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Eddystone 

TWO FINE RECEIVERS 

840c 940 

The Eddystone '940' is a larger and more elaborate 
communications receiver, with a correspondingly 
better performance. It has two fully tuned radio 
frequency stages and two intermediate frequency 
stages; variable selectivity with a crystal filter; 
built-in carrier level meter and push-pull output 
stage. Sensitivity is very high and outstanding 
results can be expected. Workmanship, construc- 
tion, and finish are all to the usual high Eddystone 
standards. Styling is modern with two-tone grey 
finish. 
List price £133 0s. Od 

The Eddystone '840c' is an inexpensive, soundly 
engineered communications receiver giving full 
coverage from 480 kc/s to 30 Mc/s. It possesses a 
good performance and is built to give years of 
reliable service. The precision slow motion drive— 
an outstanding feature of all Eddystone receivers 
—renders tuning easy right up to the highest 
frequency, and the long horizontal scales aid 
frequency resolution. Modern styling and a 
pleasing two-tone grey finish lead to a most 
attractive receiver. 
List price £66 0s. Od 
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There's an Eddystone communications receiver 

for any frequency between lOkc/s and 1,000 Mc/s 

Eddystone Radio Limited 

Eddystone Works, Alvechurch Road, Birmingham 31 
Telephone: Priory 2231 Cables: Eddystone Birmingham Telex: 33708 LTD/ED7 
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6 VALVE AM/FM 
TUNER UNIT 
Med. and VHF igOm-SSOm, 86 Mc/s- 103 Mc/s, 6 valves and metal rectifier. Self-contained power unit, A.C. 200/250V operation. Magic-eye indicator, 3 push- button controls, on/off, Med., VHF. Diodes and high output Sockets with gain control. Illuminated 2-colour perspex dial I iy x 4", chassis size I l|" x 4" x 5|". A recommended Fi< for use with Mullard "3-3" or "5-10" Amplifiers. mended Fidelity Unit 
Bargain Price: Complete kit of parts, inc. Power Pack, £10.19.6, carriage and insurance, as illustrated. Ditto less Power Pack, £9.19.6. Carr. 7/6. Circuit and constr's details, 4/6 Free with kit. 

7 VALVE AM/FM RADIOGRAM CHASSIS 
New 1965 Model Now Available. 

Three Waveband & Switched Gram positions. Med. 200-550m. Long 1,000- 2,000m. VHF/FM 88-95 Mc/s. Phillips Continental Tuning insert with perme- ability tuning on FM & combined AM/FM IF transformers, 460 kc/s and 10.7 Mc/s. Dust core tuning all coils. Latest circuitry including AVC & Neg. Feedback. 3 watt output. Sensitivity and reproduction of a very high standard. Chassis size I3i"x 6^". Height 74-". Edge illuminated glass dial I li" x3-i-'. Vert, pointer Horiz. station names. Gold on brown background. A.C. 200/250V operation. Magic-eye tuning. Circuit diag. now available. 

Valves ECC85, ECH8I EF89, EABC80, EL84 EMS I, EZ80 

Aligned and tested Carr. & ready for £13.19,6 Ins. 7/6. 
Comp. with Tape, O/P socket, ext. spk'r and P/U sockets and indoor F.M. aerial, and 4 knobs—walnut or ivory to choice. SD P.M. Speaker only required. Recommended Quality Speakers 10" Elac, 27/6. I3i" x 8" E.M.I. Fidelity, 37/6. 12" R.A. with conc. Tweeter, 42/6. Carr. 2/6. 
Jack Plugs. Standard 2±" igranic Ty^pe, 2/6. Screened Ditto, 3/3. Miniature scr. li", 2/3. Sub-min. 1/3. Jack Sockets. Open Igranic Moulded Type, 3/6. Closed Ditto, 4/-. Minia- ture Closed Type, 1/6. Sub-min. (deaf 

aid) ditto, 1/6. Stereo Jack Sockets, 3/6. 
Stereo Jack Plugs, 3/6. 
Phono Plugs, 9d. Phono Sockets 
(open), 9d. Ditto (closed), I/-. Twin 
Phono Sockets (open), 1/3. 

NEW BRITISH RECORDING TAPE 
Famous Mfr. Bulk Purchase — Genuine recommended Tape Bargain. Unconditional Guarantee. Fitted Leader and Stop Foils (except 3"). 
St'd. (PVC base) 3" 150ft. ... 3/9 5" 600ft. ... 11/6 51" 850ft. ... 14/6 7" 1,300ft. ... 17/6 
Post and Pocking -— 3' 

L.P. (PVC base) 225ft. 900ft. 1,200ft. 1,800ft. 
Reels 6d. 

4/9 15/- 17/6 22/6 

D.P. (Milar base) 300ft. ... 6/6 1,200ft. ... 23/6 1,800ft. ... 29/6 2,400ft. ... 37/6 

Triple Play 3" 450ft. ... 4" 900ft. ... 12/6 25/- 

Each additional Reel 3d. 4" to 7" Reels I/-. Each additional Reel 6d. All tape accessories stocked. 
EMPTY TAPE REELE (Plastic): 3" 1/3, 5" 2/-, 5i" 2/-, 7" 2/3. 
PLASTIC REEL CONTAINERS (Cassettes): 5" 1/9, Si" 2/-. 7" 2/3. 

Boxed 
IT4 3/6 

Reduced Bargain Prices 
IRS IS5 3S4 3V4 

6/- 6/- 7/- 7/- ECC8I 7/- ECC82 7/- ECC83 7/- ECL80 9/- ECL82 10/- ECL86 10/6 

EF80 EF86 EL33 EL34 EL84 EY5I EY86 EZ80 EZ8I GZ32 PCC84 

7/6 8/6 12/6 12/6 7/- 9/- 9/- 7/- 7/- 9/6 8/- 

PCF80 8/- PCL83 10/6 PCL84 10/- PCL85 11/6 PL36 10/6 PL8I PL83 PY33 PY82 U25 UL84 

9/6 8/- 10/6 7/- 10/6 9/- 

TUBULAR 
Eiectrolytics All Types New Stock 

CAN TYPES 8 +8/450V 4/6 16 + 16/450V 5/6 32+32/275V 4/6 50 +50/350V 6/6 60 +250/275V 12/6 100+300/275V 12/6 2000+4000/6V 3/6 

1/9 1/9 2/- 2/- 2/3 2/3 

DE LUXE R/PLAYER KIT 
Incorporating 4 Speed Garrard Auto-Slim unit and Mullard latest 3 watt printed circuit amplifier (ECL 86 and EZ 80), volume, bass and treble controls, with 8" x 5" 10,000 line speaker. Superb quality repro- duction. Contemporary styled two-tone cabinet, charcoal grey and off-white with matching blue relief. Size: I7i"x 16" x 8". 

COMPLETE KIT £1 3.1 9.6 Cirr- & l2J6 

Ready wired, 30/- extra. Illuminated Perspex escutcheon, 7/6 extra. 4 Contemp'y legs 6" 10/6, 9" 11/6, 12" 12/6, ex. Catalogue & con- struction details 2/6 (free with kit). 
STANDARD RECORD PLAYER KIT 
Using BSR UAI4 Unit, complete kit £11.10.0, carr. 7/6. Ready wired Amplifier, 7" x 4" quality Speaker and O/P trans., £3.19.6, carr. 2/6. BSR UAI4 Unit, £6.10.0, carr. & ins. 5/-. Rexine covered cabinet in two-tone maroon and cream, size I Si" x I4i" x 8i" with all accessories plus uncut record player mounting board 14" x 13", 59/6, carr. & ins. 5/-. 
Condensers—S/Mica all values 2pF to 
I.OOOpF 6d. Ditto Ceramic 9d. each, 
.005, .01 and .1, etc., I/-. Paper 
Tubular 450V .001 mfd. to .01 mfd and 
.I/350V 9d., .02-.I mfd I/-, .25 mfd 
1/6, 5 mfd 1/9. 

ANOTHER TAPE RECORDER BARGAIN 
New re-designed contemporary Cabinet. Famous 
Mfrs.end of production Surplus Offer 
A 24 gns. Tape Recorder offered at the fabulous bargain price of only 15 gns. + 10/- Carr. Sup- plied in 3 Units already wired and tested— only simple inter-Unit connections neces- sary. A modern Circuit for quality recording from Mike, Gram or Radio, incorporating the latest BSR Twin Track Monardeck Type TD2. Housed in attractive two-tone Cabinet of contemporary design, size 14" x 13^" x 7±" complete with Tape and Mike storage pockets. Valve line up—EF86, t&V: ECL82, EM84, EZ80 and Silicon Diode. \ 
Complete Kit comprising items below. 
BARGAIN PRICE 15 gns. + 10/-carr. 
Cabinet and 7" x 4" Speaker, £3.5.0 + 5/- Carr. Wired Amplifier complete with Record/Playback Switching, 4 Valves, front Panel, Knobs, etc., £5.19.6 + 3/6 Carr. BSR Monar- deck Type TD2, £7.7.0 + 4/6 Carr. Accessories—Mike, Tape, empty Reel, screened Lead & Plugs, Instructions, etc., £1.0.0 + 2/— Carr. 

Volume Controls—5K-2 Meg- ohms, 3" Spindles Morganite Midget Type. 1+' diam. Guar. I year. LOG or LIN ratios less Sw. 3/-. DP. Sw. 4/6. Twin Stereo less Sw. 7/6. D.P. Sw. 9/6 (100 k. to 2 Meg. only). ^ Meg. VOL Controls D.P. Sw. i" flatted spindle. Famous Mfrs. 4 for 10/- post free. 
COAX 80 OHM CABLE 

High grade low loss Cellular air spaced Polythene — i" diameter. Stranded cond. Famous mfrs. Now only 6d. per yard. 
Bargain Prices—Special lengths: 20 yds. 9/-. P. & P. 1/6. 40 yds. 17/6. P. & P. 2/-. 60 yds. 25/-. P. & P. 3/-. Coax Plugs I/-. Sockets I/-. Couplers 1/3. Outlet Boxes 4/6. 

25/25V 50/12V 50/50V 100/25V 8/450V 4/350V 16 + 16/450V 5/6 32+32/450V 6/6 1000/25V 3/9 Ersin Multicore Solder 60/40, 4d. per yard. Cartons 2/6, etc. 

Close Tol. S/Micas—10% 5pF-500pF 8d. 600-5,000pF I/-. 1% 2pF-IOOpF 9d. 100pF-500pF lid. 57SpF-5,000pF 1/6. Resistors—Full Range 10 ohms- 10 megohms 20% i and ^-W 3d., ditto 
10% 4d., jW 5d. (Midget type modern rating) IW 6d., 2W 9d. Hi-Stab 5% i—iW 100 ohms I megohm 6d. Other values9d. l%iW 1/6. W/W Resistors 25 ohms to I OK 5W 1/3, I0W 1/6, I5W 2/-. Pre-set T/V Pots. W/W 25 ohms-50K 3/-. 50K-2 Meg. (Carbon) 3/-. Speaker Fret—Expanded gilt ano- dised metal i" x i" diamond mesh, 4/6 sq. ft., multiples of 6" cut. Max. size, 4ft. x 3ft. 47/6. Carr. extra. Ditto, finer mesh, 4/6 sq. ft. Multiples 12" only, max size 3ft x 2ft. 27/6. Plus Carr. 
TYGAN FRET (contemp. pat.) 12" x 12" 2/-, 12" x 18" 3/-, 12" x 24" 4/-, 18" x 18" 4/6, etc. 
BONDACOUST Speaker Cabinet Acoustic Wadding, superior grade, I" thick, 18" wide, any length cut 2/3 per ft, 6/- per yd. 

ENAMELLED COPPER WIRE— i-lb reels, I4g-20g, 3/-; 22g-28g, 3/6; 36g-38gt 4/9; 39-40g, 5/-, etc. 
TINNED COPPER WIRE—l4-22g. 4/- i lb. 
PVC CONNECTING WIRE—10 colours (for chassis wiring, etc.)—Single or stranded conductor, per yd., 2d. Sleeving, I mm. and 2mm., 2d. yd., etc. 
KNOBS—Modern Continental types: Brown or Ivory with Gold Centre, I "dia., 9d. each; If", 1/3 each; Conc. knobs with gold centre I J" dia., 2/9 per pair. Match- ing ditto, 2/6 each. LARGE SELECTION AVAILABLE. 

TRANSISTOR COMPONENTS 
Midget I.F.'s—465 kc/s -jV" diam., first, second or third 5/6 Osc. coil M. & L.W. iV7 diam. 5/0 Midget Driver Trans. 9:1 6/0 Ditto O/Put Push-pull 3 ohms 6/0 
Elect. Condensers—Midget Typo 15V lmfd-50mfd. ea. 1/9. lOOmfd. 2/-. 
Ferrite Aerial—M. & L. W. with car aerial coupling coil, 9/3. 
Condensers—150V. wkg. .01 mfd. to .04 mfd., 9d. .05 mfd., .1 mfd., I/-. .25 mfd., i/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 208 + l76pF, 8/6. Ditto with trimmers, 9/6. 365pF single, 7/6. Sub-min. i" DILcMIN lOOpF, 300pF, SOOpF, 7/-. 
Midget Vol. Control with edge control knob, 5k Q with switch, 4/9, ditto less switch, 3/9. 

JASON FM TUNER UNITS Designer-approved kit of parts: 
FMTI, 5 gns. 4 valves, 20/-. FMT2, £7.10.0. 5 valves.,35/-. JTV MERCURY 10 gns. 3 valves, 22/6. JTV2 £13.19.6. 4 valves. 28/6. NEW JASON FM HAND- BOOK, 2/6. Prompt Alignment Service 7/6. P. & P. 2/6. 

MULLARD "3—3" & "5—10" HI-FI AMPLIFIERS 
3 OHM & 15 OHM 

OUTPUT 
"3-3" Amp. 3-valve, 3 watt, Hi-Fi quality at reasonable cost. Bass Boost and Treble controls, quality sectional output trans- former, 40 c/s-25 kc/s ± IdB. lOOmV for 3W, less than 1% distortion. Bronze escutcheon panel. 
Complete Kit only 7 gns. Carr. 5/-. Wired and tested £8.10.0 
MULLARD "5-10" AMPLI- FIER—5 valves I0W. 3 and 15 ohms output. Mullard's famous circuit with heavy duty ultra-linear quality output tfr. 

Basic amplifier kit price £9.19.6. Carr. 7/6. Ready built; Mi gns. 
2-VALVE PRE-AMP. UNIT Based on Mullard's famous 2-valve (2 x EF86) circuit with full equalisation with volume, bass, treble, and 5-position selector switch. Size 9" x 6" x 2i". Ready built, wired and tested, £7.19.6. Carr. 3/6. 

Speakers P.M.—2" Plessey 75 ohms, 15/6. 2i" Continental 8 ohms, 13/6. 7" x 4" Plessey 35 ohm, 23/6. Ear Plug Phones—Min. Continental type, 3ft. lead, jack plug and socket. High Imp. 8/-. Low Imp., 7/6. High sensitivity M/coil 8-10 ohms, 12/6. 
Est. 
1946 

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality O/P Trans., etc. Enquiries invited for Specials, Proto- types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Road, Thornton Heath, Surrey THO 2188. Hours; 9 a.m.S.m., I p.m. Wed. Terms C.W.O. or C.O.D. Post and Packing up to ilb. //-., / lb. 1/9, 3 lb. 3/-. 5 lb. 3/9, 8 lb. 4/6. 
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HI-FI AMPLIFIERS TUNERS RECORD PLAYERS 

20+20 
STEREO 

AMP. 
AA-22U 

GARRARD 
PLAYER 

AT-60 

TRANSISTOR MIXER. Model TM-1. A must for the tape enthu- 
siast. Four channels. Battery operated. Similar stylihg to Model AA-22U 
Amplifier. 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). 
Attractive walnut veneered cabinet £2.5.0 extra. 
GARRARD AUTO/RECORD PLAYER. Model AT-60. 
less cartridge £13.1.7 With Decca Deram pick-up £17.16.1 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. Presentation similar to S-33. 

Kit £10.19.6 Assembled £15.10.0 

low 
POWER 

AMP. 
MA-12 

3 + 3W 
STEREO 

AMP. 
S-33H 

HI-FI MONO AMPLIFIER. Model MA-12. 10W output, wide freq. range, 
low distortion. Kit £11.18.0 Assembled £15.18.0 
3 + 3W STEREO AMPLIFIER. Model S-33. An easy-to-build, low cost unit. 
2 inputs per channel. Kit £13.7.6 Assembled £18.18.0 
DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of the 
S-33 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 
HI-FI STEREO AMPLIFIER. Model S-99. 9 + 9W output. Ganged 
controls. Stereo/Mono gram., radio and tape inputs. Push-button selection. 
Printed circuit construction. Kit £28.9.6 Assembled £38.9.6 
POWER SUPPLY UNIT. Model MGP-1. Input 100/120V, 200/250V, 
40-60 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.G. 

Kit £5.2.6 Assembled £6.12.6 

AfaAe the most of your time,.. 

FOR THE INSTRUMENTALIST 

N 

NEW! 5TARMAKER-33 
TRANSISTOR PA/GUITAR AMP LI- 
FIER, PA-2. 20 Waft amplifier. Two 
heavy duty speakers. Four inputs. Two 
channels. Variable tremolo. Speed and 
depth controls. Weight 511b. 
18'7 high x 29" wide x 10" deep. 

Kit £44.19.0 Assembled £59.10.0 
Castors or legs available as extras. 

TRANSISTOR RECEIVERS 

UXR-2 

UXR-1 

UJR-1 

"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. 
TRANSISTOR PORTABLE. Model UXR-1. 
Pre-aligned I.F. transformers, printed circuit. 
Covers L.W. and M.W. Has 7" x 4" loud- 
speaker. Real hide case. 

Kit £12.11.0 incl. 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. 
JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent 
introduction to radio. Kit £2.7.6 incl. P.T. 

WELCOME TO OUR LONDON HEATHKIT CENTRE | 
In response to the request of many customers, we have opened 
a showroom and retail stores at: 

233 Tottenham Court Road 
WHEN YOU ARE IN TOWN, WE HOPE YOU WILL VISIT US THERE 

INSTRUMENTS 

|NEWi| 3"LOW-PRICED SERVICE OSCILLO- 
SCOPE. Model OS-2. Compact size 5" x 7|" 
x 12" deep. Wt. only 9Jib. "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 £22.18.0 Assembled £30.8.0 
5" GEN-PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with pro- 
fessional specification and styling. "Y" band- 
width 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 £22.10.0 Assembled £30.10.0 
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 0.1Q to 1,000MQ with internal battery. 
D.c. input resistance HMD. 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. Ranges 0-1.5V to 
1,500V a.c. and d.c.; ISOpA to 15A d.c.; 0.2D to 20MQ. 
4+' 50|xA 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 £13.8.0 Assembled £19.18.0 
lNEW!l SINE/SQ GENERATOR. Model 
IG-82U. Freq. range 20 c/s-1 Mc/s in 5 bands 
less than 0.5% sine wave dist. less than O.lSp, 
sec. sq. wave rise time. 

Kit £24.10.0 Assembled £36.10.0 
TRANSISTOR POWER SUPPLY. 
Model IP-20U. Up to 50V, 1.5A output. 
Ideal for Laboratory use. Compact size. 

Kit £35.18.0 Assembled £47.18.0 

OS-2 

IM-13U 

V-7A 

RF-1U 

IG-82U 
Prices and specifications 
subject to change without 

notice 
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TAPE AMPLIFIERS TAPE DECKS CONTROL UNITS 

FM 
TUNER 
FM-4U 

MAGNAVOX 
DECK 

HI-FI FM TUNER. Model FM-4U. Also 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. 
amplifiei unit, with power supply and valves (j£13.13.0). 

Total Kit £16.8.0 

MAGNAVOX "363" TAPE DECK. The finest buy in its price 
range. Operating speeds: IJ", 3^" and 7^" p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at 7i" p.s. £13.10.0 

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 

TRUVOX 
DECK m AM/FM 

TUNER 

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape decks. D93/2, 
■jf track, £36.15.0 D93/4, i track, £36.15.0 
TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press-button speed compensation and input selection. 
Mono Model TA-1M. Kit £19.18.0 Assembled £28.18.0 
Stereo Model TA-1S. Kit £25.10.0 Assembled £35.18.0 
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 £8.12.6 Assembled £13.12.6 

STEREO CONTROL UNIT. Model USC-1. Push-button selection, 
accurately matched ganged controls to ildB. Rumble and variable low-pass 
filters. Printed circuit boards. Kit £19.10.0 Assembled £26.10.0 

£nJoy yourself building a Heathkit mode! /■if 

SSU-1 

Berkeley 

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. P.T. 
|NEW!| BERKELEY Slim-line SPEAKER 
SYSTEM, fully finished walnut veneered 
cabinet for faster construction. Special 12" 
bass unit and 4" mid/high frequency unit. 
Range 30-17,000 c/s. Size 26" x 17" x only 
7f" deep. Modern attractive styling. Ex- 
cellent value. 

Kit £18.10.0 Assembled £23.0.0 
COTSWOLD SPEAKER SYSTEMS. Out- 
standing performance for price. 
MFS: Size 36" x 16i" x 14" deep. 

Kit £25.12.0 Assembled £33.17.0 
STANDARD: Size 26" x 23" x 14^" deep. 

Kit.£25.12.0 Assembled £33.17.0 

HI-FI CABINETS 
A wide range available including: 
PLAYBOX Table Player. Available in 
walnut, mahogany or teak finish. 

Assembled £10.10.0 
GLOUCESTER. Kit 

£18.10.0 incl. P.T. 
MALVERN. Kit £18.1.0 incl. P.T. 
CHEPSTOW. Kit £11.12.6 incl. P.T. 

PLAYBOX 
finished Cabinet 

| MANY OTHER BRITISH MODELS 
| Send for free Catalogue 

Deferred terms available in U.K. over £10. 
Prices quoted are Mail Order prices. 

DAYSTR0M LTD 
DEPT. RC.2 
GLOUCESTER 

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- 
I00U. Careful design has achieved high 
performance and stability. Completely 
self-contained. 

Kit £79.10.0 Assembled £104.15.0 
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 
REFLECTED POWER METER and SWR BRIDGE. 
Model HM-11U. Indicates reliably, but inexpensively, 
whether the RF power output of your TX is being 
transferred efficiently to radiating antenna. 

Kit £8.5.0 Assembled £10.10.0 

AMERICAN HEATHKIT "AMATEUR" EQUIPMENT 
A wide range of American Amateur SSB equip- 
ment is now available in the U.K. Why not send 
for full details of range, for example: 

80-10M RECEIVER. Model SB.300E. 
Of advanced design employing up-to-date con- 
struction techniques, its specification ensures 
unparalleled performance. 
Kit £139,0,0 (less speaker) price incl.-carriage, duty, etc. SB.300E 

Without obligation please send me 
FREE BRITISH HEATHKIT CATALOGUE 
FULL DETAILS OF MODEL(S)  
(Please write in BLOCK CAPITALS) 
NAME           —   
ADDRESS         

(Tick here) 

DEPT. RC.2 j 
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[SINCLAIR MICRO F M 

7 TRANSISTOR 

TWO-OUTPUT 

F.M. UNIT 

THE WORLD'S FIRST POCKET-SIZE 

FM TUNER-RECEIVER 

mireofdl 

SIZE 
iff"xIf" 

• A.F.C. 
• NEEDS NO 

ALIGNMENT 

• PULSE COUNTING 
DETECTOR 

• TUNES FROM 
88-108 Mc/s 

• A GUARANTEED 
SINCLAIR DESIGN 

The SINCLAIR MICRO FM is a high quality FM tuner designed to 
be used with hi-fi amplifier or tape recorder and as an independent 
self-contained pocket FM receiver for personal listening anywhere. 
Barely half the size of a packet of 10 cigarettes, the Micro FM is 
a fully fledged 7 transistor-2 diode superhet circuit incorporating 
many unique and original design features to achieve fantastically 
good standards of performance. Pulse counting detection ensures 
better linearity than conventional detection methods, and therefore 
better audio quality. Powerful A.F.C. and good sensitivity make 
tuning easy. The set's own telescopic aerial suffices almost every- 
where. In styling, this is the most elegant, most professional looking design 
in miniaturised eouipment ever made available to constructors, and is one you 
will be very proud to possess. YET WITH ALHTHESE VfONDERFUL 
FEATURES, THE SINCLAIR MICRO FM COSTS POUNDS 
LESS AND OFFERS ADVANTAGES NOT FOUND IN ANY 
OTHER F.M. TUNER. 

USE IT AS A TUNER AND A POCKET F.M. RADIO 

GUARANTEE 
Should you not be completely satisfied with your purchase when you receive it from us, your money will be refunded in full and at once without question 

* TECHNICAL DESCRIPTION 
Seven transistor, two diode F.M. superhet. The telescopic aerial is coupled to an R.F. amplifier followed by a self-oscillating mixer. Low I.F. dispenses with the need for align- ment. A three stage l.F. amplifier amplifies and limits the signal to produce a square wave of constant voltage which is fed into the pulse counting discriminator, and converted to uniform pulses, the average output from which is directly proportional to the signal frequency, so that the original modulation is reproduced exactly. The signal is fed to the audio output socket for use with an amplifier or recorder and also the receiver's own audio amplifying stage for the Micro FM to be used as an independent self-contained receiver. A.F.C. makes tuning simple. THE SINCLAIR MICRO FM is housed in a neat plastic case faced by an elegant front panel of brushed and polished aluminium with spun aluminium tuning dial to match. 

self- SUPPLY VOLTAGE—9V from contained standard battery * CONSUMPTION—5mA ir SENSITIVITY—Typically 3 microvolts * AUDIO OUTPUT—300-MV approx. from 25K ohms 
^ HIGH LEVEL AUDIO OUTPUT 9V peak * AUDIO RESPONSE—10 to 20,000 c/s ±ldB * TUNING RANGE—87.5 to 108 Mc/s * SIGNAL TO NOISE RATIO—30dB at 30 microvolts 
THE COMPLETE KIT OF PARTS for building the SINCLAIR MICRO FM including extending aerial, 7 transistors, case, tuning dial, aluminium front panel, lightweight ear- piece, plugs and sockets and instructions cost only 

SINCLAIR MICRO 

It's the smallest radio 

set in the world! 
No transistor set has ever yet compared with the six-stage 
Micro-6 for sire, power, performance and design. No set has ever 
given such pleasure and satisfaction both in building and using it. 
It gives you the whole of Europe to listen to, and all over the 
world constructors are loud in their praise for the Micro-6. 
Everything except the light weight earpiece is contained within 
the tiny, elegant white, gold and black case. Important features 
include bandspread at the higher frequency end of the tuning for 
easy reception of Luxembourg, powerful A.G.C. to counteract 
fading of distant stations, and vernier type tuning. Quality is 
outstandingly good. Many thousands of Micro-6 receivers have 
been built all over the world, and it cannot be too highly recom- 
mended as an intriguing design to build and a most practical 
radio to use. When you have built it you will want your Micro-6 
with you always—and it plays everywhere! 

stors, case, tuning 

£5.19.6 

SIZE — 
14/S"X IJ/k/'xI/J" 

• 
WEIGHT—1 oz. 

• 
TUNES OVER 

MEDIUM WAVES 
• 

AMAZING POWER 
AND SELECTIVITY 

• 
BUILD IT IN A 

SINGLE EVENING 
AMAZING CIRCUITRY 
Six-stage circuit using 3 special Micro-Alloy tran- sistors (M.A.T.s) provides 2 stages of R.F. amplifi- cation, double diode detector and high gain 3-stage A.F. amplifier plus A.G.C. Tunes over the Medium Waveband. Two self-contained batteries give about 70 hours working life. All parts including Transistors, case, dial, lightweight earpiece, all parts and easy u ' *% etc to follow instructions come to ** * UUnrLtl c 
MALLORY MERCURY CELL ZMSIZIO required) each l/ll (Pack of 6—10/6) 

59'6 

BANDSPREAD FOR 
LUXEMBOURG 

• 
PLAYS ANYWHERE 

FULL SERVICE FACILITIES ALWAYS AVAILABLE TO SINCLAIR CUSTOMERS 

SINCLAIR RADIONICS ltd., 
COMBERTON, CAMBRIDGE Telephone: COMBERTON 682 ncz 
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A NEW SINCLAIR AMPLIFIER 

SINCLAIR 

COMBINED 

# | V AMPLIFIER 
# Xf AND 

MammMMm PRE-AMP 

Ready built, 
tested and 
guaranteed 

SINCLAIR PX-1 POWER PACK £2.14.0 

SIZE— 
3 x If * H" 
WEIGHT— 
3 oz. 

TRUE HI-FI 
PERFORMANCE 

OPERATES 
FROM 6 TO 20 
VOLT SUPPLY 

A TINY, VERSATILE AMPLIFIER 

GIVING 12 WATTS R.M.S. OUTPUT 

The Sinclair Z.12 is a universally flexible amplifier in which great 
power and extreme smallness are the outstanding features. It 
comes to you ready built and'can be incorporated to great advantage 
into any high quality hi-fi system. Its small size and high efficiency, 
however, make it equally useful for a guitar, for car radio, P.A# 
system or any other application where high quality is the first 
requirement. The Z.12 incorporates its own pre-amplifier to 
which you add the tone and volume control system of your choice 
as shown in the Z.12 manual supplied with the amplifier. The 
size, the performance, and the price of the Sinclair Z.12 all favour 
the constructor who wants the best in modern transistor equip- 
ment; in fact, the Z.12 is unbeatable in every way and is today's 
finest buy in top grade high fidelity. 

TECHNICAL DETAILS l  
High fidelity amplifier with pre-amp and ultra-linear 
class B output. Eight special H.F. transistors are used 
in original circuitry to achieve laboratory standards of 
performance. Generous negative feedback ensures 
extra good quality. 
Frequency Response—15 to 50,000 c/s ±1dB 
Output—12 watts RMS continuous sine wave (24 watts 
peak); 15 watts RMS music power (30 watts) peak 
Output Impedance—suitable for 3, 7.5 and 15 ohms 

speakers. Two 3 ohm speakers may be used in parallel 
if required. 

Input—2mV into 2K ohms 
Signal to Noise Ratio—better than 60dB 
Quiescent Current Consumption—15mA 
Power Supply—6 to 20V d.c. from power unit available 

or batteries. 
Ideal for operation from a 12 Volt battery. 

ORDER FORM 

To; SINCLAIR RADIONICS LTD., 
COMBERTON, CAMBRIDGE 

Please send items detailed below: 

1 

SINCLAIR GUARANTEE 
All purchases from Sinclair Radionics Ltd., Comberton, Cambridge, 
are covered by this simple, straightforward guarantee as follows: 
Should you not be completely satisfied with your purchase when 
you receive it from us, your money will be refunded in full and 
at once without question. 

Should you prefer not to cut this page, please quote R.C.2 when writing your order. 

i ::: 

| For which I enclose cosh/cheque/money order 

m 

SINCLAIR RADIONICS 
LTD. 

COMBERTON, CAMBRIDGE 
Tel: Comberton 682 

1 

►! 

NAME.. 
ADDRESS 

RC2 
J 
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Scottish Insurance Corporation Ltd 

38 EASTCHEAP LONDON ECS 

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., 

38 EASTCHEAP, LONDON E.C3 
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EDCC TO AMBITIOUS ENGINEERS 
■ - THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy ? 
ENGINEERING OPPORTUNITIES 
is a highly informative 156-page guide to 
the best paid engineering posts. It tells 
you how you can quickly prepare at 
home for a recognised engineering quali- 
fication and outlines a wonderful range 
of modern Home Study Courses in all 
branches of Engineering. This unique 
book also gives full details of the Practi- 
cal Radio & Electronics Courses, ad- 
ministered by our Specialist Electronics 
Training Division—the B.I.E.T. School 
of Electronics, explains the benefits of 
our Employment 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 OPPORTUNITIES" today —FREE. 
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

(Dept. 752B), 29 Wright's Lane, London, W.8 

WHICH IS YOUR 
PET SUBJECT? 
Mechanical Eng., 
Electrical Eng., 

Civil Engineering, 
Radio Engineering, 
Automobile Eng., 
Aeronautical Eng., 
Production Eng., 
Building, Plastics, 
Draughtsmanship, 

Television, etc. 
GET SOME 

LETTERS AFTER 
YOUR NAME ! 
A.M.I.Mech.E. 

A.M.I.C.E. 
A.M.I.Prod.E. 

A.M.I.M.I. 
A.I.O.B. 

B.Sc. 
A.M.I.E.R.E. 
City & Guilds 

Gen. Cert, of Ed. 
Etc., etc. 

PRACTICAL 
EQUIPMENT 

Basic Practical and Theore- 
tic Courses for beginners in 
Radio, T.V., Electronics, 
Etc., A.M.I.E.R.E., City & 

Guilds 
Radio Amateurs' Exam. 

