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THE MODERN BOOK CO 
Frequency Divider Organs for the 
Constructor. By A. Douglas. 25s. 
Postage 9d. 
Sound Facts and Figures. Pub. Focal. 
12s. 6d. Postage 6d. 
Single-Sideband Communications 
Handbook. By H. D. Hooton. 56s. 
Postage 1 s. 

Modern Tape -Recording and Hi-Fi. 
By K. Peters. 30s. Postage 1s. 

The Transistor. An Introduction to its 
Applications. By E. Wolfendale. 21s. 
Postage 9d. 
Electronic Musical Instrument Hand- 
book. By N. H. Crowhurst. 20s. Postage 9d. 

Radio Control for Models. By F. C. 
Judd. 15s. Postage 1s. 
Radio Valve Data, 7th Ed. Compiled by 
"WW" 6s. Postage 10d. 

The Radio Amateur's Handbook, 1963. 
By A.R.R.L. 36s. Postage 2s. 6d. 

Elements of Electron Physics. By N. H. 
Crowhurst. 28s. Postage 1s. 

Radio and Line Transmission. By G. L. 
Danielson and R. S. Walker, Vol. 1, 21s.; 
Vol. 2, 22s. 6d. Postage 1s. 

Fun With Electronics. By G. Davey. 
12s. 6d. Postage 1s. 

Television Servicing Handbook. By 
G. J. King. 30s. Postage 1s. 3d. 

Basic TV Course. By G. Kravitz. 30s. 
Postage 1s. 

Wireless Servicing Manual. By W. T. 
Cocking. 25s. Postage 1s. 3d. 

R.S.G.B. Amateur Radio Call Book, 
1963. 4s. 6d. Postage 6d. 

We have the Finest Selection of British and American Radio Books in the Country 
New 1963 Catalogue 1s. 

19-21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 
Member of the Building Societies Association 

Savings in this old established Building Society combine sound investment with an attractive return 

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 

ESTABLISHED 1865 

WITHDRAWALS AT SHORT NOTICE 

INTEREST IS AT 34% 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 

103 Cannon Street London EC4 
Telephone MANsion House 8011 

Please send to me, without obligation, free brochure 
and a copy of the audited statement of accounts. (I 
understand that I shall not be troubled with circulars 
or calls by representatives) 

Name 
(If lady, please state Mrs. or Miss) 

Address 

(Please use Block Capitals for both name and address) 

R.C. 
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TRANSISTORISED 
COMMUNICATIONS RECEIVER 

the EDDYSTONE '960' 
500 kc/s --.--...t -3o Mc/s 
Nineteen semi -conductor devices 
Six ranges cover 500 kcfs to 30 Mcfs 
Good frequency resolution 
High sensitivity 
Two selectivity positions-one with crystal filter 
Excellent frequency stability 
Audio output up to one watt 
Precision slow motion drive 
Internal heavy duty battery 
Provision for using external power supply 
Robust construction 
High reliability 
Modern styling and finish 

Illustrated brochure giving full specification and other information available on request from the manufacturers: 

STRATTON & CO. LTD 
Telephone Priory 2231/4 BIRMINGHAM 31 Telex 33708 

NOVEMBER 1963 217 
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THE FINEST RANGE OF 
TRANSISTOR RECEIVERS 
We consider our construction parcels to be the finest value on the home constructor market, 
If on receipt you feel not comp to build the set, you may return it as received within 7 days, 
when the sum paid will be refunded, less postage. 

LASKY'S FIRST AGAIN! 
NOW OFFER TO THE HOME CONSTRUCTOR, FULL SHORT WAVE COVERAGE 

THE SKYROVER AND THE "SKYROVER" 
DE LUXE 

Can Pe built for 

El 0.19.6s;extfr% 

GENERAL SPECIFICATION. 7 istor plus 2 diode superhec, 6 waveband 
portable receiver. Operating from four 1.5 torch batteries. The SKYROVER 
and SKYROVER DE LUXE cover the full medium waveband, and short waveband 
31-94 M, and also 4 separate switched band -spread ranges, 13M, 16M, 19M and 
25M, with Band Spread Tuning for accurate Station Selection. The coil pack and 
tuning heart is completely factory assembled, wired and tested. The remaining 
assembly can be completed in under three hours from our easy to follow, stage by 
stage instructions. 
SPECIFICATION: Superhet, 470 kc/s. All Mullard Transistors and diode. Uses 
4-U2 batteries. 5" Ceramic Magnet P.M. Speaker. Easy to read Dial Scale. Band 
Spread Tuning. 500mW Output. Telescopic Aerial and Ferrite Rod Aerial. 
WAVEBAND COVERAGE. 180-576M, 31-94M, and Band Spread on 13, 16, 
19 and 25 metre Bands. _ 

THE SKYROVER. Controls: Waveband All Components Available Sep- THE SKYROVER DE LUXE. Tone Control Circuit Can be built for 
Seleetor, Volume Control with on/off arately. Dato for each receiver, is incorporated, with separate Tone Control in ad - Selector, 

Tuning Control. In cabinet, 1/6 extra. Refunded if you pur- dition to Volume Control, Tuning Control and Wave- 

wicn 
plasticasti 

trim and 
chase the parcel. Four U2 bat. band Selector. In a wood cabinet, size 114" x 6}" x 3" 

size: IO" x 64" x 34",teries, 2/11d. extra. Four Leak- covered with a washable material, with plastic trim 
carrying handle. proof batteries, 3/4d. extra. and carrying handle. Also car aerial socket fitted. 

Li 2.19.6 
P. and P. 51- extra 

THE SPRITE 
CAN BE BUILT FOR 9/6 

P. and P. 316 extra / 6 
* Six -Transistor Super - 

het Miniature Per- 
sonal Pocket Radio 

* Long and medium 
wavebands * Ferrite Rod Aerial 

* I.F. Frequency 470 
ices 

* 3" speaker * Printed circuit 2}" x 2" * Slow Motion Drive * In Plastic Case. Size 4" z 24" x r. 
In order to ensure perfect results, the SPRITE 
is supplied to you with R.F. and L.F. stages. 
Driver and Output stages ready built with all 
corn ta mounted on the printed circuit. 
The SPRITE pre -assembled, plus cabinet, 
speaker and all components for final construc- 
tion, can be built for 79/6. Postage and 
package 3/6 extra. Data and instructions 
separately 216. Refunded if parcel is purchased. 
Real calf leather caser wriatrsp, personal ear- 
phone and case for earphone and battery, 12/6 
the lot extra. Make no mistake this is a 
SUPERHET receiver of genuine commercial 
quality. It is not a regenerative circuit. 

TRANSFILTERS by BRUSH CRYSTAL CO. 

TO -018 465 ke/s f 2 kc/s 
each19 I Q TO -01D 470 kcts ± 2 kc/s 

P& P 6d 
TO -02B 465 kc s f I ke/s 
TO -020 470 kc/s ± I kc/s 

TRANSISTORS 
All New and G ed 

GET.SI GET.SS GET.S6-1/6; 837A, 874P- 
3/6; OC.43, OC.1, OC.01D/6; OC.44, OC.70, 
6.76, OC.I I (Matched pair 10/6)-5/6; AF.117, 
OC.72, OC.75, OC.170, OC.17I, OC.200-6/6; 
OC.25, OC.42, OC.43, OC.73, OC.82D-7/6; 
OCP.71-9/6 OC.28, OC.201, OC.204-IS/-; 
OC.205, OC.5.06-19/6. 

ELECTRIC MOTORS 
Brand new tape recorder 
motor.. Single phase. 
fully shrouded. 200- 
250V A.C. } x } 
spindle with detachable 
pulley fitted switch. 
Suitable for tape decks, 
record players and many 
other uses. 14111 P. & P. 3/6. 

IDEAL PRESENTS 
BOY'S TRANSISTOR RADIO. Ready 
built, 2 -transistor pocket radio. In 
attractive plastic case. Size only 4" x 24" x 
I". Fitted with 2}" loudspeaker. Socket 
for personal earpiece and telescopic aerial. 
Works from single PP3-type battery. 
Fully tunable over full Medium waveband. 
Supplied complete with earpiece, telescopic 
aerial` carrying purse and 9 volt 
battery. ideal Birthday or 
Christmas P 

LASKY'S PRICE 46/- 
with all accessories. P. & P. 2/6 

6-Tranaister Pocket Redie.Fully 
built. 4" x 24" a I", with 24" 
speaker. Uses single PP3-type 
battery. Supplied complete with personal ear- 
piece and leather case. Tunable over full Medium 
waveband. LASKY'S PRICE 79/6 
complete with all accessories. P. & P. 2/6. 

LASKY'S CAR RADIO 
Can now be built Zí9.1 Ae6 absolutely complete for ea a7 

* Small size. Will fit any car * 12 volt operation * New Hybrid circuit * Transistor output * New type Brimer valves * No Vibrator, 12 volt H.T. & L.T. 
* T.C.C. Printed Circuit and Condensers * Tuned R.F. stage * Medium and long waves - * Permeability tuning * 7" x 4" elliptical speaker 
Instruction Booklet giving full details, illustra- 
tions, dimensions, circuit diagram and shopping 
lift, 2/6 pest free (returned if you order). 

REALISTIC 'SEVEN' 

* 7 Transistor 
Superhet * 350 Milliwatt 
output into 
4" high flux 
speaker * All corrn- 

m d on 
a single prin- 
ted circuit 
board size 
54"5p4ia fl" in one complete assembly 

* size 7"x' ÌO" a 344th flue/Gnreyandlo, 
* Easy to read Dial * External Socket for car aerial 
* Ferrite red I 

470 kc/s 
/aerial * Operates from F9 or similar battery * Full comprehensive data supplied with 

each receiver * All coils and l.F.s, etc., fully wound 
ready for Immediate assembly 

An oustanding Receiver. The Realistic '7' inclu- 
ding Transistors, Cabinet, Speaker, etc., and Full 

Data can be built for 

£5.1 9.6 P. & P. 4/6 
PP9 Batt. 3/9. Data and instructions separately 
2/6. Refunded if you purchase the parcel. 

REALISTIC `Seven' De Luxe 
By popular re- 
quest a De Luxe 
version of the 
well -proven 'Re- 
alistic Seven' 
now available. 
With the same 
electrical specifi- 
cation as standard 
model-PLUS A SUPERIOR 
WOOD CABINET 
IN CONTEMPORARY STYLING, covered in 
attractive washable material, with superchrome 
trim and carrying handle. Also a full vision 
circular dial, externally mounted to further 
enhance the pleasant styling. ALL FOR ONLY 
LI EXTRA. P. & P. u for Standard model. 

DISTLER MINIATURE MOTORS 
6 volt battery operated. flP. & P. 2/6 7111 

33 TOTTENHAM COURT ROAD WI I 207 EDGWARE ROAD W2 I 152/3 FLEET STREET EG 
2 mina. Oxford St. Nearest Station: Goode St. Few yard s from Praed St. (ELECTRONIC Fleet St. Ltd) FLEet 2033 

MUSoum 2405 PllDdington 3271/2 Open all day Thurs. Closed 1 p.m. Sat. 
Tottenham CL Rd. & Edgware Rd. addresses open all day Sat. Close I Thur. Please address all Nall Orders to Dept. W at above Edgware Read address 
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um s 1»e mg on gmmi ..... am 
e l NOW! ANOTHER PURCHASE of the year's keenest 

I TAPE RECORDER BARGAIN ! 

I 

I 

I 
I 

A 24 Bras. Tape Recorder offered at the 
bargain price of only 15 gns. plus 101- Carr. I 
Supplied in 3 Units already wired and tested. 
A modern Circuit for quality recording from 
Mike, Gram or. Radio, using latest B.S.R. 
Twin Track Monardeck Type TD2. Magic 
Eye recording Indicator, Ext. spkr., switch, 
super -impose and straight -through amplifier 
facilities, etc. 

Speaker. Size 14" x 10}M x 7} 
Wired Amplifier complete with £5.12.6 4 valves, Front Panel, Knobs 

B.S.R. Monardeck Type T.D.2 

IAccessories -Mike, Spare Reel £1. 1.0 + 2/- arr. Tape, Screened Lead, Plugs, etc. 
i COMPLETE KIT comprising I etc ,ni ._I 

items above 

CCElectrolytic. All Typos New Stk.Boxed 

VALVES 
a 

Bargai TUBULAR CAN TYPES 
25/25V 1/9 8+8/450V 4/6 

1T4 3/6 ECC83 7/- PCC84 8/- 50/12V 1/9 16+16/450V 5/6 
115 6/- ECLB2 10/- PCF80 81- 50/SOV 2/- 32+32/275V 4/6 
115 6/- ECL80 9/- PCLB3 10/6 100125y 2/- 50+50/350V 6/6 
3S4 7/- EF80 7/6 PCL84 10/- 8/450V 2/3 60+250/ 
3V4 71- EF86 8/6 P1.81 9/6 41350V 2/3 275V 1216 
DAF96 81- EL84 7/- PL82 9/- 16+16/450V 5/6 100+300/ 
DP96 81- EY51 9/- PL83 8/- 32+32/450V 6/6 275V 12/6 
DK96 8/- EY86 9/- PY32 7/6 1000/25V 3/9 2000+4000/ 
DL96 B/- EZ81 7/- PY81 6/- 6V 3/6 
ECCBI 7/- GZ32 9/6 PY82 7/- Ersin Multicore Solder 60/40 4d. 
ECC82 7/- EM84 8/6 U25 10/6 per yard. Cartons 2/6, etc. 

Valve line-up-EF86, ECL82, EM84, EZ80 and 
Silicon Diode. 

2 tone Cabinet and B" x S" £3.10.0 

£7. 7.0 

+ 5/- carr. 

+ 3/6 carr. 

+ 4/6 are. 

Leaflet, Circuit and Instruction 2/- poet free 

1 

' 
I 
I 
I 

NEW BRITISH RECORDING TAPE 
Famous Mfr. Bulk Purchase -Genuine recommended Tape Bargain. 
Uncond. Guar. Fitted Leader & Stop Foils (except 3"). 

Standard (PVC bue)) Long Play (PVC bue)D'ble Play (Myiar base) r Isoft.... 3/9 225ft. ... 4/9 300ft. ... 6/6 
5" 600ft...: 11/6 900ft. ... 15/- 1,200ft. ... 25/- 
5r 850ft.... 14/6 1,200ft. ... 17/6 1,800ft. ... 32/6 
7" 1,303ft.. 17/6 1,800ft. ... 22/6 2,400ft. ... 42/3 
Post and Packing -3" Reels 6d. Each additional Reel 3d. 4" to 7" Reels 1/-. 
Each additional Real 6d. 
EMPTY TAPE REELS (Plastic): 3" 1/3; 5" 2(-, 5}" 2/-, r 2/3. 
PLASTIC REEL CONTAINERS (Casettes): 5 1/9, 5}" 2/-, r 2/3 
Jack Plug.. Standard 24" Igranic Soldering Irons. Mains 200/220V 
Tyne. 2/6. Screened Ditto 3/3. or 230/250V. Solon 25 watt Inst., 
Miniature Ir. 2/3. Scr. Ditto, 746. 22/6. Spare Elements, 4/6. Bits, 1/ - 
Jack Sockets. Open Igranic Moulded 65 watt, 27/6 etc. 
Type, 3/3. Closed Ditto, 3/9. Minia- 
ture Afumin. Chassis. 10g. Plain Closed Type, I/9. Sub -min. (deaf 
aid) ditto, 1/3. Undrilled, folded 4 sides, 2" deep 

Phono Plugs, 9d. Phono Sockets6" x 4", 4/6, 8" x 6", 5/9, 10"x 7" 
(open), 9d. Ditto (closed), If-. Twin 6/9, 12" x 6", 7/6, 12" x 8", 8/- etc, 
Phono Sockets (open), 1/3. Alumin. Sheet. 18g. 6" x 6", 1/u- 
Orundlg Continental. 3 p. or 5 p. 6" x 9", 1/6, 6" x 12", 2/-, 12" x 1 

plug, 3/6. Sockets, 1/6. 4/6 etc. 

NULLARD " 3-3" HI-FI AMPLIFIER 

3 VALVES 3 WATT 
3 ohm and 15 ohm O 
A really first-class Amplifier 
giving Hi-Fi quality at 
reasonable cost. Mullard's 
latest circuit. Valve line-up: 
EF86, EL84, EZBI. Extra H.T. 
and L.T. available for Tuner 
Unit addition. This is the ideal 
companion Amplifier for FM 
tuner units. 

TECHNICAL SPECIFICATION-Freq. Response: 1 IdB, 40 c/a -25 kc/s. 
Tone Controls Max. treble cut 12dB at 10 kc/s. Max. Bass Boost 14dB at 
80 cis sensitivity: I00MV for 3W output. Output Power (at 400 c/s); 3W at 
IV. teal harmonic distortion. Hum and Noise Level: At least 70dB below 3W. 
COMPLETE KIT (incl. valves, all B Escutcheon Panel Print - 
components, wiring diagram and eel Vol Treble. Baas, On -Off, 
stppeecei1al quality sectional Output Trans.) supplied with each Kit. 
BARGAIN PRICE 146.19.6 carr. 4/6. Recommended Speakers -R. & A. 
Complete wired and tested, 8 gns. 12^ with tweeter 42/6, WBHFIO-12 
Wired power 0/P socket and ddi- 61.7.6, Goodman: Axiette 
demi smoothing for Tuner Unit, Axiom 10 £6.5.0. Audiom 51 48.10.0 
10/6 extra. Carr. extra 
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Volume Controls -5K-2 Meg - 
ohms, 3" Spindles Morganite Midget 
Type. Ir diem. Guar. I year. LOG 
or LIN ratios leu Sw. 3/-. DP. Sw. 
4/6. Twin Stereo less Sw. 6/6. D.P. 
Sw. 9/6 (100 k. to 2 Meg. only). 

COAX 80 OHM CABLE 
High grade low loss Cellular air 
spaced Polythene - }" diameter. 
Stranded cond. Famous mfr.. 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. 31-. 

Coax Plugs 11-. Sockets II-. 
Couplers 1/3. Outlet Boxes 416 

Cond s-S/Mica all values 2pF to 
1,000pF 6d Ditto Ceramic 9d. each 
.005, .01 and .1, etc., 1/-. Pape 
Tubular 450V .001 mfd to .01 mfd and 
.I/350V 9d 02 -.I m d 11-,.25 mfd 1/6 
5 mfd 110. 

Close ToI. S/Mina-l0% 5pF-500pF 
8d. 600-5,000ppF 1 -. I // 2pF-100pF 
9d. lOOpF 500pF lid. 57%pF-5,000pF 
116. Resistors -Full Range 10 ohms - 
10 meyohms 20% } and 4W 3d., 9W 
5d. (Midget type modern rating) I W 
6d« 2W 9d. Hi -Stab 5% J -#W 100 
ohms I megohm 6d. Other values 9d. 
1% 4W 1/6. W/W Resistor. 25 
ohms to 10K 5W 1/3 IOW 1/6 15W 

Pre-set T/V Pots. W/Iff 25 
ohms -50K 3/-. 50K-2 Meg. (Carbon) 
3/-. 

ENAMELLED COPPER Willa.. 
-36s, 4N; 3 

TINNED COPPER WIRE -16.22g. 
1/6 k lb. 
PVC CONNECTING WIRE -10 
colour. (or chassis wiring, etc.) -Sin 
or stranded conductor,, per yd« 21. 
Reeving 2.1. yd. 

TRANSISTOR COMPONENTS 
Midget I.F.'a-465 kt/s diem. 6 
Osc. Coil -fr" dims. MIW. 
Osc. coil M. & LW. 5/9 
Midget Driver Trans. 3.5:1 6/9 
Ditto 0/Put Push-pull 3 ohms 619 
Elect. Condensers -Midget Type ISV 
Imfd-S0mfd, ea. I/9. 10Omfd. -. 
Ferrite Aerial -M. & L W. with car 
serial coupling coil, 9/3. 
Condensers -150V. wkg. .01 mfd. to 
.04 mfd., 9d. .05 mfd .1 mfd., I/-. 
25 mfd.. 1/3. 5 mfd., I/6, etc 

Tuning Condensers. J.B. "00" 208}} 
176pF, 816. Ditto with trimmers, 9ff. 
365pF sinttle 7I6. Sub -min. 9" DILEMIN 
IOOpF, 3goof. 300pF, 7/-. 
Midget Vol. Control with edge control 
knob, Ski with switch, 4/9, ditto less 
switch, 3/9. 
Speakers P.M. -2" Plessey 75 ohms, 
15/6. 2} Continental 8 ohms, 13/6. 
7" x 4" Plessey 35 ohm, 23/6. 
E ar Plug Phones -Min. Continental 
type. 3B. lead lack plug and socket. 
H igh Imp. 8/-. Low Imp., 7/6. 

JASON FM TUNER UNITS 
TRANSISTOR BARGAINS 
Brand New -EVA Ist Grade 

Designer -approved 
FRATI, S 

rove 4 kit1f 
0/-. 

0C44 8/6 OC70 5/6 FMT2, £7. 5 valves, 35/-. 
OC45 81- OC71 6/- JTV MERC32 URY 10 Brae. 
OC81 D 
2/008I 

7/6 
15/6 

GEX34 
0A70 

2/9 
2N 

3 
JTV2 413.19.6. 4 valves, 28/6. 

GET I14 6/6 OASI 2/9 NEW JASON FM HAND. 
OC72 7/6 GEXI3 2/9 BOOK, 116. 48 hr. Alignment 
AFI17 9/6 Services 716. P. & P. M. 

Speakers P.M. -3 ohms 24" E.M.I 
15/6. Goodman. 3? 16/6. 5" Rola 
5/6. 6" Elec 16/6. 7" x 4" Goodman 

15/6. 8" Rola 19/6. 10" R. x A. 25/- 
9" x 6" Goodman. 22/6. E.M.I 
Tweeter 6. 
Speaker ret-Expanded gilt ano- 
dised metal } x k diamond mash, 
4/6 sq. ft.. multiples of 6" cut. Max. 
ize, 4ft. a 3ft. 47/6. Carr. extra. 

TYGAN FRET (conteur pat 
12"x 12"2/- 12"x 18"3/-,12"x24 
4/-. 18" x 8t 4/6, etc. 
BONDACO UST Speaker Cabinet 
Acoustic Wadding, 12^ wide, any 
length cut 1/6 per ft, 4/- per yd. 

BARGAINS ED PLAYER UNITS 
Single Players carr. 3/6 
G d-SRPIO 65.0.0 
B.S.R Latest Modal TU 12 72/6 
E.M.I. Junior "985" 67/6 

Auto -Changers carr. 5/ - 
Garrard "Auto -Slim" £6.10.0 
Collare C60 46.19.6 
B.S.R. (UAI4) £6.10.0 

TRIMMERS Ceramic (Compression 
Type)--30pi< 5OpF, 70pF, 9d.; 1000,150pF, 

1/3; 2i0pF, I/6; 600pF, I/9. 

PHILIPS, Bee Hive Type cone air 
w cedd)-2-8pF, U-; 3-300. h 

KNOBS -Modern Continental tpes: 
Brown or Ivory with Gold Ring, 1^ 
9d. each; 1} I/- each; Brown or Ivory 
with;+ Gold Conn I" die, 10d. each; 

IIV 
1/3 each. LARGE SELECTION 

A ÁILABLE. 
METAL RECTIFIERS- STC Types. 
RMI, 419 ßM2, 5/6; ßM3, 7/6; RPM, 
6/-; RMS. 21/-; RM4B, 17/6. 

BARGAIN CORNER 
Brand New. Mfrs. surplus Its erode 
I 0C44 & 2 0C45 15/6. 
I OCI8ID & 2OCè1 8I6. 
All above and oAMI, 32/6 pest free. 

Meg. VOL Controls D.P. Sw. 

" f l Ìtrt d pwcnfd. 
Famous Mfrs. 

fo 

RECORD PLAYER CABINETS 
Contemporary style, realms covered cabinet 
in two-tone maroon and cream. Size 151" a 
14E" x Sr, fitted with all accessories including 
baffle board and Vinair fret. Space available 
for all modern amplifiers and auto -changera, 
etc. Uncut record player mounting board 
14^ x 13" supplied Cabinet Price 59/6. 
Carr. and Ins. 5/-. 

2 -VALVE 2 WATT AMPLIFIER 
EZ80 and Twin stage ECL82 with vol. and neg. 
feedback tone control. A.C. 200/250V with 
knobs, etc., ready wired to fit above cabinet. 
£2.17.6. P. & P. 1/6. 7" x 4" Speaker and 
trans. 22/-. P. & P. 2/-. 

COMPLETE R/PLAYER KIT. As ill. 
inc. BSR UA14 Unit. New Bargain 
Price Now Only 411.10.0, 7/6 arr. 

Send for detailed bargain lists 3d. stamp. We manu- 
facture all types Radio Mains'Tranaf. Chokes Quality 
0/P Trans.. etc. Enquiries invited for S Proto- 
types for small production runt Quotar on return. 
RADIO COMPONENT SPECIALIISTS 
70 Brig.tock Rd., Thornton Heath, Surrey 
THO 2188 Hours; 9 a.m., p.m., I p.m. Wed. Tenn. 
C.W.O. 

31 or 2ß.D.16 tan219 g 
Packing 

kinupte}169d.,1Ib.. 11 
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5" OSCILLOSCOPE. Model O -12U. Has wide -band 

ö amplifiers, essential for TV servicing, FM alignment, etc. 
Vertical frequency response 3 c/s to over 5 Mc/s, without 
extra switching T/B covers 10 c/s to 500 kc/s in 5 ranges. 

£35.10.0 
2e" SERVICE 'SCOPE. Model OS -1. Light, compact 
portable for service engineers. Dim. 5" x 8" x 144" long. 
Wt. 104 lb. £19.19.0 
ELECTRONIC SWITCH. Model S -3V (Oscilloscope 
Trace Doubler). Enables a single beam oscilloscope to 
give simultaneous traces of two separate and independent 
signals. Switching rates approx. 150, 500, 1,500, 5,000 
and 15,000 c/s. Sig. freq. response 0-100 kc/s. f 1dB. 
Separate gain controls and sync. output. Sig. input range 
0.1-1.8V r.m.s. £11.15.6 
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. 

£21.9.6 
RESISTANCE/CAPACITANCE BRIDGE. Model C -3U. 
Measures capacity 10pF to 1,000µF, resistance 10012 to 
5M0 and power factor. 5-450V test voltages. With safety 

C -3U switch. £9.5.0 
CAPACITANCE METER. Model CM -1U. Direct - 
reading 44" scale. Full-scale ranges 0-100µ4iF, 0-1,000µµF 
0-0.01µF and 0-0.1µF. £15.15.0 
VALVE VOLTMETER. Model V -7A. 7 voltage ranges 
d.c. volts to 1,500. A.C. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance O.1á2 to 1,000Mí2 with internal battery. 
D. input impedance 11M0. dB measurement, has 
centre -zero scale. Complete with test prods, lead and 
standardising battery. £13.18.6 
MULTI METER. Model MM -1U. Ranges 0-1.5V to 
1,500V A.C. and D.C.; 150µA to 15A D.C.; 0.20 to 20Mí2. 
44" 50µA meter. £12.10.0 
R.F. SIGNAL GENERATOR. Model RF -1U. Up to 
100 Mc/s fundamental and 200 Mc/s on harmonics and 
up to 100mV output on all bands. £12.15.6 
AUDIO WATTMETER. Model AW-1U. Up to 25W 
continuous, 50W intermittent. £15.15.0 
AUDIO VALVE MI.LIVOLTMETER. Model AV -3U. 
lmV-300V fs.d. A.C. 10 c/s to 400 kc/s. £14.17.6 
AUDIO SINE -SQUARE WAVE GENERATOR. Model 
AO -1U. Covers 20 c/s to 150 kc/s and square waves to 
50 kc/s in four ranges. Maximum output 10V, distortion 
leas than 1%. £13.15.0 

A RANGE OF 
250 AMERICAN HEATHKIT MODELS 
Now obtainable for direct delivery from U.S. plant 
to your U.K. address. Illustrated catalogue and full 
details of mail order scheme can be obtained from us 
for the nominal chargé of 1 /- post paid. 

V -7A 

RF -1U 

S-33 

HI-FI AMPLIFIERS TUNERS RECORD PLAYERS 

S-99 

HI-FI 6W STEREO AMPLIFIER. Model S-33. 3 watts per channel 0.3% 
distortion at 2.5W/chnl., 20dB N.F.B. Inputs for Radio (or Tape) and Gram, 
Stereo or Monaural, ganged controls. Sensitivity 200mV. £13.7.6 
DE LUXE STEREO AMPLIFIER. Model S-3311. 1)e luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram pick-up. £15.17.6 
HI-FI STEREO AMPLIFIER. Model S-99. 18W output. Ganged controls. 
Stereo/Mono gram., radio and tape inputs. Push-button selection. Printed 
circuit construction. £27.19.6 
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.C. 

£5.2.6 
A wide range of American Audio equipment available. See Direct Mail 
order scheme below. 

GL -58 HA -12 

GOLDRING LENCO TRANSCRIPTION PLAYER. Model 
GL -58. With G-60 pick-up arm and Ronette 105 cartridge. £18.19.2 
GARRARD AUTO/RECORD PLAYER. Model AT -6. With 
R 105 cartridge. £13.12.1 With Decca Deram pick-up £14.6.1 

SUGDEN MOTOR UNIT "CONNOISSEUR CRAFTSMAN". 
Heavy duty motor operating at 334 and 45 r.p.m. Very heavy 12" 
turntable. Virtually no rumble. £16.6.6 
HI-FI MONO AMPLIFIER. Model MA -5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33. 

£10.19.6 
HI-FI MONO AMPLIFIER. Model MA -12. 12W output, wide 
freq. range, low distortion. £11.9.6 

BMItlIC ;, " OIIIWY i 19dtltö011SN1111611' . MUM 

DAYSTOOM Enjoy Yourself and Save Money 
TEST INSTRUMENTS 

3 ;Y; 1. 

O -12U 

S -3U 
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SSU-1 

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 £11.12.0 without legs 
£10.17.6. 

THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x 154" 
housing a 12" bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
range of 32-20,000 c/s. Capable of doing 
justice to the finest programme source, its 
polar distribution makes it ideal for really 
Hi-Fi Stereo. 

COTSWOLD "MES" SYSTEM. Specially 
developed to give best possible results in 
small rooms. This minimum floor space 
model is based on standard Cotswold. Size: 
36" high x 164" wide x 144" deep. Either 

MFS Model. £23.4.0 

FOR THE MUSICIAN 
PA AMPLIFIER PA -1. The 
ideal compact unit for VOCAL- 
ISTS, INSTRUMENTALISTS, 
RECORDS, with 50W (100W 
pk output), 2 Heavy Duty 
Speakers. Variable TREMOLO 
Elegant modern cabinet. Send 
for full specification. 
£54.15.0 
Legs optional extra 17/6 set of 4. 

ELECTRONIC ORGAN 
(fully transistorised) 

Ideal for Soloists, Home use, Groups. Full 20 WATTS VOLUME. 
With matching bench. £219.0.0 

*.. * 

Money -back Guarantee 
Daystrom Limited unconditionally guarantees that each Heathkit 
product assembled in accordance with our easy -to -understand 
instruction manual must meet our published specifications 
for performance or the purchase price will be cheerfully 
refunded. 

THE RADIO CONSTRUCTOR 
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COLLARO 

CONTROL UNITS TAPE AMPLIFIERS 

D-83 

COLLARD "STUDIO" TAPE DECK. The finest buy in its price 
range. Operating speeds: ir, 3r and 7f' p.s. Two tracks "wow" 
and "flutter" not greater than 0.15% at 7}' p.s. £17.10.0 

TRUVOX 1383/2 & D83/4 TAPE DECKS. High quality mono/ 
stereo tape decks. 

D1312, 2 track, £31.10.0 1)83/4, 4 track, £29.8.0 

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-AI-- 
£20.13.0). Printed circuit board, 8 valves. Covers L.W., M.W., 
S.W., and F.M. Built-in power supply. Total £25.6.6 

1111Y11Np!.i18N ili1B11N111111d,11111N11Q111111111111111111I1111111111111 13111111E111» 
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FM -4 AM/FM 

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/a, and amplifier 
unit, with power supply and valves (£12.6.0). Total £15.1.0 

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press -button speed compensation and input selection. 
Mono Model TA -1M, £19.2.6 Stereo Model TA -1S, £24.10.0 

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. £8.12.6 

STEREO CONTROL UNIT. Model USC -1. Push-button selection, 
accurately matched ganged controls to ±1dB. Negative foodback, rumble 
and variable low-pass filters. Printed circuit boards. £19.10.0 

1111111 IIIWIIIIMIIIEIIIIIINIIIIINIIIIIIMIIh!! ''IINl&Ille'II81811118811W411R19115!!"91119 

hi'/di'a, these Neathkit mode/s 
TRANSISTOR RADIOS 

LATEST MODEL! "OXFORD" 
LUXURY PORTABLE. Model UXR-2. 
Specially designed for use as a domestic, 
car or personal portable receiver. Many 
features, including solid leather case. 

£14.18.0 

TRANSISTOR PORTABLE. Model UXR- 
L Pre -aligned I.F. transformers, printed 
circuit. Coven L.W. and M.W. Has 7' 
z 4- loudspeaker. Real hide case. 

£12.11.0 

TRANSISTOR PORTABLE RECEIVER. 
Model RSW-1. In a handsome leather case, 
it has retractable whip aerial and socket for 
car radio use. Covers Med., Trawler and 
two S wave bands. £19.17.6 

JUNIOR TRANSISTOR RADIO. Model 
IIJR-1. Single transistor set. Excellent 
introduction to radio. £2.7.6 

;q( ",i,''I ll v.. 111111® 

HI-FI EQUIPMENT CABINETS 
A wide range of equipment cabinets 
are available to meet the differing 
needs of enthusiasts. Designed for 
max. operating convenience or for 
where room space is an overriding 
consideration this range includes 
kits, ready assembled cabinets or 
fully finished cabinets, and has at 
least one model to suit your require- 
ments. Send for full details. 

Other models from our wide range include 
TELEPHONE AMPLIFIER TTA-1 £7.9.6 
TRANSISTOR INTERCOM. X1R-1U (remote) £4.7.6 

xI-lU (master) £10.19.6 
ELECTRONIC WORKSHOP EW-1. Makes over 21 experiments. 
The ideal present for the youngster. £7.13.6 

All models also available assembled 
Deferred Terms over £10 
Send coupon for FREE illustrated British catalogue 
of Heathkit range to : 

DAYSTROM LTD LTSUR 

UXR-2 

NOVEMBER 1963 

UXR-1 

UJR.1 

AMATEUR EQUIPMENT 
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. 
Amplifier Stage. Send for spec. £39.6.6 
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 circuit boards, 
telescopic whip antenna, tuning meter and 
large slide -rule dial, 10 transistors. £39.17.6 
AMATEUR TRANSMITTER Model DX- 
100U. The world's most popular, compact 
and completely self-contained Amateur 
Transmitter. Covers all amateur bands: 
160-10 m. 150W d.c. input. Careful design 
has achieved the stability and high per- 
formance for which the DX -100U is noted 
and no less than 35 disc ceramic capacitors 
reduce TVI to a minimum. £74.19.0 

SINGLE SIDEBAND ADAPTOR. Model SB -10U. 
May be used with most A.M. transmitters. Less than 
3W R.F. input power required for 10W output. Operation 
on 80, 40, 20, 15 and 10m bands on U.S.B., L.S.B. or 
D.S.B. £39.5.0 
AMATEUR TRANSMITTER. Model DX -40U. Coven 
all amateur bands from 80 to 10 metres; crystal controlled. 
Power input 75W C.W., 60W peak controlled carrier 
phone. Output 40W to aerial. Provision for V.F.O. 
Filters minimise TV interference. £33.19.0 
New Model RG -1 

COMMUNICATIONS TYPE RECEIVER. 
A high performance, low cost receiver for the discrimin- 
ating listener. Frequency coverage: 600 kc/a-1.5 Mc/s 
and 1.7 Mc/s - 32 Mc/s. 
Send for full specification. £39.16.0 
VARIABLE FREQUENCY OSCILLATOR. Model 
VF -1U. Calibrated, 160-10 m. Fundamentals on 160 
and 40m. Ideal for our DX -40U and similar transmitters. 

£11.17.6 
A wide range of American amateur equipment. See Mail Order Scheme. 

SB -10U 

DX -40U 

RA -1 

GC -1U 

fWithout obligation please send me 
FREE BRITISH HEATHKIT CATALOGUE........ 

FULL DETAILS OF MODEL(S) ............................................ 
(Please write in BLOCK CAPITALS) 

NAME . 

ADDRESS.................................................................................... 

L...................................................................................................... 

(Tick here, 1 

............................... 

DEPT.RCt J 
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GO TRAN7TOR 
S A 

BRITAIN'S LEADING TRANSISTOR SPECIALIST SUPPLIERS 

SINCLAIR MICRO -INJECTOR 
THE SMALLEST AND MOST EFFICIENT OF ALL 
- YET IT COSTS FAR LESS 

Using two MICRO -ALLOY TRANSISTORS, the Sinclair Micro - 
Injector is a precision sub -miniature instrument which generates 
and injects a test signal into any part of a receiver or amplifier at 
any frequency from 1 kc/s to 30 Mc/s. By this means the location 
of any fault can be rapidly found. 

The Sinclair Micro -Injector is powered by a 6d. standard battery 
which will last for about 6 months. Its size is 14/s" x 13/10" x 4". 
excluding probe, by far the smallest and most versatile instrument 
of its kind available. 

Assembly is extremely simple and will take even a beginner only 
half an hour. Clearly illustrated building instructions are provided 
together with operating instructions. 

COVERS 1 kc/s TO 30 Mc/s 
PERFECT FOR EQUIPMENT OF 

TRACE, ALL TYPES 
FASCINATING TO BUILD THAT 

ee- Total cost including all parts. 
MAT Transistors, printed circuit 
board, plated probe and case in 
royal blue with gold trim. 27/6 

SIZE OF CASE 
i5 Xi Tau 

TWO SUPERB AMPLIFIERS FOR A.F. 
SINCLAIR 

MICRO - 
AMPLIFIER 
POWER GAIN 
60dB. 

Makes a superb 
R.F. Amplifier 
Smaller than a threepenny piece, this fantastic master- 
piece of transistor circuitry has a power gain of 60dB 
(1,000,000 times) and a response within ±1dB from 30 
to 50,000 c/s. Will drive any type of earpiece or even 
a loudspeaker, and is a valuable asset in the hands of the 
keen experimenter. Kit is complete with printed 
circuit board, all parts, instructions and FREE CIRCUITS APPLICATIONwithimp. 

high and low 
microphones, stereo headphones, 
radios, transmitters, etc. 

broad band 

SINCLAIR TRS COMBINED PRE - 
AMP. AND } WATT AMPLIFIER 

5916 
Comp. 
ready 
built 
with 

instruc- 
tions 

Goes with anything ! 
Employs latest circuitry techniques to produce 
a perfectly clean 1 -watt of audio power even 
from such low output sources as tape heads, 
modern pick-ups & microphones. Each amplifier 
is supplied ready built for immediate use and is 
unconditionally guaranteed for 12 months. 
Circuit -5 matched trans. & a temp. comp. 
diode in transformer -less complementary -sym- 
metry configuration. Sensitivity - 0.5mV. 
Power Gain-80dB (100 m. times). Response 
-50-20,000 c/s f 3dB. Size -2f" x 14" x f". 
Power O'put-500mW undistorted into a 150 
loudspeaker. Power Requirements-I omA 
quiescent and 150mA peak from 9V battery or 
power supply. 

