 
universally. If the signal-source impedance is much 
lower than the input impedance of the transistor, then 
the stage gain is virtually independent of hfe. 

I.F. Amplifier 
At first sight this may seem to be a pity, but 

there are circumstances in which it is an advantage. 
A typical case is given by an i.f. amplifier, as shown 
in Fig. 2. Suppose the transistors which are to be 
used have a spread of hfe of 30 to 120, that is, a 
4 : 1 variation. If a receiver had two such i.f. 
stages, and if the operating conditions were such 
that the stage gain depended on hfe, then the overall 
gain using low-limit transistors would be one- 
sixteenth of the gain with high-limit transistors. 

The sensitivity of some sets could in consequence 
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F/g. 2. Typical i.f. amplifier stage. Gain variations 
due to variation in current amplification factor 
can be largely "ironed out" by correct design 

be 24dB worse than that of others. There would 
also be a problem in keeping the high-gain sets 
stable. 

What the intelligent designer does in a case 
like this is to adjust the transformer turns ratios 
so that they are optimum for a low-limit transistor. 
The effect of using a high-gain transistor is then to 
increase the stage gain very slightly, and improve 
selectivity a little. Even if the better transistor had 
infinite hfe the stage gain could then only increase 
by 6dB. In practice, it is possible, with typical 
transistor spreads, to restrict the overall gain 
spread to some 2 or 3dB. In exchange for a slight 
sacrifice in gain, there is a big improvement in 
consistency. _ 
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TRADE HEWS 

• Arbiter Echo Units Use 

Mastertape Drums 

Magnetic drums coated by Mastertape (Magnetic) 
Limited form the heart of the popular Arbiter range of 
echo and reverberation units, which are selling widely 
in both home and overseas markets. 

Breaking away from the troublesome tape-loop prin- 
ciple, Arbiter specified drums with a dimensional accuracy 
approaching that needed for computer drum stores. 
This enables recording and pick-up heads to work out 
of contact with the magnetic coating, so eliminating 
wear of either. On to the edges of these drums Mastertape 
coat magnetic paint to a thickness of half a thousandth 
of an inch, with a uniformity better than ±5% within 
drums. 

The drums themselves are of aluminium Jin thick 
and 3Jin diameter, the edges being machined concentric 
to within ±0.2 thou' and bevelled slightly to give an 
effective width of 0.2in. After etch-priming, the edges 

are coated with Mastertape magnetic oxide paint and 
then stoved. This produces an exceptionally tough 
coating which is impervious to damage during any subse- 
quent normal handling or assembly. Finished drums are 
individually inspected for coating flaws and batch-tested 
for electromagnetic sensitivity and uniformity. 

In use, the drum is surrounded by a number of magnetic 
heads (including an erasing head, a recording head and 
one or more playback heads) whose working gaps are 
spaced from the coating surface by controlled amounts 
—of the order of one thou' according to the function of 
the head and the type of unit. 

✓ 
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r 

Mastertape edge-coated drum mounted in Arbiter Echo Unit 
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The delayed signals picked up by the playback heads 
can be used individually, or mixed and controlled to 
produce a variety of reverberation flutter and echo 
effects. The delay time of each echo is set by the peri- 
pheral speed of the drum and the spacing of each playback 
head from the recording head. The track width permits 
the use of either single J-track heads for mono working 
or twin J track heads for stereo (as in one of the Arbiter 
units). At a peripheral speed of 20 in/sec, the units provide 
delays between 80 and 240 milliseconds and have a useful 
frequency range up to 5 kc/s. 

Drums of this kind obviously have applications in 
other fields; in delayed speech reinforcement systems 
and in temporary stores for small amounts of analogue 
or low-density coded data, for example. Since Mastertape 
magnetic paints can be formulated for a wide range of 
rigid materials, manufacturers have considerable latitude 
in the design of drives and mountings. 

Further details from Mastertape (Magnetic) Ltd., 
Poyle Trading Estate, Colnbrook, Bucks. 

BIB Home Electrician's Kit 

i ne ml id v.wnt.aiiicvj      
easily into the pocket or the glove compartment of a car. 

Multicore Solders Ltd. recently announced the introductionof the^ewB^bH^^ handyman (or woman) 
invaluable aid for every householder. It contains, in handy, compactform, virtually every 

""T. s.s'3nsar;?i.«2w". JKA. <"■>• *» • -410 * . . _ _i  r\f n rar 
The kit contains the following items: 
Bib Model 8 Wirestripper and Cutter; this has an 

eieht-eauge selector for different wire thicknesses. It has 
easy-grip plastic-cushioned handles. Apart from stripping 
insulation from flex and cables it will cut wire and split 
tW'nThree Bib Flex Shorteners; used for keeping flex, 
cables and leads neat and tidy. The Flex Shortener shortens 
without cutting and helps to prevent accidents. 

Ersin Multicore Tape Solder: contained on a card, this 
solder melts with a match. No soldering iron or extra flux 
is required. There is sufficient for 80 average joints. 

Insulating tape: on a reel. Made of high-quality plastics. 
Screwdriver: designed specially with a blade to suit 

all types of plugs in normal use. 
Fuse Wire; wound on a card; for 5 and 15 amp fuses. 
The wallet is accompanied by a card bearing full in- 

structions for use. 

MFV'S WITf 

ACCURACY: 
Frequency: Within 5% all ranges 
(average 3%) 
Output: Within 3% of indicated 

Nnmbrex Audio Generator 30 cauIrations: IXUIIIUI C*. J-IWVIIW — D,rert d.al and attenuator Calibra- 
*:/-Nnc rlicrrimination averaSS 'l.-kvo. 

This new instrument has been 
styled to the latest standard of 
presentation and incorporates new 
features and improvements in cir- 
cuitry, performance and accuracy. 

The model is housed in a new- 
design case, with modern recessed 
panel styling in three colours—blue, 
black and satin-silver. Spin-disc styled 
control knobs are fitted as shown in 
the accompanying illustration. Provi- 
sion is made for simple rear access 
to battery compartment and a 
jack socket is included for alternative 
operation by an a.c. mains unit. 

Specification is as follows; 
RANGE: 
10 c/s to 100,000 c/s in four ranges. 
OUTPUT: 
1 volt peak, sine or square wav,e. 
Impedance, maximum 1,0000. 
STABILITY; 
Output constant over entire ranges, 
thermistor controlled. 
DISTORTION; 
Sine wave; better than 1% through- 
out. 
Square wave: Rise time less than 
0.3[xsecs. 

ATTENUATORS: 
1. Three-decade switched multiplier. 
2. Continuously variable, calibrated 

millivolts. 
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Transistonsed Standard A.M. 

Signal Generator 

Developed by Westechno Ltd., 
Exmouth, Devon, this Laboratory 
Standard R.F. Signal Generator Is 
the achievement by patient design 
work to produce, by modern tran- 
sistorised applications, a high quality 
custom-built intrument incorporating 
not only the essential design features 

w $ m mm 
• • • 

m 
& 

of high accuracy, stability and robust 
construction but with many other 
facilities which previously have been 
available only at exclusive prices. 
The Model 28 is an ideal instrument 
for the research laboratory, for 
technological training and fortrade or 
industrial purposes where only the 
best specification is acceptable. 

