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Scottish Insurance Corporation Ltd
66-67 CORNHILL - 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)

: k by Fire, Explosion, Lightning, Theft or Accidental
TELE VI S I ON . External Means at any private dwelling-house.
(b) (i) Legal Liability for bodily injury to Third
Parties or damage to their property arising
S E TS 5 out of the breakage or collapse of the Aerial

Fittings or Mast, or through any defect in
: ' the Set. Indemnity £10,000 any one accident.

RE CEI VER S (i1) 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
TR ANS M I T TER S | or le?s,'and for Sf.:ts 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 write to the
Corporation’s Office a proposal will be submitted for
| completion.

Write for full details, quoting reference 5304, to:—
THE MANAGER

SCOTTISH INSURANCE CORPORATION LTD,,
66-67 CORNHILL, LONDON E.C.2




T0 AMBITIOUS ENGINEERS

—THE LATEST EDITION OF ENGINEERING OPPORTUNITIES

Have you semt for your copy?
encineering opporTuNiTiEs | WHICH IS YOUR Egsﬁ)‘“&a% 'Ir':’%LlusD!mG

is a highly informative 132-page guide to
;'lcl)eu ll::sv:' ;:lildca;ngqinpe{;ngprp;sts. ithtells PET SUB]ECT %‘xilgrrtr gcagicceotxl;ges The specialist
uickly prepare at home i alis
for a recognised engineering qualification RabpIO for beginners in Radio  Electronics Division of
and outlines a wonderful range of modern TELEVISION T.V. Electronics Etc. ~ B.LE.T.

Home Study Courses in all branches of AM.LER.E. City &

) ! b } | ELECTRONICS f
Engineering. This unique book also gives Guilds NOW offers you a
full details of the Practical Radio & Elec- ELECTRICAL Radio Amateur’s real laboratory training
tronic Courses, administered by our Specialist MECHANICAL Exam. R.T.E.B. at home with practical
Electronics Training Division—explains the CrviL Certificate. P.M.G. equipment,
benefits of our Appointments Dept. and PRODUCTION Certificate. Practical
shows you how to qualify for five years AUTOMOBILE Radio. Radio & Ask for details.
promotion in one year. AERONAUTICAL Television Servicing

Practical Electronics

SATISFACTION OR gt?f:liso Electronics

Engineering

REFUND OF FEE DRAUGHTMANSHIP | Automation
B.Sc.
Whatever your age of experience you cannot Ciry & GuiLps POST COUPON NOW

> Of €xp: a

afford ding this . book.
you are cnrning tovt shan £30 5 weer send | CovEmcanon ™ | W Please send me your FREE 132-page .
for sour copy of “ENGINEERING OP- | Erc, Erc. B “ENGINEERING OPPORTUNITIES” ]
UNITIES” today—FREE. m (Write if you prefer not to cut page) 'm
B NA ]
BRITISH INSTITUTE OF ENGINEERING v =
TEGHNOLOGY a n
(Dept. 409B), Aldermaston Court, Aldermaston, : ‘ :

i SUBJECT OR EXAM

Berkshire ] THA’T INTERESTS ME 4098 g

THE B.I.E.T. IS THE LEADING INST!ITUTE OF ITS KIND IN THE WORLD

Bargains | PEAK SOUND SA 8-8 STEREO AMP| SAVE ON SPEAKERS

for t4Transistor Kit buildsintosuperb Amplifier Kit (P/P 4/-) £9.10

hl;ﬁ a)mp. SQN, per :h:;mel (6w ;ov;or Fasclk K|it(P/P 4/-) £2.10 TRS ACOUSTIC ENCLOSURE

. mono) with integrac re-am imh . 7 .
w]nter to take high quah‘t’y cera:'ﬂc p.up. W‘::n.draabli:‘l;r(‘;”’ 5/-) £2.10 | Teak finished, 217 high x 157 wide by
ot Unusually easy to build. One of the ~ Complete Assambly £14.10.0 | 73" cut to take tweeter and 8" or I0”
Bu||d|ng best and most economical stereo post free f ordered at | SPeaker to order. Acoustically pro-
transistor amps ever offered. same time. portioned for finest possible audio
SRR VRIOE Y oRLT L,
TRS MULLARD AMPLIFIERS VEROBOARD — ANl standard | piegse add 7/6 as part of cost of packing

sir ingluding 2in. x S U8 | ond Corvoge
33in. x 3%in. 3/9; 2}in. x 17in. 15 OHM SPEAKER UNITS

12/6. All accessories and tools in Suitable for above

stock. .

. 8” FR.8 Dual Concentric, 15
RESISTORS—Modern ratings, . "
full range 10 ohms to 10 meg- - pates, Ioad'mz | s £€5.15.0
ohms. 10% #-4W, 4d. each;| 8’ Goodman's Twin Axiette,
gg/"/o b_I|W gd.ie\z;:h;s‘éw, Df'. e:w; IS watts loading........ £6.16.0

o Hi-stab. i . each; 3 v . i

6d7 each; 1.2-10" meg. 10% IW; ':,, S°°d’“"? ;A"I':o’;d o >0
4d. each; {W, 5d. each. 1%, Hi-stab. ane  wit d f ne
W, 1/6 each {(below I_OOQ, 2/ each). ceramic magnetand foam-
CONDENSERS—Silver Mica. All surround cone suspension £5.19.6

STEREO 10-10

Valve amplifier to exact
Mullard spec. With pre-amp
tapped of/p transformer 3 and
152, all controls, H.T. and
L.T. outlet, mono, stereo and
speaker phase switching.
Complete with escutcheon,
‘knobs, plugs, etc., Ready

built.
(pu.li p. 12/6) 20' '

Kit form Idz';z)‘h“"" £17.10.0

values 2pF to 1,000 pF, 6d. each, SINCLAIR Q.14 complete

. & p. Ditto ceramics 9d. Tub. 450V
ker 93" Wi -
3-3 MONO 5-10 MONO | Tc, e ooor-boimk, lod. | BECopl Sois U8 o106
3valve 3W amplifier with controls, 5 valve, 10W basie amplifier kit 0.1mF, 500V, 1/- each. T.C.C. 350V [ EMI 3 ohm elliptical 134" x 8” 10 watts
absolutely complete kit including ®. ; p. 7'_16) £9-19.6 0-25, 1/9 each; 0.5, 2/- each, 55/-
panel, knobs, ecc. £7.12.6 e et ol network and 7 VALVE AM/FM RG REPLACEMENT CHASSIS
(p. & p. 7/6) 2 valve pre-amp kit £6.12.6 1 A superbly powerful high performance instrument for the keenest enthusiasts.
- - Provides tuning on Ionz,F né L andI LY ALV:: E:Zedller;:'sef::dtg:: b
P bil .M. Large clea ial, A.V.C,, neg. "
GARRARD PLAYERS AND PLI NTHS 3 Meargr{::"eylel.tg\;\;"::tgp:: A.C. 2007150V. Circuit diagrams available. Aligned,
. tested and ready for use {Carr. and insurance 7/6). 3 19 6
LM.3000 Record Player with 9 T.A. Stereo Cartridge. £8 15 o S.A.E. brings full details. J Q)
Brand new as from factory. 0 o NEW -
AT.60 Mk.l! Deluxe Auto-changer. OUR ;
Die-cast T/Tabl:.u‘:essu oc:r:rri‘dge. £11'19'6 LISTS RADIO COMPONENT
SP.25 De-tuxe single record player, less }:ar.:ridge?lgie cast. 9% Gns. feature more
T/Table. Packing and carr. on any one of above, 7/6 extra. lines than ever SPEC|ALISTS Established 1946

at money saving

Plinths. The ideal mounting for Units offered here. Will readily suit any prices. For latest
:'er?:;zf.' J:c'uri:;"'.‘:d':':::-is.‘;f: g/l:.mc 75/' | issuepleasesend | 70 Brigstock Road, Thornton Heath, Surrey
Clear-view rigid plastic cover 57/6, (p. & p.3/6). 6d.

ol include 01-684 2188, Haurs 9 0.m.—6 p.m. | p.m. Wednesdays
Spscial Clrtri:;c_rcg’;hzocpurchlnﬁrs o ;Isslove I;tems—IgN BD (S:{YS“I S. ;aée »:/itchuall A few doors from Thornton Heath Stn. (S.R. Victoria sectian).
T/O Mono 17/6; rysta ono —; Decca Deram Stereo Hab ot LAY

(List 94/6) 79/6; Ronette 105/S Stereo 32/6: Sonotone 9TA/HC 35/-. ENqUITIES.
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AN EXCELLENT STEREO SYSTEM

A “Package Deal” saves you money

204-20W
GARRARD STEREO
PLAYER
AT-60 AMP.
" AA-22U
20+20W TRANSISTOR STEREO AMPLIFIER. Model AA-22U.

Outstanding performance and appearance. Kit £39.10.0 (less cabinet)..
Assembled £57.10.0 Attractive walnut veneered cabinet £2.5.0 extra.

NEW! PORTABLE STEREO RECORD
PLAYER, SRP-{

Kit £27.15.0

Assembled price on request

Automatic playing of 16, 33, 45 and
78 rpm records. All transistor—
cool instant operation. Dual LP/78
stylus. Plays mono or sterco
records. Suitcase portability, De-

hable speal 1 for best
stereo effect, Two 8in x Sin. special
loudspeakers, For 220-250V a.c.
mains operation. Overall cabinet
size 15% x 3 x 104in.

GARRARD AUTO/RECORD PLAYER. Model AT-60, Mk.-II.
less cartridge £15.18.2. With Decca Deram pick-up £20.12.6 incl. P.T.

Many other Garrard models available, ask for Lists.

TRANSISTOR FM STEREO/MONO TUNER, TFM-1S

Styled to match amplifier above. Comprises TFM-T1 Tuning Heart £5.16.0
incl. P.T. TFM-IS L.F. Amp. P.S. etc. £192.0 Total Price Kit £24.]8.0 (less
cabinet). Cabinet £2.5.0 extra.

COTSWOLD SPEAKER SYSTEMS. Standard or M.F.S. cover 30 ¢fs—20,000
¢/s. 3 loudspeakers. Kit £25.12.0. Assembled and Finished £33.4.0.

0O A
ENJOY YOURSELF AND SAVE MONEY

Finished models provide years of superlative performances

Compact, economical sterco and mono record playing for the whole
Family—plays anything from the Beatles to Bartok. All solid-state
circuitry gives room filling volume.

Complete your motoring pleasure with this
outstanding CAR RADIO, Model cr-1

will give you superb LW and MW enter-
tainment wherever you drive. Tastefully
styled to harmonise with any car colour
scheme. Available for your convenience in
two separatc parts, RF Amp. Kit £1.13.6
3 incl. P.T. IF/AF Amp. Kit £11.3.6.
Total Price Kit (excl. Loudspeaker) £l2170 incl. P.T.

INSTRUMENTS

3" LOW-PRICED SERVICE OSCILLOSCOPE.
Model 0S-2. Compact size 5”7 x 7§” X 12” deep.
Wt. only 911b. “Y” bandwidth 2 ¢/s-3 Mc/s +3dB.
Sensitivity 100mV/cm. T/B 20 ¢/s-200 kc/s in four
ranges, ftted mu-metal CRT Shield. Modern
functional styling.

Kit £23.18,0 Assembled £31.18.0

/5 GEN-PURPOSE OSCILLOSCOPE. Model
10-12U. An outstanding model with professional
specification and styling. “Y” bandwidth 3 ¢/s-4.5
Mc/s +3dB. T/B 10 ¢/s-500 kc/s.

Kit £35,17.6 Asscmbled £45.15.0

DE LUXE LARGE-SCALE VALVE VOLT-
METER. .Model IM-I3U. Circuit and speci-
fication based on the well-known model V-7A but
with many worth-while refinements. 6” Ernest
Turner meter. Unique gimbal bracket allows
operation of instrument in many positions. Modern

styling.  Kit £18.18,0 Assembled £26.18.0

AUDIO SIGNAL GENERATOR. Model AG-9U. 10 c/s
to 100 kefs, switch selected. Distortion less than 0.1%,
10V sine wave output metered in volts and dB’s.

Kit £23.15.0 Assembled £31.15.0

VALVE VOLTMETER. Model V-7A. 7 voltage ranges
d.c. volts to 1,500. A.c. to 1,500 rom.s. and 4,000 peak
to peak. Resistance 0.1 Q to 1,000M  with internal battery.
D.c. input resistance 1M Q. dB measurement, has centre-
zero scale. Complete with test prods, leads and standardising

battery. Kit £13.18.6 Assembled £19.18.6

MULTIMETER. Model MM-1U. Ranges 0-1.5V to
1,500V a.c. and d.c.; 150pA to 15A d.c.; 0.2Q to 20M Q.

” s F. range 88-108 Mcc/s. Designed to match
44" 50uA meter.  Kit £12.18.0 Assembled £18.11.6 RE-1U the AA-22U Amplifier. Availablc in sep-
RF SIGNAL GENERATOR. SINE | SQUARE GENERATOR arate units, can be built for a total price.

Model RF-1U. Up to 100 Mc/s
fundamental and 200 Mc/s on
harmonics. Up to 100mV output.

Kit £13.18.0 Assembled £20.8.0

wave rise time.

Model IG-82U. Freq. range 20 cfs-1
Mc/s in 5 bands less than 0.5% sine
wave dist. less than 0.15y sec. sq.

Kit £25.15.0 Assembled £37.15.0

8” x 5” Loudspecaker £1.16.1 incl. P.T.
0 e R
TRANSISTOR RADIOS

“OXFORD” LUXURY PORTABLE.
Model UXR-2. Specially designed for use
as a domestic, car or personal portable
receiver. Many features, including solid
leather case. Kit £14.18.0 incl. P.T.

TRANSISTORPORTABLE.ModelUXR-1..
Pre-aligned LF. transformers, printed circuit.
Covers LW, and M.W. Has 77 x 4" loud-
speaker. Real hide case.

Kit £12.11.0 incl. P.T.
JUNIOR EXPERIMENTAL WORKSHOP

6”‘5 ‘g;
{lim
Model EW-1. More than a toy! Will make ‘
over 20 exciting electronic devices, incl: UXR-1
Radios, Burglar Alarms, etc. 72 page Manual,
The ideal present!  Kit £7.13.6 incl. P.T.

VISIT THE HEATHKIT CENTRES

STEREO TRANSISTOR FM TUNER

(Mono version also available}
14 transistor, 5 diode circuit. Tuning

TFM-IS Kit (Stereo) £24.18.0 incl. P.T.
TFM-IM Kit (Mono) £20.19.0 incl. P.T.

Cabinet extra £2.5.0.

FM Tuner

AP PO Ir OO PIOOTIOITIOOOOOOTIOOOOsK

SEE HOW EASY-IT-IS TO BUILD

ANY HEATHKIT MODEL YOURSELF

LONDON—233 TOTTENHAM COURT ROAD, W.1 Telephone 01-636 7349 . :
Full details of manual only purchase scheme in g
§

Open Monday to Friday 9 a.m.—5.30 p.m. Saturday 9 a.m.-1 p.m.
BIRMINGHAM—17-18 ST. MARTIN‘S HSE., BULL RING Te/. 021-643 4386
Open Tuesday to Saturday 9 a.m.—6 p.m. Thursday 9 a.m.—8 p.m. (Closed Mon.)

latest catalogue. Remember all Heathkit models
are fully guaranteed.

’ oo
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NEW! STEREO AMPLIFIER, TSA-12 NEW! STEREO TAPE RECORDER, STR-1
12 x 12 watts output.
Kit £30.10.0 /ess cabinet

Assembled £42.10.0
Cabinet £2.5.0 extra

FOR THIS SPECIFICATION

Fully portable—own speakers

Kit £45.18.0
Assembled price £59.15.0

FOR THIS SPECIFICATION

® 4 track stereo or mono record and
: o o playback at 74, 3} and 1} ips ® Sound-
e 17 tra.nsnstors, 6 diode circuit @ + 1dB, 16 to 50,000 /s at 12 watts per tsomnd|, ad, sound. with'sotad  capabili
channel into 8 ohms @ Output suitable for 8 or 15 ohm loudspeakers @ 3 ties @ Stereo record, stereo playback,
stereo inputs for Gram, Radio and Aux. @ Modern low silhouette styling mono record and playback on either

Attracti lumini 1d dised 1 Hand channel @ 18 transistor circuit for cool, instant and dependable operation
O ractive aluminium, golden anodised front pane! @ Handsome ® Moving coil record level indicator e Digital counter with thumbwheel zero

assembled and finished walnut veneered cabinet available @ Matches reset ® Stereo microphone and auxiliary inputs and controls, speaker/headphone

Heathkit models TFM-1 and AFM-2 transistor tuners. and external amplifier outputs . . . front panel mounted for casy access ® Push-
button controls for operational modc_s ) Bujh-in stereo power amplifier giving

Full range power . .. over extremely wide frequency range. Special trans- 4 watts rms per channel @ Two high efficiency 8” x 57 spcakers @ Operates

" . . . on 230V a.c. supply.

formerless output circuitry. Adequately heat-sinked power transistors for

cool operation—long life. 6 position source switch. Versatile recording facilities. So easy t6 build—S5o easy to usé.

FULL SPECIFICATION SHEET AVAILABLE FULL SPECIFICATION SHEET AVAILABLE

1 T T e e T TR R e s T e e e

Build Britain’s Best Electronic Kits

DAYSTROM

No special Kit-building skills or Electronic Knowledge required

Low-priced STEREO FM RADIO

“AMATEUR” EQUIPMENT

THE “MOHICAN” GENERAL COVER-
AGE RECEIVER. Model GC-1U. With
4 piezo-electric transfilters, variable tuned

STEREO B.F.O. and Zener diode stabiliser, this is
DECODER an excellent fully transistorised general
SD-1 purpose receiver for Amateur and Short

wave listeners. Printed circuits, telescopic
aerial, tuning meter and large slide-rule dial.

Kit £37.17.6 Asembled £45.17.6

AMATEUR BANDS RECEIVER. Model Gy
RA-1. To cover all the Amateur Bands
from 160-10 metres. Many special features,
including: half-lattice crystal filter; 8 valves;
signal strength ‘S meter; tuned R.F:
Amp. stagc

Kit £39.6.6 Assembled £52.10.0

160-10M TRANSMITTER. Model DX-
100U. Careful design has achieved high
performance and stability. Completely self-
contained.

Kit £81.10.0 Assembled £106.15.0 RG-1

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

Kit £39.16.0 Assembled £53.0.0

HI-FI FM TUNER. Model FM-4U. Available in two units. R.F.
tuing unit (£2.15.0 incl. P.T.) with LF. output of 10.7 Mc/s, and LF.
amplifier unit, with power supply and valves (£13.13.0). May be used
free standing or in a cabinet. Total Kit £16.8.0
(Multiplex adapter available. as extra.)

STEREO DECODER. Model SD-1. Converts FM Mono receivers to
stereo at low-cost. Styled to match Heathkit models FM-4U and AFM-1
Tuners. Kit £8.10.0 Assembled £12.5.0

e L T L
SPEAKER SYSTEMS

HI-FI SPEAKER SYSTEM, Model SSU-1
Ducted-port bass reflex cabinet in the white: Two
speakers, vertical or horizontal models with legs.
KIT £12.12-0, without legs, KIT £ll.l7.6
incl. PT.

Low-cost 3 + 3W Transistor Stereo Amplifier, TS-23

Incorporating all the essential features
for good quality sound reproduction
from record, radio and other sources.
16 Transistor, 4 diode circuit. Good
frequency response 6 position selector
switch. Modern slim line styling.

Kit (less cabinet) ,(:17.15.0

AVON MINI SPEAKER SYSTEM

64” Bass, 3}” Treble speakers and crossover unit.
Kit £4.18.0 incl. PT. Beautiful. Walnut veneered
fully-finished cabinet, £8.18-0. Total price Kit
£13.16.0 incl. PT.

oo - > et 4 g T o

Heathkit==1 Send for this Kit (with handsome finished cabinet) £18.19.0
— ————=-§ Catalogues.. iy, ey =l e o e e BERE
...it's FREE! : To DAYSTROM LTD., GLOUCESTER | Please send a FREE i
36 pages packed with Britain’s I plaxsersend el R s CRITION CE\]TALOGUE O | Gisalogue tomy I
largest selection of electronic Kits. I
Mail coupon or write: l NAME o ey . :l::\e N l
GLOUCESTER. Tel. 29451. | RCt | RG4 |
: ’ e ol TUSe T e e TSl e
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LOWEST PRICE YET
LARGEST RANGE EVER
(THYRISTORS)

AMP 7 AMP 16 AMP 30 AMP

Ply (TO 5 can) (STUD) (STUD)} (STUD)
25 716 — 30/~
50 7/6 10/6 35/-
100 8/6 15/- 45/
200 12/6 20/- 55/-
300 15/- 25/- —
400 1716 35/- 80/-
500 —_ 45/~ 95/~
600 -

NEW SILICON RECTIFIERS TESTED

BI-PAK SEMICONDUCTORS

8 Radnor House

93/97 Regent Street
w.i

NEW UNTESTED, QUALITY
SUPER-PAKS FOR 1968
30 MADTs 10 siL. 1 am.

PNP Meral Alloy, GLASS RECTIFIERS

Diffused. Trans. SIM
MATIOI/2 MA393 200-6800 Ptv.

4 SIL. PLANAR 5 SIL. PLANAR
NPN TRANS. SIM. 250mA DIODES
2N706/8 BSY26/7 SIM_IS121/13¢C

IN9I4 25103/4 OA200/202

30 GERM. ALLOY 12EPOXY 500mA

AF TRANS. PNP Sil. RECTIFIERS
SIM 2G300 Series. 100-600 PIV
OC7t/75 ACI25/8 SIM BYIOI BYI30

% QUALITY-TESTED VALUE PAKS — NOW MORE FOR YOUR MONEY

—
FAST SWITCH

3 ALL AT In
PLANAR DIODES|
s insj4ois  JPER PAK
BAY 31/38 UNCODED DEVICES

eavt. charts, circuits, etc.

PIV 750mA 3 AMP 10 AMP 30 AMP
50 2/- 3/- 4] 9/6 2 Drift Trans. 2N1225 Germ. PNP 100 Mc s 10/~ ) 12 Assorted Germ. Diodes Marked
100 2/3 3/6 6/- 15/- 6 Matched Trans. OC44/45/8|/8ID 10/~ | 4 ACI26 Germ. PNP Trans.. .
200 2/6 4/6 6/6 20/~ 16 Red Spot AF Trans. PNP 10/-| 5 | Amp Germ. Rect. 200 PIV
300 3/ 4/9 8/- 22)- 16 Whice Spot RF Trans. PNP 10/- t ORP6| Photo-conductive cell
400 3/6 6/- 9/- 25/- S Silicon Rects. 3 A 100—400 PIV.. 10/~ | 4 Silicon Rects. 100 PIY 750mA
500 4/- 6/6 9/6 30/- 2 10 A Silicon Rects. 100 PIV ... 10/-| 3 AFI17 Trans. Mullard Type
600 4/3 7i- 10/- 37/- 2 OCI140 Trans, NPN Swltchlng 10/ | 7 OC8! Type Trans.
800 4/9 8/- 15/= 40/- 1 12 A SCR 100 PIV 10/~ | 3 OCI7) Trans. Muilard Type
1000 6/— 10/- t7/6 50/- 3 Sil. Trans 25303 PNP . 10/~ 1 3 2N2926 Sil. Epoxy Trans. ...
750mA TOP HAT TYPE 3, 10 and 30 A STUD TYPE § 4 Zener Diodes 250mW 3-12V 10/~ 1 7 OC7I Type Trans. ..
e 3 200 Mc/s Sil. Trans. NPN BSY26127 10/~ | 2 GET9 Power Trans. 60 VcB. 8A
3 Zener Diodes 400mW 33V 5% ToI.A. 10/~ { 25 Trans. Heatsinks fit TO18, SO12, eu:
4 High Current Trans. OC42 E 10/— | TK400A Power Germ. Trans—ADY22
ORP12 2 Power Transistors | OC26 t OCJS... 10/— | 2 25701 Sil. Trans, Texas NPN ...
8 6 . 5 Silicon Rects. 400 PIV 250mA . 10/-1 2 Zeners Z2A150F, 15V | watt ...
ORP60 EACH 4 OC75 Transistors Mullard Type to/-| 3 Volt Zeners 400mW
I Power Trans. 20 100V .. 10)- | 2 IO A 600 PIV Sil. Rects. IS425R
4 OA202 Sil. Diodes Sub-min. ... .. 10/- | 3 BC108 Sii. NPN High Gam Tr:ns
2 Low Noise Trans. NPN 2N929/30 ... 10/- | 2 Zener Diodes 25W 18 and 22V
BC107 BFYSO I Sil. Trans. NPN VCB 100 2786 10/—| 1 2N910 NPN Sil. Trans. VCI00 BOMc/s
BC108 5/- BFY51 7/6 8 QAB8| Diodes (CV448) : 10/-| 2 1000 PIV Sil. Rect. |.5A RS310 AF .
4 OC72 Transistors Mullard Type 10/-=1 3 High Volt. AF Trans. PNP ACYI17 ...
BC109 EACH BFY52 EACH 4 OC77 Transistors Mullard Type t0/— | 3 BSY95A 5il. Trans. NPN 200 Mc/s
5 Meral Alloy Transistors Mat Type t0/= | 3 OC200 Sil. Trans. Mullard..
4 Sil. Reces. 400 PIV 500mA... 10/- | 2 Sil. Power Rects. BYZ13
5 GET884 Trans Eqve. QC44 10/— t Sil. Power Trans, NPN|00 Mc/s Tk201A..
UNNUNCTION UT46 7/6 3 VOIS, Esy S00E, OS;S 198 j llg;_ § TR PP el Py 1 :s
il. Epoxy Trans. N Mc, s - pitaxial Planar Si rans
Eqvt: 2N2646, TiS43, BEN3000 EACH 2 2N708 Sil. Trans 300 Mc/s N 10/= [ 3 2N697 Epitaxial Planar Trans. 5il. 15,
5 GT41/45 Germ. Trans, PNP Eqvt OC7| 10/~ | 4 Germ Power Trans. Eqvt. OC16 Muilar 15/
I_ g IGT93| LSFILBW Nons7e5GPerm sTr;ns PNP . IIg/— ; gJIm!Iyncuogo’Brans 26’2‘)%/646;’?"8,5/8‘)45E2 :gl-.
» N914 Si iodes IV 75m . /- il. Trans, Mc/s cb 1€
* VALUE PACKS for ’68 Y | & 0ASS Germ. Diodes Sub-min IN6S.. 10/— | T Sil. Planar Trans. NPN 100 Mcjs BSY25 15/
NEW . UNTESTED 3 NPN Germ. Trans. NKT773 Eqvc. Acno 10/~ { I Sil. Trans. 15104 150 I"lc/s HFE 200 NPN . 15/.
2 OC22 Power Trans. Germ. 10/-} 2 SCRs 50 PIV | A TO-5 «: - 154
120 Glass Sub-Min. Germ. Diodes 10/- % 88;; r"ov'vlerdT{'ans Germ. IIg/— II Tunnel Dlod$ IN3720 (ZTIE(;;)’I'gES ...G e :g;
f g g ullard Trans. /= Unijunction Trans. 2N can
S0Jtdixed Germs Transistors 10/ § § 1C129 Trans. PNP High Gain o .. 10/~ | 2 Si. Reczs 5 A 400 PIV Seud Type 15/
20 Mixed Volts Zeners 10/~ 2 ACi27/128 Comp. pair PNP/NPN 10/~ | 2 Germ. Power Trans. OC28/29 15/
| 20PN, PRP, MIXED Sil. Trans.  Toj- 19 fssorced Gold Bonded Disdes... 10 ] 1 Pancr'orsud Res BB osTe ¢ 13
0 n n witching rans. = unne iode < S 5/
€0 200mA Sub-Min Sil. Diodes 10/~ 120 Germ. Diodes General Purpose 10/~ | 2 2N2712 Sil. Epoxy Planar HFE225 max. [ 15/
20 Germ. | Amp. Rectifiers 10/- ; EEI I26HMGflrmd ?:ode‘? Eqvt. OA7 :g;— 22 SBIYAOOGTYDETSII Rects, A i %g}‘
f v ullard Type Trans. - i erm. Trans. Mixed all Marked New g
40 Like OCBI, ACI28 Transistors 10/ 10_New Power Trans. GEC replaces OCI6/
10 2 Amp. Stud Sil. Rect. 10/- = 26/28 gO/—
25 Sil. NPN, 200 Mc/s Transistors 10/ FREE Onei0/- Pack of your own choice free FREE 1725024 Sil. Power Trans. NPN IOOV T00W 0/
16 Top-Hat 750mA SiT. Rect. 101= with orders valued £4 or over 1 Sil. Potted Bridge Rect. 800 PIV2 A ...
75 GERM. DIODES Gold Bonded 10/- Mini Ord
> Our vast stocks change daily with hundreds of Semi- Minimum Order 10/-. CASH WITH ORDER
20 Like BAYS50 charge storage Diodes 19/= fconductor bargains b:comnrrg available. Jusc send 2/6 PLEASE. Add 1/ postage and packing -per Order,
10 50-400 PIV | Amp. SCR’s 20/~ Jto cover 3 months mailing of our latest stock lists, GUARANTEED by return postal service. Overseas

add extra for Airmail.

==y e

BOUND VOLUME No. 20

of “The Radio Constructor”

AUGUST 1966 to JULY 1967 ————

FOR YOUR LIBRARY

PRICE32 6 Posiage 4/6

Comprising
780 pages
plus index

Special discount of 10/ - for regular readers

ere the 12 monthly issues making
up the volume are returned, the
price is only 22/6 plus 4/6 postage

Available only from:

LIMITED NUMBER OF VOLUME 19 (August 1965-july 1966) still available. Same prices as above.

