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A SIMPLE EXPLANATION OF

TRANSISTOR RADIOS

FOR THE SERVICE ENGINEER

CONTENTS INCLUDE:

Starting with a description of the basic properties of semi- Semiconductor materials; Transistor action;

conductors, the book explains the action of a transistor in

detail and without recourse to complex mathematics. The TidnSister Circu't_S; Servicing, efc' In-all,
circuits used in transistor radios are described, and the seven chapters with the emphasis always
techniques for servicing these sets are considered. on practical considerations.

U.K. PRICE 5/-

Published by Muilard Ltd. Get your copy from your radio dealer or
— send remittance with direct order. (Postage and packing 6d extra).

<> MULLARD LIMITED - MULLARD HOUSE - TORRINGTON PLACE - LONDON WC1

MVM 1917
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70 AMBITIOUS ENGINEERS

= THE LATEST EDITION OF ENGINEERING OPPORTUNITIES

Have you sent for your copy?

ENGINEERING OPPORTUNITIES
is a highly informative 156-page guide to
the best paid engineering posts. It tells
you how you can quickly prepare at home
for a recognised engineering qualification
and outlines a wonderful range of modern
Home Study Courses in all branches of
Engineering. This unique book also gives
full detai's 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
¢ 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 ?

Mecnanical Eng.,
Electrical Eng.,
Civil Engineering,
Radio Engineering,
Automobile Eng.,
Aeronautical Eng.,
Production Eng.,
Building, Piastics,
Draughtsmanship,
Television, etc.

GET SOME
LETTERS AFTER
YOUR NAME!

A.M.|.Mech.E.
AM.I.CE.
A.M.I.Prod.E.
AM.LM.I
1.1.0B.
AF.R.AeS.
B.S¢c.
A.M.Brit.IRE.
City & Guilds

Gen. Cert. of Education
Etc., etc.

BRITISH INSTITUTE OF ENGINEERING
TECHNOLOGY (Incorporating E.M.!. Institutes)

(Dept. SE/23 ), 29 Wright’s Lane, London, w.8

RACTICAL
gqu\PN\B“

Basic Practical and Theore-
tic Courses for beginners in
Radio, 1.V, Electronics, Etc.,
A.M.Brit.l.R.E. City & Guilds
Radio Amateurs’ Exam.
R.J.E.B. Certificate
P.M.G. Certificate
Practical Radio
Radio & Television Servicing
Practical Electronics
Electronics Engineering
Automation

POST LOUPON NOW !

Please send me your FREE 156-page
““ENGINEERING OPPORTUNITIES"
(Write if you prefer not to cut page)

ADDRESS

INCLUDING
TOOLS!

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

B.1.E.T.
SCHOOL OF
ELECTRONICS

AGGURAGY

AND

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.

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

Re-styled scale plate for incorporating panclimatic properties.

easy rapid reading. 1
basic scales each 2.5’
inches in length.

The instrument is supplied in an attractive
black carrying case, which also houses a pair
of leads with interchangeable prods and clips,

New standards z.f and an instruction booklet. It is packed in an
a'c;urafy uls'lt;‘g 3: in I'-—. attractive display carton. R_obus! real Iea}her
vidually calibrated scale cases are available, if required, in two sizes,

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.

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.

ULTIMINOR

RESISTANCE: 0-2M Q in ranges, using 1.5V cell
SENSITIVITY: 10,000 Q/V on d.c. Voitage ranges.
1,000 Q/V on a.c. Voltage ranges.

D.C. Current: 100uA f.s.d. —1A fs.d. in 5 ranges.
A.C. Voltage: 10V f.s.d. —1,000 f.s.d. in 5 ranges.
D.C. Voltage: 2.5V f.s.d. —1,000 f.s.d. in 6 ranges.
< - D.C. Millivolt range: 0 —100mV f.s.d.

AN Y 0) T AVOCET HOUSE 92-96 VAUXHALL BRIDGE ROAD LONDON SW1  Telephone: ViCtoria 3404 (12 lines) |

GROUP
-
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Scottish Insurance Corporation Ltd
38 EASTCHEAP -+ LONDON - EC3

Television Sets, Receivers and Short Wave Transmitters
are expensive to acquire and you no doubt highly

prize your installation. Apart from the value of your
Set, you might be held responsible should injury be
caused by a fault in the Set, or injury or damage

by your Aerial collapsing.

A ““Scottish” special policy for Television Sets,

Receivers and Short Wave Transmitters provides the

following cover:

(a) Loss or damage to installation (including in the
case of Television Sets the Cathode Ray Tube)

TELE V I S I ON by Fire, Explosion, Lightning, Theft or Accidental

External Means at any private dwelling-house.
(b) (i) Legal Liability for bodily injury to Third
SE T S Parties or damage to their property arising

) out of the breakage or collapse of the Aerial
Fittings or Mast, or through any defect in
R E C E IV E R S the Set. ' Indemnity £10,000 any one accident.
(if) Damage to your property or that of your

landlord arising out of the breakage or
collapse of the Aerial Fittings or Mast, but

AN D not exceeding £500.

The cost of Cover (a) is 5/~ a year for Sets worth £50
TRANSMITTERS or less, and for Sets valued at more than £50 the

cost is in proportion. Cover () (i) and (ii) costs only
2/6 a year if taken with Cover (a), or 5/- if taken alone.
Why not BE PRUDENT AND INSURE your
installation—it is well worth while AT THE VERY
LOW COST INVOLVED. If you will complete
and return this form to the Corporation’s Office

at the above address, a proposal will be submitted
for completion.

NAME (Block letters)
(If lady, state Mrs. or Msiss)

ADDRESS (Block letters)

1B
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'-ANOTHER TAPE RECORDER BARGAIN

Mfrs.’ end of production Surplus Offer ]
A 24 gns, Tape Recorder cffered at the
bargain price of only 15 gns. plus 10/—'
Carr. Supplied in 3 Units already wired
and tested. A modern Circuit forl
quality recording from Mike, Gram or
Radio, using latest B.S.R. Twin Track
Monardeck Type TD2.

Valve line-up—EF86, ECL82, EMs4, ||
EZ80 and Silicon Diode. I

Send for detailed list: 3d stamp.

BARGAIN PRICE 15 Gns. 22}

Carr.

I Complete Kit

comprising items below.

2 tone Cabinet and 8" x 5" Speaker Size

14" x 104" x 74" . . £310 0 + 5/-Carr. I
Wired Amplifier complete wuth 4 Valves,
' front Panel, Knobs, etc. . £5 12 6 + 3/6 Carr. I

I B.S.R. Monardeck Type TD2 ... £7 7 0+ 4/6 Carr. I

Accessories: Mike, Tape, empty Reel,
screened Lead and Plugs, Instructions, ete, £1 0 0 + 2/- Carr. l

Y. E X K X ¥ & F R ¥ R 0 KN B & N _ R B B B ¥ o
N All | Electrolytics All Types New Stk.
prew s VALVES Goaranceed | TUBULAR | CAN TYPES

25/25V 1/9 | 8+8/450V  4/6

1T4 6/~ ECC83 B/—|PCCB4 9/6 | 50112V 1/9 | 16+16/450V 5/6
1R5  7/6|ECLB2 10/6|PCFB0 9/6 5o¢50v 24- 37.+32{275v 455
1S5 7/6 ECL80 10/6 | PCL83 12/6 10025V 2/~ | 564-50/350V 6/6
354 7/6|EFB0  8/-|PCLB4 12/6 | g/450v 2/3 | 66250/

3v4  7/6|EF86 12/6|PLB1  12/6 | 4/350v 23| 275v 12/6

DAF9%6 9/-~/EL8B4  8/6|PL82 9/6 164-16/450V 5/6 | 100+ 300/

DF96 9/-1EY51  9/6/PLB3 10/6 32+32§450v 66 275V 12/6

DK96 9/-|EYB6 10/-|PY32 12/6 | j000/25v  3/9 2000-4000/

DL 9-EZ81  7/6|PYEI 9;6 Gy 36
C818/—|GZ32 12/6|PY82  7/6 | Ersin Multi Ider 60/40 34,

ECCE B/ |EMBA  9/6]U25 1206 | prr mard “Hheon e enarer Of

RECORDING TAPE—REDUCED BARGAIN PRICES

Famous American Columbia (CBS) Premier Quality Tape at
NEW REDUCED PRICES. A genvine recommended Quality Tape
—TRY IT! Brand new, boxed and fully guaranteed. Fitted with leader
and stop foils,

Standard Long Play Double Play
5~ 600ft, 13/- 900ft, 17/6 1,200ft, 31/6
53"  900ft, 16/~ 1,200ft, 19/6 1,800ft, 37/6

7% 1,200ft, 21/- 1,800ft, 28/6 2,400ft, 47/6

Post and Packlng. per reel, 1/-, plus 6d. each for additional reels.
SPECIAL OFFER—3” mirs, surplus tape, Std. 150 ft. 3,9, L.P. 225 ft.
4/9, D.P. 300 ft. 6/6. P. &. P per reel 6d. Plastic Tape Reels 3” 1/3, 57 2/-,
53" 2/-, 77 2/3. Plastic Spool Containers 5” 1/9, 53” 2/—, 77 2/3
Jack Plugs. Standard 24” Igranic Soldering lrons, Mains 200/220V
Type, 2/6. Screened Ditto, 3/3. or 230/250V. Solon 25 watt Inst.,
Miniature 147, 2/3. Screened Ditto, 22/6. Spare Elements, 4/6. Bits, 1/~
2/6. 65 watt, 27/6 etc.
Jack Sockets. Open lIgranic Alumin. Chassis. 18g. Plain
Moulded Type, 3/3. Closed Ditto, Undrllled folded 4 sides, 2” deep.
3/9. Miniature Closed Type, 1/9. 6" x 4/6, 8" x 6", 5/9 10"x 77,
Sub-min (deaf aid) ditco, /3. 6/9, 12" x 67, 7/6, 12" x 8", 8/- etc,
Phono Plugs 1/-. Phono Sockets Alumin. Sheet. 18g. 6” x 6", l/—
(open), 1/-. Ditto Closed, 1/6. 6" x 9", 1/6,6” x 127, 2/—, 12" x 127,
Twin Phono Sockets (open), 1/6. 4/6 etc.

MULLARD “3 3” HI-FAI AMPLIFIER
3 VALVES 3 WATT

3 ohm and |5 chm Output
A really first-class Amplifier

.

gtving  Hi-Fi  quality at a
reasonable  cost. Multard’s
latest circuit. Valve line-up:
EFB6, ELB4, EZ8I. Extra H.T.
and L.T. available for Tuner
Unit addition. This is the ideal
companion Amplifier for FM

Ht - tuner units.

TECHNICAL SPECIFICATION—Freq. Response: 1+ |dB. 10 kcfs. Max. Bass
Boost 14dB at BO ¢/s sensitivity: |00MV for 3W output. Qutput Power (at
400 c/s); IW at 1% total harmonic distortion. Hum and Naise Level: At
least 70dB below 3V,

COMPLETE KIT {incl, valves, all Bronze Escutcheon Panel, Print-
components, wiring diagram and ed Vol,, Treble, Bass, On-O
specnal quahty sectional Qutput Trans.) supplled with each ll(lt

ONL 9.6 carr. 4/6, Recommended Speakers—R. & A.
Complete wnred and tested, 8 gns, 12” with tweeter 52/6, WBHFI10-12
Wired power OfP socket and addi- £4.7.6, Goodmans Axiette £5.5.0,
tional smoothing for Tuner Unit, Axlom 10 £6.5.0. Carr. extra

10/6 extra.

JULY 1963

Volume Controls—5K-2 Meg-
ohms, 3” Spindles Morganite
Midget Type. 14" diam. Guar.
1 year. LOG or LIN ratios less
Sw. 3/-. DP. Sw. 4/6. Twin
Stereo less Sw. 6/6. D.P. Sw. 8/—.

COAX 80 OHM CABLE
High grade low foss Cellular air
spaced Polythene—}” diameter.
Stranded cond. Famous mfrs.
Now only 6éd. per vyard.
Bargain Prices—Special
fengths 20 yds. 9/-. P. & P. 1/6.

40 yds. 17/6. P. & P. 2/-.
60 yds. 25/-. P. & P. 3/-.
Coax Plugs 1/-. Sockets 1/-.

Couplers 1/3. Outlet Boxes 4/6.

Close Tol. S/Micas—109%, 5pF-
500pF 8d. 600-5,000pF 1/-. 1%
2pF-100pF 9d. 100pF-500pF 11d.
575pF-5,000pF 1/6. Resistors—
Full Range 10 ohms-10 megohms
20% + and +W 3d., $WV 5d. (Midget
type modern rating) 1W é&d, 2W
9d. Hi-Stab 5% }-4W. 100 ohms
1MQ) 6d. Other values 9d. 1%, Hi-
Stab. §W 1/6. W/W Resistors 25
ohms to 10K 5W 1/3, 10W 1/6,
1SW 2/-. Pre-set T/V Pots.
W/W 25 ohms.-50K 3/-. 50K-2
Meg. (Carbon) 3/-.

| JASON FM TUNER UNITS
| Designer-approvéd kits of parts:
FMTt, 5 gns. 4 valves, 20/-.
| FMT2, £7. 5 valves, 37/6.
JTY MERCURY 10 gns.
: JTV2 £13.19.6. 4 valves, 32/6.
I NEW JASON FM HAND-
| BOOK, 2/6. 48 hr. Alignment
| Service 7/6. P. & P. 2/6.

Speakers P.M.—3 ohms 21" E.M.I.
17/6. Goodmans 34”7 18/6. 5” Rola
17/6. 6" Elac 18/6. 7” x 4” Good-
mans 18/6. 8” Rola 20/-. 10”
R. x A. 25/-. 9" x 6” Goodmans
25/— E.M.L Tweeter 29/6.

Speaker Fret—Expanded gilt
anodised metal {7 x 4" diamond
mesh, 4/6 sq. ft.,, multiples of 6”
cut. Max. size 4’ x 3’ 47/6 plus carr.
TYGAN FRET (contemp. pat.)
127 % 127 2/-, 12”7 x 18" 3/-,
127 x 24" 4/-, 18" x 18" 4/6

4-SPEED
BARGAINS 5l avER UNITS

Single Players carr. 3/6
Garrard SRP10 £5.5.0
B.S.R. Latest Model TU12  72/6
E.M.L. Junior 985" 67/6
Collaro Jnr. 65/—
Auto-Changers carr. §/-
Garrard ATé Mono 9 gns.
Garrard *Auto-Slim" £6.15.0
B.S.R. (UA14) £6.10.0

S |

ENAMELLED COPPER WIRE—~
1Ib reels, 14g-20g, 2/6; 22g-28g, 3/-;
30g-34g, 3/9; 36g-38g, 4/3; 39g-40g,
4/6, etc.

PYC CONNECTING WIRE—
10 colours (for chassis wiring, etc.)—
Single or stranded conductor, peryd.,
2d. Steeving 2d. yd.
BONDACOUST Speaker Cabinet
Acoustic Wadding 12” wide, any
length cut 1/6 ft., 4/- yard.

TRANSISTOR COMPONENTS
Midget |.F.’s—465 Kc/s %" diam. 5/6

Osc. Coil—&” diam. M/WV. 5/3
Osc. coil M. & L.W. 5/9
Midget Driver Trans. 3.5:1 6/9

Ditto OfPut Push-pull 3 chms 6/9
Elect. Condensers—Midget Type
12V 1mfd-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 mid,, 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,
3 DILEMIN 100pF, 300pF, 500pF, 7/,
Midget Vol. Control with edge
control knob, 5k with switch, 4/9,
ditto less switch, 3/9.

Speakers P,M,—2” Plessey 75 ohms,
1516, 24” Continental 8 ohms, 13/6.
7” x 4” Plessey 35 ohm, 23/6.

Ear Plug Phones—Min. Continental
type, 3ft. lead, jack plug and socket,
High, Imp. 8/—. Low Imp., 7/6

TRANSISTOR BARGAINS
Brand New—BVA 1st Grade

OCc44 8/6 OC70 5/6
ocC45 8/- OCT1 6/-
ocst 7/6 GEX34 2/9
2/0C81 156 OA70 2/9
GET114 6/6 OAB81 2/9
ocn 7/6

SPECIAL OFFER

OC44 OC81D

2/oc45}‘5/" 2/0C81 }‘5/‘
TRIMMERS, Ceramic (Compres-
sion Type)—30pF, 70pF, 9d.; 100pF,
150pF, 1/3; 250pF, 1/6; 600pF, 1/9.
PHILIPS, Bee Hive Type {conc.
air spaced)—2-8pF, 1/-; 3-30pF, 1/-.
KNOBS—Modern Continental
types: Brown or Ivory with Gold
Ring, 17 dia., 9d. each; 1§”, 1/- each;
Brown or lvory with Gold Centre,
17 dia., 10d. each; 13", 1/3 each.
LARGE' SELECTION AVAILABLE.
METAL RECTIFIERS, STC Types
—RM1, 4/9; RM2, 5/6; RM3, 7/6;
RM4, 16/—; RM5, 21/—; RM4B, 17/6.

Cabinet Price £3.3.0

As ill. inc. BSR

RECORD PLAYER CABINETS
Con(emporary style, rexine covered cabinet
in mottled red and white polka dot. Size 184"
x 1347 x ht. 81", fitted with all accessories
mcludmg baffle board and anodised metal fret.
Space available for all modern amplifiers and
auto-changers, etc. Uncut record player »
mounting board 14” x 13” supplied.

Carr. and Ins. 5/-

2-VALVE 2 WATT AMPLIFIER
Twin stage ECL82 with vol. and neg. feedback
tone control. A.C. 200/250V with knobs, etc.,
ready wired to fit above cabiner.
P. & P.1/6. 6” Speaker and trans, 22/-. P.P. 2/—
COMPLETE R/PLAYER KIT.
UA14 Unit
Reduced Price £12,10.0. Carr. 7/6.

e E

£2.17.6.

Ditto RECORD PLAYER KIT
with BSR UA20 Unit. New

Reduced Price £11.10.6. Carr. 7/6.

QP Trans.,

L types for small production

Send for detailed bargain lists, 3d. stamp. We manu-
facture all types Radio Mains Transf. Chokes, Quality
etc. Enqumes mv:ted for Specials, Proto-

ns. Quotation by return

(| m KADIO COMPONENT SPECIALISTS

'\L"-. . 70 Brigstock Rd., Thornton Heath, Surrey
g THO 2I88 Hours 9am,-—6 p.m,, | pm, Wed. Terms

=\WWW americanradiohictorvy com

Post and Packing up to ¥ 1b 9d., I ib.,
lIJ 3lb 2/3 5lb 2{9 81ib, 3/6
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[EzEy)  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
required for 10W output. Operation on 80,
40, 20, 15 and 10m bands on U.S.B., L.S.B.

or D.S.B, £39.5.0 © w9
AMATEUR TRANSMITTER. Model DX-
40U. Covers all amateur bands from 80 to $.33 COLLARO TA-18

10 metres; crystal controlled. Power input
75W C.W., 60W peak conirolled carrier
phone. Output 40W to aerial. Provision for
V.F.O. Filters minimise 'I'V interference.

3.19.0

GRID-DIP METER. Model GD-1U.
Functions as oscillator or absorption wave
meter.  With plug-in coils for continuous
frequency coverage from 1.8 Mcjs w0 250

Mcfs. £10.19.6

Q MULTIPLIER KIT. Model QPM-1.
May be used with receivers having 450-470
ke/s 1.1 ; provides either additional selectivity
or signal rejection; self powered. £7.12.6

2}” SERVICE °’SCOPE. Model OS-1.

Light, compact portable for service engincers.
Dim, 5 x 8” x 144" long, Wt 104ib.

£19.19.0

DE LUXE STEREO AMPLIFIER. Model $-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.I'.B. Inputs for Radio (or Tape) and Gram,
Stereo or Monaural, gauged controls. Sensitivity 200mV. £13 7.6

COLLARO “‘STUDIO” TAPE DECK. The finest buy in its prlce range.
Operating speeds: 137, 33" and 74" p.s. Two tracks “wow” and “tlutter” not
greater than 0.15% at 7*" p.s. Long Term Speed stability better than 0.5%.

£17.10.0

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type record-
ing indicators, press-button specd compensation and input selection. Printed
Circuit Board.

Mono Model TA-1M £19.2.6 Stereo Model TA-18 £24.10.0

Prices include free delivery in U.K.

5" OSCILLOSCOPE. Model 0-12U. Has
wide-band amplifiers, essential for TV servicing,
FM alignment, etc. Vertical frequency respouse
3 c¢fs to over 5 Mc/s, without extra switching
T/B covers 10 c¢/s to 500 kcfs in 5 ranges.
£38.10.0
ELECTRONIC SWITCH. Model S-3U
(Oscilloscope Trace Doubler.) Enables a
single beam oscilloscope to give simultancous
traces of two separate and independent signals.
Switching rates approx. 150, 500, 1,500, 5,000
and 15,000 cfs. Sig. freq. response O 100 kefs.
4 1dB. Separate gain controls and sync. output.
Sig. input range 0.1-1.8V r.m.s. £11.15.6
RESISTANCE CAPACITANCE BRIDGE.
Model C-3U. Mlcasures capacity 10pF 1o
1,000uF, resistance 100Q to 5MQ and power
factor.  5-450V test voltages. With saflety
switch. £9.5'0
AUDIO SIGNAL GENERATOR. Model
AG-9U. 10 c¢fs to 100 kc/s, switch selected.
Distortion less than 0.1%, 10V sine wave

AM/FM TUNER

HI-FI AM/FM TUNER, Model AFM-1. Available in two units which, for
your convenicnce, are sold separately. Tuning heart (AFM-T1—£4.13.6 incl
P.T.) and I.I'. 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
floor 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.

1 1 3s
;‘:;T;S"Il;;;:: llnN\_/I?Et;acn(z):l;I Modefs:lelglg . GOLDRING LENCO TRANSCRIPTION RECORD PLAYER. Model
& XIR-1U. The master unit uses a --transistor C-3U GL-58 with G-60 pick-up arm and Ronette 105 cartridge. £18.19.2
amplifier, constructed on a printed circuit GARRARD AUTO/RECORD PLAYER, Model AT-6. With Ronette

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
XI1-1U (master) 10.19.6
SUGDEN MOTOR UNIT ‘‘CONNOIS-
SEUR CRAFTSMAN". Heavy duty
motor operating at 534 and 45 r.p.m. Very
heavy 12" turntable. Virtually no rumble.

£16.6.6 AG-9U

105 cartridge. £13.12.1 With Decca Deram pick-up £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-.1. In a handsome leather case it has retractable whip
aerial and socket for car radio use. Covers Med., Trawler and
two S wave bands. £19.17.6

HI-FI SINGLE CHANNEL AMPLIFIER.
Model MA-12. 12W output, wide freq.

AMERICAN HEATHKIT MODELS | ravec, low disiorion. £11.9.6
MANY PREVIOUSLY UNOBTAINABLE POWER SUPPLY UNIT. Model MGP-1.
All for direct delivery from U.S. Plant to Input 100/120V. 200/250V. 40-60 c/s

your U.K. address. Illustrated Catalogue Outiput 6.3V, 2.5A A.C. 200, 250, 270\

and full details of scheme can be obtained from us for the nom- 120mA max. D C. £5 2. 6
inal charge of 1/- post paid.

SEND FOR FREE ILLUSTRATED BRITISH CATALOGUE TO

d ok ok ok Kk Kk ok ok ok ok ok ok ok ok ok ok ko ok ok ok Kk ok ok Kk ok k Kk ok ok ok k ok ok Kk Kk k k)
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Building Your Own Equipment [Evers

RA-1.
Many special features,

AMATEUR BANDS RECEIVER. Model

NEW MODEL!
To cover all the Amateur Bands from 160-10 metres.
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
and high performance for which the DX-100U is noted and no less than 35 disc
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. ldeal for our DX-40U and similar
£11.17.6

transmitters,

Deferred terms available over £10

VALVE VOLTMETER. Model V-7A. 7

g voltage ranges d.c. volts to 1,500, A.C. to 1,500
f r.m.s. and 4,000 peak to peak. Resistance 0.1Q

to 1,000MQ with internal battery, D.C, input
impedance 11M£). 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.; 150pA to 15A
D.C.; 0.2Q to 20MQ. 44" 50pA meter.
£12.10.0
R.F. SIGNAL GENERATOR. Model RF-1U.
Up to 100 Mc/s fundamental and 200 Mc/s on
harmonics and up to 100mV output on all bands.

£12.15.6

AUDIO WATTMETER. Model AW-1U. Up
to 25W continuous, 50W intermittent.
£15.15.0

AUDIO VALVE MILLIVOLTMETER. Model
AV-3U. ImV-300V A.C. 10 ¢/s to 400 kc/s.
£14.17.6

AUDIO SINE-SQUARE WAVE GENERA-
TOR., Model AO-1U. Covers 20 cfs to 150
ke/s and square waves to 50 kc/s in four ranges.
Maximum output 10V, distortion less than 1%

£13.15.0

of these Heathkit models

Anyone can build any

Truvox D83 FM TUNER

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

Getails! £14.18.0
HI-FI FM TUNER. Model FM-4U. Also available in two units. R.F

tuning unit (£2.15.0 incl. P.T.) with LF. output of 10.7 Mc/s, and amplifier
unit, with power supply and valves (£12.6.0). Total £15.1.0

High quality stereo tape

'cll‘RUVOX D83 & D84 TAPE DECKS.
ecks.
D83-2, 2 track, £31.10.0 D834, 4 track, £29.8_0

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

boards. £19.10.0

AVAILABLE SHORTLY! MONO CONTROL UNIT, Model UMC-1
Designed to work with the MA-12 or similar amplifier requiring 0.25V.
or less for full output. 5 inputs. Baxandall type controls. £8_12.6

Model UXR-l, Pre-aligned LF,
Covers L.W. and M.W. Has 7" x 47
loudspeaker. Real hide case. £12.11.0

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

TRANSISTOR PORTABLE.
transformers, printed circuit.

9.

Wl i A A A

Assembled models alsoy
available — prices on
request.

TTA-1

NAME

Without obligation please send me

FREE BRITISH HEATHKIT CATALOGUE.......
| FULL DETAILS OF MODEL(S) .mmns - momsin:
: (Please write in BLOCK CAPITALS)

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
0-100ppF, 0~1,000ppF, 0-0.01pF and 0-0,1pF
£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. 13.6
JUNIOR TRANSISTOR RADIO. Model
UJR-1. Single transistor set. Excellent intro-
duction to radio. An instructive present.
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.
£27.19.6
THE “COTSWOLD?, This is an acoustic~
ally designed enclosure 26" x 23 x 15§°
housing a 127 bass speaker with 27 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-
to give best possible

cially developed ] po
results in small rooms. This minimum

floor space model is based on standard
Size: 36” high x 164" wide
£23.4.0

Cotswold.

x 144" deep. Either Model,

DEPT. RC7

ADDRESS

-=d

DAYSTROM LTD

GLOUCESTER |

. DEPT., RC7

JULY 1963

www americanradiohietory com
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Understanding Amateur Radio. By
A.R.R.L. 18s. Postage 1s. 3d.

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

Electronic Organ Handbook. By H. E.
Anderson. 40s. Postage 1s.

TV Fault Finding A Data Publication.
5s. Postage 6d.

Fun With Radio-controlled Models.
By E. L. Safford. 25s. Postage 9d.

THE MODERN BOOK CO

Semiconductor Circuit Design. By
R. V. Leedham. 7s. 6d. Postage 6d.

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

Elementary Telecommunications Ex-
amination Guide. By W. T. Perkins.
17s. 6d. Postage 9d.

Manual of Sound Recording.
Aldred. 75s. Postage 1s.

A Beginner’s Guide to Radio. By
F. J. Camm. 7s. é6d. Postage 6d.

30s.

By J.

Postage 1s.

by “WW?", 6s. Postage 10d.

Radio Valve Data 7th ed. Compiled

Learn Electronics By Building. Easy

to build projects. By J. Schroeder. 27s. Cabinet Handbook. By G. A. Briggs.
Postage 1s. 7s. 6d. Postage 6d.

Maintenance Manual. By Mullard. 16s. Worked Radio Caiculations. By A. T.

Witts.

7s. 6d. Postage 6d.

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

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

15s. Postage 6d.
Hi Fi For Beginners.

By J. Borwick.

EVERYTHING AERIAL
FOR THE WE ARE NOW HERE
EQUIPMENT

ENTHUSIAST
GELOSO V.F.O. UNITS. 4/102 : 1 COPPER WIRE. 14g. h.d.: 140’
with new dial and escutcheon. Qut- - 17/-; 70’ 8/6.
puts on 80, 40, 20, 15 and 10. For 1 w |
2-807 or 6146 tubes. Only £8.5.0, | w ] RIBBED GLASS INSULA.
3 valves to suit, 24/-. All post free. - ] TORS. 3”7 1/9 each. P, & P. 1/6
ALSO P1 TANK COILS for | ~ MmoRES OLD - J upto12.
1or2valve P.A, 24/- P. & P. 2/-. | w " 1 TWIN FEEDER. 300 ohm twin
SHADED POLE MOTORS. | ,;J SQUARE e ribbon feeder, similar K25, éd.
230V or 110V operation. Ideal | ~ | per yd. K35B Telcon (round) 1/6
for lfans blowers or models. g v o - pe';"l Y?/G Postlon aﬁove feeder and
Smge unit 12/6 plus 2/— P. & P, 1 P 4 1 cable any lengt
o £1 plus 2/6 P. & P OR le

i (I g 1 c Ny ! 10 | SUPER AERAXIAL CABLE.
EDDYSTONE VARIABLES. | = Ev HEY 1 | 70 ohm. Very low loss. 1/8 per yd.
.080 spacing, 3 types 25 x 25pF, 1 ~ Q “‘é'. (] | 2/-P. &P.

50 x 50pF and 100pF diff., 10/~ each. D g 1 T I;

Post free. : o e qEN fw : CERAMIC FEEDER SPREAD-
TOUGH POLYTHENE LINE. 3 Y ERS. Type F.S. 6” 10d. each.
;I'zy/p: MLT (10016) 2d."per yd. or I {5y Bl f:.g \ lz = : P. & P. 2/~ up to 12.

P Jas LiliPe 1 AT E - "TFND CERAMIC “T" PIECES. Type
(2201b) 4d. per yd. or 25/- per ] D A L E E N D l AT for centre of dipoles, 1/6 each.
100 yds. Post free. i - ' P& P 1/-.

ABSORPTION WAVE- LY

METERS. 3.00to35.00Mc/sin3l lNEW MOSLEY PQWER
switched bands, 3.5, 7, 14, 21 and 1 We were here BEAMS. Write for details. 300
28 Mc/s ham bands marked on | | watt, 50 ohm COAX, +&” dia.
scale. Complete with indicator very low loss, 1/9 yd. P. & P. 2/-.
bulb. A MUST for any hamshack. 170_172

ONLY 22/6. Post free.

RACK MOUNTING PANELS.
9” x 537, 77, 8} or 104" black
crackle ﬂnlsh 5/9, 6/6, 7/6 and 9/~
respectively, postage and packing

ml)
CHAS. H. YOUNG LTD.

BIRMINGHAM 4
TELEPHONE AS BEFORE

CEN 1635

CORPORATION ST.

SHELL INSULATORS. 2" 9d.
each, 8/- doz. P. & P. 2/~ up to 12.

2 MTR. 5 ELEMENT YAGI
BEAM. Complete in box, with
17 to 24” masthead bracket, Price
49/-. P. & P. 3/6.
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POSTAL ENQUIRIES and
MAIL ORDERS to Dept. R.C,,

STERN RADIO LTD

6-12 TUDOR FLACE
TOTTENHAM COURT RD
LONDON, W.I

Telephone MUSeum 6128/9

et

DEMONSTRATIONS and SHOWROOMS at

STERN RADIO LTD | PREMIER RADIO

109 FLEET STREET 23 TOTTENHAM COURT RD
L DON, E.C.4 LONDON, W.I

Tel. FLEet Street 5812/3 Tel. MUSeum 6128/9
OPEN: 9 a.m, to 6 p.m. OPEN: 9 am. to 6 p.m
SAT, Close | p.m, THURS. Close | p.m.

MULLARD 3-VALVE PRE-AMPLIFIER TONE
CONTROL UNIT

Designed mainly for Mullard Range of Amplifiers, also suitable
for any Amplifier requiring input up to 250 =

mY. Incorporates 5 input channels, including
for Tape and Magnetic Pick-ups. Separate Bass
and Treble controls. High pass filter 20 to 160
cfs. low pass filter 5-9 Kc/s. Totally enclosed
in case, size 114" x 43” x 4”. (Carr. & Ins. 5/~)

KIT OF PARTS £10.0.0 ASSEMBLED AND TESTED £13.13.0

MULLARD 2-VALVE PRE-AMPLIFIER TONE
CONTROL UNIT

Employing two EF86 valves and designed to

operate with the Mullard MAIN AMPLIFIERS but

also_perfectly suitable for other makes.

% Equalisation. for the latest R.LAA,
characteristic,

% Input for Crystal Pick -ups and variable reluc-
tance magnetic typ

* Input (a) Direct from High Imp, Tape Head.

Pre-Amplifier.
% Sensitive Microphone Channel. % Wide range BASS and TREBLE Controls.

KIT OF PARTS £6. 6 0 AsseMBLED AND TESTED £9.10.0 (Carr. & Ins. 5/-)

(b) from a Tape Amplifier or

MULLARD “5.10” MAIN AMPLIFIER
For use with MULLARD 2 or 3 Valve Pre-
amplifiers with which an undistorted power
output of up to 10 watts is obtained. SPECIFIED
COMPONENTS AND MULLARD VALVES in-
cluding PARMEKQ MAINS TRANSFORMER and
choice of PARMEKQ or PARTRIDGE Output
Transformer,
Complete Kit (Parmeko Output Trans) £40,0,0
(Carr, & Ins,
ASSEMBLED AND TEsTED £13.10.0

ABOVE INCORPORATING PARTRIDGE OUTPUT TRANSFORMER £1.6.0 extra

COMBINED PRICE REDUCTIONS
{a) The KIT OF PARTS to build both the “5-10" Main Amplifier

anthhhe ZS-SItage sreﬁA;ﬂghﬂe'P 7 P . ‘15.15.0

(a) “5-10"" and the 2-Stage Pre-Ar bo:h bl

and Tested ..ooooiiitioiiiiiioiiiie it itrespr e et bee e £21.10.0
(Carr. & lns. 8/ )

With PARTRIDGE OQOUTPUT TRANSFORMER £1.6.0 extra.

{b) The KIT OF PARTS to build the **5-10" Main Amplifier and

3 Valve Pre-Amplifier ‘1 9.1 0.0

(b) The 'S-10"" and 3 Valve Pre- Ampllﬁer both Assembled and

Tested ... 5 ... £25.10.0

THE MULLARD 33/RC

HIGH QUALITY AMPLIFIER DEVELOPED FRON

THE VERY POPULAR 3-WATT MULLARD *' 3-3 *
DESIGN. 1T OF PARTS £8.8.0

ASSEMBLED AND TESTED
Complete to the MULLARD specification including
PARMEKO QUTPUT TRANSFORMER. Switched
inputs for 78 and L.P. recerds plus a Radio position.
Extra power to drive a Radio Tuning Unit is also
available (Carr. & ins. 6/6)

THE MONO-GRAM
A small Amptifier of genuine high quality perform-
ance. Incorporates new MULLARD ECL86 Valve,
separate BASS and TREBLE controls and produces
up to 3 watts undistorted output.

£6.0.0

KIT OF £4.10.0 #SSEMBLED and

" PARTS ESTED
(Carr. & Ins, 3/6)
Perfectly suited for Portable installations for which
purpose we offer . ., . PORTABLE CASE £3.10.0, the
AMPLIFIER (Kit) and 8 x 5 in. SPEAKER (£1). All
for £9.0.0. Alternatively with ASSEMBLED AM-
PLIFIER £10.,0.0. (Carr. & Ins. 5/~}

The case quoted above will accommodate some 4
speed Single Record Units, A larger model for auto-
changer is available for extra 10/-. With this Equip-
ment a COMPLETE PORTABLE RECORD PLAYER
CAN be built for from £14.0.0.

Mk. Il “Fldellty” FM TUNING UNIT KIT OF £10.10.0
. Kol 10.10.

R MR T TORIN G SRR g

M ARD N H an.

corresponding Mullard valve line-up. Very suite ﬁilSSMTBELSEFDED £14.5.0

able to operate with our Mullard Amplifiers,

JuLy 1963

We are pleased to announce that all Stern Products are now available from
CLYNE RADIO LTD., {2 SUFFOLK HOUSE, GEORGE STREET, CROYDON,

Telephone MUN 3250

MULLARD “10--10” Stereo Amplifier with Passive Control Unit
A HIGH FIDELITY DESIGN PROVIDING
UP TO 10 WATTS (per channel). SUPERB
REPRODUCTION FREQUENCY RESPONSE
FLAT TO WITHIN 3dB from 3 ¢/s to 60
kc/s at 50mW.

TOTAL HARMONIC DISTORTION AT

PRIE ( ) A&EMBLED AMPLIFIER i
I 3) A IFI
(As illustrated). (Carr. & Ins. 7/6) £24.0.0

(b) KIT of PARTS £20,0.0 Built to the highest technical standards and

presented strictly to MULLARD'S specification. Two specially designed GILSON

QUTPUT TRANSFORMERS with 20%, taps are used.

