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THIS IS WHAT

NORMAN EISENBER

WROTE ABOUT BOOKS BY 6. A. BRIGGS IN

HIGH FIDELITY MAGATINE

U.S.A. JANUARY 1968

Is there any reason why audio books can’t be written in high style?
G. A. Briggs has been doing it ever since High Fidelity first emerged
from the exclusive domain of engineers and began to be cultivated
by the cultivated. Consider his temerity in opening a chapter on
distortion in his classic Sound Reproduction with a quotation from
Milton: *“. . . dire was the noise of conflict”. Or recall his wit in
replying to a letter from a man who asked why “‘the body missing’”
from the sound when he put a back on his home-made speaker
enclosure, and why the speaker sounded better when he took the
back off again. Briges wrote ... when you leave off the back . . .
you obtain , . . reflection from the wall . . . use the system which
sounds best, even if contrary to every textbook. In any case, as the
body has disappeared, there would not be much point in screwing
down the lid of the coffin,”

N dy else writes them with guite that flair.

The BRIGGS books listed below are still
obtainable.

AERIAL HANDBOOK (second edition)

176 pages, 144 illustrations

Price (semi-stiff cover) 15/~ (16/- post free)
(cloth bound) 22/6 (24/- post free)

CABINET HANDBOOK
112 pages, 90 illustrations
Price 7/6 (8/6 post free)

AUDIO BIOGRAPHIES

344 pages, 64 contributions from pioneers
and leaders in Audio. Cloth bound

Price 25/- (26/6 post free)

MUSICAL INSTRUMENTS AND
AUDIO

240 pages, 212 illustrations. Cloth bound
Price 32/6 (34/- post free)

LOUDSPEAKERS

Fifth edition—336 pages, 230 illustrations,
Cloth bound

Price 25/- (26/6 post free)

A TO Z IN AUDIO
224 pages, 160 illustrations. Cloth bound
Price 15/6 (17/- post free)

MORE ABOUT LOUDSPEAKERS
136 pages, |12 illustrations
Price 8/6 (9/6 post free)

PIANOS, PIANISTS AND SONICS
190 pages, 102 illustrations. Cloth bound
Price 18/6 (20/- post free)

AUDIO AND ACOUSTICS
168 pages, 140 illustrations
Price 12/6 (13/6 post free)

ABOUT YOUR HEARING

132 pages, |12 illustrations

Price (semi-stiff cover) 15/6 (16/6 post free)
Cloth bound 22/6 (24/- post free)

Sold by Radio Dealers and Book Shops ar in case of difficulty direct
from the Publishers

RANK WHARFEDALE LTD.
IDLE, BRADFORD, YORKS. Tel.: Bradford 612552




Build Your Own Heathkit Electronics

A kit for every interest — Home Workshop — Hi-Fi — Radio — Test — Amateur

Latest STEREO TAPE RECORDER, STR-1

Fully portable—own speakers
Kit £45. 18. 0

FOR THIS SPECIFICATION

+ track stereo or mono record and
playback at 74, 3% and 1 ips. Sound-
on-sound and sound-with-sound
capabilities. Stereo record, stereo
playback, mono record and playback
on either channel. 18 transistor circuit for cool, instant and depend-
able operation. Moving coil record level indicator. Digital counter
with thumb-wheel zero reset. Stereo microphone and auxiliary inputs
and controls, speaker/headphone and external amplifier outputs. ..
front panel mounted for easy access. Push-button controls for
operational modes. Built-in sterec power amplifier giving 4W rms per
channel. Two high efficiency 8" > 5" speakers. Operates on 230V

" a.c. supply.

Versatile recording facilities. So easy to build—so easy to use.

Latest STEREO AMPLIFIER, TSA-12
12 x 12 watts output
Kit £30. 10..0 /ess cabinet

Cabinet £2. 5. 0 extra
FOR THIS SPECIFICATION

17 transistors, 6 diode circuit. --1dB, 16 to 50,000c/s at 12W
per channel into 8 ohms. Output suitable for 8 or 15 ohm
loudspeakers. 3 stereo inputs for Gram, Radio and Aux.
Modern low silhouette styling. Attractive aluminium, golden
anodised front panel. Handsome assembled and finished
walnut veneered cabinet available. Matches Heathkit models
TFM-1 and AFM-2 transistor tuners.

Full range power... over extremely wide frequency range.
Special transformerless output circuitry. Adequately heat-
sinked power transistors for cool operation—long life, 6 position
source switch.

High-performance CAR RADIO, CR-1

Superb long and medium wave
. entertainment wherever you drive.
Complete your motoring pleasure
with this compact outstanding unit.

8 Latest semiconductors (6 transistors, 2 diodes). For 2V positive or 12V
negative earth systems. Powerful output (4W). Preassemibled and aligned
tuning unit. Push-button tone and wave change controls. Positive manual
tuning. Easy circuit board assembly. Instant operation, no warm-up time.
Tastefully styled to harmonise with any car colour scheme. High guality
output stage will operate two loudspeakers if desired. Can be built for a
total price.

KIT (less speaker) £12. 17. 0incl. P.T.
6” % 4” Loudspeaker £1. 4. 5 extra.

Latest Portable Stereo Record Player, SRP-I

Automatic playing of 16, 33, 45
and 78 rpm records. All transis-
tor—cool instant operation. Dual
LP/78 stylus. Plays mono or
stereo records. Suitcase port-.
ability. Detachable speakeren-
closure for best stereo effect.
Two 8in x 5in special loud-
speakers. For 220-250V a.c.
mains operation. Overall cabi-
net size 15& > 3% » 104in.

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

kit £27.15.0 inc. P.T.

A wide range of
SPEAKER SYSTEMS

HI-FI SPEAKER SYSTEM. Model | coloured cases or leather.
SSU-1. Ducted-port bass reflex cabi- 6 transistor, 1 diode circuit. 7 x 4in.
net “in the white"”. Two speakers. speaker. LW and MW coverage.
Vertical horizontal models with legs, Kit | Case: brown leather, or colours
SSU-1 navy blue, coral pink, lime green.

£12. 12, 0 without legs, Kit £11. 17. 6 incl.
P.T.

The BERKELEY SLIM-LINE
SPEAKER SYSTEM, fully finished
walnut veneered cabinet for faster con-
struction. Special 12" bass unit and 4"

Kit £19. 10. 0.

Transistor Portab]es

UXR-1, now available in Modern

Please state 2nd choice.
2 Kit £11. 19, 0. Colour
: Kit £12. 18, 0, Leather

UXR-2, choice of hlack or brown

mid/high frequency unit. Range 30- | real leather cases.

17.0{30::?{5. Size 26” % 17" only 73" deep. | 7 transistor, 3 diode circuit. Battery
Modern atfractive styling. Excellent | saving circuitry. LW and MW
value, coverage. Pushbutton wave change.

Slide rule tuning.
Kit £14. 18, 0. leather

Berkeley L
= s S ENEEIT
SEE HEATHKIT MODELS AT: Send Plense Siltivassail piviat o I
GLOUCESTER
Factory and Showroom, Bristol Road. for DAYSTROM LTD., Dept. P.ES5, GLOUCESTER
LONDON Latest [T] Please send me FREE CATALOGUE |
233 Tottenham Court Road, W.1.
. FREE | D Full details of model(s)...........orunee |
i : Catalogue | I
17-18 St. Martin's House, BUH RIing. | % i s
Demonstrations by arrangement. 36 pages, I l
many & NAME..i
Deferred terms available over £10 (U.K. only). models ! |
Prices quoted are Mail Order prices. in Colour ADDRESS
e e M LY e T e 4
313

P R e SRR T TR P




GDDDMAI\IS HIGH FIDELITY

o MANUAL
e

A Guide to full
ol 5 !

listening enjoyment
The Manual is much more’than a cata-
logue ol Goodmans High Fidelity Loud-
speakers—it contains informative articles,
including advice on stereq, special begin-
ners page, and full cabinet drawings.

! m i Y?u'll :'md it interesting as well as
& = informative.

TRt ¥ The Perfect Combination
= MAXAMP

TRANSISTORISED STEREOPHONIC HIGH FIDELITY AMP-
LIFIER 15 + 15 watts - Silicon solid state - Integrated pre-amplifier
Negligible distortion - £49.10.0.

g STEREOMAX
MATCHING AM/FM STEREOPHONIC FM TUNER
Transistorised - Qutstanding specification - Stereo de-coder (optional)
£60.0.0. + £11.18.3. P.T. inc. Surcharge.

Both MAXAMP 30 and STEREOMAX have polished wood cases

(10%" x 51" x 74" deep) in Teak or Walnut to order.

Full specifications of the Maxamp 30 and Stereomax are given in
the High Fidelity Manual — send the coupon for your FREE copy —
or pay an early visit to your Goodmans dealer.

i ——————— —————— -
mEE Please send Hi-Fi Manual together with name and address
(] of my nearest Goodmans dealer,

T AR N TS
: AAIBES ..o ormisemninin sl

GOODMANS I.IIIIIISPEAI(EIIS LTD

AXIOM WC‘)HKS WEMBLEY - MIDDLESEX. Tel: 01-902 1200

AUDIO
TIIANSDUGER
A new concept

in sound
reproduction

(i | |
The ‘309' Audlo Transducer repre-
sents a breakthrough in sound repro-
duction without the use of hard to

B S SR .

place loudspeakers. It has been
designed to reproduce sound by
utilising the vibrant qualities of
wooden, plastic, glass, metal and
similar surfaces. It has an exception-
ally good frequency response and
provides excellent quality music and
speech. A versatile unit, fully water-
proof and suitable for many indoor
and outdoor uses. Impedance B-15
ohms. Power Handling 10 watts.

9'GNs. P. & P. 4/6

Complete with simple instructions
Available from most dealers or direct from the Sole U.K. Distributors

ELECTRO-APPARATUS (LONDON) LTD.

BENTFIELD END, STANSTED, ESSEX Tel: Stansted 3437

MARTIN IS HIGH-FIDELITY

PREFERRED FOR RELIABILITY,
QUALITY, ADD-ON-ABILITY AND

7 6668

STEREO CONTROL

F.M. TUNER

ASSEMBLY

ONLY FROM MARTIN

ECONOMY

You can do so much with MARTIN
kits. The system.of using pre-fabri-
cated transistorised units which can
be interlinked in a variety of ways
enables you to assemble the com-
bination of your choice and then
extend it unit by unit until you
possess a full stereo gramophone
andradio assembly. When new units
are proguced, they can be added to
existing equipment very easily with
the advantage that you can continue
to use equipment you already have,

AMPLIFIER SYSTEMS e

UNITS INCLUDE:

so that your installation is always
up to date. Most important of all
is the power and quality which
MARTIN Audiokits give you. Their
sturdy construction assures com-
pactness without sacrifice to quality
or efficiency. They offer excellent
value, are very easily installed and
will give years of unfailing service.
That is why people prefer MARTIN
— it's simple to instal, good to
listen to, and looks completely
professional.

TUNERS e RECORDERS

MARTIN AUDIOKITS are available for
Mono, and can be doubled up for
stereo, or as complete stereo units. 3
ohm and 15 ohm systems are available.
There is a special pre-amp for low out-
put pick-ups and escutcheon panels to
suit the arrangement you choose. The
tuner is styled to maltch. W F.M. Tuner

Start by sending for leaflets at once

B 5-stage input selector
B Pre-amp/tone controls
B 10 watt amp. (3 ohms)
M 10 watt amp. (15 ohms)
W Mains power supply

Trade enquiries invited

MARTIN ELECTRONICS LTD. iitisse ™ e

ISLeworth 11612

MARTIN ELECTRONICS
154 High Street, Brentford, Middlesex

Please send Recordakit/F.M. Tuner|Audiokit
Hi-Fi Leaflets. (Strike out items nof wanted)
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'BUILD YOURSELF A QUALITY TRANSISTOR
RADIO—FULL AFTER SALES SERVICE!

THE MAGNIFICENT 7
SEVEN WAVEBAND PORTABLE AND CAR
RADIO WITH A SUPER SPECIFICATION

® 7 FULLY TUNABLE WAVE BANDS—MWI, MW2, LW, SWI,
SW2, SW3 and Trawler Band.

@® Extra Medium waveband pro- @ Air spaced ganged tuning con-
vides easier tuning of Radio denser.
Luxembourg, etc. @ Separate on/off switch, volume

® Built in ferrite rod aerial for control, wave change switches
Medium and Long Waves. and tuning control.

@ 5 Section 22 in. chrome plated ® Aftractive case with hand and
telescopic aerial for Short Waves shoulder straps. Size 9 x7 x4 in.
—<can be angled and rotated for approx.
peak S.W. listening. @ First grade components.

® Socket for Car Aerial. ® Easy to follow instructions and

diagrams make the Roamer 7 a
® Powerful push-pull output. pleasure to build with guaran- |
@ 7 transistors and two diodes  teed results.

including Philco Micro-Alloy

R.F. Transistors. Total building costs P ice i a
® Famous make 7 x4 in. P.M. £5 l 9 6 P. & P. e:;;sb%rﬁ%epi:;?%;_
speaker. . 6/6 (FREE with parts).

TRANSONA FIVE

MEDIUM WAVE, LONG WAVE
AND TRAWLER BAND
PORTABLE

Attractive case with red spenker grille.  Bize 61 x

MEDIUM WAVE, LONG WAVE
AND TRAWLER BAND PORTABLE
Attractive black and gold case, Size 5} x 1} x
3lin. Fully tunable over both Medium and Long
4 in. Fully tunable. 7 stages —5 transistors Waves with extended M.W. band for easier tuning

of Luxembourg, ete. All first grade components,

liodes—{errite rod aerial, tuning = S 3
ildi 1di 7 stages—b transistors and 2 diodes—super-
Total building costs ke introl o o super dy Total building costs e Bt T sl o o e e

= BC
P- & P. speaker, all first grade components. - il P. & P. coil speaker, etc. Easy build plans and parts
3/6 plans and parts price list 1/6 (FREE u:th p\rtsl 3/6 price list. 1/ (FREE with parts).

NEW MELODY MAKER SIX

3 WAVEBAND PORTABLE 8 stages—6 transistors and 2 diodes

Covers Medium and Long Waves and EXTRA M.W. BAND FOR EASIER TUNING OF
LUXEMBOURG, ete. Top quality 3in. Loudspeaker for quality output. Two RF

stages for extra boost. High Q" 6in. Ferrite Rod Aerial. Approx. 350 milliwatts push-pull out-
put. Handsome pocket size case with gilt fittings. Size 63 x 33 x 14in.

This amazing receiver 69’6 P.&P.3/6 (P;:el: m;geptaff!:)a.nd easy build plans 2/g

may be built for only

SIX WAVEBAND PORTABLE
WITH 3in. SPEAKE

Attractive case with gilt fittings, size 7% » 3% »
1iin. World wide reception. Tunable on Mediom
and Long Waves, two Short Waves, Trawler
Band plus an extra M.W. band for easier tuning
of Luxembourg, etc. Sensitive ferrite rod aenal

aml telescople aeri sShort Waves. All T lb .Id, t Band 1 cirent it i 2 RF. at
itdi top grade compo . 6 trunsistors ota ullding costs and. Special cireuit incorporating 2 R.F. stages,

Total bu'td'ng costs e t“d;m; Ph\hn MicrneAlloy 1LF. Pg & P push-pull output, ferrite rod aerial, 7 transistors
. il

and 2 diodes i -, 2.
P. & P.  rransistors, cte. (enrrying strap 1/6 extray. Eisy . al 2 diodes, 3in. speaker (will drive larger
3/6 build plans amd parts price list 2/~ (FREE with 3,"6 speaker) and all first grade components. FPrice

parts}. list 2/~ (FREE with parts).

THREE WAVEBAND PORTABLE
WITH 3in. SPEAKER

Attroctive case size 7] x 5] « 1}in. with gilt
fittings. The ideal radio for home, car or outdoors.
Covers Medium and Long Waves and Trawler

61a HIGH STREET, BEDFORD
Telfephone: Bedford 52367

Callers side entrance Barratt's Shoe Shop. Open 9-5 p.m. Saturday 9-12.30 p.m.
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(MINUS X)

ALPHABETICALLY...
we can list the names

GEOGRAPHICALLY...
we can list the countries

All over the world students know that
CRElI HOME STUDY COURSES are sup-
plying the answer to their need for
advanced Technical Education in the field
of Electronic Engineering Technology.

CREI PROGRAMMES ARE AVAILABLE IN:
Electronic Engineering Technology
Industrial Electronics for Automation
Computer Systems Technology
Nuclear Engineering

Mathematics for Electronic Engineers
Television Engineering

Radar & Servo Engineering

Citv & Guilds of London Institute :
Subject 49 and Advanced Studies
Subject No. 300

Write for free brochures to:

C.R.E.Il. (London) (Dept. P.E.B)
WALPOLE HOUSE, 173 /176 SLOANEST., LONDON S.W.1
Telephone: Belgravia 8662

INTERNATIONAL DIVISION OF CAPITOL RADIO ENGINEERING INSTITUTE WASHINGTON D.C.
—

Please send me (for my information and entirely without obligation) full details

I of the educational programmes offered by your institute.....
Send details of the City & Guilds Programme ...........

S TE R e e T e B s et e e

Address

STl R TG O R O o R

et S o — — — d— — — — —— ——

WE HAVE A COMPLETE RANGE OF REW
AND OLD TYPES OF V.

ALVES,
TORS AKD DIODES. FULL LISTS AVAIL-
ABLE ON APRLICATION.

reantisran] B/~ | EZ80 6/8
V6030 10/~ | EZ81  6/8
0C3 8- Y60 PCCB4 B/
0C16 20/-.| BFY61 7%/~ | PCL8511/6
18- | BFYs2 6/~ | PCL8210/8
0C2s 12/8 | BYZ12 10/- | PCL8611/8
0C22 10/- | BYZ13 10/~ | KT66 27/6
0C24 17/6 | BCY33 7/8 | KT88 27/6
0C25 9/8 | BCY34 8/8 | DY86 9/8
0029 15/~ | BCY10 7/8 | EBC33 9/8
0C35 18/8 Y38 9/8 | DK96 9/
0C36 12/8 | BCY39 12/6 | DAF96 7/9
0C4l 68/~ | BCY12 DLYG
0Ci2 5/~ | AC107 14/6 | DF96 B/-
0C4d  5/- | AC127  9/- | PYBL 7/8
0C45 2/8 | ACY17 8§/86 | PLS1
0C66 18/8 | ACY10 6/8 | PY33 10/
0Cc70 4/~ | ACY20 5/8 | PL36 15/8
0071 :,}" »\g;m ‘f-—
0C2 b/~ | ACY22 4/8
0C73 6/6 | AF102 15/~ | EEDEIEER
0C76 6/~ | AF114 -
0C76 5/ | AF115 /8 | 0A5 48
0C77 7/~ | AF110 - | 0A3 8-
0c78 5/~ | AF117 /- | 0A71 3/6
0C78D 5/- | AF118 17/8 | OASL 2/8
0C81 B/~ | AFI24 10/- | OAS5 1/9
OC81D 5/~ | AF125 10/- | 0A200 3/3
82 8/~ | AF126 10/- | 0A202 4/8
0C123 11/8 | AF127 /8 | 0A203 4/-
139 8/~ | AF139 10/- | OA120 76
0C140 10/~ | AF186 17/6 | 0AD  4/8
OC170 6/~ | AFZ11 17/- | OA1D 3/-
0C171 7/- | AFZ12 18/6 | 0A47 3/~
0C200 7/8 | ASY26 6/8 | 0A70 2/-
0C201 12/8 | MAT100 7/8 | QA7 2/8
00202 13/8 | MAT101 8/6 | IN®1 3/-
00203 10/6 | MAT120 7/9 | IN263 7/-
00204 15/~ | MAT121 8/8 | IN264 4/-
sa e o]
00206 7
ocp7110/6 | IEDIEEENN | ING47 5/-
ST721 15/- IN2373 5/8
ST723 10/~ | ELS4 8/6 | IN2374 15/-
ST140 4/- | EF86 8/6 | IN2370 25/-
ST141 8/- | E¥86 /6 | IN58 38
V62R 6/- | DY8T /8 | INUSO 38
V64R 6/6 | ECCS3 8 | GEX44 2/8
VSR 7/~ ﬁcﬂﬂl /8 | GEX54 2/-
V1050A 8/- ABCS0 8/6 X
V1520P 10/-| ULS4 /8 | PGT Power
V1530P 10/-| UF41 10/8 | Mounting
V13020P 8/-| UY41l 18 | Kits 39

P.P. and insurance 2/~

MOTOR Ideal dfor model
BAHGAINS makers, record
players, tgpe

decks, ete.

6.3 d.c. * Motor.
10,900 r.p.an, at
. 1fin

230mA. tin =

b o Joat o
ong X i
9/6. P. & P. 2/6.

8V d.c. Gram deck
t motor.
2in % 1iin dia.

Shaft }in long
g}aein. 17/8.P. & P.

Made by Crompton Parkinson. Singlc phasc
+ h.p. Motor, 230/250V; 50 cycles, 1:3A,
1,425 r.p.m. Continuous rating. Spindle
1gin. x Yin. dia. Overall size less spindlc
approx. 8 x 6in. Perfect condition. A
bargain for the workbench. ONLY 79/8,
Carriage 20/- (3 h.p. Motor also available
99/8, Carriage 20/-).

- Numerous

SELECTOR DRIVE

and arranged to be on for 10 pulses and off
for 15. An Auxiliary contact is normally
on but off 1 in every 25. Complete with
suppressor, reaistors, plus series contact
for continuous operation. Ideal window
displays, ewitching lamps, models, efe.
12V or 24V d.c. Brand mew and boxed
18/6. P. & P. 2/6.

SYNCHRONOUS CLOCK
MOTORS

Geared for 40
revolutions per
hour. 230V 50

DELAY ACTION TIME

SWITCH
Made by
Smiths. A.C

operation 200/
250V, Double
pole, will give
time delays
{rom 0-10

2fin, dia. x
2¢in, long ine.
$in. x 3/18in

dia, spindle.
BARGAIN PRICE 17/8. P. & P. 2/6.

UNREPEATABLE BARGAINS '

FANE 122/17

B 12in 25 WA

B HEAVY DUTY
* HI = FI

LOUD
SPEAK-

= stropic
Ferrite mmgnet. 17,000 gauss. Imp.
3-56 ohms. Brand new and guaranteed.
List Price £12.° LIND AIR PRICE
£8.19.8. P. & P. 7/6.
"Hulm

EMI. COMBINATION i
D

LO

13 * 8}in. Elliptical
with 3}in dia. Tweeter,
Imp. 8 chms. Power
handling 10 watte. Brand
new and guaranteed, List
price  £3.5.0. LIND
AIR PRICE 99/, P. &
P. 7/6. (Also available
without tweeter 0&0/6
P. & P.7/6).

78

"‘

Imp. 3-5 ohms.
gauss. 12 watt.
New and guarantced. List
Price £3.15.0. LIND-AIR
PRICE 58/6. P. & P. 3/6.

I’

SEE LIND-AIR OPPOSITE




LIND-AIR

(OPTRONICS) LTD.

25 & 53 TOTTENHAM COURT ROAD, LONDON, W.1.

Open 9-6 p.m. Monday to Saturday inclusive.