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9
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A NO-COMPROMISE

Listen to a Q.14. Hear it in your own home. It is the
result of long and thorough investigation into speaker
design in order to produce one which would out-
perform anything within pounds of its price. How far
we have succeeded can be seen from the independently
taken test report which compares excellently with
loudspeakers over four times the price. The Sinclair
Q.14 is uncommonly versatile, too. It can serve as a
free-standing unit for bookshelf, etc., as a corner
radiator, or be flush mounted in a multi-unit assembly.
Power handling capacity is in excess of 14 Watts
with remarkably smooth response between 60 and
16,00 c/s. Size 93 square x 43" deep, In black matt
finish with solid aluminium bar embellishment and
detachable plinth base.

TRY IT IN YOUR OWN HOME—MONEY (INC. POSTAGE) REFUNDED IF NOT SATISFIED

HIGH-FIDELITY LOUDSPEAKER

SINCLAIR

Q.14

£6.19.6

With sales and export orders for the Sinclair Micromatic

breaking all records, we have changed over to new production o
methods to meet the ever-increasing demand for the world's @
smallest radio set. This has enabled us to effect dramatic
economies in production costs. At the same time, we have
appreciably improved the set’s quality by supplying a mag- @
netic earpiece with it, and what was superb performance
before, now sounds better than ever. At the new prices,
everyone is going to want the Micromatic. Order yours now @

for prompt delivery.

SINCLAIR MICROMATIC PRICE REDUCED

14/sx13/10x §"
Plays
anywhere
MW, AG.C
and Bandpass

Kit or Built

Kit complete with s . . ,
magnetic  earpiece, , Ready built with ’n“g‘;‘;"z
solder and instructions, iz(f'"e' originatly / 1
originally 59/6, now Post Paid Post Paid
2 Mercury Cell long life batteries for either of above, each, 1/10d.
SINCLAIR
MICRO-FM

SINCLAIR Z.127 =  g&&=

12 WATT INTEGRATED HI-FI
AMPLIFIER AND PRE-AMP

7 Transistor Tuner
Pocket Receiver.
Needs no aligning
when built.

Complete kit.
@® Size3"x 1§ x 14" 17,
@ 8 special HF transistors. STEREO 25
@ Ultra-linear class B output and generous Pre-ampjControl
neg. feed back. .‘f,"éief‘éz ‘JI,‘?::.Z"Z‘
® Response—15 to 50,00 c/s +1dB. £9.19.6
@® Output suitable for 3, 7.5 and 15 ohm PZ.4. Stabilised
loads. Two 3 ohm speakers may be used - . Heavy Duty Mains
in parallel. i Power Unit.
® Input—2mV into 2K ohms. e 99/6
@ Signal to noise ratio—better than 60dB g2 e i i
. anteed with Z-1,2 manual @ 12 watt RMS continuous sine wave
USE IT FOR HI-FI, RADIO, MUSICAL f
INSTRUMENTS, INTERCOM, P.A., etc. 89 6 @ Ideal for battery operation
GUARANTEE (/70 ors o ol o e e oot witnoue qustion
—— " " SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE
‘ | Please send
= N7\ MR ————
SINCLAIR RADIONICS LIMITED |- ADDRESS .o

22 NEWMARKET RD., CAMBRIDGE |
Telephone OCA3 52996

for which | enclose cashjcheque]money order
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Radio Communication. By ). H. & P. J. Reyner.
45s. Postage 1s.

Tape Recorders. By P. Spring. 42s. Postage 1s.

Synchros and Servos. By R. ). Brite & C. H.
Fioranelli. 35s. Postage 1s.

Computers for the Amateur Constructor.
By R. H. Warring. 20s. Postage 1s..

Rapid Servicing of Transistor Equipment.
By G. J. King. 30s. Postage 1s.

R.S.G.B. Amateur Radio Call Book. 1968 ed.
6s. Postage 6d.

Circuits for Audio & Tape Recording. By
F. C. Judd. 7s. 6d. Postage 6d.

Colour TV Training Manual. By C. P. Oliphant
& V. M. Ray. 40s. Postage 1s. &d.

World at Their Fingertips. By J. Clarricoats:
45s. Postage 2s.

THE MODERN BOOK CO

Transistor Substitution Handbook, 7th ed.
Com: H. Sams Eng. Staff. 15s. Postage 1s.

Strain Gauges. Theory & Application. By
T. Potma, 21s. Postage 1s.

Beginner’s Guide to Radio Control. By R. H.
Warring. 18s. 6d. Postage 1s.

Colour Television—Pal System. By G. N.
Patchett. 40s. Postage 1s.

Pick-Ups. Key to Hi-Fi. By 1. Walton. 10s.
Postage 6d.

Transistor Pocket Book. By R. G. Hibberd.
25s. Postage 1s.

Radio Valve Data. 8th ed. Compiled by “WW".
9s. 6d. Postage 1s.

Electronic Novelty Designs. By |. J. Kampel.
8s. 6d. Postage 6d.

Elementary Telecommunication Principles.
By R. N. Renton. 30s, Postage 2s.

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

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

NOW AVAILABLE FOR THE FIRST TIME IN GREAT BRITAIN

TWO NEW TRIO COMMUNICATIONS RECEIVERS

These receivers offer the enthusiast high quality and the latest
design developments at a realistic price

| MODEL JR-500SE

This high performance receiver is made especially to cover the amateur bands and
utilises a crystal controlled double heterodyne circuit for extra sensitivity and stability
Brief spec.: Covers all the amateur bands in 7 separate ranges between 3.5 and 29.7 Mc/s.
Circuit uses 7 valves, 2 transistors and 5 diodes plus 8 crystals; output 8 and 500 ohm
and 500 ohm phone jack. Special features: Crystal controlled oscillator @ Variable
B8FO @ VFO @ AVC @ ANL @ S meter @ SSB-CW @ Stand-by switch @ Special
double gear dial drive with direct reading down to 1 ke¢/s @ Remote control socket
for connection to a transmitter. Audio output 1 watt. For use on 115/250 V A.C.
Mains. Superb modern styling and control layout—finished in dark grey. Cabinet size
7x13 :'( 10in. Woeight 18 Ibs. Fully guaranteed, comp. with instruction manual and
service dal

LASK?'S PRICE 59 GnS. Carriage and Packing 12/6.
MODEL 9R-59DE

Brief spec.: 4 band receiver covering 500 ke/s to 30 Mc/s continuous and electrical
band spread on 10, 15, 20, 40 and 80 metres. 8 valve plus 7 diode circuit. 4/8 ohm
output and phone jack. Special features: SSB-CW @ ANL @ Variable BFO @ S
meter @ Sep. band spread dial @ IF frequency 455 kc/s @ Audio output 1.5 W @
Variable RF and AF gain controls. For use on 115/250 V A.C. Mains. Beautifully
designed control Ia(ou: finished in light grey with dark grey case. size: 7 x 15 x 10in. !
Weight 19 lbs. Fully guaranteed, comp. with instruction manual and service data. ' m

3 LASKY’S PRICE 35 Gns. Carriay.he fnd Packing 12/6.

207 EDGWARE ROAD, LONDON, W2 Tel. 01-723 3271
33 TOTTENHAM CT. RD.,, LONDON, W.i Tel. 01-636 2605
| The above branches open all day Saturday. Early closing Thursday. Open all day Thursday. Early closing Saturday.

Mail Orders and correspondence to 3-15 Cavell Street, Tower Hamlets, London, E.1. Tel. 01-790 4821/2

152/3 FLEET STREET, LONDON, E.C4 Tel. FLE 2833
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AERIAL EQUIPMENT

TWIN FEEDER. 300 ohm twin ribbon
faeder similar K25, 8d. per yard. 75 ohm

twin feeder, 6d. per yard. Post on above
feeders and cable, 2/- any length.
COPPER WIRE. 14G, H/D, 140 ft.,
30/-; 70ft., 16/-. Post and packing 3/3.
Other lengths pro rata.

FEEDER SPREADERS. 6” Ceramic type
F.S., 10d. each. Postage 2/6 up to 12,

CERAMIC CENTRE PIECE for dipoles,

Type AT, 1/6 each. P. & P.1/-,

2 METRE BEAM, 5 ELEMENT W.S.
YAGI. Complete in box with 1”7 to
24” masthead bracket. Price 56/-,
P. & P. 4/-.

SUPER AERAXIAL. 70/80 ohm coax.
300 watt very low loss, 2/3 per yard. 50
ohm 300 watt, 2/6 per yard. P. & P. 2/6.

TOUGH POLYTHENE LINE, type
ML1 (100ib.), 2d. per yd. or 12/6 per
100 yds. Type ML2 (2201b.), 4d. per yd.
or 25/- per
per yd,

100 yds., ML4 (4001b.), éd. |
ideal for Guys, L.W. Supports, !

Fast Mai/ Order for the Amateur Radio Enthusiast!

MIDLAND AGENTS FOR

EDDYSTONE

Receivers & Components

Transmitters, Receivers and

Sundry Equipment by

KW ELECTRONICS
HALSON

T.W. ELECTRONICS
CODAR RADIO
PARTRIDGE

[ on scale.
LA MUST for any Ham Shack. ONLY 25/-
: EACH. Post free.

. SHORT WAVE KIT, 1 valve only, 45/-..

NEW BOXED VALVES

3/6 each, 4 for 10/-. P. & P. 2/-.
TYPES
6N7GT 6SF7  6AB7  6SH7
6AC7 6F7 6SK7 956
KT41 u.10 MSP4  6G6G
&3] 222

ABSORPTION WAVEMETERS, 3.00
to 35.00 Mc/s in 3 Switched Bands. 3.5,
7,14, 21 and 28 Mc/s. Ham Bands marked
Complete with indicator bulb,

Phones, Ant. and Ba::erues 40/- extra if
required. Ideal for junior operator.

VARIABLE CONDENSERS. All
brass with ceramic end plates and ball
race bearings. 50pF, 5/9; 100, 6/6;
160, 7/6; 240, 8/6. Extension for ganging.
P.&P

2/-.

SEALED RELAYS, 12v. 105Q Coil

. Type A. 4 Pole, c.o. 15/

Type B.2

. Pole, C.O. + 2 Pole Norm. on, 12/6.

Halyards, etc. Postage 1/6 on all line.

P&P1/6

CHAS H. YOUNG LTD
At your service G2AK, G3LAY, G3VFV

Please print your address.

No. C.O.D. under £1.

The Widest Range in the Midlands
% HIRE PURCHASE
* PART EXCHANGE

’phone 021-236 1635

Chas. H. YOUNG Ltd.

170-172 Corporation Street,
Birmingham4

%‘ —FM SEMICONDUCTORS ¢

e —

DISTRIBUTED
XCLUSIVELY BY

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

’I'\|EW F“ROM THE USA . DON’T TAKE
TEXAS" Integrated Circuits BRAND NEW SAVE £’s WE TELL YOU
N7 Quadruple 2 Input CHANCES 0"
SN7360 SuniRiiew 19/6 | yNTESTED ¢ TEST THEM J¢ WHAT TYPES s
SN7430 Nand Gate 21/6 UNKNOWN
SN7302 O« nxrienie 36/— | TRANSISTORS YOURSELF THEY ARE
F.E.T'S. Field Effect Transistors LOTS
2N3822 v chamei st 15/ | 25 E2o — TRANSISTORS 10j—|10 475 >  RECTIFIERS 10]-
No. b ; -
AI°, 6—Silicon rectifiers BY |00 type R;(():/E 10 Ir?.?? 'S:ill\i/colnamp. DIODES 10I_ 2 zg;‘fﬂsvlﬁ:zn TRANSISTORS 10I—
A3, 20—Mixed marked and tested trans. 20/-
A ISINBINETNG has 1 | 25 Beier — TRANSISTORS 10)- |40 0% o DIODES 10/~
b e e B | e T e |
3 —Unmarke ) b 3 g
B 4_5,,.”:e..,.?::“s‘:ok‘;m“:::! for- | 10 3 Valtsges ZENERS 10/~ 50 55 G0 DIODES 10/~
10/~ X
. oS5 e vonced, doocs i ‘%" | 25 3pEi  TRANSISTORS 10/ |25 Z05% .~ TRANSISTORS 10/
BS. 7—P‘!:(cehed set, OC44, 45/81D/81 + 76 T'é)i\g;SlSTORS PRICE ocCi70... ... ... 2/6 25303 2/6
B6. I15_Red spot AF. frans. or white o | A S 1 Qa0 1 32" TRANSISTOoR/S
spot . -
B88. 2—Power trans, OC26/35 type :85— ?CE:BZOOII gj; gg%g
B9. |—Light sensitive cell, ORPI2 type 9/- 2G303 2/6 OC26
B10. 10—50V trans. germ. PNP latest type 10/ 2N697 5/- Oc28
B44. |—Tunnel diode, AEYI 1, 1050 Mclt 10/~ 2N706 5/- 0OC35
B2|. 2—Sil. recs. 10 amp., 50-100 PIV ... 10/- 2N711 10/- OC36
B42. 5—Switching trans. Tk22C STC . 10/~ 2N1i302 4/- DIODES
C2. I—Uni junction, 2N2160 or 2N2646 15/- 2N1303 4/- AAY42
C4. 1—§6Ypower trans,, OC22 and 0 2N 1304 5/- OA9
} et S e 2N1305 5/- OAID
C3l. 4—sSil. . 800 PIV . h -
C32.  2—Power irans. TKigtr)n:/I\lt;EHOa; = NS o 3A%
&/- OA79
VCB64 IC 8 ; 15/~ 2N1308 8/- OAs8I
DI8. I—ORP60 type light sensitive cell 5/ 2NI309 .. .. 8/- OAIlB2

FREE % %

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

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

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

Great News ¥

We now give a
written guarantee
with all our semi-
conductors.
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HOME RADIO (MITCHAM) LTD., Dept. RC, 187 London Rd., Mitcham, Surrey CR4 2YQ, Phone: 01-648 3282

A NEW YeEaR Has
BEGUN, so why not make

YEYY YEAR
RESOLUTION...

= AND WHAT BETTER
ONE THAN THE PURCGHASE OF A

| Home Radio Catalogue

Yes, now it can be told, the 4th Edition of the famous Home Radio Catalogue is now ready for you!
In actual fact we have been distributing this New Edition since the 1st December, 1967 but this is the
first advertisement bringing it to your notice. This is a completely new Edition—not just a reprint.
It is bigger (and we are sure better) than ever—256 pages, over 7000 items listed and over 1300 illustra-
tions. In spite of the increased size the price remains at 7s. 6d., plus 2s. postage and packing, and we
are still giving in each catalogue 5 vouchers, each worth 1s. if used as directed. Also in each catalogue
will be found a 5s. voucher (which can be used towards the purchase of a Weller Soldering Iron), our
unique Bargain List, a useful Book Mark giving all the well known Electronic Abbreviations, an
Order Form and an addressed envelope,

. . e T2 I K ¥ ¥ R B R R I R "
fihere fif Rogbetter” way ol tartip] the r Please write your Name and Address in block capitals 1
New Year than by purchasing the latest : :
edition of this famous components cata- } Name i

. Address......... 1

logue. Send the coupon with your P.O. ! i
or Cheque for 9/6 today. : I
I Home Radio (Mitcham) Ltd., Dept. RC, 187 London Rd., Mitcham, CR4 2YQ I
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RECEIVING B.B.C. OVER
100 MILES

by GORDON J. KING

(Member Royal Television Society)

Are you in a locality where u.h.f. TV reception is poor? Our contributor, well

known for his considerable experience with TV engineering and relay systems,

describes his approach to obtaining BBC2 reception over an extremely long
distance

IVING IN ONE OF THOSE AREAS NOT SCHEDULED
for a u.h.f. station this side of 1971, yet
being in very urgent need of an off-the-air
colour-encoded signal and by no means wishing
to change house to a district within the service
area range of a suitable transmitter, the author
set out to explore the possibility of obtaining
usable colour signals from a distant transmitter
employing ordinary domestic receiving equipment.

As there must certainly be many television
enthusiasts in similar parts of Great Britain who
are also desirous of uwying Dx on u.h.f, it is hoped
that this articie will help or, at least, encourage
them, ,

The author’s receiving site is approximately 100
miles in a straight line from the nearest u.h.f.
station—Rowridge on the Isle of Wight. Fortunately,
this station uses a low-frequency u.h.f. channel,
number 24 at the low-frequency end of Band 1V,
embracing a spectrum from 494 to 502 Mc/s. The
aerial gives the station an effective radiated power
of 500kW and a fair amount of signal energy is
rgdiated in a westerly direction towards the receiving
site.

Although the hill contour of the receiving site
is some 200ft above sea level and about 500yds
Signal
path
(10O miles)

— = EAST

7

| A
Receiving d
site

200 Sea level
yds. |
- 500 ——=!
yds. |
- — lmile — - ————

Fig. 1. Topography at the author’s receiving site
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from the sea, the dwelling itself is towards the base
of a slight basin with rising ground towards the
east—in the direction of the transmitter. This rise
is fairly local to the receiving aerial and reaches a
local maximum over a distance of about 200yds.

A mile or so farther on, the signal path cuts
through the top of a cliff rising to some 300ft.
After this, the path is clear to the Isle of Portland,
where once again it cuts through coast-line cliff
tops at the Bill of Portland. The path is then clear
once again to Rowridge. Some idea of the topo-
graphy is shown in Fig. 1, whilec the more distant
signal path is shown in Fig. 2.

It will be observed that a substantial part of the
signal path is across sea. Nevertheless, after studying
Fig. 1 it must surely appear that one would have to
be really desperate to attempt u.h.f. reception
under the conditions shown! Standing on the top
of the rise at point A, the top of the u.h.f. aerial is
seen to be about level with the road. In fact, it
“looks” through rather massive houses built upon
this cliff contour. Point B is not visible at the
receiving site.

Before continuing, and to show that this article
is not a waste of time, it must next be stated that
u.h.f. reception is by no means impossible under
these conditions, as is confirmed by the off-screen
colour Test Card F in Fig. 3. This was obtained
during a reasonable spell of tropospheric activity,
and it must be made clear that reception is not
like this all of the time.

For monochrome reception a Pye 40F 19in
set was chosen. This incorporates a transistorised
integrated push-button tuner with a transistorised
i.f. section attached. The tuner transistors are
germanium, though more recent models of this
set (the New Pye) adopt silicon which, it would

seem, have the edge in terms of noise on germanium

counterparts. This point has not, however, been
checked by the writer.
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Aerial Mounting

The author’s dwelling is of contemporary design
with a fragile-looking, single-flue chimney stack.
All v.h.f. aerials are located in the roof-space, so
this stack was available for carrying the u.h.f.
aerial system without fear of proximity effects.

Maximum height was obviously required, but it
was very important to take into account the fact
that force 10 winds are not uncommon in the
district. Consultation with the builder, in conjunction
with calculations based on the wind resistance
of a complex multi-element array, revealed that the
chimney stack stresses would veer on the wrong
side of a given safety tolerance if the array were
mounted much higher than 16ft above it.

Now, when weak signal fields demand the accurate
orientation of a high-gain and very directional
u.h.f. aerial to abstract the last decibel of signal
energy, aerial wobble becomes an important factor.
Indeed, u.h.f. Dx work often calls for a stayed
aerial system to keep the top steady when wind is
high. Wobble can cause cyclic variations in aerial
orientation and plane of polarisation, and while
the resulting few decibels of signal voltage “bounce”
at the aerial termination might mean virtually
nothing to a set working from a strong signal with
its a.g.c. systems “hard on”, the effect can be dis-
concerting at very low signal levels when there is
no significant a.g.c. action at the set. The effect of
wobble is aggravated when the u.h.f. aerial is
mounted within a wavelength or so of metal objects
or the v.h.f. aerials, for proximity effects can then
cause cyclic variations in u.h.f. aerial impedance
in addition to the other factors just mentioned.

The author was not in favour of mast staying,
and set out to test aerial wobble with the u.h.f.
aerial mounted right at the top of a 16ft alloy pole
of 2in diameter. For safety reasons, the pole was
clamped to the chimney stack using heavy-duty
double lashings, and these were erected with greater
than normal care to avoid side play which would
be considerably amplified at the top of the mast.

The mast and final aerial system has now been
erected for over 8 months and in spite of strong
gales the installation is still strong and sound.
Very little wobble occurs at wind velocities up to
about force 7.

Signal Measurement

The next job was to discover the best type of
aerial for this range of reception. Many aerials
were tested on the top of the 16ft pole, including
stacked and broadside arrays, and to obtain a
fair appraisal of their performance it was necessary
to devise some means of measuring u.h.f. signals
down to about SuV. There are plenty of signal
strength meters on the market for both v.h.f.
and u.h.f. The author is in possession of some of
these but none was sufficiently sensitive for reading
the very low signals that were encountered at
certain times.

The problem was conveniently solved, by using
a Taylor valve voltmeter Model 172A to read vision
a.g.c. bias in the set. In the author’s case it was
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Fig. 2. Sea path of the Dx signal

found that this instrument read directly in terms
of microvolts on the 0-500V scale when switched
to the SV range, the correct reading being obtained
by dividing by 2. Thus, a reading of 200V indicated
a signal strength at the aerial socket of 100uV.
The large scale of this instrument makes it possible
to read down to 51V, which is one division on the
scale. The instrument has a “set zero” control, as
found on the majority of valve voltmeters, and it
was found possible to use this to “back off” the
standing bias on the a.g.c. amplifier at any particular
setting of the contrast control. The meter could
then be zeroed with the aerial removed and the
contrast control adjusted about half-way on. The
aerial was then simply plugged into the set and the
signal strength read directly from the scale as just
explained.

Tt is appreciated, of course, that few enthusiasts
will have this contbination of set and valve voltmeter,
but there is no reason at all why similar results
could not be obtained from a different set and valve
voltmeter, using the same principle.

Fig. 4 shows the basic a.g.c. arrangement in the
Pye 40F set and the connecting points for the valve
voltmeter. The setting of the contrast control
determines the standing bias on the a.g.c. line and
this makes it necessary to have some method of
backing off at the meter.

Maximum strength at the end of the feeder has
been about 1501V, so at all times it has been neces-
sary to employ a low-noise u.h.f. booster amplifier

"GO £ COLOUR

Fig. 3. An example of the reception possible under
good conditions
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Fig. 4. The a.g.c. circuit in the Pye 40F receiver, with a
valve voltmeter connected for signal strength
megasurement

to lift the signal sufficiently to work the set properly
and to clear grain (noise effect) from the picture,
but more is said about this later.

Aerial Choice

All aerials with more than nine elements ifi
each array have produced usable signals. Stacked
arrays, curiously, have given very little improvement
over a single array of the same kind as used in the
stacked formation. At maximum, doubling-up in
this way gives a theoretical power lift of 3dB, this
being yielded only if the matching to the downlead
is optimised—not as easy in practice as theory appears
to indicate! Possibly, a two-by-two box array would
have assisted with: the matching problems, giving
a 6dB lift over a single, in-line array. However, such
a system would have been too heavy for the support
rig employed for these particular field tests.

Fig. 5. Typical “‘average” reception
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After tests extended over several months of chang-
ing propagation conditions using single in-line
and double arrays, it was decided to work with
a single in-line array; and eventually the latest
J-Beam “‘Parabeam” array was chosen. This uses
a modified slot-type dipole, a reflector of similar
shape and sixteen directors, giving eighteen in-line
elements in all.

The J-Beam array was fitted right at the top of
the 16ft, 2in diameter alloy mast by means of a
universal adjusting clamp, the latter allowing the
array to be tilted skywards as well as horizontally
to vary the plane of polarisation. The aerial was
coupled to the set through really low-loss u.h.f.
coaxial feeder. The feeder run to the set was only
about 30ft but the author has found from previous
experience that the better quality coaxial cable tends
to “stabilise” a w.h.f. aerial installation, particularly
where set-side signal boosting is required, even
though “standard’ cable over such a short length
would offer very little direct attenuation.

Effects Of Aerial Tilt

Tests were then made during a period of settled
signal (steady at about 50uV) for skyward and
horizontal tilt. Skyward tilt was adjusted at chimney
level with the aid of two lengths of cord, one fastened
at each end of the main boom so that the array
could be swivelled up and down on the loosened
clamping bracket.

Adjustments to skyward tilt certainly appeared
to endow the system with extra effective height;
the optimum was about 15° which gave an increase
in signal strength at the feeder of almost 6dB
(double). However, it is doubtful if the same result
would be given with all installations, and it probably
occurred at the test site because of the local rise in
the land (point A in Fig. 1).

It is sometimes said that tilting an aerial towards
the sky to gain effective height is undesirable because
it then becomes unduly sensitive to reflections of
signal from passing aircraft. At any event, the
author’s receiving site is almost directly below an
air line route, and no bad trouble from aircraft
flutter has so far been experienced. Indeed, there
is often more on the v.h.f. channels. This does not
imply that aircraft flutter is non-existent on u.h.f.;
it has still manifested in the usual way when the
aircraft have been particularly low-flying, as occurs
with helicopters and off-sea planes.

Testing for horizontal tilt was much more tricky
as this mean removing the array from the chimney
lashings each time. A very slight off-horizontal
tilt was found to give about 159% increase in signal
strength, indicating that the plane of polarisation
of the signal is altered a little during its journey over
sea and cliff tops. A curious thing was observed
when experimenting with polarisation tilt, and that
was a change in the strength of the sound signal
relative to the vision signal. On the face of it, this
would appear to indicate that the plane of polarisa-
tion at the receiving site differs by a small amount
between the vision and sound signals in the channel.
Selective fading between the sound and vision
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signals is not _particularly uncommon over DX
paths, but this is the first time that the author has
encounted seemingly selective change in polarisation!

How The Weather Affects Reception

The “Parabeam” is now permanently erected
and adjusted carefully to optimise all the factors
discussed, and some sort of BBC2 signal is always
present. However, there are times when it is very
weak indeed, barely locking the field, while at other
times it is as strong as the local BBC! and ITV
transmissions. Entertainment-value reception is
possible for about 40 per cent of the time (up to
date), and the “average” type of reception is depicted
in the off-screen photo of Fig. 5. Reception like
that shown in Figs. 3 and 6 occurs only during
exceptional conditions.

It is well worth noting that the exceptionally
good conditions on u.h.f. have not so far coincided
with high ionospheric and tropospheric activity in
the v.h.f. channels. VHF Continental interference
is troublesome at the receiving site during early
spring and summer months, and when this has

Fig. 6. Reception of a colour transmission under good
conditions

been at its height u.h.f. reception has not been
particularly brilliant. Conversely, during times of
good u.h.f. reception, Continental interference has
not been noticeably troublesome.

UHF reception is worst during periods when
the barometric pressure is at a steady “low”, is
average at a steady “high’ and is exceptionally good
during a violent change in pressure from high to
low or from low to high. Severe rain causes a steady
signal drop of about 6dB (50%), while heavy cloud
and thundery conditions have resulted in fairly
rapid changes in signal strength, swinging from
about 51V to 1501V at times. Local thunder clouds
have also caused bad multipath interference on
both picture and sound. These have given a multi-
plicity of strong ghosts on the picture and a very
high level of harmonic distortion on sound, just as
though the clouds were ccting as giant signal
reflectors. This is probably what does happen
anyway due to cloud ionisation, the clouds then
acting rather like a dense local ionosphere.
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' Fig. 7. An example of the signal given without a
booster amplifier

Signal Boosting

So far nothing has been said about signal boosting.
All the off-screen photographs so far referred to
were obtained from a boosted aerial signal, with the
booster close to the set and not at the aerial. Several
set-side boosters have been tried, including a two-
transistor, low-noise Ttalian design, but the device
currently in use is a version of the King u.h.f.
Telebooster with a second-generation silicon, low-
noise uw.h.f. transistor. This uscs a quarter-wave
cavity resonator which gives very good electrical
stability close to the set’s u.h.f. tuner. Overall gain
on Channel 24 is about four times (12dB), and one
or two alterations have been tried at the front end
of this to secure the best possible signal coupling
from the downlcad to the transistor emitter, in-
cluding tuning.

The booster thus ensures that the set receives
between about 3001V and 600uV, depending on
the signal conditions. Fig. 7 shows the kind of
average picture obtaincd without a booster, the
aerial being connected direct to the tuner with the
signal approaching the 100V mark. Signal boosting
has been found to be essential, even though the set
uses a transistorised tuner.

With a downlead of 50ft or less, no significant
improvement is obtained by locating the booster

Fig. 8. The aerial installation used for the tests
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at the aerial end. Such a location can, in fact, lead
to problems in feeding power to the booster, and
the power filters then required have been known to
add attenuation to the aerial system.

Improving Noise Performance

The first stage noise factor is the most important,
and for all practical purposes the following expres-
sion gives the noise figures. Where Nj is the noise

Total Noise Factor:N1+N2P L
1

figure of the first stage, N, the noise figure of the
second stage and P; the power gain of the first
stage. Thus, the total noise is kept low by using a
low-noise first stage with a high power gain.

Let us suppose that the tuner in the receiver has
a noise figure of 14dB and that a booster amplifier
connected to it has a noise figure of 5dB and a
power gain of 14d B. Then we get:

14-1,

14

which works out to 5.9dB, meaning that the noise
performance has been improved by as much as
8.1dB. When the amplifier is at the aerial, its power
gain is attenuated by the downlead attenuation
factor, but the input signal/noise ratio tends to

Total Noise Factor=5-+

improve because the transistor has a greater signal
level passed to it than would occur at the bottom
of the downlead. One effect more or less balances
out the other. Even a transistorised tuner can be
improved in terms of noise performance by the
addition of a good low-noise amplifier. If the tuner
has a noise factor of, say, 8dB, and the amplifier
one of 5dB at 14dB power gain, a noise improvement
of 2.5dB is secured.

This article has demonstrated, therefore, that
whf. reception—on Channel 24, at least—is
influenced by the troposphere probably more than
might have been realised. The normal range of a
u.h.f. station is about 30 to 40 miles because the
u.h.f. signals travel in a straight line, bent very
slightly to hug the surface of the earth by diffraction
in the local atmosphere. The reception distance is
thus a little in excess of the line of sight distance
between the transmitting and receiving aerials.
Clearly, the greater the height of the aerials, the
greater the reception distance.