We can alsc supply the assembled MAIN AMPLIFIER only for operation with our

DUAL CHANNEL PRE-AMPLIFIER ; this provides for a more versatile Installation

and is essential if a low output Pick-up is to be used, When ordering, specify

leudspeaker impedance.

(a) THE ASSEMBLED MAIN AMPLIFIER and ASSEMBLED DUAL
CHANNEL PRE-AMP . ceeiie.....£34.0,0

(b) KIT of PARTS for both Units £27.00 (Carr. P Ins. 10/6)

MULLARD DUAL CHANNEL PRE-AMPLIFIER

A four Valve design for both STEREOPHONIC and .
MONOPHONIC operation. Operates equally well [
with any make of Amplifier requiring input of up to

250 mjv.
KIT OF PARTS £12.10.0
AsSEMBLED AND TESTED £15.0.0 (Carr. & Ins. 1= ——=_ i

THE “TUDOR”
STEREO AMPLIFIER

PRICE ONLY £15.0,0 (Carr. & Ins. 7/6)

A self-contained Shelf Mounting Amplifi
designed te provide high quality stereo-
phonic and monophonic reproduction. Each channel provides a rated output of
6 watts and for monophonic operation approx. |2 watts is produced, Separate
BAS5 and TREBLE CONTROLS. Cabinet in Black Crackle. Size 14” x 87 x 47,
THE “TWIN THREE”
STEREO AMPLIFIER

ASSEMBLED AND TESTED for £9.0.0

(Carr. & Ins. 5/- extra) Ve
Based on a recent design by MULLARD LTD.,
is ideally suited for use in PORTABLE RECORD
PLAYERS for which purpose we offer a specially
dcs:gned case :
It incorporates MULLARD ECL 86 Valves, separate
BASS and TREBLE CONTROLS and produces up to 3 watts
per channel. Frequency response 40 ¢/s to 30 Kc/fs, size 114 in. x 3 in, x 5 in.
To construct a STEREQO PORTABLE RECORD PLAYER we offer :—
Assembled AMPLIFIER with two ROLA 8 in. x 5 in. LOUDSPEAKERS and PORT-
ABLE CASE for £16,10.0 (Carr. and Ins. 10/- extra).
THE MULLARD 510/RC AMPLIFIER
The popular complete *‘5-10" incorporating Passive
Control Unit, and providing up to 10 watt output
with an input of 600mV. Specified components and
new MULLARD VALVES. Includes PARMEKO
MAINS TRANSFORMERS and choice of the latest
PARMEKO or PARTRIDGE output Transformers,
Surplus Power available for Tuner.
£12.0.0

Price 1+ COMPLETE KIT .. e
ASSEMBLED AND TESTED ........... £16.0.0
(Carr. & Ins. 7/6) _with PARTRIDGE OUTPUT TRANSFORMER £1.6.0 extra.

PLESSEY 15" P.M. LOUDSPEAKER Ex. B.B.C.

A High Quality 157 Ioudspeaker, handllng 20 watts
of audio. Suitable for use in public address systems
where considerable power is handled, or as a bass
reproducer in dual or triple Ioudspeaker systems
where full use can be made of the low fundamental
resonance and smooth response,

Impedance . 15 ohms at 400 ¢fs
Diameter of pole plecz 2"

Power rating 20 watts

Flux density 12,000 lines

Total flux 185,000 maxwells
Bass resonance ... 25 c.p.s.
Frequency range 20 c.p.s. to 5 kefs
Nett weight 2513 oz

PRICE 12 GNS. (Carr. & ins, 10/6 extra)
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You’ve never seen or heard a transistor set design like
this before. Small enough to conceal in one hand, the
Sinclair “*Slimline” gives choice of British and European
programmes with staggeringly good quality from its
own internal ferrite rod aerial. With its entirely new
R.F. Reflex Circuit, superhet selectivity is achieved
without any of the latter’s problems of alignment.
And it’s so easy to build with its neat printed circuit
board and well illustrated and presented instructions.
Success is assured before you begin to build even if
you are new to receiver construction.

Such dramatic new standards within even smaller dimensions are
made possible through the wonderful new MAT Transistors in
circuitry developed exclusively to exploit their amazing charac-
teristics—yet it costs so little to build this minute receiver with THE
its giant performance—so start yours NOW !

THE PERFECT SET FOR YOUR HoLipay: SINCLAIR =
“SLIMLINE” B

MICRO-RADIO
RECEIVER

BUILT IN A P28 S ER T4
GOUPLE OF gt ok,
/ 111135 SELF-CONTAINED

RIS NIYTINIS

3

RECEIVES HOME, LIGHT, THIRD AND
COUNTLESS EUROPEAN STATIONS
WITH FANTASTIC EASE AND QUALITY

Comprises brand new sub-miniature components, genuine MAT

M.A'T. TRANSISTORS TRANSISTORS, elegantly designed plastic case and calibrated tuning

control with high-quality featherweight earpiece; also thoughtfully

LI,
oo s

Total cost of ali parts in-
cluding special earpiece,
royal blue and gold plastic
case and instructions.

PP 1/6

MAK_E THIS WONDERFUL presented step-by-step instructions.
Enthusiastic testimonials continue to pour in. Here are more typical examples:
PERFORMANCE POSSIBLE “A most ingenious set. Having built it for amusement, | find myself using it
for serious listening more and more, it is so reliable.” J. A., Wakefield
These amazing new Micro Alloy Tran- ““Would never have thought such performance possible from such a tiny set,
sistors take transistor performance into Log Rome, Moscow, Brussels and many more stations with ease, as well as
entirely new fields by their coverage of B.B.C. and Luxembourg”. F.G.M., Lewes
A.F, I.F, R.F,, and V.H.F. frequency bands. “Wonderfully easy to build. Please send two more for the rest of the family

they provide far greater gain for less power
consumption so that two MAT Transistors
can do the work of three ordinary types | [

with considerable saving in space, com-

ponents and cost. Each: one te earefully To SINCLAIR RADIONICS LTD., 69 HISTON ROAD, CAMBRIDGE
tested before leaving the factory. For
full description, send for our book 22
TESTED CIRCUITS USING MICRO-
ALLOY TRANSISTORS”, price 5/9,
including postage,

Long gold-plated leads ~ MAT 100 7/9 MAT 101 8/6
each each

who are quite converted to this ‘new’ way of listening. C.H.L., Norwich

Please send Parts for building Sinclair “'Slimline’’ Micro-Radio Receiver............... I
22 Tested Circuits Using Micro Alloy Transistors™ ...............
...... MAT 100 /......MAT 120 / ......MAT 101 / ......MAT 121 Transistors
for which | enclose Cash{Cheque/Money Order for £......... oonoo g onod T I

assure perfect contact. MAT 120 MAT 121
NAME. . e e . et |
S|NCLA|R radionics LTD ADDRESS .. e T e e S |
69 HISTON ROAD’ CAMBRIDGE BLOCK LETTERS PLEASE » RC7 |
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THE DUCHESS OF KENT
PERMANENT
BUILDING SOCIETY

Member of the Building Societies Association

WITHDRAWALS AT SHORT NOTICE

INTEREST IS AT 359/, PER ANNUM

(There is NO DEDUCTION FOR INCOME TAX, as
this is paid by the Society)

FOR FURTHER INFORMATION APPLY TQ
DUCHESS OF KENT
PERMANENT BUILDING SOCIETY
103 Cannon Street London EC4

Telephone MANsion House 8011

ESTABLISHED 1865

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

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

-R.C.

(Please use Block Capitals for both name and address)

Brilliantly constructed with in-
credibly minute yet robust com-

MICRO-MINIATURE
TRANSISTOR AMPLIFIERS ponents “and providing _ideal
packaged units for probes,

electronic stethoscopes, signal tracers, listening devices, telephone
amplgﬁers, etc. Each has an overall gain of about 40dB, and a sub-
stantially flat response ove.' the range 500-3000 c¢/s. Each type can be
operated from a tiny Mallory cell size only §” diam. x " thick.

TYPE 2. Three transistors, completely encapsulated, rectangular
pattern, size §” x 3”7 x #” thick. Input impedance 300-350 ohms.
Qutput impedance 100 ohms. ol_ Post and packing 1/-
TYPE 3. Three-transistor type mounted on open circuit board and
complete with built-in miniature volume control. Size: 27 long x §”
wide (tapering to 1”} x %” thick. Input and output impedances2,000
ohms. 30/- Post and packing 1/—
TYPE 4. Three-transistor type mounted on open circuit board and
complete with built-in _miniature volume control. Size 3" x §” x 3"
high. Input impedance 2,500 ohms.

Output impedance 600 ohms.
Each type supplied complete with wiring diagram.
MINIATURE DYNAMIC MICROPHONES

Low impedance. Totally enclosed in

£ 4/-

metal case, size only ” x 3" x 7

MINIATURE EARPIECES

Transi;tgr radio types with long lead
and miniature plug and socket.

MINIATURE YOLUME CONTROLS

Totally enclosed black bakelite, rim operated type, size cnly §” diam.
x #%” thick. Can be supplied with or without ON/OFF switch. Values
available: 5K and 20K with switch.

2 for 3/ =  Post free

SK without switch,
HIGH VALUE RESISTORS 5 for 10/- Post paid
Tolerance 10%.

Glass encapsulated 125, 1,000 or 10,000 megohms.
One of each value plus any chosen two.

Post and packing 1/~

Post and packing 1/-

High impedance 10/-
Low impedance 9/-
Post and packing 1/-

COLD CATHODE TRIGGER TUBES

Sub-miniature cold cathode valve developed by Ericsson primarily for
computer work, Anode-cathode running voltage of 95 to 140 at 4.5mA,
and at 290 anode volts require a trigger current of only 250 microamps
to cause the anode to take over the discharge. Typical ionization time:
90 microseconds. Wiil withstand up to 310 volts with zero trigger
voltage without sel-igniting. Complete with full performance data in
original packs of 100 at the special price of £5.5.0 Post

paid
Minimum quantity supplied: 6 for 10/~ post paid

Extra Quality SELECTED VALVES

Unique opportunity to acquire extra-quality valves, selected to meet
the requirements of most rigid specifications, at bedrock prices. Many
are latest types, and all have been removed from absolutely unused,
very recent pattern American airborne radar equipment. Each valve is
guaranteed by us to be in perfect working order. Types available:
2J42 (Magnetron with magnet) £7.10.0, 2K25 Klystron £3.10.0,
IB35A 15/=, KU42 (6130) £1, 5654 (6AK5W) 7/6, 5726 (6ALSW) 5/,
5663 10/—, 6AF6 2/6, 6ALS5 2/, 6AGS 2/6, 12AKT 4/6, 6AH6 8/6,
12AT7 3/6, 2C51 10/-, 5670 8/6, 2D21 5/-, 2D21W 8/6, 6}4 7/6,
S6AKS 4/-, B2-W X 15/, 66 2/—, 12A X7 7/-, 12AXTW 10/-, 6X4 4/-,
6 XAW 6/, 6A QS5 6/-, OA2 5/-.

Add 1/- post and packing for single valve, 2/6 for quantities. Quantity
and export enquiries invited.

COPPER LAMINATE BOARD

Ready cut panels in convenient sizes of high-quality, single sided
copper laminated board at a fraction of the usual prices. Sizes available:
6” x 3", 3 for 5/-; 7 x 47, 2 for 5/-; 8” x 57, 4/~ each; 9" x ¢, 5/-3
10” x 8”, 6/—. Add 1/— for postage and packing.

BROS.
LTD.

PROOPS (Dept. RC) 52 Tottenham Ct. Rd

ETCH YOUR OWN PRINTED CIRCUIT KITS 21/- {7

Each contains over 60 sq. in. of laminated board and sufficient chemic_nls
to make dozens of printed circuits, plus comprehensive instruction
book giving advice and examples on translating theoretical circuits
into layouts ready for etching. High quality materials—completely
safe to handle—carefully prepared to ensure fine definition and uniform
results without laboratory control.

London W1  Telephone LAN 0141
JULY 1963

857

www americanradiohistorv com




DEPT. RC, 187 London Road, Mitcham, Surrey. MIT 3282
TRANSFILTERS

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

WE STOCK THE FULL

RANGE OF THE NEW
MULLARD POLYESTER

Transfilters are ceramic filters which take the
place of tuned if. transformers in transistor
superhets. As they operate at the first overtone

The following transfilters
are in stock:

—~HOME RADIO of MITGHAM-

of their fundamental frequency it is advisable to TO-01 A 455KC 7/6

precede them with one conventional tuned TO-01 B 465KC 7/6 CAPACITORS-

circuit. Three types are available: TO-01 Reson- TO-01 D 470KC 7/6

ant tuned,h TO-02 Anti-resonant tuned, and TO-02 A 455KC 7/6

TF-01 which is a two-connection type that re- TO-02B 465KC 7/6

places the Iemitter by-pass capacitor and gives TO-02 D 470KC 7/6 WE HAVE A

increased selectivity. Further details are available TF-01 A 455KC 6/-

in “Transistor Circuits for the Constructor” No. TF-01 B 465K C 6/~ COMPLETE

4, price 3/6, postage 1/6. TF-01 D 470KC 6/ RANGE OF
ALL

CEIBALINE MODELS 1N

A sound-absorbing material made by Kapok Ltd. This is the perfect material for STOCK

lagging the inside surfaces of high fidelity loudspeaker enclosures to improve quality

of sound reproduction. it is rot proof, fire resistant and will not support moths or
other insects. It is easily cut to size with scissors and has a special self-adhesive backing
for instant fixing. It is made only in a width of 2ft %in and costs 2/6 per square foot.
Set out below is a tabie of prices.

I x4 . s 337 x 407 .. 22/6 ,

33" x 9 . .. .. s 337 x 457 . 15 | Receivers

337 x 137 . 7/6 337 x 497 2776 | including the
337 x 187 . 10/- 337 x 537 30/~ | model 960

337 x 227 ... 12/6 337 x 577 . 326 § Which is

33 x 26" . 15/ 33" x 627 ... 35 | completely
337 x 317 .. 17/6 33" x 667 ... a7j6 | transistorised
337 x 36" .., 20/-

We have a large selection of Commun-
ications Receivers, both new and second-
hand, with a full range of new Eddystone

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

* 200 paGEsS plus a page

of useful formulae

*Over 800 illustrations

of 5,000 items listed all but 14 are
Over 5’000 compon- actually in stock, and that this unique
ents clearly listed and catalogue is backed by a Mail Order
priced Service second to none!

Obtainable only
from

HOME RADIO
OF MITCHAM

Name,

Write Address

CATALOGUE

on top left of
envelope.

) Enclose P.O. 3/3
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Converting Battery Porfables

lo Transistor Operaion

By T. Snowball

There must be many constructors who have available one of the four valve battery portables
which were popular some years ago. These receivers have good cabinets, speakers, and other
components, and their main disadvantage is heavy battery expenditure as compared with
transistor receivers. In this article our contributor describes the steps needed to convert a
battery valve receiver to transistor operation, and he deals, in particular, with his own
conversion of a typical receiver, in which many of the original components are retained.
Conversions of this nature are not, of course, possible with printed circuit battery valve receivers
(unless the reader is prepared to build a new chassis). Also, they should only be undertaken
by those constructors who fully appreciate the principles involved and who have the technical
ability to carry out the work involved.

HIS ARTICLE IS WRITTEN FOR THE CONSTRUCTOR
who wishes to make a transistor radio on a
small budget and who has available, or can

obtain, one of the small valve battery portables
popular a few years ago. These sets, with their
1.5V valves, often had quite good cabinets, and their
size is no drawback these days since most of the
transistor sets which give reasonable reproduction
are housed in cabinets at least as large.

Depending on the amount of work the constructor
is technically able to carry out, the conversion
could be carried out for as little as £3 without
buying any sub-standard components. The only
new parts that are essential are the transistors, a
new volume control, and various capacitors and
resistors.

The modified circuit consists of a fairly normal
mixer stage, followed by a “cascode” transistor i.f.
stage. The signal is then detected and fed to an
emitter follower feeding the volume control. From

The battery portable receiver modified to transistor
operation by the author

860

this point the signal is passed to the a.f. and output
stages. These stages can employ a standard push-
pull Class B circuit, using driver and output trans-
formers; or they can use a special complementary
output circuit employing a more expensive transistor
but no driver transformer, and which may, therefore
be of similar cost.

Circuit Details—The Mixer Stage

It helps, with this stage, to have the original
circuit, but if this is not available a copy should be
made to enable the switching to be correctly rewired.
In the modified mixer aerial stage the normal
transistor circuit techniques are used; that is,
matching from the high impedance of the aerial
tuned circuit into the low impedance of the mixer
base. In Fig. 1, which shows the complete circuit
of the modified receiver, forward bias for the mixer,
TR, is provided by R; and R, the emitter time
constant (R3Cg) being chosen to prevent squegging
and to provide d.c. stabilising. The oscillator coil
is loosely coupled to the transistor in order to main-
tain its Q, and the i.f. is extracted from the collector
circuit. If a frame aerial is used, an additional
coupling winding (L3) of 2 to 3 turns must be
interwound with the existing windings. The added
turns need not be neatly wound, and it is in fact
better if they cover both the Medium and Long wave
portions of the frame aerial. If the set is rather
more modern and has a ferrite rod aerial, approxi-
mately 10 turns should be wound on the centre of
the rod near the Long wave winding. This can then
be slid along the rod in order to obtain the best
coupling.

In redesigning the oscillator coil, the original
coupling winding will have to be removed and
replaced by the collector and emitter coupling coils.
Since the usual valve oscillator coil has only a dust
core, and not a pot core as in the normal transistor

THE RADIO CONSTRUCTOR
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L3 2-3 Turns with Frame Aetial
10 Turns with Ferrite Rod Aerial

Fig. 1. The modified receiver circuit, employing a complementary output stage. The aerial and oscillator circuit
shown will vary with different receivers

Components List
(Fig. 1)

Resistors

(All fixed resistors 10% % watt, unless otherwise
stated. Some resistors may be obtained from the
original receiver circuit.)

R; 56kQ

R, 12kQ

R3; 3.9kQ

R4  25k(2 pre-set pot.
Rs 12kQ

Rg 12kQ

R7  3.3kQ

Rg 1kQ

Rg 1.5kQ

Rio 10kQ pot, log track, vol. control (with
switch if required)

Ry 2.2kQ20%

Ry 680Q20%

Ri3 33kQ

Ris 10kQ

Rys 1.8kQ

Rjs 180

Ry7 330Q

Rz 4.7Q

Rjo 4.7Q

Transistors
TR; OC44, XA102, AF117, GET874
TR, OCA45, XA101, GET873
TR3 AF117, SB305
TRs OC71, NKT255, GET114
TRs OC71, NKT254, GET114, OC81D
TRg OC140, NKT751
TR; OC72, NKT257, OC81
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Capacitors
(Some capacitors may be obtained from the original
receiver circuit)

*Cy, 4IpF
C,  Trimmer
C3;  Aerial tuning

C: O0.1uF

Cs Q1pF

Cs 0.01pF
*Cy;  65pF
*Cg  65pF
*Cg  515pF
*Cyo 635pF

Cy1  Oscillator tuning
Cj2 Trimmer

Ci3  0.05uF
Cis 0.05uF
=|=(:15 65pF
*C16 65pF
Cy7  0.05uF
Cis  330pF

Cyo 100pF 12V wkg. electrolytic
Cyp 10uF 3V wkg. electrolytic
Cz1  100uF 6V wkg. electrolytic
Cyz  100uF 3V wkg. electrolytic

* Capacitor values in receiver modified by author. Aiternative values
in other other receivers should be retained.

Diodes
D; OAS, OAI10, OA47
D, ©0OA70, OA81, GEX35
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Inductors
L,, L, Existing frame or ferrite rod aerial
Lj Additional coupling winding
tL4, Ls Additional coupling windings
tLs Existing oscillator tuned coil
+IFT;  Existing first i.f. transformer (modified)

coil, the coupling co-efficient will be low. 1In
consequence, with the average oscillator coil, the
collector winding (L4) needs to have approximately
17 turns and the emitter winding (Ls) 7 turns. A
fine gauge of wire (32-38 s.w.g.) should be used, and
the additional windings should be positioned at the
carthy end of the existing coil. The padding and
band switching components remain the same as
in the valve circuit. If the constructor feels uncertain
about this modification, he can purchase a normal
transistor oscillator coil. (Some receivers may have
oscillator coils having both medium and long wave
windings. In this instance, it will probably be
simpler to replace such a coil with a normal transistor
oscillator coil and use the padded oscillator circuit
shown in Fig. 1.)

In the collector circuit of TR is an i.f. transformer
tuned to 470 kc/s, whereupon we now enter on the
design of the modified i.f. circuit.

The 1I.F. Stage

In the i.f. stage the ultimate requirement is to find
a circuit which will use the existing transformers
without modification and which will, at the same
time, provide adequate sensitivity and selectivity
without excessive expenditure on transistors and
other components. In practice, this was found to
be impossible, but the circuit used by the author

REWOUND REWQUND VOLUME
SPKR.TRANS 0SC.COIL CONTROL

ORIGINAL
" TRIMMERS

OUTPUT
TRANSISTORS

3
ORIGINAL IF. TRANSFORMERS,

Showing the component layout of the modified receiver
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IFT,  Existing second i.f. transformer
Ty Existing output transformer (re-wound)

1 If modifications to the oscillator coil and first if. transformer
are not to be undertaken, standard transistor components may be
employed. The oscillator coil could, for instance, be Weyrad P350/1,
and the first i.f, transformer Weyrad P50/2.

meets all the above points with the exception that
the first i.f. transformer needs two simple modifica-
tions.

The i.f. transformers, as used in a valve receiver,
must have high impedance circuits feeding and
loading them in order to provide adequate power
gain and selectivity. Such transformers do not fit
readily into transistor circuits because the impedance
values normally encountered are:

Mixer Zou==35kQ LF. Amplifier Z;n==1kQ

ILF. Amplifier Z,,==30kQ Detector Z;jn==2.5kQ.
Because of these low impedances, direct connection
of valve if. transformers into transistor circuits
would cause excessive loss of gain. In the normal
two stage i.f. transistor amplifier, tapped trans-
formers are employed, these giving an overall gain
of approximately 60dB from the i.f. input to the
diode detector.

However, by using a ‘“cascode” i.f. stage (which
gives high Z,y,) together with a diode plus emitter
follower detector stage (which gives high Z;,) it
becomes possible to use the second i.f. transformer
unmodified. We thus obtain a single i.f. stage with
a Zi, of approximately 1kQ and a Zgy of approxi-
mately 500k, providing about 45dB gain up to the
diode. The emitter follower (TR in Fig. 1) will give
another 12 to 17dB, thus giving an overall gain at
least equal to the normal configuration. Of course,
this arrangement uses one extra transistor, but it is
only a simple audio type.

Because of the very high gain in the ‘“‘cascode”
stage, a low feedback transistor is necessary for the
grounded base position (TR3), suitable types being
the Mullard AF117 or surface barrier types such as
the SB305, etc. The feedback in the grounded
emitter stage (TRj) is negligible, as the voltage
gain is very low. This stage mainly offers current
gain, and a normal i.f. type, such as the OC45 or
XA101, is satisfactory.

The first i.f. transformer is still a problem, but
by tapping the primary and using capacitive coupling
with the secondary, matching can be carried out
without a loss of selectivity or gain. As the first
transistor in the cascode stage looks, to the i.f.
transformer secondary, as 1k{} with a capacitance
of 800pF across itl, a very convenient method of
obtaining impedance matching into the tuned
circuit consists of connecting the tuning capacitor
direct to the transistor base, as shown in the diagram.
This gives a capacitive tap of approximately 10:1

1 See, for instance, the characteristics for a typical Lf, transistor
such as the OC45. At Vce=6V and le=1mA, this has an rp’e of
1.3kQ), and a cb’ of 1,000pF. (The low value of rbb’ in series
has little effect on circuit operation.) Under the conditions in the
cascode circuit, input impedance would be approximately 1k}
and 800pF.
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without disturbing the resonant frequency. The
tuning capacitance now becomes 65pF in series
with 800pF, this being equal to 61pF, which can
easily be allowed for by a slight readjustment of
the transformer core.2

In the mixer collector circuit it was found necessary
to tap the primary of the first i.f. transformer.
Theoretically, the position of the tap can be
calculated but, unless items such as Q, bandwidth
and transistor Zoyu, are accurately known, this is
quite a difficult job. Practically any tap from the
whole coil to a centre tap will probably be suitable,
but the author used about 30 to 50%. This is
arrived at by stripping the i.f. transformer and
unwinding about % to £ of the primary coil, and then
rewinding. Neatness of rewinding is not of prime
importance and the whole job should only take
half an hour or so. Care is needed to identify the
dead end of the coil, which is, of course, the inner
end. This is the end which is untouched when
modifying and which is connected to the negative
supply rail. Also, on the secondary winding, the
tuning capacitor has to be disconnected from the
tuned circuit at the earthy end and brought out for
connection to the base of TR, as just described.
Once again, a standard transistor i.f. transformer
could replace the valve component if the constructor
thinks this is easier than carrying out the modifica-
tion.

A.G.C. is obtained in two ways. Firstly, the
detector diode (D) is connected so as to turn on the
emitter follower (TRy4) as signal level increases.
This has two effects. Firstly, the signal handling
capabilities are increased and, secondly, the im-
pedance that the emitter follower presents to the
diode is reduced as signal level increases. This
reduced impedance damps the second i.f. trans-
former, thus lowering the gain and broadening the
bandwidth on strong signals. The latter are normally
local stations, which will benefit from the wider
bandwidth and be reproduced with increased
fidelity. The amount of damping is affected by
the emitter load Ro, and the value of 1.5kQ was
arrived at by experiment. This may seem rather an
incorrect approach, but the aim here is to present a
load of IMQ or more to the tuned circuit and,
since the transistor has to start at a very low current,
the normal design parameters are not applicable.
To determine the required value for Ry, this
resistor is experimentally reduced in value, whilst
listening to a weak station, until it just starts to
affect the sensitivity. Larger signals will then cause
damping by the lower input impedance which they
themselves cause. On large signals the emitter
follower will present an impedance of a” R, or
approximately 50k(), to the diode. This will be
reflected on the tuned circuit as approximately
25k Q2 damping.

2 The method of connection described here assumes that the
secondary of the first i.f. transformer has a parallel tuning capacitance
of 65pF, as occurred with the receiver converted by the writer, A
match which is sufficiently accurate for all purposes should, in
practice, be given for secondary tuning capacitances ranging from
50 to 120pF.
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Another view of the receiver

The a.g.c. action provided by the diode and
emitter follower is only moderate, and for very
strong signals overloading can occur in the i.f.
stage. In consequence, a sccond method of obtaining
a.g.c. is incorporated, and it is carried out by the
reverse biased diode, D, connected to the secondary
of the first if. transformer. The back bias is
adjusted while listening to a weak signal until
sensitivity is just affected. Larger signals will then
cause the diode to conduct and drop in impedance,
thus damping the first i.f. transformer secondary
and reducing gain. The amount of a.g.c. action
given by this circuit depends on the diode impedance
changing rapidly as the signals increase in amplitude.
Diodes with steep forward characteristics arc best,
and suitable types are the OAS, OA10 or OA47.

The Audio Stages

The volume control could have a value of 1.5kQ
and thereby save a component by also acting as
emitter load for TR4, but such a value is unlikely
to be obtainable in practice. A standard value of
10k€ is, therefore more suitable from this point of
view. Also, it gives a higher driving impedance, at
positions other than maximum gain, for the a.f.
stages, and thus ensures correct current drive. The
2.2k Q resistor, Ry, supplements the volume control
resistance in the case of maximum volume.

The output stage after the volume control can
cither be a complementary output circuit, as in
Fig. 1, or a standard single ended push-pull circuit.
Both give approximately 250mW for the same current
consumption. If the constructor has a suitable
driver transformer available, the choice will be
decided for him. In either case the original valve
transformer will have to be rewound, in order to
drive the 3% speaker from the transistor output
impedance.
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F
8200
Fig. 2. An alternative output stage using a
conventional Class B circuit
Components List
(Fig. 2)
A Resistors
(All fixed values 109 1 watt, unless otherwise
stated)

R[() As Fig. 1

RlZ As Fig. |
e RZ() 33kp— 20%
r Ry 56kt

Ry 10kQ

Ra3 15k

Ra4 4700

Rys  3.3kQ

Ry 100Q2

Ry7 3.3k

Rpg  100€2

Rzo 4.702

R3p 4.7Q2

R3; 8200 209

Capacitors

Co3  3uF 3V wkg. electrolytic

Cy4  100pF 3V wkg. electrolytic

Cys  10pF 6V wkg. clectrolytic
Inductors

T, AsFig 1

T,  Driver transformer, separate secondaries
Transistors

TRs As Fig. 1

TRg, 9 OC72 or OC81, matched pair

Designing for an output of 250mW with a supply
of 12V, and allowing 1.5V minimum for each
transistor and emitter resistor, it can be assumed
that a swing of 9V peak-to-peak will be supplied to
the output transformer.

864

(Vems.)?

Watts = o
Load Resistance

2 1

.. Load Resistance= ( X 250 < 103

)

24/2
=400

From this figure of 404, the design of the output
transformer can proceed. In other words, the
transformer should present an impedance of 40Q
at the lowest frequency which the speaker can
reproduce which, in this case, will be about 130 ¢/s.

For X1 =40Q at 130 ¢/s (where X;. =Lo and @
=2rf}

L— XL 40

2nf  2wx 130

This inductance can easily be obtained from the
previous speaker transformer because, with the
normal core section of approximately 4in square,
an inductance of 50mH is given by only 250 turns.

The matching required is 40€} to 3, or a ratio of
43—0=3.6:l, so an autotransformer winding is most
suitable. With 250 turns as the complete winding, a
tap is therefore required at 70 turns to feed the
speaker.

A low resistance is required in the windings if
the transformer is to be efficient, and this is achieved
by making the 250 turns fill the bobbin. It should be
found that wire from 26 to 32 s.w.g. will be suitable.

The normal push-pull circuit has been explained
many times but the complementary stage is rarely
dealt with and a circuit description may help.

In Fig. 1 the two output transistors, TR¢ and
TRy, are each passing a small current determined
by the voltage drop across the 180¢} resistor Ryg,
which separates the bases. This voltage drop is, in
turn, set by the collector current of the driver stage.

=50mH

Ic

Vin RbN QO

1Speaker

]

Vin

A

......

Fig. 3. lllustrating the need for matched transistors
in the Class B output stage
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TR7, the p.n.p. transistor, handles the negative
parts of the signal, and TRg, the n.p.n. transistor,
the positive parts. If the junction of TRg and TR,
needs to sit at 6V above the positive supply line,
the V¢ of TRs is 5.7V. The 33kQ and 10k Q resistors,
Rj3 and R4, will then give a base potential of

6x 10

43 =1.4V. So TR;s emitter voltage becomes

.. 1.2
1.2V, giving an I ofW:&SmA. It then follows

that the total collector resistance to provide a V. of

5.7V is%ﬁzml This is made up by the
1.8Q load resistor, Rs, and the 180Q bias resistor,
Ri¢, which prevents crossover distortion. The
33kQ resistor R;3 provides, therefore, both d.c.
feedback to give temperature stability and a.c.
feedback to improve quality. The output signal
which exists at the emitters of TRg and TRy is
“boot-strapped” to the speaker transformer and the
top of the driver load via Cyy, thus keeping constant
the a.c. voltage across the collector load.

This combination of transistors provides high
gain, with good quality and simple circuitry.

An alternative to the complementary output
stage is the standard single-ended Class B arrange-
ment, and a suitable circuit is given in Fig. 2. It
will be noted that the driver transformer, T,,
requires two separate secondaries. The circuit of
Fig. 2 employs the same modified output trans-
former as is used in Fig. 1.

Construction

The original chassis, complete with tuning
capacitors, wavechange switch, and i.f. transformers,
etc, should be retained for the modification. The
valveholders should be left in place because they
act as convenient tagboards for the resistors,
transistors and other new components.

Modification of the oscillator coil, the first
i.f. transformer and the speaker transformer has
already been described, and needs no further
comment here. A new volume control is required,
and this may need to have an on/off switch attached.
With the writer’s receiver such a switch was not
necessary, as the receiver had a lid-operated on/off
switch.

Type PP1 batteries, or equivalents, will probably
be the best fit within the cabinet, and should give a
life of several months. However, since the output
stage is Class B, consumption will rise with volume,
and decrease battery life.

It may be stated that a conversion of the type
described in this article is quite possible with most
types of 1.5V battery valve portables, and that
only moderate expenditure is involved. The
sensitivity of the modified receiver will be up to
standard but the a.g.c. will not, perhaps, be as good
as with a normal transistor set. The conversion
also calls for technical skill and should not be
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attempted unless the constructor has sufficient
experience to be able to carry it out successfully.

Output Transistor Matching

Since many constructors will be unfamiliar with
the complementary output stage described above, it
is felt that some additional notes discussing output
transistor matching would be of value. Thesc notes
are appended for general interest, and deal with
the fact that matched output transistors are not
required for the circuit of Fig. I.

Ic

1 Speaker

1 Speaker SN

HF V Out

Vin

Ic

Fig. 4. In the complementary output stage, the
transistors function as emitter followers and do not
require to be closely matched

In the normal push-pull Class B output stage it is
well known that the two transistors should be
matched. Fig. 3 shows the circuit divided into
separate parts, and demonstrates that

Tspir =l.=a'XIp
Vin
Butlp, =————
® TTRp+R;
- _ o’ Vin
.« Igpkr = Rb+R1

This shows that the output current definitely
depends on the transistor «” and on Rp, which is
the transistor base resistance. In consequence, a
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matched pair of transistors is definitely helpful in
the normal output stage, where each transistor
handles opposite halves of a sine wave.

Fig. 4 iliustrates the complementary output
stage, this being also split up in order to simplify
the explanation. Because each transistor is used as
an emitter follower giving a voltage gain of 1, the
Vouw is equal to Vip.

T.—- Vout _ Vin
“ loadZ LoadZ

Vln
Load Z

This demonstrates that, irrespective of transistor
parameters, the output current will be the same on
each half of the input sine wave.

The result is that matched transistors are not
essential for correct operation of the complementary
output stage. This is, of course, a desirable state
of affairs because identical characteristics in n.p.n.
and p.n.p. transistors would, in practice, be difficult
to obtain.

Aslec=lspkr, lspkr=

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.

G.E.C. VHF Set Type SR/838 (20).—P. L. Grieve-
son, 46 Clarence Crescent, Sidcup, Kent, wishes to
obtain the service sheet and also to purchase the
missing S-pin crystal or obtain information on where
these may be obtained.

G.E.C. Osram 912 Plus.—B. Murphy, 265 Wickham
Street, Welling, Kent, requires to buy or borrow
the construction handbook.

HRO Receiver.—A. R. Brackenborough, 41 Poets
Corner, Margate, Kent, would like to obtain the
circuit for the power back of this receiver.

R107 Receiver.—E. J. Reichmann, 45 Thirlmerc
Drive, St. Albans, Herts, wishes to buy or borrow
the circuit diagram or manual of this receiver.

Philips MW/LW/VHF Radio Type B3G75U.—C.
Thompson, “Mere Close”, Hull Road, Hornsea,
Yorks., requires the circuit diagram and com-
ponents list.

866

Wavemeter Type W1191.—M. J. Walker, Ainsdale,
Prospect Road, Farnborough, Hants., would like
to obtain the details of operation and conversion
data to modern valves.

Uher Tape Recorder.—C. E. Rees, 83 Mirador
Crescent, Upton Lea, Slough, Bucks., wishes to
borrow the service manual or any other information
on this recorder. Identification marks on chassis:
Nr. 23808, Per 5, Gerat, Typ. 95.

No. 19 Transreceiver.—R. McDonald, 59 Wheatland
Lane, Wallasey, Cheshire, requires the circuit and
any details of modifications for mains operation.

R3683 Set.—G. Ponty, B.P.99, Brussels 4, Belgium,
would like to receive the circuit diagram and any
other information.

BC342N and Indicator Unit No. 95.—F. D. Pinfold,
16 Bellfields Street, Little Bowden, Market Har-
borough, Leics., requires the loan of the service
manuals.

THE RADIO CONSTRUCTOR

www americanradiohietory com



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

Ve 4 &
suggested circuits

3
R3

kN

T IS COMMON PRACTICE FOR
I commercially manufactured

mains-operated valve radio re-
ceivers to employ a ferrite rod
aerial for the medium and long
wave bands. This course is adopted
even when such receivers are radio-
grams, or fall into the “‘table
receiver” category. One reason
for employing ferrite rod aerials
instead of coupling coil assemblies
is that the ferrite rod enables
signal pick-up to be achieved with
single medium and long wave
windings only. In consequence,
wavechange switching requirements
are simplified. Further advantages
are that the ferrite rod windings
offer a high Q (thereby guarding
against second channel interference)
and that they allow the receiver
to be completely self-contained.
Often, no external aerial coupling
circuit is provided at all,

Despite the advantages offered
by the use of a ferrite rod aerial,
it is quite frequently desirable to
obtain greater sensitivity, this being
particularly true when reliable recep-
tion of transmitters such as Radio
Luxembourg is required. In some
localities, increased sensitivity may
be needed, even, for satisfactory
reception, on medium or long
waves, of B.B.C. transmitters.