THE WONDERFUL 
SINCLAIR RANGE OF 

TRANSISTORS 

Takes Transistor Performance further still 
MICRO -ALLOY M.A.Ts S TRANSISTORS 

Extremely high power gains at all levels 
of collector current and voltages and at 
frequencies from A.F. -100 Mc/s. For use in 
place of ordinary transistors. Give greatly 
improved performance in any circuit. 
MAT 100 High gain, low level type 7/9 
MAT 101 Extra high gain, low level 

type 8/6 
MAT 120 High gain, medium and 

high level type 7/9 
MAT 121 Extra high gain, medium 

and high level type 8/6 

THE ADT.140 
IDEAL FOR V.H.F. & U.H.F. 
Only 1/5" high x 1/5" dia. Specially 
designed for F.M., T.V., V.H.F. and 
U.H.F. Made by the alloy -diffused 

alpha cut-off frequency of 400 Me/s. 
process, the ADT.140 has a typical I - 
Power gain is 15dB at 100 Mc/s and 
9dB at 200 Mcls. Price 
GOLD -BONDED DIODE GBD.60 
Gold contact wire gives greatly reduced 
forward resistance and g ly increased 
reverse resistance. For increased sensitivity 
in all transistor circuits at 
frequencies up to 500 Mc/s. 

For the latest in 
Translator Designs: 

4!- 

THREE 

IMPORTANT 

BOOKS 
Eace of these books is crammed with invalu- 
able information, tested circuits and layout 
diagrams for receivers and equipment using 
MAT. and the new ADT.140. 

"22 Tested Circuits using 
Micro -Alloy Transistors". 

"Tested Short Wave Re- 
ceivers using MATS" 

"Tested Superhet Circuits 
for Shortwave and Com- 
munication Receivers, using 
MATs" 
SPECIAL OPFER TO 
RADIO CONSTRUCTOR 
READERS-ALL THREE 
BOOKS FOR 

5/6 
post free 

5/6 
Poet free 

6/6 
poet free 

poet free 

SIC[IR radionics M. 69 HISTO ROAD CI\MBRIIJGE 
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* * * * * * SINCLAIR 
"SIIMIINE" 

THE MOST FANTASTIC TRANSISTOR PERFORMANCE 

YET -GIVES YOU EUROPE IN THE PALM OF YOUR 

HAND, SIZE 2*" x 1*" x }" 

Build one for yourself 
and »l)9S I 

AI 
0W6 

BUILT IN A COUPLE 
OF HOURS 

A MASTERPIECE OF DESIGN 

AND PERFORMANCE 

The heart of the Slimline is its 
wonderful MAT Transistors and 
highly efficient circuitry. Building 
is so easy, too. With well pre- 
sented instructions, improved 
solid dielectric tuning capacitor, 

printed circuit board, sub- 
miniature components, blue 
and gold case and feather- 
weight high quality earpiece, 
total cost comes to 

49/6 
FULL SERVICE 

POST 

TODAY 
NOVEMBER 1963 

This is the ultimate in personal radio-so small, you can take 
it with you everywhere-so powerful it will give you many 
pro ammess from which to choose and with selectivity and 
qualty that are truly astounding. Once you have heard the 
"Siimline", you will never want to be without it. Building 
it is fascinating too, and if you want to give presents that will 
really be welcome-build and give the Slimline for Xmas. 
It's so elegant too and takes up no more space than a packet 
of cigarettes. Tunes over the entire medium waveband. 

TAKE IT WITH YOU EVERYWHERE! 

LIGHT PROGRAMME TUNED IN 800 MILES AWAY 

From M. V. Orelia, E.D.H. W. writes: 
"I have just completed your Slimline Receiver and I am 
amazed at the results. 800 miles from the U.K. I could still 
hear the light programme. I have built quite a number of 
receivers in the last few years but none with as good a result 
as the `Slimline'. I have now my shipmates interested, and 
more orders will be forthcoming in the future." 

FACILITIES ALWAYS AVAILABLE 
TO SINCLAIR Radionics LTD., 69 HISTON ROAD, CAMBRIDGE 

Please send at once 
FOR WHICH I ENCLOSE L s. d. 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE 

www.americanradiohistory.com



WIRELESS 

Big DOUBLE -SIDED @I3 

BLUEPRINT 
to build CRYSTAL -CONTROLLED 

SHORT WAVE 
TRANSMITTER 

3 -Valve Transmitter (Crystal Oscillator 
-Power Amplifier -Rectifier). 
Covers all Amateur Bands from Top 
Band to Twenty. 
Built-in A.C. Power Supply. 
Crystal -controlled, but provision for 
feeding in V.F.O. 
Simple to set up and use. 2 -knob Control 

PLUS INVALUABLE 

GUIDE TO SHORT-WAVE 
TRANSMITTING 

BLUEPRINT 

224 

On Sale NOV 7th 
BIG DEMAND ! 

ORDER FROM YOUR 
NEWSAGENT 

NOW ! 
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IMPROVED 
Modern styling in light 
grey with legible black 
engraving. 
Constructed to withstand 
ad climatic condi- 
tions. 
Ever ready case including 
leads prods and clips. 

Improved internal 
assemblies. 
Re -styled scale plate for 
easy rapid reading. 1. 

basic scales each 2.5 
inches in length. 
New standards of 
accuracy using an indi- 
vidually calibrated scale 
plate: d.c. ranges 2.25% 
of full scale deflection. 
a.c. ranges 2.75% of full 
scale deflection. 
Available accessories in- 
clude a 2,500V d.c. multi- 
plier and 5, 10 and 25A 
shunts for d.c. current 
measurement. 

* For full details of this great 
new pocket size instrument, 
write for descriptive leaflet. 

LT3D 

STANDARDS 

1114 

MULTIMINOR 

OF ACCURACY 

RELIABILITY 
The Mk. 4 MULTIMINOR is an entirely new 

version of this famous Avo instrument and 
supersedes all previous models. It is styled on 
modern lines, with new high standards of 
accuracy, improved internal assemblies, and 
incorporating panclimatic properties. 

The instrument is supplied in an attractive 
black carrying case, which also houses a pair 
of leads with interchangeable prods and clips, 
and an instruction booklet. It is packed in an 
attractive display carton. Robust real leather 
cases are available, if required, in two sizes. 
one to take the instrument with leads, clips 
and prods, and the other to house these and 
also a high voltage multiplier and a d.c. shunt. 

D.C. C : 1001.1.A f.s.d. -1A f.s.d. in S ranges. RESISTANCE: 0-2H Q in ranges, using 1.5V cell. 

A.C. Voltage: 10V f.s.d. -1,000 f.s.d. in 5 ranges. SENSITIVITY: 10,000 0/V on d.c. Voltage ranges. 

D.C. Voltage: 2.5V f.s.d. -1,000 f.s.d. in 6 ranges. 1,000 fl/V on a.c. Voltage ranges. 

D.C. Millivolt range: 0 -100mV f.s.d. 

AVOCET HOUSE 92.96 VAUXHALL BRIDGE ROAD LONDON SW1 Telephone: VICtoria 3404 (12 lines) Alis ce 

EVERYTHING 
FOR THE 

ENTHUSIAST 

GELOSO V.F.O. UNITS. 4/102 I 
with new dial and escutcheon. Out- 1 

puts on 80, 40, 20, 15 and 10. For 
2-807 or 6146 tubes. Only £8.13.6. 
3 valves to suit, 24/-. All post free. I 

FOSTER DYNAMIC MICRO- I 
PHONES. Type DF1 HiZ 50k I with stand and halter. Excellent 
Quality. Only 52/6, P. & P. 2/-. I 

SHADED POLE MOTORS. 
230V or 110V operation. Ideal 1 

for fans, blowers or models. I 
Single unit 12/6 plus 2/- P. & P., 
or pair ICI plus 2/6 P. & P. 

EDDYSTONE VARIABLES. I 
080 spacing, 3 types 25 x 25pF, I 

50 x 50pF and 100pF diff., 10/- each. 
Post free. 

1 

ABSORPTION WAVE -I 
METERS. 3.00 to 35.00 Mc /s in 3 

switched bands, 3.5, 7, 14, 21 and 
28 Mc/s ham bands marked on . 
scale. Complete with indicator 
bulb. A MUST for any hamshack. 
ONLY 22/6. Post free. 

RACK MOUNTING PANELS. 
9" x 5}", 7", 81" or 10#" black 
crackle finish, 5/9, 6/6, 7/6 and 9/ - 
respectively, postage and packing 

NOVEMBER 1963 

BARGAIN TRANSFORMER OFFER 
Made by Parkmeko, half shrouded with screened 
primary. 200-240V. 40mA. 6.3V. 3A. Only 12/6, P. 

& P. 2/6. These are not Ex-W.D. 

METERS. 31" round, 21" scale. 2 types 0-10mA and 0-100mA. 
15/- each. P. & P. 1/6. 0-2.5 amp. Thermo 21" round, 7/6 each. 
P. & P. 1/6. 

TRANSMITTING VARIABLES. Type TS805 80pF Split Stator, 
80pF per section, .070 spacing, 22/6 each. P. & P. 2/6. 

NEUTRALISING CONDS. Type N.C.15. 15pF max., .090 
spacing. 4/6 each. P. & P. 1/6. 

MIC 40 XTAL HAND MIKES. New boxed, 19/6. P. & P. 1/6. 

B.I. 8 MFD. 1200V D.C. Wkg. Capacitors, 12/6 each. Post paid. 

SCREENED MICROPHONE CABLE. 1st grade, 9d. yard. Plus 
postage. 

10 CORE (5 PAIRS) SCREENED CABLE. 1/8 yard. All plus 
2/6 P. & P. 

ROTARY TRANSFORMERS. 12V input 490V 65 Ma. output, 
17/6 each. P. & P. 3/-. 

FERRITE BEADS for the S Band Aerial, 50 for 15/- or 100 for 30/-. 
Post paid. 

150 OHM VERY LOW LOSS BEADED COAX. 20 yard lengths, 
only 10/- each. Post free. 

COMPLETE SETS OF TUBES (14) for AR88. £3.10.0 post free. 

AERIAL 
EQUIPMENT 

e 
CHAS. H. YOUNG LTD. 

170-172 
CORPORATION ST. 

BIRMINGHAM 4 

CEN 1635 

TOUGH POLYTHENE LINE. 
Type ML1 (1001b) 2d. per yd. or 
12/6 per 100 yds. Type MU 
(22016) 4d. per yd. or 25/- per 
100 yds. Post free. 
COPPER WIRE. 14g. h.d.: 140' 
17/-; 70' 8/6. 
RIBBED GLASS INSULA- 
TORS. 3" 1/9 each. P. & P. 1/6 
uptol2. 
TWIN FEEDER. 300 ohm twin 
ribbon feeder, similar K25, 6d. 
per yd. K358 Talton (round) 1/6 
per yd. Post on above feeder and 
cable 1/6 any length. 
SUPER AERAXIAL CABLE. 
70 ohm. Very low loss. 1/8 per yd. 
2/- P. & P. 

CERAMIC FEEDER SPREAD- 
ERS. Type F.S. 6" 10d. each. 
P.&P.2/-up to 12. 

CERAMIC "T" PIECES. Type 
AT for centre of dipoles, 1/6 each. 
P. & P. 1/-. 
NEW MOSLEY POWER 
BEAMS. Write for details. 300 
watt, 50 ohm COAX, IV dies. 

very low loss, 1/9 yd. P. & P. 2/-. 
SHELL INSULATORS. 2" U. 
each, 8/- doz. P. & P. 2/- up to 12. 

2 MTR. 5 ELEMENT YAGI 
BEAM. Complete in box, with 
1" to 2f" masthead bracket. Price 
49/-. P. & P. 3/6. 
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-HOME RA DIO of MITCHAM- 
DEPT. RC, 187 London Road, Mitcham, Surrey. MIT 3282 Shop hours 9.0 a.m. to 6 p.m. (Wed. 1 p.m.) 

THE TRANSMATCH 

r-----------, 
WE HAVE 

ALL 

HEATHKIT 
MODELS 

IN STOCK 
------------1 

The Transmatch is designed as a Booster/Matcher for electric Guitars, Low Output 
Pick-ups, and Moving Coil and Ribbon Microphones. It measures only 4r x 2}" x 1f" 
and is completely self contained. Battery operated, it uses a High Quality Transistor, 
and one 2/- battery should last many months. It is simplicity itself to operate, the action 
of inserting the Jack Plug automatically switches it on, and it has been successfully used 

with a variety of low output electronic devices. 

PRICE E3.10.6 P. & P. 1 /6 

We stock printed circuits for the new MULLARD 3 and 10 WATT 
amplifiers using the audio triode pentode ECL.86 valve. 

MONO 3 WATT 7/6 P. & P. 1/6 MONO 10 WATT 12/6 P. & P. 1/6 
STEREO 3 WATT 15/- P. & P.1/6 STEREO.10 WATT 25/- P. & P. 1/6 

NOW IN STOCK ! 

The New Nombrex Wide Range 
Transistorised C.R. Bridge. 

Model 62 
(1) 6 Ranges, 1 Ohm to 100 

Megohm. 1pF to 100mF 
(2) Visual Null Indicator 
(3) Power Factor Check 
(4) Electrolytic Leakage Test 
(5) Battery operated 

PRICE E7.2.3 P. & P. 3/6 

40,000 Readers CAN'T BE WRONG! 
This is the approximate number of readers who have purchased and use our catalogue, 
and the number grows daily. The reasons are not hard to find, but to highlight a few: 

200 pages, over 800 illustrations, over 5,000 components described 
and priced (all except 14 actually in stock), backed with a 

By -Return Mail Order Service. 

POST COUPON WITH 

3/6 P.O. TODAY 

(INC. P. & P.) 

r -----------------------------il 
1 

1 

Please write your name and address in block capitals 

NAME 

ADDRESS 

HOME RADIO LTD., DEPT. RC, 187 LONDON ROAD, MITCHAM. 

II 
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6 -Transistor Superhet 
Pocket Radio 

By A. E. Stubbs 

THE AIM BEHIND THE DESIGN DESCRIBED HERE WAS 
to build a transistor pocket radio with a 
reasonable loudspeaker output. Dissatisfied 

with the performance of sets using three or four 
transistors it was decided that a six transistor 
superhet was the only solution. After some research, 
a circuit using very small components was found, 
and this is shown in Fig. 1.1 The extremely small 
size of the transformers, loudspeaker and tuning 
capacitor employed in the circuit enabled the radio 
to be built in a very small space. Indeed, it represents 
the smallest home -constructed superhet radio 
incorporating a speaker that the writer has en- 
countered at the time of writing. 
The Circuit 

It will be seen from Fig. I that the receiver is a 
conventional six -transistor superhet. A ferrite slab 
aerial is used. This is tuned by CV1, and the step- 
down coupling winding supplies the signal to the 
base of TR1. This transistor operates as a self - 
oscillating frequency changer, oscillation being 
produced by collector to emitter coupling via the 
oscillator coil L2. Correct alignment is achieved by 
adjustment of the 6pF trimmers in parallel with each 
gang of the tuning capacitor. 

The intermediate frequency is obtained by mixing 
the input signal and local oscillator frequency at 
TR1. The 465 kc/s signal now passes through IFT1 
to the base of TR2. D.C. bias on the base of TR2 
is varied by an a.g.c. voltage from the detector, D1, 
this being applied via decoupling components R16 
and C11. TR3 provides further amplification at the 
intermediate frequency. Detection is performed by 
diode Dl and this is followed by C12 and RVI. 
C13 now takes the signal to the a.f. amplifier TR4, 
which is a conventional driver transistor supplying 
the phase -splitting transformer T1. C15 eliminates 
high frequency hiss and improves the balance 
between bass and treble in the speaker. A Class B 
output stage is used, with the output transistors 
biased almost to cut-off point at about 0.2 volts 
negative with respect to chassis. 

I Fig. 1 is based on a circuit recommended by Technical Suppliers 
Ltd. for use with subminiature T.S.L. components. 

C16 further helps to keep transistor hiss to a 
minimum. The output transformer feeds the 1052 
miniature speaker with about 200mW of output 
power. C17 provides decoupling for the i.f. strip. 
The whole set is powered by a 9 -volt battery, which 
lasts about 60 hours at maximum volume. 

C5 and C9, the 3pF neutralising capacitors, are 
not essential, but the purist may wish to include 
them if he can find room! I.F. gain can be improved 
by reducing R4 to as little as 33kL2, but this necessi- 
tates increasing C15 to 0.01µF (in which case C16 
can be omitted). The original circuit employs an 
0C44 and two 0C45's, an 0071 and two 0072's, 
but it is worth mentioning that high frequency 
transistors such as the 0C170 in the r.f. and i.f. 
positions improve gain and stability considerably. 
Almost any of the usual output transistors could be 
used, and an 0075 works particularly well in the 
TR4 position. The speaker is a I din, 1011 unit. 

Semiconductors 

TRI 
TR2 
TR3 
TR4 
TR5 
TR6 
D1 

Components List 

0C44 
0C45 
0C45 
0071 
OC72matched pair OC72 ff 
0A91 

Miscellaneous 

Speaker, 1052 impedance, 1 din dia., type LP45F. 
(Technical Suppliers Ltd.) 

Battery, 9 volt, type PP3 
Earpiece socket 
Tuning knob and scale (see text) 
Cabinet and component boards (see text) 
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Fig. 1. The circuit of the subminiature receiver. Switch S1 is ganged with the volume control RV1. The two 6pF 
trimmers are mounted on CV1, CV2 

Resistors 
(All fixed resistors or iá watt 
R1 5.6kû 
R2 27kû 
R3 2.7kû 
R4 100kû 
R5 8200 
R6 27kû 
R7 5.6kû 
R8 1kû 
R9 10kû 
R10 27kû 
R11 lkû 
R12 l0û 
R13 4.7kû 
R14 l00û 
R15 22Oû 
R16 4.7kû 
RVl 5k12 potentiometer, log track. 

with switch 
Capacitors 

(All capacitors should be miniature types. In 
some instances, space may be saved by using 
ceramic instead of paper capacitors at decoupling 
positions) 

Cl 0.01µF paper 
C2 0.02µF paper 
C3 200pF silver mica 
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C4 0.04p.F paper 
10%) C5 3pF ceramic (see text) 

C6 200pF silver mica 
C7 0.04µF paper 
Cs 0.0411F paper 
C9 3pF ceramic (see text) 
C10 200pF silver mica 
C11 30µF electrolytic 6V wkg. 
C12 0.0211F paper 
C13 8µF electrolytic 3V wkg. 
C14 30µF electrolytic 6V wkg. 
C15 0.002µF paper or ceramic 
C16 0.002µF paper or ceramic 
C17 50µF electrolytic 9V wkg. 
CV1, CV2 196+87pF sub -miniature twin -gang 

capacitor type PVC -2M. (Technical 
Suppliers Ltd.) 

Edge control Inductors 
(All inductors are subminiature components, and 

are available from Technical Suppliers Ltd.) 
L1 Medium wave ferrite frame 
L2 Oscillator coil (red) 
IFT1 First i.f. transformer (orange) 
IFT2 Second i.f. transformer (white) 
IFT3 Third i.f. transformer (black) 
T1 Driver transformer type TR190/EIP 
T2 Output transformer type TR190/EIE 
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Fig. 2. Two Paxolin boards are employed in the 
receiver, the component sides of which are shown here. 
The component side of the larger board is towards 
the front of the receiver, whilst the component side of 
the smaller board is towards the rear. The speaker 
magnet takes up a position at the approximate centre 
of the larger board. It will be noted that the emitters 
of TRi. TR2 and TR3 connect into circuit on the 
component side of the board. Capacitors C5 and C9 
do not appear in this diagram (see text). Also not 
shown is C12, which is attached to the volume control 

tags 

Despite its small size this speaker has a large magnet 
and speech coil which can cope adequately with the 
power available. Quiescent current is about 5mA, 
increasing to 30mA at full volume. 

Construction 
The components are mounted on two Paxolin 

boards. These being cut and drilled as shown in 
Figs. 2 and 3. A socket for earpiece listening is 
provided, and some constructors may wish, as the 
writer did, to connect similar sockets at the output 
from the detector and input to the amplifier. The 
quality of sound at the detector is exceptionally 
good, and is suitable for tape-recording, for feeding 
a larger amplifier, or for personal listening. 

In order to save space the components are 
mounted vertically and secured by passing their 
leads through holes in the board and bending or 
soldering the leads immediately on the underside of 
the board. Care should be taken not to damage the 
components when bending the leads. Some form 
of heat shunt is essential when soldering transistor 
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leads, especially when these have been shortened. 
9BA screws are needed for securing the tuning 

capacitor, and the ferrite aerial assembly can be 
fastened down with a rubber band. Care must be 
taken with the aerial coil as the thin litz wires are 
easily broken. Holes with a diameter of iir in are 
the best size for component leads, but this size of 
drill should be used with care in an ordinary hand 
brace. Saw cuts at the edge of the board will 
accommodate the i.f. transformer lugs adequately. 
The connections to the oscillator coil and i.f. trans- 
formers are shown in the diagrams as they appear 
in the original design, but the writer found that both 
windings on the oscillator coil had to be reversed 
(the connection to tag 2 remaining unaltered) before 
the set would function. The volume control is held 
in position by a short length of rigid copper wire 
(16 s.w.g.) which connects it to the positive line on 
the mains chassis. A piece of insulating tape 
prevents the volume control short circuiting to the 
r.f. assembly. C12 does not appear on the layout 
diagram, this component being attached to the 

To C3 and FTI 

Fig. 3. The layout of the principal wiring on the 
reverse side of the boards. This diagram is intended 
to provide guidance, and final wiring should be 

checked against the circuit diagram 
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volume control taps. The smaller Paxolin board is 
held in the cabinet by two 6BA bolts, which locate 
with two nuts glued in the case. The speaker magnet 
should fit snugly in the centre of the components 
on the larger board, whereupon the whole assembly 
can then be fitted into the case. One small plastic 
angle bracket was found sufficient to hold the main 
chassis in place. This was fixed to the case with 
Araldite and to the chassis by a small nut and bolt 
between the output transistors. There should now 
be just enough room next to the tuning capacitor 
for the battery, and this can be connected by means 
of two clips removed from an old battery of the 
same type. 

Case 
A plastic soap -box could be improvised to make 

quite a suitable case for this receiver, although 
some difficulty may be experienced in finding one 
of suitable size. The case employed by the writer 
was built from Formica. Six pieces of Formica 
(or Paxolin) *in thick are cut to the following 
dimensions : 

1 piece 24 x 3*in-back of case 
2 pieces 24 x 1 *in-ends of case 
2 pieces 3* x ljin-sides of case 
1 piece 24 x 1}in-part of front of case. 

A piece of speaker grille measuring 24 x 24in 
forms the remainder of the front of the case. 

O O O 
I 2 3 

4 5 
O O 

Oscillator Coii,L2 

IFT3 

O 

O o 

O o 
U U U 

Oscillator Fos. grid 
line 

Tuning Capacitor 

O O O 
1 2 3 

5 4 
O o 

Fos. line 

WTI 

1FT2 

Battery 
Wkme Control 

Fig. 4. The tag layout for (a) the i.f. transformers and 
oscillator coil, (b) the tuning capacitor, and (c) the 
volume control employed by the writer. Alternative 
volume controls may differ in tag layout to that shown 

here 
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33/4e 

Li3'y.l 
13/16' 

33/1 

Fig. 5. Details of the cabinet built for the prototype. 
The edges of the speaker grille are folded down and 

glued to the inside of the case 

In one of the long, narrow pieces a slot must be 
cut to accommodate the volume control flange, and 
holes must be drilled elsewhere for fixing screws 
and the tuning capacitor spindle. (See Fig. 4). 
Araldite epoxy resin is used to fix these pieces 
together. The joints are preferably made individually 
and clamped in position while left overnight to set. 
The back is held on to the case by means of counter- 
sunk 6BA screws at each comer which locate with 
nuts glued with Araldite in each corner of the case. 

If a silver (aluminium) speaker grill is used, the 
case can be painted with black enamel paint to give 
quite an attractive finish. 

Alignment and Adjustment 
Alignment of the i.f. strip is preferably done with 

the aid of a signal generator, and those who own 
one will be familiar with the procedure. Otherwise 
it is suggested that the following method is used. 
Tune to any station and adjust the i.f. transformers 
for maximum volume, starting with IFT3. Align- 
ment will not yet be fully completed, as the a.g.c. 
has probably come into operation, so a very weak 
signal has next to be selected and the i.f. trans- 
formers readjusted for maximum volume. The radio 
can be now fitted into the case and a suitable dial 
attached. Turn the dial until it indicates a station 
at the high frequency end of the waveband such as 
Radio Luxembourg. The oscillator trimmer is now 
adjusted until that station is heard. Next turn the 
dial to indicate a station at the low frequency end 
of the band, such as the Third Programme, and 
adjust the oscillator coil core until that station is 
heard. Returning to the high frequency end, it will 
be found that the station chosen there has "moved", 
so the process is repeated until both stations appear 
at the correct settings of the dial. Using the same 
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two stations the aerial trimmer is adjusted for 
maximum volume at the high frequency end of the 
band and the aerial coil is slid along its ferrite slab 
until maximum volume is obtained at the low 
frequency end of the band.2 The back of the case 
can now be attached and set is ready for use. 

Performance 
The performance of the completed set is com- 

parable with, and indeed better than, many manu- 
factured radios of similar size. There is ample 

2 The tuning scale employed by the writer consisted of a piece of 
gummed paper having the various stations printed on it. Such scales 
may be available from some suppliers as part of receiver kits. 
-EDITOR. 

Fig. 6. A suitable mains pack for the receiver 

Components List 
(Fig. 6) 

Resistors 
R1 47012 * watt 
R2 See text 

Capacitors 
C1 50µF electrolytic, 15V wkg. 
C2 50µF electrolytic, 15V wkg. 
C3 1,000µF electrolytic, 15V wkg. 
C4 1,000µF electrolytic, 15V wkg. 

Inductors 
Mains transformer: heater transformer with 

volt secondary 
Chokes (see text) 

The wiring side of the smaller board, and the 
component side of the larger board 

volume to fill an ordinary room, even on Continental 
stations. The quality of the sound is reasonable, 
though by no means hi-fi. When used in the open 
air, the speech from the set was clearly audible at 
a distance of 100ft. Next to compactness, the second 
virtue of this set is sensitivity. Typical superhet 
selectivity therefore enables many Continental 
stations to be received. Because of the high gain in 
the i.f. strip and the presence of a.g.c., Radio 
Luxembourg is received with only very slight fading. 

The tiny speaker does not really do justice to the 
rest of the set so, when used in the home, it is a 
good idea to connect a larger speaker to the earpiece 
socket. By this means much more sound, at a 
surprisingly good quality, is obtained. 

Power Supply 
In order to drive this radio from a.c. mains the 

circuit shown in Fig. 5 was used. A heater trans- 
former with a 6.3 volt secondary winding is em- 
ployed in a voltage doubler circuit. The values of 
the electrolytic capacitors are not critical. No value 
is given for R2 as this will depend on the transformer 
used. In the prototype, mains hum gave no trouble 
but there was some mains -borne interference. This 
was overcome by inserting a choke (consisting of a 
few dozen turns of enamelled copper wire wound 

6.3 on an old resistor) in each mains lead. Mullard 
0A81 diodes will pass sufficient current to drive 
the radio. 

Mullard Introduce Solid Electrolyte Aluminium Capacitors 
Aluminium foil capacitors with solid electrolyte-the first to be marketed in this country-have been introduced 

by the Mullard Component Division. 
The new capacitors which are designed for professional equipment, use manganese dioxide in place of the usual 

liquid electrolyte. As a result their impedance characteristic at high frequencies is better than that of conventional 
electrolytics, particularly at low temperatures and, because the electrolyte cannot dry up, their electrical stability 
during service life is improved. 

The electrical characteristics of solid aluminium capacitors are similar to those of solid tantalum capacitors for which, 
in many applications, they afford an economic replacement. 

The present range covers values from 121IF 40V d.c. to 100µF 4V d.c. housed, according to capacitance and voltage 
rating, in insulated aluminium cans of four sizes. The smallest can measures 6.4mm by 14mm and the largest 10.3mm 
by 21mm. 

Working temperature range for all values is -80°C to +85°C. 
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The circuits presented in this serles have been 

designed by G. A. French, specially for the enthusiast 

who needs only the circuit and essential data 

6;\Í 

suggested circuits 

IN "SUGGESTED CIRCUIT" NO. 1391, 
the author described several 
methods by means of which a 

light dependent resistor could be 
employed to control a relay. The 
relay then operated an external 
circuit either when the light depen- 
dent resistor was illuminated, or 
when its illumination was inter- 
rupted. 

At a later date, circuits of this type 
were referred to in "In Your 
Workshop"2, in which it was stated 
that a relay controlled by a 
dependent resistor could, in turn, 
actuate an electro -magnetic counter. 
The latter would then indicate the 
number of times a light beam was 
interrupted. A devi _e of this nature 
can, of course, be employed for 
counting goods, of persons, passing 
a particular point. 

Both these articles aroused interest 
amongst readers, and it was decided, 
as a result, to devote the present 
contribution in the "Suggested Cir- 
cuit" series specifically to a practical 
light beam operated counter. 

Circuit Approach 
The circuit described here has been 

primarily designed to meet the 
requirement of low cost, and it is not 
capable of counting at the same high 

I "Suggested Circuit" No. 139, "Light 
Dependent Resistor Control Circuits", June 
1962 issue. 

2 "In Your Workshop", June 1963 issue. 
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No. 156 Low Cost Light Beam Counter 

speed as can more sophisticated and 
costly equipment. Both the electro- 
magnetic counter and the light 
dependent resistor are sluggish in 
operation, and the maximum speed 
offered by the prototype was four 
counts per second when the light 
beam was interrupted for approxi- 
mately 75 % of each cycle. It would 
appear to be safe to assume, from 
this performance, that devices em- 
ploying the circuit should be capable 
of counting any object which 
interrupts the light beam for a 
minimum of some 250 milliseconds, 
the following illuminated period 
being at least 80 milliseconds. It will 
be noted that the device is more 
sluggish for the non -illuminated 
condition than for the illuminated 
condition. The non -illuminated 
condition corresponds to operation 
of the electro -magnetic counter 
armature, and the sluggishness is 
due, partly, to the time taken for the 
armature to move to the energised 
position and, mainly, to the time 
needed by the light dependent 
resistor to achieve increased resist- 
ance. 

The electro -magnetic counter used 
in the circuit is a low-cost ex -Post 
Office unit available as surplus 
equipment.3 This counter, which 

3 The type employed is an electro -magnetic 
counter with 2,30052 coil and is available 
from Samsons (Electronics) Ltd., 9 and 10 
Chapel Street, London, N.W.I, at 12s. 6d. 
plus 2s. postage and packing. 

does not have a zero re -set facility, 
operates at a nominal 50 volts 
energising potential and has a 
maximum speed of some 10 to 15 
counts a second. The light dependent 
resistor employed is the ORP12, 
which requires only a low level of 
illumination, and which offers a 
resistance change from 10M52 or 
more in the non -illuminated condi- 
tion to 75 to 30052 when fully 
illuminated. The increase in resist- 
ance given when illumination ceases 
does not take place immediately, and 
a fall in current through the ORP12 
from 100% to 15 % may take, 
typically, about 100 milliseconds. 
For relatively low levels of illumina- 
tion, current increase (corresponding 
to resistance decrease) may take 
place over even longer periods, and 
a rise from 20 to 100% may take as 
long as 700 milliseconds, or even 
more. For relatively high levels of 
illumination, however, current in- 
crease is quite rapid, and this condi- 
tion was evident in the prototype. 

As was explained in "Suggested 
Circuit" No. 139, an ORP12 can 
control a relay directly. It was 
decided, initially, to check a circuit 
in which the ORP12 controlled a 
relay, whose contacts then operated 
the electro -magnetic counter. This 
circuit worked quite well but, since 
it was difficult to run the ORP12 so 
that it was on the steeper part of its 
current decrease/time characteristic, 
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Fig. 1. The circuit of the light beam operated counter 

whilst still working within its 
maximum dissipation figure, the idea 
was abandoned because the maxi- 
mum counting speed was too low. 

It was next decided to replace the 
intermediate relay with a valve. As 
the 50 volt energising requirement of 
the electro -magnetic counter necessi- 
tates, in any case, the use of a mains 
transformer and rectifier circuit, it 
was felt that the introduction of a 
valve represented no great dis- 
advantage, since the', only major 
further requirement was a heater 
supply. Such a heater supply would, 
in any case, be very convenient for 
supplying the illuminating lamp also. 

The valve selected was an EL86, 
this being an output valve intended 
for use in single -ended push-pull 
output stages, and which is capable 
of providing anode currents well in 
excess of that needed to operate the 
electro -magnetic counter at anode 
voltages of the order of 100 only. 
Furthermore, the EL86 is available 
at quite low cost through advertisers 
in this magazine. 

The Prototype Circuit 
The circuit employed in the proto- 

type is shown in Fig. 1. 
In this diagram, the light depen- 

dent resistor is normally illuminated 
by a beam of light, with the result 
that it has a low resistance. In 
consequence, a high negative voltage 
appears at the lower end of R1. This 
negative voltage is applied to the 
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grid of the EL86 and causes it to pass 
a low anode current. If the light 
beam illuminating the light depen- 
dent resistor is interrupted, its 
resistance increases. The negative 
voltage on the lower end of R1 then 
drops, causing the EL86 to pass an 
increased anode current and energise 
the coil of the electro=magnetic 
counter. When the light beam 
interruption ceases, the light depen- 
dent resistor is fully illuminated once 

Thousands - 
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Digit 
Wheels 

(m --I CO g 
la 44. en ai 
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more. Its resistance drops, where- 
upon the grid of the EL86 assumes 
its previous high negative voltage and 
anode current decreases. The counter 
armature releases, and its mechanism 
indicates the next digit in order. This 
operation is repeated each time the 
light beam is interrupted, the number 
of interruptions being registered by 
the counter. 

The value of R1, in conjunction 
with the applied negative voltage, 
offers a relatively high counting 
speed when the light dependent 
resistor has a resistance of approxi- 
mately 1kû in the illuminated condi- 
tion. Maximum dissipation in the 
ORP12 occurs under half -voltage 
conditions, when its resistance is 
equal to that of RI. Assuming an 
applied negative voltage of 50, this 
corresponds to a dissipation of 
76mW, which is comfortably below 
the limiting value of 100mW at 50°C 
specified for the ORP12. 

Practical Points 
The electro -magnetic cot enter 

should be capable of operating at a 
coil current of 16 to .20mA. If this 
is not achieved initially, the armature 
restoring spring anchorage should be 
carefully adjusted, as shown in 
Fig. 2. It may be found, also, that a 
reduction in armature restoring 
tension causes a slight improvement 
in counting speed even if the operat- 
ing current falls, initially, between 
16 and 20mA. 

The power supply requirements 
are not critical. The h.t. positive 
voltage should lie between 150 and 

Armature Anchorage 
Sack Stop 

>pressier' / Armature Restoring 
/ Spring 

o 

7iCoil 
Ratchet (bed Armature) 

Wheel Armature 

kmq 

Coil tugs 

Armature Restoring Anchorage bent to reduce 
Spring Restoring Tension 

Fig. 2 (a). The internal layout of the electro -magnetic counter 
(b). Showing, in exaggerated form, how the armature restoring spring 

anchorage may be adjusted to reduce restoring tension 
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200, and should not fall below 150 
when the counter armature is 
operated. Some 50mA of h.t. current 
should be available. The negative 
supply for the ORP12 and R1 should 
be regulated such that it does not fall 
below 35 volts when the ORP12 is 
illuminated, nor rise above 50 volts 
when the ORP12 is in the non - 
illuminated condition. The EL86 
heater requirement is 6.3 volts at 
760mA. 

The Light Beam 
The manner in which the ORP12 

is operated with respect to the light 
beam depends largely upon the ideas 
of individual constructors. Neverthe- 
less, some hints are given here. 

It is first of all neÁ essary to shield 
the ORP12 from ambient light, and 
this may be conveniently achieved 
by mounting it in a tube whose open 
end is directed towards the source of 
light, as in Fig. 3 (a). If necessary, 
the light may be concentrated on the 
light dependent resistor by fitting a 
convex lens at the open end of the 
tube, as in Fig. 3 (b). The lens should 
be mounted away from the light- 
sensitive area of the ORP12 by a 
distance which is somewhat less than 
its focal length in order to ensure 
that the light is spread over the 
sensitive area. If the lens were spaced 
away by exactly its focal length, the 
source of light would be focused on 
to a small part of the sensitive area 
only.4 A cheap "magnifying glass" 
lens will be quite adequate for the 
purposes required here. Extra con- 
centration of light may be obtained 
by mounting a reflector behind the 
lamp. 

Ifpthe objects to be counted are 
very small, it may prove helpful to 
cause them to pass through a focal 
point, as in Fig. 3 (c). The objects 
being counted will then interrupt the 
beam more reliably, and for a longer 
period of time. 

< The focal length of a convex lens can be 
found by causing it to focus the image of an 
electric light bulb on to a piece of paper. 
The distance between the lens and the paper 
is then the focal length. 

ORP12 Tube 

ORP 12 

Less than focal length 

Gee text) 

Direction 

of light 

Convex lens 

Convex lens Convex lens 

Objects pass along 

this lint 

Fig. 3 (a). To reduce the effect of ambient light, the ORP12 may be 
mounted in a tube. The internal sides of the tube should, preferably, be 

painted matt black 
(b). Fitting a convex lens to the ORP12 

(c). A suggested layout for counting objects of small size 

For correct operation of the 
circuit, the ORP12 should be illu- 
minated such that it offers a resist- 
ance of approximately lkO. This 
resistance may be measured with the 
aid of a testmeter switched to the 
appropriate ohms range. With the 

prototype, a resistance of 1161 was 
achieved very easily with a single 
lens, as in Fig. 3 (b). The lamp was a 
cycle dynamo bulb rated at 6 volts 
0.3 amp, and it was mounted, without 
a reflector, some 2ft away from the 
lens. 

Award for Outstanding TV Paper 
British Institution of Radio Engineers announces that the Associated Rediffusion Premium, for the outstanding paper in 1962 on advances in 

the technique of television broadcasting, has been awarded to 1.1. P. James, B.Sc., M.I.E.E., M.Brit.I.R.E., and W. A. Karwowski, B.A., both with 
the Research Laboratories of Electric & Musical Industries Limited, for their joint paper, A Constant Luminance Colour Television System. 