Reception outside the normal service area is
caused by the sky waves being bent more—to hug
the surface of the earth over longer distances—than
is normal. This abnormal bending is a function of
the troposphere, and this in turn is obviously affected
by local weather conditions, as has been, shown in

this article.
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\& @\ Battery Voltage Indicators

SUGGESTED CIRCUIT No. 206

features in the field of electron-

ics these days is given, of
course, by the fact that battery-
operated transistor equipment is
very largely superseding the mains-
driven valve equipment employed in
earlier years. This point applies
not only to such things as receivers
and small record-players, but also
to a wide range of test gear as well;
and the transistor equipment has
the obvious advantages of small
size and low weight, together with
negligible heat dissipation and
absence of trailing mains wires.

A minor disadvantage with tran-
sistor equipment is that the power
supply is given by a battery whose
voltage drops continually with age
and use, whereas the previous valve
equipment obtained its power from
the mains and thereby operated
with a relatively constant supply
voltage. A typical cause of irritation
occurs, for instance, if it is found
that the voltage of a transistor
receiver battery has fallen below
that needed for adequate functioning
and a replacement is not immediately
available. With test equipment the
situation may be more serious, since
low battery voltage can sometimes
give rise to misleading results or
incorrect readings. Again, the gram
motor speed of a battery-operated
record-player may be adversely
affected if the battery voltage falls
close to a specific level.

All these points argue the desir-
ability of fitting transistor equipment
with some form of meter to provide
an indication of battery voltage.
Thus, when the battery voltage
approaches the lowest level at which

ONE OF THE MORE PREDOMINANT
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the equipment will reliably operate,
a new battery may be purchased in
good time for replacement. Also,
a battery voltage indicator obviates
the risk of deceptive readings with
transistorised test equipment. In-
cidentally, the inclusion of battery
meters in transistor radios is not
a new feature, and the writer is
interested to see that a recent
British radio receiver (the Ferguson
model 3158) is so fitted. In this par-
ticular receiver the meter is connected
across the battery supply lines and
gives a reading all .the time the set
1s switched on.

Since  conventional transistor
equipment cannot be used when the
battery voltage has fallen to some
two-thirds of its nominal value, a
battery voltage meter will offer
greatest usefulness if most of its
scale can be calibrated from two-
thirds of nominal battery voltage
to full battery voltage, rather than
from zero to full battery voltage.
In practice, it is quite an easy matter
to achieve this result with standard
moving-coil meter movements, all
that is required being the addition
of a relatively inexpensive zener
diode to the meter circuit. Such
zener diodes are currently available
at low cost, and have very small
physical dimensions.

This month’s “Suggested Circuit™
article describes how expanded scale
voltage indicating meters may be
added to any transistor equipment
employing 6-volt, 9-volt or 12-volt
batteries, and which has sufficient
panel space available to take the
requisite meter. Also discussed are
the pitfalls which need to be avoided
when zener diodes are employed in

For Transistor Equipment

by G. A. FRENCH

this manner.

Basic Operation

The simplest type of battery
voltage indicator for transetor equip-
ment is illustrated in Fig. 1 (a),
where the on-off switch shown is
that fitted to the equipment. The
meter may be any moving-coil
movement having a full-scale de-
flection in the range of, say, 100uA
to 1mA, whilst the series resistor
has a value which enables the meter
to give a convenient indication of
battery voltage. A typical home-
constructor installation in a piece of
equipment having a 9-volt battery
could, for instance, consist of a
0-1mA meter with a series resistor
which caused 1mA to be indicated
for a supply voltage of 10. The
9-volt battery at its nominal voltage
would then give a reading of 0.9mA,
and so on. However, since the equip-
ment could not normally be expected
to function reliably at battery
voltages below about 6 the meter
scale from zero to the point cor-
responding to 6 volts offers no useful
function and is wasted. In Fig. |
(b) a 6-volt zener diode is inserted
in the meter circuit, whereupon the
range 6 to 9 volts appears across
most of the meter scale. Assuming
that the zener diode has a “‘perfect’
characteristic, which causes it to
exhibit infinite resistance at voltages
below 6 and zero effective resistance
above, the value of the series resistor
may be made such that the meter
needle just starts to be deflected from
rest at voltages slightly exceeding
6 and achieves full-scale deflection
at the voltage given by a brand new
9-volt battery. The scale may then
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push-button may be added, as in
Fig. 1 (¢), this being pressed only
when a reading of battery voltage
is required. The inclusion of a
push-button makes the circuit of
Fig. 1 (d) attractive also, since this
enables the battery voltage to be

Fig. 1 (a). A simple indicator circuit to read battery voltage

(b). If a zener diode is added, the required range of voltage readings may be
expanded to cover most of the meter scale. A 9-Volt battery is assumed in
this diagram
(c). Adding a push-button to conserve battery drain
(d). An alternative circuit using a push-button

be directly calibrated over all its
length for this range, with the result
that it offers maximum utility
because it covers only the battery
voltages at which the equipment
may be employed. As we shall see
shortly, it is not possible to obtain
results as good as this with practical
zener diodes, but the circuit des-
cription just given offers a useful
introduction to the use of a zener
diode for this particular application.

Some consiructors may consider
that the permanent conncction of
the meter, zener diode and series
resistor across the battery supply
lines is undesirable, because the
current drawn by the meter could
result in a significant shortening
of the battery life. If this point is
considered sufficiently important, a
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read, off-load, when the equipment
on-off switch is open. The arrange-
ment of Fig. 1 (d) can give warning
of a fault condition in the equipment
which causes excessive current to
be drawn from the battery, because
it enables the drop in battery voltage
which occurs when the on-off switch
is closed to be readily observed.

Practical Versions

In practice, a zener diode does
not *have the perfect characteristic
just assumed, and the zener voltage/
zener current curve of a practical
diode takes up the typical shape
shown in Fig. 2. As, in this diagram,
zener voltage increases from zero.
no zener current flows until the
zener voltage approaches a figure
which is, normally, somewhat below
the nominal zener voltage quoted
for the device. Zener current then
begins to flow, increasing with
voltage in non-linear fashion until
the region designated ‘‘Constant
Slope Resistance” is reached. Over
this region the diode carries out its
function of stabilising the zener
voltage most efficiently, and large
changes in zener current correspond
to small changes only in zener
voltage. The fact that there is a
slight increase in zener voltage with
increase in zener current infers that
the diode is exhibiting resistance.
When the zener voltage/zener current
curve is a straight line this resistance
is constant.

The constant slope resistance for
different zener diodes varies accord-
ing to type and nominal zener
voltage. As an example of what is to
be expected, a typical slope resistance
for a small 9-volt zener diode would
be of the order of 15Q. In our present
application the zener diode is in
series with a resistor and a meter
and, over the zener current range
which offers a constant slope resist-
ance, will merely insert a constant
amount of extra resistance in circuit.
The circuit, operating as a voltmeter,
will then be able to give linear
voltage readings. If, on the other
hand, the current flowing through
the zener diode brings it back to
the highly curved part of its char-
acteristic the slope resistance in-
serted by the diode will vary by a
relatively large amount, and volt-
meter indications will be noticeably
non-linear. Most small zener diodes
with nominal voltages above 6 enter
the constant slope resistance section
of the characteristic at about 1mA
or less, whilst with lower voltage
diodes the curved section usually
extends beyond 1mA.

The zener diode circuit checked
by the writer for this article is
shown in Fig. 3. This may be
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employed in either of the arrange-
ments shown in Figs. 1 (b), (¢) or
(d), according to the wishes of the
constructor. For a 6-volt battery
supply the zener diode may be a
type Z4.7, for a 9-volt supply a
type Z6.2 and for a 12-volt supply
a type Z9.1. These three zener diode
types are all listed in the Henry's
Radio 1967 catalogue at 3s. 6d.
each, and have the nominal zener
voltage indicated by the type number
at a tolerance of 5%. In each case
the lead identified with a red spot
connects to the positive side of the
circuit. (If a zener diode is con-
nected wrong way round it merely
functions as a normal diode.)

The meter, M;, may be any
moving-coil instrument having an
fs.d. between 100uA and ImA.
Should it be desired to have most
of the scale calibrated in linear
fashion the higher current meter is
preferable, since it brings the zener
diode on to (or adequately near to)
the constant slope resistance section
of its characteristic over the range
of supply voltages it is intended to
indicate. Fig. 4 (a) illustrates the

results given with a 0-1mA meter, as

obtained in practical tests with the

[He]
o9

Meter  O-6
reading O-5
(mA)Y ©O4

Negative supply

\ M
} IOOpA to ImA

VR| see text

D ]

Positive supply

(247 for 6-volt battery
ID|{ 262 for 9-volt battery
1294 for 12-volt battery

Fig. 3. The zener diode circuit
checked by the author

Henry’s Radio diodes employing
6-volt, 9-volt and 12-volt supplies,
and using the circuit of Fig. 3.
Meter reading is plotted against

64V 96V

12:8v

o | 2 3 4 5

6 7 8 9 10 {i 12 B

Battery voltage

1001

80-
70
Meter 60‘;

reading 5o
(pA)
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Fig. 4 (a), Meter readings versus battery voltage with a meter having an f.s.d=
of 1mA and using the circuit of Fig. 3

(b). The results obtained with a 0-100uA meter
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New cdlibration

Existing calibration

(a)

(b)

Fig. 5 (a). A re-calibrated meter scale corresponding to the central curve of
Fig. 4 (a), and suitable for fitting in equipment with a 9-volt battery

(b). An alternative type of meter calibration

battery voltage. Since a new battery
may exhibit a terminal voltage
corresponding to nearly 1.6 volts
per cell, f.s.d. reading in the meter
was chosen (by adjustment of VR;)
to correspond to 6.4, 9.6 and 12.8
volts respectively. It will be seen
that all the curves in Fig. 4 (a)
are quite linear down to a reading
of about 0.2mA in the meter, this
reading corresponding to some 4
volts, 6 volts and 9 volts respectively.
Thus, with the 1mA meter it is
possible to obtain a wide linear
expanded scale covering all the
useful voltages which can be sup-
plied by the associated battery,
whereupon a new calibration similar
to that shown in Fig. 5 (@) (which
corresponds to the central 9.6 volt
curve of Fig. 4 (a) ) can be achieved.
Below a meter reading of 0.2ZmA
the curvature in the zener diode
characteristic has a noticeable effect
on the linearity of the readings, and
all the curves of Fig. 4 (a) tail off
to a zero current reading well below
the nominal zener voltage of the
diode concerned. It will be noted
that, in Fig. 5 (@), no attempt is
made to calibrate the scale below
the 6 volt point.

Fig. 4 (b) shows the results ob-
tained with a 100pA meter in the
M; position. Here, we are working
on the curved section of all the
zener diode characteristics, this fact
being reflected in the non-linear
appearance of all the curves shown.
Also, the 4 volt, 6 volt, and 9 volt
points correspond to a meter reading
of about 35pA, which is relatively
higher than occurs with the 1mA
meter.

Calibration

If the constructor wishes to re-
calibrate the meter employed to
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For calibration, the zener diode
meter circuit is set up in the manner
shown in Fig. 6. The pre-set variable
resistor, VRj, is necessary to take
up zener voltage variations, within
tolerance, of the particular zener
diode employed, and it must always
be adjusted to insert maximum
resistance into circuit at the com-
mencement of calibration. After
VR; has been set up it may, if
desired, be replaced by a fixed
resistor of the appropriate value.
For meters with an f.s.d. of 100pA
VR; should have a value of 100kQ.
For an f.s.d. of 200uA to 400uA,
VR should be 50kQ; for an f.s.d.
of 500pA to 750uA, VR should be
25kQ; and for higher f.s.d. figures
up to ImA, VR, should be 10k,

Fig. 6. The simple set-up required for calibrating the zener diode meter circuit

indicate battery voltage, the re-
calibration make take the form
shown in Fig. 5 (a@). This re-calibra-
tion will be easier to carry out if a
meter having an f.s.d. current of
ImA or slightly less is employed,
because readings are linear over
the range of voltages it is desired to
cover. To avoid the rather delicate
task of re-calibrating the meter
scale itself, some constructors may
prefer to mount a table alongside
the meter, whereupon it will still,
in general, be preferable to use a
higher current meter.

Since the main function of the
meter is to indicate when battery
replacement is imminent, the alter-
native *“Good-Bad” calibration of
Fig. 5 (b) may be employed. The
commencement of the “Bad” section
is at the supply voltage at which the
equipment ceases to function correct-
ly and a meter of any sensitivity be-
tween 100pA and ImA may be
employed. As is evident from Figs.
4 (a) and (b), the “Good” section of
the scale will be wider if the higher
current meter is used.

The battery in Fig. 6 offers a
voltage higher than that of the
equipment battery with which the
meter circuit is eventually intended
to be used, and the voltmeter may
be a multi-testmeter switched to the
requisite voltage range. The potentio-
meter across the battery is first
set up so that the voltmeter indicates
a voltage corresponding to 1.6
volts per cell of the equipment
battery. VR is then adjusted so that
M; gives full-scale deflection, if
necessary re-adjusting the battery
potentiometer to maintain the volt-
meter reading. Lower voltages are
then provided by the potentiometer
to enable a calibration along the
styles of Fig. 5 (a) or Fig. 5 (b) to
be carried out. If the Fig. 5 (a)
calibration style is employed with a
1mA movement, only a few calibra-
tion points down to two-thirds of
nominal supply battery voltage are
required, as the intervening gradua-
tions will have linear spacing.
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TRADE
REVIEW ...

TRIO
COMMUNICATIONS
RECEIVER

MODEL JR-500SE

Trio Communications Receiver Model JR-500SE ,

The Trio JR-500SE communications receiver has been designed as a high performance unit specifically
to cover the amateur bands and the circuit consists of a crystal-controlled double superhet providing
a high degree of sensitivity and stability. The manufacturer’s specification is shown below and from
this it will be noted that the 160 metre amateur band is not covered, although provision is made for
reception of the 10 Mc/s WWYV or MSF frequency standard transmissions.

Stability of performance is achieved by using a crystal controlled first local oscillator and a v.f.o.
type second oscillator, frequency drift being practically nil since the v.f.o. has solid-state circuitry.
The inclusion of two mechanical filters in the i.f. circuits ensure that a very high degree of selectivity
is obtained. ;

The b.f.o. circuit operates as a crystal-controlled oscillator, and the v.f.o. is fitted with convenient
output terminals in order that it may be used as a v.f.o. for the transmitter. A product detector is
used for reception of c.w. and s.s.b. signals. :

In addition to 8£2 speaker terminals, the receiver is fitted with 500Q output terminals for recording
purposes or for use as an output source for r.t.t.y. connections. Remote control terminals which
facilitate connections to the transmitter are provided, and the receiver is also fitted with an on/off
switch which may be used if it is desired to add a calibration circuit at a later date.

The design incorporates a.g.c., noise limiter and S-meter circuits. There is a total of 7 valves, 2 tran-
sistors, 5 diodes and 8 crystals in the overall design.

The dial mechanism includes an anti-backlash double-gear arrangement and gives direct readings
down to 1 kefs, the large tuning knob having a geared-down ratio of 28 to 1. The bands are covered in
7 separate ranges.

This receiver, recently released in this country, is available from Lasky’s Radio Ltd., 3-15, Cavell
Street, Tower Hamlets, London, E.1, and the price is 59 gns plus 12/6d carriage and packing.

Trio Communications Receiver Model JR-500SE

Manufacturer’s Specification Maximum Power Output: 1 watt
Frequency Ranges: 3.5—4.0 Mc/s Power Consumption: 65 watts
' 7.0—7.3 Mc/s Valve Line-up: Vj 6BZ6 r.f. amplifier

14.0—14.35 Mc/s Va@) 4 6BL8 first mixer
21.0—21.45 Mc/s Vo) 3 6BL8 crystal oscillator
28.0—28.5 Mc/s V3 6BE6 second mixer
28.5—29.1 Mc/s V4 6BA6 i.f. amplifier
29.1—29.7 Mc/s Vs 6BA6 i.f. amplifier

Selectivity: +1.5 kc/s at —6dB Vi) ¥ 6AQ8 product detector

16 kc/s at —60dB Ve) 3 6AQ8 crystal-controlled b.f.o.
Sensitivity: 1.51.V for 10dB s/n ratio at 14 Mc/s V@) 3 6BM8 af. output
Image Ratio and |.F. Rejection: More than 40dB at 14 Mc/s V7) 3 6BM8 a.f. voltage amplifier
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World’s Smallest Computer?

This compact computer is about the size of a standard building brick.
Although it measures only 9 x 4 x 4in, it has a memory capacity for 4,096
numerical “‘words”, each 24 digits long, and carries its own battery power
supply. Its manufacturers, Control Data Corporation, call it “‘the prototype
of future home computers” \

% An Extra
Feature for Our
Readers

As a new service for our readers,
we are commencing with this issue,
a special feature entitled Radio
Constructors Data Sheet. The sheet
will appear in each issue on the
inside back cover of the magazine,
and will provide reference informa-
tion on subjects which are of particu-
lar use to radio constructors. The
information given each month will
be complete in itself.

The advantages of publishing this
material on the inside back cover,
are; specific data may be quickly
located; the material will be pre-
sented as an exfra to the normal
editorial text; for easy reference the
sheets may be removed, without
spoiling the remainder of the maga-
zine, and filed or affixed to stiff
«card for use on the workshop bench,

By collecting these sheets regular
readers will gradually build up a
first rate source of reference. To
avoid breaking the sequence readers
are advised to order The Radio
Constructor regularly as back issues
are not always available.

The British Amateur Electronics Club

The British Amateur Electronics
Club year started on January lst,
and all those interested in electronics
as a hobby are invited to join. The
Newsletter, which is now published
quarterly, is sent to all members,
and until supplies are exhausted
past copies will be sent to new
members to bring them up-to-date.
Of particular interest in last year’s
Newsletters was a complete technical
description of the Electronic Shoot-
ing Gallery which incorporated a
binary counter converting to decimal.
This is, of course, the basis of
electronic counters and computers
which are of particular interest at
the present time.

Members in all parts of the country
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and overseas are now helping to
design and make an Electronic
Noughts and Crosses Computer.
A series of articles on this ambitious
B.A.E.C. Project starts in the January
issue of the Newsletter, and reports
will be given in future Newsletters,
so that members will know how it is
progressing.

For the benefit of those members
who live near enough to Penarth,
meetings are held at the Penarth
Secondary School, St. Cyres Road
(Off Redlands Road), Penarth, Glam,
the new session starting on Thursday,
January 11th, and thereafter every
Thursday night at 7 p.m. until April
4th. At these meetings they experi-
ment with modern electronic devices.

suchas integrated circuits, dynaquads,
light-activated silicon control recti-
fiers and so on. These experiments
ultimately lead to incorporating
the various devices in electronic
games which are not only shown in
an exhibition during the Penarth
Holiday Week in aid of charity,
but are also fully described in the
Newsletters. If you would like to
join the British Amateur Electronics
Club (membership fee 10/-d per
year), or require further information,
please contact C. Bogod, “Dickens”,
26, Forrest Road, Penarth Glam,
who will be very pleased to forward
you details of this new and exciting
organisation.
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COMMENT

The Fusegear Department of
Brush Electrical Engineering Co.
Ltd., a Hawker Siddeley Company,
announce that their industrial range
of HRC fuse links from 2 amps to
200 amps has now been certified
in accordance with the requirements
of BS.88 Part (1) 1967 for category
of duty 415Q AC46 and ACS0,
Class Q1. These fuse links have a
fusing factor of Class Q1 as defined
by the specification.

More About The |.S.W.L.

In last month’s issue we con-
gratulated the International Short
Wave League on its coming of age.
There was only space then to refer
to the origins of the league, the three
main objects and the size of its
membership. This month we com-
plete the story by giving details of
the services and activities provided
for members.

Unlike most national radio
societies, the League «caters for
members with interests in both the
amateur and the broadcast bands
and is able to provide a varied
selection of services for both.
Members interested in the amateur
bands include both transmitting
amateurs and short wave listeners
and no distinction is made between
the two. One of the League’s main
services to members is the provision
of a monthly magazine, entitled
“Monitor’”, which averages 34
quarto-sized pages per month. Large
sections are devoted to reception
conditions on both the amateur
and the broadcast bands and mem-
bers are encouraged to submit
details of stations they hear. Several
contests are held annually and the
rules and results are also published
in. the magazine. Transmitting
amateurs and V.H.F. enthusiasts
have their -own articles, and helpful
advice for newcomers to the hobby
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is given from time to time.

The I.S.W.L. QSL Bureau is
well-known throughout the world as
one of the fastest there is, all out-
going cards being cleared by the
QSL Manager at intervals of never
more than a fortnight sven to the
most remote countries. The Bureau
is unusual in that it accepts reports
to both amateur and broadcast
stations and all cards received for
members are sent to them frec of
charge, eliminating the nuisance of
having to forward stamped envelopes
to the Bureau at frequent intervals.

A series of awards, such as those
for verifying 50 countries in the
British Commonwealth of Nations
and 50 FEuropean countries, is
available free of charge to members
only and a special ‘“Anniversary
Award” will be issued to members
verifying 100 stations in 21 zones
during the League’s anniversary
year. Amongst services available are
the Translation Service, Tape section
and Correspondence Bureau.

All 1.SW.L. Officers give their
time voluntarily and receive no
payments for their work other than
out-of-pocket expenses. All sub-
scriptions are therefore used to
maintain and improve the facilities
offered to members. The executive
body of the League is the 1.S.W.L.
Council, which consists of seven

officers who are elected bi-annually.
The Headquarters of the League is
situated at 60 White Street, Derby,
DE3 {HA, England, and the Secre-
tary is Mr. B. J. C. Brown, C3JFD.
The present annual subscription is
£1 15s. 0d. sterling (U.S.A. $5.00).

“Throw away like Biro refill”
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Silicon Transistor
Reflex T.R.F.

by G. SHORT

By taking advantage of the properties of silicon transistors this circuit offers a high
performance with an extremely small quantity of components. The design is not critical and
a number of modifications can be incorporated

HE TWO-TRANSISTOR REFLEX RECEIVER WHOSE
Tcircuit is given in Fig. 1 was designed with simpli-
 city and component economy in mind, but per-
formance has not been sacrificed. In fact, the sensi-
tivity is much greater than that of most two-transis-
tor receivers. The measured sensitivity of the proto-
type, without using any reaction, was about 20dB
better than the sensitivity of a conventional two-
transistor reflex receiver using an OC44 and an
OC71. The current consumption is low—about
1.5mA.

Exploiting Silicon Transistors

This good performance is obtained by making use
of the characteristics of modern high-frequency
silicon planar transistors. These transistors work
well as r.f. amplifiers at low collector currents.

In the usual type of reflex circuit, TR feeds the
detector, often of the double-diode type. The
impedance presented by such a detector to low-level
r.f. signals is typically about 1.5k€Q. This rather low
impedance severely limits the gain of TRy; and
increasing the value of its collector resistor is of

b

TR|, TR, lead-outs

S|
Ferrite qerial EERI - i I Earphone
[ <
:h 15mA 4
i
|
i
1
i e
1
L] !!: L2 By T
i ov_I
{11 b= [
Cg# 1
mc2

Fig. 1. The basic circuit of the reflex transistor receiver. A magnetic earphone is used. Note the economy in components
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Ferrite aerial

]
I
|
1

L2q

Lig MW. tuned coil
Lip LW tuned coit
Loq Sturns coupling
Lop 15 turns coupling

Fig. 2. Suggested modification for a medium and long
wave version of the receiver

very little help. In the present circuit, however,
TR; does not feed the detector directly. Instead,

COMPONENTS

(N.B. Some of the components listed below are
altered if the modifications described in the text
are made.)

| Resistors

i R; 15k, 1 watt, 209,

Rs;  680Q, 4 watt, 20%]

Capacitors
C;  Tuning capacitor, to suit L
C, 0.01pF
Cs  125pF electrolytic, 3V wkg.
Cs  0.01pF
Inductors )
L,  Ferrite aerial for medium or long waves
Ly  See text
Ls  R.F. choke (see text)
Semiconductors
TR; HK301

TR, HKI101,HK301 or HK601
D; Any germanium diode

(The transistors are available from Amatronix,
Ltd.)

Switch
St s.p.s.t. switch

Battery
Bi  9-volt battery

Magnetic earphone, resistance 250Q to 4kQ

Earphone 1
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TR, acts as a unity-gain buffer. TR, is an emitter-
follower as far as the r.f. signals are concerned, and
its input impedance is high. The full advantage of
using a high value for Ry (the collector resistor for
TRy) is thus obtained.

Direct Coupling

A further feature of silicon transistors which is

put to good use in this circuit is their relatively high
base-emitter voltage. This is about 0.65V in the
present case. How this is useful can be seen by work-
ing out the collector emitter voltage of TR;. This
is made up of the sum of three voltages: the base-
emitter voltage of TR, (0.65V), the drop across the
forward-biased detector diode (0.1V), and the base-
emitter voltage of TR; itself (0.65V). The total is
1.4V, and is well above the “bottoming” voltage of
TRy which is about 0.5V in the present instance.
If germanium transistors, with base-emitter voltages
of about 0.2V had been used, the collector voltage
of TR; would have been only 0.5V. Good r.f.
germanium transistors such as the AF117 will not
work well with such a low collector voltage, and in
consequence the simple form of direct coupling
from the detector used here is not practicable with
germanium transistors.

v+
= To crystal
P 9kn:: earpiece
| S e
(ay
~9V+
Coupling
capacitor
-
2uF To following
AF stage
o
(b)

Fig. 3 (a). If a crystal earpiece is used, an additional
3.9kQ) resistor is fitted between the collector of TR,
and the positive supply line
(b). An additional 3.9k} resistor is also required if the
receiver is to feed a following a.f. amplifier
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Front view of a receiver made up to the circuit of Fig. 1
and incorporating a volume control

Audio Circuit

The a.f. circuit is perfectly straightforward. The
detector D;, which can be almost any type of
germanium diode (a gold-bonded “‘computer diode”
was used in the prototype) feeds the base of TRy,
and TR is direct coupled to TR;.

Adding Reaction

If L3 is parallel to L; and close to it, positive r.f.
feedback is produced, provided that the turns in
Ly, L,, and L3 are in the appropriate direction.
Alternatively-—or additionally—reaction can be
obtained by capacitive coupling between the collec-
tor of TR, and the ‘“*hot” end of the aerial tuned
circuit. The best way of obtaining this is to connect
a wire to the “hot” side of C; and wrap the other end
of it round Ry. This end should of course, be insula-
ted. With correctly adjusted fixed reaction, quite
weak stations can be received.*

Coil L; may be any ferrite aerial tuned coil
intended for medium or long waves, and tuning
capacitor C| should have a value to suit the particu-
lar ferrite aerial coil employed. With a medium wave
ferrite aerial, L, consists of 5 turns of wire around

*For regeneration to occur with the capacitive coupling, the upper
end of L in Fig. | should be in anti-phase with the end of L which
connects to TR, base. This differs from the coil phase relationship
apparent in the diagram, which is primarily intended to illustrate the
basic operation of the receiver circuit. If satisfaclory regeneration does
Il!:(c):lx' occur at the first attempt, try reversing the connections at L,.

1tor,

9V+

Fig. 4. Coupling a loudspéaker to the receiver
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Fig. 5. Showing how a volume control may be added to
the circuit

22 s.w.g. wound over the earthy end of L; or on the
ferrite rod close to the earthy end of 1.;. The gauge
of wire and its positioning are not critical. With a
long wave ferrite aerial, L, should consist of 15
turns of the same wire wound on the ferrite rod close
to the tuned coil. The prototype was made for single
waveband working only. However, should the reader
desire to use a medium and long wave ferrite rod
aerial, two coupling coils may be fitted, with wave-
change switching along the lines suggested in Fig. 2.
In this diagram, L(y) is the medium wave coupling
coil and Ly(y,) the long wave coupling coil. The two
switches in Fig. 2 are ganged.

The r.f. choke L3 has an inductance of approxi-
mately ImH. [t may be made by scramble-winding
100 turns of 36 s.w.g. single silk covered wire on a
1in length of 4in diameter ferrite rod.

Modified Second Stage

As it stands, the receiver will operate a magnetic
earpiece or headphone with a resistance between
250Q and 4kQ. If it is desired to use a crystal ear-
piece, substitute a 3.9kQ resistor for the magnetic
earpiece and connect the crystal earpiece across it.
See Fig. 3 (). If it is desired to use the receiver as a
radio feeder or as a “front end”, to be followed by an
audio power stage, similarly fit the 3.9kQ resistor
and couple to the following stage via a capacitor,

Rear view of the receiver. Component details are
discussed in the text
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as shown in Fig. 3 (b). If the following stage employs
a transistor the coupling capacitor may have a value
of 2uF electrolytic (as in the diagram); if it employs
a valve the coupling capacitor may be 0.02u.F.

In favoured localities it may be possible to obtain
enough power from TR; to drive a sensitive loud-
speaker. To increase the power, the collector current
of TR, may be increased, within reason, by using a
lower value for R,. The voltage across R; is about
0.7V, and is more or less independent of the value
of R,. Thus with Ry = 680, the collector current
of TR, is about 1mA. Reducing R, to 100Q makes
the current rise to about 7mA, and so on. If this
modification is made, TR, should have a current
amplification factor of 90 or more. With the ear-
phone output, transistors from any of the available
gain groups may be used, though the sensitivity of
the receiver will, of course, be increased somewhat
if high-gain transistors are employed in either or
both stages. (The question of gain in available
transistors is covered in the Note at the end of this
article.)

For maximum output to the speaker a matching
transformer is required. The optimum turns ratio is
VCE
Ic.RL
where RLis the loudspeaker impedance. For example,
if Vce = 8V, Ic = 10mA and RL = 4Q, the re-
quired turns ratio is 14:1, The maximum output is
theoretically Vc.Ic, but in practice it is nearer

vel L2 . .
—%—(—:, which in this case is 20mW. The speaker is

connected as in Fig. 4.