3 WATT AMPLIFIER

An ideal basis for building your own port-
able record player, Just add speaker and
turntable, and you will have an above-
average model for a mere fraction of the
cost. 2-3 watt printed ecircult with
control panel on flying lead. ON/OFF,
TONE CONTROL AND VOLUME,
colourful escutcheon. Brimar valves:
EZ80, ECL82 and composite installation
booklet. Price £4 5 0 P.XP 36
e

MAGNAYOX-COLLARO 4] TAPE
DECKS

The very latest 3-speed model—1j], 33, 7} i.ps.
avallable with either 2 track or 4 track head.
Features include: Pause control; digital counter;
fast forward and rewind; new 4-pole, fully
screened induction motor; interlocking keya, Size
of top plate 134 x 11 x b}in deep below unit
plate. For 200/250V a.c. mains, 50 ¢/s operation.
New, unused and fully guaranteed

ni o
moa. £10.10.0 jcoek £13.19.6

Carriage nnd Packing 12/6 extra.

e

2 track model £14.10 8; 4 track model £15,19.8. Carriage and Packing 12/6.

MODEL TTC.1001.
20,000 O.P.V. with
overload protection;

A BOA.
With proda and
Carrying case
ONLY 85/-. Build pine different projects from one
P, & P. 3/6. basic kit—simple instructions, no tech-

nieal knowledge required for you to bulld
a Police Biren, Metronome, Morse Code

MODEL TTC. amplifier, Electronic Massager, W/T
1030. 50, tter, Radio, Telephone, One-
PV, d transist. Radio Tw Radio,
volts, 0-3, 12, Electronic Music Kit. Completely safe-
60, 120, 300, operated on 9V PP3 battery. Hours of
800, 1,200V; fun for boys and dads of all ages. Complete
a.e. volts, 8, 80, with all parts and simple step by step
120, 600, instructions, ONLY @9/8. P. & P. §/-.
AERIALS TV UMF VYHF STEREO
With  prods ;
and carrying Vantens Table Top V Aerial BBC/ITV,
case  ONLY .
£11.198, P. & Cresta Room Aerial Band I/II/III. Cream
‘P, b/~ or Black, 26/6.

Veemaster Table Top VHF/UHF Tunable
Aerial, Chrome or Grey, 76/6.

YAGI all Channel Table Top Aerial BBC1/
2[ITV,

|VHF,
u HL523 Loft Aerial HILO V + b for vertical
R v oo

bracket, 53/=,
New Major 10 element BBC2 Aerial for loft

Input 0-200, 220, 240V or outdoor fixing. With roller bracket for

Qutput 110V up to 2in dba. 45/9
50W 817, 1,000W 29.9.0 " INESL, S
;gy"‘- ﬂ'}’éﬂ %’%&‘,’ ﬁ{sg ‘Hbl‘;ven‘usn;“f 13 element BBC2 Aerial as
160W £2.16.0 3:000“’ nsho:o a.bnvE,uﬁ!T:' 18 element BBC2 Aerial as
Sl a::_-g ‘e;gg'{_."v]fhlf_@ Lotk Six, 6 clement BBC2 Aerial for loft or
o Al SNAEE B s n
Ty 4] J-Beam 4 element outdoor Band IL
i s ol 0-30V, 3A 48/- VHF/FM Stereo Aerial. With mast, 87/-.

Please add 4/- postage.

MAINS THANSFORMERAS

Input 200-250V 50c/a.

24V 3A#212.6 24V SA#55.0

24V DA 23.15.0 24V 12A 86,15.0
Fost extra.

Mains and Qutput Transformer lista avail-
able on request.

GOODMANS BPEAKER BARGAINS!

Gin 8 ohms, 15/8; 6in. 3 ohm, 29/8; Bin.
3 ohm, 32/8; 10in & ohm, B85/-; 10 x 6in.
3 ohm, 32/8; Tweeter, 19/6. . & P, 8/6
per Speaker,

SEE OPPOSITE

as you have never
heard it Dbefore.

poft padded ear-
phones. Adjustable
headband, Impe-
dance 8 ohms per
phone. Frequency
range ,0000/8.
‘With 51t lead. Price
89/8. P. & P. 4/6.
Other

available. AKAI ASESS, 8 X
;l.ll.l: EAGLE

Open Thursday until 7 p.m.

MODEL A
G1111 aa illustrated -

ALL POST
ORDERS TO
Dept. P.E. 568
25 Tottenham

Court Road
London, W.1

Tel. 01-580 4534|7679

3000 with Sonotone 9TAHC Stereo Cartridge .. 28.19.8

3000 with Bomotome 9TAHC Diamond Stereo
Cartridge .t =4 5 P e £0.19.8

ATE0 MKI less cartridge o . o

AT60 MKII leas cartridge 3% i 3

AT60 MKII with Decca Deraun Sterco Uartridge

SP. 25 MKII less cartridge £l e :

TEAK FINISH SP. 25 MKII with Decca Deram Stereo Cartridge

PLINTHS with perspex AP.75 less cartridge i I . e

LAB.80 MKII leas cartridge s "

Allplus P. & P. 12/6
Mono Cartridge 17/6 extra.
Stereo Cartridge 22/6 extra.

Agents for Thorens, Dual,
Goldring, etc.

TRANSISTOR FEM. TUNER

SAVE £2.2.0
6 Transistor FM tuner. Frequency range B8-
108Mec/s. Bize 8 x 4 x 2%n. Ready built for
use with most amplifiers, 9V battery operation. &

Complete;with instructions. LIST PRICE 9 gns. Multiplex adaptor for Sterco Radio

LIND AIR PRICE 7 EDNS. P &% 4-. Reception £5.19.6 extra,

Specially designed to replay the well known and
popular Musicassettes—prerecorded tape cassette
offering a wide choice of all types of music from pop
to classical. Up to 40 minutes of quality repro-
duction through built-in speaker. Simple off/play
and volume controls, Fully transistorised operating
on six penlight batteries, Modern compact atyling
with earpiece socket and wrist strap. Size 6% x

4} x 2io. K
11vp ate price, £9.19.6. ﬁ:f};;f b

ONLY

S5O cns 25

ALL TRANSISTOR &
WATTS PER CHANNEL
STEREO HI-FI 8YSTEM
OFFERING A PERFOR-
MANCE EQUAL TO IF
NOT BETTER THAN
BIMILAR SYSTEMS
COSTING UP TO
DOUBLE THE PRICE,
‘Modern styling plus ad-
vanced circuliry using
latest aillcon transistors
throughout,

The famous GARRARD 3000 Record Changer fitted lightweight tubular arm with SO0NO-
TONE 9TAHC STEREO/MONO DIAMOND CARTRIDGE will play all sizes of records.
(4 speeds 78, 45, 33 1/3, 16 2/3 r.p.n.). Will play up to 9 records automatically, also pro-
vislon for manual play. Amplifiers and ls are ted below record player and incor-
porate Bass, Treble, Volume and Balance controla and On/O#, Gram/Radio, Mono/Stereo
slide switches. TWO IDENTICAL LOUDSPEAKER SYSTEMS each Incorporating
separate bass speakers and high frequency units with crossover network provide full
frequency repr jon and are lete with 10t leads and plugs for comnection to

amplifier. Will fit easily on to bookshelves, room dividers or existing furniture. BRIEF
SPEC. Player/Amplifier unit, Teak finish, size 16} x 14 x 8iin 200/260V a.c. operation.
Inputs for Radio Tuner/Tape Recorder aleo outputs for Tape Recorder. Loudspeaker
Systems, Teak finlsh, slze (each) 13 x 7 x 8in. Bupplied complete with instruction booklet,
ready to plug in and play. SEND YOUR ORDER NOW OR CALL AND HEAR THIS
MARVELLOUS HI-FI STEREO SYSTEM (Teak finish). Only 50 gns. plus 20/~ Cnrriage
and Insurance. (Rosewood 3 gne. extra.) (Clear Perspex Cover 3 gna. extra.)

LINEAR AMPLIFIERS

Latest s.c. Mains Models offering highest quality
&t modest cost.
LT66. All Transistor 12 wotts Btereo. Inputs for
“Tuper, Gram, Mike, Separate Bass, Treble,
Balance and Volume Controls #15,16.0. Carr, 7/8.
Teak case £3.10.0 extra.
PTA 15 (as illua.). All Transistor, 15 watts Mono.
Toputs for Tuner, Gram, Mike, Guitar, Bass, Treble
and two volume controls, £15,18.0, Carr. 7/6. Teak
case £3.10.0 extra. LT4S, 2 Valve 5 watte Mono.
Inputs for Tuner, Gram, Baass, Treble and volume
controls, £6,19.8. Carr, 7/6. Metal cover 15/~ extra. Full detalls sent on request.
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20 WATT

SOLDERING
INSTRUMENT

@ CONTROLLED TEMPERATURE

LIGHT SOLDERING
DEVELOPMENTS LTD.

28 Sydenham Road, Croydon, CR9 2LL
Tel. 01-688 8589 & 4559

Design holds max. temp. of 380°C.
within close limits.

EASY BIT REPLACEMENT
Simple, fast replacement of low-cost

copper bits. Non-wearing PERMATIP
bits cut servicing costs.

BEAUTIFULLY COMPACT

Length 73°. Weight 1} oz.
Max. handle dia. 0.715”

UNEQUALLED PERFORMANCE

Ideal for fast production soldering
on the majority of modern electronic
equipment.

ALL VOLTAGES

The LITESOLD range includes six other
models (10, 18, 25, 30, 35 and 55 watts), and
many accessories. Please ask for colour
catalogue L'37,
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FANTASTIC BARGAINS

SONOTONE

SOLENT

2 SPEAKER

HI-FI
SYSTEMS

® LIST £18 EACH

SPECIAL
OFFER

11 gns. ros: o

@® Impedance § ohm. Power input up to 12 watts.
@ Suitable for valve or transistor amplifiers.

@ Frequency response 40c/s to 20 k/cs.

@ Scandinavian style cabinet,

@ Small attractive size 14 x 9 x 83.

@ On permanent demonstration,

@ Reviewed by Hi-Fi News, The Gramophone, etc.

Send large s.a.e. for FREE Leaflets and Test Reports available
from our Showrooms,

J. J. FRANCIS LTD.
123 ALEXANDRA ROAD
LONDON, N.8 BOW 1662

LEE ELECTRONICS
400 EDGWARE ROAD
PADDINGTON 5521

BUILD YOUR GIRGUITS
on

VEROBOARD

—the Universal Wiring Board—
obtainable from your local Retailer
Trade enquiries to:
NORMAN ROSE (ELECTRICAL)} LTD. -
8 St. Chad's Place, Gray's Inn Road, London, W. C1
Technical enquiries to:
VERO ELECTRONICS LTD.
Industrial Estate, Chandler's Ford, Hants

st

=z
All it:aml plreglioul:y ad- FANTASTICALLY POPULAR
vertised available, also see
items advertised ’in Prac- * T A P E *
tical Wireless. Huge Hi- We offer you fully tensilissd polyester/mylar

Fi and Components stocks and P.V.C, tapes ol identical quality hi-fi, wide
at all branches.

range recording characteristics as top gull
llnel Quality control manufacture. They

TECHNICAL R bt
TRADING [l ol

4 LONDON (MUS 2639

10 Tottenham Court Road Double Play Friple Play
 PORTSMOUTH 8in.  300ft. 4/- | 4in,  900ft. 13/~
(Tel. 22034) 4in, _ 6001t. 8/~ | Gin, 1,800ft. 25/~

i N S AL
L. " 3,600t -
* SOUTHAMFTON sy 7. o001, &7/~ g 0GRl Py
. . i/
71 East Street Postages 1]~ resl.

* BRIGHTON (TE" 23975)  Post Free loss 5°; on three recls.
6 Queen'’s Quantity and Trade enquiries in
all mail o:d’:r Brighton KOTE. Large lape stocks al all branches., d




PRINTED +% TRANBISTORISED FM TUNER +*
s-rmsmron

CIRCUITS Q
Five amsorted
printed circuit
boards with

T
00 00O
]

g

i
)

Wl

TTLITETS .

Double tuned
a discriminator.
teed minimum Ample output to
20 transistors. feed most amplifiers. Operates on 9V
Ideal for experi- | battery. Coverage 88-108Mc/s. Ready
menters. 5 boards | bullt ready for use. Fantastic value for
for 10/-~. P. & P, | money. NOW 28/7/8, P. & P, 2/6.

2/, STEREO MULTIPLEX ADAPTORS b gns.

AVOMETERS

Supplied in ex-
cellent condition
fully tested and
checked, Com-
plete with prods,
leads and instruc-
tiona,

g
&
5
1]
8
E
3

J ELECTRONIC COMPONENTS
% TEST EQUIPMENT
+ COMMUNICATIONS
EQUIPMENT
% HI-FI EQUIPMENT

We are proud fo imtroduce our first

comprehensive catalogue of Electronic

Components and Equipment. Over 150
pages fully illusirated, listing thonsands of
items, many at bargain prices. Free discount
coupons with every catalogue. Everyone in
electronics should have a copy.

CLEAR PLASTIC PANEL METERS

F.M. WIRELESS
MICROPHONES

94-104Mc/s. Transistor-
ised. Operates from 9V
battery. Complete with
additional secret tie-clip
microphone.List £12.10.0
O’NLX £6/15/0. P. & T.

These cannot be operated
in U.K.

Model 47A
£9.10.6

Model 8 #£18,
Model 9 £20, P. & P. 7/6 each,

First grade quality Moving Coll panel meters available

MODEL TE.80 TE22 SINE SQUARE WAVE ex-stock. S.A.E. for illustrated leafiet. Discount for

20,000 0.P.V. AUDIO GENERATORS quantity. Available as foliows: Type MR 38P, 1 21/32in
square fronts.

ULTIMETER g{}]:]c.k ’2&:#5 t: 200mA .... 22%,’— 100V d.e. .. 26/-

c/s on H 150V d.e. .. d

9/ 10/ 50/ 100/ 500/ bands,  Bquare: 800V d.c., . g';—-

1,000V a.c. 0/5/25) 20c/s to 30ke/s 500V d.c. .. 25/-

50/260/ 500/ 1,000v. Output  imped- 760V d.c. .. 25/-

d.c. O-EDu 5/50/ ance 5,000 ohms, 16V a.c. .. 2§/-

BOOm. 0/6/60K./ i 50V a.c, 50V a.c. =

ﬁooxieun.wlm Supplied brand 150V a.c. .. 25/-

2, " [ new and guaran- B00V ac. .. 28/-

teed with instruc- . 500V a.c. 26/~

tion manual and leads, £15, Carr. 7/6. 25 25/- ‘8" Meter . ImA

NEW I‘OqT E‘{TRA, Larger sizes m"ulnb]c—snnd for lists. 20/8

30000 opv. with | TE-20RF SIGNAL GENERATOR

P o)
mirror scale 0-5/1/2-5/
10/25 f 103.'250 /800 |
1y

000 V
0/2'5 | 10 d'2m'10'0’250:‘
500/1,000V a

nfﬁﬂn.ﬂﬁ,l 50/ 500mA

U,‘GOkﬂr‘El! £0/60MQO.
£8/17/8. Post Pald.

ADMIRALTY B.40 RECEIVERS

Just released by the Ministry. High qu:llltv 10 valve receiver,
manufactured by Murphy. Covi erage in 5 bands 650kc/s-30Mc/s.
I.F. 500kc/s, Incorporates 2 R.F. and 3 LF, stages, bandpass
filter, noise limiter, crystal controlled B.F.Q., calibrator, I.F.
output, etc. Built-in speaker, output for phones,
150/230V a.c. Size 19lin x 13}in x 16in.
Offered in good working condition, £22.10.0. Carr.
circuit diagrams. Also available B.41 L.F. version of above,
15ke/e-700ke/s. £17.10.0, carr. 30/-.

UNR-JO 4-BAND

LAFAYETTE TE-46 RESISTANCE COMMUNICATION
CAPACITY ANALYSER RECEIVER

Covering 550 Kec/s — 30 Mc/s. Incorporates
2pf - 2,000 varfable BFO for CW/S8B reception. Buili-
2::1“1("1 2 c;!hms in speaker and phone jack. “Metal cabinet,

megohms. . AC. 8 i
diode 2000-1M 0 ., ot cheuEa iy Operation 220/240v. A.C upplied brand

new, guaranteed with
Supplied complete with pedance turns Instructions. £12.10.0 corr. 75

instructions, battery and ratio, insulation,
JEAGR SN0, P, L 0/0. 200250V ace. NEW LAFAYETTE MODEL HA-700 AM/CW/
EUR COMMUNICATION

VARIABLE YOLTAGE | & 765 | 8 \’m 5 bands incorporating 2 MECHANI-

TRANSFORM ERS ARF.'M coMBINED AF_RF | Eeﬁitf\‘li{‘;l:ER]‘?‘:'t‘tt?;e;:?pcz':::;gu:laﬁi?tga:‘ag
Brand New—fully 8hrouded. Input 230V 160400  ko/s  6560-1,600kefs, 1-6-4-0Mc/s,
.’ﬁﬂm‘ﬂ Output 0-260V. SIGNAL GENERATOR 4-8-14-5Mc/s 10-5-30Mc/s. Circuit incorpor-
1A £5.10.0 AF, SINE WAVE ales R.F. stage, aerial trimmer, noise H.l.nl'.er

Accurate  wide
range signal gen-
erator covering
120ke/s — 260
Mc/s on 6 bands.
Directly cali-
brated. Varlable |

240V a.c. Brand new with instructions.
MODEL ZQM TRANSISTOR CHECEER £12/10/0. P. & P. 7/6. 8.A.E. for details.
It has the fullest capacity for
checking on A, B and Ico.
Equally adaptable for
checking diodes, ete. Spec.:
A:0-7-0-9967. B:5-200.
Ico: 0-50 microamps
0-5mA. Resistance for

Operation 200/ ‘

- Bt B.F.0. y tector, electrical bandspread, R.C.A. ARSS EAKERS
’ 20 H meter, slide rule dial. Output for phones, low 8in, 3 ohm speskers in metal case.
E‘&‘,‘b‘ “'“"'emp 2k or speaker 4 or 8Q3. Operation Black crackle finish to match our
ey Iﬂ; Z 2201240\’ ac. Size 7iin % 15in x 10in. 88 Receivers, Available Brand
PIP 6000 3-8V Supplied brand new and guaranteed with hand- New and Boxed with leadas,
= 0 book 36 GNB. Carr. 10/-. 8.A.E. for leaflet. 59/8. Carr. 7/6.

e "; L LAFAYETTE LA-224T TRANSISTOR STEREO AMPLIFIER
Variable R.F, atte tion int/ext. du-
SILICON RECTIFIERS | 1ation. incorporates dun purpose meter to

19 transistors, 8 diodes, THF musio
power, 30W at 80. Response
2/0 monitor AF. output and % mod. on R.F.
"""""""" ’ Y 5/8 220/240V a.c. 287/10/0. Carr. 7/6.

30-20,000 - 2dB at IW. Distortion
- 78 TE—GS VALYE YOLTMETER

1% or less, Inpute 3MV and
250MV, Output 3-160. Beparate
L. and R. volume controls. Treble

High qualily Instru-

ment with 28 ranges.

D.c. volts 1-5-1,600V

and bass control. Stereo phone Jack,
Brushed aluminium, gold anodised

E —" —pi -ﬁ L4 extruded iront panel with compli-
= w mentary metal case, Bize 10}in x
= 3% % Ti#tin, Operation 115230V

Ace. volta 1-5-1,500V - o
; \. A ; MM Resistance up to 1,000 a.c. £25, Carr. 7/8.
70V PLV, 1A ...... e Zmd || B
160V PLLY. 166X . 220/240V a.c. opera- : SINCLAIR EQUIPMENT

150V P.IV. 25A ...
700V P.LV. 1004

tion.

Complete with probe
and instructions. #15.
P. & P. §/-.
Additional Probes
available: R.F. 3§/-
H.Y. 42/8.

"\""Q_{:“"\‘\‘g_\\\\ NNNNL et/ 42 f 22 2

@ =(RADIO) LIMITED

Z.12 12 watt amplifier, 80/6, m SPECIAL OFFER
», Power Supply Unit, §9/8. Bum

T l’i:rl:mﬁc g&’iﬂ Eit, qws 2 Z12 Amps., PZ4 Power
:s".m 59/6. Micro FM Radio Kit, i‘;‘,‘;‘{{{;r_’“ﬁ? 25 Pre.

.6,
ALL POST PAID

Phone: GERRARD 8204/9155
Cables: SMITHEX LESQUARE

i =~ 3.34 LISLE STREET, LONDON, W.C2
e /i NN '
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POCKET MULTI-METER

Size 372} 1gin. Meter size 2} < 1}in. Sensitivity

1000 O.P.V. on both A.C. and D.C. volts. 0-15,
0-150, 0-1000. D.C. current 0-150mA. Resistance
0-100k Q0. Complete with test prods, battery and full
instructions, 42/6. P. & P. 3/6. FREE GIFT for
limited per:od only. 30 watt Elgctric Soldering Iron
value 15/- to every purchaser of the Pocket Multi-Meter.

3 to 4 WATT AMPLIFIER BSR TAPE DECKS

3-4 watt Amplifier built and | 200/250v. A.C. mains. Type TD2
tested. Chassis size 7 X 3} X | in. | Tape speed 33 twin track. Type
Separate bass, treble and volume | TD10 2-track, 3 speed, plus rev.
control. Double wound mains | counter. Type TD10 4-track, 3
transf?rmcr, f_:1-mta[ :_ecliﬁser Ia:ru:l speed, plus rev. counter.

output transformer_ for OnmSs | pue to 3349 Purchase tax which is now
speaker. Valves ECC81 and 6v6, | applicable on these items, prices will be
£2.50plus 5/6 P. & P, 4 as soon as a i A

]
STAR SR 150 COMMUNICATION REGEIVER

Frequency range: 535 ke/s-30 Mc]s.
four wavebands, four valve plus
metal rectifier superhet circuit. In-
corporates B.F.O. bandspread
tuning, *‘S” meter, external telescopic
aerial—ferrite aerial, built-in 4"
speaker, easy-to-read dial. For 240v.
A.C. operation. Complete, brand
new, with full instruction manual.
£17.17.0. P. & P. 10/-.

. Transistor Portable Radio

Special offer ELEGANT SEVEN mk |||

SPECIAL OFFER. Power supply kit to
purchasers of ‘Elegant Seven® parts, incorporating
mains transformer, rectifier and smoothing con-
denser, A.C. mains 200[250 volts. Output 9v. 100
mA. 9/6 extra.

Buy yourself an easy to build 7 transistor radio and
save at least £10.0.0. Now you can build this superb
7 transistor superhet radio for under £4,10.0. No
one else can offer such a fantastic radio with so
many de luxe star features.

% De luxe wooden cabinet size 124"

ONLY

£496

Plus7/6Post & Packing
% Horizontal easy to read tuning scale pﬂntad _g*rely with black letters,

< 81" ¢ 337

size 111" x 2°. % High Q' ferrite rod aerial. F. neutralisation on
emh upame stage. % D.C. coupled push pull output stage with

parate A.C. negative feedback. + Room filling output 350mW.
r Ready eiched and drilled printed circuit board back pnnted for
oolproof construction. - Fully ¢ inst and point to
point wiring diagrams. 4 Car aarlal socket. + Fully tunlhlo over medium
and long wave, 168-535 metres and 1250-2000 metres. -+ All components.
ferrite rod and tuning assembly mount on printed board. + 5" P.M.
Bpeaker. i Parts list and circuit diagram 2/6, free with parts.