An external aerial is required for
the increased sensitivity. If this
is reasonably long, and is positioned
at a good height well clear of
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No. 152 Adding Bottom-End Coupling to Ferrite

earthed objects and sources of
interference, a very considerable
improvement in performance may
be realised. The problem then
arises of obtaining an adequate
coupling between the aerial and the
ferrite rod input circuit in the
receiver.

Aerial Coupling Methods

A typical medium and long
wave ferrite rod aerial circuit
is shown in simplified form in Fig. I.
In this diagram, both the medium
and long wave coils are connected
to the tuning capacitor on long
waves, whilst on medium waves
the long wave coil is short-circuited.
The tuned circuit selected by the
wavechange switch is coupled to

Ferrite

p]
&

Rod Aerial Circuits

the signal grid of the frequency-
changer by way of a capacitor,
a.g.c. being applied via the grid
resistor. The use of a grid capacitor
and resistor is common in current
receivers, because it eases a.m./f.m.
switching problems when an f.m.
band is fitted. We are concerned
here, however, only with the medium
and long wave circuits, and can
ignore any a.m./f.m. switching which
may be incorporated.

A convenient method of coupling
the external aerial to the ferrite
rod coils consists of adding an
aerial coupling winding to the rod
assembly. However, this solution
is not as advantageous as it may,
at first sight, appear. A single
coupling winding cannot offer op-

Signal grid of frequency

changer

~.

o

—R )
o,

AMAAA
YYyy

o

AGC.

Fig. 1. A typical ferrite rod gerial circuit. Trimming capacitors, and any a.m./f.m.
switching which may be fitted, are omitted for simplicity
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Signal grid of frequency
changer

"

Aerial Tuning
t%nnincl capacitor
< =z
OQ-OlyF =
3R
Fiokn 5000pF
Va

AGC

Fig. 2 Adding a bottom-end coupling circuit.

timum coupling for both medium
and long wave bands, nor can it
employ, for both bands, the resonant
technique familiar with normal aerial
coupling coils. (This resonant tech-
nique consists of so winding the
coupling coil that, in combination
with the aerial-earth capacitance,
it is broadly resonant below the
lowest frequency in the band,
thereby boosting signal transfer
at this end.) To obtain optimum
coupling for both bands, two
coupling coils are needed on the
ferrite rod, whereupon additional
wavechange switching becomes neces-
sary.

An interesting and very simple
alternative method of coupling the
aerial to the ferrite rod consists
of using a bottom-end circuit, as
in Fig. 2. Circuits of this type are
beginning to appear in commercially
manufactured receivers, and they
lend themselves particularly well
to the instance where it is desired

Aerial
terminal

{solating
capacitor
0‘0|}J F d::! C|
250Vac. Wl O-OlpF
wkg. __li._

” I0ka
.

Fig. 3. An isolating capacitor

has to be added to the circuit

of Fig. 2 if the receiver has a
“live” chassis

AMAAA
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to add aerial coupling to an existing
receiver. As may be seen, all that
is required is to insert a capacitor
(C») and resistor (R5) at the chassis

required is to change the a.g.c.
decoupling capacitor for a value
more suited for bottom-end coupling
and to add R, and Cy, as in Fig. 5.
R; of Fig. 2, which is included
merely to maintain a d.c. connection
between the ferrite rod windings
and chassis, is not now needed,
since its function is carried out by
the a.g.c. decoupling resistor (in
series with the a.g.c, diode load).
If the circuit of Fig. 5 is employed
with receivers having “live” chassis,
an additional isolating capacitor
(C; of Fig. 3) must be added.

The Bottom-End Circuit

The bottom-end input circuit
offers an effective coupling into the
capacitance across the ferrite rod
coils, the degree of coupling varying
according to the tuning capacitance.
Maximum coupling is offered at
the low frequency end of the band,
where tuning capacitance is greatest.

Because of the low input im-
pedance of a bottom-end coupling
circuit, it is desirable to have a
reasonably good earth (or counter-

Signal grid of frequency
changer

-

AGC,
decoupling
capacitor

o LAG

Fig. 4. A typical instance in which a.g.c. is applied via the ferrite rod windings

end of the ferrite rod tuned windings,
and to add the anti-mains-modulation
components R; and C;.

The circuit shown in Fig. 2 is
suitable for receivers whose chassis
are isolated from the mains. If the
receiver has a chassis connected to
one side of the mains, an isolating
capacitor is necessary, as shown
by C; in Fig. 3. The component
employed here should have an
a.c. working voltage of 250.

If, in the existing receiver, the
a.g.c. voltage is applied to the
frequency-changer by way of the
ferrite rod windings, the circuit
employed will be similar to that
shown in Fig. 4. All that is then

www americanradiohistory com

poise) connection. Such a connection
is automatically provided with mains-
driven equipment, and is given,
in the case of “live” chassis receivers,
by the mains wiring in the house.
With receivers employing isolating
transformers, the capacitance be-
tween chassis and mains wiring
(via the self-capacitances of the
mains transformer) is usually high
enough to offer an adequate earth
coupling. In some receivers, a
capacitor of around 0.01pF may,
in any case, be connected between
chassis and one side of the mains.
Battery receivers should, preferably,
be provided with an external earth
connection.
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Signal grid of frequency

- changer ™
Y

AAAAA

MWk oWy

;Tuning capacitor

AGC. decoupling
resistor AGC

AAAAA
yYYyY

Fig. 5. Converting the circuit of Fig. 4 to incorporate bottom-end coupling. Cy
replaces the a.g.c. decoupling capacitor

Bottom-end circuits are sometimes
liable to cause mains-modulation.
this being recognisable by a 50 ¢/s
hum on received carriers. With a
receiver employing a “live” chassis,
this effect may frequently be cleared
by reversing the mains input. The
fault can be cleared in the same

manner with receivers employing
isolating mains transformers, al-
though it may be helpful here to
use an earth connection as well.
In severe cases, mains modulation
may be eradicated by reducing the
value of R; (to a minimum of 2kQ)
or Cy.

Alignment

The introduction of the bottom-
end capacitor will necessitate a
slight readjustment of the coil
positions on the ferrite rod for
optimum tracking. This readjust-
ment is preferably carried out with
the external aerial disconnected,
since the receiver is then operating
with smaller signal inputs. The
ferrite rod coils should be positioned
for optimum signal strength at the
low frequency end of each band,

the appropriate trimmers being
slightly readjusted, if necessary,
at the high frequency end. It is

advisable to use weak signals for
this operation, in order to prevent
the effects of adjustment from being
excessively masked by a.g.c. action.
Alternatively, a modulated signal
generator, whose output is connected
to a loop of some ten turns of wire
held in line with the ferrite rod,
may be employed instead of received
signals. Since the effect of the
bottom-end capacitor will be to
slightly reduce the capacitance across
the ferrite rod coils, these will have
to be adjusted towards the centre
of the rod. The oscillator core
and trimmers will not, of course,
require any adjustment.

Small Kitchen Radio for
Local Reception

By J. G. RANSOME

Our contributor describes a simple and inexpensive receiver capable

of offering an adequate performance in areas where the local Medium

wave broadcast band transmitters are received at good strength.
Pre-set tuning enables two stations to be selected

EARLY EVERYONE INTERESTED

in radio or electronics as a

hobby is asked at one time
or another to build “a little set
—just for the kitchen”. The usual
requirements are that the set should
be able to receive the two local
stations with reasonable volume
and that, above all, it should be
very cheap to build. The set
described here cost the author
exactly three shillings to construct
(the price of the knobs), all the
remaining components being found
in the junk box. However, even
if every item is bought, the building
cost should not exceed two to three
pounds including the price of the
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cabinet. The circuit is in no way
critical as far as component values
are concerned.

The design is centred around
two 6AMG6 type valves, for the only
reason that they were to hand.
Any suitable substitutes could be
used as alternatives, such as the
EF80 or our two old friends the
EFS0 and the SP61. Using sub-
stitutes may involve finding optimum
values for the bias resistors in the
circuit, but those shown should
be found useful as a basis for
experiment. V; is used as a conven-
tional tuned r.f. amplifier. This
stage feeds, via L, the detector
diode W;. The a.f. from the diode
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is then passed on to V2 which acts
as a normal audio amplifier, the
output being delivered to a small
Sin loudspeaker. For a tr.f. set
this little radio is remarkably
selective—this being probably due
to the high Q factor of the coils
used.

Construction

The aerial coil L, consists of
55 turns of 28 s.w.g. (or there-
abouts) d.s.c. wire on a length
of %in diameter ferrite rod. The
length of the ferrite rod is not very
important, but it should not be less
than 3in in length and preferably
about 6in. The ferrite rod should
first be fitted with a paper sleeve
and the wire wound on to this.
If Litz wire is to hand this may
be used, and it has the advantage
of raising the Q factor of the coil
to a very high order. With one
experimental coil of this nature a Q
of 300 has been achieved. The
coil should be fixed to one end of
the ferrite rod by means of glue
or a rubber band. Because of the
very high gain of the circuit, L2
should be screened as effectively as
possible from L, to prevent instability
due to r.f. feedback. In the original
set L, was screened by using a
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screening can removed from an old
television receiver. A suitable alter-
native method is to mount L,
above the chassis and L, below.
Even with these precautions it
may be found that there is a certain
amount of feedback. This is not
necessarily a bad thing, since it
tends to increase sensitivity and
sharpen the tuning. As far as the
rest of the circuit is concerned,
this may be constructed on the
usual lines.!

The Mains Transformer

With regard to the mains trans-
former specified for the T, position,
some expense could be spared by

~using the all-too-frequent a.c./d.c.

type dropping resistance type of

I The values shown for C;, C;, Cs and
Cs allow for reception of one station near
the high frequency end of the Medium wave
band and one near the centre, In most
cases, this will cater for the Light Programme
on Medium waves, and the Home Service
at a lower frequency. Alternative values
for these trimmers will, of course,
allow different sections of the Medium wave
band to be covered.—EDITOR.

circuit. However, since a suitable
transformer only costs about ten
shillings it was felt that it was not
worth the risk of using a “live™
chassis for the sake of a few pence,
especially when it is considered that
the set will probably be operated by
wet hands.

It must be emphasised that this
is purely a local station set and is
quite unsuitable for distant reception.
The set will work quite well in
areas close to the local transmitter,
but for areas of weaker signal
strength an aerial will have to be
used. If an aerial is to be used it
is advisable to do the final trimming
on the set with this in position,
since it will be found that the aerial
has an effect on the optimum
settings of the trimmers.2

The set may be housed in a
cabinet of almost any shape and,
if due regard is paid to component

2 A short aerial (up to some six feet or
so in length) may be connected directly
into circuit as shown in the diagram. Longer
aerials should preferably be connected
via a series capacitor having a value around
25 to 50pF.-——EDITOR.

Components List

Resistors
[y 47kQ ! wan
- 150Q } watt
i 220k | watt
Ky  IMQ pot, log
R: 150Q § watt
Ry 2.2kQ 1 watt

Coils and Transformers
1 See text
L>  QHFI1 (Osmor)
T 80:1 for 3Q) speaker
T Secondaries 200V, 20mA :
6.3V, 0.6A

[

Rectifiers
Wi  Germanium Diode
W, 250V, 20mA

Capacitors
'y 300pF pre-set trimmer
C,  100pF pre-set trimmer
C3  0.01uF, paper, 350V wkg.
Cs  O.1uF, paper, 350V wkg.
Cs  300pF pre-set trimmer
Co 100pF pre-set trimmer
C;  200pF mica
Cg  0.01uF, papcer, 350V wkg.
Co  25uF, electrolytic, 12V wkg.
Cio, Cii 16+ 16uF, electrolytic,
350V wkg.
Cx  (See text)

Switches
Si@), (n  d.p.d.t. )
S>  On/off (may be ganged with
Ry4)

Valves
Vi, V2 6AMG6

positioning so far as L; and L,
are concerned, then the layout
will be found to be quite uncritical.
The original set was contained in
a box 9 x 5 x 3in, this using a
large loudspeaker. It will be found
that if a good quality loudspeaker
is used the volume and tone will
be quite pleasing. Capacitor Cyx
has control over the tone and its
value has to be found by experiment.
Initially Cx may be omitted since
the set will work without it, but
it will probably be found necessary
afterwards to provide top-cut.
Suggested values are between 0.001
and 0.01uF.

NEW B.B.C. TV STATION FOR SOUTH WALES
The B.B.C. announces that a contract has been placed with E. Turner & Sons Ltd. of Cardiff for the construction
of the building to house the new high-power Band Il transmitter which is to be installed at the existing station at
Wenvoe, near Cardiff, as part of the plan to separate the B.B.C. television service for Wales from that for the West

of England.

Contracts have also been placed with British Insulated Callenders Construction Co. Ltd. for the supply and erection
of a 620ft mast, and with Electric and Musical Industries Ltd. for the transmitting aerial. It is expected that the new

station will be completed early in 1964,
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High Imuedu%ce Innul_ Circuit for Crystal Microphones

o
:

N THE DAYS BEFORE TRANSISTORS WERE IN COMMON
usage the problem of designing a stage with a
sufficiently high input impedance to be used with

a crystal microphone was not a particularly difficult
one. An input impedance of several megohms is
readily achieved with a conventional cathode
follower circuit.

However, transistor circuits in general are
characterised by comparatively low values of input
impedance ranging from the very low input im-
pedance of the common-base circuit, through the
medium value of input impedance (several k) of
the common-emitter circuit to the moderately high
(several hundred kQ with careful design) of the
common-collector (emitter follower) circuit. The
emitter follower circuit is the transistor counterpart
of the cathode follower, but is not nearly as efficient.

Several questions arise:

(a) Why must a crystal microphone feed into a high
input impedance?
(b) What are the limitations of a common-collector
stage for achieving a high input impedance?
(¢) How can these limitations be overcome?
Let us take question (a) first.

Cm
i—

Em

Fig. 1. Representation of a crystal microphone where

it is equivalent to capacitor Cy in series with a

generator Ey,, the generator representing the voltage
developed by the microphone

Fig. 1 is a representation of a crystal microphone,
where it is seen to be equivalent to a capacitor Cm
in series with a generator En, the generator repre-
senting the voltage developed by the microphone.
The reactance of Cm varies inversely with frequency
and is the source impedance of the microphone.
When connected to a load Z (the input impedance
of the amplifier), the reactance of Cm and Z form
a potential divider. So long as Z is much greater
than the reactance of Cpy a large proportion of the
voltage developed by the microphone appears
across the input of the amplifier. However, as soon
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by G. E. Dixey, M.L.R.E., A.M.S.E.

as the reactance of Cp becomes comparable with Z

a very appreciable portion of the microphone output

voltage is lost across Cm. Since the reactance of

Cn is greatest at low frequencies this results in a

loss of bass response.

Solutions

There would appear to be two alternative solutions
to this problem.

(1) Make Cn, large enough so that its reactance is
always small compared with the amplifier input
impedance over the frequency range of interest.

or (2) Make the input impedance Z of the amplifier
very large.

The value of Cn, is dictated by the design of the
microphone and, in any event, cannot be made to
have a particularly large value, so we are still left
with the problem of designing an amplifier with a
high input impedance.

< A
Rp
B
—ik
Zn
A
@

=

=

<

®

Fig. 2 (a). Common-collector stage and (b) cascaded
common-collector stages

To illustrate just how large Z ought to be, consider
a practical case.

A typical crystal microphone may have a capaci-
tance of 500pF. Our amplifier may need to be such
that its response is no more than 3dB down at a
frequency of 40 ¢fs. Thus, for these conditions to
be satisfied, the reactance of the microphone
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R2
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.—|H T TR2

TR

T .
Input |
%R‘! Output

Fig. 3. A “boot-strapped”’ input circuit

capacitance will be equal to the amplifier input
impedance at 40 ¢/s. The reactance of 500pF at this
frequency is 8MQ, and this must then be the input
impedance of our amplifier.

This value of input impedance will never be
realised using conventional transistor circuitry.

We should now consider question (b), and see why
the common-collector stage does not give the
required results.

Consider Fig. 2 (a). Here we have a conventional
common collector stage. The input impedance is
seen between points A and B (or between B and C,
since A and C have the same a.c. potential), and is
equal to Rb in parallel with the input impedance of
the transistor itself. The value of Rb will be depen-
dent upon the collector-base d.c. voltage and the
bias current required, and, within reason, can be
made large by having a high value of supply voltage
and by running the transistor at a low collector
current. However, practical considerations apart,
little is gained in having a large value of Rb if it is
to be shunted by the input impedance of the tran-
sistor. This latter has a theoretical maximum
dictated by the characteristics of the particular

. . i .
transistor chosen and is equal to T the reciprocal
22

All resisturskw
electrolytic
capacrtors 6vDC
working

Qutput

AAAAA
w

> R4
>4TRA
>

Fig. 4. Practical circuit capable of extremely good
results
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of the transistor’s collector admittance.* This is
uniikery to exceed 1MQ in practice, and will often
be much less.

Since the input impedance of a common-collector
stage is dependent upon the impedance of the stage
into which it feeds it is possible to cascade these
stages (Fig. 2 (), but this only allows us more
nearly to approach the theoretical maximum. If
some means can be found to increase, artificially,

1 . .
o and Rb, it should be possible to
22
increase the input impedance of the stage.

the values of

Boot-Strapping

The technique employed to achieve this is termed
“boot-strapping”. There is nothing particularly
new about the principle involved, since it has been
successfully employed in timebase circuits in many
oscilloscopes.

Fig. 3 shows a circuit with two boot-strapped
connections. A two stage amplifier is used, the
stages being d.c. coupled in such a manner that the
collector current of the first stage flows through the
base circuit of the second. The first stage is ‘“‘star-
vation fed” through a very high-value resistor, and
is biased such that the collector current is purely
the leakage current (I'co) of that stage. A transistor
is chosen for this stage that has the lowest possible
leakage current combined with a high value of
current gain.

1000pF

. | . -
Signal ;500 I. e Valve
qane?ator Ty input Amplifier output voltmeter

Fig. 5. Measurement of input impedance

Now to explain the action of the boot-strapping.

The bias resistor for the first stage is split into
two equal parts, and the junction a.c. coupled via
C; to the emitter of the second stage, i.e. to the
output of the amplifier. Thus, since the input and
output circuits are coupled by a low impedance
connection, the output voltage of the amplifier is
made to follow the input voltage and the overall
gain of the amplifier is unity. Further, since the
base of TRy and the emitter of TR, are at the same
a.c. potential, no component of alternating current
flows through R;, and it acts just as if it were open
circuited.

In practice, the gain of the amplifier is very
slightly less than unity, and there is a slight difference
of potential between these points, so that the bias
resistor behaves, not as an open circuit, but at least
as a very high resistance.

Similarly, the collector of TRy is boot-strapped
to the output so that there is virtually no a.c.
potential between these points, and very little a.c.
flows in the collector circuit of this stage. The
effect, in this instance, is to cause an apparent

* See Appendix,
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increase in ;—.

has

Thus, boot-strapping has effectively increased the
two factors that limit the input impedance of the
stage.

A Practical Circuit

Fig. 4 is a practical circuit capable of extremely
good results. An OC44 or OC45 has been chosen
for the first stage, since these transistors have very
low leakage currents coupled with high o’ values.
In case it should be thought strange that an amplifier
whose gain is reduced to unity should require the
use of a high gain transistor it should be remembered
that, as in a negative feedback amplifier where the
efficiency depends upon the gain without n.f.b., so
in a boot-strapped input stage does efficiency
depend upon the amplifier’s inherent gain before
the boot-strapping is applied.

The second stage may be an OC71 or similar
transistor, since the requirements here are not so
stringent.

The amplifier depicted does not have a high order
of temperature stability, but this need not assume
any undue importance provided that a few obvious
precautions are taken.

First, if the amplifier is to be used in conjunction
with equipment employing valves, it should be
mounted in a well ventilated situation away from the
direct heat of the valves and “hot” components.

The temperature stability of the amplifier may be
considerably improved if a silicon transistor is used
in the first stage. The Mullard OC202 is a suitable
type, but the average user may not feel that the
extra expense is justified, particularly as the reason
for employing such a transistor disappears if the
amplifier is not likely to be subjected to wide
temperature variations.

A feature of high impedance input stages is that
they are susceptible to hum pick-up, and for this
reason the input lead should be well screened. If
the amplifier is mounted clear of hum-producing
components such as transformers, or is built on a
small separate chassis and mounted in a tin box
which is earthed, no trouble should be experienced.

Performance of the Amplifier

The following data refers to the circuit shown in
Fig. 4, and since three identical models have been
built and tested by the author they may be taken as
typical of results that will be obtained if this circuit
is built.

Input impedance—10MQ

Frequency response—better than + 1dB
between 15 c/s and 50 kc/s.

This frequency response is the basic response of
the amplifier with a O.1uF input capacitor; it
does not take into account the characteristics of the
microphone. Nevertheless, it is obviously a good
start to have a “flat” amplifier.

Measurement of the Input Impedance

Since some readers will want to measure the
input impedance of the finished amplifier the correct
method will be outlined here, since an incorrect
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approach is likely to yield misleading results.

1t is common practice to measure input impedances
by injecting a signal into the amplifier and noting
the output reading, then wiring a variable resistor
in series with the input and adjusting it until the
output has fallen to half its original value. The
value of resistance is then equal to the input
impedance of the amplifier.

Such a method is not, however, particularly easy
to apply to the measurement of very high impedances,
and that given here is often preferred.

Referring to Fig. 5, note that a 1,000pF capacitor
is wired in place of the normal input capacitor. A
signal at 1 kc/s is injected into the amplifier (at
about 500mV), and the output read on a suitable
high impedance voltmeter, preferably a valve-
voltmeter. The frequency is now decreased (main-
taining constant input voltage to the amplifier) until
the output has fallen by 3dB (to 0.707 of original
value). The reactance of the capacitor is then
equal to the input impedance.

1
i.e. i Is ——
i.e. Input impedance equals InfC
Naturally, the high impedance input circuit
described in this article has more applications than

Emitter Collector
ie haie
-
= hu l
< A v
Re :E ‘ haz :
hl1v|1
Base Base
®
<
Input Rb -3 Re+ hy
impedance haz S -he
®

Fig. 6 (a). Equivalent circuit of Fig. 2 (a) and (b)
second equivalent circuit

with crystal microphones, and readers may well
find other uses to which it can be put.
Appendix

. )]
A note on the limit imposed by e
22

The common-collector circuit of Fig. 2 (a) may
be redrawn as an equivalent circuit in terms of the
common base parameters as shown in Fig. 6 (a).

. 1 .
It is possible to neglect Rp and o, and arrive
22

at a value of input impedance which applies to the
transistor alone. )
This input impedance is given by the formula

¢ T " which is derived by obtaining expressions
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for the input voltage and current in Fig. 6 ().

We can now draw a second equivalent circuit
(Fig. 6 (b)) which shows that the common-collector
circuit can be resolved into three parallel elements,

Re‘*'hll

Rp and —h may be made as large as we wish
—hj2

1
15 set

(subject to practical considerations) but h
2

by the transistor and is unalterable. This parameter
is then the major limiting factor affecting the input
impedance of the stage.

Utilising Single Ended Mains Transformers

C. MORGAN

REQUENTLY, A CIRCUIT CALLS FOR A POWER
F supply having a mains transformer with a

centre-tapped h.t. secondary. Such a trans-
former then connects to a full-wave rectifier,
whereupon it provides an h.t. potential which
requires considerably less smoothing than does
that given by a single h.t. secondary feeding a
half-wave rectifier.

If two mains transformers with single h.t. windings
are available, they may be pressed into service
to feed a full-wave rectifier, as shown in the ac-
companying circuit. It is necessary to ensure
that each transformer gives approximately the
same voltage across its h.t. secondary winding.
If the secondary windings are connected correctly,
the a.c. voltage applied to the full-wave rectifier
will be the sum of the individual voltages. If this
does not occur, the connections to one secondary
should be reversed. The necessary voltage reading
may, of course, be taken with the aid of an a.c.
voltmeter

It is preferable for the 6.3 volt windings from
each transformer to feed separate heaters in the
associated equipment, although one side of each
winding can be connected to chassis, as shown.
Transformers of identical make and type could,
nevertheless, have the heater secondaries connected
in parallel to provide a single heater supply if this
was felt to be particularly desirable. However,
it is generally advisable to avoid parallel connection
of heater windings because of the possibility of

T
l 0T To full-
wave
K Secondary rectifier
mains .
Ir Echm 63v
) secondary
\1 — b o == 1
T2 V4
4

HT ;
Secondary

F;-vHeeler RO

3 secondary

T

differing turns ratios in individual transformers.
Such differences may, if large, cause wasteful
circulatory currents between the two transformers
and could result in one transformer providing
more than its fair share of heater current. Care
should be taken to ensure that paralleled heater
windings are connected in phase, or the trans-
formers will suffer damage when the power supply
is applied.

Utilising transformers with single h.t. windings
in the manner described here has the advantage
that it enables components which may already
be on hand to be used for full-wave h.t. supplies.
Also, one large transformer is replaced by two
smaller transformers which may be positioned more
conveniently in compact or crowded layouts.

HENRY’S RADIO LTD.

Henry’s Radio Ltd., the well-known radio component specialists, recently moved from their old address at 5 Harrow

Road, W.2, to new and larger premises at 303 Edgware Road, London, W.2.

At the new address, a more extensive

display of the many items offered to the home constructor has become possible, and a welcome is extended to all readers

who care to visit the new showrooms.

Henry’s Radio Ltd. are specialists in the supply of transistors and miniature

components in addition to standard components and other electronic equipment.
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News and Comment

Stereo Transmissions

The B.B.C. has been subjected to
some criticism of late that it is not
interested in promoting stereo broad-
casting. The following information
supplied by the B.B.C. may, or may
not, satisfy the critics.

No decision has been made on
whether regular stereophonic broad-
casting will be introduced in the
future. A number of problems have
yet to be solved before such a decision
can be taken and it is desirable that
international agreement should be
reached in Europe about the tech-
nical standards to be used. At the
International Radio Consultative
Ccmmittee Plenary Assembly held
in Geneva in January/February this
year the Zenith-G.E. and other
stereophonic  systems were con-
sidered but no agreement was
reached on the adoption of any of
the systems as an international
standard. The B.B.C., together with
several broadcasting authorities in
the European Broadcasting Union,
is continuing its work on stereo-
phonic systems.

The B.B.C. has now concluded the
second series of field trials of the
Zenith-G.E. pilot-tone stereophonic
system, using the Wrotham Third
Programme transmitter on its normal
frequency of 91.3 Mc/s, but to
assist manufacturers in the design
of tuner units for export, the test
transmissions are being continued
each Wednesday until furthcr notice
as follows:

11-11.30 a.m. Stereophonic pro-
gramme transmission
12-12.30 p.m. Tone test transmission

The stereophonic programme will
be 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 begin-
ning of the programme period there
will be a stereophonic announcement
for setting-up purposes and the tone
transmission will be preceded by an
explanatory announcement.

The fortnightly  experimental
stereophonic transmissions on alter-
nate Saturday mornings using the
television sound channel and the
VHF and medium-waveband Net-
work Three frequencies will continue
for the time being. Details of these
transmissions are published in the
Radio Times.
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Teaching by TV and Radio

As mentioned last month we give
some news of educational broad-
casting in other countries. This
information is merely indicative of
what is happening elsewhere.

In the United States educational
TV for adults began about 1950, in
isolated areas, as a natural evolution
from educational radio. In 1953
America’s first non-commercial TV
station went on the air and there are
now 68 such non-commercial stations
broadcasting to an audience often
exceeding 20 million people; child-
ren’s programmes are used by 7,500
schoals.

Instructional television is provided
by ETV (educational TV) stations
operated by schools, universities,
non-profit corporations, etc.: closed
circuit systems at educational institu-
tions: rented or donated time and
facilities by commercial stations.

The vast areas and isolated com-
munities in the U.S.A. have un-
doubtedly been a considerable in-
centive to the provision of lessons by
TV and radio. An indication of this
is given by the “‘flying classroom”.
Since the Autumn of 1961 thousands
of children in the Middle West have
been receiving lessons telecast from
a specially equipped plane ffying at
25,000 feet over the area.

In Czechoslovakia the emphasis
appecars to be on educational-
asthetic broadcasts. The Czechos-
lovak Radio has recently started a
series of broadcasts entitled “The
Small School of Poetry™. The pur-
pose of this series is not to give
instruction in the technicalities of
poetry. but to answer such questions
as “is it poetry when there are no
rhymes?” “how should you read
poetry 7", etc.

Another communist country which
has only had television for five or
six years, Hungary, programmes
appear under the title of “Educa-
tional television broadcasts for young
people”. These programmes started
in a small way soon after television
began there and often take the form
of practical demonstrations as dis-
tinct from filmed items. Whether
new subjects should be taught or
only knowledge obtained at school
expanded is one of the considerations
programme planners have to take
into account. As with all such
planners, irrespective of nationality,
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limited time available is a difficulty.

There appears to be dissatisfaction
in Australia because educational
broadcasting seems to come up
against various legal snags. For
example the N.S.W. University is
limited in its ability to present
drama over the air because it must
not broadcast music. It appears
that university authorities in Aus-
tralia would like a planned coverage
of curriculum subjects for the
benefit of specific groups, with the
public looking and listening if they
wanted to.

The provision of educational
broadcasts for adults in particular,
is obviously no simple matter.

London as World’s Electronic Centre?

A group of British industrialists
have started a month-long 5,000-
mile tour of Europe with the object
of making London the major
international centre for electronics.

The group is to operate as the
spearhead of one of the greatest
technical exhibitions in the world,
the multi-million pound International
Instruments, FElectronics & Auto-
mation Exhibition (I.LE.A.), to be
held in London in 1964.

The tour includes Stockholm,
Frankfurt, Dusseldorf, Paris, Brus-
sels and Amsterdam. At most of
the cities, conferences will be called
at which the value of Britain as
an international electronics centre
will be stressed and details given
of the greatly enlarged I.E.A.
Exhibition. These conferences will
be attended by heads of government
departments, chambers of commerce
and trading organisations, profes-
sional institutions and industrialists.
During the tour the British party
will have the opportunity of meeting
many hundred potential overseas
exhibitors face-to-face.

“The object of this spearhead
drive is to stress the value of London
as the world's hub of the electronic
and instrument industries,” said
one of the organisers.

The International [.E.A., of which
H.R.H. The Duke of Edinburgh is
the patron, will for the first time
occupy all of the Olympia, London,
exhibition halls, providing a floor
area of half a million square feet.
It will be held from 25th May to
30th May, 1964.

Mating Habits of Grouse

In an attempt to follow the mating
habits of grouse in Montana a
number of them are to be fitted
with tiny radio transmitters by the
Montana Fish and Game Depart-
ment. (Reported in The Daily
Telegraph).
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Printed Circuits

oot e s e ol

for the Constructor

By F. BURGESS

This article describes an extremely inexpensive method of home-constructing printing circuits. All the
materials required are readily available, and they may all be obtained at relatively low cost

reliability” is becoming increasingly common

in advertisements for electronic apparatus,
there seems little doubt that, obvious as its advan-
tages are, the printed circuit is still something of a
mystery to the average constructor. This is due to
the fact that printed circuit board is not generally
easily obtainable, except when associated with kits.
This article is an attempt to help clear the way for
constructors by describing how a simple yet quite
satisfactory substitute for commercial board may be
made at no great expense, using everyday materials.

g LTHOUGH THE CLAIM ‘“‘PRINTED CIRCUITS FOR

The Board

Commercial printed circuit board consists of thin
copper foil bonded on to a sheet of insulator, such
as Paxolin. The foil, when suitably shaped by
etching, takes the place of wires in a conventional
circuit and, being rigidly fixed to the Paxolin, forms
a reliable and permanent means of connection.
For home construction, the base of the printed
circuit may be Paxolin, as with the commercial
article, or, if preferred, even wood. The author has
used both these materials in his experiments and,
provided care is taken to prevent the absorption of
moisture in the case of wood, there is in fact little
to choose between them under normal working
conditions. If wood is to be used, it should be very
thin; 3-ply from tea chest panels is ideal.
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Fig. 1. A 2-stage transistor amplifier
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Having decided on the base to be used and the
size it is to be, the next consideration is the foil.
Ideally this should be copper, but as this is ex-
pensive and not too easy to come by, copper plated
aluminium foil may be used as a substitute. The
aluminium for this purpose may be either *silver
paper” wrapping from chocolate bars or, much
more preferably, aluminium foil purchased in the
form of a roll, such as is used in the kitchen for
wrapping cooking poultry. This may be obtained
very cheaply at most large general stores. The foil
should be unrolled carefully and cut to a size about
1 to lin larger than the base all round. It is im-
portant during this operation not to crease the foil
since this will lead to poor bonding at the crease.
For this reason it is not recommended to use
“silver paper” unless absolutely necessary.

The adhesive used to bond the foil to the base
should be waterproof since aqueous solutions are
used in the plating and printing processes later on
—Durofix or Clear Bostik are both suitable for the
job. Coat the foil on one side with a thin film of
the adhesive and allow this film to dry completely.
Meanwhile, clean the surface of the base with a fine
emery paper, then roughen it with a coarser sand-
paper (if wood is used this roughening is un-
necessary). When the foil is dry, coat the base with
a film of the adhesive and press the foil, coated side
down, on to this film. Fold the excess foil around
the edges and back behind the base to ensure a
good bond at the edges, then press the combined
board between two blocks of wood in a vice in order
to remove all the air between the base and the foil.
Failing a vice, a pile of heavy books may be used.
Leave the board clamped or pressed for at least 12
hours (if a wooden base is to be used, the drying
period may be considerably less, but in any event
should not be less than 6 hours). When the board
has dried, remove it from the press and trim the
foil edges except for a narrow tag in one corner,
large enough to fix a crocodile clip.

At this stage we have a blank printed circuit
board made from aluminium foil, which is quite
useless unless some means of soldering on to
aluminium is available. In order to make the board
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suitable for ordinary solder, it is necessary to give
it a light coating of copper metal. This can be done
quick simply as follows: Dissolve 20z of copper
sulphate (price 20z for 4d. or 5d.) in a pint of tap
water. If to hand, a little battery acid may also be
added—this will improve the quality of the deposit
of copper, but is not absolutely essential. This
solution does not deteriorate and may be used for
dozens of plating operations before renewal becomes
desirable.

Before the actual plating process is carried out,
it is necessary to render the base board impervious
to water. Paxolin needs no treatment, but wood
must be given a good coat of varnish, clear enamel,
or enamel paint before proceeding. Make quite sure
that all the exposed wood is covered, ard that all
the foil is quite clear of paint, etc. The actual
plating process is very simple—just attach the foil
by means of a crocodile clip connection to the
negative side of a d.c. supply of 3 to 6 volts (rectified
a.c. is quite good enough for this purpose). -Place
the board, foil uppermost, in a shallow dish or
bowl, this being preferably one made of plastic.
Galvanised iron containers must not be used with
this solution. Next pour in the plating solution
until it covers the foil to a depth of an inch or so.
Finally, connect the positive end of the supply to
a loop of thick bare copper wire (18-20 s.w.g.)
about 2in in diameter, and suspend this loop in the
surface of the liquid, over the centre of the foil.
Ensure, of course, that the two do not touch. In
this way the deposit obtained is reasonably even
over the whole surface of the foil. As soon as the
loop touches the solution, bubbles of gas should
rise from it, and also to a lesser extent, from the
foil. If no bubbles are seen, check the crocodile
clip connection. Leave the foil in the plating
solution for five minutes, then withdraw the loop
and take out the board itself. The foil should be
covered with a layer of reddish-brown copper.
Wash off the excess plating solution under a gently
running tap and allow the foil to dry slowly in a
warm room. Do not deliberately heat the foil in
order to speed the drying process as this will have
a detrimental effect on the plating. When perfectly
dry, it should be possible to rub the foil with a
finger without causing the copper to come away
from the aluminium. If this is not possible, i.e. the
plating comes off easily, the foil should be cleaned
with emery paper and the plating process repeated
with a lower voltage supply, since “sponginess” of
the deposit is almost always due to a high plating
current. Normally, however, the coating of copper
is very resistant to rubbing. After a light polishing
with a metal polish, the board is ready for etching.

Planning the Circuit

Before the actual etching or printing process can
take place, the “conducting” parts of the circuit
must be painted with a varnish to protect them from
the printing solution. It is difficult to lay down a
set of hard and fast rules covering the shape of a
printed circuit, and so a typical example of a

JuLy 1963

Fig. 2. A printed circuit pattern suitable for the

amplifier. For reasons of clarity, C3 is not shown

here. It connects between the upper central conductor
and the lower conductor

conventional circuit and its printed equivalent are
given in the accompanying diagrams. It is very
often quite good enough to draw the conventional
circuit “full-scale” and paint the inter-component
conductors on to the printed circuit board in the
same positions as they are on the full-scale con-
ventional circuit diagram. This method fails with
such circuits as multivibrators, which involve
crossing of conductors. Crossing cannot be achieved
in the printed board, although a short external
jumper wire might overcome this.

Transistors are used in the example shown, since
it is visualised that most constructors will be using
the printed circuit technique for transistors rather
than valves. On the whole, the design of a printed
circuit is very much a question of personal preference
although, of course, one’s choice is necessarily
limited by the board used. It is advisable to plan
the board thoroughly before the making of the
initial base-board. If the final printed board is too
small, there is little that can be done to enlarge it!