Volume Control

There is no means of turning down the volume
in the circuit of Fig. 1 except of course, by orienting
the ferrite aerial so that less signal is picked up. A

volume control may be added as shown in Fig. 5.
It is placed immediately after the detector. This is
the best circuit position from the point of view of
signal-handling capacity, since the a.f. input to the
transistors can be minimised. The resistance of the
volume control is not critical, but it should not be
too high or the d.c. working conditions of the
transistors will be disturbed at intermediate settings.
On the other hand it should not be too low or sensi-
tivity may be impaired. A potentiometer with a log
track and a value of 5 or 10k is suitable, and it may,
if desired, be combined with the on-off switch.

Built-Up Circuit

The accompanying photographs show two views
of a receiver built up in a perspex case to the circuit
of Fig. 1 (with the exceptions that a crystal earpiece
is employed, as in Fig. 3 (@), together with a volume
control, as in Fig. 5). Regeneration is obtained by
way of an insulated lead from the “hot” side of
C; to R;, as described earlier. The ferrite aerial
covers the medium-wave band and is home-wound
on a 4in length of fin ferrite rod, and consists
of 46 turns of 20 s.w.g. insulated wire close-wound.
It is tuned by a variable capacitor of the type used
in TV timebases, although any normal variable
capacitor of around 300pF could be used instead.
The battery is an Ever Ready PP4.

Note: Transistor Gain
The HK10l and HK301 transistors available
from Amatronix Ltd. are in the following grades
for hf. HKI101: 30-60 (red); 50-100 (purple);
90-180 (blue); 150-450 (green). HK301: 20-60
(black); 50-100 (purple); 90-180 (orange); 150-450
(green). The HK601 is available with a minimum
hr. of 20 at 50mA.
K

CAN ANYONE HELP?

Requests for informdtion 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

Hallicrafter SX24 Receiver.—D. W. Davies, Pen-y-
Maes, Halcog, Brymbo, Wrexham—any information,
manuals, circuits, etc., both for this and the Mackay
Marine Radio type 138-B.

* * *
Delco Remy Car Radio.—D. Walsh, Ballylynch,
Carrick-on-Suir, Co. Tipperary, Eire-—service man-
ual or circuit required on loan. Model No: 1252,
valve line-up 6K7, 6K8, 6K7, 6Q7, 6V6 and vibrator
supply. ]

* * %* #*
P58 Receiver (300-650 Mc/s).—R. G. Hayward,
‘Sunnyfields’, Lighthouse Road, St. Margaret’s
Bay, Nr. Dover, Kent—handbook or circuit diagram
or any other details.
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R1392E Receiver.—J. Cameron, 3 Eversley Court,
Thundersley, Essex—circuit or manual or any
details.

* H * *

R1392 VHF Receiver.—J. R. Keenan, 7 Parkmount,
Bangor, Co. Down, N. Ireland—service manual
required, loan or purchase.

* * %* *
Taylor Valve Tester 45C.—T. Degnan, 4 Opie

House, Allitsem Road, London, N.W.8—loan of
the chart manual.
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VERSATILE
MULTIMETER

by

P. J. LE RICHE

Offering a d.c. sensitivity of 10kQ per volt, this simple

multi-testmeter can provide all the measurements required

in normal servicing and experimental work. The only

expensive item is the basic 0-100xA meter movement, and

the resistance of this component is unimportant since it is

allowed for in the assembly of the current range shunt
resistors

S HAS OFTEN BEEN STATED

before, one of the most useful

pieces of test equipment a
constructor can possess is a multi-
meter. Having for several years used
a very simple meter of this type, the
author felt the need for a second,
more comprehensive, instrument and
the result is the multimeter described
in this article. Twenty-two ranges are
provided covering quite a wide

range of d.c. voltages, a.c. voltages
and d.c. currents, together with two
resistance ranges giving a useful
indication of resistance.

Circuit

The circuit is shown in Fig. 1.
In this, two switches, S; and S,,
are used to select the required
range, S; switching in the appropriate
shunt or mutltiplier and S, the appro-

The completed instrument has a very neat and professional appearance
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priate function. The two resistance
ranges share the same battery and
the same zero set control; in one the
unknown resistor is connected in
parallel with the meter between the
“Ohms” and the “Low Ohms”
sockets, and in the other it is con-
nected in series with the meter
between the “Ohms” and the “High
Ohms” sockets. In both cases the
“Ohms” socket is positive with
respect to the other. Provision is
also made for testing the state of the
battery by pressing the biased toggle
switch S4, whereupon the battery
voltage will be shown on a 50V
range. )

The other switch, S3, is simply an
on-off switch, but with a slight
difference. On voltage ranges only
S3(a) plays a part, simply disconnec-
ting the meter and leaving the input
terminals open-circuit, but on the
current ranges it disconnects the
meter and also short-circuits the
input terminals so that, if it is
switched off while the instrument is
in a circuit, the current may still
continue to flow. Si(a) also short-
circuits the meter terminals when it is
in the “Off” position, thereby provid-
ing a useful degree of electrical damp-
ing and reducing considerably the
amount by which the needle swings
when the instrument is moved. It
should be noted that this facility
becomes inoperative when the func-
tion switch is in the “A.C. Volts”
position, since the very low voltages
generated by excursions of the
pointer are insufficient to drive an
appreciable current through the
rectifier. S3 should be in the “Off”
position when the battery is tested,
or no reading will be obtained.

Switching with the current ranges
is, perhaps, slightly unusual in that
the circuit combines the advantages
of both the Ayrton-Mather univer-
sal shunt method and the simple
shunt circuit without the disadvan-
tages of either. In the simple shunt
circuit shown in Fig. 2 (@) the switch
contacts are in series with the shunts
and can introduce an appreciable
error, particularly on the higher
current ranges. There is also a risk
of damage to the meter when reading
high currents if switch contact
resistances are momentarily high.
These difficulties are overcome in the
Ayrton-Mather circuit (Fig. 2 (b))
but at the expense of a substantially
larger voltage drop across the test
terminals. The circuit used by the
author is shown in Fig. 2 (¢) and it
will be seen that, although there are
switch contacts in series with the
meter and the input, neither of these
will introduce serious errors. One
set of switch contacts is between the
meter and the shunts, but these
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COMPONENTS

Resistors

(The values of Rt to Rg and Ry4
become altered if a meter with
alternative scaling is employed.
Rs and Rg should be made up
from 2 or more resistors in

series)
R; 50kQ hi-stab, 2%, % or
} watt
R; 150kQ hi-stab, 29, 4 or
1 watt
R3  500kQ hi-stab, 29, 4 or
1 watt
Rs 1.5MQ, histab, 2%, %
or } watt
Rs 5MQ hi-stab, 2%, 4 or
1 watt
R¢ 15MQ hi-stab, 2%, 4 or
% watt
R7-Rji3 Shunts (see text)
Ris 500kQ hi-stab, 2%, } or
1 watt
Ris 100kQ, 10%, 4 or %
watt
RV; 250kQ preset, Radioc-
spares or similar
Meter
M; Moving-coil meter,
100A  (see text for
scaling)
Rectifier

MR: ImA meter rectifier type
REC.101 (Radiospares)

Battery
B;  22.5 volt battery type
B122 (Every Ready)

Switches
S1  3-pole 8-way (see text)
S>  4-pole 3-way
S;  d.p.d.t. toggle
Ss  d.p.d.t. biased toggle

Miscellaneous
3 wander plug sockets
2 pointer knobs
Test prods, leads and plugs

N.B. Radiospares components
may only be obtained through
retailers. g

-only have to carry the low current
needed to actuate the movement.

It is important to have the
resistance ranges at the high sensi-
tivity end of the range switch Sy,
.as shown in Table 1, because on the
“High Ohms” range the meter is
connected directly to the positive
and negative input terminals. The
meter would suffer damage if S,
were turned to the “High Ohms”
position accidentally when the instru-
ment was connected to a high voltage.
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S, - range switch

Sz~ function switch-
I- AC. volts
2-D.C.volts and ohms:
3-DC current

1 Sop
IE ,
On
< Sq, 10ff
8| 1 >
S4a
—f Test batt.
R Sab =Ri4
R Test :
2 RV
1 batt. g
By R
’ i |5
[ € 'II'“‘I' 2 ‘lfv‘v‘v‘
225V
Sia R
g Fo 2o |
r___'. 2 yyy N
,_* R]z
Ry
Rio
Ro
, W
3 Try
[JJJ) ]
L AAAAA
L\ ]J N AAAAL
® IS"" oft
< — Sab Yo '
[ " i
o+ Ohms -
High chms Low chms

Fig. 1. The circuit of the multimeter. S4, which is operated to test the internal

battery, is spring biased to the position illustrated. Yoltages and currents to

be measured are applied to the outside positive and negative sockets. The
centre socket is used for resistance measurements

The meter incorporated in the
instrument has a full-scale deflec-
tion of 100pA. The resistance of the
meter is unimportant, as it is allowed
for in the procedure used for obtain-
ing the various current shunts. The
voltage multipliers, R; to Rg, are
selected simply in terms of 10kQ
per volt, and no undue problems
arise here.

The meter used in the prototype
was scaled 0-15 and 0-50, this
proving very convenient as it enabled
the ranges to follow the progression
1:3:10:30, etc., thereby ensuring that
most readings can be taken with a

good deflection of the needle. A
meter with a single scale (e.g.
0-10) is not advised, as this does
not readily lend itself to the range
progression. Meters with the scales
0-15 and 0-50 may not be generally
available through home-constructor
retail sources and if an instrument
of this type cannot be obtained,
equally useful results will be given
with a 100pA meter scaled 0-3 and
0-10, such as the Radiospares type
MR31. In this case the voltage
ranges may be 3V, 10V, 30V, and
so on up to 1,000V, instead of those
shown in Table 1, together with
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Fig. 2 (a). A simple shunt circuit
(b). The universal shunt circuit
(c). The shunt circuit employed by the writer. This has the advantages that
only a low voltage is dropped across the test terminals, and that only the meter
actuating current flows through the switch contacts between the shunts and the
meter

corresponding current ranges. The
only changes needed to the com-
ponents are in the values of R;
to Rg, R; becoming 30kQ, R;
becoming 100k(2, and so on up to
Rg becoming 10M Q. The new values
for R; to Rg are still, of course, 10kQ
per volt. If desired Ris could be
changed to 300kQ, whereupon the
battery test reading is given on a
30V range.

Shunts

Resistance values for the shunts
R to Ri3 are not given as they will
depend on the meter resistance. They
may easily be calculated from the
formula

where R is the required shunt
resistance (ohms), Im and Ry are
respectively the full-scale current of
the unshunted meter (amps) and its
resistance (ohms) and I is the re-
quired full-scale current (amps).
The meter resistance, if not known,
may be found as follows. Having
completed the instrument except
for the shunts, put S; to “Low
Ohms”, S; to “D.C. Volts and
Ohms”, switch on S; and adjust
RV, until the meter reads full-scale.
Connect a resistance box or decade
box between the “Ohms” and “Low
Ohms” sockets and adjust it until
the meter reads half scale. The
resistance of the decade or resist-
ance box is then equal to the meter
resistance. If the reader does not
possess or cannot borrow a resist-
ance or decade box a 1% or 2%
resistor of between 100 and 1,000
may be used, and the meter resistance
calculated from the equation for the
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“Low Ohms” range which is given
later.

When the meter resistance has
been determined, the shunts may be
made in the following manner.
Select from wire gauge tables a
resistance wire giving the required
resistance in a convenient length of
about a yard or so and cut some-
what more than will be finally
needed. Connect this in series with a
second multimeter switched to a
suitable current range, a variable
resistor and a battery, and adjust
the variable resistor until the second
meter reads the full-scale current of
the range for which the shunt is
being made. Now connect the nega-
tive meter socket to the negative end
of the shunt wire and connect a
piece of fairly stout wire to the
appropriate tag on Si). See Fig. 3.
Switch S; to the appropriate range,

Negative terminai
of meter

S, to “D.C. Current” and S3 to
“QOn”, and touch the free end of the
piece of copper wire on to bared
points along the shunt wire until a
point is found which gives full-scale
deflection on the constructor’s meter.
The length of shunt wire between the
two connections to the meter is now
the required length, and may be
wound on to a suitable former and
soldered into place. Note that, on
the more sensitive current ranges,
one or more low value high stability
resistors can be used to make up
some of the shunt resistance re-
quired.

Alternatively, each shunt may be
constructed by comparison with the
next or next two more sensitive
ranges, but this method is not
likely to be very accurate by the
time the higher ranges are reached.

Resistance wires are available from
Post Radio Supplies, 33 Bourne
Gardens, London, E.4, and Table II
gives nominal resistance values per
yard for the more common gauges
likely to be used.

Other Components

The reader may have difficulty in
obtaining a 3-pole 8-way switch for
S;, in which case a 10 or 12-way
component may be used. In some
cases it will be possible to effectively
remove the unwanted positions by
passing a nut and bolt through the
front plate of the switch to act as a
stop. S; and S, should preferably be
new components, but if they are not
their contacts should be cleaned
before use with carbon tetrachloride
or a suitable switch cleaner.

The multipliers Rs and Rg should
be made up of two or more resistors
in series so that the voltage across
each cannot rise above 350V, or
500V if the resistors are some
0.8in in length or longer. Too much

[

—{r

Resistance wire

O i)
O
Calibrating
meter

Fig. 3. The current shunts may be made up with the aid of a second, calibrating,
meter. The negative terminal of the instrument described in this article is
connected to the negative end of the resistance wire and a lead from the
appropriate contact of Sy(b) moved along the wire until the meter of the
instrument being constructed indicates full-scale deflection
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reliance should not be placed on the
insulation of high stability resistors
not covered with a ceramic sleeve,
and it is advisable to prevent them
touching each other.

Construction

The layout used by the author is
shown in Figs. 4 and 5, but this is
in no way critical and may be modi-
fied in any manner desired by the
constructor. The prototype was
housed in a hardboard box measur-
ing approximately 7 x 6 x 2in. This
was glued together with pieces of
wood in the corners, whereupon the
front panel was secured to these with
chrome plated screws. The controls
and sockets may be labelled with
Data Publications Panel-Sign trans-
fers to give a pleasing and profes-
sional appearance.

The rectifier, MRy, is provided
with a single 8BA clear fixing hole
but it may also be quite readily
supported by its leads. These are
colour-coded as follows: green, a.c.
input; red, positive output; black,
negative output. Since the battery
has quite a long life the connections
to it may be soldered at its terminals.
In the prototype the battery was
held in position against the body of
S4 with a rubber band, but any other
method of mounting can be
employed.

A.C. And Resistance Ranges

Graphs should be drawn for the
a.c. voltage and resistance ranges as
these cannot be read directly off
the scale.

Graphs for the a.c. voltage ranges
may be made by comparison with
the corresponding d.c. ranges in the
following manner. Switch the meter
to'a d.c. voltage range, apply a
voltage and note the reading, then
turn S; to “A.C. Volts” and make a
note of the corresponding reading
in the meter. Repeat this process for
a number of d.c. input voltages.
Plot the points for a graph on which
the vertical axis consists of the d.c.
voltage readings, each multiplied
by 1.11, and the horizontal axis
consists of the corresponding a.c.
voltage readings. Join the points by a
smooth curve. When the instrument

is later used to measure a.c. voltage, |

the actual r.m.s. voltage may be
read off the vertical axis, working
from the meter reading on the
horizontal axis. It is necessary, when
making up the graph, to multiply
each d.c. voltage by 1.11 as just
described, because the instrument
responds to average voltage (which
is equivalent to the d.c. voltage)
and we wish to find the r.m.s. value
of the alternating voltage being
measured. For a full-wave rectified
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Fig. 4. The front panel of the author’s meter. As may be seen, a neat layout in
small space can be readily achieved

sine wave, r.m.s. voltage is 1.11
times average voltage. It will prob-
ably be found that the 50 and 150
volt graphs can also be used for the
500 and 1,500 volt ranges by simply
multiplying by 10. (With the alterna-
tive meter scaling referred to earlier,
the ranges concerned would be the
30, 100, 300 and 1,000 volt ranges
respectively.) Non-linearity in the
two lowest voltage ranges will
normally make it necessary to use
separate graphs for these.

Because of the wide range of
resistances which may be measured

might be more convenient than
graphs for these. The author used a
digital computer to calculate the
resistances corresponding to 99
different meter readings on each
range but few readers will be able to
do the same and the quickest method
other than this is undoubtedly to
draw the graphs. Points for these,
or values for the tables, may be
calculated from the following equa-
tions.
For the high resistance range:

R =225,000 (%0— 1

on the resistance ranges, tables
TABLE 1
Switch paqsitions
Sz
Position 1 Position 2 Position 3 |
» “A.C. Volts”  “D.C. Volts & Ohms”  “D.C. Current”
1 1,500V A.C 1,500V D.C 500mA
2 500V A.C 500V D.C 150mA
3 150V A.C 150 VD.C S50mA
Si 4 S0V A.C 50V D.C 15mA
5 15V A.C 15V D.C SmA
6 5V A.C 5V D.C 1.5mA
“ Low Ohms S00upA
8 g High Ohms 1002A

N.B. The a.c. voltage figures for Position 1 of S; do not exactly correspond

to f.s.d.—see text.
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For the low resistance range:
m
B 100—I
In both cases, R is the unknown
resistance (ohms), Rm is the meter
resistance (ohms) and I is the meter
reading (¢A).

constructors will be able to tell of
cases where their instruments have
withstood a 10 times f.s.d. overload,
or even more, with no apparent
damage. A silicon diode connected
across the movement as in Fig.
6 (a) is the simplest method of
protection but is certainly not

S4

000

Highn a(#) Lown

Fig. 5. The main components behind the front panel. The shunt and multiplie:

resistors are grouped around S;. A small tagstrip to anchor the common ends of

the shunts and multipliers may be mounted under one of the nuts of the
switch which secures the wafer

Meter Protection

Before concluding, the writer feels
that some notes on overload protec-
tion might be helpful. The elecironic
type of protection which will be
referred to is not incorporated in the
circuit of Fig. 1, but readers may
care to add it to the completed
instrument if they wish.

There are two main classes of
meter protection devices, these being
electro-mechanical and electronic.
The former usually consists of a
cut-out switch actuated by the
impact of the needle on the end
stop. This method of operation can
have two disadvantages. Firstly, with
a very heavy overload the needle
could bend itself against the end
stop before the cut-out operates.
Secondly, if the meter was already
reading near full-scale when the
overload occurred, the pointer might
not, in some cases, gain sufficient
momentum by the time it struck
the end stop to trip the cut-out.

A good electronic protection cir-
cuit would overcome both these
disadvantages and furthermore would
be instantaneous, but it is difficult
to design a simple circuit which can
fairly be described as better than
reasonably good. Most meters have
a maximum overload rating in the
order of 4 times f.s.d. but many
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perfect. A 100pA meter dropping
100mV at f.s.d. would suffer only a
10 times f.s.d. overload when
protected by an OA200 if 100mA
were put through the combination.
This.is a useful degree of protection

) TABLE IT
Nominal resistance per yard of
Eureka wire

S.W.G. Resistance ()
14 0.138
16 0.216
22 1.13
2 4.04
34 104
40 38.4

but is still some way removed from
the 4 times f.s.d. rating. It has to be
remembered also that the reader’s
meter could have a lower resistance
than the one in the example just
mentioned, in which case the degree
of protection will be worse. A
useful improvement over a silicon
diode is a silicon transistor with its
base strapped to its collector. For
an n.p.n. transistor the collector and
base are connected to the positive
side of the meter, as shown in Fig.
6 (b). With a 2N2925 under the
overload conditions of the previous
example, 7.5 times f.s.d. would
typically flow through the meter.
The 2N2925 is available from
L.S.T. Components, 23 New Road,
Brentwood, Essex.

Germanium devices will not, in
general, prove satisfactory for meter
protection, except perhaps for par-
ticularly low resistance meters, be-
cause they will begin to conduct
before the meter has reached f.s.d.

VYery simple carpentry will provide a suitable housing for the meter. The
case shown here is 2in deep
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Ohms” range and put the device

, 2N2925 across the meter; if the needle moves
Silicon Diode 1 by more than 1pA from f.s.d. the
- device is unsatisfactory. It should be
added that even if a germanium
device is found that is good enough

at room temperature, its leakage
+f\\ - . may well become too great at

/ slightly elevated temperatures.

(@ (b) Conclusion

Fig. 6 (). Overload protection by means of a silicon dicde. When the voltage The writer would like to conclude
across the meter is sufficiently high the silicon diode conducts and passes by stating that the meter described
forward current. (A second diode, connected the other way round, will give in this article will carry out most of
protection against overload voltages of opposite polarity) the measurements that are required
(b). Obtaining overload protection with a silicon transistor of such an instrument about the

workshop. If assembled and treated
with care it will give many years of
Transistors and diodes may be very  instrument described in this article. useful and reliable service.
easily checked on this point with the Switch the instrument to the “Low n
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GONTROL
FIELD
MONITOR

A very valuable aid for the radio control enthusiast is a sensitive broadly tuned
field monitor. In this article our contributor describes the circuit and operation
of a neat wide-band pocket receiver which is capable of monitoring all local
transmissions in the 27 Mc/s radio control band. Full constructional and setting-up
instructions will be given in a concluding article next month

1 HEN OPERATING ANY PIECE OF RADIO CONTROL
W equipment *‘in the field” there are a number

of basic precautionary measures that must
first be taken, and a number of simple rules of good
behaviour and etiguette that have to be observed.
To be specific, before operating the model one must
make sure that the transmitter will not interfere
with equipment being operated simultaneously by
someone else, and that a transmitter operated by
someone e¢lse will not interfere with one’s own
receiving gear. If interference does occur, the owner
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of the offending equipment must then be located,
before either party begins to operate a model,
with a view to arriving at an amicable agrcement as
to who should take precedence in operating his
equipment.

A valuable aid in meeting the above requirements
is the Field Monitor. This is a sensitive pocket-
sized receiver, with a built-in loudspeaker, which
is pre-tuned to the 27 Mc¢/s radio control band and
is so designed that it is simultaneously sensitive
to the entire radio control band, rather than to a
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single spot frequency. This type of receiver gives
an audio output indication when any transmitter
operates within its range and it enables any type of
transmitter to be identified, including *‘carrier only”
systems, i.e. transmitters that make no use of
carrier modulation.

The Field Monitor described in this article
employs a six transistor circuit. A complete kit of
the electronic parts, including a telescopic antenna
and 25Q speaker, is available from Teleradio
Electronics. The total current consumption of the
unit is about 6mA, giving a normal field operating
life of about one year.

The Circuit )

The block diagram of the Field Monitor is
shown in Fig. 1. The “heart™ of the unit is a super-
regenerative detector stage having a high sensitivity
to r.f. signals, without being excessively frequency
selective. When it is tuned to the centre of the 27
Mc/s radio control band signals within half a
megacycle on either side of the centre frequency
are detected at good strength, with the result that
the super-regenerative detector stage effectively
covers the entire band.

Antenna

@ Cover Feature

rushing sound, this being the operating noise typical
of a super-regenerative detector circuit. When a
plain carrier wave is picked up at the antenna
the operating condition of the super-regenerative
circuit is changed, and the rushing sound is either
diminished in volume or is completely eliminated,
resulting in silence from the speaker. 1f the carrier
signal is modulated in some way, the modulation
signal will be amplified and emitted from the speaker
at reasonable volume; because of the inherent a.g.c.
action of the super-regenerative circuit no manual
volume control is required in the Field Monitor.

~ When the Field Monitor responds to a transmitter
signal, the type of transmitter can be identified by
the type of signal heard at the speaker. For example,
an intermittent single tone followed by silence
indicates a single channel “constant carrier, keyed
tone” system, and a continuous audio signal of

Fig. 1. Block diagram illustrating the functioning of

the Field Monitor
Untuned . Super-regen
4pr¢~dmpﬁﬁzr ] detector

Power ' '
-~ ) - y Speaker
-amplitier <]

The major snag of the super-regenerative detector
stage is that, since it is in a constant state of oscil-
lation, it tends to feed a 27 Mc/s signal into any
circuitry to which it is connected. If connected
directly to an antenna wire the circuit would tend
to act as a very low power transmitter, and could
cause interference to other receivers that are in
moderately close proximity. To overcome this
problem in the present Field Monitor design, the
antenna is connected to the super-regenerative stage
via a buffer pre-amplifier, which also improves the
overall sensitivity of the unit. To prevent any un-
wanted increase in selectivity, the pre-amplifier stage
is not tuned.

The output of the super-regenerative stage com-
prises, in the presence of a modulated carrier at
the antenna, an unwanted strong high frequency
signal at a few tens of kc/s, plus a weak but wanted
component of the modulation signal. The output

of the detector stage is therefore passed on to an

a.f. filter/amplifier stage which rejects the unwanted
high frequency signal and amplifies the wanted a.f.
component. Finally, the amplified a.f. component is
passed on to a power amplifier stage to eventually
appear in audible form at the loudspeaker.

In the absence of a radio control carrier signal
at the antenna, the Field Monitor emits a loud

JANUARY 1968

variable frequency which is also modulated with a
“warbling” note indicates a dual-proportional
system,

The full circuit diagram of the Field Monitor is
shown in Fig. 2. Here the antenna is coupled to the
base of the untuned TR, pre-amplifier stage, which
has collector loads R3 and L;. The amplified signal
is then passed on to the super-regenerative detector,
TR,, via Cq; TR, is tuned to the radio control
band via the collector tank components Cg and La.

The demodulated signal given by TR, is then
taken from R and fed to the filter circuit given by
Ci9, Rg and Cy,. This tends to reject any unwanted
high frequency components and to accept a.f.
signals, which are fed via C|, to the direct-coupled
two-stage audio amplifier given by TR3 and TRa.
The amplifier further rejects any high frequency
components via C3 and C4, while amplifying audio
signals in the normal way. Finally, the amplified

Basic Radio Control (9)
by F. L. Thurston
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ment as described in next month’s instalment.)
R; 56kQ
6.8kQ
1kQ
1kQ
22k}
4.7kQ
6.8kQ2
12kQ
5.6k}
5.6k}
2.2kQ
10kQ
5.6k}
680
5.6kQ
330Q

N~ZmM2Z20T200

Capacitors
(All capacitors miniature types)

Cq;  16yuF electrolytic, 15V wkg.
C,; 0.05pF Mylar

C; 0.1uF Mylar

Cs 0.01pF Mylar

Cs 0.02uF Mylar

Cg 27pF silver-mica

C7 1uF electrolytic, 15V wkg.
Cg 33pF silver mica

Cg 12pF ceramic

TR~ TR4 TR5TRg
Lead-outs Lead-outs
Ri6 St
AAAAA .
“YVYY
b3 RS 3
4 G Cg 9= 0=
R 2 T
: . T- Cle
L TRy TRy I
A7pH | , QKQE lc‘
L 1K) = s
EC[ \.> N ‘
| " (D| ![
=ce -
:
aa» o | |
\ Cloam -
=R C7 SRyEM Il ZR)|
TR L
4- & - -
Fig. 2. Full circuit diagram of the Field Monitor .F:I.%.
Yyvy
Resistors ) ) Ci1o 0.002uF Mylar
(All values 109 + watt. Ry4 may require adjust- Ci; 0.01uF Mylar

8uF electrolytic, 15V wkg.
0.05¢F Mylar

0.005uF Mylar

16uF electrolytic, 15V wkg.
2uF electrolytic, 15V wkg.
160u.F electrolytic, 10V wkg.

Inductors

47uH r.f. choke

36uH r.f. choke

1 Amp “TV choke” (Radiospares)

11 turns of 28 s.w.g. enamelled wire on
Smm former with iron dust core

Semiconductors

TR;
TR,
TR;
TR,
TR,
TRg
D,

Switch
S1

Battery

B,

ST141 (Sinclair)
ST141 (Sinclair)
ST141 (Sinclair)
ST141 (Sinclair)
2N1306 (Texas)
2N1307 (Texas)
OA90

On-off slide switch

9-volt type PP3 (Ever Ready)
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Aerial
Telescopic antenna type TA10 with socket
(Teleradio Electronics)

Speaker
25Q impedance, 2} to 3in

Miscellaneous
Veroboard panel with 0.1in hole spacing (for
dimensions see Figs. 3 and 5)
Wire, sleeving, battery clips, grommets, sheet
aluminium, etc.

N.B. All the electronic components needed
for the receiver are available in kit form from
Teleradio Electronics, 325/7 Fore St.,
Edmonton, London, N.9.

audio signals from TRy, collector are passed, via
Cis, to the complementary emitter follower power
amplifier stage incorporating TRs and TRg, which
has temperature compensation provided by D,
and then on to the 25Q speaker via C;7.

To prevent instability due to a.f. feedback in the
circuit, decoupling network C; and R is interposed
between the output and the preceding stages, Rig
appearing in the positive supply line. To prevent
r.f. instability, the earlier stages are also decoupled
by C,. It is necessary to employ a non-electrolytic
capacitor across C; because, due to its form of
construction, an electrolytic capacitor offers a
relatively high impedance at radio frequencies.
C; bypasses audio frequencies whilst C, bypasses
radio frequencies.

(To be concluded)

Transformerless Gode Practice Oscillator

by

W. KEMP

A simple little morse oscillator which can be built up on a piece of Veroboard
measuring 1in by 13in. This project will be particularly attractive for the beginner

NUMBER OF MORSE CODE PRACTICE OSCILLATOR

circuits have appeared in technical publications

in recent years, but many of these have
suffered from the disadvantages of requiring an
expensive and possibly difficult-to-obtain trans-
former in their construction. The unit presented
in this article is intended to overcome this difficulty,
and to this end employs two low cost transistors
in a transformerless circuit. The complete unit is
built on a piece of Veroboard measuring 1 x 1§in,
and can be built for some fifteen shillings.