X101 10 WATTS (RMS) SOLID-STATE HI-FI
AMP. WITH INTEGRAL PRE-AMP

Its great versatility ranges from: a simple
intercom. to a modern HI-FI STEREO
AMPLIFIER (two gre required for Stereo).
The X101 is a brilliant new addition to our
highly successful range of products. Its
professional performance and advanced
solid-state  circuitry techniques ensures,
reliability, combined with high ﬁdcht)
reproduction, at an unbeatable price of
49/6 +2/6 P. & P,

SPECIFICATIONS: R.M.S. Power Output: 13W (music power),
10W (SINE WAVE). Sensitivity: for rated output ImV into 3k}
load. Frequency Response: minus 3dB points are 20Hz and 40kHz.
Total Distortion: at |kHz for rated output 1-5%: for 5W output
0:35%. Output Impedance: 3 ohms (3-15 chms may be used). Supply
Foltage : 24V d.c. at 800mA (6-24V may be used); output at
14V d.c. supply with 3 ohms speaker 7TW. Size: 2}in 3¢ 3in ¢ 14in.
The fully comprehensive instruction manual does not only show the
basics, such as circuit diagram and connections, but also gives practical
easy-to-understand detailed information about the XI101. Standard
equalisation networks are given for most types of conventional
inputs. They include: Tape head, Mag. P.U., Xtal, P.U., Tuner, Mic, etc.

CONTROL ASSEMBLY. (including resistors and capacitors) :
" 1. Volume, price 5/-; reble, price §/-; Comprehenswe
bass and treble, price 10/-.

POWER SUPPLIES FOR THE X101: PIOI/M (for Mono) 35/-
P. & P. 2/6. PI101/S (for Stereo) 42/6 P. & P. 2/6.

'PRJ_OUM: A High Quality, Monoral Pre-amp and Control Unit,
particularly suitable for wse with the X101 if a ready-built,
comprehensive, multi-input system is desired.

CONTROLS: Selector Switch, Tape Speed Equalisation Switch (33 and
7% LP.8.)), Volume, Treble, Bass, three position scratch filter and
three position rumble filter.

SPECIFICATION: Sensitivities for 200m V output at \kHz. Tape Head:
ImV(at32LP.S.). Mag. P.U.: 2mV. Cer. P.U.: 80mV. Radio: 100mV.
Aux.: 100mV. Tape/Rec. Qutput: 100mV. Equalisation for each input
is correct to within = 2dB (RIAA) from 20Hz to 20kHz. Tone Control
Range: Bass: --13dB at 60Hz; Treble: —14dB at 15kHa Toral
Distortion: (for 200m\f output) <0:02%. Signal Noise:
Supply Voltage: dec. 59/6 plus 2/6 P. & P.
VERSION (PRNH.’S) WILL BE ANNOUNCED SHORTLY.

‘THE CLASSIC: High Quality Solid-State Amplifier (Mono).
SPECIFICATION: Switched i inputs for: Tape head, Mag. P.U., Cer.
P.U., Radio and_Aux. Mains Inpur 220-250V, a.c., 50Hz. The Classic
is the combination of the above described items (X101, P101/M and
PRI101/M) on one common chassis. Its performance and space age
styling makes if the ideal choice for the value-conscious Hi-Fi enthusiast.

Available within 4 weeks. 8 gns. P. & P. FREE.

600 milli-watt solid state
7, transistor plus diode
and thermistor”

NEW! DORSE

plus Baby Alarm Facilities
Special offer—Power Supply Kit to
urchasers of Dorset Portable Radioparts,
incorporating mains transformer, rectifier
and smoothing condenser, A.C. mains,
200/250v., output 9v., 100mA. 9/6 extra.

Completely modulised high quality port-
able radio featuring complementary
N.P.N, and P.N.P. output stage,

The comprehensive easy-to-follow drawings supplied make this
the easiest-ever transistor radio set of parts, with the following
features:

@® Simple connection$ to un]y 6 @ High Q internal ferrite rod
tags on the R.F./I.F. module, aerial on both wavebands.
3 L.F. stages, osc. coil and 3 @ Class **B” modulised output
transistors which with their stage with thermistor controlled

associated components are heat stabilization. Class *B”’
completely wired. output stage ensures long
battery life. Current drain is

@ Only 4 connections on the A.F.
module to complete the 4 tran-
sistor 600 milli-watt solid state

proportional to the output level.
Total current drain of the
receiver under no signal con-

amplifier. ditions is 10-12mA. At reason-
@ Pre-aligned R.F./ILF. module able listening level 20-30mA.
built and tested. @ Extension sockets for car aerial

input, . tape recorder output
(independent of vol. control)
and Ext. Speaker.

Allcomponents(except speaker)
mount on the printed circuit
board. Easy to follow instruc-

@ A.F. module built and tested.

@ Fully tunable over M.W. and
L.W. bands. M.W. 540-1640 Y
Kce/s (557-183 metres). L.W.
150-275 Kejs (2000-1100

metres). tions. Size of cabinet 127 jong,
@ Intermediatc Frequency 470 8” high and 3" deep.
Kc/s. @ Finger tip controls.

@ Sensitivity: M.W. at 1 Mc/s 10
microvolts plus or minus 3db.
L.W. at 200 Kc/s 40 microvolts
plus or minus 4db.

Circuit and parts list 2/6, free with
parts.

price: £5.5.0 piusisr. ap,

FIRST QUALITY P.V.C. TAPE
53" Std, 850ft. .. 9/- 5" L.P. 850ft. .. 10/6
7% Std. 1200ft. .. 116 3° T.P. 600ft. .. 10/6
3” L.P. 240ft. .. 4/- 5" T.P.1800ft. .. 25/6
53" L.P.1200ft. .. 11/6 53" T.P.2400ft. .. 32/6
7” L.P.1800ft. ,. 18/6 7" T.P.3600ft. .. 42/6
53" D. P 1800ft. .. 18/6 4" T.P. 900ft. .. 15.'-
. & P. on each 1/6, 4 or.more post free

-600mw SOLID STATE Features NPN and PNP

Complementary Sym-

4-TRANSISTOR AMPLIFIER  gicicica), Outpuy, Stage:

Speaker output impedance 12 ohms, Frequency response 3db points
90 cfs and 12 Kc/s Price 19/6 plus 1/- P. & P, 77 x4” speaker to suit.
13/6 plus 2/- P.
2% WAT'I' ALL TRANSISTOR AMPLIFIER

AC mains 240v. Size 7" x 44" x 13", Frequency response 100 c/s—10
Kcjs. Semiconductors, two OC 75’s, two AC 128’s and two stabilisers
AA129. Tone and volume controls on flying leads. £2.10.0. P. &P,
3/6. Suitable 8” x 5” 10,000 line high flux speaker 18/6. P. & P. 2/-.

ALVE PUSH-PULL AMPLIFIER & Metal RECTIFIER
Size 9" x6”x 1}". A.C. Mains, 200-250 v. 4
valves. For use with Std. or L.P. records,
musical instruments. All makes of pick-ups

and mikes, Output 8 watts at 5 per cent of

total distortion. Separate bass and treble
Y lift control. Two inputs, with controls for
ryYYvw gram. and mike.

Qutput transformer tapped
for 3 and 15 ohm spgech coils. Built and tested. £4.4.0. P. & P. 1

8" % 5" Speaker to suit. Price 14/6 plus 1/6 P. & P. Crystal Mike to
suit 12/6 plus 1/6 P. & P.

RADIO AND T.V. COMPONENTS . (ACTON) LTD.

21D HIGH STREET, ACTON, LONDON, W.3
Shop hours 9 a.m. to & p.m. Early closing Wednesday
‘Goods not despatched outside U.K.
All enqwnu ﬂomﬁed addressed envel, Terms C.W.0.
Also 323 EDGWARE ROAD, LONDON,W.2. -
PERSONAL SHOP.FERS ONLY Early closing Thursday.
All orders by post must be sent to our Acton address.
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Mulla

36 pages of data, including for the first time, colour-coded
sections for quick reference—covering comparables and equivalents
and all current Mullard semiconductors, valves, tubes and compon-
ents for Radio, TV, Audio and HiFi applications.

PRICE 3/6 from yc;ur local TV retailer OR direct from Mullard—cash

Mullard Limited, Distributor Sales Division,
Mullard House, Torrington Place, London, W.C.1.

with order, plus 9d for p=and p.

A really first

lass Hi-Fi Stereo A

TRANSISTOR
STEREO 8 + 8

8 watts push-pull output per channel.
with Bass, Treble and Volume controls.
Crystal cartridges. Output stage for any speakers from 8 to 15 ohms.

Kit. Uses 14 transistors giving
(16 W mono). Integrated pre-amp
Suitable for use with Cernmic or

Compact design, all parts supplied including drilled mcml
work, Cir-Kit board, attractive front panpel, knobs, wire,
solder, nuts, bolts—no extras to buy. Bimple step by step
instructions enable any constructor to build an nmpliﬁer to
be proud of.

Brief Specification: Freq. response -3 db 20-20,000 c/s.
Bass boost approx. to +12 db. Treble cut approx. to
—16 db. Negative feedback 15 db over main amp.

Power requirements 25 V at 0-6 amp.

—

STEREO AMPLIFIER
Incorporating 2 ECL86s and 1 EZS0, heavy
double wound mains transformer.
per channel.

duty,
Qutput ' watts
Full tone and yolume controls. Absolutely

= complete.

~ ONLY

valves, sep.
bass, treble amd. balance con-
trols. Full feedback. 8 gns.,
P.& P 8-

@ Built on
printed circuit panel size 6 . Jin.
nerous size Driver and

Output Trausformiers.
@ Output transformer tapped for 3 chm and 15 ohm

speakers. @ Tra tors: (GET 114 or 51 Mullard
OC81D and matched pair of OCBl ojp). @ 9 volt
operation. @ Everything supplied, wire, battery elips,
solder, ete. @ Comprehensive easy to follow instructions
and circuit diagram afli (Free with Kit). All parts sold
separately. SPECIAL PRICE 45/-. P. & P. #/-, Also
ready built and tested, 52/6. T'. & P. 3/-.

FM/AM TUNER HEAD
Beautifully designed and pre-
cision engineered by Dormer
and Wadsworth Ltd. Sup-
plied ready fitted with twin
‘0005 tuning condenser for
AM connection. Prealigned
FM section covers 86-102Mc/s.
LF. output 10:7 Mc/s. Com-
plete with ECC85 (6L12) valve
and full circuit diagram of
tuner head. Another special bulk purchase enables us
to offer these at 27/6 each. P. & P. 3/-. Order guickly!
MATCHED PAIR AM/FM LF.’s. Comprising 1st LF. and
2nd LF. discriminator. (465 Kc/s/10-7 Mc/s). Size
lin. < 1{in, » 2in. H. Will match above tuner hear.

11/- pair. P. & P.2)

GORLER F.M. TUNER HEAD. 55-100 Mc/s 10-7 Mc/s.
LF., 15/=, Phus 2/6P. & P. (ECCS5 valves, B/@ extrg.)
B.T.C. SILICON AVALANCHE HALP-WAVE RECTI-
FIERS. Type RAS. 508 AF. 6 amps. 960 P.L.V. lin. long
X }in. dia. approx. List 50/-, OUR PRICE 8/8. P. Free.
SPECIAL OFFER! TYPE 20 TWIN TUNING
GANG. 400 pf + 146 pf. Fitted with trininers and 5:1
integral slow motion. Suitable for nominal 470 kefs, ILF.
Size approx. 2" 1" 1}". ONLY8/8. P. & P.2
FEW ONLY TURE REL

Gold plated contacts. Size approx. 13*

at 30 mA. ONLY 15/-, P. & P. 1/6

NEON INDICATOR. For p-'mfimountml. cut

out size li % § 3¢ §in. deep inc. terminal. White case with

lens giving brighter light. For mains 200/250v. 2/8 each.

P. & P, 6d. (6 or more post free).

VIBRA' . Large selection of 2, 4, 6,

32 Volt. Non-tyn:. 8[0 Smr: 10-. P. & P
wibrator, S.A.E. ‘with all enquiries.

. D.P.C.O
¥ ML 6

24 and
1/6 per

PRICES

Amplifier Kit £9.10.0 P. &P, 48
Built and Tested £12.10.0 P.&P.4/8
Power Pack Kit £2.10.0 P.&P. 4/
Built and Tested £3.0.0 P.&P.4-
Cabinet (as illus,) £2.10.0 P.&P.5/8

(Special offer—£14,10.0. Post Frec if all above kita
ordered at same time or can be supplicd built and tested
for £18.0.0 Post Free).

Circuit diagram, constriction Jdetails and parts list (frec
with kit) 176 {S.A.E.)

—_—
3-VALVE AUDIO Am MODEL HA34

Designed for Hi-Fi reproduc-
tion of records. A.C. Mains
operation. Ready built on
plated heavy gauge 1

neorporates
ECCS83, I'.LS{ EZB0 valves.
Heavy duty, double wound
mains transformer and output
transformer matched for
3 ohm spc.skr.‘r scparate Bass, Treble and volume controls.
Negative feedback line. Output 4] watts. Front panel
can be detached and lends extended for remote mounting
of controls. ralves, ete., wired amd

A stylishly finished
monaural amplifier
with an output of
14 watts from 2
EL84s in push-pull.
Super reproduction
of both music aml
speech, with neg-
ligible hum. Sep-
arate inputs for
aml

announcements to
follow ench other. Fully shro
transformer to maulch 3-150
volume controls, nml sep
provided giving gmnl 1M1t ani

| section wound output
ker and 2 independent
uss ind treble controls are
i ent. Valve line-up 2 EL8ds,
ECCH3, EFS6, and EZS0 rectifier. Simple instruction
hooklet 2/8, (Free with parts.) All parts sold separately.
ONLY £7,9.8, I". & I, 8/6. Also available ready built
puplete with' std, Input sockets, £9.5.0.

¢ SFORMER,
Pri. 200/240v, 8

Pri. 200/240v. Sec. 1
MAINS TR.

For transistor power supplies.

500 mA, 1l/-. P.& P, 2/6,

12 n{-1 amp. 14/8. P. & P. 2/6.

ANSFORMER. For transistor power supplies.
Tapped pri 200-230v. Rec. 40-0-40 at 1 amp (with
electrostatic screen) and 6 -5 amp for dial lamps ete.
Drop thro' mnuntlr\g Stack size 1{in. dlin. Jlin.
27/6. Pr. & P.4i6

. MATCHED PAIR OF 2! WATT TRANSISTOR DRIVER
AND OUTPUT TRANSFORMERS, Stacksizel} < 1] -

# in. «Output trans. tapped for 3 ohm und 15 obm out-
Imt 10/~ pair plus 2/- P, & P,
PARMEEO | 7-10 watt OUTPUT TRANSFORMERS (o

miteh pair of ECL R2's in push-pull. Sec. tapped 3-75.
~l l.’: ohm, Stack size 2§"< 17X 2" approx. ONLY

ﬂ OUTPUT TRANSFORMERS to malch pair of

h(l. l’tﬁ a[sln push-pull to 3 ohm output. ONLY 11/-
&P

10-12 watt OUTPUT TRANSFORMERS. Size 2iin. - 2in.
Clamp fitting. For two EL84's tn 'nu.sh puil.
13 ohm impedance. 12/8, P. 2/6.
ACOS HIGH IMPEDANCE tmm.u. STICK MIKES.
Listed at 42/-, Our price, 21/=.
ACOS CRYSTA

LATEST -COLLARO MAGNAVOX 363 STEREO
TAPE DECK, Three speeds, 4 track, takes up to 7in.
spools: £12,10,0, Plus 7/6 Carr. & ins. (Tapes extra).
B.S.R. TD,2, 4 frack slereo Tape Deck. Ogns. Carr. 7/6.
QUALITY PORTABLE TAPE RECORDER CASE. Brand
new. Beautifully made. Only 49/8, P. & P, 5/. Dual
Purpose Bulk Tape Eraser and Tape Head Demagnetiser
85/-, P. & P. 3j-.
RECORD PLAYER BARGAINS

All brand new in maker’'s original

. 4-SPEED
Mains models,
packing.

TEST B.S.R. MODELS

£3.9.6
£4,18.8

A25 Changer with mono Cart. ..
II plus Carriage and Packing

LA G,
ALL types available 1000, SP25, 3000, AT80, sic.
Send 8.A.E. for latest B: in Prices |

BRAND NEW CARTRIDGE BARGAINS! LATEST B.5.R.
X3M MONQ. COMPATIBLE CARTRIDGE
With turnover sapphire siyli suitable for playing 78, EP,
LP and Stereo records with mono equipment.
ONLY 22/6. P, & P.1/8.

SONOTONE 8TAHC Compatible Stereo Cartridge with
diamond stylus 50/~ or with sapphire stylus 40/-,
P, & P. 1/6 each.

QUALITY RECORD PLAYER AMPLIFIER
A top-quality record player amplifier employing heavy
duty double wound mains transformer, ECCS3, ELS4,
EZ80 wvalves. Separate Bass, Treble and Volume
controls, Coniplete with uutpul transformer  matched
for 3 ohim speaker, Si 3in. d. % 8im. h,
Rendy built and teste . P, &P, G-,
ALS0O AVAILABLE mounted on beard with uu!put
transformer and Epeaker ready to fit into cabinet below.
PRICE 87/8. P. & P, 7/

DE LUXE QUALITY PORTABLE R/F CABINET
Uncut motor bourd size 14}in. » 12in. clearanee 2in,
below, 8lin. above. Will take :\bo‘.'e amplifier and any
B.8.R. or GARRARD Aatochanger or Single Player Unit
{except AT60 and SP23). Size 18in. ¢ 16in. > 8in.
PRICE £3.9.6. P. & P. 9/6.

VYNAIR ANRD REXINE SPEAKER AND CABIRET
FABRICS app. 54in. wide. Usually 35/~ yd., our price
18/6 per yd. length.. P. & P. 2/6, (min. 13‘6.). S.AE. for
mmplna.

RAND NEW 3 OHM LOUDSPEAKERS
g‘ln , 18/8; 8in., 27/~; 7in. x 4in. 18/8; 10in.

i 14
< din.
E.M.I. 8in.

< din. with high flux magnet 21/-,

E.M.I. 13} 8in. with high flux ceramic magnet, 42/-,
{13 ochm, 45[-) P. & P. 5in. 2/-, 6lin. & 8in. 2/6, 10in. &
12in, 3/6 per speaker.

BRAND NEW. 12in. 15w. H/D Speakers, 3 or 15 ohm.
Current production by well-known British maker. Offered
below list price at 89/6. P. & P. 5/-. Guitar mode's:

Bt sih. HEAYY DUTY TWEETERS. FPowerful
Available i 3, S or 15 ohms. 15/,

State 3 or -
12in. “RA"” TWIN CONE LOUDSPEAKER. 10 watts
peak output. 3 or 15 ohm. 85/-, P. & P. /6.
. & P. 1/8.
L MIKES. ngh imp, I-or desk or hand use. 3iin. 12/8; 7 X 4in. 21/-, P. & P. 2/- per speaker.

ngh sensitivity, 18/8. P.

smcut. OFFER! MOVING

COIL “MIEE. Fitted onjoff
nn itch for remote control. High
quality. High or Low impe-

dance. (State Imp. reqd.)
BARGAIN PRICE  30/-.
P. & P. 2/6.

HARVERSON SURPLUS CO. LTD.

170 HIGH ST., MERTON, S.W.19

Open all day Saturday
A few minutes from South Wimbledon Tube Station.
OVERSEAS P. & P. CHARGED EXTRA.

01-540 3985
Early closing Wed., | p.m.

(Please write clearly)
S.A.E. with all enquiries
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OUTSTANDING HIGH FIDELITY
DESIGNS FROM SINGLAIR

The
world’s
smallest
radio

SINCLAIR MICROMATIC

_The ultimate in personal listening, the Micro-
matic is as easy to have with you as your wrist-
watch. It has enormous power and range, and
the magnetic earpiece now supplied assures
marvellous quality. Hear how Radio 1 and other
stations simply pour in. Build it yourself or buy
your Micromatic ready built. This is the set you
will never be without once you hear itfor yourself.

As oy um
LR

@ Tunes over medium
waveband

@ Slow motion tuning
control

@ Aluminium front
panel and dial

@ Magnetic earpiece

—1 g [l = [

322

Complete kit including
magnetic earpiece
instructions:

49/6

Ready built with
magnetic earpiece

59/6

Mallory Mercury Cell
R.M.ﬁ?r.,Sf (2 nseédu )
each 2/9

v

SINCLAIR

Q.14

LOUDSPEAKER

BRILLIANTLY EFFICIENT
.. . especially in stereo

When Sinclair Radionics decided to design and manufacture a new loud-
speaker, it was required from the startthatits performance should be worthy of
today's best high fidelity standards and be so reasonably priced thatthe greatest
numbers could afford it. By using ultra-low resonant materials to form its
acoustically contoured housing, outstandingly brilliant performance resulted.
Furthermore, the unusual form of the Q.14 meant it could be used as a free-
standing shelf speaker, as a wall-corner sound radiator or flush mounted
singly or in multiple units on a flat surface such as a wall. The correctness of
the design of the Q.14 has amply proven itself since within a few months of its
introduction, it is already amongst the four most demanded loudspeakers
irrespective of price. Independent laboratory tests have already shown that the
Q.14 has amazingly good performance characteristics. As a judge of good
sound yourself, your ear will confirm this instantly. Atits price, there is nothing
to stop you changing to Sinclair at once.

® Size 93in x 9%in x 43in
deep plus detachable base

The Q.14 is finished in matt black with solid
aluminium bar embellishment on the front.
Supplied in strong fitted carfon and sent
post free under money back guarantee if
you are not satisfied.

® |5 ohms impedance
@ Up to 14 watts loading

@ Smooth response between
60 and 16,000 Hz

@ British manufacture

IDEAL WITH Z.12 HI-FI SYSTEMS

>

SINCLAIR RADIONICS LTD., 22 Newmarket Road,
Cambridge

Phone OCA-3 52996
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SINCLAIR

ZIIZ COMBINED 12 WATT HI-FI AMP AND PRE-AMP

UNCHALLENGED LEADER IN ITS FIELD

No constructor's transistor amplifier has ever achieved such success
as the Sinclair Z.12. It favours the user in so many ways—with fantastic

for very little outlay. Countless thousands of Z,12s are in use through-
out the world—in hi-fi installations, electronic guitars and organs, P.A.
installations, intercom systems, etc. This true 12 watt amplifier is
supplied ready built, tested and guaranteed together with the Z.12
manual which details control circuits enabling you to match the Z.12

= .

power-to-size ratio, with far greater adaptability, with- freedom to iz wac et by . by =
operate it from batteries or mains power supply unit (the new PZ.4 is c\ \) {:‘)‘Q )
ideal for this) with the opportunity to obtain superb stereo reproduction

. 85 ~

Vj—-::-I—

to your precise requirements. For complete listening satisfaction, yse For use with two Z.12's or any good hi-fi stereo BUILT
_ - system. Frequency response 25Hz to 30 kHz 4 1d8 TESTED
your Z,12 system with Q.14 loudspeakers. It assures superb quality connected to two Z.|2's. Sensitivity Mic. ZmVinto
= 3 RS : 50k@: P.U. —3ImV into 50k 2 : Radio —20mV into AND
with substantial saving in outlay. 4.7k 0. Equalisation correct to within = IdBon GUARAN-

RIAA curve from 50 to 20,000Hz. With brushed TEED
and polished aluminium front panel with solid

@ 3 13 % 14" “I made this fz.f?) stereo record pfanEr ;II::n‘i‘:i:g.knobs to match, Size 6linX2}inX2lin £9 Ig_s
< for my work as hospital chaplain and it
@ Class B Ultralinear output has been a great success.” s I N c L A I R P z ; 4

® 15-50,000Hz - 1dB K.S5.B. Basingstoke
L} €=

i 1512 "“The Z.12 and Q.14 live up fo your
;gﬁmﬁl"-‘-f:g 33-.0:'.“3.:.;“:“ high standard. | could spend pages

STABILISED POWER SUPPLY UNIT

A heavy duty a.c. mains

& ; praising these products.” power supply unit deliver-
T S arsiivg ». I.A.W. Hereford. ing 18V d.c. at 1:5A. De-
® Input—2mV into 2k signed specially for Z.12

Ready built,
® OQutput—12 watt, R.M.S. tested and 8
continuous sine wave guaranteed.