R.T.E.B. Certificate 
P.M.G. Certificate 

Practical Radio 
Radio & Television 

Servicing 
Practical Electronics 

Electronics Engineering 
Automation 

INCLUDING 
TOOLS! 

The specialist Elec- 
tronics Division of 
B.I.E.T. 
NO W offers you a 
real laboratory 
training at home 
with practical 
equipment. Ask 
for details. 
B.I.E.T. 
SCHOOL OF 
ELECTRONICS 

POST COUPON NOW 
■ Please send me your FREE 156-page 

"ENGINEERING OPPORTUNITIES 
(Write if you prefer not to cut page) 

■ NAME   
■ ADDRESS  

SUBJECT OR EXAM 
THAT INTERESTS ME   /^D 

m 

m 

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

r^\ OUR RANGE OF PRO- 

THE WORD MA Xi~0 15 THE REGISTERED 

^ TRADE MARK 

DUCTS IS SO GREAT THAT 
WE NOW HAVE TO 
REQUEST THE AMOUNT 

OF DENCO (CLACTON) LIMITED 
OF 2s. Od. FOR OUR GENER- 
AL CATALOGUE AND TO 

IT IS ALSO A GUARANTEE OF SAVE YOU POSTAL ORDER 

WORKMANSHIP AND 
POUNDAGE CHARGE WE 
REQUEST SEND 2s. Od. IN 

TECHNICAL PERFORMANCE STAMPS. 

IN RESPONSE TO CONTINUOUS DEMAND we have commenced production of Self-Contained Multiplex 
Decoder Unit, aligned ready for immediate use, that will convert your two receivers—tuner and two amplifiers 
—tuner and stereo amplifier or stereo receiver without Multiplex provision to a complete B.B.C. Stereo 
Broadcast Reception Unit. Price £8.0.0, post paid. Technical Publication MDI, 4s. 0d., post paid. 
IFT.11/46S kc/s centre tapped transformer for use in crystal filter circuits, 1x -H" square. 10s. 6d. plus 8d. post. 
IFT.18/465 kc/s and 1.6 Mc/s Double Tuned transistor transformer Ij" x square. 10s. 6d,, plus 8d. post. 
Please send S.A.E. with all enquiries. General Catalogue 2s. Od. 

DENCO (CLACTON) LTD. 
(DEPT. R.C.) 

357/9 OLD ROAD, CLACTON-ON-SEA, ESSEX 
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HOME RADIO LTD., Dept. RC, 187 London Road, Mitcham, Surrey Phone: mit 3282 

S2 «* t 

\\ /// \\ 

S3 
When I was a lad,^ 

Radio Receivers 

looked something 

like THIS ... 

Yes . . . and you could read your newspaper by the light of the 

valves! The only station was 2LO, London—full power, kilo- 

watts—resident comedian, Leonard Henry! The sets were master- 

pieces of design—the sketch above by no means shows all the wires, 

batteries, accumulators, etc., required to work these gorgeous 

monsters! A bit different from your new 5x3x2 Transistor, eh? 

Catalogues too have changed through the 
years. Time was when I waxed enthusiastic 
over a 20-page Radio Components Catalogue! 
But you can have the blissful experience of 
poring through the latest edition of the 
famous Home Radio Catalogue—210 pages, 
listing over 5,800 items, 900 of them illus- 
trated. This catalogue, plus a 21-page 
supplement, plus a Semi Conductor brochure, 
plus a Special Bargain list, is yours for 7s. 6d. 
plus Is. 6d. postage and packing. Today's 
best nine bob's worth!—especially as each 
catalogue contains 5 vouchers each worth Is. 
when used as directed. Come on, you lucky 
lad, post the attached Coupon today with 
your cheque or postal order! 

Please write your Name and Address in block capitals 

Name 

Address 

Home Radio Ltd., Dept. RC, 187 London Rd., Mitcham, Surrey ■ 
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TRANSISTOR 

TIME S 

By J. SPENCER, M.A. 

The need for some form of 
variable time switch arises 
frequently in the lives of 

both the experimenter and the 
photographer. Usually, mains elec- 
tricity is available so that power 
consumption is not a serious prob- 
lem. Also, such a supply lends 
itself to designs which use thermionic 
valves as their basis of operation. 
In the case of the circuit to be 
described the possible absence of 
mains supplies had to be assumed, 
so the unit had to be battery driven. 
This, in turn, led to a need for a 
low power consumption in order 
that dry batteries could be employed 
to increase the portability of the 
unit and its associated circuits. 
Inevitably, therefore, a design based 
on transistors had to be adopted. 

Design 
The circuit chosen as a basis 

for design was the monostable 
multivibrator, see Fig. 1. In such 
a circuit one transistor of a pair 
is normally fully conducting and 
causes the other transistor to be 
cut off. This is the stable state, 
and it persists indefinitely unless a 
signal is applied to the circuit. 

Such a signal is a short pulse 
which may be applied in various 
ways, and which has the effect 
of turning on the cut-off transistor. 
Due to an RC coupling between 
the two transistors, when this 
reversal of state of one transistor 
occurs it automatically reverses 
the state of the other transistor. 
The circuit is now in its unstable 
state, the duration of which is 
governed by the values used for the 
RC coupling. When the monostable 
multivibrator is used as a time- 
switch it is usual to employ the 
unstable state duration as the output, 
and to make it variable by adjustment 
of R or C, or both. 

Although varying R is an obvious 
choice for adjusting the time period, 
this resistor carries the base current 
for TR2, which puts severe limits 
on the maximum value that may 
be used. Consequently, if long 
durations are wanted, the value 
of C must be increased. Large 
values of C are undesirable because 
of the leakage currents which occur 
in the electrolytic capacitors that 
such large values demand. The 
practical design problem is thus 
the choice of the "best" compromise 

between conflicting requirements. 
Figure 2 shows the compromise 

finally "selected in the present case. 
The base current requirement of 

TR2 can be considerably reduced if, 
instead of one transistor, two are 
used in a "Darlington pair" arrange- 
ment. This allows much larger 
values of R to be used for the same 
output current. Thus the value of 
C necessary for a given delay 
period can be kept smaller. If 
inexpensive transistors are employed 
in the Darlington pair the cost is 
only slightly increased, if at all. 

Unfortunately, the very high cur- 
rent gain of the Darlington pair 
carries with it the disadvantage of 
increased temperature sensitivity, 
especially with the Ybe and Lo 
characteristics of the pair. If 
these effects are not to upset the 
consistency of timing they must be 
reduced. The use of the largest 
possible value for the common 
emitter resistor, R3, consistent with 
supply voltage and output current 
requirements is one correcting 
feature. Simple temperature com- 
pensation is provided, also, by the 
thermistor, THi, in the base circuit 
of TRi. The CZ3 thermistor chosen 
is inexpensive and, together with 
R7, gives a resistance of about 
lOkH at 15° C. The 8.2kil resistor, 
R7, attenuates the temperature co- 
efficient of the CZ3 to a value 
which gives reasonable temperature 
stability for the complete circuit. 
For example, in the prototype 
with a fixed lOkO resistor the 
unstable state duration changed 
by approximately —0.8% 0C rise in 
ambient temperature. This reduces 
to —0.1%/oC with the arrangement 
shown. The quoted values were 
obtained for a temperature range 
of +2.7 to +18.90C. 

Anchor Resistor 
Finally, the rather paradoxical 

addition of a small value resistor 
between TR2 base and the positive 
supply line will be noticed. This 
helps to reduce leakage current 
changes in the Darlington pair, 
but in so doing it reduces the pair 
to something little better than the 
single transistor of Fig. 1. Con- 
sequently, to anchor the base and 
at the same time to isolate the 
resistor from the RC timing coupling, 
the diode, Di, is included in series 
with the anchor resistor. The 
reverse resistance of the diode is 
now shunted across the Darlington 
pair input and so, to maintain 
long timing periods it is essential 
to pick a diode with a high reverse 
resistance. Even if a high value is 
obtained it will be found that the 
shunting effect is quite pronounce 

-v 

Input pulse 0 1 

TRp TP 

Fig. 1. The monostable multivibrator, adapted for single battery operation. 
TRi is on in the unstable state, and TR2 is on in the stable state. The circuit 
may also be triggered by applying a positive pulse to the base of TR2 
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Components List 
Rpvivt/irv 
(All fixed values 10% i watt) 

Ri lOOkQ 
Rz 7500 
R3 lOOQ 
R4 500kn potentiometer, linear 
R5 47kn 
Re 1.5k£J 
R, 8.2kn 
R8 2.2kn 

Capacitors 
Ci 0.5(xF paper 
C2 500(xF electrolytic 12V wkg. 
C3 50;iF electrolytic 12V wkg. 

Semiconductors 
TRi OC76 (or OC83) 
TRz OC75 
TR3 OC83 
Di OA202 
Dz OA81 

Switches 
Si s.p.s.t. press-button 
Sz s.p.d.t. 
S3 s.p.s.t. (Fig. 2) or d.p.s.t. 

(Fig. 3) 

Miscellaneous 
Relay type 600, 60012 coil, contacts 

as required 
THi Thermistor type CZ3 
12-volt battery 

but, of course, temperature effects 
are reduced considerably. It is 
probably very much a case of 
"you pay your money and you take 
your choice". If changes in ambient 
conditions are either very small or 
unlikely, then the shunt resistor 
plus diode can be dispensed with, 
and a gain in timing period duration 
will result. The duration of the 
unstable state is approximately 0.7 
RC. With 547kn and SOOjrF, 
the calculated duration of the 
unstable state is 191 seconds. 
In the prototype, and without the 
shunt diode and Re in circuit, the 
measured maximum duration was 
205 seconds, in fair agreement 
with the calculation. With the 
diode and Rg included, the maximum 
duration dropped to about 65 
seconds. 

The 47kO resistor, R5, in series 
with the timing resistor, R4, is 
essential, as it limits the maximum 
base current that can be passed 
through TRz. The relay current, 
when energised, is 16mA. 

The signal which initiates the 
unstable state is a positive pulse 
applied to TRz base. This turns 
the Darlington pair off. The 100kf2 
and O.SjiF parallel combination, 
Ci, Ri, ensures that sufficient 
charge is taken from TRz base to 

Start 
switcl itch, ^ 

'i H, 

"2; C2 
s^Di- 

^ID^ 
C3 

(D 
TR| 

, OC76 

"3 

r4; 
D2 

OA8I 
, lJ 

TR2 
OC75 

TR3 
OC83 

D| 
'OA 202 

\ r6 

S3 -I2V 
Relay type 

6OO 
600n 

5TH1 
■ CZ 3 

R8: 

Fig. 2. The circuit of the complete transistor timer. Battery drain is of the 
order of 16mA. TRx may be an OC83 instead of an OC76, if desired 

cut off the pair whilst still not 
allowing the circuit to be re-started 
inadvertently should the start switch 
still be closed at the end of a timing 
period. 

The values of C (Cz and C3 
in Fig. 2) are chosen to suit the 
maximum required duration using 
the equation given above. Those 
specified are suitable for a dual 
range timer covering 0.5 to 6 and 
6 to 60 seconds approximately. 
The measured maximum variability 
of timing, at a constant setting of 
R, and with C=500(j.F, was about 
±1.5% of the mean timing period. 
This result was obtained from a 
sample of twenty periods. This 
variability will tend to increase as 
the value of C is increased. 

Construction 
Construction is a matter of 

choice because there is nothing 
critical in the layout of this type 
of circuit. In the prototype the 
complete unit, less batteries, was 
housed in a tin 3iin in diameter 
by 4iin long. The timing capacitors, 
variable resistor, relay and the 
range switch were mounted in the 
tin and the remaining components 
were attached to a small group 
board which was fixed to the tin 
lid. Small connecting block strip 
was used for the external connections 
to the battery and for the relay 
contacts. 

Critical Applications 
It is important to note that the 

output signal is obtained when the 
relay in TR3 collector circuit is de- 
energised. To prevent a false 
signal occurring when the timer is 
switched off, for example, it is 

o To power supply 
<5 on controlled unit 

-V 
Relay o To controlled 

o circuit 

2 - T 

L^- 

Indicator 
lamp 

Fig. 3. A switching arrangement for critical applications. $3(3) is the on-off 
switch for the timer whilst $30,) is the cut-out for the controlled circuit 

FEBRUARY 1966 411 

www.americanradiohistory.com



advisable to use a 2-pole 2-way 
supply switch for the unit, this 
being wired as shown in Fig. 3. 
This automatically open-circuits the 

relay contact circuit, whenever the 
timer is switched off. The indicator 
lamp is an additional check that 
may be useful in some cases. 

No doubt there are other and 
probably better ways of "fool- 
proofing" the timer which will 
occur to readers. 

AMPLIFYING=  

THE ELECTRIC BASS GUITAR 

By C. P. BARHAM 

Our contributor, an electronic engineer with three years' experience as bass guitarist in a beat 
group, has devoted a considerable amount of time to the design and construction of amplification 
equipment both for his own and for other groups. He has also often been called upon to repair 
commercial amplifiers of various makes. Such first-hand knowledge is amply reflected in this 
article, which offers a common-sense and very practical approach to the subject of bass guitar 

electronics 

The electric bass guitar is an instrument 
which has achieved a great deal of popularity 
in recent years among both dance band and 

beat groups musicians. Since its introduction 
as a more portable substitute for the conventional 
double-bass it has gained status as an instrument 
in its own right, requiring different techniques of 
playing and achieving an individual tonal character- 
istic. 

It should be realised by any persons intending 
to play this instrument (and therefore intending 
to purchase or construct the associated amplifiers 
and loudspeaker systems), that the requirements 
of the amplifying system are different according 
to whether the instrument is to be used in the beat 
group or the dance band. Since a previous article 
in The Radio Constructor has dealt with a system 
which would be more applicable to the dance band,* 
this present article deals mainly with the beat 
group instrumentalist's requirements. 

Two Types Of System 
To appreciate the difference between the two 

types of system, it should be understood that, in 
the beat group, the bass guitar plays a far more 
prominent part than does the same instrument 
in the dance band, where it appears to be regarded 
primarily as a supplement to the percussion. A 
greater volume of sound is required from the bass 
guitar in the beat group and its usefulness lies in 
its being able to provide "body" to the music, both 
accentuating the beat and combining with the 
other instruments to provide a simple rhythm, 
since beat music is, in essence, based upon simple, 
straightforward rhythm. 

* R. A. Jeffrey, "Some Notes On The Electric Bass Guitar", The 
Radio Constructor, February 1965. 

For this purpose, an output power of 25 watts 
must be considered the absolute minimum. Flat 
response and freedom from harmonic distortion 
is not only unnecessary, but can be actually detri- 
mental to the sound of the instrument. The amplifier, 
in fact, should be treated not as a machine for 
reproducing with high fidelity the sound of the 
unamplified guitar, but as a means of modifying 
and enhancing the quality of this sound by the 
deliberate boosting of certain characteristics at 
the expense of others. A bass guitar played through 
a high fidelity amplifier, although giving a smooth, 
round tone, lacks the particular "edge" or "bite" 
needed for the beat group. 

The Guitar 
Before considering the design of the amplifier 

and loudspeaker system, it may be of interest to 
discuss briefly the bass guitar itself. 

There is a wide variation in price between 
guitars and, as with most things, one gets what 
one pays for. 

The aspiring guitarist of limited means may, 
however, construct for himself very cheaply a 
simple guitar which will give reasonably satisfactory 
results until he can afford a professionally construc- 
ted model of higher quality. The author has 
himself constructed such a guitar sawn from a 
sheet of blockboard. The neck was reinforced 
by a piece of fin mahogany which, in addition to 
adding strength, gave a smooth playing surface. 
The machine heads, bridge, tailpiece and strings 
were purchased from a musical instrument shop. 
The pick-up was home-made, but a cheap one 
may be bought for about £2. 

The most important step in the construction of 
the guitar is to get the relative positions of top 
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nut, bridge and frets correct. The top nut should 
be 30J,in from the bridge, the first fret 30i/i7in from 
the top nut, the spacing between the first and 
second frets u of the distance from the first fret 
to the bridge, and so on for 17 fret positions. Fret 
wire may be bought from the musical instrument 
dealer. 

The Amplifier 
Power amplifiers can be obtained in all price 

ranges. If the novice is intending to purchase one, 
he should not sacrifice power for quality in this 
application. He should buy the highest powered 
amplifier he can get in the range 25-50 watts, at 
the highest price he can afford. It is false economy 
to buy low powered equipment with which he 
will be dissatisfied at a later date. 

A low level of harmonic distortion is not of 
prime importance as distortion far in excess of 
that produced by the amplifier will be introduced 
by the loudspeakers. As regards response, if the 
power is available any loss of response at the 
lower frequencies can be made up by increasing 
the volume at the input. 

Separate pre-amplifiers with multiple tone controls 
and filters are unnecessary since adequate adjust- 
ment of volume and tone is usually to be found 
on the controls of the guitar itself. In order to 
minimise hum and noise level, nevertheless, it is 
best to work with the guitar volume control at 
maximum and to control the output volume from 
the amplifier itself. 

Although most commercial guitar amplifiers 
are provided with several (up to six) input sockets 
for use with a number of instruments simultaneously, 
the author feels that this is not a good thing as it 
is likely to lead to overloading of the amplifier 
and speakers, and possibly to intermodulation 
between the various inputs. 

Should the enthusiast decide to build rather 
than buy an amplifier for his guitar, he will find 
there there are a large number of published designs 
in the range up to 20 watts and somewhat fewer 
to choose from at higher power ratings. Most of 
the Hi-Fi amplifiers rated at 20 watts, can, in fact, 
be driven up to 25-30 watts, since the 20 watt 
figure quoted is normally for a low harmonic 
distortion content. As previously mentioned, 
multiple tone controls can be dispensed with, so 
simplifying the pre-amplifier stages. If a published 
design is not quoted as being specifically for a 
guitar, the enthusiast should check that the input 
impedance is suitable. Most guitar pick-ups have 
an impedance in the region of Ikfl and give up to 
50mV output. This is more or less equivalent to 
the microphone input of a general purpose amplifier. 
The other important point to look for is the type 
of valve used in the output stages of the circuit. 
A guitar amplifier should have an output stage 
"damping factor" in the region of 50, which implies 
that valves such as the EL34, KT88, or 807 with 
low anode impedance should be used. A high 
damping factor means that the amplifier is capable 
of exercising a high degree of control over the 

movement of the loudspeaker cone. The individual 
quality of the bass guitar sound derives from the 
damping of the guitar strings as they are plucked. 
If the loudspeaker cone is allowed to resonate, 
this quality is lost. Another factor affecting output 
stage damping is the type of output transformer 
used. A transformer of inadequate size will not 
give a good performance, regardless of the excellence 
of the amplifier. 

A further point which may be mentioned is the 
question of hum and noise level in the amplifier. 
An expensive amplifier is necessary in order to 
keep the hum and noise at a low figure. However, 
low hum and noise level is not necessary if the 
equipment is to be used only for playing on stage, 
but if the amplifier is required for use in a recording 
studio hum and noise cannot be tolerated. 

Speaker Systems 
As for the speakers, they should be capable of 

handling twice the power the amplifier can give 
or the transients, which are the important factor 
in bass guitar music, will overload the speaker, 
producing a "ragged" tone or even wrecking the 
cone of the speaker. Some manufacturers in fact 
quote a "bass guitar" power rating for their speakers 
which may be 40% lower than the normal rating. 

If the guitarist cannot afford this, he should 
budget for the biggest reserve of power he can. 
If two speakers are used, it is preferable to contain 
them, properly positioned, in one cabinet, rather 
than to spend extra money on separate cabinets 
which, although in theory giving "separation", 
in practice makes very little difference. As for the 
design of the speaker cabinet, the enthusiast must 
choose between a completely enclosed box of 
extremely rigid construction, or a properly designed 
and constructed sand-filled bass reflex cabinet. 
Most commercial manufacturers opt for the former, 
partly because of the weight and the bulk of the 
latter, and partly because the expense is not justified 
in this application, where, as previously stated, 
linearity of response is not of prime importance. 
A compromise measure such as a ported box is 
not to be recommended as it can introduce unwanted 
resonances. 

An open weave speaker mesh should be used 
as the close-weave type may "buzz" at certain 
frequencies. A good scheme is to use expanded 
metal mesh as a speaker grille as this is far more 
rigid than woven plastic or fabric. It is important, 
however, to ensure that the expanded metal does 
not rattle against the cabinet. It should, for best 
results, be clamped at its edges between two layers 
of rubber sheet. 

As the speaker enclosure is liable to be a heavy 
piece of equipment, wheels and handles are normally 
fitted. These need some care in their choice and 
positioning, or they will rattle whenever full power 
is used. It is absolutely essential that the amplifiers 
should be in separate boxes to prevent acoustic 
feedback, and mechanical damage to valves. Nor 
is the "piggyback" type of amplifier mounted on 
top of the speaker enclosure to be recommended. 
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Even with the ampliher in a separate enclosure, 
anti-microphonic valveholders are to be recom- 
mended. Since the amplifier is likely to be mounted 
some distance from the speakers, one should make 
sure that the amplifier is of a type which will not 
oscillate with long speaker leads attached. 

Finally, an important word of warning. Do not 
on any account, use a.c./d.c. amplifiers where the 
chassis may become live and which, if used in con- 
junction with other earthed electrical equipment, 
may prove lethal. Several recent accidents can be 
attributed to this cause. 

Recent Publications . . . 

PICK UPS—THE KEY TO HI-FI. By J. Walton. 110 pages, 5 x 7i ins. Published by Sir Isaac Pitman and Sons, 
Ltd. Price 10s. . j i • » 

This little book is a surprise packet—and a very welcome surprise packet, too—because it squeezes a great deal into 
a small and modest covering. The author has specialised in the design of gramophone pick ups and he contends that 
it is the pick up, and not the loudspeaker, which is the weakest link in the high fidelity reproducing chain. 

The book commences with a preliminary explanation of terms, then carries on to the information carried by the 
record and the requirements of the pick up in reproducing that information. Next follow sections on pick up arms and 
tracking, on clearing practical troubles, on calculations and on references for further reading. At the end of the book 
are a series of electron and optical microscope photographs of record grooves and some of the frightening things that 
happen to them after playing with pick ups having a high tip mass. j u i 

The hi-fi enthusiast naturally wants to obtain best pick up performance and minimum record wear, and the book 
under review tells him how to do this both clearly and concisely. Despite its small size it contains a considerable amount 
of detailed advice and information; and it has patently been written by an author who has had much practical experience 
in the pick up field. 

TRANSISTOR ELECTRONIC ORGANS FOR THE AMATEUR. By Alan Douglas, Sen.M.I.E.E.E. and S. Astley. 
82 pages, 5i x BJ ins. Published by Sir Isaac Pitman and Sons, Ltd. Price 18s. 

Neither Alan Douglas nor S. Astley are newcomers to readers of The Radio Constructor, and a complete organ described 
in one chapter of this book is a development from that described by S. Astley in our issues for August to November, 
1962 

Out of the six chapters which make up the book, the first provides some short details on organ terminology, whilst 
the second gives an introduction to transistor operating principles. The third chapter is devoted to the transistorised 
organ just mentioned, whilst the fourth carries on to other transistorised organ circuits. These include frequency 
dividers, oscillators, vibrato circuits, diode shapers and tone filter networks. The light dependent resistor is not for- 
gotten and this appears in both a vibrato arrangement and a stop control circuit. The fifth chapter is devoted to tran- 
iistor amplifiers and power supplies whilst the sixth gives notes on semiconductor keying and special effects. An Ap- 
pendix provides a frequency table for tonal derivatives. 

ACOUSTICAL TESTS AND MEASUREMENTS. By Don Davies. 192 pages, 54 x 84 ins. Published by W. 
Foulsham & Co. Ltd. Price 30s. r c i- u j 

This book, which appears in the Foulsham-Sams Technical Book series with introductory chapters for English readers, 
is devoted to the scientific testing methods which can be applied to acoustics. The particular branch of acoustics covered 
is that which deals with public address and sound reinforcement systems in buildings and stadia. 

The treatment is comprehensive and deals with such basic quantities as quietness, reverberation, loudness 
requirements and distortion. The author has had a great deal of experience in auditoria and arenas in the United 
States and draws extensively from this experience in his text. After describing the test equipment which may be 
employed the book carries on to chapters dealing with the measurement of noise, the measurement of reverberation 
time, and the new technique of pulse testing. Methods of testing a complete sound system come next, these being followed by chapters on the writing of a survey report and specification measurements ...... • 1 

The equipment mentioned in the book is American (although it should be possible to obtain British equivalents) 
but this does not represent any serious disadvantage. What is of more importance is that the problems discussed apply 
to any country, and the text abounds with illustrations of successful solutions taken from practical observation on the 
part of the author. 

RADIO MOBILE HANDBOOK. By Charles Caringella, W6NJV. 163 pages, 54 x 84in. Published by W. 
Foulsham & Co. Ltd. Price 24s. , . j . ^ 

This is another title in the Foulsham-Sams Technical Book series and it offers general advice to the amateur or 
would-be amateur who wishes to go mobile. The text of the book is of American origin, and deals with mobile operation 
as it exists in that country. However, there is a great deal that is common to similar operation in the U.K.., and 
fundamental principles are the same for both countries. . . , . • ..t. 

The first chapter deals with receivers and converters, the latter being intended for short wave reception with an 
i.f. output feeding into the aerial terminal of a broadcast band car radio. Chapter 2 covers transmitters, including 
s.s.b., whilst the third chapter is devoted to modulators. Further chapters cover transceivers and transmitter-receiver, 
microphones, aerials, power supplies and ignition noise, and there is a folded sheet at the end of the book which gives 
full circuit diagrams for the Heathkit HR20 mobile receiver, the Heathkit "Pawnee ' 2-meter transmitter-receivers, 
the Heathkit HW-12 s.s.b. transceiver, and the Gonset "Communicator IV" transmitter-receiver. In the text, 
descriptions of commercially available and home-built equipment appear alongside each other and a useful feature of 
the book is the provision of full circuit diagrams (in addition to those at the end of the book) for the commercial items. 
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fractionol Resistance Measurements 

SUGGESTED CIRCUIT No. 183 By G. A. FRENCH 

IT IS OFTEN DESIRABLE, DURING 
design and servicing work, to be 
able to measure low values of 

resistance. Typical examples are 
given by the checking of coils or 
switch contacts whose resistance 
may be of the order of 0.10 or less. 
Unfortunately, the resistance ranges 
of conventional multi-testmeters em- 
ploy the series type of circuit in 
which an energising battery, the 
meter movement, and the resistance 
being measured are all effectively in 
series, and these do not normally 
give useful readings below about 
0.5f2. They cannot, therefore, be 
used for low resistance measure- 
ments. 

In this article, the writer will show 
that it is possible to obtain reliable 
readings of much lower values of 
resistance than 0.50, and that these 
readings can be obtained with 
extremely simple and inexpensive 
equipment and without having to 
calibrate against standard resistors. 
A moving-coO milliammeter is re- 
quired but its full-scale deflection 
figure is not important. It is, indeed, 
possible to employ the scheme to be 
suggested when the full-scale deflec- 
tion of the meter is not even accu- 
rately known! 

It will be assumed, in this article, 
that the reader understands the 
simple principles involved in connect- 
ing shunt resistors across current- 
reading meters. 

The Basic Principle 
Fig. 1 gives a circuit in which a 

meter is connected in parallel with a 
shunt resistor. The internal resist- 
ance of the meter is Rm and the value 
of the shunt resistor is Rs. A current 
Im flows through the meter, and a 
current Is through the shunt resistor. 
A constant current, designated Ic, 
flows through the parallel combina- 
tion of both meter and shunt 
resistor, and it follows that Im+Is 

=Ic. Also, the currents flowing 
through the meter and the shunt 
resistor are inversely proportional to 
their resistances, giving: 

Im   Rs 
Is Rm 

Since Im+Is=lc, we may say that 
Is=Ic—Im, and can use the term, 
Ic—Im, to replace Is in the equation 
just given. 

Im   Rs 
Ic 

therefore Im = 
fm Rm 
Rsds Im) 

therefore Im + 

Rm 
IcRs ImRs 
F-m Rm 

ImRs IcRs 
Rm Rm 

therefore Im(l-f-?5.)=J£5-S 

Rm Rm 

therefore Im=- IcRs 

Rm (1+-^") 

_ IcRs 
Rm "{"Rs 

This simple equation* tells us the 
current flowing through the meter 
of Fig. 1, provided that the values 
of Ic, Rs and Rm are known. 

Let us now assume that the meter 
in Fig. 1 has a scale which is 
graduated from 0 to 100 and, also, 
that Ic has a value which causes the 
meter to read full-scale deflection 
when Ic passes through it (as would 
occur if Rs were taken out of 
circuit). Im is expressed in terms of 

* The same result is given from = Ic Rt ——, where Rt is the total resistance given Rm 
by the parallel combination of Rm and Rs 
(and equals Rm^s ). Rm+Rs 

Ic multiplied by a resistance ratio, 
with the consequence that the actual 
units of current which flow become 
unimportant, and all we need say is 
that Ic is 100 "units of current" and 
is indicated as such by the meter 
showing "100" when Ic flows 
through it. Im is measured in the 
same "units of current" as is Ic, so 
that if a certain value of Rs causes 
the meter to indicate "10" this means 
that 10 "units of current" are 
passing through the meter. 

Provided we know the value of 
Rm we are now in a position to find 
the values of Im which correspond 
to different values of Rs. To take an 
example, let us assume that the 
internal resistance of the meter is 
IQ and that Rs—O.IO. Then: 

100x0.1 
Im_ 1+0.1 

10 
1.1 

=9.09 
It will be noted that we have 

substituted 100 for Ic, because Ic is 
100 "units of current". Im is 9.09 
"units of current". Since the meter 
is graduated from 0 to 100, its needle 
will point to 9.09 on its scale. 

The accompanying Table shows 
values of Im calculated for Rs from 

u Rs 
AMV- 

Fig. 1. A current-reading meter 
in parallel with a shunt resistor. 
The internal resistance of the 
meter is Rm, and the value of the 

shunt resistor is Rs 
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Test 
terminals 

Fig. 2. The circuit of Fig. 1 may 
be employed for measuring 
resistance, as shown here. 
Resistors to be measured are 
connected to the test terminals, 
whereupon their value may be 

evaluated from the Table 

0.01 to 100, it being assumed that 
Rm is equal to 1 £2 and that Ic is equal 
to full-scale deflection in the meter, 
which is calibrated from 0 to 100. 
It will be seen that useful readings 
are given for shunt resistances as low 
as 0.010, whereupon we now have 
the basis of a resistance measuring 
circuit which is capable of measuring 
very low values of resistance. The 
resistances to be measured are 
inserted in the shunt resistance 
position, as shown in Fig. 2. 

The figures in the Table are still 
applicable if the internal resistance 
of the meter, Rm, is other than in. 
If Rm is 20, all the figures in the Rs 
column must be multiplied by 2. 
If Rm is 50, all the figures in the Rs 
column have to be multiplied by 5. 
Thus, with a meter having an 

TABLE 
Values of Im for Rs from 0.01 to 

100, with Rm = 10. (If Rm is other 
than 10, multiply Rs by Rm.) 

Rs (") Im (% Off.s.d.) 
0.01 0.99 
0.02 1.96 
0,03 2.91 
0.04 3.85 
0.05 4.76 
0.06 5.66 
0.07 6.54 
0.08 7,40 
0.09 8.26 
0.1 9.09 
0.2 16.7 
0.3 23.1 
0.4 28.6 
0.5 33.3 
0.6 37.5 
0.7 41.2 
0.8 44.4 
0.9 47.4 
1.0 50 
2.0 66.7 
3.0 75 
4.0 80 
5.0 83.3 
6.0 85.7 
7.0 87.5 
8.0 88.9 
9.0 90 

10.0 90.9 

internal resistance of 50, a reading 
of 7.40 on its 0-100 scale will 
correspond to a test resistance of 
0.08 x 5=0.40. 

Practical Considerations 
This last point emphasises the fact 

that, to be able to measure very low 
values of resistance in the shunt 
position, it is necessary for Rm to 
have a low value as well. It becomes 
necessary next, therefore, to examine 
practical meters as are generally 
available on the home-constructor 
market to see what values of Rm are 
offered. A typical example of a 
practical instrument is the frequently 
encountered ex-R.A.F. 2Jin move- 
ment which has a full-scale deflection 
of 1 mA and an internal resistance of 
75 £2. 75 £2 is much too high a figure 
for Rm, if we wish to measure really 
low values of resistance using the 
circuit of Fig. 2, but it is quite easy to 
add a shunt to the meter to make it 
read 10mA full-scale deflection, 
whereupon the effective resistance 
presented by the meter (plus shunt) 
drops to 7.5£2. Fig. 3 shows the 
meter with its shunt. So far as the 
circuit external to the meter is 
concerned, the meter and its shunt 
in this present instance are exactly 
the same as a 0-10mA meter on its 
own having an internal resistance of 
7.5£2. If we were to add a shunt 
which made the meter read 100mA 
full-scale deflection an effective 
internal resistance of 0.75£2 would 
be presented to the circuit external 
to the meter. This low figure for 
Rm would require that all the figures 
in the Rs column of the Table be 
multiplied by 0.75, whereupon a high 
degree of sensitivity is provided. 