Such features as the unusually 
wide frequency range from 30 kc/s 
upwards, small size and light weight 
of only 10Jlb, with instant changeover 
to external power supply recommend 
it for services or shipping applications 
and for other general purposes in 
the field. 

The circuitry is fully transistorised 
with stabilisation applied to ensure 
consistent long-term accuracy and 
stability. Printed circuitry is em- 
ployed throughout, using pluggable 
type components with conservative 
ratings to provide long trouble-free 
service. The mercury cell batteries 
employed contribute to the high 
stability and replacements are readily 
available world-wide. Useful addi- 
tional features are the provisions 
for the crystal calibrator and a.f. 
oscillator outputs to be available for 
use externally with other equipment. 

Special features include—30 kc/s 
to 30 Mc/s range, crystal calibration 
checks throughout, fully transistor- 
ised—20 semiconductors and monit- 
oring of r.f. level and modulation 
percentage on two scales by switch 
selection of function. 

Full technical specification may be 
obtained from the manufacturer. 

IlltlO 

topics 

HOW OFTEN, WHILST CARRYING 
out radio and TV repairs, 
is one entitled to modify 

the receiver being serviced? 
This is quite an important 

question for those who take servicing 
seriously, because it raises a basic 
ethical point. If we lived in a perfect 
world the function of the service 
engineer would be that of restoring 
a faulty receiver to exactly the 

By Recorder 

condition it was in when it left the 
factory. Whereupon, accompanied 
by the bitter laughter of professional 
service engineers, I must hasten to 
add that the world we inhabit is 
in fact very far from being perfect, 
and that minor modifications are 
inevitable with some receivers. That 
changes are occasionally required 
is made evident by the fact that 
manufacturers introduce new sched- 

Your Local Supplier 

LONDON AREA 

Established 1910 

H. L. SMITH 

& CO. LTD. 

Comprehensive stocks of components 
by all leading makers. 

287-9 EDGWARE ROAD 
LONDON W.2 
Tel: 01-723 5891 

TELERADIO 

ELECTRONICS 
For Radio Control Devices, Miniature 
components, Special Transistors, 
Circuits and data on boat and 

aircraft control. 
QUOTATIONS GLADLY FOR PARTS USED IN 

MAGAZINE ARTICLES 
(S.A.E. Enquiries REF. D/P) 

325/7 FORE STREET, 
EDMONTON (3719) 

LONDON, N.9. 

WHY BI-PAK? 
FOR SEMICONDUCTORS 

★ Fastest by return mail service 
★ Lowest possible prices 
★ Largest range available 
★ Satisfaction guaranteed 
★ For further proof see page 129 

BI-PAK SEMICONDUCTORS 
8 Radnor House, 

93/97 Regent St., London W.l 

G. W. SMITH 

& Co (Radio) Ltd. 
3-34 LISLE STREET, 

LONDON, W.C.I. 
Tel. GERrard 8204/9155 

Open 6 days a week 

CATALOGUE 
Over 1S0 pages of electronic 
components, test, communi- 
cation and Hi Fi Equipment. 
Fully illustrated. 5/-. p Sip 1/- 
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Your Local Supplier 

LONDON AREA 

ELECTRONICS 

GALORE! 
in the NEW 

dca CATALOGUE 
Send 1/6 now for your copy 

to: DEPT. R/C 
dca ELECTRONICS 

LIMITED 
28 UXBRIDGE ROAD, 

EAUNG, W.5 

THE 

MODERN BOOK CO. 

Largest selection of English and 
American radio and technical books 

in the country. 

19-21 PRAED STREET, 
LONDON, W.2 

Tel.- PADdington 4185/2926 

ESSEX 

ELECTRONIC 

COMPONENTS 

Valves, transistors, capacitors, 
transformers, amplifiers, 

tuners, etc., etc. 

765 HIGH ROAD, 
SEVEN KINGS 

(opfi. Seven Kings Hotel) 
ILFORD, ESSEX 

Telephone: GOOdmayes 1826 

MARKET CENTRE 
For Semiconductors 
P.rompt, efficient mail order service 
for Mallard, Newmarket, Texas, 
Sinclair, S.T.C., Fairchild Semi- 
conductors. We also offer a com- 
prehensive selection of miniature 
components for transistor circuitry. 
Catalogue Is. 

L.S.T COMPONENTS 
23 New Rd., Brentwood, Essex 

ules when some of their receivers 
are half-way through their produc- 
tion runs, the later schedule models 
incorporating improvements and 
component value changes deemed 
necessary by the manufacturers 
themselves. 

Service Modifications 
To give an example of the sort 

of modification which, to my mind, 
represents an honest approach, let 
me relate the following servicing 
story. 

A small radio and TV shop sold 
quite a number of a certain make 
and model of television receiver 
in which a fixed capacitor was 
connected across the primary of the 
vertical output transformer. After 
a while these sets started coming 
back to the shop with no vertical 
scan, and in each case it was found 
that the capacitor had broken down. 
The shop's engineer fitted the first 
set returned to him with a replace- 
ment capacitor of the same working 
voltage. But, when the vertical 
fault appeared on a second set 
several days afterwards he decided 
to fit a replacement capacitor having 
a higher working voltage than that 
installed by the manufacturer. The 
wisdom of this cautious approach 
was confirmed when, later, more 
sets turned up on his bench with 
short-circuited capacitors. He simil- 
arly replaced these with components 
having a higher working voltage, 
and the fault never reappeared in 
the sets with these capacitors. 

Now, whenever he handles a 
TV set of this make and type which 
is fitted with its original capacitor, 
the engineer automatically changes 
it for a higher voltage component 
even if the set comes in with an 
entirely different fault. This is, 
surely, a sensible policy, since he 
is clearing a possible future snag 
before it occurs. With a small radio 
and TV business the first essential 
is to maintain customer goodwill, 
and owners of television sets are 
notorious for refusing to accept 
that a receiver which has just been 
repaired for one snag can become 
faulty with a completely different 
snag at any instant afterwards. 
Our service engineer made certain 
that this particular snag wasn't 
going to occur later with the sets 
he handled. 

It could well be that the reason 
why the engineer initially encountered 
the run of faulty receivers was due 
to fortuitous circumstances at the 
factory. What might have happened 
was that a batch of dicey capacitors 
slipped through on to the line. 
The first sets encountered by the 
service engineer had these capacitors 

whereupon he then made the in- 
correct assumption that all the 
later capacitors were of the same 
unreliable type, with the result that 
he was just wasting his time in 
automatically replacing them. But 
I'm certain that anybody employed 
in practical servicing would agree 
that the engineer's action was a 
rational one. Provided that the 
higher voltage capacitors were of 
the same type and value, the modi- 
fication could, in any event, cause 
no foreseeable harm to the receiver. 