First large-scale demonstration of EMI's new type of colour television camera and signal processing system, which give good colour pictures 
using only the amount of illumination required in a monochrome TV studio, were recently given to members of the European Broadcasting Union 
in London. 
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CRYSTAL 

MARKER UNIT 
F. G. RAYER 

HE CRYSTAL MARKER DESCRIBED HERE HAS A 
harmonic amplifier, and can be used for 
calibration in the range 100 kc/s to 30 Mc/s. 

The output exceeds 100µV at 30 Mc/s, and is 
greater than 10mV at 10 Mc/s, into 750, and so 
it is sufficiently strong for easy detection. As 
a further aid to identification of the signal, a neon 
modulator is provided. A 3 -position switch allows 
standing by with heaters on but h.t. off, and either 
modulated or unmodulated outputs. This feature 
is very useful when checking other sources of 
r.f. against the marker. 

An accuracy better than 0.00001 on the funda- 
mental is easily obtained, which is greater than 
is needed for any normal purpose. The marker 
may be used for accurate calibration of receivers 
and signal generators, or for the checking, adjust- 
ment, or calibration of transmitter variable frequency 
oscillators, grid dip oscillator, wavemeters, and 
any similar equipment. 

The circuit is shown in Fig. 1, and the original 
was made, as far as possible, from available com- 
ponents. Vi is a KTW61, and other valves of 
similar type, such as the 6K7 and EF39, are satis- 
factory. The 100pF pre-set capacitor provides 
slight frequency adjustment, for beating against 

Front panel view of the Crystal Marker 

the B.B.C. 200 kc/s Light Programme transmission 
or MSF. V2 is the harmonic amplifier, with grid 
rectification bias. Here, an SP61 was used. Other 
high slope valves, including miniatures, are suitable. 
V3 is a 6X5 because this type was to hand. Other 
rectifier valves, with a suitable heater winding, 
would of course be equally satisfactory. Metal 
rectifiers are also suitable. 

If a power pack is available separately, this can 
be used. An alternative is to provide terminals 
or sockets on the marker unit, so that its power 
pack can be used for occasional operation of other 
equipment. 

The CV286 neon acts as an h.t. indicator, glowing 
when h.t. is on.1 When the switch Si(a) is in the 
clockwise position, providing modulation, the 
0.25µF capacitor C5 charges and discharges, 
causing the neon to flash. The neon pulses are 
passed to V2 control grid, and the modulation 
is audible each time the marker signal is tuned in. 

Construction 
It is not proposed to give detailed building 

instructions, because the size and shape of the 
chassis, and exact location of parts, are not very 
important. The original was constructed on a 
chassis 9in by 7}in and housed in a box 6+in deep. 
The layout of components, and wiring, are shown 
in Figs. 2 and 3. 

A few points require special attention, irrespective 
of the chassis size and other details. 

CI needs to be rigidly mounted, but insulated 
from the chassis. This item was a surplus capacitor 
with two 6BA threaded bushes, and was fitted 
to a bracket bolted to the side of the chassis. An 
ordinary capacitor can be mounted with Paxolin 
washers, the fixed plates being taken to Vl control 
grid. A slot may also be sawn in the spindle for 
screwdriver adjustment through a hole in the 
panel. An insulated extension spindle, with control 
knob, might be adopted. 

The crystal was a type Q5 made by Quartz 
Crystal Co. Ltd. This fits an octal holder and 
connections are made to pins 1 and 5.2 

The capacitor C5 must be of good quality, as a 
leaky component will prevent the neon striking. 
The exact capacitance is not very important. A 
neon indicator lamp was tried instead of the CV286. 
This flashed in the required manner, but did not 
produce the necessary modulation due to its 
relatively slow discharge. The CV286 thus seems 
to be required. C7 should be a mica type capacitor. 

The neon fits a B7G holder, which is attached 
to a bracket so that the valve is horizontal behind 
a -fin diameter hole in the panel. The neon can 
thus be observed, and it acts as an h.t. and modula- 
tion indicator. 

C9 is also a mica type. Grid and anode circuits 
of the valves should be reasonably clear of each 

t The nearest commercial equivalent for the CV286 is the 150A2. 
However, pin connections for this may vary from those shown in 
Fig. 1.-EDrroR. 

2 The Quartz Crystal Co. Ltd., Q.C.C. Works, Wellington Crescent, 
New Malden, Surrey. 
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Fig. 1. The circuit of the crystal marker 

Components List 

Resistors 
(All resistors -IW 20% unless otherwise stated) 

R1 470kû 
R2 10kû 
R3 looks) 
R4 47kû 
R5 10Mû 
R6 100kû 
R7 100kû 
Rs 47kû 
R9 22kû 
R10 15kû 5W 

Capacitors 
(All fixed capacitors 350V wkg.) 

C1 100pF, air spaced, pre-set 
C2 1,000pF 
C3 0.01µF 
C4 45pF 
C5 0.25µF 
C6 0.1µF 
C7 1,000pF 

other. Two separate on/off switches would be 
satisfactory, instead of the 2 -pole 3 -way rotary 
switch S1 (a), (b) 

A half -wave power pack would suffice, if com- 
ponents for it were to hand. H.T. requirements 
are under 15mA, at about 250V.3 

3 The 6X5 could have its heater fed from the same 6.3 volt winding 
as V1 and V2 if desired. In this case, the link between pins 7 and 8 
should be broken. See Fig. 3. 
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Cs 0.1µF 
C9 300pF 
C10 8µF, electrolytic 
C11 8µF, electrolytic 

Valves 
(Valve types quoted are those employed in the 
prototype. Alternative types are discussed in the 
text) 

Vl KTW61 (or 6K7G or EF39) 
V2 SP61 
V3 6X5 
Neon CV286 

Inductors 
L1 Smoothing choke 
T1 Mains transformer (see text) 

Switches 
Si(a) (b) 2 -pole 3 -way rotary switch 
S2 On -off switch 

If desired, the first stage can be checked by 
taking a lead from C4 to the receiver aerial terminal, 
and listening for the marker signal. This will be 
c.w. 

The neon should glow, when h.t. is available. 
It should blink repeatedly, with the switch Si,(a) (b) 
in the modulation position. 

The output from C9 should be very much greater 
than that from C4, especially on higher frequencies, 
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Fig. 2. Above -chassis layout of the prototype 

and a "plop -plop" sound should accompany 
reception until the switch is returned to the no - 
modulation position, when the signal is again c.w. 

Operation Method 
It is felt that fairly complete details of ways of 

using the marker will be appreciated, so that it 
can be of maximum utility. Experienced constructors 
will probably be familiar with these points. 

The marker is crystal controlled, and produces 
signals which may be heard at 100 kc/s, and multiples 
of 100 kc/s. Such multiples are termed harmonics. 
The 2nd harmonic is 200 kc/s, the 3rd is 300 kc/s, 
and so on. 

If the marker output is fed into an all -wave 
receiver, the marker can be heard at 100 kc/s, 
200 kc/s, 300 kc/s, 400 kc/s, and so on. With 
higher frequencies, the frequency is usually given 
in Mc/s. So the marker will be heard at 1 Mc/s 
(1000 kc/s), 1.1 Mc/s (1100 kc/s), 1.2 Mc/s (1200 
kc/s), and so on. This continues throughout 
the bands tuned, each harmonic being 100 kc/s, 
or 0.1 Mc/s, from the previous harmonic. 

Receivers are calibrated by tuning in harmonics, 
and marking the receiver scale accordingly. 

If the output of a signal generator is fed into 
the receiver together with the marker signal, any 
difference between the generator frequency and 

marker harmonic will produce an audible hetero- 
dyne. This tone drops in pitch as the signal generator 
is more accurately tuned, ceasing when generator 
and harmonic are at the same frequency. Signal 
generators may thus be calibrated with great 
accuracy. 

A transmitter v.f.o. is calibrated, trimmed, or 
checked in the same way as a signal generator, 
except that only those harmonics embracing the 
amateur bands are required. 

A grid dip oscillator is a type of signal generator, 
and can be calibrated against harmonics as for a 
signal generator. 

An absorption wavemeter can be calibrated 
with the aid of a sensitive receiver with a tuning 
meter, coupling being made by a loop in the marker 
output lead. 

Adjusting C1 
Initially, C1 is adjusted to compensate for circuit 

differences, so that the crystal operates on the 
correct frequency. 

The B.B.C. Light Programme frequency is 
maintained to an extremely high degree of ac- 
curacy, and thus furnishes a ready means of checking 
the marker frequency. The Light Programme is 
on 1500 metres, or 200 kc/s so the marker second 
harmonic is adjusted to agree with this. 
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The marker signal can easily be located at a 
similar frequency to the Light Programme, by 
switching on the neon modulator. However, 
for highly accurate adjustment the modulator 
is best switched off. The Light Programme and 
marker signals should be at similar strength, and 
a little adjustment of coupling may be required 
to achieve this. A foot or so of wire will probably 
cope for aerial and, as the marker signal will 
probably swamp the B.B.C. signal, this wire may 
be placed near the marker output terminal or 
may be looped round an insulated wire attached 
to this terminal. 

The frequency error may only be some cycles 
per second, and will then be audible as a flutter 
on reception. C1 is adjusted, with an insulated 
blade, to reduce the frequency of this flutter. 
When the adjustment is nearly correct (say within 
1 c/s) the error will be heard as a rise and fall in 
the received signal, or in background noise. If 
the receiver has a tuning meter, the indication 
given by this will rise and fall. When C1 has been 
adjusted, it can be left. 

Receivers having short wave bands only may 
also be used, C1 being adjusted against the standard 
frequency transmissions on 2.5 Mc/s. This course 
may also be followed in areas where the 1500 metre 
transmission is not received. 

Receiver Calibration 
It is only necessary to take a short lead from 

the receiver aerial terminal to C9. Very few 100 
kc/s harmonics fall in the long wave band. A 
fair number are found in the medium wave band. 

On higher frequency bands, many harmonics are 
found, and it is in the range 1.8 Mc/s to 30 Mc/s 
that the marker is most useful, 

Amateur band limits can be found by the ap- 
propriate harmonics; e.g., 1.8-2 Mc/s, 3.5-3.8 Mc/s, 
etc. Calibration within these bands can be at 
100 kc/s intervals : 1.8, 1.9 and 2 Mc/s ; 2.5, 3.6, 
3.7 and 3.8 Mc/s, etc. 

The unmodulated output will not be audible 
unless the receiver has a b.f.o. If the receiver 
has a tuning meter, this will help to give an indication 
of tuning. 

V.F.O. and Generator Calibration 
Here, the v.f.o. or generator output is made to 

beat against the marker harmonic, so it is necessary 
to avoid too much difference in signal strength. 
That is, a little adjustment of coupling may be 
needed as was required for setting of C1. If one 
signal is very many times more powerful than the 
other, this tends to swamp out the weaker signal, 
and the heterodynes may be less readily heard. 

When beating a v.f.o. or signal generator output 
against the marker harmonic, the receiver tuning 
will have no influence on results, other than allowing 
signals to be tuned in in the normal way. That 
is, accuracy of v.f.o. or generator calibration 
does not depend on the exact tuning of the receiver. 

The b.f.o., if available, should not be used. 
If the signal generator or v.f.o. is tuned correctly, 
no audible beat will be obtained. If the generator 
is tuned slowly away from the correct frequency, 
a note will be heard, rising in pitch as tuning 
proceeds. 

Fig. 3. The wiring below the chassis. Valveholder connections are for the valve types specified in Fig. 1 
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Drift in the v.f.o. or generator will be shown 
by the signal slowly moving off frequency, so 
that a low, audible tone begins, slowly rising in 
pitch. Equipment should be switched on at least 
20 minutes in advance. 

A g.d.o. is treated as for a signal generator, 
except that very accurate tuning is frequently 
impossible and calibration may be at quite well 
separated points, such as 1 Mc/s intervals, on li.f. 
ranges. 

For calibration of an absorption wavemeter, 
a receiver with tuning meter is necessary. Enough 
coupling is required between wavemeter and 
receiver aerial lead for the tuning meter reading 
to drop when the wavemeter is tuned to the receiver 
frequency. Usually, some 4 or 5 turns of insulated 
wire, near the wavemeter coil, will suffice. However, 
this depends on the actual equipment used. Very 
tight coupling should be avoided, as it will modify 
the wavemeter tuning. The receiver is tuned to 
various harmonics, the wavemeter adjusted to 
resonance, and the wavemeter dial marked. 

Harmonic Identification 
The particular harmonics are readily identified 

when the receiver has a calibrated dial. If no 
calibration is present (as in a home -built receiver) 
then only one harmonic need be identified in each 
band, as others can be counted off from this. 
For example, 2.5 Mc/s could be identified from 
MSF, then 0.1 Mc/s points counted off from this 
to calibrate the whole band. An amateur band, 
or any known station, will similarly allow identifica- 
tion of one or more harmonics, and thus permit 
calibration of the whole receiver waveband. 

With superhets of simple type, image frequency 
reception will begin to become more apparent 

Internal cabinet view of the Crystal Marker Unit 

as frequency is increased. Such reception is at 
twice the intermediate frequency from the signal 
frequency and can thus be identified. Also, it is 
weaker. 

Calibration of t.r.f. sets can be as described 
for superhets, regeneration being advanced until 
the detector is just oscillating. Good harmonic 
strength is obtainable at - frequencies higher than 
30 Mc/s. If wished, very high frequency harmonics 
can be increased several times in strength by tem- 
porarily connecting a simple tuned circuit from 
C9 to chassis. A 25pF or 50pF capacitor is then 
added in the lead to the receiver. 

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

a reasonable period of time. 

Verdik 10W Quality Amplifier.-T. Patefield, 3 Monk 
Street, Blackburn, Lancs, wishes to purchase the service 
sheet. 

* 

"The Radio Constructor", October 1958.-T. Green, 
19 Blakehall Road, Wanstead, London, E.11, wishes to 
purchase a copy of this issue. 

* 

Z3/ZC 33183.-G. B. Finney, 103 Cross Lane, Royston, 
Barnsley, Yorks., has obtained this unit, serial No. 
APT 1348, valve line-up-CV850, CV417 and CV408. 
Believed to be pre -amplifier for 70 Mc/s. Has any 
reader any information? 

R1174A VHF Receiver.-H. A. Tarry, 126 Upney Lane, 
Barking, Essex, requires the circuit or any information 
on this ex-R.A.F. unit. 

* * * 

H45843 Receiver.-P. Gaynor, 82 Leamington Street, 
Bradford 9, Yorks., would like to receive information 
on the valve layout and speaker connections, etc. 

* * * 

"Demobbed Valves".-J. Fitzgerald, 1,100 Harrow Road, 
London, N.W.10, wishes to purchase a copy of this 
publication (published by V.E.S. Ruislip and now out 
of print). 

(Continued on page 262) 
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NEWS AND COMMENT .. 
Outlook 

As we have mentioned on a 
previous occasion, much interesting 
information on radio and television 
matters may be gleaned from the 
financial pages of the daily papers. 
A feature which often gives inter- 
esting news about developments in 
the not too far distant future is the 
chairmen's annual statements of 
public companies. Any such state- 
ment by Mr. Jules Thorn, chairman 
and managing director of Thorn 
Electrical Industries can be . relied 
upon to give a sound practical expo- 
sition of the present situation and 
future trends in the radio industry. 
(Although your junk box may seem 
far removed from the activities of 
the major radio companies, their 
present actions may eventually largely 
decide what you build and what 
components you use.) 

Last year Mr. Thorn referred to 
the declining sales of the television 
industry but, apparently, this trend 
has now been reversed, "With the 
imminence of ,the new 625 line 
B.B.C.2 programmes". As Mr. 
Thorn states "... as it seems that 
the new services will, for the first 
time, provide a real alternative pro- 
gramme, we expect an increasing 
demand for our dual standard 
receivers". 

We feel that this question of a 
genuine alternative programme is 
the great need of television today. 
We have all experienced the frustra- 
tion of tuning to the other channel 
only to see a similar programme 
and, of course, on some occasions, 
seeing the identical event, speech, etc. 

Mr. Thorn made reference to the 
continuing high level of transistor 
radio sales. In this connection an 
interesting graph was recently pub- 
lished in the London Evening Stan- 
dard entitled, "The Switch to Tran- 
sistors". The chart showed very 
clearly the rise in sales from approxi- 
mately 500,000 transistor radios in 
1959 to approaching 3,000,000 in 
1962. In the same period valve 
models dropped from 1,000,000 to 
less than half a million. The chart 
also enabled one to visualise the 
enormous increase in portable sets 
because of the use of transistors. 

Professional Merger Development 
A U.K. and Eire Section of the 

Institute of Electrical and Electronics 

Engineers has been established to 
serve the interests of the 1,100 
I.E.E.E. members in Great Britain 
and Ireland resulting from the mer- 
ger of the Institute of Radio Engin- 
eers (I.R.E.) and the American 
Institute of Electrical Engineers 
(A.I.E.E.) to form the I.E.E.E. This 
is a "non -national" professional 
society of some 160,000 members, 
organised in nine Regions and with 
learned society activities designed to 
serve the expanding field of electrical 
and electronic engineering. 

Membership of the Section is 
made up of I.E.E.E. members of all 
grades with mailing addresses within 
Great Britain and Ireland and 
represents about half the present 
membership of the European Region 
of the I.E.E.E. 

It is not customary to use I.E.E.E. 
grade abbreviations following a 
member's name to indicate a pro- 
fessional qualification; moreover the 
I.E.E.E. structure includes non- 
professional grades which enjoy all 
the benefits of the I.E.E.E. publica- 
tions and other learned society 
activities. 

The aim of the Section will be to 
achieve close co-operation with the 
I.E.E., Brit. I.R.E. and other profes- 
sional societies, which between them 
already hold several hundred meet- 
ings, colloquia and conferences a 
year all over Great Britain and 
Ireland covering all aspects of the 
electrical and electronic field. In 
these circumstances the role of the 
Section is seen primarily as seeking 
to join in or initiate joint meetings 
or conferences, and as performing 
the special function of providing a 
two-way link with professional acti- 
vities in the United States and else- 
where. In this way more opportuni- 
ties will be created for lectures and 
papers by American engineers over 
here and by our engineers in the 
United States. 

Transfers 
The neat professional appearance 

of the communications receiver 
shown on the cover of this issue has 
not only been achieved by the 
stylish placement of controls conse- 
quent upon a logical placing of 
components, but has been enhanced 
by the use of Panel Sign Transfers. 
Some constructors affect not to be 
interested in style but, as in other 

pursuits, a good style is often indica- 
tive of a job well done. 

We have, of course, for many 
years supplied these transfers and 
their popularity seems always to be 
on the increase. We have now 
reorganised the sets for the conveni- 
ence of constructors and taken the 
opportunity to enlarge their scope. 

We have now increased the num- 
ber of sheets in each set to 6, revised 
and added to the contents and are 
issuing them as follows: PS3 Wording 
-white (more than 1,000 words and 
symbols); PS4 the same wording but 
in black; PS5 Dials-containing 
scales, frequencies, control panels, 
etc., the latter having white markings 
on a black background; PS6 is the 
same as PS5 except that the control 
panels are white markings on a clear 
background. The cost is 4s. 6d. 
per set. 
Circular Aerials 

A new concept in radio aerial 
design permits reduction in the 
height of a 60ft tower aerial to a 2ft 
circular aerial without loss of per- 
formance. 

Developed by the Northrup Cor- 
poration in California, the aerials 
range in size from a mere 6in in 
diameter to nearly a mile across, and 
in heights from 2in to 300ft. 

The aerials, 100 to 300ft high, are 
capable of accomplishing the same 
tasks as tower aerials more than 
I,000ft high. But in contrast to ver- 
tical aerials, the circular ones are 
much easier and less costly to main- 
tain and are less vulnerable to 
strong winds and low -flying aircraft. 

For less demanding applications, 
circular aerials 3ft in diameter and 
less than 4in high have been devel- 
oped for mounting on cars, trains 
and other vehicles for mobile com- 
munications. Because of their low 
height these aerials are sturdy and 
can be installed rigidly, reducing 
vibration and making the aerials 
less vulnerable to damage. 

In another application, a ring 
aerial only 5ft high will be installed 
on a ship, now under construction, 
which will be used to recover astro- 
nauts after they land in the ocean 
following space flights. This aerial 
consists of five circular tubes ranging 
in size from 3ft to 35ft in diameter. 
When completed, it will be capable 
of performing with an efficiency 
close to that of a 120ft aerial. 
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The twenty-seventh in a series of 
articles which, starting from first 
principles, describes the basic theory 

and practice of radio 

part 27 

understanding radio 

IN LAST MONTH'S ISSUE WE COMPLETED OUR 

discussion on r.f. transformers having single 
tuned windings. We shall now carry on to 

assemblies having two tuned windings. 

R.F. Transformers With Two Tuned Windings 
Fig. 165 illustrates two tuned circuits, both of 

which are resonant at the same frequency. A signal, 
from a source having a high impedance, is applied 
to the lower tuned circuit, whilst the upper tuned 
circuit couples into a load which similarly presents 
a high impedance. 

Let us assume that a very loose inductive coupling 
exists between the two coils. As a result of this loose 
coupling a voltage will appear across the output 
load. Since both tuned circuits are resonant at the 
same frequency, the amplitude of this voltage will 
be greatest at the resonant frequency, whereupon 
we will have the response curve shown in Fig. 166 (a). 
This response curve is given by two tuned circuits 
and, as is to be expected, it exhibits sharper selec- 

Fig. 165. In this diagram two tuned circuits are 
resonant at the same frequency. The inductive 
coupling between the two coils may be altered by 

varying the distance between them 
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tivity than would occur if a single tuned circuit 
were employed on its own. 

Let us next bring the two coils closer together, 
so that the coupling between them becomes tighter. 
As would be anticipated, the amplitude of the 
output voltage increases, whereupon we get a 
response curve having a higher peak, as in Fig. 
166 (b). 

If we continue to bring the coils closer together 
we will find that, after a certain point, the output 
amplitude at the resonant frequency diminishes.' 
We will also find that the single peak of the response 
curve is replaced by two peaks, each of these being 
spaced by an equal amount on either side of the 
resonant frequency. The response curve now takes 
up the appearance shown in Fig. 166 (c). If we 
continue to bring the coils closer together, the peaks 
separate further, giving a response curve such as 
that of Fig. 166 (d). 

The point at which output amplitude commences 
to decrease, as the coils are brought together, 
corresponds to the critical coupling for the two tuned 
circuits. It is at this point that the single peak of 
the response commences to change into the two 
separate peaks.1 

To illustrate the effect further, Fig. 167 shows a 
group of response curves for the two tuned circuits 
of Fig. 165. Curve A represents the response which 
is offered before critical coupling is reached, whilst 
curve B js that given by critical coupling. As the 
coupling exceeds critical coupling the single peak 
of curve B breaks up into the two peaks of curve C. 
It will be seen that the two peaks of curve C have 

I If the tuned circuits have widely differing values of Q, the two 
separate peaks may not appear immediately after critical coupling 
is achieved. In most practical applications likely to be encountered 
in radio work, however, it will be found that the Q of the tuned 
circuits will be roughly equal, whereupon the appearance of two 
peaks immediately after critical coupling can be assumed. 
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Fig. 166. When the coupling between the two coils of Fig. 165 is loose, the response 
curve will appear as shown in (a). When the coils are brought closer together, the 
amplitude of the peak response increases, as in (b). Further tightening of the coupling 
causes the single peak to break up into two (c), the peak separation increasing, as in 

(d), when the coupling is further tightened 

the same amplitude as the single peak given at 
critical coupling. It should be noted also that the 
selectivity at critical coupling, as indicated by curve 
B, is lower than that for curve A, this being mainly 
due to the broadening of the peak. 

The response curve offered after critical coupling 
has been reached is of considerable use in radio 
work because, instead of providing maximum 
amplitude at a single frequency, it offers maximum 
(or near -maximum) amplitude over a band of 
frequencies. As shown in Fig. 168, all frequencies 
which appear between the points where the line XY 
cuts the curve correspond to amplitudes which are 
higher than XY. If the small difference in amplitude 
between the peaks and the "trough" of the curve is 
ignored, it can be assumed that all these frequencies 
pass through the two tuned circuits at maximum 
amplitude. Actually, the peak -to -trough amplitude 
difference increases with peak separation, and it can 
become excessively high for high values of separa- 
tion. Such conditions are not, however, encountered 
in conventional radio circuits or components. 

It is possible for the two tuned circuits of Fig. 165 
to be made up into an r.f. transformer assembly, 
whereupon they may provide coupling between, 
say, one valve in a radio receiver and another. 
Transformers of this nature are very commonly 
employed, and their function is to allow a band of 
frequencies to be fed from one valve to the next. 
If the band of frequencies is to be relatively narrow, 
the transformer is so made that the coupling 
between the two tuned circuits is less than critical, 
with the result that the response curve exhibits high 
selectivity. Such an r.f. transformer is described as 
being under -coupled. If a wider band of frequencies 
is to be passed the transformer may be constructed 
such that the two tuned circuits are at critical 
coupling. The transformer then offers the response 
curve with a broader top, as shown by curve B in 
Fig. 167. When a still wider band of frequencies 
is to be passed, the coupling is made tighter than 
critical, whereupon the transformer is described as 

being over -coupled. In a particular class of receiver 
(the superhet), one section provides amplification 
at a single fixed frequency (or at a band of frequen- 
cies around a fixed centre frequency) and this is 
referred to as the receiver's "intermediate frequency 
amplifier". The fixed frequency (or fixed centre 
frequency) is then known as the "intermediate 
frequency". The intermediate frequency is within 
the radio frequency spectrum and is treated in the 
same way as any other radio frequency. Coupling 
within the intermediate frequency section of the 
receiver may be carried out very conveniently by 
r.f. transformers having two tuned circuits, and 
these then become known as intermediate frequency 
transformers or i.f transformers.2 According to the 
design of the receiver, i.f. transformers may be 
under -coupled or over -coupled, or may employ 
critical coupling. In valve radio receivers intended 

2 As we shall see later, i.f. transformers may also have single tuned 
windings instead of the two tuned windings in the assemblies 
described here. 

Amplitude 

Resonant 
frequency 

Frequency 

Fig. 167. A group of response curves for the tuned 
circuits of Fig. 165. Curve A is given before critical 
coupling is reached, curve B occurs at critical 
coupling, whilst curve C appears after critical 

coupling 
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Fig. 168. In this diagram, line XY meets the response 
curve at the lowest point of the trough. If the small 
difference in peak -to -trough amplitude is ignored, the 
response offers virtually maximum amplitude over the 
range of frequencies between the points where line XY 

cuts the curve 

for domestic entertainment it is rather more usual 
to employ critically coupled or very slightly under - 
coupled i.f. transformers. 

Before passing on to consider practical i.f. trans- 
formers, it should be mentioned that a number of 
factors may qualify the point at which critical 
coupling is achieved as the coils of the two tuned 
circuits approach each other. The most important 
of these is that, if the Q of either tuned circuit is 
reduced, a tighter coupling is required to obtain 
critical coupling. Since the Q of a tuned circuit may 
be effectively reduced by connecting a resistor (or 
resistive impedance) across it, it follows that an i.f. 
transformer having critical coupling will function as 
an under -coupled transformer if either of its tuned 
circuits connects to an external circuit which causes 
it to be loaded by too low a resistive impedance. In 
practice, i.f. transformers are designed to operate in 
specific circuits, the impedances of which may be 
approximately gauged beforehand. 

Tags 

Fig. 169. The construction of a typical i.f. tran former 
for operation in the frequency range 455 to 480 kc/s. 

The transformer has four tags at its base 

Screening can\ 

_-Holes for core 

P, 
adjustment 

Fixed capacitors 

Tags ___ 

Fig. 171. An alternative method of i.f. transformer 
construction. The coil formers are mounted on a sheet 

of insulating material 

I.F. Transformers 
In a domestic superhet receiver operating on the 

medium and long wavebands, it is usual to employ an 
intermediate frequency which is in the range 455 to 
480 kc/s. The actual intermediate frequency 
employed within this range depends mainly upon 
the design of the receiver, and is not of importance 
in the present discussion. The receiver will normally 
employ i.f. transformers which comprise two tuned 
circuits, both being resonant at a frequency within 
the range. 

The frequencies 455 to 480 kc/s lie between the 
medium waveband (about 1,500 to 500 kc/s) and 
the long waveband (about 300 to 150 kc/s) and we 
may, in consequence, expect the tuned windings in 
the corresponding i.f. transformers to be somewhat 
similar in design to those we have already considered 
for medium and long wave operation. This is, 
indeed, the case, as may be gathered from examining 
a typical transformer, as shown in Fig. 169. The 
i.f. transformer illustrated in this diagram has two 
windings fitted to a common former, each of these 
consisting of a single wave -wound pie. Occasionally, 
two -pie windings are employed. Both coils are 
wound with litz or bunched wire. Two fixed 
capacitors are mounted at the base of the trans- 
former, and each of these is in parallel with one of 
the windings. The capacitances of the fixed 
capacitors will, normally, lie between some 50pF 
and 150pF according to transformer design. In 
general, silvered mica capacitors are employed 
because of their low temperature coefficient. Iron 
dust cores are fitted to both windings to enable 

*-11:(311 

Fig. 170. The circuit symbol for the i.f. transformer 
of Fig. 169 
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them to be adjusted to the designed inductance, and 
the whole assembly is mounted in a metal screening 
can.3 The corresponding circuit symbol is shown 
in Fig. 170. 

We saw in Fig. 1564 that it is possible to change 
the degree of coupling in a single tuned winding 
r.f. transformer by adjusting the iron dust core so 
that it protrudes (for the correct inductance setting) 
on either side of the tuned winding. This .effect may 
also occur with the i.f. transformer of Fig. 169, and 
it assumes considerable importance in this instance 
since the degree of coupling in the transformer has 
to be very accurately maintained for correct opera- 
tion. In conventional transformers, iron dust cores 
should protrude outwards when they are correctly 
set up, as in Fig. 169. If either of the cores is 
adjusted so that it protrudes from the winding on 
the inside, the increase in coupling (due to the 
relatively high permeability core material which now 
appears between the windings) may be so great that 
the transformer becomes grossly over -coupled. In 
some instances, the physical design of the i.f. 
transformer is made such that it is impossible to 
adjust either core to the incorrect setting. Even 
when the two cores protrude on the correct side of 
the windings it is still possible to obtain quite 
significant changes in coupling if external circuit 
conditions cause the cores to be set up at markedly 
different positions to those intended for the design. 
Thus, it is possible for an i.f. transformer to be 
designed such that correct alignments occurs when 

3 The screening can prevents magnetic and capacitive couplings 
between the transformer and other components in the receiver, and 
the manner in which it carries out this function will be described later. 

Published in "Understanding Radio" part 25, September 1963 
issue. 

5 "Alignment" refers, here, to the setting up of a tuned circuit to 
the desired frequency. 

both dust cores protrude slightly outwards from the 
windings. If excessive capacitance is applied to the 
transformer by the external circuit, it may be 
necessary to have the cores protrude by a consider- 
ably greater amount in order that each winding may 
resonate at the desired frequency. The coupling 
between the two windings may now become 
significantly reduced, and a transformer which was 
designed for critical coupling could become notice- 
ably under -coupled. The same effect will also occur 
if the transformer is aligned at a frequency which is 
higher than that for which it is designed. 

Despite its dependence on core setting for correct 
coupling, the i.f. transformer construction of 
Fig. 169 is used very widely, since it employs the 
minimum of component parts and is simple to 
assemble. It is perfectly suitable for use in receivers 
where external circuit conditions can be kept 
reasonably constant (as occurs in most conventional 
valve receivers including, in particular, those 
manufactured on mass -production lines) and where 
it is aligned at, or very near to, the design frequency. 

An alternative construction which overcomes the 
dependence on core positioning is illustrated in 
Fig. 171. In this instance the winding axes are 
parallel to each other instead of being in line. 
Provided that both cores protrude from the windings 
on the same side, the coupling is relatively in- 
dependent of core position and may be very closely 
maintained at the desired level. Transformers of 
this type are more expensive to manufacture than 
those of Fig. 169 because assembly is less simple 
and there are more piece -parts, and they are usually 
encountered in higher -grade receivers. 

Next Month 
In next month's article we shall continue to 

discuss the i.f. transformer. 

BBC Places Building Contract 
for new TV & VHF Relay Station 

at Forfar 
The B.B.C. has awarded a contract to Messrs. Laird Brothers (Forfar) Ltd. for the construction of the building for 

the television and v.h.f. sound relay station which is to be built at Harecairn, near Forfar, Angus. 

The new station is one of a number being built by the B.B.C. to extend and improve the coverage of its Band I 

television and v.h.f. sound services. It is expected that the Forfar station will be brought into service in the late summer 
of 1964; it will serve the southern half of the county of Angus and parts of the adjoining counties of Kincardine, Perth 
and Fife. Because of the need to avoid interference to other transmitters, the power used on the television service 
will have to be restricted and the Forfar station will not serve the City of Dundee, where, however, a separate television 
relay station is to be built. The interference problem will be less acute on v.h.f. and it will be possible to use higher 
power, thus serving Dundee with the three v.h.f. sound programmes. 
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Bench Power Supply 

A Versatile Instrument 
for Temporary Set-ups 

By D. Noble G3MAW 
and 

D. M. Pratt G3KEP 

T IS OFTEN NECESSARY TO OBTAIN 
a specific h.t. voltage when either 
testing a piece of equipment 

under construction or while using 
apparatus without its own power 
supply. One method of obtaining 
the required voltage is to take it from 
a piece of existing equipment by 
soldering wires directly to the 
appropriate points. Alternatively, 
each piece of equipment with its own 
power supply could be fitted with an 
octal socket so that ancilliary equip- 
ment can be run from it. 

A disadvantage with such a pro- 
cedure, however, is that the supplies 
might occasionally be grossly over- 
run, and damage to the transformer 
and rectifier may occur. Also, of 
course, it may not always be possible 
to obtain exactly the correct voltage 
required. The writers have, there - 

External appearance of the power supply unit. The 
variable control is positioned below the pilot lamp with 

the insulated terminals on either side 

fore, designed a power supply unit 
specifically for the applications out- 
lined above. 

Specification 
One requirement of the unit was 

that a variable supply should be 
available from 0 to 300 volts at up 
to 80mA. Secondly, an optional 
150 volt stabilised supply was desir- 
able and, if needed, should be 
available at the same time as a higher 
voltage unstabilised output. These 
requirements were met by the unit, 
which also provides a 6.3 volt output 
for heaters at a current depending 
upon the capabilities of the mains 
transformer used. 

Circuit 
The circuit is shown in the 

accompanying diagram. This is very 

Below -chassis view of the regulated power supply 

simple and needs little explanation. 
The choice of regulator valves is not 
critical provided they will pass the 
full rated value of h.t. current. 

The output voltage is adjusted by 
the potentiometer VRI. This varies 
the control grid voltage on V2 and 
V3, and the voltage appearing at the 
cathodes attains a value related to 
this in accordance with the current 
passed. The use of valves in the 
regulation circuit obviates the use of 
a potentiometer with a very high 
wattage rating. The potentiometer 
used in the circuit given here dissi- 
pates less than half a watt. 

Parasitic stopper resistors, R1 and 
R2, are provided to prevent the 
regulator valves from acting as a 
push-pull oscillator at v.h.f. fre- 
quencies. * 

Construction 
The unit was built on a chassis 

4¡ x 8 x 2in, with a front panel 
measuring 9 x lin, in a cabinet of 
corresponding dimensions. 

Mounted on the front panel are 
three international octal valveholders 
and four insulated terminals for the 
output connections. The pin connec- 
tions for the octal sockets are given 
on the circuit diagram, and these 
correspond to a standard adopted by 
many constructors. 

The panel also carries a meter 
which indicates the output voltage 
appearing across the terminals. 
Almost any low current moving -coil 
meter may be employed, with the 
correct value of series resistor, to 

* The mains transformer shown in the 
circuit diagram has three 6.3 volt heater 
windings. if difficulty is experienced in 
obtaining a transformer with three heater 
secondaries, it would be possible to employ 
an auxiliary heater transformer to provide 
one of the three 6.3 volt supplies. 
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Components List 

Resistors 
R1 l00û } watt 
R2 10052 k watt 
R3 5kû 5 watts wirewound 
R4 1.2mû watt (for 5001,.A 

meter-see text) 
VRl 500k11 potentiometer linear 

track 

Capacitors 
C1, C2 16+321,.F, 500V wkg., 

electrolytic 
C3 161,.F, 500V wkg., electro- 

lytic 

Valves 
V1 EZ80 
V2 EL84 
V3 EL84 
V4 150C2 

Inductors 
L1 Smoothing choke, 10H, 

80mA 
T1 Mains transformer. Secon- 

daries: 300 0 300V at' 
80mA, 6.3V at 1A, 6.3V 
at 4A, 6.3V at 2A. (See 
text) 

Switches 
Sl s.p.s.t. toggle switch (mains 

on -off) 
S2 d.p.d.t. toggle switch (stabil- 

iser switch) 

Meter 
MI 5001LA meter (see text) 

Pilot Lamp 
PLI 6.5V, 0.3A pilot lamp 

Sockets 
3 B9A valveholders 
1 B7G valveholder 
3 International octal valveholders 
1 Pilot lamp holder 

63V 
g2A aPLI 

ix 

Circuit diagram of the regulated power supply 

X 

enable voltages up to 600 volts to be 
measured. The meter employed in 
the prototype is as used in the well 
known 19 Set, and is already cali- 
brated 0-600 volts. This particular 
meter should be used with a 1.2Mû 
resistor in series. 

Outputs 
Output is provided for 6.3 volts 

and three h.t. voltages on the octal 
sockets. For "lash -ups" and test 
purposes, 6.3 volts and the h.t. 
voltage connected to pin 5 of the 
octal sockets are available from the 
terminals. 

Pin 5 is the usual connection when 
using the unit. It provides either a 
smoothed regulated supply, or a 

152 

7 

LT 

stabilised voltage of 150 volts 
selected by switch S2. When using 
the stabilised supply, the potentio- 
meter, VRI, should be increased 
until the meter gives a slight down- 
ward kick thus indicating that the 
stabiliser valve has struck. 

Pin 3 of the octal socket will 
provide a higher voltage simul- 
taneously with a stabilised voltage 
from pin 5, while at pin 4 there 
appears the full unsmoothed h.t. 
output direct from the rectifier 
cathode. 

This power supply has many times 
over saved the time spent in its 
construction, and can be considered 
an addition to the constructor's den 
which is well worthwhile. 

ELECTRICAL ENGINEERS EXHIBITION 
18th - 25th March 1964 

The organisers of the Electrical Engineers Exhibition are faced with a problem. 
It is that having taken and allocated all available floor space at Earls Court to exhibitors, the demand is such that 

the layout had to be partially replanned to accommodate more stands than was originally envisaged. 
In 1964 it will be the world's only exhibition of its kind, but the admission of overseas exhibitors now promises 

a high standard of representation of the world's electrical industry which will, for the first time, be gathered under 
one roof. 

More British exhibitors will be there than ever before, but in addition many European and other overseas countries 
are represented, including 12 from Germany. 