Etching

Having decided the design of the circuit, paint
over the parts of the foil which are to be used in the
final circuit as conductors, using nail varnish or a
thick solution of shellac in methylated spirit. Set
the board aside to dry. Meanwhile, prepare the
etching solution by dissolving 3-4o0z of ferric
chloride in a pint of water. This solution may be
obtained, ready made, from most chemists. (Ferric
chloride itself absorbs moisture from the air and is
consequently rather unpleasant to handle.) Place
this solution in the dish that was used for the
plating process (remove the plating solution first!)
and lower the board into it, It should be possible
to watch the progress of the etching solution as it
eats through first the copper, then the aluminium.
When it has eaten right through the foil, remove
the board and wash it thoroughly under a tap.
Throughout the etching process, agitate the dish
gently to obtain even etching. When the board is
dry, remove the protective varnish with either nail
varnish remover or acetone, or, if shellac was used,
methylated spirit.
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Notes on Assembly

At this stage any effects of poor initial bonding
between the foil and the base become evident, and
slight amounts of touching up with glue may be
necessary. However, if care was taken earlier such
action will usually not be called for. The board is
now ready for drilling. Use a #in drill bit and drill
from the foil side so as not to strain the bonding
unduly. Each hole should be finished by slightly
countersinking on the base side. When this is done,
all that is required is to fit the components through
the holes and solder them in. Try to aim for a neat
round blob of solder on the end of the component
wire. Take particular care when soldering heat
sensitive components such as diodes, transistors and
miniature electrolytics. A heat sink is absolutely
essential here, since lead-out wires will normally
have been cut short to allow the component to rest
near the board. When soldering, try to make each
joint as quickly as possible, since undue heating of
the glue may cause the foil to come adrift.

Conclusion
Despite the numerous warnings in the text, the

A board which has been specially treated to exhibit

the process. At the left is the aluminium foil bonded

to the base. In the centre, the foil is plated with

copper. The area on the right shows the foil partly
etched

average careful constructor should find this method
of making printed circuits both easy and economical.
The only commodity which is used up at any speed
at all is the glue; even so, a small tube of Durofix
should be sufficient for 60 square inches of board,
whereas the same amount of board which can be
bought in kit form would cost a pound or so. If
the assembled board is given a coating of shellac,
the circuit should be good for as long as the com-
ponents it contains.

Editor’s Note

Commercially produced printed circuit boards employ high grade
synthetic resin bonded paper (“'Paxolin” or s.r.b.p.), the copper foil
being usually bonded to it by resin adhesives which are fully cured
before processing. Such boards have to meet rigid specifications
for insulation resistance, ingress of moisture, mechanical strength,
and similar requirements. It is doubtful if home-constructed boards
such as are described in this article would meet these specifications.
Nevertheless, the versions with “Paxolin” bases should very probably
give quite satisfactory results for applications where very high resis-
tance between conductors is not required. We would class wood-based
printed circuit boards as being experimental only although, again,
useful results are feasible if it is remembered that the insulation
resistance of untreated wood may vary considerably according to
humidity, age, and other factors.

When s.r.b.p. is used for the base, it is advisable to paint the edges
with shellac or an equivalent synthetic resin insulating varnish before
embarking on the processes described here. Such varnish will then
help to prevent the ingress of water into the laminations of the
material via its edges during plating and etching,

B.B.C. ORDERS EMI AERIALS FOR FORFAR

To improve reception of its television and radio programmes in East Scotfand, the British Broadcasting Corporation
has placed a contract with EMI Electronics Ltd. for the supply and erection of new television and v.h.f./f.m. sound

transmitting aerials at Forfar.

Operating on Channel 5 in Band I, the television aerial will have a 60ft aperture with four vertical dipoles. It will
be corner-mounted on the mast, facing north-west to give maximum coverage of the populated areas.

Below the television aerial will be mounted the v.h.f.

[f.m. aerial, which will transmit the Home, Light, Third and

Network Three programmes in Band Il. Horizontally polarised, this array will include eight stacks of unipoles mounted

on the north-west and south-west corners of the mast.
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unerstanding

YN LAST MONTH’S ARTICLE IN THIS SERIES WE
continued our consideration of iron-cored
transformers and dealt, amongst other things,

with the auto-transformer, eddy currents, per-
meability and hysteresis. We shall now carry on
to consider another factor of the transformer which,
like eddy currents and hysteresis, can also contribute
towards reduction of efficiency.

Leakage Inductances

When an alternating current is caused to flow
through the primary of a transformer whose
secondary is connected to a load, a magnetic field is
set up which varies in magnitude and direction
according to the magnitude and polarity of the
primary current. The current in the secondary sets
up a field which is in opposition to that given by
the primary.

In a ““perfect” transformer, all the lines of force
in the primary field link with the secondary winding,
and all the lines of force in the secondary field link
with the primary winding. This “perfect” state of
affairs does not exist in practice, and some of the
lines of force in both primary and secondary fields
leave the core and pass out into the surrounding
air. Such lines of force offer no contribution to the
operation of the transformer and they result in a
loss of efficiency. They may be described as the
leakage flux of the transformer; and can be sub-
divided into the primary leakage flux and the
secondary leakage flux.

Due to leakage flux, a proportion of the primary
current is employed in producing a magnetic field
which serves no useful purpose. A similar effect
would be given if we were to connect an inductor in
series with the primary of a “perfect” transformer,
as in Fig. 139. In this instance, the unwanted
magnetic field would be produced by the series
inductor. The same applies to the leakage flux
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about the secondary, and we can similarly add an
inductor in series with the secondary of a “perfect”
transformer to reproduce the same effect. Because
of leakage flux, the primary and secondary windings
of a practical transformer behave in the same
manner as would the primary and secondary
windings of a “perfect” transformer having external
inductors connected in series. Such inductors may
then be referred to as offering the leakage inductances
of the transformer.

Efficiency
The efficiency of a transformer is given, as a
percentage, by:
Power delivered by secondary % 100
Power delivered to primary :
A “perfect” transformer would have an efficiency
of 1009, which means that all the power delivered
to the primary would be delivered by the secondary.
Electrical power is equal to the product of voltage
and current and, for equal power in primary and
secondary, it follows that a step-up in voltage
corresponds to a step-down in current, and that a
step-down in voltage corresponds to a step-up in
current, If we apply, to a 1:10 “perfect” trans-

,Primary leakage Secondary leakage
inductance inductance

o

‘Pertect’
Transformer

Fig. 139. The primary and secondary leakage
inductances of a transformer may be represented
as external inductors in series with the windings
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former having the requisite secondary load, a
voltage of 10 volts at 10 amps, we will obtain, from
the secondary, 100 volts at | amp. If the “perfect”
transformer had a ratio of 10:1, our 10 volts at
10 amps would have resulted in an output of 1 volt
at 100 amps from the secondary.

Although we tend to look upon transformers as
voltage-converting devices it must not be forgotten
that they are similarly useful as current-converting
devices. A high current can, for instance, be
obtained from a source capable of providing only
a low current by the use of a step-down transformer.

There is no such thing in practice as a “perfect™
transformer, and the efficiency of practical trans-
formers falls short of 1002 because of “losses”.
These “losses™ are given mainly by iron loss, copper
loss and leakage inductances. Iron loss is the result
of eddy currents and hysteresis loss, which we have
already dealt with. Copper loss is due to the
inevitable resistance in the winding wire employed
for the primary and secondary, and may be repre-
sented in the form of physical resistors in series with
the corresponding windings of a “perfect” trans-
former. Well-designed iron-cored transformers are,
in practice, capable of offering efficiencies of 909,
or more.

Another source of “losses” which should be
mentioned is given by the self-capacitances of the
windings, the stray capacitances between them, and
the stray capacitances to the core. These capacit-
ances are troublesome in transformers handling
audio frequencies in high-grade equipment, and a
number of precautions are taken in design and
production to keep them at a low level. In such
applications the capacitances can cause unwanted
couplings between primary and secondary, as well
as offering undesirably low reactances across
windings. Stray and self-capacitances are not
normally very troublesome in transformers intended
for operation at power frequencies, or in trans-
formers operating at audio frequencies in inexpensive
conventional equipment.

Magnetising Current

If an altemating voltage is applied to the primary
of a practical transformer whose secondary is open-
circuit (i.e. with no load connected), a current will
flow. Such a current is inevitable because, in the
first case, the primary behaves as an inductor having
a finite value of inductance. The primary current
resulting from its inductive reactance is then further
modified by the resistance of the winding (copper
loss) and by iron loss. The currents resulting from
copper loss and iron loss are in phase with the
applied voltage, whilst the current flowing as a
result of the inductive reactance lags on the applied
voltage by 90°. The vector sum of these currents is
known as the magnetising current of the transformer.
Magpnetising current is the primary current which
flows when the secondary (or secondaries) is open-
circuit,

A test for magnetising current is frequently
carried out in the production of transformers
intended for operation at power frequencies, and
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it has the advantage of revealing transformers which
may be reject for a number of reasons. Magnetising
current will increase beyond the average level if iron
losses are excessive (because of, say, incorrect
laminations, or laminations with faulty insulation),
if primary inductance is too low (because of
incorrectly assembled, or insufficient, laminations),
or if two turns are short-circuited together in any
of the windings. In the last instance, the current
drawn by the short-circuited turns will result in a
proportionately increased primary current. The
magnetising current test is valuable because it causes
all windings to have their full working voltage
induced in them. Its usefulness is enhanced if the
voltage applied to the primary during the test is
greater than that which will be applied in subsequent
usage, because all inter-turn insulation is then
subjected to a higher voltage than normal.

The magnetising current of a transformer designed
for power frequencies is considerably lower than the
primary current which flows under normal operating
conditions.

Turns Per Volt

Transformers intended for power frequencies are
connected into circuit such that a relatively constant
voltage appears across each turn in the primary and
secondary (or secondaries). In consequence, it is
occasionally necessary to refer to this voltage, since
it represents an important part of the overall design
figures for the transformer. It may, however, be
more conveniently expressed in terms of turns per
volt, since the voltage per turn is almost always less
than 1. If a transformer intended to work from
200 volt a.c. mains had 2,000 turns in the primary
winding, it would be described as having 10 turns
per volt. Most conventional power transformers
have a turns per volt figure lying between 5 and 12.

Lamination Materials

We have alreadyl referred to laminations and
lamination shapes, but we have not yet discussed
the lamination materials which are employed for
iron-cored transformers.

The most commonly encountered lamination
materials are alloys of iron and silicon. Adding
silicon to iron reduces hysteresis loss and increases
resistance (thereby reducing eddy current loss).
Silicon iron alloys for lamination applications have
a silicon content ranging from about 0.04% to 4.5%.
Losses decrease as the percentage of silicon in the
alloy increases, but there is a counteracting increase
in brittleness and cost. Approximately seven
different grades of silicon iron sheet suitable for
transformer laminations are manufactured in this
country, most of these being available in thicknesses
of 0.014 and 0.020in. The lower grades are normally
made in 0.020in only, because there are few applica-
tions requiring 0.014in laminations with these higher
loss materials.

Lamination material losses are evaluated on the
sheet material at the rolling mill before the lamina-
tions are punched out. A core, made up from pieces

U1n last month’s article.
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of the material under test, is fitted to a test trans-
former, whereupon iron loss is evaluated, at a
specific flux density, by electrical measurements.
Loss is expressed in terms of *‘watts loss per pound”
(or “watts loss per kilogram”). Silicon-iron of
0.020in thickness and a silicon content of 0.04%
has a watts loss per pound of about 2.5. The watts
loss per pound of 0.020in silicon iron with a silicon
content of 3.6% is about 1.2. The same material, at
0.014in thickness, offers a watts loss per pound of
about 1.0.2

Silicon-iron material can be made to offer
improved magnetic properties (increased permeabil-
ity and reduced hysteresis) by special heat treatment
and cold-rolling process. These cause the crystal
axes of the metal to take up a definite orientation,
and the improved properties which result can be put
to use provided that the magnetic field travels
through the material in the preferred direction.
Such material is known as grain oriented silicon iron,
and is usually made in thicknesses of 0.004 or
0.013in. Typical watts loss per pound figures for
0.013in grain oriented silicon iron (with the magnetic

Preferred direction

in I lamination
= PN
4 I R B
I |
Preferred direction | |
i i I
in E lamination M ‘ I | !
|
\ Hh i ‘
L___ _ //
- B i
T
[
]
Magnetic fields A B C D

Fig. 140. Grain oriented silicon iron sheet offers an
advantage when used for E and | laminations. In
this diagram, most of the field travels through the
laminations in the preferred direction, the only
exceptions occurring between A and B, and between C
and D, at the base of the E lamination. The primary
and secondary windings are fitted to the centre limb,
as shown in dotted outline

field in the preferred direction) are of the order of
0.46 to 0.62 according to grade. Grain oriented
silicon iron materials are extremely useful for C-core
assemblies, where the preferred direction may be
along the strip from which the C-core coils are
wound. In consequence, all the magnetic field in
the C-core travels in the preferred direction. Grain
oriented silicon steel offers a marginal improvement
in “scrapless” E and I lamination assemblies also,
as illustrated in Fig. 140; the laminations shown
here being stamped out of strip having the preferred
direction along its length. In this instance, most of
the field about the winding travels through the core
in the preferred direction, as shown, the only
exceptions occurring at the base of the E lamination.

2 The figures quoted here, and for grain oriented laminations, are
for a flux density of 13,000 gauss.
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Fig. 141 (a). Investigating the case where it is desired
that maximum power be dissipated in the load
(b). The circuit of (a) may be re-drawn as here

With interleaved construction, however, the 1
laminations on either side of the base of the E offer
a magnetic path along the preferred direction, and
reduce the effect given by the short lengths of
material with incorrect orientation.

A special class of lamination materials employs
alloys of nickel and iron, and these offer very high
permeabilities at low flux densities. Nickel iron
alloys of this type are also known as Perpalloys,
and they have some 45 to 809 of nickel according
to grade. A small amount of molybdenum or
chromium is added to some grades. Another high
permeability lamination material is Mumetal, this
incorporating some 75 % nickel plus small quantities
of chromium and copper. There are other, similar,
alloys, which are used for specialised applications.
Permalloy and Mumetal laminations are, in general,
employed in transformers handling low powers, and
they are particularly useful when such transformers
are required to combine high primary or secondary
inductances with small physical dimensions. These
laminations are more expensive than silicon iron
laminations and are, in consequence, encountered
much less frequently in ordinary radio work.
Material thicknesses vary, although a thickness of
0.015in for nickel iron laminations is a fairly
representative figure.

Impedance Matching

In our discussion on transformers up to the
present, we have looked upon sources of alternating
current as being ‘‘generators” whose internal
resistance or impedance is of no significance. All

Low e

Primary-to -secondary
turns ratio =N

Fig. 142. Demonstrating impedance transformation
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that these “generators” have been called upon to
do is to cause a current to flow through the primary
winding of a transformer.

In many instances in radio work, sources of
alternating current have unavoidably high internal
impedances, and these internal impedances have to
be taken into account if maximum transfer of power
to the load is to take place. There are, also, many
cases where, for best results, it is desirable for an
a.c. “generator” to feed into a load having a
particular impedance which does not cause maximum
transfer of power. We shall next consider briefly the
instance where maximum transfer of energy to the
load is required. The case where a ‘“‘generator” is
required to work into a particular impedance for
best results cannot be fully explained at the present
stage, and the reader is asked to accept the fact that
this state of affairs exists in practice, and that it will
become clearer later.

Fig. 141 (@) illustrates an a.c. generator having
an internal impedance, which we shall assume to
be resistive, shown as Rg. This resistive impedance
is illustrated as being in series with the generator
(which is now assumed to be “perfect”) in just the
same manner as we represent the internal resistance
of a cell by a resistor in series with it.3 Fig. 141 (a)
also includes the generator load (again shown as a
resistor) and this is designated R;. We shall now
investigate the value of Ry, in terms of Rg, which
causes maximum transfer of power to the load.

The circuit of Fig. 141 (a) can be re-drawn as in
Fig. 141 (b), in which we have two resistors con-
nected in series across a ‘‘perfect” generator. In
Fig. 141 (b) we want to know what ratio R; must
have to Rg for maximum power to be transferred
to R;. But, because of the symmetry of the circuit,
we could alternatively assume that Rg is the external
load and that Ry is the internal impedance, where-
upon we would require to know what ratio Rg
must have to Ry in order that maximum power be
transferred to Rg. Due to the circuit symmetry, the
ratio of R| to Ry for maximum power transfer to
R| must be equal to the ratio of Rg to Rj for
maximum power transfer to Rg, and this set of
circumstances can only be satisfied when Rg and
R; are equal to each other. In other words,
maximum power transfer to R; (and to Rg) takes
place when Rj=Rg.

Returning to Fig. 141 (a), we may now say that
maximum power transfer to the load occurs when
its resistance is equal to the internal resistance of
the generator. Half of the total power is then dissi-
pated in the load, and half in the internal resistance
of the generator. Under these conditions, the
generator is described as being matched to the load
(or the load as being matched to the generator).

Although we commenced this section by referring
to impedance matching, it may be noted that we
explained the instance illustrated in Figs. 141 (@)
and (b) in terms of resistance, or resistive impedance,
only. The reason for this is that, if either the

3 “Understanding Radio” part 6, January 1962 issue.
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internal impedance of the generator or the impe-
dance of the load has reactive components?, the
relationship between the two impedances for maxi-
mum transfer of energy becomes more complex
than needs to be discussed in the present context,
and is not satisfied by Rj=Rg. In elementary radio
work involving calculations concerning matching,
it is normally safe to assume that the impedances
under discussion are resistive, and we shall follow
this practice here. In the explanation of impedance
matching with the aid of transformers which follows,
it is assumed that all impedances mentioned are
resistive.

It frequently happens that an a.c. generator has,
for maximum power transfer, to match into a load
which is either higher or lower than its own internal
impedance. It is possible to effect such matching
by employing a transformer. To illustrate this
point let us consider Fig. 142, which shows a trans-
former whose secondary is connected to a load, Z.
The primary-to-secondary turns ratio of the trans-
former is N. Let us next apply a voltage, Ep, to
the primary. The voltage appearing across the

. E .
secondary will be Np’ whereupon the current flowing

Ep
. . N .
in the load will be zs~, or ;‘;S. Now, the primary

) 1 .
current will be N times the secondary current, or

1\( Ep  Ep
N NZg N2z
caused to flow in the primary by the voltage Ep.
We have already seenS that, when a resistor is
connected across the secondary of a transformer,
the primary behaves as though it were a resistor
also. As we now know the primary voltage and

current, we may easily find the value of this primary
“resistor”. It is:

this being the current which is

Ep
Ep
N2Z
N2Zg
=EpX ——
PR,
=N27

In other words, the impedance presented by the
primary is equal to the secondary load impedance
multiplied by the square of the primary-to-secondary
turns ratio of the transformer.

Several numerical examples may assist in further
demonstrating the effect. In Fig. 143 (@) we have
a generator with an internal impedance of 100Q,

4 That is, inductance or capacitance in addition to, or instead of,
resistance.

3 In ““Understanding Radio” part 21, May 1963 issue.

THE RADIO CONSTRUCTOR

www americanradiohistory com



and we wish to couple it via a transformer so that
maximum power is transferred to a load, Zg, of 1.
The transformer required here must have a turns
ratio of 10:1. Since the primary-to-secondary turns
ratio, N, is 10, then the primary will appear to the
generator as though it were a resistor of N2Zg=
10092, and accurate matching for maximum power
transfer to the load will be achieved.

In Fig. 143 (b) we have an a.c. generator which,
for best results, has to feed into an impedance of
100Q. However, the load has a value of 2,5001.
What turns ratio is required in the transformer?

We know that Zp=N2Z,
where Zp is the impedance presented by the primary,
N is the primary-to-secondary turns ratio, and Zs
is the impedance of the secondary load.

Therefore : 100=N2x 2,500
100
t 2—
herefore N 3,500
1
25
therefore N= \/L
TV2s
1
B

1 .
Thus, Nzg, and the primary-to-secondary turns

ratio is 1:5. 1t will be seen that in this instance we
need a step-up transformer (because the secondary
impedance is higher than the primary impedance)
whereas in the previous case we needed a step-down
transformer (because the secondary impedance was
lower than the primary impedance).

When we noted, earlier, that the primary of a
transformer behaves as a resistor when a resistor is
connected across the secondary, we saw also that
the primary behaves as an inductor when an in-
ductor is connected across the secondary, and as a
capacitor when a capacitor is connected across the
secondary. The impedance transformation offered
by a transformer to resistive impedances connected
across the secondary applies also to inductive or
capacitive impedances connected across the secon-
dary. As was stated just now, however, it is most

Internal
Impedcnce
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Fig. 143 (d). An instance in which the primary

presents an impedance of 100Q to the generator

(b). Another impedance transformation example.

What ratio should the transformer have to present
a primary impedance of 100Q?

helpful, with elementary radio calculations, to work
with resistive impedances only.

Before concluding on the subject of impedance L
matching, several points of terminology need to be
mentioned. The transformed impedance offered by
a transformer primary is frequently referred to as
a reflected impedance. We have also referred to the
instance where an a.c. “generator’” requires a
specific load impedance for optimum circuit opera- 4
tion, this impedance being different to that needed
for maximum power transfer. As with the maximum
power transfer instance, applying the required im-

pedance load to the ‘“‘generator”, either directly or f
by way of a transformer, is similarly known as -4
matching.

Next Month J

In next month’s article we shall carry on to prac-
tical iron-cored transformers and their applications.
After this, and if space permits, we shall deal briefly
with iron-cored chokes and swinging chokes (a
subject we could not previously cover without an
understanding of iron cores).

South Shields and District Amateur Radio Club

On Sunday, 7th July this Club will hold its Fifth Mobile Rally. (1) Venue: Bents Parks Recreation Ground, Coast Rd.,
South Shields. (2) Control Station: G3DDI which will tune over the 160m band from 11 a.m. (3) The Control Station
will look for DX mobile contacts and a prize will be awarded for the greatest distance contact. A prize will also go to
the visitor travelling the greatest distance on the day of the Rally. (4) Rally competitive events, which will commence
at 2 p.m., will include the following: Driving Competition (over planned course on site), Odd Sounds Quiz, Transmitter

Test. (5) Light refreshments will be available on the site.
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THE HALLTRON

"“-""f""-‘-'""mrﬂ-'"‘.

N ORDER TO UNDERSTAND THE

operation of a new type of semi-

conductor device known as the
Halltron, it is first necessary to
understand the basis of the Hall
effect from which the Halltron
derives its name.

The Hall Effect

If a piece of any conducting
substance is placed in a magnetic
field and a current is passed through
the material in a direction perpen-
dicular to the direction of the
magnetic field, a small voltage
known as the Hall voltage appears
across the specimen in a direction
perpendicular to both the direction
of the magnetic intensity and the
direction of the current passing
through the device.

This effect occurs to some extent
in all substances, but only in semi-
conductors is it large enough to
have very great practical importance.
The effect occurs because the
magnetic field causes the moving
charges to be deflected to one side
or the other of the specimen,
depending on the polarity of the
charge, the direction of the field
and the direction of movement of

the charge.
The Hall voltage is proportional
to the magnetic field intensity

and to the current passing through
the specimen. The effect of tem-
perature on the Hall voltage is
relatively small—about 0.15% per
degree Centigrade.

The greater the mobility of the
charge carriers in the semiconductor
material, the greater the Hall
voltage. This mobility can therefore
be used as a figure of merit for
the semiconductor material when
used in devices which operate by
means of the Hall effect. The
fairly new semiconductor materials
indium antimonide and indium
arsenide have the highest charge
carrier mobilities yet found in any
semiconductor materials and are
therefore very suitable for use in
Hall effect devices.
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J. B. Dance, m.sc.

The Halltron

Halltrons are semiconductor de-
vices employing the Hall effect, and
are manufactured by Ohio Semi-
conductors. The type HR-31 em-
ploys a thin wafer of indium arsenide
and the type HS-51 a thin wafer of
indium antimonide. A thin slice
of the material is used so that
the magnetic circuit requirements
are simplified.

The high mobility of the charge
carriers results in the semiconductor
materials used in Halltrons having
a high conductivity. The devices
have an impedance of little more than
an ohm and can therefore be used
in high or low impedance circuits.

Uses

1. If the current passing through
the device is constant, the voltage
across the specimen will be propor-
tional to the magnetic field intensity.
A voltmeter connected across the
device can thus be used to indicate
the magnetic field intensity.

2. The Hall voltage is proportional
to the product of the magnetic
field intensity and the current
passing through the device. If it
is desired to measure the amount
of power delivered to a load, the
current passing through the load
can also be passed through the
Halltron and the voltage across

[¥3
o
o

(Vho)

F.
S
e

millivolts)
w
3
(=]
=

[{

ne
o
o

Open circuit Hall output voltage

the load can be used to develop
the magnetic field in which the
Halltron is placed. Care should
be taken to ensure that the magnetic
field is in phase with and proportional
to the voltage developed across the
load.

The Hall voltage will then be
proportional to the voltage across
the load multiplied by the current
passing through the load; that
1s, to the power being delivered to
the load. A voltmeter connected
to the Halltron can be calibrated
in units of power delivered to the
load. (The resistance of the Halltron
is very low and therefore the current
flowing through it produces a very
small voltage drop and the power
dissipated in the device is low.)

3. The Halltron can be used to
measure d.c. or a.c. current flowing
in a conductor by measurement
of the magnetic field near the
conductor, a separate steady current
being passed through the device

Current from one milliamp to
hundreds of thousands of amps
may be measured in this way

without shunts, current transformers
or any connection between the
Halltron and the circuit carrying
the current being measured. The
devices may be used as ‘‘clip-on”
ammeters. If the current being
measured is small, it is advisable
to concentrate the magnetic field
into the Halltron by the use of
suitably shaped high permeability
materials.

4. If the current passing through
the Halltron and the current passing
through the winding which creates
the magnetic field represent two
waveforms which are to be multi-
plied together, the Hall voltage
has the form of the required product.
This method of multiplication has
uses in computers.

5. The Halltron may be used
for converting d.c. signals into
a.c. signals so that they may be
amplified by normal capacitor

0 2 4

Typical characteristic of a Halltron.

6 8 10
Magnetic field strenqth (kilogauss)

Open circuit Hall voltage plotted

against magnetic field strength for various values of control current
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coupled amplifiers. The signal cur-
rent is passed through the Halltron
and a current having the required
“chopping” waveform is applied
to the winding which generates
the magnetic field. The Hall voltage
will vary as the chopping waveform
and, over a longer period, as the
signal current to the Halltron.

If the chopping frequency is in
the megacycle range, it is generally
preferable to pass a current of this
frequency through the Halltron
and use the signal to generate the
magnetic field.

Halltrons also find applications
in gyrators, isolators, accelerometers,
transducers, modulators and fre-
quency mixing circuits, etc. Many
new circuits employing Halltrons
as the control devices are expected
to be developed in the near future.

Size
Typical dimensions are length

gin, width }in and thickness 0.030in.

Information

Complete magnetic circuits con-
taining Halltrons which are ready
for wiring into pieces of apparatus
are also available from the manu-
facturers of the device.

The Ohio Semiconductors HR-31
Halltron. The device has a thin
package design which minimises
magnetic circuit requirements

Further information about the
performance and uses of these
new devices may be obtained from
the manufacturers, Ohio Semi-
conductors, 1205 Chesapeake
Avenue, Columbus 12, Ohio, U.S.A

Multivibrator Door Chime Repeater

by M. GEORGE, B.Sc.

IKE YOUR CONTRIBUTOR K. V. R. BOWERMAN*
L we, too, have a “Ding-Dong” door bell

which we don’t hear when the television
is switched on, and the slightly warped idea of
having a self-repeating circuit appealed to me
also. However, my junk box only ran to one relay
which energised at about 3mA (an old model
control relay, actually) and so the accompanying
circuit was devised.

"

Bell
push -
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Almost any p.n.p. transistor will work in the
circuit. When the button is pressed the 1,000F
capacitor, Ci, charges and runs a low frequency
multivibrator for 3 to 6 cycles, the relay closing
and opening once each cycle. A little juggling
with C; and C; in the 4 to 50uF range produces

a period of 0.5 sec. one way and 2 secs. the other
giving Ding—0.5 sec.—Dong—2 secs.—Ding—etc.

A separate battery is needed for the multi-
vibrator circuit as the voltage drop caused by the
bell is considerable and interferes with the charging

Components List

Resistors
R, 10 to 20k €2
R,  56kQ
R3  56kQ

Capacitors
Cy,Ca 4 to 50uF, experimental, 12V wkg.,
electrolytic
Cs 1,000uF, 12V wkg., electrolytic. (Value
may be increased to provide longer
running).

Relay
2,000 to 3,000€2 coil. Capable of energising at
SmA or less

Semiconductors
TRy, TR, Any p.n.p. a.f. transistor with V.
max. greater than 9 volts
Dy Germanium diode

* K. V. R. Bowerman, “Door Chime Repeater’’, The Radio
Constructor, February, 1963,
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Note: none of the components are critical, and some may need
to have their values determined experimentally.
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of the 1,000uF capacitor unless the button is
released very quickly, i.e. before the relay closes.
No current is drawn from the multivibrator battery
except when the button is pressed and, even then
the current drain is only a few mA. In consequence
practically any battery will cope. A potential of
9 volts is required.

Since TR, draws several mA and TR; only

0.5 to 0.75mA, a short “on” part of the cycle for
TR conserves the charge in the 1,000p.F capacitor
and more readily allows several cycles to occur.
The short *“on” period is provided by the cycle
times just mentioned.

Cs3 should be a good quality capacitor with a
low leakage current in order that it may hold its
charge for the time required (i.e. 10-15 seconds).

TRADE REVIEVW . . .

The “RADIONIC” Radio and Electronic

The Radionic construction system is new and is
designed for radio enthusiasts, for educational purposes
and as a research facility.

It consists basically of a transparent panel drilled to
standard pitch, components pre-mounted on colour coded
bases and perforated brass connecting strip, snipped off
to length as required, to effect the connections.

A nut, tightened against the compressibility of the
perspex creates a firm and permanent contact. All
soldering is done in the production stage.

The panels are of standard size and two or more may
be joined together by means of a plastic beading which
“grips on” to the edges and serves both to join them
and to raise them above table level.

The advantages of the system are many. The circuit
can be laid out in close accordance with the circuit
diagram. It can easily and quickly be checked through
the transparent panel without the need for mental
somersaults. This is particularly helpful for beginners.
Components can quickly be changed for those of differing
values. Universal mounts are available for ordinary
non-mounted components.

The system has been marketed initially in the form of
radio construction and experimental sets with top
quality components and Mullard transistors.

Prices range from £5 18s. 6d. for a No. 1 Set to
£14 19s. éd. for a No. 4. The former builds 14 receivers
up to the reaction stage and the latter 26 circuits including
6-transistor superhets with 7 x 4in, 11,000 line loud-
speaker reproduction. Any set can be expanded
indefinitely by the addition of supplementary parts.

With each set go the Radionic Handbook and the
appropriate circuit cards. Excellent performances are

Construction System

achieved and the sets will operate well on the short waves.
A Radionic News Letter keeps owners in touch with
developments.

T WL A i o Ly e g N W
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The characteristics of the Radionic System make it
particularly attractive for instructional purposes and a
range of very reasonably priced instructional sets is
currently being evolved.

In the industrial field the system offers a well engineered
and highly flexible breadboard facility for circuit develop-
ment work.

The system (all patents applied for) has been designed
and produced by: Radionic Products Limited, Adastral
House, Nutfield, Redhill, Surrey. Tel.: Redhill 5050.

NEW AERIAL RECONNAISSANGE AIDS

Tests have now been successfully completed on two new forms of electronic aids to aerial reconnaissance developed

by EMI Electronics Ltd.

The first, known as Sideways Looking Radar, can provide an accurate map of the territory over which the aircafft
is flying. Radar lobes extend out on either side of the aircraft and thus avoid giving advance information, to the enemy’s

counter measures, of the aircraft’s arrival.

The second is known as Line Scan and consists of an optical scanner which provides pictorial information of the
ground as viewed from the aircraft. This information can be stored in the aircraft or transmitted to a ground station
whilst the aircraft is still in flight, automatically producing a photograph of a strip of the ground along the aircraft’s
track at the ground station. Thus, reconnaissance information is available even if the aircraft should not return.

Other EMI airborne reconnaissance equipment in current operation includes radar for British V-Bombers and the

ong range ASV radar fitted in Coastal Command aircraft.
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This month, Smithy the Serviceman, aided as always by his able assistant Dick, looks into the
difficulties caused by one of the most infuriating aspects of servicing work: the intermittent

“Sound and vision disappear inter-
mittently.”

Dick glanced at this message on
the label attached to the television
chassis he had selected for repair,
and he sighed resignedly. Another
intermittent! He connected an aerial
and the mains supply lead and
switched on.

After a few seconds, the heaters
began to glow. He waited expect-
antly and, shortly afterwards, the
sound channel of the local trans-
mitter became audible from the
speaker. Some moments later the
line output transformer started to
sing, this being followed, after the
e.h.t. rectifier had warmed up, by
the appearance of a perfectly accept-
able picture on the c.r.t. screen.
Dick swung the channel selector
knob to the alternative local channel,
to find that the same conditions
prevailed here as well.

Without warning, both the sound
and vision suddenly disappeared.

With a grunt of satisfaction, Dick
placed his testmeter in front of him
and checked the voltage on the h.t.
line of the receiver. The meter needle
did not move. He next located the
dual 100-+300uF reservoir and
smoothing capacitor unit, and
checked the voltage on its tags. The
meter needle shot immediately, for
both tags, to 300 volts. These cap-
acitors were obviously charging
nearly to the peak value of the mains
supply and there must be a break in
the h.t. circuit immediately after the
smoothing capacitor. Dick looked
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fault

suspiciously at the solder joint on
the tag of the smoothing capacitor
section itself. 1t appeared to be
very dry.

The Perils of Servicing

Dick disconnected the mains lead
and picked up his soldering iron.
Steadying the chassis with his left
hand, he applied the bit to the sus-
pected solder joint. The joint was
difficult to reach and, in his concen-
tration, he allowed his finger to touch
the barrel of the iron.

The peace of the Workshop was
at once shattered by a stentorian
roar of anguish as the smoothing
capacitor commenced to discharge
some of its 300 volts by way of Dick’s
body. Involuntarily, Dick jerked at
the soldering iron whereupon the bit
came in contact with the mounting
lug of the capacitor; and his initial
bellow was followed by the pistol-
like crack which results when a fully
charged 300uF electrolytic receives
a direct short-circuit. Shattered by
the noise Dick pulled back the iron,
with the result that its lead, trailing
across the bench, neatly hooked off
his testmeter. Dick lunged forward
frantically, and caught the meter
just before it hit the floor. Burdened
with the meter in his left hand and
the soldering iron in his right, he
next straightened up. However, due
to the fact that he had inadvertently
trodden on one of its test leads
during his frenzied dive to save the
meter, his left hand came to an
abrupt halt after it had moved six
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inches only. Surprised by this un-
expected impediment, Dick swung
round and looked down, not noticing
that this movement caused the sol-
dering iron barrel to pass between
the picture tube support struts on
the television chassis. With a pre-
sence of mind which, under any other
circumstances, would have been
worthy of the utmost praise, Dick
lifted “his left foot to release the
trapped test lead.

Now that the testmeter was freed,
and whilst he was on the point of
replacing his left foot on the floor,
Dick stood up abruptly, only to find
that, whereas he had previously been
holding a soldering iron in his right
hand, this hand had now mysteri-
ously acquired a television chassis
as well. His state of uncertain
equilibrium reverted to wild un-
balance at this unexpected weight
and he fell heavily backwards, to
perceive with horror that the tele-
vision chassis had become dislodged
from the soldering iron and was now
describing a graceful parabola above
him. As the chassis travelled through
the air the aerial lead connected to it
tightened, and there were three
separate popping noises as three
insulated staples securing the aerial
lead to the wall pulled out under the
strain. The fourth staple held and,
like a weight on the end of a rope,
the chassis swung crazily round in a
circle, its ultimate direction being
towards Dick’s upturned face. Des-
perately, Dick held his already fully
encumbered hands up in front of

887




him and, miraculously, caught the
chassis in a grip which, though
uncertain, at least brought its descent
to a halt. But the weight of the
falling chassis jerked the now-
tautened soldering iron lead beyond
its natural length, whereupon its
connections were forcibly pulled out
from the plug terminals, short-
circuiting together as they did so. A
sharp crack from the fuse-box pro-
claimed that one of the long-suffering
Workshop fuses had, as usual, met
an early demise, and all the lights
went out.

Smithy, whose attention had been
attracted to Dick’s extempore per-
formance by the first yell of pain,
deftly dodged a flying staple and
gazed down detachedly at his prone
assistant. There was silence for a
long moment. Then a valve in the
lelevision chassis, loosened by the
treatment to which it had been sub-
jected, fell neatly into Dick’s mouth.
Dick spat it out disgustedly, and
found his voice.

“For the love of mike,”” he snorted,
“don’t just stand there!™

“What,” asked Smithy carelessly,
“*do you want me to do?”’

“Take this blistering chassis off
me, of course,” snarled Dick. “If 1
relax my grip for a moment, it’ll fall
straight on to my face.”