It will be seen that, to reduce Rm 
with a meter of the type commonly 
available, it will normally be neces- 
sary to shunt the meter so that its 
full-scale deflection figure is in- 
creased. Checking at random 
through his stock of meters, the 
writer finds that he has a O-lOrnA 
meter with a nominal internal 
resistance of 6£2. If this were 
shunted to read 30mA, the effective 
Rm becomes 2£2. Similarly, a 
O-lOOuA meter in the writer's stock 
has an internal resistance of 460£2. 
If this meter were shunted to read, 
say, 20mA full-scale deflection, the 
effective Rm presented to the external 
circuit would be 2.3£2. 

All these figures are representative 
of actual meter movements common- 
ly available, and they clearly illus- 
trate the fact that a lower effective 
Rm (and, hence, greater sensitivity in 
the circuit of Fig. 2) may be 
obtained by shunting the meter to 
obtain a higher full-scale deflection. 
There is, however, a limit to which 

such shunting may be carried, this 
limit being set by the difficulty of 
providing an excessively high con- 
stant current to energise the circuit 
and by the fact that much of the 
constant current flows through the 
resistance being measured when this 
resistance has a low value. Too high 
a current could damage the resistance 
being measured, and a practical 
compromise would consist of making 
Ic lie between some 10 and 50mA. 

It goes without saying that all the 
meters just referred to are not 
calibrated directly in terms of 0 to 
100. But their scales can, of course, 
be interpreted in terms of 0 to 100, 
the Im figures in the Table then 
representing the percentage of full- 
scale deflection. 

Some readers may be puzzled at 
the emphasis on using individual 
meter movements with, if necessary, 
shunt resistors to reduce their 
effective Rm, when it would apparent- 
ly be much simpler to employ a 
multi-testmeter switched to a high 
current range instead. Multi- 
testmeters are not, however, suited 
for the present application. This is 
because such instruments employ 
universal shunt circuits and high- 
value swamp resistors in series with 
the meter movement, with the result 
that relatively large values of Rm are 
presented at their terminals. A high- 
grade expensive testmeter can offer, 
typically, an Rm of about 5 £2 when 
switched to 100mA full-scale deflec- 
tion. Other testmeters may give even 
higher values of effective Rm. These 
values of Rm are too high for the 
circuit of Fig. 2 to be really effective. 

A Practical Circuit 
A practical circuit is shown in 

Fig. 4. In this diagram the constant 
current Ic is obtained from a con- 

rCh 

Ic 

Shunt 

Test 
-0 terminals 

Fig. 3. To obtain high sensitivity 
it is desirable to reduce Rm and, 
with practical meters, this may 
necessitate connecting a shunt 
across it. The meter and shunt 
are shown here in a dashed 
outline to illustrate the fact that, 
so far as the external circuit is 
concerned, the Rm given by the 
meter and its shunt may be 
considered as the Rm of a meter 

on its own 
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Fig. 4. A practical test circuit. The secondary of the mains transformer 
should offer some 230 to 250 volts. The rectifier may be a silicon, "metal" 
or contact-cooled component of adequate ratings. Suitable values of Rj 
and R2 for different ranges of lc are given. R2 should be a wirewound 

component capable of passing the current involved 

ventional half-wave mains power 
supply giving a rectified voltage of 
around 250. The current ratings for 
the mains transformer secondary and 
rectifier should be higher than the 
constant current it is intended to 
employ, and suitable values for the 
dropping resistors Ri and R2 are 
indicated in the diagram. It should 
be pointed out here that the con- 
structor has to make his own choice 
of Ic, bearing in mind the meters he 
has available, the two limitations on 
maximum Ic just mentioned, and the 
sensitivity of resistance readings 
required. The values shown in 
Fig. 4 for the fixed resistor, Ri may- 
need adjustment if the rectified 
voltage is considerably different 
from 250 volts. 

A constant current is achieved in 
the circuit of Fig. 4 because the 
voltage changes across the meter due 
to the connection of different test 
resistances are negligibly small com- 
pared with the voltage applied to Ri 
and R2. R2 is a panel-mounted 
variable resistor which is set up to 
provide full-scale deflection in the 
meter when no test resistor is 
connected. Since R2 can, if neces- 
sary, be frequently adjusted, it is felt 
that there is little point in incor- 
porating any voltage stabilising 
circuit to take up possible variations 
in mains supply potential. If a 
suitable h.t. power supply is already 
available, this can be used instead of 
the mains transformer, rectifier and 
reservoir capacitor of Fig. 4. 

After connecting up the circuit and 
switching on, R2 is adjusted to give 
full-scale deflection in the meter. If 
Rm is known accurately, it is then 

possible to obtain resistance measure- 
ments by working directly from the 
Table, multiplying the figures in the 
Rs column by Rm. If the constructor 
is uncertain of the exact value of Rm 
(because, say, he has used a shunt 
resistor whose exact value is un- 
known) a resistor of known value 
which gives about mid-scale deflec- 
tion should be connected to the test 
terminals. The value of Rm may then 
be found by dividing the value of this 
resistor by the value for Rs 
obtained from the Table. When the 
meter is fitted with a shunt to bring 
its Rm down, it may be helpful to 
give the shunt a value which causes 
Rm to be a round figure rather than 

to aim at a round figure in terms of 
milliamps for full-scale deflection. 
Provided that Ic lies within a suitable 
range of currents, its exact value is 
of no importance. 

The writer checked the results in 
the Table with a practical set-up, 
the Ic for which was in the region of 
16mA with Rm being equal to 311. 
Results were in accordance with the 
figures given in the Table. The 
writer was fascinated to find that the 
most convenient way of checking 
accuracy at low readings was to use 
short lengths of 36 s.w.g. copper 
wire as test resistances. This gauge 
of wire has a nominal resistance of 
0.0149n per inch! 

MAGAZINE REVIEW . . . 

SPACE. 7| x 7in. Published by Cockatrice Press Ltd, 99 Mortimer Street, London. W.1. 
The various branches of science are so intermingled nowadays that it is very difficult indeed to say where one begins 

and another ends. Furthermore, electronics is the handmaiden of them all, whether it be in the form of radio communica- 
tions, accurate data measurements or for control systems, etc. In no sphere is this so true as in that of space research, 
where absolute reliance must be placed on efficient electronic systems for communications, for control systems, for 
passing vital data to and from the space craft or satellite—or even for the physical and mental welfare of the astronauts. 
We make no apology therefore for introducing to our readers the magazine Space, knowing that, even though it is not 

radio literature" in the strict sense of the term, there can be few of our readers who are not as fascinated with space 
research activity as they may be with more mundane radio interests. 

Quite an unusual publication, Space has an unusual format and is a numbered, not a dated, publication. Each series 
is to consist of consecutively numbered pages, which can later be bound in book form. The magazine is not on general 
sale, being obtainable on subscription only (£2) for twelve issues. It is very well produced with good large-sized illus- 
trations which adequately convey the impressiveness of many of the photos of rocketry, space craft and associated equip- 
ment. 

As those who try to keep up with the rapid advances of space technology will know, it is difficult to find suitable 
literature for this purpose, particularly that suited to the interested lay science reader. This publication very adequately 
fills this role. We can recommend it without hesitation to all those who want to keep up with science in this field, 
be it space communications, space chemistry, space medicine, or even space history. It will interest both the lay science 
reader and professional alike and is a "must" for technical college and science school libraries. 
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NEWS . . . AND 

TV and Radio Show 1966 

The Television and Radio Show 1966 is to be held at Earls Court, London, 
from 22-26 August 1966. The show will be promoted and presented by 
Industrial and Trades Fair Limited, with the full support and backing of the 
Radio and Television Retailers' Association. It will be open to trade visitors only. 

The decision to hold the show follows a country-wide poll of dealers' 
opinions conducted with the co-operation ofthe Radio and Television Retailers' 
Association. Leading companies already taking part include Philips Electrical 
Ltd., Pye, Rank-Bush Murphy Ltd., Standard Telephones and Cables Ltd. and 
two sectors of the Thorn Group (Thorn-A.E.I. Radio Valves and Tubes Ltd. 
and the Marconiphone Division). 

Participation in the exhibition will be open to all home and overseas 
manufacturers of television and radio sets, high fidelity audio equipment, 
radiograms, record players, amplifiers, discs, tape recorders, musical instru- 
ments, transmission and studio equipment and allied products and services. 

rull-scale international advertising, promotional, publicity and press 
relations campaigns, including a special nation-wide dealer publicity campaign, 
will be arranged by the organisers' Public Relations Division, ensuring that 
all potential trade buyers and visitors are kept fully informed concerning the 
show. 

Paint-on Plastics Conduct Electricity 

Plastics which conduct electricity have been invented in the United 
States, adding an entirely new dimension to the use of these versatile materials. 

They can be applied in liquid form, almost like paint, to give an electrically- 
conducting coating to the surface of insulating materials, including ordinary 
plastics. They should be suitable for printed circuits. 

Plastics at present in use are virtually incapable of conducting electricity 
and are therefore widely used as insulators. 

Research work on the new plastics has been conducted by scientists of 
the U.S. General Electric Company. Additional development work is neces- 
sary before these plastics are available commercially. 

<■ 
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Forecast 
Predictions are always in the air 

at this time of the year, there being 
one on the periphery of our hobby 
which will interest manyof our readers. 

Mr. Sarnoff, former chairman of 
the Radio Corporation of America, 
at a dinner in New York spoke of 
the technical advances which have 
already enabled the human voice, 
pictures, telegraph and data trans- 
missions to pass simultaneously 
through the same relays in the form 
of identical electronic pulses. He 
went on to say—"Not only television 
and telephone, but books, magazines 
and newspapers will be converted 
into identical energy for transmission 
over any distance. At the receiving 
end these electronic signals will be 
converted into any form we choose, 
either visual display or recorded 
sounds or printed pages." 

Thinking Point 
Professor Colin Cherry, Professor 

of Telecommunication at the Imperial 
College of Science and Technology, 
in the third Cantor lecture at the 
Royal Society of Arts, recently drew 
attention to the probability that 
much ill mannered driving on our 
roads is due to lack of communica- 
tion. A motorist can flash lights or 
honk, but "in no sense can he, for 
example, apologise", and he may 
drive in an anti-social manner for 
the same reasons that a man "sent 
to Coventry" or in prison, may act 
anti-socially. 

Professor Cherry suggested that 
radio communication between car 
drivers might do much to remedy 
the situation. 
The "Southerner" 

The many readers who are interes- 
ted in boats will see with interest the 
fine looking powerboat illustrated 
"alongside". 

Such readers, particularly, will 
notice the television cameras at the 
ready. The picture is of the power- 
boat Southerner speeding through the 
Solent at 34 knots on another outside 
broadcast assignment for Southern 
Independent Television. Southerner 
is the only O.B. boat of its kind in 
this country, possibly the world. 
Three EMI 4|-in image orthicon 
television cameras are mounted on 
deck, one on a specially strengthened 
section of the cabin deck, the others 
at port and starboard on the forward 
deck. The camera mountings have 
guard rails and safety harnesses for 
the cameramen. 
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Underwater Transmission 
What may well be the first amateur 

radio transmission from under the 
water was reported in a recent issue 
of Mobile News, the journal of the 
Amateur Radio Mobile Society. 
Transmissions were made by Gerry 
Jackson, G3HQU, and were picked 
up by three local amateurs, G3IKV, 
G3EFC and G3KKJ, as well as by a 
monitor van at the waterside, in 
which the entire broadcast was taped. 

The transmission took place at 
Ormsgill Reservoir, Lancashire, and 
G3HQU was accompanied by two 
other divers, one of whom checked 
the leads through the heavy weed in 
the reservoir whilst the other acted 
as general safety cover and observer. 
Previous trials had shown the neces- 
sity for waterproofing the crystal 
microphone, and it had been found 
that the best way to feed the leads 
into the Siebe full face mask worn by 
G3HQU whilst submerged was 
under the jacket, over the head and 
into the top of the mask. 

Surface equipment, held in a 
dinghy above the diver, included a 
10-watt transmitter operating on 
1.925 Mc/s, a 12-volt battery, a 
transistor power unit and a whip 
aerial with capacitor disc and an 
additional bottom loading coil. 

The Mobile News report is taken 
from Triton, the journal of the 
British Sub-Aqua Club. Further 
technical information, written by 
G3HQU, should be appearing in 
later issues of Mobile News. Future 
experiments are aimed towards 
employing fully submersible "per- 
sonal" transmitters, which can be 
coupled by a single lead to a small 
float aerial. 

Quotes 
From Professor Cherry's lecture 

referred to earlier in these notes:— 
"A glance at any railway station 
bookstand tell me that today there 
is far more mental poison in print 
than on the television screen. Sharp 
comments and complaints about 
corrupting influences of television 
programmes are common, yet rarely 
are books criticised. Can I conclude 
that these complainers don't read?". 

As we go to press we read in the 
Daily Mail that "Russian technicians 
have developed a colour television 
system in an attempt to break the 
West's hold over the future of 
international broadcasting." 

COMMENT 
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Comment from VK 

Our daily postbag, like that of most radio magazines, contains letters from 
all over the world. It is always of particular interest to us when a reader 
from abroad sends us a photograph of equipment built up from one of our 
designs. 

The photograph above is from D. Tovey of Melbourne, Australia who 
although he emigrated from this country some 10 years ago, has continued 
to read The Radio Constructor regularly ever since. 

The main receiver is based on the General Coverage Double Superhet 
Receiver by Frank. A. Baldwin which we published in the November 1963 
issue. The secondary set is the 6-Stage 3-Transistor Short Wave Reflex 
Receiver by Sir Douglas Hall, K.C.M.G., described in our August 1964 issue 
Our reader says that the latter receiver pulls in BBC programmes at speaker 
strength using a 10in vertical aerial. In view of the location and the simplicity 
of design, he considers the set "a marvellous little job". 

No Comment! 
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Mechanical Adjustment 

of Moving-Coil Meters 

 By g. w. McDonald, giox  

There are, at present, large numbers of ex-Service moving-coil meters in the hands of 
home-constructors or which are offered by retailers. The performance of many of these 
instruments can be improved by small mechanical repairs or adjustments, and these form the 
subject of this article. It should, of course, be pointed out that, unless the reader has the ability 
and has acquired sufficient experience, repairs and adjustments on more expensive meters 

should be passed to a competent instrument mechanic 

Most amateur radio constructors have at 
some time or another found it necessary to 
use a meter to make electrical measurements, 

but few have sufficient knowledge of the meter 
"innards" to make the necessary mechanical adjust- 
ments to the movement should its operation be 
erratic, or if it fails to read or reads wrongly. 

The type of meter used most commonly by the 
amateur is the ex-Service moving-coil type. These 
instruments are cheap and easily obtainable in a 
wide assortment of scale readings. They are very 
reliable but are not always up to the peak of their 
efficiency, mechanically. This is due in many cases 
to prolonged storage under bad conditions, although 
the supplier cannot be blamed for this as they are 
bought in bulk direct from storage. At current 
prices—almost a quarter that of the new article— 
these meters are good value for money in spite of 
minor faults. Many are ex-equipment and may have 
been repaired at some time. 

The main point of this article is to show that, 
with some knowledge of how a meter works and of 
its mechanical construction, a great deal can be 
done to improve a faulty instrument. One need not 
be a skilled instrument mechanic to repair simple 
faults on moving coil meters. A steady hand, good 
eyesight and patience are the main requirements for 
success. 

The writer must stress, however, that any meter 
of value, such as a good multi-range instrument, 
should not be the subject of first experiments in the 
repair of meters. Treat a good instrument as you 
would a good watch, and send it to the expert for 
repair. 

Moving-Coil Action 
A very brief outline of the action of a moving-coil 

meter is as follows. Current to be measured is 
passed via two balance springs to a mechanically 
light coil which is suspended within the field of a 

strong permanent magnet. The current passing 
through the coil causes it to move within the field 
of the magnet. The instrument movement is so 
designed that the amount of deflection is proportional 
to the current passing through the coil. 

A pointer is attached to the coil, this indicating 
on a calibrated scale a measure of the current 
flowing in the coil. Any moving-coil meter is 
dependent upon the current which flows in the 
circuit to which it is connected, and this fact holds 
good whether it has its scale marked in Ohms, 
Volts, Amps, or even Gallons per Minute! 

Each movement requires a specified current to 
make it read full scale deflection, or f.s.d. 

Tools Required 
The tools required to tackle repair of small meters 

are simple and few in number. A useful kit would 
contain the following tools: watchmaker's eyeglass, 
set of instrument screwdrivers, pair of small pointed 
brass tweezers, pair of small long-nosed pliers, pair 
of small flat-nosed pliers, small pin-chuck vice, fine 
sewing needle and three small shallow glass jars. 
These tools will enable all minor adjustments to be 
made, but if more ambitious stripping of the move- 
ment is contemplated a very small instrument type 
of soldering iron will be necessary. The Adcola 
miniature soldering iron with jl; in bit is ideal for 
meter repair work. 

The following sundry items will also be necessary, 
pieces of pointed matchstick, small quantity of 
shellac, quantity of cleaning fluid (carbon-tetra- 
chloride) and small quantity of methylated spirit. 

It is essential to have a perfectly clean work table 
before commencing the repair or inspection of a 
meter movement. Do not use the workbench in your 
workshop, as there is a great risk of iron filings and 
odd particles of metal being picked up by the meter 
magnet system. The writer usually uses a small card 
table set up near a window where plenty of good 
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natural light is available, and where the risk of 
picking up stray ferrous metal does not exist. Cover 
the working part of the table with a sheet of white 
paper so that any small screws accidentally dropped 
may be easily seen, and not lost for ever down some 
crack. 

Inspection of the Movement 
We shall now carry on to the inspection of a 

typical movement. 
Two useful tests can be carried out without 

removing the movement from its case. First, using 
a small screwdriver, check if the set zero adjuster 
is working. Secondly, rock the movement by 
moving the meter in your hand and check that the 
pointer moves across part of the scale and then goes 
back to its zero mark. Repeat this test with a metal 
"short" such as a screwdriver blade placed across 
the meter terminals. The pointer should still move 
across the scale but at a much slower rate, indicating 
that the circuit through the meter coil is complete. 
This test is only valid, incidentally, if there is no low 
resistance shunt across the meter movement inside 
the case, and is therefore not a reliable test to use 
when, for instance, buying a meter over a shop 
counter. 

The next step is to remove the movement from its 
case. This is done by removing three small counter- 
sunk screws situated on the back edge of the case. 
One screw head may be hidden under a sealing 
compound, which has to be picked out with the 
point of a screwdriver. 

During screw removal care must be taken to 
ensure that the movement does not fall out of the 
case and drop on the work table. If the movement 
is a tight fit in the case, force should not be used 
to remove it. It may be found that a sealing 
compound has been applied to the back edge on 
assembly whereupon, if the case cannot be pulled 
free from the movement, some methylated spirit or 
cleaning fluid must be sparingly applied to the 
sealed joint. After due time it will then be found 
that the case can be easily removed. 

Never use a turning motion when removing a 
meter case. This will damage the set zero adjusting 
fork and may even damage a balance spring. Pull 
the case carefully clear of the meter movement 
without turning. Also, trying to force the case away 
from the meter by levering; with a screwdriver will 
only result in a broken case. 

Having separated the case from the movement, 
examine the former to see if any loose pieces of 
metal are lying inside it. Such debris may be a clue 
to the fault in the movement. Loose screws, parts 
of a broken spring, and even parts of a pivot have 
been found in meters examined by the writer. The 
glass should next be examined to see if it is firmly 
fixed in the case. A loose glass is one of the more 
common causes of a pointer sticking at some point 
in its travel. It can be re-fixed with a cellulose-based 
cement or a contact adhesive such as Durofix or 
Evo-Stik. It should be noted in passing that it is 
bad practice to tap the glass of a meter if the 
pointer sticks. This treatment will break the 

adhesive and the glass will certainly move inwards 
and foul the pointer, and may even cause damage 
to it. Next time a meter sticks in service, tap the 
panel, not the meter. 

The set zero adjuster operates by way of a small 
pin fixed eccentrically to the adjuster screw. This 
pin may be missing; if so, replace it in the hole by 
a piece of stiff copper wire which is no longer than 
is necessary to just locate into the fork on the 
movement. The wire can be a tight push fit into 
the adjuster screw because the strain on it is very 
little. After cleaning the glass and the case, this part 
can be laid aside ready for reassembly later. 

Checking the Pointer 
The next process is to check that the pointer is 

free to move across the scale without sticking at 
any part of its travel between zero and f.s.d. This 
test needs some care and is best carried out by gently 
blowing across the pointer whilst observing the 
movement. Another method of safely moving the 
pointer across the scale is to push it with the hair 
of a very flexible camel hair paint brush, one of the 
paint box type or artist's brushes being suitable. 

If the pointer is sticking, the cause must be found. 
The first possibility is that the pointer may be 
fouling the scaleplate. Should this be so, the pointer 
can be eased off the scale by gently applying the 
tweezers under it so as to lift it just clear of the 
scale. If this procedure is overdone, however, the 
pointer may then foul the glass when the case is 
fitted. The pointer should be adjusted to just clear 
the scale with the movement held both horizontally 
and vertically. Testing in both planes can show up 
excessive play in the pivots, causing the coil assembly 
to move towards the scale when the movement is 
used lying on its back. This represents, of course, 
a fault in the movement but at the present stage of 
the game it may be better to accept it than to risk 
adjusting the pivots. The question of pivot adjust- 
ment is dealt with later in this article. 

If the pointer is bent, it may be straightened by 
working it gently between the tweezers. Unless great 
care is used, this treatment may cause it to break, 
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Some of the tools which are required for repairs and 
adjustments. The instrument shown, a typical ex-W.D. 
milliameter, has already been removed from its case 
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but even then all is not lost as it can be joined up 
to the broken stub by using shellac as an adhesive. 
This is a tricky but far from difficult if patience 
is used in the process. The pointer on a meter which 
has been badly overloaded in service may be so 
twisted that it cannot be straightened. A new one 
can be made from a bristle taken from a domestic 
broom. The bristle is stiffened with shellac and 
attached to the stub of the damaged pointer with 
the same material. It is often, in fact, easier to do 
this than to try straightening out a badly twisted 
pointer. Practical mechanics must be prepared to 
improvise at all times and this improvisation works 
quite well. Pointers are normally made of aluminium 
foil or tubing of a special light gauge and are almost 
impossible to obtain in small quantities such as are 
required by the amateur repairer. 

The next item on the agenda is a careful examina- 
tion of the phosphor-bronze balance springs. These 
springs carry the current to the moving coil as well 
as acting as the opposing force to the coil movement. 
They are set up to that the pointer reads zero with 
no current flowing through the coil. The watch- 
maker's eyeglass is necessary to examine the springs. 
The most usual trouble likely to be met is given by 
adjacent turns touching each other. A gentle touch 
with a fine sewing needle usually clears this fault 
but a distorted spring may require careful adjustment 
with the tweezers. The springs are very robust and 
not too difficult to straighten out but the operation 
needs care and a very steady hand. It is usually 
obvious what treatment is called for. It is often 
found that a spring has come adrift from its top 
anchor point, and if this is the case it must be 
re-soldered in position. This is done by holding the 
spring between the tweezers and pulling it toward 
the anchor point, whereupon a gentle touch with a 
very hot fine pointed soldering iron will make the 
necessary joint. For the reader who does not 
possess an instrument soldering iron, one can easily 
be made, for occasional requirements, by wrapping 
a piece of copper wire of about 12 s.w.g. round the 
bit of any soldering iron. Too much heat will 
de-temper the spring along part of its length, thus 
making it useless as a spring, so a hot iron and a 
momentary touch must be employed for the job. 

The Pivots and the Bearings 
A word would not be out of place at this point 

on the pivots and their bearings. It will be obvious 
that pivots and bearings cannot be replaced without 
completely stripping the movement, but provision 
is made for adjusting the pivots in their bearings. 
This requires care in setting the adjusting screw, as 
it is only too easy to over-do the adjustment and 
bend the pivot. Such adjustments should only be 
attempted when the play is so bad that the meter 
pointer fouls the scale plate when it is used in the 
horizontal position. The writer has found that a 

meter will work well with a fair amount of play in 
the pivots and it is usually the back pivot which 
requires adjustment. Since this involves further 
stripping of the movement, it is up to the reader to 
judge whether the job is worth doing. It happens 
occasionally that a pivot has broken partly loose 
from its mounting point on the coil. This partial 
looseness can be rectified by using shellac as an 
adhesive, gently pressing the pivot against the coil 
until the shellac has set. 

Should it be necessary to gain access to the back 
spring or pivot, all that is usually needed is the 
straightforward job of removing the terminal plate 
at the back. The method of tackling the job differs 
from movement to movement but should offer no 
particular difficulties. 

Balancing the movement 
After repair to a movement it may be found that 

the pointer zero, if set with the meter positioned 
vertically, shifts when the meter is set horizontally. 
This indicates that the movement is out of balance. 
If the meter is to be used in one plane only, such 
as on a vertical panel, the out-of-balance condition 
is not of great importance. Nevertheless, some 
details will now be given on the subject of re- 
balancing a movement. 

It will be noticed on examining the pointer that 
there are short stubs at the base of the pointer. 
These stubs consist of extension of the pointer 
beyond the pivot and two short bars at right angles 
centred on the pivot. Balancing is done by adding 
or subtracting or subtracting weight from these stubs 
or bars, until the pointer remains at zero with the 
movement held in any plane. For the benefit of the 
reader who wishes to try re-balancing a movement, 
suitable "weights" can be made from small blobs 
of solder. The easiest way to get these blobs is to melt 
some solder on the top of an iron and tap the iron 
on the bench, thereby causing many particles of 
solder the size of pin heads, and smaller, to be 
formed. These can be used as balance weights and 
are attached to the balance arms with shellac. It is 
obvious that the least possible amount of weight 
must be used, otherwise the movement will be made 
too heavy. 

Reassembly 
After having proceeded this far, the question of 

reassembly should prove a simpler matter. If the 
adjustments have been of a minor nature the 
original calibration will not have altered very much. 

The writer hopes that the details covered here 
will enable users of ex-Service meters to make good 
use of them. It may be, also, that this article will 
encourage some readers to take an increased interest 
in instrument repairs, a fascinating subject for 
anyone with patience, good eyesight and, above all, 
a steady hand. 

CHANGE OF ADDRESS 
The International Short Wave League has advised us that the address of their Headquarters is now—60 White Street, 

Derby. 
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FIELD 

EFFECT 

TRANSISTORS 

By J. B. DANCE, M.Sc. 

The latest important semiconductor device to emerge from development 
at a price suitable for the pocket of the home experimenter is the 
field effect transistor. In this article our contributor discusses the 
exceptionally high input impedance of the F.E.T., together with its 

operation in typical amplifier circuits 

The field effect transistor 
(or F.E.T.) is a semiconductor 
device which has properties 

much more like those of a ther- 
mionic valve than of a normal 
transistor. One of the most im- 
portant advantages of field effect 
transistors is their high input im- 
pedance which, in one type, can 
be as great as a million megohms 2 

but is more commonly some hund- 
reds or thousands of megohms. 
The device can provide a high 
power gain (approaching that of a 
thermionic Valve) and have low 
noise figures. 

Field effect transistors are, like 
thermionic valves, voltage operated 
devices, whilst ordinary transistors 
are current operated. For this 
reason the parameters of field 
effect transistors include mutual 
conductance (gm) and amplification 
factor (n), but not the current gains 
(a and (3) of a normal transistor. 

If field effect transistors have 
all these unique properties, why 
are they not more commonly used? 
One of the answers to this question 
is that they are fairly new devices, 
but as far as the amateur experi- 
menter is concerned their main 
disadvantage has been (at least 
until recently) their comparatively 
high price. Many field effect tran- 
sistors cost in the region of £20 
to £40, so one is not likely to obtain 
a few for experimental work and 
then discard them. However, some 
types are now available which at 
the time of writing, are little more 
than £1 each.* If one wishes to 

utilise their high input impedance, 
one does not usually require more 
than one field effect transistor per 
amplifier (in the input stage) and 
this does bring the cost of the 
cheaper types within the range 
which an amateur can afford. 

Basic Structure 
In its simplest form the field 

effect transistor is a device with 
three electrodes which are known 
as the gate, the source and the 
drain, the region of the semi- 
conductor material between the 
source and the drain being known 
as the "channel". The basic type 
of structure which can be employed 
is shown in Fig. 1. The device 
shown has an n type channel and a 
p type gate, but similar devices 
with interchanged polarities can 
also be obtained. 

The gate is the input or control 
electrode, the drain is normally 
the output electrode, whilst the 
source is usually tne common 
electrode which is at earth potential 
as regards the signal frequency. 
The source and the drain are 

Gate 
(9) 

^ type 

1 
Source Drain 

(s) 
n type channel 

(D) 

Fig. 1. A field effect transistor 
with an n type channel. The 
depletion region is shown shaded 

connected to ohmic electrodes so 
that the current flowing between 
them is proportional to the applied 
voltage, t The semiconductor mater- 
ial is almost always silicon. 

Principles of Operation 
The main operating current in 

a field effect transistor flows between 
the source and the drain. This 
current is carried by majority 
carriers (which are electrons in 
the case of an n type channel); 
this may be contrasted with the 
normal type of transistor in which 
the current passes through the 
base region by means of minority 
carriers. 

The junction between the p and 
n type semiconductor materials 
is normally reverse biased and 
therefore the impedance of the 
gate circuit is very high. A typical 
value of the gate current is lO-9 

amp, this being the leakage current 
of the reverse biased junction. 
At 100oC the input current is more 
likely to be in the region of 1(T7 

amp. The capacitance of the reverse 
biased diode is often of the order 
of 20pF, and limits the high frequency 
performance of field effect transistor 
circuits. 

When the applied reverse bias 
is increased, the depth of the 
depletion layer between the two 
materials is increased so that the 
effective channel width decreases. 
This results in a greater channel 
resistance and a smaller channel 
current for a certain applied poten- 
tial. Thus the field effect transistor 
behaves as a voltage controlled 
variable resistor. It the channel 
is connected in series with a suitable 
load resistor and source of direct 
current, amplification can be ob- 
tained. 

The reverse bias which must be 
applied to the channel-to-gate diode 
to cause the depletion region to 
extend completely across the channel 
is known as the "pinch-off" voltage, 
Vp. This voltage will prevent current 
from flowing in the channel. Typical 
values of pinch-off voltage are 4 
to 10 volts, but "Low Pinch-Off 
Unifets" are manufactured by Sili- 
conix Inc. with values of Vp of 
about 1.7 volts. The Ferranti 
ZFT12 has a Vp of only 1.5 volts. 
Field effect transistors with pinch-off 

* F.E.T.'s type C.86 may, for instance, 
be obtained at relatively low cost from 
Messrs. Semitron Ltd., Cricklade, Wiltshire. 
The C.86 is suitable for circuits where the 
normal close control on the characteristics 
is unnecessary. 

f "Ohmic electrodes" may be defined in 
the following manner. The current which 
passes between ohmic electrodes is directly 
proportional to the applied voltage, i.e. 
Ohm's Law is obeyed. 
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lot 

'DO 
vgs" 

Vp 
vgs = T 

Vp 
Vgs =T 

Vp | VDS | ^ 

Fig. 2. Typical field effect transistor characteristics 

voltages of up to 25 volts are 
available from Semitron Ltd. 

The name "field effect transistor" 
is derived from the change in the 
channel resistance which results from 
a change in the transverse electric 
field in the junction region. 

Characteristics 
The characteristics of a typical 

field effect transistor are shown in 
Fig. 2. At much higher drain 
potentials the drain current rises 
rapidly and the transistor will be 
destroyed. If the gate and source 
potentials are kept equal, the curve 
Vgs=0 is obtained as an in- 
creasing voltage of the polarity 
shown in the accompanying Table 
is applied to the drain. The maxi- 
mum value of the drain current, 
Ido, is reached at a drain-source 
voltage approximately equal to the 
pinch-off voltage (ignoring the polari- 
ties). Ido is typically a few milli- 
amps. 

