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19-21 PRAED STREET (Dept RC) LONDON W2 
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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. 



FRE E IOAMBifiOUSENCINEERS - THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy? 
ENGINEERING OPPORTUNITIES 
is a highly informative 156 -page guide to 
the best paid engineering posts. It tells 
you how you can quickly prepare at home 
for a recognised engineering qualification 
and outlines a wonderful range of modern 
Home Study Courses in all branches of 
Engineering. This unique book also gives 
full details of the Practical Radio & Elec- 
tronics Courses, administered by our 
Specialist Electronics Training Division- 
the B.I.E. T. School of Electronics, explains 
the benefits of our Employment Dept. and 
shows you how to qualify for five years 
promotion in one year. 

We definitely Guarantee 
46 NO PASS - NO FEE" 
Whatever your age and experience you can- 
not afford to miss reading this famous book. 
If you are earning less than £25 a week 
send for your copy of "ENGINEERING 
OPPORTUNITIES" today-FREE. 

WHICH IS YOUR 
PET SUBJECT? 

Mecnanieal Eng., 
Electrical Eng., 

Civil Engineering, 
Radio Engineering, 
Automobile Eng., 

Aeronautical Eng., 
Production Eng., 

Building. Plastics, 
Draughtsmanship, 

Television, etc. 

GET SOME 
LETTERS AFTER 
YOUR NAME! 

A.M.I.Mech.E. 
A.M.I.C.E. 

A.M.I.Prod.E. 
A.M.I. M.1. 

L.I.O.B. 
A.F.R.Ae.S. 

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

Gen. Cert. of Education 
Etc., etc. 

PRACTICAL 
INCLUDING 

EQUIPMENT 
TOOLS! 

Basicfractical and Theore- 
tic Courses for beginners in 
Radio, T.Y.. Electronics, Etc., 
A.M.Brit.I.R.E. City & Guilds 

Radio Amateurs' Exam. 
R.T.E.B. Certificate 
P.M.G. Certificate 
Practical Radio 

Radio &Television Servicing 
Practical Electronics 

Electronics Engineering 
Automation 

The specialist Elec- 
tronics Division of 
B.1.E. T.(incorporat- 
ing E.M.I. Institutes) 
NOW offers you a 
real aboratory train- 
ing at home with 
practical equipment. 
Ask for details. 

B.I.E.T. 
SCHOOL OF 
ELECTRONICS 

POST COUPON NOW 
Please send me your FREE 156 -page 

"ENGINEERING OPPORTUNITIES" 

(Write if you prefer not to cut page) 

NAME 

ADDRESS 

BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY (Incorporating E.M.I. Institutes) 
(Dept. SE/23 ), 29 Wright's Lane, London, W.8 ; SUBJECT OR EXAM 

THAT INTERESTS ME 

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

IMPROVED 
Modern styling in light 
grey with legible black 
engraving. 
Constructed to withstand 
adverse climatic condi- 
tions. 
Ever ready case including 
leads prods and clips. 
Improved internal assemblies. 
Re -styled scale plate for 
easy rapid reading. 2, 
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. 

.giäVeJLTD 

STANDARDS 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. 

MULTIMINOR 
D.C. Current: 100µA f.s.d. -1A f.s.d. in 5 ranges. RESISTANCE: 0-2M 52 in ranges, using 1.5V cell. 
A.C. Voltage: 10V f.s.d. -1,000 f.s.d. in 5 ranges. SENSITIVITY: 10,000 tI/V on d.c. Voltage ranges. 
D.C. Voltage: 2.5V f.s.d. -1,000 f.s.d. in 6 ranges. 1,000 S2/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) Kr 
SEPTEMBER 1963 73 



£1 0.19.6 P1- and P. 

.7 5 extra 

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 competent 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 " SDKYROVER" 
GENERAL SPECIFICATION. 7 transistor plus 2 diode superhet, 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: Superher, 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 
Selector, Volume Control with on/off 
Swi ch, Tuning Control. In plastic cabinet, 
size 10" x 6}" x 3", with metal trim and 
carrying handle. 

All Components Available Sep- 
aro tely. Data for each receiver, 
2/6 extra. Refunded if you pur- 
chase the parcel. Four U2 bat- 
teries, 2/8d. extra. Four Leak- 
proof batteries, 3!4d. extra. 

THE SKYROVER DE LUXE. Tone Control Circuit 
is incorporated, with separate Tone Control in ad- dition to Volume Control, Tuning Control and Wave- 
band Selector. In a wood cabinet, size Ili" x 64" x 3" 
covered with a washable material, with plastic trim 
and carrying handle. Also car aerial socket fitted. 

£12.19.6 
P. and P. 5/- extra 

THE SPRITE 
INCLUSIVE PRICE OF 79/6 P. and P. 316 extra -_ -=-ç * Six -Transistor Super- ,.. 

het Miniature Per- 
sonal Pocket Radio 

* Long and medium 
wavebands * Ferrite Rod Aerial 

* I.F. Frequency 470 
kc/s * 3" speaker 

* Printed circuit 21" x 2" 
* Slow Motion Drive 
* In Plastic Case. Size 4" x 2}" x 1". 
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 
components mounted on the printed circuit. 
The SPRITE pre -assembled, plus cabinet, 
speaker and all components for final construc- 
tion, at the inclusive price of 7916. Postage and 
package 3)6 extra. Data and instructions 
separately 2/6. Refunded if parcel is purchased. 
Real calf leather case, wristrap, 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 -01B 465 kc/s ± 2 kcfs 
TO -01 D 470 kc/s ± 2 kcs 
TO -02B 465 kc/s ± I kc/s 
TO -02D 470 kc/s ± I kçls P. & P. 6d. 

616 each 

TRANSISTORS 
All Brand New and Guaranteed 

GET.SI 2/6; GET.S5 2/6; GET.S6 2/6; GET.873A 
3/6; GET.874P 3/6; 0C44 7/6; OC45 6/6; 
0070 616; OC71 6/6; 0072 8/-; 0073 16/-; 
0075 8,1-; 0076 8/-;OC81D 6/6; 0C28 19/6; 
OC81 (matched) 6/6 pair 13/-. SPECIAL PRICES 
FOR QUANTITIES. 

ELECTRIC MOTORS 
Brand new cape recorder 
motors. Single phase, 
fully shrouded. 200- 
250V A.C. x f" 
spindle with detachable 
pulley, fitted switch. 
Suitable for tape decks, 
record players and many 
other uses. 14(11 P. & P. 3/6. / 

absolutely complete for 

The COROVER '6' 
* A 6 -transistor plus 2 -diode superhet * I.F. 470 kc/s * Covers the full medium and long wave- 

bands * Sockets for per- 
sonal earpiece or 
tape recorder and 
car radio aerial. 
Uses MULLARD 
Transistors sistors Diode 
and large internal 
ferrite rod aerial. * Uses four 1.5V pen 
torch batteries * All components on 
a single printed 
circuit. Simple 
stage by stage 
instructions * Cabinet size 6}" x 4" x 1=,". With carry- 
ing handle * All coils and I.F.s ready wound. 

ALL COMPONENTS AVAILABLE SEPARATELY 
Data and instructions separately 2/6. Refunded 
if you purchase the parcel. 
CAN BE £576 P. and P. extra 
BUILT FOR Batteries 1/4. 

LASKY'S CAR RADIO 
£9.19.6 

* Small size. Will fit any car * 12 volt operation * New Hybrid circuit * Transistor output * New type Brimar 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 
list, 2/6 post free (returned if you order). 

REALISTIC `SEVEN` 
* 7 Transistor 

Super h et * 350 Milliwatt 
output into 
4" high flux rT speaker * All com- 
ponents 
mounted on 
a single prin- 
ted circuit 
board, size 
5f" x Si" in one complete assembly * Plastic cabinet, with carrying handle, 
size 7" x 10" x 3-4" in Red/Grey, Blue/ 
Grey or all Grey. * Easy to read Dial * External Socket for car aerial * I.F. frequency 470 kc/s * Ferrite rod internal aerial * Operates from PP9 orsimilar battery * Full comprehensive data supplied with 
each receiver * All coils and I.F.s, etc., fully wound 
ready for immediate assembly 

An oustanding Receiver. LASKY'S PRICE 
for the complete parcel including Transistors, 
Cabinet, Speaker, etc., and Full Instructional 

48011th, 

Data: £5.19.6 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 Sev 
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 
El EXTRA. P. & P. as for Standard model. 

DISTLER MINIATURE MOTORS 
6 volt battery operated. 7/11 P. & P. 2/6 

33 TOTTENHAM COURT ROAD W1 207 EDGWARE ROAD W2 152/3 FLEET STREET EC4 
2 mins. Oxford St. Nearest Station: Goodge St. Few yards from Praed St. FLEet 2833 

MUSeum 2605 PADdington 3271/2 Open all day Thurs. Closed 1 p.m. Sat. Tottenham Ct. Rd. & Edgware Rd. addresses open all day Sat. Close I Thur. Please address all Mail Orders to Dept. W at above Edgware Road address 
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Accessories -Mike, Spare Reel £1. 1.0 
I COMPLETE KIT comprising 15 

MOTHER TAPE RECORDER BARGAIN 
Mfrs.' end of production Surplus Offer 

A 24 gns. Tape Recorder offered at the 
bargain price of only 15 gns. plus 10/- I 
Carr. Supplied in 3 Units already wired 
and tested. A modern Circuit for I 
quality recording from Mike, Gram or 
Radio, using latest B.S.R. Twin Track I 
Monardeck Type TD2. 
Valve line-up-EF86, ECL82, EM84, 
EZ80 and Silicon Diode. 

2 tone Cabinet and 8" x 5" £3.10.0 Speaker. Size 14" x 104" x 74" 
Wired Amplifier complete with £5.12.6 4 valves, Front Panel, Knobs 

B.S.R. Monardeck Type T.D.2 £7. 7.0 

Tape, Screened Lead, Plugs, etc. 

1T4 6/- ECC83 8/- PCC84 9/6 
1R5 7/6 ECL82 10/6 PCF80 9/6 
155 7/6 ECL80 10/6 PCL83 12/6 
354 7/6 EF80 8/- PCL84 12/6 
3V4 7/6 EF86 12/6 PL81 12/6 
DAF96 9/- EL84 8/6 PL82 9/6 
DF96 9/- EY51 9/6 PL83 10/6 
DK96 9/- EY86 10/- PY32 12/6 
DL96 9/- EZ81 7/6 PY81 9/6 
ECC81 8/- GZ32 12/6 PY82 7/6 
ECC82 8/- EM84 9/6 U25 12/6 

I items above b" 

+ 5/- carr. 

+ 3/6 carr. 

+ 4/6 carr. 

+ 2/- carr. 

Leaflet, Circuit and Instruction 2/- post free 
I 

Electrolytics All Types New Stk. 
n eWa VALVES r_..,.,..e Adl TUBULAR CAN TYPES 

25/25V 1/9 8+8/450V 4/6 
50/12V 1/9 16+16/450V 5/6 
50/50V 2/- 32+32/275V 4/6 
100/25V 2/- 50+50/350V 6/6 
8/450V 2/3 60+250/ 
4/350V 2/3 275V 12/6 
16+16/450V 5/6 100+300/ 
32+32/450V 6/6 275V 12/6 
1000/25V 3/9 20006 4000/ 

3/6 
Ersin Multicore Solder 60/40 3d. 
per yard. 41b. 2/6, etc. 

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

Standard (PVC base) Long Play (PVC base) D'ble Play (Myiar base) 
3" 150ft. ... 3/9 2251t. ... 4/9 300ft. ... 6/6 
5" 600ft. ... 11/6 900ft. ... 15l- 1,200ft. ... 25/- 
5;" B50ft. ... 14/6 1,200ft. ... 17/6 1,800ft. ... 32/6 
7" 1,300ft. ... 17/6 1,BOOft. ... 22/6 2,400ft. ... 42/3 
Post and Packing -3" Reels 6d. Each additional Reel 3d. 4" to 7" Reels 1/-. 
Each additional Reel 6d. 
EMPTY TAPE REELS (Plastic): 3" 1/3; 5" 2/-, 5;" 2/-, 7" 2/3. 
PLASTIC REEL CONTAINERS (Casettes): 5" 1/9, 5e" 2/-, 7" 2/3 

Jack Plugs. Standard 24" (granit 
Type, 2/6. Screened Ditto, 3/3. 
Miniature 14", 2/3. Screened Ditto, 
2/6. 
Jack Sockets. Open Igranic 
Moulded Type, 3/3. Closed Ditto, 
3/9. Miniature Closed Type, 1/9. 
Sub -min (deaf aid) ditto, 1/3. 

Phono Plugs 1/-. Phono Sockets 
(open), 1/-. Ditto Closed, 1/6. 
Twin Phono Sockets (open), 1/6. 

Soldering Irons. Mains 200/220V 
or 230/250V. Solon 25 watt Inst., 
22/6. Spare Elements, 4/6. Bits, 1/- 
65 watt, 27/6 etc. 
Alumin. Chassis. 18g. Plain 
Undrilled, folded 4 sides, 2" deep 
6" x 4", 4/6, 8" x 6", 5/9, 10"x 7", 
6/9, 12" x 6", 7/6, 12" x 8", 8/- etc 

Alumin. Sheet. 18g. 6" x 6", 1/- 
6"x9",1/6,6"x12",2/-,12"x12" 
4/6 etc. 

MULLARD " 3-3 " HI-FI AMPLIFIER 

3 VALVES 3 WATT 
3 ohm and 15 uhm Output 
A really first-class Amplifier 
giving Hi-Fi quality at 

reasonable cost. Mullard s 
latest circuit. Valve line-up: 
EF86, EL84, EZ81. 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: ± IdB. 10 kc/s. Max. Bass 

Boost 14dB at 80 cis sensitivity: IOOMV for 3W output. Output Power (at 
400 c/s); 3W at 1% total harmonic distortion. Hum and Noise Level: At 
least 70dB below 3W. 
COMPLETE KIT (incl. valves, all Bronze Escutcheon Panel, Print - 
components, wiring diagram and ed Vol., Treble, Bass, On -Off, 
special quality sectional Output Trans.) supplied with each Kit. 
ONLY £6.19.6 carr. 4/6. Recommended Speakers -R. & A. 
Complete wired and tested, 8 gns. 12" with tweeter 52/6, WBHFIO-12 
Wired power 0/P socket and addi- £4.7.6, Goodmans Axiecte 
tional smoothing for Tuner Unit, Axiom 10 £6,5.0. Carr. extra 
10/6 extra. 

Volume Controls -5K-2 Meg - 
ohms, 3" Spindles Morganite Midget 
Type. If" diam. Guar. I year. 
LOG or LIN ratios less Sw. 3/-. 
DP. 5w. 4/6. Twin Stereo less Sw. 
616. D.P. Sw. 8,1-. 

COAX 80 OHM CABLE 
High grade low loss Cellular air 
spaced Polythene - f" diameter. 
Stranded cond. Famous mfrs. Now 
only 6d. per yard. Bargain 
Prices -Special lengths: 

20 yds. 9/-. P. & P. 1/6. 
40 yds. 17/6. P. & P. 2/-. 
60 yds. 25/-. P. & P. 3/-. 

Coax Plugs l/-. Sockets I/-. 
Couplers 1/3. Outlet Boxes 4/6 

Condensers -S; Mica all values 2pF to 
I,000pF 6d., .005, .01, and -I, etc., I /- 
Ditto Ceramic 9d. each. Paper 
Tubular 450V .001 mfd co .01 mfd and 
.1/350V 9d..02 -.I m d I/-..25 mfd I/6, 
.5 mid 1/9. 
Close Tol. S/Micas-l0 j 5pF-500pF 
Bd. 600-5,000pF I/-. 1% 2pF-100pF 
9d. lOOpF-500pF IId. 575pF-5,000pF 
1;6. Resistors -Full Range 10 ohms - 
10 megohrris 20% f and }W 3d., fW 
5d. (Midget type modern rating) 1 W 
6d., 2W 9d. Hi -Stab 5% 4-4W 100 
ohms I megohni 6d. Other values 9d. 
1% 4W 1/6. W/W Resistors 25 
ohms to IOK 5W 1/3, IOW 1/6, 15W 
2/-. Pre-set T/V Pots. W/W 25 
ohms -50K 3/-. 50K-2 Meg. (Carbon) 
3/-. 

TRANSISTOR BARGAINS 
Brand New-BVA Ist Grade 

0C44 8/6 OC70 5/6 
OC45 81- OC71 6/- 
°C81 7/6 GEX34 2/9 
2'OC8I 15/6 OA70 2/9 
GETI 14 6/6 OA81 2/9 
OC72 7/6 GEXI3 2/9 

Speakers P.M. -3 ohms 2f" E.M.I. 
17/6. Goodmans 34" 18/6. 5" Rola 
1716. 6" Elac 18/6. 7" x 4" Goodmans 
18/6. 8" Rola 20/-. 10" R. x A. 25/-. 
9" x 6" Goodmans 25/-. E.M.I. 
Tweeter 29/6. 
Speaker Fret -Expanded gilt ano- 
dised metal 4" x 4" diamond mesh, 
4/6 sq. ft., multiples of 6" cut. Max. 
width 4 ft. 4 ft. x 3 ft. 47/6. Carr. extra 
TYGAN FRET (contemp. pat.) 
12" x 12" 2 -. 12" x 18" 3/-, 12" x 24" 
4/-, 18" x 18" 4/6. 
BONDACOUST Speaker Cabinet 
Acoustic Wadding, 12" wide, any 
length cut 1/6 per ft. 

BARGAINS PLAYER UNITS 
Single Players carr. 3/6 
Garrard-SRPIO E5.5.0 
B.S.R. Latest Model TU12 72/6 
E.M.I. Junior "985" 67/6 
Auto -Changers 
Garrard AT6 Mono 
Garrard "Auto -Slim" 
Collaro C60 
B.S.R. (UA14) 

carr. 5/- 
9 gns. 

£6.15.0 
£6.19.6 
£6.10.0 

ENAMELLED COPPER WIRE - 
fib reels, 14g -20g, 2/6; 22g -28g, 3/-; 
36g -38g, 4/3; 39g -40g, 46, etc. 

PVC CONNECTING WIRE -10 
colours ( or chassis wiring, etc.) -Single 
or stranded conductor, per yd., 2d. 
Sleeving 2d. yd. 

TRANSISTOR COMPONENTS 
Midget I.F.'s-465 kc/s ?" diam. 5/6 
Osc. Coil --its" diam. M/W. 5/3 
Osc. coil M. & L.W. 5/9 
Midget Driver Trans. 3.5:1 6/9 
Ditto 0/Put Push-pull 3 ohms 6/9 
Elect. Condensers -Midget Type 15V 

1 mfd-50mfd, ea, 1/9. 100mfd. 2/-. 

Ferrite Aerial -M. & L. W. with car 
aerial coupling coil, 9/3. 
Condensers -150V. wkg. .01 mfd. to 
.04 mfd., 9d, .05 mfd., .1 mfd., 1/-. 
.25 mfd., 1/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 208+ 
176pF, 8/6. Ditto with trimmers, 9/6. 
365pF single, 7/6. Sub -min. e" DILEMIN 
100pF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control 
knob, 5kn with switch, 4/9, ditto less 
switch, 319. 

Speakers P.M. -2" Plessey 75 ohms, 
15/6. 24" Continental 8 ohms, 13/6. 
7" x 4" Plessey 35 ohm, 23/6. 

Ear Plug Phones -Min. Continental 
type, aft. lead, jack plug and socket. 
High Imp. 8/-. Low Imp., 7/6. 

JASON FM TUNER UNITS 
Designer -approved kit of parts: 

FMTI, 5 gns. 4 valves, 20/-. 
FMT2, E7. 5 valves, 37/6. 
JTV MERCURY 10 gns. 
JTV2 £13.19.6. 4 valves, 32/6. 

NEW JASON FM HAND- 
BOOK, 216. 48 hr. Alignment 
Service 7/6. P. & P. 2/6. 

TRIMMERS, Ceramic (Compression 
Type)-30pF, 70pF, 9d.; IOOpF, 150pF, 
1/3; 250pF, 1/6; 600pF, 1/9. 

PHILIPS, Bee Hive Type (conc. air 
spaced)-2-8pF, I/-; 3-30pF, 1/-. 

KNOBS -Modern Continental types: 
Brown or Ivory with Gold Ring, I" dia., 
9d. each; l',", I/- each; Brown or Ivory 
with Gold Centre, I" dia., IOd. each; 
I}", 1/3 each. LARGE SELECTION 
AVAILABLE. 
METAL RECTIFIERS- STC Types - 
RM I, 4/9; RM2, 5/6; RM3, 7/6; RM4, 
16/-; RMS, 21/-; RM4B, 17/6. 

BARGAIN CORNER 
Brand New. Mfrs. surplus 1st grade 
I OC44 & 2 OC45, 15/6. 
I OCI8ID & 2OC8I, 15/6. 
All above and OA81, 32/6 post free. 
i Meg. VOL Controls D.P. Sw. 
4" flatted spingle. Famous Mfrs. 
4 for 10/- post free. 

RECORD PLAYER CABINETS 
Contemporary style, rexine covered cabinet 
in two-tone maroonand cream. Size 17" 
144" x 84", fitted with all accessories including 
baffle board and Vinair fret. Space available 
for all modern amplifiers and auto -changers, 
etc. Uncut record player mounting board 
14" x 13" supplied Cabinet Price 59/6. 
Carr. and Ins. 5;-. 

2 -VALVE 2 WATT AMPLIFIER 
EZBO 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. 6" Speaker and crans, 

COMPLETE R/PLAYER KIT. As ill. 
inc. BSR UA14 Unit. New Bargain 
Price Now Only £11.10.0, 7/6 carr. 

Send for detailed bargain lists, 3d. stamp. We mau 
facture all types Radio Mains Transi. Chokes, Quality 
0/P Trans., etc. Enquiries invited for Specials, Proto- 
types for small production runs. Quotation by return 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Rd., Thornton Heath, Surrey 
THO 2188 Hours; 9 a.m., -6 p.m I p.m. Wed. Terms 
C.W.O. or C.O.D. Post and Pocking up to 4 lb 9d., I lb,. 
113 31b., 213 5 Ib., 219 8 Ib. 316. 
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Enjoy Yourself and Save Money 
SINGLE SIDEBAND ADAPTOR. Model 
SB -10U. May be used with most A.M. trans- 
mitters. Less than 3W R.F. input power 

g. required for 10W output. Operation on 80, 
40, 20, 15 and IOm bands on U.S.B., L.S.B. 
or D.S.B. £39.5.0 
AMATEUR TRANSMITTER. Model DX - 

a 40U. Covers 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 
a GRID -DIP METER. Model GD -1U. 

Functions as oscillator or absorption wave 
meter. With plug-in coils for continuous 

ffi frequency coverage from 1.8 Mc/s to 250 
Mc/s. £10.19.6 

e= 

Q MULTIPLIER KIT. Model QPM-1. 
May be used with receivers having 450-470 
kc/s LF.; provides either additional selectivity 
or signal rejection; self powered. £7.12.6 

24" SERVICE 'SCOPE. Model OS -1. 
Light, compact portable for service engineers. 
Dim. 5" x 8" x l4}" long. Wt. 10}lb. 

£19.19.0 

DX -40U 

GD -IU 

UXR-2 

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

£14.18.0 

DE LUXE STEREO AMPLIFIER. Model S -33H. De luxe version of 
the S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram pick-up. £15.17.6 

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 

COLLARD "STUDIO" TAPE DECK. The finest buy in its price range. 
Operating speeds: 11", 3;" and 7}" p.s. Two tracks "wow" and "flutter" not 
greater than 0.15% at 7}" p.s. Long Term Speed stability better than 0.5%. 

£17.10.0 

Prices include free delivery in U.K. 

We guarantee that without previous experience 
5" OSCILLOSCOPE. Model O -12U. Has 
wide -band amplifiers, essential for TV servicing, 

a. 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 e 
ELECTRONIC SWITCH. Model S.3U 
(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 

B. and 15,000 c/s. Sig. freq. response 0-100 kc/s. 
±1dB. Separate gain controls and sync. output. 
Sig. input range 0.1-1.8V r.m.s. £11.15.6 
RESISTANCE CAPACITANCE BRIDGE. 
Model C3U. Measures capacity 10pF to 
1,000µF, resistance l00í2 to 5MS2 and power 
factor. 5-450V test voltages. With safety 
switch. £9.5.0 
AUDIO SIGNAL GENERATOR. Model 
AG -9U. IO 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 
TRANSISTOR INTERCOM. Models XI -1U 
& XIR-1U. The master unit uses a 4 -transistor 
amplifier, constructed on a printed circuit 
board, and an internal 9V battery. 
Remote stations use a similar battery for' 
call only. Up to five remote units can be 
ordered for each master. 
XIR-1U (remote) £4.7.6 
XI -1U (master) £10.19.6 
SUGDEN MOTOR UNIT "CONNOIS- 
SEUR CRAFTSMAN". Heavy duty 
motor operating at 334 and 45 r.p.m. Very 
heavy 12" turntable. Virtually no rumble. 

£16.6.6 

250 AMERICAN HEATHKIT MODELS 
MANY PREVIOUSLY UNOBTAINABLE 
All 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 charge of 1/- post paid. 

GL -58 AM/FM TUNER 

HI-FI AM/FM TUNER, Model AFM-1. Available in two units which, for 

your convenience, are sold separately. Tuning heart (AFM-T1-£4.13.6 incl. 
P.T.) and I.F. amplifier (AFM-A1-£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 
HI-FI EQUIPMENT CABINETS. Our four cabinets meet a wide variety of 
tastes and requirements: the "CHEPSTOW" designed for those who have little 
Boor space, the contemporary "MALVERN" for the Tape and Gram. enthusiast, 
and the "GLOUCESTER" Mk. I and II for those with traditional tastes. 
Supplied "in the white". Prices from £11.12.6 to £18.10.0 
An additional range of assembled and finished cabinets is now available from 
us, details on request. 

GOLDRING LENCO TRANSCRIPTION RECORD 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 Ronette 
105 cartridge. £13.12.1 With Decca Deram cartridge £14.6.1 

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 

4 W -B TRANSISTOR PORTABLE RECEIVER. Model 
RSW-L 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 

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

POWER SUPPLY UNIT. Model MGP-1. 
Input 100/120V, 200/250V. 40-60 c/s. 
Output 6.3V, 2.5A A.C. 200, 250, 270V, 
l20mA max. D.C. £5.2.6 

MA -12 RSW-1 

SEND FOR FREE ILLUSTRATED BRITISH CATALOGUE TO' 

**************************************. 
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Building year Own Equipment 

RA -1 VF -1U 

NEW MODEL! 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. Full specification sheet available on request. £39.6.6 
THE "MOHICAN" GENERAL COVERAGE 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 MM -1U AUDIO VALVE MII LIVOLTMETER. Model 
and high performance for which the DX -100U is noted and no less than 35 disc AV -3U. 1mV-300N A.C. IO c/s to 400 kc/s. 
ceramic capacitors reduce TVI to a minimum. £74.19.0 
VARIABLE FREQUENCY OSCILLATOR. Model VF -1U. Calibrated, 
160-10 m. Fundamentals on 160 and 40 m. Ideal for our DX -40U and similar 
transmitters. £11.17.6 

I L _ 

Deferred terms available over £10 RF -1U 

0ATnnen 

VALVE VOLTMETER. Model V -7A. 7 
voltage ranges d.c. volts to 1,500. A.C. to 1,500 
r.m.s. and 4,000 peak to peak. Resistance 0.10 ha 
to 1,000M0 with internal battery. D.C. input 
impedance 11Mû. dB measurement, has centre - 
zero scale. Complete with test prods, lead and 
standardising battery. £13.18.6 
MULTIMETER. Model MM -1U. Ranges 
0-1.5V to 1,500V A.C. and D.C.; 150µA to I5A 
D.C.; 0.252 to 20Mû. 44" 50µA meter. 

£12.10.0 
R.F. SIGNAL GENERATOR. Model RF -1U. 
Up to 100 Mc/s fundamental and 200 Me/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 

£14.17.6 -_ 
AUDIO SINE -SQUARE WAVE GENERA- 
TOR. Model AO -1U. Covers 20 c/s to 150 - 
kc/s and square waves t' 50 kc/s in four ranges. 
Maximum output 10V, distortion less than 1%. 

£13.15.0 

dnyone buffo any of ieese Neathket models* 

JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent intro- a. 
duction to radio. An instructive present. 

£27.19.6 

TA -1S Truvox D83 FM TUNER 

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type re- 
cording indicators, press -button speed compensation and input selection. 
PrintedCircuit Board. 

Mono Model TA -1M £19.2.6 Stereo Model TA -1S £24.10.0 

HI-FI FM TUNER. Model FM -4U. Also available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and amplifier 
unit, with power supply and valves (£12.6.0). Total £15.1.0 

TRUVOX D83J2 & D83/4 TAPE DECKS. High quality mono/ 
stereo tape decks. 
D83/2, 2 track, £31.10.0 D83/4, 4 track, £29.8.0 

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

NEW MODEL! MONO CONTROL UNIT, Model UMC-1 
Designed to work with the MA -I2 or similar amplifier requiring 0.25V. 
or less for full output. 5 inputs. Baxandall type tone controls. £8.12.6 

TRANSISTOR PORTABLE. Model UXR-1. Pre -aligned I.F' 
transformers, printed circuit. Covers L.W. and M.W. Has 7" x 4" 
loudspeaker. Real hide case. £12.11.0 

TELEPHONE AMPLIFIER. Model TTA-1. Easy -to -assemble. 
Transistorised, enables hand -free conversation. Ivory toned cabinet. 

£7.9.6 

TTA-1 

S-99 

SSU-1 

UJR-1 

THE 
"COTS- 
WOLD" 

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 
CAPACITANCE METER. Model CM -1U. 
Direct -reading 44" scale. Full-scale ranges 
0-100µ,ß.P, 0-1,000µµF, 0-0.01µF and 0-0.1 

£15.15.0 
HEATHKIT ELECTRONIC WORKSHOP. 
Model EW-1. This educational kit will teach 
and amuse your children. It can make 21 
exciting experiments including transistor radios, 
burglar alarm, radio or TV silencer, intercom, 
etc. £7.13.6 

£2.7.6 
HI-FI STEREO AMPLIFIER. Model S-99. 
18W output. Ganged controls. Stereo/mono 
gram., radio and tape recorder inputs. Push- 
button selection. Printed circuit construction. 

*.____rN_ 

Without obligation pie 

Assembled models also FREE BRITISH HEATHKIT CATALOGUE 

available - prices on FULL DETAILS OF MODEL(S) 

request. 
(Please write in BLOCK CAPITALS) 

THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x 15}" 
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 "MFS" SYSTEM. Spe- 
cially 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 Model, £23.4.0 

DAYST RO M LTD DEPT. RC9 

GLOUCESTER 

ase send me 

NAME 

ADDRESS 

(Tick here) a 

DEPT. RC9 
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rA GO TRANI!TOR 
WITH SINCL4IR 

BOOKS CIRCUITS TRANSISTORS EQUIPMENT 

THE WONDERFUL 
SINCLAIR RANGE OF 

TRANSISTORS 

M.A.TS 

MICRO -ALLOY 
TRANSISTORS 

MATs give extremely high power gains 

at all levels of collector current and 

voltages and at frequencies from A.F. to 

100 Mc/s. They may be used in place of 

ordinary transistors to give greatly 

improved performance in any circuit. 

MAT 100 High gain, low level type 

MAT 101 Extra high gain, low 
level type 

MAT 120 High gain, medium 
and high level type 

MAT 121 Extra high gain, 
medium and high 
level type 

NEWFOR V.H.F. 
AND U.H.F. 

THE ADT.140 

7/9 

8/6 

7/9 

8/6 

This new Sinclair transistor only 1/5" 
high x 1/5" dia., is specially designed 
for F.M. and T.V. applications and 

for V.H.F. and U.H.F. transmitters 
and receivers. Made by the alloy - 

diffused process, the ADT.140 has a1 
typical alpha cut-off frequency of I 
400 Mc/s. Power gain is 15dB at 

100 Mc/s and 9dB at 200 Mc/s. Price 

Each of these books is crammed with 

invaluable information, tested circuits 

and layout diagrams for receivers and 

equipment using MATs 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 OFFER TO 
RADIO CONSTRUCTOR 
READERS-ALL THREE 
BOOKS FOR 

5/6 
post free 

5/6 
post free 

6/6 
post free 

15/ - 
post free 

NOW -THE SINCLAIR 
MICRO -INJECTOR Fascinating to build 

Smaller, more versati:r, covers 1 Kc/s to 30 Mc/s. 

Perfect for Fault Finding and Servicing all Receivers and Amplifiers 

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 11." x 1-,a" x }", excluding probe, by 

far the smallest instrument and most versatile 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. 

Total cost including 
all ports, MAT 
Transistors, printed 
circuit board, pla- 

probe 
in royal blue with 
gold trim 

27/6 

SINCLAIR MICRO -AMPLIFIER 

OUTPERFORMS AMPLIFIERS 20 TIMES LARGER 

Smaller than a threepenny piece, this fantastic masterpiece 

of transistor circuitry has a power gain of 60dB (1,000,000 

times) and a response within -I-1dB from 30 to 50,000 c/s. 

Will drive any type of earpiece or even a loudspeaker, 

and is a valuable tool in the hands of the keen experimenter. 

Kit is complete with instructions and FREE CIRCUITS 

APPLICATION DATA showing amplifier Jsed with high 

and low imp. P.U.s, microphones, stereo headphones, 

radios, transmitters, etc. 

BUILT AND 
TESTED 

plifierFREE 

with each 59/6 FREE, circuits and appli- 
cation data showing 
TR5 used for all types 
of P.U.s, tape heads, microphones, hi-fi 

amps. in mono r stereo with only tone 

controls added, radios, etc. 

WITH INSTRUC- 
TIONS PRINTED 
CIRCUIT BOARD 
AND ALL PARTS 

SINCLAIR TR5 

28/6 
UNCONDITIONALLY 
GUARANTEED 

Combined Pre -amplifier and z -watt Power Amplifier 

This radically new amplifier employs the latest circuitry 

techniques to produce a perfectly clean half -watt of audio 

power even from such low output sources as tape heads, 

modern pick-ups and microphones. Each amplifier is supplied 

ready built for immediate use and is unconditionally guaranteed 

for 12 months. 
CIRCUIT-S matched transistors and a temperature com- 

pensating diode in a transformer -less complementary -symmetry 

configuration. SENSITIVITY-0.5mV. POWER GAIN 80dB 

(100 million times). RESPONSE 50-20,000 c/s + 3dB. SIZE 

2f"x1f "xi". POWER OUTPUT-500mW undistorted into 

a 150 loudspeaker. POWER REQUIREMENTS-10mA 
quiescent and 150mA peak from 9V battery or power supply. 

SINCLAIR radionics LTD 
69 HISTON ROAD CAMBRIDGE 
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EUROPE ITHE P4LIJOF 
YOUR HAND with the wonderful 

SÜwJaùL 5linJJie 
MICRO -RADIO RECEIVER 

dielectric 
toning 

capacitor 

NEW 
unproved solid 

and 

coverage 
of medium waveband (MATS)volume 

FULL 
Micro -Alloy 

throughoutuite incredible * ly Transistorswith quite 
USES fidelity performance of continental 

TRUE high literally dozens 

* quality of reproduction u11s in 
SEN5ITIVE-band volume is really 

EXTREMELY where the tremendous * stations 
right 

across 
the 

a Ply or train aerial and 

* IDEAL for use in car 

valuable self contained 
uses internal ferrite rod 

dial 
COMPLETELY 

with gold trim and calibrated 

royal* 
ELEGANT 

blue case battery 

THE ORIGINALS OF THESE 
AND COUNTLESS OTHER UN- 
SOLICITED TESTIMONIALS 
MAY BE SEEN AT OUR OFFICES 

AT ANY TIME DURING 
BUSINESS HOURS 

POST 

TODAY 

BUILT IN A 

COUPLE OF HOURS 

success is assured 
before you begin 

TOTAL COST WITH 
FEATHERWEIGHT 
QUALITY EARPIECE, 

INSTRUCTIONS, etc. 496 
Size 1-I$" x I-4-}" x }'. Comprises brand 
new sub -miniature components, prin- 
ted circuit board, genuine MAT 
transistors, case, earpiece and well 
illustrated easily followed instructions 

FULL SERVICE FACILITIES 

ALWAYS AVAILABLE 

THOUSANDS ALREADY IN USE 
.. . and thanks to all the hundreds of enthusiasts 
who have written to us about the Slimline. 
Here are still more typical examples of what constructors write 
"The case is superbly designed ... I have built several other kits and none have been truly successful 
but yours is a winner." A.E.C., Leicester 
"I completed assembly of your Sinclair Slimline and I'm really delighted with the quality of 
reproduction. It's the best small transistor set I have ever heard." J.D.G., Coventry 
"The performance in a car was remarkable! 
"Was honestly amazed at the performance, especially the tone." 