F assemblies.
i pesi v Wy oo 996
peal s i
WE PAY POSTAGE ON EVERYTHING YOU ORDER
NORIRSIRICEAIR | I T s o e o k- vy o s e ol e e ik o o e A
GUARANTEE : L::::?::;?— :iRA;:IONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE |

Should you not be completely | . - e e RN o N el s RO R 5 [
satisfied with your purchase when l :
you receive it from us, your money

will be refunded in full at once and ' ARDRESS: 5 e b AN ML PR it |

without question. FULL SERVICE

o o R LT R ) R e e T S S R (SR R e PO T

ALL SINCLAIR CUSTOMERS. . £ hich / enclose cash|cheque/money order PES |

T S A S U S L S iy, P e s i S o o i i i iy e S S, S sk i S
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I asky's IRadio

<S>

Lasky’s Birthday Draw

% The lollowing 85 numbers have been drawn lfor prizes in our 35th Birthday Draw.

.

i

reler to Page 12 of our Catalogue for details of eniry if your number (on the <>
front page of your Catalogue) is among those listed here: o
001415 002313 0126803 024444 029886 034717
001510 002414 012777 024818 028875 035900
001582 029800

000013

000823 038000
000889 001711 003060 013750 0268515 029909 037017
000827 001777 003188 015000 027000 030168 038111
001800 030744
001054
001274
001288
00
001333

006900 021500 033417

011717 023468 026444 034111
The first 10 correct entries to be opened will receive £5 Lasky’s Gift Vouchers,
the next 25 will receive £1 vouchers and the next 50 will receive 10/8 vouchers,

Note: Members of Lasky's Radio stafl and relatives ure expressly excluded from
enlry in this competition.

HAVE YOU GOT YOUR LASKY’S CATALOGUE
FR E E mmﬁfﬁ:ﬂf :i'muu:ﬁ;‘-dﬂ;: post only.
A AA A AA A A B A

DESIGNED ESPECIALLY TO REPLAY

PHILIPS CASSETTE SYSTEM

THE FANTAVOX
TAPE CASSETTE PLAYER

This machine is the first of its type and is designed speci-
fically to replay pre-recorded tape cassettes made for the
PHILIPS and other casseite systems. The cassette is
simply slipped into the machine and is iImmediately ready
to play, Each cassette gives over 40 minutes play (twin
track), no loss of time in rewinding—simply turn cassette
over. Constant tape speed 13 i.p.8. Only two controls offf
play and vol, Fully transistorised, powerful vol., built in
speaker, socket for personal earpiece. Operates on 6 pen-
light batteries. Very attractively styled shockproof plastic
cabinet size 6} x 4} x 2in with wrist strap. Complete with
earpiece and batteries, There are now over 200 musi-
cassette titles available: jazz, pop, shows and classics.
This machine allows you to play the music of your choice
anywhere—anytime.

LASKY'S PRICE £7.9.6

CROWN MoDEL TRF-6 AMJF

? TRANSISTOR RADIO :

Unbelievably small for an AM/FM receiver—the
Crown is only 4}in x 23in x 1iin. Super sensitive
9 transistor superhet circuit with directionless
stabilised reception. - AM cover; MW 335-1,600kc/s.
FM cover; 88-108Mc/s. Superb tone reproduction.
2fin PM speaker. Precision tuning. 6 section
(143in) telescopic aerial—elips inte side when
not in use. Output 280mW max, Benutifully
styled and finished cabinet in black plastic with
silver metal trim. Operates on one 9V battery.
Complete with leather purse, ear-picce and battery.
List Price 13} Gns.

SCOOP Price £7.19.6 roszs

Post b=

.
MODEL C-i000 MILI TESTER —
neter with “big”* meter performance. Brief Specifica- l
vement sensitivity 400p4. D.C Its rangea: 0-10, 50, 250,
1,000 volts, + 3% fsd at 1K OPV. A Its ranges: 0-10, 50, =

250, 1,000 volts + 49 fsd at 1K OPV.
Resistance range: 0-150kQ). Size 2}in

Lasky's Price 39/6

Branches

_2}07 EDGWARE ROAD, LONDON, W.2 ~ Tel: 01-723 3271
Oy [

all U V, 8: closing 1 p.m; Thursday

33 TOTTENHAM CT. RO, LONDON, W.1  Tel.: 01-636 2605

all day, 9 am m 1y ture
3 FLEET STREET, LONDON, EC4 el.: FLEet St 2833
all Y glg v

Post 2/6

Th aturda

« EASI-TUNE” AM/FM MAJOR

V.H.F. CAR RADIO

A completely new British
mnade AM/FM car radio
that brings the HI-Fi
quality of FM trans-
missions to your car
(ALL the mnew local
stations) PLUS medium
waveband cover 186-
670m and long wave-
band cover 1,150-2,000in
(FM cover: 88-108Mc/s
with automatic AF.C.).
Features five EASBI-
TUNE push buttons for wave change and instant selection of three of your favourite
tuedium wave stations, plus full mwanual tuning. Nine transistor and four diode circuit
gives innmediate feception, powerful 3}W output and sup: performance at high
speed. Other features include illuinated dial, red * on"' indicator, tone control.
Stroug metal cuse si i 2 .« 8lin (fts all standard cut-outs), Very handsome
appearance, silver/b! Jehrowe finish, For 12V positive or negative earth operation.
Caomplete with 7 - 4in speuker, baffle board, universal wounting kit and instruction
nunual,

LASKY'S PRICE 23 Gns. ros rree

N E ANOTHER “EASI-TUNE”
CAR ENTERTAINER

THE STEREO-TONE
STEREO TAPE
CASSETTE CAR
PLAYER

Another British first—
right on time, right up-
to-date the Ilatest iIn
travelling pleasure. Plays
ALL the mnew great
range of PHILIPS
Musicassettes with over
250 titles now available—
giving YOU the choice
of music for your
journey (each eassette
gives up to 48min
continuous play). The
Ntereo-Tone iv compact, ensy to
well proven Philips tape play
fier giving 2}W output per ¢
unfoff with indicator, single co
bass, treble and stereo balance
the Ntereo-Tone slides out iro
casgette over then pushes
cablnet is made from high q
satin silver control panel with black kuoobe, Bize only 9% b}
1} Lp.s. with transistor motor regulator, Operates on all 12V positiv
earth eystems. Complete with two loudspenkers, bafe boards,
(four screw fixing) mounting asseibly AND one Free Musicassette of your cho!

LASKY’'S PRICE £29.0.0 ro.c eree

TWO BAND TRANSISTOR CAR RADIO BARGAIN!
MODEL CR-62

A wpew high quality imported all transistor
superhet car radio that really breaks the
quality/price barrier. A unique feature of
this set are the four M/W band station pre-
selection buttons which you yourself set to
your own four favourite stations—thia is in
addition to full M/W band cover over
536-1,600kefs and full LYW baml cover over
150-300ke/s (IF frequency 435kefs). Exter-
nally adjustable a I trimmers ensure
maximum output. traneistor (including one Jdrift type) and one diode clreuit
provides powerful 2W output. The set is wdjustable for use on cither positive or
negative ground 12V systems (external line fuse fitted). Stamdard nting size
6} < 5] < 2in—front panel }in larger ull round—finished in anodised aluminium with
black push buttons. Complete with mounting brackets, full installation instructions
and two bafile boards (for round or elliptical speaker). Fully guaranteedl.

LASKY'S PRICE £9.19.6 ros s/

8 < 4in elliptical 80 dynsmic speaker 17/8 exiza—Post FREE.
SPECIAL OFFER—LOCKING CAR AERIAL Model $3003 five section 402 extemsion
heavy chrome telescopic wing mounting type with unique locking device to protect the
antenns when closed. Complete with mounting bracket, lead and plug and two'*keys'’.
LASEY’S SPECIAL PRICE 30/8 Post Free with the Royal CR-62. Post Sep. 2/6.

fit aml styled to enhance any cir.  Incorporates the
shanism and o specially developed 12 transistor ampli-
nel with sharp stereo separation. Comtrols Include
sl for start/etop, fast forward and rewimd, sep. volume,
ntrols. Tape loading and change are super easy—
ts vibration free mounting for inserting or turning
The Stereo-Tone
ty seratch proof CYCOLAC plastic in dark grey with

i) i Tupe speed
r negative
elmple

High Fidelit tie Centres

42 TOTTENHAM CT. RD., LONDON, W.1

Open v Thurke carly closing 1 p.m. Sat

Tel.: 01-580 2573

118 EDGWARE ROAD, LONDON, W.2 Tel.: 01-723 9789
Open all day Satur

lay, early ¢l This

ALL MAIL ORDERS AND CORRESPONDENCE TO: 3-15 CAVELL ST, TOWER HAMLETS, LONDON, E.1 Tel.: 01-790 4821




PRACTICAL

w i ELECTRONICS

LABOUR OF LOVE

66

trouble with certain amateurs™ we heard a well
known professional recently complain, “is that
they make things far too good”. This was a mild
protest at the fastidious concern for detail and elabora-
tion indulged in by some spare time constructors.

In expressing this opinion, this critic certainly revealed
his awareness of amateurs, and indirectly paid tribute
to the high standard of craftsmanship often found
amongst the non-professionals. This is certainly
gratifying. In all walks of life too much distinction is
maintained between the amateur and the professional.
In general parlance the term professional, when applied
to person or product, suggests superiority. Quite
commonly it is assumed -that the amateur represents
merely the second best.

The activities and achievements of individuals in
fields outside their normal vocation are often belittled
without just cause. Resentment of outsiders poaching
upon their exclusive preserves, plus a feeling of in-
security or even of inferiority (unadmitted, of course)
may be contributory factors for the patronising manner
adopted by some professionals towards their amateur
brethren.

So far as our own particular field of interest is con-
cerned, we have occasionally encountered such attitudes
from individuals professionally engaged in the
electronics industry. Happily such cases are the rare
exception. Many of our most esteemed friends and
associates are in the industry. Professionals they may
be, but also real amateurs at heart. For what does the
word really mean but a lover, or devotee. Genuine
interest and high proficiency in a subject (whatever it may
be) should not be automatically nor exclusively equated
with professionalism. Let’s face it, there are good
and bad workers on both sides of the fence!

Now to answer the above quoted criticism levelled
at some amateurs. A project undertaken for enjoyment
in one’s own time is bound to reflect this in countless
little ways. The finalised piece of home-made equip-
ment will carry some marks of the builder’s own
personality, and not an inspector’s rubber stamp applied
at the end of a production line. The amateur has no
time sheet to fill in, and if the fancy leads him to a little
extravagance—it is his own pocket he dips into. Fussy
concern for detail is no cause for condemnation, but
rather for envy. Many a professional must, on occa-
sion, wished he could have spent more time or used more
material on a given project. But in the commercial
world things are necessarily rather different. Ay,

there’s the rub!
F. E. Bennett—Editor
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1s article describes the construction of a simple low

I cost alarm that will prove effective as a deterrent

to vandals or marauders visiting your yacht or motor-
boat.

Although primarily designed to prevent unlawful
entrance through boat doors and hatches, it may also be
employed as a burglar alarm for cars or as a domestic
sentinel. Current consumption on standby is exceed-
ingly low, in the order of microamps and the choice of a
silicon transistor in the first stage insures against
fortuitous switching of the relay through thermal
influences.

CIRCUIT DESCRIPTION

The circuit diagram for the alarm system is given in
Fig. 1. In essence the circuit consists of an npn
emitter follower TR1, the load of which is a 500 ohm
600 type relay RLA, followed by an astable pulse
generator (TR2, TR3) switching an alarm at a selected
frequency.
. In the standby condition the transistor TR1 is held
off by the loop of closed microswitches which are fitted
to hatches and doors. It was found in practice that the
relay would not trip even for a loop resistance of
50 kilohms, so it can be seen that high contact resistance,
effédcted by alternative choice of contact plate switching
- through poor connection, should not reduce the
. efficiency of this alarm.

_ ACTIVATION OF ALARM

__If the loop line is broken through forced entrance,
the small quiescent current through R1 is diverted to the

base of TR1 which switches on, so energising relay RLA.

. The normally open contacts RLLA1 close. This has the

initial effect of providing a laiching potential to the

- relay by way of R2 thus ensuring that any attempt to

. cut off the alarm by closing doors or hatches and so
completing the loop is frustrated since the relay
armature is held in effect by its own contacts.

Any attempts by the marauder to rip out the loop
wires are equally ineffectual with this latching action.

ASTABLE MULTIVIBRATOR

The closed relay contact RLA1 also completes the
circuit for the complementary astable multivibrator
circuit composed of TR2 and TR3. Most readers are
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probably familiar with the conventional multivibrator,
easily recognised by its crossed pair of feedback
capacitors. The circuit employed in this boat alarm
produces a similar output pulse, but it is very different
in its operation.

In the standby condition the electrolytic capacitors
C1 and C2 are discharged, but with the closing of RLA1,
C1 charges through the point contact diode D1 and RLB
coil with a time constant appropriate to this series train.
Simultaneously C2 charges by way of RLB coil, VRI1,
and R3—with a relatively larger time constant.

Since the charging of C2 is exponential from zero, a
negative potential will appear at the base of the npn
silicon transistor TR2, proportional to the values of R3
and the frequency control potentiometer VR1. This
negative bias holds off TR2 and consequently TR3, 1
since no collector current is being passed to the base of |
this transistor. With the charging of C2 the negative-
hold-off bias is removed and TR2 is switched into con-
duction with consequent bottoming of TR3.

This means that most of the supply volts now
appears across RLB so closing the normally open
contacts of RLBI. At this point the diode DI is
reverse biased and does not allow the rap;d discharge of
C1 through TR3. This c&pacltor now acts as a
temporary supply to maintain the c(implemental;y pair
in conduction. With the discharge of C1 and C2 by
way of the base-emitter Junéﬁon of TR2, D1, and VRI,
the circuit reverts to its original state, with relay
contacts opening pnor to fhe nexl cycle of chargmg i
events.

MARK-SPACE RATIO

Whilst the consurnpﬁon of the oyemag unit isa
nominal 20mA, the current taken by ﬁlt?alarm“a‘udm L
transducer will be wvery much greater. A degree of
power conservation can be achieved by adiam;ng VRL
for the smallest markato-space ratm. e :

This setting will of course, be a. compm:mse between
an urgent alarm repetition rate, if this is mqumad and
the available capacity of the batteries employed. #

If a bank of high power zinc-carbon dry cells, such _
as Ever Ready HP1’s are used with a car horn, the
mark-space potentiometer setting should be at its |
lowest—although it must be stated that these cells
would be more suited to a large underdome bell as
an alarm.
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Relays
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Fig. I.

Circuit diagram of the boat alarm

Connectors

PLI, SKI 8-way standard multi-pole connector
(plug, socket, cover shell and retainer,
Radiospares)

Miscellaneous

BY! 12V battery (see text)

X1 Car horn (see text)
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troniques)
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Fig. 4. Interior view of the main unit.” Relays and circuit
board have been moved from. their normal positions to
clarify the wiring details

- Obviously secondary type batteries, i.e. lead acid or

nickel cadmium will provide a much larger capacity, p

and may be preferred. Of the latter kind, the DEAC
5M6 is suitable (two will be required).

VETO SWITCH

The key operated rotary snap switch S1 is in shunt
with the alarm loop and is intended to be installed
outside the cabin or other protected enclosure. When
S1 is closed the alarm is inoperative and hatches and
doors can be opened with impunity.

When the cabin is vacated and the door locked prior
to departing from the vessel, the keyswitch is turned and
the key pocketed, leaving the system set up. It follows
of course, that the siting of this switch should be such as
to make. it as inconspicuous as possible.

RESET SWITCH

If an intruder does set off the alarm the deactivation
procedure on return would be to close the veto switch S1
with the key, and then press the push-to-break switch
52 which will de-energise relay RLI, so breaking the
alarm contacts RLAIl. Releasing - this switch
immediately sets the system to standby again. -

CONSTRUCTIONAL DETAILS

A suitable housing for the electronic assembly is an
S.T.C. diecast box slotted to take the Veroboard sub-
assembly (see diagrams and photograph).

Since this box is made of an aluminium alloy it is
essential to pdint this with a waterproof metal primer
(as used on boats) to prevent corrosion. This should
be done after the unit is sealed so that the paint applied
forms a barrier to corrosive influences. Technical data
sheets on the choice of primers and paints applicable
may be obtained by writing for relevant data sheets to
British Paints Ltd., Little Ship Division, Northumber-
land House, 303-306 High Holborn, London, W.C.1.

Fig. 5. Relay mounting bracket

In the relay sub-assembly, drilling of all holes in the
mounting bracket shotld be done using the template
shown as a guide. Since the circuit consists entirely
of switching elements there is nothing particularly
critical in the construction.

The unit should be given a functional check prior to
boxing and particular care should be taken in making
the breaks in the copper strip of the Veroboard at the
extremes of the board, as one is sometimes inclined to do
this extremely fast’with a spot fact cutter and leave
pieces of swarf to short adjacent strips.

LOOP CIRCUIT SWITCHES _

It is recommended that linear action microswitches
be used in the loop circuit as “break-in” detectors.
Either the button or lever type microswitches may be
used as both types can be suitably recessed for doors and
hatches. .

Perhaps a more economic system would be the
employment of stainless steel shims arranged to operate
as contact plates. Wiring to these plates would be by
way of eyelet tags, the assembly being both electrically
and mechanically joined by brads driven through eyelet

‘tags and shims to the wood backing. As this was not

tried in the prototype system it can only be a suggested
possible alternative.

Connection to all microswitch detectors should be by
miniature p.v.c. 7/40 wire. Although not as incon-
spicuous as thin enamelled wire, there is less likelihood
of abrasion producing false alarms throwgh short
circuits if the loop wires are spliced in the run.

Since any attempt to cut wires will trigger the alarm,
concealment of these wires by channelling is not really
important. Any burglar who is au fait with alarm
systems would be deterred if he was made aware of some
protective guard against his intended pillaging; after all,
many motorists display stickers on their windows to the
effect that X’s proprietary alarm system is installed
—which is a daunting first line deterrent.

ACOUSTIC TRANSDUCER

The audible alarm device suggested is a v.h.f. car
horn. However, since the contacts of relay RLB are
heavy duty, other types of alarm may be fitted, such as a
strident bell—this applies particularly if the system is
adopted for home or business protection.

For. the larger vessel with its own power supplies,
existing hooters, marine horns, or loud hailers can be
connected in the external switch circuit.

If the system is used for car protection, horn and
headlights can be arranged in series with the RLB
contacts. This will necessitate the use of an extra pair of
contacts at the multi-pole connector PL1, SK1 for load
sharing, as these contacts are only rated at 5 amps. *
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N oW THAT stereophonic broadcasts are in full swing

in the U.K. (albeit of insufficient quantity and in
a limited number of areas) the manufacturers are
jumping on what is now an established bandwagon.
The trend to what is termed the *‘tuner amplifier” is
spreading to include stereo.

The problem re-emerges: What is the best unit to
buy? This is one question constantly being asked, and
it is almost impossible to answer in a few words,
because of the many and varied aspects which anyone
would look into—not least of these being the capital
cost.

Probably the best approach is to take advantage of
free entrance facilities offered to that popular event,
the Audio Festival and Fair (April 18 to 21). This year
the Hotel Russell, Russell Square, London. W.C.1,
will open its back doors once again to the hoards of
enthusiasts who diligently sort their way through the
hotel rooms looking (or should I say listening) for the
ultimate in sound reproduction.

Among a plethora of equipment, no doubt, the regular
visitor will find his pet subjects and the newcomer will
be baffled by what may appear to him to be the old
game of hunt the thimble. How best can we help
him? First of all, decide before you go whether your
visit will be confined to certain types of equipment or a
general survey of the whole scene. Stamina could be
sucked dry if you attempt to take in every single item
and demonstration, so that by the time you reach the
fourth floor you will be glad to go down again.

If you are set on a particular branch of the audio
scene, get a catalogue—it will save quite a bit of shoe

Baker ““Major®’ loudspeaker
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Garrard SL95 auto
transcription turntable

By M. A. Colwell

leather.
interests.
booths; then after further jottings find your way to the

Browse through and make jottings of special
See the equipment on the ground floor

demonstration rooms of your choice. The catalogue
will help here again to locate these although, with a
little common sense and observation of the direction
arrows at strategic points, you should have no difficulty.

Now for the gear! The following is a preview of some
of the equipment to be seen. It is interesting to note,
during the current national prestige boosting campaign,
that imported products are generally more expensive
than the *home grown™ varieties.

TUNER AMPLIFIERS

The *‘tuner amplifier” mentioned earlier is a term
applied in recent years to equipment combining radio
tuning and amplification. The addition of a loud-
speaker (or in the case of stereo, two loudspeakers) is
usually left to the choice of the user, since there is a
wide variety of types at different prices according to
one’s requirements.

Typical examples are shown by the Sansui range.
The one illustrated here is the Model 2000 stereo
tuner amplifier which overcomes input matching
problems by using a field effect transistor at the front
end of the amplifier. Inputs are provided for tape head,
pick-up, or tuner (internal) for mono or stereo listening.

Later this year the Sansui Model 3000A will be
available and offers a higher power output than the
current Model 3000. This is also in stereo. The
importers are Technical Ceramics Limited.

Sansui Model 2000 stereo
tuner amplifier




Arena of Denmark will be introducing their new stereo
tuner amplifier type TI500F through Highgate
Acoustics. Modular construction has been used and it
offers an output power of 6 watts per channel for input
sensitivities of 10V for a.m. and 1xV for f.m. The
picture shows the unit with two matching speakers
type HT21.

In addition to their current range of tuner amplifiers,
the Trio Corporation of Japan are presenting a new
solid state amplifier, the TK150E stereo, through their
agents B. H. Morris & Co. (Radio) Ltd., a subsidiary
of Lasky's Radio. The price compares modestly with
the Supreme I—a 64W per channel stereo amplifier,
employing separate bass, mid- and high-range amplifiers,
expected to retail at £280.

Armstrong will be showing their Series 400 and
Series 27 equipment which includes amplifiers, tuners,
and stereo decoders.

When selecting f.m. tuners, look for a.f.c. This
overcomes many drifting and fading problems often
caused by intervening obstructions between trans-
mitter and receiver, or varying atmospheric conditions.

Provisional information obtained from Rogers
Developments (Electronics) Ltd., reveals a new f.m.
tuner using an f.e.t. front end enabling it to handle
large signals without cross modulation, while at the
same time being suitable for areas of low signal strength.
A.F.C. is incorporated in this model. A multiplex
stereo decoder is available as an optional extra. This
“Ravensbourne 2 tuner has been designed to match
the “Ravensbourne’ stereo amplifier.

SPEAKER UNITS

Many people have different ideas on what is the best
speaker. It is largely a matter of personal choice since
almost all manufacturers claim the best from their
units. Look for a specification with a high flux
density magnet and strong rigid frame if going for a
moving coil type. Of course, it must have an impe-
dance to match the amplifier. Excellent results are
obtained with the established Quad electrostatic unit.

Well known names such as Wharfedale, Whiteley.
Celestion, Goodmans, and so on, will no doubt attract

Shure M75E-95G “*Guard-a-Matic”’
cartridge with suspension system

Arena stereo tuner amplifier type TI500F with two HT2l speaker units
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the usual audiences for comparative listening. Of
course, they all use different records, pick-ups, and
amplifiers, which may give slightly differing results.
So it is difficult to make direct comparisons, especially
when the rooms are packed with steaming bodies
under the floodlights. Perhaps you may be athletic
enough to dash from one room to another before the
memory of what was heard first has faded.