With an air of condescension,
Smithy took the offending chassis
from Dick’s insecure clasp and, dis-
connecting its aerial lead, placed it
safely on his bench. Dick sighed
with relief and allowed his arms to
relax, after which he handed over
the testmeter and soldering iron also.
With much grumbling and checking
for broken bones, he eventually got
up and, shakingly, sat down on the
stool at his bench.

Safety First

“Well,” said Smith eventually,
“I’ve seen some things in my time
but never anything quite like that.”

“It’s all right for you to talk,”
responded Dick bitterly. “If you'd
gone through what 1 have just now
you wouldn’t be feeling so good
yourself. Blimey, [ can s/l see that
TV chassis swinging down towards
me!”

“lt was certainly an impressive
sight,” agreed Smithy. “Fortunately,
the chassis wasn’t damaged too
much.”

“Blow the chassis,” said Dick

indignantly, “it was me 1 was think-
ing of. Anyway, I'm not doing any
more work for a bit. I'm all shook
up!”
“As you like,” said Smithy
equably. “I’ll put the kettle on. It’s
near enough time for tea-break
anyway.”

888

Leaving his stricken assistant to
recuperate, Smithy wandered over
to the Workshop sink and occupied
himself with filling the kettle.

“Incidentally,” he added, over his
shoulder, “what was wrong with
that TV ?”

“It had an intermittent,” replied
Dick. “When the fault came on,
there was h.t. on the reservoir and
smoothing capacitors, but not a
sausage anywhere else in the set.”

“There must have been a break
somewhere after the smoothing cap-
acitor,” commented the Serviceman.

“That’s what T thought,” said
Dick. “I found what looked like a
poor joint on the reservoir capacitor
tag and 1 popped the iron on to it.
Whereupon [ got- the father and
mother of all the belts which ever
existed! This was despite the fact
that I’d disconnected the mains, too.”

“Did you discharge the capacitor
before you started playing around
with it?”

Crocodile clip

Test prod

{ watt resistor covered
by sleeving

Fig. 1. A simple device which
may be used for discharging h.t.
electrolytic capacitors without
excessive currents. The resistor
may have a value around 1000

“I'm afraid not,” admitted Dick
ruefully. *““One tends to forget these
things, you know.”

“Then you shouldn’t,” commented
Smithy severely. “Most TV sets
these days have reservoir capacitors
around 100uF and smoothing cap-
acitors around 3004F, as you prob-
ably had in that model there. And
those figures, my boy, represent the
dickens of a lot of capacitance. A
representative  resistance for the
human body is about 200k Q between
opposite hands and this means that,
if you're mug enough to put your
fingers across a total of 400uF, you
set up an RC circuit with a time
constant of 80 seconds!”

“Talk about being cold-blooded,”
said Dick, horrified. “You sound as
though the human body is one arm
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of a resistance bridge, or some-
thing.”

“I'm putting it that way,” said
Smithy, “to show you how very
dangerous these capacitors can be
when they're fully charged. Let’s
assume that you get your hands
across one of these capacitors and,
for some reason or another, you
can’t let go. In your case, you would
have started off with a voltage of
300 or so. Even after 80 seconds
this would still be 111 volts, because
the time constant defines the time
taken for the voltage to fall to 37%
of its original value.”

“I’'m beginning to see your point,”
said Dick, impressed. *“When you've
got capacitances as large as these,
it’s almost like putting your hands
across a bank of accumulators
adding up to the same voltage. I'm
beginning to think I was lucky, just
now, in being able to break the
circuit as quickly as | did.”

“I'll say you were,” agreed
Smithy. “You must always remem-
ber to discharge those capacitors if
there’s any risk of shock. And 1
don’t mean slap a screwdriver across
them, either! It's a good idea to
knock up a simple gubbins consisting
of two flexible leads connected to a
1 watt resistor of about 10092 or so.
(Fig. 1.) One lead can be terminated
in a crocodile clip which you connect
to chassis, whilst the other lead can
end in an insulated test prod which
you apply to the tag of the capacitor
you want to discharge. With a
gadget like this, you get a quick
discharge without any fireworks.”

“That seems a neat idea,” said
Dick. “I’ll knock one up when I've
got back to normal.”

Intermittent Faults

“What you need,” commented
Smithy, “is some occupational ther-
apy. The kettle’s nearly boiling, and
1 would suggest that you have a stab
at making the tea.”

Dick was already beginning to
return to his normal self and. as he
busied himseif at the sink, his usual
cheerful outlook started to appear
once more. Smithy watched him,
thoughtfully.

“It’s funny that you should have
had an intermittent snag on that set
of yours,” he remarked, after a while,
“we’ve had quite a rush of them
recently.”

“For my money,” called out Dick,
as he filled the teapot, ““intermittents
are the biggest bugbear we have to
contend with in this servicing lark.”

“lwouldn’targue,” replied Smithy.
“One snag with intermittents is that,
quite often, you’re not entirely cer-
tain whether you’ve cleared them or
not. You may, in carrying out the
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routine tidying up which you do
when you’re looking for the fault,
have accidentally cleared it up tem-
porarily only. The set works O.K.
in the customer’s house for a week
or so, then—bingo!—on comes the
intermittent again. Another diffi-
culty is that you may have the set in
the shop for quite a few days before
you find the trouble, after which it
is cured by merely applying the
soldering iron to a dicey joint.
Whereupon you have a repair bill
which carries a fantastic charge for
labour together with a material
charge of a farthing for solder.”

“Intermittents are certainly a cause
of trouble,” said Dick, handing
Smithy his tea.

“They’re a menace,” replied
Smithy, a note of bitterness creeping
into his voice, “and I speak from
many years of unhappy experience.
Another nuisance factor with them
is that customers never seem to
understand that you can’t find what’s
causing the intermittent until the
intermittent comes on. Then, as
soon as it does come on, you’'ve got
to work frantically with the testmeter
trying to locate the snag, keeping
your fingers crossed all the time that
your efforts won’t cause it to clear
again. Sometimes, the small current
caused by applying a testmeter to a
circuit may result in the intermittent
clearing. In this instance, all you
can do is to leave the testmeter

_ permanently connected so that it
will, if you’re lucky, show up the
fault condition when it next appears.
The result is that you've got a test-
meter tied up all the time on a job
which may not go faulty for ages.
Yes,” concluded Smithy flatly, “‘in-
termittents are the big bind in our
job. They take up a disproportionate
amount of time, they sour relations
with the customer, and they tie up
test equipment which you cannot
always afford to spare.”

A Logical Approach

“Is it possible,” asked Dick, ‘“‘to
have a logical approach towards
intermittents 7"’

“Not to any great extent,” replied
Smithy. ‘“There’s too much guess-
work involved. Still, there are a few
facts which may simplify the process
of locating them.”

Smithy sipped his tea.

“What you need,” he said, “is a
two-stage attack. The first stage is
to try and guess the section of the
receiver in which the fault appears.
Thus, if you have a TV set in which
the picture disappears every now and
again whilst the sound remains on,
you can pretty safely eliminate the
tuner unit and, obviously, the sound
i.f. and a.f. amplifiers. 1If, when the
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picture disappears, you still have a
btank raster you can aiso eliminate
the line and vertical timebases. In
this instance you would carry on to
suspecting the vision i.f. stages and
the video amplifier. In other words,
you guess at the faulty stage by a
standard process of elimination. 1
should add, incidentally, that cus-
tomers’ descriptions of the fault can
sometimes be very helpful here.
They may not always be technically
accurate, but they often give you a
vital clue.

“The second stage in your attack,”
continued Smithy, *‘is to start guess-
ing at the connection or other fault
in the guilty part of the receiver
which is causing the trouble.”

“Connection?”’ interrupted Dick.

may be causing the fault. If you
look at components in that way you
are more liable to suspect the com-
ponent which is actually causing the
fault.”

1 think 1 see what you mean,”
said Dick, doubtfully.

“It’ll become clearer as we go
along,” said Smithy. ‘“Having intro-
duced the idea that many intermit-
tents are caused by faulty connec-
tions, the next thing to do, if we are
going to use a logical approach, is
to grade those connections in terms
of reliability. Whereupon 1 would
suggest that the connections which
are mostly to be suspected are those
which are not soldered.”

“You don’t get many connections
like that thesedays,”commented Dick.

Printed earth Printed circuit Metal chassis
conductor, board frame
\ \ s}
i 3
k=
[ @ |
2|
Printed earth Printed circuit Metal chassis
conductor, board frame
\ ! r
i)
—1

Fig. 2. Frequently, the earth conductor on a printed circuit board is connected

to a metal chassis frame with the aid of a nut and bolt. In (a) the connection

to the earth conductor is made via a washer and the bolt head. In (b) the
earth conductor is in direct contact with the metal frame

“Won't components give you inter-
mittents just as frequently as con-
nections ?”’

“Of course they will,” replied
Smithy. “But what I'm trying to
put over here is that most inter-
mittents are caused by faulty con-
nections, including faulty connections
inside components. | try to visualise
components not as little black boxes
with wires poking out of them, but
as a network incorporating two or
more connections, any one of which
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“pDon’t you?’ chuckled Smithy.
“Modern radio and TV sets are
crawling with them!”

“Hey?”

“It’s perfectly true,” grinned
Smithy. “These unsoldered connec-
tions may not be obvious at first
sight, but there are plenty of them.
To start off with, there are nut and
bolt connections to printed circuit
boards.”

“Come off it, Smithy,” protested
Dick. ‘“You’re joking now!”
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“No, I'm not,” replied Smithy.
“For instance, many printed circuit
boards receive their earth connec-
tions by way of chassis frame
mounting bolts.  Either the bolt
head screws down on to the earth
conductor on the board (Fig. 2 (a))
or the earth conductor is brought
into contact with a metal chassis
member (Fig. 2 (b)). This is quite a
common technique and a connection
of this nature is one of the first things
to suspect if, should it become
intermittent, it could cause the fault.”

Smithy paused for a moment.

“The next type of unsoldered con-
nection,” he continued, “is the
riveted or eyeletted type. You will
very frequently find, with receivers
having aluminium chassis, that the
earthing solder tags are secured by
eyelets. (Fig. 3 (4).) In my opinion
this is a bad practice, because the
tightness of the eyelet depends

Solder tag

SN

entirely upon the setting of the eye-
letting machine when the tag is
fitted. Also, the tightness of the
eyelet is bound to ease off slightly
as the years go by. Again, oxide
forms on the surface of aluminium
very readily, and this may cause a
film of oxide to appear between the
aluminium and the earth tag, thereby
making a very doubtful connection.
All of these factors can lead to
intermittent breakdowns.”

“You don’t get many aluminium
chassis these days,” put in Dick.
“*Receivers use printed circuits now.”

“I know they do,” replied Smithy,
“but you may still find sub-assem-
blies built up on aluminium brackets
with eyeletted earth tags. However,
you’ve raised another point here.
One of the difficulties with printed
circuit design consists of carrying
over the earth conductor from one
section of the board to another.

Aluminium chassis

Eyelet

Jumper wire

Riets,

Coil can

Lugs ‘soldered to earth conductors

Fig. 3 (a). A possible cause of intermittent faults is given by solder tags
eyeletted to aluminium chassis
(b). Employing a jumper wire to couple two earth conductors together on a
printed circuit board. In the upper view the conductors are below the board,
their outline being shown in dotted line
(c). An alternative method of coupling together two earth conductors
consists of using the mounting lugs of a coil can instead of a jumper wire
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The simplest method of doing this is
to employ a jumper wire. (Fig. 3
(6).) The jumper wire is soldered at
both ends and is not very likely to
lead to an intermittent fault. Very
often, though, the earth connection
is carried over by the mounting lugs
of an aluminium coil can (Fig. 3 (¢)),
whereupon you have a very definite
potential cause of intermittents.
This is because the two mounting
lugs may be riveted to the can, giving
you the same dicey conditions as you
have with earthing tags on an
aluminium chassis.”

“Sometimes,” commented Dick,
‘'you have earthing tags eyeletted to
steel chassis as well.”

“True enough,” confirmed Smithy.
“And these are similarly liable to
give trouble. Steel chassis are cad-
mium plated but, even so, they still
tend to become oxydised now and
again. This tendency is less pro-
nounced if the chassis is passivated,
of course.”

“A passivated chassis,” queried
Dick, “is one of those having a
yellow appearance, isn’t it?”

“That’s right,” said Smithy. “The
passivation affects the outside mole-
cules of the cadmium plating and
offers additional protection. It is
perfectly in order, by the way, to
solder on to a passivated surface
despite its unusual appearance. In-
deed, the earth tags on a well-
designed steel chassis are integral
with the chassis itself, being punched
and bent out when the chassis is
formed. Earth tags of this nature
are, of course, much more reliable
than eyeletted tags.”

“Are there any other unsoldered
connections ?”’

“Stacks,” replied Smithy cheer-
fully. *““You will almost inevitably
find unsoldered connections inside
resistors, tubular capacitors, mica
capacitors and electrolytic capacitors.
With the resistors, it is frequent
practice to have brass end caps
which are force-fitted to the rod of
composition material. Tubular cap-
acitors, whether they be paper, poly-
styrene or polyester, also use solder-
less connections. Mica capacitors
employ rivets or eyelets for the lead-
out connections. And electrolytic
capacitors similarly have eyelets or
other methods of pressure connec-
tion. So you have a whole host of
unsoldered connections, any one of
which could conceivably give rise to
an intermittent!”

“Blimey,” said Dick, dismally.
“I hadn’t looked at things in that
light before!”

“Don’t be too depressed about
it,” grinned Smithy. “Most of the
internal unsoldered connections in-
side components give rise to very
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little trouble in practice. From my
own experience I would place the
reliability of these connections in the
following order. The connections
inside polystyrene and polyester cap-
acitors appear to be most reliable,
these being closely followed by
composition resistors and mica cap-
acitors. Paper capacitors come next,
and are much more liable to give
rise to intermittent faults than the
other components 1’'ve mentioned.
And, finally, there are electrolytic
capacitors, which 1 consider to be
the worst of the lot. Indeed, if you
have an intermittent in which the
fault condition could be caused by
an electrolytic going open-circuit, [
would suggest that you replace the
electrolytic almost as a matter of
course.”

“Why,” asked Dick, ‘‘are paper
and electrolytic capacitors more
liable to give rise to trouble so far as
intermittent connections are con-
cerned ?”

“Because of their construction,”
said Smithy. ‘““Although I must con-
fess that 1 am probably being a little
unfair to paper capacitors, as the
modern versions of these compon-
ents seem to be a lot more reliable
than the old ones used to be. With
electrolytic capacitors, however, it’s
a different story. The plates of
electrolytic capacitors are of oxydised
aluminium, and it is frequently diffi-
cult to obtain a perfectly reliable
mechanical connection to these.
Because of this they seem to be
much more liable to give rise to
intermittent faults than other com-
ponents.”

““Wetting’’ Voltages

Smithy stopped talking and silently
held up his cup in a manner reminis-
cent of the Statue of Liberty. With-
out a word Dick rose, took the cup
from him and carried it over to the
Workshop sink, where he set about
replenishing it. He returned with
his cargo of precious fluid and placed
it carefully on Smithy’s bench.
Silently, he resumed his own seat.
It was a ritual which had become
automatic through long custom.

“There is an interesting point
about intermittent connections in
capacitors,” Smithy carried on,
“which may help you to locate a
fault of this nature. It has to do
with ‘wetting’ voltages.”

“With whar 7’

“With ‘wetting’ voltages,” con-
tinued Smithy. “When you have
two contacts which aren’t soldered
together, you may sometimes find
that they tend to become open-
circuit or high-resistance because of
the appearance of an oxide film
between them. If, however, a size-
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able potential difference-—say thirty
volis or more—is applied to the two
contacts, the oxide film may break
down and you get a good connection
again. This potential difference is
known as a ‘wetting’ voltage. When
a receiver is switched off for a period
all its capacitors discharge with the
result that, when the set is switched
on again, it is quite possible for a
‘wetting’ voltage to appear across
any intermittent internal capacitor
connections which may exist. Since
the capacitor takes a short time to
charge up, the wetting voltage does
not disappear immediately. It does
disappear, however, when the cap-
acitor is fully charged. If ever you
get an intermittent fault which dis-
appears when you switch off the set
and switch it on again afterwards,
it is a good plan to suspect the
capacitors and any unsoldered con-
nections in the capacitor charging
circuits. The re-application of the
‘wetting’ voltage when you switch on
again may be the cause of a faulty
capacitor connection becoming good
again. Unsoldered connections to
other components could also respond
to the switching off-switching on
treatment, but it isn’t a bad plan to
suspect the capacitors first. Parti-
cularly if these are of the electrolytic
or paper variety.”

“Are there any other unsoldered
connections to look out for?”

“Quite a few,” replied Smithy.
“But they are all the obvious ones.
They include the connections between
valve pins and valveholder sockets,
the connections to potentiometer
tracks and so on. These are normally
pretty easy to locate when they go
intermittent.”

Soldered Connections

‘“What about soldered connec-
tions ? asked Dick.

“Well,” replied Smithy, “a prop-
erly soldered connection doesn’t, of
course, give rise to intermittent
faults. So what you have to look
for here are connections of this type
which aren’t properly soldered, and
these can usually be located by
visual examination. Incidentally,
some of the early printed circuit sets
were pretty bad in this respect be-
cause, at that stage of development,
both the copper foil and the com-
ponent lead-outs didn’t take the
solder as readily as they should
during the soldering process at the
factory. Later boards are very much
better so far as solder connections
are concerned. It is, once again, a
wise plan to look upon individual
components as a network of soldered
connections, where applicable, rather
than little black boxes on their own.
This gives you, once more, a field
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for fault-finding which may well be
profitable.”

“Which are the components,”
asked Dick, “that are most liable to
give rise to intermittent faults be-
cause of poor solder connections?”

“Wound components,” replied
Smithy promptly. “Any wound
component, whether it be a choke,
coil or transformer, is very liable to
give trouble on this score. The fault
occurs because of bad soldering at
the lead-out points. A typical
example which you often encounter
is with video chokes. These little
chokes frequently have a badly sol-
dered connection between the coil
wire and the lead-out termination.
The same applies, of course, to
pretty well any other coil as well,
and particularly to TV and f.m. i.f.
coils and turret tuner coils. These
are single-layer coils which usually
employ wire with insulation which
melts at soldering temperatures.
The coil ends are merely inserted in
their tags without stripping back the
insulation, whereupon the subse-
quent soldering operation first melts
the insulation before soldering the
conductor, itself, to the tag. The
insulation on wires of this nature

Solder blob
Insulated wire Solder tag
F Solder blob
/ extends along
wire
®

Fig. 4 (a). Wires with insulation
which melts at soldering
temperatures may take up this
appearance at a solder joint.
The insulation extends right up
to the solder blob. A joint of
this nature should be suspected
(b). In this joint the solder
extends out from the blob along
the wire. Such a joint may be
considered reliable

may be enamel, or nylon and acetate
fibre. If you get a solder joint of
this nature in which the insulation
extends right up to the solder blob
(Fig. 4 (@), it may be giving you
trouble because the insulation might
not have been fully melted during
soldering. If, on the other hand, the
solder blob extends along the wire
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a little (Fig. 4 (b)), you know the
Joint is O.K. because the conductor
was capable of drawing some of the
solder away from the blob during
soldering.”

Return to Normal
Smithy stopped and looked at the
Workshop clock.

“Dear, oh dear.” he said. ‘“How
time flies! Are you fully recovered 7

Dick started. He had completely
forgotten his shock and the subse-
quent events of the morning.

“Yes, | think so,” he remarked.

“Fair enough,” said Smithy.
“Then we'd better get back to the
grind again.”

“Dash it all,” complained
Dick, “I was just beginning to get
interested in  this  intermittent
business.”

“So was [,)' confessed Smithy.
“But I'm afraid that we must return
to work again now. We'll come back
to the subject when we have our
next little session together.”

RADIO CHASSIS CLAI\/IP~~~--~~~

ECHANICAL WORKSHOP AIDS ARE ALWAYS OF
interest, and it is felt that the easy-to-make
project described in this article will be no

exception,

The complete job costs less than 5s. Since
designing it, the author has found it invaluable for
working on chassis up to about 12in long, and the
clamp has been used without damage to valves or
other components mounted on the top. Once
mounted, the chassis can be tilted so that either the
top or the underside can be worked on. Also, the
base swivels in a full circle.

All materials can be purchased from the local
ironmonger, and the job may be completed in an
evening without special tools. The materials
required are listed in the accompanying Components
List.
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Fig. 1. Main pillar of the clamp
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Construction

Construction is carried out in four stages, these
comprising: (1) the main pillar; (2) the clamp body;
(3) the clamp slider; (4) the base.

The four stages will now be described in order.
The Main Pillar

The main pillar is made up from two 4 X 4in
steel corner braces. These are flattened into 8in
strips in the vice, or with a heavy hammer, and are
then rivetted together using the existing holes, but
leaving the top and bottom holes clear at this stage
(see Fig. 1). The rivets used are &in diameter
»x $4in long aluminium, and the holes may need
enlarging slightly to accommodate them.

The bar is now bent as shown in Fig. 1, and the
bottom drilled to take a 4in Whitworth bolt.

The top hole is left alone and will be used later to
join the clamp body to the main pillar.

The last operation at this stage is to round off the
corners with a file.
The Clamp Body

The clamp body comes next, and both this and
the clamp slider are made from the remaining
corner brace.

First, cut a piece 24in long from one of the legs

i/4”

ar-

2"
4 Countersink L L) J Plan
this side 3/4" 316" }
P r* o —— 1U4,,
Hoed 5o st '
=y |
e 1120 ——J

[
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Fig. 2. The clamp body
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Clamp slider

Corners offset 1/16"
Fig. 3.

of the corner brace.
make the slider.

The remaining piece is now slotted down its long
side with a small hacksaw. This slot is 2in long,
lin wide, and is central down the strip (see Fig. 2).

A new hole, #in in diameter, is drilled in below
this slot, and is countersunk so that the rivet (fitted
later) will be flush with the surface.

The other leg, which is now 14in long, is cut down
its length to #in wide, as shown in Fig. 2. This is
narrow enough to go between most components on
the top of the chassis. This narrow leg is covered
with a piece of thin foam rubber or plastic foam
draught-excluder, which grips the chassis and also
prevents damage.

The Clamp Slider

The 24in strip of metal cut from the third corner
brace is now used for the clamp slider. Drill a 4in
hole centrally, 4in from the top. The two bottom
corners are bent slightly so that they will grip the
inside of the chassis (see Fig. 3).

At the top 1in above the hole, two slots 3 in deep
and 4in apart are cut. The resulting lug, when bent
backwards by about 4in will locate in the slot in the
clamp body and prevent the slider twisting when it
is being tightened down.

The Base

The base consists of a 3in wardrobe rod socket
and a series of washers which, when assembled, give
a very strong but movable base (see Fig. 4).

The only work involved here is filing down washer
No. 2 to fit tightly inside the rod socket under
washer No. 1.

This piece is used later to

[
@ Stee! washer 1/4 inside
diameter used for spacing
only. ,
® Steel washer 3/8  inside Vd
diometer,and outside
diameter filed to fit
under No.| 6 @ As Nol
® 1/2"Domestic rubber 1

Tap washer. 1 ® |/4:Whit nut.
= (® 1/4” Whit bolt
! = 3/4:Iong.
— @ 3/4' Rod socket.

Fig. 4. Base with friction stay

Main Pillar
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Bolt 1'% 1/4"

Locating Lug Spring Washer
Whit. | 1/471D.

Washer
1/4"1D

@Méq)
|

Wing nut
1/44 Whit.

3/8%3/16'dia
rivet

Clamp slider

m{\ 3/16” countersunk hole
N Il Existing hole not used
-

& ____-——-_

3 Sponge rubber

(= \

Rubber
washer

Main pillar Clamp body

Fig. 5. Assembly of the clamp

Once this has been done the base can be joined to
the main pillar, and assembly proceeds in the
following manner.

Pass the 3+ X 4in Whitworth bolt through the
bottom of the main pillar; place on spacing washer
No. 1, and then the rod socket with washer No. 2
tapped firmly in place.

Next fit the rubber tap washer (with the centre
hole enlarged), washer No. 4, and the nut.

Tighten the nut until the base can only be turned
by gripping very firmly.

Adjustable slider

Friction stay

Chassis in clamp.
Components well clear of
work bench.

Friction stay

Fig. 6. The clamp in use
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The projecting end of the bolt is now tapped with
a hammer to prevent it working loose.
Final Assembly

It is next necessary to rivet the clamp body to the
main pillar, spacing the two parts with the rubber
hot water bottle washer to form a friction stay (sec
Fig. 5). The rivet used here needs to be hammered
very firmly, as a surprising amount of strain is
exerted on this stay and, of course, it must not slip
during use.

The slider can finally be put into position as in
Fig. 5, whereupon the clamp is ready for use.

Fig. 6 shows the clamp in operation, illustrating
how it holds a typical radio chassis.

Components List

4 % 4in steel corner braces
1in metal wardrobe rod socket (see text and
Fig. 4)

I X 4in Whitworth bolt with wing nut

§ % {in diameter aluminium rivets

4in rubber tap washer

Washer for rubber hot water bottle

Stecl washers +in inside hole

#in steel washer (see text)

3 X 4in Whitworth bolt and nut

Spring washer lin inside diameter
ponge rubber, as required.

—_— )
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Economy
Tape
Recorder

R. MURRAY-SHELLEY

LTHOUGH THE ACCENT OF THIS RECORDER
A is on economy of construction and ease
of operation, the results obtained from it
are, nevertheless, at least equal to those obtained
from many more expensive commercial recorders.
This instrument is based on the B.S.R. two-track
“Monardeck” type TD2, which is obtainable from
several advertisers in this magazine. The mechanical
difficulties involved tend to preclude really satis-
factory results being obtained from a home-built
tape deck. The B.S.R. deck has proved to be
most reliable. It gives a single speed of 33in/sec
and will take 53in tape reels. With double play
tape, therefore, an overall playing time of 3 hours
is possible. The B.S.R. deck was chosen primarily
because of its relatively low price. Other decks
should prove equally suitable, but it must be
pointed out that, whatever mode! is chosen, it
should be fitted with a high impedance record/
playback head and a low impedance crase head.!

The Circuit
The amplifier circuit is shown in Fig. 1. This
circuit uses B9A valves throughout, and is a varia-

1 However, a high impedance erase head could also be used, the
erase feed being taken from point “¢”” on the oscillator coil (Fig. 1)
via a 0.05uF capacitor, The secondary of the oscillator coil could
then be eliminated.
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tion on a tried and tested circuit which is used
commercially. The first stage—the pre-amplifier—
cmploys an EF86 working as a voltage amplifier
at high gain. The output from this valve is taken
to onc half, Vy), of an ECCS83 double-triode.
The amplified output from this stage is then fed
to Vi) for further amplification. A frequency
selective negative feedback loop via Cs provides
the neccessary equalisation on both Record and
Playback. This simplifies to a large extent switching
operations. The required constant current recording
characteristic is provided simply by Rj3. The
EL84 valve shown in Fig. | doubles as the bias
oscillator in the Record position, and as the output
stage on Playback.

In the Record position, therefore, the EL%4
generates a bias current at a frequency of about
60 kc/s, this being applied to the record head via
Cys, and to the erase head via C;g. Switch S5 is
used to short-circuit the erase head, thus providing
a means of superimposition. This facility is useful
in certain instances—introducing pieces of music,
for example. S, is intended to be used intermittently
only, and for short periods; normally it is left
open as shown in Fig. I, whereupon normal crasure
takes place.

The oscillator coil is home-made, this being
quite a simple operation. The bias frequency is

THE RADIO CONSTRUCTOR
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‘f’ P

AAMAA

.
Record/playback Head ) rg
4
Fig. 1. Circuit diagram of the recorder .
Components List
Resistors (all fixed values 4 watt 109 cxcept where Rig 500€ 5 watt 3
otherwise stated) Ryy 2.2kQ
R; IMQ Ry 470k
R, 220kQ R;2 100k
R;  2.2kQ VR; 500k log, with d.p. switch (Ss)
Ry  2.2kQ VR, 500k log
Rs 100k
Rg 68002 Capacitors (all 350V wkg except where otherwise
R,  47kQ stated)
Rg  220kQ C, 8uF electrolytic
Ry 2.2kQ C,  25uF electrolytic 12V wkg
Rig 22MQ C3;  200pF ceramic
Ry 2.2kQ Cs  0.01pF paper
Rz 47kQ Cs  0.04uF paper
R;3; 100kQ Cg¢ 0.0l1uF paper
Rja 47kQ C7  O.1pF paper
R;s 470kQ Cg  0.002uF paper
Rig 150Q 2 watt Co 200pF ceramic
Rj7 470kQ Cio SOpF ceramic
R;g 10k Coy 0.04LLF paper
JuLy 1963 895
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12 16uF electrolytic

13 SOuF electrolytic, 25V wkg
14 100pF trimmer

15 180pF ceramic

Cie 0.003uF paper

17 324-32uF electrolytic

1% 0.054F paper

1o 0.005uF paper

Cyo  0.5uF paper

Valves
V; EF86
V, ECCS83
V3 EL84
V4 EMSI]
Vs EZ80
Diode

GEX34, or similar

Tape Deck
“Monardeck” two-track type TD2. (Birmingham
Sound Reproducers Ltd.)

Microphone
Crystal microphone (or other sensitive high
mmpedance type)

Inducrors
T, Mains transformer. Primary to suit mains
supply voltage. Secondaries: 250-0-250V
70mA, 6.3V 2.2A minimum
T,  Output transformer. Ratio 40:1, primary
current SOmA
Lj, 2 Oscillator coil (see text)

Switches
St(a), (b)» (¢) Part of tape deck
2, 3 Low-voltage surface mounting switches
(see text)
S4 Ganged with S; (see text)
Ss D.P. switch, part of VR,

Miscellaneous
5 B9A valveholders, moulded, nylon loaded (with
screening cans for Vi and V3)
Loudspeaker
Loudspeaker socket
Coaxial sockets
Groupboard
Knobs, etc.

not at all critical, any value between about 40 kc/s
and 90 kc/s being suitable.

Recording Level

The recording level is monitored by a so-called
“magic eye”—Vy4 in Fig. 1. This is fed from V)
via Ryj. The capacitors Cg and Cy form a delay
circuit which damps the response of the EMSI,
thus giving a clearer indication of the recording
level. The circuit values specified ensure that
optimum recording level corresponds to the “wings”
of the valve display just closing.

Old transformer bobbin with
approximately same dimensions

is suitcblc\
S \
300 turns
d 7 | /
‘ | 34
0turns | {
500 turns
e
¢ . Secondary
Secondary Primary —7 77’
f|t ] v
) A Primary
i
Wire gauges: Primary 34-38swg __\J ’_\‘
Secondary 24 -28swg | |
-3

Dimensions not
critical

Fig. 2. Details of the oscillator coil
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The power supply circuit is fairly conventional, a
mains transformer being used in the interests of
safety. The smoothing arrangements are quite
thorough, this being necessary to avoid undue hum
in the complete amplifier. It has been found that
the overall hum and noise levels in the amplifier are
satisfactorily low.

In the Playback position the EL84 acts as the
output valve and will deliver up to 4.5 watts output.
The output may be monitored on an internal
speaker and provision is also made for the connec-
tion of an external speaker. In this case the
monitored speaker can be switched out using S3.2

2 S3 should not be opened unless an external speaker is connected.
Otherwise, high a.f. voltages may appear across the primary of T,
and result in damage,——EDITOR.

& T b u e : — i

Showing the component layout on the motorboard
- compare with Fig. 3
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14"

-
Cut out to suit indicator Vg |
/ Material 38"
L~ ply
| | Ext.spmkzr//—\\ iS5 mMe® J_/
i i“kg_\l\sz) /= Rd@
L _i (/ N\ e :__ _.-’f;\r( /— i,
3l - \\\,////-\\
{ S3 ) -
[N N AN "
Earth| 7 7 72
Iy
Sub-chassis / AL __Sub-chassis
3 Valve screens
4
Sub-chassis
2
734 \ Ss
Groupboard Microswitch Motor t {
T, Iomcillator coil
_________ § Ciq
I
S L 8
/ \ N\
mf||/4"——‘ Space for speaker Tape deck

Fig. 3. Tf;e general component layout on the motorboard

The switching arrangements have been kept as
simple as possible consistent with good results. A
tone control of the simple treble-cut type is provided
on playback by VR; and Cjg9.3 A low sensitivity
socket for recording from a radio feeder unit is
provided as shown in Fig. 1. This socket also
enables the circuit (in the Playback position) to be
used as an ordinary “straight through” amplifier.
Construction

The method of construction is rather novel. It is
normal practice to construct the complete amplifier
on a single chassis. In this case, however, it was
decided to construct the amplifier on three separate
sub-chassis. This method of construction facilitates
the accurate positioning of components and valve
stages in order to reduce hum levels to very low
proportions. It is necessary for example to separate
the small-signal, high-gain, side of the amplifier
from strong sources of hum such as the mains
transformer and the drive motor, and also from the

3 From an examination of the circuit, it might appear that the
setting of VR, would affect oscillator output amplitude. However,
the author has carried out tests on the finished circuit which show
that this variation is not sufficient to affect either the bias level or
the erase efficiency to any discernable level. He therefore considers
it in order to include this control.—EDITOR.

JjuLy 1963

oscillator. Again, the layout enables the output
valve, output transformer, oscillator coil,” mains
transformer and rectifier valve to be situated in
close proximity to each other.

The general component layout is shown in Fig. 3.
It will be seen that the tape deck is mounted on
motor board (dimensions given in Fig. 3) and that
the sub-chassis are themselves all mounted on this
board. Thus, the mechanical and electronic parts
of the recorder form a complete self-contained unit
which is easily removable from the case should
servicing become necessary.

The Oscillator Coil

The oscillator coil can be home-made quite easily,
though a commercial coil could, no doubt, be used
satisfactorily. Fig. 2 gives details. The dimensions
and numbers of turns are not particularly critical,
though they should be adhered to if possible. An
old transformer bobbin makes an excellent former
for this coil. The primary can be random wound
and should be interleaved with paper at 300 and
600 turns. The secondary should be layer wound
with an interleaving paper between each complete
layer. The finished coil can be protected with wax.

To avoid a loss of oscillator power, the oscillator
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coil must not be mounted close to any carthed
metal objects. It should therefore be kept at least
14in away from the tape deck. A piece of wood or
plastic can be used to support the coil.

rl<-|'/4'-' L/ I
— o
. 1 |
Q |‘,/2”
— 1
|
et —— (A »J l<3/4'/—

Fig. 4. Drilling details for Sub-Chassis 1 and 2. The
material is 16 s.w.g. aluminium

Sub-Chassis

Fig. 4 gives the drilling details for Sub-Chassis 1
and 2. These are identical. Fig. 5 then shows the
wiring of Sub-Chassis 1. The major difficulty in the
construction of this type of apparatus involves
keeping the hum and noise levels to a very low
level. Hence, certain precautions must be taken
when wiring this amplificr. In the first place it can
be seen (rom Fig. 3 that use is made of an carth
busbar. This is connected to carth at one point
only, and is used to avoid the possibility of carth
“loops™ being made unintentionally in the wiring,
into which hum currents could be induced. It is
essential to keep all connections, particularly to
valves V; and V,, as short and direct as possible.
Screened leads must be used where shown in the
diagrams.

Care should be taken to ensure that all solder
joints are sound. A thermal shunt should be used
when soldering the diode associated with Vy.

The components for the initial amplifier stages
should be of high quality, the resistors being 109
tolerance, and the capacitors, if possible, new
components. In the prototype, normal carbon
composition resistors were used quite satisfactorily

for the circuitry associated with V. High stability
cracked carbon resistors could, however, be used
to advantage.

The schematic wiring diagram of Sub-Chussis 2,
the groupboard 3, the oscillator coil and the output
transformer, is shown in Fig. 6. The groupboard
can be fixed to the tape deck, using a sclf-tapping
steel screw in one of the many small holes which
will be found drilled in it. It should, of course, be
insulated from the deck with a piece of Paxolin.
The tape deck itself should be earthed at one point
only. The actual carthing point was not, with the
prototype, particularly critical, and one of the
motor holding-down bolts was employed for the
conncction. The output transformer should be
rated at at least 44 watts. The valveholders for
this stage and, in fact, throughout the amplificr,
should be of the nylon loaded type. The grid
stopper resistor, R,g, should be mounted as close
to the grid pin ot V3 as possible.

From the circuit diagram, Fig. 1, it will be seen
that it is necessary to switch the anode connections
of V3 by means of Sy. The switch wafer supplied
with the B.S.R. deck is of the 4-pole 2-way variety.
Three of these poles are taken up with Sy, (b)>
and (¢). Attempts to usc the remaining pole, Si)

To
Sic

Earth busbar

m

To vol. control
VR|

fFig. 5.