TO SINCLAIR Radionics LTD., 69 HISTON ROAD, 

F.G.P., Bedford 
F.B. T.H., London, S. W.I l 

CAMBRIDGE 

Please rush Sinclair Slimline (s) 
FOR WHICH I ENCLOSE f s. d. 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE RC/9 
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PRACTICAL 
WIRELESS 

Ohm's Law Calculator 

for d. c. circuits 

Presented 
al W ele 5 

the 

'Practical 
October. 1963 

INSIDE EVERY COPY! 

FOR CURRENT, VOLTAGE, 
RESISTANCE AND WATTAGE 

Here's a must for radio constructors. Presenting Ohm's Law 
in concise, easy -to -use form, this specially designed Calculator 
gives the answers to most basic problems, enabling you to 
make at -a -glance calculations for Circuit Design, Fault Tracing, 
Circuit Testing and Component Selection Don't miss yours- 
FREE inside the October PRACTICAL WIRELESS. 

PRACTICAL 
WIRELESS OCTOBER ISSUE 

ON SALE SEPT 6 - 2/ - 
Make sure of your copy! 
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EVERYTHING 
FOR THE 

ENTHUSIAST 

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

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

SHADED POLE MOTORS. 
230V or 110V operation. Ideal 
for fans, blowers or models. 
Single unit 12/6 plus 2/- P. & P., 
or pair E1 plus 2/6 P. & P. 

EDDYSTONE VARIABLES. 
.080 spacing, 3 types 25 x 25pF, 
50 x 50pF and 100pF diff., 10/- each. 
Post free. 

ABSORPTION WAVE - 
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 51", 7", 8}" or 10}" black 
crackle finish, 5/9, 6/6, 7/6 and 9/- 
respectively, postage and packing 
2/-. 

I 
I 

1 

I 

1 

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-# amp. Thermo 21" square, 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. 

AERIAL 

EQUIPMENT 

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 ML2 
(2201b) 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 
up to 12. 

TWIN FEEDER. 300 ohm twin 
ribbon feeder, similar K25, 6d. 
per yd. K35B Telcon (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, I" dia. 
very low loss, 1/9 yd. P. & P. 2/-. 
SHELL INSULATORS. 2" 9d. 
each, 8/- doz. P. & P. .2/- up to 12. 

2 MTR. 5 ELEMENT VAGI 
BEAM. Complete in box, with 
1" to 24" masthead bracket. Price 
49/-. P. & P. 3/6. 

SPECIAL OFFER! 
OBTAINABLE ONLY FROM RADIO & T.V. COMPONENTS LTD 

THE 

Ie gant CSeven 
COMBINED PORTABLE & CAR RADIO 

The Radio with the "STAR" features 
* 7 -transistor superhet. 

Output 350mW 

* Two-tone grey wooden 
cabinet, fitted handle with 
silver coloured fittings. 
Size Ilk"x81" x 34" 

* Horizontal tuning scale, 

size Ile x 2j", in silver 
with black lettering 

* All stations clearly marked 

* Ferrite -rod internal aerial 

* I.F. 470 kc/s 

Parts list and circuit diagram 2/6. 

RADIO&T.V. 

* Operated from PP9 battery 

* Fully comprehensive in- 
structions and point-to- 
point wiring diagram 

* Printed circuit board, 
back -printed with all com- 
ponent values 

* Fully tunable over medium 
and long waveband 

* Car -aerial socket 

* Full after -sale service 

FREE with parts 

COMPONENTS 

Plus 5/6 Postage and Packing 

(ACTON) LTD 21D High St., Acton, 
Open 9 a.m.-6 p.m. including Sots. Early closing Wed. 

London, W3 
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4, 200 PAGES plus a page 
of useful formulae 

* Over 800 illustrations 

Over 5,000 compon- * ents clearly listed and 
priced 

Price £3.19.0. 

Obtainable only 
from 

HOME RADIO Ltd. 
Dept. (RC), 187 London Road, 

Mitcham, Surrey 

HOME RADIO of MITCHAM- 
DEPT. RC, 187 London Road, Mitcham, Surrey. MIT 3282 

TRANSFILTERS 
Transfilters are ceramic filters which take the 
place of tuned i.f. transformers in transistor 
superhets. As they operate at the first overtone of their fundamental frequency it is advisable to 
precede them with one conventional tuned circuit. Three types are available: TO -01 Reson- 
ant tuned, TO -02 Anti -resonant tuned, and 
TF -01 which is a two -connection type that re- 
places the emitter by-pass capacitor and gives 
increased selectivity. Further details are available in "Transistor Circuits for the Constructor No. 
4, price 3/6, postage 1/6. 

The following transfilters 
are in stock: 

TO -01 A 455KC 7/6 
TO -01 B 465KC 7/6 
TO -01 D 470KC 7/6 
TO -02 A 455KC 7/6 
TO -02 B 465KC 7/6 
TO -02 D 470KC 7/6 
TF -01 A 455KC 6/- 
TF -01 B 465KC 6/- 
TF -01 D 470KC 6/- 

Shop hours 9.0 a.m. to 6 p.m. (Wed. 1 p.m.) 

THE FOLLOWING SHORT WAVE AERIALS ARE IN STOCK 
AERIALITE SPDXO 80 

An 8 -element 2 metre array. 
MOSLEY MODEL RD.5 
Dipole antenna kit for 10-80 metres. 
MOSLEY MODEL SWL-7 
Dipole Kit. For 11-49 metres. E7.0.0. P. & P. 1/6. 

Carriage 7/6. 

E8.0.0. P. & P. 1/6. 

WE STOCK THE FULL 
RANGE OF THE NEW 
MULLARD POLYESTER 
CAPACITORS 

WE HAVE A 
COMPLETE 
RANGE OF 
ALL 

HEATHKIT 
MODELS IN 
STOCK 

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

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

MONO 10 WATT 12/6 
STEREO 10 WATT 25/- 

P. & P. 1/6 
P. & P. 1/6 

JASON "ARGUS" TUNER 
A neat Transistor Tuner covering full medium and 
long wave and ideal for use with a tape recorder or 
amplifier. Completely self contained with battery and 
ferrite rod aerial. Just plug in. BBC, Luxembourg, 

- Hilversum, etc., at good 
strength. PRICE OF 
PARTS E7.10.0, post 1/6. 
ALL OTHER JASON 
TUNERS IN STOCK. / ' f®/rO RAD10m, 

kM rpLODE 

A ' , i Ç 
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ONLY 

2'6 
PLUS !' POST 
AND PACKING 

of this famous catalogue 

NOW READY! 
This is the 4th Edition and 8th reprinting 
of our Catalogue. In addition to enlarging 
it we have re -arranged many sections for 
easier reference. Customers who pur- 
chased earlier editions will need no 
encouragement to obtain this one. To 
new customers we would point out that 
of 5,000 items listed all but 14 are 
actually in stock, and that this unique 
catalogue is backed by a Mail Order 
Service second to none! 

POST COUPON TODAY Enclose P.O. 3/6. 

Name 

Address 

L I _J 
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STEREO ON A SHOESTRING 

by J. C. FLIND 

HE WRITER HAS LONG HELD THE 
view that there is a fundamental 
and often unrecognised dif- 

ference between monaural and stereo- 
phonic listening. Whilst the listener 
to a single loudspeaker is accustomed 
to concentrating his attention on 
the source of sound, with background 
noise being rejected by a conscious 
or unconscious effort of will, the 
stereo listener expects his illusion to 
be ready-made and complete. Inter- 
ruptions or extraneous noises are 
more than just a nuisance to him- 
they can defeat the whole purpose 
of stereo, which is the three-dimen- 
sional reproduction of the original 
sound "scene". 

Of cardinal importance too is 
balance which, besides the careful 
setting of amplifier controls, listeners 
and furnishings, should, for perfect 
results, take into account the dif- 
ference in sensitivity of the two ears 
of the listener. Failure to appreciate 
this last point is responsible for 
many disappointments in the stereo 
field. 

All this leads up to the concept 
that the ideal instrument for listening 
to stereophonic sound should ter- 
minate not in a pair of loudspeakers, 
competing with room noises, but in 
a headphone set with separate 
amplifiers, each feeding an individual 
earpiece. The pair of amplifiers for 
such an installation would have to 

RI 

220kn 

Input 

I 

1 

1 

The Complete Unit 
The complete headphone amplifier 

unit, which has been very successful, 
is described in this article. It 
consists of a small flat box containing 
a battery and a pair of amplifiers, 
each with its own volume control, 
together with two pairs of sockets 
to accommodate two pairs of the 
special headphones. There is ample 
power to drive more outlets if 
desired, but when more than two 
persons are listening one or more are 
certain to notice a lack of balance, 
which will reduce the true stereo- 
phonic effect. The gramophone 

-45V 

Fig. 2. Suggested layout employing a 24 -way tagboard 

provide no more than quite a modest 
degree of gain and power and, if 
transistorised, could be constructed 
so as to occupy, complete with 
batteries, only a few square inches 
of space. 

The opportunity to try out this 
scheme without undue expense ap- 
peared recently, when dealers began 
to advertise at reasonable cost a 
pair of lightweight stereo headphones. 
These are rather like a stethoscope, 
comfortable to wear and very suitable 
for working from transistor ampli- 
fiers. They are supplied with 
separate flexible leads to each 
earpiece, and each lead terminates 
in a miniature jack -plug. 

4.5V 

Fig. 1. The circuit of the amplifier used for one channel 

Components List 
Each of the two amplifiers requires: 
Resistors 
(All fixed resistors watt 20 %) 

R1 220kS2 
R2 1M52 miniature volume con- 

trol (ex -hearing aid) 
R3 220k S2 

R4 220kS2 
R5 4.7k0 
R6 22kû2 
R7 5.6k52 
Rs 5600 

Capacitors 
C1 0.05µF 
C2 8µF electrolytic, 6V wkg. 
C3 100µF electrolytic, 6V wkg. 

Transistors 
Tr3, 2 0071, XB112, MAT101 

(See text) 
Transformer 

T1 10:1 Ardente type D.262 
Tagboard 

Miniature, with 12 pairs of tags, 
1 x 2 in 

The unit requires: 
1 Miniature slider s.p.s.t. switch 

on/off 
1 Pair "Stereo" headphones, 

stethoscope type, 2 x SS2 
impedance, (Henry'.; Radio 
Ltd.) 

4 Output sockets, to suit head- 
phones, (Henry's Radio 
Ltd.) 
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pick-up is mounted on the unit case, 
so that the whole self-contained unit 
can simply be placed on the motor - 
board of an existing gramophone, 
the position having, of course, been 
marked out beforehand so as to 
ensure correct tracking. 

The dimensions of the box used for 
the prototype are shown in Fig. 3. 
Its size was governed by the battery 
to be used, and the choice fell on 
the familiar three -cell EverReady 
type 1289. This is conveniently flat 
in shape and provides a very long 
life, besides being heavy enough to 
assist in giving stability. The box, 
made of strips of thin plywood, is 
lin deep and has two compartments, 
one to take the battery and one to 
accommodate the two amplifiers. 
The battery connections consist of 
two brass drawing -pins, placed so 
that the battery connections can 
bear against them and wired to the 

250 

The complete unit, stowed for storage 

The Circuit 
Fig. 1 gives the circuit used for 

each of the two amplifiers. It will 
be noticed that the first stage is 

Neg. contact 

Battery 

Switch 
comps tmcrx 

Pas. contact ....,....., ... 

21121 

Pick-up pivot 

7 1/z 

Fig. 3. Layout of the case 

contacts of a miniature slider -type 
on/off switch. The latter is mounted 
in a slot cut in the end wall of the 
box, as shown. The removable lid, 
held down by screws, carries the 
two volume controls (miniature 
deaf -aid types) and the output 
sockets. All these are connected 
to the body of the unit by thin 
flexible leads so that the lid can be 
removed for servicing or for battery - 
changing. As the total consumption 
is in the neighbourhood of 4mA, 
battery life can be expected to be 
many months. 

An extension of the base -member 
of the box provides a mounting for 
the pick-up pivot. When not in use, 
the pick-up arm can be turned so 
that it lies along the top of the box, 
so occupying the minimum of 
storage space. A U-shaped rest, 
made from plastic sheet or from 
plywood, can be screwed to the end 
of the box remote from the pivot, so 
providing a location for the pick-up 
and protection to the stylus. 

operated at low current level, so 
reducing inherent noise. 

No originality is claimed for the 

circuit, which was designed to use 
0071 transistors, but has worked 
well also with XB112's. The new 
micro -alloy MAT101 transistors 
which offer high gain at low current 
levels work well in the circuit. 

The amplifiers were built as shown 
in Fig. 2, the basis for each being a 
miniature plastic tagboard, with 12 
pairs of contacts, measuring 2i x lin 
only. There is plenty of room for 
ordinary quarter watt resistors, but 
some care has to be taken in fitting 
the three capacitors. The output 
transformers are not mounted on 
the tagboards, but are glued to the 
end panel of the box, narrow slots 
being cut with a penknife in the 
plywood laminations so as to hold 
them securely. The transformers 
specified have quite long flying 
leads. Of these, the blue and orange 
leads connect respectively to the 
negative battery line and to the 
collectors of the output transistors, 
while the red and green secondary 
wires go to the headphone jack 
sockets. If more than one pair of 

The unit in use on a standard motor -board 
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Stereo 
cartridge 
base (R1) 

Tag! 

Tag 14 

To Amplifier A 

Tog 14 

Tog I 

To Amplifier B 

Fig. 4. Illustrating the connections to the volume controls 

jacks is fitted some care has to be 
taken to wire them so that, when the 
plugs are withdrawn, one jack does 
not short-circuit its neighbour. 

The flexible leads from the volume 
controls, mounted on the box -lid 
with contact glue, connect to tags 1 

and 14 of the amplifier boards, 
whilst the thin leads from the pick-up 
connect to the volume controls as 
shown in Fig. 4. 

Finish 
A pleasing finish for the unit is 

obtained by covering with "Contact", 
"Fablon" or one of the other brands 
of self-adhesive plastic sheeting 
obtainable from "do-it-yourself" 
stores. The box lid should be 
covered before fitting the output 
sockets and gluing the volume 
controls into place. 

If the pick-up arm pivot is of the 
type which projects below the base- 
board, it will be necessary to cut or 
drill a suitable hole in the motor - 
board of the gramophone with 
which the unit is to be used. 

The spatial illusion produced by 
this unit, once the balance has been 
correctly adjusted, puts it into 
quite a different class from conven- 
tional stereo equipment. Apart 
from entertainment value, the con- 
struction of the unit has also been 
well worthwhile for the facilities it 
has given for studying the effects of 
quite small variations in balance 
and the purely psychological proces- 
ses of "self-deception". 

Battery -Operated Burglar Alarm 
by A. Vest 

As we are all too unhappily aware these days, petty crime and pilfering are on the increase and 
show no signs of abatement. The householder or shopkeeper has to provide his own precautions 
against break-in and entry, and this article describes an inexpensive burglar alarm which may 

be installed by anyone capable of following the simple circuitry involved 

AVING BEEN REQUESTED BY A FRIEND TO PRODUCE 
a burglar alarm, the circuit described in this 
article was evolved. No originality is claimed, 

as the principle is so simple that it must have been 
used many times before. 

Conditions 
The following conditions were laid down: (1) the 

alarm must be cheap; (2) it must be independent of 
the mains supply; (3) it must "lock on"; and (4) it 
must be door operated. 

In order to satisfy conditions 1 and 2, a quite 
cheep P.O. 3000 relay was employed, together with 
a lantern -type 6V dry battery. This relay allowed 
electrical, instead of mechanical, latching and 
thereby met condition 3 as well. The fourth con- 
dition was easily satisfied by using a door switch of 
the type which is commonly employed for ringing 
a bell in small shops. The alarm device was a 4V 
electric bell. 

The relay is the heart of the circuit and must have 
two pairs of make contacts. The unit available 
had a 1,00012 coil, and therefore only 6mA is 
required to operate it. 

Fig. 1. The circuit of the burglar alarm 
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The Circuit 
The circuit of the alarm is shown in Fig. 1. S1 

is any available single -way switch, and need be 
only a very small type as it merely has to carry the 
6mA required by the relay coil. S2 is the door 
switch, and may be of the type shown in Fig. 2. 
This switch is fitted into the lintel of the door on the 
hinge side. 

To set the device the door is closed, thus breaking 
S2. S1 is made. When the intruder opens the door 
(by even a tiny fraction) S2 is made and current 
flows from the battery through SI, S2 and the relay 
coil. This causes the relay to operate and both sets 
of contacts to make, whereupon current then 
flows from the battery through contacts 1 and 2 to 
the warning bell. The intruder, if he does not panic 
immediately, may realise that his action in opening 
the door has caused the bell to ring and he may, 
therefore, immediately close it again. This has no 
effect, because the relay coil is now being supplied 
with current via its contacts 3 and 4, which are 
directly across S2, and S2 offers no further control. 
The alarm bell will continue to ring until S1 is 
opened. 

Construction 
The writer fitted the relay in an old toffee tin and 

provided insulated terminals for easy connection 
to the external circuit. The relay is secured to the 
lid of the tin by a pair of straps which pass over the 
relay coil and through slots in the lid, and which are 
then tightened on the outside. In the original, thin 
leather straps with buckles were used, but the 
constructor may easily find alternative materials. 
The tin was secured to a skirting board in a well - 
concealed position by means of two woodscrews 

Terminal. 

Insulated 
projection 

Terminal 

Cutout In 

lintel 

Spring 
contact arm 

Contacts 

Fig. 2. The door switch employed by the writer. 
When the door is closed, its edge exerts pressure 
against the insulated projection, and thereby opens 

the contacts. The contacts make when the door is 
opened 

passed through the bottom of the tin. Switch S1 

is mounted at a convenient point near the relay 
unit, and the battery is in the same well -hidden 
position. Obviously, the wiring from the relay unit 
to the door switch and the bell must be concealed as 
much as possible. 

A 4V bell was chosen as the alarm bell device to 
allow for voltage drop on long cable runs. 

No difficulty was found with the alarm after 
construction. It worked perfectly straight away 
and has been tested frequently over a long period. 
No intruder has, as yet, proved its efficacy. 

EDITOR'S NoTm.-If desired, further switches could be fitted at 
other points of entry. These should make when the appropriate 
door or window is opened, and may be connected in parallel with 52. 

An alternative switch to that shown in Fig. 2 would be provided 
by a micro -switch. 

New Surveying Technique Uses 

Closed -Circuit TV 
A new technique for borehole inspection using a closed-circuit television camera, which offers several advantages 

over conventional methods, was demonstrated on the Leeds -Sheffield motorway, seven miles south-west of Wakefield, 
on Wednesday, 10th July, to local authorities and civil engineers. 

Closed-circuit television equipment was supplied by EMI Electronics Ltd., and the demonstration arranged by 

Drilling and Prospecting International Ltd., a member of the Turriff Group. 
When surveying sites for bridges, cuttings and tunnels, it is essential to ascertain the geological structure of the 

ground and the positions of any cavities, such as old mineworkings or swallow -holes caused by water seepage. Conventional 
methods necessitate boring a small hole and dragging out cores of different strata for inspection, but it is obviously 
impossible to extract specimens of cavities. 

When using the television technique, a seven-inch diameter hole is bored and a cylindrical camera in a special housing 
is inserted, to inspect strata and cavities. A constantly changing picture of the composition of the walls, as the camera 
is lowered, is shown on a television receiver above ground. 

Advantages of the new technique are that visual inspection cf the cavities can determine their nature and extent, 
it can be ascertained exactly where water is seeping in, and the placing of cement grout in old mineworkings can be 

checked. The television technique can also be used to correlate findings from conventional boring methods. 
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suggested circuits 

The circuits presented in this series have been 
designed by G. A. French, specially for the enthusiast 

who needs only the circuit and essential data 

HEN IT IS DESIRED TO LISTEN 
to radio programmes by way 
of high fidelity equipment it 

is normal practice to employ an f.m. 
tuner. Unfortunately, f.m. tuners 
only offer reception of B.B.C. trans- 
missions, and the limited range of 
material given does not always meet 
the requirements of the listener. A 
very wide range of programme 
material is available on the medium 
and long wave bands, and this is 
capable of excellent entertainment 
value despite the restricted range of 
audio frequencies inevitable with 
broadcast band a.m. reception. 

This month's article describes a 
Suggested Circuit for an a.m. tuner 
in which attention has been paid to 
ensuring a symmetrical i.f. response. 
This is an important adjunct of a.m. 
tuner design, and it is not always 
realised that disappointing results 
with such tuners are quite often the 
result of componen' skimping in the 
i.f. amplifier. A further feature is the 
use of a cathode follower output 
stage, which enables the tuner to be 
coupled to any subsequent amplifier 
input impedance (preferably above 
50k£2) without the risk of introducing 
an incorrect a.c./d.c. diode load 
ratio. Another facility, not normally 
available, allows the a.g.c. circuit to 
be either delayed or non -delayed, 
and also provides a panel control 
which is capable of varying the a.g.c. 
delay voltage itself. This is an 
unusual feature, and it offers the 
advantage that weak signals may be 

No. 154 High Quality A. M. Tuner 

received without a.g.c., the signal 
level at which a.g.c. takes over being 
variable as desired. An optional 
tuning indicator is also included, the 
type employed being an EM84. 
Finally, the tuner has its own 
isolated a.c. mains power supply. 

The circuit employs more extensive 
decoupling than is usual in a tuner 
of this type. The use of extra 
components here is considered justi- 
fied, since the basic function of the 
unit is to offer an output suitable for 
application to a high fidelity ampli- 
fier, and the additional decoupling 
obviates the possibility of regenera- 
tive effects which might degrade the 
i.f. response. 

Due to the somewhat novel 
features incorporated, it will be more 
helpful to describe the basic opera- 
tion of the circuit first. The more 
unusual aspects of the circuit will 
then be discussed afterwards in 
greater detail. 

Basic Operation 
In Fig. 1, the aerial signal is 

applied, by way of Si(a), to the 
coupling windings of aerial coils L1 
and L2. S1(b) selects the grid 

. windings, and these are tuned in 
conventional manner by C4, which 
is one section of a two -gang 500pF 
tuning capacitor. The aerial signal 
is then applied to the signal grid of 
the ECH81 frequency changer, VI. 

The triode section of V1 functions 
as the oscillator, the appropriate 
coils being selected by SI(c) and Si(d), 

and tuned by C8. The oscillator 
circuit follows normal practice, feed- 
back being provided by way of the 
coil windings switched into the anode 
circuit by S1(d). Capacitors C10 and 
C13 are padding components. 

All four coils L1 to L4 are readily 
available components which fit com- 
fortably into a circuit of the type 
described here. They have adjustable 
iron dust cores for tracking adjust- 
ments at the low frequency end of 
each band. 

Switch S1 has three positions, these 
being "Medium Wave", "Long 
Wave", and "Mute". In the "Mute" 
position the receiver is silenced, 
SI(d) breaking the h.t. feed to the 
oscillator anode. At the same time, 
SI(b) connects the signal grid of the 
frequency changer to chassis, thereby 
ensuring that the heptode section 
still receives its correct value of bias 
when the tuner is muted. 

The intermediate frequency 
appears at the anode of the heptode 
section of VI, and is applied to the 
primary of the first i.f. transformer. 
This primary is decoupled from the 
h.t. line by R7 and C14. 

The secondary of the first i.f. 
transformer connects to the grid of 
the i.f. amplifier valve V2. V2 is a 
double -diode -pentode type EBF89, 
but only the pentode section is 
employed in the i.f. amplifier. The 
amplified signal at the pentode anode 
is fed to the primary of the second 
i.f. transformer, and this is connected 
directly to the h.t. line without 
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Fig. 1. The circuit of the high quality a.m. tuner unit 

decoupling. The secondary feeds 
into one diode section, V3(a), of a 
triple -diode -triode type EABC8O, the 
diode load being offered by R12 and 
R13 in series. I.F. filtering is provided 
by C19 and C20 in conjunction with 
R12, whereupon the detected a.f. 
becomes available across R13. This 
al. is applied, via C21, to the grid of 
the triode section of the EABC80, 
V3(b), which functions as a cathode 
follower. The output from the tuner 
is then taken, by way of C22, from 
the triode cathode. The remaining 
two diodes of V3 are not used, and 
they are strapped to the triode 
cathode. 

A negative potential proportional 
to signal strength appears at the 
junction of C19 and R12, and this is 
employed for a.g.c. When S2 is open 
the a.g.c. line functions in conven- 
tional manner. The negative poten- 
tial is applied to the resistors R10, 
R9 and R4, whereupon an a.g.c. 
potential for V2 is available at the 
junction of R9 and C15, and an a.g.c. 

potential for V1 is available at the 
junction of R4 and C3. Capacitor 
C15 bypasses the earthy end of the 
secondary of the first i.f. transformer, 
whilst C3 bypasses the earthy ends of 
the tuned windings in L1 and L2. 
As will be noted, the a.g.c. circuit has 
no voltage delay, and all detected 
voltages appearing at the junction of 
R12 and C19 are applied direct to the 
a.g.c. line. 

When S2 is closed a different state 
of affairs comes into being, since the 
two strapped diodes of V2 now 
function as an a.g.c. clamp diode. 
Let us assume that S2 is closed and 
that R15 is adjusted such that 20 
volts positive, with respect to chassis, 
appears on its slider. This potential 
of 20 volts will be passed to the 
clamp diode anode by way of the 
22MS2 resistor R11, with the result 
that the diode becomes conductive 
and its anode assumes chassis 
potential. The negative voltage at 
the junction of R12 and C19 is also 
applied to the anode of the clamp 

47 
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275WV 
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005 
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Mains 
trans- 
former 

All resistors 114 watt unless 
otherwise stated 

52 ganged with RI5 

diode, and this is passed by way of 
R10 which, it will be noted, has a 
value that is one -tenth the value of 
R11. Should the voltage from R12 
be 2 volts negative of chassis, the 
clamp diode anode will take up 
chassis potential, because the nega- 
tive 2 volts applied to R10 then 
counteracts the positive 20 volts 
applied to R11. Should the negative 
potential from R12 exceed 2 volts the 
clamp diode anode will go negative 
of chassis, and the diode will no 
longer conduct. It follows that, for 
negative potentials from R12 which 
are below 2 volts, the diode clamp 
remains conductive and its anode 
holds the a.g.c. line at chassis 
potential. As soon as the negative 
potential from R12 exceeds 2 volts 
the clamp diode ceases to conduct, 
with the result that the negative 
voltage is applied to the a.g.c. line, 
whereupon it controls the bias on V1 
and V2 in conventional manner. 
Thus, the clamp diode circuit offers 
a voltage delay for the a.g.c. system. 
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The positive voltage applied to the 
clamp diode anode may be varied by 
adjusting R15, and this potentiometer 
offers a control over the negative 
voltage from R12 which is required 
to make the clamp diode non- 
conductive. In consequence, R15 
effectively varies the voltage delay 
on the a.g.c. system, and it therefore 
controls the received signal level 
which brings the a.g.c. line into 
operation. 

IF Transformer 

secondary 

1 

DC. Load .R1 
AGLoad =Rl +R2 in 

parallel 

Detector 

1F bypass 
capacitor 

Fig. 2. Illustrating the formation 
of the a.c. and d.c. diode loads. 
R2 may be a volume control or, 
with a tuner unit, the Input 
resistance of a subsequent a.f 
amplifier. The usual i.f. filter 
capacitor and resistor are 

omitted here for simplicity 

The diagram shows that S2 is 
ganged with R15, and this is a 
convenient method of combining 
these two components. R15 should 
be wired such that the switch 
operates when the slider is at the 
chassis end of the track, since this 
allows a logical method of using the 
control. Thus (assuming a con- 
ventional potentiometer and switch 
assembly) S2 will be open when R15 
is fully anti -clockwise, and there will 
be no delay on the a.g.c. system. If 
R15 is turned clockwise sufficiently 
to operate the switch, S2 becomes 
closed, and the clamp diode circuit 
becomes operative. However, the 
voltage tapped off by the slider of 
R15 will only be slightly positive of 
chassis, with the result that the 
effective voltage delay will be very 
low. The delay will then increase as 
R15 is adjusted clockwise, being at a 
maximum when the slider is at the 
positive end of the track. The 
overall effect is that clockwise 
rotation of the potentiometer offers 
a continually increasing delay, this 
ranging from zero to maximum as 
the control is turned. 

The tuning indicator, V4, appears 
in a conventional circuit, and it 
obtains its control voltage from the 
junction of R12 and C19. By connect- 
ing into this part of the a.g.c. circuit, 
V4 is capable of giving indications 
regardless of whether the.a.g.c. delay 
circuit is selected or not. Resistor 
R21 and capacitor C25 prevent i.f. 
voltages appearing on the wiring to 
the indicator. These components 
also ensure that the indicator display 
does not flicker in sympathy with the 
a.f. modulation of the received signal. 
The tuning indicator is optional, and 
may be omitted (in company with 
R21, C25 and R5) if desired. 

The tuner unit employs its own 
isolated power pack, and h.t. and 
heater voltages are provided by an 
inexpensive mains transformer hav- 
ing a half -wave h.t. secondary 
winding. A contact -cooled rectifier 
may be used, and smoothing is 
provided by R19, R20, C18, C23 and 
C24. The transformer secondary 
current figures shown in Fig. 1 are 
minimum requirements. If the 
tuning indicator is omitted, the 
heater current requirement drops to 
1.05 amps. 

Circuit Details 
Since the circuit has a number of 

unusual features, these will now be 
discussed at some length, bearing in 
mind the fact that the primary 
object of the tuner is to provide an 
a.f. output which, within the limits 
of a.m. reception, is most suitable 
for application to a high fidelity 
amplifier. 

The first question to be decided 
with a unit of this type is whether it 
should employ transistors or valves. 
Transistors are certainly more con- 
venient than valves, because there is 
no necessity for a power supply, no 
heat is dissipated, and less space is 
required. On the other hand, it is 
difficult to obtain the all-important 
i.f. response with transistor i.f. 
transformers, most of which are of 
the single tuned winding type. An 
excellent response is available with 
valve i.f. transformers, and this may 
be achieved quite readily provided a 
little care is taken in circuit design 
and in construction. Since the 
quality of the a.f. output is the most 
important consideration, it was 
decided that a valve circuitwould be 
preferable to a transistor version. 

The next step was concerned with 
fitting the i.f. transformers into a 
circuit which would offer the mini- 
mum of regeneration in individual 
stages or between stages. Such 
regeneration, even if it is only at a 
low level, can have a significant 
effect on the final i.f. response 
obtained. In the present circuit, 

extensive h.t. and a.g.c. decoupling 
is employed to keep any possible 
regeneration along the associated 
lines at a minimum. 

Another point which has a con- 
siderable bearing on the performance 
of an a.m. tuner is concerned with 
the a.c./d.c. diode load ratio. In the 
normal a.m. diode detector con- 
figuration, the diode has a resistive 
load across which both the a.f. and 
d.c. components of the detected 
signal appear. See Fig. 2, which 
shows this load as R1. The a.f. is 
then passed to a second resistor (R2 
in Fig. 2) by way of an a.f. coupling 
capacitor, and this second resistor 
may be a grid leak or a volume 
control. With many a.m. tuners, the 
second resistor is the input resistance 
of the succeeding amplifier. Thus the 
diode has two loads: a d.c. load 
offered by the first resistor on its 
own, and an a.c. load offered by the 
first resistor in parallel with the 
second resistor. It can be shown that 
if the ratio between these two loads 
is not close to unity, distortion may 
result. In practice, quite satisfactory 
results can be obtained by giving the 
second resistor a value which is at 
least four times the value of the first 
resistor (with a consequent a.c./d.c. 
load ratio of 0.8). If the diode output 
is to feed directly into a subsequent 
a.f. amplifier, the input resistance of 
the latter governs the maximum 
value of the d.c. diode load in the 
tuner. If the input resistance is 
500kO, the tuner diode load has to 
be 125kO; whilst, if it is 250kO (a 
not uncommon figure), the diode 
load has to be 63kO. Diode load 
values as low as this offer excessive 
damping on the secondary of the last 
i.f. transformer, and are to be 
avoided. 

The solution to this problem in the 
present design consisted of employing 
a cathode follower immediately after 
the diode. The high input im- 
pedance of a cathode follower 
ensures that the a.c. diode load is 
very close to unity, regardless of the 
input resistance of the succeeding 
amplifier. (However, as we shall see 
shortly, behaviour here is qualified 
by R1 o). A secondary advantage is 
that the output of the cathode 
follower is at low impedance. In 
consequence, it is possible to use 
relatively long interconnecting leads 
between the tuner unit and the 
amplifier with less high frequency 
attenuation than would be given if 
the output were taken directly from 
the diode load. With the cathode 
follower circuit shown here, the 
succeeding amplifier may have any 
input resistance above, say, 50kO. 
Also, the signal diode can have a d.c. 
load with the comfortably high value 
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of 470kä. 
It was decided to employ a 

conventional frequency changer and 
i.f. amplifier pentode to feed the 
diode. At first sight, an attractive i.f. 
pentode valve is the EBF89, because 
this contains two diodes which could 
be used both for signal and a.g.c. 
detection. There is, however, a slight 
tendency towards regeneration (par- 
ticularly where experimental home - 
constructor layouts are concerned) 
with valves of this nature unless great 
care is taken with wiring and com- 
ponent disposition. It was felt, 
therefore, that a separate diode 
would be preferable, and this is 
conveniently supplied by an EABC80, 
the triode section of which could 
operate as the cathode follower. It 
then becomes possible to obtain an 
acceptable layout by mounting the 
second i.f. transformer between the 
i.f. amplifier valve and the EABC80. 

Whilst it was felt that it would be 
undesirable to employ the diodes of 
an EBF89 for signal and a.g.c. 
detection, these diodes become very 
useful for the a.g.c. clamp circuit. 
It is permissible to operate the 
EBF89 with zero cathode bias, 
whereupon a clamp diode with a 
chassis -connected cathode is con- 
veniently available. In the circuit, 
the EBF89 diodes handle the 
smoothed a.g.c. voltage, and there is 
negligible risk of feedback. 

Turning, now, to the a.g.c. circuit, 
there are several points here which 
require a little further explanation. 
It is, first of all desirable to give Rio 
a high value since, when the clamp 
diode is not conductive, this resistor 
appears as a signal diode a.c. load 
in series with C17. The value of 
2.2MS2 shown should be quite satis- 
factory. The clamp circuit has 
already been described, and it only 
needs to be added that the potentials 
available from R15 range from zero 
to about 40 volts positive for a 250 
volt h.t. line. This range of control 
should be more than adequate, since 
the highest figure corresponds to an 
effective delay potential around 4 
volts. 

R4, the decoupling a.g.c. resistor 
for V1i has a value of 220k9, whilst 
the similar resistor for V2, R9, has 
a value of 2.2MS2. So far as de - 
coupling is concerned, 220kí2 would 
be perfectly adequate for both 
resistors. It is, however, possible to 
put the tuner unit to "Mute" whilst 
S2 is closed and the slider of R15 is 
at the positive end of its track, 
whereupon the potential on the 
clamp diode anode would be very 
slightly positive of chassis. V2 is 
operated with its cathode at chassis 
potential, but it requires a high value 
of grid resistor to give grid current 
biasing. Under these conditions, R9 
provides this high value. Another 
point to mention is that the limiting 
Rg_k for the ECH81 is 3Mí2. R4, 
R10, R12 and R13 in series fall just 
below this figure. 

As has already been mentioned, 
more decoupling components are 
employed here than is usual in a 
conventional a.m. tuner. It was felt 
desirable to decouple either the 
frequency changer heptode anode 
circuit or the i.f. pentode anode 
circuit from the h.t. line. Since the 
heptode draws less anode current 
than the pentode it was felt that the 
decoupling circuit should, preferably, 
be in the heptode anode circuit. At 
the same time, both heptode and 
pentode screen grids have separate 
decoupling components, instead of 
using the frequently encountered 
common decoupling circuit. The 
electrolytic capacitor C18 bypasses 
the pentode anode circuit (as well as 
the V3 anode circuit) and should be 
mounted close to the second i.f. 
transformer. 

The "Mute" facility offered by Si 
was considered desirable because 
tuner unit breakthrough when the 
subsequent amplifier is switched to 
another source of signal can some- 
times be a nuisance. Miniature 4 -pole 
3 -way wavechange switches are 
easily available, and these may 
readily provide the "Mute" function 
shown in Fig. 1. 

Components and Layout 
All the components employed are 

standard types, and it is important 
to note that all bypass capacitors 
should be mounted close to the 
circuits they decouple. Also, R10 
and R21 should be mounted close to 
R12 and C19. 

The i.f. transformers need to be a 
high grade type having a nominal 
frequency of 465 kc/s. Suitable com- 
ponents would be Denco type 1FT6 
or Weyrad type P.30. 

Because of the high resistances and 
low currents associated with the 
clamp diode circuit, it is advisable 
to employ a high grade moulded 
valveholder for V2. Such a valve - 
holder should keep leakage resist- 
ances at a maximum. 