Another common fault in servicing 
work is the resistor in a radio or 
TV set which has shifted value 
because of overheating. All currents 
and voltages around the resistor 
appear to be exactly as they should 
be, and the only assumptions which 
can be made are that the resistor 
was initially faulty in itself, that an 
intermittent fault which cannot be 
made to reappear on the bench 
caused it to overheat, or that the 
set-maker chose a wattage which 
was just a little too low for reliable 
operation in all the receivers in 
which the resistor was fitted. On 
first encountering a fault of this 
nature an engineer would probably 
replace with a resistor of the same 
wattage, or he might play safe 
and replace with one having a 
higher wattage. If he later en- 
countered the same fault on another 
receiver of the same make and model 
he would almost definitely replace 
with a higher wattage. Again, this 
is a reasonable modification and 
the only eventuality of the three 
just mentioned which may not be 
covered by using the larger resistor 
is that the overheating was due to 
an intermittent fault. But it would be 
doubtful if a similar intermittent fault 
would occur on two different sets. 

Bad Practice 
These two examples are typical 

of what happens in normal servicing 
work and are, to my mind, ethically 
sound. In both cases they protect 
the customer because the service 
engineer is giving the product he 
handles a higher reliability factor 
than that provided by the manu- 
facturer, without basically changing 
the manufacturer's performance 
specification. 

Now for two examples of bad 
practice in making modifications. 

One of the worst instances of 
"servicing" which is morally wrong 
occurred in a rather ancient mains 
valve radio I bumped into some 
years ago. The set had a faulty 
smoothing capacitor and, when I 
fitted a new one, gave quite good 
results with local stations; although 
it didn't have the overall sensitivity 
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Your Local Supplier 
it should have done. A visual 
examination soon revealed that 
a stranger had been added to the 
set, this consisting of a lOktl 
resistor connected between the screen- 
grid of the i.f. amplifier and chassis. 
On removing the resistor the screen- 
grid took up its correct potential 
and the i.f. amplifier burst into 
oscillation. The fault causing the 
oscillation was an open-circuit by- 
pass capacitor at the upper end of 
the first i.f. transformer primary. 
Replacing this cleared the oscillation 
and enabled the set to work as it 
was intended to do. But somebody 
in the past had deliberately added 
that lOkO resistor to hold down 
the i.f. gain and thereby stop the 
oscillation instead of looking for 
the actual fault. 

When the high gm frame-grid 
EF183 and EF184 pentodes made 
their debut in television receivers, 
the vision i.f. strips in which they 
were fitted had a lot more gain 
per stage than occurred in previous 
models and were more inclined to 
become unstable. The consequent 
"cure" carried out by some people 
handling these sets was to fit an 
EF80 (which has the same pinning) 
in place of the newly introduced 
valve. The EF80, with its lower 
gain, caused the instability to dis- 
appear, but the receiver was not 
then working as it should have 
done either in terms of sensitivity 
or , of vision i.f. response. The 
correct attack here would have 
been to find what was causing 
the instability instead of merely 
getting rid of it by deliberately 
degrading the performance of the 
receiver. 

These four examples are all 
cases of modification to the manu- 
facturer's product. Two are obvi- 
ously good and two are obviously 
bad; and any service engineer with 
the slightest pride in his work would 
avoid carrying out "repairs" similar 
to the bad examples. 

But there are borderline cases. 
What happens, for instance, when 
you get a picture on a monochrome 
TV set which suffers from slight 
pincushion distortion on one side 
only, the distortion being outside 
the capabilities of the correcting 
magnet fitted to the yoke? At the 
same time, it can be cleared by 
positioning an additional magnet 
inside the cabinet near the surface 
of the tube. Provided that the 
deflection yoke is obviously in good 
order and that the new magnet can 
be safely secured in place, I would 
suggest that the addition of such a 
magnet is ethically a good thing to 
do. Quite a few modern TV re- 
ceivers suffer from very slight 

picture shape distortion when they 
leave the factory and most domestic 
viewers either accept this or, even, 
do not realise that the distortion is 
there. At the same time, if a set- 
owner who wants an exactly rec- 
tangular picture shape can be 
satisfied with the additional magnet 
modification, then it would be a 
reasonable thing to incorporate. 
Don't, incidentally, start hanging 
magnets round the tube of a colour 
receiver! 

Or, again, what happens when 
one finds that a vertical hold control 
in a multivibrator grid leak circuit 
only stops the picture from rolling 
when it is right at the end of its 
track and is inserting full resistance 
into circuit? This trouble is probably 
occurring because the associated 
valve in the multivibrator happens 
to have a longer grid base than 
usual. The valve will be perfectly 
satisfactory otherwise, so does one 
insert an extra fixed resistor in 
series with the control to bring 
the hold position more central, 
or does one find a new valve whose 
grid base enables the hold control 
to operate normally with the circuit 
values installed by the manufacturer ? 
Common-sense dictates that the 
new valve be fitted, even though the 
old one would give a completely 
satisfactory performance in another 
application and only differs from the 
norm due to a characteristic which 
is somewhat unpredictable. 

Complete Answer 
I can see that I haven't been able 

to give a complete answer to the 
question with which I started my 
column this month. Perhaps it 
is impossible to give a hard and fast 
answer to a question of this nature 
when it applies to so problematic a 
subject as the servicing of domestic 
electronic equipment, with its differ- 
ent manufacturers and their different 
standards, and with its considerable 
technical complexity. 

It is, then, evident that each case 
where a modification may be 
required has to be judged on its 
own merits. Only a small proportion 
of receivers require modification 
along the acceptable lines I've 
mentioned and it is then up to the 
service engineer himself to determine 
whether such a change is justified. 

One thing is certain. The man 
who can make the correct decision 
in every instance where a modifica- 
tion is required to domestic equip- 
ment will be a very competent 
service engineer indeed. 

□ 

HANTS. 

BOURNEMOUTH 
LARGEST HI-FI AND 
RADIO COMPONENT 
STORE IN THE SOUTH 

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 

LANCASHIRE 

NEW CROSS 

RADIO 

Electronic components and 
Equipment, 

Transistor Panels, 
all at competitive prices 

6 Oldam Road, Newcross 
Manchester 4 

Telephone CEN 1541 

 SURREY  
SMITHS PRECISION 

t MINUTE DELAY ACTION SWITCH 
HClockwork actuated 

mmmi ID) 10/6EACH 
^liBiAv mJJ iw/o post 2/6 

(3 or more post free) 
Separate twitching up to 6 mint. Each action for loading up to IS amps. 250 volts. For photographic timer, sequence switching opero- tions, etc., etc. Brand new units at a fraction of their value. Connection sheet supplied. 