The Circuit

The full circuit diagram of the unit is shown in
Fig. 1. Here, TR is wired in modified common base
mode, with base-bias resistors R; and R;, emitter
bias resistor Ry, and collector load resistor Rj.
In this mode of operation an input signal is fed
to the emitter of the transistor and an amplified
version of this signal then appears at the collector.
It is important to note that the input and output
signals are both in phase.
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TR, is wired as an emitter follower, with emitter
load RVy, and with its base direct coupled to TR;
collector. This circuit gives near-unity voltage gain
between base and emitter, and has a high input
impedance and low output impedance. Also, there

F : 2 ,j 1y e o
A view of the completed oscillator, with C; and C, at
the left
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ST140,8T141
lead-outs

Morse key

ARAMK
YVYV

-

Ry

ST140

TR
ST 14§

5

AAAAA

AAAAA

'T' \J

RV,

C2

“__1

e
g T
oV L
.

To 'phones

L

Fig. 1. The full circuit of the transformerless code practice oscillator

is zero phase shift between the input signal at the
base and the output signal at the emitter. Thus, it
can be seen that if an input signal is applied at
TR, emitter, an amplified and in-phase version of
this signal will be made available at TR, emitter.

The basic requirements for oscillation in an
electronic circuit are that the output signal of the
amplifier should be fed back to the input terminals
with zero overall phase shift, and that the overall
gain of the system should be greater than unity.

A -drill 6BA clear

158"
£ ° . o K ° ] (] ° ° .
el o ° e o ° [ . oJ@) o
d . ° [ 0 [ ] ° '9 ° ° °
$ ) v
c ° o o ° ] [ -1 k] . °
b[ (j o % o o o s o e
al & & (o) o e [0) o s e =
i 2 3 4 5 6 7 8 © ©O
e
Battery
via morse
key
o T —
Battery —

Fig. 2. Assembling the compon;:nts on the Veroboard. The copper side of the
board is shown above, and the component side below
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Resistors
(All fixed values { watt 10%)
R; 56kQ
R, 12kQ
R; 4.7kQ
R4 1kQ
VR; 2.5kQ potentiometer, log track

Capacitors
Cy O.IpF
Cy O0.1uF

oo

Transistors
TR; ST140 (Sinclair)
TR, ST141 (Sinclair)

Battery
B; 6-volt battery

N=—IZ2mMZ0T=

Miscellaneous
Morse key
Phones (See text)
Veroboard, 0.15in matrix, dimensions as in
Fig. 2
Solder, wire, etc.

These conditions are met in Fig. 1 by connecting
feedback capacitor C; between the emitters of
TR; and TR,, whereupon the circuit functions as
an oscillator.

In practice it is found that the circuit generates
a sawtooth type of waveform which is very rich in
harmonics, and it lends itself readily for use as a
code practice oscillator. With the component values
shown the circuit operates at a frequency of ap-
proximately 2 kcfs. The frequency of operation
can be altered, if required, by simply changing the
value of C), this value being increased to lower the
frequency and vice versa.

The output of the circuit is taken from the slider
of RVy, which acts as a volume control, and is fed
to the phones or an earpiece via C,. The phones
should have an impedance of 5kQ or greater, and
may be a crystal earpiece, if preferred. Phones with
an impedance somewhat below 5kQ may also be
employed quite satisfactorily, the only alteration to
circuit operation being that the lower impedance
causes the frequency of oscillation to increase above
the designed figure. This is of little importance for
normal practical work. The oscillator will continue
to function even if coupled to phones having an
impedance of a few ohms only. The output is not
sufficient, incidentally, to drive a speaker adequately.

The morse key is wired in the positive supply line
between the battery and the oscillator, so that no
current is consumed when the key is not pressed,
and a separate on-off switch is thus not required.
Battery B, is a 6 volt type, and the circuit consumes
between 2 and 3mA when operating.

Construction
The major part of the circuit is wired up on a
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An alternative view of the oscillator, with Ry and R;
at the left

small piece of Veroboard panel with 0.15in hole
spacing, and construction should be started by
cutting this panel to size and drilling the two
small mounting holes, to clear 6BA screws, as shown
in Fig. 2. Now break the copper strips, with the aid
of a small drill or the special cutting tool that is
available, where indicated.

All components and leads should now be soldered
in place on the plain side of the panel, as shown in
Fig. 2. All the components are mounted vertically,
and insulated sleeving should be used where there
is any danger of lead-outs short-circuiting against
one another. Variable resistor RV, is connected to
the panel via three flexible leads.

When assembly is complete, connect the phones
to the output leads, and the 6 volt battery to the
supply lines via the morse key. Press the key, and
check that a tone signal is heard. The volume of
the tone can be adjusted via RV;. The unit is now
complete and ready for use.

If required, the panel can be mounted on a chassis
by drilling two holes in the chassis to line up with
the mounting holes in the panel, and then securing
the two parts together with the aid of 6BA screws.
Two small rubber or p.v.c. grommets should be
interposed between the panel and the chassis, under
the Veroboard mounting holes, to act as shock-
absorbing spacers and insulators. An advantage
given by fitting the unit to a small chassis is that
the latter offers a convenient mounting for RVj.
If the board is mounted in this fashion, care should
be taken to ensure that copper strips E1 to E8 and
B3 to B10 do not short-circuit against the securing
screws; this possibility may be obviated by removing
the copper immediately adjacent to the screw holes.

Using The Unit

When attempting to learn the morse code, the
novice should try to learn to recognise the sound
of each letter and number, rather than remember it
as so many dots and so many dashes. For example,
the letter V should be remembered as ‘di-di-di-
dah”, rather than as “dot-dot-dot-dash”.

Full information on the morse code and allied
subjects will be found in The Radio Amateur Opera-
tor’s Handbook, available from Data Publications,
Ltd. at 5s. plus 5d. postage.
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The ‘Spontaflex’ Transistor

Short Wave Receiver
by Sir Douglas Hall, K.C.M.G., M.A. (Oxon)

Although this short wave receiver employs few components
and its construction is relatively simple, it offers
outstanding results from 1.25 to 15 Mc/s (or higher if a
high-gain transistor is employed in the second stage). The
design is based on the author’s ‘“‘Spontaflex” circuit and
reflexing takes place over all stages to obtain maximum gain
from a minimum number of transistors. An idea of the
ingenious reflex operation employed is given by the fact
that the headphone output is taken from the same emitter
that the aerial is applied to!

COMPONENTS
| Resistors
(All fixed values } watt 10%)

described a short wave receiver

which used the “Spontaflex”
circuit and provided 6 stages with
3 transistors.* Some readers have
obtained remarkable results with
this receiver, but several have asked
for modifications to allow the 80
and 160 metre bands to be received,

SOME TIME AGO THE AUTHOR

* The Radio Constructor, March 1966, page

and it has also appeared from
correspondence that many prefer
to use headphones for short wave
listening, rather than a loudspeaker
for which the earlier circuit was
designed. The receiver to be des-
cribed is a considerably modified
version of the first five stages of the
earlier receiver. It covers from well
below 20 metres to the lower part
of the medium wave band without

493. — Editor. coil changing, a simple switch
b
€
Cy T
" TR[,TRz
Lead-outs
=
RiZ -9V
i off 4
3
2
oft !
Phones
*

Fig. 1. Circuit diagram of the DRC2 reflex 4-band short-wave receiver
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R; 330Q
R, 3.9kQ
R3 22kQ
VR; 500Q potentiometer,
preset
Capacitors
C;  22pF
C, O0.IpF
C; 0.00154F
Cs  100uF electrolytic, 9V
wkg.
Cs 100uF electrolytic, 3V
wkg.
VC; 100pF variable, solid
dielectric (Wavemaster)
VC; 100pF variable,
“Dilecon”, Cat. No.
3006 (Jackson Brothers)
VC; 100pF variable, air-
spaced, Eddystone, Cat.
No. E585 (Home Radio)
Inductors
Ly 25mH r.f choke
(Repanco)
L, See text
Semiconductors
TRy MATI101 or MATI121
TR, MATI101 or MATI121
D; OAS81
Switch
S1  2-pole, 6-way, miniature
rotary
Phones

Headset type DLRS (Henry's
Radio)

Dial Drive
Vernier dial,
(Henry’s Radio)

Model T501

Plugs, Sockets

Phone jack plug (see text) and
socket

Aerial socket

Earth socket

Battery connector clips

Battery
9-volt battery type PP7
(Ever Ready)

Miscellaneous
3 pointer knobs
Tagboard
Plywood, Paxolin, connecting
wire, etc.
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providing 4 wavebands. The output
is suitable for DLRS5 headphones,
which are cheap, good, and readily
available. These will be found to
give excellent results—far better
than are providled by a small
magnetic ear plug which can,
however, be used as an alternative.
The name DRC2, incidentally, stands
for “Double Reflex Colpitts 2",

Colpitts Reaction

The use of a Colpitts reaction
circuit has two advantages. First,
it makes the coil unit and switching
very simple as there is only one
winding; second, it automatically
provides the exact degree of coupling
which is most efficient for reaction
purposes at high frequencies for any
transistor which may be used, a
far simpler process than trying out
different sizes of reaction winding
in a 4-band unit. )

However, this form of reaction
with the “‘Spontaflex’” circuit is
not suitable for wavelengths greater
than about 240 metres as the internal
self-capacitances at longer wave-
lengths do not allow for efficient
regeneration. Also, with this particu-
lar circuit avoidance of positive
feedback at audio frequencies
depends on L, having a very low
impedance at such frequencies, and
any attempt to cover the rest of
the medium waveband with a
larger inductance will probably
result in audio frequency instability.

The high frequency limit is
determined by the characteristics
of TR, as a common collector
amplifier, and the 16 metre band
(18.7 Mc/s) is somewhere near the
limit. In other words, the wave-
bands offered represent the maxi-
mum capabilities of the circuit.

If we examine the passage of a
signal through the circuit shown in
Fig. 1 we see that the aerial is
coupled through VC; to the emitter
of TR; which acts as a common
base high frequency amplifier. The
amplified output at the collector
of TR, is applied to the base of
TR, through C;, and TR;, which
is a “‘Spontaflex’’ amplifier, provides
radio frequency amplification by
the common collector mode. De-
modulation takes place by means of
D;, and TR; then acts as a common
base audio frequency amplifier, the
amplified signal being taken from
the collector of TR straight to the
base of TR;, R3 forming the col-
lector load. Finally, TR| provides
low frequency amplification in the
common collector configuration, the
output being at the emitter and
applied across a pair of comparatively
low impedance headphones. Reaction
is provided by VC,. At first it might
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Former
Coil leads
__-Spaced
'/8" -7 winding
Screw— . i . ——— Screw’
Wooderi
g oo — ==
suppor = 3 Pane|
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- |/4"
~tlg”
1 ! VC3
! [l Sub-panei
,Vl.ﬂ‘" \\
| _j 2 h
e ! Spacer
i e
- Main panel
= & Hole A 6BA bolt
T countersunk
* Y
(4] (d)

Fig. 2 (a). Detail showing one of the two pieces of Paxolin which make up the
coil former
(b). The former assembled and mounted on its triangular wooden supports.
(€). The front panel, seen from the rear
(d). Tuning capacitor VCy is mounted on a small sub-panel, spaced back from
the front panel

appear that this component would
tend to bypass high frequency.
signals to earth, but in fact it
provides a capacitive tap into the
tuned circuit in conjunction with
internal self-capacitance in TR,.
Reaction is increased as the capacit-
ance of VC; is increased.

The behaviour of TR; as the first
stage—as a common base high
frequency amplifier—is interesting.
It is generally assumed that common
base amplification is less efficient
than common emitter amplification
and in most practical cases this is
undoubtedly true. But common
base amplification depends on a
number of factors, amongst which
are the impedance offered by the
output load, and the impedance of
the input source. Amplification
increases with an increase in load
impedance and with a decrease of
source impedance. In practice the
ideal load conditions are impossible
to realise. One cannot design a
source to have negligible impedance,
and in any case the output imped-
ance of the transistor is lowered as
the source impedance is reduced
and consequently there is a damping

effect on the output load. What is
gained by lowering the impedance
of the source can be offset, to some
extent, by a resultant lowering of
the impedance of the output load.

In Fig. 1, the source impedance
is’R} in parallel with that offered by
the aerial, and at the fairly high
frequencies which this circuit is
designed to receive, this impedance
is low if VC; is near its maximum
capacitance. The output load of TR,
which is the tuned circuit, has its
impedance artificially raised by the
application of reaction, so that the
damping of the output load, due
to the small source impedance, is
cancelled out. In these conditions—
tight coupling of the aerial and
critical setting of reaction—the
amplification given by TR; is
extremely high. A practical indica-
tion of what has been described is
given by the need to slacken off
reaction as VC, is adjusted for
greater capacitance, (at all fre-
quencies lower than about 15 Mc/s).
This is because the increased ampli-
fication provided by TR; produces
some additional reaction effects due
to capacitances in the wiring, etc.
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Aerial

PP7 battery Clip

Sub-panel

Phories Earth

Fig. 3. All components are mounted on the front pdnel, the layout and wiring
being as shown here

It may even happen, on certain
wavebands where the natural fre-
quency of the aerial is such as to
produce a very low impedance at
the frequency to which the receiver
is tuned, and especially if an earth
is used, that the receiver will oscillate
with the vanes of VC, fully enmeshed,
even if the vanes of VC, are fully
open. In this event, matters can be
put right by opening the vanes of
VC; a little.

An earth connection has not been
found essential with the prototype,
which has proved to be free from
hand and body capacitance effects
with several different aerials even
when no earth is used. However,
it is always possible that these
effects will prove troublesome in
some cases, and an earth will
improve efficiency considerably,
particularly at frequencies below 5
Mc/s. If an earth is used it will
often be found necessary to turn
VC; a long way anti-clockwise
towards minimum capacitance—
sometimes, possibly, fully anti-clock-
wise—in the interests of selectivity.

VR, is a preset control adjusted
so that the current passing through
TR is such as to provide maximum
efficiency at the highest frequencies
for which the circuit is designed.
It should be adjusted for best results
on the 16 or 19 metre bands, and
then forgotten.

Construction
It is suggested that construction
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should start with the coil. First, a
piece of }in Paxolin, or similar, is
cut out as in Fig. 2 (a). A second
piece of Paxolin is also required,
this having the same dimensions
and the same cuts made in the edges,
but holes 1 and 3 to 7 (there is no

hole 2) are not required, and the 2
by %in slot should be made from
the opposite end. These two pieces
are then fitted together to make a
former with an X section. Two
pieces of #in wood, triangular in
shape, are next formed by cutting
a lilin square across a diagonal.
These are screwed into position as
shown in Fig. 2 (b), appearing at
opposite ends of the former. The
position of these two pieces of
wood should be such, that, looking
at one end of the former, hole 1
is at the top right hand side, and
looking at the other end, hole 7
is at the top left, the coil standing
on the two long sides of the triangular
pieces of wood. Fig. 2 (b) is a view
from the end nearest hole 1, and
shows the edge from which the coil
leads are taken (these being anchored
at the holes already drilled). Four
new holes in the Paxolin are needed
for the wood screws which secure
the former to the triangular wooden
pieces, and the latter should be
fitted flush with the ends of the
former. The long ends of the two
triangular wooden pieces are later
fitted to the receiver panel by
adhesive (or any other convenient
method).

Enamelled 32 s.w.g. wire is used
for the coil, and 11 turns are first
wound on (with a tap after the fourth
turn), starting at hole 1 and ending
at hole 3. The windings are held
in position by the shallow cuts on
the former, which provide }in

AERIAL

©

PHONES

EARTH

Tuning drive

7
Tuning- frequency graph

Fig. 4. Front view of the panel, showing the controls and the tuning-frequency
graph
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spacing. A few inches of wire should
be left at each end for connections,
and the ends may be locked in the
holes using shortened match sticks
as plugs. At the end of the fourth
turn, counting from hole 1, the wire
is bared and a lead soldered to it.
This is lead No. 2. Next, starting at
hole 4 and ending at hole 5, 12
turns are wound on with the turns
touching (close-wound) and, starting
at hole 6 and ending at hole 7, 15
turns are wound on, similarly close-
wound. The leads are identified by
the numbers of the holes through
which they pass. The coil is now
complete,

A panel should be cut as in Fig.
2 (¢) using %in plywood. Hole A
should be %in; holes B, C and D,
4in; hole E of a size suitable for the
phone socket; and holes F and G
to take sockets chosen for the aerial
and earth connections. Components
should then be mounted as shown
in Fig. 3, L, and VR; being secured
in position with adhesive or any
other suitable means. VC3 is not
mounted directly to the panel, but on
a small plywood sub-panel as in
Fig. 2 (d) so that the spindle just
passes through. the hole A in the
main panel. This will allow for the
fitting of the slow motion drive
specified. In the prototype the tag-
board is home-made using a small
piece of Paxolin and
solder tags. But its dimensions,
2} by 2}in, are approximately the
same as those of the Radiospares
Standard 6-way tagboard which
may, of course, be used instead.
A tin plate clip should be devised
to hold the battery in position. As
the receiver takes less than 2mA
a smaller battery may be used, but
the PP7 specified fits neatly in the
position available for it.

Although they both have the same
value and are solid dielectric types,
the Components List quotes two
different makes for VC; and VC,,
the capacitors specified having
terminal positions which allow short
wiring to be given. Apart from
the question of terminal positioning
it is essential in any case to use a
Jackson ‘“‘Dilecon” capacitor in the
VC; position, because the law of its
plates eases reaction adjustments.
Although the spindle and mounting
bush of VC; are at r.f. aerial poten-
tial, no harm results from mounting
this component direct to the wooden
panel. Some constructors may prefer
to isolate its bush with insulated
mounting washers, but this was not
found to be necessary with the
prototype.

The plug fitted to DLR5 phones
is rather large, and most constructors
will prefer to fit a smaller one. The
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Fig. 5. Graph showing VCs dial readings at different frequencies (in Mc/s)
in the four wavebands covered. This is reproduced full size and may be cut
out or traced

matching socket is fitted to hole E
(Fig. 2 (¢)).

As will be seen, all components
are mounted direct to the panel. A
front view of the panel is given in
Fig. 4. The shaded rectangular
sections in Fig. 3 are 3in long and
it will be found helpful to fit small
3 x 2%in pieces of plywood, %in
thick, to these points. The receiver
can then be stood, panel upwards,
on these pieces of wood during
testing and similar work. However,
since the coil can be damaged quite
easily the set should be finally fitted

in a simple box. Internal dimensions
of the box will need to be about
8 x 6 x 3in.

Operation

The receiver can be used on any
aerial, though a few yards of wire
across the room is all that is needed
and is, indeed, recommended. The
aerial should approach the receiver
from the side on which its socket
is placed. It should not pass near
the coil.

With S; fully clockwise, the
receiver is switched off. Turning the

361



switch anti-clockwise brings in Bands
1 to 4, in that order, with a further
off position when the switch is
fully anti-clockwise. With the vanes
of VC; nearly open oscillation will
start with VC, turned only a short
way clockwise. Enmeshing the vanes
of VCj to increase wavelength may
require a gradual increase in the
capacitance of VC; to produce
oscillation, though on Band 4
(1.25 to 2.5 Mc/s) the reverse may
hold. It is advisable, when searching
a band, to turn VC,; to the half-way
position and, starting with VC,
fully open, turn it clockwise gradual-
ly until a slight hiss, or a whistle if
a signal is present, signifies the
oscillation point. Reaction is so
smooth that it is easy to pass the
oscillation point and wonder why
no signals can be received. On
receipt of a signal, VC; can be
opened, if interference is present,

or closed if the signal is weak but
without interference. In either event,
some adjustment of VC, may
then be necessary, as already
described, and perhaps a touch on
the tuning control. C.W. signals are
best received with the receiver just
oscillating.

In order for best results to be
obtained at the high frequency end
of Band 1, TR, should be a high
amplification specimen. Experiments
showed that transistors near the
minimum amplification tolerated by
the makers would not oscillate at
frequencies higher than about 15
Mc/s though any with an amplifica-
tion factor of 120 or over would
give good results up to 18 Mc/s.
If reception is poor at the high
frequency end of Band 1 it is worth
while trying the effect of changing
TRy and TR; over, the better
transistor being used for TR,.

It is possible that slightly improved
results will be given if MATI21’s
are used instead of MATIO0L1’s, but
with the prototype it appeared
that gain was the more important
parameter.

The coil is so designed that the
frequency tuned at any dial setting
on Band 3 is twice that at the same
setting on Band 4. On Band 2 it
is twice that at the same setting on
Band 3 and, similarly, on Band 1
it is twice that on Band 2. There are,
of course, small errors, which are
bound to creep in, but a single
graph with four scales, as shown in
Fig. 5, provides accuracy to within
4% on all bands with the prototype.
It is suggested that Fig. 4 be traced
off and the result pasted on the
blank space on the panel above the
coil. The graph will only be accurate,
of course, If the specified tuning
capacitor and tuning drive are used.
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Winner of Eddystone Prize Announced

Bruce Taylor, a 25-year-old student at Edinburgh University, is winner of the Eddystone Radio essay competition,
which the firm organised earlier this year, among radio enthusiast all over Britain. Mr. Taylor, who is currently engaged
on PhD work, is an active radio ‘ham’ and wins a high performance EA12 Eddystone communications receiver, worth
£185. He received from the judges high praise for an essay describing a new approach to radio receiver design. Each
competitor was asked to write an essay of not more than 1,500 words on one of four subjects.

One of the three judges was Professor Roger Jennison, Director of the Electronics Laboratories at the University
of Kent, winner of a similar Eddystone competition when he was a student at Manchester University. The receiver was
handed to Bruce Taylor, GM3NZI, at a presentation at Eddystone works, when the Company marked the occasion
by announcing a new v.h.f. receiver. Also present were the other judges, T. P. Douglas (G3BA) and H. A, Bartlett (G5QA).
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N LAST MONTH’S ARTICLE WE INTRODUCED THE

subject of negative feedback and saw how this

may be applied to an audio frequency amplifier
by connecting a fraction of the output signal
voltage in series with the input signal voltage. We
now continue with this subject. In the present
article we shall be referring to the application of
negative feedback to a.f. amplifiers, but it should
not be forgotten that negative feedback may also
be applied, with equally beneficial results, to other
classes of amplifier working at the lower frequencies.

Gain Reduction

It will be helpful, before proceeding further, to
briefly recapitulate the points which were made
last month. Tt will be recalled that we first introduced
a simple a.f. amplifier, represented here in block
form by Fig. 1 (a). In this diagram, the plus and
minus signs at the input and output terminals
indicate signal polarity during one half-cycle of
the input signal. In Fig. 1 (&), resistors R; and R,
are introduced across the output terminals, the
fraction of the output voltage appearing across

the overall gain with feedback tends towards a
constant figure despite the fact that the gain of the
amplifier without feedback may vary considerably.
The tendency towards a constant overall gain
figure is most pronounced when the gain without
feedback is high and a relatively large fraction of
the output voltage is fed back to the input.

A typical form of distortion in an a.f. amplifier
occurs when some frequencies are given greater
amplification than others. Applying negative feed-
back to such an amplifier causes the overall gain at
all frequencies to tend towards a constant figure,
with the result that the amplifier exhibits a smoother
frequency response characteristic. That is to say,
whereas a curve showing amplifier gain at various
frequencies might exhibit pronounced peaks or
troughs before feedback was applied, the overall
gain curve after feedback has been added would be
smoother and ““flatter”.

Harmonic Reduction ;
In addition to improving the frequency response
of an af. amplifier, negative feedback may also

by W. G. Morley

Ry being inserted, in anti-phase, in series with the
input signal voltage. To achieve the same output
voltage, the input signal has now to be increased
by an amount equal to the amplitude of the fraction
of the output signal which is developed across R;.
If the fraction of the output voltage appearing
across Ry is n, and the voltage gain of the amplifier
on its own (as in Fig. 1 (a) ) is A, then the overall
gain in Fig. 1 (b) is A divided by (1+nA). We referred
to (1 4 nA) as the feedback factor.

We were next able to deduce that, if the product
of n and A is large, the overall gain in Fig. 1 ()

is always nearly equal to % regardless of the actual

gain of the amplifier without feedback. As an
example we assumed n to be 1/»o and showed that for
A=2,000 we have, with negative feedback, an
overall gain of 19.8. With A=1,000 and 500, the
overall gain figures with negative feedback were
19.6 and 19.2 respectively.

It follows from this that one of the results of
applying negative feedback to an amplifier is that
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reduce the effects of distortion introduced by the
amplifier itself.

=5

Input Kmplitier

Output
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Fig. 1 (a). A simple amplifier, illustrated in block form
(b). The amplifier of (a) with negative feedback added
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Fig. 2 (a). Applying negative feedback over a single amplifying stage

(b). For the circuit of (a) to be practicable, the preceding valve has to be coupled to it via an-a.f. transformer
(). Feedback from an anode to a preceding grid may also be applied over three valves

{d). When feedback is from anode to cathode, an even.number of valves should appear in the loop
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Let us assume that the amplifier of Fig. 1 (a)
introduces a certain amount of distortion and that
we apply a sine wave signal to its input terminals.
We will then obtain an amplified, but distorted,
sine wave at the output terminals. The distorted
output will, in fact, consist of the original pure
sine wave plus a number of harmonics of that sine
wave.

In Fig. 1 () we introduce negative feedback a_nd
apply a fraction of the output signal in series with
the input signal. The sine wave fed back to the
input circuit is in anti-phase with the input signal,
and there is a reduction in the overall gain of the
sine wave following the lines we have already
described. With the harmonics introduced by the
amplifier, however, the effect is somewhat different
because such harmonics were not present in the
original signal. What the negative feedback circuit
is, in effect, doing here is to inject into the input of
the amplifier a series of harmonics which are opposite
in phase to the harmonics created in the amplifier
itself. The result is that the harmonics resulting
from distortion in the amplifier tend to be very
nearly cancelled out, and the amplifier output consists
of the original pure sine wave together with a lower
harmonic level than was evident before negative
feedback was applied. Tt can be shown that the
harmonic level is reduced due to negative feedback
by the same ratio as is the amplifier gain. Thus, if
the amplifier without feedback has a gain of 1,000,
and the feedback has resulted in an overall gain of
20, the harmonics introduced by distortion will be
reduced 50 times. If the harmonic distortion was
5%, before feedback was added, after feedback it
becomes 0.1%;. Tt is important to note that this
ratio of reduction in harmonic distortion applies
for the case where the same output voltage is given
with feedback as was previously given without
feedback.

By the same reasoning, it may be seen that other
spurious signals generated in the amplifier are also
reduced by the application of negative feedback.
The spurious signals normally encountered are
hum (due to inefficient mains supply filtering circuits
and unwanted couplings between the amplifier
circuits and mains power supply wiring and com-
ponents) and noise. Noise is mainly generated in
valves and resistors, and appears as a hiss in the
output of the amplifier.! Negative feedback reduces
hum and noise generated in the amplifier by the
same aniount as it reduces harmonic distortion
due to the amplifier. As with harmonic distortion,
this relation holds true when the output voltage
is the same after the application of feedback as
it was before.

Yet a further advantage provided by negative
feedback is that it helps to stabilise the performance
of an amplifier. Since the gain given with feedback
tends towards a constant figure regardless of the

INoise due to valves and resistors is mainly troublesome if they
appear in an early stage of the amplifier, whereupon there is a high
level of subsequent amplification. To help in reducing noise, special
low-noise valves are available, as also are high-stability resistors.
The latter offer a lower noise level than do the normal composition
types.
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gain offered without feedback, it follows that
variations in performance due to valve ageing,
different component values within tolerance, and
the like, will have less effect on overall performance
when negative feedback is applied.

Output Power

Negative feedback confers a number of important
advantages, and these are of particular value in
a.f. amplifiers which are intended for good quality
or high fidelity reproduction. The main disadvantage
of negative feedback is that the overall amplification
is reduced. Indeed, negative feedback offers the
greatest improvements in performance when the
gain without feedback is considerably higher than
the gain with feedback. For best results, negative
feqdback has to cause a large reduction in overall
gain.

In practice, this loss in gain is not a great in-
convenience because it is possible to obtain a high
level of gain before feedback is applied by means
of voltage amplifier stages, and voltage amplifier
stages are relatively inexpensive in terms of valves,
components and h.t. supply requirements. The
most expensive stage in an a.f. amplifier is normally
the output stage, which requires a power valve
(or valves), the output transformer and a high
h.t. supply current. An output stage offering an
output power approaching the maximum of which
it is economically capable introduces considerably
more distortion than does a voltage amplifier
stage. Also, as we have seen in recent articles, the
distortion introduced by an a.f. output stage in-
creases with output power. If we were to avoid the
use of negative feedback, one method of obtaining
a low distortion output would consist of employing
an output stage capable of providing considerably
more output power than we actually intend to use.
Such an output stage would, however, be very
uneconomical in terms of valves, components and
h.t. supply requirements. A much cheaper method
of obtaining a low distortion output at the required
power would consist of using an output stage
working near its economic maximum and applying
negative feedback from the output back to a pre-
ceding voltage amplifier. We would then obtain
the same output power as without feedback but at
a much reduced distortion level, and all we would
lose would be the gain provided by a low-cost
voltage amplifier stage.

Domestic valve radios and television receivers
either have no negative feedback circuits or, at
best, provide only a low level of negative feedback
in their a.f. amplifying stages. This is because
equipment of this nature is manufactured at highly
competitive prices which do not permit the inclusion
of voltage amplifier stages whose gain is to be
largely cancelled out by negative feedback. For
most people, the standard of reproduction without
feedback given by equipment of this nature is
considered to be acceptable. On the other hand,
high quality and high fidelity reproducing equipment,
which is not subject to quite the same stringent
price limitations, may incorporate a number of
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Fig. 3(a). A feedback loop which inciudes the speaker transformer. As in Fig. 2 (d), the feedback is applied to a cathode
circuit

(b). Negative feedback applied to the cathode of a voitage amplifier preceding the output stage

voltage amplifying stages whose gain, due to the
use of negative feedback, is partly or completely
nullified.