If desired, the aerial coils L1 and 
L2 could be replaced by a ferrite 
frame circuit with bottom -end aerial 
coupling.* 

Layout is not very critical, but it 
is desirable to avoid excessive 
crowding of components. The stages 
should progress along the chassis in 
the same sequence as they appear in 
the circuit, with the first i.f. trans- 
former between V1 and V2, and the 
second i.f. transformer between V2 
and V3. 

Alignment 
If possible, it would be preferable 

to align the tuner unit with the aid 
of a signal generator. The i.f. trans- 
formers should be lined up first, with 
maximum a.g.c. delay applied. De- 
tector output could conveniently be 
monitored by observing the tuning 
indicator. The symmetry of the i.f. 
response curve may be evaluated by 
rocking the signal generator on 
either side of central frequency. 

The aerial and oscillator circuits 
may then be aligned in conventional 
manner, trimming at the high 
frequency end of the band, and 
padding (by adjusting the iron dust 
cores) at the low frequency end of 
the band. 

* See Suggested Circuits No. 152, July 
1963 issue. 

Whiteness Hamfest and Mobile Rally 
The Whiteness Radio Club (Whiteness Manor School for Crippled Boys, Broadstairs, Kent) are holding the above 

event on Saturday, 14th September from 2 p.m. to 7 p.m. The official opening ceremony will be performed by W. E. 

Nutton, G6NU (Naughty Uncle) who, with many other local amateurs have greatly assisted the boys with the formation 
of the Club and the supply of equipment, etc. 

Various events will be held throughout the afternoon among these being sack races for Gs, XYLs and SWLs; balloon 
bursting race; newspaper game; hamfest tin scramble; and the extremely amusing mummy game. Other attractions will 
include an aerial balloon race; bran tub; treasure hunt; best mobile turnout; longest distance mobile visitor and free 
ticket table, etc. Radio equipment (listed as prehistoric) will also be on display. The 160 metre talk -in station will be 
G3 PN I/A. 
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Simple Receiver Circuits 
for Short Aerials 

by Sir Douglas Hall, K.C.M.G., B.A. (Oxon) 

HE RECEIVERS TO BE DESCRIBED 
can be made in three stages; 
or, of course, the full circuit of 

stage 3 can be built straight away. 
Each stage is a complete receiver in 
itself but the successive stages include 
improvements. The first, which is 
unusually simple, will give results on 
medium waves superior to those 
obtained with an orthodox two -valve 
set. Stage 2 adds a long wave band. 
Stage 3 provides increased sensi- 
tivity, particularly on the long wave 
band, and is especially recom- 
mended for areas where the medium 
wave Light programme is weak and 
where a very short aerial is all that 
is convenient. In each of the different 
forms the circuits are intended for a 
simple transportable receiver for use 
in the garden or bedroom and which 
provides better quality than is 
obtained with most small transistor 
sets. Only one valve is used, this 
being a multiple affair, type 1D8. 

It costs only a few shillings.l It 
consumes 0.1A at 1.4V for its 
filament and, in the circuits described, 
about 6mA high tension current at 
90 volts, for which it will give an 
output of nearly 200mW. The full 
circuit shown in Fig. 3 also uses one 
transistor, but this consumes no 
extra current as it draws its supplies 
from the waste high tension current 
flowing through the valve's bias 
resistor. 

As the title of this article indicates, 
the circuits are intended for use with 
a short aerial. With stage 3 a tele- 
scopic aerial or even a few feet of 
wire on the ground will receive in 
local stations at good strength and, 
in most parts of the country, the long 
wave Light programme and probably 
one or two foreign stations in 
addition. If a normal aerial is used, 

1 The IDS is available from Henry's 
Radio Ltd. 

T 

°90V 

° I.5V 

SI 

r"....- -a I5V 
on- off 

Fig. 1. The basic medium wave circuit 

many stations will be received -even 
with stage 1 the prototype picked up 
36 at loudspeaker strength in South 
Devon-but there will be inter- 
ference on some of these unless wave 
traps are used for the local stations. 

The Basic Circuit 
The diode and triode of the valve 

are used in a simple but effective 
reflex circuit. The simplicity can be 
seen from Fig. 1, which shows a 
complete medium wave receiver 
circuit. Owing to stray capacitances 
there are, in effect, capacitors 
between grid and filament and 
between anode and filament of the 
triode. As the aerial is connected to 
the anode end of L1 and there are 
more components connected to the 
anode than to the grid, the stray 
capacitances from anode to filament 
are greater than those from grid to 
filament. There is, therefore, a 
capacitive tap into L1 which is 
nearer to the anode end than the grid 
end. The tap is at filament potential 
and, as a result, reaction effects are 
introduced.2 As the aerial is con- 
nected to a point on the tuned circuit 
which is nearer to filament potential 
than is the grid end, a reasonably 
loose coupling is provided. 

Reaction is controlled by RI. 
With the slider at the top end it is 
clear that there will be oscillation, 

s The capacitive tap into L1 causes a 
Colpitts oscillator circuit to be set up. 

Components List 

Fig. 1 

Resistors 
R1 250kO potentiometer, log. 

(Antilog preferable if 
available) 

R2 1kO 

Capacitors 
C1 160pF air -spaced 
C2 100pF 
C3 100µF electrolytic, 12V wkg. 

Inductors 
T1 Intervalve transformer (El - 

stone, type LF38) 
T2 Output transformer, 65:1. 

(Henry's Radio Ltd., 
"Standard Pentode Out- 
put") 

L1 See text 
L2 See text 

Valve 
V1 1D8 

Switch 
SI s.p.s.t. on -off 

Speaker 
30 impedance 
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Components List 

Fig. 2 
Resistors 

R3 150kû (may need varying 
for Fig. 3 circuit) 

R4 22kû 
R5 270kí2 

Capacitors 
C4 100pF 
C5 180pF 

Inductor 
L3 See text 

Switch 
S2 d.p.d.t. medium wave -long 

wave 

but stability can be restored by 
introducing resistance between the 
anode and Lt. Whatever the position 
of the slider, the whole of the 
amplified signal across the choke L2 
is applied to the diode and rectified. 
There is, therefore, a considerable 
advantage in the form of high 
frequency amplification obtained, as 
compared with a leaky -grid detector 
which can only provide regenerative 
high frequency gain. 

It will be seen that R1, in addition 
to forming a reaction control, is also 
an audio frequency volume control. 
It might be thought that the slider 
would have to be so near to the 
filament end in order to prevent 
oscillation that what was gained in 
high frequency amplification would 
be lost at audio frequencies. But this 
is not so. Although at audio frequen- 
cies the gain is proportional to the 
position of the slider, at medium 
wave frequencies the stray capacit- 
ances take charge. In other words 
the high frequency load is capacitive 
and R1 does not act as a potentio- 
meter across it but, using its top 
section only, as a series resistance 
between L1 and L2. In practice it 
will be found that with short, 
careful wiring, about 10kû between 
the slider and the top of the track 
will stop oscillation at 200 metres 
and that about 25kû will be required 
at 550 metres. Even at 550 metres 
there will be a loss of only one tenth 
of the low frequency signal at the 
critical reaction point, when a 
potentiometer of 250k12 is employed. 
At lower settings of R1 correct 
adjustment of audio frequency 
amplification takes place. In fact, 
Rl will be found to form a smooth 
control from zero to oscillation 
point, and is thus vastly superior to 
the more usual form of reaction 
control which will not cut a strong 
signal down to a whisper. 

160 
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Fig. 2. Adding a long wave stage 

If a straight potentiometer is used 
it will be found that reaction is fierce. 
The ideal is a component with anti - 
log characteristics but these are hard 
to come by, and the best alternative 
is to use a log type wired so that 
reaction increases as it is adjusted in 
an anti -clockwise direction. 

Inductors 
It has been pointed out that a 

considerable gain in amplification is 
obtained because the valve acts as a 
true high frequency amplifier in 
addition to providing regeneration. 
But further gain can be had as a 
result of the stray capacitances being 
smaller than with a conventional 
circuit. It will be found that the 
inductance of L1 can be as high as 
5004H and still tune down to 190 
metres. C1 need not be bigger than 
160pF to tune L1 to well above 550 
metres. Inductance has been in- 
creased by about three times as 
compared with normal medium wave 
coils, and capacitance reduced by the 
same amount. As gain depends on 
the ratio of inductance to capacit- 
ance, an increase of 10 times may be 
realised. A good short wave tuning 
capacitor of 160pF capacitance is 
ideal for C1. A solid dielectric tuning 
capacitor should not be used. 

L1 consists of 120 turns of 32 s.w.g. 
enamelled wire close -wound on a 
three inch length of -lain ferrite rod. 
The rod should be covered with a 
thin paper sleeve before putting the 
winding on. 

L2, the choke, is made by winding 
1,125 turns of 38 s.w.g. enamelled 
wire in three piles of 375 turns each 
on a three inch length of in ferrite 
rod. Tedium can be relieved by 
using a hand drill in a vice as a 
simple winding machine. About 
three inches of adhesive plastic with 
the paper backing left on for the first 
inch makes an excellent sleeve. 

Transformer T1 must be carefully 
chosen, as the triode section of V1 
has a high output impedance of over 
40kí2 and, unless a transformer with 
a large primary inductance is used, 
there will be a serious loss of 
amplification and no bass. The 
author recommends the Elstone 
LF38 for this position but some 
constructors may have a really good 
old transformer in their spares box. 
The Ferranti AF5 will be found 
excellent, but these huge and magnifi- 
cent transformers have not been 
made for many years. If the Elstone 
LF38 is used, the anode and h.t. 
positive connections should be made 
as indicated on the transformer. 
The grid should be taken to terminal 
1 and h.t. negative to terminal 6. 
Terminals 3 and 4 should be con- 
nected together. If the output sounds 
peaky, or there is low frequency 
oscillation, a resistor around 0.5Mû 
should be connected across the 
secondary.3 If that fails, and it is 

3 This measure, and those with reference to T3 which follow, may become necessary when the long wave band is added, as in Fig. 2.-EvrroR, 
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only likely to do so if components 
are unduly cramped, it will be 
necessary to reverse the connections 
to the secondary. However, this will 
reduce amplification, particularly of 
the higher notes, and the need should 
be avoided by keeping T2 and Ti 
well apart, and not too close to 
inductors carrying high frequency 
currents. If a different transformer 
is used, experiments should be 
carried out to find the right way to 
connect the secondary. 

A miniature transformer can be 
used for T2 but the circuits described 
here are not intended for miniature 
receivers and a larger component 
will give more bass. The prototype 
uses a 65:1 "standard pentode" 
transformer obtainable from Henry's 
Radio Ltd. The blue lead of this 
transformer connects to the pentode 
anode. The red and orange leads are 
both taken to h.t. positive, and the 
black and white leads to the loud- 
speaker. 

Adding a Long Wave Band 
Fig. 2 shows how a long wave band 

can be added. Inevitably, this intro- 
duces a little complication into what 
is basically a very simple circuit, but 
gain is good as stray capacitances 
cause less damping on long waves. 
In addition, advantage can be taken 
of the circuit to use a very large 
inductance of about 10mH for L3. 
This is about five times the normal 
inductance and, in itself, gives an 
increase in dynamic resistance of 
about 25 times. 

Because of the greater high 
frequency amplification resulting 
from the smaller stray capacitances, 
it is necessary to introduce some 
damping into the reaction circuit 
(which does not reduce the obtain- 
able gain) on the long wave band. 
This is done by R3 and R4. If R3 is 
omitted or R4 short circuited it will 
be found that oscillation starts at 
such a low setting of the reaction 
control that there is a loss of audio 
frequency amplification which cannot 
be tolerated. R3 adds artificial 
damping which has to be overcome 
by extra reaction. R4 provides part 
of the load for the triode, acting as 
a high frequency amplifier, whilst 
limiting the feedback to the grid. 
R3 has a greater effect at the high 
wavelength end of the scale, and R4 
at the low wavelength end. 

A capacitance of 160pF is too 
large for C1 when tuning the large 
inductance L3 and, by itself, it causes 
crowding of stations over half the 
scale. C4 is included in series with 
Cl when the long wave band is in 
use. Even with the small resulting 
capacitance swing of about 60pF 
there is still a coverage from about 
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Fig. 3. Incorporating an r.f. amplifier. When an 0C170 is used, its shield 
connection may be taken to the negative filament line 

1,100 to about 1,900 metres. On the 
medium wave band C4 becomes a 
series aerial capacitor. 

L3 consists of 500 turns of 38 s.w.g. 
enamelled wire wound in five piles. 
of 100 turns each on a 3in length of 
fin ferrite rod. 

It will be seen that Fig. 2 adds a 
filter, R5 C5, to the pentode grid 
circuit. This will be found to be 
necessary if a long wave band is 
included, and it prevents spurious 
oscillation which is probably due to 
the proximity of the triode and 
pentode sections in the same glass 
envelope, and to the large field 
around L3. If medium waves only 
are to be received, as in Fig. 1, and 
components are not cramped, this 
filter will not be needed. 

An Extra R.F. Stage 
The addition of an extra r.f. stage 

using a transistor, as shown in Fig. 3, 
is well worth while since no extra 
current is used and all the com- 
ponents required, including the tran- 
sistor, cost well under £1. Not only 
is there a marked increase in sensi- 
tivity, but isolation of the aerial from 
the tuned circuit brings the usual 
benefits of freedom from hand - 
capacitance, constancy of reaction 
effects and avoidance of uninten- 
tional annoyance to others through 

Components List 

Fig. 3 
Resistors 

R6 lkS2 
R7 IOkS2 
R8 33k f2 
R9 1.2k S2 (replaces R2) 

Capacitors 
C6 500pF 
C7 0.01µF 

Inductor 
L4 See text 

Transistor 
TR1 0C170 (or 0C44). See text 

oscillation. No earth connection is 
needed in the case of the circuit in 
Fig. 3, which is an advantage with a 
transportable receiver. An earth 
connection may be needed with the 
circuits in Figs. 1 and 2 if hand - 
capacitance is found troublesome. 

There is nothing unusual in the 
transistor part of the circuit except 
for the "free" power supply. It is 
necessary to change R2, a lkS2 
resistor, to R9, with 1.2kS2 R9, in 
parallel with TR1, will give about 
1kSI. An 0C44 can be used in place 
of the 0C170 but this latter tran - 
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sistor is very efficient, particularly at 
the low wavelength end of the 
medium wave band. It may be found 
necessary to modify the value of R3 
to give satisfactory reaction effects 
on the long wave band when the 
output of a transistor, rather than an 
aerial, is the load on the tuned 
circuit. In the case of the prototype, 
150kSI was satisfactory for the circuit 
in Fig. 2, and for Fig. 3 when an 
0C44 was used; but 75kS2 gave 
rather better control with the 
particular specimen of 0C170 used. 

L4 is deliberately made differently 
from L2 in order to prevent any 
possibility of interaction between 

them. With L4, self -capacitance is 
less harmful than with L2, as it will 
only cause a shifting of the capacit- 
tive tap into the tuned circuit and, 
hence, tend to slightly loosen the 
coupling. It will not cause a direct 
loss as would occur with L2. There- 
fore L4 is made by winding one large 
pile of 1,000 turns of 38 s.w.g. 
enamelled wire on about 1 inches 
of din ferrite rod. 

It will be noted that, on medium 
waves, the coupling between the two 
r.f. stages is by Ce and C4 in series, 
giving 82pF. On long waves Co, on 
its own, gives a tighter coupling of 
500pF. 

Full stabilisation is provided for 
TRI and, in addition, there is a 
further measure of stabilisation 
through the action' of the valve. If 
the current taken by TRI should tend 
to rise, the effective bias resistance 
for Vi would be reduced in value and 
the voltage across it would therefore 
drop. This is, of course, the voltage 
available for TRI. The only special 
care that should be taken is to see 
that all connections in the grid 
circuit of V1 are sound. This is 
important, in any case, to safeguard 
the valve. However, an open grid 
circuit could also cause a dangerous 
increase in the voltage across TRI. 

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. 

Signal Generator RS600.-J. Hewitt, 11 Old Dover 
Road, Canterbury, Kent, requires the manual for 
this instrument-made by British Physical Labora- 
tory, London. 

* * 

Triplett Signal Generator Model 1632.-E. F. 
Denning, Grange Road, Albrighton, Staffs, would 
like to obtain the circuit or manual. 

* * * 

Dynatron Models FM1 and T99A.-W. H. Rees, 
57 Belmont Road, Bushey, Herts, wishes to buy 
or borrow circuit diagrams or manuals. The 
FM1 is a switched f.m. tuner and the T99A a 
4 -waveband superhet tuner. 

* * * 

Coronet Transistor 6.-W. L. Brunsdon, 56 Green- 
wood Lane, Wallasey, Cheshire, urgently requires 
to purchase or borrow the circuit diagrams of 
the following two receivers-all correspondence 
acknowledged. Serial No. 11462 or No. 51438, 
both made by Fidelity Radio. 

* * * 

G.E.C. All -Wave Receiver Model BG3850.-J. E. V. 
Henty, 24 Edward Way, Ashford, Middx, requires 
the loan or purchase of the service sheet for this 
5 valve a.c. receiver. 

Long Wave Adaptor.-Dr. Stanley J. Harris, 24 
Bentinck Road, Nottingham, wishes to procure, 
or have made, a long wave adaptor pre -sot at 
1500 metres, suitable for a car radio. 

Cossor Melody Maker.-T. Smith, 6 Kirkby Avenue, 
Aherton, Manchester, wishes to purchase or 
borrow the service sheet for this model No. 501UL. 

R1155 Receiver.-W. Barratt, Isabella Cottage, 
59 Main Street, Monkton, Ayrshire, would like 
to obtain the manual or circuit of this receiver- 
purchase or loan. 

* * * 

G.E.C. Receiver, Serial No. BC4070.-C. Angell, 
Bericote, Malvern Wells, Worcs, requires the circuit 
diagram of the above receiver. 

* * * 

Valve Type 12E1.-G. Downham, 36 St. Pauls 
Road, Gloucester, is seeking information on using 
this valve as an audio or r.f. amplifier. 

BC348N.-1939223 S.A.C. Warwick, Signals Sec- 
tion, R.A.F., Salalah, B.F.P.O. 69, would like to 
buy or borrow the circuit and any other details of 
this receiver. 

* * * 

Supreme Model 89 Valve Tester.-W. J. Cale, 
27 Mihies Road, Berea, Durban, Natal, Republic 
of S. Africa, requires to convert this for testing 
modern valves. Has any reader any information 
on this tester or the circuit? 
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News and Comment 
TV Aid to the Blind 

Following upon our report last 
month on a series of experiments for 
providing hearing aids for totally 
deaf people we now learn of a 
possible development of television 
which would enable the blind to .see 

Dr. Allen B. DuMont of the 
Fairchild Camera and Instrument 
Corporation of New Jersey at a 
Television Symposium said "there 
are outstanding electronic scientists 
who are firmly convinced that we 
will be able, eventually, to feed 
electrical waves directly to the 
human brain-and to feed them 
with such precision that, in com- 
bination with the human nerves, a 
blind person will actually enjoy 
television pictures. In other words, 
we will electronically bypass the 
human eye, and yet achieve the same 
stimuli to the correct parts of the 
nervous system." 

We mentioned in our last issue 
the use of small transistorised 
receivers for a simultaneous trans - 
translating system at the Westminster 
Theatre. Referring to areas of the 
world where there are language 
problems Dr. Du Mont, still referring 
to TV said, "the transmission of 
programmes will most certainly 
employ multilingual sound, so that 
all persons within viewing areas can 
understand the language. This will 
probably be done by multi-plexing 
on a single -sound carrier or by using 
frequency modulation multi -sound 
channels." 
Radio for Beginners 

Newcomers to the hobby of radio 
construction are not always sure 
which constructional projects it is 
reasonable for them to build in view 
of their lack of experience. 

The new edition of our Data Book, 
"Short Wave Receivers for the 
Beginner", is ideal for this purpose. 
After introducing the factors which 
make short wave listening such a 
fascinating pastime, there follows a 
chapter on soldering, that most 
important part of radio construction. 
Then, commencing with a 1 valve 
battery receiver, detailed construc- 
tional details are given of receivers of 
gradually increasing complexity. 72 
pages costing only 6s. make this 
book wonderful value for the 
beginner. 

Authority v. Authority 
The BBC recently lost an appeal 

against the decision of the Special 
Commissioners of Income Tax assess- 
ing the corporation to income tax 
under schedule D for the year 
1958/59. 

The BBC claimed the same 
immunity from income tax as the 
Crown because, broadly, it was 
performing Crown functions. The 
Crown assumed a monopoly over 
wireless broadcasts from the earliest 
days of radio. No station may 
transmit without a licence and the 
fees are payable to the Exchequer 
and the monies for a broadcasting 
service are voted by Parliament. 

It was submitted on behalf of the 
BBC that it was carrying out a public 
service financed out of public funds 
and that it did not receive money 
directly from members of the public. 

The Inland Revenue claimed that 
the BBC carried on a trade and was 
thereby prevented from being con- 
sidered as the Crown, or agent 
thereof. 

The decision means that the 
Government receives back in income 
tax part of the excess of its contribu- 
tion to the corporation over and 
above the BBC's expenses. To the 
layman it just seems a question of 
handing over money from one 
Government pocket to another. 

I.T.A. Report 1962/63 
The Independent Television 

Authority does not receive money 
from public funds but, if the Tele- 
vision Bill becomes law, it will have 
to collect rentals from the programme 
companies not only to cover the 
authority's costs but also to provide 
additional revenue for the Exchequer. 

Mention is made in the report of 
"a study which has begun of ways 
and means by which the guidance 
(on violence) given to producers 
could be embodied in ... a code", 
and considerable detail is given of 
expanded rules concerned with the 
potential effect of advertising on 
children. 

We think Lord Boothby's obser- 
vations on the subject of children 
seeing violence on the screen worth 
repeating again. He said : "Children 
enjoy seeing cowboys shooting each 
other in Westerns because they 
simply don't believe it. What they 
fear is insecurity. If they see other 
children or even small animals ill- 
treated or abandoned on the screen, 
it really does upset them." 

The revised rules for advertise- 

ments used in association with 
programmes intended for children, or 
which they might see, state that the 
methods used must not be likely to 
result in harm to them physically, 
mentally or morally and must not 
take advantage of the natural 
credulity and sense of loyalty of 
children. 

A few of the many examples 
given are: "children must not be 
encouraged to go into strange places 
or converse with strangers in order 
to collect coupons"; "advertisements 
must not suggest that unless they 
buy the product they will be failing 
in some duty or lacking in loyalty 
to some person or organisation"; 
"children seen in advertisements 
should be reasonably well-mannered 
and well-behaved". 

Unfortunately, given half a chance, 
children will watch programmes 
which most parents consider un- 
suitable. The question of truth in 
advertisements is a very big thing 
where children are concerned. Have 
you ever tried explaining to a child 
how it is that Mr. X can advertise 
that he bakes the best bread in the 
town while Mr. Y, in the same local 
newspaper, says that his loaves are 
acknowledged as superior to all 
others ? 

Outside TV Aerials 
Established readers may remember 

that a year or two ago we published 
a photograph of a complete maze 
of TV aerials situated on the roof 
of a block of flats near to our 
editorial offices. The photograph 
was used to illustrate the advantage 
of communal TV aerial systems. 
The ugliness of some aerial arrays 
is almost as irritating as the loss 
of peace and quietness which seems 
to be the price we have to pay for 
so many technical advances, not 
least in the radio field. 

We were therefore interested when 
the P.M.G. was asked in the Com- 
mons by Mr. Mason, M.P. for 
Barnsley, what research was being 
carried out to enable the television 
transmissions to be received without 
an outside aerial, and whether 
legislation could be introduced to 
abolish them in due course. 

In the course of his reply Mr. 
Bevins made the following interesting 
remarks. 

"An aerial of one sort or another 
is indispensable for the reception 
of television by radio; and to get 
a satisfactory picture it must normal- 
ly be situated outside on the roof 
above the level of the surrounding 
buildings. 

(Continued on Page 129) 
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The twenty-fifth in a series of 
articles which, starting from first 
principles, describes the basic theory 

and practice of radio 

part 25 

understanding radio 

IN LAST MONTH'S ISSUE WE ENDED OUR EXAMINATION of iron -cored transformers, discussing practical 
applications and magnetic shielding. We then dealt with air -cored and iron -cored chokes, con- cluding with of the choke. We shall now carry on to air -cored transformers. 

Air -Cored Transformers 
The term "air -cored transformer" applies to transformers which do not have an iron core; although in order that the inductance of one or more of the windings can be varied an adjustable iron dust core, or cores, may be fitted. An iron dust core will vary inductance by entering one of the windings by an adjustable amount, and whilst it may in practice also modify the degree of coupling between windings this is not its primary function. Iron dust cores do not provide a path for a magnetic field which completely enclose the windings, as occurs with an iron core.1 

Air -cored transformers are almost inevitably employed at radio frequencies, whereupon they are more commonly referred to as radio frequency transformers, or as r.f. transformers. A special class of r.f. transformer deals with what are known as intermediate frequencies, and these are described as intermediate frequency transformers or i.f. trans- formers.2 

I An exception is given with pot core assemblies, which will be referred to later. 
2 In one type of receiver, the superhet receiver, amplification of received signals is partly carried out at a particular fixed frequency known as the "intermediate frequency". The intermediate frequency falls within the radio frequency spectrum and is treated in the same way as any other radio frequency. The term "intermediate" results from the manner in which the superhet receiver operates, and it has no other significance. 

By W. G. MORLEY 

The majority of r.f. transformers employed in radio have one or more of the windings resonant at the frequency at which the transformer is to work. This is in direct contrast with iron -cored transformer operation where the windings are not normally intended to be resonant. With the r.f. transformer, the resonant winding is usually tuned by a parallel capacitor; whereupon the assembly may consist of one tuned winding and one or more coupling windings, two tuned windings coupled together (with, possibly, one or more coupling windings), or, more infrequently, combinations employing more than two tuned windings. Occasionally, r.f. trans- formers are encountered which have no resonant windings. These are used for impedance matching in the same manner as an iron -cored transformer, and they will be discussed later. 

Single Tuned Winding Assemblies 
R.F. transformers having single tuned windings may take up a number of forms, and these will now be dealt with. 
Fig. 151 illustrates a typical r.f. transformer of the type which would be employed for tuning over the medium wave band of approximately 1,500 to 500 kc/s (200 to 600 metres).3 The transformer consists of a single -pie wave -wound tuned winding together with a wave -wound coupling winding. The tuned winding will be required to have a high Q, and it will normally be wound with litz or bunched wire. The coupling winding is not required to have as high a Q, and it may be wound with single -strand 

3 See "Understanding Radio" part 19 (March 1963 issue) in which it was pointed out that a receiver must have at least one tuned circuit resonant at the frequency of the signal it is intended to receive. 
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Tuned winding 

Coupling winding 

Fig. 151. A typical r.f. transformer, as would be 
employed for operation at frequencies in the medium 

wave band 

wire having a lower diameter than the overall 
diameter of the wire in the tuned winding. The 
transformer of Fig. 151 is not provided with an 
iron dust core. 

The transformer under consideration may be 
connected into a receiver circuit in the manner 
shown in Fig. 152. In this diagram the two windings 
are depicted in the same manner as for an iron -cored 
transformer, but the straight lines between the coils 
which would indicate the presence of an iron core 
are omitted. Signals, which may be obtained from 
the receiver aerial, are applied to the coupling 
winding and, thence, to the tuned winding. A 
variable capacitor is connected across the tuned 
winding and this adjusts the frequency at which the 
winding is resonant. Since the tuned winding and 
the capacitor form a parallel tuned circuit, this 
offers maximum impedance at the resonant fre- 
quency. The result is that signals at the resonant 
frequency are passed on to the succeeding part of 
the receiver at greater amplitude than all others, 
and we obtain the response curve which is shown 
in Fig. 153. By adjusting the variable capacitor we 
alter the resonant frequency of the tuned circuit 
and, also, the frequency at which the peak of the 
response curve appears. 

The frequency of the medium wave Light Pro- 
gramme transmitter is 1,214 kc/s (=247 metres) so 
that, if we adjust the capacitor such that the tuned 
circuit is resonant at this frequency, the Light 
Programme signal will appear at the peak of the 
response curve. We can then say we are tuned to 
(or have "tuned in") the Light Programme signal. 

The tuned circuit given by the r.f. transformer 

Fig. 152. The r.f. transformer of Fig. 151 may be 
connected into a receiver circuit in the manner shown 
here. It will be noted that the circuit symbol for the 
r.f. transformer is the same as for an iron -cored 
transformer, with the exception that the straight lines 

representing the iron core are omitted 

Amplitude 

Frequency 

Fig. 153. A response curve, as would be given by the 
circuit of Fig. 152. Adjusting the variable capacitor 
will alter the frequency at which the peak of the 

response appears 

will have a high impedance at resonance (its dynamic 
resistance) and the coupling winding may be 
employed to match this high impedance to a source 
of signal having a lower impedance. In such an 
instance, the coupling winding will have fewer turns 
than the tuned winding, so that an impedance 
step-up effect, similar to that given by an iron -cored 
transformer, is obtained. The degree of coupling 
between the two windings is, however, very much 
lower than occurs in an iron -cored transformer, 
and the simple relationship for turns ratio in the 
latter cannot be applied with accuracy to the present 
case. With a coil of the type shown in Fig. 151, 
it may be generally assumed that an impedance 
step-up or step-down takes place according to the 
number of turns in the windings, but the actual 
impedance presented by the coupling winding may 
differ widely from the figure which would be 
expected from a mere consideration of turns ratio. 

The degree of coupling between the coupling and 
tuned winding may be varied by moving the coupling 
winding closer to, or further away from, the tuned 
winding. As the coupling winding approaches the 
tuned winding the coupling becomes tighter, and as 
it moves away from it the coupling becomes looser. 
A very tight coupling is provided in the transformer 
shown in Fig. 154, where the tuned winding is 
wound on top of the coupling winding. The tightest 
possible coupling is given by employing a tap in 
the tuned winding itself, as shown in Figs. 155 (a) 
and (b). In this instance, the coupling winding now 
becomes part of the tuned winding, whereupon we 
have an autotransformer. 

We said just now that impedance transformations 

Tuned winding 

Coupling winding 

Fig. 154. A tight coupling is provided when the tuned 
winding is wound on top of the coupling winding 
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Tuned winding 

Tap 

Former 
a 

Tuned 

winding 

Fig. 155 (a). The tightest possible coupling is given 
when the coupling winding becomes part of the tuned 

winding itself, resulting in an autotransformer 
(b). The circuit symbol for the autotransformer 

of (a) 

in r.f. transformers cannot be accurately evaluated 
by a consideration of turns ratio. It is worth adding, 
nevertheless, that the impedance transformation 
figure offered by the transformer more closely 
approaches that which would be expected from the 
turns ratio as coupling becomes tighter. 

When we dealt with iron -cored transformers, we 
saw that the primary may offer an impedance which 
is "reflected" from a load connected across the 
secondary.4 It is similarly possible for a reflected 
impedance to appear across the secondary when an 
impedance is connected across the primary. This 
point is of importance in r.f. transformer design. 
If the coupling winding is connected to a source of 
signal having a relatively low impedance, a corre- 
spondingly low impedance can be reflected across 
the tuned winding. If the source impedance is 
largely resistive (as it usually will be in practical 
instances) the reflected impedance across the tuned 
winding becomes similarly resistive, and may be 
considered as a resistor connected in parallel with 
the dynamic resistance of the tuned circuit. The 
total effective resistance across the tuned circuit is 
then reduced, giving the same result as reduced Q. 

4 See "Understanding Radio", part 23, July 1963 issue. 

Tuned winding 

Coupling winding 

©a 

Iron dust core 

Iron dust core 

Fig. 156 (a). An r.f. transformer employing a dust 
iron core 

(b). If the core is adjusted to the position shown here, 
the tuned winding has the same inductance as in (a). 
However, the coupling between the two windings is 

tighter 

III 
I, 

lil 

Fig. 157. An r.f transformer with an adjustable iron 
dust core may be depicted in a circuit diagram as 
shown here. The T -symbol (indicating "pre-set") 
passes through the tuned winding only in (b), and this 
is the more correct method of presentation. 
Nevertheless, both versions are employed in practice 

This is usually an undesirable effect, and it can be 
alleviated by reducing the number of turns on the 
coupling winding and/or by loosening the coupling.5 

In passing, it should be mentioned that, when a 
tuned circuit in an r.f. transformer is caused to act 
as though it had a reduced Q for the reasons just 
mentioned, it is described as being damped. This 
term may also be used if the effective Q of a parallel 
tuned circuit is reduced by connecting a resistive 
impedance, or a physical resistor, directly across it. 

Fig. 156 (a) illustrates an r.f. transformer which, 
like that of Fig. 151, may be employed for tuning 
over the medium wave band. However, this trans- 
former differs from that of Fig. 151 in that it has an 
iron dust core, which enables the inductance of the 
tuned winding to be varied. The associated circuit 
symbols are shown in Fig. 157. Because an iron 
dust core is fitted, the transformer may be made 
smaller in size than the purely air -cored version. 
A point of interest with the iron dust core trans- 
former is that, if the core is adjusted so that it 
protrudes towards the coupling winding, as in 
Fig. 156 (b), the coupling between the two windings 
is tighter than if it protrudes on the other side, as 
in Fig. 156 (a). It is possible to obtain the desired 
inductance in the tuned winding with either setting 
of the core, but it is important to note that one 
setting results in tighter coupling. In some circuits, 
performance may be degraded by choosing the 

5 As we shall see in more detail next month, the very tight coupling 
given in the case of the autotransformer of Fig. 155 can give rise to trouble due, also, to reflected inductive or capacitive impedances 
across the tuned winding. 

Fig. 158. An r.f. transformer may have more than one 
coupling winding 
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Tuned winding 

Farmer 

Coupling windings 

O 

Fig. 159. Occasionally, an input signal is applied to 

one coupling winding, whilst an output signal is taken 
from another coupling winding. A suitable transformer 
construction is shown in (a) and the associated circuit 

in (b). It is assumed that no iron dust core is fitted 

incorrect setting (which may be either that of Fig. 
156 (a) or Fig. 156 (b) according to transformer and 
circuit design) and some coils are so designed, 
physically, that the incorrect setting cannot be 
obtained. This effect is absent when a single -pie 
tuned winding is wound on top of the coupling 
winding, or when a single -pie autotransformer 
design is employed. 

Frequently, r.f. transformers of the type we are 
considering have more than one coupling winding. 
An additional coupling winding can, for instance, 
be added as shown in Fig. 158. The additional 
coupling winding could, also, be fitted on the other 
side of the tuned winding. Other permutations 

based on the assemblies of Figs. 151, 154 and 155 
(a) may also be used, and are often encountered. 

We have assumed, up to now, that the input 
signal to the r.f. transformer is applied to the 
coupling winding, the output signal being taken 
from the tuned winding. It is, however, possible to 
reverse this process. In this instance, the input 
signal (normally from a high impedance source to 
avoid damping) is applied to the tuned winding, 
whereupon the output is taken from the coupling 
winding. The latter may then connect to a circuit 
having a low impedance. Yet another combination, 
which is occasionally met, consists of applying the 
input signal to one coupling winding and taking an 
output signal from another coupling winding, as 
shown in Figs. 159 (a) and (b). Both the input and 
the output circuits may then be at low impedance. 
In an arrangement of this nature the tuned winding 
(or most of it) would appear physically between the 
two coupling windings. This method of construction 
is necessitated by the low degrees of coupling 
between windings (as compared with an iron -cored 
transformer). It can then be considered that the 
input coupling winding couples to the tuned winding 
and the latter couples, in turn, to the output coupling 
winding. 

Next Month 
We shall continue our discussion on r.f. trans- 

formers with single tuned windings in next month's 
issue, after which we shall carry on to transformers 
having two tuned windings. 

Reflexed Single -Valve 
Television Sound Receiver 
By JOHN K. GORDON 

By means of an ingenious valve reflex circuit, this inexpensive receiver 

offers loudspeaker reproduction of the local television sound channel. 

The design is intended for Band I channels in the service (i.e. non -fringe) 
area of the transmitter 

HERE ARE OFTEN TIMES WHEN A 

small, completely self-contained 
and self -powered television re- 

ceiver for sound only can prove 
extremely useful. For certain concert 
performances, for example, the vision 
is not always highly important and 
the domestic set may be tied up with 
the family on a different channel. It 
is handy, then, to be able to go into 
another room and listen to the sound 
of the channel not voted as the more 
popular by the rest of the family. 

For Tape Recordings 
There are, also, those times when 

a tape recording of the sound 
accompaniment of a television pro- 
gramme is required. The receiver 
about to be described is ideal for 
such an application, and it is 
interesting to observe that the cost 
for its construction is less than the 
cost of a good quality mains isolating 
transformer, which most ordinary 
domestic television sets demand 
before they can be employed to make 

a recording with adequate safety. 
The receiver also has a unique 

circuit, and for that reason alone it 
is bound to have a general appeal to 
the experimenter. 

Four Stages 
In spite of the modest single valve, 

the receiver features four distinct 
stages. These can be picked out from 
the circuit in Fig. 1. The valve 
employed is a Mullard triode - 
pentode of the ECL83 class, and the 
triode section Vi(a), first acts as a 
grounded -grid r.f. amplifier. 