In between the aural bliss of Satchmo and the 1812,
take a look at the Titan Minor loudspeaker by Audio &
Design. This uses a titanium cone on beryllium
copper suspension. It is claimed to reproduce bass
more efficiently than conventional types for its size. It
is available housed in a cabinet 174in % 1lin % 8lin.
Power handling capacity is 15 watts from 40Hz to
22kHz, - 4dB.

DISC EQUIPMENT

Ancillary equipment can be added at various stages
as funds permit, but it is always worth making notes at
the Fair for future reference.

Pick-ups have seen some design changes in recent
years and it will be interesting to see what is new.
Tracking weight is frequently a subject of much
confusion. Let it not be assumed automatically that
the lighter the stylus pressure, the better the performance.
Similarly with record wear, much depends on the
design of the pick-up arm and, even more, on the
true running of both turntable and disc.

Where these factors are near perfect, then one can
entertain the § ounce pressure, otherwise there is the
risk of groove jumping on less accurate turntables and
discs. Pick-up arms should be very free moving both
horizontally and vertically.

Of unusual design, the Shure M75E-95G “Gard-a-
Matic™ Hi-Track cartridge. is designed specifically for
the new Garrard SL95 transcription turntable (see
later). The performance is equivalent to that of the
M75E but with a retractile safety suspension system,
claimed to provide scratch-proof, bounce-proof opera-
tion where floor vibration is a problem. Shuré also

Rogers ““Ravensbourne 2’’ f.m. tuner




announce new models in the “economy” range of
cartridges. The M31E and M32E have elliptical tipped
stylii for tracking at 1-2gm and 24-5gm respectively.

Audio & Design are introducing a stereo “induced
field” cartridge with an output of 0-9mV per cm/sec.
It uses an elliptical tipped stylus and is intended for
feeding into high impedance inputs. :

Cosmocord have developed another version of the
stereo compatible cartridge announced last year. The
Acos GP91SC incorporates a mono crystal for mono or
stereo records. The stylus is suspended on a flexible
plastics arm so that it will track stereo grooves, while
reproducing a mono signal. It is available in three
versions with outputs of 200, 350, or 640mV at |-2cm/sec.

The Goldring Model GL75 transcription unit, with
“free field”” stereo magnetic cartridge, maintains the
tradition of their using variable speed motor units. The
new pick-up arm has a sliding counter balance to cali-
brate stylus pressure, and can be raised or lowered
hydraulically on to the disc by operating a simple lever.

Garrard equipment at a more modest price include the
APT75 single record player, Models SL95 and SL75
auto transcription turntables and the Model 3500 auto
turntable, with a low mass pick-up arm, and cue and
pause control.

The Model SL95 features “gimbal-type™ pick-up arm
pivots; the arm has afromosa wood set into aluminium
for low frequency resonance damping. The record
platform can be pushed down out of the way for single
play operation.

Following some suggestions made to B.S.R. they
have now superseded the UA70 with-a new Model
UQ?S, which uses a heavy cast alloy machined turn-
table.

TAPE RECORDERS

Probably the most interesting news in the tape
recording field is from Ferrograph. After 18 years of
pounding on their “Tape Deck” (which was originally
registered as a trade mark), with very little alteration
to the basic design, they have decided to up-date the
appearance and construction to the sleek squarish
model basic to the new Series 7.

The electronics are similarly up-dated to all- solid
state silicon devices, including f.e.t. input stages. The
machine can be used horizontally or vertically with easy

Ferrograph Series 7 stereo recorder

Goldring GL75 transcription unit with
lever operated pick-up arm

access to the electronic units. A time switch is in-
corporated for preset starting without the need for it
to be previously powered. Several other features are to
be found, based on principles in its forerunners. Pre-
record facilities for multi-play echo will be found on
stereo models, which are supplied with either half-
or quarter-track heads.

For another example of a professional studio tape
recorder, look out for the BTR4 by E.M.L. Its
complementary portable recorder the L4, with film
sync facilities is popular for field work among profes-
sionals and amateurs.

The latest Brenell deck, Mark 5 Series 3, will be on
show; features of this model include a self-compensating
braking system, and space for accommodating up to
four heads for mono or stereo.

ACCESSORIES

Microphones for mono or stereo will be in abundance,
including the MD409, and MD415 by Sennheiser
(through Audio Engineering), specially designed for
“pop” group vocalists. Both have anti-feedback
properties and the bass response is tailored for close
microphone technique.

The same Company is also demonstrating a new pair
of stereo headphones, HD414, for those audiophiles
who want personal listening while the wife watches the
television.

The well known range of Shure microphones is to be
supplemented by the Unidyne IV series, Models 548
(mono) and 548s (stereo). These are designed for
professional applications and are fitted with Cannon
type connectors.

Finally, a word of advice. Don't arrive at the doors
without a ticket or you may not get in. Tickets can be
obtained free of charge through your local hi fi dealer
or from the organisers of the Audio Festival and Fair.
42 Manchester Street, London, W.1. (include a stamped
addressed envelope). *




E most useful test for a transistor is to plot its com-
plete range of input/output characteristics. Not
only will this show up the transistor limitations but a
great deal of useful information can be derived from a
study of the curves.
These characteristics can be produced by making
measurements point-by-point using meters to indicate

the value of currents flowing. However, this ‘‘static”
method is subject to a number of serious limitations,
the most important of which is the overheating and
possible destruction of the transistor when measure-
ments are attempted at the -higher current end of its
characteristics.

A much better method is to allow the transistor to
| reach its high current values for only a very short
- period of time. This is called the “dynamic”” method
| and to use it a cathode-ray oscilloscope must be used
| to display the transistor characteristics.

This article describes a unit which may be connected
to almost any conventional oscilloscope in order to
display the transistor characteristics. Single curves
can be shown and arrangements are included to permit
“*families” of ten or more curves to be displayed.

METHOD OF TESTING

The basic technique is shown in Fig. I. Half sine
waves of voltage are applied to the collector of the
transistor from a mains transformer via a load resis-
tance Ry and rectifier D1. A constant bias current is
fed to the transistor input through switch Sl, either to
the- base or the emitter depending upon whether
common-base or common-emitter curves are required.
A voltage proportional to the collector current (Ic) is
“developed across the load resistance Ry, and applied to
the Y-plates of the i
Vei

current /c changes due to
cteristics of the transistor, - The

the oscilloscope. The collector voltage
Y ; dg S R e
varies from zero to the peak

Since the transistor is put through this cycle of applied
collector voltage change at a rate of 50 times per second
(actually 100 times if the reverse change of Ve is also
used as in Fig. 1) then a clear trace of this characteristic
is maintained on the face of the tube. This curve is,
of course, applicable to the particular bias current
chosen which depends on ¥y and the value of bias
resistor Rp. To plot a series of such curves it is only
necessary to change the value of Ry in steps, allowing
one complete curve to be traced for each fixed value
of Ryp.

With the simple arrangement of Fig. | it is possible to
plot I/ V¢ curves for common-emitter or common-base
configurations by suitable settings of S1. Both pnp and
npn transistors can be tested by choosing the correct
polarity of half-sine wave obtained by the appropriate
setting of a reversing switch S2, ‘connected to the
rectifier D1.

In order to convert this circuit into a practical arrange-
ment it is necessary to add a means of changing the

EHP syitch reverses

elage NPN waveform polarity

ana

Transistor
under test




value of Ry between each curve traced in order that
multiple curves can be displayed. It will also be neces-
sary to include a cathode follower (or emitter follower)
between the X output of the circuit and the oscilloscope
in order to avoid loading the high impedance collector
circuit. This is particularly important when common
base curves are to be displayed. Several different
collector voltage and current ranges will be required to
accog‘nmodate all the transistors that are likely to be
tested.

PLOTTING FAMILIES OF CURVES

A convenient number of curves to produce a useful
“family” is about ten. These curves will be traced
one by one and in order to see them all together on the
oscilloscope screen it will be necessary to repeat them
fairly regularly (or alternatively a cathode-ray tube
could be used having a very long persistance phosphor
screen). What is required is a rapid single-pole ten-
way switch stepping on automatically and continuously
to repeat its sequence of ten positions. A Post Office
type uniselector switch meets this specification admir-
ably. For those not familiar with this device a brief
description will not be out of place. Refer to Fig. 2.

The uniselector switch is operated by applying a pulse
through the coil which pulls down an armature carrying
a claw to engage on the ratchet wheel. This wheel is
attached to the wiper arms of the switch; the fixed
contacts are arranged in a semi-circle around the switch
arm. Thus each applied pulse rotates the switch arm
by one position and engages with the next fixed contact.

Many versions of the uniselector are available and
can generally be adapted for our purpose. A number
of parallel banks of switch contacts are usually found
and three will be required for the Curve Tracer. A
standard type of driving coil is one requiring 50 volts
to initiate a switch operation. Other types may be
found and the driving voltage can be changed or coil

rewound to accommodate a different design. The one
used in the prototype had a 75 ohm coil.
FINAL CIRCUIT

The complete circuit is shown in Fig. 3. A stabilised

power supply is included which uses two 150V refer-
ence tubes V1 and V2. This supplies the constant
voltage source for the base current determining net-
work, and also voltage supplies for the cathode fol-
lower V3 driving the X-plates of the oscilloscope.

A five-pole, two-way switch S8 enables either a single
curve to be traced or a family of characteristics dis-
played. (S is for a single sweep display; A is for
auto-repetition.) It is convenient to commence our
description of the curve tracer by considering switch
S8 to be in the “‘single™ position.

The appropriate polarity of base current is selected
by switch S5 (generally negative for prp and positive for
npn transistors, although a reverse characteristic may
be required sometimes).

The reference voltage is applied to a potentiometer
network S6 which allows a selection of input currents
covering the range 10mA, SmA, 2mA, 1mA, 500pA, and
200pA, depending on the switch position. Fine
control of input current for a single trace is provided by
potentiometer VR2, which can be calibrated 0-1, 0-2,
and 0-5 if desired, to correspond with the choice of
range available.

A meter is also included in the circuit to measure the
exact value of current supplied to the base. This has
current shunt resistors, wound to give full-scale
deflection of 10, 1, and 0-lmA. The current passing
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Fig. 2. Side view of uniselector; the armature is at top
left above the coil

through the meter is direct current; a full-wave bridge
rectifier has been included in the circuit. This is to
avoid changing connections to the meter when the
polarity of the input voltage is reversed by S8. If
desired this bridge can be omitted and its place taken by
a reversing switch similar to that shown for S2. ;

The configuration of the transistor undergoing test Is
selected by means of S4. This permits the current set
by VR2 to be applied to the base or emitter depending
upon whether it is desired to display the grounded
emitter or grounded base characteristic. )

The collector voltage is a rectified sine wave supplied
via D3 from the 50V secondary of a mains transformer.
The maximum amplitude of this sweep voltage is con-
trolled by the setting of potentiometer VRI. The
polarity of the sweep voltage is selected by S2 to suit
either pnp or npa transistors. .

The sweep voltage is also applied via the cathode
follower V3 to the X-plate of the oscilloscope tube. A
preset adjustment VR3 is provided in V3 cathode
circuit to give zero adjustment. A

The current axis voltage, representing the change in
collector voltage as the transistor collector potential is
swept through its range of values, is taken from across
a resistor, selected by S3, and fed to the Y-axis ter-
minal of the oscilloscope tube. 5

Six current ranges are provided for maximum
currents of approximately S5mA, 2:5mA, 500pA,
250pA, 100pA, and 10xA, depending on the position of
S3. Resistor R7 is included to complete the circuit and
prevent a surge in current which would otherwise occur
each time S3 was moved to a new position.

When switch S8 is moved to the ““auto™ position, the
uniselector is brought into action. Instead of the
value of the input current being set by the position of
VR2, a set of resistors, R26 to R34, are sequentially
brought into circuit as the uniselector is stepped round
to each of its contact positions in turn.

A separate curve is displayed during the time that
the uniselector is stationary and a particular resistance
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INPUT 230,240v. A.C. 50/60
OUTPUT VARIABLE 0-260v.
BRAND NEW

Keenest prices in the country. |
All Types (and Spares) from
L to 50 amp. from stock. I

SHROUDED TYPE
1 amp, £5. 10. 0.

2.5 arnps.l
£6. 15. 0.

4 amps, £9. 0. 0.

S amps, £9, 15, 0, 8 amps,
£14, 10. 0. 10 amps, £18, 10, 0,
12 amps, £21. 0. 0. 15 amps,
£25. 0. 0. 20 amps, £37, 0. 0.
37.5 amps, £72. 0. 0. 50 amps,
£92. 0. 0.

OPEN TYPE (Panel Mountmg)
tamp, £3, 10, 0. | amp, I
2% amps, £6. 12, 6.

PORTABLE TY PE
PORTABLE TYPE 1.5 amp. portable fitted metal c1se.|

ILIGHT SENSITIVE SWITCH

Kit of parts, including ORPI2 Cad-

mium Sulphide Photocell, Relay,
Transistor and Circuit. etc., 6-12

volt D.C. op. price 25/- plus 2/6

P. & P. ORP 12 including circuit,

10/6 each, plus 1/- P, & P.

A.C. MAINS MODEL Incorporates
Mains Transformer, Recr.iﬁer and special
relay with 3,5 amp mains c¢/o contacts.
Pru-.e. inc, clrcmt 47 6 plusl GP & P,

“LIGHT SOURCE A AND PHOTO
CELL MOUNTING

Precision engineered
| light source with focusible- %
lens assembly and ventilated

lamp housing, to take MBC bulb. Separate
photo cell mounting asscmb!y for ORP. 12
or similar cell. Both units are single hole
ﬂxmg Pnca per pmr £2 15. D. e & P. 3/6

£9.5.0. voltmeter, lamp, switch, etc.
— e e o Similartoabove 2.5 amp. £11.7. a (R:ESSLTTAE%LE 2 ﬁgn:!IeGIHOUD OI?:ECER
100 WATT POWER RHEOSTATS (NEW) /4 {sa 48 v. D.C. operation. €3/10/-, P. &

AVAILABLE IN THE FOLLOWING VALUES Y
| ohm, 10 a.; 5 ohm, 4,7 a.; 10 ohm, 3 a,; 4
150hm,2a.; 50 ohm, 1.4 a.; 100 ohm, | a.; 53
250 ohm, .7 a.; 500 ohm, .45 a.; 1,000 ohm, I
280 mA; 1,500 ohm, 230 mA; 2,500 ohm, .2 a. D:ame;cr[
3fin.  Shaft length Jin., dia, {jin. Al “at 27/6 each

3 P

P. & P. 1/6.

50 WATT. 1/5/10/25/50/100/250/500/1,000,/1,500/2,500
ohm, 21/-. P. & ? 1/6.

25 WATT. IGJZS 50/100/250/500/1,000/1,500/2,500

ohm, 14/6. P & & P. /6.
e

—
VENMNER ELECTRIC TIME SWIT H
200-250 v. A.C. 20 amp. contacts twice on,
twice off, at any manually pre-set time.
Spring’reserve (in case of power cut) fully
tested £3/9/6. P. & P.4/6. Or complete
in weatherproof metal case (illustrated)
£3/19/6, plus 4/6 P. & P. Can be supplied
with solar dial, on at dusk off at dawn.
Prices asiove. 3 L7 UGN
AR BLOWER
Highly efficient blower unic fitted with
tatzl!y enclosed 200/250 v. A.C. 50 cycles.
h.p. motor produ::ng 2,800 r.p.m.
Gutlet 21 1L, used, but in firse class con-
dition and tested. Price £3/15/-. P. & P, 7/6.
P i N s —
230/250V. A.C. SOLENOID
Heavy duty type, approx. 3 Ibs. pull. Price:
17/6 plus 2’6 P. & P.

12/24V. D. C SOLENOID
Approx 8 oz. push Pru:eBépIus ] 6P__&_E‘.

PRECISION INTERVAL TIMER
From 0-30 seconds (repetitive). Jewelled
balanced movement. Lever re-set.
Operates 230V. A.C. 5 amp. ¢/o Micro- F I'
swuch New Prn:e 17/6 plus 2,6 P. & P. B I
CONDENSER 4000 mm 25v. 10/6 plus 1/6 P

rrm— p— — P— |

CONSTANT VOLTAGE TRANSFORMER =
13

Input 185 250 v. A.C. Output 230 v A.C.
Capacity 250 wate. Attractive metal case.
This super-l
ase

Fitted red signal lamp. Rubber feet.
Welgh: l?ib Fr;ceﬂl lDfﬂ B &P I5' i

PHOTO "MULTIPLIER. Typc CV337
sedes type 93|A. Complete with special P.T.F
and divider network. 57/6 :m:I A & E

— — — — m—— —_—

RADIO
ALTIMETER

o — m— — — e —
This precision instrument, built ~ — | A.C. CONTACTOR
to highest Ministry spectfca:!on is based on a24v, D.C, |2 make 2 break (or, 2

LOW |NERTIA Integrating Motor. The Motor, fitted
with gold brushes and drawing only 800 microamp ;ul
24 v. D.C., drives two precision pots with pla:inuml
wipers through close tolerance gear-trains, including
miniature slipping clutch, combined with two sub- |
miniature pots for calibrating the electrical bridgel
circuit. The 3 in. calibrated dial, with a number
aperture indicating one rev. per revolution of pointer
with maximum of 5 revs. gives an effective scale |el‘|glhl
of approx. 30 in. Offered at fraction of Manufacturer’s
price, 32/6. P. & P. 6/-.

lTHYRISTOR 400 plv 8 amp IB 6

| Dual range voltmeter. 0-5

*6 3 figure, 24 v. D.C. £1/12/6.
P. & P 6

—— — ——
DRY READ SWITCHES. New
special offer of Dry Read Switches half
amp. Contact. Size |4 x 4. 4 for 10/-
Post Paid,

|MINIATURE UNISELECTOR SWITCH

3 banks of || positions plus
homing bank. 40 ohm coil.
24-36 v. D.C. operation. s
?esced 22/ 6_Plu52f6P & P. "'_,-

-
CGMPACT HEAVY DUTY 6v D.C. ﬂELA‘f
2 change over, 30 ohm coil. 7/6 each.
P. & P. 1/6. 3 far 20/- Post paid.

NICKEL CADMIUM BATTERY
Sintered Cadmium Type 12 v. 7AH.

| Size: height 3! in., width 2 =2 |3 in.

Weight: approx. I3 oz
Tested. ll 6 P. & P. 2,’6
-

) SANVWA MULTI
e RANGE METERS

S New Model USOD Mulci tester,
20,000 OPY, mirror scaled with overload
protection. Ranges -d.c, volts: [100mV,
05 v. 5 v.,, 250 v, 1,000 v.; a.c. voles:
25v., 10 v, 50 v, 250 v., 1,000 v.; D.C.
current: 5 pA, 0-5 MA, 5 MA, S0MA,
250 MA. Complete with battery and test
prabe. £7/5/0 post paid. Three other
models available from stock. Descriptive
Ieafle: on request.

e wnr —

THYRISTOR 400ptv 5 amp., 14/6

220 240 v A.C. FAN U UNlT
2,300 r.p.m. 6" blade size. .
Smoath powerful motor. ‘I
All metal construction.
Continuously rated.
Individually tested.

Offered at fraction o¥
maker's price. £2.15.0, |

P. &

SANGAMO WESTON

and 0-100 v. D.C. FSD | m/a.
In carrying case with test

| prods and ‘leads, 32/6, P. &
P. 3/6.

c/o.). 15 amp. contacts.
230/240V. A.C. operation.
Brand new. Price22/éplus
1/6 P. & P.

20 Amp LEVER MICRO SWITCH

Brand new lever operated =
I Micro Switch. 20 amp A.C. |
c/o contacts. Price 4/6 each

plus 1/6 P. & P. 5 for £1

1 Post Paid.

S S S S S S S S — R — — S — — — —

All Mail Orders—Also Callers—Ample Parking Space
57 BRIDGMAN ROAD, LONDON, W.4 Phone 995 |
SHOWROOM NOW OPEN
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SERVICE TRADING CO

CLOSED SATURDAY

Personal callers only
9 LITTLE NEWPORT ST.
LONDON, W.C.2. Tel. GER 0576

560

COLOUR TELEVISION

With particular reference to the
PAL SYSTEM

Thereare 157 diagrams and photographs and
83 illustrations in colour.
by G. N. Patchett
40/- Postage |/-

MODERN TAPE RECORDING AND
HI-Fl, by K, Peters. 30/-. Postage I/-.

PAL COLOUR T.V., by Mullard. 12/86.
Postage i/-.

PRACTICAL WIRELESS SERVICE
T}IANUAL, Pub. Newnes. 25/-. Postage

ELECTRONIC COUNTING,
by Mullard. 27/6. Postage |/-.

BASIC THEORY & APPLICATION
OF TRANSISTORS, U.5. Dept. of Army.
12/-. Postage I/-,

RADIO VALVE DATA, 8th ed. compiled
by “WW?". 9/6. Postage |/-.

TRANSISTOR SUBSTITUTION
HAII}IDBOOK, Pub. F. Sams. 15/-. Post-
age I/-,

THE MODERN BOOK GO0.

BRITAIN'S LARGEST STOCKISTS
British and American Technical Books

19-21 PRAED STREET
LONDON, W.2
Phone: PADdington 4185

NEW
FROM

OLSON

INSTRUMENT CASES AND CHASSIS,
27 sizes and styles

OLSON ELECTRONICS Ltd.
Factory No. 8  5-7 LONG STREET
London, E.2.Telephone 01-739 2343




CIRCUIT DIAGRAM
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Fig. 3. The complete circuit of the curve tracer for connection to a d.c. oscilloscope
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is in the circuit. The uniselector is automatically
stepped on to the next position and a second curve is
displayed. The process then repeats and the whole
cycle repeats every 200ms. This is sufficiently rapid
to give the illusion of a stationary set of curves being
displayed on the screen simultaneously.

The uniselector is energised from the 40V secondary
winding of a mains transformer T3 via rectifier D4.

COMPONENTS . . .

The primary of this transformer is connected to the
mains supply via one of the arms of the switch S8a.
A time-constant (C5, R8) is included in the primary
circuit in order to phase the application of an operating
pulse to the uniselector to correspond to the half cycle
when the collector sweep is inoperative.

COMPONENTS

It is appropriate to mention some of the components
used in the instrument. The majority of them are
easily obtained, but it may be necessary to select values
of some resistors by measurement of a batch of the
nearest preferred nominal types. Others will need to
be made up by combinations of suitable values, these
being indicated in the components list and in Table 1.

Resistors R35 and R36 are made from resistance wire
(eureka or nichrome) to give the required values to
indicate 10mA and ImA f.s.d. on the meter. The
thinner the wire used, the shorter its length need be.
It can be wound on any insulating former to hand. If
the wire obtained is not insulated make sure that
adjacent turns do not touch; it is probably a good idea
to deposit molten wax on the finished article to keep
the wire firmly in place.

As an example, 38 s.w.g. eureka wire has a resistance
of 23-8 ohms per yard or 1-5 inches measures one ohm.