Radio Component Specialists 
337, WHTTEHORSE ROAD, 

WEST CROYDON, SURREY 
01-684-1665 FULL LIST 1/- 

SUSSEX 

E. JEFFERIES 

for your new television set, 
tape recorder, transistor radio, 

and hi-fi equipment. 
PHILIPS, ULTRA, INVICTA, DANSETTE, 

MASTERADIO, PERDIO, MARCONI, 
PHILCO, FIDELITY. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 
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Happy Families 

These are the times ■when Shimon and Clare know that it has all been 
worthwhile. But they know too that such moments of happiness are 
only complete when there is also aieeling ot security for the future. 
And Simon's "Family Unit" Policy with the "Yorkshire" guaran- 
tees them all a future - if the worst should happen. 

Happiness in your family too—but for bow long ? If you or your wife should 
die, how would the rest of the family fare? A Yorkshire "Family 
Unit" policy provides for both these eventualities in a comprehensive 
way at a sensible premium. J ust ask for a leaflet at your local" Y orkshire" 
branch and then see the manager. He'll be glad to tell you why .. • 

us YORKSHIRE fin- 

mSDRMCE 

THE YORKSHIRE INSURANCE COMPANY LIMITED 
Chief Offices: Rougier Street, YORK. 

and Becket House, 36-37 Old Jewry, LONDON, E.G.2. 

rp/eose send me details of the Family Unit 
Policy, without obligation. 

Name... 

Address... 

Branclies and Agencies througliont the "World 
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FREE 

TO AMBITIOUS ENGINEERS 
— THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy? 
ENGINEERING OPPORTUNITIES 
is a highly informative 132-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 & Elec- 
tronic Courses, administered by our Specialist 
Electronics Training Division—explains the 
benefits of our Appointments Dept. and 
shows you how to qualify for five years 
promotion in one year. 

SATISFACTION OR 
REFUND OF FEE 
Whatever your age or experience you cannot 
afford to miss reading this famous book. If 
you are earning less than £30 a week send 
for your copy of "ENGINEERING OP- 
PORTUNITIES" today—FREE. 

WHICH IS YOUR 
PET SUBJECT 

Radio 
Television 
Electronics 
Electrical 
Mechanical 
Civil 
Production 
Automobile 
Aeronautical 
Plastics 
Building 
Draughtmanship 
B.Sc. 
City & Guilds 
General Certificate 

of Education 
Etc., Etc. 

BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY 

(Dept. 409B), Aldermaston Court, Aldermaston, 
Berkshire 

PRACTICAL 
EQUIPMENT 
Basic Practice and 
Theoretical Courses 
for beginners in Radio 
T.V. Electronics Etc. 
A.M.I.E.R.E. City & 
Guilds 
Radio Amateur's 
Exam. R.T.E.B. 
Certificate. P.M.G. 
Certificate. Practical 
Radio. Radio & 
Television Servicing 
Practical Electronics 
Electronics 
Engineering 
Automation 

POST COUPON NOW 
Please send me your FREE 132-page 
"ENGINEERING OPPORTUNITIES" 
(Write if you prefer not to cut page) 
NAME   
ADDRESS  

INCLUDING 
TOOLS! 
The specialist 
Electronics Division of 
B.I.E.T. 
NO IV offers you a 
real laboratory training 
at home with practical 
equipment. 
Ask for details. 

B. 

m M ■ 

/ 

SUBJECT OR EXAM 
THAT INTERESTS ME   409B 

■ 
■ 

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 

THE MODERN BOOK CO 

The Practical Aerial Handbook. By G. J. King. 
35s. Postage 1 s. 6d. 
Basic Theory and Application of Transistors. 
U.S. Dept. Army. 10s. Postage Is. 

Radio and Audio Servicing Handbook. By 
G. J. King. 30s. Postage Is. 6d. 

Colour Television Explained. By W. A. Holm. 
21 s. Postage 1 s. 
A Beginner's Guide to Television. A Newnes 
Pub. 8s. 6d. Postage 6d. 

Transistors for Technical Colleges. By L. 
Barnes. 25s. Postage 1s. 
101 Questions and Answers About Transistors. 
By L. G. Sands. 21s. Postage Is. 

Transistor Pocket Book. By R. G. Hibberd. 
25s. Postage Is. 
Tape Recorder Servicing Manual. By H. W. 
Hellyer. 63s. Postage 2s. 

Inter: GEC Transistor Manual. 18s. Postage 2s. 

Inter: S.C.R. Manual 4th ed. 25s. Postage 2s. 

Questions and Answers Electronics. By C. 
Brown. 8s. 6d. Postage 6d. 

The Electronic Musical Instrument Manual. 
By A. Douglas. 37s. 6d. Postage Is. 

Multi-Channel Radio Control A Map. Tech. 
Pub. 12s. 6d. Postage 9d. 

Transistor Electronic Organs for the Amateur. 
By A. Douglas and S. Astley. 18s. Postage Is. 

TV Fault Finding 405 625 Lines. A Data Pub. 
8s. 6d. Postage 6d. 

Questions and Answers Radio and Television. 
By H. W. Hellyer. 8s. 6d. Postage 6d. 

Radio Valve Data 8th ed. Compiled by "WW". 
9s. 6d. Postage Is. 

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

19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 
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BENTLEY ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, 47 Norfolk Road, 
LONDON, N.W.I. LITTLEHAMPTON, Sussex 
PRImrose 9090 Littlehampton 2043 

Please forward all mail orders to Littlehampton 
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Terms of business: Cash with order only. No C.O.D. Post/Packing 6d. per item. Orders over £5 post free. All orders despatched same day as received Complete catalogue including transistor section and components with terms of business 6d. Any parcel insured against damage in transit for 6d, extra. We are open for personal shoppers 9 a.m.-5 p.m. Saturdays 9 a.m.-l p.m. 

QUALITY-QUANTITY TRANSISTORS 
We supply only first-grade goods, with makers' original markings, guaran- teed to specification, AND we give generous DISCOUNT PRICES (in brackets) for FIVE OR MORE OF SAME TYPE. Data and some useful circuits free with all orders. All transistors are silicon unless otherwise indicated. 

A.F. POWER. B-5000, 25W npn, 10/- (9/-); ADI6I/I62 (Ge complement- ary pair, up to 7W output) 18/- (15/-); TI3028 (Ge 60V, 7A, I50W, pnp) 18/- (15/-). DRIVERS AND CLASS B L.P. NPN: 2N3704, 4/- (3/8); 2N3705, 41- (3/6); BCI07, 5/- (4/-); HK60I (hfe =20-300), 2/6 (2/3), (300- 600), 3/6 (3/-). PNP: 2N3702, 3703, 4/- (3/6); HK04I (hfe=20-60) 2/6 (2/3), (50-100) 2/9 (2/6), (90-180) 3/- (2/9), (160-600), 3/6 (3/-); 2SBI87 (Ge 200mW) 21- (1/9). LOW-NOISE A.F. NPN: BCI09, 51- (4/-); 2N3707, 51- (4/6); BC168, 3/- (2/6); 2N2926 from 3/- (2/6) (hfe=5S-l 10). PNP; 2N4058 (complement of 2N3707) 6/6 (5/9). H.F. AMPLIFIERS: NPN: HKI0I (200 Mc/s), HK30I ^500 Mc/s), from 2/- (1/9); TI407/2N3983 Oow-noise vhf) 6/6 (5/9). PNP: GET693 (Ge 50 Mc/s), 1/6 (1/3). 