All overseas exhibits will be on the first floor, some of them on the largest sites available. 
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SATIN -FINISH 
For Small Parts 

By C. Morgan 

This article describes an experimental method of applying a satin -finish to small aluminium 
parts. It must be emphasised that all chemicals employed should be handled 
with care and that they must be stored where children cannot reach them. All 
containers should be thoroughly washed after use. It would be wise to commence with dilute 
solutions and to experiment with small pieces of aluminium before attempting work with parts 

actually required for equipment 

T IS OFTEN THE ENVY OF THE CONSTRUCTOR THAT, 
when a kit of parts is purchased from a supplier, 
the smaller parts of the kit contain such items 

as aluminium brackets and supports, etc., which are 
beautifully finished with a satin appearance. When 
the kit is assembled *it is placed with other home - 
built gear on the rack or shelf, whereupon it im- 
mediately stands out and makes the constructor 
wish he had all his small parts finished in the same 
way. 

The secret of the satin -finish is not very compli- 
cated. Indeed, a suitable process is quite simple. 

In addition, the finish will not only last the life of 
the metal but, unlike a black crackle finish, will not 
collect dust. The latter effect is one of the major 
faults of a black or grey crackle finish. 

Several items are required to carry out the process 
and include two photographic, or similarly flat, 
trays. These should be large enough to take the 
panel or small parts to be finished, and Pyrex dishes 
are ideal. A word of warning: never use metal trays 
or containers for this process, as the chemicals can 
stain or even destroy them. Also needed are a few 
ounces of sodium hydroxide in solution and a few 
ounces of sodium dichromate in solution, both of 
which should be well stoppered until required. 

The aluminium panel or part to be finished is first 
given a good wash in turps or dny other cleaner that 
will remove grease from the metal. It is next dried 
thoroughly in a warm oven and, with a pair of 
photographic tongs or clean pliers, placed into the 
dish. A warm solution of sodium hydroxide is then 
poured on to it, whereupon the metal will start to 
bubble. 

Leave for about five minutes, then take the metal 
out of the solution with the assistance of the tongs, 
at the same time ensuring that the liquid is not 
allowed to drip over the hands or floor. Wash the 
metal under a running tap for a few seconds, and 
then place it in a tray of sodium dichromate 
solution. This last dip will ensure that any black 
stains which are on the metal will disappear. When 
satisfied that the last of the stains has been cleared, 
remové the metal with the tongs and wash again 
under running water. Remember to have the 
windows well open throughout the operation and 
ensure that there are no naked flames nearby, as the 
gases given off by the process include hydrogen. 

When completed, the chemicals should be 
replaced in well stoppered and labelled bottles, and 
placed in a safe place out of reach of children's 
hands. It should be noted that these chemicals do 
burn. 

Mullard Announce Full Range 

of All -Glass Crystal Units 
A range of miniature and sub -miniature glass -encapsulated quartz crystal units has been announced by Mullard. The new types are identical mechanically but superior electrically to standard metal -encapsulated crystals. 
Compared with metal types, the all -glass crystals are less liable to ageing effects, have a closer initial tolerance and a higher activity. 
Results of life -tests have enabled Mullard to guarantee that the nominal frequency of an all -glass crystal will remain within 3 to 3.5 parts per million over a period of one year. Standard production units are supplied with an initial tolerance in nominal frequency of +12 parts in a million. Closer tolerances are available to special order. Frequency drift over a temperature range of -20°C to +70°C is only ±15 parts in a million. 
By mounting the crystal plate in an evacuated, all -glass envelope the mechanical loading on the crystal plate is reduced. This decreases the equivalent series resistance and thus increases the Q -factor by about 100%. Q -factors of 30,000 can readily be achieved. 
Production crystals in HC -26/U holders can be supplied covering the range 3.5 to 87 Mc/s. 
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TRANSISTORISED 
TELEVISION 

CIRCUITS 
PART 1 By Gordon J. King, 

Assoc.Brit.I.R.E., M.T.S., M.I.P.R.E. 

Transistors, which are already ousting valves in most sound radio and audio applications, are 
similarly replacing valves in television receivers. In this article, which is the first of a series 
of six, our author introduces the subject of television transistor circuits and deals, in particular, 

with the tuner unit 

S TRANSISTORS HAVE REPLACED VALVES IN THE 
majority of radio receivers during the last 
several years, so are they expected to replace 

valves in television sets during the coming years. 
At the time of writing there are at least four British 
television receivers which are almost fully tran- 
sistorised, plus several models originating from 
other parts of the world. In valve television sets, 
some of the circuits are being transistorised. For 
example, there are now transistorised tuners and the 
Pye group, at least, is using a transistorised sync 
separator stage in some of their models. 

It would seem, therefore, that two things are 
likely to happen. One, the progressive build-up of 
the "all transistor" television receiver and two, the 
introduction of more transistorised circuits and 
sub -assemblies into valve models. It is high time, 
then, that we got to know something about the use 
of transistors in television circuits. 

This series of articles will not only discuss and 
examine the various stages in a transistorised model 
right from the aerial input to the picture tube and 
loudspeaker, but it will also highlight specific circuit 
techniques as they apply collectively to transistorised 
television in general and individually to specific 
receivers and circuits. 

Before continuing, the term "almost fully transis- 
torised", given above, should be explained. So far, 
there are two applications which cannot be transis- 
torised: (i) the e.h.t. rectifier and (ii) the picture tube. 
Thus, although the term "fully transistorised" is 
often used in transistor TV literature, both the 
picture tube and e.h.t. rectifier have thermionic 
characteristics. 

The e.h.t. rectifier heater is energised from pulse 
current in the line output stage in the usual manner 
while the tube heater is powered direct from the 
battery or mains power supply. Tubes specifically 
for transistor portable receivers are being made, 
and one 8 -fin example by Mullard has a 11.5 volt, 
0.7 watt heater, thereby making it suitable for 
connection across a 12 volt car battery with the 

minimum of current. This is Type AW21-11 which 
has a 90° deflection angle; but more about tubes 
later. 

Economic Advantages 
The main reason for a change from valves to 

transistors in TV sets is not so much one of weight 
reduction for, including batteries, the weight of a 
transistor TV receiver is possibly about the same 
as, or a little greater than, a comparable valve set. 
However, transistors can have economic advantages 
and then, of course, transistors do give portability 
in terms of function if not of weight. 

It is estimated that within a few years most 
transistor types will settle down to a price level about 
30% below that of mass-produced valves. The basic 
content of transistors is low, mainly because of their 
minute requirements. As an example, about 100 
power transistors can be made from one gram of 
hyper -pure mono -crystalline silicon, but one ton of 
this material costs about a million pounds. 

Reliability and Noise 
Generally speaking, transistors are more reliable 

than valves, and the reliability factor is always on 
the increase. New techniques are speedily lifting 
transistors from v.h.f. into the u.h.f. sphere, and 
already a u.h.f. transistorised tuner is available in 
this country. Owing to their low thermal noise, 
transistors have the edge on noise performance over 
valves at v.h.f. and u.h.f., and this brings us to the 
first stage of a transistorised TV set, where noise 
performance is probably the biggest factor of all. 

Low -Noise R.F. Amplifier 
All transistor sets so far available in this country 

employ a tele -tuner which, circuit -wise, has several 
things in common with its valve counterpart. It is 
well known that a triode valve in the earthed -grid 
mode has the best possible noise performance. 
Indeed, such a stage forms one part of the well- 
known cascode r.f. amplifier used in many tuners. 
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The transistorised teletuner uses the transistor 
equivalent, which is the earthed -base r.f. amplifier, 
where the signal is applied to the emitter circuit and 
developed in amplified form in the collector circuit, 
as shown in Fig. 1. 

Using a Mullard AF102, AFZ12, the Philco 
2N1742 or a v.h.f. equivalent transistor, a gain of 
around 18dB on Band I and 12dB on Band III is 
possible with a noise factor of about 4dB power 
ratio, which is some several times better noise -wise 
than a valve. The stage takes a little over 1mA at 
9 volts. 

While the earthed -base circuit (sometimes called 
the "common base" circuit) does not provide quite 
so much gain as, for example, the common emitter 
circuit, it has two distinct advantages as a TV r.f. 
amplifier. One is the low noise feature, and the 
other is the ability to match the aerial to the mixer 
or frequency changer. 

RI Output 
6.8Rn 

C2 

lap t 

Ci 1000pi 

A F102 

R3 

pn 

- 9V 

OV 

Chassis 

Fig. 1. Earthed -base or "common base" r.f. amplifier 
as usually found in the first stage df transistorised TV 
sets. While this circuit does not give quite as much 
gain as an earthed -emitter ("common emitter") 
amplifier it has the advantages of low noise and low 
to high impedance matching. The nominal gain is 
about 15dB and the noise factor expressed as a power 

ratio about 4dB 

The circuit will match from about 25 to 3O011 
to a 100kû or higher load. Thus, it is possible to 
apply the signal from a 75 ohm coaxial or 300û 
ribbon feeder direct to the emitter without the use 
of a matching transformer. This arrangement is 
used in Fig. 1, with C1 serving simply for isolation. 

The base is earthed from the signal point of view 
through C2, while R1 and R2 provide forward bias 
in the base -emitter junction and, together with R3, 
across which the input signal is developed, also 
provide d.c. stabilisation. T1, is of course, tuned to 
the required channel, and the inherent damping of 
the circuit automatically provides sufficient band- 
width for the sound and vision signal without, 
usually, the need for a damping resistor. 

The latest idea is to employ two additional tran- 
sistors for the frequency changer stage, one as the 
mixer and the other as the local oscillator with both 

arranged in the common base configuration. This, 
then, usually means that the transistor tuner features 
three transistors, including that in the r.f. amplifier 
stage. 

Tuner Circuit 
At this juncture it will be best to consider the 

tuner as a whole and investigate a typical circuit. 
In Fig. 2 is given the complete tuner circuit of the 
Perdio Portarama Mark II Transistorised Television 
Receiver. Here TRI is the r.f. amplifier. TR2 the 
mixer and TR3 the local oscillator. It will be seen 
that the r.f. stage is basically similar to that in 
Fig. 1. 

Inductors L5, L6 and L8 are concerned essentially 
with the rejection of the vision i.f., the sound i.f. 
and medium -wave signals respectively, while L1 is 
the aerial coil, which is very flatly ttìned due to the 
heavy damping of the transistor emitter circuit. 

The collector of TRI is loaded by the primary of 
the bandpass coupling transformer, L2 L3. 

The oscillator TR3 has very much in common 
with the r.f. amplifier. The base is earthed through 
C15 and the collector is loaded with an inductor, 
which is really the oscillator coil. The circuit 
oscillates instead of amplifies because of the positive 
feedback from the collector to the emitter, this 
taking place partly through the internal impedance 
of the transistor and partly through the feedback 
capacitor C16. 

The oscillator frequency is governed by L4(a) in 
parallel with L4, plus the stray capacitances in 
parallel with these inductors. Actually, L4(a) serves 
rather like the fine tuning capacitor of valve type 
tuners, and the inductance is adjustable, giving 
permeability tuning, instead of having a capacitance 
varying the tuned frequency. 

The oscillator coil proper, L4, is switched across 
L4(a) according to the channel selected, using the 
basic turret principle. This applies also to coils 
LI, L2 and L3. 

A study of the mixer stage will show that this is 
also almost the same basically as the r.f. amplifier 
and the oscillator, with small deviations between 
the values of the base and emitter resistors. The 
base bias of TR2 is adjusted to provide optimum 
mixing action. The emitter of TR2, thus receives the 
amplified sound and vision signals across L3 and 
the local oscillator signal through C14. Across the 
i.f. coil, L7, are developed the sound and vision i.f.'s, 
these usually being the 405 line "standard" frequen- 
cies of 34.65 Mc/s vision and 38.15 Mc/s sound. 

A.G.C. Systems 
There are three basic techniques for applying 

a.g.c. to transistorised tuners. One is to decrease 
the forward current in the base -emitter junction, - 
thereby decreasing the effective alpha of the stage 
with increase in signal input, the second is to increase 
the forward current in the base -emitter junction with 
increase in signal input, and the third is to adopt a 
method of variable damping. 

The first is fairly obvious and is akin to the 
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RE AGC.Input(2) 

RF AmP 

If. Test point(4) ff Al..Input(6) If output(5) 
Mixer Oscillator 

Fig. 2. Transistorised teletuner as used in some versions of the Perdio "Panorama" Transistorised Television Receiver, 
Mark II. This is manufactured by R. and E. Hopt and is described in the text 

Resistors 
R1 6.8kS2 ± 10 % 
R2 2.2k52 +10% 
R3 1k52 ±10% 
R4 47O1±10% 
R5 1k52 f10% 
R6 1.8k52 ±10% 
R7 10k5ì ±10% 
Rs 68052 ±5% 
R9 1Ok52 ±10% 
R10 68052 ±10 % 
R11 1.8k52 ±10% 
Ri2 68052 ±10% 
R14 1.8k52 ±5% 
R15 22052 ±10% 
R16 8.2k52 ±10 % 

Capacitors 
Cl 120pF 
C2 18pF 
C3 30pF 

Components List 
(For the teletuner of Fig. 2) 

C4 30pF 
C5 47pF 
C6 1,000pF 
C7 1,000pF 
Cs 1,000pF 
C9 2 8pF 
C10 60pF 
C11 2 -8pF 
C12 1,000pF 
C13 9pF 
C14 lpF 
C15 1,000pF 
C16 2pF 
C17 1,000pF 
Cls 1,000pF 
C19 1,000pF 
C20 1,000pF 
C21 1,000pF 
C22 30pF 
C23 1,000pF 

technique of reducing the mutual conductance (gm) 
of a valve stage, and hence the gain, by increasing 
the negative grid bias, and it needs no further 
explanation. The damping arrangement is employed 
in the Perdio tuner and will be considered shortly, 
but the second arrangement, whereby the forward 
base -emitter current is actually increased to decrease 
the stage gain, needs a little studying in detail. 
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Diodes 
D1 
D2 

Coils 
L1 
L2 
L3 
L4 

1-4(a) 
L5 
1,6 
C7 
Ls 

0A70 
0A79 

Aerial coils 
Band pass (r.f.) 
Band pass (mixer) 
Osc. coils 
Fine tuning 
Vision i.f. rej. 
Sound i.f. rej. 
i.f. output 
M.W. rejector 

Transistors 
TR1 AF102 
TR2 AF102 
TR3 AF102 

Consider the circuit in Fig. 3. Here we have the 
basic common base amplifier; (or any other kind of 
configuration, for that matter) with the potentio- 
meter P1 arranged to vary the forward current in 
the base -emitter junction. The normal transistor 
effect, of course, is that as the base forward current 
is increased, so does the collector current increase 
and, within limits, also the gain of the stage. 
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Signal in 

Fig. 3. This circuit is used to demonstrate forward 
a.g.c. (see text) 

However, Fig. 3 features collector resistor R1, 
which was not considered in the circuit of Fig. 1. 
Now, as the collector current is increased by 
increasing the forward base -emitter current, so the 
volts drop across R1 increases. This lowers the 
voltage at the collector and, with careful design and 
choice of component values, has the effect of 
reducing the stage gain despite the increase in 
forward base -emitter current. The result is, of 
course, the opposite to what would happen without 
RI. 

One might question the good of such a roundabout 
way of gain control. The reason is one of -input 
impedance change with change of bias. With a 
valve r.f. amplifier it will be recalled that, when the 
bias is increased, not only is the gm reduced but the 
input capacitance varies as well. At TV frequencies 
this is important as it can affect the tuned frequency 

and response characteristics of the amplifier. 
Several artifices have been adopted to counteract the 
effect, one being the use of a low value unbypassed 
resistor in the cathode circuit. The resulting 
negative current feedback stabilises the input 
capacitance over a fairly wide range of gain control. 

With a v.h.f. transistor amplifier it has been 
found that the change of input capacitance is less 
when the forward bias is increased than when it is 
decreased, and the scheme which has been evolved 
to give a fall in gain with an increase in collector 
current is called "forward a.g.c.". 

Variable Damping 
In the tuner circuit of Fig. 2, diodes DI and D2 

are employed to control the effective gain without 
drastically changing the parameters of the r.f. stage 
and the mixer. Under low signal input conditions 
the diodes are virtually non -conducting and thus 
have little or zero effect on the normal operation 
of the stages. 

However, with an increase in input signal the 
a.g.c. circuit (which will be fully dealt with in a later 
article) produces a bias which tends to increase the 
"conductivity" of the diodes. DI thus shunts the 
signal applied to TRI emitter while D2 shunts the 
signal at the output of the mixer TR2. 

To ensure that the noise performance is in no 
way impaired, diode D1 does not start to conduct 
until diode D2 is fully conducting. The diodes 
reduce the signal transfer because, when they are 
conducting, their impedance is reduced. The 
impedance, and hence the amount of damping, is 
governed directly by the amount that the diodes are 
conducting. They can, in fact, be considered as a 
variable resistor across the appropriate tuned 
circuits which decreases in value when the signal is 
strong and increases in value when the signal is low. 

(To be continued) 

New Astronaut Monitoring Device 
For the first time, astronauts' physical and emotional conditions during flight can be monitored by a small radio 

device which is worn like a belt and allows the astronaut to move freely around in his space capsule without trailing 
wires behind him. 

This unique miniaturised telemetry package, which weighs only fourteen ounces, can be worn by astronauts, test 
pilots and parachute jumpers to measure and transmit their heart action, respiration rate, skin temperatures and suit 
differential pressure. Twelve different measurements can be monitored. It can also be used in tests on athletes, 
motorists, ski -jumpers and other persons operating under stress. 

Measuring 9 x 3j x ¡in, this device is only one -tenth the size of existing monitoring equipment. It contains a small 
radio transmitter with its own power supply, which, when used inside a space capsule or aircraft, broadcasts its 
information to a radio unit which in turn relays it to the ground or a recorder in the craft. It is also possible for the 
first time to measure reactions during a parachute jump, as the monitor can then transmit its information direct to a 
ground listening station. 

The device was developed and manufactured by the Hughes Aircraft Company of America, for the U.S. Air Force, 
and can be manufactured in the United Kingdom by EMI Electronics, for sale by Emihus Ltd., the company jointly owned 
by EMI and Hughes. 

A recent test on a motorist negotiating heavy traffic in Los Angeles registered a heartbeat of 115 per minute 
Astronaut Scott Carpenter's heartbeat recorded only 104 during re-entry. 
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This month Smithy the Serviceman, aided as always by his able assistant Dick, inspects the 
contents of the Workshop loft. Dick discovers that many of the old principles of radio have 
modern applications, whilst Smithy allows himself to indulge in some poignant and nostalgic 

memories 

BUT THERE'LL BE ALL SPIDERS 
and things up there!" 

Smithy's protesting assist- 
ant diverted his gaze from the hatch 
in the ceiling back to the Serviceman. 

"Goodness only knows what's up 
there," he continued, hotly. "Dash 
it all, that hatch hasn't been opened 
since I started working here!" 

Smithy sighed. 
"I will admit," he confessed, "that 

it has been quite some time since 
anybody had a look up there. But 
that is all the more reason for having 
a clear -out now." 

"Why don't you go up then?" 
asked Dick. "It'll be all your old 
junk up there, not mine;" 

Smithy put a hand to the small of 
his back and winced violently. 

"Now, you know," he said re- 
provingly, "how much my lumbago 
plays me up in this weather. At my 
venerable age I have to delegate the 
more interesting jobs to those who 
are younger and more active than 
I am." 

Dick surveyed the Serviceman 
with disgust. 

"Up until this moment," he 
remarked, "you've been nipping 
around the Workshop like a two- 
year -old. How is it that your 
lumbago always comes on when 
there's something heavy to shift or 
awkward to do ?" 

"My old Army doctor explained it 
to me years ago," replied Smithy. 
"He said I had a conditioned reflex." 

A doubtful expression came over 
Dick's face as he considered this 
statement. 
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"Well, all right then," he said 
reluctantly, "but I'm still not going 
to get my clothes all mucked up in 
that loft." 

Fall-out 
With an alacrity which was praise- 

worthy in a person of his advancing 
years and declining physical con- 
dition, Smithy jumped to his feet and 
opened a cupboard. He extracted 
a roll of bright blue denim material, 
opened it out, and displayed to his 
outraged assistant a pair of elephan- 
tine overalls cut in the style favoured 
by the cotton -pickers of America. 

"There you are," he remarked 
cheerfully. "I got these surplus just 
before the war, and I've kept them 
on one side ever since for jobs like 
this." 

Dick surveyed the combination 
garment with abhorrence. 

"You couldn't," he protested 
weakly, "buy surplus before the war." 

"I", replied Smithy loftily, "have 
always been able to buy surplus." 

The Serviceman helped his un- 
willing assistant into the all -envelop- 
ing garment, after which he helped 
to take in the slack at various places 
with the aid of judically applied 
accumulator bulldog clips. Even- 
tually, Dick was ready. Standing 
precariously on a Workshop stool, 
he reached up and gingerly pushed 
the ceiling hatch several inches to 
one side. 

Immediately, two heavy black 
objects with gold lettering on their 
sides dropped through the aperture, 
flashed past his upturned face and 

hit the floor with a heavy metallic 
thud. 

"Blimey," said Dick, startled. 
"What was that?" 

Smithy picked up the objects and 
examined them with interest. 

"These," he remarked, in a tone 
of affection, "are old Ferranti a.f. 
transformers. I've got a whole box 
of them up there somewhere." 

Dick stepped down from the stool 
and picked up one of the trans- 
formers. 

"They're a bit weighty, aren't 
they ?" 

"I'll say they are," replied Smithy 
enthusiastically. "There's a good 
few pounds of laminations in these. 
They were made in the days when an 
a.f. transformer was a transformer!" 

But the instinct of the explorer 
had now become aroused in Dick, 
and he was already re -mounting the 
stool preparatory to climbing up into 
the loft. 

"Cor," he yelled out after a 
moment, "there isn't half some 
rubbish up here. Stand by a minute, 
and I'll pass the bits down to you." 

The next five minutes were devoted 
to the descent through the ceiling 
aperture of electronic devices of 
doubtful condition, dubious purpose 
and certain antiquity. Smithy took 
each item from his assistant and 
placed it reverently on his bench. 

After this period Dick returned to 
ground level. His face now had an 
appearance reminiscent of the male 
performers in the Black and White 
Minstrel Show, but Smithy felt that 
this would not be an opportune 
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moment to remark on this fact. 
Besides, Dick was consumed with 
curiosity concerning the nature of 
some of the appliances he had 
discovered. 

Early Speaker Units 
"Talk about junk," said Dick 

enthusiastically, walking over to the 
motley collection on Smithy's bench. 
"I reckon I've seen everything 
now!" 

He pounced on a small Bakelite 
unit having a slender metal reed 
protruding from its centre. 

Armature spring 

Reed 

Armature 

Pole -piece 

U -spring 

Adjusting screw Bar magnet 

Coll 

Fig. 1 (a). The simple mechanism 
of an early loudspeaker "unit". 
The bar magnet could appear at 
other positions around the 

magnetic circuit 
(b). The armature of the 
loudspeaker "unit" was coupled 

by the reed to a cone 

"What," asked Dick, "is this 
gadget?" 

"That", replied Smithy, "is a 
loudspeaker unit of the type we used 
to use in the early '30s. It's hope- 
lessly out of date now, but I suppose 
there's no harm in describing how it 
works because of the basic principles 
involved." 

Smithy removed the Bakelite 
cover, and showed Dick the internal 
construction. (Fig. 1 (a).) 

"You couldn't have anything 

254 

much simpler than this," continued 
Smithy. "It consists partly of a pole - 
piece, a bar magnet, and an armature 
on a spring. A second U -spring is 
fitted to the armature and its effect 
is controlled by a screw fitted to the 
base of the gadget. This screw 
adjusts sensitivity. What we used to 
do was to slowly turn the screw so 
that pressure on the U -spring 
slackened off. When we reached the 
correct point the armature would 
suddenly pull up against the pole - 
piece with a noticeable thump. We 
then turned the screw in the opposite 
direction until the increased pressure 
on the U -spring caused the armature 
to pull off again. The unit was then 
ready for use." 

"I can follow that," remarked 
Dick, frowning, "but how did it 
work?" 

"As you can see," replied Smithy, 
"there is, also, a coil on the pole - 
piece. We used to feed the a.f. output 
from a receiver or amplifier into this 
coil, whereupon the varying a.f. 
currents caused the armature to 
waggle backwards and forwards in 
sympathy. The armature was 
coupled to a core or diaphragm by 
way of the thin metal reed fixed to 
it (Fig. 1 (b)), with the result that we 
had a loudspeaker offering the 
utmost in fidelity and truth of 
reproduction!" 

"What a ghastly idea!" com- 
mented Dick. "Did people listen to 
speakers like that?" 

"Of course they did," chuckled 
Smithy. "We used to think they 
were marvellous ! Every now and 
again you would get a really loud 
burst of music which caused the 
armature to bang up against the 
pole -piece. If the pressure applied 
to the armature U -spring wasn't 
sufficient it would then stick there, 
and you'd have to tighten the adjust- 
ing screw up a bit more." 

"One of the coil terminals," 
remarked Dick, "has got a plus sign 
alongside it." 

"That terminal," said Smithy, 
"would go to h.t. positive. The other 
would then go to the anode of the 
output valve." 

"I don't get that," said Dick, 
puzzled. "What difference does it 
make which way round the coil was 
connected ?" 

"You have to remember that the 
coil is passing the standing anode 
current of the output valve," ex- 
plained Smithy. "When this flowed 
through the coil in the correct way it 
assisted the magnetism offered by the 
bar magnet. It was considered that, 
if you connected it the wrong way 
round, the standing current would 
not only decrease the effect of the 
bar magnet but that it would, 

eventually, also demagnetise it." 
"Couldn't you use an output 

transformer to isolate the standing 
current?" 

"Some people did," replied 
Smithy. "And there was a Ferranti 
model available with a 1:1 ratio 

(b? 

Fig. 2 (a). The essentials of a 

balanced armature loudspeaker. 
The coil consists, in practice, of 
a large number of turns and is 
secured between the pole -pieces 
(b). When current flows through 
the coil in one direction the 
armature becomes magnetised 
and swings over on its pivot, as 

shown here 
(c). If the direction of coil 
current is reversed, the armature 
swings over in the opposite 

direction 
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which was particularly intended for 
this purpose. Incidentally, you'll 
often find that old headphones are 
given polarity markings as well. 
This is for the same reason as with 
that little speaker unit: if a standing 
current flows in the wrong direction 
it might eventually demagnetise the 
headphone magnet." 

Dick picked up a speaker which 
seemed to consist of little more than 
an inverted cone. 

"Is this a complete speaker using 
one of those units?" 

"Oh no," replied Smithy. "The 
one you've got there has a balanced 
armature unit." 

"Balanced armature?" repeated 
Dick with interest. "They're selling 
balanced armature phones and re- 
producers in the surplus market at 
the time being." 

"That's right," confirmed Smithy. 
"Although those, of course, are later 
military versions of the gubbins you 
have there. Inside a typical balanced 
armature drive unit you would have 
a horseshoe magnet and two sets of 
pole -pieces with a pivoted armature 
between them. (Fig. 2 (a).) There 
would also be a fixed coil which 
energises the armature. If a voltage 
is applied to the coil with a polarity 
which causes the outer end of the 
armature to become North and the 
inner end to become South, the 
armature swings over in one direc- 
tion. (Fig. 2 (b).) If the polarity of 
the voltage is reversed, the outer end 
of the armature becomes South and 
the inner end North, whereupon the 
armature swings over in the other 
direction. (Fig. 2 (c).) Obviously, 
the armature swings back and forth 
in sympathy when a.f. is applied to 
the coil, whereupon you only have 
to couple a cone to the armature and 
you've got a loudspeaker! Crafty, 
isn't it?" 

"I suppose so," agreed Dick 
dubiously. "But it's a wee bit old- 
fashioned, though, isn't it?" 

"Not entirely," replied Smithy. 
"The balanced -armature principle 
keeps crossing up quite frequently in 
a.f. work. For instance, balanced 
armature movements have been used 
quite a bit for gramophone record 
cutters. The principle has been 
extensively used, also, in magnetic 
pick-ups. In this case the system 
works the other way round. The 
armature is waggled back and forth 
by the gramophone stylus, where- 
upon its ends alternate from North 
to South and back again according 
to the amount of movement and its 
frequency. The varying changes in 
flux in the armature cause corre- 
sponding voltages to appear across 
the coil, and these can then be 
applied to the input terminals of an 
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a.f. amplifier. Pick-ups of this type 
were very popular in the days of 
78's, and in some cases the gramo- 
phone needle, itself, was the arma- 
ture." 

Short Wave Receivers 
Dick nodded his head and allowed 

his attention to wander to an early 
and obviously home -constructed 
receiver. The components in this 
were mounted on a baseboard 
behind a metal control panel which 
measured some 16 inches long by 
10 inches high. The receiver had one 
valve only. 

L2 

L1 

Bandset 

Reaction 

20pF 

s 

for the amateur were very few and 
far between then, so that what most 
people who were interested in short 
wave reception used to do was to 
build receivers having superlative 
reaction performances. The circuit 
I used in that set of mine was as 
simple as it possibly could be (Fig. 3) 
and the secret of its success lay in the 
care with which I got the reaction to 
operate. You may note that the 
reaction capacitor has got a slow- 
motion drive on it, and I was able, 
with its aid, to bring reaction the 
tiniest proportion imaginable below 
oscillation point. Reaction increases 

High resistancehe 

HT+ 

gShort wave 

RE choke 

HT- 
LT- 

iT+ 

Fig. 3. The very simple circuit of Smithy's early short-wave receiver. The 
valve is a 2 volt battery type, but this could be replaced by a mains valve 
with R1 returned to cathode. C3 and C4 have slow-motion drives, and the 
values shown for all variable capacitors are typical. To obtain smooth reaction, 
which is the whole secret of the receiver, it may be necessary to adjust the 
values of C5 and R1. L1 and L2 are the grid and reaction windings of a 

plug-in coil 

"Corluvaduck," remarked Dick 
indicating his specimen. "You 
certainly didn't believe in miniaturi- 
sation in those days!" 

"That set," remarked Smithy with 
dignity, "was an early short wave 
receiver I knocked up for myself. 
I picked up all continents with it 
almost as soon as I'd finished it." 

"With that?" said Dick in- 
credulously. "Why, it's only got one 
valve!" 

"I know," replied Smithy, "and 
it's a 2 volt battery triode at that." 

"It sounds", commented Dick, 
"almost beyond belief." 

"On the contrary," said Smithy. 
"A performance of that nature was 
pretty commonplace in those days. 
You must remember that superhets 

the effective Q of a coil, and the Q 
of the grid coil must have been very 
high indeed when I had the reaction 
control at this level." 

"What is the series aerial trimmer 
for?" 

"That was to cure 'dead spots' 
caused by the aerial," said Smithy. 
"You would find that, at certain 
frequencies, reaction used to become 
almost non-existent. This could be 
cured by adjusting the series capaci- 
tor. Usually, it had to be reduced in 
value. Trouble with 'dead spots' 
was less evident, also, if you used a 
third winding on the coil for aerial 
coupling. With a coupling coil it 
was usually possible to dispense 
with the series aerial trimmer. The 
aerial connected, of course, to one 
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end of the coupling winding, whilst 
the other end connected to chassis." 

"Could you get similar results 
with modern components ?" 

"Oh, definitely," replied Smithy. 
"But you may have to play around 
a bit with the values of the grid 
leak and grid capacitor until you 
get the correct reaction effect. What 
you have to aim for is a regeneration 
circuit which gives you a gentle 
rushing noise that is just audible 
when you go into oscillation. Valves 
are likely to be a bit troublesome, 
and if you were to use current 
mains types you might have to try 
quite a few before you found one 
that gave you really good results." 

"What about the reaction circuit 
itself?" 

Reaction 

winding 

O 

Feedback 

capacitor 

-11 
To grid 

tuned circuit 

Detector 
anode 

"There are several circuits you 
can try out," replied Smithy, drawing 
up a piece of paper. "The feedback 
circuit I used to like most myself 
was the one I used in that old set of 
mine. (Fig. 4 (a).) The reaction 
capacitor is at the earthy end of the 
reaction winding, instead of being 
between the winding and the anode 
of the detector, and this means that 
you can mount it directly on to a 
metal panel. An interesting alterna- 
tive, which was sometimes described 
as `throttle reaction', consists of 
using a fixed capacitor or trimmer for 
feedback and of having the variable 
reaction capacitor between anode 
and chassis. (Fig. 4 (b).) This time 
the reaction capacitor works in the 
opposite direction. At maximum 

Reaction 

winding 

Feedback 

capacitor 

Fig. 4. It is possible to employ a number of feedback circuit configurations 
to obtain smooth reaction. In (a) the reaction feedback circuit is the same 
as in Fig. 3. An arrangement, sometimes referred to as a "throttle reaction" 
circuit, is shown in (b). The value of the feedback capacitor between the 
anode and the reaction winding is experimental and lies between some 20pF 
and 200pF. It should be adjusted for best results. Alternatively, a trimmer 
could be employed. In (c) a potentiometer provides reaction control. 
The same remarks as in (b) apply to the feedback capacitor. Reaction 
adjustment with a potentiometer control may be eased by inserting 
fixed resistors in series with the potentiometer, as in (d). In both (c) and (d) 

the total potentiometer resistance may be of the order of 100kû 

capacitance it doesn't allow sufficient 
r.f. to flow in the feedback circuit 
for oscillation to occur. As the 
capacitance is reduced, more and 
more r.f. flows in the reaction circuit 
until you eventually go into oscil- 
lation." 

Smithy paused for a moment and 
stroked his chin reflectively. 

"Another good reaction circuit," 
he continued, after a moment's 
thought, "consists of using an r.f. 
pentode with, again, a fixed capacitor, 
or trimmer, in the reaction feedback 
circuit. (Fig. 4 (c).) The actual 
regeneration control is then given 
by a potentiometer which varies the 
voltage on the screen grid. A 
considerable advantage with this 
circuit is that it enables the reaction 
control to be mounted at any con- 
venient point on the panel, since it 
only handles d.c. The circuit usually 
gives very smooth reaction, and it 
isn't a bad idea to put fixed resistors 
in series with either end of the pot 
so as to make it operate over a 
restricted range of voltages only. 
(Fig. 4 (d).) This causes the critical 
voltages near the oscillation point 
to be covered by a greater angle of 
rotation of the potentiometer, and 
is equivalent to adding a slow- 
motion drive to it." 

Two -Valve Receiver 
Dick looked thoughtfully at the 

dirty and unkempt receiver which he 
had salvaged from the loft. 

"Do you know, Smithy," he 
remarked after a moment, "I think 
I'll knock up a little short wave set 
with reaction one of these days 
just for the fun of it. It will have to 
be a mains job, though." 

"Yes, a mains receiver would be 
better these days," agreed Smithy, 
"and it mightn't be a bad idea to 
start off by using a 12AU7 and 
employ the second triode as an a.f. 
amplifier. A considerable advantage 
with using a 12AU7 is that you can 
swop it for a 12AX7 or 12AT7 
without having to change the base 
connections. This gives you a wide 
choice of valves to play with till 
you find one which gives you the 
smoothest reaction. Since you will 
be using a triode detector you'll 
need a reaction circuit employing a 
variable capacitor, because there is, 
of course, no screen grid to apply 
a potentiometer control to. To 
obviate hum, it's desirable to keep 
heater voltages away from the grid 
of the detector triode, and you could 
achieve this by using pin 2 as the 
signal grid and having pins 4 and 5 
at chassis potential. The 6.3 volt 
heater supply can then go to pin 9 
(Fig. 5). This method of connection 
keeps the signal grid well away from 
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the heater supply. Also, you should 
use a low -loss ceramic valveholder. 
Another tip is to keep h.t. potential 
down to about 100 volts or so. 
You don't need any more than this, 
and a low h.t. voltage will very 
probably assist in making reaction 
nice and smooth. Heater current 
will be a mere 0.3 amps, and h.t. 
current will be a few milliamps only, 
so a small mains transformer with a 
half -wave h.t. secondary of 125 
volts or thereabouts will be quite 
adequate. And, of course, the 
chassis must be isolated from the 
mains because, apart from any other 
reason, you're using headphones 
and the safety question has to be 
considered." 

"What about coils?" 
"Plug-in coils are pretty essential," 

said Smithy. "Because coil switching 
tends to introduce too many losses. 
A good choice would be given by 
Denco Maxi -Q coils, which plug into 
an octal valveholder. The `yellow' 
range of these coils has a grid winding 
and a reaction winding, whereupon 
you can apply the aerial via a series 
pre-set capacitor, as I did in that old 
set of mine. And the `green' range 
of Maxi -Q coils has a grid winding, 
a reaction winding and a coupling 
winding, which means that you can 
apply your aerial to the coupling 
winding instead. Neither type of 
coil needs to be screened for this 
application, incidentally." 

"Is the short wave r.f. choke 
important?" 

"Very much so," said Smithy. 
"If you don't use a good choke you 
won't get good reaction. You want 
a choke with at least three sections, 
or pies. A good component is the 
Denco RFC5, which has four 
sections, together with an inductance 
of 2.6mH." 

"It looks," commented Dick 
eagerly, "as though I'm going to 
have quite a bit of fun knocking up 
this set!" 

"You will have," confirmed 
Smithy. "And you'll get a lot of 
pleasure out of listening to it too. 
Nowadays, what with TV, hi-fi, f.m. 
and transistors, many radio enthu- 
siasts have forgotten all about the 
short wave bands. They have 
forgotten, also, that you can get 
almost incredibly good results from 
simple and inexpensive regenerative 
detector circuits provided that care 
is taken in their design and construc- 
tion. The secret is to use a layout 
which keeps all signal frequency 
wiring as short as possible and to 
play around with valves and com- 
ponent values in the detector circuit 
until reaction is really smooth and 
silky. Get a set into that condition, 
connect it up to a reasonably good 

To reaction 
circuit 

Cl 

To 

tuned circuit 

via,b i2AU7(see text) 

Fig. 5. A suggested two valve receiver employing a 12AU7 or similar valve. 
C2 and R3 provide decoupling, whilst C4 offers an r.f. bypass which, with a 

one valve circuit, would have been given by self -capacitance in the phone 
leads. The valve pins indicated should give optimum protection against 
hum, and the 6.3 volt heater wiring should be kept well clear of pin 2 

aerial and earth, and the stations 
simply roll in!" 

Up Aloft Once More 
"Well, we certainly seem to have 

found something amongst this old 
stuff," said Dick, "which is applic- 
able to the present day." 

Smithy gazed at the collection on 
his bench. 

"It's funny," he remarked with a 
tone of nostalgia in his voice, "how 
these old bits and pieces bring back 
the memories. Even nowadays, when 
we've got satellites whirling about 
us and when such things as colour 
television are taken for granted, 
there is still a certain indefinable 
romance about radio. I suppose that 
part of the fascination lies in the 
fact that it is impossible to see what 
happens when we operate a piece of 
radio equipment. We know that 
electric currents flow, and we know 
that some circuits are resonant, that 
some circuits pass a.c. and that 
others pass d.c., but we have no 
sense with which we can perceive the 
existence of the currents. Instead 
we employ meters and other devices, 
such as loudspeakers, to convert the 
currents into forms which become 
perceptible to us." 