Resistors

RI  1:5kQ RI3 1000 *R25 13-8k Q2
R2 1k RI4 100 *R26 135k
R3  1-5kQ RI5 15kQ *R27 60k 2
R4 1kQ *R16 30k R28 33k
RS 27kQ RI7 18kQ R29 27k0
R6 68002 *RI18 5-4kQ) R30 15kQ
R7 12kQ 5% *RI9 6kQ R3I| 10kQ
R8 22kQIW  *R20 9-6kQ2 *R32 64k ()
R9 10kQ *R2l 3kQ *R33 3-8kQ

*RI10 5kQ *R22 12:2kQ *R34 1-6kQ2
RII 1kQ R23 [|-8kQ R35, 36 (see text)

*R12 5000 R24 1-2kQ

All 109, % watt except R7, R8, R35 and R36
Resistors marked with an asterisk are not standard
preferred values and should be selected from nearest
preferred values, or made up from combination of
two resistors to give each.required value. See
Table |

Potentiometers
VRI 50kQ linear carbon
VYR2 10k linear wirewound
VR3 5000 linear wirewound

Capacitors
Cl 16uF elect. 450V C3 100uF elect. 450V
C2 |6uF elect. 450V C4 |100uF elect. 450V
Transformers

T1 Mains transformer (Parmeko type P2752)
Pri.: - 10, 0, 200, 220, 240V;
Sec. 1: 200-0-200V 75mA; Sec. 2: 6:3V IA;
Sec. 3: 6:3V 2A; Sec. 4: 6-3V |A
(Sec. 3 and sec. 4 are not used in this circuit)

T2 Mains transformer (Douglas type MT 102AT)
Pri.: 0, 210, 240V

T3 Same as T2 but Sec. 040V used

Sec.: 0, 19, 25, 33, 40, 50V 0-5A (Sec. 0-50V used for T2)

Diodes
DI BYZI2 or 5403
D2 BYZI2 or 5403
D3 GI3M
D4 GEX54l
D5-8 Meter bridge rectifier |0mA

Meter
Ml 0-100pA moving coil

Fuse
FS1 IA chassis or panel mounting fuseholder

Switches
S| Double-pole, on/off, toggle
$2 Double-pole, changeover, toggle
$3 2-pole, 6-way wafer (only | pole is used)
S4 Double-pole, changeover, toggle
S5 Single-pole, changeover, toggle
S6 2-pole, 6-way wafer (only | pole is used)
S7 Single-pole, 12-way wafer (only 3 ways are used)
or 4-pole, 3-way (only | pole is used)
S8 é-pole, 2-way (only 5 poles are used)

Uniselector switch

US| 3 or 4 banks, each 25 ways, coil resistance 750
Terminals

X1, X2, X3 Screw terminals (3 off)

Plug and socket
PLl Mains plug, chassis mounting, type P73

Miscellaneous

Chassis 10in x 7in X 2in or made from aluminium
sheet I4in x 1lin 18 s.w.g.

Plywood or aluminium sheet for case 12in x 8in x
8in internal dimensions

Clamps and insulation for C3 and C4 (2 off)

Valveholders, B7G (2 off); BBA (| off)

Tags boards, double, 18-way, |2-way, and 7-way

Tag strip, single, 5-way

Brackets for 18-way tag board

Valves Pillars, 23in long, for 12-way tag board
VI Gas filled stabiliser type 150C2 V3 6LI8 triode Grommets; 3-way terminal block
V2 Sameas VI . Seven knobs, nuts and bolts, wire
B
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Table 1: NON-STANDARD RESISTOR
\ ; COMBINATIONS
] Required )
Resistor value ! Combination
RIO 5k 10k -+ 10k in parallel
RI2 50002 1kQ - 1kQ in parallel
RI6 30kQ - I5kQ -+ 15kQ in series
La RIS 5-4k () 2.7k - 2.7k in series
RI9 6k} 12kQ -1 12kQ in parallel
R20 9.6k () 6-8kQ) - \ 2:7k () in series
“R2l 3kQ 1-5kQ -~ 1-5k€) in series
R22 12-2k Q2 12k 2 nominal selected by
. measurement
R25 13-8k() 56k - 18k in parallel
j . R2s 135k ) 560k - 180k in paralfel
= ‘R27 60k 120k Q) -|- 120k in parallel
R32 6-4k ) 33kQ - 82kQ in parallel
B3 8 38kO 82k - 68k in parallel
R34 1-6k 2 5-6k () -- 22kQ in parallel

]

Fig. 4. Front panel and chassis assembled. Hole sizes and
positions will depend on the components actually obtained,
but the wiring diagrams in Figs. 5, 6, and 7 appear half scale
and give a reasonable guide to positions
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Fig. 5. Wiring the components on the front panel. The component group board is tilted up to show connections, but
is in fact fitted to brackets on the front panel. This drawing appears approximately half scale
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Fig.6. Top side wiring of the chassis. Each dash on the uniselector represents an outlet tag; the wiper is at the right
hand end and coil connections underneath (not visible here). The uniselector is mounted on pillars above the chassis.
C3 and C4 are underneath the group board. This drawing appears half scale
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Do not allow the wire to become stretched or the
resistance will increase per unit length. The values of
resistance needed for R35 and R36 will depend on the
d.c. resistance of the meter coil. These can be cal-
culated from the formula:

Ry X Im
R — Dy X Iy
Ry ey

where Rs is the shunt resistance required,
Ry is the meter resistance,
Is is the current scale required,
Iy is the nominal current rating of the meter (in
this case 100¢A).

When making the calculation, resistances are in
ohms and currents in amperes, so allowance must be
made for the multiple and sub-multiple signs.

Capacitors Cl and C2 are tubular types and usually
insulated. In any case the can of C2 must not be
connected to chassis. C3 and C4 are the kind that have
to be mounted vertically on the chassis, but here again
the can of C4 must not be connected to chassis. It
can be wrapped with plastics insulating tape.

The transformers have been selected as being readily
available types. TI has three 6:3V windings but only
one is used for V3 heater. If desired, one of the other
6-:3V windings can be used to supply a panel bulb,
although this is not shown.

The diodes originally used were AEI types SJ403 but
it may be easier to obtain the Mullard BYZ12, which
has a substantially higher current rating.

The wafer switches are pre-assembled types that can
be bought for a reasonable sum, but S8 may havetobea
slightly more expensive “Yaxley” or ““Maka-switch”
type.

The uniselector switch is obtainable at many surplus
stores. At least three banks are required and a 759
‘coil. Check the action of this component before
buying to make sure that the wipers ride smoothly
through the arc of contacts. This can be done by
pressing the armature several times. No parts should
be damaged otherwise operation may be intermittent.
The uniselector has 25 ways; two series of 11 contacts
on each bank are paralleled.

FRONT PANEL

Front panel mounting position is given in Fig. 4 with
the wiring below it (Fig. 5). The wiring to S8 has been
abbreviated in the interests of clarity, but it should not
be difficult to ascertain the appropriate tags if wiring to
them is followed in alphabetical sequence, from a pre-
determined starting pole, in counter-clockwise fashion.

The “common” terminal on the front panel must
make either direct connection to the panel (if metallic),
or wired to a chassis connection. :

Resistors for connection to S3 and S6 are mounted
on an 18-way group tag board, which is fitted to the
top of the front panel by right-angle brackets. If the
resistors are uppermost, minor alterations to their
values can be achieved in sifu while the instrument is
operating.

CHASSIS CONSTRUCTION

Drilling details of the chassis are not given because
some adjustment may be necessary according to the
components acquired. However, the top and under-
side wiring diagrams of the prototype (Figs. 6 and 7) are
drawn to scale to give reasonable indication of the
positions of the components.

Transformer T1 is mounted so that the turret tags
project through the chassis for connection underneath.

i e
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Photograph of a family of Ic/Vc curves displayed on an
oscilloscope

If there are “*screen” tags on the transformers these must
be connected to chassis. ‘

The main power supply components are mounted
on a group tag board under the chassis, while C3 and C4
are fitted (as mentioned previously) to clamps on the
chassis. It may prove to be helpful to make the holes
for these large enough so that they can project through
to about one inch below the chassis top.

A 12-way group board is mounted on pillars above
these two capacitors to take the resistors for USI1b.
Here again, easy access is achieved for alteration of
component values.

Finally, before going on to the operation, a word of
warning : if it is necessary to make alterations while the
instrument is switched on, be careful where you put
your fingers and soldering iron. Components on the
front panel, as well as T2 and T3 carry exposed live
mains.

OPERATION

The curve tracer must be used in conjunction with a
directly coupled (d.c.) oscilloscope. The time base
must be capable of being switched out of circuit and a
d.c. amplifier substituted in its place. Not all oscillo-
scopes have this facility and it may be necessary to add
an amplifier to the design of the unit. It need only
have a modest gain of about a hundred times and quite
a small bandwidth and could derive its power from the
supply incorporated within the unit.

The type of display obtained is shown in the photo-
graph. The illuminated graticule shown in the photo-
graph was made from {in perspex placed immediately
in front of the oscilloscope screen. Edge lighting
through one edge of the perspex by means of a low
power bulb will light up the scribed scale lines. This
graticule was found useful in calibrating the curves
displayed on the screen.

The photograph shows the Ic/Vc characteristic of a
low gain pnp transistor having increasing values of
reverse base bias. The ninth and tenth bias values
bring the transistor into its cut-off region and conse-
quently only a single straight line is traced for both

steps. >*
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' two mds of electronic music effects circuit :

one can be considered as self-contained and self-
generating; the other is dependent on a sound source from

a musical instrument.

Sounds made by real cymbals or drums can be modified
electronically to produce unusual effects. This is where
the Drummer’s Whoosh Unit comes in; this will be based
on a modified version of the purely Electronic Cymbals
described in the present article.

electronic cymbals unit uses the white noise

I generator (described ifi January) and a power

supply (described in December) with a new filter circuit.

The circuits of the white noise generator and power

supply are reprinted in Fig. 1 so that the whole extent
of the circuit involved is realised from the outset.

The power supply is not shown in the photographs as
it was external to unit, but there is plenty of room to
incorporate it in the box if required. Alternatively,
the performer may prefer to use dry batteries, so making
the unit entirely self-contained and portable.

If required to be housed in the same box as the
Drummer’s Whoosh amplifier, this can still be done,
but we would recommend the constructor to exercise
some patience until next month’s article appears. The
same box can house one white noise generator and
filter for both purposes, with modifications to suit the
Drummer’s Whoosh.

With all these circuits it is necessary to add a power
amplifier and, since there is a wide variety of commercial
types available, the user should select one that will suit
the environment in which he is performing. Tone
controls are a desirable facility as will be seen later.
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SWITCHED FILTER

One white noise generator will provide sufficient
output to operate a set of cymbal effects circuits of
different pitches and qualities, giving a set of transis-
torised ‘‘cymbals” of relatively small size, and at
reasonable cost. The cymbals effect circuit is enclosed
in the dotted line box in Fig. 1a.

The 100 kilohm potentiometer VR1 controls the
level of the white noise signal fed to the filter circuit.
The white noise is filtered and deliberately “coloured™
by transformer T1 and capacitor C5, then passes by
way of C6 to the base of TR1. This transistor is
normally biased into non-conduction by a negative
supply applied through R10. A 1-5V or 3V battery
will usually suffice here, and serves to prevent a hissing
noise between strokes.




WHITE NOISE
GENERATOR
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47
kQ
c2 {0uF
c424
10uF : ME4IOS
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-
+

2

c3

100!

nt HE
diode

Fig. la. Complete circuit of the
cymbals effect unit

Fig. 1b. Modified
power unit to
supply negative
bias

In order m_simulate a cymbal stroke, a positive pulse
must be applied to the circuit via C7, and must be of
sufficient magnitude to overcome the negative bias with

ease, and cause TR1 to conduct. To obtain a realistic
result, this calls for a pulse of at least 6 volts, and indeed
any voltage up to about 50 volts may be used.

A simple way to test the circuit would be to connect a
1 megohm resistor from C7 to the negative supply
(common) line, and a Morse key or a push button
switch from this input to the 18V to 24V positive supply
line. A quick jab on the push button will charge up
C8 via diode pump D2 and D3. C8 will then discharge
by way of R8, R9, and TRI1.

R8 and C9 act as a filter to reduce “thump” effects.
As long as C8 holds sufficient charge, the potential
maintained at the base of TR2 will cause TR2 to
conduct, and to amplify the signal fed to its base via
C6. As C8 discharges, the output from TR1 will die
away. This output is fed through a further filter-circuit
(T2 and C10) to the effects output jack JK2.

It is worth mentioning that a 11V or a 3V battery
connected between chassis and the negative bias line
in this circuit will suffer negligible drain, and can be
wired in permanently without any need for an on/off
switch. A new leakproof battery would be likely to
last for a number of years (well beyond normal shelf
life), until corrosion sets in.

- Better results may be obtained from the circuit by
using an adjustable negative bias. The power supply
circuit in Fig. 1b incorporates a negative bias supply
suitable for the purpose. Bias adjustment may be
used to control the decay time of the cymbal stroke.

ASSEMBLY AND TESTING

Prepare the printed circuit board according to the
design shown (Fig. 2) and assemble parts on it as shown
in Fig. 3. Fig. 2 shows the hole-spacing to suit a
TOS transistor encapsulation, and this spacing will suit
type C424. If type ME4103 is used, the hole spacing
may be made closer to suit the TOI8 lcadout arrange-
ment of this transistor.

When assembly of the components on the cymbal-
effects circuit-board is complete, wire it up to a
white noise generator, d.c. power supply of 18V to 24V
and an audio amplifier or mixer unit. Temporarily
connect the positive supply line to the junction of
D2and D3. Switch on and adjust VR 1 and the controls
on the amplifier so that the sound of the white noise
generator comes from the loudspeaker as a loud hiss.

Disconnect the positive line from D2 and D3. The
sound should die away fairly rapidly. With some
transistors, the sound will fade to a very low level
without the need for a negative bias supply; others may
need the application of a negative base bias via R10,
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Fig. 2. Printed circuit pattern
for cymbals filter (full size)

@-@ W G
T0 JK2
EFFECTS ©) rqT2
OUTPUT 3

B .ae) B R

PULSE INPUT
TO JK1 & St

TO JKi

W=WHITE i
R =RED = =
s ve BIAS FROM VR1 WIPER (©)=TURRET TAG
6 =GREEN
COMPONENTS. ...
CYMBALS FILTER
Resistors Transformers Switches
R7 1MQ R9 10MQ) T1, 2 Transistor transformers type S| Single pole push on, release off
R8 IMQ RI0 IOMQ LT44 (2 off) push button

All 10%, 1 watt carbon

Potentiometer
VRI 100k log. carbon

Capacitors
C5 0-001uF
g? g:,u.: All low voltage
c8 D-!ﬁ.F polyester or
C9 0-01uF PORES

Cl0 0-0033uF )
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Transistor and Diodes
TR2 ME4103 or
C424 (5.G.S. Fairchild)
D2 and D3 15130 (2 off)

Jacks (with Plugs)
JKI, JK2 Standard tin jack sockets
(2 off)

S2 Double pole on/off toggle switch
(S2a in low voltage line;
S$2b .mains input to power
unit if used)

Miscellaneous
Printed circuit board
Single core screened cable
Chassis 12in % 4in % 24in
Knob
Component layout shown in Figs. 2 and 3




COMPONENTS . ..

POWER SUPPLY UNIT

Resistors
RIl 47Q RI3 1-8Q :
RI2Z 47Q RI4 IMQ 10% W

All 5% 3W,-wirewound except R 14

Potentiometer
VR2 2MQ linear carbon

Capacitors
Cil 1,000uF elect. 25V
Cl2 1,000uF elect. 25V
CI3 1,0004F elect. 25V
Cl4 | uF polyester 160V
CI5 50uF elect. 25V
Cl6 |pF polyester 160V
CI7 - 0:1 uF polyester 160V

Transformer
T3 Mains transformer, charger
type. Pri. 240V mains; sec. 0-17V |A

Transistors
TR3 XCl4l TR4 ACI76

Diodes
D4 to D10 DD00O (Lucas) (7 off) or 15130

Switch
$2b (see under Cymbals Filter)

Miscellaneous
FS1 Fuse 0-5A with holder
LPI Neon panel indicator with resistor
Printed circuit board 6éin x 24in
Heat sink for XC141
Knob
Component layout given in December 1967 issue

WHITE NOISE GENERATOR

Resistors
Rl 47kQ R4 2.7kQ)
R2 47kQ R5 15kQ
R3 39kQ R6 1kQ

All 10%, %+ watt carbon

Capacitors
Cl  25uF elect. 25V
C2  |0uF elect. 25V
C3 100uF elect. 12V
C4  |0uF elect. 25V

Transistor and Diode
TRI C424 (S.G.S. Fairchild) or ME4013
D1 Point contact diode, any noisy
type, such as sold for crystal
receivers ;

Miscellaneous
Printed circuit board 2in x 2in
(Bonanza Board)
Connecting pins and wire
Component layout given in January 1967 issue

Components for cymbals filter given on
previous page

in order to achieve a quiet background in between
strokes, and a 13V battery is usually quite sufficient.

If the positive line is quickly touched on to the junc-
tion of D2 and D3 a few times in succession, a sound
similar to a cymbal stroke may be heard, but may not
be very realistic at this stage, as adjustment of VRI
and the tone controls of your amplifier will have a
considerable effect on the output qualities.

VR1 must not be set too high, or the effect will result
in a continuous roaring or crackling sound. This is
because the white noise is fed to the base of TR1 at a
high level to overcome the negative bias. Turn down
VRI1 to a level somewhat below that at which the roar
occurs. If, now, the cymbal strokes tend to have a
somewhat crackly ending, VR1 must be set to an even
lower level to give a smooth finish to each stroke.

VARIATIONS

The circuit is not by any means restricted to the
component values given. By changing the values of
C5 and CI10 the cymbals pitch may be altered; the use
of different transformers will give yet further ranges
of effects. A choke or other inductor could be used in

place of T2, and the output taken from the collector of.

TR1 by way of an 0-1xF capacitor.
Changing the values of C7, C9, and R9 will affect
the “attack™ and ‘‘decay’ characteristics of the circuit,

although the combinedl value of R8 and R9 should
not be reduced to a poifit which would result in excessive
collector-dissipation in TR1 (rated about 200mW in
free air). L

METHODS OF OPERATION

For manual operation, the simplest method is to
connect a | megohm resistor (R7) from C7 to the
negative (common) supply wire, and apply pulses to this
input from the 18V to 24V positive supply point by
use of a Morse key or a push button switch. The
final circuit shown in Fig. 1 performs the same function.

The circuit may also be operated electronically by
connecting C7 directly to an electronic switching
circuit (via JK1) such as a slow running multivibrator
(for automatic ‘‘repeat” effects); a ring counter (for
rhythm effects) or an electronic keying circuit. In all
these circuits the pulse may be supplied from the
collector of the switching transistor concerned. If
using the multivibrator described in the article on a
Simple Rhythmic Control Unit (February issue) JKI1
would be connected to the collector of either TR1 or
TR2 in that circuit.

The**Cymbals™ circuit may be used very successfully
with an electronic rhythm machine or a rhythm genera-
tor. An adaptation of the circuit may be used for
beat group sound effects; this will be described next
month in the Drummer's Whoosh Unit.
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BEGINNER'S GUIDE TO ELECTRICITY

By Clement Brown

Published by George Newnes Limited

185 pages, 73in. x 5in. Price I5s

NYONE starting a career or hobby in electronics

might be put off by the title of this book when
looking for an elementary guide. In order to under-
stand and appreciate the technicalities of even the most
simple of electronic circuits, one should have, or be able
to grasp, the fundamentals of basic electricity. It
comes at a time when more and more schools and
training colleges are giving courses in the subject, and
is therefore suitable for almost any beginner from
14 to 40 years of age.

It is written in an intelligently straightforward style
that will complement course lectures and lab. experi-
ments. Of necessity it is not by any means exhaustive
but will certainly cover in adeguate terms the theory to
be found in advanced level G.C.E. and O.N.C. courses.
Electronics is not strictly introduced until Chapter 7,
and even then in only basic form.

Technical terms tend to baffle many beginners, but
here they will find explanations easily understood, and
related to everyday electrical appliances and electronic
circuits. Valve and transistor theory is included. The
relationship between theory and domestic and industrial
applications provides a suitable balance to a book that
could otherwise have been rather dry reading.

' The final chapter gives some guidance for those
wishing to make a career in this fascinating activity.
M.A.C.

ABC’s OF TRANSISTORS

By George B. Mann
112 pages. Price 20s

F.E.T. CIRCUITS

By Rufus P. Turner
160 pages. Price 25s

ABC’s OF YACUUM TUBES

By Donald A. Smith
128 pages. Price 20s

BRIDGES AND OTHER NULL DEVYICES
By Rufus P. Turner
143 pages. Price 26s
Published by W. Foulsham & Co. Ltd.
All 82in x 55 in
NOTHER four titles in the impressive catalogue of
Foulsham Sams educational primers in an
expanding technology. All four of the books present
their subjects with a minimum of mathematics apart
from the last title which sets out the necessary bridge
equations happily, without qualification. Treatment of
the subject matter is succinct and well illustrated and all
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four volumes are recommended as beginning texts for
those anxious to be taught the rudiments of electronics.

ABC’s of Transistors deals simply with the basic
physical and electronic features of these devices and
analyses their action in oscillators and amplifiers.
Practical servicing and testing procedure of these
circuits are also discussed.

F.E.T. Circuits is an excellent book for those readers
who like their electronics practical. From a brief
introductory chapter on structure and performance you
are launched into the whole gamut of circuit applica-
tions of this versatile high impedance device: trans-
mitters, receivers, test gear, control circuit, each one in
effect a potted constructional project as all component
and performance details are given.

ABC’s of Vacuum Tubes. Dealing in the main with
the construction and action, both dynamic and passive,
of valves from the diode to the multigrid family.
Biasing and classes of operation are covered and the
final two chapters deal with miscellaneous and special
purpose valves. Altogether a painless introduction to
valve technology.

Bridges and Other Null Devices. Measurement is
fundamental to all sciences. In electronics the bridge
type circuit predominates in this application and this
book sets out to explore its various forms for specific
measurement purposes. From basic bridge circuit
theory the reader is introduced to most of the equipment
found in a test gear laboratory. Although the illustra-
tions are of American equipment, the principles and
measurement capabilities are universal.

G.G.

COLD CATHODE TUBES

By J. B. Dance, M.Sc.

Published by lliffe Books Ltd.

125 pages, 83in ./ 54in. Price 35s

N A world largely dominated by the semiconductor,

glass enveloped devices are becoming increasingly
rare.. But one group of tubes seems to have gained a
new lease of life due, indeed, to the general expansion of
electronic techniques brought about by solid state
devices. For visual displays of data, or indication of
the operational condition of circuitry, there is no real
substitute for the cold cathode tube. This can be a
simple neon lamp (which may double as a voltage
regular), or a rather more complex numerical or
character indicator tube. The orange-red glow of neon
is the outward manifestation of electronic sophistry, as
we well know.

But the cold cathode tube family includes the well
known G.M. tube for nuclear radiation detection,
stepping tubes for counting circuits, and other
important specialised types, besides.

The electronics enthusiast who is “‘genned up” on
solid state may be lacking in knowledge about cold
cathode tubes. He can now find the basic facts of gas
discharges and straightforward descriptions of those
tubes he is most likely to encounter in modern electronic
apparatus in this book. Some experiments with neon
diodes and trigger tubes are described and there are
many practical circuits which show typical applications
of the various devices. A good practical introduction
Lo the subject, with a minimum of maths.

D.D.R.
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Transistor Amplifier

ESIGIN FEEDBACK
_ FEEDBACK

By A.Foord

EGATIVE feedback occurs when a proportion of
N the output voltage of an amplifier is fed back to
the input in such a way as to reduce the overall gain,
so that the gain with feedback is less than the gain
without feedback. Feedback can be used to:

(1) Give a predictable mid-band gain, the greater
the amount of feedback the less sensitive the
amplifier is to changes of transistor character-
istics.