Feedback Circuits

In Fig. 1 (b) we applied negative feedback from
the output to the input of an amplifier, the latter
being shown in block form. This diagram demon-
strates voltage feedback because it is a signal voltage
which is fed back. An alternative type of negative
feedback involves the feeding back of an output
current, and is known as current feedback. Current
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feedback is not employed in quite the same way as
is voltage feedback, and we shall discuss it in more
detail in a later article.

Another term which needs to be introduced at
this stage is feedback loop. This term applies to the
composite amplifier from the input terminals to
the output terminals and then back to the input
again via the feedback circuit.

Some voltage feedback circuits appear in Fig. 2.
Fig. 2 (a) shows a circuit following the same basic
principles as Fig. 1 (b). Here, a fraction of the
signal voltage at the anode of the valve is fed
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back via capacitor C; (assumed to have negligible
reactance at a.f.) so that it is in series with the
source of input voltage, which is depicted as an
a.c. generator. Since the voltage at the anode is
out of phase with the input signal, the circuit gives
negative feedback. This circuit suffers from the
practical shortcoming that neither side of the source
of input signal is at chassis potential. It would be
impossible to precede the circuit with a voltage
amplifier stage having a common chassis connection
unless an a.f. transformer were used for coupling,
as in Fig. 2 (b). Since an a.f. transformer is liable
to introduce more distortion than resistance-
capacitance coupling, the circuit of Fig. 2 () is
not very attractive. Nevertheless, it has the merit
of illustrating basic principles, and we shall give it
a little further consideration before passing on to
other feedback circuits.

The circuit of Fig. 2 (a) is useful if one amplifying
valve appears in the feedback loop, as occurs in
the diagram, or if three valves in cascade appear in
the loop, as in Fig. 2 (¢). With three valves the feed-
back would still be negative since each valve provides
180° phase reversal of the signal. If feedback of
this type was attempted with two valves, however,
the feedback would be positive. Thus, feedback of
the type shown in Figs. 2 (a) and (c) may only be
applied over an odd number of valve amplifying
stages.2

In Fig. 2 (d) there are two valves with resistance-
capacitance coupling, and feedback is provided via
C; (which has negligible reactance at a.f.) from the
anode of the second valve to the cathode of the
first. Ry, in this diagram, has a value lower than
the normal cathode bias resistance required by
the first valve, this resistance now being given by
R; plus R,. C; is a normal cathode bypass capacitor.
The fact that the feedback in' Fig. 2 (d) is negative
may be ascertained by seeing what occurs when,
for instance, the grid of the first valve goes positive.
This causes its anode to go negative and the anode
of the second valve to go positive. The cathode of
the first valve then goes positive also, reducing the
grid-cathode voltage change due to the initial
positive-going input signal and thereby providing
negative feedback. A feedback circuit of the type

2InApractice, there is a restriction on the number of resistance-
capacitance coupled amplifying stages over which negative feedback
may be applied, but we shall leave this particular aspect until next
month.

shown in Fig. 2 (d), where the anode signal is fed
back to a preceding carhode, may only be employed
with an even number of valves. If an odd number of
valves were used, the feedback would become
positive. It will be noted that the circuit of Fig. 2
(d) allows the preceding amplifying stage to share
a common chassis connection.

Fig. 3 shows voltage feedback circuits in which
the speaker transformer appears in the feedback
loop. A single valve output stage is assumed.

A great advantage conferred by having the speaker
transformer in the feedback loop is that the phase
of feedback may be reversed, if required, by merely
transposing the connections to the speaker trans-
former secondary. The feedback loop can then
accommodate either an even or an odd number of
stages. A further advantage is that the output
voltage at the transformer secondary is available
at a low impedance and can be readily applied
back to an earlier cathode circuit, which will exhibit
a much higher impedance. Also, the negative feedback
will reduce distortion due to the output trans-
former itself, which now enters the feedback loop.

In the simple feedback circuit shown in Fig. 3 (a)
the feedback is applied, by way of R; and Ry,
over the output stage only. This circuit offers some
improvement over the performance without feed-
back, but the full benefits which can be given by
negative feedback are not realised due to the re-
latively low gain available in the single stage before
feedback is applied.

In Fig. 3 (b) the feedback is applied over the
output stage and a preceding voltage amplifier
stage. This circuit is capable of offering a much
better performance than that of Fig. 3 (a) because
the gain without feedback is considerably higher.

Feedback from the speaker transformer secondary
to the cathode circuit of an earlier voltage amplifier
stage represents a very commonly used technique
in valve high fidelity amplifiers. In such amplifiers
the output stage will normally be push-pull, where-
upon the feedback is applied to the cathode of a
voltage amplifier preceding the phase-splitter. The
number of stages in the loop may be catered for by
connecting the speaker transformer secondary into
the circuit with appropriate polarity.

Next Month
In next month’s article we shall continue with
the subject of negative feedback.

New International Technical Exhibition For London

Modern manufacturing techniques developed for the production of all kinds of electronic equipment will be featured

at a new international exhibition in London.

The International Electronic Production Equipment Exhibition—ELPEX—is to be held at Earls Court, London, in
March 1969, presented by Industrial Exhibitions Limited, leading European organisers of international technological shows.

New electronic assemblies, such as integrated and monolithic circuits, have brought into being entirely new methods
of manufacture. These include cryogenic and high-vacuum equipment as well as complex chemical processing plant.

International ELPEX will pinpoint the plant, machinery, equipment, tools, materials and services needed in modern
electronic manufacture. At the present time, many of the production techniques are in a state of rapidly changing develop-
ment which will give an urgent sense of topicality to the 1969 show.
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Dick and Smithy are con-
fronted, this month, by a
Workshop in which all the
repair jobs were cleared out
over Christmas. However,
the lack of work proves to
be a blessing in disguise
because it enables our pair

to devote their time to the

latest batch of hints received

from readers.

‘“ ADDING INSULT TO
muttered Dick
“that’s what it is!”

“What is?"

“Starting the New Year on a
Monday,” replied Dick bitterly. ““It
was bad enough when they moved the
Bank Holiday to the end of August.
Now, they've started having New
Year’s Day on Mondays.”

“You great buffoon,” snorted
Smithy irritably, *“it’s only this
year that the New Year starts on a
Monday. Next year it will start on
quite a different day.”

INJURY,”
moodily,

Nothing To Do

But Dick’s gloom was not to be
dispelled by a mere statement of the
obvious.

“I don’t care,” he replied com-
plainingly. “It was New Year's
Eve last night, which means that
I’ve had hardly any time at all in the
pit. After which not only do I have
to make an appearance this morning,
but the morning happens to be
Monday morning as well. What a
way to start a year!”

Smithy sighed.
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It was only on infrequent occasions
that the effervescent Dick indulged
in a mood of gloom, but when such
an event took place the cloud of
melancholy which enveloped him
caused the entire Workshop to be
pervaded with a black atmosphere
of Stvgian impenetrability. Smithy
knew from past experience that the
only way to dispel Dick’s present
disposition was to find some con-
structive activity.

“Well, now.” he offered brightly.
“Perhaps there’s a nice little repair
job outstanding that won’t cause
you too much effort.”

“No, there isn't,” grunted Dick
despondently. “We cleared out all
the sets that needed fixing before
Christmas.”

“Aren’t there,” persisted Smithy
hopefully, ““any odd bits of main-
tenance to do on the test gear?”

“That’s been all done, too,”
replied Dick dejectedly. “Things
were quiet in the few days after
Christmas and so we got all the
outstanding maintenance jobs finish-
ed up then. And now there just isn’t
anything to do at all, mate!”

Suddenly, inspiration came to
Smithy.

“Tell you what,” he remarked.
“How would it be if we started off
the New Year with a selection of
hints sent in by readers?”

The Serviceman was delighted to
see that this suggestion caused a
gleam of animation to appear in
Dick’s eyes.

“Now that,” conceded Dick,
“isn’t a bad idea at all. It seems
ages since we last had a readers’
hints session.”

“It is rather a long time,” agreed
Smithy, opening a drawer in his
bench. “*Quite a few hints have
arrived since the last time, too, so
we should have a good selection to
deal with.”

The Serviceman extracted a sheaf
of letters from the drawer and
studied them carefully.

“Here's a good one to commence
with,” he remarked. “It’s one of
those neat little devices which, at
virtually no cost, can offer very
reliable service indeed. There's a
sketch in the letter, so you'd better
come over here and have a look at
it.”

Dick’s low spirits were obviously
beginning to dissipate, and it was
with some of his normal alacrity
that he carried his stool over to
Smithy’s bench and sat alongside
him. He looked with interest at the
sketch Smithy showed him. (Fig. 1).

“This,” remarked Smithy, “is a
very inexpensive fuse alarm which
gives an indication immediately the
fuse has blown. A medium-sized

s

safety pin is stretched to a wide-open
position and is fixed to an insulated
panel with a nut and bolt, using a
second nut as a spacer in between.
Fuse wire of the required current
rating is fastened around the pointed
end of the pin and is then taken to
the nearby terminal, where it is
secured under tension. The circuit to
the load is then completed. If the
load current rises to too high a
level the fuse wire burns out and the
pin then springs over to touch
a bolt on its other side. This con-
nects the supply to an alarm circuit
which can consist of a light bulb, or
a bell or buzzer as desired. In-
cidentally, it doesn't greatly matter
if the fuse wire should happen to
touch the fixed arm of the safety
pin before burning out as this
simply reduces its effective length.”

“That’s crafty, [ must say,”
commended Dick. “You couldn’t
get a fuse alarm much simpler than
that!”

It was quite manifest that Dick
had by now completely forgotten
his previous depression.

“And here,” continued Smithy
cheerfully, “is a letter with two
hints in it. The first of these will
particularly appeal to the experi-
menter who likes to try out unusual
ideas. It makes use of one of those
old TV width controls in which
the position of the core was varied
by a coarse-thread screw and
spindle.”

“l know the width controls you
mean,” broke in Dick. “Every now
and again the sliding bit which
engaged with the thread would
stick. You then used to turn the
knob like billy-oh and get nowhere!”

“That’'s the type,” chuckled
Smithy. “Well, our contributor has
found that these old width controls
make quite effective hash limiters
if they are inserted in series with low
impedance a.f. circuits. When con-
nected in series with the speaker
leads of a CRI100 receiver, for
instance, a width control of this type
gives better protection against igni-
tion interference on the 21 and
28 Mc/s amateur bands than does
the noise limiter built into the set.
Its effect can also be varied by
adjusting the position of the core.
Three separate types of width
control of the same basic construc-
tion have been tried in this applica-
tion, and they have all given the
same hash suppression effect.”

“I suppose,” remarked Dick,
“that the fairly high inductance of
the width control coil offers a high
impedance to the pulses given by
impulsive interference.”

“That would seem to explain how
it works,” agreed Smithy. “At any
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event, the idea of using a width
control of this naturc for noise
suppression is certainly one which
is worth experimenting with. 1 said
Just now that there were two hints
in this letter, so I’ll press on now to
the second one.”

_“Is that to do with noise suppres-
sion as wel] 7

“Oh no,” replied Smithy. **This
second hint falls into quite a different
category. Our correspondent dis-
covered, one Sunday morning, that
he was out of Rawlplugs on a job
which had to be completed without
delay. Luckily, he found that
standard coaxial cable was a snug
fit in a No. 12 Rawlplug hole and
so he cut suitable lengths of cable
with side cutters and used these
instead of the Rawlplugs. He says
they made a very sound job indeed.
So, if you run out of Rawlplugs, try
using some lengths of coaxial cable
instead!”

Awkward Nuts

“That’s one for the book,”
grinned Dick. “Our readers certainly
have some ingenious ideas for getting
out of trouble.”

“They have, indeed,” said Smithy,
looking through the letters. “‘Here’s
another letter with two hints in it.
The first of these is a simple ap-
proach towards the perennial prob-
lem of fitting nuts in awkward
corners in a chassis. What you do
is to initially solder a short length
of 18 s.w.g. tinned copper wire to
the nut, and then use the wire to
manoeuvre the nut on to the screw
so that the latter can be tightened
up. (Fig. 2). After the nut is in
place and tightened up, the wire
may then be ripped off or snipped
off short. If the wire is soldered on
lightly it should pull away pretty
easily from the nut. You can use
the same idea with a plain washer
as well. With steel nuts and washers
the wire and solder should pull off
completely, leaving a clean surface.
This idea can also be used with
bolts, the tinned copper wire being
lightly soldered to the side of the
bolt head before fitting.”

“I think,” remarked Dick, ‘‘that
this hint will be of use to me for
my next bit of home-constructed
gear. Whenever [ make up something
to my own design, there’s inevitably
one nut, or one bolt, which turns
out to be completely out of reach!”

“You aren’t the only one)”
grinned Smithy. “It happens to the
best of us at times. Anyway, the
second hint in this letter is also
aimed at helping the home-con-
structor. The idea is to initially
make up front panels for new
equipment with } inch plywood,
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which is discarded later. The plywood
readily takes ball-pen markings, and
the components can be ecasily
mounted on it and checked for
position, mutual interference, sym-
metry, and all the other things which
have to be catered for if the finished
equipment is to have a truly pro-
fessional appearance. It doesn’t
matter at this stage if the mounting
holes for some of the panel compo-
nents have to be re-positioned, and
the plywood is easy to drill and cut
out. An incidental point mentioned
by the reader is that the chips
resulting from hole-drilling at this
stage have the advantage of being
non-conductive! The spindles of
potentiometers and other controls
can be sawn to length whilst in
position on the plywood without
fear of damaging paint work or
any other finish. Once a satisfactory
layout is achieved with the plywood
panel, the panel components can
then be wired up. Their fixing nuts
are next removed and the plywood
panel taken off, leaving the compo-
nents hanging in the wiring. The
plywood panel is then used as a
template for the metal panel that
will finally be employed. all the
holes on the metal panel being
marked out from the plywood.
In this case, best accuracy is given
if each hole centre on the plywood
is identified by vertical and horizon-
tal lines (Fig. 3), since this eliminates
guesswork when marking up the
centre of the corresponding hole
on the metal panel. Using vertical
and horizontal lines in this manner is
particularly desirable if some of the
holes in the plywood have been
elongated in one direction or the
other and the correct component
mounting bush centre is not im-
mediately obvious from the hole
outline. After the metal panel has
been marked out from the plywood
panel, it is next drilled and painted,
after which any transfers or other
markings may be applied. The
metal panel is then ready for fitting
to the equipment and it will have a
really immaculate finish.”

“Blimey,” commented Dick.
“Now that really is a useful idea.
Particularly when you have a panel
on which a lot of components are
going to be mounted.”

“l couldn’t agree more,” said
Smithy. “‘Incidentally, there seems
to be something missing in this
New Year that's just started.”

“What’s that 2

“Tea, mate,”
firmly. “My tongue is just about
hanging out with all this nattering.
I'm beginning to feel a bit peckish,
too.”

“Are you?” asked Dick, as he

replied Smithy ‘

Fuse wire

Terminat

To
alarm

l circuit
\
\

Fuse wire
From supply twisted round
@ PI
Fuse wi\rc Satety-pin head

T

insulated panel Nut as-spacer

1b)

Fig. 1 (a). Top view of the simple
fuse alarm. When the fuse wire
breaks, the safety pin leg springs
to the right and completes the
alarm circuit
(b). Side view of the fuse alarm,
giving mounting details

walked over to the assortment of
cracked and battered utensils which
formed the culinary effects of the
Workshop, and filled the kettle.
“You can have some of my lunch
sandwiches if you like.”

An avid expression appeared on
Smithy’s face.

“What sort of sandwiches are
they 7

“Turkey sandwiches.”

The avid expression failed, to be
followed by one of gloom.

“I've brought turkey sandwiches,
too,” pronounced Smithy resignedly.
“So far as I can make out, we've
got enough turkey in our house to
see us through to the middle of
February. T seem to have been eating
nothing else since Christmas Day.”

“It's the same at my place,”
commiserated Dick, as he walked
back from the sink. I think our

/
Light solder

joint \ 18 s\.w.g. wire

\

Fig. 2. When a nut or washer has

to be fitted in an awkward corner

it is often helpful to initially

solder a piece of wire to it, this
being removed later
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Mdrkings on

plywood

Fig. 3. When using a plywood
panel as a template for marking
out a metal panel, individual
hole centres should be identified
by vertical and horizontal lines,
as shown here. This eliminates
guesswork, particularly if the
hole in the plywood has an
irregular outline

butcher must have worked a flaming
great albatross on to us this year.
No domestic bird could possibly
keep providing meat three times a
day for ever and ever like the one
we've got does.”

“Breakfast, even?”

“With toast.”

Smithy shuddered.

“The trouble with Christmas,”
he remarked, “is that it goes on
for such a long time, both before and
after. Oh well, let’'s have a look at
the next hint.”

Smithy turned his attention once
more to his sheaf of letters.

“Here's a novel idea,” he an-
nounced, after a moment’s examina-
tion. **This letter describes a device
for bypassing a stage of amplification
in valve equipment during servicing.
What you do is to insert a valve-
holder plug in place of the valve,
a capacitor coupling the control
grid pin to the anode pin. (Fig. 4
(a)). If the valve you’re bypassing
is an if. amplifier, the capacitor
between control grid and anode
pins can be of the order of 3 to
SpF. To avoid excessive detuning
effects, another capacitor, say 10pF,
can be connected between the
control grid and the suppressor grid
or cathode pin. These values, says
our correspondent, give more or
less equal results to an EF80 so far
as i.f. tuning in the grid and anode
circuits is concerned. If the if.
valve has its heater in a series string
then a suitable resistor can be
wired between the heater pins of
the plug to maintain heater chain
continuity. For an EF80, which has
a heater voltage of 6.3 at 300mA,
the resistor could be a 2 watt wire-
wound component of 22Q. A
‘stage-jumper’ plug of this type can
be very useful for locating a stage
which is out of action due to com-
ponent faults or to overloading
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Approximately 3 off
_ batlpoint refill
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B9A plug. viewed
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Countersunk screw
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Fig. 4 (a). Wiring up a “stage-jumper” plug assembly. The assembly shown
here can replace an EFBO valve, or similar types, in a TV i.f. strip
(b). A small handle added to the plug makes it easy to fit and remove

assembly is easy to fit in the valve-
holder. A further advantage is that
all the potentials on the valve socket

because of a.g.c. trouble. By keeping
the cover off the plug, and fitting it
with a short handle (Fig. 4 (b)), the

Copper areas
shaded
,//
Rectangular
block
_Edge view
C— 3
(ay (b)

Wires soldered

m . to copper
b | T
. I m areas

! I

- Hil I

% pik il

7 ~
g
Spring Grooves _Second block
//
©
Fig. 5 (a). First step in making up the micro-miniature socket described in the

text

(b). A small rectangular block of plastic material is glued to the base
(c). A second block, with grooves to accept plug pins, is finally secured to the
base with the aid of a spring
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then become readily available for
checking with the testmeter prods.”

“That is an unusual approach,”
remarked Dick, “‘and it sounds like
a very practical servicing aid, too.
I suppose it’s necessary to make
up a different plug assembly for
each valve type you want to bypass
in this manner.”

“With TV if. valves,” said
Smithy in reply, “you probably
wouldn't need a great deal of plug
assemnblies. For instance, a plug
assembly made up for an EF80
would cope with an EF85, EF183 or
EF184 stage as well, since all four
valves have the same pinning and,
so far as rough and ready testing
is concerned, fairly similar inter-
electrode capacitances as well. Also,
all four valves have the same heater
voltage and current.”

“Perhaps.” said Dick thought-
fully, “you could make up replace-
ment plug assemblies for a.f. valves
as well.”

*Oh, definitely,”” confirmed Smithy,
studying the letter in his hand. “'In
this case, all you need is an 0.01uF
capacitor of about 400 working
volts between grid and anode pins,
together with a suitable resistor
across the heater pins. The presence
of the resistor across the heater pins
won't, of course, cause any trouble
with parallel operated heaters, as it
will merely draw the same heater
current as that of the valve it
replaces.”

“What about a.f. valves,” asked
Dick, “which are combined with
diodes?”

“You fit a germanium diode to
the plug,” replied Smithy, “to take
the place of each valve diode. A
germanium diode might not give
exactly the same results in the
circuit as the valve diode did, but
they will be near enough for checking
purposes.”

Micro-Miniature Socket

“I must say,” remarked Dick
warmly, “‘that we do get some very
ingenious wheezes sent in to us.”

“We always do,” replied Smithy,
picking out another letter. “Now,
here's a suggestion for making up a
micro-miniature socket for an ear-
phone output from a receiver. The
advantages of the socket are that it
is extremely small and flat, and that
it can be integral with a printed
circuit board or piece of Veroboard.
If you're making up the socket as a
separate component you would start
off with a piece of circuit board
having a copper pattern like this.”

Smithy indicated to Dick the
sketch accompanying the hint. (Fig.
5 (a)).

“You next,” continued Smithy,
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(@)

Resistance wire

(b)

A
Resistance wire
twisted

(c)

Fig. 6 (a). To make a current-reading meter read 10 to 20 times its present
maximum, it is first connected as here. The variable resistor, which should
initially insert maximum resistance, is adjusted for an f.s.d. reading

(b). A length of bare resistance wire is next connected across the meter
terminals
(c). The resistance wire is then twisted at the mid-point until the desired new
meter reading is obtained

“glue a rectangular block of thin
plastic to one edge (Fig. 5 (b)), and
make up a second block of the same
thickness which leaves about lin of
the base edge and side uncovered
for wire connections. (Fig. 5 (¢)).
The second block has two grooves
cut in it to accept plug pins and is
held in place by a small spring. To
connect to the ‘socket’ you then
simply press two pins along these
grooves, whereupon contact is made
to the copper sections on the base
part.”

_ “I'm a bit puzzled here,” said
Dick. “There are rwo bits of copper
under one of the grooves instead of
one.”

“Those two bits of copper,”
explained Smithy, “form a switch. If
you have the correct circuitry, in-
serting the plug can then switch on
the receiver as well.”

“Blow me,” exclaimed Dick,
“that’s a knobby scheme! What sort
of plug does the socket take?”

*The actual dimensions of the
socket and plug,” said Smithy,
“are left to the constructor. A good
approach, for instance, would con-
sist of having two separate plug-pins
which would be inserted individu-
ally.”

Smithy returned the “letter to his

bench and picked up another.
“Ah!” he remarked. ‘‘Here’s an-
other letter with two good hints in
it. The first of these is an ingenious
method of making up a shunt to
cause a current-reading meter to
indicate ten or twenty times its
existing f.s.d. You start by con-
necting the meter in series with a
variable resistor and a battery, the
variable resistor bcing adjusted so
that the meter gives full-scale
deflection. (Fig. 6 (a)). You then
connect a length of bare resistance
wire across the metcr terminals, this
length being greater than will be
needed for the eventual shunt.
(Fig. 6 (b)). The next thing to do
is to start twisting the resistance wire
back on itself at the mid-point. This
will reduce the effective length of
resistance wire which is in circuit
and you keep on twisting until the

meter reads one-tenth or one-
twentieth of fs.d., as desired.
(Fig. 6 (c)). Solder the twisted

section at the end nearer the meter,
cut off the excess, and you have a
meter shunt---all complete and ready
to use—that will multiply meter
readings by ten or twenty, exactly as
intended.™

“That twisting business,” said
Dick, ‘is a neat idea. 1 haven’t
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heard of reducing the length of
resistance wire in that way before.”

“Neither had T up till now,”
admitted Smithy. *“‘Although, like
most other things, it's dead obvious
once you're told about it! I think
I should mention one or two minor
points, incidentally. For most
accurate results, the battery voltage
should be such that the resistance
inserted by the series variable
resistor is much higher than the
resistance of the meter on its own.
Also, you're relying on the calibra-
tion of the meter at one-tenth or
one-twenticth of fs.d. to indicate
when you've got the correct length of
resistance wire in circuit. For more
accurate results you’ll need a second
meter in series with the one to which
you're adding the shunt, both giving
readings near f.s.d. for the desired
new current. Nevertheless, the idea
as described is more than good
enough for most applications and,
of course, you only need the single
meter which will eventually be used
at the new current.”

“What’s the other hint in that
letter 7

“It’s an idea for removing com-
ponents with a large number of tags
from printed circuit boards.” replied
Smithy. *“Things like i.f. transformers
and so on. The general idea is to
make up a tinned copper wire
‘ocltopus’ arrangement out of lin

lengths of wire around 24 s.w.g.
One end of each length of wire has
a small-diameter loop, which is
tacked lightly with solder to a tag
of the component as it protrudes
through on the copper side of the
board. The free ends of the lin
wires are then all bound and joined
together in the form of a large flat
‘button” having as much surface
area as possible. You next hold the
circuit board, component side up-
permost, so that this ‘button’ rests
on the bit of a heavy soldering iron,
the bit being well-tinned at the area
of contact with the ‘button’. After
a few seconds, the heat passing
through the lin wires radiating
from the ‘button’ should make it
possible for the component to be
lifted clear of the board.”

A Good Start

As Smithy stopped speaking, a
series of indignant splutterings from
the direction of the sink indicated
that the Workshop kettle was
about to give voice for the first
time in 1968. Smithy put his letters
away, and the kettle abruptly
produced an ear-splitting whistle.

Dick hurried over and filled the
tea-pot.

“Any more hints?” he called out
through the steam.

“Not for the time being,” replied

Smithy, closing his drawer, “‘but,
as I've still got a few in hand, it
looks as though we’ll have to have
another session pretty soon.”

“Good show,” replied Dick ap-
preciatively, walking back with the
disgraceful tin mug from which
Smithy always drank his tea. “T’ll
look forward to that.”

“So will I,” said Smithy, sipping
at his mug. “And seeing that there’s
nothing else to do here except eat
turkey sandwiches, 1 would suggest
that, after we’ve both had a spot of
tea, we close up the Workshop for
the day and wander down to Joe's
Caff. We can then celebrate the
New Year with some good old
ordinary non-Christmas scoff.”

Dick licked his lips in anticipation.

“Pie and chips ?”’

“The same.”

“With beans ?”

“And,” confirmed Smithy gravely,
“H.P. sauce.”

Editor’s Note

The hints described in this episode
of “In Your Workshop” were
submitted, in the order in which
they appear, by E. Swift, N. G.
Dunbar, R. A. Jackson, A. J. Thorn-
dyke, R. Kreuzer, and W. M.
Stratton.

Further hints for this feature are
welcomed, and payment is made for
all that are published.

S REGULAR READERS WILL KNOW
A we have published quite a

large number of articles on
the subject of modulated light
communication in The Radio Con-
structor over recent years, the latest
of these being the three articles by
D. Bollen on the *““Wide-Band

Kyp)

Photophone™ which appeared in the
last January, March and May
issues.

The basic operating principle of
all the modulated light systems
described up to the present time has
consisted of modulating the in-
tensity of light radiated from the

By Recorder

transmitter. This modulated light is
then picked up by a photosensitive
device at the receiver, where the
modulation signal is extracted and
amplified by a conventional a.f.
amplifier. To obtain a useful range,
reflectors and/or lenses may be
employed at both the transmitter
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and receiver ends to concentrate
the radiated beam into a narrow
angle and to ensure that maximum
light intensity falls on the photo-
sensitive device.

Frequency Modulation

All the systems discussed so far
have employed what may be des-
cribed as amplitude modulated light,
because it is the “amplitude” of the
light which is modulated by the a.f.
signal at the transmitter. We have
now, however, received details of an
alternative system from an en-
thusiastic worker in this field, Mr.

S

AFE
input [Bre-emphasis] | Pre- © ] vaive :
Input | Pre gmphqsns_,_ WPrz b 20?;& ; Pu.’;‘lslz' ] output o Discharge
filter amplifier|  |EM.oselltator amplifier stage tube
(EL84) (cLs?

Fig. 1. Block diagram showing the stages in the frequency modulated light
beam transmitter

may, therefore, swing on either side

of the 20 kc/s subcarrier frequency:

to maxima of 10 kc/s and 30 kc/s.
All frequencies within this range
are capable of being handled by the
transmitting lamp.

+400V
SOmA

33kn

Fig. 2. Employing an EL84 to drive a Ferranti CL57 neon discharge tube

R. J. Ward, this alternative system
employing a form of frequency
modulation of the light from the
transmitter. Mr. Ward states that
this new process gives the same
advantages of noise reduction and
good quality reproduction as is
evident in f.m. radio communication
as opposed to a.m. radio communica-
tion. This f.m. light system, which
has been designed and developed
by Mr. Ward, offers considerable
scope for experimenters working
on modulated light communication,
and I am devoting all my space this
month to a description of its opera-
tion, and to circuits of a practical
transmitter and receiver suitable for
home-construction which have been
passed on to us by Mr. Ward.

In the f.m. system the signal
handled by the transmitting bulb,
which is of the neon discharge type,
consists of a 20 kc/s subcarrier
frequency modulated up to +
10 kc/s by the a.f. signal it is desired
to transmit. The transmitter output
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Fig. 1 shows a block diagram of
the transmitter used by Mr. Ward
for long range communication. An
input from a microphone or any
other a.f. signal source is fed through
a high frequency pre-emphasis filter
to a pre-amplifier, the latter provid-
ing the signal with sufficient ampli-
tude to frequency modulate the
20 kc/s f.m. oscillator. The output
of the oscillator consists of rectangu-
lar pulses (not a sine wave) and
these are applied to a pulse amplifier
and thence to an EL84 output stage.
The output stage controls a Ferranti
CL57 gas discharge tube using the
circuit shown in Fig. 2. When the
discharge tube is struck, it gives

maximum light (at a current of
90mA) when the signal at the EL94
grid is positive-going, and minimum
light (at a current of 10mA) when
the signal at the EL94 grid is
negative-going.

Thus, the output of the transmitter
is given by a tube which offers
pulses of bright light at a repetition
frequency equal to the frequency of
the f.m. oscillator., These light
pulses may exhibit slight rounding
at the corners due to the time needed
for the ions in the tube to dissipate
their energy as light, but they other-
wise correspond fully to the discrete
pulses generated by the f.m. oscil-
lator.