The Serviceman gestured towards 
the bench. 

"The peculiar thing," he carried 
on, "is that every item of this old 
junk brings back a memory which is 
as fresh as though it happened only 
yesterday. That old horn loud- 
speaker, for instance, was one of the 
first models I could lay my hands on, 
and I can always remember the time 
I connected it up. At that exact 
instant someone was bashing out the 
'Ride of the Valkyrie', and the sound 
came tumbling out of that old tin 
horn as though the whole orchestra 
was crowded into the overgrown 
headphone at its base. The same 
applies to that old crystal set over 
there with the variometer tuning and 
the ebonite panel. I drilled my first 
hole into ebonite on that panel and 
I'll always remember the stink it 
made!" 

Smithy turned away from the 
bench. 

"The trouble with radio," he said, 
almost sadly, "is that, sometimes, a 
little bit too much of you sticks to 
the things you've made and to the 
jobs you've done." 

"Come off it," interrupted Dick 
impatiently. "You'll have us all in 
tears soon! Anyway, I'm going to 
see what else there is up in the loft." 

"As you like," said Smithy, 
momentarily shaking off his mood. 
"I'll get ready to take the bits and 
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pieces from you." 
Dick clambered once more through 

the ceiling. 
"I'll have to look further afield 

this time," he called out, "I've 
cleared all the stuff that was stored 
around the hatch." 

Final Discovery 
There was silence for a moment, 

broken only by occasional grunts as 
Dick manoeuved himself about the 
loft. 

I've made a find !" he called out 
suddenly. "This must be the box of 
transformers you talked about. 
Phew, it's heavy !" 

The sound of energetic man- 
handling reached Smithy's ears, to be 
followed by his assistant's voice. 

"I've got it moving now," shouted 
Dick. "All I've got to do is to pull 
it off this joist-oh, cor blimey!" 

Dick's wail of dismay was suc- 
ceeded by an ominous creaking noise 
from the ceiling. Suddenly, in a 
shower of plaster and broken laths 
a large wooden box came hurtling 
down, dissipating some 1,000 foot- 
pounds of potential energy as it 
struck the floor. The whole structure 

of the Workshop shuddered and a 
cloud of dust rose in the air. 

A neat rectangular hole had now 
appeared in the ceiling and it was 
through this that Dick thrust a woe- 
begone and perspiration -streaked 
countenance. 

Dick's face cleared momentarily 
when, as the dust cleared, he saw 
that both Smithy and the more 
valuable Workshop equipment had 
been unharmed by the descent of the 
transformers. But his expression 
reverted to its previous state when 
he surveyed the floor, which was 
now strewn with a diverse pattern of 
transformers. Dick decided to go 
into the attack. 

"Well," he remarked brightly. "I 
got them down, didn't I?" 

"That," snorted Smithy, "shall go 
down as the understatement of the 
year." 

Desperately, Dick sought for a 
new angle to the conversation. His 
eye, roving across the floor, noticed 
a transformer that was different from 
its black -enamelled and gold -lettered 
fellows. 

"There's a stranger over there," 
said Dick, pointing to the com- 
ponent. "I wonder how that got into 
the box?" 

Smithy glanced in the direction 
indicated by his assistant, and his 
expression of fury gradually dis- 
appeared. 

"Well, I'm dashed," he remarked 
as he picked up the transformer. 
"Do you know, Dick, this is the 
mains transformer I employed in my 
very first mains receiver back in the 
late '20s. Dear me, this does bring 
back the memories! In those days, 
of course, mains sets were an 
extremely new development and it 
was quite an achievement to get 
them to ackle without a fantastic 
hum level. I remember that what I 
did with this transformer was to ..." 

Now that he had diverted Smithy's 
thoughts along more comfortable 
channels, Dick quietly withdrew his 
head, made his way to the hatchway 
and gently lowered himself to the 
floor. Smithy was now so engrossed 
in his memories that he evinced no 
surprise whatsoever when he found 
his , assistant's face alongside him, 
whereas previously it had been 
inverted and peering through the 
ceiling. 

Besides, he had just spotted a 
further transformer which had func- 
tioned as a phase-splitter in his first 
push-pull a.f. amplifier... . 

HEAT SINKS 
FOR TRANSISTORS 

By R. J. Barrett, GW3DFF 

In this article the author discusses the importance and advisability of providing adequate heat 
sinks for transistors, and explains the experiments he has carried out and the technique used 
to make the necessary temperature measurements. He concludes with a number of practical 

designs of heat sinks for power transistors 

POWER TRANSISTOR HAS ARRIVED. THE 
magazines and handbooks are full of designs 
for amplifiers using power transistors for 

output stages, and for d.c. convertors with high 
performance figures. The power transistor lends 
itself also to regulated power supplies and to many 
other experimental circuits. It is a most useful 
device, but it suffers from the disadvantage that the 
harder it is worked the hotter it becomes, and that, 
unless something is done about its temperature rise, 
it will eventually destroy itself. 

The writer has been engaged recently in building 
various items of equipment using power transistors, 
and it was noticed that the information given 
regarding the mounting of the transistor and details 
of the heat sink to be used were not really sufficient. 
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Many published designs quoted as follows: "The 
transistor should be mounted on a heat sink of 50 
square inches." No information on the shape or 
colour of the heat sink was given, and in many 
designs the heat sink seemed to be so large that any 
miniaturisation gained by using transistors was lost 
by having two enormous heat sinks bolted alongside. 

Experiments 
The following experiments were carried out firstly 

to determine if the method of mounting the tran- 
sistor on the heat sink had much effect, secondly to 
find out if a heat sink painted matt black was better 
than one of bright aluminium, and thirdly to 
ascertain if the heat sink could be reduced in size 
without adversely affecting it's performance. The 
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A group of typical power transistors, together with 
their mica washers and mounting hardware 

illustration shows a number of typical power 
transistors together with their insulated mica 
washers and mounting hardware. The latter can be 
supplied with the transistor, and are used to electri- 
cally insulate its body from the heat sink. The mica 
washers are also quite useful as templates for 
drilling transistor mounting holes. The power 
transistor used throughout the experiments was a 
Newmarket NKT 402. This is of a type and size 
which could be used in a 15 watt transistor 
amplifier. 

The first problem was to devise a method of 
measuring the temperature of the transistor when 
power was being supplied to it, and the technique 
chosen consisted of using a thermistor (a thermistor 
exhibits a change in resistance with a change in 
temperature) which was attached to the body of the 
transistor. The thermistor chosen was a Stantel 
type M.52* and it was calibrated to indicate tem- 
perature in the following manner. It was connected 
by very thin wires (to avoid any heat transfer along 
the wires) to an accurate and sensitive resistance 
bridge, after which it was immersed, together with 
a thermometer, in a large beaker of paraffin oil. 
The thermistor was placed very close to the bulb of 
the thermometer and the beaker was heated by 
means of an electric hotplate. In this way the 
temperature of the oil could be measured with the 
thermometer and directly related to the resistance 
of the thermistor. A graph was plotted showing 
temperature versus resistance for the thermistor over 
the range 25°C to 80°C. The thermistor was 
removed from the oil and cleaned, after which it 
was fitted to the top of the NKT 402 transistor case 
with Araldite adhesive. Fig. 1 shows the tempera- 
ture/resistance curve obtained for the particular 
thermistor employed. 

The first experimental heat sink was a Tin square 
of 16 s.w.g. aluminium. This material was chosen 
as being of a type that may well be used by a home 
constructor. Copper was purposely avoided, owing 

Stantel thermistors are manufactured by Standard Telephones 
& Cables Ltd.-Enrroa. 
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to its cost. The aluminium was found to be brightly 
polished on one side and to have a slightly lesser 
polish on the other. It was thoroughly cleaned and 
the mounting holes for the transistor, together with 
a very small hole on the top edge with which to 
hang the plate up, were drilled. Both the transistor 
and the centre of the plate were smeared with 
silicon grease to provide good thermal contact, and 
the NKT 402, complete with its thermistor attached, 
was bolted to the centre of the heat sink. Thin 
stranded wires were connected to the collector, base 
and emitter, and the plate was supported by a thin 
cord to allow good thermal ventilation. (See 
illustration.) A 10 volt stabilised power supply was 
used to supply power to the transistor; an ammeter 
was placed in series with the "collector, and the 
current flowing in the transistor was controlled by 
adjusting the base current by means of a 5kû 
variable resistor. In this way, controlled amounts 
of power could be passed through the transistor, 
and the thermistor mounted on it would indicate, 
by its change in resistance, the temperature of the 
transistor. Fig. 2 shows the circuit as set up, and 
the whole experiment was conducted in a room in 
which the temperature was controlled at 18°C±1°C. 

Loss of Heat 
There are, of course, three methods by which heat 

may leave the heat sink: 
(1) By conduction. For the purpose of this 

experiment it was necessary to minimise this 
effect. Any connecting wires from the 
thermistor or transistor provided a possible 
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Fig. 1. The thermistor resistance/temperature curve 
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The experimental set-up in which heat sink 
performance was evaluated 

heat conduction path, and for this reason the 
thinnest possible wires were used. 

(2) By convection. The plate was mounted 
vertically to ensure uniform convection, and 
care was taken to avoid any draught, as it was 
found that any movement within the room 
produced enough draught to make measure- 
ments impossible. 

(3) By radiation. The heat sink was later to be 
painted black in order to assist and measure 
this effect. 

All was now ready for the first set of measure- 
ments to be taken. Ten volts were applied to the 
collector and the 5k2 base resistor was adjusted 
until the current flowing into the collector was 0.3 
amps. After half an hour, by which time it was 
considered that the assembly would have settled to 
a steady temperature, the resistance of the ther- 
mistor was measured on the resistance bridge, and 
checked against the calibration graph, giving the 
temperature in degrees Centigrade. Measurements 
were taken at various input powers, but it was not 
considered advisable to run the input up too high 
when the graph showed the temperature rise to be 
excessive. 
Results 

Fig. 3 shows measured temperatures of the 

Resistance 

Bridge 

Fig. 2. The circuit -employed for evaluating the 
performance of the heat sinks 
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Fig. 3. Results obtained with an aluminium heat sink 
7in square. Curve 1 is for bright aluminium, and 
Curve 2 is for the same area painted matt black. 
Curve 3 shows the effect of introducing a mica washer 

between the transistor and the heat sink 

transistor. Curve 1 gives the temperature of the 
transistor when mounted on its 7in square of bright 
aluminium, and Curve 2 shows the considerable 
advantage gained by giving the heat sink one coat 
of matt black paint. The paint was applied to both 
sides of the plate, without removing the transistor, 
and the curves show that it is certainly well worth 
taking the trouble to paint a heat sink black. 
Reference to the 50°C point will show that with a 
bright aluminium heat sink the transistor has less 
than 8.5 watts flowing through it, whereas with the 
matt surface it can be run at the full 12 watts input 
with no increase in temperature. Curve 3 shows the 
effect of inserting a mica washer between the tran- 
sistor and the heat sink. It will be noted that much 
of the advantage gained by painting the heat sink 
black has been lost, because of the poorer thermal 
contact which now existed between the transistor 
and the heat sink. In practice this can be improved 

The physical appearance of the heat sinks of Fig. 5 
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somewhat by the application of silicon grease to the 
plate, the mica washer and the transistor before 
fixing, but in the writer's opinion the improvement 
will be slight. 

Conclusions drawn from the experiments and in- 
formation regarding fixing transistors to heat sinks 

1. Always aim for as efficient a heat sink as 
possible. (Transistors should be run well within the 
manufacturers' temperature ratings.) 

2. Paint the heat sink black on both sides, 
leaving the area where the transistor is to be 
mounted bright and clean. 

3. Ensure that fixing holes, etc., are free from 
burrs, and that the area on which the transistor is 
to be mounted is as smooth as possible. 

4. Fix the transistor very firmly to the heat sink. 
5. Mount the heat sink vertically to assist 

cooling, and provide as much ventilation as possible. 
6. When possible avoid the use of mica in- 

sulating washers. Try to insulate the whole heat 
sink instead. 

7. Smear silicon grease on all surfaces, if avail- 
able, for better thermal contact. 

Smaller Heat Sinks 
A number of heat sinks of smaller dimensions but 

of similar area were constructed, and three of these 
are shown in some detail in case the reader may wish 
to fabricate similar types. All the sinks have an 
area equivalent to a 7in square but, as can be seen, 
either have folds or additional plates to reduce the 
overall size. 

The first, shown in Fig. 4 (a), is of a corrugated 
type, and was made from a piece of aluminium 
10 by Sin, which has been bent in a vice to form the 
angles shown. The four small holes in the corru- 
gated section are to assist in mounting the sink, and 
these can be placed wherever desired. Note that 
the area where the transistor is to be fixed must be 
left clean and not painted, so that good thermal 
contact is assured. If it is desired to reduce the size 
of this type of heat sink still further, the angles of 
the corrugations can be decreased considerably, 
bring down the length from 7in to approximately 
Sin. It is important not to alter the height/length 
ratio too much when modifying this type of heat 
sink, and the transistor should always be mounted 
somewhere near the centre. 

The types shown in Fig. 4 (b) and (c) are of 
similar construction, both being made up of more 
than one plate. The plates can be bent to any angle 
to suit the constructor's wishes, but the angles 
should be great enough to allow good air circulation 
between the plates. It is most important that the 
surfaces of the plates, where they are fixed together, 
should be as flat as possible and quite clean. They 

5' 

Plate support holes 

Transistor fixing holes 
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Fig. 4. Alternative patterns of heat sink which have 
similar efficiencies to a flat plate 7in square. In (a) 
the heat sink is corrugated, whilst in (b) and (c) 

additional angled plates are fitted 

should be tightly bolted together with at least four 
bolts and, in common with all heat sinks, should be 
mounted vertically so that air may circulate up 
through the fins. 

These three heat sinks have produced efficiencies 
almost identical to that of the full 7in square plate, 
and were all tested under the conditions described 
for the original experiment. 

It is hoped that these simple designs will en- 
courage the amateur to produce his own heat sinks 
to a pattern convenient to the job in hand, and to 
assist his power transistors to live to a ripe old age. 

AMERICAN REGISTRATION FOR NEW MAGNETRON 
The JEDEC type number 5586A has now been reserved for the English Electric Valve Co. Ltd tunable Magnetron type M542A. This new tube 

will in future be marketed bearing this code and it is expected that the recognition now given by the U.S.A. will be an added boost to world sales. 
The 5586A operates over the frequency range 2700-2900 Mcls with a peak output power of 1 Megawatt and a guaranteed capability of 5,000 

complete tuning cycles. 
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ANNULAR 
TRANSISTORS 

F ONE LOOKS THROUGH CATALOGUES OF SILICON 
transistors, one finds many n.p.n. high voltage 
transistors, but until recently it has not been 

possible to manufacture high voltage silicon p.n.p. 
transistors with good characteristics. If one 
attempts to increase the voltage rating of p.n.p. 
silicon transistors by increasing the resistivity of the 
collector material, the leakage current of the device 
is vastly increased owing to a phenomenon known 
as channelling. 

Channelling occurs when the surface of a tran- 
sistor collector effectively changes its type and 
becomes part of the base. For example, in a p.n.p. 
transistor part of the p type collector can change to 
n type material. The surface of a planar silicon 
transistor is protected by a layer of silicon dioxide 
(silica), but when channelling takes place beneath 
the surface of the silica, a part of the base -collector 
junction may be present at the edges of the crystal 
where it is subject to contamination, etc., resulting 
in a high leakage current. 

A new breakthrough in transistor design has 
recently been reported by Motorola Semiconductor 
Products of America in which these difficulties are 
eliminated. An artificial channel is deliberately 
introduced in the collector region beneath the 
protecting layer of silica and the controlled charac- 
teristics of this channel completely obscure any 
other stray channelling effects. The artificial channel 
is broken close to the base as shown in the diagram 
by an annular band of the same type of semi - 

BY J. B. DANCE, M.Sc. 
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Cross section of an annular transistor 

conductor material as the collector (p type in p.n.p. 
transistors) which has an impurity doping level 
which makes channelling through it impossible. 
Thus the collector -base junction is confined by this 
ring and is fully protected against contamination by 
the silica coating. The leakage currents are therefore 
small. 

This new production process is also expected to 
be useful for other types of semiconductor devices, 
including n.p.n. transistors. It is expected that it 
will enable transistors to be produced which are less 
susceptible to radiation damage than the present 
types and which may therefore be invaluable for 
instrumentation in the upper atmosphere in the Van 
Allen radiation belts, etc. 

Further details of these devices may be obtained 
from the manufacturers, Motorola Semiconductor 
Products Inc., Technical Information Centre, Box 
955, Phoenix 1, Arizona, U.S.A. 

CAN ANYONE HELP? 
(Continued from page 240) 

Indicator CRT Type 103.-H. Bradbury, 36 Hassop 
Street, Beswick, Manchester 11, requires the service 
manual or information, also details of power pack 
(type unknown). 

Loan of Magazine.-W. Hartshorne, 186 Jewell Road, 
Castle Lane West, Bournemouth, Hants, wishes to 
obtain copy of The Radio Constructor, May 1958, for 
limited period. 

Loan of Magazine.-D. E. Taylor, 72 Boscombe Crescent, 
Downend, Bristol, would like to obtain a copy of The 
Radio Constructor, August 1956. 

* 

Transceivers Type B44, Mk II and Mk III.-J. Ayres, 
G3DQT, 7 Berrylands Road, Surbiton Hill, Surrey, is in 
urgent need of the service manuals, or circuit diagrams, 
of these equipments. 

Mullard GM3156-15 Oscilloscope.-P. Sladen, coo St. 
Lawrence Hospital, Chepstow, Mon., would like to 
obtain any information relating to this unit. 
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General Coverage 
Communications 

DOUBLE SUPERHET Receiver 
By Frank A. Baldwin, A.M.I.P.R.E. 

The communications receiver design described herewith is of advanced design and as such It 
is not recommended for the beginner, although the author discusses how the whole project may 
be concluded in easy stages. Apart from completing the design in its entirety, many readers 
will no doubt be interested in inserting some parts of the circuit into their own receivers, thereby 

bringing them more up to date and in line with current trends 

MANY READERS OF THE MAGAZINE WILL, NO 
doubt, already be equipped with a com- 
munications receiver of some kind or 

another, whilst others may be satisfied with a t.r.f. 
which has given sterling service over the years. 
Others again may have toyed with the idea of 
constructing such a communications receiver but 
have never, for one reason or another, "got around 
to it". The design offered here should appeal to all 
these readers in that it is capable of being con- 
structed in easy stages if desired or, where preferred, 
as a complete design in itself. Alternatively, where 
required, certain stages may be omitted altogether 
and this fact will probably be of interest to those 
who are "near beginners" or those who do not have 
the proverbial (and I often think mythical) long 
pocket. 

In the present instalment the circuit will be 
discussed and the Components List featured so that 
those who are interested may be able to assess the 
design and obtain the required components. Part 2, 
to be featured in the next issue, will discuss the 
components used and will give general constructional 
notes. 

Circuit-General Considerations 
The circuit is shown in Fig. 1 and from this it will 

be seen that it is an 11 -valve double superhet design 
having a first i.f. of 465 kc/s and a second i.f. of 
85 kc/s. The various stages are as follows: V1 r.f. 
amplifier (EF183); V2 frequency changer 465 kc/s 
(ECH81); V3 frequency changer 85 kc/s (ECH81); 
V4 Q multiplier (ECC83); V5 i.f. amplifier (EF183); 
V6 a.m. detector/a.g.c. (ECC82); V7 product 
detector/b.f.o. (ECH81); V8 first a.f. amplifier/ 
output (ECL83); V9 rectifier (EZ8I); V10 voltage 
stabiliser (150C2) and V11 100 kc/s crystal oscillator 
(EF80). 

NOVEMBER 1963 

From the foregoing, it will be noted that the valve 
line-up of this receiver has been, for the most part, 
confined to the Mullard B9A range, these being the 
latest types available to the home constructor and 
excellent for the purpose for which they have been 
included in this receiver. An additional factor here 
is that the writer preferred to maintain a mostly 
B9A-based design in that the use of bases having 
various sizes was obviated and that the great 
advantage of including the new frame grid type 
valves was possible. The only exceptions to the 
foregoing are the 100 kc/s crystal itself and the 
voltage stabiliser, these being B7G based. 

Looking at the circuit as a whole, it will be noted 
that the r.f. stage (V1) is a high gain tuned arrange- 
ment into the grid of which, when required, is 
injected the output from the 100 kc/s crystal 
standard, this providing marker points up to, and 
including, 30 Mc/s. 

An external aerial switching arrangement (not 
shown) allows the aerial input to be disconnected 
when the 100 kc/s oscillator is in use and this has 
been found to be of considerable assistance in that 
the audible calibration points are not then masked 
by the reception of strong signals at one and the 
same time. 

With the type of chassis employed (to be described 
in Part 2) variations of the design are fairly easily 
achieved and consequently certain stages may be 
omitted at the outset and added at a later time, 
although it would be a good plan to include all the 
required valveholders at the commencement of 
construction. 

The r.f. amplifier, crystal oscillator and product 
detector are those that come to mind by a study of 
Fig. 1 as capable of being omitted. Also, the 
voltage stabiliser could be dispensed with in the 
first instance. In this manner, the initial cash outlay 
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Components List 

Resistors 

(All fixed resistors 4- watt 
5% unless otherwise specified) 

Rl 33k12 10% 
R2 20052 
R3 1Ok12 1 watt 10% 
R4 22k52 1 watt 10% 
R5 10kS2 10% 
R6 4.7k52 2 watt 10% 
R7 22012 
R8 47k12 
R9 22k12 10% 
R10 47k12 10% 
R11 33k12 2 watt 10% 
R12 33k12 10% 
R13 12012 
R14 22k12 10% 
R15 47k12 
R16 47k1210% 
R17 33k1210% 
R18 10k12 1 watt 10% 
R19 100û 
R2o 390k12 
R21 1M12 10% 
R22 1M12 10% 
R23 3.3k1Z 
R24 82k12 
R25 1M12 10% 
R26 33kû 10 % 
R27 220k12 
R28 470k12 
R29 22k12 
R30 12k12 
R31 47k12 
R32 33k12 1 watt 
R33 27012 
R34 47k12 
R35 56k12 10% 
R36 1 k52 10% 
R37 47012 
R38 100k12 10% 
R39 1.5k12 2 watt 
Rao 220k12 10% 
R41 4.7k12 5 watts 
R42 100k12 
R43 10k12 10% 
R44 10k12 
R45 470kû 
R46 47k12 10 % 
R47 2M12 
R48 1.5k12 
R. 4712 (see text) 
VR1 5k12 
VR2 1M12 log track 
VR3 50012 (pre-set) 
VR4 5k12 
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Capacitors 
C1 3-30pF con. trimmer (Philips) 
C2(a), (b), (c) 315pF variable, 3 -gang (Denco 

Ltd.) 
C3 25pF variable, (Jackson Bros., type C804) 
C4 0.01µF tubular (Mullard) 
C5 0.01µF tubular (Mullard) 
C6 0.1µF tubular (Mullard) 
C7 3-30pF con. trimmer (Philips) 
Cs 0.01µF tubular (Mullard) 
C9 0.1µF tubular (Mullard) 
C10 0.11.LF tubular (Mullard) 
C11 0.01µF tubular (Mullard) 
C12 100pF silver mica 
C13 100pF silver mica 
C14 3-30pF con. trimmer (Philips) 
C15 0.01µF tubular (Mullard) 
C16 0.01µF tubular (Mullard) 

0.1µF tubular (Mullard) 
0.1µF tubular (Mullard) 

C19 100pF silver mica 
C20 100pF silver mica 
C21 0.01µF tubular (Mullard) 
C22 3-30pF con. trimmer (Philips) 
C23 75pF silver mica. 
C24 0.1µF tubular (Mullard) 
C25 0.1µF tubular (Mullard) 
C26 0.1µF tubular (Mullard) 
C27 120pF silver mica 
C28 0.01µF tubular (Mullard) 
C29 33pF silver mica 
C30 0.5µF tubular (Mullard) 
C31 20pF silver mica 
C32 0.04.F tubular (Mullard) 
C33 0.001µF ceramic 
C34 100pF silver mica 
C35 0.05µF tubular (Mullard) 
C36 100pF silver mica 

520pF silver mica 
4,700pF silver mica 
50pF variable (Jackson Bros., type C804) 
0.01µF tubular (Mullard) 
25µF, electrolytic, 12V wkg. 
270pF silver mica 
270pF silver mica 
0.005µF (see text) 
0.01µF tubular (Mullard) 
0.1µF tubular 500V wkg. 
10µF, electrolytic, 12V wkg. 
25µF, electrolytic, 25V wkg. 
8µF, electrolytic, 350V wkg. 
32µF, electrolytic, 450V wkg. l In single 
16µF, electrolytic, 450V wkg. can 
5,000pF ceramic 
5,000pF ceramic 
0.01µF tubular (Mullard) 
2pF silver mica 
0.1µF tubular (Mullard) 
0.0011.LF silver mica 
3-30pF con. trimmer (Philips) 
0.001µF ceramic 
7,500pF silver mica 

C61 2,500pF silver mica 
C62 0.001µF ceramic 

C17 
C18 

C37 
C38 
C39 
C40 
C41 
C42 
C43 
C44 
C45 
C46 
C47 
C48 
C49 
C50 
C51 
C52 
C53 
C54 
C55 
C56 
C57 
C58 
C59 
C60 

C63 100pF variable (Jackson Bros., type C804) 
C64 0.001µF ceramic 
Ct 0.5µF tubular (Mullard) 
(Also required are additional 3-30pF concentric 

trimmers for the coil turret. See Part 2) 

RF Choke 
2.5mH 

S -Meter 
Type SR -2P (1mA f.s.d.) (Henry's Radio Ltd.) 
L10 85 kc/s (Electroniques Ltd.) 

Valves 
V1 
V2 
V3 
V4 
V5 
V6 
V7 
V8 
V9 
V10 
V11 

EF183 (Mullard) 
ECH81 (Mullard) 
ECH81 (Mullard) 
ECC83 (Mullard) 
EF183 (Mullard) 
ECC82 (Mullard) 
ECH81 (Mullard) 
ECL83 (Mullard) 
EZ81 (Mullard) 
150C2 (Mullard) 
EF80 (Mullard) 

Valveholders 
McMurdo B9A (10) 
McMurdo B7G (2) 

Phone Jack and Socket 
Igranic (H. L. Smith & Co. Ltd.) 

Dial Lamp and Mountings 
6.3V, 0.3A (H. L. Smith & Co. Ltd.) 

Fuse and Holder 
Cartridge type with IA fuse (H. L. Smith & Co. 

Ltd.) 

Speaker 
7 x 4in elliptical, 3I 

Leadthroughs 
As required (see Part 2) (H. L. Smith & Co. Ltd.) 

Flexible Coupler 
Miniature ceramic type (H. L. Smith & Co. Ltd.) 

Chassis, Panel, Cabinet 
(H. L. Smith & Co. Ltd.)-undrilled only 

Coil Turret 
Type CT7/B (Denco Ltd.) 

IFT's 
IFT1 465 kc/s (Denco Ltd. type IFT11/465) 
IFT2, 3 85 kc/s (Denco Ltd. type IFT12/85) 

Switches 
S2(a), (b) (c), (d) 4 -bank, 4 -pole, 3 -way type S15 

(Denco Ltd.) 
S3, 5 s.p.s.t. type S263 (A. F. Bulgin Ltd.) 
S4 d.p.s.t. type S300 (A. F. Bulgin Ltd.) 
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BFO Coil 
L9 85 kc/s (Denco Ltd. type 2/85) 

Output Transformer 
T1 Type 117E (H. L. Smith & Co. Ltd.) 

LF Choke 
Ln 10H, 120mA, 2005, type M101 (H. L. 

Smith & Co. Ltd.) 

Mains Transformer 
T2 Pri: 0-200-220-240; Secs: 250 0 250V, 

120mA; 6.3V (centre -tapped) 4A; 6.3V, 
1A. Type 7023 (H. L. Smith & Co. Ltd.) 

Knobs 
(H. L. Smith & Co. Ltd.) 

Dial, Drive Mechanism, etc. 
Eddystone Cat. No. 898 (Home Radio Ltd.) 

Crystal 
100 kc/s vacuum mounted (Brookes Crystals 

Ltd.) 

could be somewhat reduced, the remaining stages 
being added as the opportunity occurs. 

R.F. Stage (V1) 
When used as an r.f. amplifier, the EF183, in 

addition to providing the required high gain factor, 
also has the further advantage that the stage output 
signal-to-noise ratio is very much greater than that 
available, however good the design, at the output 
of a similar stage using a hitherto conventional 
valve. The r.f. stage in any receiver is of great 
importance in that it immediately precedes the 
frequency changer stage and therefore the noise 
voltage developed in the r.f. stage must of necessity 
be very much less than that of the frequency 
changer if an appreciable improvement in the signal- 
to-noise ratio is to be obtained. The primary 
requirement here therefore is a valve having a high 
mutual conductance (gm). 

It can be shown theoretically that the gain of any 
r.f. (or for that matter i.f.) amplifier is approximately 
proportional to the mutual conductance of the 
valve used in such an amplifier.1 

In this manner it is interesting to note that the 
more conventional type of valve used today in many 
receivers is the octal based 6K7, this valve having 
a mutual conductance of some 2mA/V. The more 
modern 6BA6 exhibits a somewhat higher gain with 
a mutual conductance of 4.4mA/V. In contrast to 
the foregoing, the EF183 variable -mu r.f. pentode 
has a maximum mutual conductance of some 

I. It is approximately correct to state that stage gain= µR but 
ra 

as the mutual conductance (gm) is arrived at by dividing ra into µ, 
gm usually replaces both u. and ra in the formulae. Therefore, for 
approximate purposes, the stage gain will equal gm x R when the 
former is stated in mA/V and the latter in kil; R being the effective 
dynamic resistance of the anode load. Mutual conductance '(gm) is 
nearly always quoted by valve manufacturers when dealing with 
r.f. pentodes, whereas values for ra and are not always stated. 

13mA/V, which is three times that provided by the 
6BA6 and seven times that of the 6K7. 

The high gain tuned r.f. amplifier of V1 selects 
and amplifies the weak signals received from the 
aerial and passes them to the first frequency changer 
stage. The r.f. stage, being tuned, confers the 
advantage that the strength of the required signal 
is very much greater than that of any interfering, 
and therefore unwanted, signal on the image 
frequency, with the result that image and i.f. break- 
through, with their consequent heterodynes, are 
eliminated. 

Operating as a high gain stage, the grid of VI is 
tuned by C2(a)-one section of a 3 -ganged variable 
capacitor-together with the additional parallel 
capacitance of C1 (3-30pF concentric trimmer) and 
the r.f. trim control C3-this latter component being 
mounted on the front panel. C3 considerably assists 
by peaking the signal exactly into resonance and, 
together with the gain control (VR1) inserted into 
the cathode circuit, enables the stage to be under 
the complete control of the operator at all times. 

Below -chassis view showing, at left, the l.f. choke; 
centre, the coil turret and output transformer and 
right, the r.f., i.f., Q multiplier, crystal oscillator and 
voltage stabiliser stages. Range 3 of the turret is 
shown with only two 3-30pF trimmers, an additional 

trimmer having been added subsequently 

With the r.f. stage shown, high gain is easy to 
achieve but stability must be borne in mind. 
Instability will arise due to energy being fed back 
from the anode circuit to that of the grid due to 
stray capacitance coupling between the two circuits, 
accidental inductive coupling or the grid/anode 
capacitance of the valve itself. Although the grid/ 
anode capacitance of an r.f. pentode is of a low 
order, it is the determining factor of the maximum 
stage gain that can be achieved. Careful screening 
and due attention to layout is all important if a 
high gain with stability is to be obtained. To this 
end, it will be noted from the illustrations included 
in this series of articles that the below -chassis 
screening is liberal. Moreover, each valveholder in 
the circuit has a small metal screen soldered across 
it, effectively screening the anodes from the grids 
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and their respective associated wiring, etc. (See 
Fig. 2.) 

Should instability occur in the r.f. stage, it will 
be necessary to reduce the r.f. voltage at the anode. 
This will then have the effect of proportionally 
decreasing the energy being fed back via the grid/ 
anode capacitance of the valve. 

In the circuit under discussion, the aerial signal 
is fed via a length of coaxial cable, the outer braiding 
of which is earthed, to connection C of the turret. 
The signal induced across Li, L2 is tuned by the 
variable capacitors previously mentioned. R2 and 
C5, together with the r.f. gain control VIII, provide 
cathode bias for this stage, variation of VRi taking 
the stage up to, but just short of, oscillation point. 
R1 and C4 are the screen decoupling components, 
whilst the anode is connected, via a short length 
of coaxial cable, to tag K of the turret. C6 decouples 
L3 to chassis, the required h.t. potential being 
applied to tag J via R3. 

For purposes of clarity it should be noted that 
only one set of coils is shown in the circuit diagram. 
The bandswitch Si(a), (b), (c), (d), (e), (f) associate1 
with V1 and V2 are all contained as an integral part 
of the turret itself. 

314' 

Fig. 2. Measurements of the valveholder screens 

The amplified and tuned r.f. signal is now applied, 
via the tuned inductor L4i to the grid of the mixer 
section of V2 (ECH81), L4 being tuned by a further 
section of the 3 -ganged variable capacitor C2(b) 
and the associated concentric trimmer C7. 

1st Frequency Changer 
The values of the various components in this 

circuit have been chosen in order that the stage will 
be operating under conditions which lead to 
excellent conversion without squegging. 

The signal is applied to the grid of the ECH81 
triode heptode and controls the electron stream. 
The stream is also restricted by the oscillator output 
injected into grid 3 (pin 7), this increasing and 
decreasing the overall grt, of the heptode in sympathy 
with the frequency of oscillation. 

R4 and C8 isolate the screen grid (pin 1), the low 
r.f. impedance of C8 retaining the grid virtually at 
earth potential. 

The triode oscillator employs an inductively 
coupled tuned grid circuit, and is self biased by 

R8, C13. The cathode components R7 and C11 do 
not, as is sometimes thought, provide fixed bias for 
the oscillator. The oscillator grid is returned to the 
upper end of R7 and is not in any way affected by 
the potential difference existing across this resistor. 
The p.d. across R7 provides bias for the heptode 
signal grid (pin 2), this being connected via L4 to 
the h.t. negative line (chassis) and, therefore, to the 
lower end of R7. 

The efficiency of a frequency changer cannot be 
conveyed by mutual conductance but is expressed 
in terms of conversion conductance (gc) stated in 
mA/V (milliamps change of i.f. current per volt 
change of signal). The figure stated for the ECH81 
is 775N.A/V, on the assumption that the oscillator 
input is at optimum level. Conversion conductance 
is partly dependent on the control ability of both 
oscillator and signal grids, therefore the oscillator 
input must be controlled if maximum gc is to be 
obtained. This has been achieved here by careful 
selection of component values and component 
quality. Further, a regulated h.t. supply for the 
oscillator anode is provided from the voltage 
stabiliser (150C2) via R9. 

The frequency stability of both the first frequency 
changer stage and that following (V3) is due in 
considerable measure to the inclusion of a constant 
h.t. supply for both oscillator anodes. Variations 
in h.t. voltage can result in variations of the 
oscillator frequency which, in turn, vary the signal 
frequency which appears at i.f. 

The oscillator grid is tuned by C2(c) and the 
trimmer C14. A padder capacitor is shown (P) and 
this is an integral part of the turret. 

The resultant 465 kc/s i.f. signal at the heptode 
anode of V2 is fed from the secondary of IFT1 into 
the grid of the following stage. 

2nd Frequency Changer 
The second frequency changer has a.g.c. applied 

to the signal grid via R10 decoupled by C15. In this 
stage, the incoming 465 kc/s i.f. signal is converted 
to 85 kc/s, the oscillator grid being tuned by the 
fixed capacitor C23 and the concentric trimmer C22. 
The inductances L7 and L8 are those of a normal 
465 kc/s b.f.o., the capacitor values, together with 
the variation in frequency obtained by adjustment 
of the dust core, allowing oscillations to be main- 
tained at a frequency of 380 kc/s (fs, incoming 
signal, minus f0, oscillator frequency =465 -380 
kc/s =85 kc/s). 

Provided a good layout and mechanical stability 
is achieved, the circuit will be found to be quite 
stable after the usual initial period of warming up. 
In practice, the writer has found the oscillator 
circuits to be extremely reliable. Although it is 
more normal in current practice to include a crystal 
controlled oscillator at the V3 position, quality 
crystals are somewhat expensive items and the 
writer preferred to use the available cash in the 
purchase of a 100 kc/s crystal as a frequency 
standard. 

L8 is the feedback winding to the anode of the 
oscillator, this being supplied with a supply potential 
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from the stabilised h.t. line via R14. 
The 85 kc/s i.f. signal is now applied to the grid 

of the following stage by way of the 85 kc/s i.f. 
transformer IFT2. 

I.F. Stage 
The i.f. stage is constructed around a further 

EF183 pentode and, with the high gain available, 
only one such stage is included. Although more 
than adequate gain is available from this design, 
there is no doubt that a further stage would provide 
still further selectivity, in which case the writer 
would prefer-in view of the gain then given-to 
attenuate this somewhat by mounting two i.f. 
transformers "back to back", these being top 
coupled with a 5pF capacitor. Such an addition 
would be made between V3 and V4, the added stage 
being fitted with an i.f. gain control. In view of the 
physical layout employed, such an inclusion should 
be incorporated at the outset. 

Since an S -meter is included, an i.f. gain control 
has not been employed, as this would unduly affect 
the operation of this tuning device. The writer has 
not found this omission to be a great disadvantage, 
gain being adequately controlled by both the r.f. 
and a.f. controls as required. 

A.G.C. is not applied to either the r.f. or first 
frequency changer stages, as the writer preferred 
these to be uncontrolled in the interests of stability. 
It is applied to V5 via R16 and C21. 

Detector/A.G.C. 
C27 is connected to both the anode and the grid 

of the first half of V6 (ECC82 double triode). This 
half of the valve is diode connected (i.e. the grid is 
strapped to the anode and these two electrodes then 
provide a diode anode) At all positions of S2(a), 
C27 is connected to V6(a) this diode providing a 
rectified negative delayed a.g.c. voltage to the main 
a.g.c. line via R21. 

The time constant of the a.g.c. system is arranged 
for a slow decay thus enabling satisfactory reception 
of both s.s.b. and c.w. signals without the necessity 
of including an a.g.c. on/off switch. 

The circuit provides for both carrier and product 
detection dependent upon the position of S2(a), (b), 
(c), (d). This switch has been so wired that it acts, 
in position 1, as a standby switch. In this position, 
no output from the last i.f. transformer is provided 
for V6(b) (the a.m. detector) and no h.t. voltage is 
applied either to this stage or to the product detector 
V7. Additionally, no input is provided from the 
detector to the grid of the output stage. In this 
position, then, switch S2 as a whole effectively cuts 
the h.t. potential to the a.m. detector, the product 
detector, and the signal inputs to the respective 
grids of both V6(b) and V8(a). The receiver is, in 
consequence, effectively muted with respect to 
signals, whilst the valve heaters are still supplied 
with an a.c. voltage in order that these stages shall 
be ready for immediate operation when required.2 

2 When used with an amateur transmitter, it may be preferable for 
S2(c) to break the main h.t. supply to v1-v5 inclusive. 
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In position 3, S2(a) takes the output from IFT3 
and applies this to the grid of the product detector 
V7 via a 20pF capacitor C31, the grid being returned 
to chassis via R27. 