There is an appreciable voltage 
drop along the channel when the 
maximum value of the drain current 
is reached and this results in the 
depletion layer being much wider at 
the drain end of the channel than at 
the source end.3 The channel 
constriction thus formed limits the 
current to Ido as the drain voltage 

TABLE 

p type 
channel 

n type 
channel 

Drain 
electrode 

— - + 

Gate 
electrode 

+ — 

io r, Vos"]2 

Ido L Vp J 
This square law relationship leads to 
a parabolic type of mutual charac- 
teristic such as that shown in Fig. 3. 

Parameters 
Field effect transistor parameters 

are similar to those of thermionic 
valves. 
(а) Drain Incremental Resistance, ro 

This is defined as a small change 
in the drain voltage divided by the 
resulting small change in the drain 
current ,at constant gate voltage. 
Typical values of this parameter are 
SOOkO to 300Mn.4 

(б) Mutual Conductance, gm 
This is the reciprocal of a small 

change in the gate voltage divided by 
the resulting change in the drain 
current at constant drain voltage. 
Typical values of the mutual con- 
ductance are 0.05 to 3mA/volt. 

Source, Gate I 

Table showing the polarities of the 
voltages which must be applied to 
the drain and gate electrodes in the 
case of p type and n type channel 
devices. The source electrode is 
considered to be at zero potential. 

is increased within the working 
range. The constriction cannot 
reduce the channel current, since it 
depends for its existence on the flow 
of Ipo at zero gate-to-source 
potential. 

The characteristics of Fig. 2, 
showing the gate to source voltage 
as a parameter, resemble a family of 
pentode valve curves. The reverse 
biasing of the gate-to-channel junc- 
tion diode results in saturation 
occurring at lower drain currents. 
The drain current is basically related 
to the gate to source voltage by an 
equation of the form; 

Source 

Dram 

□ 
Gate 2 

Cross sectional view 
Dram 

Gate I 

Gate 2 

gs 
Fig. 3. Mutual characteristic of a field effect transistor 

Plan view 
Fig. 4. The structure of a 
typical field effect transistor 

(c) Amplification Factor, \i. 
If the gate voltage is increased by 

a small amount and it is found that 
the drain voltage must be changed 
to bring the drain current back to 
its former value, the ratio of drain 
voltage change to gate voltage 
change is n. 

For simplicity the parameters are 
defined in such a way as to make, 
them positive. It may be shown 
that p.=gmrD (which can be com- 
pared with the [i=gmra equation for 
valve parameters). 

Structure of a Practical F.E.T. 
The diagram of Fig. 1 is somewhat 

simplified. The structure of a 
typical field effect transistor is shown 
in Fig. 4.5 The two gate electrodes 
are usually connected together, but 
the input capacitance can be reduced 
by earthing the outer gate and using 
the inner gate only as the input 
electrode. This will, however, result 
in reduced gain, since the mutual 
conductance will be lower. 
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Symbol 
The normal symbol for a field 

effect transistor is shown in Fig. 5. 

Some Applications: 
(i) High Impedance Amplifiers 

One possible circuit for a high 
impedance amplifier using a field 
effect transistor is shown in Fig. 6.5 
The resistor Rs provides the gate 
bias and may be compared with the 
cathode bias resistor of a valve 
amplifying stage; as in a valve stage 
it also serves the purpose of stabilis- 
ing the operating point by providing 
negative feedback at zero frequency. 

The amplification, A, given by this 
circuit is 

gm Rl 

+ V 

A= 
1+Rl 

ro 
Rt/ro is usually much less than 
unity, so A—gmRL- 

Another method of biasing a field 
effect transistor is shown in Fig. 7.5 
The diode is smaller and cheaper 
than a resistor in parallel with a 
capacitor. | 

Drain 

Gate - 

Fig. 5. 
Source 

Symbol for a field effect 
transistor 

A high gain amplifier of high input 
impedance is shown in Fig. 8.4 The 
input impedance is determined by 
R2 which should not normally 
exceed SOMO. The load is a p.n.p. 
silicon transistor. The arrangement 
has the advantage that a lower value 
of power supply voltage can be 
employed than when a resistive load 
is used. The gain of the circuit, A, 
is given by the equation 

. _ gm a Rl ., , 
l+RL(l+a) rb<jra 

ro 
where a and rb are the normal 
parameters of the transistor which is 
used as the load. 

If Rr-^rc, A—gm a Rl (rc is the 
normal transistor T-network para- 
meter). 
Source Follower Circuits 

One of the limitations of the field 
effect transistor is the comparatively 
high input capacitance, typically 

t It would seem that the diode in Fig. 7 
is a silicon type which "turns on" at about 
half a volt.—Editor. 

RL 
o Output 

RG 

I 

Input o- 

Fig. 6. A high impedance amplifier 
20pF. The effective input capacitance 
may be reduced by the use of a 
source follower circuit which is 
analogous to the valve cathode 
follower and the transistor emitter 
follower circuits. The name of the 
source follower is derived from the 
fact that the source potential 
"follows" the gate potential; that is, 
any change in gate voltage results in 
a similar change of the source 
voltage. 

A simple source follower circuit is 
shown in Fig. 9.5 It should be noted 
that the output is taken from the 
source instead of the drain (compare 
this with the cathode follower and 
emitter follower circuits). The gain 
of the stage, A, is given by 

gm Rs 
1 T-gmRs 

where Rs is the source resistor which 
provides the negative feedback 
(lOkH in the circuit of Fig. 9). As 
in the cathode follower and emitter 
follower, the voltage amplification 
is always slightly less than unity, 
typically about 0.9. The reason for 
this can be seen from the above 
equation. 

The gate source capacitance, 
Cos, is effectively reduced to Ogs 
according to the following equation 
C'gs = Cgs (1—A). Thus as A 
approaches unity, Ogs tends to 
zero. The effective input resistance 
of a source follower can be quite 
high. For example, if Rg is 10MO 
in the circuit of Fig. 9, the effective 

Input» 
o Output 

RG 

input resistance is ISOMO and the 
input capacitance is 6pF. The use 
of a source follower circuit also has 
the advantage that the general 
stability of the circuit is greater than 
that of circuits where the output is 
taken from the drain, this being due 
to the 100% negative feedback which 
occurs in source follower circuits. 

High Input Impedance 2-Stage 
Amplifier 

In the circuit of Fig. 10, a ZFT12 
field effect transistor with a load in 
the drain circuit is used as the first 
stage of an amplifier which is 
coupled to a conventional transistor 
amplifier.5 Almost the whole of the 
output signal is fed back to the 
source electrode of the first stage in 
order to produce a high effective 
input impedance and low input 
capacitance. The feedback acts in a 
similar way to that in a source 
follower circuit, but is even more 
effective owing to a high circuit 
loop gain. 

The gain of the whole amplifier is 
almost exactly unity, although the 
gain of the first stage is well below 
unity. The effective input capacitance 
is 4.5pF, whilst the effective input 
resistance varies from about 65 M O 
to 500Mil as the input resistor, Rg, 
is increased in value from 1MO to 
lOMH. 

(ii) Chopper Circuits 
If an amplifier is to be designed so 

+v 

Fig. 7. Biasing with a diode 
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+ v 

o Output 
C81 

RL 
1 

T 

Input o- 

Fig. 8. A high gain amplifier 

that it can operate at zero frequency, 
one meets the difficulty of the 
drifting of steady potentials. In 
order to avoid this trouble, the input 
to the amplifier is commonly 
"chopped", that is, the voltage to be 
measured is continuously switched 
to the input of the amplifier. The 
frequency to be amplified is then no 
longer zero and a normal capacitance 
coupled amplifier can be used; the 
effect of drifting is then small. 

Contacts on a mechanical vibrator 
have been used in the past as 
chopper devices, but semiconductor 
circuits are now normally used, since 
they are very much more reliable and 
can operate at higher frequencies. 
Normal transistors are by no means 
ideal chopper devices, especially if 
the input voltage is small. A tran- 
sistor is switched off (that is, passes 
little current) when the base is open- 
circuited and a bias current must be 
supplied to the base to bring it into 
its normal working condition. The 
offset voltage of a conducting tran- 
sistor is by no means negligible and 
varies with the temperature and with 
the age of the transistor. This offset 
voltage limits the applications of 
transistors for the measurement of 
small input voltages. 

I20kn 

Field effect transistors are gener- 
ally much more suitable for use in 
chopper circuits. They are fully 
conducting when the gate electrode 
is open circuited and the offset 
voltage is zero. 

(iii) Variable Resistors 
Field effect transistors may be 

operated at a low drain voltage as 
voltage controlled variable resistors. 
The applied voltage 
should be less than 
about one third of 
the pinch-off voltage 
or the current pass- 
ing through the 
channel will not be 
approximately pro- 
portional to the 
applied drain to 
source voltage. Such 
variable resistance 
devices are often 
used in circuits for 
the automatic balan- 
cing of Wheatstone 
bridge type net- 
works. 

Other Uses 
Field effect transistors have a wide 

range of other applications and new 
+24V 

uses will certainly be found for them, 
especially if they become cheaper. In 
analogue computers they can be used 
in multipliers and in non-linear 
function generators. They also have 
applications in ramp generators, 
filters, oscillators, etc. The square 
law mutual characteristic of the field 
effect transistor enables it to be used 
in applications such as r.m.s. volt- 
meters, modulation and demodula- 
tion circuits, etc. One type of field 
effect transistor has been used in i.f. 
amplifiers and mixers1. 

Photosensitive field effect tran- 
sistors ("Photofets") are available 
from Messrs. Siliconix Inc. 
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Fig. 10. A high input impedance amplifier 
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Simple iutoimitkMdi 

{or Xerord Plojm ond 

is 

By F. E. Addis 

Check your gram deck to see if it has an auto-switch. 
If so, this can be used, when required, to switch 

off the amplifier as well 

Many automatic and some single record- 
players have an arrangement for turning off 
the motor, but not the amplifier, when the 

record or records have been played. Various 
modifications employing micro-switches and relays 
have been devised in order that the amplifier may 
also be turned off automatically along with the 
motor. 

In some of the more recent autochangers the motor 
is switched off after playing by a switch located 
under the turntable. (In some of the older models 
the mechanism merely disengages the turntable 
drive whilst leaving the motor running.) 

Some single player decks (e.g. Collaro) employ a 
micro-switch activated by the pick-up arm, this being 
so arranged that when the arm swings towards the 
centre of the record the micro-switch breaks the 
supply to the motor. 

Neutrol 
Mains 

Motor 
winding Live 

Amplifier 

Motor 

Fig., 1. Modifying the gram motor switch circuit. S2 
is the existing motor switch, Si and the appropriate 
wiring being added. Si may be mounted on the panel 

of the record-player or radiogram 

For any record playing deck, single or automatic, 
which employs an actual switch, the following 
modification enables the amplifier to be turned off 
automatically with the motor, or to be left switched 
on whilst the motor cuts out in the usual way. 

■ Mains 

ttt 

® 

0 

- Mains 

Fig. 2. With some gram decks, the motor switch 
appears between the motor windings 

The Modification 
The modification circuit is simple. (See Fig. 1.) 

When the additional control toggle switch, Si, is in 
position A, the amplifier draws its supply direct 
from the mains and the motor will turn itself off as 
usual when the record or records have been played. 
When Si is in position B, the amplifier draws its 
supply via the motor control switch, S2. Thus, when 
the record or records have been played, both the 
motor and the amplifier become switched off. 

To turn the amplifier on again Si has merely to 
be turned back to position A. Alternatively, starting 
the turntable (in the case of autochangers) will cause 
both the motor and the amplifier to be switched on 
again, to be switched off once more when the record 
or records have been played. 

m 

insulate f 
ac 

*—»- Mains 
"live" 

Fig. 3. Before the modification can be effected, the 
switch of Fig. 2 has to be taken out of circuit and the 
inside ends of the motor windings joined together as 
shown. The motor switch is then re-introduced into 

the live side of the mains supply to the motor 

Locating the Switch 
With auto-changer models, first locate the switch 

then remove the turntable as directed by the manu- 
facturer in order that the two bolts holding the 
switch to the underside of the deck may be reached. 
After this the switch may then be removed and the 
appropriate connections made to it. It is advisable 
to make a sketch of the switch before removal in 
order that it may be replaced correctly.* 

* The manner in which the additional connections are made to 
the motor switch will depend upon the individual design of the deck. 
The wiring to the switch should be carefully traced out before pro- 
ceeding further. Take care to ensure that additional connections 
are adequately insulated from the chassis of the deck, and that 
changer mechanisms are not in any way misaligned.—Editor. 
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On single player models the switch can be located 
by either removing the pick-up arm or, in some 
models, by checking immediately beneath the 
support post and balancing mechanism for the arm. 
With some models, the motor switch is connected 
between the two windings of the motor as shown 
in Fig. 2. Before carrying out the modification the 
motor switch circuit has, in this instance, to be 
altered to that shown in Fig. 3. 

Simple Morse Code 

Oscillator 

By A. FOORD 

Key 

\-2Vn 0CI40 

Tone 

1-5 V 
120 A 

II—vw— 
50 kn 

High 
impedance 
phones 

"4 3n speaker 47n 

E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 
P 
Q 
R 
S 
T 
U 
V 
w 
X 
Y 
Z 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

Most of the oscillators suggested for 
Morse code practice use a transformer in 
a blocking oscillator circuit. This particular 

circuit uses a p.n.p. and an n.p.n. transistor in a 
relaxation oscillator, and avoids "difficult to 
obtain" components. 

As may be seen, the circuit is extremely simple 
and the only power supply required is a 1.5 volt 
cell. The oscillator will drive a loudspeaker directly, 
or headphones shunted by a low value resistor. 
No on-off switch is required, as the Morse key 
disconnects the supply when it is raised. 

Apostrophe   
Brackets  
Break sign  
Comma   
End of message ., 
End of work   
Error   
Fractional bar   
Full stop 
Hyphen   
Inverted commas .. 
Invitation to transmit 
Note of interrogation 
Preliminary call  
Separation (used between whole 

number and fraction) .. 
Underline  
Understood.. 
Wait 

A 
B 
C 
D 

MORSE CODE SPACING 

A dot equals 1 unit A dash equals 3 units 
Snace between symbols forming a letter equals 1 unit 
Space between two letters equals 3 units 
Space between two words equals 5 units 
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BATTERY CHARGER 

FOR THE RADIO 

CONTROL ENTHUSIAST 

By Arthur C. Gee, m.r.c.S., lr.c.p., d.p.h. 

c 
* ■2. 

V 

Jj 

The batteries and accumulators used for 
model radio control purposes can be divided 
roughly into two groups: those employed for 

powering electric motors and transmitters, etc., and 
the much smaller rechargeable types used in radio 
control receivers and for operating servos, relays 
and similar devices on the model itself. 

Apart from their obvious difference in size, these 
two groups differ very widely in their charging rates. 
The first group needs up to an amp or so whereas, 
in the second group, the charging current is a matter 
of a fraction of an amp, or milliamps, only. 

Two Charging Rates 
The charger described here has facilities for 

charging at both these rates and offers metering and 
control arrangements for both the amp rate and the 
milliamp rate. In order to keep the instrument as 
simple as possible two separate meters are used, as 
shown in Fig. 1, one having a full-scale deflection 

Components List 

Resistors 
Ri 20(1 i watt 20% 
R2 200O variable, 5 watts 
R3-R7 See text 

Transformer 
Ti Charger transformer. Secondary, 0-9-15V, 

1.25A. (R.S.C. (Manchester) Ltd., 54 
Wellington Street, Leeds 1) 

Rectifier 
MRi Battery charger bridge rectifier, 12V, 2A. 

Cat. No. MR21. (Home Radio (Mit- 
cham) Ltd.) 

Meters 
Mi 0-150mA 
M2 0-1.5A 

Switch 
Si Multi-contact wafer switch (see text). 

Miscellaneous 
Case, terminals, knobs, wire, etc. 

of 1.5 amps, and the other a full-scale deflection of 
150mA. Two separate variable resistors are also 
employed. One of these controls the high charge 
rate and the other the low, and the two levels of 
charge rate are brought out to separate positive 
terminals, the negative output terminal being 
common to both. In this way, switching arrange- 
ments are kept to a minimum, and mistakes in 
applying the wrong charging rate are less likely to 
happen. 

The circuit also allows charging to take place 
simultaneously at both the high and low rates, 
provided that the total current does not exceed the 
1.25 amp secondary rating of the mains transformer. 

i 15V 

AC 9V MR | 
ma ns 

Co 

\)M| Mo 
0-1-5 A O-ISOmA 

R4 

r5 r2 

R? 

I-25A SOmA 

Fig. 1. The circuit of the battery charger 
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Internal layout of components in the author's unit 

The d.c. charging current is provided by the metal 
bridge rectifier, MR). As shown in the circuit 
diagram, the rectified current is then fed through 
the meters and the variable resistors to the output 
terminals. The variable resistor in the low current 
circuit, R2, takes the form of a 5 watt wirewound 
200fl potentiometer, the 20fl i watt resistor, Ri, 
acting as a current limiter. The variable resistor in 
the high current circuit is shown as R3 to R7, the 
resistance required being switched into circuit by 
S). In practice, R3 to R7 are made up from a single 

length of resistance wire. The total resistance of this 
wire should be about lOfl, and it should be of 
sufficient thickness to carry 1.25 amps without 
heating. The writer found some suitable wire on 
an old filament rheostat from the junk box. The 
number of contacts on the switch is not important, 
provided there are sufficient to give a reasonable 
number of steps in controlling the current. In the 
writer's case, six were available. The lOfl length 
of wire was cut into five equal lengths, each piece 
being then coiled up and soldered from contact to 
contact as indicated in Fig. 2. 

As was mentioned earlier, two meters are required; 
these being a 150mA meter for the low current 
range and a 1.5 amp meter for the high current 
range. The 150mA meter can be obtained easily as 

15 V AC. 
from T) 

s 

O-I-SA SOmA 
20n 

R4 Resistance 
wire — 

R2 
200n 

OT + 
I-25A ISOmA 

■■III 

The external appearance of the complete charger 

Fig. 2. How the components are connected together. 
Back views are given for the two meters, R2 and S1. 
The 9 volt secondary tapping of transformer Ti is 

not used 

a surplus item, and the 1.5 amp meter is available 
from many suppliers of motor cycle accessories as 
well as from radio component suppliers specialising 
in meters. 

The charger transformer employed has the usual 
primary for 200 to 250 volts a.c. mains, together 
with a secondary offering 9 and 15 volts at 1.25 
amps. The 9 volt secondary tapping is not used in 
this circuit. 

The metal rectifier is of the bridge type. That 
used by the writer was obtained from Home Radio 
(Mitcham) Ltd., under Cat. No. MR21., and suited 
the purpose nicely. This rectifier is intended 
specifically for battery charger applications and is 
rated at 12 volts 2 amps. It runs quite cold when 
used in the present design. 
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Construction and Use 
Construction is perfectly straightforward, and the 

wiring is illustrated in Fig. 2. The layout used by 
the writer is shown in the accompanying photo- 
graph, an existing metal cabinet with a sloping 
metal front making an ideal case for the unit. 

It may be worth emphasising that connections to 
the bridge rectifier are made in the following 
manner. The rectifier has five plates, the two outer 
ones being connected together and the common 
connection taken to the negative output terminal. 
The middle plate is the positive one, and two leads 

from this go to the positive terminals of the meters. 
The two leads from the 15 volt secondary of the 
transformer then connect to the remaining two 
plates of the rectifier. 

One important point which should be borne in 
mind when the unit is in use is that maximum 
resistance must always be inserted, by R2 or Sj as 
applicable, when a battery is connected to the 
charger. Only after all connections have been made 
and the mains supply applied should resistance be 
reduced until the desired charging current is 
obtained. 

M-MtiK Mil 

By P. J. LeRICHE 

One method of obtaining a swift-acting light 
controlled switching circuit which operates at a 
specific illumination level could consist of coupling 
a phototransistor to a Schmitt trigger. But our 
contributor takes this idea one stage further by 
having the phototransistor enter the Schmitt trigger 

circuit itself! 

Most light operated relay circuits suffer 
from the disadvantage that slow changes in 
light intensity result in slow changes in relay 

energising current, and do not give a "snap" action 
when the illumination falls below a certain level. 
The circuit described in this article overcomes this 
disadvantage by the use of a Schmitt trigger, giving 
very rapid relay operation at a pre-determined light 
intensity however slow the change in light intensity 
may be. As such, the circuit can be of considerable 
use for automatic switching of car parking lamps 
and similar applications. 

The Schmitt Trigger 
The circuit of a typical Schmitt trigger is given 

in Fig. 1. 
In this circuit, operation occurs in the following 

manner. When there is no input, TRi is cut-off as 
it has no bias, and in consequence its collector is at 
a high negative potential. This allows TR2 to 
conduct heavily, giving a substantial voltage drop 
across Re, which also assists in keeping TRi cut-off. 
If a gradually increasing negative voltage is applied 
to the input terminal nothing happens at first, 
because the emitter of TRi is still more negative 
than its base, and so it remains cut-off. As the input 

•jk/An.- 

voltage passes the voltage at the upper end of Re, 
TRi commences to conduct as its base now becomes 
negative of its emitter. The falling voltage on TRj 
collector which then results is passed to the base of 
TR2, reducing the current passing through this 
transistor and the voltage drop across Re. The 
fall in voltage across Rg allows TRi to conduct 
more heavily, thus reducing still more the current 
in TR2. 

The net effect is that the circuit switches over very 
rapidly, leaving TRj conducting and TR2 cut-off. 
If the negative input voltage is now gradually 
reduced, the state of affairs remains unchanged until 
the collector voltage of TRi rises sufficiently to 
allow TR2 to conduct. The circuit now rapidly 

input o TR, TR2 

Fig. 1. A typical Schmitt trigger 
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To controlled 
circuit 

6 to 9V 
2 D RY I JL 

RVi ' OCP7I 
TR 

OC72 

RVp 

Fig. 2. The circuit of the photo-sensitive switch 

switches back to the original state by the reverse 
process to that just described, leaving TRi cut-off 
and TR.2 conducting. It will be found that, by 
suitably reducing the coupling between the tran- 
sistors, the switch-on and switch-off voltages can be 
made to very nearly coincide, thus reducing back- 
lash (the difference between these two voltages) 
almost to zero. 

The Photo-Sensitive Switch 
The circuit of the photo-sensitive switch is shown 

in Fig. 2, and it will readily be seen that it consists 
basically of a Schmitt trigger. The switching action 
is now promoted by changes in the current passed 
by phototransistor TRj, the latter being dependent 
on the illumination falling upon it. The light 
intensity at which the circuit switches is determined 
by the setting of potentiometer RVg the relay 
energising when light intensity falls below the pre- 
determined level. 

Coupling between the transistors can be altered 
by either a potentiometer between the collector of 
TRi and the base of TRj or, as in Fig. 2, by the 
variable emitter resistor RV2. The variable emitter 
resistor was adopted here as the other method 
reduces the current swing in TR2, thus necessitating 
a more sensitive relay. 

The relay used in the prototype was a Post Office 
type with a coil resistance of 2kH, this closing at 
about 2mA when carefully adjusted. It had a single 
pair of make contacts and snapped on very reliably. 
The diode Dj across the coil can be almost any 
type, and it serves to short-circuit the back e.m.f. 
that appears across the coil as TRi switches off.* 

A disadvantage with phototransistor circuits is 
that they are sensitive to heat as well as to light. 
This fact can be utilised if TRi is replaced by an 
OC71, whereupon the circuit could become a heat- 

♦ An earlier experimental version of the circuit used a relay 
with a 200Q coil, an energising current of 10-15mA flowing when 
the OCP7I was non-illuminated. In this circuit R2 was 2.2kQ and 
a 6.8kQ resistor was inserted between the OCP71 collector and the 
base of TR2. A 6-volt supply was used. It should be pointed out 
that the present circuit, with its more sensitive relay, offers better 
results. 

Resistors 
Ri 56kn 10% i watt 
R2 lOkO 10% I watt 
RVi lOkti potentiometer 
RV2 300 potentiometer 

Transistors 
TRi OCP71 
TR2 OC72 

Diode 
Di OA71 or similar (see text) 

Relay 
RYi P.O. relay with 2,0000 coil, 2mA energising 

sensitive switch with TRj mounted at the point 
where the varying temperatures occur. If, on the 
other hand, sensitivity to temperature changes is 
not wanted, as in the light operated application, this 
sensitivity may be minimised by placing TRi and 
TR2 in close proximity. Similar changes in leakage 
current will then occur as ambient temperature 
varies. 

Setting Up 
To obtain best results from this circuit a little care 

is heeded over the adjustment of RVi and RV2. 
Connect a milliammeter with an f.s.d. of around 
5mA in series with the relay coil, or a voltmeter 
of 5 or 10 volts f.s.d. across it, and set RV2 to about 
the middle of its track. Now slowly turn R Vj back 
and forth over a range that produces wide variations 
of meter reading. If RV2 is set at too high a value, 
sharp switching will be observed but there will be 
a significant gap between the switch-on and switch- 
off positions. If RV2 is set at too low a value, no 
switching at all will occur, and it will be found 
possible, by careful adjustment of RVj, to get the 
meter needle to stop anywhere between two extreme 
positions. The optimum setting of RV2 is that 
where there is minimum backlash but reliable 
switching still occurs. RVi may now be set to make 
the unit switch on at any desired level of illumina- 
tion. The adjustment of RVi and RV2 is rather 
critical, so reliable noise-free components should 
be used, and these should not be fitted with large 
dials which are easily jogged. Slow motion drives 
would be an asset, particularly for RVi. 

If the particular application for which the jwitch 
is to be used can accommodate a significant amount 
of backlash, then the setting of RV2 is by no means 
so critical. Similarly, RVi will not require such 
careful adjustment if the illumination at which 
switching takes place is non-critical. 

Should the unit be used for car parking lights, 
TRi has to be positioned with a little care to ensure 
that it is not affected by lamp posts and the head- 
lights of other cars. 

Consumption is quite low, being 1mA when 
illuminated and 3mA when non-illuminated with 
a 6-volt power supply. 
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The Large and the Small 

By J. B. DANCE, M.Sc. 

Any radio engineer worth his salt knows that the prefix kilo means one thousand times and 
that micro means one millionth, but how many people know what a femtoamp is? 

The International Committee for Measures and Weights has now added two new prefixes to its 
list of decimal multipliers, namely femto to signify 10~15 and Atto for 10"18. The full list of these multipliers 
now recommended by the Committee is given below: 

T Tera 1,000,000,000,000 1012 
G Giga 1,000,000,000 109 
M Mega .. 1,000,000 106 
k Kilo .. 1,000 103 
h Hekto .. 

n O
 

§
 

D Deka .. 10 
d Deci 0.1 
c Centi .. 0.01 
m Milli .. 0.001 
f- Micro .. 0.000,001 
n Nano .. 0.000,000,001 
P Pico 0.000,000,000,001 
f Femto .. 0.000,000,000,000,001 
a Atto 0.000,000,000,000,000,001 

101 
10-1 

10-2 
10-3 

10-6 
10-9 

10-12 
10-15 

10-18 

It might be thought that these prefixes would be adequate to describe all quantities used in electronics. 
However, if one wishes to state the mass of an electron (9.1083 x 10-27 grams), one can refer to it as 9.1083 
millimicroattograms, a combination of the prefixes being necessary. 

It should be noted that the American billion is one thousand million (lO9), whereas the British billion 
is one million million (lO12). Similarly the American trillion is lO12 and the British trillion 1018. 

-Radio Constructor NEXT MONTH IN 

Plug-in Speech Clipper 
This article describes a simple speech clipper for the amateur transmitter, and is primarily intended for use with 

a modulator employing two 6L6's, although it could be used equally well with different valves and in alternative positions. 
(6H6,6J5). 

Dual-Purpose Power Supply 
Ideal for experimental work with both valve and transistor circuits, this power pack offers 250 volts h.t. at 100mA, 

together with a low voltage which is variable in small steps from 3 to 30 volts. (BY100—2 off, BY114—4 off). 

Integrated Circuits 
Integrated circuits are proving to be of considerable importance in computers and logic engineering. A basic in- 

tegrated circuit can be formed on a tiny single chip of semiconductor material, and this article provides a fascinating 
insight into the processes which are involved. 

Dual-Conversion Superhetfor 2 Metres 
This is a compact self-contained receiver design featuring a comprehensive circuit and a very high level of perfor- 

mance. Complete constructional details are given, including coil winding data. (E88CC, ECC85, EF 91,ECC81, ECH81, 
EF183, EBC91, EL9S, QS150/15, OA79, BY100—2off). 
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Cover Feature 

M/WVWV 
By H. S. KING 

COMMUNICATION BY MODULATED ARC BEAM 

We have previously published articles on modulated light systems, these all employing 
transmitting lamps whose filament current was modulated by the audio signal to be transmitted. 
A disadvantage with all these systems has been given by the thermal inertia of the filament, 
which limits the maximum frequency the system can handle. Our contributor has overcome this 
problem by using an arc lamp as light source, whereupon a maximum frequency of 10 kc/s is 
capable of being transmitted. Also, the arc lamp provides an intense light source of very small 
area, enabling transmissions to be received over long distances. Tests with the prototype 
resulted in clear reception of the modulated beam at a distance of nearly a quarter of a mile 

in daylight 

Having experimented with various published 
and unpublished methods of modulating a 
light beam it was concluded that the in- 

candescent filament is not the best light source to 
modulate. 

Both mains and battery bulbs suffer from the 
obvious disadvantages of narrow bandwidth due to 
thermal inertia, and low beam concentration due 
to the large size of the source. 

A pea bulb may be connected directly to the 
speaker transformer secondary of a 10 watt amplifier 
or a mains bulb into the anode circuit of a power 
amplifier and speech which is just about intelligible 
may be received on a photocell a few feet away 
using a simple lens system. Greater distances may 
be obtained using a more complex lens system but 
the better the transmitting lens the smaller the area 
of the filament which is actually employed. 

The Sylvania arc lamp fitted to an ex-W.D. torpedo directing telescope. The telescope is used merely to provide a 
convenient mounting, together with sighting facilities. The arc lamp is to the right on the bracket, with the single lens 

which concentrates its beam at the left. Connection to the lamp is via the twin flex leading from its base 

434 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



+350V 

Crystal 

V \M Spark gaps 
R6 

Spark 
coil 

Arc 
lamp -ll-^ ii 

Via lb 
Q 

"5 Re 
C3 

IT 
ECC 83 6L6G 

Fig. 1. The circuit of the light beam transmitter 

Components List (Fig. 1) 

Resistors 
(All fixed values \ watt 10% unless otherwise stated) 

Ri 1 MO potentiometer, log track 
R2 47kQ 
R3 220k O 
R4 Ikfl 
Rs lOOkO 
R6 lOOkO 
Ry IkO 
Rs lOOkO 
R9 3900 2 watts* 
Rio 4.7kO 5 watts* 

Capacitors 
Q 0.01 (xF paper 350V wkg. 
Cy 0.25;xF paper 350V wkg. 
C3 25[xF electrolytic 6V wkg 
C4 0.1 uF paper 350V wkg. 
C5 0.1 [xF paper 350V wkg. 

Valves 
Vi ECC83 
V2 6L6G 

Arc Lamp 
Enclosed Concentrated-Arc Lamp Type A2 

(Sylvania) 

Meter 
Moving-coil, 100mA f.s.d. 

Miscellaneous 
Crystal microphone 
Spark coil, with spark gaps (see text) 
Power supply offering 350V h.t. at 60mA and 

6.3V at 1.2A 
Lens and mounting for arc lamp 
♦ May require adjustment to provide correct arc current. 

If the light source can be concentrated into the 
smallest possible area a greater proportion of the 
light produced can then be put into the beam. This 
principle has been the main aim in the design of 
film projectors. One of the most concentrated light 
sources is the arc lamp but it was decided not to 
attempt the modulation of the open arc. However 
when attention was drawn to an enclosed arc which 
could be maintained in the anode circuit of a 
modest power valve it was decided that this method 
had attractions for the amateur. 