The Receiver

The receiver block diagram ap-
pears in Fig. 3. Here the transmitted
light pulses are applied to an OCP71
phototransistor, which tends to
introduce further rounding of the
corners, and are then fed to a pulse
amplifier having a substantially
constant gain from 5 to 300 kc/s.
The output of the pulse amplifier
is passed to a Schmitt trigger having
a ‘“‘backlash™ potentiul of about
300mV. Positive input signals to
the Schmitt trigger above 300mV
give a trigger output of one value,
whilst negative input signals (i.e.
signals below zero volts) cause the
trigger to revert to its previous
state and give an output of the
alternative value. Provided that the
input signals to the Schmitt trigger
are well in excess of the ‘‘backlash™
potential, the output from the trigger
consists of rectangular pulses having
the same square corners as were
originally generated by the f.m.
oscillator at the transmitter. In
other words, the Schmitt trigger
“squares up” the pulses to their
original form and gives them a
constant amplitude.

The square-cornered pulses from
the Schmitt trigger are next applied
to a differentiator network which

[ Photo- | Pulse D::;“:"“ Morostabte] | | | A
P . =i i N
w[transistory | ampfifier netwfrk | flip-flop | | -amplitier] 7
Loudspeaker

Fig. 3. Block diagram for the modulated light beam receiver
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Fig. 4 (a). Pulse amplifier section of a receiver suitable for amateur construction.
The arrow alongside VR, indicates the direction of clockwise rotation
(b). The pulse discriminator de-emphasis and filter sections of the receiver.
Points A and B connect to the similarly identified points in (a)

Resistors

unless otherwise stated)

47k Q2
3.3kQ
6.8kQ
27k Q2
1kQ

2.7k Q
100Q

COMPONENTS

(Al fixed values 10% % watt

6.8kQ2
27k Q2
1kQ

2.7k
100Q
6.8k
27k Q2
1kQ

2.7kQ
33kQ

56kQ
2.2kQ
2.2kQ
2.2kQ
47kQ 59
47kQ 59
4.7k Q
12kQ
33kQ
56k
3.3kQ2
3.3kQ
1.5kQ
100k Q
47kQ 5%
12kQ
12kQ
4.7k Q
S56k$2
56k Q
250k Q potentiometery
log

Capacitors

C
o]
195}
Ca
Cs

Cs
Cy
Cs
Co
Cio
Cn
Ci2

Ci3
Cia

Cis
Cie

10uF 15V wkg. sub-
miniature electrolytic
0.1uF 30V wkg. minia-
ture foil

10uF 15V wkg. sub-
miniature electrolytic
0.047uF 30V  wkg.
miniature foil

32uF 15V wkg. sub-
miniature electrolytic
500pF 10% ceramic
10uF 15V wkg. sub-
miniature electrolytic
0.047uF 30V  wke.
miniature foil

32uF 15V wkg. sub-
miniature electrolytic
500pF 10% ceramic
0.01pF 30V wkg.
miniature foil
0.047uF 30V
miniature foil
150pF 10% ceramic

32uF 15V wkg. sub-
miniature electrolytic
150pF 10% ceramic
5,000pF 10% ceramic or
foil

500pF 10% ceramic Of
silver-mica

0.47.F polyester or
miniature foil

270pF 209, ceramic
680pF 1% silver-mica
1,500pF 1% silver-mica
680pF 1% silver-mica
470pF 20% ceramic
100uF 12V wkg. electro~
lytic

wkeg.

Semiconductors

TR+

OCP71

TR;-TRg OC44

Dy, D2

OAS81
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converts them to one positive-
going and one negative-going spike
per cycle, and these spikes are
passed to a monostable flip-flop.
The flip-flop triggers to its unstable
state on receipt of a negative-going
spike then, after a fixed interval
(which is always shorter than the
time between negative-going spikes),
reverts to its stable state. It is not
affected by positive-going spikes.
Consequent to this mode of opera-
tion it may be seen that, if the
pulse repetition frequency increases,
the monostable flip-flop will occupy,
over a period, more time in the
unstable state than in the stable
state because, once initiated, each
unstable state lasts for a constant
length of time. As a result, the mean
output from the flip-flop corresponds
in linear fashion to the pulse repeti-
tion frequency from the transmitter,
and it thereby functions as a dis-
criminator. It gives an output
consisting of the subcarrier and
harmonics, plus the original modulat-
ing a.f. at the transmitter.

Referring again to Fig. 3, the
output from the flip-flop is passed
through a bridged-T filter to remove
the subcarrier frequency and a
de-emphasis filter to remove the
higher audio frequencies. Some
noise may be given by the photo-
transistor at the receiver input. If
this should appear at the Schmitt
trigger within its *“backlash” range,
it will cause a noise output to be
present after the flip-flop. The
de-emphasis network attenuates any
noise which may be present due to
this effect and it has a curve which
complements that of the pre-
emphasis network at the transmitter,
whereupon the whole overall system
has a response which is flat up to
5 ke/s. After the de-emphasis net-
work, the a.f. signal is applied to a
conventional a.f. amplifier and loud-
speaker.

In Mr. Ward’s installation employ-
ing the CL57 tube the OCP7!
phototransistor was mounted behind
an ex-Government lens having a
diameter of 7.5cm and a focal length
of 12om, it being adjusted in position
so that maximum transmitted light
fell on the photo-sensitive area. This
assembly was then covered, apart
from the front and rear, with a
cylindrical housing 30cms long, and
painted black on the inside to avoid
reflection of stray light.

The system was first tried out
with no lens or reflector at the
discharge tube. The receiver re-
produced the signal with no notice-
able noise at 20yds from the trans-
mitter; at greater distances the
noise increased rapidly. (This will
be due to the peak-to-peak signal

JANUARY 1968

applied to the Schmitt
becoming sufficiently
comparable with its ‘backlash”
potential). The range was then
increased by mounting the tube in
a head-lamp reflector. Although the
beam produced was not particularly
narrow, reproduction with no notice-
able noise was casily obtained at a
distance of 100yds. The adjustment
of the voltage drive to the EL84
had to be carried out carefully to
avoid spurious oscillations, but when
these had been avoided the quality
was very good, both on speech and
music. Indeed, several people to
whom musical reproduction by way
of the system was demonstrated
expressed surprise that there was
any equipment at all between the
gramophone pick-up at the trans-
mitter and the loudspeaker at the
receiver. The quality most certainly
exceeded that of many of the cheaper
record-players.

Mr. Ward concludes that this
f.m. system would appear to be
capable of transmitting high quality
sound over a beam of light.

trigger
low to be

Home Constructor Circuits

Circuits suitable for amateur con-
struction, and using a smaller
transmitting lamp, appear in Figs.
4and 5.

_Fig. 4 illustrates the receiver
circuit and may be studied in
conjunction with the block diagram
of Fig. 3. Fig. 4 (a) shows the photo-
transistor and pulse amplifier stages,
the output at A being applied to the
similarly identified point in Fig. 4 (b).
In Fig. 4 (), TRs and TR, form the
Schmitt trigger, and TR; and TRg
the monostable flip-flop. The
bridged-T and de-emphasis filters
appear after Cig.

Fig. 5 shows the transmitter
circuitry. In Fig. 5 (@) an a.f. input
is applied to Cys, with TR providing
a.f. amplification. The pre-emphasis
components are in the emitter
circuit of this transistor. The output
from TRy is applied to TR;, and
TRy3, which control the frequency
of the multi-vibrator given by
TRjp and TR ;. Mean multivibrator
frequency is controlled by VR».

The output, at point C, is passed
to the pulse amplifier and output
stage, TR14 and TR;s of Fig. 5 (),
and thence to the neon lamp V;.
This can be a Radiospares miniature
panel neon with the integral resistor
removed. If it is desired to use a
larger neon tube such as the 5 watt
variety, again with the integral
resistor removed, Rs; should be
changed to 2.2kQ, Rss to 1kQ
5 watt, VR3 to 5kQ wirewound 3
watts, and Ci4 to 1puF miniature
foil. It should be noted that the

Your Local Supplier

LONDON

Established 1910 |}

H. L. SMITH
& CO. LTD.

Comprehensive stocks of compénents
by all leading makers.

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

TELERADIO
ELECTRONICS

1 For Radio Control Devices, Miniature

| components, Special Transistors,

Circuits and data on boat and
aircraft control.

1 QUOTATIONS GLADLY FOR PARTS USED IN
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(S.A.E. Enquiries REF. D/P)

325/7 FORE STREET,
EDMONTON (3719)
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| FOR SEMICONDUCTORS

% Fastest by return mail service
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% Satisfaction guaranteed
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Your Local Supplier

LONDON

ELECTRONICS |
GALORE ! o

in the NEW .

dca GATALOGUE

Send 1/6 now for your capy
to: DEPT. R/C

dca ELECTRONICS

LIMITED o]
28 UXBRIDGE ROAD,
EALING, W.5 =

ESSEX

ELECTRONIC
' COMPONENTS @

v , looy

ARAAA
VVV¥

Yalves, transistors, capacitors,
transformers, amplifiers,
tuners, etc., etc.

765 HIGH ROAD,

SEVEN KINGS
(opp. Seven Kings Hotel)

ILFORD, ESSEX
Telephone: GOOdmayes 1826

A
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i

MARKET CENTRE _
For Semiconductors " i
Prompt, efficient mail order service
for Mullard, Newmarket, Texas, Fig. 5 (a). The pre-emphasis amplifier and f.m. oscillator in the transmitter
Sinclair, S.T.C., Fairchild Semi- (b). The transmitter output stages
conductors. We also offer a com-
prehensive selection of miniature
components for transistor circuitry. VR3 25kQ potentiometer,
Catalogue 1s. Resistors wirewound 3 watts,
I- s T GOMPONENTS (All fixed values 109 % watt linear
s Fe unless otherwise stated)
| 23 New Rd., Brentwood, Essex Rig 1.5kQ Capacitors
R3¢ 5.6kQ Cys 10pF 15V1 wkgl. sub-
e Rso0 100Q miniature electrolytic
HAMPSHIRE ‘ Ry 5600 o Cas 100uF 15V wkg. sub-
. R4 1kQ O miniature electrolytic
] Bo“RNEMOUTH R4z 1kQ M Cy7 0.2uF polyester or
R4s 33kQ P miniature foil
LARGEST HI-Fl AND Rys 2.2kQ o) Czs 10uF 15V wkg. sub-
Rss 12kQ miniature electrolytic
RADIO COMPONENT Rs, 12kQ N Cyo 25uF 15V wkg. sub-
STORE IN THE SOUTH Ry 2.2kQ E miniature electrolytic
Ry 330Q N Cio SO00pF 1% silver-mica
Rso 27kQ Ci1 300pF 1Y% silver-mica
FORRESTERS NATIONAL Rs; 2.2kQ T Cyp 250F 15V wke. sub-
RADIO SUPPLIES LTD. Rs2 S.Ztﬂ i S . g&gl;tllx:re e_le_ctrolytlfc .
Rs3 8.2kQ 1 watt 33 0.022uF miniature foi
0-72 Holdedhurse Road R; 8.2k 1 watt Ci4 0.22uF polyester or
Bournemouth Rss 2.2kQ 2 watt miniature foil
Telephone 25232 VR, 25kQ potentiometer, Ciys 25uF 15V wkg. sub-
carbon track, linear miniature electrolytic
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Semiconductors
TRy OC71
TR0 OC42
TR;; O0C42
TRj2 Any n.p.n. silicon

with Hfe greater than
than 10 (e.g. BSY27)

TR;3 As TRy
TR;4 0OC42
TRis ACY17

D3 HS3130 (Hughes)
Dy HS3130 (Hughes)
Ds 6 volt 250mW zener

diode
Ds OAS
D OA5
Tube
Vi Mains indicator neon
(see text)
Meter
M; 100mA fs.d.
Switch

S;  s.ps.t. switch

ACY17 in the TR;s position is
operated at around its maximum
collector voltage rating, but no
trouble due to transistor breakdown
has been experienced with the
prototype transmitter.

Not yet discussed is the function
of switch S; in Fig. 5 (a). When
closed, this switch connects Dy and
D4 across the output from TRy.
These diodes limit the signal to just
below the level which produces
over-modulation, with its attendant
severe distortion. The clipping dis-
tortion deliberately produced on
occasional speech peaks by closing
S1 is greatly preferable to that
produced by overloading the system.
With music, however, better quality
is obtained with S; open.

The input impedance at the
transmitter is of the order of 1kQ,
a peak-to-peak signal of 0.5 volt
producing full modulation. A signal
of this amplitude can be obtained
very conveniently from the extension
speaker terminals of the modulating
equipment.

The output from the receiver is
approximately 50mV r.m.s. when
feeding into an open-circuit and,
as such, is suitable for applying to
the “high gain™ or “high impedance
microphone” input of a valve
amplifier.

Setting Up

After construction, the transmitter
and receiver are set up in the follow-
ing manner.

First disconnect the phototransis-
tor and turn VR; fully clockwise
(in the direction of the arrow in
Fig. 4 (a)). Connect together the
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positive lines of the 12 volt and 9
volt supplies.

Take an insulated lead from the
junction of VR and C, and wrap it
three or four times around the
insulated lead at point C (Figs.
5 (a) and (b)) of the transmitter.
Connect a signal source to the
transmitter input and an a.f. amplifier
to the receiver output.

Switch on the 12 volt supply to
the transmitter (nor the 100 volt
supply) and the 9 volt supply to
the receiver. Turn up the amplifier
gain control carefully.

As VR is adjusted it will be found
that, over a region of about 40° of
rotation, the signal is reproduced
clearly, and that severe distortion
occurs outside this region. VR;
should be set to the middle of this
region.

Disconnect the power supplies
and remove the temporary link
between the transmitter and the
receiver. Reconnect the photo-
transistor.

Arrange the optics (reflector, lens,
etc.) of the phototransistor and the
neon tube so that a light beam from
the tube will be focused on to
the transistor. Set VR3 fully anti-
clockwise. Connect the 12 volt and
100 volt supplies to the transmitter
and rotate VRj3 clockwise until the
neon glows and a current is indicated
by the meter.

Adjust the optics to provide
maximum neon light on to the
phototransistor and then switch
on the receiver power supply.

Adjust VR for minimum receiver
noise and VRj3 likewise, having
regard for the neon current, as
indicated by the meter. This is
10mA maximum for the miniature
neon specified.

The system is then ready for use.

January Again

[t is pleasant, in this January issue,
to be able to pass on a description
of a new amareur development, as
it enables the New Year to start
off with yet another exciting project.
It seems only yesterday that I was
writing last year’s January contribu-
tion, and yet there have since been
12 issues of The Radio Constructor
which have all been packed with
new approaches and developments
for the home-constructor. We at
Maida Vale are keeping up the good
work and you can rest assured that
there is plenty of exceptional interest
to come in the remaining issues for
1968.

And, of course, I mustn’t finish
this month without wishing you all a
really Happy and Prosperous New
Year. See you in February! u

Your Local Supplier

LANCASHIRE

NEW CROSS
RADIO

Electronic components and
Equipment,
Transistor Panels,
all at competitive prices

8 Oldam Road, Newcross
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Telephone CEN 1541

SURREY

SMITHS PRECISION
6 MINUTE DELAY
ACTION SWITCH
Clockwork octuated
10 /6 EACH
Post 2/6
(3 or more post free)

Separate switching up to 6 mins. Each oction
for loading up to |5 amps. 250 voits. For
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tions, etc., etc, Brand new units at o fraction
of their value, Connection sheet suppiled.
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337, WHITEHORSE ROAD,
WEST CROYDON, SURREY
Phone 01-684-1665 FULL LIST 1/-

SUSSEX

E. JEFFERIES

For your new television set,
tape recorder, transistor radio,
and hi-fi equipment.

PHILIPS, ULTRA, INVICTA, DANSETTE,
MASTERADIO, PERDIO, MARCONI,
PHILCO, FIDELITY.
6A Albert Parade,
Victoria Drive,
EASTBOURNE SUSSEX

WORCESTERSHIRE

AL ESOWEN
021-550 3210 WORCS.
Hi-Fi Equipment
Transistors and
Radio Components
Public Address Amplifiers

 MARLISON
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‘R.C.’ Sensitive Reflex T.R.F.

Transistors for the circuit described in this issue:

HK301 and HK101. Selected pair, 4/6. Diode, 6d.
‘Output transformer for low resistance phones or speaker, 4/6.

R.CA. Int’egra’ted Circuit Amplifier

At last! A linear i.c. at a price you can afford. The CA3020 packs a
4-stage high performance 550mW push-pull amplifier into a TO-5
transistor can. Works from 3V to 9V. With maker’s leaflet, 33/-.

Transistors

NOT “seconds”, NOT ‘‘equivalents”, NOT unheard-of types of
unknown parentage, but NEW, FIRST GRADE, and GUARANTEED
goods. DISCOUNT PRICES (in brackets) for 5 OR MORE OF SAME
TYPE. List, with data and useful circuits, 3d: free with all orders.

BC107 (hfe=250-500) 4/- (3/9); BC109 4/- (3/9); BC168 (epoxy
BC108 hfe—250-500) 3/- (2/6); B-5000 (25W n.p.n. silicon) 10/~
(9/-); HK101 (r.f./i.f. amp.), hie=30-60, 2/- (1/9), 50-100, 2/3 (2/-),
90-180, 2/6 (2/3), 150450, 3/ (2/6) HK301 (v.h.f. amp.), hfe =20-60,
2/- (1/9), then as HK101. HKO41 (p.n.p. medium power) from 2/6
(2/3); HK&801, hfe 20-300 2/6 (2/3), 300600, 3/6 (3/-); 2NT06,
3/6 (3/-); 2N12926 green 3/ (2/6); IN3T702, 4/- (3/6); IN3703, 4/—
(3/6); 2N3704, 4/- (3/8); IN3T05, 4/- (3/6) 2N3707, 5/- (4/6)
. 2N3983, 6/ (5/6) 2N4058, 5/6 (5/—)

Mail order only. Cash with order. U.K. post free on orders over
10/- (otherwise add 6d.). Discounts: 10% over £5, 15%, over £10.
Special quotations for large quantities.

AMATRONIX LTD. (oeer.re1)

| 396 SELSDON ROAD, CROYDON, SURREY, CR2 ODE

TRANSISTOR PANELS

Components easily removed from P.C. Boards. All boards have metal
oxide resistors or close tolerance condensers,

EX23
MSD3I, GEX23 x 4, AAZI3
Diode Logu: Boards 8 diodes
GE AZOg x 2, GEX23 x 2, GEX7| small pot cor

SZIZC X2 e s e
$ZS6, SZ62 OAIOx2 ...
GETI04 GEX951, CG90 x 4, GEX23 lmall pot core
GETI04'x 2, OA200 x 2, GEX23 .ot v e
AF117, Osc. Cail, 3 Trimmers ... . .o

WIRE ENDED SILICON RECTIFIERS

200 P.LV. 750mA  ..... ... 10d
800 P.LV, 500mA ... ... 2/6

STUD MOUNTING SILICON RECTIFIERS

200 P.LV, 2 Amps..... ... 1/6
200 P.L.V. 10 Amps ... .. 2/9

3 Pole Change over midget Slide Switches
Midget Rotary Switches 4 pole 2 way, 3 pole 3 way ... ... . 26
Colvern ten turn Helipots (ex equnpment) IOK type CLR2402/263 10/-each
Trimpots 500 ohm, 2K, 5K..... | ac 4/— each

J. H. BIRKETT, 25 THE STRAIT, LINCOLN

TELEPHONE: 20767

UNBEATABLE VALUE FOR YOU,
AS A READER OF
THE RADIO CONSTRUCTOR

HEHY \\\“W’%
TOTEC =526 =
HAIR nnvfnﬁ‘::.:’.‘.:"i

‘%/mn\\ N

%

SPECIFICATION
Moulded in beautiful symmetri-
cal pastel blue impact resisting
thermoplastic casing.

Quiet in operation,

Hot or cold air.

No radio or T.V. Interference—
meets British standard specifi-
cation.

Fitted with safety cut-out.

12 months & money refund guarantee.
Value 80/9 in the shops

Send the coupon below with the sum of only 57/~ (this includes 4/6d
to cover postage, packing and insurance, unless you are collecting
personally).

230-250 volts A.C. only.

Please send me one Toltec Hair Dryer at the special
privilege price as advertised in The Radio Constructor

| enclose cheque/postal order value....c....o.o0ovs.

Name ........

Address .

[ T I IR

EFEETE TR

(Block cap/ta/s please)

To: Toltec Electronic & Trading Co. Ltd.
Hatton House, Hurst Green, Etchingham, Sussex
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ook at these
2N38]9fet 155!
OCB2D: 4/6 0C29 15/- Bﬁlﬁ: & 8 58

[elel: ] 4/~ OC35 9/6

sett g oo o L INBMS uit 125

OCI40 9/6 |INTE-

14/9 OCI70 4/- GRATED
d G Ed E R L S
ADTI40 12/6 OC201 15/~ Fairchild 2“3707 ﬂpn) 1/6

AT 3 sa e s e | ONST) pn
/8

ACY2l 4/- 0OC204 I1)/- WUI923 12/6
AFI14 4/9 0OC205 10/6 5 page article

e o5 oos me enresae | OCPTI equiv,

B —————————
BAY3l 4 2G374 5/ -
n 50 de 5 o | 10716 tume
sycn 13- Nty s PREsstil ) fligde-data 195

BCY33 6/~ 2NI304 6/- g

e 40 i g0 BEET | FARCHID AF T
10/

s e mie 3 | 20W SOLID STATE

S, 5 BEem,, AMPLIFIER KIT

Beo fn sai b verow | £8.8.0d Complete

BYZ12 7/6 OA79 1/6 of Mullard

BYZI3  5/6 OABI  1/6 Newmarket | Includes Printed cireuic
board, Semiconduc 4
SEEIIOJ ;/4 OABS /6 Texas. Re::-smrs ca:‘:I:l(:rsu Heat
OC42 4;6 8:3? 1/6 S"“g" sink_and short circuit pro-
OC44 3/: OA200 ;;f SQIou.ueo(:s tection components. S.A E,
9 3 OAM2 2 byrerur {AC | ——
~ or types B
o711 46 POWER not iseed. N fisacdsrare
OC73 3/3 OC20 22/6 Post and ratings. We do not offer for
OC75 S5/~ 0C22 13/~ Packing 9. sale re.marked transistors.
OC76 4/- 0OC23 25/- Send large All goods are subject to our
OCs) 3- 0OC2s 7/- s.ae. for our usuzl moneyback guarantee.
ocs8ID 3)- OC26 12/~ Mail Order Data sheets supplied f
oce2 4/6 OC28 12/~ List. required cost |/ extra.

vawes! TG

SEMICONDUCTOR
GENTRE » BY MAIL

The famous “International Rectifier Semiconductor Centre’ now avatlable
by mail: LS.T. Components are proud to announce their appointment as
official stockists.
ZENEIS 1 Watt 3-9V-27V supplied with 24 page free book incl. m "
eac
SEL!NIUH PHOTOCELLS: with free instructions and
circuits, etc,
B2M photocell 0-2-0-4Y 2mA ... - ... 12/6 each
B3M photocell 0-2-0-4V | —ZémA % 15/~ each
SIM photocell 0-3-0-4V 1 . 19/- each
S4M photocell 0-3-0 4Y 25-40mA 33/6 each
SOLAR DRIVE MOTOR: For use with ,pho(ocelll incl. free
booklet and circuits 39/6 each
UNUJUNCTION: Type 2N2160 for transistor IlnmonlSCR
14/9 each

SILIC&NE GREASE: For use with heat sink and power tran-
sistors 6igm tube 6/- each
SILICON CONTROLLED 'RECTIFIERS: SCRO| to 04 each
supplied with 24 page booklet.
SEND NOW FOR YOUR COPY OF THE “"SEMICONDUCTOR CENTRE"
PRICE LIST AND DETAILS OF THIS FASCINATING RANGE OF TOP
QUAUITY EXPERIMENTAL DEVICES. PRICE 6d (Stamp).

24 HOUR POSTAL SERVICE -t Nore o e rhne s
SUPER SAVE PACKS

| pair 2NI304/S NPN/PNP 10/~ 4 SII03 100piv 2A Stud 10/
1 BClO9 Hishgain NPN.. (5= 1 400piv JA SR Tested
T L
e ol
4 BCI13 Fairchild Planar . 10~ 2120} w z‘“" diodes 10/

20 Mixed new ctransistors

Germanwum and Silicon 36 Square inches’ " osin
marked and tesced .. 20/ Yeroboard 10}~
20 Mixed new diodes Ger. 2 1,200Y 1I'SA Avalanche
manium  and  Silicon Rectifiers = S5A  surge
marked and tested 15/ rating RAS310AF IR ¥ 16
16 Red and White spot (8 IS0 Assorted ceramic capa+
Red, 8 white) 10/- citors mainly  colour
4 OClé equlv (VJO/JOP) 10/~ coded—worth £££'s 10/-
2 OCI9 N Muliard 10/- 2 OC8| ma(:hed +~ ocsib
228712 Texas 100W Syl 7
gon. Limited quanticy 15/~ 2 OC4S + 'OC44 Mullard 7=
4 BYI00 Brimar BOOpuv 4 inch length 10D Heat-
750mA . 13/- sink for OC28/3S range
12 OA200 equwalen(s power transistors plus
tested .. .. 6/- mica washers and in-
12 OA?.OZ equivalents sufators .. 9/-
/- 3 TOS Transistor coolers..  2/6
4 SL|O3 IOOplv IOA S(ud 3 Mullard OC71t brand new  9/—
diode 15/- 6 Yalvo OC45 brand new 12/-

2.8.T. COMPONENTE iy .

Radio Control

All parts in stock for the system des-
cribed during the last few months.

TRANSMITTER KIT from 84/-
RECEIVER I KIT 80/-
RECEIVER |1 (SUPERHET) £9.16.0

SPECIAL TRANSMITTER AERIALS
CLV 80 ~ 50/~
SILICON TRANSISTORS—ST 140  4/-
—~ST141 6]~

SEND S.A.E. FOR PRICE
BREAKDOWN OF ABOVE

MATERIALS AVAILABLE FOR ALL DESIGNS
EXPLAINED IN THIS MAGAZINE.
QUOTATIONS ON REQUEST

BOOKS

Single channel R/C 6/9 post free

Multi channel control 13/6 post free

Model boat control 8/6 post free

Radio control components /-

Full lists on transmitters and recéivers 1/-.

Get into this interesting hobby now
TELERADIO ELECTRONICS,

325/7 FORE STREET, EDMONTON,
LONDON, N.9.

JANUARY 1968

~ JACKSON

the big name in PREGISION components

Precision built radio components are an
important contribution to the radio and
communications industry.

No. 6/36 DRIVE

Incorporating the Dual Ratio Ball Drive providing 36-1 Slow drive

and 6-1 Fast drive under one knob with co-axial control. Scale is
calibrated 0-100 and an extra blank scale is provided for individual
calibration.

The unit consists of aluminium back plate, drive unit, scale, spare
scale, transparent cover, hair-line pointer, escutcheon and knob..
Fits in front of panel which may be any thickness up to 1 (or more
by providing longer screws).

JACKSON BROS. (LONDON) LIMITED

Dept. RC, KINGSWAY-WADDON, CROYDON, CR9 4DG
Phone Croydon 2754-5 (OI-688). Grams Walfilco, Croydon
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BRITAIN’S CAR RADIO SPECIALISTS

Require an experienced

RADIO
MEGHANIC

As the duties will include the servicing of our
complete range of products (both valve and
transistorised), the successful applicant will have
a good working knowledge of radio theory,
together with a number of years of practical
experience, preferably, but not essentially, in
the Car Radio Industry.

Please write in the first instance, giving personal
information and brief details of work history to:

The Personnel Department,

1 48 pages

20 Suggested Circuils

by G. A. FRENCH
DATA BOOK SERIES No. 15

Price 3/6d. Postage 5d.
This book contains the first 20 circuits to be published
in the very popular series of the same name appearing °
in The Radio Constructor.

The Contents include: simple and inexpensive two-
valve capacity bridge, short wave regeneration pre-
selector, one-valve speech operated switching circuit,
transformer ratio analyser, series noise limiter,
receiver remote mains on-off control, and many
others; covering subjects ranging from electronic
laboratory equipment to a simple 2-Stage Gram
Amplifier.

TO DATA PUBLICATIONS LTD 57 Maida Vale W9

Please supply ......... copy(ies) of ‘20 Suggested
Circuits”, Data Book No. 15. | enclose cheque/crossed
postal order for...... ... i

NAME

RADIOMOBILE LIMITED
Goodwood Works, North Circular Road,
. London N.W.2, GLA 0171

ADDRESS .

" Ferranti IN SCOTLAND
PUBLICATIONS GROUP

Publications Engineers

Vacancies exist, to be filled from the beginning of February 1968, for Technical Authors (Electronic), of grades
up to experienced Seniors, for the preparation of technical publications covering design, operation and main-
tenance of the Company’s entire range of products. Our Technical Publications Group is housed in pleasing
surroundings en the south bank of the River Forth and claims to be the largest Group of its kind in the Electronics
Industry in Britain. The Group is backed by a comprehensive publishing section.

Anyone (male or female) with an electronic background in airborne radars, ground radars, air navigational
equipments or machine tool control, with the ability to write in a simple and concise manner will be given the
opportunity of training in publications technology. All posts carry attractive salaries and conditions together
with the benefit of living in one of the more pleasant cities in the U.K.

Edinburgh is a city which caters for leisure time and is ideally situated as a centre for Summer Touring and
Winter Sports. It abounds in facilities for rugby, football, golf, cricket, badminton, skating, sailing, etc., and has
a ski slope and racing circuits on its outskirts. Theatres, Concert Halls and Eating Houses cater for all tastes, sum-
mer and winter. Such amenities are provided at a fraction of their cost compared with other cities—AND trans-
port is no problem.