TRANSISTOR OF THE MONTH—BCI68 
This new epoxy-encapsulated planar is, except for reduced collector dissipa- tion. an EXACT ELECTRICAL EQUIVALENT OF BCI08. We supply it in a selected high gain version, BCI68B, and have no hesitation in naming it the BEST BUY IN HIGH-GAIN LOW-NOISE PLANARS. Max. ratings: 20V, 100mA, ISOmW. Hfe=250—500. Typical fT=300 Mc/s, Noise Figure 2dB. All this for 31- (2/6). 

SGS FAIRCHILD POWER AMPLIFIER PACKAGES 
AFI0; 8—I0W into 15 ohm speaker, all silicon, 30/-. AFM: 20W into 15 ohms, hi-fi (0.1% t.h.d.) 67/6. 
These packages contain matched sets of transistors ONLY, plus circuit diagram and notes on construction. 
SEE OUR PREVIOUS ADVERTISEMENTS FOR OTHER BARGAINS. 
Mail order only. Cash with order. U.K. post free on orders over 10/- (otherwise add 6d.) Discounts: 10% over £5, 15% over £10. Special quota- tions for large quantities. 

AMATRONIX LTD. (DEPT. RC 10) 
396 SELSDON ROAD, CROYDON, SURREY, CR2 ODE 

Professional Specification 

Professional Appearance 

Enthusiasts' Price 

That's what you get with the Knlghtklt range of test equip- 
ment—professional quality built In which you build up. 
With kits that cover the whole range of electronic enthus- 
iasts' requirements—'scopes, multimeters, power supplies, 
signal generators etc.—you can now afford the kind of test 
equipment you've always wanted and needed. 
Look at the 5 In. 1CG-635 osolllosoope which costs just £80.8.4. 
A full-feature do coupled Instrument with five time base 
ranges, from 10Hz-400kHz, and a direct reading Y-attenuation. 
Band width Is dG-5.2 MHz; sensitivity 17mVrms/inch and rise 
time VOnsec. A speclficaWon ideal for colour T.V. servicing 
and general purpose wideband testing. 
Knlghtklts are new to the U.K. and available from Electron- 
iques. Full details on the whole range can be found In our 
FREE 70-page brochure. As well as test equipment there's a 
wide selection of HI-FI gear and general Interest kits like an 
electronic car engine analyser and a photographic light 
meter, and for the serious short wave listener or aspiring ham 
the Star Roamer kit will be of special Interest. 
Kit building not only saves you money but is good fun and 
highly instructive. Your range of interest Is naturally ex- 
tended, and If you want more information on the theory or 
pra ctice of your new equipment Blectron- 
iques also stock a comprehensive selection 
of technical books and publications, many 
of which are detailed in the brochure. 
Credit terms are available and perform- 
ance specifications fully guaranteed. You 
can start building with perfect confidence 
In the finished result and for any problems, 
however small, our Service Department 
la ready to advise and assist. 

PUS^iaww.;). 
■ 

Please send me your FREE brochure K12 giving full 
details of your range of kits. 
Electronlques (Prop. STO) Limited, Edinburgh Way. 
Harlow, Essex. 

knight-kit 

Quality Built-in, Built up by you elecfroniques 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 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, W.9.) 

SERVICE SHEETS, 1925-1967. From Is. Catalogue 
6,000 models, 2s. 6d. S.A.E. enquiries.—Hamilton 
Radio, 54 London Road, Bexhill, Sussex. 

100 PAGE ILLUSTRATED CATALOGUE NO. 17 
of Government and manufacturers' electronic and 
mechanical surplus, also a complete new section of 
the latest semi-conductors and miniature components, 
includes a credit voucher for 2s. 6d. Send for your copy 
now. Price 3s. post free. Arthur Sallis (Radio Control) 
Ltd., 93 North Road, Brighton, Sussex. 

FOR SALE. Oscilloscopes—Galvanometers—Evershed 
& Vignolles Meggers—Relays—Uniselector Switches 
—Solenoids. Also other items and components. 
Free list. Stamp please.—R. & E. Mart, Box 9 
G.P.O., Tunbridge Wells, Kent. 

TELEPRINTERS 7B complete from £10. Also Auto- 
transmitters, Reperforators, Signalling Rectifiers, etc., 
from William Batey & Co. (Exports) Ltd., Gaiety 
Works, Akeman Street, Tring, Herts. Please ring 
Tring 3476. 

TORIOD COILS for sale. Suitable RTTY, etc. Mostly 
88mH but some values above and below. S.A.E. for 
details. 7s. 6d. each. Box No. F289. 

ELECTRONIC MAGIC. Light a torch bulb with a 
match. Extinguish like a candle. Circuit and details of 
electronic candle (plus another circuit free) for 5s. 
Also circuit and details of miniature v.h.f. transmitter 
for 5s. Mr. Bobker, 64 Choir Street, Salford 7, Lanes. 

5 TON FACTORY CLEARANCE. Radio, TV, elec. 
components in 15s. and 27s. 6d. mixed parcels. Post 
free. Example: resistors, condensers, pots., speakers, 
coax, coils, fibre washers, valves, over a dozen different 
types, tuning knobs, grommets, sleeving, IFS, Paxalin, 
wire, rectifiers. Lots of other items. Pot luck. Postal 
orders to: P. L. Newton, 10 Cecil Road, Muswell 
Hill, London N.10. 

FOR SALE. Rectifier Units, Type 43A. 50s. plus carriage. 
Box No. F292. 

BARGAIN PARCELS! 120 (minimum) radio parts, 
etc., mostly new, 12s. 6d. a parcel. G. Hart, Lings 
Lane, Chelmondiston, Ipswich, Suffolk. 

BRIGHTEN UP YOUR ADVERTISING! Break the ice 
with a cartoon, "tailor made" for your product. 
Reasonable charges. Box No. F294. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. 
—B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

continued on page 190 

YtllK hi tilt Slops 80'9 

THE RADIO CONSTRUCTOR 

SPECIAL PRIVILEGE PRICE OF 

TOLTEC # 5 2,6 
Add 4/6 for 

postage HAIR DRYER^ postage 

* 

n 

SPECIFICATION 
Moulded in beautiful symmetri- 
cal pastel blue impact resisting 
thermoplastic casing. 
Quiet in operation. 
Hot or cold air. 
No radio or T.V. Interference- 
meets British standard specifi- 
cation. 
Fitted with safety cut-out. 
12 months & money refund guarantee. 
Value 80/9 in the shops 
Send the coupon below with the sum of only 57/- (this includes 4/6d 
to cover postage, packing and insurance, unless you are collecting 
personally). 

230-250 volts A.C. only. 

Please send me one Toltec Hair Dryer at the special 
privilege price as advertised in The Radio Constructor. 

I enclose cheque/postal order value   

Name        

Address  

(Block Capitals please) 

To: Toltec Electronic 8- Trading Co. Ltd. 
Hatton House, Hurst Green, Etchingham, Sussex 
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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. 