At S2(b) the output from the product detector, 
via C35, is taken to the grid of the first audio stage 
(V8(a)). At S2(c) h.t. is disconnected from the a.m. 
detector (V6(b)) and, at S2(d) h.t. is applied to the 
product detector and its associated oscillator. In 
this manner, it will be noted that the a.g.c. voltage 
from V6(a) is still operativ" whilst the detector 
portion of this valve is inoperative. 

The resistor R22 of V6(a) is the a.g.c. diode load 
and the capacitor Ct the time constant component, 
this controlling the rate at which a change of a.g.c. 
bias can become effective. The delay is controlled 
by the fixed potential divider R20 and R23, the 
voltage drop across R23 appearing as a positive 
voltage on the diode cathode. The diode will not 
then pass current until the signal input to V6(a) 
exceeds the positive bias. This prevents the opera- 
tion of a.g.c. when receiving weak signals. The 
slow decay of the a.g.c. system allows satisfactory 
reception of both c.w. and s.s.b. signals and makes 
S -meter readings of these rapidly varying signals an 
easy matter. 

The a.g.c. take-off is via R21i the controlled stages 
being V3 and V4, the resistor/capacitor filters R10, 
C15 and R16, C21 providing decoupling. 

In position 2, the switch at S2(a) applies the output 
from IFT3 to the grid of V6(b), whereupon the latter 
stage operates as an infinite impedance detector. 
The great advantage of this type of detector is that 
it has very little damping effect on the secondary 
winding of the last i.f. transformer. S2(c) applies 
h.t. to the anode of V6(b) in position 2. 

At S2(b) the a.f. output from the detector cathode 
is fed through the r.f. filter components C42, R35 
and C43 and, via C44, to the volume control VR2 
and thence to the grid of V8(a). 

Product Detector and B.F.O. 
The combined product detector and b.f.o. are 

contained within a single envelope (V7) and this is 
an advantage over the more normal method of 
utilising a separate b.f.o. valve plus a double -triode 
as the product detector. 

The values of the capacitors C37, C38 have been 
so calculated that the effective tap in L9 is roughly 
10 % from one end. The total tuning capacitance 
across the winding (C37, C38, C39) is such that the 
specified coil will oscillate at 85 kc/s, plus or minus 
the required variation given by the iron dust core 
and the variable capacitor C39 (b.f.o. pitch control). 

When in use, oscillations derived from the b.f.o. 
circuit (triode portion of the valve) are fed, via C34, 
to the product detector section of the valve, thus 
enabling s.s.b. (single side band) signals to become 
intelligible at the correct setting of the pitch control 
C39. The b.f.o. also, of course, enables c.w. signals 
to be read. 

It will be seen from the circuit that both the 
outputs from V6(b) (a.m. detector) and V7(a) (product 
detector) are fed through the r.f. filter network 
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(after S2(b)) to the volume control, VR2. 
In order to prevent instability and induced hum, 

the connection from the slider of VR2 to the grid 
of the first audio stage (V8(a)) is screened. 

1st Audio and Output Stage 
The a.m. detector (V6(b)) provides no a.f. amplifi- 

cation. The task of the first audio stage (V8(a)) is, 
therefore, that of a voltage amplifier to provide an 
adequate signal for the power output stage, V8(b). 
The basic requirements of an audio stage (as 
distinct from a power output stage) are freedom 
from amplitude and frequency distortion and the 
provision of adequate gain. The former is commonly 
caused by valve overload originating from the input 
voltage running into grid current or non-linear 
conditions, whilst the latter distortion emanates 
from shortcomings in the coupling circuit. Adequate 
gain usually presents no problems. In the circuit 
shown, component values have been chosen which 
provide the required audio gain free from distortion. 
V8(a) is RC coupled to the output stage, V8(b). 

The requirement of V8(b) is that it should deliver 
power to actuate the speaker (or phones) as distinct 
from a voltage output-as is the case with V8(a). 

The audio output from the pentode section 
appears across the output transformer T1 and is 
then applied to the speaker. Output to the head- 
phones socket is via C40, insertion of the plug into 
this socket automatically muting the speaker. The 
output transformer T1 is correctly matched to the 
pentode section. The headphone output could 
alternatively, of course, be coupled into the anode 
circuit of V 8(a), in which case a speaker muting 
switch arrangement would be required. When using 
the headphones, the audio gain control (VR2) 
should, of course, be used with due care. Some 
2.5 watts of power output is available at full gain 
from V 8(b), and this is more than adequate for the 
average shack or workshop. 

The a.f. coupling capacitor C44 has a value 
(0.005µF) which provides a measure of bass cut. 
This counteracts to some extent the accentuated 
low frequency response resulting from the high i,f. 
selectivity. The value of C44 may be changed, if 
desired, to suit individual preferences. 

Power Stage 
The power supply stage is conventional and 

conforms to standard practice with reference to 
present-day receiver design. Isolation from the a.c. 
mains supply is given by the mains transformer T2. 

The a.c. is converted to pulsating d.c. by the 
full -wave rectifier V9 (EZ80). This pulsating 
potential is then smoothed by the capacitor input 
filter given by C50, C51 and the 11 choke L11. 

It will be noted that the rectifier has its own 
heater winding and that the remainder of the valves 
in the circuit are fed from a further winding which 
is adequately rated to supply the required current. 
All heater leads are composed of a twisted pair of 
wires and an earthed heater return (i.e. by way of 
chassis) must not be used. The two ceramic capaci- 
tors C52, C53 prevent the appearance of r.f. voltages 
on the heater wiring. 
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The double -pole -single -throw switch S4 (on/off) 
ensures that the mains supply is completely dis- 
connected when the receiver is switched off. A IA 
fuse is inserted in the live mains lead as an overload 
protection device. 

Voltage Stabiliser 
The voltage stabiliser V10 (150C2) maintains the 

h.t. voltage supplied to both the oscillators of V2, V3 
and, also, the crystal calibrator stage, V11, at a near 
constant value regardless of variations in mains 
supply or load current. The voltage drop across the 
15OC2 is nearly constant over a fairly wide current 
range, the tube being connected in series with the 
limiting resistor R41, and the load being connected 
in parallel with the regulator tube. The value of 
R41 is that which causes slightly less than the 
maximum allowable tube current to be passed when 
there is no load current. 

Crystal Calibrator 
The crystal calibrator stage V11 is constructed 

around an EF80 r.f. pentode. An on/off switch S5 
is included in the stabilised h.t. supply to this stage 
and the switch is panel mounted. The concentric 
trimmer C58 allows some adjustment of the 100 kc/s 
fundamental in order that alignment may be made 
against WWV, MSF, etc. The output is connected 
to the aeria: input via C55. Oscillations will be 
apparent up to, and exceeding, 30 Mc/s. 

Q Multiplier 
Here, one half of an ECC83 is used as the 85 kc/s 

Q multiplier, and high selectivity is obtained due to 
Q multiplication derived from the positive feedback 
employed. A tuned circuit having a multiplication 
factor of some 20 to 40 applied will result in a Q 
factor as high as a good crystal filter and this has 
been achieved in the circuit shown. 

Off resonance, the impedance of the tuned circuit 
shown (C60, C61, C63, L10) is low and therefore 
attenuates i.f. signals. The opposite effect, however, 
takes place when the circuit is at resonance. By 
virtue of the very high impedance achieved when 
resonant, a highly peaked i.f. response results. 

The actual resonant frequency of the tuned circuit 
effectively determines the position of the peak 
within the i.f. passband and, after initial adjustments 
to the circuit, this position is controlled by the 
operation of C63, which is brought out to the front 
panel as, also, is the on/off switch S3. 

The oscillator circuit of V4 has its positive feed- 
back controlled by the variable resistor VR4 in the 
cathode line. The pot cored inductor L10 is 
connected in a Colpitts circuit between grid and 
anode with an earthed tap at the junction of the 
two capacitors C60, C61, the coupling capacitor C59 
being connected to the anode of V3. 

The additional components required in providing 
the more usual notch or reject positions have not 
been included here, for in practice the writer has 
found that by the time the correct reject position 
has been found, the offending signal has usually 
vanished. Those who require this latter facility, 
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however, could quite easily incorporate S3 with 
VR4 and, in the position formerly occupied by S3 
on the panel, fit the necessary yaxley switch providing 
the peak and reject positions. A suitable circuit for 
this is provided, by the manufacturer, with the 
inductor L10. 

The cathode, grid and anode of the unused half 
of V4 are strapped together and connected to 
chassis. 

S -Meter 
A positive reference voltage for the S -meter 

circuit is taken from the cathode resistor of the 
output valve V8(b) via the potentiometer VR3. This 
voltage should be approximately 2, this being equal 

to the cathode voltage of V5 under no -signal 
conditions. VR3 should therefore be suitably 
adjusted and, once set, no further alteration should 
be required. The S -meter should now read zero. 
Signals of sufficient amplitude to overcome the fixed 
a.g.c. voltage on V6(a) will cause a reduction in the 
voltage on the cathode of V5 and thereby cause the 
S -meter to give an indication of signal strength. It 
was not found necessary to place a balancing 
potentiometer across the meter. The resistor R. 
(4752 'with the meter employed in the prototype) is 
of correct value to give full-scale deflection with 
S9 signals. Meters having differing internal resist- 
ances may require alternative values in Rm. 

(To be continued) 

An introduction to,,, 
COLOUR TELEVISION 

By J. R. DAVIES PART 6 

N THE LAST ARTICLE IN THIS SERIES WE DEALT 
with the X and Z demodulator system employed 
in the R.C.A. CTC11 receiver, examining also 

the reference frequency oscillator and its syn- 
chronising circuits, and the colour killer. We shall 
now carry on to the cathode ray tube which provides 
the colour picture at the receiver. 

Colour Presentation Devices 
A number of presentation devices for reproducing 

the colour television picture at the receiver have 
been proposed, and some of these have been the 
subject of considerable development work. So far 
as domestic colour receivers are concerned, however, 
only one device has stood the test of successful 
commercial production. This is the three -gun 
shadow -mask cathode ray tube introduced by 
R.C.A. The three -gun shadow -mask tube has been 
employed in all American domestic colour receivers 
since the inception of the N.T.S.C. system, and is 
similarly employed in domestic colour receivers 
manufactured in Japan. We shall here, therefore, 
devote our attention to this presentation device only. 

A current shadow -mask tube (at the time of 
writing) is the R.C.A. 21 inch colour picture tube 
type 21FJP22, and we shall refer to this type 
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whenever it is necessary to quote a particular 
example of construction or operation.1 

Shadow -Mask Operating Principle 
It is the function of a colour picture tube to 

reproduce, as a coloured image, the luminance and 
chrominance information which is available from 
the associated receiver. The shadow -mask tube has 
three electron guns instead of the single gun which 
is used in a conventional monochrome tube; and 
these guns are identified by the colours to which 
they correspond, whereupon we refer to the red gun, 
the green gun and the blue gun. The three guns are 
aimed down the neck of the colour picture tube in 
the manner shown in Fig. 27. The beams from the 
guns do not, however, travel unimpeded to the 
phosphors on the screen. They have, first, to pass 
through the perforated shadow -mask. 

In Fig. 28 we see what occurs at a single aperture 
in the shadow -mask. Because of the spacing 
between the guns, the three beams arrive at the 
aperture from different directions. In consequence, 
after they have passed through the aperture the 

I Acknowledgments are due to R.C.A. Great Britain Ltd., who 
have made available to the author technical information on the 
21FJP22 colour picture tube, as well as circuit details for receivers 
in the CTCII series. 
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Fig. 27. In the three -gun shadow -mask tube, three 
electron guns are fitted at the base end of the neck 

beams diverge again, whereupon they carry on to 
strike the screen at three different points. At each 
of these points is a phosphor "dot", i.e. a small 
circular area of phosphor, and each phosphor dot 
provides one of the three primary colours of the 
system. The result is that the electron beam from 
the red gun falls on to a red phosphor dot, the 
electron beam from the green gun falls on to a 
green phosphor dot, and the electron beam from 
the blue gun falls on to a blue phosphor dot. 

In a 21in colour picture tube the shadow -mask 
has more than 300,000 apertures, and each of these 
corresponds to a trio of three phosphor dots on the 
screen, as in Fig. 28. In consequence, whatever the 
position of the electron beams inside the tube (whilst 
they are deflected to produce a picture) the shadow - 
mask perforations always cause the red beam to fall 
on red phosphor dots, the blue beam to fall on blue 
phosphor dots, and the green beam to fall on green 
phosphor dots.2 If the blue and green guns of the 
tube were cut off and the red gun was allowed to 
emit an electron beam on its own, only the red 
phosphors would be activated and the reproduced 
raster would be wholly red. Similarly, only the blue 
phosphors would be activated if the blue gun 
emitted an electron beam on its own, and only the 
green phosphors would be activated if the green gun 
emitted an electron beam on its own. If both the 
red and blue guns emitted a beam there would be 
a magenta raster on the screen. This is because 

2 This assumes correct operating conditions, as we shall see shortly. 

Blue beam 

Green beam 

Red beam 

Shadow -mask 

aperture 

Red phosphor dot 

Green phosphor 
dot 

Blue phòsphor dot 

Fig. 28. When the three beams pass through an 
aperture in the shadow -mask, they carry on to strike 

different colour phosphor dots 
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additive mixing of red and blue produces magenta. 
If the green gun were then allowed to emit an 
electron beam, there would be an overall white 
raster, because white is produced by additive mixing 
of the three primary colours. 

It should be noted that the additive mixing effect 
given by the phosphor dots is not exactly the same 
as occurs when light beams of different colours are 
projected on to a common area on a screen. In the 
colour picture tube, the primary colours appear as 
separate discrete circles in each trio of phosphor 
dots. However, the phosphor dots are so small and 
close together that-so far as the eye is concerned- 
they merge together, offering the same impression 
of additive mixing as is given when coloured lights 
are projected on to a screen. Fig. 29 shows a small 
group of phosphor dots, and illustrates their close 
spacing. An idea of the small size of the dots may 
be gathered from the fact that, in the 21FJP22 tube, 
the spacing between centres of adjacent trios is only 
some 0.029in. 

We have just noted that, in the three -gun tube, 
we may obtain an overall magenta raster by mixing 
red and blue, and an overall white raster by mixing 

Fig. 29. A small group of colour phosphor dots 

red, blue and green. It follows that we may obtain 
any other colour capable of being resolved by the 
N.T.S.C. primary colours by simply regulating the 
beam intensity of each gun as required. When a 
detailed colour picture is being reproduced the 
beam from each gun will be modulated by the 
luminance and chrominance signals fed to it, and 
each part of the scene will, in consequence, be 
depicted with the colour such signals ascribe to it. 

Although the principle of operation of the three - 
gun shadow -mask tube is, basically, that which has 
just been described, a number of additional com- 
ponents and setting up operations are necessary if 
successful functioning is to be achieved in practice. 
We shall return to these after we have examined 
the construction of the tube. 

Three -Gun Tube Construction 
The external appearance of a modern three -gun 

shadow -mask colour tube is largely similar to that 
of a normal monochrome tube with a 70° deflection 
angle and a circular screen. Fig. 30 illustrates the 
more important dimensions of the 21FJP22, and it 
will be seen that this is capable of reproducing a 
picture measuring 15 }in high by 19*in wide with 
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rounded sides. The tube must be oriented in the 
receiver such that the pad with the V -groove is 
uppermost. This orientation causes the blue gun 
to be uppermost, with the red and green guns 
displaced by 1200.3 An integral protective window 
is fitted to the front of the tube, and is secured in 
place with a transparent plastics resin. As with 
monochrome tubes, an outside conductive coating 
is applied to the bulb. When this coating is 
connected to chassis, the resultant capacitance to 
the ultor provides a reservoir capacitor for the e.h.t. 
supply. (The "ultor" corresponds to the "final 
anode" in British terminology.) In the 21FJP22, 
the capacitance between external coating and ultor 
is 2,000pF to 2,500pF. 

The neck of the three -gun tube has an outside 
diameter of tin, this being a considerably larger 
dimension than occurs with monochrome cathode 
ray tubes. Because of the wide diameter, greater 
power is required in the deflector coils to provide 
the requisite magnetic field strength inside the neck.4 
The relatively wide neck is needed to acommodate 
the three guns. Because of the wide neck, there is 
much less risk of corner shadow,5 and there is no 
necessity for the deflector coils to be mounted close 
up against the flare, as is common with mono- 
chrome tubes. The associated deflector coils are, 
in fact, so mounted that their position along the 
tube neck may be varied, and this provides one of 
the adjustments employed in setting up the tube in 
its receiver. 

Fig. 30 also shows the positions of the radial - 
converging pole pieces and the lateral -converging pole 
pieces inside the neck. The function of these pole 
pieces will be discussed shortly. 

The 21FJP22 differs from earlier three -gun 
shadow -mask tubes in that the ultor consists, 
electrically, of a single element. In earlier tubes the 
ultor was divided into two sections coupled together 
by a 56kí2 resistor. One section of the ultor 
appeared at the screen end, and provided the e.h.t. 
reservoir capacitance with the external conductive 
coating. This section was coupled directly to the 
e.h.t. supply of the receiver. The section of the ultor 
isolated by the 56ko resistor appeared at the end 
remote from the screen. The result of this arrange- 
ment was that the 56ko resistor prevented excessive 
current flow and damage in the event of a momentary 
internal arc between the ultor and any other elec- 
trodes. With the 21FJP22 it is recommended that 
the ultor supply (and the focusing electrode supply) 
be of a limited -energy type in order to prevent 
damage due to momentary internal arcs. 

In common with earlier tubes, the 21FJP22 is 
aluminised, and no ion trap is employed. 

The construction of a single gun is shown, in 
simplified form to illustrate the order in which the 

3 This orientation also takes advantage of the correction built into 
the tube for the vertical component of the earth's magnetic field in 
the northern hemisphere. 

4 The high e.h.t. voltage applied to the three -gun tube also necessi- 
tates a greater power in the deflector coils than would be needed by 
a monochrome tube. 

5 Caused by electrons striking the glass of the tube whilst passing 
through or immediately after leaving the deflecting field. 
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Fig. 30. Some of the more important dimensions of 
the 21FJP22 colour tube. (Courtesy R.C.A. Great 

Britain Ltd.) 

electrodes appear, in Fig. 31. In this diagram we 
have the cathode and G1. The cathode and G1 are 
employed for beam modulation in the same manner 
as in a monochrome tube. The next electrode is 
G2, and this functions as an accelerating electrode. 
G3 is an electrostatic focus electrode. No magnetic 
focusing is employed with a colour tube, all focusing 
being controlled by the potential on G3. G4 is the 
ultor, and this receives the full e.h.t. voltage. These 
electrodes are connected into circuit in the typical 
manner illustrated in Fig. 32, which corresponds to 
the circuit arrangement employed in the R.C.A. 
CTC11 receiver. The cathodes receive the luminance 
signal and, in the CTC11 receiver, have a potential 
above chassis of 310 to 315 volts. The first grids are 
coupled to the R -Y, B -Y and G -Y outputs (see 
Fig. 19 (b), published last month) and have a 
potential of 200 volts above chassis. The second 
grids are connected to three potentiometers coupled 
between a 386 volt h.t. supply point and the boosted 
h.t. line. In the CTC11 receiver these potentio- 
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Lateral -converging pole 

pieces (blue gun only) 

ç1H 

Cathode G2 

(accelerating 
electrode) 

G3 

(focus) 

Radial -converging 

pole pieces (all 

guns) 

G4 
( Ultor) 

Inside surface 

of tube neck 

Fig. 31. A simplified diagram, illustrating the order 
in which the electrodes in each gun appear 

meters may offer a potential of 720 volts for the 
red G2, a potential of 680 volts for the green G2, 
and a potential of 630 volts for the blue G2. The 
varying potentials on the second grids of the tube 
are necessary in order to compensate for differing 
G1 cut-off voltages, drive requirements, and other 
factors. The focusing electrodes, G3, are all 
connected together and are applied to a common 
focus control which varies their potential above 
chassis. With the 21FJP22, the focusing potential 
may range, typically, from 3,360 to 4,000 volts for 
an ultor voltage of 20kV, and from 1,200 to 5,000 
volts for an ultor voltage of 25kV. The fourth grid 
in each gun is the ultor and, as we have seen, this 
connects to the e.h.t. supply. 

Fig. 32 does not illustrate the arrangements 
employed for brightness control. In the CTCI i 
receiver, brightness is controlled by varying the grid 
bias applied to the second video amplifier valve. 
The anode of this valve is d.c. coupled to the 
cathodes of the tube, with the result that varying 
bias voltages on its grid alter the d.c. potential on 

Lunùnonu 

4 
Red gun 5 

Green gun 

Boosted HT 

+386V 

Blue gun 

G -Y External conductive 

RY 

Li6 12 

;- L , 21FJP22 r, 

1Mn IMn 

Blue Green Red 
screen screen screen 

7 

Focus EFCT 

potential 

Fig. 32. The manner in which the 21FJP22 tube is 
connected up in the R.C.A. CTC11 receiver. The tube 
heaters are brought out at pins 1 and 14, and heater 
requirements are 6.3V at 1.8A. (Courtesy R.C.A. 

Great Britain Ltd.) 
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the tube cathodes and, hence, provide a control of 
brightness. 

Convergence 
In Fig. 28 we saw that, by reason of the shadow - 

mask principle, it is possible for the beam from the 
red gun to strike the red phosphors, the beam from 
the blue gun to strike the blue phosphors, and the 
beam from the green gun to strike the green 
phosphors. The guns are, of course, mounted near 
the base of the tube, whereupon the beams they emit 
travel down the tube neck and pass through the 
field provided by the deflector coils. The latter then 
deflect the beams in order that they may follow the 
scanning pattern needed for the reproduction of a 
television picture. Since the sources of the three 
beams are spaced apart from each other they will 
not, unless some means of external influence is 
applied, arrive at the screen at the same point. 

The ideal condition for colour reproduction is 
provided when, throughout the raster, all three 
beams converge at a single point on the shadow - 
mask, as illustrated in Fig. 33. The three beams will 

Screen 

Three beams converge 

at shadow -mask 

Shadow -mask 

Fig. 33. An example of correct convergence 

then pass through identical shadow -mask apertures 
to excite the appropriately coloured phosphor dots 
on the screen itself. 

In order to provide acceptable convergence the 
three beams are subjected to an adjustable amount 
of magnetic deflection within the guns themselves. 
This deflection is provided by way of the radial - 
converging pole pieces and the lateral -converging 
pole pieces which, as we saw in Figs. 30 and 31, are 
mounted inside the neck on the gun assemblies. 
The magnetic field is provided by fitting magnets 
outside the tube neck which couple, through the 
glass of the tube, to the pole pieces inside. 

Fig. 34 (a) illustrates, in simplified form, the 
elements of a radial -convergence yoke mounted on 
the neck of the tube so that it couples to the internal 
radial -converging pole pieces. The yoke employs 
three adjustable permanent magnets which may vary 
both the intensity and direction of the magnetic 
field given between the internal pole pieces which 
straddle the beams. In consequence, they may shift 
the corresponding beams in the manner illustrated 
in Fig. 34 (b), the direction of shift (as with all 
magnetic deflecting systems) being at right angles 
to the lines of magnetic force. 
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The red and green beams may be shifted diagonally 
but, because the blue gun is uppermost, the blue 
beam may only be shifted up or down. This amount 
of control is inadequate and a further deflecting 
control is applied to the lateral -converging pole 
pieces on the blue gun by way of a second magnet 
assembly. This second assembly is fitted to the tube 
neck in the same manner as an ion trap magnet, 
and its purpose is to primarily apply a magnetic 
field to the blue electron beam in the manner shown 
in Fig. 34 (c). Because the lines of force about the 
blue beam are vertical, the magnet assembly causes 
this beam to be deflected from side to side, or 
laterally. However, some of the lines of force from 
the magnet assembly pass through the green and 
red guns as well, whereupon adjustment of the 
permanent magnet causes lateral (or nearly lateral) 
deflection here also. The design of the magnet 
assembly is such that the green and red beams suffer 
lateral deflection in the opposite direction to the 
blue beam. Also, the amount of deflection they 
suffer is smaller. The overall beam shift directions 
which are now given are shown in Fig. 34 (d). 

It is possible, by adjusting the three radial - 
convergence magnets and the lateral -convergence 
magnet, to cause the red, green and blue beams to 
converge at the centre of the screen. This process is 
known as static convergence, because the deflecting 
forces which provide the convergence remain static 
throughout the line and field cycles. 

Static convergence adjustments do not enable 
satisfactory convergence to occur other than at the 
centre of the screen. The reason for this is that the 
radius of the shadow -mask is longer than the 
distance from the centre of the shadow -mask to the 
deflection centres for the beams.6 Fig. 35 shows 
that, after static convergence adjustments have been 
made, the three beams converge correctly at the 

Fig. 34 (a). To 'obtain static convergence, external 
magnets are coupled to the internal radial -convergence 
pole pieces mounted on each gun. The "adjustable 
permanent magnets" shown here would, in a practical 
assembly, be capable of rotation, whereupon they could 
change the intensity and direction of the field in each 
internal set of pole pieces. Dynamic convergence 
correcting currents are applied to the windings on the 

magnet assemblies 
(b). The directions in which the three beams may be 

shifted by the radial -convergence magnets 
(c). The lateral -convergence assembly causes the blue 

beam to be shifted to right or left. 
(d). The directions in which the beams may be shifted 
whilst employing both radial -convergence and 
lateral -convergence magnets. Lateral -convergence 
adjustments shift the red and green beams in the 
opposite direction, and to a lesser extent, than the blue 

beam 

6 The deflection centre for an electron beam inside a cathode ray 
tube is the point at which it apparently changes direction after leaving 
the gun. It is situated roughly at the centre of the field given by the 
line and vertical deflector coils. 

7 This assumption, whilst demonstrating the main reason for lack 
of convergence away from the centre of the screen, does not take 
into account the fact that the sources of the three beams are spaced 
apart from each other. Because of this, the convergence errors away 
from the centre of the screen are more complex in character than is 
shown in Fig. 35. 
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centre of the screen. Assuming that each suffers an 
equal degree of deflection, the beams will then 
converge behind the shadow -mask if they are 
deflected to either side of the central position. By 
the time they reach the shadow -mask, they will have 
become divergent again. In Fig. 35 it is assumed 
that the point of convergence maintains a constant 
distance from the deflection centres for all levels of 
horizontal and vertical deflection.? 
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Constant radius between 

points of convergence 

and deflection centres 

Fig. 35. Illustrating, in simplified form, the reason 

why convergence errors increase as the beam leaves 

the centre of the screen unless dynamic convergence 
circuits are employed 

To overcome the lack of convergence which 
occurs when the beams are deflected away from the 
centre of the screen, a second set of convergence 
adjustments are required. These provide dynamic 
convergence, and they function by passing varying 
currents through windings fitted to the external 
radial -converging magnet pole pieces shown in 
Fig. 34 (a). The dynamic convergence correcting 
currents are obtained from the line and vertical 
timebases and they have a waveform similar to that 
shown in Fig. 36 (a). Each cycle of the convergence 
correcting current corresponds to one line cycle or 
one field cycle (according to whether it is derived 
from the line or vertical timebase), and the correcting 
current has a low value near the centre of the scan, 
where dynamic convergence is not needed. The 
correcting current then increases for beam deflec- 
tions away from the centre of the screen, being at a 
maximum when the beams scan the edges of the 
picture. Thus, the dynamic convergence currents 

Amplitude 

o 

I---1 cycle 

Amplitude 

o 

Fig. 36 (a). An example of a dynamic convergence 
correcting current 

(b). To obtain an increased convergence current at 
one side of the picture, the correcting current may be 

"tilted", as shown here 

276 

AIM MM. ïii`iïii`i 
irdiril 

i iiï i ``i iï I' i-i _ - I iiNiiiiir 
Blue Green 

B 
RO 

G 

RO 
oB 

G 

GB 
Rom 

G 

Red 

Blue 

G 

White 
cross -hatch 
pattern 

oB o6 oB 
R® Ro R® ®G eG G 

RO 
oB ROOB R©oB oG eG eG 

oB oB oB 
R® R® R® eG eG ®G 

o o 

o o 

O o 

o o 

O o 

Converged white dots 

Fig. 37 (a). Cross -hatch display, illustrating a complete 
lack of convergence between the red, green and blue 

beams 
(b). After convergence adjustments have been 
carried out, the three separate images become 
superimposed on each other, giving a white cross -hatch 
pattern. (In practice, convergence errors would more 
probably vary over different parts of the picture, and 
not as shown in the simple example of (a)) 
(c). A section of the screen, showing convergence 
errors when a white dot pattern generator is applied 

to the tube 
(d). When convergence adjustments have been made, 
the three sets of dots become superimposed on each 

other, giving a white dot pattern 

provide increasing correction as the beams move 
away from the centre of the screen and, from an 
examination of Fig. 35, this is the desired condition. 
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In some cases, more convergence correction is 
required on one side of the picture than on the 
other. Such correction may be provided by 
"tilting" the convergence waveform, as in Fig. 
36 (b). 

Normally, both vertical and horizontal conver- 
gence correcting currents are applied separately to 
the radial -convergence magnet pole pieces of Fig. 
34 (a). These pole pieces then have two sets of coils 
for the separate currents. In some receivers, a 
dynamic convergence correcting current may also 
be applied to a coil on the lateral -convergence 
magnet assembly, although this technique does not 
appear to be common. The convergence currents 
are controlled in amplitude and tilt by a number of 
pre-set controls fitted to the receiver. 

Convergence adjustments in a colour television 
receiver are normally carried out with the aid of a 
cross -hatch generator or a white dot generator. A 
cross -hatch generator causes a series of vertical and 
horizontal lines to appear on the screen, and a 
receiver with heavy convergence error could produce 
a picture like that shown in Fig. 37 (a). After 
convergence has been correctly carried out, the 
vertical and horizontal lines for each colour become 
superimposed on each other, giving an overall white 
cross -hatch pattern, as shown in Fig. 37 (b). A dot 
generator can cause a receiver with heavy con- 
vergence error to give a display like that of Fig. 
37 (c). After convergence has been carried out, the 
red, blue and green dots become superimposed on 
each other, giving a pattern of white dots, as in 
Fig. 37 (d). It should be emphasised that these 
examples are only intended to show simple instances 
of lack of convergence. In practice, lack of con- 
vergence will more frequently appear over certain 
parts of the screen only. 

Purity 
In Fig. 38 we see a shadow -mask colour picture 

tube with all the external components fitted on its 
neck. These comprise the deflector coil assembly, 
the radial -convergence yoke, the lateral -convergence 
magnet, and the purity magnet, or purifying magnet. 
Up to now, we have discussed all these components 
with the exception of the purity magnet, and we 
shall now carry on to consider this magnet. In 
passing, it may be noted that the colour picture tube 
has no magnetic centring device, as is common with 
monochrome cathode ray tubes. Picture centring 
with colour receivers is carried out by passing direct 
currents of the requisite polarity and amplitude 
through the horizontal and vertical deflector coils. 

When we discussed the basic operation of the 
colour television tube we showed (in Fig. 28) that 
the presence of the shadow -mask causes the electron 
beam from the red gun to excite the red phosphors, 
the electron beam from the green gun to strike the 
green phosphors and the electron beam from the 
blue gun to strike the blue phosphors. This process 
becomes feasible because the three electron beams 
reach the shadow -mask apertures from different 
directions. 

Deflator coil assembly 

Radial -convergence yoke 

Fig. 38. The components which are fitted to the neck 
of the shadow -mask tube 

Such a state of affairs represents operation under 
ideal conditions, however, and cannot exist in 
practice, because he three electron beams do not 
follow the exact paths dictated by the geometry of 
the tube. They become deflected due to local 
magnetic fields and, also, by the magnetic field of 
the earth. Further, component parts in individual 
tubes may have slight dimensional differences which 
cannot be taken up within acceptable tolerances. 

All these factors can be corrected by the purity 
magnet. This offers a magnetic field across the tube 
neck of adjustable strength and direction, and it 
varies the effective positioning of the electron beam 
sources so that the beams arrive at the shadow -mask 
from the correct directions. The magnet consists 
normally of two fiat rings, each of which is magnet- 
ised across a diameter. Both rings have a tab for 
adjustment, and it is possible to rotate one ring 
relative to the other, or both together. (See Fig. 39.) 
When the two tabs are alongside each other, the 
magnetic field of one ring is in opposition to that 
offered by the other, and the external magnetic 
field is at a minimum. If one ring only is rotated, 
the external magnetic field increases as the spacing 
between the tabs increases. As may be gathered, 
the assembly is capable of providing a magnetic 
field of any intensity within its limits, and in any 
direction. 

Two rigs magnetised 
on diameter 

Fig. 39. The essentials of a purity magnet assembly. 
Either ring may be rotated relative to the other, or 

both rings may be rotated together 
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In order to adjust a colour picture tube for 
optimum purity8 it is usual to commence by disabling 
the green and blue guns by means of controls fitted 
to the receiver, or by cutting off the guns by applying 
a negative voltage (relative to the cathodes) to the 
G1 electrodes. Purity adjustments are then carried 
out with the red electron beam only. Red beam 
current is normally higher than blue or green beam 
current, with the result that purity magnet adjust- 
ments for the red beam usually hold good for the 
green and blue beams as well. 

With the red beam established, and with no signal 
input to the receiver, the purity magnet is adjusted 
for optimum red purity at and around the centre of 
the raster. The deflector coil assembly is then 
moved backward and forward along the neck of the 
tube until optimum red purity is offered over the 
whole of the screen. Adjusting the position of the 
deflector coil assembly causes the deflection centres 
for the three beams to be corresponding shifted 
along the tube neck and it thereby alters the angle at 
which they strike the shadow -mask. 

When optimum red purity has been achieved, the 
purity of the blue and green guns may be checked. 
If desired, all three guns can then be finally brought 
into operation, whereupon it should be possible to 
obtain a uniformly white raster. Shortcomings in 
purity for any colour should then become evident 
as contamination (the result of lack of purity) in 
sections of the white raster. If necessary, com- 
promise purity settings may have to be employed in 
order to approach, as nearly as possible, optimum 
purity in each colour. 

It has been common practice, especially in earlier 
receivers, to fit additional purity magnets around 
the cone of the shadow -mask tube. After the purity 
magnet on the tube neck and the deflector coil 
assembly has been set up, the magnets around the 
cone are then adjusted for opt(tnum purity at the 
edges of the raster. 

Degaussing 
Because of the presence of strong magnetic fields, 

together with the magnetic field of the earth, it is 
possible for the metalwork in a shadow -mask tube 
and the receiver in which it is fitted to become 
magnetised. Such magnetisation may prevent 
adequate purity from being obtained. 

This unwanted magnetisation may be removed by 
degaussing, or demagnetising, the tube and its 
surrounding metalwork, a process which is carried 
out with the aid of a degaussing coil connected to 
the a.c. mains supply. The coil is slowly moved 
about the tube and the receiver, with the result that 
the metalwork in and around the tube is subjected 

8 "Purity" here defines the freedom from contamination, on the 
tube screen, of a colour by other colours. If, at all points on the 
raster, each electron beam excites only phosphor dots of its own 
colour, then purity is 100%. 

to the alternating magnetic field it produces. After 
a short period the coil is slowly moved away from 
the receiver and tube so that the effect of its magnetic 
field becomes gradually reduced. When the coil is 
six feet or more away from the tube, the a.c. supply 
is switched off. 

The requirements for a degaussing coil are not 
critical, and R.C.A. suggest, for connection to the 
American 117 volt a.c. mains, a coil consisting of 
425 turns of No. 20 (21 s.w.g.) enamelled wire on a 
12in diameter former about ¡in wide. A coil of the 
same dimensions with approximately the same 
amp -turns should be suitable for use with British 
a.c. mains voltages. 

A shadow -mask tube should be degaussed after 
its associated receiver has been moved from one 
location to another. The process may be carried 
out whilst the tube is in the receiver. 

Setting Up Procedure 
As may be imagined, the various purity and 

convergence adjustments on a shadow -mask tube 
tend to be interdependent. In consequence, it may 
be helpful to give a typical example of the various 
steps which may be required to set up a tube and 
receiver which are badly out of adjustment. 

(1) If the receiver has been moved, or as a pre- 
cautionary measure, degauss the tube and 
chassis. 

(2) Set up focus. 
(3) Set up vertical and horizontal deflection 

controls. 
(4) Apply a cross -hatch or dot generator to the 

tube guns, adjusting this so that each colour 
is of approximately the same intensity. 
Adjust the static convergence magnets for 
convergence at the centre of the screen. 
Adjust the purity magnet and deflector coil 
position for optimum red purity. 
Check. green and blue purity. If necessary, 
reach a compromise for best red, green and 
blue purity. Note: centre convergence should 
be checked before and after each purity 
adjustment. 

(7) Centre the raster. 
(8) Re -check static convergence and readjust if 

necessary. 
(9) Carry out dynamic convergence as detailed in 

receiver service manual. 
(10) Re -check red, green and blue purity, re- 

adjusting, if necessary, the purity magnet and 
the deflector coil position. 

It should be pointed out that the above setting up 
procedure is typical only, and may vary for different 
conditions or different receivers. When setting up 
is required it may, in many instances, be necessary 
to make small adjustments for purity only. 

(To be continued) 

(5) 

(6) 

NEXT MONTH 
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N THE PAST WE HAVE DEFINED 
ranges of time as "ages", where- 
upon we refer to the Stone Age, 

the Bronze Age, the Iron Age, and 
so forth. This being so, what age 
label, bearing in mind the fantastic 
onrush of invention and development 
which has marked the past five 
decades, can we tie to our present 
times? The difficulty of finding a 
suitable term is illustrated by the 
fact that, during the latter half of the 
nineteenth century, most people 
would have plumped quite happily 
for the Steam Age; but this does not, 
obviously, apply any more. 

What is required is an epithet 
which implies causation, in that it 
defines the major qualifying influence 
on man's progress within the period 
covered. I would tentatively suggest 
that the most suitable description is. 
the Computer Age. At the moment 
we are just entering the Computer 
Age, and the computing machines 
which we employ are large, complex 
and expensive. Even so, we have 
already seen a transition from valve 
to transistor operation, with a 
consequent lowering of bulk and 
power requirements. Also, computer 
development continues unabated, 
with the result that computers are 
capable of doing more and more 
with less supervision, simpler pro- 
gramming, and at higher speeds. 