The signal from the coaxial down - 
lead of an ordinary television aerial 
is applied to the cathode of the valve 
section through the matching trans- 
former Li/L2, while the grid is held 
at chassis potential so far as the 
signal is concerned by C1. 

The triode section is biased by grid 
current resulting from the use of the 
10MS1 grid resistor R2, which avoids 
having to break the cathode circuit 
to introduce a bias resistor and 
bypass capacitor. Slightly greater 
gain is also possible by the use of 
grid current biasing. 
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Components List 

Resistors. Unless otherwise stated, 
all fixed resistors are 1 watt 

R1 47k52 
R2 10M12 
R3 47k12 
R4 1M12 log pot, with switch 
R5 28052 
R6 1k52 3 watt 
R7 1552 1 watt 

Capacitors 
C1 0.00111F ceramic 
C2 0.0011.1.F ceramic 
C3 Twisted pair (see text) 
C4 0.1µF paper 
C5 0.11.t.F paper 
C6 0.001µF paper or ceramic 
C7 50µF 12V wkg electrolytic 
Cg 16µF 250V wkg electrolytic 
C9 8µF 250V wkg electrolytic 

Valve 
Vlta), (b) ECL83 

Inductors 
Li-L4 See text 
T1 Speaker transformer. 50:1 

for 312 speaker 
T2 Mains transformer. Secon- 

daries: 150V at 35mA, 
6.3V at 0.6A minimum 

Diode 
D1 Germanium diode GEX34 

Rectifier 
MR1 Contact -cooled rectifier. 

Minimum rating 150V 
input at 35mA 

Switch 
Si(a), (b) On -off. Ganged with R4 

Miscellaneous 
1 B9A valveholder 
Chassis 
Sockets, etc. 

The amplified television sound 
signal is developed across L3 in the 
triode anode circuit, and the low 
potential (signal -wise) end of this 
inductor is held at chassis potential 
by C2. The signal from L3 is coupled 
by C3 to the tapped inductor L4 
which, together with L3, forms a 
kind of bandpass circuit to give the 
required selectivity, bearing in mind 
that the selectivity performance must 
be sufficient to eliminate vision 
signal breakthrough. 

Thus, so far explained, the triode 
section of the valve acts as a fairly 
conventional grounded -grid r.f. am- 
plifier. 

Diode Detector 
The amplified and selected signal 

is applied to the GEX34 germanium 

230-250V 

200-220 -V 

lSla Sib 

AC Mains 
Input 

Fig. 1. Complete circuit of the receiver. C3 is formed by a twisted pair 

diode from a suitable impedance 
point at tap C on L4. Tapping down 
in this way also avoids heavy damp- 
ing of the tuned circuit by the 
relatively low impedance of the 
diode circuit. The diode load is R3, 
while the reservoir capacitor is 
formed by C4 and C1 in series. 

Across R3, therefore, appears a 
low-level audio signal, and this must 
be amplified before it can possibly 
be used to drive an output pentode. 

Audio Amplification 
Audio amplification is also pro- 

vided by the triode section of the 
valve, since the a.f. voltage across 
R3 is coupled to the grid of the 
triode through C4. This has no 
effect on the r.f. signal as this is 
adequately bypassed by C1. 

The anode of the triode is further 
loaded by a resistor R1, and it is 
across this that the amplified audio 
signal is developed, remembering 
that the amplified r.f. is "grounded" 
through C2. The value of R1 can be 
increased to give greater audio gain 
at the expense of r.f. gain, but the 
value given in the circuit represents 
a good compromise between r.f. and 
a.f. gain and also avoids too much 
treble -cut due to the r.f. filter 
capacitor requirements in the audio 
section. 

Output Stage 
The amplified audio appearing at 

the anode end of R1 is fed through 

C5 to the slider of the volume 
control and, since the resistive 
element of the control is connected 
between the control grid of the 
pentode section of the valve and 
chassis, the required level of audio 
applied to the pentode can be 
adjusted in the usual way by the 
volume control. Applying the signal 
to the slider avoids a sliding connec- 
tion actually in the grid circuit of the 
pentode, and thus ensures a quiet 
control of volume. 

The pentode is cathode biased by 
R5 and negative current feedback is 
prevented by the use of the bypass 
electrolytic C7. C6 eliminates the 
effects of third harmonic distortion 
and also provides a degree of tone 
correction. Its value can be reduced 
if required (e.g., if improved treble 
response seems to be needed). 

Power Supply 
One feature of the receiver is the 

complete isolation from the mains 
supply by the use of a double -wound 
mains transformer T2 (as distinct 
from an auto -transformer). This 
means that the receiver can provide 
a signal for an audio amplifier or 
tape recorder with complete safety. 

The transformer primary winding 
should match the local a.c. mains 
voltage, while the h.t. secondary 
should give 150 volts r.m.s. at 35mA 
minimum. The heater winding 
should be rated at 6.3 volts 0.6A 
minimum. 
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Heater and mains leads - 
close to chassis 

Speaker 
Socket 

Fig. 2. A suggested layout and point-to-point wiring plan 

H.T. is given by a small contact - 
cooled selenium rectifier fed, prefer- 
ably, by a surge limiter resistor R7. 
A 1kO resistor in conjunction with 
an 8e.F reservoir electrolytic (C9) and 
a 16p.F smoothing electrolytic (C8) 
provides adequate smoothing, and 
the screen grid of the pentode- 
under these conditions of voltage 
-can be connected direct to the h.t. 
line. 

A double -pole on -off switch, 
ganged to the volume control, is 
included in the mains input circuit. 
A fuse was not considered warranted 
in the prototype, but can, of course, 
easily be included in the mains input 
circuit if required. 

Construction 
No hard and fast rules are given 

for the construction of the receiver, 
as the ideas of individual enthusiasts 
can then be incorporated, if desired. 
However, a suggested layout, show- 
ing also the point-to-point wiring in 
some detail, is given in Fig. 2. 

Here a small tray -type chassis is 
employed having dimensions which 
fit in comfortably with the mains and 
speaker transformers. The trans- 
formers drawn in broken line are 
mounted at the top of the chassis, as 
also, of course, are the tuning coils. 
Fig. 2, in fact, gives the under - 
chassis view of the wiring and 
components. 

It should be noted that the number 
of turns and turns spacing on the 
coils required to tune a specific 
channel are influenced to some small 
amount by the exact layout and 
wiring routes adopted in proximity 
to the coils and tuned circuits, and 

for this reason the information given 
in the Table should be looked upon 
essentially as a guide. 

Holes to take rubber grommets are 
drilled below either side of T1 and 
below one side of T2, and through 
these the transformer lead -out wires 
are conveyed to the various circuit 
points. The appropriate mains 
primary tap is used on T2 and the 
unused voltage tap wire is adequately 
insulated and folded into a loop. 
The secondary wires of T1 are 
connected to the speaker socket, and 
one side is also connected to a 
chassis earth point. 

The mains and heater leads carry- 
ing a.c. should be routed as close as 
possible to the surface of the chassis 
so as to avoid undue hum pick-up. 
These leads should also be kept as 
far away as possible from the triode 
and pentode grid circuits. It often 
pays to use screened cable on the 
two "live" volume control circuits. 

Coils 
Basic details for constructing the 

coils are given in Fig. 3, while 
winding information is given in the 
Table. All the coils are wound on 
Aladdin Bakelite formers Type 
PP59386, and screened by Aladdin 
aluminium cans Type D/TV2. The 
coil lead -out wires can be held firm 
at the top of the formers if this is 
considered necessary by Aladdin top 
plates Type PP5939, but since 18 
s.w.g. tinned copper wire was used 
for this purpose in the prototype 
adequate stability was automatically 
achieved. 

The coded lead -out wires in Fig. 3 
correspond to the letter code adopted 

both on the circuit diagram and on 
the under -chassis point-to-point wir- 
ing and assembly diagram. Holes of 
about din diameter should be 
drilled in the chassis at the coil 
lead -out positions, and care should 
be taken over this exercise to ensure 
that, when the coils are properly 
lined up on the chassis, the lead -out 
wires protrude through the exact 
centre of the holes. 

All coils are tuned by dust -iron 
core Type 500/900, and these are 
best held firmly in the cores by thin 
elastic. * 

Operation 
After the finished receiver has been 

carefully checked for wiring accuracy 
and freedom from h.t. and 1.t. 
short-circuits, the mains supply can 
be connected and the receiver 
switched on. The receiver is designed 
to operate any 3 to 70 loudspeaker 
system, and a speaker should be 
connected before turning up the 
volume control. 

A very low level hum will be heard 
in the speaker when the volume 
control is turned up, and some sort 
of sound or vision signal will almost 
certainly be audible when a television 
aerial is connected. The core of L4 
should first be adjusted for maximum 

*The coils may be wound on the familiar 
Bakelite formers having an outside diameter 
of 0.30in and a square base measuring 0.765 
by 0.765ín. The dust cores, preferably v.h.f. 
types, have a diameter of 6mm and a length 
of 12.7mm.-Enrroa. 

CD AB 

L4 

CB 

© 
Fig. 3. Details of the coils. See Table. 
The lead -out wires may be 18 s.w.g. 

tinned copper 

102 THE RADIO CONSTRUCTOR 



sound output, followed by the core 
in L3 and finally that in Ll/L2. 
L4 tuning will be reasonably sharp 
(but see the following notes on the 
adjustment of C3) and L3 very sharp. 
L1/L2, on the other hand, is very flat 
indeed. 

Adjusting C3 
Capacitance C3 is formed by four 

twists of two thin, p.v.c. covered 
conductors. The resulting value of 
capacitance generally provides a 
reasonable balance between gain and 
selectivity, depending upon the local 
signal conditions. Should vision 
breakthrough seriously trouble the 
required sound signal, however, the 
value of C3 may be too large. 
Alternatively, there may be excessive 
stray capacitance between the wiring 
of L3 and L4 and/or L3 and L4 may 
not be peaking correctly. 

To sound g tuner 

Aerial In 

22 

22n 

n 

22n a 

Small tin box 

To TV 
set 

Fig. 4. A network which allows the sound 
receiver to be operated from the 
domestic television aerial without 

affecting normal viewing 

The latter possibility should first 
be checked by ensuring that the coils 
give a tuning peak when the cores 
are adjusted just before the centre of 
the windings. If this is not so, then 
the number of turns and/or the 
turns spacing should be adjusted 
accordingly. 

For example, the number of turns 
should be decreased by a small 
amount if the coil tends just to enter 
the range of the required sound 
channel when the core is totally re- 
moved from the former. Such a 
symptom indicates that the coil in- 
ductance is too great. The converse 
will apply if tuning just commences 
when the core is set to the centre of 
the winding. 

TABLE 

Channel Frequency Mc/s 
Number of Turns 

L1 L2 L3 L4 L4 tap from B 

1 41.5 4.0 5.5 8.0 7.5 3.5 

2 48.25 3.0 4.5 7.0 6.5 3.5 

3 53.25 3.0 4.0 5.5 5.0 2.5 

4 58.25 2.5 3.5 5.5 5.0 2.5 

5 63.25 2.5 3.5 5.0 4.5 2.0 

Wire: 22 s.w.g. enamelled -covered all coils. 
Winding: Close -wound. Spacing between L1 and L2 diameter of wire 
only. 

When it has been established that 
the coils are tuning correctly and 
vision breakthrough is still trouble- 
some, one or two twists should be 
removed from C3 and L4 and L3 
readjusted for maximum peak. If 
there is still excessive breakthrough 
with C3 completely untwisted, the 
wiring in the proximity of the two 
coils must be rearranged to reduce 
the high stray capacitance. 

To avoid depriving the domestic 
television receiver of a signal when 
the sound receiver is being adjusted 
or used, Fig. 4 shows how two out- 
puts can be obtained from the one 
downlead over any channel. This 
device is often called a "star net- 
work" for obvious reasons, and by 
the use of three 2212 resistors (non - 
inductive carbon composition type) 
each socket looks like 70/7512 when 
the others are correctly matched to a 
similar value impedance. 

The network can easily be built 
into a small tin box of the type used 
to house tobacco and like materials. 
But it must be remembered that the 
cost of achieving a correct all-round 
match is 6dB of aerial signal. That 
is, each receiver obtains approxi- 
mately half the signal that is in the 
aerial downlead. 

Final Notes 
While the prototype was designed 

for use on Band I channels, there are 
no specific reasons why it could not 
be used on Band HI channels, pro- 
vided, of course, there is adequate 
Band III signal available in the 
aerial. The receiver is essentially of 
use in service areas, for a single valve 
cannot be expected to give fringe 
area performance no matter how 
effective the reflexing. 

A very strong signal could well 
cause overloading and make it 
virtually impossible to eliminate 
vision signal breakthrough, but this 
can easily be corrected by the use of 
a downlead attenuator. The star 
network described may, in fact, be 
sufficient to reduce the signal 
strength to a more suitable level. 

A degree of Q -multiplication can 
be introduced by connecting a very 
small value capacitor between the 
triode anode and cathode, as shown 
by Cf in Fig. 1. Too much forward 
coupling of this kind will, however, 
turn the stage into an oscillator and 
cut out receivers in the neighbour- 
hood by pattern interference; and 
this must be avoided at all costs. 
However, just a little coupling, as 
given by a single twist on two p.v.c. 
covered conductors (as for C3) will 
increase both the selectivity and 
sensitivity, and can be useful in low 
signals areas and to enhance vision 
signal breakthrough. 

BBC EXPERIMENTAL STEREO TRANSMISSIONS 
In order to assist the manufacturers of stereophonic receiving equipment, the BBC's experimental transmissions 

using the Zenith-G.E. pilot -tone system were recently increased from one period per week to three per week. The 
new schedule of transmissions from the Wrotham Third Programme transmitter on 91.3 Mc/s is as follows on Tuesday, 
Wednesday and Thursday mornings each week: 10.30-11 tone test transmission; 11.15-11.45 programme test transmission. 

Both transmissions are preceded by four minutes of tuning signal consisting of two tones of different pitch -the one 
of lower pitch being on the A (left-hand) channel followed by one minute with no modulation. At the beginning of the 
programme period there is a stereophonic announcement for setting -up purposes and the tone transmission is preceded 
by an explanatory announcement. 

The fortnightly experimental transmissions on alternate Saturday mornings, using the television sound channel and 
the VHF and medium -waveband Network Three frequencies, have been interrupted for the usual summer break, but 
will be resumed this month. 
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This month Smithy the Serviceman, aided as always by his able assistant Dick, probes the mysteries of vertical and line flyback suppression circuits 

"DRAT THESE FLYBACK LINES!" L Dick thumped his solder- 
ing iron down on its stand, 

and glared malevolently at the 
receiver in front of him. This repro- 
duced an excellent picture which was 
marred only by a succession of 
sloping white lines whose brightness 
varied with the overall brightness of 
the scene being reproduced. 

"Drat them!" continued Dick, his 
voice edged with venom. "Dang 
them, darn them and drat them!" 

"Now, now," said Smithy sooth- 
ingly, turning round from his bench, 
"swearing won't make things any 
better." 

"It makes me feel better," snorted 
Dick in reply. "I've spent two hours 
working on this blistering receiver, 
and I've already replaced a faulty 
line output tranny as well as sorting 
out a stinker of a snag in the tuner 
unit. I'm getting a perfect picture 
now, except that I've got these 
tarnation vertical flyback lines on the 
screen. What really riles me is that, 
when I think I've set up the brilliance 
and contrast controls so that the 
lines disappear, they come back 
again when the scene changes." 

Line Output Fault 
Smithy wandered over and gazed 

at the offending receiver. 

"You aren't", he remarked mildly, 
"supposed to be able to clear vertical 
flyback lines with the receiver 
controls. There's a special suppres- 
sion circuit in the set which should 
clear them for you." 

"Well, it's not" replied Dick, 
"working for me!" 

"Perhaps not," commented 
Smithy. "Anyway, tell me what 
you've done up to now." 

"As you like," said Dick, his tone 
becoming somewhat more equable at 
the prospect of advice from Smithy. 
"Well, the set came in almost 
completely kaput. The valves lit up 
but there was no e.h.t. So I started 
to do a little fault-finding in my usual 
masterly manner." 

"I see," said Smithy. "Was the 
line output transformer singing?" 

"Very audibly," replied Dick. 
"Well, the first thing I did ... " 

"And," interrupted Smithy, "did 
the heater of the e.h.t. rectifier light ? 

It did," said Dick, "so the first 
thing . 

"Also," broke in Smithy, "was the 
e.h.t. lead properly plugged into the 
tube?" 

"Yes it was," snorted Dick. "Now, 
as I was saying ..." 

"I should guess," commented 
Smithy, "that there was a strong 

possibility of an open -circuit e.h.t. 
overwind." 

Dick threw an irritated glance at 
the Serviceman. 

"That was the snag," he admitted 
reluctantly. "But I wish you'd let me 
explain it in my own way! Anyway, 
I put in a new line output tranny, 
after which there was stacks of e.h.t. 
But the screen was now running 
completely white and there was a 
very loud hiss from the speaker." 

"Instability," commented Smithy. 
"Possibly in the tuner unit if it was 
coming through both on sound and 
vision." 

"That's what I thought," said 
Dick, eagerly embarking on a 
description of his second fault with 
the receiver. "Well, I started . . 

"Did the instability clear when 
you swung the turret between 
channels?" 

"Yes it did," said Dick. "So what I. 
"Swinging the turret between 

channels," interrupted Smithy, "usu- 
ally breaks the h.t. supply to the 
oscillator and the r.f. amplifier valve. 
So that would confirm that the 
instability was in the tuner." 

"It was in the tuner," said Dick 
irritably. "Now, as I was . 

"In which case," continued Smithy 
imperturbably, "I would check if the 
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tuner used a cascode. If it did, a very 
likely fault would be an o/c bypass 
capacitor on the grid of the upper 
triode." 

Dick scowled at the manifestly 
untroubled Smithy. 

"All right then," he remarked 
eventually, "the tuner did have a 
cascode, and the grid bypass capa- 
citor was open -circuit." 

"Good," said Smithy briskly, 
"that brings us up to the present! 
Let's now have a look at those 
flyback lines." 

The Serviceman peered more 
closely at the lines on the screen of 
Dick's receiver. (Fig. 1.) He 
adjusted the brilliance control ex- 
perimentally and found that, with a 
critical setting, he could just render 
the lines invisible whilst still pro- 
ducing an acceptable picture. How- 
ever, the brilliance control setting 
needed to clear the lines had to be 
altered for scenes of different overall 
brightness. 

"There's nothing very much 
wrong here," Smithy commented. 
"The vertical flyback suppression 
circuit has gone for a burton, that's all." 

Dick groaned. 
"It would be something like that," 

White level 

Fig. 1. A typical example of the 
manner in which vertical flyback 
lines may become visible on the 

c.r.t. screen 

he grumbled. "Why couldn't it be 
something nice and easy?" 

"Vertical flyback suppression cir- 
cuits are easy," replied Smithy. 
"They're one of the simplest sections 
of the receiver." 

"They may be simple to you," said 
Dick aggrievedly, "but they aren't 
simple to me! I can't even see why 
you need to suppress the vertical 
flyback anyway. You shouldn't get 
anything on the screen because, 
during flyback, the signal's at blank- 
ing level." 

Vertical Synchronising Signal 
Smithy picked up a stool and drew 

2 lines with picture 
or at blanking level 

Blanking level 

Synchronising 
signal level 

Line sync pulses 

White level 

403 

it alongside Dick's bench. 
"I can see," he remarked, sitting 

down, "that we have stumbled on 
an arid patch in your general 
television education. We shall, in 
consequence, have to start right at 
the beginning. Hand me over your 
notebook." 

"Here you are," said Dick en- 
thusiastically, forgetting his previous 
complaints at the prospect of tackling 
something fresh. "One notebook 
coming over!" 

"Right," said Smithy. "Now, the 
first thing to do is to take a butcher's 
at the sort of signal that hits the set 
when you come to the end of a field. 
Two fields make up a picture and, 
because they are interlaced, you get 
a slightly different signal at the end 
of each. We'll work with the 405 
line system, which is what we're 
receiving at the time being, although 
much of what I have to say applies 
to 625 lines as well. Now, at the 
end of line number 405 in the trans- 
mitted picture you get a vertical 
synchronising and blanking period, 
and it looks something like this." 

Smithy drew a waveform in Dick's 
notebook. (Fig. 2 (a).) 

"On lines 402 and 403," continued 
Smithy, "you have normal picture 

Vertical blanking period 

8broad pulses Post synchronising blanking period 

JLIL_ d L-l1-FEFTIfIF1 `1 l 

404i405 I [2 [3 [4 5 6 L7619i ICJ II 12 b3 

0 

2 line -periods with picture 

or at blanking level 8 broad pulses 

Blanking level 

Synchronising 
signal level 

199 

Line sync púlses 

200 201 202 203 204 205 

Vertical blanking period 

Post synchronising blanking period 

14 15 

206 207 208 209 210 211 212 213 214 215 216 

16 

217 218 

Fig. 2. The vertical synchronising signals for the 405 line system. That at (a) represents even fields, and that at (b) 
odd fields 
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Fig. 3 (a). A typical video signal, as applied to the cathode-voltage/brightness 
curve of a cathode ray tube. Black level in the signal corresponds to cut-off 
voltage in the tube, with the result that no signal at blanking level can 
appear on the screen. (It is assumed that the tube is cathode modulated, 

whereupon picture information is negative -going) 
(b). If a purely a.c. coupling to the tube cathode is employed, the signal 
takes up a position dictated by its average voltage. In consequence, when 
video amplitude falls the synchronising section moves to the right, and 

signals at blanking level become visible on the screen 

information. On lines 404 and 405 
you may get picture information, or 
the signal may drop to blanking 
level, according to what goes on at 
the transmitter. Whichever happens 
doesn't worry us here anyway. The 
standard line sync pulses appear 
between the lines right up to the 
start of line 405. After line 405 you 
get eight broad pulses, and these 
constitute the vertical synchronising 
signal. Their function is to trigger 
the vertical timebase oscillator into 
flyback, and this usually occurs 
somewhere between the second and 
sixth pulses." 

"The sync circuits do the triggering 
for you," broke in Dick. "They may, 
for instance, integrate the broad 
pulses and change them to a single 
big fat pulse which initiates the 
vertical flyback." 

"That's right," agreed Smithy. 
"Now, after the eight broad pulses 
have been transmitted, the waveform 
goes back to normal line sync pulses 
once more, the signal between 
pulses being at blanking level. This 
is the post synchronising period and 
it continues until line 15, whereupon 
you're back to picture information 
again." 

106 

Smithy drew Dick's notebook 
towards him and drew a second 
waveform. (Fig. 2 (b).) 

"This," he announced, "is what 
you get after line 199 in the other 
field, and I'm including it here for 
the sake of completeness. As you 
can see, the waveform is very nearly 
identical to -the previous one, except 
that the broad pulses start after a 
half-line instead of a complete line. 
This time you get picture information 
until you're half -way along line 201. 
From this point to half -way along 
line 203 you may get picture informa- 
tion or blanking level according to 
how generous they're feeling at the 
transmitter. Your first broad pulse 
then starts when line 203 is half -way 
through. You get your eight broad 
pulses, followed by the post syn- 
chronising period until half -way 
alone line 217, then you're back to 
picture information once more. 
Because you've got a half-line 
difference, the two waveforms differ 
slightly at the start of the post 
synchronising period, but this is of 
no consequence to us here." 

"Do you know," remarked Dick, 
"you can see those half-lines at the 
top and bottom of the picture if you 

close the height control up a bit. 
I've often noticed them!" 

"So you will," said Smithy, "pro- 
vided the set you're using has got 
decent focus and interlace. Anyway, 
we now get on to the reason for 
flyback suppression. As you know, 
the brilliance control in a television 
receiver is really a grid bias control. 
If you have a d.c. coupling from the 
video output anode to the cathode 
of the tube and if the set fully retains 
the d.c. component of the signal, you 
can then set up the brilliance control 
so that black level corresponds 
exactly to tube cut-off. (Fig. 3 (a).) 
Blanking level, with the 405 line 
system, is 5 % of peak amplitude 
below black level, with the result that 
none of the signal during the vertical 
blanking period can possibly appear 
on the screen." 

"Exactly," said Dick triumphantly. 
"That's exactly what I said just now." 

"However," remarked Smithy 
sadly, "we live in an imperfect 
world, whose many deficiencies 
include television owners who cannot 
set up brilliance controls accurately 
and television manufacturers who do 
not put d.c. coupling into the video 
circuits of their receivers. Not only", 
continued Smithy, unconsciously 
mounting a favourite hobby -horse, 
"do the set -makers omit true d.c. 
coupling, but they also employ 
mean -level a.g.c. 
advantage is that the sets cost less 
and more money clatters into the 
shareholders' pockets." 

"Dash it all," protested Dick, "if 
I had the choice between a mean - 
level a.g.c. set and a more expensive 
one with gated a.g.c., I might well 
think twice before spending the extra 
money." 

"Your choice," pronounced 
Smithy censorially, "should be 
governed by consideration of picture 
quality only." 

"What about the set you've got at 
home?" persisted Dick hotly. "That's 
just a cheap old commercial model, 
and I bet it's never even seen a d.c. 
coupling or gated a.g.c." 

"I have", replied Smithy darkly, 
"modified it." 

Dick had a mental vision of a 
receiver bristling with unaccustomed 
gating pentodes and clamp diodes, 
and hastily decided to return to the 
main subject. 

Flyback Suppression 
"We were", he reminded Smithy, 

"talking about the vertical blanking 
period. And how blanking level can 
appear on the screen." 

"Oh yes," said Smithy. "So we 
were! Well, the point I was going to 
make is that it's fairly difficult to 
expect the average viewer to set up 
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a brilliance control such that black 
level is just at the cut-off point for 
the c.r.t., and so that blanking level 
is beyond cut-off. If you don't have 
full d.c. video coupling it becomes 
virtually impossible. The worst case 
occurs with an a.c. coupling to the 
cathode ray tube, since such a 
coupling causes the signal to take up 
the position which corresponds to 
its average value. If, for example, 
the signal we considered just now 
were to be followed by one corre- 
sponding to a darker scene, the 
whole synchronising section moves 
bodily to the right. (Fig. 3 (b).) 
With the result that signals at 
blanking level are reproduced by the 
c.r.t." 

"I understand it now," said Dick, 
light breaking in. "What you've just 
said explains why the brilliance 
control setting on the receiver I'm 

mending has to be continually 
altered to remove the flyback lines." 

"You've got it," confirmed Smithy. 
"The case of the purely a.c. coupling 
I've just mentioned represents an 
extreme instance, but you will get the 
effect, to a lesser degree, whenever 
you depart from true d.c. coupling." 

"The form that the flyback lines 
take up," commented Dick, "is 
rather interesting." 

"Yes it is," replied Smithy. "In 
your case you have a few short lines 
followed by lines which spread right 
across the screen. The short lines are 
given by the short periods at blanking 
level during the eight broad vertical 
pulses, whilst the long lines corre- 
spond to the full lines at blanking 
level in the post synchronising 
period. The number of short lines 
you get will depend on the particular 
broad vertical pulse which triggers 
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the time base, and you will obviously 
get more of these short lines if an 
early broad pulse does the triggering 
instead of a late pulse. The fact that 
the lines are sloping is, of course, due 
to the fact that the c.r.t. beam is 
being rapidly deflected upwards 
during the period when they appear. 
And the lines are spaced out 
unevenly because deflection, during 
flyback, will be pretty non-linear." 

Typical Circuits 
"Those lines become quite fas- 

cinating when you start looking into 
them," said Dick. "Anyway, what 
we're supposed to be doing is to be 
getting rid of them! How can we do 
that, Smithy?" 

"By adding a circuit," replied 
Smithy, "which blanks out the c.r.t. 
during vertical flyback. Such a 
circuit can take up a number of 
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Fig. 4. Four typical vertical flyback suppression circuits, with representative component values as applicable. In (a) the blanking pulse is obtained from an additional winding on the vertical output transformer. In (b) the vertical output transformer secondary is connected such that negative -going pulses are available. Vertical timebase multivibrators provide the blanking pulse in (c) and (d). In (d) the multivibrator is shown in skeleton form, and the pulse is applied 
to the first anode of the c.r.t. instead of to the grid 
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simple forms, and they are all 
perfectly easy to understand. Practi- 
cally all receivers these days have 
cathode modulation of the c.r.t., 
with the result that, if you want 
vertical flyback suppression, all you 
need to do is to apply a negative - 
going pulse to the grid during the 
flyback." 

"Well, that should be easy 
enough," exclaimed Dick. "You've 
got a flyback pulse at the vertical 
output anode already made for 
you." 

"It's not all that easy," commented 
Smithy, "because the flyback pulse 
at the vertical output anode is 
positive -going, in just the same way 
as the flyback pulse at the line output 
anode is positive -going. You have 
to do a bit of mild jiggery-pokery 
before you get the required negative - going pulse." 

Smithy pulled Dick's notebook 
towards him once more. 

"I'll show you a few typical 
examples of how the pulse is 
obtained," he continued. "You'll 
find that they're all quite simple." 

The Serviceman quickly sketched 
out a circuit. 

"Here we are," he said. "The first 
circuit I'm going to show you is a 
particularly common arrangement. 
(Fig. 4 (a).) You'll notice that the 
vertical output tranny is really an 
autotransformer, and that an extra 
bit of winding has been stuck on 
after the h.t. positive tap. During 
vertical flyback there's a positive - 
going pulse on the vertical output 
anode. Since the upper terminal of 
the autotransformer is on the other 
side of the h.t. positive tap, you then 
get a negative -going pulse at this 
point. The pulse is applied to Rl 
and C1, which will help to give it the 
desired shape, after which it is passed 
to the tube grid via C2 and R2." 

Dick looked at the circuit and 
frowned. 

"There are one or two points I'm 
not clear about here," he remarked. 
"For instance, why does the pulse 
have to be shaped? So long as it 
blanks out the tube during flyback 
that's all that's needed, surely?" 

"You've got to have a pulse of the 
right shape applied to the grid," 
replied Smithy, "to ensure that it 
blanks out the tube for the correct 
amount of time. If the pulse is too 
short it will only blank out the first 
part of the flyback. If it's too long 
it will blank out the first few lines of 
the picture as well. R1 and C1 form 
an integrating circuit which ensures 
that the pulse on the grid has just 
the right length." 

"I see," said Dick. "What's the 
series resistor R2 for? Why can't the 

grid of the tube connect direct to 
C2?" 

"You'll find that series grid 
resistor in lots of TV sets," explained 
Smithy, "and its usual function is to 
prevent excessive grid current when 
you switch off. To begin with, the 
grid has to be bypassed to chassis 
by a fairly high value capacitor. 
When the set is switched off it's 
possible for the h.t. to drop very 
quickly, thereby bringing the cathode 
down to chassis potential at the 
same speed. The grid bypass 
capacitor could then discharge into 
the grid -cathode diode, and cause 
excessive grid current. In this 
instance, the series resistor acts as 
a limiter. It may also act as a grid 
current limiter for other conditions 
where there are similar changes in 
supply voltages. In some receivers it 
has the further advantage of allowing 
a line flyback suppression circuit to 
be incorporated." 

"Line flyback suppression?" said 
Dick. "Blimey, I'm still struggling 
my way through vertical flyback 
suppression!" 

"There's nothing very complex in 
line flyback suppression," remarked 
Smithy soothingly. "We'll get on to 
it in a few minutes." 

"Doesn't the series resistor", 
asked Dick, returning to the previous 
topic, "cause of the 
higher video frequencies?" 

"There's certainly a risk of that 
happening," agreed Smithy. "The 
signal is applied to the tube cathode 
and, thence, to the tube grid by the 
capacitance between them. If the 
reactance of that capacitance at, say 
3 Mc/s is equal to the value of the 
series resistor, you would expect 
some attenuation of the 3 Mc/s bars. 
I don't know what the cathode -grid 
capacitance of a typical tube would 
be, because tube manufacturers only 
quote the capacitances between the 
cathode and all other electrodes and 
between the grid and all other 
electrodes. I would guess, though, 
that a fairly typical grid -cathode 
capacitance would be 4pF or so. 
Which corresponds to a reactance of 
about-let me see, now-13kO at 
3 Mc/s." 

"Is that all?" exclaimed Dick. 
"Many of the series grid resistors 
I've seen are around 22kf1 or so." 

"Ah yes," said Smithy. "But don't 
forget that the grid has a capacitance 
to chassis which has also to be taken 
into account. This partly reduces the 
degeneration given by the cathode - 
grid capacitance. You'll find, also, 
that some manufacturers bridge that 
series resistor with a capacitor of 
about 100pF or so. This has little 
effect on voltage changes whilst 

switching off and so on, and it also 
ensures that there's negligible loss of 
the higher video frequencies. Any- 
way, we're "straying away from the 
subject, which is supposed to be 
vertical flyback suppression." 

"We are, rather," agreed Dick. 
"Have you any other typical cir- 
cuits ?" 

"Here's a common one," replied 
Smithy, sketching out a further 
circuit in Dick's notebook. (Fig. 4 
(b).) "This time the vertical output 
tranny has a separate secondary 
winding, and you simply connect one 
end of this to chassis such that the 
other end carries the negative -going 
pulse." 

"But you haven't connected it to 
chassis," objected Dick. "You've 
connected it to h.t. plus!" 

Smithy sighed. 
"How on earth", he remarked 

testily, "am I going to give you any 
gen on vertical flyback suppression 
if you keep raising side -issues all the 
time?" 

"But it's true," protested Dick. 
"You have connected that secondary 
to h.t. plus! Why?" 

"It's to keep down the voltage 
between line and vertical coils in the 
deflection yoke," said Smithy 
patiently. "Apart from pulse and 
scanning voltages, the line coils are 
at the same potential as the boosted 
h.t. line. If you keep the vertical 
coils at chassis potential, you're 
adding a needless 200 volts to the 
potential between them and the line 
coils. By returning the vertical 
output transformer secondary to h.t. 
positive, you get the same effect as a 
chassis connection at vertical deflec- 
tion frequencies, and you reduce the 
risk of breakdown between the line 
and vertical coils in the deflector 
yoke. O.K.?" 

"Fine," said Dick enthusiastically. 
"Have you got any more typical 
circuits ?" 

"A couple more should suffice, I 
think," said Smithy. "In these, the 
pulse is derived from the vertical 
timebase rather than from the 
vertical output transformer. In this 
circuit for instance (Fig. 4 (c)), you 
have a cathode -coupled multivibrator 
driving the vertical output valve. 
The multivibrator output goes nega- 
tive during flyback, and so you've got 
a negative -going pulse all ready for 
use." 

Smithy scribbled a further circuit 
diagram in Dick's notebook. 

"And in this one," he continued, 
"the vertical timebase comprises a 
normal multivibrator, of which the 
vertical output valve forms one half. 
(Fig. 4 (d).) Since the vertical output 
anode goes positive during flyback, 
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the complementary anode of the pair 
goes negative. So you've got a 
negative -going pulse readily available 
once more." 

Smithy stopped and gazed at his 
assistant. Dick looked up en- 
quiringly. 

"No queries?" asked Smithy. 
"None at all," replied Dick. "It's 

all very clear to me." 
"Haven't you noticed," continued 

Smithy, "a little peculiarity about 
that last circuit?" 

"Peculiarity?" queried Dick 
thoughtfully. "No, I don't think so. 
It seems perfectly all right to me. 
Just a minute, though!" 

"Yes?" 
"I've just spotted it. You aren't 

putting the pulse into the grid at 
all!" 

"That's right," confirmed Smithy 
approvingly. "You're putting it into 
the first anode instead, whereupon it 
may still blank the tube despite the 
fact that the control given by the 
first anode is not so great as that 
given by the grid. You'll find 
circuits of this type in sets which have 
the grid heavily bypassed to chassis, 
or even at chassis potential itself." 

"I'm glad I spotted that first anode 
connection," said Dick, obviously 
well pleased with himself. "You 
know, I'm really on the ball these 
days. Wait a minute, Smithy, listen 
to this!" 

Smithy groaned. Whenever his 
assistant was in an elated mood he 
had a distressing tendency to break 
out into verse. The concentrated 
frown on Dick's face showed such a 
moment was at hand, and the 
Serviceman feared the worst. 

"Here we are, Smithy," said Dick 
excitedly, his expression clearing. 
"How about this? 

"At the seaside make careful selec- 
tion, 

Choose a spot which gives perfect 
protection, 

Find a wall that is high 
So, when seagulls fly by, 

You'll get vertical flyback sup- 
pression!" 

Despite himself, Smithy had to 
chuckle. 

"Well," he said, "I must admit 
you've inflicted far worse than that 
on me in the past." 

"I'm glad you liked it," said Dick 
modestly. "Any time you want 
something like that I'm always 
available." 

"We'll let you know," said Smithy. 
"Don't call us-we'll call you!" 

Line Flyback Suppression 
But Dick's spirits were not to be 

damped by Smithy's comments. 
"We've had a good stab at vertical 

flyback suppression," he remarked 

briskly. "How about the old line 
flyback suppression, then?" 