(2) Increase bandwidth or to give a shaped fre-
quency response curve which depends almost
solely on the passive components forming the
feedback network, and does not depend on an
accurate knowledge of transistor parameters
(which may vary between one specimen and the
next of the same type).

(3) Increase or decrease input or output impedances;

. by using different feedback arrangements it is
possible to obtain input or output impedances
higher (or lower) than those normally associated
with transistor stages. In particular it is possible
to arrange for a high input impedance and a
low output impedance, so that amplifier stages
can be cascaded without interaction.

(4) Reduce the distortion which normally occurs in
the final stages of an amplifier, where current
and voltage swings are highest.

BASIC PRINCIPLE :

Any study of negative feedback begins with a func-
tional block diagram, Fig. 4.1.

The circuit has two signal paths: the forward path,
which is usually an amplifier and contains all the
active devices, is marked with its voltage gain A; the
feedback path B which has a gain less than unity.
The bar above the symbol 4 indicates that there is a
phase reversal in the amplifier, while B represents the
fraction of the output voltage fed back to the input.

The phase reversal to obtain negative feedback
occurs in the amplifier; the arrows in the block diagram
reassure us that the feedback is in fact negative. Ina
simple case this is obvious, but for more complicated
arrangements a check will ensure that we do not
accidentally use positive rather than negative feedback.

Take a simple example, Fig. 4.2. Without feedback
we require an input of 0-1V to the amplifier for an
output of —10V. If negative feedback is added
making B equal to 0:1 times, 0-1V is still required at
the input of the amplifier itself to obtain an output of
—10V.

The input to the addition point needs to be 1-1V, so
that when the —1-0V is added to the input we are left
with 0-1V to give an output of 10V. The overall gain
with feedback is now

G = Tllg = —9-1 times

The negative feedback has reduced the gain from its
open loop value of 100 times to a closed loop gain of
9-1 times, therefore the closed loop gain is approxi-
mately 1/B times (1/B = 10).

A more detailed examination will show that the
gain with feedback is approximately 1/B provided the
closed loop gain is much less than the open loop gain,

Fig. 4.3.

Starting at the input to the amplifier (call this V)
then the output of the amplifier is AV, the voltage fed
back is AVB, and the input is ¥ + AVB. Then the
overall gain with feedback is given by

e | e | —1
Vi V+ AVB 1+ AB

G =

If B is much greater than 1/4 (i.e. 4 is much greater
than 1/B) then G = 1/B.

S
u i e i

e e

de

b e

[ i L i
] 8 e -
Vep ¥ | Aol E U naE
' ' 8= i Vi=V+AVBaV(1+48)
Fig. 4.1. Functional dig- oy Sl e Fig. 4.3. Voltage relation-
gram of an amplifier with Fig.4.2. Asimpleexample ships between the amplifier

negative feedback path of negative feedback. = = . and the feedback circuit
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Therefore, the ideal gain with feedback (G”) is equal
to 1/B, if the gain without feedback (A) is much
greater than 1/B.

To confirm this, compare the results using the
accurate formula and the approximate formula; drop
the minus phase sign since we are interested in magni-
tudes rather than the phase reversal we know occurs in
the amplifier.

Actual closed loop gain 6=

Ideal closed loop gain

Calculation will show that, if the required gain with
feedback is one tenth of the gain without feedback,
then we do not need to use the accurate formula, since
errors in assuming G equal to 1/B are small enough to
be discounted.

STABILITY

Having assumed that the design of the amplifier is
such that the feedback will always tend to reduce the
gain, but unfortunately this will not always be so, any
practical amplifier will contain reactive elements which
will introduce a phase shift in the signal as it passes
through the amplifier (quite apart from the 180 degree
mid-band phase shift required to obtain mid-band
negative feedback). The gain and phase characteristics
of the amplifier might appear as Fig. 4.4.

Above a certain frequency f, gain falls and an extra
phase lag is introduced. If we applied 100 per cent
negative feedback to an amplifier with this character-
istic, to give an overall gain of unity, the amplifier would
oscillate.

While there is still greater than unity voltage gain
around the loop, there is an extra 180 degrees of phase
shift to cause the feedback (which was negative below
f) to become positive at f*. The system would there-
fore oscillate at the frequency f”.

Designing for stability is complicated when a con-
siderable amount of feedback is applied. Instability
in a feedback amplifier is shown by a peak in the
frequency response curve and ringing on a square
wave signal (see Fig. 4.5).

Feedback over one or two stages is normally safe,
although later on, when considering the use of 100 per
cent feedback to raise input impedance, a non-mathe-
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matical approach will be applled to the stability
problem. For most purposes, it is in order to see that
the frequency response curve does not have a peak of
more than a couple of decibels in it, and that the square
wave response is satisfactory, i.e. free from ringing
effects.

The photographs show results obtained with a high
gain amplifier, this had a gain of 1,000 times (60dB)
without feedback, and a gain of 10 times (20dB) with
feedback (see Fig. 4.6).

Photo A shows the leading edge of the 1kHz square
wave input; photo B shows the ringing on the output
waveform without the capacitor C, and this was con-
sidered unsatisfactory. The capacitor was adjusted in
value to obtain the acceptable response of photo C.
Since for clarity the photographs only show the leading
edge of the square wave, the time scale was extended to
show the leading edge more clearly. The capacitor
was increased to reduce the bandwidth to 20kHz
which increased the rise time to that shown in photo D.

Feedback around one stage only is called local feed-
back, and since only the common emitter stage pro-
vides a phase reversal of its output signal with respect
to its input, it follows that local feedback can only
be applied around the common emitter stage.

There are two basic ways of applying feedback to
the common emitter stage; one arrangement is con-
sidered next, and the other is dealt with later, in the
section on virtual earth amplifiers.

SERIES LOCAL FEEDBACK

Referring to Fig. 4.7, the resistor Rx in series with
the emitter accounts for the applied feedback, this
resistor enables a feedback voltage V: proportional to
load current, to be fed back in series with the input
voltage Vi. The base-emitter voltage of the transistor
is reduced by the feedback so that Vug is less than Vi

If Re is small and of the same order of value as the
internal emitter impedance rg (say 100 ohms or so),
then the amount of feedback is small. Distortion is
slightly reduced and bandwidth is increased very
slightly, at the expense of a small decrease in gain.
If Ry is large then the gain is given by

b R

Vi  Re

The input impedance is given by
Zi = hteRi:



INCREASING Rgp

R

GAIN dB

FREQUENCY Hz

Fig. 4.1. Series local Fig. 4.8. The effect of Ry
feedback by the unby- on gain and frequency
passed emitter resistor response

Fig. 4.9. Emitter follower output to prevent undue
loading on the amplifier stage

Photo A. Leading edge of the IkHz square wave

In practice for a single stage amplifier biased in the
normal way with a divider chain on the base, this
increase in input impedance is masked to some extent
by the shunting effect of the chain. The effect of Rg
on gain and frequency response is as shown in Fig. 4.8,

To avoid loading R1 and to maintain a high gain
without feedback, the output can be taken via an
emitter follower, a practical circuit is shown in Fig. 4.9,

Since the transistor is used in common emitter we
must work out approximately the bandwidth we would
expect. For TRI1 the collector current is of the order of
0-5mA. Suppose the transistor current gain is typically
50 at 0-5mA. The 3dB down point in common emitter
is given by .

_Jz _ 1,000
£ il 0
f = 20kHz.

One would expect the response to roll off somewhere
at this frequency, the exact point depending on /e and
Sfr for the particular specimen of transistor. Since
TR2 acts as an emitter follower the overall frequency
response is limited by TR1 since an emitter follower
has a‘frequency response far better than that of a
common emitter stage.

Photo C. Ringing is brought down to an acceptable level
by selection of a parallel capacitor across the feedback
resistor

Photo B. Ringing caused by non-selective feedback

Photo D. Larger value of capacitance increases the
rise time
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The results without feedback (C2 connected) and
with feedback are:

Gain without feedback == 310 times = 50dB

Bandwidth 30kHz
Input impedance 1kQ
OQOutput impedance 3000

Maximum output 1:5V r.m.s. no load

500mV r.m.s. into 1kQ

The frequency response was measured under no load
conditions at 100mV r.m.s. Up to 50kHz or so, the
amplifier will provide 500mV r.m.s. into | kilohm, but
above this frequency the emitter follower current gain
starts to drop and the waveform distorts, so that

* 500mV would only be obtained without distortion into
a load greater than 1 kilohm.

The gain without feedback appears high until we
remember that the collector load is 27 kilohms rather
than the 1 kilohm or so we would expect for another
common emitter stage and a high gain transistor is
being used.

{1

Gain with feedback = ;77— 10 times = 20dB
Bandwidth = 68kHz

Input impedance = Tk

Output impedance = 300Q

Maximum output 500mV r.m.s. into 1kQ

(up to 50kHz)

The actual measured gain was 19-5dB, which is
probably an error in measurement or tolerances on the
collector and emitter resistors. Since the open loop
gain is 30 times the closed loop gain, one might expect
the gain of 20dB to be independent of variations in
characteristics between one OC75 and the next,
although the bandwidth might alter slightly.

Although the gain has been reduced by a factor of
30 times, bandwidth has only increased twice. Series
local feedback is often used inside another overall
feedback loop, where a predictable stage gain is
reguired rather than an unpredictable (though higher)
gain,

With an input impedance of 7 kilohms and an output
impedance of 300 ohms, these amplifiers can be cascaded

e L T GRS e
; S ’ * ewrectae
: A 42 40 :

6dB/OCTAVE:

FREQUENCY T

Fig. 4.10. Combining

Fig. 4.11. The response of
 two identical amplifiers |

each amplifier is added
to give overall response

T s
Fig. 4.13. A single CR
conversion of Fig. 4.12

- Fig. 4.12. Equivalent cir-
cuit of a transistor fooks
like that of a transmission

 line at high frequencies

without interaction. Bandwidth is also extended at
the low frequency end, but since this is within our
control (coupling and decoupling capacitors) the main
benefit of this type of negative feedback is the pre-
dictability of mid-band gain rather than the small
extension of bandwidth.

TRANSFER FUNCTIONS

The amplifier can be represented as a block, so that
two amplifiers in series could be represented by adding
the two separate gains in decibels (see Fig. 4.10).

20dB A; A; = 100 times
20dB 40dB
Working on the frequency response curve and adding

decibels this would result in the response shown in
Fig. 4.11.

A; = 10 times
A, = 10 times =

30 At
151 : .
; A2 o~
SLOPE 6dB/OCTAVE 5t SqEE
(2048/DECADE) 0 a
-3 - i . -
\\ !sf APPROXIMATE CURVE
= 0 ] 5
< : ' o i
e 25 RS
H 2 <t
'i : . ACCURATE CURVE—=~ N, Bl
10 ‘“' :
1 | 5 | |
oit t ot i : }d\hl
FREQUENCY _ o B 5 10 20 AR 100
Fi ig. 4.14. Approximating the frequency FREQUENCY (kHz)
response, then deriving the accurate Fig. 4.15. Summing the response of two amplifiers in cascade
'ﬂ!cponm (solid Hm} ; Z, : : 3 :
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Where each amplifier was 3dB down (at f), the
response is now 6dB down (for two identical amplifiers),
and the new 3dB down point is lower down at f;, as one
would expect. The slope of the curve for a single
amplifier is approximately 6dB per octave, and for
two amplifiers in series this will be 12dB per octave.

In the equivalent circuit of a transistor (Fig. 4.12) it
appears as a transmission line for high frequencies, but
as a first approximation it can be considered as a
single CR network, Fig. 4.13.

Taking the CR network or single time constant on
its own, at low frequencies C has a high impedance
and Vo, = V.. At a frequency when C has a reactive
impedance equal to R, ¥V, is 3dB down with respect to
¥, and continues to fall at 6dB per octave (20dB per
decade) with increasing frequency, as in Fig. 4.14.

The solid line curve is the accurate frequency res-
ponse, while the dotted line is the straight line approxi-
mation. The point f where the impedance of the
capacitor is equal to the resistor is called the “turnover™
or break point. The maximum error between the
accurate and straight line approximation is 3dB which
occurs at the break point. In practice the approximate
curve is drawn; fis 3dB down, 0-5 fand 2 f are 1dB
below the approximate curve; the accurate curve is
drawn from this information.

For two amplifiers in cascade the procedure just
outlined is shown in Fig. 4.15. The bandwidth of the
two amplifiers in series is almost identical, but the
ultimate slope is now 12dB per octave rather than the
6dB per octave for a single common emitter stage.

RELATION OF RISE TIME AND
BANDWIDTH '

A square wave can be considered as the sum of a
number of harmonically related sine waves; these
include a fundamental sine wave at the basic repetition
frequency and frequencies of three, five, seven times,
and so on (odd harmonics of the basic frequency).

If a square wave of 1kHz is fed into an amplifier.with
a sharp cut off at 1-5kHz all the harmonics are filtered
out, leaving only the 1kHz fundamental, Fig. 4.16.

If the response of the amplifier is extended to 20kHz
the output would consist of the fundamental and
harmonics up to 19kHz. Harmonics at 21kHz,
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23kHz upwards would be attenuated according to the
roll-off of the amplifier response curve. The square
wave would hardly be degraded at all, since the ampli-
tudes of these harmonics (relative to the fundamental)
are small. The loss in harmonics increases the rise
time of the square wave, Fig. 4.17.

To determine the bandwidth of an amplifier we would
feed in a square wave with a rise time better than we
would expect the amplifier to handle, and measure the
degradation on the output.

Suppose our sguare wave had a rise time of 5xs and
after passing through the amplifier this was degraded
to 25us, then our amplifier has a rise time of /(252 —52)
or 24-5us and its bandwidth is given by:
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This method is only an approximate means of deter-
mining bandwidth, it would tell us if our amplifier had
a bandwidth of 20kHz-or 10kHz, but we could not rely
on discriminating between bandwidths of 20kHz and
17kHz.

However the edges of the square wave do represent
the type of signals present in a transient, which simple
sinewave testing cannot do, so that we can see immedi-
ately any instability or excessive overshoot or ringing
in the amplifier. The disadvantages are that we do
need a square wave of good rise time, and an oscillo-
scope capable of showing it.

Next month: Negative feedback applied to prac-
tical circuits.

BETTER SOUND

THE BBC announces that four programmes in a new
series “‘Better Sound” will be broadcast on Fridays
at 7.00-7.30 p.m. in Study Session, Radio 3 from May 3
to 24. Listeners will be invited to send questions of general
interest, or requests for more information on particular
topics covered in the series and these will be dealt with in
two extra programmes which will follow the repeat of the
series later in the year.

The series will be repeated on Radio 4 on Saturday
mornings at 11.00-11.30 a.m. from August 17 to September
14, There will be no programme on August 31 (Bank
Holiday weekend), but there will be two additional pro-
grammes on Saturdays, September 21 and 28.

Each programme will focus attention on one area of this
wide field. A number of topics (e.g. microphones, loud-
speakers, stereo) will therefore be treated in more than one
programme. Advice on particular makes cannot be given
gndl the f‘onstruction and repair of equipment will not be

ealt with.

Programme 1: Transmission and reception of radio,
including stereophonic broadcasting. Explanation of
AM and FM, etc.

Programme 2: The nature of sound, and room
acoustics, with demonstrations of the effect of different
placings of microphones and loudspeakers.

Programme 3: The reproduction of music in mono
and stereo; hi fi equipment.

Programme 4: Tape-recording for the amateur.

The diagrams in the Study Notes (BBC Publications,
2/6 plus 5d postage) will be helpful in following the broad-
casts and the explanations in the text of the basic principles
of the transmission, recording and reproduction of sound
in mono and stereo will be useful for reference, particularly
for the less knowledgeable listener.
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7— RADIOACTIVITY MEASUREMENT; STRACE RADIATION METER

kinds of radioactive atoms, whereas in the latter case, the
activity of a particular species of radioactive atoms can be

radiation, atomic structure, and the practical
observed selectively, to the exclusion of others which may

applications of nucleonic measurements; measuring

S

i PREWOUS articles in this.series have discussed nuclear

methods and various kinds of detectors have been
considered in a general way. A distinction has been
made between activity measurements and energy

be present at the same time in the radioactive sample.
However, the principles of making activity measurements.
and the structure of the radiation meter used for the

- measurements, and electronic methods for sorting
.~ electrical pulses from a spectroscopic, i.e. energy-
= dlStlﬂgUIShlﬂg, nuclear radiation detector explained.

purpose. are the same in both cases.
o i - i

ACTIVITY AND DETECTION EFFICIENCY

The activity of*a radioactive sample is the number of
atoms distintegrating in it in unit time, irrespective of the
type of disintegration or the energy of the emitted nuclear
radiation. . We have already seen (in Part 3) that the unit
of acuvrty is the curie (Ci), corresponding to 2-2 X 10**
distintegrating atoms per minute. This is the activity of
1 _gram of pure radium, by definition. Convenient prac-
tical units for amateur measurements are the pico-curie
(pCi), corresponding to 2-2 disintegrating atoms per
minute in the given sample, and the nano-curie (nCi).
corresponding to 2,200 distintegrating atoms per minute
in the given samp!c :

It is customary to take one minute as the time unit for
radiation meters, so that their essential function is to
determine the pulse counts per minute. The abbreviation
c.p.m. is conventionally used for *‘counts per minute!’

= ff ?"pr the pomt is rcdchﬁd where we have sequences of

24 pulses, rcady for ac{m:y determination, i.e. for counting

the numbers arriving per unit time, corresponding to the

= numbcm Qf [ radioactive atoms distintegrating per unit time.

= This ¢ counlmg process is the function of the actual radiation

meter unit in any nucleonic equipment. This month, we

will discuss the basic requirements. and electronic circuit

techniques which are involved. It is quite immaterial

whether the pulses originate from a non-spectroscopic

~ detector like a G.M. counter, or from a spectroscopic

. ‘detector such as a scintillation detector with kick-sorter
amplifier.

In the former case, the mean pulse frequenciecs may

”; correspond to the gross activity of a niixture of different

 STRACE
RADIATION
. METER
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It is not possible to calibrate a radiation meter directly
in pCi or nCi, but only in c.p.m. This is because the
ratio of c.p.m. to pCi depends on the numerical detection
efficiency of the radiation detector employed. The ratio
is 2:2 only if every distintegrating atom in the radioactive
sample produces an electrical response pulse in the de-
tector. This is rarely the case in practice; a greater or
smaller proportion of the radiations will miss the detector,
so that the ratio c.p.m./pCi is practically always con-
siderably less than 2-2. Of course, it is the aim of any
detector and sample arrangement to achieve as high a
numerical detection efficiency as possible. This is also
referred to as the geometry factor.

TWO EXAMPLES

Two examples will make this point clear.

In the first case, consider a radioactive sample lying on
a large flat radiation detector, i.e. G.M. counter. The
nuclear radiations may be emitted in any direction by
chance. Thus, on the average one half of them will fly
upwards or obliquely upwards, and miss the detector.
The other half will travel downwards or obliquely down-
wards, and enter the detector to produce a pulse, The
ratio c.p.m./pCi would be 1:1 in this case.

In the second case, consider the sodium iodide crystal
of our scintillation detector (see Part 5), with the radio-
active sample placed at the bottom of the axial sample
well. Nuclear radiation emitted in almost any direction
will then strike the crystal, so that we would expect very
nearly the ideal value of 2-2 for the ratio ¢.p.m./pCi.

In practice, we actually find values considerably smaller
than 1-1 and 2-2 for the respective cases, because two
further factors reduce the detection efficiency. Firstly,
some quanta of radiation may be absorbed within the
sample, or other insensitive material, before reaching the
sensitive detector region. Secondly, some quanta may
pass straight through the detector without getting absorbed
to produce a pulse. Thus the ratio c.p.m./pCi is only
about 0-1 for a liquid sample in the Mullard MX124/01
G.M. counter tube specified for our equipment (see
Part4). The scintillation detector possesses a considerably
greater detection efficiency, under some conditions
approaching closely to the ideal value of 2-2 for the ratio
c.p.m./pCi.

RADIOACTIVE DECAY

Since the activity of a given radioactive sample is a
statement of the number of atoms disintegrating per unit
time in that sample, this activity must necessarily diminish
with the progress of time, because the number of atoms
left over is continuously decreasing. For any given
species of radioactive atoms, the activity is strictly pro-
portional to the number of atoms of that species which
are present in the sample, i.e. the rate of decay is directly
proportional to the amount present.

This is the basic characteristic of any exponential
process (the rate of fall of the voltage across a capacitor
discharging through a resistor is always proportional to
the actual voltage left across the capacitor at the instant
considered, or the rate of growth of a sum of money on
compound interest is at all times proportional to the
accumulated capital). Thus the activity of a simple
radioactive sample decreases exponentially with time.
This is a very important principle, known as the radio-
active decay law.

Different species of radioactive atoms decay at different
rates, which are specifically characteristic of the respective
species, just as different capacitor/resistor combinations
discharge at different rates according to the produce of
capacitance and resistance (time constant) of the circuit.

DECAY HALF-LIFE

For radioactive samples, we specify a decay half-life.
This is the time taken for one half of a large initial number
of atoms to disintegrate. If we wait a further equal period
of time, one half of the remainder will have disintegrated,
i.e. the number of atoms still left over is halved during
each successive half-life period. The process theoretically
never goes to completion. The smaller the number left
over becomes, the greater the random departures from

One of the ratemeter
modules of the
STRACE Radiation Meter

Ultimately, when only one
atom is left over, it is inherently impossible to predict how
long it will continue to remain intact.

A similar indeterminacy prevails already at the outset,

smooth exponential decay.

when we had a very large number of atoms. If we were
to single out any particular atom for close observation,
there is no way of predicting, in which successive half-life
period it will meet its fate. This is subject to pure chance,
Thus whilst we can be pretty sure that almost exactly one
half of a large number of atoms will disintegrate in a
half-life period, we are unable to determine in advanece
which particular atoms will belong to the decaying half.

STATISTICAL FLUCTUATIONS

The inherent unpredictability of the lifetime of any
single radioactive atom introduces random fluctuations in
the predictable mean behaviour of a large number of
similar atoms. If the smooth exponential decay law
would ideally demand that » atoms should disintegrate in
a given sample within a certain time of observation, then
the acrual number of atoms observed to decay within that
time will in all probability differ from n. It may be
smaller or larger. If we repeat the experiment numerous
times under identical conditions, the average of all observa-
tions will approach ever more closely to n. Regarding the
discrepancies of individual results, we will find that these
average to +-+/n. This is called the mean uncertainty of
the count n.

As far as practical measurements are concerned, this
means that if we want our activity reading to be reliable
to within 1 part in 7, we must count at least n* pulses
before we stop the counter and divide by the total time
taken. Otherwise random fluctuations will exceed our
tolerance limit and the readings are meaningless to the
envisaged accuracy.

It is common practice to specify four accuracy classes,
namely 1, 5, 10, and 20 per cent. These correspond to
desired reliabilities of 1 part in 100, 20, 10 and 5, so that
we must respectively count at least 10,000, 400, 100 or
25 pulses.

Note carefully that it is solely the total pulse count which
determines the statistical accuracy, quite irrespective of the
time taken for clocking-up this count. The radiation
meter must simply be left running until the required
number of pulses have arrived, and if this takes a very
long time in the case of low activities, the circuits must be
designed with adequate long-term stability.

RADIATION METER TIMING

The relationships explained in" the previous section
dominate the design of practical radiation meters. In the
case of digital counting, there are few basic problems as
far as long-term stability is concerned. Professional
equipment often adopts count timing here. In other
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Fig. 7.1. STRACE RADIATION METER:

words, the time taken to achieve a predetermined count
is measured. Suppose we desire a statistical accuracy of
1 per cent. The clock will then be zeroed and the counter
set to 10,000. The clock is then set running forwards
and the counter backwards. When the counter reaches
zero, it stops the clock automatically.