Analogue and Digital Computers 
In 1920, Karel Capek invented the 

term "robot" in his play "R.U.R.", 
and the vision his work presented of 
mankind subject to the rule of the 
machine has captured the imagina- 
tion of writers ever since. The fear 
of subordination to the machine is 
also reflected in the reaction, by 
some factory workers, to the word 
"automation". There is the fear that 

jobs may be lost as positions on the 
production line are taken over by 
mechanical devices which are con- 
trolled by computers. In this 
respect, it would be foolish to deny 
that replacement of man by the 
machine has not already been in 
course for many years. Again, 
computers enter the field of executive 
decision, and can provide an answer 
to a problem having many variables 
much more quickly and with greater 
accuracy than a human being. As an 
example of this application, com- 
puters are currently employed for the 
training of military personnel by the 
use of "war games", wherein different 
sets of battle situations are presented 
to the participant for action. It is 
possible, indeed, for a whole factory 
to be run by a computer, with 
virtually no human intervention at 
all. 

Nevertheless, the computer is a 
docile machine, and it only does 
what it has been told to do. Also, it 
has to be set up, or programmed, 
which means that it has no greater 
acumen than is imparted to it by its 
designer and by the programme. 
(It should be added, though, that 
some modern computers are capable 
of "learning", in that the experience 
gained from handling earlier work 
can be applied to the solution of 
later problems.) 

There are two basic types of 
computer: the analogue computer 
and the digital computer. The 
analogue computer does not deal 
with figures as such but with quanti- 
ties, and it can provide a solution to 
complex equations by replacing each 
function by an analagous electrical 
circuit. Serviceman Smithy's simple 
little multiplying device which 
appeared recentlyl is, actually, an 
elementary analogue computer. It 
consisted of three potentiometers, a 
battery and a null -indicating meter, 
and it was capable of solving the 
equation A x B = C. Analogue 
computers are very valuable in the 
design of high-speed aircraft and 
missiles, wherein certain component 
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parts are subjected to conditions 
which may only be expressed in 
terms of complex equations. If an 
analogue computer is set up to the 
appropriate equation, the results of 
changing any number of the vari- 
ables may be assessed immediately. 
The analogue computer consequently 
saves the time involved in human 
calculation. If all the sets of condi- 
tions presented to the computer had 
to be worked out by normal methods, 
the work could occupy weeks, 
months, or even years. 

The digital computer, on the other 
hand, deals with numbers. Discrete 
numbers are fed into the machine, 
and it is told to add them, subtract 
them, multiply them, and so on. If 
the solution of one part of a problem 
is required at a later stage it can be 
fed into a store, or "memory", from 
whence it may be extracted when 
needed. The digital computer may 
also work with information which 
has been stored on magnetic tape in 
the form of numbers and instructions. 
Practically all the very large com- 
puter installations one reads about, 
and particularly those which are 
employed for payroll calculation and 
the like, are digital computers. 

The Binary System 
If a digital computer has to work 

with numbers, it is necessary for 
these to be translated into electrical 
signals. In normal arithmetic we use 
the decimal scale, in which we have 
the numbers 0 to 9, the number 
following 9 being 10. In the decimal 
system, 102 is 100, 103 is 1,000, 104 
is 10,000, 105 is 100,000, and so on. 
Also 101 is 10, and 100 is 1. So that 
the number 111,111 is really the 
sum of 105, 104, 103, 102, 101 and 
100. 

If we try to employ the decimal 
system in a digital computer, we run 
into snags. A conceivable way of 
handling decimal numbers in a 
computer would consist of using 
signals having varying magnitudes 
between 0 and 9. Thus, if a transistor 
in the computer passed zero current, 
this could correspond to 0. A current 
of lmA would correspond to 1, 2mA 
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to 2, 3mA to 3, and so on, up to 
9mA corresponding to 9. However, 
transistors have spreads in their 
characteristics, and it would be 
well-nigh impossible to control their 
operation in practice so that they 
passed exactly the number of 
milliamps which corresponded to 
any particular number from 0 to 9? 

To overcome this problem, digital 
computers use the binary system of 
numbers. With the binary system 
there are only two numbers, these 
being 0 and 1. The 0 in binary is the 
same as the 0 in the decimal system. 
Similarly, binary 1 is the same as the 
decimal 1. There is, however, no 2 
in the binary system, and this figure 
is shown as 10. Decimal 3 becomes 
11 in binary, and decimal 4 becomes 
100. Despite the very small quantity 
of numbers it uses, the binary 
system is quite easy to undersand 
because it obeys the same basic rules 
as the decimal system. The highest 
single integer3 in decimal is 9, with 
the result that, if we add 1, we pro- 
ceed to 10. With binary, the highest 
single integer is 1 so that, when we 
add 1, we similarly go to 10. 

The binary system is exactly what 
is required for digital computers 
because it only has the two numbers 
0 and 1. In consequence 0 can be 
represented by a device in one 
condition, and 1 by the same device 
in an opposite condition. Thus, 0 
may be represented by a transistor 
which is cut off, and 1 by a transistor 
which is fully bottomed. Again, 0 
may be represented by, say, a 
negative -going pulse and 1 by a 
positive -going pulse. If numbers 
have to be stored on a magnetic tape, 
they can be recorded such that 0 
results in a magnetic field in one 
direction and 1 by a field in the 
opposite direction. Electronic effects 
can exist in one of two states (e.g. 
either "on" or "off", or either 
"positive" or "negative") and there 
is no risk of mistaking one for the 
other. As a result, electronic calcu- 
lating circuits can handle binary 
numbers without error, since there 
is no ambiguity between the integers 
in the system. 

Binary Calculations 
In the decimal system the digit 1 

infers a power of 10, as we have just 
seen. Almost the same applies to 
binary, the difference being that, in 
this case, the digit 1 applies to a 
power of 2. Thus the binary number 

2 I1 should be mentioned that a computer 
can operate in decimals by employing decade 
counting tubes. These are, however, too 
slow for high speed operation. 

3 That is, a whole number, as opposed to 
a fraction. 

111111 corresponds to 25+24+23+ 
22+21+2a, which is 32+16+8+4+ 
2+1, or 63. The fact that binary 
numbers are made up in this manner 
enables any binary figure to be 
converted to decimal by adding up 
the l's as powers of 2, and by 
ignoring the 0's. Thus 11010 in 
binary corresponds to 24+23+21, 
which is equal to 16+8+2 or 26. 
(See the accompanying Table which 
shows binary numbers up to 30). 

TABLE 
Decimal Binary 
Number Number 

0 0 
1 1 

2 10 
3 11 
4 100 
5 101 
6 110 
7 111 
8 1000 
9 1001 

10 1010 
11 1011 
12 1100 
13 1101 
14 1110 
15 1111 
16 10000 
17 10001 
18 10010 
19 10011 
20 10100 
21 10101 
22 10110 
23 10111 
24 11000 
25 11001 
26 11010 
27 11011 
28 11100 
29 11101 
30 11110 

It is just as simple to convert decimal 
to binary, this being done by 
repeatedly dividing the number by 
2 and noting the remainders. Thus, 
to find the binary equivalent of 26 
we carry out the following exercise: 

2)26 
13-0 
6-1 
3-0 
1-1 
0-1 

The remainders are then read up- 
wards, giving us the binary number 
11010. 

Addition of binary numbers is 
quite an easy process, once one 
becomes used to the limited number 
of integers in the system. The thing 
to remember is that 1 +1=10. A 
typical binary addition is as follows: 

1011 
10010 

11101 

The corresponding decimal sum is 
11+18=29. 

Subtraction follows the basic 
decimal rules although "borrowing" 
tends, perhaps, to be a little confusing 
at the first attempt. 

10100 - 1101 

0111 

In this example the right hand 1 

in the lower line is subtracted, as 
with decimals, from the right hand 
0 in the upper line. The result is 1, 
and 1 is "borrowed" from the next 
digit in the upper line. However, 
this is a 0 and so, in turn, it has to 
borrow a 1 from the next digit along. 
Third from the right on the lower 
line is 1, and this is now subtracted 
from what has become 0, to repeat 
the initial process once more. We 
carry out a similar "borrowing" 
procedure in decimal with figures 
such as these: 

10100 - 9909 
191 

Incidentally, the decimal equivalent 
of the binary subtraction just given 
is 20-13=7. 

Multiplication in binary follows 
standard decimal rules, and all that 
one has to remember are the obvious 
facts that 0 x 0=0, 0 x 1=0, and 
1 x 1=1. Thus to multiply 1101 (13) 
by 101 (5) we get: 

1101 
101 

1101 
0000 

1101 

1000001 

The result is equal to 65 in decimal. 
Division similarly follows standard 

decimal rules, and we can show this 
by dividing the result of the last 
calculation by 101, or 5 in decimal. 
Thus: 

1101 

101)1000001 
101 

110 
101 

101 
101 

000 
The answer, as we would expect, is 
1101, or 13 in decimal. 

One Of Those Mysteries 
It always seems to be assumed 

that the decimal system came into 
being because man had ten fingers 
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(including the thumbs, of course) to 
count on. If this is so, it seems 
logical that the circuits of a digital 
computer, which have no fingers 
and only two states (i.e. "on" or 
"off", etc.), should work with the 
binary system. 

Numbers are fascinating things, 
and it is interesting to reflect that, 
but for the accident of evolution, we 
would not now have a numerical 
system in which appears as the 
inconvenient 0.3 recurring. Had we 
evolved with eight fingers we might 

well have taken up an octal system 
of numbers, and had we evolved 
with twelve fingers we might have 
adopted a duodecimal system. Why 
Nature endowed us with ten fingers 
must, I presume, be just another of 
life's mysteries. 

Non -Radiating Dummy Load 
By S. G. Wood 

G5UJ 

HE R.F. OUTPUT OF A LOW POWER TRANSMITTER 
is often checked, or loaded, by an ordinary 
domestic lamp or a flash -lamp bulb. This does 

not always provide the best answer, however, and 
something more ambitious would seem to be 
indicated. The small unit described here has been 
successfully used by the writer for some time, and 
it provides an excellent dummy load. 

As will be evident from the circuit shown in 
Fig. 1, there is nothing at all special about the unit, 
and the entire construction should not take long 
to complete since few components are required. 
The required matching conditions are achieved by 
connecting the appropriate dummy load resistor in 
series with the bulb, the load resistor consisting, in 
the writer's case, of ten 750Cí } watt carbon resistors 
connected in parallel. These resistors are fitted 
around the periphery of two flat brass rings, as 
shown in Fig. 2, thereby allowing a resistive load of 
relatively low inductance to be obtained. The whole 
assembly takes up little space, and in fact its actual 
size is comparable with that of a 6V6 metal valve. 

The lamp may be any m.e.s. type, the voltage not 
being as important as the current rating. A lamp 
that will light up appreciably when maximum r.f. 

1x750n 
1/2W 

a 
1111111111 

Fig. 1. Circuit of the dummy loud 

NOVEMBER 1963 

Bulb - 
Flat brass ring 

10 x 750n 1/4W 

resistors 

Lamer ring 

Soldered to 
buibholder 

barrel - 

Flat brass ring 

FT Coaxial socket 

Centre socket 
connects to 
upper ring 

Fig. 2 (o). M exploded view 
(b). The dummy load assembled 

from the transmitter is provided would be suitable. 
The writer found that a 6.3 volt, 3 to 6 watt type 
functioned satisfactorily. 

Although constructional details are given here, 
these need not be followed to the letter as there is 
plenty of scope for experiment with this piece of 
apparatus, which can be used to advantage in any 
progressive ham shack. 

281 

www.americanradiohistory.com



RETURN -OF -POST SERVICE. 
We offer a really efficient Mail Order Service on all items stocked. All cash orders are dealt with on the day of receipt. * Hire purchase orders are subject to slight delay but this is kept to the absolute minimum. 

ILLUSTRATED LISTS 
Illustrated lists are available on LOUDSPEAKERS, TAPE DECKS, TEST 
GEAR, GRAMOPHONE EQUIPMENT, AMPLIFIERS. Any will be sent 
free upon request. 

AMPLIFIER KITS 
We have full stocks of all components for the Mullard 510, Mullard 3-3, 
Mullard 2 and 3 Valve Pre -amp, Mullard Stereo, Mullard Mixer, GEC912 
Plus. Fully detailed list on any of these sent upon request. 
Instruction Manuals: All Mullard Audio Circuits in "Circuits for Audio 
Amplifiers", 9/5. GEC912, 4/6. All post free. 

TRANSISTORISE YOUR CRYSTAL SET 
We have two new designs for Transistor amplifiers which can be used 
to greatly improve the signal from any crystal set. RLD4 Kit, one stage 
10/6; RLD5 Kit, two stage 17/6, both post free. The kits are easy to 
build and very detailed instructions are supplied. Leaflet available. 

CLOSE TOLERANCE CONDENSERS 
Radiospares first grade Silver Mica. Tolerance -up to 39pF f Inf. 47pF 
up ± 1%, 4.7, 10, 15, 18, 22, 27, 33, 39, 47, 50, 56, 68, 75, 82, 100, 120, 
150, 180, 200, no, 250, 270, 300pF.-all 9d. each. 330, 390, 470, 500, 556, 
680, 804F. -all 1/- each. 1,000, 1,500, 1,800, 2,200, 2,700, 3,600, 4,700, 
5,000pF.--all 1/9 each. Postage extra. 

MINIATURE WIRE WOUND RESISTORS 
5 watt, 5% tol. Size I" x 1"15, 25, 30, 39, 50, 68, 75, 100, 125, 150, 180, 
200, 220, 250, 270, 300, 350, 400, 470, 680, 750, 820 ohms, 1k, 12k, 1.5k, 
1.8k, 2.2k, 2.7k, 3k, 3.3k, 3.9k, 4.7k, 5.6k, 6.8k, 8.2k. All 1/6 each. 
Postage extra on all above. 

NEW MULLARD CONDENSERS 
Mullard Miniature Foil and Polyester condensers as used in the latest 
TV and Transistor sets. 
Mini Foil. 30 volt working for Transistor sets. .01mfd, 74d.; 
022mfd, 9d.; .047mfd, 9d.; .1mfd, 1/d. 

Polyester Tubular Capacitors. Moulded outer case designed to 
withstand accidental contact with the soldering iron. Tolerance 10%. 
125V range:.01mfd, .022mfd, .047mfd, all 9d. each; .1mfd, 1/2; .22mfd, 
1/3; .47mfd, 1/6; 1mfd, 3/-. 
400V range:.001 mfd, .0022mfd, .0047mfd, .01 mfd, .022mfd, all 9d. each. 
.047mfd, /2; .1mfd, 1/3; .22mfd, 1/6; .47mfd, 2/5. Postage extra. 

MINIATURE ELECTROLYTIC CONDENSERS 
Latest miniature types by Mullard and Radio Spares. 
RADIO SPARES. All 15V, 2mfd, 4mfd, 5mfd, 8mfd, 10mfd, 16mfd, 
32mfd, 50mfd, 100mfd, all 2/3 each. Postage extra. 
MULLARD. 2mfd, 10V, 1/9; 4mfd, 4V, 1/9; 10mfd, 16V, 1/8; 16mfd, 
10V,1/8.25mfd, 4V,1/8; 25mfd, 25V, 1/3; 32mfd, 2.5V, 1 8; 32mfd, 40V, 118. 

"SYNCHROTAPE" RECORDING TAPE 
Low-priced British tape, all reels fitted with leaders. 
Standard Play: 600ft 5"), 13/6; 850ft (5}"), 17/-; 1,200ft (7"), 21/-. 
LongPlay:900ft (5"), 17 -;1,200ft (51"), 20/-;1,800ft (7"), 30/-. Post free. 

APE RECORDING EQUIPMENT 
TAPE DECKS Hire Purchase 

ALL CARRIAGE FREE Cash Price Deposit Mthly Pmts. 
COLLARO STUDIO. Latest 
modal. Two track. Bradmatic 
Heads ... ... £10.19.6 C2. 3.6 12 of 16/4 
Four Track, Marriott Heads ... 07.17.0 E3.12.0 12 of 26/2 

MARTIN TAPE AMPLIFIER KITS 
Tape Amplifiers 
For Collaro 8311-V 2 -Track E11.11.0; 8311-4-V 4 -Track £12.12.0. 
Tape Pre -Amplifiers 
For Collaro 8312-CP 2 -Track £8.8.0; 8312-4-CP 4 -Track [9.9.0. 
Drop through assembly for mounting 8312 Pre -Amp under Collaro 
Deck, [1.11.6. 
Carrying Cases with speaker. For Col taro Deck and 8311 Amplifier E5.5.0. 
H.P. TERMS available on decks, amp. and cases. Ask for quote. 

MULLARD TAPE PRE -AMPLIFIER KIT 
We stock complete kits and all separate components for the Mullard 
Tape Pre -Amplifier. Fullydetailed list available. 

LOUDSPEAKES 
GOODMANS: Axiette 8", (5.5.7; Axiom 10", £6.5.11; Axiom 201 
12", E10.7.0; Axiom 301 12", 04.10.0; Audiom 51 Bass 12", L8.14.0; 
Audiom 61 Bass £13.14.0; Trebax Tweeter, £6.4.0; X05000 
Cross Unit, 0.19.0. 
WHITELEY: HF1016 10", 0.0.0; HF1012 10", £4.7.6; HF816 8", 
E6.0.0; T816 8", (5.13.6; T10 Tweeter, (4.8.3; T359 Tweeter, £1.10.6; 
CX3000 Crossover Unit, (1.11.6; CXI500 Crossover Unit, £2.0.0. 
H.P. Terms available on all speakers. 

STEREO COMPONENTS 
Morganite ganged potentiometers u specified for the Mullard circuits. 

Log/Anti-Log, 500k, 1 meg., 2 meg. * Log/Log, 50k, 250k, 1 map., 
2 meg. * Lin Lin 250k, 500k, 1 meg, 2 meg. All 1016 each. Postage extra. 

TRANSISTORS 
MULLARD. Current production types, not rejects. All in makers' 
boxes. Postage 3d. on each. 
AF114, 11/-; AF115, 10/6; AF116, 10/-; AF117, 9/6; OC44, 8/3; OC45, 
8/-; OC70 and 0071, 6/6; OC72, 8/-; OC72 Matched Pairs, 16/-; 
OC78, 8/-; 0081,8/-; OC170, 8/6; OC171, 9/-. Any other Mullard 
type obtained promptly. Ask for quotation. 

JASON F.M. TUNERS 
We stock all parts needed for the construction of these excellent tuners. 
All parts can be supplied separately but we can offer attractive reductions 
in price if all items are purchased at same time as follows: 
FMT1, L6.12.6; FMT2 (less power)), L7.15.0. FMT2 (with power), 
0.12.6; FMT3 (less power), £9.9.6. FMT3 (with power), E11.7. ; 
Mercury 2, [10.14.6. JTV/2, [14.12.6. 
Hire Purchase Terms available. Ask for list. 

P.W. STRAND, MAYFAIR & SAVOY UNITS 
We stock parts for the P.W. Strand Amplifier, Mayfair Pre -Amplifier 
and Savoy FM Tuner. Detailed price lists are available. 

LATEST TEST METERS Hire Purchase 
Cash Price Deposit Mthly Pmts. 

AVO Model 8, Mark II... ... £24. 0.0 41.16.0 12 of £1.15. 2 
AVO Model 7, Mark II... ... E21. 0.0 E4. 4.0 12 of 0.10.10 
AVO Multiminor Mark 4 ... E9.10.0 E1.18.0 12 of 14/4 
T.M.K. TP10 ... ... ... £3.19.6 M. 3.6 3 of £1. 2. 0 
T.M.K. TPSS ... ... ... £5.19.6 (1.15.6 3 of 0.11. 4 
T.M.K.Model 500... ... £8.19.6 [1.15.6 12 of 13/8 
TAYLOR MODEL 127A L10.10.0 0. 2.0 12 of 15/8 
CABY A10... ... (Post 1/9) (4.17.6 £1. 7.6 3 of LI. 6. 8 
CABY B-20 ... £6.10.0 E2. 0.0 3 of £1.13. 4 
CAGY M-1 (Post 1/3) E2.14.0 - 
Full details of any of the above supplied free on request. 
The AVO models 7 and 8 are both latest models from current production 
-not to be confused with Government surplus. 

OUTPUT TRANSFORMERS 
GILSON: W0696A, W0696B, 50/6, post 2/6. W0710, 55L6, post 2/6. 
W0892, 62/3, post 2/9. W0767, 27/-, post 1/6. W01796A, 57/6, post 2/6. 
W01932, 84/-, post 3/-. 
PARTRIDGE: P3667, 75/-, post 2/9. P4131, 75/-, post 2/9. 
PARMEKO: P2629, 47/6; P2642, 45/-; P2643, 47/6. All plus post 2/9; 

P2641. 29/6, post 2/-; P2928, 17/-, post 2/ -; P2932, 41/-, post 2/6. 
ELSTONE: OT/ML, 49/6, post 2/9; OT/3, 27/6, post 2/6. 

MAINS TRANSFORMERS 
GILSON: W0741A, 63/-, post 4/-; W0839, 48/9, post 2/9; W01328, 
58/6, post 3/6; W01288, 58/-, post 3/6; W01566. 80/-, post 4/6; W01341, 
Choke, 36/-, post 2/ 
PARMEKO: P2631, 35/-, post 2/9; P2630, 54/9, post 3/3; P2644, 76/6, 
post 4/-; P2930, 41/-, post 3/-; P2931, 56/9, post 3/3. 
ELSTONE: MT/MU, 49/6, post 3/3; MT3/M, 38/6, post 3/-; MT/510, 
46/3, post 3/3. 

GRAMOPHONE EQUIPMENT Hire Purchase 
ALL LATEST MODELS Cash Price Deposit Mthly Pmts. 
ALL POST FREE RECORD CHANGERS 
GARRARD AUTOSLIM 

(Mono PU) O. 2.6 E1. 8.6 12 of 11/2 
GARRARD AUTOSLIM 

De -luxe AT6 (Mono PU) E11. 9.0 E2. 6.0 12 of 16/11 
GARRARD AUTOSLIM 

AT6 (Stereo/Mono PU) E12. 5.4 M. 9.4 12 of 18/- 
B .S.R. UAI4 (TC8 Mono PU) (6.19.6 £1. 7.6 12 of 11/- 
B.S.R. UAI4 Monarch 

(TC8S Stereo/LP/78) ... 0.19.6 E1.11.6 12 of 12/4 
B.S.R. UAI6 (TC8 Mono PU) [7.19.6 0.11.6 12 of 12/4 
B.S.R. UA16 (TC8S Stereo/LP/78) [8.19.6 0.15.6 12 of 13/8 

SINGLE RECORD PLAYERS 
B .S.R. TUI2 (TC8 Mono PU) ... E3.17.6 LI 4.6. 3 of 0.1.0 
B.S.R. GU7 (TC8 Mono PU) [4.18.8 E1. 8.8 3 of 0.6.8 
GARRARD SRPIO (Mono PU)... £5.9.11 (1.12.11 3 of [1.9.0 

TRANSCRIPTION UNITS 
GARRARD 4HF (GC8 PU) ... E16.12.6 O. 6.6 12 of £1.4.5 
PHILIPS AG1016 (S/M PU) .. (12.12.0 02.10.0 12 of 18/6 
Many of the above can be supplied for stereo working. See our 
Gramophone Equipment List for details. 

TERMS OF BUSINESS 
Cash with order or C.O.D. We charge 
C.O.D. orders as follows: Up to ES, 
minimum of 4/2. 
Over ES and under £10, 2/8. Over 
£10, no charge. Postage extra on 
CASH orders under [5 except where 
stated. Pottage extra on o 
orders irrespective of price. 

WATTS RADIO L. 
54 CHURCH STREET RWEYBRIDGE SURREY 

Telephone Weybridge 47556 
Please note: Postal business only from this address 

(Callers welcome by appointment) 

HIRE PURCHASE TERMS 
are available on any item. Repayments 
may be spread over 3, 6 or 12 months. 
Details as follows: Three months; Deposit 
6/- in the L. Service charge 5 per cent 
but minimum charge of 10/-. Six and 
Twelve months: Deposit 4/- in the L. 
Service charge 10 per cent, but minimum 
charge 20/-. 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. 

Minimum charge 12/-. 
Box No. 2/- extra. 

Advertisements must be prepaid and all copy must 
be received by the 6th 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.) 

TRADE 

DIRECT TV REPLACEMENTS LTD. Largest stockists 
of TV components in the U.K. Line output trans- 
formers, Frame output transformers, Deflector coils 
for most makes. Official sole suppliers for many 
set /makers. Same day despatch service. Terms 
C.O.D. or C.W.O. Send S.A.E. for quotes. Day and 
night telephone: Gipsy Hill 6166.-126 Hamilton 
Road, West Norwood, London, S.E.27, 

METALWORK. All types cabinets, chassis, racks, etc., 
to your specifications.-Philpott's Metalworks Ltd., 
Chapman Street, Loughborough. 

SERVICE SHEETS for all makes Radio/TV, 1925-1963. 
Prices from Is. with free fault-finding guide. Catalogue 
6,000 models, is. 6d. S.A.E. enquiries. All types of 
modem/obsolete valves. Books. Components. S.A.E. 
lists.-Hamilton Radio, 13 Western Road, St. Leon- 
ards, Sussex. 

CATALOGUE No. 15. Government surplus electrical 
and radio equipment. Hundreds of items at bargain 
prices for the experimenter and research engineer, 
2s. 6d. post free. Catalogue cost refunded on purchase 
of 50s.-Arthur Sallis Radio Control Ltd., 93 North 
Road, Brighton. 

CASES, CHASSIS, PANELS. Anything in metal. Send 
your drawings for quote. Stove enamelled, hammer - 
tone, or plain, in any colour.-Moss Watson, 40 
Mount Pleasant Street, Oldham, Lancs. Telephone: 
Main 9400. 

S.E.S. SERVICE SHEETS for all TV, Radio, including 
transistors, tape recorders, echo units, amplifiers, 
record players, autochangers, etc. Also various 
domestic appliances. List ls. S.A.E. Mail order 
only.-Sun Electrical Services, 38 St. George's Road, 
Hastings. 

continued on page 285 

BENTLEY ACOUSTIC 
CORPORATION LTD 
38 CHALCOT ROAD CI:ALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
ALL GOODS LISTED BELOW IN STOCK 

0A2 4/6 
082 6/- 
OZ4GT 4/3 
A7GT 8/9 

CS 6/6 
G6 6/- 
H5GT 813 
L4 2/6 
LDS 4/3 
LN5 4/6 
N5GT 8/6 
R5 4/9 
S4 5/- 
55 3/9 
14 2/6 
U4 71- 
U5 5/3 

2D21 5/6 
2X2 3/- 
3A4 4/- 
3A5 6/9 
3B7 5/- 
3D6 4/- 
3Q4 5/6 
3Q5 7/3 
3S4 4/9 
3V4 5/6 

5T4GY 81- 
5U4G 4/3 
5V4G 7/6 
5Y3GT 4/3 
5Z3 19/5 
5Z4G 7/- 
6A8G 7/- 
6AGS 2/9 
6AK5 5/- 
6AQ5 6/- 
6AT6 4/6 
6AU6 6/- 
6AV6 5/6 
6B8G 2/6 
6BA6 5/- 
68E6 5/3 

7C5 101- 
7C6 7/6 
7H7 519 
7R7 12/6 
7Y4 51- 
8D2 2/6 
9BW6 9/6 
IOCI 9/6 
10C2 13/- 
1002 10/6 
10FI 10/- 
I OLDI I 91...12L96 
10P13 8/6 
10P14 11/6 
12A6 2/3 
12AC6 8/6 
I2AD6 9/6 
12AE6 8/- 
I2AH8 9/- 
I2AT6 4/9 
I2AU6 6/6 
I2AV6 6/9 
I2BA6 6/6 
128E6 5/- 
12BH7 7/6 
12J7GT 7/6 
I2K5 10/- 

I2K8GT 9- 

I2K7GT 
1- 

12Q7GT 3/9 
12SA7 7/- 
12SC7 4/- 
12SK7 3/6 
12SQ7 8/- 
19AQ5 7/9 
I9H I 6/- 
20D1 13/5 
20F2 12/- 
20L1 12/6 
20P1 12/6 
20P3 12/6 
20P4 13/9 
20P5 13/6 
25A6G 7/6 

CL33 11/6 
CY3I 5/9 
DAF96 6/- 
DF66 15/- 
DF96 6/- 
DF97 10/- 
DH76 3/9 
DK40 18/8 
DK92 6/9 
DK% 6/3 
DL68 151- 

6/- 
DLSIO 10/6 
DM70 51- 
DY86 7/- 
E8OF 24/- 
E83F 2.4/- 
E88CC 10/- 
EI8OF 19/6 
EABC80 5/6 
EAC9I 3/6 
EAF42 7/6 
EB41 4/9 
EB9I 2/3 
EBC41 71- 
EBC81 6/- 
EBF80 7/- 

EBF89 6/9 
EBL2I 9/- 
EC70 12/ 
EC8I 27/6 
EC92 7/6 
ECC32 4/- 
ECC34 21/7 
ECC35 5/9 
ECC40 7/6 
ECC8I 3/9 
ECC82 4/6 
ECC83 4/6 
ECC84 6/- 
ECC85 7/- 
ECC88 1 II- 
ECC 113910/6 

EL91 2/6 
EL95 6/3 
EL360 27/- 
EL820 16/4 
EL822 18/6 
EM4 17/9 
EM34 8/9 
EM71 13/6 
EM80 6/9 
EM8I 7/9 
EM84 8/3 
EM85 9/3 
EM87 15/2 
EN31 45/- 
EY51 6/- 
EY8I 7/3 
EY83 9/3 
EY84 10/6 
EY86 6/- 
EZ40 5/6 
EZ41 6/- 
EZ80 4/6 
EZ8I 4/3 
GZ32 7/6 
GZ33 17/6 
GZ34 11/6 
GZ37 14/6 

HL4I DD 89 

HL2 
/6 

HL42DD 8/6 
HN309 23/- 
HVR2 9/- 
HVR2A 9/- 
KT33C 4/- 
KT36 29/1 
KT4l 7/6 
KT44 5/9 
KT61 7/6 
KT66 13/6 
KT88 28/- 
LP2 9/6 
MHL4 7/6 
MKT4 17/6 
MU I4 51- 

PZ30 1716 
RI8 10/6 
RI9 7/- 
T41 9/- 
TDD4 8/6 
TH41 13/- 
TH233 15/6 
TP2620 17/6 
TY86F 11/8 
U12/14 7/6 
U16 10/- 
U18/20 6/6 
U19 48/6 
u22 6/- 
U24 151- 
U25 8/9 
U26 7/9 
U3l 7/- 
U33 26/2 
U35 16/6 
U37 23/3 
U45 15/6 
1.176 4/9 
U107 17/6 
U 191 10/- 
U282 13/- 
U301 12/- 

U403 106 

U329 
/- 

U404 6/- 
U801 17/6 
U4020 9/9 
UABC80 5/6 
UAF42 7/6 
UBC4I 6/6 
UBC8I 6/3 
UBF80 7/- 
UBF89 7/3 
ÚC92 7/6 
UCC84 9/- 
UCC85 6/6 
UCF80 10/3 
UCH2I 9/- 
UCH42 7/3 

MIDGET 
SILICON 
RECTIFIERS 
Mullard 
BYI00 

Output 250 
volt at } 

p. No Isr- a 
than amm 

er each 
shirtbutton! 

TRANSIS - 
TORS & 
DIODES 
AC107 14/6 
AD140 25/- 
AFI02 27/6 
AFI 14 1II- 
AFI 15 10/6 
AFI 16 10/- 
AFI 17 516 
AFI 18 20/- 
AFI27 12/- 
BYZI3 11/6 
GD3 5/6 

MATIO0 7/9 
MATIOI 8/6 
MAT120 7/9 
MATI21 8/6 
0A5 6/- 
OA10 8/- 
0A70 3/- 
0A73 3/- 
0A79 3/- 
0A81 31- 
0A85 3/- 
0A86 4/- 
0A90 5/- 
0A9I 3/- 
0A95 3/6 
0A210 9/6 

We require for prompt cash settlement all types of valves, loo e or boxed, 
but must be new. Send list of types available for offer by return. 

6BH6 5/6 
6816 5/6 
6BQ7A 7/6 
6BR7 8/6 
6BR8 9/3 
6BW6 7/6 
6BW7 5/- 
6C5 4/- 
6C9 I1/- 
6CD6G 21/6 
6CH6 5/- 
6D3 9/6 
6D6 3/- 
6E5 6/- 
6F1 9/6 
6F6G 4/- 
6F13 5/- 
6F23 9/6 
6F24 9/6 
6F33 3/6 
615G 3/- 
6.16 3/- 
617G 4/9 
6K7G 1/3 
6K8G 3/9 
6K25 12/6 
6L1 9/6 
6L6G 6/6 
6L7GT 4/6 
6L18 7/6 
6LD20 5/6 
6N7GT 5/- 
6P28 11/6 
6Q7G 4/6 
6R7G 6/- 
6SL7 5/9 
6SN7 4/6 
6U4GT 9/6 
6U5G 5/- 
6V6G 3/9 
6V6GT 6/- 
6X4 4/- 
6X5 4/6 
6/30U 8/6 
7B7 7/6 

25L6GT 6/- 
25Z4G 7/- 
2525 81- 
27SÚ 23/3 
28D7 7/- 
30CI5 9/6 
30F5 6/- 
30FLI 9/6 
30FL12 11/- 
30L15 IO/- 
30P4 12/3 
30P12 7/6 
30P19 12/3 
30PLI 9/- 
30PL13 9/6 
30PL14 12/6 
35A5 20/9 
35L6GT 7/6 
35W4 5/6 
35Z3 16/4 
35Z4GT 4/9 
35Z5GT 6/6 
5005 7/- 
50L6GT 71- 
52KU 14/6 
72 6/6 
80 5/6 
83 151- 
85A2 9/9 
90AG 67/6 
90AV 67/6 
90CG 421- 
90CV 42/- 
90C1 161- 
15082 16/6 
185BT 34/11 
5763 7/6 
AC6PEN 5/- 
AC/TP 19/- 
AZI 6/6 
AZ3I 7/- 
AZ41 6/6 
B36 5/- 
BL63 10/6 
CCH35 13/- 

ECF80 6/3 
ECF82 7/6 
ECF86 11/6 
ECH2I III- 
ECH35 6/6 
ECH42 7/9 
ECH81 6/6 
ECH83 7/9 
ECH84 9/6 
ECL80 6/- 
ECL82 7/6 
ECL83 10/- 
ECL86 9/- 
EF22 6/9 
EF36 3/3 
EF37A 6/- 
EF39 3/9 
EF40 10/- 
EF4I 6/9 
EF42 5/9 
EF73 5/- 
EF80 41- 
EF83 9/9 
EF85 4/9 
EF86 6/3 
EF89 4/3 
EF9I 3/- 
EF92 2/6 
EF97 11/8 
EF98 I0/- 
EFI83 9/- 
EF184 8/9 
EK32 6/- 
EL32 3/6 
EL33 7/6 
EL34 10/- 
EL37 17/6 
EL38 12/- 
EL4I 7/6 
EL42 7/9 
EL8I 8/9 
EL83 7/6 
EL84 5/6 
EL85 7/- 
EL86 7/9 

N37 23/3 
N78 26/2 
NI08 26/2 
N339 15/- 
PC86 10/6 
PC88 14/7 
PC95 11/8 
PC97 8/3 
PCC84 5/9 
PCC85 7/6 
PCC88 11/6 
PCC89 7/6 
PCC18910/6 
PCF80 6/- 
PCF82 6/6 
PCF84 9/6 
PCF86 7/9 
PCL82 6/9 
PCL83 8/6 
PCL84 7/- 
PCL85 8/6 
PCL86 9/6 
PCL88 12/6 
PEN46 4/6 
PEN383 11/6 
PL33 16/11 
PL36 8/6 
PL38 16/6 
PL81 7/- 
PL82 5/6 
PL83 5/3 
PL84 6/- 
PM84 9/6 
PX4 9/- 
P)(25 8/6 
PY3I 6/6 
PY32 8/9 
PY33 10/- 
PY80 5/6 
PYBI 5/6 
PYB2 5p 
PY83 6/3 
PY88 8/- 
PY800 7/3 
PY801 7/6 

UCH81 7/3 
UCL82 8/6 
UCL83 9/6 
UF4I 6/9 
UF42 5/6 
0980 6/6 
UF85 7/- 
UF86 8/6 
UF89 6/3 
UL41 7/- 
UL44 23/3 
UL46 9/- 
UL84 6/3 
UM4 15 /2 
UM34 16/10 
UM80 8/6 
URIC 7/- 
UU6 9/- 
UU8 12/6 
UU9 5/6 
UYI N 10/9 
ÚY21 8/9 
UY4I 5/- 
UY85 4/3 
VP4 14/6 
VP4B 20/5 
VPI3C 7/- 
VP23 2/6 
VP133 10/- 
VR105 5/6 
VRI50 5/- 
W76 3/9 
W81 M 6/- 
X41 1S/- 
X61 I0/- 
X65 5/6 
X76M 11/- 
X78 26/2 
X79 11/- 
XD(I.5) 6/6 
XFY23 6/6 
XFY54 18/- 
XH(1.5) 6/6 
Y63 8/- 
Z66 8/- 

0A211 13/6 
OC16W35/- 
OC19 25/- 
0C22 23/- 
0C23 57/- 
0C25 12/- 
0C26 25/- 
0C28 12/6 
0C29 27/6 
0C35 18/- 
0C36 21/6 
0C41 81- 
0C42 9/6 
0C43 11/6 
0C44 8/3 
OC44PM 9/3 
0C45 9/- 
OC45PM 9/- 
0065 22/6 
0066 25/- 
OC70 6/6 
OC71 3/6 
OC72. 8/- 
0073 16/- 
0074 81- 
0075 8/- 
OC76 8/6 
OC77 li/- 
0078 8/- 
0081 4/- 
OC8ID 4/- 
0032 I0/ - 
OC83 3/6 
0084 8/6 
0C139 13/6 
OCI40 19/- 
0C170 9/6 
OC171 10/6 
OC200 10/6 
OC201 36/- 
OC203 14/- 
OCP71 17/6 
TS2 12/6 
TS3 I5/ - 
XA103 I5/ - 

All goods new and era grade only, subject to maker,' full guarantee. We 
do not sell second-hand goods, manufacturer,' rejects or second (often des- 
cribed as "new and tested"), nor items from second-hand equipment. Com- 
plete catalogue of over 1,000 valves, also resistors, condensers, metal 
rectifier,, microphones, loudspeakers, etc, and other components 6d. 
Terms of business: Cash with order or C.O.D. only. Post 6d. per item. 
Orders over 0 post free. C.O.D. 3/6 extra. All order, despatched earn* 
day. C.O.D. order, by telephone accepted for immediate despatch until 
3.30 p.m. Any parcel insured against damage in transit for 6d. extra. We 
ere open for persdnel shoppers 8.30-5.30. Sets. 8.30 a.m: I p.m. 
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COIL TURRET CT.7/I5 
This turret is the basic portion of the CT.7. It com- 
prises cadmium plated steel frame (size 5}" deep x 4}" 
high x 3}" wide), silver plated contacts, polystyrene 
insulation and rotary turret movement incorporating 
Aerial, Mixer and Oscillator coils for the three bands 
1.5-4 Mc/s, 4-12 Mc/s and 10-30 Mc/s. Price 75/ - 
Coil strips for the long and medium wavebands may 
be purchased separately for incorporation in the 
turret. Price 10/6 each 
The turret requires a 315pF tuning capacitor. A 
suitable 3 gang component with ceramic insulation 
is available. Price 19/ - 
Air spaced concentric trimmers 3/30pF. Price 3/6 each 

I.F. TRANSFORMER IFT.11/465 kc/s 
A miniature I.F. Transformer for 465 kc/s giving 
excellent performance at low cost. Coils are litz 
wound and permeability tuned with high-grade iron 
dust cores and silver mica capacitors. 
Screening Can 1r x it square. Price 6/6 each 
Also available for 1.6 and 10.7 Mc/s. 