"As you like," said Smithy 
equably. "To begin with, though, I 
should mention that, whilst all sets 
have vertical flyback suppression as 
standard, only a relatively small 
proportion have line flyback sup- 
pression." 

"Why do you want line flyback 
suppression anyway?" 

"Theoretically," remarked Smithy, 
"you shouldn't need it at all because, 
during the line flyback period, the 
signal is either at blanking level or 
below. It shouldn't, therefore, 
appear on the screen. But, as we saw 
with the vertical synchronising signal, 
this situation doesn't occur in 
practice, and signals at blanking 
level can appear. Now, at the end 
of each line the signal drops to 
blanking level at the front porch of 
the line sync pulse. (Fig. 5 (a).) The 
front porch is followed by the sync 
pulse itself, and you then have the 
back porch. After which your next 
line starts. The leading edge of the 
sync pulse triggers off the line time - 
base and starts the flyback. By the 
time the pulse comes to an end and 
the back porch starts, the beam will 
then be almost certainly more than 
half -way across the screen." 

"I think I see what happens here," 
interrupted Dick. "When the flyback 
starts, the signal is at sync pulse tip 
level whereas, at some point after 
half -way, it suddenly reverts to 
blanking level. Signals at blanking 
level appear on the screen, with the 
result that the left hand section 
appears brighter than the right hand 
section." 

"I'm afraid", said Smithy, "that 
you're barking up the wrong tree 
there. The process you've just 
described can happen and probably 
does, but the visible effect on the 
screen is negligible. This is because 
the line flyback is so fast that effects 
of this nature have little influence on 
screen brightness. Also, even if any 
changes in brightness do occur, the 
fast flyback tends to make them 
relatively gradual so that one blends 
into the other. But there is an effect 
which can cause a visible result on 
the screen. If you get overshoot on 
the trailing edge of the line sync 
pulse (Fig. 5 (b)), you have a short- 
lived pulse which can give a notice- 
able result on the screen. This is 
because, even during the fast flyback, 
you have a sudden increase in 
brightness level when the overshoot 
starts and a sudden reduction when 
it finishes. The visible effect is that 
a faint vertical white line appears on 
the picture. Since there are usually 
very slight variations in time between 
the initiation of line flyback and the 

appearance of the overshoot, the 
vertical line is not stationary but 
tends to waggle slightly from side to 
side. The effect is as though you had 
a rope hanging downwards and you 
continually shake it at the top. 
Indeed, the trouble has, in the past, 
been referred to as `rope'." 

"Where does the overshoot come 
from?" 

"It could", said Smithy, "originate 
in the receiver, or it could be present 
on the transmitted signal. I should 
add that the visible effect is, usually, 
only apparent when dark scenes are 
being presented. The line is quite 
dim in intensity, but it becomes 
noticeable and irritating because of 
the way it waggles about. If it were 
stationary, it would probably not 
be half as noticeable." 
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Fig. 5 (a). The line sync pulse. 
The leading edge initiates line 

flyback 
(b). In some cases it is possible 
for overshoot to appear on the 
trailing edge of the sync pulse 

"What's the cure this time?" 
"It's the same as for vertical fly- 

back suppression," replied Smithy. 
"Once again you need a negative - 
going pulse, and once again you 
apply it to the grid. Since the 
vertical suppression pulse is usually 
applied via the series grid resistor we 
referred to just now, it becomes 
possible to apply the line suppression 
pulse to the grid itself. Whereupon 
the two sets of pulses do their work 
independently." 

"Where", asked Dick, "do you get 
your negative -going line pulses 
from?" 
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Fig. 6. One mt,thod of obtaining line flyback suppression consists of obtaining 
negative -going pulses from the anode of the sync separator. A second 
isolating resistor may, in some cases, be interposed between the blocking 

capacitor and the tube grid 
"A good place", said Smithy, "is c.r.t. via an isolating resistor and a 

the line timebase, and this is used in blocking capacitor. The resistor 
quite a few sets. An alternative idea, prevents shorting out the vertical 
which is frequently employed, is to suppression pulses and also avoids 
get the pulses from the anode of the their being fed back to the sync 
sync separator. (Fig. 6.) These separator anode. As you can see, the 
pulses are then fed to the grid of the circuit is really very simple." 

"It is neat," said Dick. "Do the 
resistor and capacitor help in 
shaping the pulse?" 

"In this particular circuit", said 
Smithy, "they won't have a very 
considerable effect, and the pulse will 
rather tend to go straight through, 
after having suffered attenuation due 
to the presence of the isolating 
resistor. However, this resistor has 
rather a high value and some 
integration is bound to happen. The 
shape of the pulse isn't all that 
critical in this instance, since all it has 
to do is to keep the tube blanked 
during the overshoot. The only other 
requirement is that the pulse mustn't 
be so long as to blank off the 
beginning of the next line also." 

Satiated 
Smithy rose from his stool with an 

air of finality. 
"And that," he pronounced 

heavily, "is that." 
"As you like," said Dick agreeably, 

turning round to his receiver. 
Surprised, Smithy returned to his 

own bench. He suddenly realised, 
with a sense of unusual achievement, 
that he had actually satiated Dick's 
thirst for information on a subject 
in one single session only. 

FIRST INTERNATIONAL TELEMETERING CONFERENCE 
Well over 500 engineers and scientists, experts in telemetering, will gather in London from many different parts of 

the world during the week beginning 23rd September, 1963, for the first International Telemetering Conference. 
This event is the result of an initiative by three American societies (the Institute of Electrical and Electronics 

Engineers, the Instrument Society of America and the American Institute of Aeronautics and Astronautics) who have 
for the past several years been sponsors of the National Telemetering Conference held annually in the United States. 
Acting at their invitation as co-sponsors in Britain of the International Conference, are the British Institution of Radio 
Engineers and the Institution of Electrical Engineers. The Conference sessions will take place in the headquarters of the 
I.E.E., the "host" institution, at Savoy Place, London, W.C.2. Arrangements are in the hands of joint Committees composed 
of representatives of all the sponsor societies, headed by Mr. A. L. Gruer in the United States and Dr. J. S. McPetrie, 
C.B., in the United Kingdom. 
Exhibits 

Associated with the Conference, an exhibition of telemetering equipment will be held during the same period at the 
new London Hilton Hotel-one of the first events of this type to be held there. Among the fifty -odd companies exhibiting 
will be organisations from the Continent of Europe and from Asia, as well as many from the U.S. and the U.K. Equipment 
complementary to scientific papers being presented at the Conference and historical displays of telemetering devices 
will also be shown at the I.E.E. headquarters during the week. 
International "First" 

This will be the first time for a truly international Conference to be held on the subject of telemetering, a com- 
paratively recent science which, in addition to playing a vital role in obtaining and recording previously inaccessible data 
from space, also accounts for a major part of industrial instrumentation where measurements are made "at a distance". 
Telemetering techniques have also contributed largely to the advances recently made in such fields as biomedicine and 
oceanography. 

The technical Sessions at Savoy Place will cover all these aspects and it is expected that among those attending 
and contributing to the discussions will be delegates from the following countries: 

South Africa Syria U.S.A. 
Sweden Tasmania U.S.S.R. 
Switzerland United Kingdom West Germany 

Australia 
Belgium 
Canada 
Eire 

France 
Netherlands 
Norway 
Poland 

European Tour 
A particularly strong contingent is expected from the United States and, largely for their benefit, a post -Conference 

tour of European telemetering facilities is being arranged to follow the week's activities. Several social functions will 
take place during the Conference and delegates' wives will havethe opportunity of taking part in a special ladies programme. 

If this first venture is a success, the sponsors hope to be able to arrange other International Telemetering Conferences, 
at perhaps two-year intervals, in other parts of the world. 
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Transistorised 
Pre -Amplifier Emitter 

Follower Unit 
By JOHN M. TWILLEY 

A circuit which offers an extremely flat response 

HE AUTHOR HAS FOR SOME TIME BEEN CARRYING 
out experiments with various forms of hydro - 
phone. During the course of these experiments 

the need was found for a preamplifier unit having 
an extremely flat response in the audio band, 
and which was capable of feeding into a fairly 
long connecting cable back to the surface. For 
this requirement the circuit described here was 
developed. 

The original unit was intended for use with a 
carbon capsule, similar to that in a carbon micro- 
phone, feeding at the surface into a transistorised 
tape recorder. It has since proved a very useful 

-4-5V 

Fig. 1. The circuit of the pre -amplifier unit 

Components List 

Resistors 
RI 5.6k52 
R2 39k52 
R3 22052 
R4 47052 
R5 4.7k52 
R6 4.7k52 

Capacitors 
CI 250µF (see text) 
C2 3µF (see text) 
C3 8µF, 1.5V wkg. 

Transistors 
TRI 0071 
TR2 0071 
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circuit for any application in which it is desired 
to feed a low impedance transducer into a remotely 
situated amplifier. One such application has been 
in a hi-fi reproduction unit, in which case the 
entire preamplifier, less the power supplies, was 
mounted into the pick-up arm. 

Theoretical Circuit 
The theoretical circuit is shown in Fig. 1. TRI 

is an OC71 in the grounded base configuration. 
This is essentially a voltage amplifier, and has a 
relatively high output impedance. TR2 is also an 
0071, this time in the grounded collector or 
emitter follower configuration. The latter is 
analogous to the cathode follower circuit, having 
a relatively high input impedance and low output 
impedance. By careful selection of transistors 
and components, particularly the emitter load of 
TR2, it is possible to make the overall voltage gain 
of the circuit exactly 100 times. For the hydrophone 
application this was important, since the recordings 
were later analysed and it was required to know 
the total gain of the system. If the input and 
coupling capacitors, CI and C2, are made 250µF 
and 3µF respectively, the frequency response 
obtained with a Bruel and Kjoer oscillator and 
recorder is flat within +-1dB from 20 c/s to 20 kc/s. 
See Fig. 2. If the values of CI and C2 are reduced 
to 100µF and 0.1µF respectively, the response 
is 2dB down at 20 c/s, and will be level from 
approximately 100 c/s upwards. 
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Fig. 2. The frequency response of the pre -amplifier as 
measured on a Brune! and Kjoer B.F.O. frequency 
recorder analyser set. (This consists of a b.fo. having 
a stable amplitude output driven synchronously with 
the level recorder, the response being recorded by a 

pen on a paper scale) 
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Performance Specification 
The complete performance specification of the circuit is as follows: 
Overall Gain: 100 times, (40dB voltage.) 
Maximum input for no distortion: 20mV peak - to -peak. 

Frequency response: ± idB, 20 c/s to 20 kc/s. 
(C1 =250µF; C2=3µF). 

Phase Distortion: nil. 
Input Impedance: in the order of 5052, dependent on TRI. 
Output Impedance: in the order of 10052. 

An introduction to, , 

COLOUR TELEVISION 

By J. R. DAVIES PART 4 

N THE THIRD ARTICLE IN THIS SERIES WE SAW THE points at which the N.T.S.C. primary colours 
appear in the C.I.E. Chromaticity Diagram, noting also the range of colours which they may reproduce by means of additive mixing. We next turned to the modulation of the chrominance sub - carrier, showing the positions the I and Q signals take up in relation to the R -Y and B -Y signals. We then examined the transmitter characteristic and, finally, discussed the colour burst which is 

superimposed on the back porch of the transmitted line sync pulse. We shall now carry on to the colour receiver. 

The Colour Television Receiver 
A colour television receiver is, of necessity, 

considerably more complicated than a monochrome 
television receiver. Some of the additional com- plications appear around the presentation device, this being, in domestic receivers, a three -gun cathode ray tube in which each gun corresponds to a particular primary colour. It is necessary to keep the three colour presentations on the screen of the tube in accurate registration, and this is a process that requires deflection components and techniques which are not encountered in monochrome re- 
ceivers. Further complications are given by the 
chrominance circuits, whose function is to reclaim the original red, green and blue signals from the modulation on the chrominance subcarrier. Receiver chrominance circuit design has not, 
unfortunately, become stabilised at the present time, and quite different methods of reclaiming the original primary colours have been developed by various manufacturers. The existence of these 
different methods can be a source of confusion to the newcomer. 

Whether it be intended for monochrome or colour, a television receiver design can always be considered as being proven after it has been in 
successful mass -production over a period of time. Mass -production ensures that the design is tested for many combinations of component variation within tolerance; also, it enables experience of its 
performance, both at the factory and in the field, to be gained. At the time of writing, no British domestic colour television receiver has been put into mass -production and we shall, in consequence, refer to a representative American design whenever it is necessary to quote typical aspects of commercial receiver design. The American receiver is the R.C.A. model CTC11, and it incorporates design features which result from the very extensive 
experience gained by this company, which was the major pioneer in setting up the original N.T.S.C. 
system.1 

The R.F. and I.F. Stages 
The r.f. and i.f. stages of a colour television receiver are basically similar to those of a mono- chrome receiver, but they are required to have a response curve which is very nearly constant in 

amplitude over the range of frequencies handled. The r.f. stages appear in the tuner unit, and the 
response of this must be reasonably flat-topped over the frequencies between the vision and sound carriers. The relatively large peaks and troughs 
which are acceptable in tuner units intended for 
monochrome reception cannot be tolerated in colour television receivers, because they may cause 

1 Grateful acknowledgements are due to R.C.A. Great Britain Ltd., who have supplied the author with circuit details of receivers in the CTCI I series. R.C.A. Great Britain Ltd. state that this information corresponds to the receiver which (at the time of writing) is being offered for modification in England. 
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Fig. 11. The i.f. response of a colour television 
receiver has to be flat-topped, and could take up the 

form shown here 

the chrominance subcarrier sidebands to be ex- 
cessively accentuated, or attenuated, in relation to 
the vision carrier and the luminance sidebands. 

The American 525 line system uses frequency 
modulated sound, with the result that 525 line 
colour television receivers employ standard inter - 
carrier sound circuits. The sound intermediate 
frequency is passed through the same i.f. amplifier 
as the vision intermediate frequency, and it is 
converted to the intercarrier frequency at the vision 
detector stage. In colour receivers, the response 
curve of the combined vision and sound i.f. amplifier 
has to be reasonably flat-topped, and it may take 
up a form similar to that shown in Fig. 11. It is 
usually desirable to keep the sound intermediate 
frequency at a low level in order to reduce the 
amplitude of any beat signals which may be formed 
between this frequency and the chrominance sub - 
carrier information. One or more sound i.f. 
rejectors may be fitted in the i.f. amplifier to achieve 
this result. 

Automatic gain control is essential and this may 
employ a conventional gating circuit working on 
sync pulse tips and gated by positive -going pulses 
from the line output transformer.2 In the R.C.A. 
CTC11 receiver, a three -valve i.f. amplifier is 
employed, a.g.c. being applied effectively to the first 
two valves.3 A.G.C. is also applied to the r.f. 
amplifier in the v.h.f. (Band I-Band III) tuner unit. 

In the CTC11 receiver, the intercarrier frequency 
is taken from the anode circuit of the last i.f. 
amplifier by way of a separate sound detector diode, 
the 4.5 Mc/s intercarrier frequency being amplified 
and demodulated to provide the audio signal in 
conventional manner. 

The Timebase Circuits 
The line and vertical timebase circuits of a colour 

2 Circuits of this type were described in "Understanding Television" 
part 37, The Radio Constructor, February 1961. 

3 These two valves are operated in a "stacked B supply" circuit, in 
which they are virtually connected in series so far as the h.t. supply 
is concerned. The actual a.g.c. voltage is applied to the grid of the 
lower valve (which is the first i.f. amplifier) whereupon it also controls 
the gain of the upper valve. See "Understanding Television" part 38, 
The Radin Constructor, March 1961. 

television receiver are basically similar to those in a 
conventional monochrome receiver. They have, 
however, to generate higher deflection powers than 
is normal in a monochrome receiver in order to meet 
the requirements of the three -gun cathode ray tube. 
Voltages are taken from the timebases, also, for the 
dynamic convergence circuits, which we will discuss 
later. Flywheel sync in the line circuits is invariably 
employed. 

The three -gun cathode ray tube requires much 
higher e.h.t. voltages and currents than are needed 
by monochrome tubes, and these are of the order 
of 20 to 27kV at currents which may be as high as 
1.5mA. Such voltages and currents are obtained 
from a line output stage having conventional 
circuitry, but they necessitate the use of a larger line 
output valve and line output transformer than would 
be needed with monochrome receivers. A high 
degree of e.h.t. voltage regulation is necessary and 
this may be provided with the aid of a 6BK4 shunt 
regulator valve, as shown in Fig. 12. The shunt 
regulator valve is capable of withstanding the e.h.t. 
voltage between its anode and cathode, and it 
functions as a regulator by the simple process of 
drawing more anode current as its grid goes less 
negative. In Fig. 12 the grid of the regulator valve 
is coupled to the boosted h.t. line. The voltage on 
this line reduces (i.e. goes more negative) when 
e.h.t. current increases. So, also, does the grid of 
the regulator valve which, in consequence, draws 
less anode current and allows the e.h.t. voltage to 
return, or nearly return, to its previous value. 

The three -gun cathode ray tube has a focusing 
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Fig. 12. The regulator circuit employed in the R.C.A. 
CTC11 receiver. The test jumper may be opened to 
measure regulator current whilst setting up the 
E.H.T. Adjust control. (Courtesy R.C.A. Great 

Britain Ltd.) 
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Fig. 13. The colour cathode ray tube requires a 
focusing potential around 1.2 to 5kV (for current 
tubes). This voltage is obtained by a second rectifier 
tapped into the line output transformer winding at 

a lower potential point than the e.h.t. rectifier 

electrode which (for current types) requires voltages 
ranging from some 1.2 to 5kV. This focusing 
potential is supplied by a separate high voltage 
rectifier coupled into the line output transformer 
winding at a lower potential point than the e.h.t. 
rectifier. (See Fig. 13.) Some simple means of 
adjusting the rectified potential for focus control is 
provided. 

The Video Amplifier Stages 
The signal appearing immediately after the vision 

detector consists of the luminance signal and the 
sync pulses (as would be given in a monochrome 
receiver), plus the chrominance information and the 
colour burst. These various signals have to be 
separated and fed to the appropriate sections of 
the receiver. 

The form taken up by the video amplifier following 
the vision detector may vary, but a typical arrange- 
ment consists of employing the first video amplifier 
valve to handle all signals obtained from the vision 
detector. This procedure is followed in the R.C.A. 
CTC11 receiver, in which the output from the vision 
detector is fed between grid and cathode of the first 
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Fig. 14. Block diagram illustrating a typical video 
amplifier. The sync, chrominance and colour burst 
signals are taken from the anode of the first video 
amplifier, and the luminance signal from its cathode. 
The luminance signal is then fed, via a time delay 
unit, to the second video amplifier valve, which 

amplifies the signal in conventional manner 

video amplifier valve. The luminance information 
is then taken from the cathode, whilst sync pulses 
(for the sync separator and the gated a.g.c. circuit), 
chrominance information, and the colour burst 
signal are taken from the anode. 

The luminance signal from the cathode of the 
first video amplifier valve is fed via a time delay 
unit to the grid of the second video amplifier valve, 
as in Fig. 14. This delay unit is necessary because, 
in the chrominance circuits, the chrominance 
signals have to pass through one or more filters 
having relatively narrow bandwidths, a process 
which incurs a slight time delay. An equivalent time 
delay has, therefore, to be introduced into the 
luminance amplifier to ensure that the luminance 
signal arrives at the cathode ray tube at the same 
instant as the corresponding chrominance informa- 
tion. Time delays in the luminance channel are of 
the order of 0.5 to 11.4S (according to the design of 
the chrominance circuits) and may be provided by 
combinations of inductance and capacitance or 
similar devices.4 

In Fig. 14 the luminance signal following the time 
delay unit is applied to the second video amplifier 
valve. This valve functions in conventional manner. 
In the CTC11 receiver, a contrast control is intro- 
duced into its cathode circuit, this employing the 
circuit shown in Fig. 15. As may be seen, there is 
a varying amount of cathode degeneration, according 
to the setting of the slider of the control. The 
luminance signal on the anode of the second video 
amplifier is finally d.c. coupled to all three cathodes 
of the three -gun cathode ray tube, following the 
circuit practice which was shown in Fig. 5 (b).5 The 
R -Y, B -Y and G -Y signals may then be fed to the 
respective grids, allowing final colour reclamation 
to take place in the tube itself. Because the three 
phosphors in the tube have differing efficiencies, the 
luminance signal is not applied directly to each 
cathode. Instead, a simple resistive potentiometer 
is employed, causing the full luminance signal to be 
applied to one cathode and smaller proportions to 
other cathodes. With the CTC11 receiver, the full 
luminance signal is passed to the cathode of the red 
gun, variable potentiometers tapping off proportions 
of this signal for application to the cathodes of the 
blue and green guns. 

In the CTC11 receiver, a positive -going retrace 
pulse from the vertical output stage is applied to the 
anode circuit of the second video amplifier. This 
pulse is, in consequence, fed to the three tube 
cathodes, and provides blanking during the vertical 
flyback. 

The Chrominance Circuits 
The chrominance information obtained after the 

vision detector is passed to the chrominance circuits, 
or chrominance channel, of the colour television 
receiver. It is the function of this section of the 
receiver to convert the information on the chromin- 

4 In some early British experimental colour receivers, the time 
delay was provided by a short length of coaxial cable. 

5 Published in Part 2 of this series. 
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ance subcarrier into the R -Y, B -Y and G -Y colour - 
difference signals, so that these may be applied to 
the three grids of the cathode ray tube. 

A wide range of different circuit techniques have 
been employed in colour television receivers for 
extracting the colour -difference signals, and it is not 
possible to refer to any single technique as represent- 
ing a method which, with the passage of time, has 
become standard practice. In consequence, we shall 
deal here mainly with the principles involved in the 
basic IQ circuit, and in the current XZ demodulation 
circuit which was introduced by R.C.A. some years 
ago. 

Before carrying on to the IQ type of chrominance 
channel we must first briefly consider the synchronous 
detector or synchronous demodulator. Two or more 
synchronous detectors are employed in the receiver 
for extracting the information carried on the 
quadrature modulation of the chrominance sub - 
carrier. 

In a colour television receiver, the chrominance 
information may be passed to two synchronous 
detectors in the manner shown in the block diagram 
of Fig 16. We know that the information is carried 
by the I signal and the Q signal, and that the sub - 
carrier is, itself, suppressed. In consequence, we 
have to reinsert the subcarrier locally, the requisite 
frequency being obtained from a local oscillator 
which is maintained in correct phase by synchronis- 
ing with the colour burst transmitted on the back 
porch of each line sync pulse. The local oscillator 
feeds into a fixed phase shift circuit which provides 
two or more reference frequencies for the syn- 
chronous detectors. These reference frequencies 
have exactly the same frequency as the subcarrier 
at the transmitter but, to meet the requirements of 
the chrominance channel demodulator circuits, have 
a fixed phase difference with that subcarrier. A 
synchronous detector has applied to it both the 
signal to be detected, or demodulated, and a refer- 
ence frequency at the same frequency. It then 
provides an output whose amplitude varies according 
to the modulation on the signal and its phase 
relationship with the reference frequency. With 
practical synchronous detectors, full demodulation 
can be given for simple phase relationships such as 
0° (fully in phase) or 180° (fully out of phase). If, 
under these conditions, the phase relationship 
between the signal to be demodulated and the 
reference signal is 90° or 270°, the output of the 
synchronous detector is zero. 

In Fig. 16 we may obtain demodulation of the I 
and Q signals by the simple process of applying a 
reference frequency to one synchronous detector 
which causes it to offer full demodulation of the I 
signal, and a reference frequency to the other 
synchronous detector which causes it to offer full 
demodulation of the Q signal. Since the I and Q 
signals are removed by 90° on the R -Y and B -Y 
axes (as was shown in Fig. 8 (c)6 the reference 
signals must similarly have a phase difference of 90°. 

6 Published in last month's issue. 
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Fig. 15. The contrast control in the cathode circuit 
of the second video amplifier valve in the R.C.A. 
CTC11 receiver. The cathode components not 
immediately associated with the contrast control 
ensure correct amplifier response. (Courtesy R.C.A. 

Great Britain Ltd.) 

A. synchronous detector has zero output for signals 
having 90° or 270° phase difference with the pre- 
ferred frequency, and so the synchronous detector 
handling the I signal offers 
modulation, and the synchronous detector handling 
the Q signal offers zero output for I signal modula- 
tion. 

It is worth staying a little longer with the syn- 
chronous detectors of Fig. 16 in order to take note 
of two further points. Let us say that the I signal 
synchronous detector is handling a signal whose 
corresponding vector, on the R -Y and B -Y axes, 
points in the positive I direction. The detector will 
then, as it is intended to do, give an output pro - 
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Fig. 16. Employing two synchronous detectors to 
extract the I and Q modulation from the chrominance 
information. The I and Q reference frequencies have 

a phase difference of 90° 
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Fig. 17. Block diagram showing the basic elements of an IQ chrominance channel. The time delay unit in the luminance 
channel could be incorporated in the luminance video amplifier circuit, and need not follow the amplifier, as is shown 
here. Since the cathodes and grids of the cathode ray tube require voltages of opposing phase to give correct addition, 

the luminance signal is shown as (-Y), thereby indicating reversed phase 

portional to the amplitude of the I signal modula- 
tion. Let us next assume that the I signal changes 
so that its corresponding vector points in the 
negative I direction. The synchronous detector will 
still continue to give an output proportional to the 
I signal modulation amplitude, but the phase of the 
output will now be reversed. The same applies to 
the synchronous detector handling the Q signal. 
This will give an output proportional to the ampli- 
tude of the Q signal modulation both when the 
corresponding vector on the R -Y and B -Y axes 
points in the positive Q direction or in the negative 
Q direction, but the output from the detector for 
negative Q signals will be reversed in phase to that 
for positive Q signals. 

The second point to note has to do with the fact 
that, as we have already seen, any colour may be 
represented on the R -Y and B -Y axes in the form 
of a single resultant vector pointing in any direction 
from the intersection of the axes. Let us assume 
that the colour presented to the transmitter camera 
is such that it corresponds to a resultant vector 
which lies midway between the positive I and 
positive Q vectors. This corresponds to an equal 
length in both positive I and positive Q vectors, and 
would result in the chrominance subcarrier being 
modulated by equal positive I and positive Q 
signals. The outputs of the synchronous detectors 
of Fig. 16 would then also be equal. If the colour 
were such that it could be represented by a resultant 
vector which was closer to the positive I vector than 
to the positive Q vector, then the chrominance sub - 
carrier would be modulated by a correspondingly 

stronger positive I signal and a correspondingly 
weaker positive Q signal. The outputs from the 
synchronous I and Q detectors of Fig. 16 would be 
similarly stronger and weaker in consequence. The 
same state of affairs occurs for any other colour: 
the position of its resultant vector on the R -Y and 
B -Y axes corresponds to proportional amplitudes 
of positive or negative I signal, and of positive or 
negative Q signal, and these signals then appear at 
the outputs of the I and Q synchronous detectors 
of Fig. 16. 

IQ Colour Reclamation 
We may now turn our attention to the basic 

operation of a colour television receiver employing 
IQ circuits in the chrominance channel. In Fig. 17 
we see that the output from the vision detector (or 
common video amplifier) feeds both the luminance 
video amplifier and the chrominance channel stages. 
We have already dealt with the luminance video 
amplifier and we need only note here that it incor- 
porates a time delay unit, the latter causing the 
luminance signal to arrive at the cathode ray tube 
at the same instant as the chrominance information 
(which suffers a time delay due to its passage through 
relatively narrow -band filters.) In the American 
525 line system the chrominance subcarrier sidebands 
extend upwards to approximately 4.1 Mc/s above 
the vision carrier and, downwards, to 2.08 Mc/s 
above the vision carrier. After the vision detector 
they appear as a band of signals ranging from 2.08 
to 4.1 Mc/s and, in Fig. 17, they are taken off the 
composite video signal by way of a filter which 
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passes this band of frequencies. The chrominance 
signal is then fed to the I synchronous detector and 
the Q synchronous detector, these being supplied 
with reference frequencies (at a phase difference of 
90°) which cause the I synchronous detector to give 
an output proportional to I signal modulation, and 
the Q synchronous detector to give an output 
proportional to Q signal modulation. The detected 
I signal is next passed through a low-pass filter to 
remove any unwanted signals which may be present 
above the maximum I frequency of 1.5 Mc/s. For a 
similar reason, the Q signal is fed through a low-pass 
filter which removes frequencies above 0.5 Mc/s. 
Because the Q signal passes through a filter having 
'a narrower bandwidth than the I signal it undergoes 
a greater time delay. In consequence, a time delay 
unit is provided after the I signal filter to compensate 
for this, and to ensure that both signals arrive at 
the following matrix at the same instant of time. 

We have already seen that it is possible to obtain 
G -Y from R -Y and B -Y by adding together the 
latter in the requisite proportions in a matrix. G -Y 
corresponds to a vector on the R -Y and B -Y axes 
and, because we can obtain this vector from two 
others by adding in a matrix, it follows that we 
should be able to obtain, by a similar process, either 
the R -Y or the B -Y signals, or both, from the 
detected I and Q signals. Having obtained the R -Y 
and B -Y signals in this manner, a further matrix 
could then be used to obtain the G -Y signal. 

There is, however, no need to use these successive 
steps, and it is possible to employ a single matrix 
which can manipulate the I and Q signals such that 
all three -colour difference signals are obtained. 
Furthermore, such a matrix can also remove the 

1.14 
and 03 weighting factors which were 

applied to the R -Y and B -Y signals at the trans- 
mitter. The matrix can even apply new weighting 
to take up the effect of different sensitivities in the 
cathode ray tube phosphors. 

The matrix of Fig. 17 provides the R -Y, B -Y and 
G -Y signals in the manner just stated, and it could 
consist, in practice, of a resistive network with 
valves for any phase reversal which is required. The 
matrix provides R -Y, B -Y and G -Y outputs, and 
these are fed to the three grids of the cathode ray 
tube. The luminance, Y, signal is fed to the tube 
cathodes, whereupon the original red, blue and 
green signals are finally reclaimed. 

It is necessary to have some form of gain control 
in the chrominance channel and, in Fig. 17, this 
could be provided immediately after the 2.08 to 
4.1 Mc/s filter. This gain control would then be 
capable of adjusting the level of the colours finally 
reproduced in the cathode ray tube, and would be 
described as a saturation control. For correct results 
the saturation control would need to be operated in 
conjunction with the contrast control, which may 
be fitted at the most convenient point in the Y 
amplifier. 

7 In Part 2 of this series. 

Other Methods of Colour Reclamation 
The IQ chrominance channel just discussed offers 

what is, theoretically, the best possible type of colour 
receiving technique which can be employed. This 
is because it reproduces the I signal at its full 
bandwidth of 1.5 Mc/s and enables full use to be 
made of the ingenious chrominance bandwidth 
apportionments which were originally written into 
the N.T.S.C. specification. 

On the other hand, the use of an IQ chrominance 
channel results in expensive and complicated matrix 
design, and it appears that this factor has been 
sufficient to cause most, if not all, American manu- 
facturers to turn to other means of extracting the 
colour information from the chrominance sub - 
carrier sidebands. In all instances, the alternative 
methods of operation function by demodulating 
along vector directions (on the R -Y and B -Y axes) 
which do not correspond to the I and Q vectors. 
These techniques can offer a considerable simplifica- 
tion and lowering in cost of the matrixing circuits. 
When such methods are employed, however, it is 
essential that the maximum bandwidth of all the 
chrominance signals dealt with be approximately 
equal to that of the Q signal only. If this point is 
not satisfied it is possible for the signals applied to 
the synchronous detectors to interfere with each 
other and to introduce errors into the colours 
finally reproduced. The non -IQ systems currently 
in use handle all chrominance signals at maximum 
frequencies equal to, or slightly greater than, the 
0.5 Mc/s maximum frequency of the Q channel. 

It will at once be evident that non -IQ circuits do 
not take full advantage of the detailed information, 
at colours to which the eye is most sensitive, that is 
transmitted by way of the I channel. Because of 
this, non -IQ receivers offer a picture having less 
colour detail. On the other hand, non -IQ receivers 
employ circuits which are much simpler (so far as 
matrixing is concerned) than are IQ receivers, and 
they are consequently cheaper, easier to service and 
more reliable. There are also the facts that the 
appreciation of a colour television receiver pre- 
sentation depends partly on subjective standards, 
and that the transmission and reception of luminance 
and chrominance information over a restricted 
bandwidth must inevitably involve compromises at 
some points along the system. At any event, the 
question of whether IQ or non -IQ receiving methods 
should be employed is debatable, and may well be 
influenced by further developments in the field of 
colour television. 

Turning, now, to the technical aspects of non -IQ 
receivers, we will first of all refer briefly to several 
non -IQ techniques which have been used, after 
which we will carry on to the R.C.A. XZ system. 

What is, basically, a very simple method of 
obtaining colour -difference signals directly from the 
chrominance subcarrier information consists of 
detecting along vectors which correspond, on the 
R -Y and B -Y axes, to the R -Y and B -Y vectors 
themselves. We can have two synchronous detectors 
fed with reference frequencies whose phase relation- 
ship is such that the outputs of the synchronous 
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detectors are proportional to the R -Y and B -Y 
signal amplitudes, whereupon the R -Y and B -Y 
signals become immediately available without the 
necessity for further matrixing. It is perfectly 
feasible to extract the R -Y and B -Y signals in this 
manner (provided that the maximum frequency in 
the system is no greater than the maximum Q 
frequency) because all the colours appearing around 
the R -Y and B -Y axes can be defined in terms of the 
phase relationship of a simple resultant vector. 
Having obtained our R -Y and B -Y signals, all that 
we then require is a simple matrix to give us the 
G -Y signal, and we have the three colour -difference 
signals all ready for application to the tube. 

Around the R -Y and B -Y axes is a vector which 
corresponds to G -Y. If we add a third synchronous 
detector, whose reference frequency phase cor- 
responds to the angular position of the G -Y vector, 
we may obtain our G -Y signal directly, and there 
is not then any necessity to have a matrix after the 
R -Y and B -Y detectors. 

A number of schemes similar to the two just 
mentioned have been introduced. It appears that, 
in some instances, compromises have had to be 
made, so far as the phase angle at which detection 
takes place is concerned, in order to provide a 
system which is workable in practice. 

(To be continued) 

Setting Up in Business 
By F. WALKER 

ANY RADIO AND TELEVISION 
engineers must have thought 
to themselves on a quiet 

Sunday afternoon: "I wonder if I 
could set up in business on my own 
account?" The following hints are 
intended to help the embryo business- 
man answer this question. 

The first requirement is, obviously, 
to know your job. The newcomer 
has to be quite sure that he can 
tackle any kind of job that he may 
reasonably be asked to do: it may be 
to repair a TV set, rig an aerial 
system, fit attenuators or one of a 
host of other jobs concerned with 
radios, tape recorders, 'grams, irons, 
fires, kettles, vac's, spin driers, 
washing machines, etc. 

It is important to remember that 
there is a great deal of difference 
between repairing sets at home in the 
evenings to earn some extra cash, 
and relying for your total income on 
your ability as a businessman; 
especially if you have a young 
family. For this reason some people 
go half -way, retaining a part-time 
occupation whilst they build up 
experience and capital. 

Salesmanship 
You must be able to talk. That is, 

you must be able to sympathise with 
an aggrieved customer, convince an 
intending buyer of a new receiver, 
or whatever it happens to be, that 
you give better service than anyone 
else. You must also know when not 
to talk. Some customers like to think 
they are buying whatever it is you 
are selling, these types merely need 

a gentle push now and then to keep 
them going in the right direction. 
It is up to the intuition of the sales- 
man to assess the type of customer 
he is dealing with. A short course in 
salesmanship at the local technical 
college could be very helpful. (The 
beginner usually finds that he is 
serviceman, salesman, secretary and 
tea -boy all rolled into one.) 

Capital 
The question of capital is an 

important one. Although it is 
possible to start some types of 
business with almost sweet nothing - 
at -all, it is probably true to say that 
more businesses have failed because 
of insufficient capital than for any 
other reason. 

The amount needed depends on 
many factors, financing slow payers, 
for example, but some of the physical 
things required are: 

(a) Workshop. Preferably on the 
ground floor and large enough to 
accommodate all your equipment 
and the jobs awaiting repair. 

(b) Equipment. Must be first-class 
and sufficiently adequate for the 
work to be carried out. This will 
obviously include test meter, signal 
generator, oscilloscope, etc., and a 
good supply of tools and the more 
usual components, also service 
literature. 

(e) Motor Van. Such a vehicle is 
essential. It has to be big enough to 
accommodate the largest electric 
cooker or console television receiver. 
The Austin A55, the Standard 10 and 
the Ford Thames 7 cwt., are all very 

suitable. Some engineers will already 
own their own van, if not, either buy 
a new one or a good secondhand 
one. Nothing looks worse than a 
battered old wreck, especially if it is 
of the ex-G.P.O. type! 