Arc Lamp Transmitter 
The Sylvania Concentrated-Arc Lamp type A2 

was therefore made the subject for experiment in 
the light beam transmitter. A disadvantage is the 
price, which is rather high for the amateur, but this 
is possibly due to the small demand. The range of 
Sylvania lamps includes many at considerably 
higher prices but the A2 seems the most suitable for 
amateur experiments. The A2 lamp is quite small 
physically, as may be seen from the appropriate 
illustration, and it requires a maintaining voltage 
of 38 volts when 55mA is passed. This may be 
obtained in the anode circuit of a 6L6 but arrange- 
ments must be made to strike the arc as described 
later. The lamp electrodes consist of a small disc, 
the anode, with a central hole through which 
projects a line wire which is the cathode. The arc 
strikes between the wire and the anode and has a 
tendency to wander round the hole in the disc, thus 
disturbing the beam direction slightly. However, 
the light source is extremely small and, by using a 
simple 1-inch convex lens with a focal length of 
2 inches, the light can be seen shining very brightly 
even in daylight at a distance of a quarter of a mile. 
In the photograph the lamp is shown mounted upon 
an old astro compass adapted to take an ex-naval 
torpedo directing telescope. This telescope, although 
short of a lens and thus giving a magnification of 
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The transmitter amplifier. The 6L6G valve is mounted horizontally behind the ECC83. Above the 6L6G is a 2-way 
socket to which the arc lamp connects. The spark coil for striking the arc is at the top. The spark coil output connects 
to the two outside terminals of the four terminals immediately in front of it. Spark gaps are then formed, as shown 

in Fig. 4 

% - 

+ 
ii 

The receiver. The black tube projecting to the left shields the 0CP71 from ambient light and also provides a mounting 
for the receiver lens. The 0CP71 is fitted in the inside end of the tube, this being shown removed 
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Fig. 2. A simple receiver, as used for initial tests 

Components List (Fig. 2) 

Resistors 
(All -4 watt 10%) 

Rn 12ka 
Riz 47kn 
Ru 22k H 
R14 3.9kfl 
R15 2.2kn 
Ri6 IkO 
R17 
Rii 

47ka 
22k fl 

Rxs 3.9kf2 
R20 isoa 
R21 2.2kQ 
R22 15ka 
R23 2.7kO 
R24 IkQ 

Capacitors 
Cg 0.1 |j.F paper 
C7 25(xF electrolytic 12V wkg. 
Cg 32[xF electrolytic 6V wkg. 
C9 25|xF electrolytic 6V wkg. 
C10 25[xF electrolytic 6V wkg. 
Cn 25(j.F electrolytic 6V wkg. 
C12 32|xF electrolytic 6V wkg. 
C13 500(j.F electrolytic 12V wkg. 

Transistors 
TRi OCP71 
TR2 OC71 
TR3 OC81 
TR4 OC84 

Loudspeaker 
LS] Moving-coil 800 impedance 

Miscellaneous 
9-volt battery 
Lens and mounting for OCP7] 

unity, does possess cross-wires which make alignment 
of the beam on to the receiver fairly easy. At a 
distance of one eighth of a mile the beam spreads 
to about three feet diameter. 

The transmitter is quite straightforward and 
capable of many variations. The circuit, shown in 
Fig. 1, was built up from first principles as an 
exercise for school pupils and has no refinements. 
The h.t. voltage, screen and cathode resistors of the 
6L6 should be adjusted to give an anode current 
of 50 to 55mA. The valve can be triode-connected 
if desired. A crystal microphone has been used 
successfully. Alternatively, of course, a signal from 
a radio or other source can be applied, and this 
makes adjustment easier at the receiver end. 

Striking the Arc 
At least 1,000 volts are required to strike the arc 

and several methods may be employed to achieve 
this. A pulse transformer and rapid switch-off 
choke circuits were under consideration when the 
arc was in the early stages of experiment. But to 
get things going the induction spark coil shown 
above the 6L6 in the photograph of the transmitter 
amplifier was used. To make the circuit safe and 
enclosed the spark coil is used with a Perspex cover 
(not shown). 

The spark coil secondary is taken to spark gaps 
between the two pairs of terminals. (See Fig. 4.) 
The other terminals of the spark gaps connect 
directly across the arc lamp via the 2-pin socket 
shown centrally below the spark coil. Hence no 
d.c. from the power supply flows through the coil. 
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Fig. 3. The standard receiver. This offers a better quality of reproduction 

Components List (Fig. 3) 

Resistors 
(All \ watt 10% unless otherwise stated) 

R25 12ka 
R26 91ka 
R27 47k Q 
R28 4.7kn 
R29 5.6kn 
R30 27k tl 
R31 lOkfl 
R32 l.SkQ 
R33 4.7ka 
R34 750kn 
R35 3.3kn 5% 
R36 9ia 5% 
R37 3.3kn 5% 
R38 91tl5% 
R39 2.10.5% 
R40 2.10 5% 

Capacitors 
C14 0.1(i.F paper 
C15 lOOaF electrolytic 12V wkg. 
Cje IOOij-F electrolytic 6V wkg. 
C17 10(xF electrolytic 6V wkg. 
Cig 25(j.F electrolytic 6V wkg. 

Transistors 
TR5 OCP71 
TRg OC45 (or similar) 
TR7 OC81D 
TRg^ OC81 (matched pair) 

Transformer 
Ti Driver transformer type T/T5 (Radiospares) 

Loudspeaker 
LS2 Moving-coil 25 impedance 

Miscellaneous 
2 6-volt batteries 
Lens and mounting for OCP71 

The correct polarity for the spark is found by trial 
and error and the requisite pulse is provided by 
quickly flashing a low tension supply to the coil 
primary. In fact if the 6.3 volt heater supply is used 
momentarily in the primary the polarity of the 
spark is bound to be correct long enough to strike 
the arc. Once struck the arc should be maintained 
at not more than 55mA. Less than this can be used 
by adjusting the 6L6 current but the arc will lose 
intensity thereby. The meter is useful as a warning 
in case the arc has not struck or goes out because 
unless steps are taken very soon the screen resistor 
of the 6L6 will become hot and the valve may be 
damaged. 

The Receiver 
Several photocell types have been tried in the 

receiver but the only one more sensitive than the 
three OCP7rs which were tested was an early OC71 
with paint removed. 

The original receiver circuit, shown in Fig. 2, was 
again designed for simple instruction and is not 
recommended for other purposes. Using an 18-way 
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tagboard with two rows of tags, the components 
were soldered into the same positions as shown in 
the diagram. Although the circuit of Fig. 2 works 
well enough and is useful for demonstrations, it has 
the undesirable feature of allowing d.c. to flow 
through the speaker. Also, better negative feedback 
could be arranged. In view of these points the 
standard receiver, which is based on the Mullard 
OC81 design (see Fig. 3) has been used, and quite 
good quality signals have been received. Over short 
ranges of the order of hundreds of feet the frequency 
response has proved satisfactory up to 7 kc/s and 
there is still some signal at 10 kc/s. No doubt 
improvements could be made with attention to 
circuit details but in this case the main aim was 
distance. 

The author did not find a gain control necessary 
in either receiver as the transmitter gain control gave 
sufficient control over modulation for his require- 
ments. At close range, however, the receiver lens 
is removed so that the transmitter beam falls 
directly on to the OCP71. A gain control could 
be incorporated in the receiver if particularly 
desired. . 

Using a single lens system at the receiver similar 
to that at the transmitter, signals were received 
quite clearly at nearly a quarter of a mile in daylight. 
As the receiving OCP71 is well shielded in its tube 
from ambient light, the system is not likely to work 
a lot better at night. The OCP71 is fitted in the 
end cap of the tube. On top of the tube is a small 
hole so that the light beam can be adjusted to fall 
on the sensitive part of the cell at close ranges. At 
longer distances the beam has spread sufficiently 
for this to be unnecessary. 

Some difficulty was experienced in aligning the 
beam to start with and early experiments were 
conducted after dark. But the difficulty of locating 
the receiver from the transmitter eventually led to 
daylight experiments being held, when the setting 
up was found to be much easier as the beam is quite 
visible in daylight. It is best to focus up in a long 
room on to a white card to get familiar with the 
sighting device and then transfer out of doors. 

Stout wires from spark coil 

Spark gaps 

Spark coil base 

Terminals 

To arc lamp socket 
Fig. 4. Detail showing how a spark gap is inserted 
in each connection from the spark coil to the arc 

lamp 

All the receiving equipment, part of the trans- 
mitting end and all the operating has been carried 
out by school pupils and the apparatus formed part 
of the exhibition held in Cambridge in September 
1965, in connection with the British Association for 
the Advancement of Science annual meeting. 

Editor's Note 
The Sylvania Enclosed Concentrated-Arc Lamp, type A2. 

is a 2-watt lamp having a cylindrical round-topped glass 
envelope with a diameter of ^ in. Overall length, including 
pins, is 2A in. The average life is specified as 150 hours. 

The lamp is available from the Sylvania Division of Thorn- 
A.E.I. Radio Valves and Tubes Ltd., 155 Charing Cross Rd., 
London, W.C.2. 

Previous articles on modulated light systems appearing 
in The Radio Constructor were: "Modulated-Light Broadcast 
Transmitter" by Douglas Letts (March 1965 issue); 
"Modulated-Light Transmitter and Receiver" by M. J. 
Banthorpe (September 1964 issue); "Speech-on-Light 
System for Communication" by C. Morgan (January 1964 
issue); "Light-Beam Transmitter-Receiver" by J. Emmett 
(April 1963 issue); and "Light Modulation" by G5UJ 
(February 1960 issue). 

SILVER MEDAL AWARD FOR MULLARD FILM 
The Mullard film, "Thin-film Microcircuits", was awarded a silver medal (1st prize) in its categ07.a"he

1l?nhJ"^r
r' 

national Festival of Scientific-Teaching Films, organised by the University of Padua in conjunction with the 1965 Venice 
Film Festival. Over 150 films from 18 countries were entered and of these 52 were selected for showing to the inter- 
national jury. , . j l. ■ j 

Britain did particularly well this year. Seven of the ten films entered were chosen for screening and three gained 
awards. , , .. t 

"Thin-film Microcircuits" is a 16 mm sound and colour film which deals with the manufacture of this new type of 
electronic component from design stage to the finished product. The film also described typical applications including 
space vehicles, miniature computers and industrial electronic equipment. 

Another Mullard film, "Electromagnetic Waves-Part 2", won a bronze medal (2nd prize) at Padua last year. 

"V.F.O. TOP BAND PHONE TRANSMITTER" 

In the Components List for "V.F.O, Top Band Phone Transmitter", published in our October 1965 issue, Cj is specified 
as "1,00 pF". This should read "1,000 pF". 

FEBRUARY 1966 439 

www.americanradiohistory.com



"The computer field of electronics 
is expanding so fast these days that 
any electronically-minded young 
man who takes an interest in the 
subject is almost certain to be 
doing himself a good turn for the 

future." 
Thus speaks Smithy the Service- 
man as, for the benefit of his able 
assistant Dick, he lifts the veil 
from some of the basic principles 
in the fascinating world of com- 

puter logic circuitry 

I ANNOUNCED DICK, "AM 
worried." 

Smithy brushed the last of 
his lunch from the front of his jacket 
and regarded his assistant enquiring- 
ly. 

"What about?" 
"I'm worried," continued Dick, 

"by recent developments in elec- 
tronics." 

Smithy reached over and picked 
his battered mug of tea from his 
bench. 

"What part," he prompted, "of 
electronics ?" 

"Computers." 
Smithy's eyebrows rose. 
"Computers ?" 
"That's right," confirmed Dick, 
Smithy raised his mug to his lips 

and took a large draught of the post- 
prandial brew. 

"Why," he queried, patently re- 
freshed by the life-giving fluid, 
"should you be worried about 
computers ?" 

"Because," said Dick aggrievedly, 
"it's impossible to get away from 
them these days. You can hardly 
pick up a magazine or a newspaper 
without seeing some reference to 
computers. What worries me is that 
1 haven't the faintest clue whatsoever 
about how they work!" 

Logic Circuits 
"I don't think," grinned Smithy, 

"that you're on your own there." 
"It's what goes on inside a 

computer that puzzles me," said 
Dick, frowning. "I've been trying 
to pick up some gen by reading 
about them, but all I've found are 
references to things called OR gates, 
AND gates, NOR gates and NAND 
gates. When I bump into that sort 
of patter I'm demoralised before 1 
begin. There's no such word as 
NAND!" 
^ "There is now," chuckled Smithy. 
"And I must confess that I'm rather 

pleased to see you showing an 
interest in this particular branch of 
electronics despite the fact that you 
haven't, as yet, even seen inside a 
computer. The computer field of 
electronics is expanding so fast these 
days that any electronically-minded 
young man who takes an interest in 
the subject is almost certain to be 
doing himself a good turn for the 
future. Added to that is the fact that 
anybody connected with electronics 
should always do his best to keep 
up a nodding acquaintance with all 
the new techniques which appear." 

"The trouble with computer elec- 
tronics," wailed Dick, "is that it's so 
weird'. For example, those gates I 
mentioned are employed in stuff 
called logic circuitry. That's bad 
enough, but what is worse is that 
everything is tied in with something 
horrible called Boolean algebra. 
Boolean algebra, so far as I'm 
concerned, is just another name for 
Double Dutch!" 

"You're trying to run," com- 
mented Smithy, "before you can 
walk. So let's get down to first 
principles. All the big computers 
you read about these days are 
digital computers, and the word 
'digital' merely means that they deal 
directly with figures as occurs when, 
for instance, they're used to print 
out the pay roll for a large company. 
Because they have to take logical 
steps in making their calculations, 
digital computers include circuits 
which carry out logical processes. 
And these logic circuits employ 
gates like the ones you've just 
referred to." 

"All that's understandable 
enough," said Dick. "What I can't 
get to grips with is the way in which 
these logic circuits work." 

"Not to worry," said Smithy 
soothingly. "If you're prepared to 
concentrate and use a little imagina- 
tion, you'll find that the basic 
principles of logic gate circuits are 
fairly easy, and that even Boolean 
algebra isn't all that hard, either. 
What you have to remember, though, 
is that the concepts involved are so 
completely removed from the sort of 
things we bump into in ordinary 
radio and TV that you just can't 
start reading about them without 
first getting clued up on their basic 
principles. Which, incidentally, 
requires an elementary knowledge of 
logic." 

"There you are, then," said Dick 
triumphantly. "I'm stymied before 
I begin!" 

"No, you aren't," responded 
Smithy. "Fortunately the only logic 
you require for basic logic gate 
circuits is nothing more complicated 
than straightforward common sense 
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with a few rules tacked on. If you 
come over here, I'm prepared to 
devote the remainder of our lunch 
break to explaining what I mean." 

Even Smithy was surprised at the 
alacrity with which Dick picked up 
his stool and crossed over to his 
bench. 

"Are you," asked Dick, eagerly, 
as he settled down alongside the 
Serviceman, "going to give me the 
complete gen on these gate circuits ?" 

"I wouldn't," replied Smithy, 
"even attempt to do that in a single 
session. But what I will do is give 
you an introduction to logic gates, 
together with a few ideas on what 
they do." 

Smithy pulled his notepad towards 
him and sketched out a circuit. 
(Fig. 1.) 

"Now here," he continued, "is a 
very simple circuit employing 
nothing more than a battery, two 
switches in series and a lamp. I've 
labelled the two switches A and B, 
and you'll notice that they are 
normally open. What do I have to 
do to get the lamp to light ?" 

"That's easy," replied Dick, 
promptly, "you close both the 
switches." 

"What would happen," asked 
Smithy, "if I only closed one of the 
switches? Or if 1 closed none of 
them ?" 

"It's obvious," replied Dick. "The 
lamp wouldn't light." 

"Fair enough," said Smithy. "Can 
you, therefore, define the condition 
of the switches which causes the 
lamp to light?" 

"The lamp lights," pronounced 
Dick, "when both switch A and 
switch B are closed." 

"Good," said Smithy. "Well, 
that's got our first illustration of 
logic circuitry sorted out. What 
you've just described are the require- 
ments for an AND logic circuit!" 

"I've done whatT' 
"Described the requirements for 

an AND logic circuit," repeated 
Smithy. "You said that the lamp 
can only light when both switch A 
and switch B are closed. For any 
other condition of switches A and B, 
the lamp stays out." 

"Well, I'm dashed," said Dick 
incredulously. "That's a logic 
circuit?" 

"It's a very simple illustration of 
one," said Smithy, "and it gives an 
excellent introduction to what comes 
next. Let's now make up a little 
table giving all the possible switch 
combinations and the consequent 
condition of the lamp." 

Smithy drew up a table on his 
pad. (Fig. 2.) 

"Here we are," he announced. 
"Now, we read this table in the 

normal manner from left to right. 
As we read along the top line we see 
that both switches are open. The 
entry on the top line in the third 
column then tells us that the lamp 
is off, or that it doesn't light. Which 
is, of course, obvious enough. In 
the second line we have switch A 
open and switch B closed, and we 
see from the third column that the 
lamp still doesn't light. On the third 
line, switch A is closed and switch B 
is open and, once again, the lamp 
does not light. It is only on the 
bottom line, where switch A and 
switch B are closed, that the table 
says that the lamp is alight. Any 
difficulties up to date?" 

"Nothing," said Dick, his brow 
furrowed, "that I can put my finger 
on." 

"Good," said Smithy. "Now this 
table is known as a 'truth table'." 

"Come again?" 
"A 'truth table'." 
There was silence for a moment. 
"Did you," asked Dick cautiously, 

"say a 'truth table'?" 
"I did," 
"Didn't I tell you," complained 

Dick, "how weird computer elec- 
tronics is? Why on earth is it called 
a 'truth table' ?" 

"Because of the connection with 
logic," replied Smithy patiently. 
"Now for the next few steps you've 
got to concentrate a little, as we're 
going to cover a new bit of territory." 

True and False 
Smithy tapped his pen against the 

circuit with the two switches in 
series. 

"It can be said," he remarked, 
"that this little circuit is an electrical 
equivalent of an exercise in logic in 
which there are two statements 
leading up to a third statement. If 
both the first two statements are true 
then the third statement is also true, 
but if either, or both, of the first two 
statements is false, then the third 
statement is false as well." 

"Blimey," breathed Dick, "weird 
isn't in it!" 

"Let us," continued Smithy, ignor- 
ing his assistant's comment, "make 

Switch A Switch B 
 — 

Lamp 
CO 

I 
Fig. 1. A simple switch circuit 
which represents the logical 

AND 
the first statement 'Switch A is 
closed', and let us make the second 
statement 'switch B is closed'. And, 
finally, let us make the third state- 
ment 'the lamp is alight'." 

"The lamp may be alight," 
grumbled Dick, "/'/« completely in 
the dark." 

"The next thing," Smithy carried 
on doggedly, as he applied himself 
once more to his notepad (Fig. 3), 
"is to redraw that table of ours in 
terms of these three statements. In 
the top line of the previous table 
switch A is open. So the statement 
'switch A is closed' is obviously 
false, and we put the word 'false' in 
the appropriate place in our new 
table. In the top line of the previous 
table switch B was open also, so the 
statement 'switch B is closed' is false 
too, and we enter the word 'false' 
again. We do the same in the third 
column because the statement 'the 
lamp is alight' is obviously false as 
well. When we turn to the second 
line of the previous table we start 
off again with switch A open. So, 
once more, we enter 'false' in the 
table. But when we come to the 
column for switch B we find that the 
statement is true because switch B 
is, this time, closed. So we enter 
'true' in the table. The lamp still 
isn't alight, though, so we put 'false' 
in the third column. We carry on in 
the same way along the third line, 
and then we come to the bottom 
line. In this line all the statements 
are true, because both switches are 
closed and the lamp is alight. In 
consequence, we enter the word 
'true' in all three columns." 

Dick gazed at Smithy's second 

SWITCH A SWITCH B LAMP (C) 

OPEN OPEN OFF 

OPEN CLOSED OFF 

CLOSED OPEN OFF 

CLOSED CLOSED ON 
Fig. 2. A truth table showing the functions of the switches of Fig. 1 and the 

consequent state of the lamp 
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SWITCH A 
IS CLOSED 

SWITCH B 
IS CLOSED 

THE LAMP IS 
ALIGHT (C) 

FALSE FALSE FALSE 

FALSE TRUE FALSE 

TRUE FALSE FALSE 

TRUE TRUE TRUE 

Fig. 3. The reason for the term "tn 
words "true" and "false" are used 

table i 
table and scratched his head. 

"It's just the same," he said 
eventually, "as your first table except 
that you've put 'false' and 'true' 
instead of 'open' or 'closed', or 
instead of 'off' or 'on'." 

"It is the same," confirmed 
Smithy, "and it helps to get the idea 
of 'true' and 'false' into your noddle. 
'False' corresponds to either switch 
in its normal position or the lamp 
not alight, and 'true' corresponds to 
either switch in the actuated position 
or the lamp lit up. The terms 'true' 
and 'false' are commonly en- 
countered in logic circuitry, and it 
is because of them that we refer to 
these tables as 'truth tables'." 

"Well," conceded Dick, "that 
explains one thing, at any rate." 

"We next," continued Smithy, 
"move away from the 'true' and 
'false' business." 

"Thank goodness for that!" 
"I do wish," snorted Smithy 

testily, "that you wouldn't keep on 
with these interruptions of yours. 
You ask me to give you the gen on 
logic circuits and then you keep 
butting in with gash comments all 
the time!" 

"Sorry, Smithy," said Dick con- 
tritely, "but all this isn't easy, you 
know." 

"It isn't difficult, either," replied 
Smithy irritably. "All that it is is 
unfamiliar. Anyway, I'm going to 

i table" becomes apparent when the 
i define the conditions shown in the 
Fig. 2 
keep on with truth tables and I'm 
next going to bring in binary 
figures." 

It was as though a ray of spring 
sunshine had broken through the 
wretchedness of a foggy February 
day. 

"Binary figures," repeated Dick, 
his whole face lighting up. "Why, 
I know all about them! Instead of 
having 0 to 9 as in our ordinary 
decimal system, you've just got 0 
and 1. And I know why the binary 
system is used in digital computers, 
too." 

"For this relief," remarked Smithy 
devoutly, "much thanks. Now tell 
me why the binary system is used in 
digital computers." 

"Because," replied Dick happily, 
"digital computers have to use things 
like transistors for calculations and 
these are used in circuits whether 
they're either cut-off or fully conduc- 
tive. If they're cut-off they can 
correspond to 0 and if they're fully 
conductive they can correspond to 1. 
Or vice versa." 

"Dear me," said Smithy, im- 
pressed. "You are with it. How do 
you count in binary numbers?" 

"The figures 0 and 1," replied 
Dick promptly, "are the same in 
both decimal and binary systems. 
There's no figure 2 in the binary 
system, so this is represented as 10. 
Figure 3 becomes 11, figure 4 be- 

SWITCH A SWITCH B LAMP (C) 

O O O 

O f O 

1 O O 

1 I 1 

0 = FALSE 
1 = TRUE 

Fig. 4. Employing the binary numbers 0 and 1 in place of "false" and 
"true" 

comes 100, figure 5 becomes 101 and 
figure 6 becomes 110. And so on." 

"Exactly," confirmed Smithy. "In 
the decimal system the next number 
after 9 is 10 because there's no digit 
higher than 9. In binary, there's no 
digit higher than 1, so the next 
number is 10. With binary, the rules 
are the same as for the decimal 
system, but you can't go higher 
than 1. Anyway, all this is more 
than enough about the binary 
system for our present purpose, so 
let's go back to the truth table." 

Binary Table 
Smithy remembered his mug of 

tea, picked it up and drank deeply. 
"Ah, that's better," he said, 

smacking his lips, "just the job! 
Now, you said just now that a tran- 
sistor could either be cut-off or fully 
conductive, and that it could then 
represent 0 or 1 respectively. The 
same applies to any other device 
which can take up one of two states. 
The two switches in series in our 
diagram are two-state devices be- 
cause they can either be open or 
closed. We've made the assumption 
that, when open, they correspond to 
'false' and that, when closed, they 
correspond to 'true'. We can use 
the two binary digits 0 and 1 instead 
of 'false' and 'true', whereupon we 
could make another assumption and 
say that an open switch corresponds 
to 0 and a closed switch corresponds 
to 1. Similarly, the extinguished 
lamp corresponds to 0 and the 
illuminated lamp to 1. Let's see 
what our table looks like now." 

Smithy drew a third table. 
(Fig. 4.) 

"Here we are," he said, "we now 
have a truth table using the binary 
digits 0 and 1. Now, I've assumed 
that the digit 0 corresponds to 
'false' in the previous table and that 
the digit 1 corresponds to 'true'; 
and this is, in fact, a convention 
that's used in computer logic circuits. 
In the present circuit with the two 
switches in series, 0 corresponds to 
any device which is not actuated, 
whilst 1 corresponds to any device 
which is actuated. When a switch 
is closed, it Is actuated, and so it 
represents condition 1. When the 
lamp is lit it is actuated, and this 
corresponds to condition 1 also." 

"Why," asked Dick, "didn't you 
go straight away into explaining the 
conditions as 0 and 1, which seems 
fairly reasonable to me, instead of 
going through all this 'true' and 
'false' business?" 

"I thought you'd ask that," 
grinned Smithy. "And the answer 
is that, if you're going to do any 
serious delving into computer logic 
circuits you'll bump into the 'true' 
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and 'false' concept almost from the 
word go. In practice, you'll find 
that you get used to it surprisingly 
soon." 

"I'll take your word for it," 
commented Dick guardedly. "What's 
the next move?" 

"We're going to quickly dip our 
toes," replied Smithy, "into Boolean 
algebra!" 

"Ye gods," groaned Dick. "Roll 
on colour TV. Let's get on to 
something simple like dynamic tube 
convergence." 

"Stop dripping," commanded 
Smithy. "In the last two tables I 
drew up we said that when switch A 
is true or is in condition 1, and when 
switch B is true or is in condition 1, 
so also is the lamp. If we refer to the 
lighting of the lamp as C, we can 
then say that C is true when A and 
B are true. O.K. ?" 

"Fair enough," said Dick grudg- 
ingly, "that seems reasonable." 

"In Boolean algebra," said Smithy, 
"this set of conditions is represented 
by the equation C=A x B. The 
multiplication sign doesn't mean the 
same as in ordinary algebra, and it 
simply stands for the word 'and'. 
Very often a full-stop is nsed instead 
of the multiplication sign because it 
means the same thing, whereupon 
the set of conditions becomes 
represented by C=A.B. Or, again, 
even the full stop may be dropped, 
giving you C=AB. All these mean 
the same thing in Boolean algebra 
and they state that C is true when 
A and B are true." 

OR Circuit 
Smithy paused and waited ex- 

pectantly. 
"Go on," said Dick. 
"That's all for the present about 

Boolean algebra," replied Smithy. 
"I said we were only going to dip 
our toes in!" 

"Let's think a minute," said Dick 
reflectively. "In this Boolean 
algebra, you represent 'and' by 
showing the two letters as though 
they were multiplied together." 

"That's right," confirmed Smithy. 
"For the record, an expression like 
A x B, or A.B, is known as the 
'logical product'." 

A thought suddenly occurred to 
Dick. He seized Smithy's notepad 
and sketched a second circuit. 
(Fig. 5.) 

"Have a look at this," he ex- 
claimed. "What I've done here is to 
put three normally-open switches in 
series. Could this represent an AND 
circuit, too?" 

"Definitely," replied Smithy. "The 
lamp will only light if switch A and 
switch B and switch C are actuated. 
If we call the lighting of the lamp 

Switch B Switch C Switch A 

© 
Lamp 
CD) 

D=A.B.C 
Fig. 5. Illustrating the logical AND with three switches 

condition D and stick to our previous 
terms we can say that D is true only 
when A, B and C are true. This can 
be represented in Boolean algebra 
as D=A x B x C, D=A.B.C or 
D=ABC." 

"Well, blow me," gasped Dick. 
"Do you know. Smithy, now that 
I've got over the initial strangeness, 
all this is beginning to make sense." 

"It does with time," said Smithy. 
"Like most practical blokes working 
in electronics, you've been immersed 
for a long time in ordinary electronic 
circuits where the only things you 
have to consider are easily imagined 
quantities like amps, ohms and 
volts. Don't forget that even amps, 
ohms and volts can be a little 
indigestible when you first have to 
deal with them." 

"I suppose they can be," said Dick 
reflectively. "I can't even remember 
when I first encountered them." 

"Of course you can't," replied 
Smithy. "You've got so used to 
thinking in terms of amps, ohms 
and volts that you can't recall the 
time when they were a hidden 
mystery to you. A// new things are 
difficult at first." 

"I suppose you're right," said 
Dick. "Anyway, what's next with 
these AND circuits?" 

"Oh, I've finished with them for 
the moment," stated Smithy. "What 
I'm next going to do is start on a bit 
of OR logic." 

Smithy recovered his notepad and 
drew out a further circuit. (Fig. 6.) 

"This circuit," he continued, 
"shows two normally open switches 
in parallel connected between the 
battery and the bulb. Let's draw up 
the truth table for this little set-up 

Switch 

and we'll use the figure 0 to represent 
a device that isn't actuated and the 
figure 1 to represent one that is." 

Again, Smithy's pen went into 
action. (Fig. 7.) 

"The result we get," continued 
Smithy, "is very obvious. So 
obvious, indeed, that we don't really 
need the truth table at all. Never- 
theless, it's good practice to go 
through the truth table routine so 
that we can get familiar with its use. 
The top line of the table is a row 
of O's, and represents both switches 
open and the lamp not lit. In the 
second line, the 1 in the B column 
tells us that switch B is closed, and 
the 1 in the C column tells us that 
the lamp is lit. In the third line 
down, switch A is closed and the 
lamp is lit and, in the fourth line both 
switches are closed and the lamp is 
lit again." 

"What does the circuit represent ?" 
"It represents a logical OR," 

replied Smithy. "The lamp is lit 
either when switch A is closed, or 
when switch B is closed or when both 
switches are closed. If we use the 
true and false approach, we can say 
that the circuit represents the case 
where C is true when A or B or both 
are true. In Boolean algebra this is 
shown as C=A-1-B." 

"A p/usBT' 
"That's right," confirmed Smithy. 

"This is another instance of a sign 
which doesn't mean the same thing 
as in conventional algebra. What 
the plus signs means is or, in the 
sense that C is true when A or B or 
both are true." 

"That," commented Dick, "is the 
second time you've said 'A or B 
or both'." 

Switch B 

Lamp 
(C) 

C= A+B 
Fig. 6. A circuit representing the logical OR 
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SWITCH A SWITCH B 
( 

LAMP (C) 

O O O 

O 1 1 

1 O 1 

1 1 1 

Fig. 7. Truth table for the circuit of Fig. 6. This may be compared with the 
truth table of Fig. 4, which is for an AND circuit 

"That's because I want to em- 
phasise the relationship," explained 
Smithy. "This particular OR is 
described as the 'inclusive OR' 
because it applies to A or B or both. 
There's also an 'exclusive OR' and 
this covers the case where C is true 
when A or B is true but not when 
both are true. Thus, with the 
exclusive OR you get C being true 
only when one of the two, A or B, 
is true. The exclusive OR requires 
a rather more complex circuit to 
demonstrate it than does the in- 
clusive OR and I've only mentioned 
it so that you can be aware of its 
existence. All the ordinary OR 
circuits you find in computer logic 
are for the inclusive OR unless 
otherwise stated. As I've just told 
you, you use a plus sign to indicate 
the OR relationship, and the ex- 
pression A+B is known, in con- 
sequence, as a 'logical sum'." 

"Can you," asked Dick, "have 
three switches, like I had with the 
AND circuit?" 

"You can have as many as you 
like," replied Smithy, picking up his 
pen. "Let's add another one to the 
two-switch circuit and refer to the 
lighting of the lamp as D. (Fig. 8.) 
Then, D is true when A or B or C or 
any two or all three are true. The 
Boolean algebra presentation is 
D=A+B-|-C." 

Logic Gates 
"I certainly seem," commented 

Dick, "to be learning something 
Switch A 
  

today. It's beginning to get interest- 
ing, too." 

"If you keep on," replied Smithy 
cheerfully, "this logic business be- 
comes completely engrossing. Let's 
carry on, next, to one or two 
practical gate circuits." 

Smithy tore the now completely 
covered top sheet from his pad, and 
applied his pen to the new surface. 
(Fig- 9.) 

"Here," he said after a few 
moments, "is a diode AND gate. 
I've given it three inputs and I'm 
going to assume representative 
voltages to make the explanation 
easier. The inputs can be at one of 
two states, these being either at zero 
volts or at +10 volts, and we'll say 
that the zero volts state corresponds 
to the 0 condition in the binary 
system, and that the +10 volts state 
corresponds to the 1 condition. 
And, to make things even simpler, 
I've also drawn a thermionic diode 
alongside a semiconductor diode 
just to remind you which way the 
current goes through the latter!" 

"That," remarked Dick appre- 
ciatively, "is very civil of you." 

"I'm like that," replied Smithy 
grandiosely. "To return to the gate 
circuit, when all inputs are at zero 
volts, all the diodes are conducting 
in the forward direction. In con- 
sequence we can look upon them as 
being short-circuits, and zero voltage 
appears at the output. What 
happens to the output if we take one 
of the inputs up to +10 volts?" 

r 
i 

t 

Switch B 

Switch C 

Lamp 
(D) (b 

D= A + B -t-C 
Fig. 8. A representative OR circuit employing three switches 

Dick concentrated on Smithy's 
circuit. 

"Why," he remarked after a 
moment. "Nothing!" 

"That's right," confirmed Smithy, 
"but why?" 