898

To vol. controf
VR, (slidzr)

Chassis connection

The wiring on Sub-Chassis 1
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- /X———————— HT line to sub-chassis 183

]

Sgq (see text)

-—

6-3v:’>~|<>< >
L

Earth Busbar | i L

: : , —o\l | r—
‘—L 9 > OOOO'Q\( V3 QA/\'R ‘ Pri.  Sec.
__.-JT-.__ﬂ_O_T/ C3 <2 8 e T,

To record /playbo_ck B
head

——d

7 O Chassis
Cg connection
[ € 1 internal
; O 0 Sy ‘Speaker
GROUP BOARD
To VRZ
To erase head

Fig. 6. Schematic wiring diagram for Ty, Sub-Chassis 2, the group board, and the oscillator coil

to perform the anode switching operation were
unsuccessful, due to inevitable feedback between
Sid) and Sy(,)- Accordingly, a separate switch is
required. This could either take the form of another
waler on the operating switch, screened from it by
an aluminium screen, or, as in the prototype, it can
take the form of a microswitch, actuated by S; as
shown in Fig. 7. This arrangement has proved to
be very satisfactory in practice. The microswitch,
S4, is of the single-pole 2-way type, and is obtainable
from ex-government sources and from advertisers
in this magazine. This switch is also fixed to the
tape deck using self-tapping screws. The actuating
mechanism of S; consists of a small bush (in the
prototype this came from part of an old tuning
mechanism) and a suitable 1in or I}in bolt. The
whole is screwed to the extension of S; operating
shaft, which will be found on the deck. The relative
positions of S;j(u), (b) and (¢) should be those shown
in Fig. 7.

Operating arm

[
~ o>‘
ALY,
Ibolt (see text) \\QOO

Syq is not used

Fig. 7. Method of actuating switch S from §;

JULY 1963

Fig. 8 shows the wiring of Sub-Chassis 3, this
being the recording level indicator circuit. A cut-out
in the motor board enables the valve display to be
secn.,

The switches S; and S3 were, in the prototype,
two small low-voltage surface mounted types. The
external speaker socket can be of any convenicnt
type. The input sockets for microphene and radio
were ordinary coaxial sockets.

The transformers T, and T, are fitted in the
positions shown in Fig. 3. They are attached to the
motor board using small wood screws, as are Sub-
Chassis 1, 2, and 3.

The smoothing capacitors Cy7 and Cjp are
attached to T; or to the motor board with suitable
capacitor clips and screws.

Setting Up and Testing

Upon completion of the wiring, the circuit should
be checked, both against the circuit diagram, Fig. 1,
and against the wiring diagrams, Figs. 5, 6 and 8.

- ] |/2” -

To sub- ey 7oo< <63V R
chassis | / ) |
[0, "R '
,Jé—ﬂ A 7—@—-—HT line i

R o
L Diode 5_1 \ Uy, 2 |
D S A |

i

e
Ct;] S

|
LI Earth busbar

-t

Fig. 8. The construction and wiring of Sub-Chassis 3.
The material is 16 s.w.g. aluminium
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The only adjustment necessary is that of the
recording bias, and it is made by adjusting trimmer
Ci4. The method of adjustment is quite straight-
forward, and involves making a recording and
adjusting Cy4 in stages. The correct position is that
which gives best results on playback. Too little
bias results in distortion, and too much in a loss
of sensitivity on playback. It will be found that the
adjustment is not very critical but it should, never-
theless, be made with care. The microphone should
be a high impedance type, a sensitive crystal model
being suitable. The length of the microphone lead
should not, in this case, be altered, since this would
adversely affect the microphone’s performance.

Wherever possible, the recorder should be used
in conjunction with an extension speaker. The
small monitor speaker in the recorder is not really
suitable for developing the capabilities of the unit
to their greatest extent.

The design of the case is left to the imagination
of the individual constructor. A ready-made
recorder cabinet could probably be pressed into
service if required. Some points, however, are
worthy of note. The case dimensions are governed
to a great extent by the size of the monitor speaker

used. In the prototype this was a 7 x 4in elliptical
model, which was mounted on a baffle forming the
front of the recorder case. A good effect can be
produced by making the recorder case of %in
plywood, which is then covered by plastic imitation
“wood” material. Whatever design is adopted,
however, adequate ventilation should be provided.
In the prototype this took the form of a number of
holes drilled in the bottom and side of the case.

There is sufficient room on top of the motor board
to accommodate a tape splicer, as shown in the
photographs of the unit.

Recording from the radio, or from record
players, etc., should be made using the radio input
socket (i.e. not through the microphone, in which
case a loss of quality would occur). Notice that the
input impedance presented by the radio socket is
high, and therefore it is not practicable to record
from the radio simply by connecting the radio
extension speaker sockets to the radio input of the
recorder.

In conclusion, it may be stated that this recorder
will be found to be suitable for all types of recording,
whereupon it will produce excellent results.

An introduction to . . .
COLOUR TELEVISION

By J. R. DAVIES

N THE FIRST ARTICLE IN THIS SERIES WE EXAMINED
the three primary colours, red, blue and green,
and saw how, by additive mixing, they could

produce a wide range of colours and, thereby,
enable a practicable colour television system to
be set up. We alsodiscussed the C.I.E. Chromaticity
Diagram and defined the terms hue (which is the
basic colour regardless of how much white is
added), luminance (the brightness of a colour) and
saturation or purity (which is the freedom from
dilution by white of a colour). The term chrominance,
which covers hue and saturation, was also intro-
duced.

Frequency Interlacing

A colour television picture may be presented
by additive mixing at the receiver, whereupon
it follows that a simple method of broadcasting
such a picture would consist of transmitting three
separate signals, each corresponding to a primary
colour. However, if each signal were to have

900
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the same resolution (i.e. ability to present detail)
the bandwidth required for the transmissions
would be three times as great as for a similar mono-
chrome (black and white) picture. Whilst this
bandwidth could be slightly reduced by debasing
the resolution for one of the colours (preferably
blue, which the eye does not resolve as readily
in small areas as green and red) the total bandwidth
would still be very large by monochrome standards.
The radio frequency spectrum available for tele-
vision transmissions is limited, and it would be an
extremely wasteful policy to employ a colour
television signal of this type. A second objection
to a colour transmission of this nature is that it
would not be compatible.l The signal could not
be picked up and presented in black and white
by existing monochrome receivers.

1 A compatible system is one which allows existing monochrome
receivers to reproduce a colour transmission. The N.T.S.C. system
also allows colour receivers to pick up monochrome transmissions
these being reproduced in black and white.
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In the American N.T.S.C. system,2 an ingenious
and complex method of handling the three primary
colours results in the transmission of a luminance
signal and a chrominance signal in the same band-
width as is occupied by a normal monochrome
signal. The luminance signal is equivalent to a
monochrome signal (and it may be described as
such) and it occupies the full video bandwidth.
This signal may be picked up and reproduced by a
monochrome receiver. The chrominance signal
carries colour information but, as less resolution
is required here, it occupies a lower bandwidth.

The colour information is transmitted on a
subcarrier located within the luminance signal
bandwidth, and it consists of a suppressed carrier
which is amplitude modulated in quadrature (i.e
at 90° phase difference) by two signals. One of
these signals is known as the [ signal, and it has a
maximum frequency of 1.5 Mc/s, whilst the other
is known as the Q signal, whose maximum frequency
is 500 kc/s.3 For the time being we need do no
more than accept the existence of the modulating
I and Q signals; and the manner in which they are
formed will be described later. The chrominance
signal is transmitted inside the luminance signal
by a technique known as frequency interlacing, or
frequency interleaving, which we shall next consider.

As was mentioned in last month’s article, we
shall refer to the American 525 line standard
whenever it is necessary to give numerical details
or examples. Such references now become necessary,
and the major characteristics of the 525 line standard
are listed, for convenience, in Table I.

Table I
Main characteristics of the American 525 Line System
Lines per picture 525
Fields per second 60
Pictures per second 30
Line frequency (c/s) 15,750
Nominal video bandwidth (Mc/s) 4.2
Video modulation Negative
Sound modulation F.M.
Sound carrier relative to vision carrier
(Mc/s) +4.5

If the output of a monochrome television camera
which is scanning a stationary scene is analysed
in terms of frequency, it will be found that almost
all the information appears in clusters situated
around harmonics of line frequency. This is to
be expected, since each element of the picture
is scanned at line frequency. When the camera
output modulates the associated transmitter, we
find that the energy in the transmitter sidebands
similarly appears in clusters, these being spaced
at harmonics of the line frequency away from the
carrier. A typical example is illustrated in Fig. 4 (a),
wherein we see the clusters around the 100th

2 The N.T.S.C. system is that accepted by the National Television
Systems Committee in America in 1953, and it was pioneered by
Radio Corporation of America.

3 The letters I and Q may be assumed as standing for In-phase
and Quadrature respectively.
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harmonic of line frequency. With the 525 line
standard, the 100th line frequency harmonic is
spaced away from the carrier by 1.575 Mc/s G.e.
the line frequency of 15,750 c/s multiplied by
100).

The sideband spaces between the clusters are
unused, and could readily accommodate further
information. In the N.T.S.C. system, they accom-

Amplitude
j I l

L I575Mc/s

(100th harmonic of
line frequency )

15;750¢/s
(Line frequency)

I;rcqucncy
Amplitude , ] |
'Iljl;“;"lljr'l
SEEEEEEEEEENE
15,750¢/s — -
(Linc frequcncy)
Frequency

®

Monochrome sidebands

Colour stIJb-cqrrier sidebands

Amplitude
;
15750¢s — L
Line f
(Line frequency) Frequency
©

Fig. 4 (a). The information in the sidebands of a
monochrome transmission appears in clusters around
the harmonics of line frequency
(b). The information in the colour subcarrier
similarly appears in clusters around the line frequency
harmonics
(¢). By using frequency interlacing, the colour
subcarrier sidebands may be interleaved with the
monochrome sidebands, thereby allowing two signals
to appear in the same bandwidth

modate the colour subcarrier which is modulated
by its I and Q signals. The I and Q signals are
obtained from the camera signals and, like the
monochrome picture, contain information which
appears in clusters around the harmonics of line
frequency. Again, sidebands are formed and these
appear, in relation to the subcarrier, in the manner
shown in Fig. 4 (b). All that is next required is to

901

www americanradiohistorvy com ES

el kol meealEer o W

S .



interleave the colour subcarrier sidebands with the
sidebands of the main transmission, whereupon
the two sets of sidebands become perfectly interlaced
with cach other. Sce Fig. 4 (¢). The result is that
we now have two quite separate sets of sidebands,
these being contained within the same bandwidth
as was previously employed by the monochrome
signal on its own.

In order to achieve perfect interlacing between
the two sets of sidebands, the chrominance sub-
carrier must have a frequency which lies midway
between two of the information clusters given by
the monochrome signal. In other words, it must lic
midway between two of the line frequency harmonics.
This requirement will be met it the subcarrier is
spaced away from the monochrome carrier by a
figure which is equal to half the line frequency
multiplied by an odd number.4

In the N.T.S.C. system thc colour subcarricr
frequency is 3.58 Mc/s (corrected to three significant
figures) and it lies between the 227th and 228th
harmonics of line frequency.

The Luminance Signal

A typical colour television camera may employ
three camera tubes, cach of which corresponds to
one of the primary colours. By means of a system
of lenses and mirrors, the scene to be transmitted
is presented to onc tube by way of a red filter,
to the second tube by way of a blue filter, and to
the third tube by way of a green filter. The camera
is set up such that all the tubes are in registration
with each other, and all scan the same part of the
scene at any given instant, At the same time, the
output of the “red” tube corresponds to the red
component of the scene, the output of the *““blue”
tube corresponds to the blue component of the
scene, and the output of the “green” tube corres-
ponds to the green component of the scene.

A monochrome signal may now be obtained by
adding, in the correct proportions, the outputs of
these three camera tubes, and this signal will
be similar to the black and white signal offered in a
monochrome system.

To estimate the proportions required, let us
assume that we are able to look into the television
camera when a completely whitc scene is presented
to it, and that we are able to see, after the filters,
the red light which falls on to the image plate of
the “red” tube, the blue light which falls on to
the image plate of the **blue” tube, and the green
light which falls on to the image plate of the “green”
tube. Also, let us assume that cach tube offers the
same voltage output for equal luminance, regardless
of colour. Now, white light consists of an equal
proportion of all colours of the spectrum’ and,
assuming no losses in the filters, will cause an
equal amount of red, blue and green light to appear
on the image plates of the tubes. Each tube will,
therefore, give an equal voltage output. However

4 Giving, thereby, the series 1.5, 2.5, 3.5. ., . .
5 Nearly equal, in the case of !Hluminant C.

times line frequency.
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il we look at the tubes, we will find that the green
image plate appears nearly twice as bright as the
red plate and nearly six times as bright as the blue
plate. This is because the ecyc is nearly twice as
sensitive to green as it is to red, and nearly six
times as sensitive to green as it is to blue.

We require our camera to give a monochrome
signal output which follows the same response
as that of the human cye and so, to obtiain our
luminance signal, we add the three outputs from
the tubes accordingly.

This gives us:

Y =0.59G +-0.30R 4-0.11B,

where Y represents the voltage amplitude of the
luminance signal, G the voltage amplitude of the
“green” tube signal, R the voltage amplitude of
the *‘red” tube signal, and B the voltage amplitude
of the “bluc” tube signal. The figures given in
this equation correspond accurately to the response
of the cye at the three primary colours employed
in the N.T.S.C. system, and they ensure that the
monochrome signal corresponds with similar ac-
curacy.

It will be noted that each letter in the equation
corresponds to a voltage. Because we are dealing
with voltages, it is a very casy manner to add them,
as is required by the equation.

The luminance signal offered by the combination
of 599 green signal, 30% red signal and 11%
blue signal is transmitted at the full video band-
width offered by the system (4.2 Mc¢/s in the American
525 line system) and, if picked up on a standard
monochrome receiver, is reproduced as a standard
black and white signal. When picked up on a
colour receiver it gives the luminance information
and, because of its wide bandwidth, provides all
the fine detail which the system is capable of
handling. The chrominance information, which
does not require by any means as high a degree of
resolution, is then (ransmitted on the colour sub-
carrier,

The use of the ratios 0.59, 0.30 and 0.11, for
green, red and blue respectively, leads us to a further
important point. If a white scene is presented to
the colour camera, the outputs of the three tubes
will, as we have just scen, be equal. Let us assume
that each output is equal to 1 volt. Then

Y =(0.59% 1)4-(0.30 < 1) +(0.11x 1)
-0.594+-0.30-+0.11
1

Therefore, the luminance amplitude under these
conditions is also 1 volt.

The R-Y and B-Y Signals

In the N.T.S.C. system, the three colour signals
from the camera are not transmitted in the form
in which they appear immediately after the camera
tubes. Instcad, they are first converted into two
signals, these being the R-Y and the B-Y signals
(which are referred to as the colour-difference
signals). As we shall see next month these signals,
after further manipulation at the transmitter,
modulate the colour subcarrier.

THE RADIO CONSTRUCTOR
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In a system which employs three primary colours
it may seem, at first sight, a little perplexing to
find that only two of these colours find their way
into the colour information channel. The further
fact that the luminance signal is subtracted from
each of the two colours chosen presents an additional
source of query. However, there are two important
reasons for employing two colour-difference signals,
and we shall now consider these.

At the receiver, the reproducing device consists
of a cathode ray tube with three guns, one of which
causcs a green display to be given, one of which
causes a red display to be given, and one of which
causes a blue display to be given (or there may be
three separate cathode ray tubes whose presentations
are projected, via the appropriate primary colour
filters, on to a single screen). It is necessary to
feed each of the three guns with the signal which
corresponds to its own colour, and these signals
have to be extracted from the information broadcast
by the transmitter. This information consists of
the luminance signal, Y, and the colour-difference
signals, R-Y and B-Y, which we have just mentioned.

To reclaim the red signal at the receiver, all we
need to do is to add the luminance signal to it.
This gives us:

(R-Y)+Y

We may similarly reclaim the blue signal by
adding the luminance signal to it:

(B-Y)+Y

The process of reclaiming the green signal is
nearly as simple, but we have, first, to carry out a
calculation to find its relationship to the other
signals transmitted. We know that

Y =0.59G 4-0.30R +0.11B,
therefore 0.59G =—0.30R—0.11B+Y.

But R=(R-Y)+Y
and B=(B-Y)+Y.
So, 0.59G=—0.30 [(R-Y)4Y)]1-0.11 [(B
-Y)+Y ]+Y

=—0.30 (R-Y)—0.30Y —0.11
(B-Y)—0.11Y+Y
=—0.30 (R-Y)—0.11 (B-Y)+

0.59Y
thercfore 0.59G —0.59Y =—0.30 (R—Y)
—0.11 (B=Y)
0.30 0.11
therefore G—Y =059 (R—Y)—(T59 (B—Y).

In consequence, we have only to add the R—Y
and B—Y signals in the proportions shown in the
equation to obtain the missing G—Y signal.
Incidentally, the fact that both the R—Y and B—Y
signals appear as negative quantities merely infers a
reversal of phase.

Having obtained the G—Y signal, we then add
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the Y signal, as with the other two colour-diffcrence
signals:
(G-Y)+Y
Fig. 5 (a) illustrates how the three colours may be
separated from the Y, R—Y and B—Y signals, and
then fed to the three guns of the receiver display

(8-Y) MATRIX
(B—Y) +Y B To blue
—— - B gun
MATRIX
030
- 29(R.y)
o5 ¢ G-n MATRIX | o
- ?Tls% ®&-Y) ———(G_Y) T gun
=G
= (G—Y)
®=v) (F:AfYT)F:l-XY R To red
A qun
v =
(&-v)
MATRIX
- 8——2‘; (R-Y)
G-Y)
(o311
~ o059 ®-v) Three-gun colour
= (G —Y) picture tube
(R=Y) L
~
Red gun —" ,{_/V-
Green g{
-Y

Blue g]un
®

Fig. S (a). Block diagram showing how, in the
receiver, the blue, green and red signals may be
extracted from the B-Y, R-Y and Y signals
(b). In practice the three right hand matrixes of (a)
may be dispensed with, adding taking place between
the grids and cathodes of the colour picture tube.
Since the cathode and grid of each gun require
voltages of opposing phase to give correct addition,
the Y signal is shown with reversed phase

tubc. Each gun is fed by an adding matrix which
adds the Y signal to the appropriate colour difference
signal. A further adding matrix adds the combina-
tions of the requisite portions of the R—Y and B—Y
signal to provide the G—Y signal. All the matrixes
shown may consist of simple resistive networks,
since all they have to do is to add voltages. In
practice, however, there is no need for the three
adding matrixes which immediately precede the
tube guns, because the guns can carry out this
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function themselves. This is done as shown in
Fig. 5 (b), wherein the luminance information is
applied to all three cathodes of the guns, and the
colour-difference signals are applied, separately, to
the three grids.

We may see that one of our two points of query,
namely the use of two colour signals instead of
three, has now been cleared up. There is no necessity
for a third colour signal because it can be reclaimed
from the other two and the luminance signal.

The other point which requires explanation is the
choice of colour-difference signals instead of signals
which correspond directly to colour. This can next
be considered.

If we present a purely white scene to the camera
we obtain an equal amplitude in the red, green and
blue camera channels. Let us assume that this
amplitude is 1 volt. Then:

R=G=B=].
The luminance signal is also equal to 1 volt because
Y =0.59G+0.30R +-0.11B
=1.
We can now say that, under these conditions,
Y=R=G=B=1.

Our colour-difference signals are R—Y and B—Y.,
However, since Y=R the R—Y signal drops to
zero. Similarly, because Y =B, the B—Y signal
drops to zero.

If we substitute our white scene for one of half the
luminance, (i.e. a greyish scene) then,

=3
G=1%
and B=1.
Therefore R=G=B=1.
At the same time,
Y =0.59G +0.30R +-0.11B
= ‘9-59(%) +0.30($)+0.11(1)

Z.

Therefore, under these conditions,
Y=R=G=B=1.

Once more, the R—Y and the B—Y signals drop to

Zero.

The same will apply for any other monochrome
scene varying, through the greys, from white to
black. Because of this, it follows that, when a
black and white scene is being scanned, the colour
difference signals disappear completely. Since these
signals are employed to modulate a suppressed
subcarrier, the sidebands on the latter also disappear
completely. The colour subcarrier can be considered,
in consequence, as carrying colour information only,
and scenes having colours of low saturation require
only a small amount of information to be carried
by its sidebands. The system therefore more
closely resembles a monochrome system, and this
improves its compatibility so far as reception by
monochrome receivers is concerned.

(To be continued)
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commendation.
and it also has a few short-

Not worthy of

By RECORDER

tic over the American achievements

THE B.B.C. HAS MANY VIRTUES,

comings. The most infuriating
of the latter is, I feel, the patronising
assumption that, so far as anything
to do with space flight is concerned,
the British public has an intelligence
which is some four points south of
sub-moronic.

Interruptions

There have been no manned space
flights yet whose reporting, via
B.B.C. sound radio, has not been at
least partly marred by continual
interruptions on the part of the
Corporation’s commentators which
are supposed to be informative, but
which have, in practice, proved to be
wholly fatuous. A typical instance
occurred recently when astronaut
Gordon Cooper returned to earth
again after his day and a half’s
journey around the world. The
B.B.C. kept the Light Programme
open after midnight to carry the
N.B.C. broadcast on this event, and
this is a decision which is worthy of
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commendation, however, is the fact
that the B.B.C. also had on duty a
commentator at London and another
in America who kept continually
breaking into the N.B.C. transmis-
sion. Neither of these well-inten-
tioned gentlemen had any more clues
(if as many) than the rest of us, but
every now and again the completely
fascinating N.B.C. broadcast was
faded out whilst they indulged in a
hesitant little natter, full of “ers’ and
“ahs” and with strict avoidance of
anything mildly technical, which
would have raised yawns at even the
most tepid of vicar’s tea parties.
The fact-packed N.B.C. broadcast
continued whilst these boring con-
versations were in progress, but it
went unheard on this side of the
Atlantic.

What the B.B.C. forgets is that
the American radio commentators
at these space flights are not only
past-masters at their job, but that
they are also unashamedly enthusias-
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on which they report. What is more,
they have done their homework, and
they are completely au fait with the
general technicalities and problems of
space flight. All these facts come
over superlatively well in their
broadcasts. Again, American radio
coverage of space flight events has
an informality and apparent oppor-
tunism that is quite enthralling.
Commentators interrupt each other
with late items of information,
official announcements cut into
reports in mid-sentence, and the
whole transmission proceeds at the
break-neck pace which the subject
deserves. I’'mnot saying, incidentally,
that we do not have B.B.C. com-
mentators who are equally able.
We have, but they never seem to be
present when space flight board-
casts from America are on the air.
These are the times when the
plummier voices of the B.B.C.
Establishment are wheeled out.

The American flights into space
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represent an American initiative and
an American accomplishment, and it
would be silly to take any view other
than this. What is of equal impor-
tance is that the Americans draw
no veil whatsoever over the reporting
of their attempts into space, and the
broadcasting authorities are able to
give full coverage on what is hap-
pening at the moment if happens,
regardless of whether it be success
or failure. In consequence, when the
B.B.C. re-transmits American reports
it should do so in full, and not
interrupt them with inane discussions
between ill-informed members of its
own staff. To do so is not only a
discourtesy to the American broad-
casters; it is also a discourtesy to
British listeners.

Two More Service Jobs

Despite my attempts to keep out
of trouble, I still find myself being
talked into volunteering to carry out
the odd bit of servicing every now
and again. Professional service
engineers who feel that, by reason of
these jobs, I'm doing them out of
their honest earnings may be com-
forted by the fact that the sets which
eventually come to me are ones which
nobody else will look at anyway!

A typical instance was a valve
battery portable which had seen
better days, and which now suffered
from heavy distortion. In the past
someone had changed the speaker
(which is, I suppose, one way of
trying to get rid of distortion) but
there had been no improvement.
Since valve portables are now
rendered obsolescent by transistor
receivers, with their much lower
battery consumption, it was put to
me to see whether the set should be
fixed or whether it should be dis-
carded in favour of something more
modern.

The receiver employed a standard
low-consumption valve line-up, this
comprising a DK96, DF96, DAF96
and DL96. These valve portables
employ automatic bias for the
output valve, this being provided by
the voltage dropped across a resistor
of about 560 or so in series with
the h.t. negative line. Such a
resistor drops about 5 volts for an
h.t. potential of 90 volts, and one of
the first things to do with a set of
this nature is to check the value of
the bias resistor and the voltage
across it when the set is switched on.
These measurements can be taken
very conveniently, with the chassis in
the cabinet, by measuring between
chassis and the h.t. negative terminal
Both readings were satisfactory,
whereupon 1 assumed that the
receiver was drawing correct h.t.
current and that the output valve
had the correct bias.
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However, my assumption was
wrong. After I’d got the chassis out
I found that there was zero voltage
on the grid valveholder tag of the
output valve and that this grid tag
went slightly positive of chassis
when the valve was pulled out. A
leaky coupling capacitor from the
previous anode seemed to be in-
dicated and this was, indeed, the
faulty component. With a new
capacitor, the set worked very nicely,
and its performance became ex-
ceptionally good when I replaced
the existing output valve by a new
one. The previous valve had ob-
viously grown old before its time as
a result of the grid current it had
passed.

The fault I had found was, of
course, a simple one. But the story
points the moral of showing how
easily one can be misled by making
too many assumptions during ser-
vicing!

A second repair fell into the
heavy engineering category, and
it was concerned with an early
a.m./f.m. receiver manufactured by
that company which puts excellent
electronics into its chassis and then
couples the controls to the front
panel by way of levers, cog-wheels,
Bowden cables and clock springs.
This receiver was working satis-
factorily, but the somewhat flimsy
wavechange spindle, which was
concentric with the tuning drive
shaft, had completely worn away
due to the apparent stiffness of the
switch. On looking inside, I found
that the spindle was coupled to
the switch by way of two levers,
an actuating bar and a 90° gear
train. Despite all this, it was the
switch itself which was stiff, and
no attempts on my part could
clear it. I should imagine that,
over the years, the inner Paxolin
discs of the Yaxley sections had
swollen slightly, a fault which
would be impossible to clear. The
switch was quite capable of being
operated, but its stiffness was such
that it would be pointless to fit
a new spindle, as the latter would
become worn again within a few
weeks of use. So I fitted a new and
very robust shaft at the other end
of the chassis, with a large and
equally robust knob sticking out
of the back of the set!

After having completed the mech-
anics of the job, 1 checked out
the receiver, which worked quite
nicely. The only thing that puzzled
me was a succession of “pinging”
noises as 1 tuned through a station
on the f.m. band. 1 traced these
to the f.m. cord tuning drive.
F.M. tuning was achieved by raising
or lowering a set of cores in and
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out of a set of corresponding
coils. Due to the passage of time
the carriage to which the cores
were secured tended to travel
along its guide in a succession of
little jumps instead of evenly and
smoothly, as its designer had in-
tended. Each little jump then
shifted the oscillator frequency ac-
cordingly, and caused the sudden
generation of a frequency modulated
signal. The result was the “pinging”
noise from the speaker.

You live and learn!

Apt Description

An apt description of a beatnik’s
beard, as heard recently from
Frank Muir and Denis Norden:
“He has a beard which looked
as though he’d magnetised his
chin and dipped it in iron filings™.

New Exide Battery

Chloride Batteries Ltd. announce
a new addition to their range of
Exide batteries, this being the type
3-MFB7. The 3-MFB7 offers a
potential of 6 volts, and it will be
fitted as initial equipment on future
battery/mains television receivers
manufactured by Perdio Electronics
Ltd. Two batteries are used in
series to form a 12 volt assembly,
and they are kept fully charged
by a built-in trickle charger unit
in the receiver. When used away
from a power point, the batteries
will allow a full evening’s viewing
before a recharge is necessary.

Completely unspillable, each 3-
MFB7 battery consists of three
cells in a container of high-impact
polystyrene fitted with a one-piece
lid. The translucency of this con-
tainer material makes the level
of the electrolyte clearly visible and
facilitates topping up. ‘The new
battery incorporates a number of
novel features. For instance, the
old-fashioned vent plug has been
eliminated and the cells are simply
provided with solid filling plugs.
The battery embodies in its con-
struction a gas-collecting chamber
which causes any spray to be
returned to the cells and enables
the gases to be exhausted outside
the equipment, thus avoiding the
possibility of internal corrosion.
Terminal assembly employs cad-
mium-plated mild steel and brass
screws with coin slots for easy
manipulation, and the terminals
are anchored directly to the lid
mouldings and not to any of the
internal battery parts. This method
of construction allows any strain
imposed through the connecting
leads to be borne directly by the
battery container and not trans-
ferred to the internal assembly of
the cells.
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The 3-MFB7 battery will operate
at any angle and is rugged enough
to stand rough handling. It has

a capacity of 6 amp-hours at the
20 hour rate of discharge. The
dimensions are 3 in long by 3 &in

wide by 4in high, and the weight
s 3lb when filled. It is available
from any Exide Service Agent

EXPERIMENTS with NEGATIVE and POSITIVE FEEDBACK

.M?c><>c~9«><><><>c><>c><>c>c><>c><>c>c><><><><><><><>c><>c>c>c><><>c>.

HERE ARE MANY METHODS OF
T introducing negative feedback
in a.f. amplifiers, and one of
the easiest consists of omitting the
cathode bypass capacitors. This

By J. A. ROBERTS

good reproduction is required. It
is not generally known, however,
that the gain can be restored (with
a corresponding loss of linearity)
to a point equivalent to that given

HT+ve

=

P —
Input

AAAAA.
YYYy

AMAAR
YYYY

Qutput

AMAAA
YYvY

AMAAA
Yy

Fig. 1. In this circuit, resistor R counteracts the effect given by omitting
the cathode bypass capacitors

of course results in an improvement
in the linearity of the amplifier
but there is a loss of gain. Such an
amplifier would therefore be used
when the input signal is high and

Components List (Fig. 2)

Resistors (all } watt)

Ry  1MQ

R, 1kQ

R; 270k

R4 IMQ

Rs: 100Q

VR 500k

VR,* 50k Q pre-set
Capacitors

Cy 100pF mica

C, 0.01pF
Valves

VvV,  EF91

V, 6CHé6

*Or 20kQ variable in series with 30 kQ
pre-set, as in Fig. 3,
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when the bypass capacitors are in
use by adding just one resistor.
This resistor, R, is connected
between the cathodes of a two-stage
amplifier as shown in Fig 1, where-
upon it provides a degree of positive
feedback. The net result for one
particular value of R is that the
negative feedback due to the cathode
resistors is balanced by the positive
feedback via R. It is therefore
possible to replace the bypass
capacitors with this resistor.
Further reduction of the value
of R will result in an increase
of positive feedback which will
increase gain until a point is reached
when the amplifier oscillates. It
is thus possible, with a variable
resistor, to introduce feedback which
can be varied from negative to
positive. An amplifier using this
system can be really versatile, as
it can provide either high gain
or high quality. The idea can be
easily incorporated into existing
two-stage circuits as it only entails
the removal of the bypass capacitors

HT+
250V
Ry =
270kn Co
Q-OIpF
RaZ == | =1
M E ili
n ,,; | ;
|
6 i
Iput L VR 2
SRR RS I|'500kn 2
i ,J,, i 9
i
| ]
o ‘ ‘*‘ === 4
100 VRy
o e som | |
SMa =M =
il 7 1| Screened leads
é,‘ Ry Rs ':, not required if
= oS = connections are
Gl . T very short.(ic.
less than 1in.)
5 5

Fig. 2. A practical circuit with adjustable feedback from negative to
positive. The value of VR, may require alteration with other component
values or valves
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and the addition of a small pre-set
potentiometer or even a fixed value
1 watt resistor. The value of the
latter would need to be determined
by experiment as it will vary from
amplifier to amplifier.

A Practical Circuit

A typical practical circuit is
shown in Fig. 2 but, as was just
mentioned, the scheme can be used
with almost any two-stage amplifier.
If it is necessary to set the pre-set
potentiometer to provide maximum
gain this must be done with the
volume control at its maximum
setting. The feedback control can
be fully variable (see Fig. 3) rather
than pre-set, whereupon the amplifier
may be externally controlled to
provide full negative feedback or
maximum positive feedback without

oscillation taking place. This is
achieved . by initially setting the
500kQ volume control (Fig. 2)

for maximum volume and the 20kQ
variable resistor (Fig. 3) for minimum
resistance (maximum volume). The
30k {2 internal pre-set resistor (Fig. 3)

AAMA—
vy
ey
N

.Rs

AN —
Yyvy

g

Fig. 3. If desired, VR, of Fig. 2 may be split into a 20kQ) variable resistor
and a 30kQ) pre-set resistor

is then set to a point just prior
to oscillation, whereupon control
of feedback is provided by the
20kQ variable resistor.

It should be noted that the
screened leads shown in Figs. 2
and 3 are essential if hum is to be
avoided, as the gain of the amplifier
can be very high at maximum
settings.

The circuit employing the 20k}
variable resistor and the 30kQ

pre-set component is a very useful
and versatile arrangement for the
experimenter as it can be used as
an audio oscillator, high gain
amplifier, high quality amplifier,
morse practice oscillator (by keying
the feedback path), as well as
providing an audio test signal
when servicing amplifiers and the
audio stages of receivers. In the
last instance, the signal may be
taken from the anode of V; via a
0.01pF capacitor.

Simple Telephone Pick-Up Coil
By C. Morgan

3,000 relay having a resistance of the order of 200 to
300Q. The armature and contacts should be
removed and the coil connected to the input terminals
of an a.f. amplifier or tape recorder. The coil can
then be orientated for maximum coupling whilst a
call is in progress.

HE ABILITY TO EXTEND THE RANGE OF A CON-
versation heard over the telephone has several
advantages, one of these being that the whole

family can listen in if the call is of general interest,

and another being that the conversation can be fed
to a tape recorder.
A suitable pick-up coil is given by a G.P.O.-type

BRENTFORD AND CHISWICK EVENING INSTITUTES

During the next session, on Wednesday evenings, the Institute will be running a Radio Amateur’s course for the
City and Guilds Radio Amateur’s Certificate and the Morse class on Thursday evenings for the P.M.G.’s Certificate at
the Brentford Evening Institute, Clifden Road, Brentford, Middlesex. Enrolment week starts on Monday, 16 September.
The Radio Amateur’s course lasts for the Session (three terms) and the Institute is a centre for the City and Guilds
Examination. Fee for the course is 30/-.

The Morse class is now, at the request of students, lengthened from one term to two and the fee is £1 or, for the two
classes together, the fee is 35/~. (Fees are ar half rate for those under 18 years of age.)

Requests for further information, or application by post, which can be sent now, should be addressed to the Evening
Institute Department, Education Offices, Town Hall, Chiswick, London, W.4.

Should enough applications be received, the Radio and Electronics Mathematics class will also be formed for this
Session. This class is specially run for those who have difficulty in reaching the required mathematical standard in the
City and Guilds Examination and in amateur radio generally find the need of a fuller understanding of this branch of
mathematics.

The Radio and Television Servicing class will be meeting on Tuesday evenings at the same Institute during the coming
Session.
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The Private War
SE00000A00000G000GBRO0 of Me

By Sylvia Margolis

E LIKE YOUR STYLE, SAID THE EVER-SO-NICE
man from The Radio Constructor, so how
about writing something for us?

Flattering, no doubt, but a fat lot of use that was.
This Radio Constructor thing, now, is all very H.F.
stuff—circuits and diagrams and whatnot. And
even the bluest-eyed enthusiast has never been able
to explain to me the difference between ohm’s,
watts, amps, puffs, henries and all that jazz, 1 don’t
believe Ohm’s Law and think it should be repealed.
Besides, I detest the whole abominable, messy,
frustrating business of radio construction. So
where do I come in? What the hell to write about?

Yet the sad tale of how I lost my private war
against radio construction might make a story. The
first diplomatic growlings were made some years ago,
when we saw a film called ““Race for Life”, all about
amateur radio and how you can save lives and cure
botulism with it., Or so it seemed on that unlucky
night. All starry-eyed, my husband arranged for us
both—BOTH, mind you—to study at evening
classes for the Radio Amateurs’ Examination.
Firmly I changed my course to Elementary Italian,
so that, whilst he was absorbing enough radio theory
to be let loose on the air, I was sucking up enough
Ttalian to be let loose on the pasta and to cope with
the bottom-pinchers. He got his amateur licence
and I got a black-and-blue bottom.

Things were never the same after that. Our
circle of friends changed drastically. Relatives spoke
of us sadly in the past tense. House and car were
invaded by masses of equipment, all commercial
and handsome and expensive.

But my husband wanted to do what all the other
big boys did. He dreamed of experiment and build-
ing. So he built a sideband transmitter that was
quite marvellous, except that it looked like a gas
cooker. I scraped the solder off the carpet and
made strong ambassadorial representations.

A complete change of social routine I could
tolerate. When my prospective mink coat turned
out to have a V.F.O. and L.F. gain and the duckiest
A.T.U. imaginable—well, some women are landed
with gamblers or drunks or sadists for husbands.
Who was I to grumble? But this mess and solder
and piles of electronic rubbish——this was too much.
My ultimatum was backed by threats of unmention-
able reprisals.

We had perforce to keep the radio gear in the
living room. Now I admit that “KW” and Collins
and Hammarlund are no mean addition to the
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decor, quite status symbols in fact. But not the
“G3NMR SPECIAL”. Out went the gas cooker.
First skirmish to me. Maurice fell for the myth
that he had so little spare time that it was a question
of choice between building or operating. I saw to
it that he chose operating. Contacts with furrin
parts really “send” me, whereas I can whip up no
lasting passion for the precise relationship between
the 6146, the 811 A and those 813s in parallel.