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. 

v 

!>■ 
■ 

, 
' v 

; 

PRICE t5f- Posl Free 

Available only from;— 

Data Publications Ltd. 

57 Maida Vale London W9 

SMALL ADVERTISEMENTS 
continued from page 189 

"MEDIUM WAVE NEWS" Monthly during DX 
season—Details from; B. J. C. Brown, 60 White 
Street, Derby. 

BOOKS FOR SALE. Hi-Fi Projects for the Hobbyist, 
Fieldman, 10s. Radio Operating Questions & Answers, 
Nilson, 5s. 6d. Electronic Valves in A.F. Amplifiers, 
Rodenhuis, 3s. 6d. Tubes for Computers, Philips, 
5s. 6d. Industrial Rectifying Tubes, Philips, 5s. 6d. 
U.H.F. Tubes for Communication and Measuring Equip- 
ment 5s. 6d. Instructions to Radio Constructors, 
Warring, 7s. 6d. All post free. Box No. F297. 

WANTED. Alco/Sirius steam portable generator, made 
by Lyons Co., as used in WW2 for battery charging 
by troops in Burma.—Box No. F299. 

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, "Dancer's End," 
St. Winifred's Road, Biggin Hill, Kent. 

FOR SALE. Japanese dynamic microphone and stand. 
Small, neat unit. Hand held mic. Piezo make, £3. 
—Box No. F300. 

WANTED. Bound Volumes of The Radio Constructor. 
Nos. 1, 2, 3, 4, 5, 6, 7 & 11. BM/WAW, 167 Wood- 
house Lane, Bishop Auckland, Co. Durham. 
Telephone: Bishop Auckland 2993. 

RADIO SKY. Journal of the Society for Amateur 
Radio Astronomers. Vol. 1. No. 2, price 7s., contained 
articles on a 3 cms. radio telescope and a basic intro- 
duction to the subject with an extensive guide to 
further reading. Additional details on application. 
Box No. F307. 

FOR SALE. Lafayette MW/SW broadcast receiver, 
model HA-63A. Practically new £18. Box No. F308. 

FOR SALE. Collection early radio valves. Would suit 
technical museum or school. Box No. F309. 

CHATTERBOX RECORDING CLUB. Free member- 
ship, news tapes, badges, stickers, news sheets, etc. 
368 Rush Green Road, Romford, Essex. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau. 
Amateur and Broadcast Translation. Technical and 
Identification Dept.—both Broadcast and Fixed 
Stations, DX Certificates, contests and activities for 
the SWL and transmitting members. Monthly maga- 
zine, 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 magazine, etc., 35s. per annum.—Secretary, 
ISWL, 60 White Street, Derby. 

continued on page 191 
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SMALL ADVERTISEMENTS 
continued from page 190 

JOIN BRITAIN'S LEADING DX CLUB by joining 
The World Communication Club, Great Britain. 
Details from: S. Green, 26 Tolhouse Street, Great 
Yarmouth, Norfolk. 

WANTED. Ships Chronometer and Sextant; pay cash, 
or preferably exchange radio gear. Box No. F310. 

FOR SALE. 8-day clock by Waltham Watch Co. 3 j" 
diam. panel mounting, with second hand and date 
dial, £5. Deck watch by Jolay, 2J" diam., rotatable 
navigational ring graduated to 360° in fitted wooden 
case. £10, p.p. paid. Box No. F311. 

FOR SALE. Complete 2 metre station. Rx is that 
described in the March 1966 issue of The Radio 
Constructor. Companion Tx, QVO 4/7 p.a.; pp 
6BQ5's modulator; with power supply and aerial 
changeover relay all on one chassis. Complete with 
xtal mic. and speaker. £20. G2UK, "East Keal," 
Romany Road, Oulton Broad, Lowestoft, Suffolk. 

MICROPHONES. Crystal, stick, with anodised keyhole 
stand, outside customers' limits but guaranteed 
working order, from known manufacturer, 10s. 6d. 
each, p. & p. paid.—Box No. F313. 

METAL LOCATOR. As per January 1967 Wireless 
World design. Lightweight, professionally constructed. 
70s., postage 5s. Details:—Box No. F314. 

POST FREE. SHIRT BUTTON SIZE MICROPHONE. 
Various uses, 12/6. Integrated circuit amplifier, size of a 
pea, 63/-. Both U.S.A. made.—Box No. F315. 
MESSERSCHMITT Four wheel TG 500 sports car. 

Enthusiast seeks damaged or part vehicles, spares etc. 
Details to C. E. Jaques, 33 Middleton Road, Shenfield, 
Essex. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, 
facsimile letters, automatic typing, copy service 
campaign planning, design and artwork, printing and 
stationery. Please ask for price list.—The Holborn 
Direct Mail Company, 2 Mount Pleasant, London, 
W.C.I. Telephone; TERminus 0588. 

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. 

PROPERTIES for sale and to let in London and suburbs. 
Apply to Maggs & Stephens, Estate Agents, 229 Maida 
Vale, London, W.9. MAIda Vale 8123. 

QUALIFY as a technician, to service COMPUTERS, 
COLOUR TELEVISION, AUTOMATIC CONTROL 
SYSTEMS. Day or evening courses, includes extensive 
practical work, using modem equipment. 

Also special course (2 days per week) enabling beginners 
to reach City and Guilds Intermediate level in six 
months. Full details from: Section 47/48, Southall 
College of Technology, Beaconsfleld Road, SOUTHALL 
Middlesex. 

NOW AVAILABLE 

BOUND VOLUME NO. 20 

of "The Radio Constructor" 

FOR YOUR LIBRARY 

ns n5 
pages 

Comp 
780 
plus index 

Volume 20 August 1966 to July 1967 

price 32/6 Postage 4/6 

Special discount of 10'- lor regolorreoders 

Where the 12 monthly issues making up the 
volume are returned, the price is only 22/6 

plus 4/6 postage 

BOUND VOLUME No. 19 
August 1965 to July 1966 
Limited number still available 

Available only from:— 

Rota Publications Ltd. 

57 Maida Vale London W9 
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CHASSIS 
and 

CASES by 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH Type 

Type Size Price Type Size Price 
U 4 x 4 x 4"* 10/- W 15x9x8" 44- 

26/6 U 5^x4^x4^" 15/6 Y 8x6x6" 
U 8x6x6" 21/- Y 12x7x7" 41/- U 9ix7ix3i" 22/- Y 13x7x9" 46/- 
U 15x9x9" 44/6 Y 15x9x7" 48/6 W 8»x 6 x 6" 21/- Z 17x10x9" 66/- W 12x7x7" 34/- Z 19x10x84" 71/- 

* Height 

H.L SMITH&C0. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

Type Z has removable back and front panels. 
Type Y all-screwed construction. 