"Because the other two diodes 
will still conduct," said Dick, "and 
will hold the output down at zero 
level. The diode whose input went 
up to +10 volts will merely become 
reverse biased." 

"That," responded Smithy warmly, 
"is my boy. What happens if two 
of the inputs go up to +10 volts ?" 

"The same again," replied Dick 
promptly. "There'll still be one 
conducting diode left which will hold 
the output down at zero volts. The 
other two diodes will just become 
reverse biased." 

"Excellent," said Smithy." Finally, 
what happens when all three inputs 
go up to +10 volts?" 

"In that case," said Dick decisively, 
"the output will go up to +10 volts 
as well." 

"Fine," said Smithy. "In other 
words we only get an output of 1, 
which corresponds to +10 volts, 
when all the inputs are similarly at 1. 
We've got ourselves, therefore, an 
AND gate, since the output only 
appears when A and B and C are 
present. If the output is D then, 
according to Boolean algebra, D = 
A.B.C. Incidentally, we could have 
two inputs, or more than tbree 
inputs if we wanted to, provided that 
each input coupled into a diode. 
Let's take a shufti now at an OR 
gate!" 

Again, Smithy set to work on his 
note-pad. (Fig. 10.) 

"Here it is," he announced, "a 
nice simple OR gate. We'll keep 
our inputs the same as in the 
previous case with zero volts corre- 
sponding to the binary 0 condition, 
and +10 volts corresponding to the 
binary 1 condition. You'll notice 
that the load resistor couples this 
time to a negative voltage, which 
could be something like —10 volts." 

"This circuit," remarked Dick, 
"is a piece of duffy! All the diodes 
are conducting even when the inputs 
are at zero volts. If one input goes 
up to +10 volts then its diode 
carries the output up to +10 volts 
also, with the rest of the diodes 
becoming reverse biased. The output 
goes up to +10 volts as well if two 
of the inputs do or if all three of the 
inputs do." 

"You're really catching on," said 
Smithy approvingly. 

"I'm on home ground here," 
replied Dick confidently. "I've never 
been beaten by a diode yet!" 

"Good show," said Smithy. "I 
must add that, like the AND gate. 

444 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



• +20V 

-Load resistor 
Input A o 1^- 

Input B o  

input C o  

Output 
D=A.B.C 

OV 

Fig. 9. A diode AND gate with output D (=A.B.C.). The inputs may be 
either at zero volts (=0) or at +10 volts (=1). In the inset, the thermionic 
diode is shown alongside the semiconductor diode as a reminder of the 
direction of forward current flow in the latter. In both devices conventional 

current (from positive to negative) flows in the direction of the arrow 

this OR gate could have two inputs, 
or more than three inputs, provided 
that each input had its own diode. 
And the Boolean algebra expression 
for the gate is D=A+B+C where 
D is the output. Now let's bring in 
a transistor!" 

Inverter 
Smithy's pen rattled busily over 

his much-used notepad. (Fig. 11.) 
"This," he remarked, "is a 

common-or-garden transistor con- 
nected as a grounded emitter ampli- 
fier. I've chosen an n.p.n. transistor, 
which means that collector current 
increases as the base goes more 
positive. Let's start with zero 
voltage applied to the input. The 
base will then have the same 
potential as the emitter and so the 
transistor will not pass any current. 
In consequence, the output will be at 
the positive supply voltage. If now 
we change the input from zero to 
+ 10 volts we will cause the tran- 
sistor to become fully conductive. 
Incidentally, the resistor in series 
with the base is inserted merely to 
ensure that excessive base current 
doesn't flow. What happens to the 
output?" 

"Why," said Dick, a little startled 
at Smithy's sudden question, "it goes 
negative, of course. It will go very 
nearly to zero potential." 

"Exactly," agreed Smithy. "If we 
made the transistor supply voltage 
10 volts, an input of +10 volts will 
result in what is virtually zero 
voltage output, whilst a zero voltage 
input will result in +10 volts output. 
In other words the transistor acts as 
an inverter, because it inverts the 
polarity of the input. Stand by for 
another symbol in Boolean algebra!" 

"I am," replied Dick, "maintaining 
a state of full readiness." 

"Excellent," said Smithy. "We'll 
start off by representing the input to 
the transistor by the letter A, this 
letter being true when the +10 volts 
input is present. The output from 
the transistor is the dead opposite 
of A and so we call it 'not-A'. And, 
we distinguish it as not-A by drawing 
a bar above the letter, like this; X." 

Smithy scribbled the character on 
his pad. 

"So," he went on, "if input A is 
reversed it becomes A with a bar 
over the top and we call it 'not-A'. 
Let's see what happens if we couple 
up our previous AND gate to the 
transistor." 

Smithy thought for a moment then 
sketched out a circuit. (Fig. 12.) 

"This should do the trick," he 
remarked. "We've got the same 
three diodes in an AND gate as 
before, and you'll remember that 
their output went up to +10 volts 

only when all three inputs went up 
to +10 volts. This time we've got 
the output hitched to the base of our 
p.n.p. transistor via a resistor to 
limit base current to a safe value. 
I've also added a resistor from the 
base going to a negative bias line, 
but this is only to keep the transistor 
base slightly negative of the emitter 
when the output of the diode gate is 
nominally zero. This bias circuit 
keeps the transistor fully cut-off 
under this condition, despite any 
small voltages which may, in practice, 
be dropped across the diodes. When 
the output from the diode gate is 
zero, therefore, the transistor is 
cut-off and its output is at positive 
supply voltage. When inputs A and 
B and C go up to +10 volts so does 
the output from the diodes and this 
causes the transistor to become fully 
conductive. The transistor output 
falls, therefore, to zero volts. We 

Input A o   

already know that the output from 
the diode AND circuit is given by 
D=A.B.C. The output from the 
transistor is, however, the dead 
opposite of this and we can, in 
consequence, call it 'not-A.B.C.'. 
Since it is 'not-A.B.C.' we write it as 
A.B.C. with a bar along the top of 
all three letters. Thus: A.B.C." 

Smithy wrote the symbol on his 
pad as Dicked looked on. 

"To finalise," Smithy went on, "if 
we call the transistor output E, then 
E=)OX"." 

"Is this circuit," asked Dick, "an 
important one?" 

"It is," confirmed Smithy. "It's 
a NAND gate, the word NAND 
deriving from not-AND. If you're 
dealing in binary terms, the output 
is 0 only when input A and input B 
and input C are 1. Do you feel like 
a bit of really heavy brain-bashing?" 

Input B o- 

Input C o- 

-H- 

-W- 

Output o 
D =»A+B+ C 

• OV 

: Load resistor 

■ -IOV 
Fig. 10. A diode OR gate with output D (=A+B+C). As with Fig. 9, the 

input may be either at zero volts (=0) or at -j-10 volts (=1) 
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+ Supply 

Load resistor 

o Output 
(A) 

Input (A) 

Fig. 11. A transistor inverter. This reverses the polarity of the input signal 

"I think I could stand a bit more," 
replied Dick, "but take it easy 
now!" 

"When," said Smithy, "all the 
inputs to the NAND circuit are at 
+10 volts, the output is at zero. If, 
however, any input goes down to 
zero volts the transistor cuts off and 
its output goes to full supply 
potential. The same applies if any 
two inputs go down to zero volts or 
if all three do. What does that 
remind you of?" 

"Just a minute," said Dick 
thoughtfully, "that sounds familiar. 
Why, it's the same as with the OR 
gate! The OR gate you drew just 
now gives an output D if A or B 
or C or any two or all three go up 
to +10 volts." 

"That's the idea," said Smithy, 
pleased. "With the NAND gate, 
though, we get an output if any one 
input or any two inputs or all three 
go down to zero volts. Going down 
to zero volts is the dead opposite of 
going up to +10 volts and so we 
find we get a true output from the 
gate for A or If or T7 or for any two 
or for all three. In other words, the 
true transistor output, E, is equal to 
S+B+C. Also, since both are equal 

to E in the same circuit, we can say 
that A.B.C. =A+B"+fI" 

"This," protested Dick, "is getting 
rather heavy going." 

"Okey doke," said Smithy equably. 
"But what I've just mentioned is 
something you can think about at a 
later time. The final thing I'm going 
to do is couple our previous OR gate 
to the transistor." 

Again Smithy scribbled out the 
appropriate circuit. (Fig. 13.) 

"I don't think," he said, "we need 
go into the full detail again, because 
we covered it pretty fully with the 
NAND gate. We know that the 
output for the diode gate is D = 
A+B+C. The transistor then 
inverts this so that its output, E, is 
A+B + C. The bar meaning 'not' 
goes over the whole of the A+B+C 
expression. This circuit is known as 
a NOR gate. If you feel like under- 
taking the mental exercise, you can 
look at this circuit the other way 
round, too. This time, a true output 
from the transistor is given only 
when X and TT and TTare applied to 
the inputs. This gives us E==X.g.C", 
from which we can say that A+B+C 
=X.g.Cr However, I'll say no more 
about that, except to leave it with 
  +20V 

you as something to think about in 
the future. I should add, for the 
record, that the alternative results 
given by the gates are examples of 
what are known as De Morgan's 
Rules. These are usually given with 
two terms only and state that 
XF-X+g and that A+B-X.g." 

"De Morgan," repeated Dick, 
curiously. "Who was he?" 

"He was a mathematician," replied 
Smithy, "who lived in the nineteenth 
century, about the same time as did 
George Boole. It was Boole who 
invented the Boolean algebra. De 
Morgan's Rules were an addition to 
Boole's work." 

"Are you telling me," asked Dick 
incredulously, "that all this algebra 
was conceived in the nineteenth 
century ?" 

"I am." 
"But," protested Dick, "there 

wasn't anything even approaching 
electronics in those days. No radio, 
no valves, no transistors, no any- 
thing!" 

"I know," said Smithy. "The 
algebra was based entirely on 
formal logic. Marvellous, isn't it?" 

Modern Times 
"I should say," agreed Dick 

warmly. "Anyway, now that I've 
learned all about logic circuits, when 
are we going to get our first com- 
puter in for servicing?" 

"Not for quite a little while yet," 
chuckled Smithy. "I must remind 
you that we've only just skimmed 
the surface of logic circuits and that, 
even then, we've been picking out 
the easier bits. Still, what I've told 
you should get you over the initial 
hump if you ever start digging up 
further information on the subject. 
A point I must mention is that 
modern NOR and NAND gates 
don't always have the diodes before 
the transistor. Each input can go 
direct to the transistor base via a 
resistor. If the voltages and valves 
are right, this arrangement can give 
you the same NAND or NOR 
action as with the gates I showed 
you using diodes. Incidentally, the 
fact that the NAND and NOR gates 
use a transistor has resulted in them 
being more popular with computer 
manufacturers than the AND and 
OR gates." 

"Why's that?" 
"Because," explained Smithy, 

"you can use the transistor to give 
amplification, which doesn't occur 
with the diode AND and OR gates. 
If you have a string of AND and 
OR gates you have to pop in an 
amplifier every now and again to 
make good the losses. But transistor 
NAND or NOR gates have their 

Input A o 

Input B & 

Input C o 

+ IOV 

Output 

E=AB.C 
^—vw 

D= A.B.C 

OV 

- Bias 
Fig. 12. Adding the AND gate of Fig. 9 to a transistor inverter to form a 
NAND gate. The output is E (=A.B.C). The positive supply voltage figures 

shown are intended to be representative only 
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+iov 

input A o- 

Input B o 

Input C o- 

o Output 
E=A+B+C 

(p= A + B+C) 

Bias 
Fig. 13. A NOR gate, given by a transistor inverter following the OR gate 
of Fig. 10. The output is E (=A + B-(-C). The load resistor of Fig. 10 is 
replaced by the series base current limiting resistor and the further resistor 

connecting to the negative bias supply 

own built-in amplifier and further 
amplifiers aren't needed." 

"Are there any other points on 
these gates?" 

Smithy looked at his watch, picked 
up his outrageous tin mug, and 
drained it with an air of finality. 

"Not at this stage," he replied, 
"except, perhaps, to say that the gate 
circuits I've described during this 
little session of ours are only 
examples of what can be done. A 
considerable amount of permutations 
on the circuits can be given by 
ringing the changes on supply 
potentials, input signal potentials, 
by changing from n.p.n. to p.n.p. 
transistors, and so on. And now, 
my lad, it's well past the end of lunch 
break, so let's have a stab at a few 
nice simple radios and TVs!" 

But Dick's face was heavily 
contorted in a grimace which 
indicated that, as happened on 
occasion, he was being visited by his 
Muse. Recognising the symptoms, 
Smithy sighed and waited for the 
inevitable. 

After some moments, his assistant's 
face cleared. 

"Listen to this. Smithy," said Dick 

exultantly. "How about this to cap 
off everything we've been talking 
about today? 

"Said the logic research supervisor, 
'Our new gate is a real tantaliser, 
It's not an OR or an AND, 
Nor a NOR or a NAND, 

It's none of these things, it's a 
NEITHER!'" 

And even Smithy, as he switched 
on the mains supply to his bench, 
had to privately admit that there 
were occasional advantages in having 
someone like Dick around the place. 

PYE RADIOTELEPHONES FOR SHERPA HOSPITAL 

The world's most remote hospital, 13,000ft up the slopes of Everest, is to have two powerful radiotelephones to 
provide a "lifeline" with civilization. 

Sir Edmund Hillary will lead a New Zealand expedition into Nepal next year to begin construction of a six-bed hos- 
pital for 4,000 Sherpas in the Khumbu area of the Himalayas. The expedition will carry with it two compact single- 
sideband transmitter-receivers, manufactured by Rye of Cambridge, which will give hospital staff a vital link with Kath- 
mandu, 160 miles away. The sets, which are Rye SSB 125's, have been presented to Sir Edmund by Mr. G. A. Wooller, 
managing-director of Rye (New Zealand), Limited. 

"By foot it would take at least eight days to reach Kathmandu with a message, and a further eight days to return," 
says Sir Edmund. "These radios, with their strong signal, will be an invaluable asset." 

Another vital link for the hospital, which will be built at Khunde, near the Tibetan Border, is an airstrip which Sir 
Edmund and his party built last year, a day's walk down the valley from the village. The radiotelephones will make it 
possible for the hospital staff to give pilots advance information on weather conditions in the valley. 

"This is particularly important," says Sir Edmund, "because the weather conditions there can change very quickly, 
and pilots are reluctant to leave Kathmandu for the valley unless they are sure that the weather is favourable." 

Radio interference will be no problem, despite the remote location of the proposed hospital. Mr. Peter Mulgrews, 
who is treasurer of the Sherpa Hospital Appeal Committee and manager of Rye's Telecommunications Division (New 
Zealand), says the sets are powerful enough to receive a clear signal virtually from anywhere in the world, and the design 
is such that interference is virtually eliminated. 

The 4,000 Sherpas of the Khumbu (Everest) area of the Himalayas asked Sir Edmund to help them establish a hospital. 
Sir Edmund says the Sherpas are cheerful, hardworking people, but live in conditions of great hardship. 

In recent years expeditions led by Sir Edmund have worked with the Sherpas to establish seven elementary schools, 
and to build two water pipelines, two bridges and an airfield. 

"But the greatest Sherpa need", says Sir Edmund, "is medical treatment. They have no hospitals, drugs, doctors 
or nurses, only 60 per cent of their children survive their first 10 years, and an appalling percentage of mothers die in 
childbirth." 

Sir Edmund's hospital expedition plans to begin construction at Khunde in September next year, and a New Zealand 
doctor and an assistant are ready to staff it. 
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Slum Wok Oroiit 

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

Another ingenious circuit from our popular contributor. In this short 
wave receiver covering 3.5 to 20.6 Mc/s one triode-pentode functions 
as aperiodic r.f. amplifier and triode detector with reaction, after which 
the pentode section doubles as a reflexed triode output valve. 

For over 30 years a simple 
circuit consisting of an untuned 
radio frequency stage followed 

by a triode detector with a final stage 
of triode audio frequency amplifica- 
tion has been deservedly popular for 
the reception of short wave signals 
on headphones. Despite its sim- 
plicity the circuit has the advantage 
of quiet background, and for this 
reason will sometimes pull in 
stations which would be missed on 
an elaborate communications super- 
heterodyne. 

One Valve—Three Stages 
The circuit to be described is just 

such a three stage receiver except 
that it obtains its three stages through 
the agency of a single valve—a 
3A8GT. This represents a consider- 
able saving in construction costs, 
especially as the valve is obtainable 
for a few shillings.1 All the com- 
ponents necessary for the receiver, 
including materials for a set of three 
plug-in coils can be bought for 
comfortably under £2. 

The use of a 3A8GT valve will be 
found to result in splendidly short 
wiring. But constructors can, if they 
wish, use two more generally avail- 
able valves instead, these being a 
1N5GT for the pentode and a 
1H5GT for the triode. This alterna- 
tive has been tried by the author and 
gives satisfactory results provided 
the grid capacitor and leak (C4 and 

1 Among dealers who, at the time of 
writing, stock the 3A8GT are Alpha Radio 
Supply Co., 103 Leeds Terrace, Wintoun 
Street, Leeds; and Z and 1 Aero Services 
Ltd., 44a Westbourne Grove, London, W.2. 

R4) are taken direct to the grid cap 
of the IH5GT with only the mini- 
mum of wire necessary for the solder 
connection at the cap. 

It will be seen from Fig. 1 that the 
aerial is taken to the slider of a 
potentiometer and thence to the grid 
of the pentode section of the valve. 
One of the many advantages of the 
buffer stage thus provided is that it 
is possible to vary the input from the 
aerial without upsetting either the 
tuning or the reaction setting. It will 
be found that VR] can be employed 
as a useful selectivity control, 
especially when a long aerial is in 
use. Jamming stations can be sorted 
out by backing down VRi and 
advancing VR2 to the edge of 
oscillation. 

L2 is in the anode circuit of the 
pentode and couples to Li, which is 
tuned to the signal by VCi through 
the agency of an 8:1 slow motion 
drive. The rectified signal is passed 
by way of R2, C| and IG back to the 
pentode section and further ampli- 
fied. Because of L2 the pentode 
becomes a triode at audio frequen- 
cies, with its anode and screen-grid 
connected together. In consequence 
a fairly low output impedance 
results which matches quite well to 
a pair of 4,0000 phones. 

Because of C2 and provided L2 is 
in correct phase relationship with 
Li, L2 serves for reaction as well as 
forming the primary of a coupling 
transformer. Reaction is controlled 
by VRz which varies the d.c. voltage 
available for the anode of the triode, 
and hence its tendency to oscillate. 
This arrangement has the advantage 

of ensuring that the a.f. load for the 
triode is as high as is consistent with 
the provision of satisfactory reaction, 
a factor which is important with the 
high output impedance involved, 
this being about 200kQ. Good low 
frequency amplification results. For 
smooth control, VR2 has a log track 
and is connected so that reaction 
increases in an anti-clockwise direc- 
tion. 

It is recommended that good 
quality potentiometers be used for 
VRi and VR2. In the author's 
experience some potentiometers be- 
come noisy after a few hours' use if 
the smallest current is passed through 
them or, sometimes alas, even when 
no current is involved at all. 

Although VCi has a capacitance 
of only 60pF it will be found that, 
with the small stray capacitances in 
the circuit, the frequency coverage 
of each coil will be nearly 2:1. This 
is as good as with 150pF tuning 
capacitance in some circuits. 

It will be seen that C2 not only 
enters the reaction circuit but that it 
also provides a little negative feed- 
back at the higher audio frequencies. 
This cancels a tendency for in- 
stability at these frequencies resulting 
from the reflex action. If C2 is 
disconnected, not only will there be 
no reaction but there will probably 
be an audio frequency howl. 

As is the author's usual practice, 
the exact layout is left to the con- 
structor. But a suggestion as to the 
positioning of the valveholder in 
relationship to the plug-in coil 
holder is given in Fig. 2. In this 
diagram the reader is looking at the 
underneath of the valveholder, but 
at the top of the coil holder. The 
arrangement shown is convenient 
when mounted to the front panel, as 
it allows the coil to protrude where 
it can easily be changed, while the 
valve projects away from the coil, 
behind the panel. The two holders 
are secured together by a long bolt, 
a sleeve about fin long being fitted 
to space them apart. This leaves 
room for components underneath 
the valveholder, whilst bringing the 
coil holder flush with the panel. 
Clearly, it will be necessary to re- 
arrange things if two separate valves 
are used. 

Making the Coils 
Some commercial coils will prove 

satisfactory with the circuit, but 
others will not suit. It was found 
that Globe-King coils, Nos. 2 and 3, 
worked well and gave a coverage of 
from 17.6 to 5.2 Mc/s, with a small 
overlap between them.2 But the 

2 "Globe-King" products are manufac- 
tured by Johnsons (Radio), St. Martins 
Gate, Worcester.—Editor. 
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Coil 
Number 

Li 
turns Li type Lz 

turns L2 type Coverage 
(Mc/s) 

Coverage 
(Metres) 

1 9i* Spaced 
Vioin 

6* Spaced 
Vtoin 

20.6 
-11.6 

14.5 
-25.8 

2 24f* Spaced 
Vtoin 

7 Pilewound 12.1 
-6.5 

25 
-46 

3 241 Closewound 9 Pilewound 6.7 
-3.5 

44.7 
-85.6 

"24 s.w.g. enamelled wire. All other windings 32 s.w.g. enamelled wire. 

author has designed his own plug-in 
coils which are easy to make, cheap 
and very efficient. The materials 
required to make three coils to 
provide a coverage from 20 to 3.5 
Mc/s consist of a piece of Paxolin, 
6in by Sin by |in, three 4-pin plugs 
of the type which fit a B103 battery ,3 
a small quantity of 24 s.w.g. and 
32 s.w.g. enamelled wire, three Jin 
6BA countersunk bolts with nuts, 
and some strong adhesive. 

The Table gives details of the 
three coils and the coverage which 
may be expected. It is a coincidence 
that Li has exactly the same number 
of turns for coil No. 2, as for No. 3. 
The inductances are very different, 
as one is space-wound and the other 
close-wound. And the odd i turn 
in each case is due to the spacing of 
the pins. 

It is suggested that coil No. 2 be 
made first and the receiver tried out 
with it. Three pieces of Paxolin 

3 The coil base is the same as the B4 
valveholder used extensively in this country 
before the war.—Editor. 

Components List 
Resistors ' 
(All fixed resistors J watt 10%) 

Ri lOOkfl 
R-2 iokn 
Rs IMH 
R4 5.6Mn 
VRi SkO potentiometer, linear 

track, with switch 
VR2 2Ma potentiometer, log 

track 

Capacitors 
Ci 0.01 [iF, paper 
C2 lOOpF, silver-mica or cera- 

mic 
C3 lOOpF, silver-mica or cera- 

mic 
C4 200pF, silver-mica or cera- 

mic 
C5 2,000pF, ceramic 
VCi 60pF, Cat. No. 582 (Home 

Radio) 

Inductors 
Li,2 See text 

Valve 
Vi 3A8GT (see text) 

Switch 
Si (a), (b) d.p.s.t. (combined with 

VRO 

Phones 
4,000a headphones 

Miscellaneous 
1 International Octal valveholder 
1 B4 valveholder (for coil) 
Slow-motion drive, 8:1, Cat No. 

2155 (Jackson Bros.) 

should be cut as in Figs. 3 {a), (b) 
and (e). A fretsaw with a fairly 
tough blade is the tool to use. The 
edges of the pieces shown in Figs. 
3 (a) and [b) have 25 shallow cuts 
in order to keep the turns of the main 
coil in position. These cuts are 10 in 
apart and the way to make them is 
to put the two pieces together with 
outlines corresponding exactly, and 
grip them in a vice together with a 
ruler held about Jin below the edge, 
so as not to be cut. A small hacksaw 
will make the cuts quickly and 
accurately. The 26th cut—the one 
nearest the feet—is deeper since it 
has to take 7 turns of wire for L2. 
The holes marked 1 to 4 are to take 
the ends of the windings and should 
be drilled, as shown, using a ^in 
drill. 

When the piece shown in Fig. 

V 

3 (e) has been cut out it should have 
a Jin hole drilled in its exact centre. 
The underneath of this hole should 
be countersunk. The 4 pin plug will 
probably already have a hole 
through its centre (if not, this must 
be drilled) and the side of the hole 
between the pins should be lightly 
countersunk. The plug is then 
bolted to the base piece with a 6BA 
bolt and nut. A jjin drill is passed 
through each of the four pins in 
turn so that the holes marked 1 to 4 
in Fig. 3 (e) are made. These holes 
will allow the ends of the windings 
to be passed through the pins and 
soldered. 

Next, the pieces shown in Figs. 
3 {a) and 3 {b) are slotted together 
in such a way that the holes take up 
the positions shown in Fig. 3 (e); 
and the four feet are passed through 

Sl^. 
  HT+ 

90V 
HI 

VC 
41 

LOJ 
<xnr. 

1 
l2 

C? VR 
C4 "AW ww 

V| 
3A8GT C3 

T.C, 

R4 
VRi 

LT + 
i'4V 

slb 
LT- 

Fig. 1. The circuit of the receiver. The pentode section reflexes as, first, 
a pentode aerial buffer amplifier and, second, a triode a.f. output waive 
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Phones 

To VC| 

C4 

Ca Valveholder 
underside CF> 

Top cap 
of V. 

Coil holder top side 

moving vanes 

1 ya*- 

fixed vanes 

To VR2 

To VR, 
" To +LT 

Fig. 2. Detail of the wiring around the coil base and valveholder 

the four slots which have been cut 
in the base of Fig. 3 (e). Cement is 
used to secure the four feet in the 
four slots, and the coil former is then 
ready for use. 

Enamelled 32 s.w.g. wire is passed 
through hole 4 in the upright part of 
the former and then passed through 
pin 4 and soldered. Seven turns are 
wound in the deep slot in a clockwise 
direction, looking at the pins, and 
the end is passed through hole 3 and 
pin 3 and soldered. Enamelled 
24 s.w.g. wire is then passed through 
hole 2 and pin 2 and soldered. 
24i turns are wound in the slots 
provided, the end being taken 
through hole 1 and pin 1 and 
soldered. The coil is then complete 
and should appear as in Fig. 3 (/). 

Coil No. 1 is made in a similar 
manner except that it can be shorter 
and L2 is space-wound like Lj, and 
not in a single slot as occurred with 
coil No. 2. L2 has 6 turns and Li 
9J turns. As with coil No. 2, both 
windings are put on in a clockwise 
direction looking at the ends of the 
pins. Fig. 3 (c) and 3 (cf) show how 
the upright parts of the former are 
cut and drilled. The base is as in 
Fig. 3 (e). 

For coil No. 3 the shorter uprights 
are used, as shown in Figs 3 (c) and 
3 (d), but only one set of deep slots 
is cut, these being near the feet, and 
of the same type as occurred in 
Figs 3 (a) and (b). No other cuts are 
needed as there is no spaced winding. 
Also, holes 3 and 4 should be cut 
as in Fig. 3 (b) to take the ends of 
L2. Instead of drilling holes 1 and 2 
to take the ends of Li it is simpler 
to cut two lengths of stiff wire about 
2in long, pass them through pins 
1 and 2 respectively and solder them 
in place before any winding is done. 
Next, L2 is wound in place. Then, 
32 s.w.g. wire is soldered to the stiff 
wire passing through pin 2 at a point 

3" '/lO* 

r 

/ 
IV2 
J 

J/e' wide 

All feet Va'x Ve" 
(a) 

about lin above L2, and 26J turns 
are close wound, the end of the 
winding being soldered to the stiff 
wire passing through pin 1. 

The size of L2 in relationship to 
Lj is fairly critical. If L2 is too large, 
it may be found that it is impossible 
to prevent oscillation with VR2 at 
zero, when VQ is fully open. If L2 
is too small it may be found that 
oscillation cannot be obtained when 
VCi is fully closed. But if the coils 
are carefully made there should be 
no trouble, as allowance has been 
made for some variation. It is 
unlikely, therefore, that constructors 
will need to add to, or take away 
from, the number of turns of wire 
used for L2. 
Conclusion 

Because of the radio frequency 
stage, the circuit will be found very 
independent of the aerial used, and 
there will be no hand capacitance 
effects whatsoever, provided the 
hands are not placed too close to the 
coil. Current consumption is 100mA 
from a 1.4 volt battery, and about 
2mA from a 90 volt battery. Small 
batteries will, therefore, give good 
service. 
Editor's Note 

Although no errors should occur 
if the coil-winding instructions given 
above are followed carefully, the 
possibility remains that an incorrect 
connection or a short-circuit between 
the two windings may exist. This 
could cause the full h.t. supply to 
appear across the headphones, where- 
upon it is suggested that the resist- 
ance across the h.t. supply lines be 
checked with each new coil after 
construction, and before the h.t. 
battery is applied. 

Fig. 3. Constructing the coil 
formers for the three ranges. 
In (e) the pins project towards 

the reader 

25 slots 
spaced '/lo" 

15 slots 
spaced VlO* 

f l1^ 

i / 3 

r2 \ • O ~ O 3 •-0- 

(b) 

r— ll/2*— 

t- 
f 

U -1 LJ 

(c) 

f 
4 - 
\: 

3-o; 

r 
I 

^2 

J 

(d) 
Holes 4,3 

1'/a .♦ r rsr: 
square 

L 

Hole 2 

0 X,AII slots l/B" 
j-o°o3 r? I \4 from corners 

o ° o^ A wide 1/4* deep 

(e) ■ Hole I 

(f) 
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IN LAST MONTH'S ISSUE, WE SAW THAT WE COULD 
determine the performance of an audio frequency 
voltage amplifier triode under working condi- 

tions by drawing a loadline across its laVa curves. 
The "slope" of the loadline corresponded to the 
resistance of the anode load and we noted, further, 
that a complete picture of the valve's operation 
was given by adding a second loadline having 
a slope equal to the resistance of the anode load 
and the following grid resistor in parallel. This 
second loadline was the dynamic loadline. 

We shall next turn our attention to some generally 
available triodes and examine their capabilities in 
practical circuits. 

single envelopes. No conventional domestic radio 
equipment employs a single triode on its own 
without any other valves, and the present-day 
designer chooses from the currently available 
range of double-triodes, diode-triodes and triode- 
pentodes, etc., to find a combination which best 
meets his particular requirements. If the equipment 
being designed is, for instance, a radio receiver 
which requires only one triode voltage amplifier 
amongst its complement of valves, the designer 
may choose a suitable type combined with one or 
more diodes (which can be used for signal detection) 
or combined with a pentode (which may be used 
to drive the loudspeaker). If the equipment is a 

understanding: 

Practical Voltage 

Amplifiers 

By IV. G. Morley 

Triode Combinations 
When we come to examine practical triodes 

intended for use as a.f. voltage amplifiers and for 
similar functions we encounter the somewhat 
surprising fact that such triodes are not, these days, 
normally manufactured as single units. We find, 
for instance, that some valves consist of a triode 
voltage amplifier in combination with one or more 
dioes, all of these being contained within a single 
envelope. These particular valves are known 
as single-diode-triodes or double-diode-triodes, as 
applicable. Again, a triode may be contained in 
a single envelope with a second triode of similar 
characteristics, giving a combination which is 
described as a double-triode. Another common 
valve is the triode-pentode, in which a voltage 
amplifying triode is combined with a pentode. 
The function of the latter is, typically, that of 
providing sufficient power to drive a loudspeaker.1 

The scarcity of single voltage amplifier triodes 
is due to developments and improvements in valve 
design. At present, it is possible to manufacture 
voltage amplifier triodes which occupy relatively 
little space, whereupon it becomes economically 
desirable to combine these with other valves in 

1 Pentodes will be discussed in a later article. 

Q 

radio 

IOC 

tape recorder, which requires a large amount of 
audio frequency amplification in its circuits, then 
double-triodes, consisting of two voltage amplifiers 
in one envelope, may be pressed into service. 
Despite the apparent anomaly that voltage amplifier 
triodes are not normally manufactured as single 
units at the time being, the combinations in which 
they appear can be readily incorporated in conven- 
tional equipment designs. 

This situation did not hold true in the earlier 
days of radio, when valve development had not 
reached its present level, and it was quite common 
practice to use single triode voltage amplifier 
valves. Noteworthy among the earlier types is 
the valve type 6J5, this consisting of a single in- 
directly heated triode fitted to an octal base. This 
valve still appears in current manufacturers' lists 
as a "maintenance type". Since it is mounted 
on an octal base it is much more bulky than a 
triode of similar performance in a modern valve 
combination. 
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All valves are given type numbers and, where 
necessary, a brief explanation of each type number 
will be given as it appears in these articles. The 
6J5 type number just mentioned employs the 
American coding system, in which the first character 
is a number defining the filament or heater voltage. 