Meanwhile T had made a few sneaky moves of my
own. An article called “CQ-34-26-38"" was accepted,
in a misguided moment, by a leading British amateur
radio magazine, who have regretted it bitterly ever
since. Then 1 described the hobby in the B.B.C.
programme, ‘“Woman’s Hour”. There followed a
series of articles in the American radio magazines.
In these I tried to draw on amateur radio for themes
for comic, tragic and even love stories. Why not?
All life is there. Amateur Radio knows no bounds
of race, religion, belief, colour, class or occupation.
Surely these people must sometimes laugh, cry and
love!

Insidiously the hobby took hold of me. Some
bright spark in the Amateur Radio Mobile Society
suggested that a monthly bulletin be issued. So
Mobile News was born. This boisterous, rumbustious
and incorrigible journal will have a go at anybody,
without fear or favour. Yet the first scatty single
news-sheet has developed into a regular 14-page
magazine with a readership of nearly 2,000. Mobile
News is received with welcome, respect and affection
by our members and with a kind of wary, grudging,
sour regard by some surprising people in surprising
places.

Mobile News was the enemy’s real break-through.
We featured a superb little sideband transceiver
named the “Courier”. All generals can produce
spiteful apologia for their defeats and mine is that
the H.F. bands had gone dead. There was nothing
to be worked on the air, so my husband built a
“Courier”. Not only is this honey elegant—she
works. My defences finally cracked when “Courier”
did a mobile-to-mobile contact from London to
Malaya.

Worse was to come. My 12-year-old son is
marking time until he is old enough to hold his
own transmitting licence. At 9 he had become the
youngest-ever member of the Radio Society of
Great Britain, but so far his activities had been
limited to short wave listening and accumulating an
encyclopaedic knowledge of DX details. Then some
Fifth Columnist gave him the components to build
a crystal receiver. There followed long secret
consultations with Maurice and then I heard the
dread words: “Mummy, Daddy let me solder my
first joint today™.

I knew I was beaten. I scraped more solder off
the carpet but remembered that the hand that holds
the soldering.iron will never hold a flick-knife. 1
asked for an armistice.

Yet I am bitter and unforgiving in defeat. It was
all that darned little “Courier”. Why did it have to
be so efficient and inexpensive. .

There is such a thing as guerilla warfare, though . . .

THE RADIO CONSTRUCTOR

www americanradiohistory com



Variometer- Tuned Short

and Medium Wave Single

Valve Circuit

By Sir Douglas Hall, x.cM.G., B.A.

LDER CONSTRUCTORS WILL RE-

member the variometer, a

variable inductance device con-
sisting of one coil turning inside
another. Minimum inductance was
obtained with the two coils in
parallel and in opposition to each
other; and maximum inductance
with the coils in series and in phase.
A variation of over 20 to 1 was
possible with good design and this
gave a wavelength coverage of
between 4 and 5 to 1. As the signal
across a tuned circuit depends on

CLR’ where L is the inductance, C the
capacitance across it and R the
internal resistance, high sensitivity
was obtainable.! However, the
maximum benefits were not realised
in old fashioned crystal sets as R was
large with a big inductance and no
reaction to cancel it out, and the
L/C ratio was spoilt, to some extent,
by coupling a long, high capacitance
aerial directly to the variometer.

In short wave receivers the L/C
ratio is often very unsatisfactory. To
take an extreme example it is not
unusual for an all-wave receiver to
tune the 49 metre band with some-
thing like 500pF across an inductance
of iuH or so. With a variometer,
and precautions taken to reduce
stray capacitances to a minimum, the
49 metre band can be tuned with one
twenty-fifth of the capacitance and
twenty-five times the inductance. If
the internal resistance is kept down
to the same level by means of
reaction a gain of 625 times can be
obtained, quite apart from further
gain realised by using more reaction
than is necessary to reduce R to the
figure obtaining with the smaller
inductance in use. Although this
second benefit could equaily well be

P

CR
parallel tuned circuit at resonance.—EDITOR.

is the dynamic resistance of a
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realised in the low inductance circuit,
the gain resulting from the high
inductance and low capacitance of a
variometer is a bonus.

For some time, therefore, the
author has considered a design for a
variometer tuned short wave set, and
has realised that the large inductance
used would not need very much
parallel capacitance to enable it to
tune the medium waveband.

A suitable variometer is available
on the surplus market at a low cost,
as used, for a different purpose, in
the No. 19 set, and this is the heart
of the short and medium wave
circuit to be described.2 It will be
found to have an inductance varia-
tion of about 5.5 to 130uH. This,

2 Constructors should ask for the “Vario-
meter for the No. 19 set”. The variometers
are available from any of the following
suppliers: P.C. Radio Ltd., 170 Goldhawk
Road, London, W.12; Southern Radio
Supply Ltd., 11 Little Newport Street,
London, W.C.2; Relda Radio Ltd., 32a
Coptic Street, London, W.C.1.

with stray capacitance totalling about
20pF across it, will tune from
comfortably below the 19 metre band
to about 95 metres; or, expressed in
Mc/s, from about 15.5 to about 3.2.
With a further 600pF shunted across
the variometer, it will cover the
whole of the medium waveband.

Short Wave Circuit

Fig. 1 shows the high frequency
part of the circuit when in use for
short waves. Lj, the variometer, is
shown without its internal series
capacitance switch, as the operator
is only aware that switching is taking
place because of two short sectors of
the 360 degree movement during
which the variometer is inoperative
and because of the sudden change of
wavelength. There is no separate
reaction coil and no tapping on the
variometer. But there are stray
capacitances from the anode end of
the inductance to earth and from the
grid end to earth, and these provide
a capacitance tap at earth potential
which result in the valve oscillating
unless steps are taken to prevent it,
R;, the reaction control, is used to
prevent oscillation by introducing
resistance between the anode of the
valve and the anode end of the
variometer.  Cz is a very small
capacitor used as a panel trimmer or
or band spread, rough tuning being
carried out by the direct control on
the variometer. C, should not be
more than about 5pF or so, and it
can be made by cutting down a short
wave tuning capacitor to one fixed
plate and one moving plate or, if the
vanes are widely spaced, two of each.
Although one side of C; is at earth
potential it produces capacitance
changes across the variometer as a
result of stray capacitances between

Ry
A'A'A'A'l
C4 HFC
— € .
C3 3fc———-
. romand I
LI 6 DF 96
15 7
C L Ro iCS
Ry
C2 HFC,
o

Fig. 1. The basic short wave circuit. Ly is a variometer, and H.F.C.; ana
H.F.C., are chokes effective between 15 and 550 metres
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Fig. 2. The circuit adapted for medium waves

the grid end of the variometer and
earth.

H.F.C., is a normal choke of the
kind which is effective between 19
and 550 metres and its function is to
prevent unwanted coupling at audio
frequencies between anode and grid.
H.F.C., is similar and serves as a
reaction choke. V, is a DF96 which
consumes only 25mA at 1.4 volts for
its filament and, in the circuit shown,
about 1.3mA at 69 volts high
tension. C; is a pre-set trimmer
which is adjusted to suit the aerial-
earth system used so that there are
no blind spots where reaction cannot
be obtained, and so that selectivity
is in suitable relationship to sensi-
tivity.

Medium Wave Circuit

Fig. 2 shows the arrangements for
medium waves. The only new com-
ponents are Cg, C7 and Ry, though
a two-pole wavechange switch will
also be required, as is mentioned
later. Cg and Cj7 in series with each
other produce the necessary 600pF
across the variometer and, at the
same time, form a central capacitive
tap for reaction purposes. At the
high frequency end of the medium
waveband there will be a very poor
L/C ratio, and at wavelengths below
about 210 metres it was at first
found difficult to obtain oscillation,
though this was very readily avail-
able from 210 to 550 metres. For
this reason Cs is taken to the live
end of Cg instead of direct to earth,
and this results in the screen-grid of
the valve assisting the anode to
produce reaction. On short wave
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bands Cs is effectively at earth
potential, which is desirable as the
assistance of the screen-grid is not
required with the good L/C ratios on
these wavelengths.

A suitable value for C; on short
waves gives far too little coupling
from the aerial on medium waves.
Because of this, the aerial is taken
to the bottom end of Ry. As already
stated, for nearly all the medium
waveband reaction is very readily

part of R; appears between the
aerial and L;—just the right amount
to provide suitable coupling. With-
out Ry it was found that, for much
of the medium waveband, oscillation
could not be stopped even at a
minimum setting of R;. The value
of R4 is chosen to overcome this
difficulty without, at the same time,
reducing the aerial coupling appre-
ciably. This arrangement for aerial
coupling has a further advantage in
preventing break-through, on short
waves of powerful local medium
wave transmissions. It will be found
on the short wavebands that although
oscillation can be readily obtained,
a setting of R; fairly near the
maximum is required. At this
setting there is a large proportion of
R; between the aerial and L; which,
in combination with the small
capacitance of Cy, provides only very
loose coupling for any medium wave
signal which may be attempting to
break through.

Low Frequency Circuit

The low frequency part of the
circuit is shown in Fig. 3. If head-
phones are connected directly in the
anode circuit of a pentode only a
fraction of the signal, and only the
higher audio frequencies at that,
becomes available. By using the
secondary of an intervalve trans-
férmer with a 5:1 ratio as the load,
an a.c. resistance 25 times that of the
phones will be reflected into the
anode circuit, and the increase in the
signal has to be heard to be believed.

available. It takes place at a low  Admittedly, power is low, but it is
setting of R; so that only a small quite adequate for headphone recep-
R
A +69V
47kn
Ti
L Pri
Sec 4000n
Phones
HFC % E
’U’Wg\ 5:
2
-1 v
Rs =
e S =z
R§——— ] OFs Okn 3
15 7 (see text)
3Ry
=3Mn
+15v
Cg l T — = 69V
o-ou—‘T ' g
e ~1-5V
wim

Fig. 3. The a.f. section

www americanradiohistorvy com

THE RADIO CONSTRUCTOR



Components List
(Figs 1, 2, 3 and 5)

Resistors
Al fixed resistors } watt
R, 10k Q potentiometer, linear
R, 3MQ

R3 47kQ

Ry 2.2kQ

Rs 10kQ (see text)
Capacitors

C;  SOpF pre-set
C,  See text

Cs 100pF
C; 100pF
Cs 0.01pF
Cs  1,200pF
C;  1,200pF
Cs O00IuF
Inductors

L; Variometer (see text)

H.F.C.; | Chokes. Denco, Ref.
HFC., No. R.F.CS
T 5:1 intervalve transformer.

RadioSpares *‘Standard”
or equivalent

Switches
Sy d.p.s.t., on-off
S, d.p.s.t., wavechange

Valve
V; DF9%6

Miscellaneous
Headphones—4,000Q2
Spindle couplers, etc.

tion where good ampilification is
more important than high power
output. As about ImA of d.c. will
be flowing through the secondary of
T, a reasonably large component
should be wused to avoid core
magnetisation.

Even with a transformer in use and
a reflected load of 100kQ, there is
still a loss of the lower audio
frequencies. A modicum of positive
feedback, favouring the lower fre-
quencies is, therefore, introduced by
taking the grid leak, Rj, to the
junction of a resistor and capacitor
across the primary of Ty. A Radio
Spares “‘Standard” (not ‘“Midget”)
5:1 transformer is used in the proto-

T, Connections

Fig. 4. Connection layout for the trans-
former employed in the prototype
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r . * DF96 10kn 4
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Rz (see text)
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Fig. 5. The complete receiver

type, and the values of Rs and Cg
are chosen for this component. The
windings of Ty must be correctly in
phase and, for the Radio Spares
transformer, should be connected as
shown in Fig. 4. If a different trans-
former is used some experimenting
will be needed to ascertain the right
connections, and some modification
may be needed to the values of Cg
and Rs, though Cg may probably be
left at 0.01pF.

Fig. 5 shows the complete circuit
and the only new component, the
wavechange switch S, needs no
explanation. It can be seen to change
the circuit, effectively, from that
shown in Fig. 1 to that in Fig. 2,
and vice versa.

Dismantling the Variometer

When the variometer is obtained
it will be found to be contained in a
large metal cylinder, and some
dismantling is necessary.

First, remove the eight screws
holding the “lid” on the cylinder,
under the dial. Pull on the circular
metal end now exposed, until the
assembly starts to leave the cylinder.
Cut through the wire to the terminal
on the cylinder and remove the
collar on the spindie by unfastening
the two grub screws. The unit can
then be withdrawn further and the
bare wire passing through the white
insulator at the far end should be
cut, as also should the wire connect-
ing the bottom end of a 0.001uF
capacitor to a tag on the variometer.
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The tags to which these last two
wires are soldered are the terminal
connections for the variometer.
Next remove the circular front to
which are attached the 0.00IpF
capacitor and a pre-set potentio-
meter, neither of which are needed.
The back of the unit, with the white
insulator passing through it, should
also be removed. The dial can be
extracted from the lid by removing
the four screws which pass through
it. It can well be used in the receiver,
being coupled to the variometer
through an insulated extension rod.

The dial will be found to be
graduated from 0 to 200. Two short
red lines indicate the blind spots,
already mentioned, which appear
while the internal switch is being
operated. As assembled, the dial
reads from 0 to 100 with the coils in
parallel and inductance increasing
with the numbers, and from 200 to
100 with the coils in series and
inductance increasing as the numbers
reduce. On short waves it will be
found that from 0 to 100 will cover
from about 19 to 51 metres, and
from 200 to 100 will tune from about
47 to 95 metres. On medium waves
reaction will not be operative until
about 20 is reached on the scale,
which indicates about 180 metres.
100 degrees on the scale indicates
about 290 metres. With the coils in
series it may be found that there is
no oscillation for the first few
degrees from 200, when the coils are
fully in opposition, but the coverage
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with reaction will be from about 280
to 550 metres.

Results with the Prototype

The prototype receives a very
large number of stations on the
short wave bands at excellent head-
phone strength. Many of these
stations provide full loading for an
amplifier employing a single ‘‘red

spot” transistor coupled to a loud-
speaker. Local medium wave
stations will similarly load a single
transistor amplifier, and many others
can be received at good headphone
volume on the receiver alone
Sensitivity on the short wavebands
is quite unusual. No high claims are
made for sensitivity on the medium
waveband but there is surprisingly

little spread from a very powerful
transmitter just “round the corner”.

Layout is not critical, although
extension rods on the three controls
(variometer, reaction control and
panel trimmer) are advisable. In the
prototype the wavechange switch,
Sz, 1s operated by C; when at its
maximum position, as C, is not in
use on the medium waveband.

The 1963 . . .
Radio and
Electronic Gomponent Show

Ht 1963 RADIO AND ELECTRONIC
Component Show forcibly de-
monstrated the wisdom of two

decisions which have been made by
the R.E.C.M.F. The first of these is
to present the Exhibition at Olym-
pia and the second is Lo stage it every
two years instead of annually. The
change of venue has enabled the
Exhibition to be visited in comfort
without having to undergo the fan-
tastic crushes which occurred in the
past, whilst the two-year period
between shows allows a more ready
appraisal of development 1o be
achieved.

New Products

A number of new products were
to be seen, notable amongst these
being a range of variable tuning
capacitors introduced by Plessey.
In these capacitors small plastic
“pips” are inserted in both the rotor
and stator vanes to ensure correct
meshing and centring. As a result,
it is possible to provide reduced
spacing between vanes since the pips
obviate the risk of short circuits. A
further advantage is that the vanes,
being held more rigidly than in the
conventional assembly, are less sub-
ject to microphony. The Plessey
capacitors have two pips on each
rotor vane and three pips on each
stator vane.

Jackson Brothers (London) Ltd.
have introduced a reverse vernier
epicyclic ball drive, this being a dual
ratio version of their well-known
standard ball drive. The new com-
ponent was inspired by the need for
a small and simple drive for u.h.f.
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television tuners, and if ofters ratios
of 6 to 1 and 30 to 1. Jackson
Brothers have also introduced a new
miniature air dielectric trimmer,
which offers capacitance swings of 5,
8.5 and 11.5pF (according to type)
and which has the very small tem-
perature coefficient of 50 parts per
million per degree Centigrade.

A completely new semiconductor
device, the ‘*Quantrol”, was shown
by Electronic Machine Control Ltd.
The Quantrols on display resembled
metal-cased transistors and had a
body length of about 0.6in and a
diameter of about 0.25in. A Quan-
trol is a two terminal device and it
apparently incorporates a double
junction of lightly doped semicon-
ductor material. A typical applica-
tion was demonstrated 1o the writer,
and in this a Quantrol was connected
between a Variac transformer and a
resistive Joad. For a.c. voltages
below about 30, the Quantrol is
effectively an open circuit, and it has
a resistance of 10 to SOMQ. When
the a.c. potential exceeds 30 volts the
Quantrol suddenly becomes conduc-
tive, offering a resistance of 20 to
50Q2. Furthermore, it stays in this
state even when the a.c. potential is
reduced to zero volts. Provided that
the applied a.c. potential is not above
the triggering level around 30 volts,
the Quantrol may be switched to the
non-conductive state by applying a
d.c. pulse to it, a suitable pulse being
given by a battery or a charged cap-
acitor. The Quantrol then remains
in the non-conductive state until the
potential of the applied a.c. reaches
triggering level again.
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The fact that the Quantrol remains
in the state last assigned to it was
strikingly demonstrated to the writer.
A Quantrol was first of all switched
to the conducting condition and was
then completely removed from its
associated equipment and checked
by a standard ohmmeter which indi-
cated the low resistance state. The
device was then returned to the
equipment and pulsed to the non-
conducting state. It was again
removed, and this time the ohm-
meter indicated the high resistance
condition.

The applications for a device of
this nature are, of course, consider-
able, and one suggestion put up by
Electronic Machine Control Ltd. is
that it be employed for overvoltage
protection, wherein it could be trig-
gered on by an excessive a.c. voltage.
After the overvoltage had ceased, the
Quantrol could then be switched off
by applying a pulse. Although it
offers rather the same facilities as
the silicon controlled rectifier, the
Quantrol employs different operating
principles. 1t is, at present, still
under active development and maxi-
mum currents for the on condition
have been limited to around 100mA.

Teledictor Limited announced a
portable equipment for thawing
frozen water pipes. This consists
basically of a 2kVA transformer
offering outputs at 6, 9 and 13 volts.
When in use, a current of about 200
amps through the pipe should be
aimed for, and this can be monitored
by an ammeter in the primary side
of the transformer. Three versions
of the unit are at present in produc-
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tion, and the design of a fourth
model which takes advantage of the
technique is in progress. The fourth
model differs from the other three
in that it is intended to be installed
permanently. It may then be
switched on when frosts are forecast,
whereupon it protects the water
supply at much less cost than would
be needed for lagging.

Photoconductive Relay

Mullard Ltd. showed, amongst
other innovations, their new four-
element photoconductive relay type
RPY13. This is the equivalent of an
electro-mechanical relay with four
make contacts, but it has no moving
parts and it can operate in dusty or
corrosive atmospheres. It consists
of a filament lamp surrounded by
four cells of photoconductive cad-
mium sulphide, all these being sealed
in a glass envelope. When the lamp
is energised, the resistance of each
cadmium sulphide cell falls from
many megohms to a few ohms, giving
a condition analagous to the closing
of a relay contact. Since four cells
are used, the device is equivalent to
a conventional electro-magnetic relay
having four make contacts. The
RPY13 has a height of 49.2mm, a
diameter of 22.2mm, and a standard
B9A base.

Another item shown for the first
time by Mullard Ltd. was “Piez-

oxide”. This is a piezo-electric
ceramic which has advantages over
quartz and rochelle salts in that it
can be made in a number of different
compositions to offer a wide range
of piezo-electric properties, and that
it can be pressed in a variety of
shapes to give the most efficient
transfer of energy. A demonstration
showed a slab of Piezoxide firing a
conventional sparking plug when
subjected to pressure by a rotary
cam. In consequence, the material
could be employed to generate the
spark in a petrol engine and thereby
eliminate the magneto.

Connollys (Blackley) Ltd. are the

first to introduce into this country a

range of ultra-fine insulated copper
wires. These new wires have diam-
eters of 0.0009, 0.0008, 0.0007 and
0.0006in, and are insulated with the
standard “Conysol” enamel. “Cony-
sol” is a solder-through polyurethane
coating which is equivalent in all
other respects to standard synthetic
enamels. The tiny diameter of these
wires may be appreciated when it is
realised that 0.0008in corresponds to
52 s.w.g.

A convincing demonstration of the
capabilities of p.t.f.e. insulation was
staged by Wandleside Warren Wire
Co. Ltd. In this demonstration a
pair of p.t.f.e. covered wires was
subjected to a gas flame for three
minutes. Despite the intense heat

resulting, the p.t.fe. insulation did
not break down.

Television

U.H.F. tuner units attracted the
most interest, and typical models
were exhibited by A.B. Metal Pro-
ducts Ltd., Sidney S. Bird and Sons
Ltd., and Plessey. Judging by
exhibits, it would seem that u.h.f.
tuner design in this country is begin-
ning to stabilise at circuits built
around four tuned circuits, these
comprising aerial tuning, bandpass
tuning and oscillator tuning. All
tuned circuits employ lecher lines and
variable capacitors. At present,
u.h.f. tuners are based on the PC88
and PC86 frame grid triodes, but
considerable thought is being given
to the use of transistors instead of
these valves. Transistorised tuners
would still employ the basic four
tuned circuits, but it is anticipated
that they would offer improved noise
performances. One of the headaches
that afflict the u.h.f. tuner designer
is that the allocation of B.B.C.
channels in Bands 1V and V causes
two channels from each transmitter
to be spaced apart by a figure which
is close to twice the standard tele-
vision intermediate frequency. In
consequence, u.h.f. tuners for use in
this country have to offer a very high
image rejection, and this may need
to be as much as 55dB or more.

BERTHING BY TV

Trials have recently been carried out on the Borodino, 3,206 gross tons, owned by Ellerman’s Wilson Line, Limited,

to assess the help that closed-circuit television can give during berthing and un-berthing. The Borodino and other vessels
of the fleet sailing from Hull on the Scandinavian service make round trips of short duration involving calls at several
ports where any turn-round delay must be avoided. The round trip chosen for the Borodino trial, for instance, was of
ten days from Hull to Hull, calling at Copenhagen (36 hours), Aarhus, and Aalborg (12 hours).

The problem that faces the captain of the Borodino is that, from the wheelhouse, the stern view is partially obscured
by superstructure, and the progress of the after mooring party can be followed only from reports telephoned by the
second officer who must leave his post to do so.

Captain R. Tanton, O.B.E., marine superintendent of Ellerman’s Wilson Line, believed that C.C.T.V. could provide
the continuous observation required in the wheelhouse of the progress on the after mooring lines; and following dis-
cussions with The Marconi International Marine Co., Ltd., a system was installed on a trial basis.

On 26th April, the Borodina left Hull for Copenhagen equipped with a basic installation of one fixed aspect camera,
for mounting aft, and a monitor and camera controls in the wheelhouse. Because the camera would be required only
during the period when the vessel was coming alongside a quay or leaving, it was of the dismountable type: in consequence
no heavy-duty housing or other protection was required, which in return reduced weight, simplified rigging and unrigging,
and made a light-duty mounting possible. At sea the camera was stowed and on arrival was clamped to the after guard
rail (on the docking bridge) facing to port—the normal berthing side—although it could be clamped to view to starboard
with equal ease.

Captain Tanton and Captain A. T. Jardine, the master of the Borodino, were of the opinion that the use of the Marconi
Marine installation at the ports visited on this occasion was of considerable assistance, particularly in relating engine
movements to the working of mooring lines.
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EMI Tape Recorders for Aero Engine Tests

Residents living near large military and civil airfields frequently complain about the deafening roar of powerful
aircraft engines during running up, taking off and landing. Noise, its generation and suppression, is today the subject
of much research, for as more powerful aero engines are produced the noise abatement problem becomes more and
more acute. .

Even Rolis-Royce aero engineers have their noise problems and, to help solve these during installation stages,
professional tape recorders have been supplied by EMI Electronics Ltd. Using these tape recorders, a research programme
is in progress at the Rolls-Royce Flight Research and Development Establishment at Hucknall, near Nottingham.

Noise intensities are recorded on two-channel EMI TR90 professional tape recorders in a control room near the
test beds and subsequently played back for frequency spectrum analysis. Data obtained by positioning microphones at
varying distances and angles from the noise source enable a polar diagram of noise energy to be produced.

Without using tape recorders, Rolls-Royce engineers would find it both costly and unpractical to carry out analyses.
Engines would need to be run up for several hours and large quantities of expensive fuel used. But tape recordings
can be taken over a few minutes of engine running time,

Besides the more obvious advantages of speed, economy, and simplified procedures of recording noise levels on
magnetic tape, large masses of data can be stored and subsequently replayed for analysis, as often as necessary. During
most studies, rapid variations of noise levels occur and it is not possible to note accurately the fluctuations from meter
readings when using conventional testing methods.

Many types of analysis make it necessary to determine the sound pressure levels not only as a function of frequency
but also as a function of time. The only satisfactory method of examining transient noise is by first recording it on
magnetic tape.

It is equally important, when dealing with noise abatement problems, for analysis graphs to be interpreted to
indicate annoyance factors. As a result of these analyses, engine modifications can be made, to reduce noise levels.

Rolis-Royce will be able to make similar recordings for analysis of noise levels from aircraft in flight by using a
portable professional tape recorder also supplied by EMI Electronics.

A NEW-FPRACTICAL WAV
of YNDERSTANDING

RADIO - TELEVISION - ELECTRONICS

Including : Transistors; VHF/FM; Hi-Fi Equipment;
Computers; Servo-Mechs. Test Instruments ; Photo-
electrics; Nucleonics; etc.

Radiostructor—an organisation specialising in
electronic training systems—offers a new self-
instructional method using specially designed
equipment on a ‘‘do-it-yourself” basis. You
learn by building actual equipment with the
big kits of components which we send you.
You advance by simple steps, performing a
whole series of interesting and instructive
experiments—with no complicatcd mathe-
matics! Instructional manuals employ the
latest techniques for showing the full story
of electronics in a practical and interesting
way—in fact, you really have fun whilst

... Your Career ; ] '.i_. g
;02 . .. Your Own Business ] ‘“ﬂdrf#f:i‘{u:ﬁ{ﬂﬂl HED ;

. . An Absorbing Hobby

i

i ’ learning!
_______ -7
POST NOW |
To RADIOSTRUCTOR (Dept. G149), READING, BERKS. I
Please send brochure, without obligation, to: |
*Name . l
LEADS THE WORLD *Address e ) :
l” ELECTRUH ICS THA," 'HG (We do not employ representatives) ) *Blo:kCaps i’l:afi;—l
914 THE RADIO CONSTRUCTOR
b -
il it S i WWW americanradiohictory con me-ndli = (gt PSR T e
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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 transformers, Frame output
transformers, Deflector coils for most makes. Official sole suppliers
for many set makers. Same day despatch service. Terms C.0.D.
or C.W.0. Send S.A.E, for quotes. Day & Night telephone:
Gipsz):, Hill 6166. 126 Hamilton Road, West Norwcod, London,
S.E.27.

METALWORK. All types cabinets, chassis, racks, etc., to your
gpecifications.—Philpott’s Metalworks Ltd,, Chapman Street,
Loughborough.

SERVICE SHEETS (1930-1962) from ls. Catalogue 6,000 models,
18. 6d. S.A.E. enquiries.—Hamilton Radio, 13 Western Road,
St. Leonards, Sussex.

THE INCORPORATED PRACTITIONERS IN RADIO AND
ELECTRONICS (LP.R.E.) LTD. Membership conditions
booklet 1s. Sample copy of 1.P,R.E. Official Journal 2s. post free.
—Secretary, 32 Kidmore Road, Caversham, Reading, Berks.

ALL TYPES OF LINE OUTPUT TRANSFORMERS SUPPLIED
(RETAIL & TRADE). Finest service in the country. Send S.A.E.
for return of post service. Terms C.W.O. or C.0.D. Trade
enquiries invited.—D. & B. Television (Wimbledon) Ltd., 131
Kingston Road, Wimbiedon, London, S.W.19. Telephone:
CHErrywood 3955.

CATALOGUE No. 15. Government surplus electrical and radio
equipment. Hundreds of items at bargain prices for the experi-
menter and research engineer, 2s. 6d. post free. Catalogue cost
refunded on purchase of 50s.—Arthur Sallis Radio Control Ltd.,
93 North Road, Brighton.

FIND TV SET TROUBLES IN MINUTES from that great book
The Principles of TV Receiver Servicing, 10s. 6d., all book houses
and radio wholesalers. If not in stock, from Secretary, 1.P.R.E.,
32 Kidmore Road, Caversham, Reading, Berks.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free Services to
members including Q.S.L. Bureau. Amateur and Broadcast
Transtation. Technical and Identification Dept.—both Broadcast
and Fixed Stations, DX Certificates, contests and activities for
the SWL and transmitting members. Monthly magazine,
MONITOR, containing articles of general interest to Broadcast
and Amateur SWLs, Transmitter Section and League affairs, etc.
League supplies such as badges, headed notepaper and envelopes.
QSL cards, etc., are available at reasonable cost. Send for League
particulars. Membership including monthly magazine, etc., 21s.
per annum.—Secretary, ISWL, 12 Gladwell Road, London, N.8.

Continued on page 917
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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/-|7H7 5/9|DI5 13/6|EL95 6/3|SP4| 2/~ MIDGET
0B2 17/6|7Y4 5/-|D43 17/9{EL360 27/-1SP6I 2/-| SILICON
0Z4GT 4/3|8D2 2/6|DAF96 6/9|EL820 18/2|SU25 27/2| RECTI-

3 D4l 12, T4| 9/~ FIERS
1A7 9/6|9D2 3/-|DF66  15/-|EL822 19/6|TDD4 8/6| Mullard
1C5 7/-|10Ct  10/-|DF%6 6/6|EM4 17/9|TH41_  17/6| BYI100
1G6 6/-[10C2  13/-|DF97 7/6|EM71 22/8|TYB6F 13/-(Output 250
IHSGT 8/9]10D2 11/8|DH76 4/6|EM80  6/9|UI12/14 7/6|volt at
1L4 3/-110F1 10/ -|DK40 18/8(EM8! 8/-|ui6 10/-l]amp. Ni
ILDS 4/3[10LDI11 11/3|DK92  7/-|EM84  8/6|U18/20 6/6|larger than
ILNS  4/6[10P13  8/6|DK96  6/9|EM85  9/6|UI9 48/6|a shirt but-
INSGT 8/9|10P14 12/-|DL66 17/6[EN3I 71/-|U22 6/9|tonl

IRS 5/-|12A6 2/3|DL68  I5/-|EY5] 6/9|U24 15/6] 8/- each.
154 5/-(12AC6 13/5|DL96  6/9|EY83  12/6|U25 10/~ TRANSIS-
1S5 4/3;112AD6 15/2|DLSI0 10/6/EY86 6/3|U26 8/6| TORS &
1T4 2/9|12AE6 12/3|DM70  5/-|EZ40 5/9|U31 7/-| DIODES
1U4 7/-{12AH8 9/-|IDY86 _7/-|EZ4I 6/6|U33 26/2|GD3 5/6
U5 5/3[12AT6 5/-|ESOF  30/-|EZ80 4/9|U35 26/2|GD4 5/6
2D21 15/-{12BA6 6/6|EB3F  30/-|EZ8I 5/-|U37 23/3|GDS5 5/6
2X2 3/-|12BE6  5/-|EI80F Szlg GUS0 41/6|U45 I:;g GD6 3[6

/ 0

3A5 7| 1U7GT 7/6IEACSI 3/6]GZ32  7/6]
3B7 5/-|12K5 17/6|EAF42  7/6|GZ33 17/6|U76 5/6{GD16 4/

D6 4/-112K7GT 4/3|EB41 4/9|GZ34 11/6
3Q4 6/-112K8 9/-|EBI 3/-|HL2 7/6|UI91  11/-|GETI14 6/6
3Q5 7/3|12Q7GT 4/6|EBC4}  7/-|HN309 26/2(U281 12/6|GET873 9/3
3s4 4/9[12SA7  7/-|EBC8I1 7/-lHVR2 9/-jU282 14/9|GET874 9/6
3v4 6/-[12SC7  4/-|EBF80  7/-|HVR2A 9/-|U30! 12/-|GEX36 10/~
9/-|12SK7  3/6|EBF83 8/-|KT2 7/6|U329 9/6|GEX45/16/6
5T4 8/-{12SQ7 8/-|EBF8% 7/-|KT33C 4/-|U339 11/-|GEX64 I1/6
5U4G  4/6/19AQ5 7/9|EC70 12/6|KT36 32/4{U404 6/—|GEX66 15/~
5vV4G _ 7/6[19HI 6/6|[EC81 27/6|KT41 11/6/U8s0I 18/-|AFI02 27/6
SY3GT 5/3(20DF 13/5(EC92  11/8(KT44 5/9|U4020 [18/2|AFII4 11/~
5Z3 0F2 3|ECC32  4/-|KT6| 8/6|UABCB0 6/-|AFI IS 10/6
5Z4G  7/-|20L} 12/6|ECC3423/1 1| KT63 4/~|UAF42 8/-|AFil6 10/~
8 2 J6(ECC35 5/9|KT66 13/6/UB41 12/-|AFII7 9/6
6AGS5  2/9[20P3  12/6/ECC40 8/-|KT88 28/6|UBC4l 7/-|AFII8 20/-
6AKS5  5/-|20P4  I5/-|ECC8I 4/6{KTI0!1 29/1|UBC8I T7/6|AFI27 12/~
6AQ5 6/-[20P5  I5/-JECC82 4/6{KTZ4l 6/-|UBF80 7/~[MATIQ0 7/9
6AT6  5/-|25A6G  7/6|ECC83 4/9|L63 3/-|UBF89 7/3|MATIOI B/6
6AU6  6/-|25L6GT 7/-[ECC84 6/6/LP2 9/6)UCC85 6/9|MATI20 7/9
6B8 2/6(25Z4G  7/-|[ECC85 7/3|MHL4 7/6/UCF80 10/6/MATI2I 8/6
6BA6  5/-|25Z5 8/—|ECC88 [1/6{M. UCH42" 8/- 6/
6BES 5/3127sU  23/3(ECF80 8/3|MUI4 5/6|UCHS8I 7/3|OAI0 8/-

We require for prompt cash settlement all types of valves, loose or boxed,
but must be new. Send list of types available for offer by return.

6BH6  6/-28D7 7/-|ECF82 8/-|N37 23/3]UCL82 9/-IOA70 3/~
6BJ6 5/9|30C1 6/6]ECF86 19/5|N78  26/2|UCL83 10/6/OA73 3/~
6BQ7A 7/6|30C15 10/—|ECH35 7/-[Ni08 26/2|UF4} 6/9|0A79 3/~
6BR7 8/6|30F5 6/—{ECH42 8/-|N308 12/6|UF42 5/6|OA8 3/~
6BR8 9/3[30FLI  9/6|ECHS8I 6/6|N33%9 15/~|UF80 7/-|OA8 3/~
6BWS6  9/-[30FLI2 12/6|ECHB83 8/-|PC95 13/-|UF85 7/-| QA8 4/-
6BW7  5/-[30LI 6/3|ECHB84 14/7|PC97 —{U 3/-
6C5 4/-|30L15 10/3|ECL80 6/3|PCC84 6/3|UF89 6/3|OAY: 3/6
6C9 11/-|30P4  12/6{ECL82 8/—
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PCC85 7/9|UL4i 7/6|OA210 9/6
6CD6G 32/-[30P12  7/6(ECL83 10/-|PCC88 11/9|UL44 23/3]0A21I 13/6
6CH6  5/-[30P19 12/6|ECL8S 9/-|PCC89 7/9|UL46  9/-|OCI6W 35/
6D6 3/-|30 F22 7/-|PCCI8913/6|ULB4  6/3]0OCI9 125/-

. —[30PLI 10/-]|E
GES 6/-[30PLI3 29/: EF36 3/3|PCF80 6/6|UM4  15/-|OC22 23/~

6F| 9/6]3 EF37A  6/9|PCF82 6/6|UM34 16/1010C26 25/-
6F6G 4/-|35L6GT 7/6|EF39 4/-|PCF84 14/7|UM8B0  9/6|OC35 18/—
6F13 6/6|35W4  6/-|EF40  10/-|PCF86 B8/3|URIC 16/4|0OC36 121/6

6F23 9/6|35Z3 16/4|EF41 7/6|PCL82  7/-|UU6  L11/9|0OC4 9/-
6F24  11/6(35Z4GT 5/-|EF42 6/6|PCLB3 8/9(UU8S  13/3|OC43 12/6
6F33 3/6|35Z5GT 6/6 EFSOEA) 2/6{PCL84 5/6|UU9 5/6|0C44 9/3
615G 3/-|50C5 7/-|EF50(E) 1/6 PgLSS 9/-|UYIN 10/9| OC:4PM:P

6J6 3/-|50L6GT 7/-|EF73 L86 10/-|UY2l 16/2/OC -
6J7G 4/9|52KU  14/4|EF80 4/3|PCL88 19/3|UY4I 5/6|OC45PM9/—
6K7G 1/9[53KU  17/6|EF85 5/—|PEN46 4/6|UY85 5/6/0C65 22/6
6K8G  4/6|72 6/6|EF86 6/9|PL33 16/11(VMS4B 12/6|OC66 25/-
6K25 13/6/80 5/6|EF89 5/9|PL36 9/—|VP4 15/-|OC70  6/6
6LI 9/6/83 15/-1EF91 3/6|PL38  23/3;VP4B  22/8/0C7] 6/6
6L6G /6|85A2  12/-|EF92 PL8I 8/-IVPI3C 7/-[OCT /

6, 3/ 8/~
6L7GT 4/6/90AG 67/6|EF97  11/8|PL82 6/-|VP23 2/6|OC73 16/~
6LI8 7/6|90AV  67/6|EF98 I;;B PL83 6/- ¥R|05 5/6| 8C75 8/-

6N7 5/-190 8 L84 7/

6P28  11/6/90CY 42/-|EFi84 9/-|PL820 16/4|W76 4/910C77  12/-
6Q7G  5/-[90CI  16/-|EK32 6/—|PM84  9/6|W8BIM 6/-10C78 8/-
6R7G  6/-[150B2 16/6[EL32 3/6|PX4 10/-|X61 10/-j0C81  8/-

9]150C2 5/

6SN7  4/6/185BT 34/II|EL34  10/-|PY32 9/6| X66 7/6|0C83 6/~

807 6/—|EL37  21/7|PY33 10/6|X76M 11/-1OC84 8/6
6USG  5/-|5763 7/6|EL38  12/6{PY80 6/-|X78 26/2(OC140 19/~
6V6G  4/-|AC6PEN 5/-|EL4I 7/6{PY8I| 6/-|X79 40/9|0
6V6GT 6/-tAZ3I 7/-|EL42 9/-|PY82 3/6|XD(1.5) 6/6|OCI71 10/6
6X4 4/3|AZ41 12/3[EL8I 8/9|PY83 6/6|XFY23  6/6|QCP7! 17/6
6X5 5/6|EL83 7/6/PY88 9/—|XFY5! 17/6/TS2 12/6
6/30L2 9/-|BL63 10/6[EL84 5/6|PZ30 17/6/XFY54 18/-|TS3 15/~
787 7/6|CL33  12/-1EL85 9/9|R16 23/3|XH(1.5) 6/6|XAI102 19/6
7C5 -|CY] 18/2]EL86 7/9|R18 14/-{Y63 3/-| XAI03 15/-
7Cé 7/61CY31 6/9|EL9I 2/6IR19 7/-1266 8/6IXA104 18/—

All goods new and first grade only. Please note that we do not sell second-
hand goods, manufacturers’ rejects or seconds (often described as "new and
tested””), nor items from dismantled equipment. Complete catalogue of over
1,000 valves, also resistors, condensers, metal rectifiers, microphones,
loudspeakers, transformers of all types, etc.,, and other components 6d.