(d) Telephone. This again is essen- 
tial. A telephone employed in 
conjunction with a regular advertise- 
ment in the columns of the local 
newspaper should bring results. 

Trade Associations 
It is sensible to become a member 

of some kind of trade protection 
society in case there are any bad 
debts. There are those, unfortunate- 
ly, who will engage the services of a 
television engineer without any in- 
tention of paying him for his efforts. 
It is also a good thing to join the 
local chamber of trade. This 
organisation will protect a business- 
man's interests both in local matters 
and national affairs. Monthly circu- 
lars are sent to all members giving 
news of matters of interest. 

The Radio and Television Retailers 
Association, R.T.R.A., is concerned 
mainly with the retail trade, but the 
writer understands that a service 
workshop proprietor can become a 
part -member subject to approval. 
It is most certainly sensible to join if 
you have retail premises, and you 
have to have such premises before 
you can become a full member. The 
premises have to be of a required 
standard. 

Accounts 
A banking account should be 

opened. Payment by cheque is a 
considerable convenience and there 
are many services available to bank 
customers, for example direct pay- 
ments to the accounts of hire pur- 
chase companies on the due date. 
The advice of a bank manager can 
be most helpful in arranging finance 
and putting you in touch with firms 
of accountants, solicitors, etc. 
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The accounts kept do not have to 
be complicated-it is mainly a 
question of being methodical. Re- 
ceipts and payments should be 
recorded in enough detail for their 
purpose to be identified. Receipts, 
etc., should be retained to enable the 
accountant to be satisfied that pay- 
ments are genuine and for the 
purpose stated. The accountant will 
usually prepare the accounts for the 
Inland Revenue and agree the 
income tax liability, if any. 

Charges 
Put down on your account the 

date, customer's name and address, 
and a description of the work done. 
The minimum rates are usually 15s. 
per hour for inside work, i.e. in the 
workshop, plus 15s. per call when 

using your own transport to a 
customer's house. When charging 
for components, insert the purchase 
tax and the price before tax. Some- 
times, when your customer is of 
limited means, it may not be feasible 
to charge for all the hours spent on 
servicing, soak -tests and the like. 

A thorny problem is what to do 
when your charges are not paid. 
Assuming you are satisfied that your 
work has been done properly and 
that the charge is reasonable, send 
a letter stating that you would be 
pleased to receive a remittance in 
settlement of the enclosed account as 
soon as possible, it now being 
overdue. If such a letter has no 
effect after an interval of, say, two 
weeks, send another more strongly 
worded letter to the effect that, 

unless the account is paid within, 
say, 10 days, you regret that you 
will have to take further proceedings. 
If this fails then either put the 
matter in the hands of a solicitor or 
the trade protection society, if you 
have joined one. 

Many other matters have to be 
dealt with-printing of letterheads, 
business cards and invoices, possible 
purchase of a typewriter, insurances, 
negotiation of a lease, and advertis- 
ing, are some that come to mind. 

To be your own boss successfully 
you must be energetic and conduct 
your business responsibly and not be 
wasteful. It must be remembered 
that ill -health may cause you to give 
up all that you have worked so hard 
for, and the family man must 
particularly bear this in mind. 

AN ELECTRICAL 
SPEEDOMETER 
A sensitive low-cost instrument for the cyclist 

By Gregory J. Powell 

OST OF THE SPEEDOMETERS EMPLOYED FOR 

bicycles are purely mechanical devices, 
using a toothed gear assembly on the front 

wheel. The drive from this to the meter on the 
handlebars imparts a great deal of friction to the 
system. Also, the speedometer is rather expensive. 

To evade these disadvantages, the circuit shown 
here was evolved. The meter employed in the 
prototype was a 2in 6mA ex -Government type, 
which can be purchased cheaply from radio com- 
ponent stores; although almost any moving -coil 
type can be used. 

The meter movement should preferably be 
fairly well damped, or the needle will jitter con- 
siderably in use.* The voltage produced from 
the dynamo is applied to a limiter resistor (Rx) 
and then to a meter bridge rectifier (W1), giving 
a voltage sufficient to produce full scale deflection 
at the maximum speed likely to be reached. 

The alternating voltage produced by the dynamo 
increases very rapidly with speed, giving a corres- 
ponding increase in meter deflection. The value 
of Rx depends on the type of meter and rectifier 
employed, and that used in the prototype was 5k12. 

* If necessary, external damping could be obtained by connecting 
a high value electrolytic capacitor across the meter.-EDITOR. 
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Connections 
to cycle) 
dynamo 

Rx can be made variable and adjusted in situ, 
later being replaced by a fixed component. The 
meter was recalibrated in m.p.h. with the aid of 
a friend on a motor -bike. 

It is not advisable to use crystal diodes in the 
bridge rectifier, as their forward resistance tends 
to vary with temperature. The meter also gives 
incorrect readings when the lights are on, as they 
shunt the dynamo. 

It might be added that the whole installation 
is extremely robust, and that the prototype has 
been in use for well over a year. The instrument 
is very sensitive, giving an easily readable deflection 
at a speed of 2 m.p.h.! 
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A CALCULATOR 
By M. D. Roberts 

HIS CALCULATOR WAS DESIGNED TO ACHIEVE, 
for a minimum amount of effort, a quick and 
easy way of finding the resultant value of 

several capacitors in series, or several resistors in 
parallel. The finished calculator was only 5.5 inches in diameter and could easily be made smaller at the cost of a slight reduction in accuracy. All the spade work concerning calibration of the scales has 
been carried out by the writer, making the construc- tion of the finished item simple and quick. It is 
felt that it will be of service to the reader if the train of thought which culminated in the construction of this device was preliminarily described. 

The Problem 
Let us consider two capacitors in series and two 

resistors in parallel, as in Fig. 1, and Fig. 2. 

Now 

CI 

Fig. 1. Two capacitors in series 

1 1 1 1 1 1 

C = 1 C2 
and 

R = RI + R2 

RI 

Fig. 2. Two resistors in parallel 

On examination of either of these formulae, it is 
obvious that all that is involved is a number of 

1 reciprocals. (For example is a reciprocal.) 

We may say, therefore, that the reciprocal of C = the reciprocal of C1 + the reciprocal of C2. 
Now it is obvious that if we can find the reciprocals of C1 and C2, add them together and convert the 

resulting reciprocal both into a normal quantity, all 
via a scaled chart, we shall have achieved our aim. 

When two quantities are to be added together a 
linear scale must be used; so that, in order that we 

120 

may add 
CI 

to 
C2 

to get 
C 

, we must have a 

linear reciprocal scale to perform this addition. Such a scale is shown in Fig. 3. 
Let us next take a particular case involving two resistors, and work through the procedure which terminates in the use of the scale of Fig. 3. We 

RECIPROCALS 

LINEAR SCALE 

0 0.1 0.2 0.3 0-4 0.5 0.6 0.7 0.8 0.9 1.0 
I I I 1 1 1 1 1 1 

RI R2 

Fig. 3. Linear reciprocal scale 

shall do this by finding R when RI=R2=5S2 
1 1 1 

R R1+R2 

R= 5 1 5- 5 
=0.4 

(i.e. reciprocal R=0.4) 
and 

R 
= 2 =2.5 

Using the scale of Fig. 3 we have: 
reciprocal R =reciprocal 5 +reciprocal 5. 

Since reciprocal 5 = 5 =0.2, 

reciprocal R =0.2+0.2. 
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RECRROCALS ? 0.1 02 0.3 0.5 0.6 0.7 08 0.9 
I 

WHOLE NUMBERS 

t 111 I 

2S 2 15 I 0 

Fig. 4. Whole numbers corresponding to their 
reciprocals 

\\ 

A 
ó 

By adding length reciprocal R1 (between 0 and 
0.2) to length reciprocal R2 (in this case the same 
distance) we get the answer of 0.4, which is reciprocal 
R. So that: 

R =0.4- 1 .'. R = 4 =2.5 (as before). 

The scale of Fig. 3 is of little help as it stands but, 

n 

2Z 

The calculator scale. (For readers wishing to construct their own scales the angles between each radius and the "I" 
360 

radius is n degrees, where n is the appropriate number.-Editor.) 

0Z 

6.1 

SEPTEMBER 1963 121 



by eradicating the need of finding the reciprocals of 
R1 and R2, we will be able to improve its usefulness. 
This is easily carried out by marking on the scale 
whole numbers in positions which correspond to 
their reciprocals, as is done in Fig. 4. It can be 
seen that the whole number scale is not at all linear. 

We can now dispense with the reciprocals 
altogether, as we have a reciprocal scale marked off 
in whole numbers, and by adding together the 
distance between 0 and R1 to that between 0 and 
R2 we are able to read off the final values directly. 

We have, then, a simple scale which is easy to use, 
and which is the basis of the calculator. The final 
point is concerned with what shape the calculator 
must take. It was decided to employ a circular 
scale as this makes the calculator much less cumber- 
some. All that remains is to transpose the linear 
scale on to a set of circular discs, so that a value for 
R1 on one disc can be added to a value for R2 on 
the other disc. 

Making the Calculator 
This consists very simply of cutting out three 

cardboard discs of diameter 5.5, 5.1 and 4.7in, 
clearly marking the centre of each disc. The discs 
are then placed over the calibrated scale (Fig. 5) 

Fig. 6. Illustrating use of the calculator 

one at a time, and the graduations marked out on 
the outer ring. The graduations and rings are then 
clearly finished in ink before all three discs are 
fixed together at their centres by a paper clip. 

Using the Calculator 
If one wishes to discover the overall capacitance 

of two 2µF capacitors in series, the 1 on scale B 
is first positioned opposite the 2 on scale A. The 
answer is then read off scale A opposite the 2 on 
scale B. (See Fig. 6.) This is, of course, 1. 

1 1 1 1+1 2 
i.e. C=2-2= 

2 =2 
.'. C=1µF1 

If an attempt is made to find a solution for several 
quantitie., and one of them is below 2 in value, 
the answer may disappear off the end of the scale 
and no sensible solution will be otained. Because 
of this, two elementary laws must be followed 
when using the calculator. 

(1) Numbers from 2 to 10 can be used on the 
2 to 10 scale. 

(2) If any one of the numbers falls below 2, 
all the numbers must be converted to the 
10 to 100 scale by adjusting the position of 
the decimal point. 

It should be pointed out that the permissible 
range of numbers for a single calculation is between 
2 and 100.2 

Examples 
Let us take some examples. 
1. Find the effective resistance of a 2kí2 and a 

4kí2 resistor in parallel. (Fig. 7). 

2kfl 

4kA - 
Fig. 7. A 2kL2 and 4kS2 resistor in parallel 

(a) Place the 1 on the B scale against the 2 on 
the A scale. 

(b) Next read off on the A scale the number 
that is opposite 4 on the B scale. 
This is 1.3, so that the parallel value of the 
two resistors is 1.3kL). 

2. In this example we find the solution for 
three quantities. Find the total capacitance 
for the series capacitors shown in Fig. 8. 

2gF luF 4uF 

Fig. 8. Three capacitors in series 

(a) As one of the capacitors has a numerical 
value below 2, the 10 to 100 scale must be 
used. So we first of all add a zero to each 
value, as in Fig. 9. 

t If the reader finds the transference from the linear to the circular 
scale confusing, it should be pointed out that the process just des- cribed is similar to that in Figs. 3 and 4, the quantities being added, 
as before, from the left hand end of the linear scale. In the circular 
scale the radius marked 1 is also the radius for infinity (the reciprocal of zero) which appears at the left hand end of the scale in Figs. 3 and 4.-Editor. 

2 lt is possible, in some instances, to keep the solution on scale 
whilst one of the numbers is below 2. Thus 1.5 and 10 would give 
a satisfactory answer, whilst 1.5 and 4 would not. However, ensuring 
that no number falls below 2 guarantees an on -scale answer.-Editor. 
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(b) Place the 1 on the B scale against the 10 on 
the A scale. 

(c) Find the position of the 20 on the B scale, 
and place the 1 on the C scale against it. 

(d) Read off on the A scale the number opposite 
the 40 on the C scale. 

ZOpF 100F .40yF -IH HI- 
Fig. 9. Adding a zero to each value 

This will be 5.6, which means that the solution 
is 0.56µF. 

To check, 2+1+4 2+4+1 
4 

4 
.'. 

7 

In conclusion it may be stated that, with a little 
practice, these calculations can be performed at great speed, rendering this calculator a very useful 
object to have available. Any number of scales can be added by using more discs, making calcula- 
tions for any number of components easily possible. 

The calculator scale (Fig. 5) has been reproduced full-scale. It may therefore be cut out and mounted on cardboard. Editor. 

Semiconductor Variable Capacitors 

AREVERSE BIASED SEMICONDUCTOR 
junction diode behaves as a 
capacitor, the value of which 

varies according to the reverse 
voltage applied across the p.n. 
junction. This property is extremely 
useful at very high frequencies in the 
microwave region; for example, the 
diodes can be used as pump elements 
in parametric amplifiers ("Mavars"). 
They can, however, also be used in 
domestic radio receivers for such 
applications as automatic frequency 
control and remote tuning. 

The devices are known as voltage 
sensitive capacitors or as capacitor 
junction diodes. 

Theory of Operation 
The diodes used as voltage sensi- 

tive capacitors consist of a single 
p.n. junction (Fig. 1). When this 
junction is formed, holes from the 
p type material will diffuse into the 
n type and electrons from the n type 
will diffuse into the p type. This 
results in a net positive charge being 
formed on the n type side of the 
junction and a net negative charge 
on the p type side; this charge (and 
hence the voltage across the junction) 
will build up until the electrostatic 
attraction is large enough to prevent 
further diffusion. 

In Fig. 1 the charges which are 
encircled represent charged atoms 
held in position by valency forces. 
The charges which are not encircled 
are mobile and therefore free to 
carry current. In the region of the 

By J. B. DANCE, M.Sc. 

junction itself no free charges (i.e. 
electrons or holes) are present, but 
there are charged ions held firmly in 
position by valency forces. The 
junction region is known as the 
depletion region, as it is depleted of 
mobile charge carriers. (This was 
discussed in more detail in "The 
Tunnel Diode-in Theory and Prac- 
tice" on page 293 of the November 
1960 issue of The Radio Constructor.) 

The depletion region behaves as a 
very high resistance, since it contains 
no mobile charges which can carry 
the current. The high resistance 
region acts as the dielectric of a 
capacitor, the plates of which 
consist of the semiconducting p and 
n materials on each side of the 
dielectric depletion region. 

The thickness of the dielectric is 
very small (of the order of 1/10,000 
of an inch). It does not necessarily 
extend into the p and n materials to 
equal extents, as this depends on the 
relative numbers of impurity atoms 
in each of the two kinds of semi- 
conductor materials. 

Reverse Bias 
If a reverse bias is applied across 

the junction (i.e. the p type is made 
negative with respect to the n type), 
the mobile charged ions are drawn 
farther away from the junction by 
electrostatic attraction so that the 
insulating depletion region becomes 
thicker. The thicker the dielectric of 
a capacitor, the smaller its capacit- 
ance. Therefore the greater the 

reverse voltage applied across the 
semiconductor junction, the less the 
capacitance. Almost the whole of 
the applied voltage is present across 
the high resistance depletion region. 

Forward Bias 
It has already been stated that an 

unbiased junction diode has a small 
standing potential across the p.n. 
junction. The capacitance of the 
unbiased diode may be increased 
somewhat by applying a small 
forward voltage which is insufficient 
to overcome the standing potential, 
as this reduces the thickness of the 
depletion region. If a higher voltage 
is applied in the forward direction, 
however, the electrostatic force is 
sufficient to attract the mobile charge 
carriers through the depletion region 
and the diode will conduct; it will 
then lose virtually all of its capacitive 
properties. 

Junction 

N type P type 

e - e 

e e 

Depletion region 

Fig. 1. A p.n. junction 
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Characteristics 
The capacitance of a reversed 

biased junction diode is given by the 
equation: 

K 
C (V+P)n 

where K is a constant for any one 
diode (it is a function of the junction 
area of the diode and of the number 
of impurity atoms in each of the two 
semiconductor materials), and where 

V=applied reverse voltage, 
P =the contact potential of the 

p.n. junction when there is no 
external applied voltage, and 

C= the junction capacitance (usu- 
ally in pF, but by appropriate 
choice of the value of K, C can 
be expressed in microfarads or 
even farads). The index n 

varies between about 1/3 and 1 

according to the carrier gradient at 
the junction'. 

In most cases over the useful range 
of the diode the capacitance is 
approximately inversely proportional 
to the square root of the applied 
voltage. 

The value of P is about 0.3 volt 
for germanium at room temperature2 
and about 0.8 volt for silicon at 
25°C. decreasing to 0.4 volt at 
150°C.1 Therefore germanium volt- 
age sensitive capacitors are some- 
what more voltage sensitive than 
silicon types. 

The type of curve obtained when 
the capacitance of the semi -conduc- 
tor junction diode is plotted against 
the reverse applied voltage is illus- 
trated in Fig. 2. The curve shown 
is for the germanium diode type 
GD14, manufactured by Standard 
Telephones and Cables Ltd.; the 
shape of the curve for other junction 
diodes is similar, but the values of 
capacitance at various reverse volt- 
ages will vary from one type of diode 
to another, as it depends on the 
amounts of impurities in the p and n 
materials and on the area of the 
semiconductor junction (in the same 
way that the capacitance of a normal 
capacitor depends on the area of the 
plates). 

3O 
.Junction 
Capacitance 
(PF) 2O 

fa 

2d 4Ó 60 8.0 
Reverse Voltage 

Fig. 2. Characteristics of the S.T.C. 
GD14 

TABLE I 

Characteristics at 25°C 
Junction 

capacitance 
at -1 volt and 

1 Mc/s 
Min. 1.5pF 
Typical 2.1pF 
Max. 3.0pF 

Reverse 
Current 

20µA 
33µA 

Ratings 
Max. d.c. or mean or recurrent 

reverse voltage .. .. 10V 
Max. transient reverse voltage 15V 
Maximum storage tempera- 

ture .. .. 75°C 

Typical Operating Conditions 
Reverse voltage (no signal) .. -4V 
Frequency .. approx. 90 Mc/s 
Total capacitance across tuned 

circuit .. approx. l8pF 
*Temperature coefficient of padding 
capacitor -1,500 parts per million. 

The temperature coefficient will be 
influenced by the behaviour of other circuit 
components. The diode should be positioned 
in the circuit so that its temperature rise is 
kept to a minimum (e.g. less than 20° C.). 

Characteristics and Ratings of the 
S.T.C. diode type GD14. 

Other Variables 
The capacitance of a junction 

diode also varies with temperature, 
especially at low applied voltages. 
Generally it increases with tempera- 
ture owing to the fact that the 
thermal energy creates more mobile 
charged particles, which results in a 
narrower depletion region. The 
leakage current of the diode and 
hence the Q of the junction capacit- 
ance also varies with temperature. 

If the semiconductor materials 
contain few impurity atoms near the 
junction, the depletion layer will be 
narrower for a given applied reverse 
voltage than if highly doped materials 
were used. This renders the reverse 
voltage which can be safely applied 
to the diode smaller, but on the other 
hand the junction capacitance is 
larger. 

Types 
Some manufacturers classify the 

devices as diodes and others as 
capacitors in their lists of products 
and this can sometimes be confusing. 
Sometimes special trade names are 
used. 

Manufacturers who produce diodes 
especially for use as voltage sensitive 
capacitors usually provide full data 
showing the variation of the junction 
capacitance with applied reverse 
voltage. Many other semiconductor 
junction diodes not specifically de - 

Oscillator 
circuit 

Control circuit 
(my distance 
away) 

Fig. 3. The two series diode capacitors 
prevent a flow of current in either 

direction 

signed for use as variable capacitor 
diodes may be used for this purpose 
with some degree of surrPss, but full 
data about the variation of the 
junction capacitance is not normally 
provided in these cases. 

One of the most attractive features 
of these diodes is that many types 
can be obtained at prices varying 
from about 2s. to £2 for small 
quantities. These do not include, 
however, the special silicon variable 
capacitance junction diodes for use 
in parametric amplifiers and fre- 
quency multipliers at microwave 
frequencies, some of which are 
priced at over £50; they have a 
capacitance of the order of 1pF, and 
some can be used at frequencies up 
to 50,000 Mc/s. 

Hughes International Diodes 
The characteristics of the HC70 

series of silicon capacitors manu- 
factured by Hughes International 
(U.K.) Ltd. is shown in the table. 
The minimum reverse bias voltage 
applied to these diodes is normally 
zero, but a small forward voltage 
(up to 0.4 volt) is permissible. At 
low bias voltages the peaks of signal 
voltage may exceed the bias voltage 
and cause conduction and clipping 
of the signal. This produces dis- 
tortion and self -biasing due to 
rectification of the signal. Distortion 
may be prevented by connecting two 
capacitors back to back so that no 
current can flow. When this arrange- 
ment is used, capacitance changes of 
10 to 1 have been achieved. Hence, 
frequency ranges comparable with 
the medium wave broadcast band 
may be covered using these diodes 
without any other variable capacitor. 
This arrangement is very useful for 
remote tuning of receivers. The type 
of circuit used is shown in Fig. 3. 

The bias circuit may be isolated 
from the signal circuit by resistors 
with values up to several megohms. 
The bias current and therefore the 
voltage drop across the resistors is 
negligible. 
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TABLE II 

Type 

SPECIFICATION TYPICAL PERFORMANCE 

Equiv. 
Cap. at 

-4V d.c. 
+20% 

Max. d.c. 
voltage 

Cap. Range 
(0.1V to 

max. voltage) 

Q at 5 Mc/s 
and max. 
voltage 

Q at 50 Mc/s 
and max. 
voltage 

HC7001 1N950 35pF 130V 6 to 88pF 360 39 

HC7002 1N951 50pF 80V 12 to 120pF 330 36 

HC7004 1N952 70pF 60V 20 to 170pF 270 30 

HC7005 1N953 100pF 25V 46 to 240pF 200 23 

HC7006 1N954 35pF 25V 14 to 88pF 175 20 

HC7007 1N955 50pF 25V 22 to 120pF 175 20 

HC7008 1N956 70pF 25V 32 to 170pF 175 20 

Table showing the HC70 range of silicon capacitor diodes manufactured by Hughes International (U.K.) Ltd. 

When the bias voltage contains 
high frequency components, the 
biasing networks must be arranged 
so that it does not load the Q of the 
r.f. tuned circuit below a usable level. 
In addition the biasing network 
looking towards the tuned circuit 
must not attenuate the desired high 
frequency components of the bias 
voltage. 

The Hughes HC70 series shown in 
the table have a typical capacitance 
variation over the rated temperature 
range (-65°C to +150°C) of +100 
parts per million per °C at a reverse 
bias of 10 volts. 

The capacitance is given by the 
equation: 

C- 2.12K 
(V+0.71-0.0022T)o49 

where K=capacitance at -4 volts 
and 25°C 

V ; applied reverse voltage 
T =temperature in °C 

Automatic Frequency Control 
One of the most useful applica- 

tions of junction diode capacitors 
is in automatic frequency control 
circuits. They are especially useful 
for this application at very high 
frequencies where the use of react- 
ance valves is not very practical. 

Tests have been carried out using 
the Mullard OA11 diode in v.h.f. 
Band II automatic frequency control 
circuits2 and those have shown that 
the drift could be reduced by a factor 
of about 60:1. In practice this was 
found to be excessive, since if the 
receiver used was tuned from the 
Light programme (89.1 Mc/s) to the 
Home Service (93.5 Mc/s), the 

automatic frequency control held on 
to the Light programme for so long 
that the Third programme (91.3 
Mc/s) could be missed completely! 
This effect is easily overcome, 
however, by increasing the reverse 
bias so that the change in capacitance 
of the diode per volt and hence the 
automatic frequency control effi- 
ciency was reduced. Unfortunately 
the OAII diode is no longer avail- 
able, but nevertheless the Mullard 
report describing these tests contains 
a great deal of very useful informa- 
tion about the subject. 

A practical circuit showing the use 
of the S.T.C. variable capacitance 
diode type GD14 to provide auto- 
matic frequency control for a v.h.f. 
receiver is shown in Fig. 4. The 
junction capacitance of this diode at 
various voltages is shown in Fig. 2 
and other data is given in the table. 
The necessary automatic frequency 

control voltage required to operate 
the oscillator circuit shown in Fig. 4 
can be derived from the normal type 
of ratio detector circuit. The ratio 
detector is much to be preferred to 
the Foster -Seeley circuit for this 
application, as its source impedance 
is about 5,000 ohms whilst that of 
the Foster -Seeley circuit is about 
100,000 ohms2. 

In Fig. 4 R1 and R2 provide the 
reverse bias for the diode. if the h.t. 
voltage changes, the diode bias and 
hence the oscillator frequency will 
change. Ideally the bias can be 
derived from a stabilised h.t. supply. 

The 47kS2 resistor, R8, prevents 
excessive loading of the ratio detec- 
tor. Capacitor C10 prevents audio 
frequency voltages from reaching the 
oscillator circuit; any such voltages 
would act as a negative feedback 
system and reduce the audio volume 
by changing the oscillator frequency 

Fig. 4. Recommended oscillator circuit using the S.T.C. GD14 for a.f.c. 
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at an audio frequency and so reduce 
the desired frequency modulation of 
the signal. In fact, if a suitable RC 
filter were used in the automatic 
frequency control line, an interesting 
form of tone control could be 
formed. Cg, which has a much lower 
inductance than C10, ensures that no 
oscillator voltages pass along the 
automatic frequency control line to 
the ratio detector and audio stages. 

Performance 
The factor by which the drift of 

the oscillator frequency is reduced 
can be calculated in the following 
way. 

The slope of the GD14 characteris- 
tic (Fig. 2) is about 0.16pF per volt 
at the recommended operating bias 
of -4 volts. If the total capacitance 
of the oscillator circuit is 25pF, this 
value of 0.16pF per volt represents 
a change of about 1 part in 155 in 
total capacitance of the oscillator 
tuned circuit per volt of a.f.c. 
voltage. 

- 1 1 But f osc 
2171/LCor 

fosc. at 

VC 

From this it can be shown that a 
change in capacitance of 1 part in 
155 will cause a change in frequency 
of 1 part in (2 x 155)=310. 

If the oscillator frequency is above 
the signal frequency and the latter 
is about 90 Mc/s, the oscillator 
frequency will be about 100 Mc/s, 
assuming the normal 10.7 Mc/s i.f. 
is used. A change in frequency of 
1 part in 310 at a frequency of 
100 Mc/s is 100 x 1/310=approx. 
0.32 Mc/s=320 kc/s. This is the 
frequency change produced by 1 volt 
of automatic frequency control volt- 
age from the ratio detector. 

The voltage output from the ratio 
detector into the automatic frequency 
control line of a typical domestic 
receiver is about 1/10 of a volt for 
each kilocycle of frequency deviation 
when the input signal is reasonably 
good.2 

The factor by which the drift is 
reduced will be approximately the 
product of the number of volts per 
kilocycle of drift fed into the a.f.c. 
line by the ratio detector and the 
number of kilocycles of bscillator 
frequency change produced by one 

volt of a.f.c. voltage. In the case 
given above, this will be 1/10 x 320 
=32. This factor is adequate for 
almost all purposes and is much 
better than that obtainable from 
most simple reactance valve circuits 
(which is of the order of five to ten 
times). 
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High Current Power Packs 
by H. N. RUTT 

High current, low voltage power packs may raise problems which are not encountered in more 
conventional units. Our contributor reviews some of the precautions which have to be observed 

MOST CONSTRUCTORS ARE FAMILIAR WITH NORMAL 
power pack circuitry; however, when a 
power pack is required to supply large cur- 

rents, perhaps for power transistors, certain problems 
arise which do not occur, or which are not important, 
when only a low current supply is needed. 

The first problem to be encountered is that of 
the internal impedance of the power pack. At 
100mA load an internal impedance of 1052 will 
cause a voltage drop of 1, and this is quite acceptable 
even in a power pack supplying 20 volts only. 
However, if the load to be imposed on the power 
pack is 5 amps, 1052 will give an excessive voltage 
drop. 

Surge Limiting 
In a high current power supply using a silicon 

rectifier the resistance of the rectifier and trans- 
former is very small and will cause little voltage 
drop. This low internal impedance can cause a 

very large current to flow when the unit is switched 
on and the reservoir capacitor charges, and because 
of this a surge -limiting resistance, normally of 
4 to 5S2 in value, must be included in the circuit 
to prevent the surge destroying the rectifier. In 
a low current power supply the surge limiter may 
be left in the circuit but, at high currents, switching 
must be included to remove it from the circuit 
after the capacitor has charged, so that there is 
no large drop in voltage when a high current is 
taken. Such a switching circuit is shown in the 
accompanying diagram. Using this arrangement 
the surge limiter is automatically replaced in the 
circuit before the unit is switched on again.' 

For the same reasons that surge limiters cannot 
be left in the circuit, resistive smoothing cannot 
be used. Large value capacitors must be used for 

The 3 -way switches shown in the diagram should, preferably, 
be of the make -before -break type in order to prevent a momentary 
cessation of the supply before the 512 limiter resistor is short- 
circuited.-EDITOR. 

126 THE RADIO CONSTRUCTOR 



2 

3 

250V AC 

12 

A typical low voltage, high current supply. The 

three switch positions are (1) Off, (2) On, and (3) 
High -Load 

smoothing in the main power pack, and extra 
smoothing can be included in the individual units, 
if required. 

Output Short -Circuits 
With a low power pack internal impedance, 

a short-circuit of the output will cause a very large 
current to flow, immediately destroying the rectifier. 
Thus the unit must be adequately fused, or some 
other form of short-circuit protection provided. 

Suitable rectifiers for high current, low voltage 
supplies are the ZR23R (8 amps), GEX541 (6 amps) 
and 1S401 (3 amps).2 

Two other points should be noted when building 
a low voltage, high current power pack. Firstly, 
sub -miniature electrolytic capacitors should not 
be used as smoothing components, as they may 
not withstand the ripple current involved. If a 
capacitor passes too high a ripple current it becomes 
hot, leaks both electrically and physically, and 
finally explodes.. 

Secondly, the rating of switches should be checked. 
Many small toggle switches are only rated at 2 or 3 

amps, and might have their contacts fused by 7 or 
8 amps! 

2 Before employing high current rectifiers, always check manu- 
facturers' specifications to ensure that peak inverse voltage, limiting 
resistance and heat sink requirements are all met adequately. 
-EDITOR. 

RADIO AMATEURS EXAMINATIONS 

AND MORSE CLASSES 
Ilford Literary Institute (High School for Girls, Cranbrook Road, adjacent to Gants Hill Station, Central Line). The following 
classes have been arranged by the East London R.S.G.B. Group: (1) An eight months course for those intending to take 

the Examination (Wednesdays 7.15-9.15 p.m.); (2) Morse and Codes of Practice. A six months course in preparation for 
the G.P.O. Morse Test for an Amateur (Sound) Licence. Arrangements are expected for those who, in the opinion of the 
instructors, have reached the required speed to be tested at the College by a Post Office representative. 

The fees for students living in the Essex County Council area will be 40/- for the R.A.E. Course, 27/- for the Morse 

and Codes of Practice Course or 50/- for the two courses. Students from other parts of London will be admitted as 

out -county students provided the Local Authority is informed. Enrolment will take place on 9 -12th September from 
7-8.30 p.m. but those who intend to enrol are advised to forward their names, etc., together with a s.a.e. to W. G. Hall 

(G8JM), 48 Hawkdene, N. Chingford, London, E.4. at once so that a place may be assured. Classes commence during 
the week beginning 23rd September. 

City of Portsmouth, Eastney Secondary Modern School for Boys, Reginald Road, Eastney, Southsea, Hampshire. The Radio 

Amateurs Examination Course commences in September on each Thursday evening at North End Evening Institute, 
Portsmouth and is supervised by G6NZ. Enquiries are welcomed by The Secretary, Eastney Secondary Modern School 

for Boys, Reginald Road, Eastney, Southsea, Hampshire. 

Grafton Radio Society announce that they have again made arrangements with the Holloway L.C.C. Evening Institutes 
for official courses in the Radio Amateurs Examination and Morse (both for beginners) to be held this winter at Montem 

School, Hornsey Road. Holloway, London, N.7. The classes will meet on Mondays, with a repeat lecture on Wednesdays, 

commencing Monday, 23rd September-R.A.E. at 7-9 p.m. (Instructors: S. H. Iles, G3BWQ, and R. H. Smart, G3MMC), 

followed by Morse at 9-10 p.m. (Instructor: A. Ralph). The fee for either course will be 25/-, or for the two. Enrolment 
will be at the school any evening (7-9 p.m.) during the week 16 -20th September but application to reserve a place should 
in the first instance be made to the Grafton Radio Society Hon. Secretary-A. W. H. Wennell (G2CJN), 145 Uxendon 
Hill, Wembley Park, Middlesex. In the May 1963 City and Guilds examination another 26 passes were obtained, making 

a grand total of 225 in the ten years that these courses have been running. In addition to the above, the club meet in the 

same room every Friday evening at 7.30 p.m. for the usual club activity, including three transmitters covering 160 to 2 

metres and a monthly "SWL Corner". New members and visitors will be especially welcome when the new session 

commences on Friday, 6th September next. 

Central Evening Institute, Lea Mason Centre, Bell Barn Road, Birmingham. Enrolment during the normal evening school 

period early September. Classes Monday evenings 7-9.30 p.m., Instructor M. A. Brett, G3HBE. Wednesday evenings 

7-9.30 p.m.. Instructor H. B. Bligh, G3HBB. 
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The Sinclair 
"Slimline" 

Micro -Radio Receiver 

HE MOST POPULAR CONSTRUCTIONAL PROJECT 
amongst amateurs is the small pocket radio 
and, as long as there is no loss of performance, 

the smaller the receiver is the more popular it 
will be. In the past, the design of really small 
high performance receivers has been hindered by 
the lack of sufficiently small components and by 
the expense of high grade transistors. These 
problems have been overcome in the "Slimline", 
which is the result of an intensive effort to produce 
the smallest possible radio design with full scale 
performance and still to retain simplicity of con- 
struction. 

Circuit Description 
The high performance of the "Slimline" has 

been made possible by the introduction of Micro - 
Alloy transistors on to the amateur market. These 
transistors are the first to combine excellent a.f. 
performance with cut-off frequencies in the region 
of 100 Mc/s. The r.f. power gain of a conventional 
r.f. alloy transistor in a reflex circuit is only about 
20dB or 100 times whilst a micro -alloy transistor 
(MAT) can provide a gain of 40dB or 10,000 
times. Furthermore the a.f. gain of a MAT is 
much higher than that of an ordinary alloy type. 

Circuit of the "Slimline" 
transistor receiver 

LI 

I, 

ó 

a 

2 

By combining MAT's with careful design it 
has been found possible to achieve really remarkable 
performance with only two transistors and relatively 
few associated components. The sensitivity compares 
well with that of many superhets and the volume 
is sufficient to enable the set to be used in a car 
or train. The "Slimline" is free from noise or 
distortion and gives excellent fidelity of reproduc- 
tion. 

The "Slimline" circuit is shown in the accompany- 
ing diagram. L1 is a miniature ferrite rod aerial 
which picks up the signal and, with C1, tunes to 
the required station. A secondary winding on L1 
couples the signal to TRI, MAT 121, which 
then amplifies at r.f. The r.f. output from TRI 
is fed to a voltage doubling detector via C4. DI 
and D2 demodulate the signal and feed an a.f. 
voltage back to the input of TRI. Any residual 
r.f. voltage is removed by C2. 

In addition to detecting the signal, DI and D2 
provide an automatic gain control voltage for 
TRI. This prevents overloading on strong stations 
and is an important feature not normally found on 
simple receivers. 

The base bias for TRI is provided by resistive 
feedback from the collector via R2 and R3. Taking 
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the bias from the collector ensures adequate d.c. stabilisation but would normally result in unwanted negative feedback at a.f. This is prevented by decoupling the junction of R2 and R3 with C3, an electrolytic capacitor. The addition of C3, another novel feature of the circuit, results in a considerable increase in the a.f. gain of the stage. The r.f. gain of TRt is increased by positive feedback or regeneration applied via Cy, from the collector to the top of L1. Cw consists simply of two short lengths of insulated wire twisted together. Its main purpose is to enhance the performance of the radio at the high frequency end of the band, where Radio Luxembourg is situated, thus over- coming the poor sensitivity in this region which is a feature of many reflex sets. 
Once the set is constructed Cy, does not have to be adjusted because the r.f. gain is automatically controlled by the a.g.c. system. 
TRt provides about 35dB gain at a.f. and the output is fed to TR2, and MAT 120, via R4 and C5. The circuit around TR2 is designed to obtain the maximum possible voltage gain from the transistor because the earpiece used, a piezo-electric crystal type, requires a voltage drive for good quality. Crystal earpieces normally give higher sensitivity at high frequencies than they do at low frequencies. This is compensated for by C6 which provides 

frequency selective negative feedback from the collector to the base of TR2. 
The total current consumption of the circuit is only ImA making the battery life several hundred hours with the type specified. 