Interviews can be arranged in Edinburgh, London and Manchester, to suit.

Apply with details of career to:
STAFF APPOINTMENTS OFFICER
FERRANT! LTD., FERRY ROAD, EDINBURGH 5§
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SMALL ADVERTISEMENTS

Rate: 9d. per word. Minimum charge 12/-.
Box No. 2/- extra.

Advertisements must be prepaid and all copy must
be received by the 4th of the month for insertion
in the following month’s issue. The Publishers
cannot be held liable in any way for printing errors
or omissions, nor can they accept responsibility for
the bona fides of advertisers. (Replies to Box
numbers should be addressed to: Box No.—, The
Radio Constructor, 57 Maida Vale, London, W.9.)

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

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

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

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

EQUIPMENT MANUFACTURERS SURPLUS
STOCK GUARANTEED NEW IN PERFECT
CONDITION. Transformers: Prim. 0-220-240 Sec.
1 16-0-16 600mA, Sec.2 16-0-16 25mA, ideal for
stabilisers 25s. Photocells ORPI12 5s. Transistors:
2N1305 2s. 6d. ACY 18 2s. Diodes: OA91 and equiva-
lent 7d. Zeners: 12V 7w 8s., 12V 1.5w d4s. Relays:
Keyswitch MM2 12V d.c. 100mA coil 2CO 15A a.c.
19s. 6d. Skeleton pots: 25k, 500Q 6d. Metal Boxes
with lids, 6 x 6 x 3in. sprayed grey 12s. P.C. boards for
all layouts, published in Radio Constructor are always
available. Minimum order £1. HELGA ELECTRON-
ICS LTD., Eaglescliffe, Stockton-on-Tees, Co. Dur-
ham. Telephone Eaglescliffe 3644.

STOCK CLEARANCE: Correx mains transformers,
varnish impregnated, termination board termination,
Pri. 0/115/200/220/240 E/S, Sec. 48/50/52V 3A.
Offered at a fraction of original cost to clear. Brand
New, 29s. 6d. each, p. & p. 5s. 6d. Trade enquiries
invited.—Davies, 12 Hampden Hill, Ware, Herts.

SITUATIONS VACANT

BENTLEY ACOUSTIC CORPORATION LTD.
38 Chalcot Road, Chalk Farm, 47 Norfolk Road,
LONDON, N.W.I. LITTLEHAMPTON, Sussex
PRimrose 9090 Littlehampton 2043
Please forward all mail orders to Littlehampton
5Z4 7/6]ECCBS  5/-|PC97 S/9|UBF80  5/6|AF127 3/6|GET898 4/6
6AT6 3/9IECCB8  7/-|PC900  B/6|UBF8Y 3/9|AF139 11/-|OA8t 1/9]
6/30L2 12/6|ECCI89 9/-IPCCB4 5/6]UC92  5/6|AFIB0 .9/6|OA9S 1/9
6F23 HI/6JECFB0  7/|PCCB5 6/9luCCB4 8/-|aFias 10/-JOAIB2 2/
10F1 I15/-|ECF82  6/9|PCC88 10/6/UCCBS 6/6]AFZI2 5/-|OA200 3-]
10P13  14/6]ECFB6  8/6/PCCBY 9/9|UCFBO 8/3iBAII5 2/8/OCI9 15/-
20D1  13/-[ECH42 8/9|PCCI89 8/3|UCH2I 9/-|BAI29 12/6]OC2 B/
20P4 17/6[ECH8]  5/-|PCF80, 6/3JUCH42 8/6|BAI30 2/-]OC23 7/~
30Ct5 12/-|ECH83 7/-|PCF82 6/-juCHBI 6/-|BCI07 4/-JOC25 B/~
30C17 13/-]ECHB4 6/6|PCF84 8/-JUCLB2 7/-|BCi08 3/9|0C26  5/-|
30CI18  9/6JeCLBO  6/-]PCF86  8/-|UCLB3 8/9|BCI09 4/6|OC28  5/-.
30F5 HH6|ECLB2  6/3|PCFBOI 8/6|UF4! 7/9|BCYI0 5/-|OC30 7/-
30FLI 15/-|ECLBI  9/-|PCFBO2 9/6|UF42  4/9]BCYI2 5/-|OC35 10/-
J0FLI2 15/-|ECLB6  7/9|PCL82 6/3|UFe0  6/9]BCY33 5/-|O0C36 7/6
9/-|PCL83  8/6]UF85 7/3|BCY34 5/-JOC3I8 Il/6
4/6|PCLB4  7/-JUFB6 9/-|BCY38 5/-|OC4l 10/
4/6|PCL8S  8/3jUF89 3/6|BCYI9 5/-|OC44 2/)-
6/3|IPCLBS  8/-1UL4I 0/9|BFYS0  5/-|OC45 /9
4/91PFL200 13/6]ULB4  5/6|BFYS| 4/6|OC46 3/
6/3|PL36 9/-|U 3/-|BFYS2 5/-|OC70 2/3
5/9|PL8I 6/9|UY41  5/6|BFI6) 4/-|OC71 2/-
7/6|PL82 5/9]UYBS  4/9|BYI00 3/6]/OC72 2/-
30PLI3 15/-|ELII 12/-|PL8B3 6/-[2N404 6/-|BY234 4/-]OC75 12—
30PLI4 15/—|EL4] 8/—{PL84 6/3|ACI107 3/6|BY236 4/-]OC76 3/
CL3)  19/6|EL84 4/6|PL500  13/6|ACI13 58/-|BY238 4/-|OC77 3/4
Dyse? 5/9]EL9S 3/-|PL504 18/-|AC)26 12/-|BYZI2 5/-[OC78 /-
EBB8CC 12/-|ELLBO 13/-|PY8I 3/-]ACI127 2/-IBYZI3 5/-|OC78D 3/-
EABC80 5/9|EMBO 5/9)PY82 5/-IACI28 2/-|GETI03 4/-|OC8I  2/-
EAF42 16|EM8BI 6/9{PY83 3/6|ACIS4 5/-|GETII3 4/-|OCBID 2/-
EB9I 2/3{EM84 6/-|PY88 7/3|ACIS7 5/-|GETIt6 ‘7/6/OC82 2/3
EBC4I  7/3|EMBS  (1/-|PY8B 6/-|ACI56 4/-IGETI118 4/6|OC83 2/-
EBC81  6/3|EMB7 6/6|PY801 6/-[ADI40 B/-]GETIIS 4/6]OC84 3/-
EBF80 3/9|EYS| 5/6|U2S 12/6|AD149 8/-|GETS73 8/6|OCI23 4/6
EBF8) /-|EY8E 3/9|U26 L1/-1AFI14 4/-|GET587 8/6|OCIé9 3/9
EBF89  5/9|EZ40 6/-|UI91  12/-IAFII5S 3/-|GET8B73 4/-[OCI70 2/6
EC92 6/6|EZ80 3/9jU301 12/6|AFI16 3/-1GET887 4/6/OCI71 3/4
ECCBI  3/6|EZBI 4/3|UABCBO 83/3|AFI17  3/4|GET889 4/6/OC172 4/-
ECCB2 4/6|PCBE 8/6]UAF42  7/9(AFII8 3/-|GET890 4/6|OC200 5/
ECC8) 4/6{PC88 8/6|UBC4l 6/6|AFtI9 3/-|GET896 4/6/OC202 5/6
ECC84 5/6lPC95  6/9lUBCBI 6/6|AFI25 3/6|GET897 4/6/OC203 3/6
Terms of business: Cash with order only. No C.O.D. Post/Packing 6d. per
item. Orders over £5 post free. All orders despatched same day as received
C | catalogue luding transistor section and components with terms
of business éd. Any parcel insured against damage in transit for 6d. extra.
We are open for personal shoppers 9 a.m.-5.30 p.m. Saturdays 9 a.m.~1 p.m.

A Vacancy exists for a young man aged 18
years or over, who possesses some knowledge
of Transistor Circuitry and Fault-Finding.
Further ““on the job" training will be given
in the field of Telecommunications.

Please apply to Personnel Manager,
Cambridge Works Ltd., Haig Road,
Cambridge. Tel. Cambridge 51351 Extn. 327

«continued on page 382
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TECHNICAL TRAINING by

/ IN RADIO, TELEVISION
| c s AND ELECTRONIC
' ENGINEERING
e e R tnities In, fadio and Electronics. Rreche lCISKErained

| C S courses offer the keen, ambitious man the opportunity to acquire, quickly
and easily, the specialized training so essential to success.

Diploma courses in Radio/TV Engineering and Servicing, Electronics, Computers,,
etc. Expert coaching for:

* INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS

C. & G. TELECOMMUNICATION TECHNICIANS CERTS..

C. & G, ELECTRONIC SERVICING

R.T.E.B. RADIO AND TV SERVICING CERTIFICATE

RADIO AMATEURS EXAMINATION

P.M.G. CERTIFICATES IN RADIOTELEGRAPHY

LI I I

Examination Students Coached until Successful.

NEW SELF-BUILD RADIO COURSES

Build your own 5-valve receiver, transistor portable, signal generator, multi.
test meter and prof I-type vaive vol r—all under expert guidance

POST THIS COUPON TODAY and find out how | CS can help YOU in your
career. Full details of | C S courses in Radio, Television and Electronics will be
sent to you by return mail.

MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES.

INTERNATIONAL CORRESPONDENCE SCHOOLS

I Dept. 248, Intertext House, Parkgate Road, London, S.W.11.

I NAME ...

| ADDREss.

I ..... e ettt s Lo a ae s eeres e e e e e e s s epsee s e e e e e s ereerenans 1.68 i
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SMALL ADVERTISEMENTS

continued from page 381

BRIGHTEN UP YOUR ADVERTISING! Break the ice
with a cartoon, “tailor made” for your product.
Reasonable charges. Box No. F294.

FOR SALE, Ferrite rods ¥ x 34in 6d. Tuning capacitors
324+ 388pF reduction gear 4s. Transistor electrolytic
capacitors, 4uF, 64V wkg., S0uF, 6V wkg., 50uF,
25V wkg., 100uF, 6V wkg., 100uF, 10V wkg., 350uF,
9V wkg., 500uF, 6V wkg., 150uF, 12V wkg., 6d. each.
200uF, 25V wkg., 400uF, 15V wkg., Is. each. Disc
ceramics 0.01uF, 12V.wkg., 4d. each, 3s. doz., 15s. 100.
Transistor thin film capacitors, 0.1pF, 50V wkg., 4d.
each, 2s. 6d. doz., 15s. 100. Polystyrene capacitors, 20,
60, 1000, 5000pF, 30V wkg., very small, 3d. each. Other
voltages and values in stock. Twin ganged potentio-
meters, long spindles, new, 1IMQ log., 500k lin.,
100k log., 3s. Printed circuit board, size up to 8 x
Sin at 4d. per square inch. Double and single sided
glass fibre at 1d. per square inch. Please add postage.
Postal service only.—A.J.H. ELECTRONICS, 59
Waverley Road, The Kent, Rugby, Warwickshire.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
Services to members including Q.S.L. Bureau.
Amateur and Broadcast Translation. Technical and
Identification Dept.-——both Broadcast and Fixed
Stations, DX Certificates, contests and activities for
the SWL and transmitting members. Monthly maga-
zine, Monitor, containing articles of general interest
to Broadcast and Amateur SWLs, Transmitter
Section and League affairs, etc. League supplies
such as badges, headed notepaper and envelopes.
QSL cards, etc., are available at reasonable cost.
Send for League particulars. Membership including
monthly magazine, etc., 35s. per annum.—Secretary,
ISWIL., 60 White Street, Derby.

FOR SALE. Geloso G109 amateur-bands communica-
tions receiver, 14-tubes. Excellent condition and
performance. £25 o.n.o.—Tyler, Tudor Farm, Little-
wick, Berkshire.

BOOKS FOR SALE: “Alfred Nobel”” E. Bergengren £1.
“Black Sailed Traders” R. Clark, 7s. 6d. *‘ Radioisotope
Laboratory Techniques” R. A. Faires, 10s. “Optical
Microscope Technique” D. Birchon, 10s. “‘Aromic
Medicine” Behrens, £1. “Medica! Radiation Biology”
Ellinger, 30s. “Effects of Atomic Weapons” U.S.A.
Atomic Energy Commission, £1. “Physics in Medical
Radiology” Russ, Clark & Pelc, 7s. 6d. * Disease &
its Conquest” Hollis 7s. 6d. “Earth’s Envelope” T.
Lobsack, 15s. “The Atomic Submarine” C. Blair, 7s. 6d.
“Astronautics in the Sixties” K. W. Gatland, 30s.
“Space Research and Exploration”™ D. R. Bates, £1.
“Once Round the Sun> Story of the 1.G.Y., Fraser, 10s.
“Earth Satellite’ P. Moore, 7s. 6d. “*Frontier to Space”
E. Burgess, 5s.—Box No. F316

“MEDIUM WAVE NEWS’’ Monthly during DX
season—Details from: K. Brownless, 7, The Avenue,
Clifton, York. .

THE WORLD’S SMALLEST BUG (Wireless micro-
phone). Rifle bullet size. £7.10.0. Post free. Shirt button
size microphone 12/6.—Box No. F317.

ARE YOU A MOTORING ENTHUSIAST? The
Seven Fifty Motor Club caters for all types of motor
sport—racing, rallies, hill climbs, etc. Monthly
Bulletin free to members. For full details write to:
The General Secretary, Colin Peck, “Dancer’s End,”
St. Winifred’s Road, Biggin Hill, Kent.

continued on page 383
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NEW STYLE
SELF-BINDER
for “The Radio Constructor”

The “CORDEX” Patent Self-Binding Case
will keep your issues in mint condition.
Copies can be inserted or removed with
the greatest of ease. Rich maroon finish, gold
lettering on spine.

Specially constructed Binding Cords are made from Super Linen
of great strength, very hard twisted and twice doubled. They
are attached to strong RUSTLESS Springs
under tension, and the method adopted
ensures PERMANENT RESILIENCE of
the Cords. Any slack that may develop

is immediately compensated for, and
the Cords will always remain taut and
strong. It 1s impossible to overstretch
the springs, as a safety check-device is

fitted to each.

PRICE 1 5, " Post Free

PLAIN BAGKED 14/6 Post Free

Available only from:—

Data Publications Ltd.
97 Maida Vale London W9

THE RADIO CONSTRUCTOR



"SMALL ADVERTISEMENTS

continued from page 382

DAMAGED DICTAPHONES with microphone and
belts. No parts removed, still in original case. £4
each including carriage.—G. Simpkin, Box No. F318.

RADIO CONSTRUCTOR. ’Scope switch, Telephone
Amplifier, etc. Projects Feb. 1967 to January 1968
issues. S.A.E. for your choice of itemised price lists.—
RADIO RADTEL, 13 Dedmere Road, Marlow,
Bucks.

WANTED. Grundig tape recorder TK9 (Reporter)
required for spares.—Connell, 37 Toorack Road,
Wealdstone, Middlesex. Tel: HARrow 5096.

FOR SALE. Eddystone EC10 transistorised communica-
tion receiver. Perfect condition. Only 9 months old.
£35. Box No. F319.

BOOKS FOR SALE. Servicing Transistor Radios and
Printed Circuits, by L. Lane, 12s. 6d. Colour Television
Explained, by W. A. Holm, 7s. 6d. Science Projects
in Electricity, by E. M. Noll, 7s. 6d. Amateur Radio
Mobile Handbook, by C. Caringella, 8s. 6d. Electronic
Systems, by E. A. Altshuler, 10s. The Tape Recorder,
by C. G. Nijsen, 5s. An Electronic Organ for the
Home Constructor, by A. Douglas, 7s. 6d. Tubes for
Computers, Philips, 5s. 6d. Industrial Rectifying Tubes,
Philips, 5s. 6d. U.H.F. Tubes for Communication and
Measuring Equipment, 5s. 6d. Instructions to Radio
Constructors, Warring, 7s. 6d. All less than half price.
All post free. Box No. F320.

RECITALS OF RECORDED MUSIC. The second
Saturday evening of each winter month. Next recital:
13th January, 1968, 8 p.m. Woodford Green United
Free Church, Woodford Green, Essex. Bus routes 20,
20A, 38A and 179-—alight at ““The Castle” stop.

TECHNICAL DRAWINGS, Artwork, etc. Electronic
and Radio Circuits a speciality. Moderate charges.
—B. P. Meaney, 43 Forest Road, Worthing, Sussex.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrappering,
facsimile letters, automatic typing, copy service
campaign planning, design and artwork, printing and
stationery. Please ask for price list.—The Holborn
Direct Mail Company, 2 Mount Pleasant, London,
W.C.1. Telephone: TERminus 0588.

INNOVATION IN DX CLUBS ANNOUNCED!
Formed in October, 1965, the Radio New York
Worldwide Listeners Club now has 3,600 members in
86 countries! A unique club offering shortwave listeners
monthly magazines containing listening tips and
technical features, numbered wallet-sized membership
cards and gold 8%in. by 11in. membership certificates.
Multi-lingual report forms available for cost of
postage. “We must be doing something right!” Find
out . . . join now! Send 7s. 2d. (crossed domestic
money order) for one year’s membership to:-The
Radio New York Worldwide Listeners Club, 485
Madison Avenue, New York 10022, U.S.A.

ESSEX GARDENERS. Buy your bedding and rock
plants, shrubs, etc., also cacti, from May’s Nurseries,
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers
only, Monday to Saturday.

PROPERTIES for sale and to let in London and suburbs.
Apply to Maggs & Stephens, Estate Agents, 229 Maida
Vale, London, W.9. MAlda Vale 8123,

JANUARY 1968

Mortgage
Protection

is the best Policy for you

If you’re buying your house with the help of a
Building Society or a private loan, a *“Yorkshire”
Mortgage Protection Policy will take care of your
outstanding payment in the event of your premature
death. And, if you wish, you can arrange a Protection
“Plus” Policy, which gives you a substantial cash
return at the end of the mortgage term. It costs so
little yet means so much to your dependants. Leave
them a home not a mortgage! '

Please send for further details, without any
obligation, of course.

THEYORKSHIRE INSURANCE COMPANY LTD

Chief Offices: Rougier Street, YORK
and Becket House, 36-37 Old Jewry, LONDON E.C.2

Plcase send me further particulars of the
‘“Yorkshire” Mortgage Protection Policy

Name

Address.

rn e o i (LB
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and
CASES v

CHASSIS |H.L.SMITH&CO.LTD.| BLANK CHASSIS—Same Day Service
287/9 Edgware Road Of over 20 different forms mag. up to IOUR SIZE.
London W2 {Maximum length 357, depth 4°.)

TEL: 01-723 5891

SEND FOR ILLUSTRATED LEAFLETS or order
straight away, working out total area of material re-
quired (including waste) and referring to table below

CASES
ALUMINIUM, SILYER HAMMERED FINISH
Type Size Price Type Size Price
U 4x4x4" 10/ W15x9x8” 44,-
U S{x4fx44” 156 Y B8x6x6” 26/6
U Bx6x6” 2/~ Y 12x7x7" 41j-
U 9% x74x34” 22/- Y 13x7x9”  46/-
U 15x9x9” 446 Y 15x9x7” 48/6
W Bx 6 x 6" 21/- Z 17x10x9" 66/~
W12x7x7" 34/- Z 19x10x8}” 71/=
* Height
Type Z has removable back and front panels.

which is for four-sided chassis in 16 s.w.g. aluminium.

48sq.in. 4/6 176sq.in. 9/10 304 3q.in. 152 |
208 sq.in. 112 336sq. in. -16/6
240 sq. in. 12/6 368 sq.in.17/10
2723q.in. 13/10  and pro rata

& P. 3/6 P. & P. 4/6
Discounts for quantities, More than 20 different

sizes kept in stock for callers,
FLANGES (}” or }"), éd. per bend.
STRENGTHENED CORNERS, 1/- each corner.
PANELS

Anv siz8 up to 3(( at 6/=sq. ft. 16 s.w.g. (18 s.w.g. 5/3).
Plus postage and packing

Type Y all-screwed construction.
HAMMER

* HAMMERITE o=

AIR DRYING @ JUST BRUSH ON

TRIAL TIN

(covers5q.ft.)

+ pinc 8/-, p.p. 1/9, | pint 16/-, p.p. 3/-. 3[9
silver, black, bronze (and others). NO PRIMERS

NEEDED. Just try it. Brushed sample, interesting + 9d. post
list FREE. INDUSTRIALISTS 1 | | SAVE ;

TIME AND ££€'s (2 pints will do a Mini)
FINNIGAN SPECIALITY PAINTS (RC) Mickley Square, Stocksfield,
Northumberiand, Telephone: Stocksfield 2280

v NOT(H[J

WANTED

Contact springs as shown
BEST PRICES PAID

S.a.e. to “Lanco”, 76 Sedgemoor Road,
Willenhall, Coventry, Warwickshire

TYPE

RELAY O

CONTACT
SPRINGS

BULK COMPONENT BARGAINS

* 300 ASSORTED RESISTORS—HI-STAB
(5% /10 to 1/ watt, worth £3)
S.A.E. FOR LIST OF INDUSTRIAL COMPONENTS
FOR THE HOME CONSTRUCTOR

Elmbridge Instruments Ltd. \Wing fam Avenue

SPECIALISTS IN JOINERY MADE CABINETS

Made to your design to take stereo and wireless equipment. In
beautiful wood veneer. Finish to match your own furniture.
Example: 4 x 18” x 18”, Teak finish, from £45.
Send your enquiries to:
R. C. Whitby (Cabinets)
700 Foxhall Road, Ipswich, Suffolk.

A NEW DELIVERY OF THE FAMOUS
GOWL GILL
MOTOR

FOR BEAM ROTATION

" Magnificent fully enclosed motor incorporating 600-1 epicyclic!

gear box, final speed 11 r.p.m. on 12V, 15 r.p.m. on 24V. Lumt
| dia. splined drive shaft }in. long. 4A at 12V, Condition
PROOPS BROTHERS LTD.

switches can be removed to provide continuous 55/
-
 as new. Instructions supplied for running on A.C,
J 52 Tottenham Court Road, London W.1.  Telephone LANgham 0141

- running in either direction. Size 12in. x 3§in., fin.
voltages. CARR. 7/6

YUKAWN SO PROFESSIONAL THE YUKAN
SELF -SPRDN AEROSOL WAY —
Get these AIR DRYING GREY HAMMER

o stack WRINKLE (CRACKLE)::......

Yukan Aerosol spraykit contains 16 ozs. fine quality | Other Yukan Air
durable easy instant spray. No stove baking required. | Drying Aerosols
Hammers available in grey, blue, gold, bronze,]inc/ude:
Modern Eggshel! Black Wrinkle (Crackie) all at 14/11 | Z:nc Chromate

at our counter or 15/1), carriage paid, per push-| rmen

button self-spray can. Also Durable, heat and water | Clear Locquer.
resistant Black Matt finish (12 ozs. self-spray cans | Anti-Tarnish Gold
only) 13/11 carriage paid. and' Metallic
SPECIAL OFFER: | can plus optional transferable L finishes. |
snap-on trigger handle (value S/-) for 18/i1, carriage -
paid.Choice of 13 selfspray plain colours and primer
(Motor car quality) also available,

Please enclose cheque or P.O. for total amount to:
YUKAN, Dept. RC/A, 307a Edgware Rd., London W.2

h Closed Thursday afternoons. Open all day Saturday

THE RADIO CONSTRUCTOR

ANNUAL SUBSGRIPTIONS to this magazine

may be obtained direct from the publishers

ONLY 36/— per year, post free

Please send remittance with name and address and commencing issue required to:

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9

384

Please mention THE RADIO CONSTRUCTOR when writing to advertisers

THE RADIO CONSTRUCTOR
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NEW SOLID STATE HIGH FIDELITY EQUIPMENT (BrIIISh made)

Power Amplifiers—Pre Amplifi ers—Power Suppl

Ask for fully illustrated brochures 11 and 21

B>, developed from DINSD
<

ment selling at much higl
SYSTEM

5 watt mono fo
* A 3/5 ohm speake

COMPRISING

WE PROU DLY :lRESENT
OF

THIS NEW
AUDIO EQUIPMENT

ALE Mk, ll—each unit or system

will compare favourably with other professional equip-

her prices, Brief details are helow
SYSTEM PRICE

A _ £10.3.0

* 1 Ponmpeners o *° £13.17.6
R U Donetoy 1Rike £14.12.6
*4 e e ohin apeskere.  £20.15.0

B T aponkare for 17 £24.0.0
*9 o Vo mrmnierere for . £26.15.0
*14 30 238 e obasiers. 7 £29.10.0

THE FINEST VALUE IN HIGH FIDELITY CHOOSE A SYSTEM TO SUIT YOUR NEEDS AND SAVE POUNDS

SEND FOR FULL DETAILS ON ADVERTISED PRODUCTS. FREE ON REQUEST

VHF FM TUNER

BUILD A QUALITY
TAPE RECORDER

87/105 Mc/s Transistor Superhet.
Geared tuning. Terrific quality and
sensitivity., For_valve or transistor
amplifiers. 4 x 34 x 2{in. Complete
with dial plate, 5 Mullard Transistors,
Plus 4 Diodes, (Cabinet Assembly
20/- extra).

TOTAL COST
TO BUILD £6.19.6
Ask for Brochure 3. P.P.2/6

7 Mullard Transistors. Printed
Circuit Design with Stereo
Indicator. For use with any
valve or transistor FM. Uses
pot cores to Mullard design and
ger. and silicon transistors. As
used by B.B.C. and G.P.O.

COMPLETE

KIT PRICE £5'19'6
Ask for Brochure 4. P.P. 2:6

With a Martin  Recordakit.
*TWO-TRACK. Deck £10.10.0.
Amplifier. £14.19.6. Cabinet and
speaker 7gns. Complete kits with
FREE 7in. 1,200ft. tape, spare spool.

Today's P.P.
Value £45. 7gns. f3:
*FOUR-TRACK. Deck £13.10.0.
Amplifier £15.19.6. Cabinet and

speaker 7gns. Complete kits with
FREE 7in. 1,200ft. tape, spare sp'goPI
Today’s P
Value £50. 0 gns' 15/-
Ask for Brochure 6.

Fully tunable MW/LW superhet
with excellent sensitivity and
selectivity. Output up to { volt
peak. Completewithfrontpanel,
etc. 9 volt operated. For use with
any amphfur or tape recorder.

"AUTO-BAN TRANSISTOR

CAR RADIO British Made

REGENT-6 MW/LW POCKET
Ask for Brochure 2.

6-Transistor suparhet. Geared
tuning. Push-pull speaker output.
Moulded Cabinet 5 x 3 x ttin.

Phone socket,
£3.9.6

TOTAL COST
P.P. 2/6

TO BUILD
Full tuning on both bands.

6-Transistor MW/LW Car Radio
{12 volt operated. 3 watt output.
Push-button, wavechange. Supplied
built, boxed, ready to use with
Speaker and Baffle. Car fixing kit
and manufacturers’ current guaran-
tee. Special Bargain Offer. Positive or
Negative Earth. Ask for Brochure 15,
LIST PRICE 12 G o

Push-b

AR T 8 9 0 4
7-TRANSISTOR

MW/LW SUPERHET NEW!

New printed circuit design with
full power output. Fully tunable
on both mw/lw bands. 7 'Iyransis:ors
plus diode, push-pull circuit.
Fitted 5 inch speaker, large ferrite
aerial and Mullard transistors. Eag
to build with terrific resules. All
locat, and continental stations,

708G °T £6.19.6 §F
Ask for Brochure |.
TRANSISTORS GARRARD DECKS
% Largest range over 650 types
* S5.C.R’s from 5/- Complete
+ Field Effect T’sistors from 9/6 Range in
+% Power Transistors from 5/— Stock.
+ Diodes & Rectifiers from 2/—

Send for Free List No. 36.

-{-81-;“' SOST; £3 19 6 2;1 page IIIdII'JS"aI/[eId Broghure as FROM £4'19_6
AsjioriBrochuse 5 LA gl Er?::al‘;cllj—lggst a;):leds sndiQuants Send for lllustrated Brochures [6 & 17
( DESIGNED BY
MAYFAIR ELECTRONIC 259385 | [ ATALOGUE LATEST
PORTABLE ORGANG c..veu  corre EDITION
available., COM- - s
PLETE KIT. DEP. The most COMPREHENSE — 22> Pages, 6000 items

Build this instrument stage by stage
in your own home,

A truly portable instrument for all
enthusiasts.

TRANSISTORISED
POLYPHONIC,
Call in for a DEMONSTRATION

HENRY’S RADIO LTD

Telephone (01) 723-1008/9

OPEN MON.~SAT. ¢ a.m.=6 p.m. THURS. 9 a.m.~1 p.m.

OSIT £29.19.0. 12
monthlypayments
AL

Deposit £36.8.0 &
12 monthly pay-
ments of £9. Total
£144.8.0.

ORGAN

TOTAL SVOMPONENTS
e carry a compre-
COST hensive stock of
99 organ _components
for  TRANSISTOR

GNS AND VALVE FREE

. PHASE designs.

CONCISE — CLEAR — COMPONENTS
CATALOGUE. Complete with 10/-
worth discount vouchers FREE

WITH EVERY COPY.
%20 pages of transistors an

semi-conductor devices, valves

and cFystals.

%150 pages of components an:
equipment.
%50 pages of
decks and Hi-Fi equipment.’

mlcrophones.

1000 lIIustraﬂons

d

d

SEND TODAY 8/6

POST
PAID

@

303
EDGWARE
ROAD
% Ist GRADESTOC
'I-,\?{IDON ING 2000 DEVICES

Transistors & Semi-Conductor Devices

We have the LARGEST RANGE OVER 650 TYPES
* COMPETITIVE PRICES *FULLY GUARANTEED

KS.SEND FOR FREE LIST No. 36

Also 24-PAGE ILLUSTRATED BROCHURE LIST-

with d and circuits, including

ata
VALVES and QUARTZ CRYSTALS 1/- Post paid

8
-4

o

!