Terms of business: Cash with order or C.O.D. only. Post 6d. per item.
Orders over £3 post free, C.0.D. 3/6 extra. All orders despatched same
day. C.0.D. orders by telephone accepted for immediate despatch until
3.30 p.m. Any parcel insured against damage in transit for 6d. extra. Wej

X
bl

are open for personal shoppers 8,30-5.30. Sats. 8-l p.m.
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Eighth Revised Edition — NOW AVAILABLE

The
Radio Amateur
Operator’s
Handbook

COMPILED BY THE STAFF or THE RADIO CONSTRUCTOR

v corraBoration wite The International Short Wave League

oo —

WWY TRANSMISSIONS A 1

In the eighth edition of this well established handbook, several new features have been included in addition to
the complete revision of the Amateur Prefix lists—these containing the latest issued information.

Essential to both the Transmitter and the Listener, it is full of such information as Radio Zone Boundaries—
1/40, Call Areas, Amateur Band Frequency Allocations, Local Time Conversions, Mileage Table, Amateur Codes
and Abbreviations, the Amateur Licence, International Morse Code, QSL Bureaux of the World, Standard Frequency
Transmissions, Operating Technique, Charts on which countries, states, zones and counties worked or heard
can be recorded, 2 QSL record, Prefix/Directional Bearing List, 2 Metre and 70 cm. Band Plan with map, Frequency/
Woavelength Conversion Chart, Amateur Radio News Broadcasts, National Societies with addresses and Call Area
Maps of Australia, U.S.S.R., South America, Canada, U.S.A. and Weather Forecast Areas, etc., etc.

To Data Publications Ltd., 57 Maida Vale, London, W.9

Please supply.....mmnn. copy(ies) of your latest publication “THE RADIO AMATEUR OPERATOR'S
HANDBOOK™ DATA BOOK No. 6 at 4s. éd. each, postage 4d.

NAME
ADDRESS
BLOCK LETTERS PLEASE
916 THE RADIO CONSTRUCTOR

www americanradiohietory com



SMALL ADVERTISEMENTS J AC KSON

continued from page 915 the big name in PRECISION components

Precision built radio components are an
important contribution to the radio and
communications industry. Be sure of the best
and buy Jackson Precision Built Components.

TRADE-—continued

THE INTERNATIONAL HAM HOP CLUB is a non-profit-making
organisation open to RADIO AMATEURS AND SHORT WAVE LISTENERS. S L 1 6
Opiect: To improve international relationships ﬂ}rough an
organised system of hospitality. MEMBERS offer overnight hospi-
tality to visiting members, subscription 10s. per annum, ASSOCIATE DR'VE
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 A general purpose
journal is free to both Full and Associate Members.—Hon. Gen. X3 BUSRE
Secretary: G. A. Partridge, G3CED, 17 Ethel Road, Broadstairs, slide rule Drive
Kent. for F.M./V.H.F.
Units, short-wave converters, etc. Printed in two
colours on aluminium, with a 0-100 scale and provision
CASES, CHASSIS, PANELS, CABINETS, Tubular Frames, etc. is made for individual calibrations. Complete with
Quotations by return. Unpainted or stove enamelled, any finish. bronze escutcheon and glass.

“One off” with pleasure. Engraved Traffolite labels. Quality 4
assured..—Moss Watson, 40 Mount Pleasant Street, Oldham,

Lancs. JACKSON BROS. (LONDON) LTD. ;

Dept. R.S., Kingsway-Waddon, Croydon, Surrey
Telephone Croydon 2754-5
Telegrams Walfilco, Souphone, London .

HIGH STAB. RESISTORS. Preferred values, large range, 1%
3s. doz, 5% 2s. 5d. doz, stock list Is. No order less than 10s.—
F. Walker, 152 Gammeons Lane, Watford, Herts.

FOR SALE. Mullard Transistors, brand new. OC71, OC72, OC44,
0C45, OC170 4s, each. OC42 transistors 2s. 6d. each, Post paid.—
.;. Robinson, Radio & TV, 4 Highcliffe Road, Blackley, Manchester O R

PRIGE LISTS & INFORMATION ON

FOR SALE. 160 metre table-top transmitter, 10 watt, phone and Var/ous D I

¢.w., in polished oak cabinet, 15} x 84in deep x 8in high. Separate es gns In
power supply, 250V 50 c¢/s input. Aerial change-over relay
included in Tx, as well as power relays in power supply. A very

neat table-top unit, £20 o.n.o.—Box No. F171, Pr.actical Radio Wireless R-S-G-B.
Wireless | Constructor{ World |Bulletin

FOR SALE. Components for Douglas electronic organ. Alloy
framework £4, coils £6, full size plans £1, handbook 10s.—Brown,
64 Stirling Road, Melton Mowbray, Leicestershire.

SEND 6d POSTAGE FOR

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. FI175.

GIRGUITS

CLEARING OUT ... Junk boxes including over 90 valves, over 300
components, including radio, 4 speakers, transistors, transistor
amplitier, pots, parts 2 TV sets, key and Yaxley switches, dozen
transformers, electrolytics, HRO power unit, etc. £8. RI07,
tuning meter, leads, phones, handbook, plus tropical wavemeter
“D” (mains operated), handbook, phone, etc. £20 the station. Or
£25 the lot. Buyer collects.—19 Elmsway, Bramhail, Cheshire.

418 BRIGHTON ROAD
M R LT S. CROYDON SURREY

Telephone CRO 5148

Continued on page 919
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“THE CONSTRUCTOR’S PARADISE”

BEAR HUDSON LTD

63 GOLDHAWK ROAD, SHEPHERD’S BUSH, LONDON W.12

{Next to Goldhawk Road Metropolitan Station)
OPEN ALL DAY SATURDAY

Phone SHE 2581/4794 * BULK

COMPONENTS - HI-FI

* 24-HOUR MAIL ORDER SERVICE with all goods guaranteed,
* FREE POSTAGE on orders over 20/-; add 1/- postage if under.
* HI-FI INSTANT COMPARISON ARRANGEMENTS.

* COMPREHENSIVE TECHNICAL SERVICE for Customers.

PURCHASING DEPT,
facilities mean LOWEST PRICES

BOOKS - SERVICE

and own manufacturing

THE FANTASTIC
SINCLAIR “SLIMLINE”

VEST-POCKET RECEIVER

* MAT
TRANSISTORS
* AMAZING
* RANGE AND
QUALITY
* 23" x 13" x §”
* SUPER
SENSITIVE
This fantastic receiver,
using latest Micro-Alloy
All parts (ex- Transistors, brings in
cept bat)) come  countless stations {med.
to wave) with truly superb
quality and sensitivity,

49/6 Absolutely self-contained
with  printed  circuit
board and all parts for

POST FREE easy building. With

speciol earpiece.

WE STOCK THE COMPLETE RANGE!

BERNARD’S RADIO BOOKS

Covering almost every possible subject on radio,
hi-fi, electronics for the constructor at every level of
experience. Latest subjects include:

146 Hi-fi Speaker 173 Practical Tran-
Enclosures ...... 5/- sistor Audio

m, T Amplifiers ... 3/6
MEELA L 175 Transistor Test

perhet receivers 7/6

163 Radio, TV and

Eqpmnt & Ser-
vicing Manual... 3/6

Electronics Data 177 Modern Tran-
Book ... 3/6 sistor  Circuits
163/7/8 Transistor for Beginners... 7/6
Circuits  Man- 179 Transistor Cnr-
uals, Nos. 2,3 & cuits Manual No.

each 2/6 5wt e i 5/~

Send 6d. for FREE 1963 Comprehenswe Radio Books

M.A.T. mMicro-ALLOY
GOLD-PLATED TRANSISTORS

Phenomenal Performance

A revolutionary advance in transis-

tor technique and performance. Will MAT 7/9
operate up to 150 Mc/s with current 100

gains of better than 250. With a

single *MAT", stage gains as high as MAT 7/9
1,000 times are possible. Absolute 120

minimal voltage and current collec-

tor requirements; ultra low-noise, MAT 8/6
gold-plated leads. FULL DATA 101

SHEETS, FREE. Also *‘22 Tested Cir-

cuits using MATS" covering S. MAT 8/6
Hi-fi, Personal and TV apphcotmns 121

(size 104" x 74") 5/- post free.

WHY BE WITHOUT YOUR OWN

TEST METER?

We offer an excellent range of meters for all
Constructor requirements.

S.A E. brings list.

VILCO POCKET RECEIVER
SPECIAL LIMITED OFFER

Complete Loudspeaker Tran-

sistor Receiver plus battery, 63 -

carrying case, extending rod

aerial and earpiece. £7 value

while stocks last, complete. Post Free

Catalogue. Over 70 titles (24 pages).

SET OF SiX HIGH

MULLARD

TRANSISTORS T-S.L. STABILITY

F8°ég4b5/“;‘ X:ng:; RESISTORS AND
I Dsaeever3376| CAPACITORS

a7 peveere32/6
Wide range of compo-
nents always in stock,
standard, miniature and
S.A.E. for lists.

AT THE PRICE

TAP YOU WANT

Vost stocks available, all | sub-min.

T.S.L.

Constant Velocity
Equaliser

This remarkable new

S.L. development
enables quality almost
as good as the finest
professional magnetic
pick-ups to be ob-
tained from crystal or ceramic types. With it, even
cheap record players become first-class instruments,

With good equipment results are
30/-

astonishing. ldeal for B.S.R,, Collaro,
POST FREE

True hi-fi from crystal
pick-ups. )

Garrard and Acos. With plugs for
mono or stereo. 3 years' guarantee.
Ready for use.

bronded oand money saving.
S.A.E. for list.

Agents for JASON, LEAK, LORENZ, QUAD, RADFORD, TSL, WHARFEDALE, W.B., etc

SCGOTTISH

38 EASTCHEAP -

INSURANGE GCORPORATION,
LONDON -

Established 1877

LTD
EC3

THE SHEDDING OF A LOAD

NAME (Block Letters)
OCCUPATION .
ADDRESS (Block Letters)

An ACCIDENT can cause serious financial embarrassment.
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 BENEHT of £10 PER WEEK the premium varies between £2 10s. 0d. 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.

Could you meet your commitments on

/B
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SMALL ADVERTISEMENTS

continued from page 917

PRIVATE—continued

FOR SALE. Ricoh “16” miniature camera, good supply film and
film cassettes. £8.—Box No. F177,

WANTED. Newnes Radio and Television Servicing for the period up
to 1956.—Ridgway, 72 Nailcote Avenue, Tile Hill, Nr, Coventry,
Warwickshire,

TWO-METRE enthusiasts attention! QQVO03-20A valves at £1 each
plus postage.—Box No. F178.

FOR SALE. Goodmans Sherwood enclosure as new with Axiom 300
and Trebax pressure tweeter, crossover network and A.C.R.U. £15,
Lustraphone moving coil microphone with desk stand £2 10s.—
Murphy, 38 Norville Road, Broadgreen, Liverpool 14.

FOR SALE. 9-waveband Weymouth coil pack, circuit with 4 valves,
condenser, i.f.’s and chassis £7. Garrard auto-change RC 80 with
stereo head £5 10s. Receiver R1392D with official manual, needs
aligning, £5 10. Plus carriage.—D. F. Buckby, London Apprentice,
Post Office, St. Austell, Cornwall.

FOR SALE. Ten volumes Newnes Radio and Television Servicing.
Good condition. £11 o.n.o. Post paid.—Young, 21 Orangefield
Gardens, Belfast 5.

FOR SALE. Mullard M.X.124 Geigertube (400V), virtually new,
cost £10, Will take £7 10s. o.n.0.—D. G. Malham, 19 Romanby
Road, Northallerton, Yorkshire.

SITUATIONS VACANT

PUBLIC SCHOOL LEAVER REQUIRED as an electronic and/or
electro-mechanical trainee to assist in the design and construction
of industrial controls for use in the manufacture of glass fibre
products. Starting salary £624. Write giving details of education
and interests to Fibrelite Industries, Trafford Hall, Chester.

FOR

ELEGTRONIG

COMPONENTS
PAD 4455

SAVE TIME — SAVE MONEY
TELE-RADIO (1943) LTD

@ First for availability @ First for prices
@ First for speedy delivery

Huge stocks of Belling-Lee, Buigin, Painton, Welwyn, Erie
and other famous component manufacturers. Switches
to order—Mullard Switches—metal cases from 4" x 4”
x 24" to 19” x 11” x 10” and our famous READIPACKS.

WRITE TODAY FOR FREE LISTS
Dept. R.C.

TELE-RADIO

(1943) LTD
189 EDGWARE ROAD
LONDON W2

LISTEN TO THE WORLD on TELSTAR

Receives speech and music from all over the
world. Price includes valve and one coil cov-
ering 40-100 mecres. 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.C.S. PRODUCTS (Radio) Ltd., 11 Oliver Road, London, E.17

our 1-VALVE SHORT WAVE RADIO |

PANEL-SIGNS

TRANSFERS
For a really professional finish

Set No. 1: Receivers and Amplifiers

Five sheets 84" x 5%” containing control
panels, etc. 3s. 6d. postage 3d.
Set No. 2: Test Equipment

Five sheets 81" x 5%” containing control
panels, etc. 3s. 6d. postage 3d.
Set No. 3: Wording

Wording for Receivers, Amplifiers, Trans-
mitters, Test Equipment and other Radio
Apparatus. Six sheets, over 1,000 words and
symbols. White. 3s. 6d. postage 3d.

Set No. 4: Wording
As set No. 3, but in black. 3s. 6d. postage 3d.

DATA PUBLIGATIONS LTD

57 MAIDA VALE - LONDON W9

JuLy 1963
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CHASSIS

and

CASES by

|287/9 Edgware Road
London W2

TELEPHONE
PADdington 5891/7595

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 357, depth 4~ )

Specials dealt with promptly.

SEND FOR ILLUSTRATED LEAFLETS

CASES o
ALUMINIUM, SILVER HAMMERED FINISH 4
Type Size Price Type Size Price

U 4x4x4”* 9/6 Y 8x6x6” 25/~
U 5ix44x44” 14/6 Y 12x7x7” 39/
U Bx6x6” 20/- Y 13x7x9”  44/-
U 15x9x9” 42/6 Y 15x9x7"  46/-
W 8x6x6” 19/6 Z 17x10x9” 63/-
W12x7x7”  32/6 Z 19x10x84" 67/6 |8
W15x9x8” 42/ * Height

Type Z has removable back and front panels.
Type U all-screwed construction.

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/~ 176sq.in. B/- 304 sq.in. 12/-
80sq.in. 5/~ 208sq.in. 9/- 336sq.in. 13-
112sq.in. /- 240sq.in. 10/~ 368sq.in. 14/-
144 sq.in. T/- 272sq.in. 14/~ 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 (}” or #"), 6d. per bend.
STRENGTHENED CORNERS, 1/~ each corner.
PANELS
Any size up to 3ft at 4/6 5q. ft. 18 s.w.g. (16 s.w.g. 5/3).

Plus postage and packing.

The thrills of VHF can now ke yours for only 39/6d,
complete kit! Tunable 150-100 Mc/s, simplified con-
struction, write today for leaflet. Also, if a newcomer to
Amateur Radio, ask for free copy of the world famous
“Globe-King” kits and receivers, stamp please to cover
postage:

Johnsons (Radio) St. Martin’s Gate Worcester

NYLON P.T.F.E.
ROD BAR SHEET TUBE STRIP WIRE
o quantity too small List on application

BRASS 'COPPER’ BRONZE ALUMINIUM "LIGHT ALLOYS
H. ROLLET & CO LTD

6 CHESHAM PLACE, LONDON, Sw1 BELgravia 4300
Also at Liverpool, Birmingham, Manchester, Leeds

G2ACC offers you...

® A 56 page illustrated catalogue No. 12
Your buying guide for short wave, broadcast
and transmitting components. 9d. post free
(refundable on first order). U.K. and H.M.
Forces anywhere.

SOUTHERN RADIO AND ELECTRICAL SUPPLIES

SORAD WORKS REDLYNCH SALISBURY WILTS Telephone Downton 207

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

J. T. FILMER easirons’kens

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 SWi1

4/- per } pint can which includes application
instructions, postage and packing

DARTFORD KENT
Telephone Dartford 24057
46 LOWFIELD ROAD
E’ R‘ NICHOLLS SHAW HEATH STOCKPORT
BUMPER PARCEL
100 Assorted Resistors 1 Small Chassis containing
50 Assorted Condensers 60 components

1 5in 3 ohm Elac Speaker
1 Isolating Transformer 2 Westeftors
2 Thermistors

4 Terminal Blocks.
2 Rotary Toggle Switches 100 Cartridge Fuses
ALL FOR 20/, Post free in U.K.
20ft Steel Telescopic Mast, 56/- High Stab Resistors 6d. ea.
List now ready for Paper Block Condensers, Valves,
Oscillators, Test Sets. S.A.E. please.
Mail Order to

33/35 CARRINGTON FIELD STREET STOCKPORT CHESHIRE

THE RADIO CONSTRUCTOR
BOUND VOLUMES

Where all issues of a volume
are returned for exchange

Vols. 13-14  12s. &d. post 2/3
Vol. 15 14s. 6d. post 2/9

Attractively bound in blue cloth, with gold-blocked spine

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9

Volume 13, August ’59 to July ’60  £1.5.0 postage 2/3
Volume 14, August *60 to July ’61  £1.5.0 postage 2/3
Volume 15, August *61 to July ’62  £1.9.0 postage 2/9

920 THE RADIO CONSTRUCTOR
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[ D i S S g R A A T P S & e oy ]

% TRANSISTORS %
DIODES

ZENERS
RECTIFIERS

EQUIPMENT, COMPONENTS AND INFORMATION IN OUR LATEST 54-page CATALOGUE.

TUBES COMPONENTS

% VALVES % QUARTZ CRYSTALS

% THESE ARE OUR %
SPECIALITIES

1/6 Post Free

MODEL TP5S
A.C./D.C. vol-
tageupto 1,000
in 5 ranges.
D.C. current 4
ranges up to
500mA. 4range
resistancetoi0
1 megs. Capacity -
Y dB scales, etc.
20,000 .—
ohms/volt 45/
Go Frl;Irlnteed 1,000 ohms per volt £
{ °1 Model PT34 75/_
£5' 9'6 0/10/50/250/500/1,000  volts
With Test A.C./D.C. 0/1/100/500 mA 2,000 ohms per volt
Leads, Battery | D.C. Resistance 0/100kQ 30,0000hms per £8 196 Model THL33
and Instructions. Size 53" x 33”7 x 13" Ideal pocket sizes multi- volt. Model 500 L . 0/10/50/250/500/1,.000  volcs
tester for all radio and 8 Ranges D.C. volts to 1kV. D.C
DETAILS ON REQUEST domestic work. 7 Ranges A.C. volts to 1kV. 0/10/50/250/500/1,000  volts
% MODEL EP50K Size 3% x 23" x 11" with S Ranges D.C. current to 12 AC '
50,000 ohms per volt £9.19.6 battery, leads and instruc- amps. . 0500 AM0/250mA D.C
vr MODEL EP30K tions. 3 Range resistance to 60 meg. /50011A/10/250m L.
30.000Eoll-vms per Bc(l):)éé.l?.b I Short circuit  buzz test. Resistance 0/10k/100k/1 Meg
% MOD 1T1-2 2 ohms per volt. Qutput meter dB, etc., etc. Capacity and dB ranges, etc.
5 gns. :r:'te:‘d"efgi F;‘";S“;:'s' Size 64" x 44" x 24”. With | Size 57 x 34" x 14" with
» EPIOK 10,000 ohms per volt. 65/- Full Service Fa:ilities' Leads, Batteries and Instruc- Batteries. Test Leads and
’ J CABY M1 2,000 ohms per volt. 54/-. N tions. Instructions.
15, Personal Earphones: 600 ohm, 10/6; 32, Stereo Amplifier, 2 watts each chan-
A SELECTION FROM OUR 1,000 ohm, 12/6. Crystal, 8/6, 8/10 nel. Brand new. 79/6. P.P. 2/-.
STOCKS ohm, 9/6. Fitted leads, jack plugs 33. Transistor All Wave Signal Generator.
Full Details in our Latest lllustra- and sockets. . 165 kcfs to 350 Mc/s in 7 Bands.
ted Catalogue, 1/6 Post Free 16. Esauery Reczrt;lPlayelrs. Slmgle 52;/e: Variable output: CW, RF, mod RF.
r.p.m. —73 volt player . £7.10.0. P.P. 2/6. Leaflet on request.
1. 2,000 ohm Headphones 12/6 TWOI SIPeed- 33 and 45 r.p.m. New improved model.
4,000 ohm Headphones 14/- 9|V° t player 92/6. Four-speed 9 volt 34. Type 38 Transmitter/Receiver. 5-
Stereo Phones 2x 8 ohm ... 27/6 e _'?_‘Yef 5 gn;- by Al ious! valve, 7.4-9 Mc/s, 22/6, P.P. 2/6 (sold
2. Make your own printed circuits. Full o gan5|§tcg ;5‘/10‘;”‘;-;5 ;revnouls Y without guarantee).
details with 3 boards 6” x 37, etc. 19/6 R e D e 35. Valve Voltmeter, AC/DC/Resistance,
3. Crystal Microphones (P.P. 1/6 any type) 18. 4-Tr:nsistor 2_5\/3‘/ |I:\[PI:COI:T|’ £'7'1° 0. etc., £9.19.6, P.P. 5/-.
ﬁios 3!9) ‘DS:LC‘;dlr::'grcl?:::e 25; 2-Transistor 2-way Intercom, 89'/6.. ’ 36. STC F15 Thermistors, §/-; R33. 15/-.
ot e - 19. SRP10 Mains 4-speed Garrard single 37. ORP12 L DR Cell, 12/6; ORP60 Cell,
e G 1 Dlayer £5.7.6 9/6; OCPT1 Photo trans., 27/6.
ME;A/ S:ir;k Mlii:-g';hg:: 25;_ 20, 2’1ini|atu;e 3-Press Button Switches, 38. Halfd Track Record/Playback Tape
100C Stick with Stand ... 39/6 Y T—po e, 2-way anii ol:\/off, 5/-, P.P. 9d. Heads, 2kQ lmpedanc.e. 15/-.
BM3 Stick with Stand ... 52/6 - lransistor §|gna |n)eCl°!’- 42/6, For 39. Personal Earphones with Jack Plug
Lapel/Hand Magnetic ... 12/6 o circuit ;esung and checking. and Socket. 8/10 ohm, 6/6: 600 ohm,
4. Transistor Megaphone £12. 10.0. 3 g 15 ohm double cone Hi-Fi Speaker, 9/6; 1,000 ohm, 10/6; Crystal, 6/6.
5. 250mW 4-Transistor Amplifier, builc s:{aba'kerscs(::?cpklzée range of Hi-Fi 40, 6” x 7” Printed Circuit Panels for
ready to use . 47/6 P.P. 1/6 . etching, 4/-, post free.
6. Complete Test Lead Kits . 23. 12-way, Selector Tube, GS12C (CV 41. Recording Tape: 57 600ft, 12/6;
7. Miniature Vernier Dial 8:1, Feduction 40), 25/~ each. . 5% 900ft, 15/—; 7" 1,200fc, 18/6; 77
marked 0/100 for 4” spindles, 14 diam., 24. 8;’;5‘; anFébl;fSOOP;d;;;é SRR 1,800ft, 25/—. Excellent quality.
12/6; 2 diam., 14/=; 37 diam., 16/~ 25. 6-Transistor speake'r supe:het.Pocket 42. DC to AC Converter. Converts 12
8. 931A Photomuluplier Brand new Radio ready to use. Complete with volts DC, i.e. car battery, to 230
with base . 5 5 60/ leather case, phone, etc., 99/6 vo.lrt‘sg zl(:;c:p? to 15 watts. _Ideal for
AC RECHARGEABLE P.P. 2/-. Fully guaranteed. st SIS L P LI G IR L
DESC BATTI'-'ERII‘EGS De Luxe version, 5 gns. P.P.2/-. 9‘;‘1;’/‘6"5'5“' complete kit, 57/6,
(a) 18 volt 100mA/H 47 x 17 diameter, 26. 8 watt de luxe Stereo Amplifier. m C' l'l o Mai e B
Brand new, sleeved, 30/-. Mono/stereo inputs full controls. . LCollar ains  Iwin rac ape
(b) As above but 150mA/H, 35/-. Gold hammer finish. £9.10.0 P.P 3/6. Decks, Brand new, 10 gns, P.P. 3/6.
Both types easily split into any multiple Leaflet on request. Also 15 watt and 44. Garrard Autoslim 4-speed auto-
of 1.2 volt. Brand new. 30 watt. changers. Plug-in head type complete z
27. Sub-miniature Jack Plug and Socket, with head, £7.10.0. P.P. 3/6.
9. CV2886 (M2H) Liquid Sampling Geiger 2/6. Sub-miniature Screened Plug, 2/—
Tube, 370 volts., 22/6, P.P. 1/-. 28. gtandari JJa(:kkPIPlugiMZ/é. Standard % SU.BSTIJUTIPON.dBongS dard
10. A Mini Mai Solderi creened Jack Plug, 3/6. apacitor Box. Provides 9 standar
Irg:fxﬁ” Il?['_a_uzj;f‘_ P.;"n:/_. SAts 29. New Telephone Amplifier in moulded valves from 0.001uF to 0.22uF at :
Pocket Iron with Pouch, 30 watt, cabinets, 79]6. 600'vo|t working, 2?/6. '
220/250 volt, 18/6. 30. Tuning ln'dl'cator and Battery Level * Relsnstor 1Box. Provides 24 standard \
Solon 15 watt, % bit, 22/6, P.P. 1/-. I"‘Ieter;j Miniature Meter {400uLA) for ;a l;es at 1 watt. 15 ohms to 10 meg.,
11. Pocket Radio Booster Unit, for any Recorders, Transmitters, etc., 24/6. 7/6. . _
radio. Improves output and gquality. 31, Crystal Microphone Inserts: 2%, 10/6. Each box fully calibrated with |nsuh}ed
Size 947 x 34" diam., 27/6, P.P. 1/-. 137, 7/6; 3", 3/6; Acos 39-1, 15/, leads. Invaluable for service and design.
Size 87 x 24" diam., 25/, P.P. 1/~. FIELD
Ideal for using pocket radios in car. ’ STRENGTH METER
12. 125mW 9 vlolf Eub -min, 3 Transistor HENRY s RADIO LTD ‘Measu‘rer: /[r:ns;&;[ﬁ /qrrlser 'V:BI::; i
Amplifier, 27 x 17 x 17, 39/6. PADdington 1008/9 f:ﬂr;adiusiasblfranges céc;:tai:‘sN;O%uA 13
13. Telephone Coil for any ampIAlﬁAer or 303 EDGWARE RD.,, LONDON W2 meter for carrier level and earphane [
Recorder, 12/6, or fitted Miniature N § dulati Reaui
Jack Plug, 14/-. Open Monday to Sat. 9-6, Thurs. 1 o'clock or modulation. Requires no connee-
14. Crystal ~ Contact Microphone for tion to transmitter., Self-contained,
e e, [PLEASE TURN TO BACK PAGE| ready for use, 69/6, post free.
.'“m L el o o ol o g m'"“"‘d"""r-"m"-

Published in Great Britain by the Proptietors and Publishers Data Publications Led. 57 Maida Vale
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SPECIAL REDUCTION

NEW LOW TOTAL PRICE

"HENRY’S RADIO LTD

303 EDGWARE ROAD LONDON W2
PADdington 1008/9 .

“CAPRI” POCKET-6

6-TRANSISTOR SUPERHET

Size only
|”x2%ﬂx1 I

REALLY
POCKET
SIZE!
The most
compact 6-
transistor and
diode radio
with speaker
available tothe
Features the latest in

home constructor.
miniature components and circuitry. Sup-
plied with Mullard transistors and two-tone
moulded cabinets in red/white or bluef
white with gold fittings. All components
are supplied in packets and clearly identi-
fied. A printed circuit is used with fully
llustrated building instructions. Push-pull
output coupled with a sensitive and selec-
tive circuit make the "CAPRI" hard to
beat. Fitted Earphone/Record Socket. Fuli
tuning on medium waves with long wave
Lighct). illustrated leaflet on request.

TOTAL (i

COST 79 6

(Battery 2/6)
< Slip it into your Pocket *

Open Monday to Sat. 9-6. Thurs. 1 o'clock

-

|_ LATEST SUMMER CATALOGUE
54 PAGES 103" x 74"
|Fully detailed and illustrated 1/6 post free

THE ‘* CONTESSA ™’

% COMBINED PORTABLE AND
CAR RADIO %

AMAZING SENSITIVITY AND SELEC-
TIVITY ON MEDIUM AND LONG
WAVEBANDS

% The easiest Superhet Radio to build on
the market. Features clearly marked
printed circuit and packaged components
with full illustrated building instructions.
Full tuning of medium and long wave
bands with unbeatable sensitivity and
selectivity. tone and volume
with over 600mW push-pull output.

% Clearly marked horizontal station dial
with slow motion tuning. Two-colour
blue or beige cabinets with gold handles,
grilles and fittings, Size 103" x 73" x 3}".
Include car aerial socket, recordmg sockets.
% 6 Mullard Transistors and 2 Diodes.

Guaranteed the Best Obtainable

Excellent

% Attractive Appearance—Reliable

' TOTAL COST

£9.19.6 rr. 36

NO EXTRAS TO BUY

Design—Quality Performance +*

UNBEATABLE FOR QUALITY AND VALUE
Fully Detailed and lllustrated Leaflet on request

| £§"1’66

{__P.P 2

Call for demonstra-
tion—any time.

Replace that Valve Amplifier with

ing preamplifiers, mixers, stereo, public address, etc.
Can be used with any commercially available valve or
| transistor preamps, tuners, etc.

Booklet available separately 1/6 post free
PERFORMANCE EQUIVALENT TO VALVE AMPLIFIERS OF
FOUR TIMES THE PRICE AND MANY TIMES THE SIZE

10 WATT HI-FI NEW!

TRANSISTOR AMPLIFIER] P>

this High Fidelity Amplifier
@ 40 C/STO 20 KC/S +1dB
0.3%

@ 100mV INPUT FOR
10 WATTS OUTPUT
@ 33K OHM INPUT

Use

P.P. 2/-

IMPEDANCE [ Buile and | 3 F‘/ e

IDEAL FOR ALL MONO AND STERE Ready to

£5.19.

L]
L]
L]
[
o

BB G A A A A A A AT AT AT A

7- TRANSISTOR‘
RECORD PLAYER[RADIOGRAM‘

@ Full Treble and
Bass boost and cut

© 40 ¢/s to 20 kefs
+3dB

@ Inputs for Pick-ups,
Radio Tuners, Mi-
crophones, mixers,

@ 15 ohm Speaker (8" x 5” 22/é extra)
@ 12 to 18 volts mains or battery

6 @ Size only 6” x 24" x 2¥

|deal for mains or b;\ttery. portable or

BATTERY ELIMINATORS AND CHARGERS
Run your radio or amplifier from mains
1. For PP3 or equivalent 9 volt Pocket
Radio Battery , P.P. 1/~
2. For PP4, PP7, PP9, PP10, 9 volt
Portable Radio and Equipment Sup-
plies up to 300mA 49/6, P.P. 2/~
3. De Luxe version of No.

| charges PP3 type batterres
1
|

1, also

29/6, P.P. 1/~
4. Rechargeable PP3 battery. Runs as

Completed with
25/-, P.P. 1/-

| long as 100 bacteries.
charger unit

I HI-F! EQUIPMENT

New range of modern mono and stereo

hi-fi amplifiers with pre-amps in stock.
Iso speakers, record decks, etc. 8 watt,

15 watt, 30 watt tuners, etc., etc. Leaflets
n request.

| REMEMBER_wE CAN  SUPPLY

MOST OR ALL OF THE TRANSISTORS,
RECTIFIERS, DIODES, VALVES, CRY-
| STALS, EQUIPMENT AND COM-
PONENTS SPECIFIED IN THIS AND
| OTHER MAGAZINES AND BOOKS.
| SEND A LIST OF ITEMS REQUIRED.
WE WILL QUOTE COMPETITIVE
|_PRICES BY RETURN OF POST.

s

PPNl sttt T TSP et R R PN PR et L L N W A A A A AP Y

L]
L]
]
L]
L]
L]
L]
§
L]
L]
§
;
\
N
s
3
N
4
4
4
§
N
N
N
N
N
N
N
4
N
N
L
ains Unit 80/- extra)
; Built ready | Supplied complete with booklet show- HI-FI EQU'PMENT
4
s
N
p
g
4
4
N
N
]
\
4y
N
3
3
N
3
3
i
3
3
N
4
3
3
3
5
e

| (Sv‘i)t??:‘elfe domestic record players, grams, etc.
descriptive Ideal for car use.
Booklet) Mains Unic 80/ extra Call for demonstratien
L | @ BOOKLET FREE ON REQUEST @
3 METER BARGAINS
4 watt 4 Transistor 50 Mlcroamp 2” square MC ... 36/
Amplifier | 1ma2 square MC.. . 28)-
1mA 24 Flush round . 30/-

@ !mproved
Version

14 watt peak
output.
+3dB 70 ¢/s
to 12 ke/s.
Qutput to 3
ohm speaker

Kit of
Parts

9 voit
operated

Built and
Tested

l 59/6or 52/6

Details on
request

P.P.1/6

P.P.1/6

23” Moving Coil double range Voltmeter
centre zero. 30-0-30 and 3-0-3 volts.
Ideal for transistor tester or voltage
measurements, 12/6, post free.

0/500 microamp, 24" flush mount-

ing DC L. 20/-
24-0-2{mA, 2*" flush DC | .o 12/6
0/40/120mA 2¥ DC oo 10/-
0/15 volt M.A. 24" FR . .. 86

Miniature Panel Meters
*0/50uA (DC) 39/6
*0/S00uA (DC) 32/6 *0/300V (DC) 27/6
*0/tmA (DC) 27/6 Vu Meter 42/6
*'S" Meter 35/—. All Brand New Boxed.
*Available Clear Plastic Front or Black
Moulded. State which. -

*0/5mA (DC) 27/é

¢ LE “QUINTET”
MINIRANGER RUINTE!
3-Transistor plus 2 Diodes. RADIO

Smallest radio to build yourself,
Printed
ONLY
stations,

circuit,  full
/ “ o
37 x 27 x 3.

tuning.

Over 20 5-Tra

build
T
cost - 49/6

OTH MODELS AS PREV

P.P.1/6

Size 54" x 3" x 13"
Diode MW/LW to

79 Grp.o-

nsistor, plus

IOUSLY ADVERTISED

* ALL PARTS SOLD SEPARATELY. BOOKLETS FREE ON REQUEST %

wwWwW americanradiohistorv com

4 Watt (Peak) Amplifier !
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