Practical Details 
The "Slimline" receiver uses a printed circuit board and the case employed, besides being remark- ably small, is both elegant and carefully designed. The case and the dial are both made specially for this receiver. 
Particular attention was paid to small details 

when the layout of the "Slimline" was considered. 

This illustration shows the extremely small size of the 
"Slimline" receiver 

For example battery clips are provided making it unnecessary to solder the battery into the circuit. The receiver is automatically switched on when the earpiece plug is inserted and switched off again when the plug is removed. Thus it is virtually impossible to leave the set on unintentionally. The "Slimline" operates in the vertical position with the dial at the top. The tuning capacitor provided gives full coverage of the Medium wave band and may be detuned slightly to give control over the volume. Alteration of the volume may also be achieved by rotating the receiver, because the aerial is directional. 

News and Comment (Continued from page 96) 
There is no reason now to suppose that this will cease to be so: indeed, 

with the introduction of u.h.f. 
transmissions, the need for outside 
aerials may well become even more 
general, though u.h.f. aerials will 
usually be smaller than the present 
v.h.f. aerials." 

Outside Tx Aerials 
Appeals by radio amateurs against 

decisions by the Ministry of Housing 
and Local Government refusing 
them planning permission for aerial 
arrays, whilst often getting the 
publicity of a short paragraph 
in the local newspaper, rarely 
get the privilege of editorial com- 

ment, as happened recently in the 
pages of the Eastern Daily Press, 
one of East Anglia's foremost 
"dailies". The interesting thing 
about this editorial was its very 
favourable attitude to the activities of radio amateurs and its sympathetic 
understanding of the amateur con- 
cerned. 

To quote the Eastern Daily 
Press, "This case is of a kind in 
which the Radio Society of Great 
Britain interests itself closely. To 
many people whose knowledge of 
radio goes only as far as being 
aware how to switch on and turn 
off a TV or "steam" wireless set, 
it may appear mildly surprising 

that there are amateurs with aims 
as wide as this one. "The 
authorities, however, do not by 
any means despise these activities, 
which during the Second World 
War often proved of real value and 
which in these days of complex 
TV and radio can still be turned 
to useful account. This far-ranging 
field of science has developed 
within the lifetime of many of us.. . . 

"It would be sad if the Ministry 
decision compelling this devotee 
to prune drastically his installation 
meant he and others like him had 
to consign their activities to ob- 
livion." 
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AMATEUR RADIO CONSTRUCTION 
must, I feel, be one of the 
most rewarding pursuits which 

is available to us. The only basic 
requirement of any would-be con- 
structor is that he should be able to 
solder a tinned copper wire to a 
solder tag. Given this ability, anyone 
can enter a sphere of activity which 
is almost entirely limitless in its 
range of application and in its 
depth of complexity. 

The beginner may commence with 
simple receivers or amplifiers, where- 
upon he follows constructional 
articles of the type which are 
published in this magazine, or works 
with the kits which are marketed by 
our advertisers. Having gained this 
initial experience, together with the 
practical knowledge which these first 
undertakings inevitably bring in 
their train, the constructor can then 
proceed to more ambitious projects. 
The field is wide open, and it 
includes receivers and amplifiers, 
together with testmeters, signal 
generators, oscilloscopes, model con- 
trol units, electronic timers and other 
devices, tape recorders, and countless 
other instruments. 

Results Obtained 
Apart from the pleasure of build- 

ing equipment which looks good, the 
constructor has the secondary advan- 
tage of obtaining enjoyment from the 
results it provides. Lovers of good 
music can always experience con- 
siderable pleasure in true high 
fidelity reproduction; but that plea- 
sure is increased a hundredfold if the 
amplifier which provides the repro- 
duction has been built by the 
listener. 

It is always possible to follow the 
pursuit of home -construction without 
a great deal of technical knowledge. 

On the other hand, the enjoyment 
obtained from the building of equip- 
ment is greatly enriched if technical 
knowledge is allowed to increase 
hand in hand with advancing 
mechanical skill and confidence. 
The articles on "Understanding 
Radio" by W. G. Morley which 
appear elsewhere are, I feel, particu- 
larly helpful in this respect, because 
they start right from scratch and 
assume that the reader is a complete 
newcomer to the radio scene. W. G. 
Morley has dealt at some length 
with the components which we all 
handle and use, and he has done a 
great deal to illustrate the fact that 
there is, here, much detail which has 
to be taken into account if their 
functioning is to be fully understood. 
W. G. Morley has also taken us 
unscathed through the thorny path 
of basic a.c. theory and resonant 
circuits, and these are subjects which 
are exceptionally difficult to explain 
without going into an excessive 
amount of complex detail. 

The great advantage, to the 
amateur, of keeping his technical 
knowledge in step with his con- 
structional ability is that he can then 
branch out on his own and make up 
his own designs. A home -constructor 
of my acquaintance is particularly 
adept at this approach, and he 
usually tackles his projects in three 
separate steps. His first step is to 
initially design the circuit and see 
just exactly what components he 
requires. He never commences to 
pay any serious attention to layout 
until he has all components to hand. 
However, as his circuits are fre- 
quently experimental in one respect 
or another, he will very often under- 
take a second step as well before 
finally settling on layout. In this 
second step he quickly checks the 
functioning of a particular part of 
the circuit about whose practical 
performance he is doubtful, and he 
does this by temporarily rigging up 
this section in the most frightful 
"bird's nest" assembly one can 
possibly imagine! Nevertheless, this 
quick experimental check pays good 

By RECORDER 

dividends, because it enables him to 
find the optimum values for the 
resistors, capacitors and other com- 
ponents employed, as well as the 
most efficient circuit configuration in 
which they may be wired up. Step 
number three then consists of work- 
ing out the final layout (bearing in 
mind any pertinent points resulting 
from the experimental second step), 
of bashing out the metalwork, and 
of fitting and wiring up the com- 
ponents. The result is a beautiful - 
looking job in which every part is 
positioned in its right place, and 
which offers no evidence of last- 
minute changes because certain 
sections of the circuit have had to 
suffer major alterations. 

This last approach is, of course, 
only one of the many that can be 
applied to radio construction. Per- 
haps the greatest attraction of the 
hobby is that you can set about it in 
any way you darned well please! 

Experimental Rectifier Kit 
The subject of experimental rigs 

affords an appropriate introduction 
to the news that Electro Automat 
Ltd. have introduced an experimental 
rectifier kit which enables the 
amateur and the laboratory engineer 
to make up rectifier assemblies to 
meet his exact requirements. The 
accompanying illustration shows the 
kit in use, and demonstrates the 
manner in which a rectifier stack 
may be built up. 

The kit has been carefully planned 
to give the amateur and professional 
radio engineer everything he may 
require to assemble an experimental 
rectifier stack, and includes three 
sizes of rectifier plate, Bakelite 
contact and insulating washers, 
connecting tags, insulating tubing, 
mounting spindles, and steel spacing 
washers and nuts. Also provided are 
assembly instructions. 

The rectifier plates, which are 
apparently of the selenium type, are 
available in three sizes at 18mm 
square, 23mm square, and 30mm 
square. In half -wave circuits, the 
18mm plates can pass a forward 
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current of 60mA, whilst the 30mm 
plates have a capacity of 300mA. 
The corresponding currents for full - 
wave rectification are 125 and 
600mA respectively. For rectifier 
applications, the maximum inverse 
voltage per plate is 30 volts r.m.s. 
The rectifiers may also be employed 
for voltage doubling, d.c. blocking, 
and magnetic amplifier applications. 

The "Standard Kit" (as illustrated) 
costs £7 7s. complete, and further 
details may be obtained from Sales 
Engineering, Electra Automat Ltd., 
Swinton, Manchester. 

Goldbach's Conjecture 
Readers who like playing around 

with numbers may be interested in 
Goldbach's Conjecture. This states 
that every even number is the sum 
of two primes (i.e. numbers which 
are incapable of being separated into 
factors).* 

To date, nobody has been able to 
disprove this conjecture, nor to find 
an exception. 

At the same time, nobody has been 
able to prove it, either! 

A Rose Is A Rose Is A Rose 
Much to the annoyance of our 

radio -etymology purists (who take 
up page after page of Wireless World 
with their complaints about the 
matter) electronic engineers continue 
to coin weird and wonderful words 
to describe objects which have never 
before appeared on Earth. The 
present trend is towards words 
which are made up from initial 
letters, and a typical example is given 
by "laser". "Laser" is derived from 
"Light Amplification by Stimulated 
Emission of Radiation", and the 
associated device produces coherent 
light (i.e. light at a single frequency, 
as with a radio wave) along a beam 
whose edges are almost exactly 
parallel. Materials capable of pro- 
ducing coherent light are few and far 
between, and a great deal of research 
is currently in progress to find 
suitable substances which are easier 
to handle and more inexpensive than 
those already discovered. Acceptable 
materials are those which can be 
made to "lase", and so we now have 
a new verb. This is "to lase" and it 
means "to produce coherent light". 

G.P.O. engineers have an ability 
to create new names from initial 
letters which are not only fanciful but 
delightfully macabre as well. Two 
good examples I've bumped into 
recently appeared respectively in 
Wireless World for July 1963 and in 
The Post Office Electrical Engineers' 

I bumped into this fascinating little item 
of information in a review by Professor 
Hyman Levy in New Scientist for 4th July, 
1963, 

Do-it-yourself rectifier assembly. The newly introduced Electra Automat 
rectifier kit allows the assembly of rectifier stacks to meet exact circuit 

requirements 

Journal for April 1963. The first is 
"Multiple -Direction Universally 
Steerable Aerial", and this is referred 
to as "MEDUSA". The second is 
"Machine for Automatic Surface 
Sampling and Automatic Contact - 
Resistance Evaluation"; which re- 
duces to "MASSACRE". 

Before the present-day penchant 
for devising new words from initial 
letters came into being, engineers 
were still capable of producing 
remarkable terms. Thus, in O. S. 
Puckle's Time Bases (Chapman and 
Hall) we find a timebase circuit 
referred to as the "Sanatron". This 
derives from the Royal Air Force 
slang term "sanitary", meaning 
"satisfactory". The sanatron circuit 
is a development from the "Phantas- 
tron", and the name of the latter is 
due to the fact that, at the time of its 
invention, its performance was con- 
sidered fantastic! 

Grommet 

Hole in 

metal 

panel 

Fig. 1. In production, it is often 
difficult to insert a grommet into 
a hole if the grommet is hard and 

has thick walls 

Many more such colourful terms 
are in use in electronic engineering, 
and I would like to select a further 
one before concluding on the subject. 
It is very often necessary, in receiver 
production, to fit a rubber or p.v.c. 
grommet to a round hole in a metal 
bracket or chassis, as shown in the 
accompanying Fig. 1. Sometimes, 

Hole in 

metal 

panel 

Grommet 

Fig. 2. The solution is to use a 
hole of this shape. The grommet 
is inserted into the wide -diameter 
section, then slid into the 
narrow -diameter section where 

it locks into position 

however, the application requires 
that the grommet be hard and have 
thick walls, whereupon it becomes 
extremely difficult to fit it to the hole 
by hand. The solution is to punch 
the metal sheet with a hole having 
the shape shown in Fig. 2. In this 
case the grommet is inserted in the 
upper wide -diameter section of the 
hole, after which it is slid into the 
narrow -diameter section with little 
difficulty. And the term given to a 
hole of this shape? It is described as 
a "Mae West". 
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The Mighty Midget 
A good quality record-player amplifier 

By M. J. Pitcher, B.Sc. 

WITH THE ACQUISITION OF A RATHER OLD B.S.R. 
three -speed autochange turntable came a 
demand from the junior members of the 

writer's family for a fully working portable record- 
player. The turntable was in good order but a new 
pick-up cartridge was wanted and an Acos GP67 
was bought as a compromise between quality and 
economy. The quality produced by the parental 
Hi-Fi amplifier pleased the youngsters but it 
became obvious that they could not be left in charge 
of the volume control knob. 

An amplifier giving sufficient volume for one 
room but small enough to fit into a portable cabinet 
was clearly called for. At the same time it was felt 
desirable to produce sound as near to Hi-Fi stan- 
dards as possible. The resulting amplifier is an 
economical design with surprisingly good repro- 
duction. 

Design Considerations 
The use of an a.c./d.c. circuit was discounted on 

the ground of safety-too many members of the 

family possess screwdrivers. Transformers can, 
however, be bulky and expensive components but, 
since only a small amount of audio power was 
aimed at, it seemed possible to use a "converter" 
type of transformer with an output valve such as the 
EL91 (or 6AM5). These valves are available very 
cheaply and provide ample power for even large 
rooms while taking a current of less than 20mA. 

The transformer used by the writer is rated at 
25mA and the EL91 draws about 19mA, so that 
the choice of preceding valve for voltage amplifica- 
tion is limited to those taking only a small current. 
The use of an ECC83 seemed a logical step, but 
enough gain would be available from one half to 
fully load the output stage. Rather than allow the 
other half of the valve to remain unused it was 
decided to incorporate a Baxandall tone control so 
that "lift" and "cut" of treble and bass would be - 
given. This eliminated the possibility of applying 
negative feedback over the whole amplifier but the 
advantage of wide -range tone control made the 
sacrifice seem worth while. 

RII RI2 

; 210 ECC83 
:2-1-e 

3 rhsC10 
Rio 

CIILi, 
VR2CbBass 

- 
lift cÿt R7 I 7B 

RbVIb 
V2 

_ L EL9I 
C5 

lift cutw14 _ 
VR3 

TI 
RSTr¢bleR8 

1 

I2 TCI3 

125`ó 

125 

Switch 
anyzie 

Fig. 1. The circuit of the Mighty Midget. Voltages indicated were obtained with a Weston 772 meter (1,0002 per volt). 
The output transformer connections shown are applicable to the Elstone multi -ratio transformer type MR/T 
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The Power Output Stage 
No problems present themselves in designing the 

output stage providing that the maximum rating 
for the valve of 250 volts is not exceeded. The 
cathode bypass capacitor C9 is returned to chassis 
through the output transformer secondary, providing 
some negative feedback. The transformer primary 
is shunted by C14. The result is a very clean per- 
formance in both the bass and the treble regions. 

Input Sensitivity 
The GP67 crystal cartridge gives a high output 

and it is possible to use a high resistance in series 
with it. This improves the performance and makes 
it unnecessary to employ a higher value than 1M2 
for the volume control in the grid circuit of the 
first valve. Because of these high values of resistance 
great care is needed in screening all the leads. An 
auxiliary output is taken to socket S2 from the "hot" end of the volume control and this can be 
used to feed a second amplifier direct from the 
pick-up. Alternatively it can be used as an input 
socket to the amplifier. The sensitivity is such that 
a crystal tuner will produce a reasonable volume 
from the local B.B.C. stations when plugged into 
the auxiliary socket, and so turn the unit into a 
radiogram. 

Construction and Layout 
It is anticipated that the layout of individual 

amplifiers will be dictated by the amount of space 
available inside the record-player cabinet, if, like 

Resistors (all I watt unless otherwise stated) 
R1 4.7MS2 
R2 lkû 
R3 47k12 
R4 100k52 
R5 330k52 
R6 470k12 
R7 100k52 
R8 330k52 
R9 Ik52 
R10 47k52 
R11 33k52 
R12 33k52 
R13 4.7k12 5 watt wirewound 
R14 680k52 
R15 7500 j- watt 
R16 1000 
R17 1000 
VR1 1M12 log, with switch 
VR2 1 M12 linear 
VR3 500kO lin, with centre tap 

Capacitors 
C1 25µF electrolytic, 12V wkg. 
C2 0.1µF 
C3 0.005µF 
C4 0.005µF 
C5 100pF 
C6 0.1µF 
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Pin8 Pm6 Tag B Pins4 Pin 9 
V1 V1 (Fig 3) and 5 V1 

VI 

Togboard I 

Fig. 2. The components mounted on tagboard 1 

the writer, a portable case is used. For this reason 
only a general description of the physical layout is 
given. 

The amplifier built by the writer was constructed 
in a chassis measuring 7 x 4 x 1 j -in. This chassis 
was bolted to an aluminium sheet as also were the 
mains and output transformers. All the screws were 
countersunk, and self -tapping screws were used to 
fasten the sheet down to the base of the cabinet. 

Two tagboards were used to mount the small 
resistors and capacitors. It should be noted that 
R4, R5, R6, R7, R8, C3, C4 and C5 are mounted 
directly on the tone controls VR2 and VR3. Connec- 
tion is made to the tone control circuits via screened 
cable. 

Components List 

C7 
C8 
C9 
C10 
C11 
C12 
C13 

25µF electrolytic, 12V wkg. 
0.05µF 
50µF electrolytic, 25V wkg. 
116+16µF insulated electrolytic, 250V 
I wkg. (see text) 
140+40µF or 50+50µF electrolytic, 250V f wkg., isolated can (see text) 

Speaker 
30, 7 x 4in 

Valves 
V1 ECC83 or 12AX7 
V2 EL91 or 6AM5 

Mains Transformer 
Midget type (Radiospares). Secs: 0-250V, 25mA; 

6.3V, 1.2A 

Output Transformer 
Elstone type MR/T (multi -ratio) 

Rectifier 
Contact -cooled bridge type, 250V, 25mA minimum 

Miscellaneous 
One each, 6 -way and 12 -way miniature tagboards 

(see Figs. 2 and 3); two coaxial sockets, chassis, 
etc., to suit space available in cabinet 
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Interior of the amplifier chassis. The h.t. electrolytic 
capacitors are mounted on the side 

The value of R1 can be decreased if the output 
from any particular crystal pick-up is insufficient 
to fully load the amplifier. 

The noise and hum level of the completed 
amplifier is extremely low and this is due chiefly to 
very careful screening of the grid leads. One point 
of interest arises with the volume control used by 
the writer. A rather nasty high-pitched hum was 
eradicated by earthing the control spindle. Other 
points to observe are the mounting of the two 
transformers with their axes at right angles, and the 
use of only one earth connection to the chassis. 
This latter is best situated at a solder tag fixed by 
one of the securing screws for the input socket. 

SpeakTo 
R8 C11 E E TeSec Ci2 HT+ 

Pin 3 Pin 
V1 V2 

Tagboard 2 

15Ç9 

Pin C13 

V2 Rectifier 

Fig. 3. Wiring to tagboard 2 

The h.t. electrolytic capacitor (C12, C13) employed 
by the writer had an isolated can, and this was also 
earthed to the common chassis solder tag. Com- 
ponents with non -isolated cans may, of course, be 
readily insulated from mounting clips by means of 
tape or a strip of insulating material, thereby 
allowing the can to be still connected to the common 
chassis point. The negative terminals of C10 and 
C11 are similarly connected to the common chassis 
point. It was not found necessary to connect the 
auto -changer chassis to the amplifier chassis, but 
such a connection could be made if the constructor 
felt it desirable. 

S. S 

R 

8 

ECC 83 

-Solder tag earth -point 
for all earth returns 

EL91 

Fig. 4. Illustrating how the tagboards fit into the 
amplifier chassis 

The output transformer specified is large enough 
to handle the bass frequencies adequately at full 
power. -Alternative transformers with suitable 
ratios are readily available but "midget" types 
should be avoided. When connecting the negative 
feedback leads from chassis and C9 to the trans- 
former secondary there should be a decrease in 
volume compared with that available when C9 is 
returned to chassis direct. An increase in volume 
with possibly some instability indicates positive 
feedback and is an incorrect mode of operation. 
Correct operating conditions will then be given by 
reversing the connections to the transformer 
secondary. 

Conclusion 
The completed unit was put through its paces 

with 45 r.p.m. "pop" records for some hours and 

The fully assembled amplifier showing the method of 
mounting the transformers and h.t. rectifier 

gave every satisfaction. Then, when the children 
were safely in bed, it was tried with the Vox record, 
"This Is High Fidelity". The reduced output at 
33 r.p.m. was sufficient to nicely load the output 
valve, and results were better tnan expected. The 
small 7 x 4in loudspeaker was chosen for its cheap- 
ness rather than quality, but it has a surprisingly 
good bass response in the cabinet with the lid down. 
The tone controls are very effective, but sufficient 
bass lift is available to produce feedback to the 
pick-up arm when using the internal speaker. 
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Handy Signal Generator 

By A. G. Dowding 

ONE OF THE MOST FREQUENTLY USED TOOLS 
in the service shop, certainly for the repair 
of radios, is the signal generator. Many 

people seem to fight shy of constructing such an 
instrument, sometimes justifiably so after looking 
into a precision factory -made unit. The generator 
described here is, however, of a simple but stable 
nature, and can be constructed by anyone who 
understands the principles involved. 

For the repair of domestic broadcast band 
radios, a signal generator must cover the Long 
and Medium wavebands, as well as providing an 
intermediate frequency (465 kc/s) and an audio 
signal with which it can modulate the other frequen- 
cies. The present instrument has these facilities, 
although by changing the associated coils, frequen- 
cies up to 25 Mc/s may be produced. 

LI 

RI CI 

Aerial 
C 

/ IFT 
/ PHFj 

The Circuit 
The audio section of the generator consists of 

a multivibrator circuit using the double -triode V2. 
An ECC82 was used in the prototype but a 6SL7, 
6SN7, ECC81, or ECC83 may very easily be 
employed instead. The multivibrator produces 
an almost true square wave which may be used for 
audio testing, with or without an oscilloscope. 

The frequency of this multivibrator may be 
adjusted to one's personal taste. The writer finds, 
personally, that a high pitched note quickly becomes 
irritating and the components shown in the diagram 
gave a frequency of 500 c/s in the prototype.) 

t The frequency generated by the multivibrator will vary according 
to the grid base of the valve employed in the V2 position. It may be 
necessary to adjust the values of CI1 and C,2 to obtain the desired 
frequency.-EDITOR. 
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PHF2 - MEDIUM WAVE BAND 016 

2 

WEARITE PHF RANGE 

AC 
Mains 

pPPif 

53 

240 
250 

210 

SFPTFMRFR 1963 135 



The radio frequency section employs a Z77, 
but most r.f. pentodes should suffice. The circuit 
is quite stable and, provided that construction 
is carried out carefully with components and 
wiring fixed rigidly, performance will be very 
satisfactory. 

The coils for the intermediate frequency range, 
L2, L5, are those of an i.f. transformer of the 
required frequency, one winding of which (L2) 
has had its parallel fixed capacitor removed. To 
tune the i.f. output, the slug of the coil retaining 
the capacitor must be adjusted. The other slug 
should be removed.2 

Extension of the range of radio frequencies and 
intermediate frequency provided is easily accom- 
plished by switching in the requisite range of coils. 
If desired, switch S1 may have an increased number 
of ways to accommodate such coils. 

The r.f. output is provided via a simple attenuator, 
or by way of the dummy aerial filter L1R1C1. 
The coil L1 consists of 60 turns of 28 s.w.g. enamelled 
wire on a 4in diameter former. 

Modulation depth is fixed at approximately 30%. 
Modulation is given when S2 is switched from 
"Audio" to "Mod". 

It has been considered very necessary, as with 
all such instruments, to isolate the chassis from the 
mains with a transformer. 

Construction 
The whole unit, with associated power pack, 

can be built on a chassis 9 x 6 x 2in. It is wise 
with an instrument of this type not to over -crowd 
components underneath the chassis, as this may 
lead to complicated wiring or, worse, instability. 
It is a good idea to use 22 s.w.g. p.v.c. covered 
tinned copper wire as this is quite rigid. The wiring 
to the coils must be kept as short as possible, 
and the coils themselves should be screened from 
the rest of the unit. This applies also to the dummy 
aerial components. 

The whole unit should be encased in a metal 
box or cabinet to eliminate interference with any 
other apparatus. Air vents around *in across are 
allowable, but larger apertures should be backed 
with a metal grille. 

Calibration 
Calibration of the prototype was carried out 

with the aid of a commercial signal generator 
and radio receiver, but an accurately calibrated 
receiver could suffice on its own. 

2 If squegging (evident as a violent hiss) occurs, connect across 
L2 a resistor whose value, determined experimentally, lies between 
5 and 50k(2.-Enrroa. 

Components List 

Resistors 
R1 390û -I watt 
R2 50k52 pot, log track 
R3 47kû 4 watt 
R4 47k12 * watt 
R5 33kû # watt 
R6 100k S2 4 watt 
R7 I Mû pot, log track 
R8 1 Mfg 4 watt 
R9 47kS2 -4 watt 
R10 1M9 4 watt 
R11 47kS2 4 watt 

Valves 
V1 
V2 
V3 

Z77 (EF91, 6AM6, 6F12) 
ECC82 (12AU7) (see text) 
6X4 (EZ90) 

Inductors 
L1 See text 
L2, L5 Modified i.f. transformer (see text) 
L3, L6 Coil type PHF1, Wearite 
L4, L7 Coil type PHF2, Wearite 
L8 Smoothing choke 10H 

Transformer 
Mains transformer. Secondaries: 6.3V at 1.2A, 
250-0-250V at 20mA 

Capacitors 
(All fixed values 350V wkg. unless 
indicated) 

C1 500pF, 200V wkg. 
C2 0.01µF 
C3 0.01µF 
C4 0.01µF 
C5 50pF, 200V wkg. 
C6 0.01µF 
C7 500pF variable 
C8 fitted to i.f. winding 
C9 0.01µF 
C10 0.01µF 
C11 100pF (see text) 
C12 100pF (see text) 

C13} 32 + 16µF, electrolytic 
C14 

Switches 
S1(a),(b),(c) 
S2 
S3 

3 -pole, 3 -way 
1 -pole, 2 -way 
1 -pole, 1 -way 

Next Month .. , 

2V Short Wave Receiver 
Car Anti -Theft Device 
Oscilloscope Double Beam Converter 

otherwise 
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GOLDEN Jubilee OF THE R.S.G.B. 

Reception at Mullard House 
1963 is the Golden Jubilee Year of the Radio 

Society of Great Britain and one of the events 
to mark it was an "open house" at the Mullard 
Electronics Centre, Torrington Place, W.C.1. on 
July 1st and 2nd. 

Here a special programme of demonstrations 
and films was arranged for members and many 
distinguished figures in the amateur radio world, 
including a number from overseas, attended. 

In addition, a reception was held by Mullard 
Ltd for members of the R.S.G.B. council and their 
guests at Mullard House on the evening of July 1st. 

Among those present were Dr. R. L. Smith -Rose, 
a member of the society since 1913, the president 
Mr. N. Caws, F.C.A. and the Mayor of Holborn 
(Councillor Harold Bright, M.A., M.I.E.E., J.P.) 
in which borough the headquarters of the society 
is situated. 

In the photograph, visitors are shown listening 
to an explanation of the latest methods of teaching 
electronics. 

Golden Jubilee Dinner 
The Golden Jubilee Dinner was held at the 

Connaught Rooms, Holborn, on Friday, July 5th 
and this was the culmination of a week of events 
in celebration of this milestone in the history of 
the Society. Some 400 guests representing over a 
dozen countries attended and the toast to the 
Society was proposed by Lord Brabazon of Tara 
who regaled the guests with his early experiences 
in the many interests he has cultivated. Being 

* * 

nearly 80 years of age, his memories covered the 
very earliest days of such activities as flying, aerial 
photography and radio. 

Of the numerous presentations made on behalf 
of various National Radio Societies, the specially 
designed and made Delft china plate presented 
by V.E.R.O.N. (Dutch Radio Society), the beautiful 
pewter vase presented by N.R.R.L. (Norwegian 
Amateur Radio Society) and cheques for the 
R.S.G.B.'s Headquarters Building Fund (Swiss 
and German Radio Societies) were particularly 
acceptable. Following the formal proceedings, 
a most pleasant evening was spent by the company 
renewing old acquaintances, rag -chewing, etc. 

R,S, G.B. MOBILE RALLY 
Woburn Abbey, Bletchley, Buckinghamshire 

(by permission of His Grace the Duke of Bedford) 

Sunday, 22nd September, 1963 

Park opens 12.30 p.m. 
State Apartments open 
More than 3,000 acres and 2,000 animals 

TALK -IN STATION 

SEPTEMBER 1963 

* Children's Playground, Pets' Corner and Boating Lake * Restaurants and Snack Bars * Specially reserved rally car parks 

GB3RS on 2 and 160 metres Organised by the RSGB Mobile Committee 
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REVISED EDITION - 
SHORT 

WAVE 
RECEIVERS 

NOW AVAILABLE 

SHORT 
FOR 

WABE THE 

RECEIVERS 
BEGINNER 

with Preface and Introduction by FRANK A. BALDWIN, A.M.I.P.R.E. 

72 

Pages 6s. 
This book has been specially prepared for the beginner interested in short wave receiver 
construction and operation. NOW FEATURES the " NIGHTRIDER " 5/7 valve communications 
receiver. Altogether 8 versions of 4 basic receiver designs, 2 of these including step-by-step 
building instructions. Contents also include: Introduction to the Short Waves; Soldering Notes, etc. 

Complementary to "THE RADIO AMATEUR OPERATOR'S HANDBOOK" 

To Data Publications Ltd., 57 Maida Vale, London, W.9 
Please supply copy(ies) of your latest publication 

"SHORT WAVE RECEIVERS FOR THE BEGINNER", DATA BOOK 
No. 14 at 6s. each, postage 5d. 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE 

SHORT 
WAVE 

RECEIVERS 
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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 (1930-1962) from is. Catalogue 
6,000 models, Is. 6d. S.A.E. enquiries.-Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (I.P.R.E.) LTD. 
Membership conditions booklet is. Sample copy of 
I.P.R.E. Official Journal 2s. post free.-Secretary, 32 
Kidmore Road, Cavershani, Reading, Berks. 

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 Salis Radio Control Ltd., 93 North 
Road, Brighton. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau. Ama- 
teur and Broadcast Translation. Technical and 
Identification Dept.-both Broadcast and Fixed 
Stations, DX Certificates, contests and activities for 
the SWL and transmitting members. Monthly maga- 
zine, Monitor, containing articles of general interest to 
Broadcast and Amateur SWLs, Transmitter Section 
and League affairs, etc. League supplies such as 
badges, headed notepaper and envelopes. QSL cards, 
etc., are available at reasonable cost. Send for League 
particulars. Membership including monthly magazine, 
etc., 21s. per annum.-Secretary, ISWL, 12 Gladwell 
Road, London, N.8. 

continued on page 141 

milciroter 

Learn -as -you -build 
the ICS way-it's easier 

YOU BUILD YOUR OWN SETS 
You build your own 5 -valve radio receiver, portable 
transistor (or A.F. Amplifier), signal generator and 
your own high -quality multi -meter. All under 
expert tuition! In this way you master the practical 
side of radio, quickly and easily-in your own 
home, in your own time. The course booklets 
are packed with helpful, easy -to -follow illustrations. 

YOU MASTER THE THEORY OF RADIO 
With your own home laboratory you carry out 
experiments and learn the theory of radio and 
electronics. This practical ICS course is the surest 
way to become a radio expert. All lessons are 
set out in simple easy -to -understand terms. 

YOU GET THESE FREE KITS 

With the ICS Complete Radio Construction 
Diploma Course you get six kits-including 
instruments, tools, testing units and all the parts for 
your own equipment. And your ICS instruction manuals 
become a personal "library", yours for constant reference, 

I 

FREE! ICS brochure on radio courses. For your copy post I 

I this coupon today, to: I 

I ICS (Dept. 245), Intertext Flouse, Parkgate Road, London, S. tí'.11 I 

NAME ...._ ..._......_..._ ..................................__..........................................................._..._____ 

I 

I ADDRESS __ ............._.._._....._.____...._._................................................._................._...............__... 

I I 

__ ...__.. Age .......................... ............................. 9.63 
I 

I:ïli,1,rril'l;r:1E(!1 4.1 I'I;I'11 4s't4;1,111%' 
Member of the Association of British Correspondence Colleges 
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BENTLEY ACOUSTIC 
CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
ALL GOODS LISTED BELOW IN STOCK 

0A2 5/- 
082 6/- 
0Z4GT 4/3 
A7GT 8/9 
CS 6/6 
G6 6/- 
H5GT 8/3 
L4 2/9 
LDS 4/3 
LN5 4/6 
N5GT 8/6 
R5 4/9 
S4 5/- 
S5 3/9 
T4 2/9 
U4 7/- 
U5 5/3 

2021 5/6 
2X2 3/- 
3A4 4/- 
3A5 6/9 
387 5/- 
306 4/- 
3Q4 5/9 
3Q5 7/3 
3S4 4/9 
3V4 5/6 
5R4GY 9/- 
5T4 8/- 
5U4G 4/3 
5V4G 7/6 
5Y3GT 4/6 
5Z3 19/5 
5Z4G 7/- 
6ABG 7/- 
6AG5 2/9 
6AKS 5/- 
6AQ5 6/- 
6AT6 4/6 
6AU6 6/- 
6AV6 5/6 
6880 2/6 
68A6 5/- 
68E6 5/3 

7H7 5/9 
7R7 12/6 
7Y4 5/- 
8D2 2/6 
98W6 13/5 

I OCI 9/6 
I0C2 13/- 
I0D2 11/8 
1091 10/- 
IOLDI 110/9 
10P13 8/6 
I0P14 12/- 
12A6 2/3 
12AC6 13/5 
I2AD6 15/2 
12AE6 12/3 
12AT6 4/9 
12AU6 6/6 
12AV6 6/9 
12BA6 6/6 
128E6 5/- 
128147 7/6 
1217GT 7/6 
I2K5 17/6 
I2K7GT 3/9 
I2K8GT 9/- 
12Q7GT 3/9 
12SA7 7/- 
125C7 4/ 
12SK7 3/6 
12SQ7 8/- 
19AQ5 7/9 
19H1 6/- 
20D1 13/5 
20F2 12/3 
20L1 12/6 
2091 12/6 
2093 12/6 
2094 13/9 
2095 14/6 
25A6G 7/6 
25L6GT 6/- 
2524G 7/- 
25Z5 8/- 

DF66 15/- 
0F96 6/3 
0F97 7/6 
01476 3/9 
DK40 18/8 
DK92 6/9 
DK96 6/9 
0L68 15/- 
DL96 6/3 
DLSIO 10/6 
0M70 5/- 
DY86 7/- 
E8OF 30/- 
E839 30/- 
E88CC 101- 
E180F 19/6 
EABC80 6/- 
EAC9I 3/6 
EAF42 7/6 
EB4I 4/9 
EB9I 2/3 
EBC41 7/- 
EBC8I 7/- 
EBF80 7/- 
EBF83 8/- 
EBF89 7/- 
EBL2I 9/- 
EC70 12/6 
EC8I 27/6 
EC92 8/3 
ECC32 4/- 
ECC34 21/7 
ECC35 5/9 
ECC40 7/6 
ECC8I 4/- 
ECC82 4/6 
ECCB3 4/9 
ECC84 6/- 
ECC85 7/- 
ECC88 11/- 
ECF80 6/9 
ECM 7/6 
ECF86 19/5 
ECH2I 11/- 

EL822 19/6 
EM4 17/9 
EM34 8/9 
EM71 13/6 
EMBO 6/9 
EM8I 7/9 
EMB4 8/3 
EM85 9/3 
EM87 15/2 
EN3I 71/- 
EY5I 6/3 
EY81 8/- 
EY83 11/6 
EY86 6/- 
EZ40 5/9 
EZ41 6/6 
EZ80 4/6 
EZ81 4/3 
GZ30 7/- 
GZ32 7/6 
GZ33 17/6 
GZ34 11/6 
GZ37 14/6 
HL2 7/6 
HN309 26/2 
HVR2 9/- 
HVR2A 9/- 
KT2 7/6 
KT33C 4/- 
KT36 32/4 
KT4I 7/6 
KT44 5/9 
KT6I 7/6 
KT66 13/6 
KT88 28/6 
KTZ41 6/- 
LP2 9/6 
MHL4 7/6 
MKT4 17/6 
MS413 22/8 
MUI4 5/- 
N37 23/3 
N78 26/2 
N 108 26/2 

R19 7/- 
SP4 12/6 
SP4I 2/- 
SP61 2/- 
T41 9/- 
TOD4 8/6 
TH41 13/- 
TY86F 11/8 
U12/14 7/6 
U16 to/- 
U18/20 6/6 
U19 48/6 
U22 6/9 
U24 15/- 
U25 9/- 
U26 8/- 
U31 7/- 
U33 26/2 
U35 26/2 
U37 23/3 
U45 15/6 
U76 4/9 
U107 17/6 
U191 III- 
U282 14/6 
U301 12/- 
U329 9/6 
U404 6/- 
U801 18/- 
U4020 18/2 
UABC805/6 
UAF42 8/- 
UB4I I2/- 
UBC41 6/9 
UBC8I 7/6 
UBF80 7/- 
UBF89 7/3 
UC92 7/6 
UCC84 9/- 
UCC85 6/6 
UCF80 10/3 
UCI -142 7/3 
UCH8I 7/3 
UCL82 8/6 

MIDGET 
SILICON 

RECT1- 
FIERS 

Mu Hard 
BY100 

Output 250 
volt at } 
a m p. N o 
larger than 
a shirt but - 
ton! 