Type 
Type 

Type 

a 

BLANK CHASSIS—Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 

(Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table below 
which is for four-sided chassis in 16 s.w.g. aluminium. 
48 sq. in. 4/6 176 sq. in. 9/10 304 sq. in. 15/2 
80 sq. in. 5/10 208 sq. in. 11/2 336 sq. in. 16/6 

112 sq. in. 7/2 240 sq. in. 12/6 368 sq. in. 17/10 
144 sq. in. 8/6 272 sq. in. 13/10 and pro rata 

P. & P. 3/- P. & P. 3/6 P. & P. 4/6 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (i" or i"). 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS Any size up to 3ft at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5/3). 
Plus postage and packing 

U A MIUIETDITC hammer pattern brush paint 
nHIYIIYILnl I L FOR PANELS, METALWORK, ETC. 
TRIAL TIN (covers 5 sq. ft.) only 3/6 + 9d post. 
State colour: Blue, Silver, Black or Bronze (Air Drying). 2ioz. tins 3/6, i pint 7/6, I pint 15/-. CARR., up to 5/-, 9d.up to 10/-, 1/9, over 10/-, 3/-. VERY SPECIAL PRICES FOR LARGER SIZES. AMAZING RESULTS, JUST TRY IT. FIREPROOF THINNERS, PANEL TRANSFERS, TINTERS, ETC. LIST FREE. FINNIGAN SPECIALITY PAINTS (RC) Mickley Square, Stocks- field, Northumberland. Telephone: Stocksfield 2280 

ARDEEN (RADIO) EVERY TRANSISTOR WE SELL 
IS COMPREHENSIVELY GUARANTEED (12 MONTHS) TOP MANUFACTURER'S NEW, TESTED PRODUCTS ONLY;- 2N2926, AC 126. 128; OC44, 45, 71. 81. SID 4/- OCI70, 171, BCI08. 109; API26, 127, 2N706 4/6. BCI07—(Replaces 50 other N.P.N.'s—Details supplied) 5/- each, 3 for 13/6. AD 161. 162 12/- each. Bridge Rectifiers:—30V 150mA 4/-; 300mA 5/-; 700mA 9/- 
Return Post Service, Mail Order Only. Lists 6d. 
280 CROXTED ROAD, LONDON SE.24. 

G£ C 
M1432 

WANTED 
This and similar scrap relays 

BEST PRICES PAID 
S.a.e. to "Lanco", 76 Sedgemoor Rd., 
Willenhall, Coventry, Warwickshire 

TESTED MEANS WHAT2? 
TRANSISTORS & DIODES TESTED TO WHAT SPECIFICATION? 
If a device is unmarked and no indication is given of the 
type number, then it is still virtually untested. You 
need sophisticated equipment to analyse each device to 
find out its true characteristics and that means you test 
them. Don't be hoodwinked by fancy phrases and 
don't throw your money away unnecessarily. With 
Bi-Pak semiconductors all our packs and devices carry 
our Bi-Pak satisfaction or money-back guarantee. 
See our advertisement on page 129 and get an honest 
deal. Follow the leaders for value and friendship. 

BI-PAK, KING OF THE PACKS 
PLEASE DO NOT CONFUSE OUR NAME WITH OTHERS 

BULK COMPONENT BARGAINS 
ASSORTED RESISTORS—Hi-Stab (5%1/lotoi watt, worth 
£3) 300 off     15/- 

* ASSORTED CAPACITORS—New Ceramic, Polyester, Elec- 
trolytic, Paper, 100 off         10/6 

CP. & P. Is. 6d. per order, C.W.O.J 
Elmbridge Instruments Ltd. w"t Moi«.^vw°ey 

COLLAPSIBLE AERIAL" 
IN 5 SECTIONS 
CLOSED 1 Si A fully adjustable highly 
-54^" 5^^ efficient Whip aerial made to exacting specifications. Copper plated 

sections. Brass base. An ideal aerial for 
Tx/Rx use. Easily adaptable for cars, scooters, 

walkie-talkies. Brand new in makers boxes. Only 
17/6 each, p. & p. 2/6. Two aerials for 30/- post 2/6. 

Available from 
S. & R. SUPPLIES, Dept. RC1 

24 Cawoods Yard, Mill St., Marsh Lane, LEEDS 9 

THE RADIO CONSTRUCTOR 

AHNUAL SUBSCRIPTIONS to this magazine 

may be obtained direct from the publishers 

ONLY 36/- per year, post free 
Please send remittance with name and address and commencing issue required to: 

DATA PUBLICATIONS LTD S7 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 

% 
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DATA BOOKS SERIES 

NEW REVISED AND ENLARGED EDITION 
DB5 TV Fault Finding 

124 pages. Price 8/6, postage 8d. 
Profusely illustrated with photographs taken from a television screen depicting the faults under discussion 
and containing a wealth of technical information, with circuits, enabling those faults to be eradicated. 
Now includes B.B.C.II as well as B.B.C.I and I.T.A. 

"... A book that should be in every television dealer's service workshop, and in every home-constructor's, for 
that matter."—Journal of the Television Society. 

DB6 The Radio Amateur Operator's Handbook 
64 pages. Price 5/-, postage 5d. 
Contains Amateur Prefixes, Radio Zone Boundaries, Amateur Band Frequency Allocations, Call 
Areas, Charts and Maps, Areas, Codes, Mileage Tables, Prefixes/Directional Bearings, Post Office 
Regulations, and much other useful operating data. For the beginner there are notes on how to use 
the mass of information given to obtain the greatest satisfaction from the hobby. 

". . . For concise knowledge in this field a few shillings well worth spending."—Electronics (Australia). 

DB14 Short Wave Receivers for the Beginner 
72 pages. Price 6/-, postage 6d. 
Contains a selection of both battery and mains operated short wave receivers, circuits, point-to-point 
wiring diagrams and many illustrations. Introductory chapter gives much information on the Short 
Wave Spectrum, Clubs, QSL'ing, Aerials, Amateur and Broadcast Band Listening, Frequencies, etc. 

This book has been specially prepared for the beginner interested in short wave receiver construction and operation. 

DB15 Twenty Suggested Circuits 
48 pages. Price 3/6, postage 5d. 
By G. A. French. Covers subjects ranging from electronic laboratory equipment to the simplest 
of periodic switches. Includes: simple and inexpensive two-valve capacity bridge, short wave regenera- 
tion preselector, one-valve speech operated switching circuit, transformer ratio analyser, series noise 
limiter, receiver remote mains on-off control, and many other circuits. 

DB16 Radio Control for Models 
192 pages. Price 15/-, postage 9d. 
By F. C. Judd. Contains both theory and practical designs of simple and advanced transmitters and 
receivers; basic concepts, aerials, uses of radio components, transistorised receivers, multi-channel 
operation, etc. Sections on servo-mechanisms by Raymond F. Stock. 

More than 200 illustrations. Circuits, photographs, tables and working diagrams. 

DB17 Understanding Television 
512 pages. Price 37/6, postage 3/-. 
By J. R. Davies. This book, which deals with the principles of 625 line reception as fully as 405 line 
reception, fully explains: the nature of the television signal; the cathode ray tube; receiver tuner units; 
receiver i.f. amphfiers; a.f. and video amplifiers; vertical and horizontal timebases; deflector coil 
assembhes; synchronising; automatic gain and contrast control; power supplies and receiver aerials. 
Also includes a comprehensive introduction to colour television. 