COMBINED PORTABLE & CAR RADIO 
The Radio with the STAR features 

* 7 -transistor superhet. Out- * Operated from PP9 battery. 
put 350mW. * Full comprehensive instruc- * Two-tone grey wooden cab- tions and point-to-point 
inet, fitted handle with silver wiring diagram. 
coloured fittings. Size 12}" x 
8r x 3r. 

* Horizontal tuning scale, size 
11r x 21" in silver with black 
lettering. 

* All stations clearly marked. 

* Ferrite -rod internal aerial. 

* Printed circuit board, back 
printed with all component 
values. 

* Fully tunable over 
medium and long 
waveband 

* Car aerial socket. 

* Full after sale ser- * I.F. 470 kc/s. vice 

Goods not despatched outside U.K. 
All enquires S.A.E Terms C.W.O. 

-- - , - 

en. " 

Plus 5/6 
p. & p. Parts list & 
circuii,diagram 2/6 FREE 
with parts 

RADIO & TV COMPONENTS (ACTON) LTD 21D High St., Acton, London, W3 
. n 9 a.m.-6 .m. includin Sets. Earl closin: Wed. 

COMPONENTS FOR THE "GENERAL COVERAGE 
COMMUNICATIONS RECEIVER" 

as featured on page 263 

I.F. TRANSFORMER IFT.12/85 kc/s 
A narrow band 85 kc/s I.F. Transformer for use in 

double superhet communications receivers. The 
overall response of one transformer is approximately 
3.5 kc/s at 6dB. Dynamic resistance 500,000 ohms. 
Wound on a polystyrene former with iron dust 

core tuning and silver mica capacitors. 
Price 16/- each 

Also available for 100 kc/s. 

BEAT FREQUENCY OSCILLATOR COIL 
BFO. 2/85 kc/s 
These compact coils are wound on a bakelite former 
complete with adjustable iron dust cores and 

enclosed in an aluminium screening can measuring 

1r x square. Price 5/- each 

Also available for frequencies of 100 kc/s, 465 kc/s 

and 1.6 Mc/s. 

General Catalogue covering full range of components, send 1/6 in stamps. 

Please send S.A.E. with all enquiries 

D E N C O(Clacton) LTD L 9ÉDSCACTCÑ-OW5ÁEX 
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SMALL ADVERTISEMENTS 

continued from page 283 

TRADE-continued 

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. Monthy 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 
monthy magazine, etc., 21s. per annum.-Secretary, 
ISWL, 12 Gladwell Road, London, N.8. 

THE INTERNATIONAL HAM HOP CLUB is a 
non -profit -making organisation open to RADIO 
AMATEURS AND SHORT WAVE LISTENERS. OBJECT: 
to improve international relationships through an 
organised system of hospitality. MEMBERS offer 
overnight hospitality to visiting members, subscription 
10s. per annum. ASSOCIATE MEMBERS invite radio 
amateurs to visit their stations. Associate membership 
5s. per annum. FAMILY EXCHANGE holidays arranged, 
also FRIENDSHIP LINKS between radio clubs. The 
Club's official journal is free to both Full and Associate 
Members.-Hon. Gen. Secretary: G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

MULLARD TRANSISTORS. Brand new. 0C44, 
0C45, 0C170, 4s. 6d.; 0072, 5s.; 0C42, 2s. 6d. 
Ediswan Power Transistor XC141, 11 watts audio, 
10s. 6d. Ferranti silicon rectifiers, 250 volt 500mA, 
400 volt p.i.v., 4s. each. Ediswan XA103 i.f. tran- 
sistors, 4s. each. All post paid.-J. Robinson (Radio 
TV), 4 Highcliffe Road, Blacldey, Manchester 9. 

CIRCUIT containing 4 transistors, 12 diodes, 6 resistors, 
etc., 3s. 6d., p. & p. 6d. ; 3 for 10s., post free. Refunded 
if not satisfied.-Box RC6, Vaudrey Street, Shirley, 
Southampton, Hants. 

RELAYS. Small 300 ohm. Four make contacts, 6s. 6d. 
1,000 item list 3d.-Rogers, 31 Nelson Street, South- 
port, Lancs. 

EARPHONES. Low resistance, top quality, 4s. 6d. 
pair, p. & p. 9d., 50s. per dozen.-Austin, Station 
Road, Mundesley, Norfolk. Telephone: NOR 337. 

PRIVATE 

TWO -METRE ENTHUSIASTS, ATTENTION! 
QQVO3-20A valves at £1 each, plus postage.-Box 
No. F183. 

continued on page 287 

JACKSON 
the big name in PRECISION components 

Precision built radio components are an 
important contribution to the radio and 
communications industry. Be sure of the best 
and buy Jackson Precision Built Components. 

TYPE 00 TWIN CONDENSER 
Capacity up to 

Front section 208pF 
Rear section 176pF 

Length excluding spindle 

Supplied complete with 
Centre Screen and 
Trimmers Price: 12/6d. 

Extra available: 
Fitted Slowmotion 

Concentric Spindle Price: 15/ - 

Write for literature 
JACKSON BROS. (LONDON) LTD. 

Dept. R.C., 
KINGSWAY-WADDON, CROYDON, SURREY 

Phone: Croydon 2754-S Grams: Walfico, Souphone, London 

° V w -R 

PRICE LISTS & INFORMATION ON 

Various Designs in 

Practical Radio Wireless R.S.G.B. 

Wireless Constructor World Bulletin 

SEND 6d. POSTAGE FOR 

OSMOR LTD 

CIRCUITS 

418 BRIGHTON ROAD 
S. CROYDON SURREY 
Telephone CRO 5148 
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SCOTTISH INSURANCE CORPORATION, LTD 
38 EASTCHEAP LONDON EC3 

Established 1877 

THE SHEDDING OF A LOAD 

An ACCIDENT can cause serious financial embarrassment. Could you meet your commitments on 
the National Insurance Benefit? 

A "SCOTTISH" Policy will carry the load for you if you are disabled by ANY ACCIDENT and will pay 

compensation for as long as two years for any one accident. 

For a BENEFIT of £10 PER WEEK the premium varies between £2 10s. Od. and £410s. Od. per annum 
according to occupation, and the premium can be paid half -yearly or quarterly if desired. 

If you will complete and return this form to the Corporation's office at the above address, a quotation 
will be sent with a proposal for completion, or write for details quoting reference /JB. 

NAME (Block Letters) 

OCCUPATION 

ADDRESS (Block Letters) 

/J B 

GET PLASTERED!! FREE 
Pointing trowel with each order over 45/ - 
All items previously advertised in R/C, W/W, NW, and P/T, etc. are 
still available, S.A.E. for List. 
R F CHOKES 6d. Valve Holden: 3/6 doz. Coil, 3/9 

doz. Tagetrips 3/3 doz. Pre -amps 10/6. 2 amp sw 
Sockets 4/6 } doz. Knobs 3/6 doz. Springs 3/6 doz. 
Printed ccts I/-. Cbn B 2l- pr. 6V 6 pin Vibrators 7/9. 6V 
40ah Accumulators 25/- plus 5/- P. & P. Wafer á Slider Switches 
11/- # doz. 16" x 44" Insulating Boards 6d. PULSE GENERATOR 
No. 2 [16. Slimming PVC 1/- doz. yds. Chassis: Turret Tuner 2/6. Radio 
6/6. Radiogram 11/9, (all with Valve holders fitted). MODULATOR 
UNIT No. 28, inc. 12 Valves, Trans 80 or 230V a.c. 345-0-345V, 6.3V 
at 5a, 6.3V at .25a, SV at 2a, Self contained universal Power pack, Host 
of very useful components, in grey steel louvered case [I I. Condor 
Clips 1/6 4. doz., Vertical 2/- 4. doz. PULSE GENERATOR No. 19, 
Self contained power unit similar to No. 28 above but smaller £8. (Mint). 
WB Amplifier 30/-. Strobe Generator 30/-. Lower Receiving 
Chassis 30/-. TEST SET MICROPHONE & RECEIVER No. 4 
(Plessy) Complete with all Spares [27. VALVE VOLTMETER 230V 
a.c. with Test Probe 77/6 less Mtr. Mvmnt. POCKET VOLTMETER 
0-15V & 0-250V d.c., 9/6. Avo Rectifier 3/6. RESISTORS (Prefrd 
Values) from 10 I/- } doz. CONDENSERS Ceramic & Si Mica from 
2pF 3/- doz. Paper Tube 3/3 doz. Matalpack 2/6 * doz., Block paper 
3/-. ELECTROLYTICS 1/6. TRIMMERS Miniature I/-. Stamp 
type 9d. (assorted 2/6 } doz.). MAINS DROPPERS 6/3 #N doz. 100 
assorted SI & Grommets If-. AC/DC POWER U ITS 11/6. 
9" HACKSAW BLADES 4d. each. BC -1094-A Control Units 6 Valve, 
3 0/P Trans. 75/-. POTENTIOMETERS 100-2 meg. 1/6. FELT 
Washers 1/- for 25. Transfmr Clamps & Brackets 3/9 for 25. 7 TV 
Pots on Strip 7/6. Dimmer s/w 7/6. 52 very useful Resistors (inc. 
W/W) on 16 Tag Panels 4/6. Red large Plastic Radio Cabinets 12/6. 
Frame Aerials 4/9. BARGAIN PACK No. 101, containing: 30 Resistors, 
30 Condensers, 30 Knobs, 9/6. No. 102, 30 Tagetrips, 15 Valve Holden, 
and 15 Socket panels 8/6. No. 103, 250 Sleeves & Grommets, 100 felt 
Washers, 20 LIS Gauzes 4/6. Please add small amount for P. & P., Catalogue 
l/-. (Refunded). 

Albatross Engineering Company 
Dept RC11 78-80 High St Gosberton Spalding Lina 
Dept RC11S 6 Double St Spalding Lina (Gos 458) 
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From GORDON J. KING LIMITED 
6 NEW ROAD, BRIXHAM, DEVON 

Tel. Brixham 2304 

LOOK AT THIS! 
THE AMAZING "KING TELEBOOSTER" 

* 5 -TIMES BOOST ON TWO CHANNELS (one B.B.C. one I.T.A.). * SMALL UNIT, printed board, Splitter and combiner. * LOW NOISE improves set's signal/noise performance. * BATTERY POWERED avoids internal set connections (approx. 
1 mA). * SPARKLING PICTURES in fringe and weak signal area. * WORKS UP TO SIX SETS SIMULTANEOUSLY (on 2 stations). * A DX TV MUST -pulls in distant stations. 

* ALL 
USEOWS S LATEST VHF TRANSISTOF OR. 

AERIALS. 

Only 75/6 complete with PP3 battery (P. & P. 2/6 extra). Please 
state B.B.C. and I.T.A. channels required. 

PANL 
BLACK CRACKLE PAINT 

Give your metalwork a really professional finish. 
Easily applied by brush. Air drying. 

Available by post from 

THE BRUCE MILLER CO. LTD 
249 COASTAL CHAMBERS 

BUCKINGHAM PALACE ROAD SW1 

4/- per } pint can which includes application 
instructions, postage and packing 
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SMALL ADVERTISEMENTS 

continued from page 285 

PRIVATE-continued 

FOR SALE. Wireless World, singly or bulk. Vol. LII, 
1946, Nos. 6, 10 and 11. Vol. LVI, 1950, all except 
No. 6. Vol. LVII, 1951, all except Nos. 9, 11 and 12. 
Vol. LVIII, 1952, all except Nos. 4, 5, 6 and 12. Vol. 
59, 1963, No. 12. Offers?-Box No. F186. 

FOR SALE. Quantity of new accumulators. Varley 
type VPT 9/17. 2 volt, 11 amps. hrs. at 1 hr. rate. 
Willard Radio -20-2, 2 volt, 5s. each, plus carriage.- 
Box No. F187. 

FOR SALE. BC348 receiver, modified for mains power 
supply. Excellent condition, but needs new mains 
transformer. Spare set of valves, £10.-Box No. F188. 

FOR SALE. Meters: 0-500mA, flush, round, 2}in 
diam. Ditto 0-100mA, 10s. each. 0-5mA, flush, 
square, 2in diam., 7s. 6d. Valves: 6B8, 6SK7, 807, 
at 3s. 6AG5, 6AT6, 6J6, 1625, at 5s. 6AK6, 6BW6, 
DAF91, DK91, DL92, EB91, EF92, EL41, EL91, 
12AT7, at 6s. EF40, 6AS7, 6BR7, KT66, at 10s. 
QVO4/7, 5B/254M at 15s.-Box No. F189. 

FOR SALE. Flatley electric clothes drier, unmarked, 
practically unused. Cost over £7 new, will accept £4. 
Buyer collects. Chatham area, Kent.-Box No. F190_ 

AMATEUR SELLING UP. New and used equipment 
at lowest prices. S.A.E. for list.-D. J. Stem, 1 Sonia 
Court, Woodside Avenue, London, N.12. Telephone: 
HIL 2858. 

FOR SALE. Brand new computer panels with 8 0076 
transistors, numerous diodes, resistors and capacitors, 
fitted on 12 x 5in Paxolin board, 20s.-Clappison, 
190 Victoria Avenue, Hull. 

Train by the well-known 

CANDLER System 
of world-wide reputation 

MORSE 

YOU TOO CAN BECOME A SKILLED OPERATOR 
Learn in your spare time and combine pleasure with success 

Special course for Amateur Transmitting 
Licence. Also courses for Operators 

Send 3d. stamp for details: The CANDLER SYSTEM CO 

Dept. RC, 52b ABINGDON ROAD, LONDON, W.8 
Candler System Co., Denver, Colorado, U.S.A. 

NOVEMBER 1963 

SPEAKERS BY GOODMAN'S, 
ELAC, PLESSEY, etc. 
4" square I3/- P & P 1/6 
S" round 12/- 1/6 
7" x 4" elliptical 13/6 116 r x 3" elliptical 16/6 2/- 
10" x 6' elliptical 2316 2/- 

18G STEEL CASES. Finished in 
superior quality hammered grey with 
aluminium removeable panel on Face. 
Sloping Front 

4"x 4" x 4" 10/6 
8" x 5" x 5" 16/- 
12" x 6" x 6" 23/6 

Rectangular Small 
4" x 4" x 21" 8/6 
6" x 4" x 3 10/- 
8"x6"x3" 12/6 

Rectangular Standard 
10" x 7" x 7" 27/6 
12" x 7" x 7" 341- 
14" x 7" x 7" 37/6 
14" x 8" x 9" 47/6 
16" x 8" x 9" 51/6 
16"x 8" x 11" 57/6 

64/- 
19" x 10" x 11" 66/ - 

Postage and Packing extra 
CHASSIS. 18 a.w.T. Aluminium. 
Self colour. 6"x3"x2 6/4,8" x 4" x 2" 
6/11, 8" x 6" x 2" 8/-, I x 6" x 2}" 
9/1, 11"x7"x2 9/9 12"x6"x2#" 
9/5, 12" x 8" x 2k l0/6, 14" x 5" x 2}" 
1016, 14" x 8" x 21." 11/6. 14" x 10" x 
24 12/2, 17" x 10" x 2f" 13/9. 
CHASSIS. IS s.w.g. Steel. Black 
Stove Enamel. 14" x 8" x 26" 1018. 
14"x 10"x2}" 1113. 

OUR FAMOUS READIPACKS! 

No. 1 100 resistors *w. to 5w. 
IO ohm to 50 meg. 

No. 225 condensen 1 p to I,0000F 
5% to 20% 

No. 320 condensers I,000pF to 
0.01 mfd 

No. 412 condensen 0.01 mfd. to 
0.1 mfd 

No. 3 25 Hi -Stab resistors I, 2 & 5% 
100-25 meg. 

No.610 w/w Resistors 6 ohm - 
62K ohm 

No. 7 4 Carbon controls volume, 
tone, etc. 

All at 8/6 each POST FREEI 

SWITCHES for MULLARD cir- 
cuits to specification and 
"Mulford approved". 
TRI 2V Pre -Amp ... ... 
TRI 3V Pre -Amp .. 
TR4 3V Pre -Amp Lo/Paso Fltr 
TRS 3" Pre -Amp Hi -Pass Fltr 
TR6 3V Tape Amp ReclPlay... 
TR7 3V Tape Amp Eqs ... 
THE Tape Pre -Amp Rec/Play 
TR9 Tape Pre -Amp Eqz ... 
TRIO Stereo Pre -Amp Selector 
TRI I Stereo Pre -Amp Ch/E ... 
TR12 Stereo Pre -Amp Stereo - 

P & P I I- per switch 

1219 

iñ 
16µ 

16/4 

6 
7/4 

19/6 

9/6 

TELE -RADIO (1943) LTD 
189 EDGWARE ROAD, LONDON, W2 

PADdington 4455 

EFX-1 

MFX-3 

HMX-1 

C 3LA & CONTRAST 

RECORDS 
ELECTRONIC MUSIC 

Two compositions "Cosmos" and "Vortex"-Elec- 
tronic sound effects-space ships, etc. -15 separate 
tracks in all. 

HORSES AND DOMESTIC ANIMALS 
Trotting-lumping-Galloping-Cows-Cats and com- 
plete Fox Hunting calls and horns. 

HAUNTED HOUSE AND MYSTERY 
Electronic Mystery Music (2)-Violent Storm 
(authentic)-Creaking-Clocks-Shriek-and elec- 
tronic Ghost and Spook sounds, etc. 

COPYRIGHT FREE 

SOUND EFFECTS 
ALSO MFX-1 14 different effects. 

MFX-2 12 different effects. 
AFX-1 15 different wild animals. 
TFX-1 11 different railway trains. 

(Send for leaflet -3d. stamp) 
COLOUR GLOSSY SLEEVE gives full details of each separately 
tracked effect and timing. 
Audio and Record Review: "These are truly Hi-Fi sound effects 
records." 
Amateur Tape Recording: "Splendid records, full of useful 
sounds." 
PRICE: 8s. each which includes P.T., postage and special packing. 
SPECIAL OFFER: Complete set of seven records 50s. inc. P.T., 
postage and packing. 

DIRECT MAILING from: 

F. C. JUDD (Sound Recording) LTD. 
174 Maybank Road, South Woodford, London, E.18 
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ALUMINIUM, SILVER HAMMERED FINISH 

CHASSIS 
and 

CASES by 

CASES 
Type W 

Type Size Price Type Size Price 
U 4x4x4"* 9/6 Y 8x6x6" 25/- 
U 54 x 4} x4}" 14/6 Y 12 x 7 x 7" 39/- 
U 8x6x6" 20/- Y 13 x7 x9" 44/- 
U 15x9x9" 42/6 Y 15x9x7" 46/- 
W 8x6x6" 19/6 Z 17x10x9" 63/- 
W 12x7x7" 32/6 Z 19x10x8}" 67/6 
W 15 x9 x8" 42f- *Height 

Type Z has removable back and front panels. 
Type Y all -screwed construction. 

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 - Type Y 

Type Z 

BLANK CHASSIS-Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 
Order EXACT SIZE you require to nearest 1/16th. 

(Maximum length 35", depth 4".) 
Specials dealt with promptly. 

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 18 s.w.g. (for 16 s.w.g. add 1/6th). 

48 sq. in. 4/- 176 sq. in. 8/- 304 sq. in. 12/- 
80 sq. in. 5/- 208 sq. in. 9/- 336 sq. in. 13/- 

112 sq. in. 6/- 240 sq. in. 10/- 368 sq. in. 14/- 
144 sq. in. 7/- 272 sq. in. 11/- and pro rata 

P. & P. 2/6 P. & P. 2/9 P. & P. 3/ - 
Discounts for quantities. Finishes arranged for 

quantities of 25 or over. 
FLANGES (I" or 5"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 4/6 sq. ft. 18 s.w.g. (16 s.w.g. 5/3). 
Plus postage and packing. 

The thrills of VHF Amateur Radio can now be yours for 
as low as 39/61-complete kit (by post 2/6 extra)-tuneable 
range, 70-150 Mc/s. Write today for interesting literature, s.a.e. 
please. If a newcomer to Short -Wave radio, ask for a free copy 
of world-famous "Globe -King" S.W. kits and other receivers, 
etc. -stamp for post please, not s.a.e. 

Johnsons (Radio) St. Martin's Gate Worcester 

AUTUMN BARGAINS 
50% to 75% price reductions on standard catalogue lines. 
Unrepeatable. Send for details stating if you have our illustrated 
catalogue No. 12. 

Southern Radio and Electrical Supplies 
SORAD WORKS REDLYNCH SALISBURY WILTS 

Telephone Downton 207 

YOUR CAREER IN RADIO ? 
Big opportunities and big money await the qualified man in 
every field of Electronics todaboth in the U.K. and through- 
out the world. We offer the finest home study training for all 
subjects in radio, television. etc., especially for the CITY & 
GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. 
I.R.E. Exam.; the RADIO AMATEUR'S LICENCE; P.M.G. 
Certificates; the R.T.E.B. Servicing Certificates; etc. Also 
courses in Television; Transistors; Radar; Computers; Servo- 
mechanisms; Mathematics and Practical Transistor Radio course 
with equipment. We have OVER 20 YEARS' experience in 
teaching radio subjects and an unbroken record of exam. 
successes. We are the only privately run British home study 
Institute specialising in electronic subjects only. Fullest details 
will be gladly sent without any obligation. 

SEND FOR FREE BROCHURE TO: 

BRITISH NATIONAL RADIO SCHOOL 
DEPT 4, RADIO HOUSE READING BERKSHIRE 

NYLON P.T.F.E. 
ROD BAR SHEET TUBE STRIP WIRE 

No quantity too small List on application 
BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS 

STAINLESS STEEL 

H. ROLLET & CO LTD 
HOWIE STREET, LONDON, S.W.11 BATtersea 7872 

_Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow, 

Quality Components FOR CONSTRUCTORS 
capacitors, resistors, coils, valves, transistors, controls, 
chassis, transformers, speakers, pick-ups, cartridges, 
stylai, and all types of components in stock. 

CATALOGUE AVAILABLE ON REQUEST 

J. T. FILMER 
82 DARTFORD ROAD 
DARTFORD KENT 
Telephone Dartford 24057 

E. R. NICHOLLS SHAW HEATH STOCKPORT 

BUMPER PARCEL 
100 Assorted Resistors 1 Small Chassis containing 
50 Assorted Condensers 60 components 
1 Sin 3 ohm Elac Speaker 

2 Westectors 
1 Isolating Transformer 

2 Thermistors 4 Terminal Blocks 
2 Rotary Toggle Switches 100 Cartridge Fuses 

ALL FOR 20/-, Post free in U.K. 
20ft Steel Telescopic Mast, 50/- High Stab Resistors 6d. ea, 
List now ready for Paper Block' Condensers, Valves, 
Oscillators, Test Sets. S.A.E. please. 

Mail Order to 
33/35 CARRINGTON FIELD STREET STOCKPORT CHESHIRE 

THE RADIO CONSTRUCTOR BOUND VOLUMES 
NOW AVAILABLE VOLUME 16 AUGUST 1962 to JULY 1963 

PRICE M. 10. 0. Postage 2s. 9d. 

Where all issues are returned: Price M. Postage 2s. 9d. 

ALSO AVAILABLE Volume 13, August 1959 to July 1960 E1.5. 0. postage 2s. 3d. 

Volume 14, August 1960 to July 1961 £1.5.0. postage 2s. 3d. 

We regret Volume 15 is now sold out 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 
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TRANSISTORS, CRYSTALS, VALVES, COMPONENTS & EQUIPMENT 
FOR THE AMATEUR & PROFESSIONAL-TRADE SUPPLIED-QUOTATIONS BY RETURN 

ALL LINES PREVIOUSLY ADVERTISED STILL AVAILABLE FROM STOCK 

MODEL TP55 
A.C./D.C. vol- 
tage upto1,000 
in 5 ranges. 
D.C. current 4 
ranges up to 
500mA.4 range 
resistance to 10 
megs. Capacity 
dB scales, etc. 

20,000 
ohms/volt 

Fully 
Guaranteed 

£5.19.6. 
Wich Test 

Leads, Battery 
and Instruction. Size 5f" x 3f" x it 

DETAILS ON REQUEST * MODEL EPSOK 
50,000 ohms per volt £9.19.6 * MODEL EP3OK 
30,000 ohms per volt E6.19.6 * MODEL ITI-2 20,000 ohms per volt. 
5 gns. * EP1OK 10,000 ohms per volt. 89/6 * CABY MI 2,000 ohms per volt. 54/- 

TAPE RECORDERS * COLLARO STUDIO 2- 
TRACK DECK, £10.19.6. 
P. & P. 5/-. 

* P. &RA PSK 
DECK, £13.19.6 

/-. * CABINET with SPEAKER 
for above, 5 gns. P. & P. 
2/-. * RECORD/PLAY AMPLI- 
FIER KITS, 2 track, 11 gns. 
4 track, 12 gns. 

Leaflets on Request. 

0 

4N 
O 

5/ 
1,.:10.0:11.c; 

PT 
hms34 per volt 

0/10/50/250/500/1,000 volts 
A.C./D.C. 0/1/100/500 mA 
D.C. Resistance 0/100k11. 
Ideal pocket size multi - 
tester for all radio and 
domestic work. 
Size 3f" x 2f" x 1 f" with 
battery, leads and instruc- 
tions. 

CATHODEON 
MINIATURE 

CRYSTAL OVEN 
6 or 12 volt A.C./D.C. 
80°C for HC6U crystals. 
Brand new, 
22/6. P. & P. 1/-. 

MAIN DECKS 

* GARRARD AUTOSLIM, 
4 speed changer, £6.10.0. 
P. & P. 3/6. 

* PLUG IN HEAD VER- 
SION, £7.10.0. P. & P. 
3/6. 

* GARRARD AT6 STEREO 
£11.19.6. P. & P. 3/6. * B.S.R. UA14 4 speeds, 
£5.19.6. P. & P. 3/-. 

30,000 ohms per £`819.6 
volt. Model 500 
8 Ranges D.C. volts to 1kV. 
7 Ranges A.C. volts to 1kV. 
5 Ranges D.C. current to 12 
amps. 
3 Range resistance to 60 meg. 
Short circuit buzz test. 
Output meter dB, etc., etc. 
Size 6f" x 4f" x 2f". With 
Leads, Batteries and Instruc- 
tions. 

75/- 
2,000 ohms per volt 

Model THL33 
0/10/50/250/500/1,000 volts 
D.C. 
0/10/50/250/500/1,000 volts 
A.C. 
0/500µA/10/250mA D.C. 
Resistance 0/10k/100k/1 Meg 
Capacity and dB ranges, etc. 
Size 5" x 3f" x 1f" with 
Batteries, Test Leads and 
Instructions. 

BATTERY DECKS 

* PTA P. 25 
r.p.m., 39/6. 

* GARRARD 45 r.p.m., 
35/-. P. & P. 2/-. * STAR 45 and 33 r.p.m., 
92/6. * B.S.R. 4 speed, 5 gns. 
P. & P. 2/6. 

All decks fitted Crystal 
pick-ups. 

CRYSTAL MICROPHONES 
(See Catalogue for details) 

Acos 39-1 Stick Microphone 
Acos 40 Desk Microphone 
Acos 45 Hand Microphone 
Lapel/Hand Microphone ... 
MC24 Stick Microphone ... 
100C Stick with Stand ... 
BM3 Stick with Stand ... 
Lapel/Hand Magnetic ... 

Post and Packing 1/6 any type. 

32/6 
15/- 
25/- 
12/6 
25/- 
39/6 
52/6 
12/6 

* NOMBREX AUDIO 
GENERATOR. 10 to 
100,000 c/s. Sine/square, 
£15.2.3, with battery. 

* NOMBREX ALL TRAN- 
SISTOR SIGNAL GENERA- 
TOR. 150 kc/s to 350 Mc/s. AF, 
RF Mod., etc., £7.18.6, with leads, 
batt., etc. 

* NOMBREX TRANSIST- 
ORISED RESISTANCE CAP- 
ACITANCE BRIDGE. 1pF to 
100 mfd., 1 ohm to 100 meg., 
leakage test, visual null indicator, 
E7.2.3, with batt. 

* NOMBREX TRANSIS- 
TOR POWER SUPPLY 
UNIT. 1 to 15 volts D.C. up to 

Post and Packing 2/6 any 0.1 amp. 230/250V, A.C. mains, 
type. £5.17.6. * DETAILED LEAFLETS ON REQUEST * 

7 -TRANSISTOR RECORD/PLAYER !i /RADIOGRAM AMPLIFIER 

Built and 
Ready to 

Use 

£5.19.6 
P.P. 2/ - 

(Complete 
with full 

descriptive 
Booklet) 

Call for 
demon- 

stration. 

*4 watt peak output. * Full Treble and Bass 
boost and cut. * 40 c/s to 20 kc/s ± 3d B. * Inputs for Pick-ups, 
Radio Tuners, Micro- 
phone, Mixers, etc. * TWO VERSIONS AVAILABLE 

12/18 volt for 15 ohm speakers (mains 
unit 80/- extra). 
9/12 volt for 3 ohm speakers (mains 
unit 49/6 extra). * Size only 6" x 2f" x 2". 
Ideal for mains or battery, portable or 
domestic record player, grams, etc. * Booklet Free on Request * 

MONO/STEREO AMPLIFIERS 

a 
Complete with full 
function pre -amplifiers and controls. * SA80 4+4 watts * SA150 7+7 watts ... £16.10.0 * SA300 15+15 watts ... £32.10.0 
Each amplifier completely self-contained 
and designed for Mono and Stereo 
output. Supplied complete with full 
manual. Leaflets on any type on request. 

HI-FI SPEAKERS 
12" 15 ohms, 12,000 G. ... 35/- 
8", 15/16 ohm (8A7) . 78/6 
12", 15/16 ohm (CR3OAE) 10 gns 

BRAND NEW-GUARANTEED 
* TRANSISTOR POCKET RADIOS 
Ready to use complete with Battery, 
Leather Case, Earphone. 
6 -Transistor Zephyr 79/6, P. & P. 2/- 
6 -Transistor De Luxe 85/-, P. & P. 2/- 
7 -Transistor Zephyr 89/6, P. & P. 2/- 
7 -Transistor M/L/SW-3 waveband, 

£13.19.6, P. & P. 5/ - 

HENRY'S RADIO LTD 
PADdington 1008/9 

303 EDGWARE RD., LONDON W2 
Open Monday to Sat. 9-6, Thurs. 1 o'clock 

+PLEASE TURN TO BACK PAGE 

SUBSTITUTION BOXES * Capacitor Box. Provides 9 
standard values from 0.001 to 
0.22 mfd. at 600 volt work- 
ing, 29/6. * Resistor Box. Provides 24 
standard values at 1 watt. 15 
ohms to 10 meg., 37/6. 
Each box fully calibrated with 
insulated leads. Invaluable for 
service and design. 

100 Kc/s QUARTZ CRYSTALS 

2 Pin: OCTAL or 3 Pin 15/- ea. 
500 kc/s 2 Pin ... 15/- 
455 kc/s (AR88) ... 12/6 
5,000 kc/s 2 Pin ... 10/- 
10 Mc/s 2 Pin ... íe/- 
27.255 Mc/s ... . 15/- 
HC6U 18 Mc/s to 46 Mc/s 7/6 
80 frequencies 0.005% Acc. 

FIELD STRENGTH METER 

Measures transmitter carrier 
waves from 1 Mc/s to 200 Mc/s 
in 5 switched fully adjustable 
ranges. Contains 200µA 
meter for carrier level and 
earphone for modulation. 
Requires no connection to 
transmitter. Self-contained, 
ready for use, 69/6, post free. 

DEAC Rechargeable Batteries 
(a) 18V. IOOmA/H 4"x I" diam. 

Brand new, sleeved, 30/- 
(b) As above but 150mA/H,35/- 
Both types easily split into any 
multiple of 1.2 volt. Brand new 

Published in Great Britain by the Proprietors and Publishers Data Publications Ltd. 57 Maids Vale London W9 
Printed by A. Quick & Co. (Printers) Ltd. Oxford Road Clacton -on -Sea England 

Obtainable abroad through the following Collets Subscription Service Continental Publishers & Distributors Ltd. William Dawson & Sons Ltd. Australia and New Zealand Gordon & Gotch Ltd. Electronics Publications (Australia) South Africa Central News Agency Holland "Radio electronica' 

www.americanradiohistory.com
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'THE CONTESSA' 
*COMBINED PORTABLE AND 

CAR RADIO * 
AMAZING SENSITIVITY AND SE- e 
LECTIVITY ON MEDIUM AND e 

LONG WAVEBANDS * The easiest Superhet Radio to 
build on the market. Features ji 
clearly -marked printed circuit and 
packaged components with full ei 

illustrated building instructions. Full 
tuning of medium and long wave C. 

bands with unbeatable sensitivity and C. 

selectivity. Excellent tone and volume 
with over 600mW push-pull output. 

*Clearly marked horizontal station dial with slow motion tuning. F 

Two colour Blue or Beige cabinets with Gold handles, grilles and fittings. 
Size 10á" x 7-" x 3g", includes car aerial socket, recording sockets. 

* 6 Mullard Transistors and 2 Diodes 

TOTAL COST OF ALL PARTS £9.119 6 P.P. 3/6 

All parts sold separately - Guaranteed the Best Obtainable j. 

* Attractive Appearance Quality Performance * g 

UNBEATABLE FOB QUALITY AND VALUE 
Fully Detailed and Illustrated Leaflet on request 

We can supply from stock most of the 
components and items specified on 
circuits published in this and other 
magazines and radio books. Let us 
quote for your circuit. 

Sold as three pre -built units 
with less than 30 minutes inter- 
connection work. Originally 
sold at more than double the 
price. A superb record player, 
fully portable-the ideal gift 
for teenager or adult. 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Monday to Sat. 9-6. Thurs. 1 o'clock 

"MINI -GRAM" 

TRANSISTOR PORTABLE 

RECORD PLAYER 

*Ready Built 4 -transistor 
1 watt amplifier with 
elliptical speaker and 
volume control. 
35/- P.P. 2)-. 

*9 volt 45 r.p.m. turntable 
with Crystal pick-up. 
39/6 P.P. 2/6. 

*Two-tone moulded case 
with handle, 5/- P.P. 1/ - 

OR TOTAL 
796 P.P. 5/ - 

(Battery 3/9 e rctra) 

LATEST CATALOGUE 

68 PAGES, 10" x 74" 

Fully detailed and illustrated 2/- post free 

10 WATT TRANSISTOR 
HI-FI AMPLIFIER AND PREAMPLIFIER 

* AVAILABLE IN 
KIT FORM OR 
PREBUILT 
PANELS 

* LOW NOISE 

* LOW POWER 
REQUIRE- 

MENTS 

* MONO OR 
STEREO 

Circuits and 
details FREE 
on Request 

THE "CAPRI" POCKET 

SUPÉRHET RADIO 

The most compact 6 -transistor Medium 

and Long wave pocket superhet radio 

available to build. Features printed 

circuit, packaged parts-Mullard transis- 

tors-moulded two-tone case with gold 

grill-earphone socket-speaker output. 

Total cost of all partsl9/6 P.P. 2/ - 
Size: M" x 2;" x 1-" Battery 2/6; Earphone 

All parts sold separately and guaranteed 

*DETAILED LEAFLET ON REQUEST* 

PERFORMANCE EQUIVALENT TO VALVE AMPLIFIERS OF 
FOUR TIMES THE PRICE AND MANY TIMES THE SIZE 

* Power output 10 watts at 400 c/s. Second harmonic distortion 0.1% 
Total harmonic distortion 0.25% at 10 watts. Signal to noise ratio at 
10 watts 70 dB. Overall response within 3 dB 40 c/s to 20 kc/s. - 

* 6 -Transistor 10 watt power amplifier. 0.25 ohm output impedance 
for 3 ohms. 24 volt supply, 300mA average for 10 watts. 100mV S 

into 33 k.ohm sensitivity. -_ 

Built £5.19.6 P.P. 2/6 or Kit £5.15.6 P.P. 2/6 (Mains Unit 
£3.9.6 P.P. 2/6) 

TO BUILD YOURSELF 
* Miniranger f2.9.6 P.P. 1/6 * Quintet M/LW E3.19.6 P.P. 2/- * Repanco DC/AC Invertor £3.2.6 P.P. 2/6 

*Sinclair Slimline f2.9.6 P.P. 1/6 
PW-6 Pocket Superhet E7.19.6 P.P. 2/- * PW Celeste Portable £9.19.6 
APW Spinette Record Player £10.19.6 

ll TSL, Bernardo, Repanco, Sinclair, Osmor, Ardente, etc.. 
components and books in stock. Quotations by return, 

* As above but 10 watts for 15 ohms speakers. 40 volt supply,150mA 
average for 10 watts. 
Built £6.5.0 P.P. 2/9 or Kit E6 P.P. 2/6 (Mains Unit i" 
E3.9.6 P.P. 2/6) * Full function pre -amplifier on printed circuit. Size 9" x 2f". Features ä 
6 position input selector for microphones, tuners, tape, pick-ups- ä 
treble and bass controls - 12dB at 50 c/s and 12 kc/s-14dB at 
50 c/s and 12 kc/s. Four -position filter and volume controls. 1.5mV 
input sensitivity. 
Built £5.1 0.0 P.P. 2/- or Kit f4.19.6 P.P.2/- * CALL FOR DEMONSTRATION-ANY TIME * 

SCOOP ! BOAC VHF Pocket Receivers 

Ideal for 

* Features S transistors (V6/8R- 
0C44) 2-0A91 diodes VHF detector, 
OA10 rectifier. _ 

*1K ohm Stethoscope headset. 
* 3.9 volt 450mA/H rechargeable deac 

E 

cells. 
* Moulded case with aerial/strap. _ 

* Full circuit and details. 
* Deac separately 12/6, P.P. 1/6. 

* Headset separately 15/-, P.P. 1/-. 
* Unit without above cell and phone 

12/6, P.P. 1/6. - 
* Complete with circuit, 351- P.P. 2/- 
experimental receivers, personnel locators, etc. 

4 -WAVEBAND COMMUNICATIONS RECEIVER 
RX60 OR SR40. 550 kc/s -30 mc/s.-BFO-AVC-'S' 
meter-noise limiter-Bandspread-Telescopic aerial, etc. 
Full handbook. Brand new. Detailed leaflet on request. 
(24.15.0 P.P. 7/6. 

* De Luxe version, RF Stage, etc., E42.0.0 P.P. 10/6. 

E. 
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