B9A base 

ECC82 
ECC83 

ECC82 
ECC83 

B9A 
base 

(c) 

O-ISA 
o 12.6V C>J 

3A1 

Not 
connected 

6-3V 

(el 
Pig. 333 (a). The B9A base has nine pins, numbered 
in clockwise order with the pins pointing towards the 

observer 
(fa). Illustrating the pins to which the electrodes of 
the ECC82 and ECC83 connect. These double-triodes 
are also manufactured under the type numbers 12AU7 

and 12AX7 respectively 
(c). An alternative method of showing pin connections 

for the ECC82 and ECC83 
(d). The ECC82 and ECC83 may be heated from a 
12.6 volt supply by connecting to the heater in the 

manner shown here 
(e). Alternatively, the two halves of the heater 
may be connected in parallel and run from a 6.3 volt 

supply 

The 6 in 6J5 refers to a rated heater voltage lying 
between 5.6 and 6.6 volts. In practice, the rated 
heater voltage for the 6J5 is 6.3, this being a heater 
voltage which is very frequently encountered in 
valves intended for use in mains-driven equipment. 
All other commonly encountered valves using the 
American code whose type number commences 
with the figure 6 also have heaters rated at 6.3 
volts. The first number is followed in the American 
coding system by a letter, or letters, which are 
allocated in sequence to new valves as they are 
introduced to the market. The letter (or letters) 
has no significance to the user, apart from the 
obvious one of identification.2 

A second number follows the letter (or letters) 
and this is intended to define the number of "useful 
electrodes" which are brought out to the external 
circuit. With the 6J5, the 5 applies to the heater, 
the cathode, the grid, the anode, and an outside 
screen which is fitted in some versions of the valve. 
It should be added that, apart from giving a useful 
indication of heater or filament voltage, the American 
valve coding system does not provide a great deal 
of information about the valve concerned. 

We have stated that present-day triodes are 
normally combined with another valve or valves 
in a single envelope. It is possible to find currently 
produced triodes which are not so combined, but 
these are intended for use in special applications 
and not as a.f. voltage amplifiers. 

ECC82 and ECC83 
The two most commonly encountered double- 

triodes which may be employed as voltage amplifiers 
in present-day equipment are the ECC82 and 
ECC83. These valves comprise two similar triodes 
in the one envelope, and they are of the "all-glass" 
construction in which the valve pins protrude 
directly from the glass. Both the ECC82 and 
ECC83 have the B9A base. The B9A base has 9 
pins, these being numbered in a clockwise direction, 
as shown in Fig. 333 (a), with the pins pointing 
towards the observer. The greater spacing between 
pins 1 and 9 prevents the valve being inserted in 
its holder in any position other than the correct 
one. 

Both the ECC82 and ECC83 have the same 
pin connections to the electrodes and these are 
illustrated in Fig. 333 (b). Fig. 333 (c) shows an 
alternative method of indicating the electrodes 
to which each pin connects. In this diagram, 
letter "k" stands for "cathode". 

Since these valves have two triodes in the one 
envelope, the electrodes of one triode have to be 
distinguished from the electrodes of the other 
when showing a pin connection diagram such as 

2 A minor exception which applies to octal valves is that, if there 
are two letters and the first is S, the valve is a single-ended near- 
equivalent of a double-ended type having the same type number 
without the S. Thus, the 6SK7 (an r.f. amplifying pentode) is a 
single-ended near-equivalent of the double-ended 6K7. A single- 
ended valve, in this context, is one having all connections brought 
out to the pins at the bottom, whilst a double-ended valve is one 
which has one connection brought out to a metal top-cap at the 
top of the valve in addition to those brought out to the pins. 
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that of Fig. 333 (c). In this diagram a "dash" 
is added after the electrode letters for one triode 
and two "dashes" after the electrodes of the other. 

In Fig. 333 (c) we encounter the abbreviation 
"hct", which stands for "heater centre-tap". The 
provision of a heater centre-tap is an unusual 
feature in valves intended for operation in mains- 
driven equipment and it considerably increases 
the versatility of the two valves under discussion. 
Either valve may be heated by connecting a 12.6 
volt supply to pins 4 and 5 with no connection 
to pin 9, as in Fig. 333 (d), or by connecting a 6.3 
volt supply to pin 9 and pins 4 and 5 joined together, 
as in Fig. 333 (<?). When connected for 12.6 volt 
operation, the heater current is 0.15 amp and, 
when connected for 6.3 volt operation, it is 0.3 
amp. The ECC82 and ECC83 may, in consequence, 
be operated from a 6.3 or 12.6 volt supply, as 
required. Heaters in radio equipment are frequently 
connected in series instead of in parallel, whereupon 
it becomes necessary for all the heaters to be rated 
at the same current. The ECC82 and ECC83 
may be fitted in a "chain" of heaters whose rated 
current is either 0.15 amp or 0.3 amp by making 
the appropriate connections to the heater pins 

The type numbers ECC82 and ECC83 follow 
European coding practice. In this, the first letter 
defines heater voltage or current, with E standing 
for 6.3 volts (the alternative 12.6 volt method of 
heater connection being ignored). The letter or 
letters which follow indicate the general class 
of valve, with letter C representing a triode. As 
there are two triodes, there are two C's in the type 
number. The following figure indicates the type 
of base, with figure 8 representing B9A.3 The 
final figure, or figures, indicates a design or develop- 
ment number and has no significance, apart from 
identification, for the user. 

The ECC82 and ECC83 are also manufactured 
under the American code numbers 12AU7 and 
12AX7 respectively. In these the initial 12 indicates 
a rated heater voltage of approximately 12.6 (which 
is actually 12.6 with these two valves) whilst the 
final 7 indicates that seven "useful electrodes" 
are brought out to external connections (these 
electrodes consisting of one heater, two cathodes, 
two grids and two anodes). It will be noted that 
the American coding ignores the 6.3 volt heater 
application. 

As we saw last month, the performance of a 
voltage amplifier may be found by drawing a 
loadline across its laVa curves, and it will be of 
interest if we now carry out this process with, 
firstly, the ECC82 and, then, the ECC83. The laVa 
curves for a single triode of the ECC82 are shown 
in Fig. 334 {a), and we may undertake the exercise 
for an h.t. voltage having the typical figure of 250.4 

A representative anode load resistor would be 
lOOkH whereupon, following the procedure we 

3 If the first figure after the letter or letters is I, the figure immediately 
following this indicates the base type. 4 The laVa curves appearing with this article are intended for 

, purposes of illustration only and may contain slight inaccuracies Readers wishing to carry out accurate work should employ the 
curves issued by valve manufacturers in their literature. 

saw in last month's article, we can draw a loadline 
from the 250 volt point on the Va axis to the 2.5mA 
point on the Ia axis. We choose 2.5mA because 
this is the current which would flow through the 
load for zero anode voltage. 

The loadline is included in Fig. 334 (a), and 
visual inspection indicates that the spacing between 
the points where the curves cross the loadline 
appear to be more equal to the left of the —5 
volt curve. It would be reasonable, in consequence, 
to arbitrarily pick a quiescent operating point 
at —3.5 volts, as has been done in the diagram. 
Our choice of quiescent operating point results 
in a quiescent anode voltage having the rather 

Vg =o 

ECC82 
Vg = -5 

20 
I„ (mA) Vg = -IO 

Vg=-15 
Dynamic. IO 
loadline Vg = -20 

Vg = -25 
2-5 Vg = -30 

lookn-^ IOO 200 1 300 400 SOO Va 
loadline 250 

Quiescent operating 
point (Vg=-3-5) (a) 

lOOkn 

Input 
signal 

HT + 250V 

OOlpF 
-11— 

A.F coupling capacitor 

l/2 ECC 82 To following 
grid 

> 470kn 
L Cathode 

2-2kn j : H bypass 
T capacitor 

(b) 
Fig. 334 (a). Adding a 1000 loadline for 250 volts 
h.t., and a subsequent dynamic loadline, to the 
/aVa curves of a single triode of the ECC82. The 
quiescent operating point is chosen at —3.5 volts 
for Vg (as judged between the Vg=0 and Vg=—5 
curves). /aVa curves for the ECC82 are usually 
issued with 5 volt spacing between Ve parameters, 
which makes results obtained from the loadline 
construction approximate only. (The curves shown 
here and in Fig. 335 (o) are presented for purposes 
of illustration and may contain slight inaccuracies. 
Readers wishing to work with the curves for the valves 
concerned should use those issued by the valve 

manufacturers) 
(b). One triode of an ECC82 connected in a circuit 
which corresponds to the dynamic loadline of (a). 
The heater is omitted for simplicity. The a.f. coupling 

capacitor has the typical value of 0.01 piF 
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low figure of 80, which is slightly below the range 
of 0.4 to 0.8 of the h.t. supply voltage which was 
mentioned last month. The low anode voltage 
figure is not undesirable, however, if the choice 
of quiescent operating point ensures that the 

Dynamic 
lOOkn loadline 
leadline 

-3 
ECC83 

In(mA) 

Quiescent 
operating 
point 
CVg=-|) 

Vg=0 
Vg=-0-5 

Vg=- I 
Vg=-|-5 

Vg=-2-5 
Vg=-3 

Vg=-3-5 
Vg=-4 

Vg=-4-5 
Vg=-5 

IOO 200 300 
250 

(a) 

40O SOO Va 

lOOkn O-OluF 
81 

1/2 ECC83 

470kn Cathode 
bypass 
capacitor 

Ikn 
T 

Input 
signal 

HT+250V 

A.F coupling capacitor 

To following 

(b) 

lOOkn 

HT+250V 

Output 

lOOkn 

OOlpF ECC 83 

470kn 

l-2kn l-2kn 

H 

Input 
signal 

Cathode bypass capacitors 
(c) 

Fig. 335 (a). The loadline construction for one triode 
of an ECC83 

(b). The ECC83 triode in a working circuit 
corresponding to the dynamic loadline drawn in (a) 
(c). If the two triodes of the ECC83 are connected 
in cascade, as shown here, the overall voltage gain 

is 2,500 times 

anode signal is not too distorted a copy of the 
signal applied to the grid. 

If the valve is used in a conventional circuit 
we have to take the following grid resistor into 
account, and this could have a typical value of 
470kfl. lOOktl and 470kn in parallel give a resist- 
ance of 82kn, and the dynamic loadline, with a 
slope equal to this resistance, is then drawn through 
the quiescent operating point. The results given 
by this loadline appear to be reasonably acceptable 
by visual inspection. Since our quiescent operating 
point is at —3.5 volts, the positive excursion of 
the input signal cannot exceed this figure without 
the onset of positive grid current. At the same time, 
a negative grid excursion of as much as 8 volts 
approximately can take place before the valve is 
cut off. The valve could, therefore, handle an 
input signal of slightly less than 3.5 volts peak 
without introducing an excessively high level of 
distortion. Lower distortion should be offered 
at reduced input signal levels. 

As we have stated, the quiescent operating 
point is at —3.5 volts and this corresponds to an 
anode current of approximately 1.6mA, as read 
from the diagram. If we are using cathode bias, 
this anode current will then flow through the 
bias resistor. Since we require a bias of 3.5 volts 
(to bring the valve to the quiescent operating 

E 
point) the value of the bias resistor (from R =-p) 

is 2.2k£T 
To check voltage gain we may examine the anode 

voltage change corresponding to a change in grid 
voltage from —5 to zero. The change in anode 
voltage is approximately 75 volts, whereupon 
the voltage gain, under working conditions, is 
75 is 
T' or 15- 

Fig. 334 (b) shows one of the ECC82 triodes 
in a working circuit, this incorporating component 
values which correspond to the dynamic loadline 
of Fig. 334 (a). 

In Fig. 335 (a) we repeat the process, using the 
laVa curves of one of the triodes of an ECC83. 
An anode load resistor of lOOkO would, again, 
be a representative value, and we draw the loadline 
for an h.t. voltage of 250. A quiescent operating 
point at —1 volt appears reasonable, after which 
we draw a dynamic loadline with a slope of 82kn, 
to take into account a following grid resistor of 
470kfl. As may be seen, input signals up to a 
peak value of 1 volt are handled without excessive 
distortion. The quiescent operating point corres- 
ponds to 1.1mA anode current, and so the cathode 
bias resistor needs to be 900O. A value of Ikfl 
would be adequate in practice, and the valve, 
with component values, is shown in Fig. 335 (b). 

An examination of Fig. 335 (a) shows that, 
along the dynamic loadline, a change in grid 
voltage of 1 (from Vg=—0.5 to Vg= —1.5) brings 
about a corresponding change in anode voltage of 
50. Thus, the voltage gain of the ECC83 triode 
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is 50, a significantly higher figure than that for 
the ECC82. If we were to connect the two triodes 
of the ECC83 in cascade, as we do in Fig. 335 (c), 
the total gain will be 50 x 50, or 2,500. The two 
triodes of the ECC82, similarly connected, would 
give an overall gain of 15 x 15, or 225. 

By comparing the ECC82 and ECC83 triodes 
we have found that the ECC83 triode offers greater 
gain in a working circuit than does the ECC82. 
From the IaVa curves it may be seen also that 
the ECC82 cuts off at a considerably greater negative 
grid voltage than does the ECC83, and this latter 
factor can be of advantage in some applications. 

In Fig. 334 {b) and Figs. 335 (h) and (c), the 
cathode bias resistors are bypassed by electrolytic 
capacitors. As we saw in the August 1965 issue, 
a cathode bypass capacitor needs to have a low 
reactance at the frequencies being handled if 
cathode degeneration is not to occur. A suitable 
practical value for the capacitor in the diagrams 
just mentioned would be 25[ji.F, which corresponds 
to a reactance of approximately 12011 at 50 c/s. 
In all the circuits, the voltage dropped across 
the bias resistor is relatively quite low, and in 
each case the capacitor could be a component 
having a rating of, say, 6 volts working. 

DAC32 
It will be helpful, next, to briefly examine a 

battery voltage amplifier triode, and see what 
differences exist between this and a triode intended 
for mains-driven equipment. However, voltage 
amplifier triodes for operation from batteries in 
domestic equipment have not been in general 
use for a number of years, and it is necessary 
to select rather an early valve if this class of triode 
is to be represented. 

Figs. 336 {a) and {b) show the symbol and pin 
connections for a typical example, this being the 
DAC32. As will be seen, the DAC32 consists 
of a diode-triode, and it is fitted to an octal base. 
The circuit symbol for the DAC32 is given in Fig. 
336 (a), the letters "T.C." in this diagram indicating 
that the grid connection is made via a metal top 
cap. Fig. 336 (6) shows the octal base, with pins 
numbered 1 to 8 in a clockwise direction, and 
with pins 1 and 8 on either side of the locating key 
of the centre spigot. The letters "f" stand for 
"filament", whilst "ad" denotes the diode anode. 
The letters "NC" mean that no connection is 
made to the pin concerned, and "NP" indicates 
that no pin is fitted to the base at the point designated. 
The letter "M" stands for external metallising on 
the glass envelope, which provides a screen for the 
valve. 

The filament supply required by the DAC32 
is 1.4 volts at 50mA. In practice, the filament 
is designed to run from a dry cell whose voltage 
is nominally 1.5, but which will, during the useful 
life of the cell, average at around 1.4. Valves in 
this category draw a small anode current and are 
intended to operate from h.t. voltages of the order 
of 90 only. A typical anode load value would be 

13 

T.C. / 

2r-*r7 

DAC32 

(a) 

a NP 

f + f- 

DAC 32 
Octal base 

(b) 

Fig. 336 (a). Circuit symbol for the DAC32, a battery 
operated triode voltage amplifier combined with a 

diode 
(b). The DAC32 is mounted on an octal base, and 

has the pin connections shown here 

of the order of 250kif, resulting in a voltage gain 
of around 30. 

It should be noted that the filament pins for 
the valve are designated positive and negative 
in Fig. 336 (b), and that the filament supply should 
be applied with the polarity indicated. The grid 
resistor may be connected to the negative filament 
pin. Ignoring the effect of "contact potential", 
the result of this connection is that the negative 
end of the filament has the same potential as the 
grid whilst the positive end is 1.4 volts positive 
of the grid, with the consequence that an effective 
average grid bias of about —0.7 volt appears at 
the grid relative to filament. The diode anode is 
mounted at the negative end of the filament. 

In the coding, DAC32, the letter D indicates 
that filament voltage lies in the range 0.5 to 1.5, 
whilst the A indicates a single diode and the C 
indicates a triode. The following number, 3, 
applies to an octal base. An equivalent valve with 
American coding is the 1H5, the figure 1 applying 
to a filament voltage in the range of 1.6 or less, 
and the figure 5 applying to 5 useful electrodes 
(filament, grid, anode, diode anode and, in some 
versions of the valve, screen). 

Next Month 
In next month's issue we shall consider a final 

factor which affects triode performance, this 
being Miller Effect. We shall then proceed to 
examine the triode as oscillator. 

NC 
/ o o 

:o: 
I 8 •, o o 

M NC 
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RADIO TOPICS . . . 

Recorder 

A VERY POPULAR FEATURE IN The 
Radio Constructor over the 
last few years has been the 

ingenious designs produced by Sir 
Douglas Hall, who seems to be 
able to get transistors and valves 
to do pretty well everything except 
actually jump through the hoop. 

Sir Douglas's article "Simplicity 
And Sensitivity With 3 Transistors", 
which appeared in the November 
1965 issue, has resulted in a letter 
from Mr. T. W. Hudson, Technical 
Adviser to the Civil Service Motoring 
Association Ltd. Since the points 
raised by Mr. Hudson have a 
general interest, I thought it would 
be a good idea to start off this 
month by quoting his letter. 

Simplicity and Sensitivity 
"Car radio circuitry," writes Mr. 

Hudson, "being just a side-line 
of my duties as Technical Adviser 
to this, the largest private Motoring 
Association in the World, with 
some 150,000 members, I can 
still be interested in something 
'different'. So I found an odd 
moment to put your 3-transistor 
circuit together. The results are 
quite astonishing! 

"After constructing the circuit 
precisely as your article directed, 
I then experimented with a Sin 
3 ohm speaker, using a Repanco 
step-down transformer which I hap- 
pened to have. This resulted in a 
vast improvement in tone and 
volume. I have not (yet) had 
time to check the 'matching' of 
this Repanco TT46 transformer, 
but no doubt a primary of 75/80 
ohms, with secondary of 3 ohms, 
would be a very useful modification 
to this circuit—always provided 
that size is not critical!" 

In reply to Mr. Hudson's letter, 
Sir Douglas Hall mentions that 
a larger loudspeaker will, of course, 
always give greater volume and, 
by producing more bass, better 
quality. But it would appear that 
Mr. Hudson has chosen exactly 
the right output transformer for 
his modification as, with a 30 
speaker, it provides a remarkably 
good match to the output transistor. 
The primary resistance of the 

TT46 is lower than that of the 
original 80O speaker, with the 
consequence that the output tran- 
sistor has, also, an increased emitter- 
collector voltage. 

"I have," writes Sir Douglas, 
"tried a TT46 with an 8 x 5in 
speaker and, as I expected, noted 
the big improvement in volume and 
quality. The receiver was designed 
as a miniature, but I strongly 
recommend Mr. Hudson's modifica- 
tion if size is not important." 

Variable Voltage P.S.U. 
The accompanying photograph 

illustrates the newly introduced 
Lektrokit LKU-331 general purpose 
power supply unit, manufactured 
by A.P.T. Electronic Industries 
Ltd. As many readers will be 
aware, A.P.T. Electronic Industries 
make the well-known Lektrokit 
prefabricated chassis system, and 
it is interesting to note that the 
use of Lektrokit metal work in 

this power unit has enabled it 
to be offered at the competitive 
price of £33 net. 

The power supply unit provides 
a variable voltage over the range 
0-30 volts d.c. in three switched 
steps, with continuous control cover- 
ing 10 volts in each step. Monitoring 
is by meter with a bold open scale 
for quick accurate setting. The 
unit, which is stabilised, has a fully 
floating output and it may be 
used with either pole connected 
to earth, or in series with any other 
voltage source up to 500 volts d.c. 
from earth. 

A maximum current of 0.5 amps 
may be drawn from the unit, 
and over-current protection is pro- 
vided by a trip circuit which can 
be set to a predetermined value 
by a variable control on the front 
panel. If this value is exceeded 
the output clamps to zero. 

Standard Lektrokit colours of 
light grey for the front panel and 
dark hammer grey for the side and 
top covers give an attractive finish. 
Design has been aimed towards 
obtaining a compact construction, 
and the complete unit occupies 
only a 5in square of bench space. 

The address of the manufacturer 
is A.P.T. Electronic Industries Ltd., 
Chertsey Road, Byfleet, Surrey. 

Just a Passing Thought 
With, by the time these notes 

appear, a vague possibility of 

3L 

#•-1 
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warmer weather in the offing, 
we can perhaps look back on a 
winter, during which the Central 
Electricity Generating Board has 
not always been able to meet its 
commitments, with a fairly dis- 
passionate degree of detachment. 

Taking this objective view, it 
can be easily seen that the voltage 
reductions in which the C.E.G.B. 
indulges at periods of stress produce 
power savings that are considerably 
greater than a first consideration 
might lead us to believe. If we look 
upon all the current-consuming 
appliances in this country as one 
gigantic R, then the power which 

V2 

has to be fed into the Grid is — R. 
A reduction in voltage therefore 
results in a power saving which 
corresponds to the square of the 
voltage. 

It would follow from this that a 
2 % reduction in voltage gives a 
4% saving in power. And that a 
10% reduction in voltage gives a 
100% saving in power; whereupon 
no generators are needed at all. 

Microwave Tunnel Diode 
Those fascinating devices, tunnel 

diodes (do you remember the 
series of articles by J. B. Dance 
way back in our issues for November 
1960 to January 1961?) continue 
to crop up in new applications from 
time to time, and it is of interest 
to record that Mullard Ltd, are 
now manufacturing the first micro- 
wave tunnel diode to be produced 
in the U.K. This is the outcome of 
work by scientists at the Wembley 
Laboratories of Associated Semi- 
conductor Manufacturers Ltd., 
which is the manufacturing and 
development Company for Mullard 
semiconductors. 

The diode is already in use as a 
low-noise amplifier in the receiver 
of the new solid-state microwave 
communications link of G.E.C. 
Telecommunications Ltd., which can 
handle 960 telephone channels or 
one colour television signal. 

The diode is designed for use in 
low-noise amplifiers at frequencies 
up to S-band (2 to 4 Gc/s) and 
samples are available with minimum 
cut-off frequencies of 6, 8 and 10 
Gc/s (type numbers AEY13, AEY15 
and AEY16 respectively). A Gc/s, 
or gigacycle per second, is equal, 
by the way, to 109 cycles per second, 
or 1,000 Mc/s. 

Negative resistance of the diode 
is typically 500, whilst peak-point 
current and peak-point voltage are 
2mA and 50mV, with a typical 
series resistance of only 0.750. 
The valley voltage is 300mV, and 
the peak/valley ratio is typically 8. 

These characteristics can give an 
amplifier with a noise figure of 
3.8dB, as compared with about 
4.5dB for an amplifier using other 
tunnel diodes. 

An additional feature of the 
Mullard diode is its improved 
robustness, which is achieved by 
using a tin/arsenic alloying bead 
only 0.015mm in diameter. This 
reduces the amount of electrolytic 
etching required to produce the 
small junction capacitance essential 
in a device of this type. 

The housing for this tiny diode 
measures only 1.5mm in diameter 
by L4mm long. The requisite 
low inductance has been partly 
achieved by making short connec- 
tions of rectangular cross-section 
to connect the p-n junction to the 
housing. The use of rectangular 
cross-section toil, rather than cir- 
cular cross-section wire, also in- 
increases the mechanical strength of 
the device. 

Keeping Things Cool 
If, like me, you enjoy dabbling 

with experimental transistor cir- 
cuits, you must almost inevitably 
bump into the situation where an 
application requires just a little 
more dissipation from a small 
transistor than the manufacturer's 
literature says it should give when 
mounted in free air. In many 
cases, the answer to this problem 
is to use one of the lobed radiation 
fins stocked by Henry's Radio Ltd. 

These fins have been available 
over the last twelve months or 
so, but I must confess that I've 
only started using them recently. 
And I've found them so extremely 
convenient that I feel a special 
reference to them here would not 
be out of place. 

The type of fin I've been using 
myself is intended for TOS transistors 
(although it should fit other tran- 
sistors whose cases have nearly 
the same diameter) and it has a 
circular corrugated metal construc- 
tion having a maximum outside 
diameter of about fin and a length 
of fin. The fin does not form a 
complete circle and, to fit it on, 
you simply insert a screwdriver 
blade in its slot, twist slightly to 
increase the internal diameter, and 
then spring it on to the transistor 
case, where it stays in position 
snugly and reliably. An extremely 
useful and reliable little device. 

Henry's Radio also have a similar 
fin whose dimensions are &in 
outside diameter by fin long, and 
which is intended for TOIS cases (or 
cases with nearly the same diameter). 
Both fins are quoted for a thermal 
"resistance" of 0.05° C/mW and are 
priced at Is. 6d. And, as I said 
just now, they're just the job for 
those little transistor applications 
where a wee bit of extra dissipation 
is called for. 

EMI WINS SPANISH CONTRACTS 

EMI Electronics Ltd has been awarded two contracts worth a total of £76,000 to supply and install central control 
and network switching equipment for the Spanish Television network. 

Under the first contract, worth some £66,000, EMI engineers will install equipment for a complete central control 
at Television Espanola's newly-completed production centre at Prado del Rey, near Madrid. The equipment will co- 
ordinate the outputs of nine studios, extensive video tape recording and telecine facilities and remote signals. 

The installation, due to be operational by next spring, provides presentation and engineering control for the simul- 
taneous transmission of two programmes. It also incorporates equipment for control and distribution of three indepen- 
dent sets of pulses for the various programme areas. 

Facilities are provided for switching married sound and vision, and all vision programme switching will be carried 
out using EMI's plug-in semi-conductor modular equipment. Special effects equipment will also be included and a storage 
system will allow up to 10 picture sources to be pre-set on each programme. 

The second contract, worth about £10,000, is for the supply and installation of equipment for Television Espanola's 
switching centre in Madrid. This installation will provide facilities for networking programmes from the production 
centres in Prado del Rey and Barcelona, as well as local programmes and remote outside broadcasts. 
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LEARN ELECTRONICS AS YOU 

BUILD 25 

including 

# VALVE EXPERIMENTS 
# BASIC AMPLIFIER 
# BASIC RECTIFIER 
9 PHOTO ELECTRIC CIRCUIT 
9 TIME DELAY CIRCUIT 

CIRCUITS . . . 

EXPERIMENTS . . . 

TEST GEAR 

CATHODE RAY OSCILLOSCOPE 
9 SQUARE WAVE GENERATOR 
• SIMPLE TRANSMITTER 
• TRANSISTOR EXPERIMENTS 
• BASIC OSCILLATOR 

ELECTRONIC SWITCH 
This complete practical course will teach you all the basic 
facts of electronics by making experiments and building 
apparatus. You learn how to recognise and handle all 
types of components—their symbols and how to read a 
circuit diagram. You see how circuits are built and how 
they work BY USING THE OSCILLOSCOPE PROVIDED. 
Applications of all the main electronic circuits are 

i SIGNAL TRACER 
i BASIC COMPUTER CIRCUIT 

BASIC RADIO RECEIVER 
MORSE CODE OSCILLATOR 
ETC. ETC. 

demonstrated—radio reception and transmission; photo- 
electrics; computer basics; timers; control circuits; etc.; 
including servicing techniques. NO MATHS USED OR 
NEEDED. NO THEORY NEEDED. NO PREVIOUS 
KNOWLEDGE OR EXPERIENCE NEEDED. Tutor ser- 
vice available. No extras needed—tools provided. Send 
now, for Free Details without obligation, to address below 

POST 

j NOW 
I    ♦ 

To RADIOSTRUCTOR, Dept. K3, READING, BERKS. Please send free details of your electronics kit set to: 

NAME      
ADDRESS  

 SMALL ADVERTISEMENTS  
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

= 12/- 

ALL WORDING 
IN 

BLOCK LETTERS 

PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 21- extra. 

NAME  
ADDRESS   

Copy to be received four weeks prior to publication. Published on the 1st of every month 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

Advertisements must be prepaid and ail 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, 1925-1965. From Is. Catalogue 
6,000 models. Is. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

HAMMERITE hammer pattern brush paint, for panels 
and boxes, gives a perfect pattern in only 10 sec. 
Just brush it on! 
Colours: Blue, silver or metallic black. 

2i oz. tins 3s. 6d. i gallon 35s.* 
i pint 7s. 6d. 1 gallon 58s.* 
1 pint 15s. (* sent by road). 

Carriage: Orders up to 5s., 9d.; up to 10s., Is. 9d ; 
over 10s., 2s. 9d. 

Return of post service Monday to Friday. 
From your component shop, or direct from the 
manufacturer: FINNIC AN SPECIALITY PAINTS 
(RC), Mickley Square, Stocksfleld, Northumberland! 
Telephone: Stocksfleld 2280. 

GOVERNMENT SURPLUS electrical and radio 
equipment. Our new catalogue No. 16 ready now, 
2s. 6d. post free, cost refunded on purchase of goods 
over £2.—Arthur Sallis Radio Control Ltd., 93 
North Road, Brighton, Sussex. 

FOR SALE. Oscilloscopes—Galvanometers—Evershed 
& Vignolles Meggers. Also other items and com- 
ponents. Free list. Stamp please.—R. & E. Mart 
Box 9 G.P.O., Tunbridge Wells, Kent. 

YOUR KITS EXPERTLY BUILT. Mains and battery 
radios of every description. S.A.E. enquiries.— 
Thomas, 106 Wynnville, Ruabon, Wrexham. 

NEW TRANSISTOR BARGAINS. XA702 (2N2190 
n.p n.) 4s., XB104 (OC70) Is., OC76 2s., GET105 
with heat sink 4s. 6d., OC170 3s. 9d., MAT393 3s 

,Transistors OC29 12s-' OC30 7s. Diodes GJ5D 2s., CG6E, GEX45/1, CG63H all Is. 3d. Post 
free over 5s. order or add 6d. Many other bargains 
in our stocklist, send 6d. stamp. Still available, our 
famous 25 transistors for 10s. offer and 125 diodes 
(not tested) for 12s.—L.S.T. COMPONENTS 23 
New Road, Brentwood, Essex. 

RELAY BARGAINS. Hi-speed plug-in relays, two 
independent coils, no contact bounce, 10s. 6d. incl 
base. Plus Is. 6d. postage.—A. Knox, 101 Dalkeith 
Road, Edinburgh. 

STEREO RECORDS FOR SALE. Marches from 
Operas, AF.FCS 50008; Bob Sharpies and His Music, 
Decca SKL 4110; Tchaikovsky in Phase Four, Decca 
PFS 4044. All unblemished at 15s. each.—Box 
No. F246. 

FOR SALE. American Heathkit EF-2 "How To Use 
Your Oscilloscope".—Offers to: 46 Lavender Road, 
West Ewell, Surrey. 

continued on page 461 

IPROOUCTS LIMITEDJ (ftegd. Trade Mark) 

SOLDERING EQUIPMENT 

PREFERRED 

BY 

EXPERTS 

Illustrated: 
fg" Bit instrument L64 in Protective Shield L700. 

For Sales & Service 
apply direct to:— 

ADCOLA PRODUCTS LTD., 
ADCOLA HOUSE, 
GAUDEN ROAD, 
LONDON, S.W.4 

Telephones: 
MACAULAY 4272 

& 3101 
Telegrams: SOLJOINT LONDON SW4 
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THE MODERN BOOK CO 

Transistor Electronic Organs for the 
Amateur. By A. Douglas and S. Astley. IBs. 
Postage 1s. 
Understanding Lasers and Masers. By S. 
Leinwoll. 13s. 6d. Postage 9d. 
Transistor Pocket Book. By R. G. Hibberd. 
25s. Postage 1s. 
Beginners' Guide to Electric Wiring. By 
J. H. M. Sykes. ISs. Postage Is. 
Transistor Substitution Handbook. Pub.: 
Foulsham-Sams. 12s. 6d. Postage 1s. 
Basic Theory and Application of Transistors. 
U.S. Dept. Army. 10s. Postage 1s. 
Valve and Cathode Ray Tube Manual, No. 10. 
By Brimar. 7s. 6d. Postage 1s. 
The Radio Amateur's V.H.F. Manual. Pub.: 
A.R.R.L. 18s. Postage 1s. 6d. 
Hi-Fi Year Book, 196S/6. By M. Henslow. 
12s. 6d. Postage Is. 