8/- each. 
TRANSIS - 
TORS & 
DIODES 

GD3 5/6 
GD4 5/6 
GD5 5/6 
GD6 5/6 
GDI5 8/- 
GET10617/6 
GETI 14 6/6 
GET873 9/3 
GET874 9/6 
GEX36 10/- 
GEX45/16/6 
GEX64 11/6 
GEX66 15/- 
AF102 27/6 
AFI 14 11/- 
AFI 15 10/6 
AFI16 10/- 
AFI17 9/6 
AFI 18 20/- 
AFI27 12/- 
MAT 100 7/9 
MATIO1 8/6 
MATI20 7/9 
MATI21 8/6 
0A5 6/- 
OA10 8/- 
OA70 3/- 
OA73 3/ - 

We require for prompt cash settlement all types of valves, loose or boxed, but must be new. Send list for offer by return. 
6BH6 5/6 
6816 5/6 
6BQ7A 7/6 
68R7 8/6 
68R8 9/3 
6BW6 7/6 
6BW7 5/- 
6C5 4/- 
6C9 11/- 
6CD6G 21/6 
6CH6 5/- 
606 3/- 
6E5 6/- 
691 9/6 
6F6G 4/- 
6913 5/- 
6F23 9/6 
6F24 11/6 
6933 3/6 
635G 3/- 
6J6 31- 
6J7G 4/9 
6K7G 1/6 
6K8G 4/- 
6K25 13/6 
6L1 916 
6L6G 6/6 
6L7GT 4/6 
6L18 7/6 
6N7GT 5/- 
6P28 11/6 
6Q7G 4/6 
6R7G 6/- 
6SL7 5/9 
65N7 4/6 
6U4GT 9/6 
6U5G 5/- 
6V6G 3/9 
6V6GT 6/- 
6X4 4/- 
6X5 4/6 
6/30L2 8/6 
7B7 7/6 
7C5 10/- 
7C6 7/6 

27SU 23/3 
2807 7/- 
30C15 I0/- 
30F5 6/- 
3OFLI 9/6 
3OFLI2 12/6 
30L15 10/3 
30P4 12/3 
30712 7/6 
30P19 12/3 
30PL1 10/- 
30PL13 9/6 
35A5 20/9 
35L6GT 7/6 
35W4 6/- 
35Z3 16/4 
35Z4GT 4/9 
35Z5GT 6/6 
5005 7/- 
5OL6GT 7/- 
52KÚ 14/6 
53KU 14/6 
72 6/6 
80 5/6 
83 15/- 
85A2 9/9 
90AG 67/6 
90AV 67/6 
90CG 37/6 
90CV 42/- 
9001 15/- 
15082 16/6 
1858T 34/11 
5763 7/6 
AC6PEN 5/- 
AZI 6/6 
AZ31 7/- 
AZ41 6/6 
B36 5/- 
BL63 10/6 
CCH35 131- 
CL33 11/6 
CY31 6/9 
DIS 13/6 
DAF96 6/3 

ECH35 6/6 
ECH42 7/9 
ECH8I 6/6 
ECH83 8/- 
ECHB4 14/7 
ECLBO 61- 
ECL82 7/9 
ECL83 10/- 
ECL86 9/- 
EF22 6/9 
EF36 3/3 
EF37A 6/- 
EF39 3/9 
6F40 I0/- 
EF41 7/- 
EF42 6/3 
EF73 5/- 
EF80 4/- 
EF83 9/9 
EF85 5/- 
EF86 6/6 
EF89 4/9 
EF9I 3/- 
EF92 2/6 
EF97 11/8 
EF98 11/8 
EFI83 9/- 
EFI B4 8/9 
EK32 6/- 
EL32 3/6 
EL33 7/6 
EL34 10/- 
EL37 17/6 
EL38 12/- 
EL4I 7/6 
EL42 7/9 
EL81 8/9 
EL83 7/6 
EL84 5/6 
EL85 9/- 
EL86 7/9 
EL9I 2/6 
EL95 6/3 
EL360 27/- 
EL820 1812 

N339 15/- 
PC86 11/6 
PC88 14/7 
PC95 13/- 
PC97 8/9 
PCC84 5/9 
PCC85 7/6 
PCC88 11/6 
PCC89 7/9 
PCC I89I0/6 
PCF80 61- 
PCF82 6/6 
PC984 14/7 
PCF86 813 
PCL82 7/- 
PCL83 8/9 
PCL84 5/3 
PCL85 816 
PCL86 101- 
PCL88 1216 
PEN46 4/6 
PEN383 11/6 
PL33 16/11 
PL36 9/- 
PL38 23/3 
PL8I 7/6 
PL82 5/6 
PL83 5/6 
PL84 6/6 
PL820 16/4 
PM84 9/6 
PX4 9/6 
PY3 I 7/6 
PY32 9/- 
PY33 10/- 
PY80 5/9 
PY81 5/9 
PY82 5/3 
PY83 6/3 
PY88 9/- 
PY800 9/- 
PY801 to/- 
PZ30 17/6 
R16 34/11 
RIB 14/- 

UCL83 9/6 
UF41 6/9 
UF42 5/6 
UF80 6/9 
UF85 7/- 
UF86 9/- 
ÚF89 6/3 
UL41 7/- 
UL44 23/3 
UL46 9/- 
UL84 6/3 
UM4 15/2 
UM34 16/10 
UM80 9/3 
URIC 7/- 
UU6 11/9 
UU7 13/3 
UU8 12/6 
UU9 5/6 
UYI N 10/9 
UY2I 8/9 
UY4I 5/- 
UY85 4/6 
VMS4B 12/- 
VP4 14/6 
VP4B 22/8 
VPI3C 7/- 
VP23 2/6 
VRI05 5/6 
VRI50 Si- 
W76 579 
W8I M 6/- 
X61 10/- 
X65 5/6 
X76M 11/- 
X78 26/2 
X79 40/9 
XD(1.5) 6/6 
XFY23 6/6 
XFY54 18/- 
XH(I.5) 6/6 
Y63 5/- 
266 8/- 

OA79 3/- 
OA81 3/- 
0A85 3/- 
0A86 4/- 
OA91 3/- 
0A95 3/6 
OA210 9/6 
OA211 13/6 
OCI6W 35/- 
OC19 25/- 
OC22 23/- 
0C25 12/- 
0C26 25/- 
0C28 12/6 
0C35 18/- 
0C36 21/6 
0C41 9/- 
0C43 12/6 
0C44 9/3 
0C44PM9/3 
0C45 9/- 
0C45PM9/- 
OC65 22/6 
OC66 25/- 
OC70 6/6 
0071 6/6 
0072 8/- 
OC73 16/- 
0075 8/- 
0076 8/6 
0077 12/- 
0078 8/- 
0081 8/- 
0082 IO/ - 
0083 6/- 
0084 8/6 
OC140 19/- 
0C170 9/6 
OC171 10/6 
OCP7I 17/6 
TS2 12/6 
TS3 15/- 
XAI02 19/6 
XAI03 15/- 
XAI04 18/ - 

All goods new and first grade only, subject to makers' full guarantee. We do not sell second-hand goods, manufacturers' rejects or seconds (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 rectifiers, microphones, loudspeakers, etc., and other components 6d. 
Terms of business: Cash with order or C.O.D. only. Post 6d. per item. Orders over E3 post free. C.O.D. 3/6 extra. All orders despatched same day. C.O.D. orders by telephone accepted far immediate despatch until 3.30 p.m. Any parcel insured against damage in transit for 6d. extra. We are open for personal shoppers 8.30-5.30. Sate. 8-1 p.m. 

JACKSON 
The big name in PRECISION components 

Precision built radio components are an 

important contribution to the radio and com- 
munications industry. Be sure of the best 
and buy Jackson Precision Built Components 

"DILEMIN" CONDENSERS 
These miniature solid dielectric 
condensers are only i" square. 

The 4" dia. spindle projects 2" 
from the front plate. Low !I loss construction provides 
Power Factor better than 
.001. 

JACKSON BROS. (LONDON) LTD. 
Dept. R.C., KINGSWAY-WADDON, CROYDON, SURREY 
Phone: Croydon 2754-5 Grams: Walfilco, Souphone, London 

. 
ec3 S`O 

44.41/4 

5+ x 3+ a 2 

After Sales Fault-finding 
GUARANTEE 

Coloured illustration COMPONENT LISTS ON REQUEST 

CONSTRUCTIONAL BOOKLETS 2/6 

Trade and Retail 

O S M O R 
418 
S. CROYDON NCROAD48 
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SMALL ADVERTISEMENTS 
continued from page 139 

TRADE-continued 

FIND TV SET TROUBLES IN MINUTES from that 
great book The Principles of TV Receiver Servicing, 
lOs. 6d., all book houses and radio wholesalers. If not 
in stock, from Secretary, I.P.R.E., 32 Kidmore Road, 
Caversham, Reading, Berks. 

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 hospi- 
tality 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. 

CASES, CHASSIS, PANELS. Anything in metal. 
Send your drawings for quote. Stove enamelled, 
hammertone, or plain, in any colour.-Moss Watson, 
40 Mount Pleasant Street, Oldham, Lancs. Telephone 
Main 9400. 

C.W. PRACTICE? Modulation Testing? Dictorel 
Electronic Dictating Machines (same principle T/R). 
Bargain price £4. S.A.E. for circuit.-G3LLL, 
Holdings, 39 Mincing Lane, Blackburn, Lancs. 

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. Georges Road, 
Hastings. 

PRIVATE 

WANTED. Collector requires early wireless valves, 
pre -1925. Details and price to-Box No. F181. 

FOR SALE. Linear L45 5 watt quality amplifier, for 
use with record player or microphone. Small size, 
6 x 5 x 6in. 200-250V a.c. mains power supply. £5. 
-Box No. F182. 

continued on page 143 

ter 

Learn -as -you -build 
the ICS way-it's easier 

YOU BUILD YOUR OWN SETS 

You build your own portable transistor (or A.F. 
Amplifier), 5 -valve radio receiver, signal generator 
and your own high -quality multi -meter. All under 
expert tuition! In this way you master the practical 
side of radio, quickly and easily-in your own 
home, in your own time. The course booklets 
are packed with helpful, easy -to -follow illustrations. 

YOU MASTER THE THEORY OF RADIO 
With your own home laboratory you carry out 
experiments and learn the theory of radio and 
electronics. This practical ICS course is the surest 
way to become a radio expert. All lessons are 
set out in simple easy -to -understand terms. 

YOU GET THESE FREE KITS 

With the ICS Complete Radio Construction Diploma 
Course you get six kits-including instruments, tools, 
testing units and all the parts for your own equipment. 
And your ICS instruction manuals become a personal 
"library", yours for constant reference. 

r -I 
FREE! ICS brochure on radio courses. For your copy post 1 

this coupon today, to: 
ICS (Dept. 246) Intertext House, Parkgate Road, London, S. W.11 1 

I NAME 

ADDRESS 

AGE 9.63 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Member of the Association of British Correspondence Colleges. 
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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 £4 10s. 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 

SPEAKERS BY GOODMAN'S, 
ELAC, PLESSEY, etc. 
4" square 12/- P & P 1/6 

5" round I2/- 1/6 

7" x 4" elliptical 13/6 1/6 
8" x 5" elliptical 16/6 2/- 
10" x 6" elliptical 23/6 2/' 

GRAM -TAPE DECK MOTORS! 
Special offer of famous manufacturers' 
motors. 19/6 each. P & P 2/ - 
TAPE HEAD ASSEMBLIES. Brad - 
made, as fitted to COLLARO STUDIO 
deck (Erase & Record/Playback heads 
complete on mounting plate). 39/6 
each. P & P 1/6 

TRANSISTORISED MIXERS. 
Limited number of 3 -channel mixers 
(Hi -impedance). 69/6 each. P & P 2/ - 
TUNING CONDENSERS. 500pF 
Plus FM Twin gang (gear drive). 
10/6 each. P & P 2/ - 
BATTERY CHARGERS by 
'LINEAR'. I# amp. 49/6 each. 
3 amp. 75/- each. P & P 4/ - 
CAR AERIALS! High quality 3 - 
section 42" extended, complete with 
fittings. 19/6 each. P & P 1/6. Cable 
1/- per yard extra. 
METAL RECTIFIERS 300V, 300n,A. 
Few only. 19/6 each. P & P 2/ - 
PTE Co -ax Miniature Plugs and 
Sockets. 5/6 per pair. P & P 1/- pair 

OUR FAMOUS READIPACKS! 

No. 1 100 resistors *w, to 5w. 
10 ohm to 50 meg. 

No. 225 condensers pF to I,000pF 
5% to 20% 

No. 3 20 condensers I,000pF to 
0.01 mfd 

No.4 12 condensers 0.01 mfd. to 
0.1 mfd 

No. 5 25 Hi -Stab resistors 1, 2 & 5 
ion -25 meg. 

No.6 10 w/w Resistors 6 ohm - 
82 Rohm 

No. 7 4 Carbon controls volume, 
tone, etc. 

All at 8/6 each POST FREE! 

SWITCHES for MULLARD 
cuits to specification 
"Mullard approved". 
T R2 
TR3 
TR4 
TR5 
TR6 
TR7 
TR8 
TR9 
TRIO 
TRI I 

TRI2 

2V Pre -Amp ... ... 
3V Pre -Amp 
3V Pre -Amp Lo/Pass Fltr 
3V Pre -Amp Hi -Pass Fltr 
3V Tape Amp Rec/Play... 
3V Tape Amp Eq. ... 
Tape Pre -Amp ReclPlay 
Tape Pre -Amp Eqz 
Stereo Pre -Amp Selector 
Stereo Pre -Amp Ch/E ... 
Stereo Pre -Amp Stereo - 

P & P 1/- per switch 

cir- 
and 

12/9 
12/9 
10/9 
8/4 

16/6 
74 

16/6 
7/4 

18/6 
9/6 

9/6 

TELE -RADIO (1943) LTD 
189 EDGWARE ROAD, LONDON, W2 

PADdington 4455 

AUTHENTIC SOUND EFFECTS 
CONTRAST 45 r.p.m. RECORDS 

(approved by leading record reviewers and record magazines) 

MFX-1 14 EFFECTS-Police Car-Police Launch-Lion Roar -Aircraft Landing-Building Falling-Road Drills- 
Ships Siren-Storm at Sea-Railway Trains (3 various) -Car Door and Starter-Central Line Tube Train 
Cell Door, etc. 

12 EFFECTS-American Police Car Sirens (5 various) 
-Applause-Car Crash-Glass Breaking-Footsteps (6 
various)-City-Waterloo Tube Train-Workmen ham- 
mering-Orchestra Tuning -up. 

15 WILD ANIMAL SOUNDS and jungle background 
-Lions, Tigers, Elephants, Puma, Rattlesnake, Alligator, 
Sealions, Eagles, Viper, Chimpanzees, Gibbons, Bell 
Bird, etc., etc. 

M F X-2 

AFX-1 

TFX-1 11 BRITISH RAILWAY TRAINS-Arrival Main Line 
-Departure Main Line-Express Steam and Diesel 
(with whistles)-Goods Trains-Train over points and 
Crossings-Central Line Tube Train arrive and depart, 
etc., etc. 

AVAILABLE SHORTLY: Electronic sounds and music-Sounds of 
London and further Selections of mixed sound effects. 

TWO COLOUR GLOSSY SLEEVE gives full details of each 
separately tracked effect and timing. 
Price 8s. including tax, postage and special packing (each record) 
(retail price 7s. 6d. inc. tax). 

Direct mailing from 

F. C. JUDD (Sound Recording) 
174 Maybank Road, South Woodford, London, E.18 
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SMALL ADVERTISEMENTS 
continued from page 141 

PRIVATE-continued 

FOR SALE. Mains -converted wavemeter W1191, 
100/20,000 kc/s, £6. R10, N78, 6F1, EF55, 6V6, 
KT66 at 7s. 6d. each. 6BE6, EF80, ECL80, 6F6, 
ECC81, ECC91, 6N7 at 4s. each. Z77, Z152, VR92, 
EB91, ECC35 at Is. each. Postage extra.-Whitby, 
32 Castle Drive, Dinas Powis, Glam. 

TWO -METRE enthusiasts attention! QQVO3-20A valves 
at £1 each, plus postage.-Box No. F183. 

WANTED. Practical Wireless issues: October 1958; 
August, September, October 1959; February and 
December 1962. Indexes 34, 35, 36, 37, 38.-Ault, 
17 Hollyhedge Road, West Bromwich, Staffs. 

FOR SALE. Televet & manual £40 o.n.o.-Daly, 
10 North Hill Road, Mount Pleasant, Swansea. 

SITUATION VACANT 

PUBLIC SCHOOL MAN under 25 required as trainee 
for electronic and/or mechanical engineering design and 
development work on machines to make fibreglass 
products. Starting salary £936. Write, giving details 
of experience, education and interests to Fibrelite 
Industries, Trafford Hall, Chester. 

MORSE 
CODE 

Train by the well-known 

CANDLER System 
of world-wide reputation 

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. 

EXCEL 
174 

rl 

Through this ICS 

3 -way Training Method 

\I\STER THE THEORETICAL SIDE 
l rum easy -to -understand courses! Designed to 
teach you the theory of radio and television 
engineering quickly and easily. 

MASTER THE PRACTICAL SIDE 
With the help of easy -to -follow illustrations! 
Designed to show you how to develop your 
practical abilities in radio and television engineer- 
ing alongside your theoretical studies. 

MASTER THE MATHEMATICAL SIDE 

Through a new easy way to learn .maths! 
Designed to teach the subject that's so often a 

headache, but so essential to anyone in radio and 
television engineering. 

THERE IS AN ICS COURSE FOR YOU ! 

For your career or your own business, courses are available 
in: Radio and Television Engineering, Industrial Television, 
Radio and Television Servicing. VHF Engineering, 
Electronics, Computer Technology and Programming, 
Electronic Technicians, Servomechanisms, Telemetry, 
Instrumentation, Principles of Automation and Calculus 
for Electronics. 

And for your hobby, there are practical "learn as you 
build" radio courses as well. 

POST THIS COUPON TODAY FOR FREE BROCHURE TO: 

I.C.S. Dept. 247, Intertext House. Parkgate Rd., London, SW.II 

NAME 

ADDRESS..... 

OCCUPATION .. 
9.63 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Member of the Association of British Correspondence Colleges. 
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ALUMINIUM, SILVER HAMMERED FINISH 

CHASSIS 
and 

CASES by 

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 

CASES 
Type W 

Type Size Price Type Size Price 
U 4x4x4"` 9/6 Y 8x6x6" 25/- 
U 54 x.4)(44" 14/6 Y 12 x7 x7" 39/- 
U 8x6x6" 20/- Y 13 x7 x9" 44/- 
U 15 x 9 x9" 42/6 Y 15 x 9 x7" 46/- 
W 8x6x6" 19/6 Z 17x10x9" 63/- 
W 12x7x7" 32/6 Z 19x10x8+" 67/6 
W 15x9x8" 42/- Height 

Type Z has removable back and front panels. 
Type Y all -screwed construction. 

-Type Y 

Type Z 

/Type U 

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 (1" or I"), 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 39/6!-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 

SUMMER 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 

LISTEN TO THE WORLD on TELSTAR 
our 1 -VALVE SHORT WAVE RADIO 
Receives speech and music from all over the 
world. Price includes valve and one coil cov- 
ering 40-100 metres. Can be extended to 
cover 10-100 metres. Can be converted to 2 
or 3 valve and all -mains speaker use. Total Building Costs 35/-, P. & P. 2/-. Send 2/- for wiring 

diagram and parts list. 
R.0 S. PRODUCTS (Radio) Ltd., 11 Oliver Road, London, E.17 

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 _Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow 

Quality Components FOR CONSTRUCTORS 
capacitors, resistors, coils, valves, transistors, controls, 
chassis, transformers, speakers, pick-ups, cartridges, 
stylii, and all types of components in stock. 

CATALOGUE AVAILABLE ON REQUEST 
82 DARTFORD ROAD 
DARTFORD KENT 
Telephone Dartford 24057 J. T. FILMER 

LAST FEW 140FT. AERIAL INSTALLATION 
First Government release of these brand new Marconi Coil Aerial 
tuning systems, enabling operators to work their receivers or trans- 
mitters to their best efficiency. Containing a drum of 140fc. copper 
aerial wire with insulators, etc., feeding into the matching unit, size 
13" x 8f" x 9f", with slow motion tuning using Nos. 0-999. Originally 
intended for the 52 TX-RX, a must for any poor reception areas and 
serious operators. Last Few ONLY 27/6, carriage 5/-. 
Dept. Q J. T. SUPPLY 150 Meadow Lane Leeds 11 

THE RADIO CONSTRUCTOR - BOUND VOLUMES AVAILABLE 
Volume 13, August 1959 to July 1960 f1.5.0 postage 2/3 
Volume 14, August 1960 to July 1961 £1.5.0 postage 2/3 

WE REGRET VOLUME 15 IS NOW SOLD OUT 
DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

PANL 
BLACK CRACKLE PAINT 

Giye 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 

E. R. NICHOLLS 46 LOWFIELD ROAD 
SHAW HEATH STOCKPORT 

BUMPER PARCEL 
100 Assorted Resistors 
50 Assorted Condensers 
1 Sin 3 ohm Elac Speaker 
1 Isolating Transformer 
4 Terminal Blocks. 
2 Rotary Toggle Switches 

1 Small Chassis containing 
60 components 

2 Westectors 
2 Thermistors 
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 
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SEE LATEST CATALOGUE FOR FULL DETAILS OF ALL ITEMS 
68 -PAGE CATALOGUE 2/- POST FREE - COMPONENTS - TEST EQUIPMENT - HI-FI 

MODEL TP55 
_ - A.C./D.C. vol- , tageupto1,000 

m 5 ranges. 
D C. current 4 
ranges up co 
SOOmA.4 range 
resistancetol0apa 
megs. Capacity 

t dB scales, etc. 

ohms/volt 
Full -( y 

Guaranteed 

. With Test 
'"'. £5,19,6 

Leads, Battery 
and Instruction. Size 54" x 34" x ir 

I 

''` 

30.000 
volt. 
8 Ranges 
7 Ranges 
5 Ranges 
amps. 
3 Range 
Short 
Output 
Size 
Leads, 
[ions. 

' 

CK r 
D 

,i++! 
` 

>a 
® . 

1 

--- 
-- r 

#', t 
/ . 

- 
o ms per £8.19.6 

Model SOO 

D.C. volts to 1kV. 
A.C. volts to 1kV. 
D.C. current to 12 

resistance to 60 meg. 
circuit buzz test. 
meter dB, etc., etc. 

64" x 44" x 24". With 
Batteries and Instruc- 

/ s p 
g (` 

1 3 -`-.'"*n 
A O Ó Ó 

45/- Model PT34 
per1 000 ohms volt 

0/10/50/250/500/1,000 volts 
A.C./D.C. 0/1/100/500 mA 
D.C. Resistance 0/100kí2. 
Ideal pocket size multi - 
tester for all radio and 
domestic work. 
Size 34" x 2f" x 1f" with 
battery, leads and instruc 
rions. 

DETAILS ON REQUEST * MODEL EPSOK 
50,000 ohms per volt 69.19.6 * MODEL EP3OK 
30,000 ohms per volt 66.19.6 * MODEL ITI-2 20,000 ohms per volt. 
5 gns. * EP10K 10,000 ohms per volt. 65/- * CABY MI 2,000 ohms per volt. 54/- 

4 -WAVEBAND 
COMMUNICATIONS 

RECEIVER 
550 kc/s co 30 Mc/s-BFO 
Noise Lim.-A.V.C.- S" 
Meter-Bandspread, etc. 

P.P.Fully 7/6. BGuaranteed.rand 

Ne 

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 34" x 14" with 
Batteries, Test Leads and 
Instructions. 

1. 2,000 ohm Headphones ... 12/6 
4,000 ohm Headphones ... 14/ - 
Stereo Phones 2 x 8 ohm 27/6 

2. Make your own printed circuits. Full 
details with 3 boards 6" x 3", etc. 19/6 

3. Crystal Microphones (P.P. 1/6 any type) 
Acos 39-1 Stick Microphone ... 32/6 
Acos 40 Desk Microphone ... 15/- 
Acos 45 Hand Microphone ... 25/- 
Lapel/Hand Microphone ... 12/6 
MC24 Stick Microphone ... 25/- 
100C Stick with Stand ... ... 39/6 
BM3 Stick with Stand ... ... 52/6 
Lapel/Hand Magnetic ... 12/6 

4. AT6 Stereo Deck El 0.19.6. 
5. 250mW 4 -Transistor Amplifier, built 

ready to use .. 37/6 P.P. 1/6 
6. Complete Test Lead Kits 8/6 
7. Miniature Vernier Dial 8:1, reduction 

marked 0/100 for f" spindles, 14" diam., 
12/6; 2" diam., 14/-; 3" diam., 16/-. 

8. 931A Photomultiplier. Brand new 
with base ... ... ... 60/- 

9. CV2886 (M2H) Liquid Sampling 
Geiger Tube, 370 volts, 22/6. P.P. 1/-. 

10. Antex Miniature Mains Soldering 
Iron, Y1n" bit, 29/6, P.P. 1/-. 
Pocket Iron with Pouch, 30 watt, 
220/250 volt, 18/6. 
Solon 15 watt, -eV" bit, 22/6, P.P. 1/-. 

11. Pocket Radio Booster Unit, for any 
radio. Improves output and quality. 
Size 94" x 34" diam., 27/6, P.P. 1/-. 
Size 8" x 24" diam., 25/-, P.P. 1/-. 
Ideal for using pocket radios in car. 

12. 125mW 9 volt Sub -min. 3 -Transistor 
Amplifier, 2" x 1" x 1", 29/6. 

13. Telephone Coil for any amplifier or 
Recorder, 12/6. 

STEREO AMPLIFIERS 

Complete with full 
function pre -amplifiers and controls. * SA80 4+4 watts 69.10.0 * SA150 7+7 watts 616.10.0 * SA300 15+15 watts 632.10.0 
Each amplifier completely self contained 
and designed for Mono and Stereo 
output. Supplied complete with full 
manual. Leaflets on any type on request 

14. Crystal Contact Microphone for 
guitars, etc., 12/6. 

IS. Personal Earphones: 600 ohm, 10/6; 
1,000 ohm, 12/6. Crystal, 8/6; 8/10 
ohm, 9/6. Fitted leads, jack plugs 
and sockets. 

16. Battery Record Players. Single speed 
45 r.p.m. 6-74 volt player, 49/6. 
Two Speed, 33 and 45 r.p.m. 
9 volt player, 92/6. Four -speed 9 volt 
player, 5 gns. 

17. Transistor Baby Alarm, as previously 
advertised, 65.10.0, P.P. 2/-. Also 
Telephone Amplifier, 65.10.0, P.P. 2/-. 

18. 4 -Transistor 2 -way Intercom, £7.10.0. 
2 -Transistor 2 -way Intercom. 89/6. 

19. SRP10 Mains 4 -speed Garrard single 
player, £5.7.6. 

20. Miniature 3 -Press Button Switches, 
6 -pole, 2 -way and on/off, 5/-, P.P. 9d. 

21. Transistor Signal Injector, 42/6. For 
circuit testing and checking. 

22. 8^ 15 ohm double cone Hi-Fi Speaker, 
79/6. Complete range of Hi-Fi 
speakers stocked. Leaflets on request. 

23. 12 -way Selector Tube, GS12C (CV 
1740), 25/- each. 

24. Quartz Fibre Pocket Dosimeters 
0/150R and 0/500R, 12/6 each. 

25. 6 -Transistor speaker superhet Pocket 
Radio ready to use. Complete with 
leather case, phone, etc., 79/6, 
P.P. 2/-. Fully guaranteed. 
De Luxe version, 94/6, P.P. 2/-. 

QUARTZ CRYSTALS 
100 kc/s 15/-; model control miniature 
crystal 27.255 me/s 15/- each. Complete 
range available for all purposes. 

27. Sub -miniature Jack Plug and Socket, 
2/6. Sub -miniature Screened Plug, 2/-. 

28. Standard Jack Plug, 2/6. Standard 
Screened Jack Plug, 3/6. 

29. 12" 15 ohm Hi -flux Quality Speakers, 
only 35/-, P.P. 2/-. 

30. Tuning Indicator and Battery Level 
Meter. Miniature Meter (400µA) for 
Recorders, Transmitters, etc., 24/6. 

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 

31. Crystal Microphone Inserts: 2", 10/6; 
14" 7/6; 4", 3/6; Acos 39-1, 15/-. 

32. Stereo Amplifier, 2 watts each chan- 
nel. Brand new, 79/6, P.P. 2/-. 

DEAC RECHARGEABLE 
BATTERIES 

(a) 18 volt 100mA/H 4" x 1" diameter. 
Brand new, sleeved, 30/-. 

(b) As above but 150mA/H, 35/-. 
Both types easily split into any multiple 
of 1.2 volt. Brand new. 

34. Type 38 Transmitter/Receiver. 5 
valve, 7.4-9 Mc/s, 22/6, P.P. 2/6 (sold 
without guarantee). 

35. Valve Voltmeter, AC/DC/Resistance, 
etc., 69.19.6, P.P. 5/-. 

36. STC F15 Thermistors, 6/-; R53, 15/-. 
37. ORP12 L DR Cell, 12/6; ORP60 Cell, 

5/-; OCP71 Photo trans., 27/6. 
38. Half Track Record/Playback Tape 

Heads. 2kí2 impedance, 15/-. 
40. 6" x 7" Printed Circuit Panels for 

etching, 4/- post free. 
41. Recording Tape: 5" 600ft, 12/6; 

5" 900ft, 15/-; 7" 1,200ft, 18/6; 7" 
1,800ft, 2S/-. Excellent quality. 

42. DC to AC Converter. Converts 12 
volts DC, i.e. car battery, to 230 
volts AC up to 15 watts. Ideal for 
using electric razor, etc., in a car. 
All -Transistor complete kit, 
62/6 P.P. 1/6. 

43. Collaro Mains Twin Track Tape 
Decks. Brand new, 10 gns, P.P. 3/6. 

44. Garrard Autoslim 4 -speed auto - 
changers. Plug-in head type complete 
with head, 67.10.0. P.P. 3/6. 

SUBSTITUTION BOXES * Capacitor Box. Provides 9 standard 
valves from 0.001µF to 0.22µF at 
600 volt working, 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 

FIELD STRENGTH METER 
Measures transmitter carrier waves 
from 1 Me/s to 200 Mc/s in 5 switched 
fully adjustable ranges. Contains 200µA 
meter for carrier level and earphone 
for modulation. Requires no connec- 
tion to transmitter. Self-contained, 
ready for use, 69/6, post free. 

Published in Great Britain by the Proprietors and Publishers Data Publications Ltd. 57 Maida 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 electronics' 
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components and items specified on 
circuits published in this and other 
magazines and radio books. Let us 
quote for your circuit. 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Mondovi to Sat. 9-6. Thurs. 1 o'clock 

LATEST SUMMER CATALOGUE 
NOW 68 PAGES, 10" x 7}" 

Fully detailed and illustrated 2/- past free 
THIRD EDITION IN 9 MONTHS 

:THE CONTESSA COMBINED PORTABLE CAR 
AND HOME RADII 

in a car. Size 

The most popular of all port- 
able radios. The CONTESSA 
Mk. III embodies the latest in 
circuit design and components. 
Large easy to read two wave 
band dial-Full volume speaker 
output-Mullard transistors- 
large size printed circuit panel, 
these are but a few of its 
features. 
Attractive two tone case with 
gold fittings-Full performance 

x7f"x31-". 

Total Cost of all parts £9.19.6 P. P. 3/6. 
COMPLETE WITH BATTERY AND FULLY 

DETAILED INSTRUCTION MANUAL. 

THE "CAPRI" POCKET SUPERHET RADIO 
The most compact 6 -transistor 
Medium and Long wave pocket 
superhet radio available to build. 
Features printed circuit, packaged 
parts --Mollard transistors- 
moulded two tone case with 
gold grill-earphone socket- 
speaker output. 

Total cost 
of all parts 7 ( 

V P.P. 2/-. 

Battery 2/6; Earphone 8/- 

Size: 4r x 2," x 
FOR CAPRI AND CONTESSA. ALL PARTS SOLD SEPARATELY AND FULLY GUARANTEED. FULL AFTER -SALES SERVICE 

DETAILED 
LEAFLETS 
OF BOTH 
MODELS 
FREE ON 
REQUEST 

Built ready 
to use 

£5.19.6 
P.P. 2/ - 

OR KIT £5.15.6. 
P.P. 2/ - 

(Mains Unit 
69/6 extra) 

10 WATT TRANSISTOR HI-FI 
AMPLIFIER 

Sold as kits or prebuilt units. 
Replace that Valve Amplifier with this High 
Fidelity Amplifier. Call for demonstration-any 

time. 40 C/S TO 20 KC/S ±1dB 
LESS THAN 0.3% TOTAL 
DISTORTION 
100mV INPUT 
10 WATTS OUTPUT 
MAINS OR BATTERY 

Ideal for all Mono and Stereo Hi-Fi systems. 
Supplied complete with booklet showing preamplifiers, 
mixers, stereo, public address, etc. Can be used with 
any commercially available valve or transistor preamps, 
tuners, etc. Can be used with batteries-any voltage 
41 to 24 volts. (Kit for 15 ohm, 40 volt. £6, P.P. 2/-.) 
Complete booklet free on request. 
PERFORMANCE EQUIVALENT TO VALVE AMPLIFIERS OF 
FOUR TIMES THE PRICE AND MANY TIMES THE SIZE. 

FULL FUNCTION HI-FI 
TRANSISTOR PREAMPLIFIER 

6 position input selector-Treble- 
Volume-Bass-Filter controls. 
9 to volts mains or battery. Without 
change in performance. 
+ 12 kc/s boost at 50 cis and 15 kc/s' 
15-kc/s cut at 50 cis and 15 kc/s. 

A new two transistor printed circuit 
preamplifier designed for use with the 
10 watt transistor Hi-Fi amplifier or any 
valve or transistor amplifier. Built and 
ready to use. Panel size 9 x 21 inches. 

Complete with 99/6 knobs and circuits. P.P. 2/ - 
Or Kit 92/6. P.P. 2/-. 

WATT 4 TRANSISTOR 
AMPLIFIER 

e. 

" MINIRANGER " 
«3 -Transistor plus 2 Diodes. 

Smallest radio to build yourself. 
Printed circuit, full tuning. 

-ONLY 3" x 2" x }". Over 20 
:stations. 

Built and Kit of 
Tested Parts 

59/6 oR 52/6 
P.P. 1/6 P.P. 1/6 

Improved 
Version 
11 watt peak 
output. 

i3dB 70 cis 
to 12 kc/s. 
Output to 3 

ohm speaker. 
9 volt 
operated. 

Details on 
request. 

* NOMBREX ALL TRAN- 
SISTOR SIGNAL GENERA- 
TOR. 150 kc/s to 350 me/s. 
AF, RF Mod. etc., £7.18.6 with 
leads, butt.. etc. 

* NOMBREX TRANSIS- 
TORISED RESISTANCE 
CAPACITANCE BRIDGE. 
1pF to 100 mfd. 1 ohm to 100 
meg., £7.2.3 with butt. 

* NOMBREX TRANSIS- 
TOR POWER SUPPLY 
UNIT. 1 to 15 volts D.C. up 
to 0.1 amp. 230/250V, A.C. 
mains. £5.17.6. 

DETAILED LEAFLETS ON ANY 
MODEL ON REQUEST-FULLY 
GUARANTEED. 

COSTL 
49/6P.P. 

1/6 79/6 P.P.2)- 

BOTH MODELS AS PREVIOUSLY ADVERTISED '2* ALL PARTS SOLD SEPARATELY. BOOKLETS FREE ON REQUEST * 
Malllllllllllallalllllenallelllllaunallllllllllll11 itilli unitieltel elionalllllalUlliminlllllellallt 

"QUINTET" 
POCKET 
RADIO 

Size 5f"x3" x 1f" 
5 -Transistor, plus 
Diode MW/LW to 
build. 

Built and 
Ready to 

Use 

£5.19.6 
P.P. 2/ - 

(Complete 
with full 

descriptive 
Booklet) 

e. 

7-TRANSISTORe 
RECORD PLAYER/RADIOGRAM; 

4 Watt (Peak) Amplifier'= 
Full Treble andC 
Bass boost and cut. 
40 cis to 20 kc/s= 

Inputs for Pick-ups,g 
Radio Tuners, Mi -Z 
crophones, mixers,: 
etc. - 

15 ohm Speaker (8" x 5" 22/6 extra). 
12 to 18 volts mains or battery - 
Size only 6" x 21" x 2" 

Ideal for mains or battery, portable or= 
domestic record players, grams, etc. 
Ideal for car use. Mains Unit 80/- extra= 

Call for demonstration 
BOOKLET FREE ON REQUEST 

}3dB 

SINCLAIR SLIMLINE 
As described on page 128 of this issue. - 

Personal pocket radio of new design and high performance 
Total Cost 49 /4 
of all parts I P.P. 1/6. (Battery 3/6) - 

PLEASE TURN PAGE 

n 
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