". . . one of the best books that aims to explain television in simple language. . . ." R.S.G.B. Bulletin. 

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 W.9 



NEW SOLID STATE HIGH FIDELITY EQUIPMENT (British made) 
Power Amplifiers-Pre Amplifiers-Power Su —— 

SOLID ETOTe STEREO 

mM # m # M 

Complete fully illustrated brochure free on request 
THE FINEST VALUE IN HIGH FIDELITY 

4MP3 
SP6-2 

▲ 
MPA25 

MPA 12/15 

WE PROUDLY PRESENT THIS NEW RANGE OF 
  AUD!0 EQUIPMENT developed from DlNSDALE—each unit or system will compare favourably with other professional equipment selling at much higher prices. Brief details are below:  

SYSTEM COMPRISING SYSTEM PRICE 
5 watt mono for rAri'in 3/5 ohm speakers. C.1U.3.1I ★ A 

★1 12 watt mono for 3 to 5 ohm speakers. £13.17.6 
★ 2 12 watt mono for 12 to 16 ohm speakers. £14.12.6 
★ 4 24 watt mono two channel for 12 to 16 ohm speakers. £20.15.0 00 *

 20 watt mono/stereo for 12 to 16 ohm speakers. £24.0.0 
★ 9 24 watt mono/stereo for 3 to 5 ohm speakers. £26.15.0 
★ 14 40 watt mono/stereo 7^ to 16 ohm speakers. £29.10.0 

CHOOSE A SYSTEM TO SUIT YOUR NEEDS AND SAVE POUNDS 
SEND FOR FULL DETAILS ON ALL ADVERTISED PRODUCTS. FREE ON REQUEST 

VHF FM TUNER 

1 

r 

FM STEREO DECODER 

BUILD A QUALITY TAPE RECORDER 

MW/LW QUALITY TRANSISTOR RADIO TUNER 

m 

87/105 Mc/s Transistor Superhet. Geared tuning. Terrific duality and sensitivity. For valve or -r.snsistor amplifiers. 4 x 3i x 2iin. Complete with dial plate. 5 Mullard Transistors, Plus 4 Diodes. (Cabinet Assembly 20/- extra). 
TOTAL COST /Z - Q x TO BUILD tO.lV.O P.P. 2/6 

7 Mullard Transistors. Printed Circuit Design with Stereo Indicator. For use with any valve or transistor FM. Uses pot cores to Mullard design and ger. and silicon transistors. As used by B.B.C. and G.P.O. 
COMPLETE rC 1Q A KIT PRICE tD.iy.O P.P. 21- 

3-speed version using '363' decks ATWO-TRACK. Deck £10.10.0. Martin Amplifier. £14.19.6. Cabinet and speaker 7gns. Complete kits with FREE 7in. 1,200ft. tape, spare spool. Today's ->-7 P.P. Value £45. X/ gOS. 15/- 
★ FOUR-TRACK. Deck £13.10.0. Martin Amplifier £15.19.6. Cabinet and speaker 7gns. Complete kits with FREE 7in. 1,200ft. tape, spare spool. Today's P.P. Value £50. JU gOS. 15/- 
Fully tunable superhet with excellent sensitivity and selec- tivity. Output up to ^ volt peak. Complete with front panel, etc. 9 volt operated. For use with any amplifier or tape recorder. 

TOTAL COST /*> i O A TO BUILD tJ.ly.O P.P. 2/6 

TOURMASTER TRANSISTOR CAR RADIO British Made 

GLOBEM AS^Ef 

REGENT-6 MW/LW POCKET RADIO TO BUILD 
6-Transistor superhet. Geared tuning. Push-pull speaker output. Moulded Cabinet 5 x 3 x l^in. Phone socket. TOTAL COST r-y n s TO BUILD li.V.O P.P. 2/- Full tuning on both bands. 
7-Transiscor MW/LW Car Radio. 12 volt operated. 3 watt output. Push-button wavechange. RF stage. Supplied built, boxed, ready to use with Speaker and Baffle. Car fixing kit and manufacturers' current guarantee. Special Bargain Offer. Buy Now! LIST PRICE 15 GNS. Push-button version 4 . P.P. £1 1.19.6. P.P. 4/6 l/.IV.O 4/6 

7-TRANSISTOR ........ MW/LW SUPERHET NEW' PORTABLE 
New printed circuit design with full power output. Fully tunable on both mw/lw bands. 7 Transistors plus diode, push-pull circuit. Fitted 5 inch speaker, large ferrife aerial and Mullard transistors. Easy to build with terrific results. All local, and continental stations. 
TOTAL COST , P.P TO BUILD C.O.iy.O 3/6 
6-Mullard T ransistors 7x4 speaker very sensitive excellent coverage Full 3-waveband tuning. Pushbutton wavechange. Superhet printed cir- cuit. Black-chromed cabinet 11x7^- x 3i-in. (SW 17-50 metres). Ear/ Record sockets. I watt push-pull output. 

TOTAL r-j aq a P P 

COST t/.iy.O 3/6 

MAYFAIR 
PORTABLE 

Designed 
by 

W 
ROCHE 99 

GNS. 

Electronic 
Organ 

Total 
Cost 

-ArBuild this superb Instrument STAGE BY STAGE in your own home. ★A truly portable instrument for all enthusiasts. ArFully Transistorised POLYPHONIC British design. ■A"Call in for a DEMONSTRATION—full details on request. 
ORGAN COMPONENTS We carry a comprehensive stock of organ components for TRANSISTOR and VALVE FREE PHASE designs: complete details on request. 

CATALOGUE 
The most COMPREHENSIVE — 
CONCISE — CLEAR — COMPONENTS 
CATALOGUE. Complete with 10/- 
worth discount vouchers FREE 
WITH EVERY COPY. 
-A-20 pages of transistors and semi-conductor devices, valves and crystals. ★ 150 pages of components and equipment. ★50 pages of microphones, decks and Hi-Fi equipment. 

1967 EDITION 
225 pages, 6000 items 
1000 illustrations 

niMirs luiini mi 

SEND TODAY 8/6 POST 
PAID 

' j ' JyLi1 ' 

Pj 

Q| 

Telephone (01) 723-1008/9 
OPEN MON.-SAT. 9 a.m.-6 p.m. THURS. 9 a.m.-l p.rr 

.nr Transistors & Semi-Conductor Devices EDGWARE We have the LARGEST RANGE OVER 650 TYPES 
ROAD ★COMPETITIVE PRICES ★FU LLY G U ARANTEED . ★Ist GRADE STOCKS. SEND FOR FREE LIST No. 36 LONDON Also 24-PAGE ILLUSTRATED BROCHURE LIST- WJ ING 2000 DEVICES with data and circuits, including YYA VALVES and QUARTZ CRYSTALS I/- Post paid 
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