Transistor Receivers and Amplifiers. By F. G. 
Reyer. 30s. Postage 1s. 
ABC's of Electronic Organs. By N. H. Crow- 
hurst. 16s. Postage 9d. 
Amateur Radio Call Book, 1966. By R.S.G.B. 
6s. Postage 9d. 
Science Projects in Electricity. By E. M. Noll. 
24s. Postage 1s. 
Electric Guitar Amplifier Handbook. By 
J. Darr. 24s. Postage 1s. 
Practical Microwave Primer. By A. Camps 
and J. A. Markum. 30s. Postage 1s. 
Practical Transistor Servicing. By W, C. 
Caldwell. 24s. Postage 1s. 
Building and Using Sound Mixers. 30s. 
Postage 1s. 
Tape Recorder Servicing Manual. By H. W. 
Hellyer. 63s. Postage 2s. 

Complete Catalogue 1s. 
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 

BENTLEY ACOUSTIC 

CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
0A2 0B2 IL4 IRS ISS IT4 2D2I 3D6 3Q4 3S4 3V4 5Y3GT 5Z4 6AQ5 6AT6 6AU6 6AV6 6BA6 6BE6 6BH6 6BJ6 6BQ7A 6BR7 6BW6 6CD6G 6CH6 6FI 6J5G 6J7G 6K7G 6K8G 6L6GT 6LI8 6LD20 6Q7G 6SL7 6SN7 6V6G 6X4 6X5 

5/9 6/- 2/3 4/- 3/3 2/3 5/- 3/9 5/3 4/9 5/- 4/9 7/6 5/9 3/6 5/9 5/6 4/6 4/3 5/3 5/6 7/6 8/3 7/6 18/- 6/6 9/6 3/9 4/6 1/3 3/3 7/3 10/. 6/6 4/3 4/9 4/6 3/6 3/9 5/3 

6/30L2 I0CI I0C2 I0FI I0FI8 I0LDI I I0PI3 I OP 14 I2AH8 I2AT6 I2AU6 I2AV6 I2BA6 I2BE6 I2BH7 I9AQ5 20D i 20F2 20 LI 20PI 20 P3 20P4 20P5 30CI5 30CI7 30CI8 30F5 30FLI 30LI5 30LI7 30PI2 30PI9 30PLI 30PLI3 30PLI4 30PLI5 35W4 85A2 807 5763 

8/9 9/9 12/ 10/ 9/9 9/6 12/- 11/6 10/9 4/6 5/9 5/9 5/3 4/9 6/- 7/3 10/. 11/6 14/ 12/6 12/ 13/ I 1/6 10/ I 1/9 9/3 7/3 9/3 10/3 11/6 7/6 12/- 9/6 10/6 
11/3 9/6 4/6 6/6 11/9 7/6 

AZ31 9/6 DAF96 6/- DF96 DK92 DK96 DL96 DM70 DY87 E88CC 13/6 EABC80 5/9 EAF42 7/9 EB91 EBC33 EBC4I EBC8I EBF80 EBF83 EBF89 EBL2I EC92 ECC8I ECC82 4/6 ECC83 4/6 ECC84 5/6 ECC85 5/9 ECC88 8/9 ECCI89 11/6 ECF80 7/3 ECF82 6/3 ECF86 10/- ECH2I 10/- ECH35 6/- ECH42 ECH8I ECH83 ECH84 9/6 ECL80 5/9 ECL82 6/6 ECL83 10/- ECL86 8/- 

6/ 8/- 6/6 6/6 5/- 7/6 

2/3 6/- 6/6 6/3 5/9 7/3 5/9 10/3 6/6 3/6 

8/- 5/9 6/6 

EF36 EF37A EF39 EF4I EF80 EF85 EF86 EF89 EF9I EF92 EF97 EF98 EFI83 EFI84 EL33 EL36 EL4I EL42 EL84 EL85 EL86 EL95 ELL80 EM34 EM71 EM80 EMS I EM84 EM85 EM87 EY51 EY81 EY83 EY84 EY86 EY88 EZ40 EZ41 EZ80 EZ81 

3/6 7/- 5/- 6/6 4/3 4/6 6/6 4/3 
3/ 2/6 10/ 9/9 7/3 6/6 6/6 8/9 7/- 7/9 4/6 7/6 7/3 5/- 13/6 11/6 15/6 6/3 7/- 6/- 8/9 7/6 5/6 7/3 9/3 9/6 5/6 8/9 5/6 6/3 3/9 4/3 

GZ33 14/6 GZ34 10/- GZ37 14/6 HABC80 9/3 KT66 12/3 PABC80 6/9 PC86 9/9 PC88 PC95 PC97 PCC84 PCC85 6/9 PCC88 10/6 PCC89 ii/6 PCCI89 10/- PCF80 6/6 PCF82 PCF84 PCF86 PCF80. PCF802 10/- PCL82 6/6 PCL83 PCL84 PCL85 PCL86 >, PEN45 7/- PL36 9/ 

9/ 6/9 6/9 5/6 

6/- 8/6 8/3 9/9 

9/6 7/6 8/6 8/9 

PL38 PL81 PL82 PL83 PL84 PM84 PY33 PY80 PY81 PY82 PY83 PY88 

16/- 6/9 5/3 6/- 6/3 9/3 8/9 4/9 5/- 4/9 5/6 7/3 

PY800 PY80I U25 U26 U 191 U30I U329 U404 U80I 

5/9 7/6 8/6 7/6 9/6 
II/- 9/- 6/- 15/ 

6/3 6/3 5/6 6/3 

UABC80 5/6 UAF42 7/- UBC41 UBC81 UBF80 UBF89 UBL2I 10/9 UC92 6/3 UCC84 8/- UCC85 6/6 UCF80 8/3 UCH2I 8/- UCH42 8/- UCH8I 6/6 UCL82 7/3 UCL83 9/- UF4I UF42 UF80 UF85 UF86 UF89 UL41 UL84 UM80 UY2I UY4I UY85 VP4B X4I X78 

6/9 4/9 6/3 6/9 9/- 5/6 71- 5/6 8/3 9/- 5/- 4/9 12/- 10/- 26/2 
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. 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. 

SPECIAL OFFER 

1 Watt S.T.C. 300 Mc/s N.P.N. Silicon Planer 100% 
Transistors, £1 for 6. 

3/- each OC44, OC45, OC70, OC71, OC81, OC81D, 
OC200, GET16, GET20. 

4/- each AF114, AF115, AF116, AF117, OC170, 
OC171. 

5/- each OC139, OC140, GET7, GETS, GET9, 
XC141, BY100, OA211. 

SUN SOLAR CELL KIT 
4 Sun Solar Cells plus 24-page Booklet on Experiments, 

11/- set. 

G.P.O. DIAL TELEPHONES 
20/- each 35/- pair 

Send 6d. for Full Lists including S.C.R. Zeners, etc. 

CURSONS 
78 BROAD STREET, CANTERBURY, KENT 
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SMALL ADVERTISEMENTS 

continued from page 459 
WANTED. Information on meteorological FAX radio 

reception systems, brochures, circuits, surplus equip- 
ment, etc.—Box No. F250. 

WANTED. To purchase secondhand classical L.P. 
records in good condition. Reasonable.—Box No 
F251. 

WANTED. Plug-in coils for the wartime H.R.O 
receiver.—R. & E. Mart, Box 9, G.P.O., Tunbridge 
Wells, Kent. 

FOR SALE. 1155 internal power pack £5. 19 set 
modified for mains working £6. American Navy v h f 
receiver £4.—L. E. Rolls, 23 Brandreth Avenue, 
Dunstable, Beds. 

FOR SALE. Aerostyle portable spraying unit together 
with Model "IM" spray gun (constant "bleed" type). 
Good condition, £25 o.n.o.—Box No. F252. 

FOR SALE. Stock of modem radio components. 
Suitable for person opening shop or mail order 
business.—Box No. F253. 

FOR SALE. RTTY converter. Type A.P. 66286, £5 
plus carriage.—Box No. F254. 

FOR SALE. A number of early radio textbooks. 
Would suit technical college or school reference 
library. S.A.E. for details.—Box No. F255. 

FOR SALE. Electrical, radio, TV, electronic, engineer- 
ing, contracting, manufacturing, sales, M.O.S., 
business. Premises 7,000 sq. ft. Site 15,000 sq. ft. 
High Street. Spacious living accommodation, grounds, 
5 bedrooms. Frontage 168 ft. Possession on com- 
pletion. Would consider working partner. South 
Lincolnshire.—Box. No. F256. 

"MEDIUM WAVE NEWS" Monthly during DX 
season—Details from: B. J. C. Brown, 60 White 
Street, Derby. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. 
—B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

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. 

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 463 

R t TV FIRST QUALITY PVC TAPE 
Si' Std. 850ft 9/- 5" L.P. 850ft 1" Std. 1200ft 11/6 3" T.P. 600ft 3" L.P. 240ft 41- 5" T.P. 1800ft Si' L.P. 1200ft 11/6 Si" T.P. 2400ft 1" L.P. 1800ft 18/6 7" T.P. 3600ft 

P. & P. on each 1/6, 4 or more post free. 

10/6 
10/6 
25/6 
32/6 
42/6 

Complete with 
Variable Thermo- stat 90° to 180oF. 
20 amp. A.C. and 
GECdouble pole 20 amp. mains 
switch. 11,,, 14/,, 
27". 30" and 36". 
State length re- 
quired. £2.0.0, 
plus 5/- P. & P. 

3kW IMMERSION HEATER 

"PREMIER" KETTLE ELEMENT 
1000W, 5/- plus 3/— P. & P. Retaining nut and 

flange 2/6, switch plug to suit 2/6. 
G.E.C. FLAT HEATER 
ELEMENT 500W 

& 

Can be used for wash boilers, 
washing machines, etc. Five or 
six elements can be used in 
parallel to give 2500/3000W. 
Size 55"x1i", copper enclosed. 
2/6 each, P. & P. 1/-. 4 or more 
post paid. 

3 to 4 WATT 
AMPLIFIER KIT 

comprising 
chassis 8i 
x2i x 1 
Double 
wound 

transformer, output transformer, volume and 
tone controls, resistors, conden- 
sers, etc. 6V6, ECC81 and metal 
rectifier. Circuit 1/6, free with 
kit. 29/6, plus 4/6 P. & P. 

40W FLUORESCENT LIGHT 
KIT incorporating GEC Choke size 8^" 
x 1 J" x 1i", 2 bi-pin holders, starter and 
starter holder, 11/6. P. & P. 4/6. 
Similar to above: SOW Fluorescent Light 

.... .. Kit incorporating GEC choke size 11i" x xlj . 7 bi-pm holders, starter and starter holder. 17/6. P. & P. 5/6. 
8-watt 5-valve PUSH-PULL 
AMPLIFIER & METAL RECTIFIER 
Size: 9" x 6" x H" A.C. Mains 200-250V 5 valves. 
For use with Std. or L.P. records, musical 
instruments, all makes of pick-ups and mikes. 
Output 8 watts at 5 per cent total distortion. 
Separate bass and treble lift controls. Two ' r — 
inputs, with controls, for gram, and mike. Output Transformer 
tapped for 3 and 15 ohms speech coils. Built and tested. £3.19 6. 
P. & P. 8/-. 
POWER SUPPLY KIT to purchasers of Elegant Seven parts, incorp- 
orating mains transformer, etc. A.C. mains 
200-250V. Output 9V 50mA. 
7/6d. extra. 

'ElfliANT SEVEN'mlm 
Combined Portable and Car Radio 
The Radio with the "Star" Features 
it 7-transistor superhet. Output 

350mW. 
it Wooden cabinet, fitted handle 

with silver coloured fittings. 
Size 12^" x 8^" x 3^". 

it Horizontal tuning scale, size 11^" x 
2|" in silver and black lettering. 

it All stations clearly marked. 
it Ferrite-rod internal aerial. 
it I.F. Neutralisation on each stage. 460 kc/s. 
it D.C. coupled output stage with 

separate A.C. negative feed back.   All components, ferrite rod and tuning assembly mounted on 
printed board. it Operated from PP9 battery. it F"" compre- 
hensive instructions and point-to-point wiring diagrams, it Printed 
circuit board, back printed with all component values. it Fully 
tunable over medium and long waveband. it Car aerial socket. 
it Full after-sale service. 4" SPEAKER. 

Parts list and circuit diagram 2/6, FREE with parts. 
Shop Hours 9 a.m.-6 p.m. Early Closing Wednesday 

Goods not despatched outside U.K. Terms C.W.O. All enquiries Stamped Addressed Envelope. 
RADIO & TV COMPONENTS (ACTON) LTD. 
 21j_High St., Acton, London, W.3  

ONLY 

£4.4.0 
Plus 6/6 Post & Packing 
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BOOK LIST 

DATA BOOKS SERIES 
DBS TV Fault Finding 

96 pages. Price 6/-, postage 6d. 
Profusely illustrated with photographs taken from a televisor screen depicting the faults under discussion 
and containing a wealth of technical informationj with circuitSj enabling those faults to be eradicated. 
Covers both B.B.C. 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 (Austraha). 
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 2/6 
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 timer units; 
receiver i.f. amplifiers; a.f. and video amplifiers; vertical and horizontal timebases; deflector coil 
assemblies; 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. 

PANEL-SIGNS TRANSFERS 
Set 3 Wording—White. Wording for Receivers, Amplifiers, Transmitters, Test Equipment and other 

Radio Apparatus. (Also 2 Safety Notices—white wording on red background) 6 sheets, over 1,000 
words and symbols. 

Set 4 Wording—Black. As in set 3. (Safety Notices have black wording on red background.) 
Set 5 Dials. 6 sheets containing one Large and two Medium scales. Large Horizontal Tuning scale. 

Frequencies, 12 Control Panels (white markings, no background). 
Set 6 Dials. As in set 5, but Control Panels have black background. 

Price per set 4/6, postage 4d. 

For order form see inside back cover 
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SMALL ADVERTISEMENTS 

continued from page 461 
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, Telephone: TERminus 0588. 

RECITALS OF RECORDED MUSIC. The second 
Saturday evening of each winter month. Next recital; 
Saturday, 12th February, 1966, 8 p.m. at Woodford 
Green United Free Church, Woodford Green, Essex 
Bus routes—20, 20a, 38a and 179. 

EDUCATIONAL 
TV AND RADIO. A.M.I.E.R.E., City & Guilds, 

R.T.E.B. Cert., etc., on "Satisfaction or Refund of 
Fee" terms. Thousands of passes. For details of 
Exams, and home training courses (including practical 
apparatus) in all branches of radio, TV and electronics 
write for 156 page Handbook—FREE.—B.I.E.T. 
(Dept. 141K), 29 Wright's Lane, London, W.8. 

ESTABLISHED 

Savings in this old established Building Society 
combine sound investment with an attractive 

return 

THE DUCHESS OF KENT 

PERMANENT 

BUIEDING SOCIETY 
Member of the Building Societies Association 

Shares are in units of £25 each (maximum 
investment £5,000) . . . BUT, for the smaller 
saver, Subscription Share accounts may be 
opened with any sum from 1/- upwards. 
Interest is payable half-yearly on Fully Paid 
Shares—credited annually on Subscription 

Shares—all interest accrues monthly 

Withdrawals at short notice 

INTEREST IS AT 4% PER ANNUM 

(There is NO DEDUCTION FOR INCOME TAX, as 
this is paid by the Society) 

For further information apply to 

DUCHESS OF KENT 
PERMANENT BUILDING SOCIETY 

289/293 Regent Street London W1 
Telephone MUSeum 4876-9 

Please send to me, without obligation, free brochure and 
a copy of the audited statement of accounts. (I under- 
stand that I shall not be troubled with calls by repre- 
sentatives) 

Name 
(If lady, please state Mrs. or Miss) 

Address  

   
(Please use Block Capitals for both name and address) 

MORSE ^sdYe ! ! 
The famous RHYTHM RECORDED COURSE cuts practice 

time down to an absolute minimum ! One ^"dent, aged 20. took only 13 DAYS and another, aged 
V WEEKS to obtain a G.P.O. pass certificate. If you wish to read Morse easily and naturally, please enclose 8d. in 

stamps for full explanatory booklet to:— 
GSCHS/Dy 45 Green Lane, Pur ley, Surrey. 

Tunnel Diodes by Return of Post 
(Whilst stocks last) 

1M 3T2° (TD-5)' " M/4. (Cut-off freq. 1,600 Mc/s Ip 100mA.) 
S? ff0"4!' at 30/-- (Cut-off freq. 1,600 Mc/s Ip 50mA.) G-E 1N 3716 (TD-3), at 30/-. (Cut-off freq. 1,800 Mc/s Ip 25mA.) 

ALSO: 
FIELD-EFFECT TRANSISTORS 

Silicon Alloy n-channel devices, in SO-12B can. (Similar to TO-18.) 
Type C 86 at 37/6 EX-STOCK. (Brief data included.) 

PLANEPOX TRANSISTORS 
(Silicon Planar devices in epoxy case.) 

2N 2926, 4/-; Pc 200mW. Ic 100mA, Vcb 18V fj 200 Mc/s.) 
hfe 35-470 (Ic 2mA; VcE 4.5V: f 1 kc) NF 2.8dB 
at 10 kc/s (colour coded gain categories). 

iliV -^1 <t)'p) at 45 Mc/s- VCB 18V fj 1,200 Mc/s). II/?1 ?3dB <t>'p> at 200 Mc/S- VCB 30V fT 1200 Mc/s), 2N 3877, 17/3; (High-Voltage Lamp Driver. VcE 70V fj 135 Mc/s). 
HEAT SINKS (THERMALLOY) 

Two piece screw-on heat sinks which grip the transistor at the 
EFF?CIENCYXimUm 0356 temperature—the weld f,ange HIGH 
Type 2211 B for transistors in TO-5 style cans (2N 1302-9, etc.). 
Type 2220 B for transistors in TO-18 style cans (2N 706, etc.). 

Both of the above types at 5/6 ea. EX-STOCK. 

(500/8) SEMICON-INF SERVICE 
Suppliers of INDUSTRIAL and ENTERTAINMENT types of semi- 
conductor devices. AMERICAN and CONTINENTAL devices 
are our speciality. Send 9d. in stamps for price and stock list of 
over 650 types. 

Please add 9d. P. & P. on all orders of less than £2. 
MAIL ORDER ONLY PLEASE. TERMS: C.W O 

M. R. CLIFFORD & CO. (R) 
66 OLD OSCOTT LANE, BIRMINGHAM, 22A 

1865 

FEBRUARY 1966 
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CHASSIS 
and 

CASES by 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington 5891/7595 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

Type W 
Type Size 

U 4x4x4"* 
U 5ix4ix4i' 
U 8x6x6" 
U 15x9x9" 
W 8 x 6 x 6" 
W 12x7x7" 
W 15x9x8" 

Price 
10/- 
15/- 
21/- 44/6 
21/- 34/- 
44/- 

Yype Size 
8x6x6' 
12x7x7" 
13x7x9" 
15x9x7" 
17x10x9" 
19 x 10 x Si" 71/- 

* Height 
Type Z has removable back and front panels. 
Type Y all-screwed construction. 

Type Y 
Type Z 

Type U 

BRASS • COPPER • LIGHT ALLOYS • ALUMINIUM 
BRONZE • STAINLESS STEEL 

ROD, BAR, SHEET, TUBE, STRIP, WIRE. 3,000 STANDARD STOCK SIZES 
No Quantity too small List on application 

H. ROLLET & CO LTD 
HOWIE ST. LONDON SWH BATtersea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow  

the unique PAN L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis) 
BRUCE MILLER LTD., 
219 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

BUILD 24 INTERESTING 
TRANSISTORISED DESIGNS 

on a Printed Circuit Chassis using your own components and 
transistors. 

EXPERIMENTAL PRINTED CIRCUIT KIT 
Copper Laminate and all chemicals. 16-page instruction booklet: 
"Printed Circuits for Amateurs". Two radio dials. Attractive 
Plastic Case 4?" x 2|" x 1" for a pocket radio, amplifier, etc. 24 
SUGGESTED PROJECTS Data Sheet. Circuit Diagrams, 
chassis plans, component layouts. Many designs published for the 
first time: Triple Reflex with self-adjusting regeneration. Wrist- 
watch radio. Ring radio. Bacteria Powered Radio. "Perpetual 
motion machine." Body radiation Detector. Man/Woman 
discriminator. 

Complete Printed Circuit Kit 7/6. P. & P. 1/-. 
Send S.A.E. for full details to 

YORK ELECTRICS, 181a York Road, S.W.11 

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 ma- 
terial required and referring to table below which is for four-sided chassis in 16 s.w.g. aluminium. 
48sq. in. 4/3 176 sq. in. 9/- 304 sq. in. 13/6 
80 sq. in. 5/6 208 sq. in. 10/- 336 sq. in. 14/9 

112sq. in. 6/6 240 sq. in. 11/3 368 sq. in. 15/9 
144 sq. in. 7/9 272 sq. in. 12/6 and pro rata 

P. & P. 3/- P. & P. 3/6 P. & P. 41- 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (i" or |"), 6d. per bend. STRENGTHENED CORNERS, I/- each corner. 

PANELS 
Any size up to 3ft at 5/3 sq. ft. 16 s.w.g. (18 s.w.g. 4/6). Plus postage and packing 

VC/KAVl. 

Sflf-SWXOi 

AERIAL MATCHING TUNING UNITS 
These well-made tuning units, made for the American l9Tx-Rx are housed in a metal case, green or brown, using a large precision calibrated scale, are an essential piece of equipment for the serious Tx or Rx operator. This unit will match an untuned wire or whip aerial to almost any short wave receiver or transmitter, exceptionally good for mobile Top Band use. This American version being well noted as far superior to any other. GUARANTEED BRAND NEW, only 20/-, post 7/6. Instructions supplied. 

JOHN'S RADIO 
OLD CO-OP., WHITEHALL RD., DRIGLINGTON, BRADFORD 

THE AMATEUR RADIO HANDBOOK 
covering the whole field of amateur radio transmission, contains 
700 line diagrams, 100 illustrations, in 544 pages. Bound in maroon 
buckram. prjce 36f6 post paid 

Available from: 
R.S.G.B,, 28 Little Russell Street, London, W.C.I 

SO PROFESSIONAL 
... THE YUKAN 
AEROSOL WAY ! 

GET THIS AIR DRYING HAMMER FINISH 
YUKAN Aerosol spraykit contains 16 ozs. fine NOW! 
quality, durable, easy instant spray. No stove 
baking required. Available in Grey, Blue, Gold, 
Bronze at 14/11 at our counter or 15/11, carriage 
paid, per pushbutton self-spray can. SPECIAL 
OFFER: 1 can plus optional transferable snap-on 
trigger handle (value 5/-) for 18/11. 

Choice of 13 self-spray plain colours and primer (motor car 
quality) also available. 

Please enclose cheque or P.O. for total amount to: 
YUKAN DEPT RC/2 307a EDGWARE ROAD LONDON • W.2 

THE RADIO CONSTRUCTOR-BOUND VOLUMES 

NOW AVAILABLE 
Volume 18, August 1964 to July 1965. Price £1 10s. Od. Postage 3s. 6d. 

Where all issues are returned: Price £1. Postage 3s. 6d. 

We regret earlier volumes now sold out. 

Send for list containing details of our other publications 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 

464 THE RADIO CONSTRUCTOR 
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ORDER FORIVI 

TITLE No. X s. d. 

\ 

THE RADIO CONSTRUCTOR 
Price 2/3 each, postage 6d. 
Issue(s) required   

Annual subscription 
commencing with  issue 
Price 33/-, post free 

Bound volumes: 
Vol. 18. August 1964 to July 1965 
Price 30/-, postage 3/6 

DATA BOOKS SERIES 
DB5 TV Fault Finding 

96 pages. Price 6/-, postage 6d. 
DBG The Radio Amateur Operator's Handbook 

64 pages. Price 5/-, postage 5d. 
DB14 Short Wave Receivers for the Beginner 

72 pages. Price 6/-, postage 6d. 
DB15 Twenty Suggested Circuits 

48 pages. Price 3/6, postage 5d. 
DB16 Radio Control for Models 

192 pages. Price 15/-, postage 9d. 
DB17 Understanding Television 

512 pages. Price 37/6, postage 2/6 

PANEL-SIGNS TRANSFERS 
Six sheets in each set 
Set 3: Wording — White 
Set 4: Wording — Black 
Set 5: Dials — Control Panels have a clear background 
Set 6: Dials — Control Panels have a black background 

Price per set 4/6, postage 4d. 

s 

\ 

£ 
Please send cash with order, regret no C.O.D. 

Overseas customers please pay by International Money Order 

Name 

Address 

{Please use Block Capitals for both name and address) 

All publications are obtainable from your local bookseller or direct from 
Data Publications Ltd., 57 Maida Vale, London W.9 
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~ «,64. 'i0 Bl? 
CATALCiGUE 5,000 stocked items. Fl> i|v pDir-c detailed and illustrated. ' y 6/- 

FREE vouchers give 11- / I ... 
the £ discount. ' in <P°st Paid) 

TOTAL COST 
JO BUILD 

P.P. 21- 

MW/LW POCKET SUPERHET 

|   TS' RADIO 

(Battery 2/6 
Phone 5/-) 

★ All parts sold 
6-Transistor desigi p. l, separately. ★ 2i" Cleartone sp? SS"Pul1 jOU.tpuV ★ Attractive moulS,^inet""' C,rCU't' Slow motion turn n_ 

2_^ffI^2_^^J,!lVITY AND SELECTIVITY • 

PROVED & TESTED DESIGNS 
FULL AFTER SALES SERVICE AND GUARANTEE 

* GALL IN FOR DEMONSTRATIONS * 
DeTAILED LEAFLETS FREE ON REQUEST 

★ 6-Transistor push-pull design. ★ Uses factory built panels. ★ Permeability geared tuning. ★ Full med./long wave tuning with push- button wave change. ★ Double tuned IFT'S. ★ Chromed front panel plate. 
^ o'26'. y'' x x ^'ts any car- ★ Pre-built units sold separately 

TOTAL COST TO _ 
BUILD || 

FREE New 12 page catalogue 500 tran- sistors, rectifiers, scrs, light devices, heat sinks. 1,000 crystals, 800 valves, etc. Ask for your FREE copy NOW 

£8.19,6 
P.P. 3/6    

!7" x.4J.^peaker with car ""'"S kit and baffle board 20/- extra.) 
TWO WAVEBAND ALL-TRANSISTOR 

CAR RADIO TO ASSEMBLE 
» HIGH PERFORMANCE SUPERHET* 

tperstbeudlUs
d (0W & 20W HI-FI AMPLIFIERS 

Low distor- 
o n, low 

noise. 

UNITS 1 & 2 

UNIT 5 

FMTiS LUME UNIT 3 
THE FINEST QUALITY HI-FI 

AT UNBEATABLE PRICES 

★ POWER AMPLIFIERS. 10 watts R.M.S. music power. 20 
watts peak. 6-Transistor design. 
Panel size 4" x 2±" x f7'. Response 
40 c/s to 20 kc/s. 100mV into 33k£2 input. 

UNIT 1. For 12/15 ohm 
speakers. 40 volt supply. 
PR|CE rr in /. BUILT £.5.1 V.O P.P. 2/6 
UNIT 2. For 3 Co 5 ohm 
speakers. 24/28 volt supply. 
PRICE ,c A BUILT £5.10.0 P.P. 2/6 

★ MAINS UNITS. 59/6. To power one amplifier or 69/6 to power two 
amplifiers. (State24or40voltversion ) 
PREAMPLIFIERS .Mono and stereo versions, 8 inputs, to 300mV at 1k 
to 500k. Response 30 c/s to 20 kc/s. 
Complete range of controls. Mains unit or battery operated. For pick- 
ups, tuners, tape, microphones, etc. 
UNIT 3. Mono full-function pre- 

amplifier. Size 91" x IV' x 2" 
PR'CE fw* <4 A A 
BUILT Ib.lO.U P.P. 2/- 

(Brown/Gold front panel plate 8/6) 
UNIT 4. Simplified version of Unit 3. 

Price 65/-. P.P. 1/6. Panel plate 6/6. 
UNIT 5. Stereo preamplifier for 

use with two units 1 or 2. Size 
9" x 31" x If". 

BUiLt£1 0.1 9,6p.P, 3/6 
(Front panel plate 12/6) 

2- AND 4-TRACK TAPE RECORDERS 
TO ASSEMBLE 

Pre-built 
Equipment—6 

Valves—Collaro 
Studio Decks— 

Portable Cabirats 
with Speakers. 

Complete record and playback. ★ 2 track deck 
10 gns. P.P. 5/_. Amplifier 
11 gns. Cabinet with speaker 5 gns 
OR SPECIAL PRICE A-w P.P. TWO t AO g/6 TRACK 
★ 4-track deck £13.10.0. P.P. 5/-. Amplifier 12 gns. Cabinet with speaker 5 gns. 
OR SPECIAL PRICE A"*/* P.P. FOUR (Now with new '363' decks^-^" 8/6 TRACK 

TRANSISTOR 
TRANSMITTER/ 

RECEIVERS 

★ 5 mile range, price per pair 
£7.19.6 

★ 5 mile range, price per pair 
£22.10.0 

4-CHAN NEL 
MICROPHONE MIXER 

.* 

Transistorised, 4 in- 
puts up to 100kQ. 
Full mixing. 49/6 
Stereo 72/6 

SINCLAIR 
DESIGNS ★ Micro-6 MW radio 59/6 

■At TR750 "Addon" power amp. 39/6 
★ Micro injector 27/6 
★ Micro amp. 28/6 ★ X10 Amp. kit 

£5.19.6 
BUILT £6.19.6 

NEW FM RADIO 
POCKET VHF 
KIT £5.19.6 

X20 AMPLIFIER 
Kit £7.19.6 

Built £9.19.6 
Mains unit 

99/6 
Z12 AMPLIFIER 

89/6 
5 WATT AND U WATT 
PACKAGED AMPLIFIERS ★ 6-Transistor push- 

pull printed cir- 
cuit designs. ■At Size only 2f" 
x 2" x 11". 

★ 5 watt 18 volt, 11 watt 
12 volt. 
For 3 to 5 ohm speakers. ★ 7mV into 1 kQ 30 c/s to 16 kc/s. 

PRICES BUILT 
Hw 65/-P.P. 1/6 5w 79/6 P.P. 1/6 

_ Mono PREAMPLIFIER Full range of controls, inputs for mics, 
p.-u., tuner, etc. Output 6-10mV. 
Suitable for any sensitive transistor 
amplifiers as above. 7^/12/18V oper- ated. Price built/tested incl. panel 
79/6. P.P. 2/6. 

HI-FI SLL MAKE^ AVAILABLE—New Hi-Fi Demonstration Room Opening Shortly 

P0^SATBLE 

EQUIPMENT All units size 6f" 
x 4|" x 1%". 
★ RF generator, 150 kc/s to 350 
Mc/s in 8 ranges. 
RF, Mod. RF, 
AF outputs. 

. . PRICE £9.10.0 P.P. 2/6 
p^fls^?ce/caPac'tance bridge. £8.5.0. 

★ Audio generator 10 c/s-100 kc/s. 4 ranges. 
£16.15.0. P.P. 2/6. ' 

VHF/FM 
J TUNER 
1 TO 3 ASSEMBLE 
★ Two pre- built plus 
metal work 

. and front panel. 

. ' x x 4"* Total Cost ★ 88 to 108 Mc/s tuning. £12.17.6. 
At 100mV to 100kQ output P.P. 2/6. 
★ 6-Transistor printed cct. superhet design. 

PUSH-BUTTON PORTABLE TO BUILD. 3 wavebands 
TOTAL 
COST 

£8.19.6 
P.P. 3/6 

The only 
fully Tunable 
3-waveband 
radio for 
home 
construc- tion. 
■Ar Push-button coil pack. 
Ar 1 watt push-pull output. 
At Ferrite aerial/Telex, aerial/special car coils. ■Ar Printed circuit 6-transistor design. ★ SW 17/50m. LW 1100/1900m. MW 195/ 550m. 
Ar Car aerial and tape sockets. 
Ar Attractive sturdy cabinet with handle. Size 11" x 71" x 31". Black fabric with 

chrome fittings. 
LET US QUOTE PARTS FOR YOUR CIRCUIT 

SEND LIST FOR QUICK REPLY 

VHF/FM TRANSISTOR TUNER TO BUILD 
total cost 

£6.19.6 
P.P. 2/6 

(complete with 
frontplate) 

(Goldsprayed 
cabinet 20/- 

extra). 
Ar 5-Transistor 4 diodes. 
Ar Printed circuit superhet. 
Ar Geared tuning 87 to 105 Mc/s FM. 
Ar RF stage and double tuned IFT's. * Output up to 1 volt peak up to 100kQ. 
Ar 9 volt 9mA supply. 
Ar Size in cabinet 4" x 3^" x 2£". 
Ar All parts sold separately. 

r: I 

HENRY'S RADIO LTD. 
303 EDGWARE ROAD, LONDON, W2 

PADdington 1008/9 
Open Alon. to Sot. 9-6. Thurs. 1 p.m. 

Open all day Saturday 
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