In the case of analogue counting, more special con-
siderations are required. We remember that analogue
counting establishes the activity reading as the voltage
developed across a capacitor. Each pulse pumps a
definite small electric charge into the capacitor, whilst the
capacitor at the same time discharges through a precision
resistor. The resulting voltage across the capacitor is
directly proportional to the rate of arrival of the pulses.
This voltage will fluctuate in a random manner, due to the
random fluctuations of the pulse rate. The meter reading
thus fluctuates over a certain range of the scale, instead
of being steady.

RATEMETER TIME-CONSTANT

Consider the lowest range of the ratemeter in our
STRACE equipment, which is 100 c.p.m. for full-scale
deflection. The design figure is the 5 per cent statistical
accuracy class, which calls for 400 pulses in the “‘counting
time”. These take four minutes to arrive at 100 c.p.m.,
so that the product of the integrating capacitor value
(F) and its discharge resistor (megohms) should be 240
seconds.

If the value of the capacitor is kept constant, but the
value of the discharge resistor halved, then a given pulse
rate will produce only half as great a meter deflection.
The full-scale deflection c.p.m. value is thus doubled. But
the statistical accuracy is unchanged, because although the
time constant has been halved, the rate of arrival of the
pulses for full-scale deflection has been doubled, so that
the same number of pulses arrive within the time-constant
period.

In general, this leads to a simple rule. The various
desired c.p.m. ranges are obtained by switching corre-
sponding different discharge resistors across the same
integrating capacitor, whereby the same statistical accuracy

354

Circuit diagram of the ratemeter module

is then obtained on all ranges. This is most fortunate,
since only one capacitor is thus required. The capacitor
must be of immaculate quality, above all, it must have
very low leakage and excellent long-term capacitance
stability, so that it is rather expensive. Precision resistors
are much cheaper, and only these are required in quantity
according to the desired number of ranges.

STRACE RATEMETER MODULE

Fig. 7.1 shows the complete circuit of the ratemeter
module for the STRACE radiation meter unit.*

The components within the broken-line rectangle are
accommodated on a 4in x 6in printed circuit board.
Layout is in no way critical.

Almost any silicon npn transistors are suitable for
TR2, 7, 8, 9, and almost any silicon pnp types for TRI, 3,
4, 5, provided collector voltage ratings are at least 12V
working in all cases. TR6 may be any small germanium
pnp audio power transistor, e.g. OC72 is also suitable.
The small diodes may be any silicon type with small self-
capacitance and at least 100V p.i.v. rating. D7 is a 5V
miniature Zener diode, D8 is a 500mW dissipation (at
least) 12V power Zener diode. Resistors should be
-+ 10 per cent, except those connected to S2B, which must
be +5 per cent, or better still -1 per cent. The specified
prototype semiconductors are all S.T.C./Intermetal types,
but in no way imperative.

TR1 is a polarity inverter for those radiation detector
types feeding negative pulses to PL1. D1 suppresses
positive pulses or components while D2 prevents overload
of TR1 on excessive negative pulse amplitudes at PLI.
TR2 is the main pulse amplifier stage. It is fed at the
base with the positive output pulses from TR1 collector,
as well as with the inputs of positive-pulse radiation de-
tectors connected to PL2 and/or PL3. D9 is included
here to prevent short-out of PL3 input by the low-
impedance output stage of a detector connected to
PL2, thus it is not necessary to disconnect the cables of
switched off detectors.

* (Ref to Fig. 2.1 for block diagram of STRACE Radiation Meter Unit.)



THRESHOLD LEVELS

VR1 is the collector load of the main pulse amplifier.
It is preset to give the response threshold levels marked
against PL1 to PL3. D4 suppresses negative pulses or
components at TR2 base, and D3 prevents overload of
TR2 if excessive positive pulse amplitudes are applied to
PL2 or PL3. The diodes D1 to D4 associated with TR1
and TR2 thus make the circuit very tolerant of large
differences in input pulse amplitudes. The performance
is still perfect even if the pulses fed to PL1, PL2 or PL3
are ten times larger than the specified threshold values.
Gain controls are thus not necessary on the front panel.

PULSE EXPANDER

TR3 is a driver emitter follower, to feed the pulse ex-
pander from the necessary low source impedance. The
pulse expander TR4/TRS5 is a transistorised equivalent of
the wvalve-operated pulse expanders already introduced
last month in the gamma ray spectrometer kick-sorter
amplifier.

TR4 normally rests cut-off, and TR5 conducting.
When a trigger pulse arrives via C4, the roles of the two
transistors change over for a time determined by C9 or C10
in conjunction with R19. Thereafter, the transistors
revert to the resting state of their own accord. The
duration of conduction of TR4 in response to each trigger
pulse from TR3 is independent of the form or duration of
tha&t Pt\rigger pulse, being determined solely by C9, CI0
an 19.

PUMP INTEGRATOR

During each conduction pulse of TR4, a definite quantity
of positive charge is pumped via D6 and R20 into the
integrating capacitor Cl14. S2B switches the appropriate
discharge resistor across Cl4, to establish the different
c.p.m. ranges as discussed previously. The other wafer,
S2A; of the range switch selects C9 or C10 for determining
the pump pulse duration. On the lowest range (f.s.d. -
100 c.p.m.), C9 is in circuit and gives a long pump pulse,
whereas the short pump pulse with CI0 is used for all
other ranges.

The value of the integrating capacitor C14 is 40uF, and
the net value of the discharge resistance (R32, VR4 and
the input impedance of the read-off voltmeter TR7, 8, 9)
1s 4 megohms for both range 1 and range 2. Due to the
different pump pulse duration, range 1 is 100 ¢.p.m. and
range 2 is 250 c.p.m. for full-scale deflection, so that the
statistical accuracy is in fact somewhat poorer than 5 per
cent on range 1 but somewhat better than 5 per cent on
range 2 and all other ranges. This is a compromise made
to avoid unduly high values for C14, or unmanageably
high circuit resistances.

READ-OFF VOLTMETER

The read-off voltmeter for the integrator capacitor Cl4
comprises the remainder of the circuit on the right of
Fig. 7.1. The design figure is for a ImA fsd meter and/or
chart recorder connected to the output.

TR7, 8, 9 are cascaded current amplifiers to reduce the
current drain on the integrator capacitor Cl4 for the
voltage read-off process. VR3 sets a d.c. bias voltage
in series with C14 on ranges 1 and 2, to overcome thc
silicon threshold of TR7, 8, 9. TR6 is in parallel with
VR3 and possesses a compensating temperature co-
efficient to cancel thermal drift of the threshold level of
TR7, 8, 9. TR6 must be positioned close to TR7, 8, 9
to sense the same temperature as the latter components.

VR6 and VR7 fulfil the same function as VR3 for the
other ranges. VRS sets the meter sensitivity for all
ranges. D8 stabilises the supply voltage for all stages.
D7 limits the maximum voltage developed across Cl4, to
prevent damage to the meter M1 or TR7, 8, 9 if the range
switch is set to a range too low in relation to the input
pulse rate.

Next month: The remaining circuitry for the STRACE
radiation meter; this includes the pip generator, audio
amplifier, and power unit.

Build this
Radio-Controlled

A pleasure to construct and a joy to run, this 34in
kit-built diesel-powered high speed craft carries a
multi-channel control system which will make it the
king-pin of any water on which it is sailed. Incor-
porates proportional rudder and progressive throttle
control for good manoeuvrability, with simultaneous
or one-at-a-time operation of these systems. Full
how-to-build instructions, with details of transmitter
and receiver (including control gear). Begins in next
month's issue. Don't miss it!

Other Constructional Projects include:

DRUMMER'S WHOOSH UNIT
CAMERA TRIGGER

PRACTICAL

ELEGTRONIGS

JUNE ISSUE ON SALE FRIDAY MAY 17
Order your copy now!
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Tuséd mejnbgrs of the semiconductor family, and in
this concluding drticle the aim is to consider briefly
some of the more recent developments using semi-
conductor materials.

HIS seriés -r- far dealt with the more commonly

TUNNEL DIODE

The tunnel diode action differs considerably from
the conventional diode. The main difference concerns
the reverse current characteristic which reveals that the
diode is highly conductive for all values of reverse
voltage (see Fig. 6.1); the forward current changes with
increasing forward voltage.

Initially, the forward current increases with forward
voltage in the normal way up to current /p due to
forward voltage Vp. As the voltage is further increased
the current starts to fall, and subsequently falls into a
deep valley before it starts rising again to follow the
normal diode forward characteristic. This is called a
negative resistance characteristic because it is opposite
to ordinary resistive current flow. )

FORWARD
CURRENT
NEGATIVE NORMAL
ol RESISTANCE FORWARD
CHARACTERISTIC / CHARACTERISTIC
1
~=— REVERSE LS FORWARD VOLTAGE —>
VOLTAGE
HIGH *
CONDUCTIVITY REVERSE
CURRENT

Fig.6.1. Characteristics of tunnel diode. Note the negative
resistance zone and that high conductivity occurs in the
reverse direction

QUARTZ |TUNNEL
YSTAL|DIODE

Fig. 6.2. Simple crystal-controlled oscillator using tunnel

diode

EMICONDUCTOR
ISIES

By 6. ). KING

6-OTHER SEMICONDUCTORS

The depletion layer (potential barrier or “‘space
charge™ region) is much narrower than in conventional
junction diodes due to a very high concentration of
p- and n-type impurities in the basic crystal. Hence,
electrical charges are encouraged to traverse the
junction by an action called tunnelling.

In most applications the tunnel diode is biased so
that the operating point is established in the negative
resistance region, and it is suitable for use as an ampli-
fier, detector, oscillator, high-speed switch and rectifier.
This latter aspect may seem strange in view of the high
reverse conductivity,

Conventional rectifiers are arranged for substantial
current flow in the forward direction, but extremely
small in the reverse direction. Tunnel rectifiers, on
the other hand, are arranged for substantial reverse
current flow at very low voltages and much smaller
forward current due to the negative resistance effect.
This means that tunnel diodes can provide efficient
rectification at much smaller signal voltages than con-
ventional rectifiers, but note the reversed polarity
requirements (for which reason they are sometimes
called “back diodes”).

Their amplifying attributes are particularly valuable
at microwave frequencies (above 300MHz) due to
low noise operation and low current demands.

Stabilisation assumes great importance when the
device is arranged as an amplifier, for it has a great
tendency to -oscillate more freely than to amplify
without oscillating. This results from the wideband
negative resistance characteristic which, when the
amplifier is really well designed, can yield gain over a
bandwidth in excess of an octave without variable
tuning.

There is no trouble at all in getting a tunnel diode to
oscillate, even with only a fraction of a volt bias.
A basic oscillator circuit using a quartz crystal as con-
trol is given in Fig. 6.2. This yields a high range of
harmonics because as the diode oscillates it swings
continuously from the low voltage state, through the
unstable negative resistance region to the high voltage
state.

INTEGRATED SCREEN TRANSISTORS

Early transistors were troubled with a high output/
input feedback capacitance which called for neu-
tralising techniques in high gain amplifying applica-
tions to prevent the amplifier from changing into an
oscillator.

In ordinary transistors the unwanted feedback
capacitance stems from the comparatively large bonding
areas required for the emitter and basc leadouts. The
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Fig. 6.3. F.E.T. symbols

effect of this causes a portion of the output signal to
get back to the input of the transistor in phase with the
real input signal, thereby creating conditions for
positive feedback. Even though oscillation may not
actually occur the effect can distort the response
characteristics of the amplifier.

The “integrated screen” is a section of diffused semi-
conductor beneath the base bonding area. Feedback
capacitance is considerably reduced making them
suitable for intermediate-frequency amplifiers in par-
ticular. Their use ensures that the response character-
istics retain a close tolerance even when the equipment
is mass produced.

FIELD EFFECT TRANSISTORS

The field effect transistor differs from the type of
transistor that we have looked at so far, in that it is a
voltage amplifier (as is the thermionic valve) rather
than a current amplifier. It has a very high input
impedance (millions rather than thousands of ohms)
stemming from reverse biasing of the input junction
required for normal operation. It will be recalled
that the ordinary transistor is biased on the emitter/base
junction for forward conduction, and it is this which
endows it with the relatively low input impedance.

Basically, the f.e.t. consists of a slice of high resistance
semiconductor sandwiched between two wafers of low
resistance semiconductor having either p- or n-type
characteristics. One end of the high resistance slice is
called the source and the other end the drain. The
two wafers are connected together to form what is
called the gate.

The f.e.t. also differs from the ordinary transistor in
that its action is governed only by one type of current
carrier—either the electron or the hole—and for this
reason it is sometimes termed ‘“‘unipolar’. Its symbol,
too, is different, as shown in Fig. 6.3, where (a) is an
n-channel type and (b) a p-channel type, the carriers
being electrons and holes respectively.

Sectional view through a typical Texas f.e.t.

Fig. 6.4 F.E.T. audio amplifier circuit

Fig. 6.5. Make-up of silicon
controlled rectifier (see text)

Fig. 6.4 shows basic f.e.t. amplifier stage, using an
n-channel device. While the drain polarity is positive
on the n-channel type, it is negative on a p-channel
device, and the latter often incorporates a resistive
potential divider across the supply, with the junction
connected to the gate.

THYRISTOR

The thyristor (or silicon controlled rectifier) is a
junction diode with four semiconductor layers in npnp
formation, as shown in Fig. 6.5. The end p-type is
called the “anode’ and the end n-type the “cathode”.
The sandwiched p-type is the ‘*‘gate’ or triggering
electrode.

Owing to the four-layer make-up, current will not
flow from cathode to anode (or vice versa) under
ordinary conditions. However, when a pulse is
applied to the gate, current is allowed to flow in the
forward direction from anode to cathode.

When the polarity of the applied source is reversed
the thyristor, like an ordinary diode, only passes a
small leakage current. Unlike an ordinary diode, it
will not pass forward current again when the polarity
changes back, that is, not until it is once more gated
or triggered.

The gating pulse controls the instant during a
forward input pulse at which diode conduction starts. -
Once triggered, conduction is maintained as long as
the supply polarity is correct and until the forward
current falls below a small holding value. In this way,
the thyristor is considered as the semiconductor version
of the thyratron trigger valve.

STRAIN GAUGE PRINCIPLE

Finally, a word or two about the semiconductor
strain gauge principle. While the inherent resistivity
of a piece of semiconductor like silicon depends on the
various factors that we have already discussed, like the
addition of impurities, heat and light, it also depends
on mechanical strain. That is, by twisting, bending,
or straining a small chip of semiconductor the crystal
lattice is *“distorted™ and a change in resistivity occurs.
This is the basic strain gauge principle, currently
employed in various commercial and domestic devices.

A very interesting and fairly recent application of
the principle is adopted in the strain gauge pick-up
cartridge. The well-known crystal cartridge employs
the strain gauge principle, but more recently has been
replaced by the ceramic type. Very recent strain
gauge pick-ups use a very small chip of silicon, less
than 0-01in long and less than 0-:00001in in cross section.




operated switch”. This month’s project demonstrates
another “electronic’ switch, namely the multivibrator.

The multivibrator is basically a two transistor circuit
in which one transistor is switched on and the other off,
i.e. the circuit ‘has two distinct “states”, and may, be
regarded as an electronic two-pole on/off switch,
sometimes referred to as a ““Flip-Flop™.

To demonstrate the action of the multivibrator, two
lamps have been inserted in the circuit and these flash
on and off as first one transistor is switched on and then
the other.

CIRCUIT

The circuit diagram (Fig. 1) has numbered circles,
which represent the terminal strip connections; these
are also indicated on the wiring diagram in Fig. 2.

The two transistors TR1 and TR2 employed in this
circuit are inexpensive mpn types 2N2926 readily
available from most components shops, and advertised
elsewhere in the magazine.

The collector of TR1 is capacitively coupled to the
base of TR2 by Cl, and the collector of TR2 is coupled
to the base of TR1 by C2. These capacitors are
electrolytic types and the polarities must be adhered to,
see Figs. 1 and 2.

The cross-coupling of the multivibrator circuit
produces what, in effect, is an oscillator, due to the
feedback action of the capacitors. Oscillation is
started by the unbalance in each half of the circuit due
to component tolerances. The output waveform at the

collector of each transistor is almost square.

THE OPERATION ;
When power is first applied to the circuit from the
battery the unbalance between each half of the circuit

e=emitter
c = collector
b= base

Fig. 1. Circuitdiagram of the multivibrator. The numbered
circles represent the terminal strip connections

tor. cct explored the light  pushes one
tor (].d.l'.) and its use as a “light-

» i

istor towards current cut-off and the
other towards full conduction.

Let us assume at the start that TR1 and LP1 is
switched on and TR2 is off; the voltage at TR 1 collector
charges Cl because the collector end of Cl is less
negative than the base of TR2. At the same time, the
base of TR2 becomes negative bringing it into con-
duction from its off state and switches LP2 on.

The capacitor C1 discharges through VR1 and C2
starts charging, making the base of TR1 go negative.

The result is alternative conduction through TRI
and TR2.

The flow of current in the base of the transistors
causes a larger flow of current in the collectors and it is
this larger current which drives the lamps.

The timing of the switch-over is determined by the
values of the capacitors, the amount of charge on them,
and the value of resistors R1, R2, and VRI, through
which the charge leaks away.

SWITCHING TIME ADJUSTMENT

By adjusting the setting of the potentiometer VRI,
the value of the resistance affecting the discharge of each
capacitor can be altered to change the switching time,
so that one bulb will be on for a different period of
time compared with the other. In fact, as one bulb
comes on for a longer time, the other does so for a
shorter time> This is called altering the mark-to-space
ratio of the generated waveform.

1L Zz

To BYi
e y

7l

Fig.2 Constructional and wiring details. Note the transistor
and capacitor connections




Low consumption 6V lamps are used with a current
rating of 0:06A (60mA), but lamps rated at 0-1A
(100mA) will work just as well. Higher ratings should
not to be used unless the transistors are changed for
higher current types.

USING PNP TRANSISTORS

If the reader wishes to use pnp transistors the
capacitor polarities must be changed round, i.e. the
positive ends are connected to the bases of the transis-
tors. Also, the battery connections will have to be
reversed, i.e. negative terminal connected to the lamps.

CONSTRUCTION

Commence the construction by cutting a softwood
baseboard 5in x Sin X 4in. The next stage is to wire
the 12-way terminal strip before mounting this in
position on the baseboard. A plastics sleeved link
wire should be inserted between terminals 1 and 12.
The two resistors R1 and R2 should be positioned
between terminals 3 and 6; 8 and 10.

The outer leads of the subminiature potentiometer
VRI1 should be carefully bent so that they can be
inserted in terminals 6, 7, and 8, see Fig. 2. The
electrolytic capacitors C1 and C2 are positioned in
terminals 2 and 10, 3 and 11. It is important that C1
and C2 are wired to the correct terminals; reference
should be made to Fig. 2.

Finally, before mounting the terminal strip on the
baseboard, the transistors should be mounted on the
strip, see Fig. 2. Particular care should be taken to
ensure that the transistor leads are wired to the correct
terminals, as they can be damaged if wired incorrectly.

FINAL ASSEMBLY

The terminal strip and m.e.s. bulb holders can now be
screwed to the baseboard, see wiring diagram for
relative positions. The terminal strip should be
checked against the wiring diagram and screwed to the
baseboard with two #in No. 4 countersunk woodscrews.
The m.e.s. bulb holders are screwed to the baseboard
with four 3in No. 4 countersunk wood screws.

COMPONENTS . . .

Resistors
Rl 2-2kQ R2 2-2kQ
10%, + watt carbon

Potentiometer
VRI 10k£ linear subminiature preset

Capacitors
Cl, 2 50uF electrolytic, 12V (2 off)

Transistors
TRI, 2 2N2926 (2 off)

l Lamps
LPI, 2 6V 0-06A (60mA) (2 off)

Miscellaneous
BY! 9V type PP9 battery
One [2-way plastics terminal block
Two m.e.s. bulb holders, batten mounting
Wooden baseboard 5in « 5in x 4in
Two miniature crocodile clips or battery connectors
Six 2in No. 4 countersunk wood screws
Plastic covered, single core copper wire

Total cost £1 approx.

A lead from terminal 11 is taken to LP2 bulb holder.
Two leads are taken from the other connecting screw
and wired to terminal 8 and LPl bulb holder, see
Fig. 2. The other connecting screw of LP1 should be
wired to terminal 2.

Finally, the battery leads should be wired in circuit.
The negative lead is taken from terminal 1 and clipped
on the battery negative connector by a miniature
crocodile clip. The battery positive lead is taken from
terminal connecting both lamps together.

The crocodile clip acts as a simple switch if removed
when not used. All the wiring should be given a final
check before making the final battery connection.
The multivibrator lamps will start flashing or switching
on and off as soon as the supply is connected.

All components wired to
the terminal strip. Note
the link wire




detailed explanation concernmg the operation of
UNIT “A” is continued in this month’s article,
with further practical examples.

We resume by considering the use of the operational
amplifier as an integrator.

An operational amplifier will be handling time as well
as voltage when acting as an integrator, so some means
must be found of inserting intervals of time onto the
computer. One method is to employ external oscil-
lators to provide known functions of time in terms of
frequency. An input to an integrator might consist
of a steady d.c. voltage which is switched on for a time 7
(step function or square wave), or alternatively, a sinu-
soidal voltage of frequency fand period 1/f.

If a graph is drawn of the resulting integrator output
function, and this is the form that answers to problems
involving change or motion will usually take, the X axis
of the graph will be calibrated in intervals of time, with
voltage on the Y axis. It follows that an oscilloscope,
which also uses time on the X axis and voltage on the
Y axis, can provide a convenient form of output dis-
play, especially when an integrator is operating at high

speed.

The operational amplifier is converted to an inte-
grator when a capacitor C; is inserted, in place of a
resistor, in the feedback path; see Fig. 5.1. When an
input voltage —Ei, is applied to the integrator by
means of a simple switch S for a time ¢, the output E,
will take the form of an increasing ramp voltage pro-
portional to ¢ with slope

—Ein RinCr

Note that the operational amplifier will continue to
invert an input voltage even when used as an integrator.

THE INTEGRATOR IN EQUATION
SOLVING

The electronic analogue computer does provide a
powerful technique for obtaining rapid solutions to
problems involving calculus, which cannot be equalled
either by numerical methods or by a digital computer.

If differentiation and integration are regarded as
straightforward mathematical operations, it will be
found that the terms of, say, a second order differential
equation can be manipulated on the computer in much
the same way as the terms of a “steady state’ algebraic
equation.

For example, when an equation term y is differen-
tiated against time its derivative dy/dt is obtained, and
a second differentiation yields the second derivative
d?y/dr®. The reverse process is where integration of the
second derivative d®y/ds* produces the first derivative
dy/dr, and another mtegratlon Fves y as the result.

Fig. 5.2 shows how a simple integrator can handle
equation terms. Combined operations are made
possible by cascading integrators, while using coefficient
potentiometers and computing component ratios for
summation, multiplication, and division (Fig. 4.1).

The process of differentiation, although feasible if
care is taken, is generally avoided on analogue com-

puters because it gives rise to unstable operational .

amplifier configurations, but this imposes only a slight
limitation since integration can be employed—in the
majority of cases—in place of differentiation.

INTEGRATOR ACCURACY

The transfer accuracy of an operational amplifier,
when it is used as an integrator, will be theoretically
limited by its finite value of open-loop gain. However,

ANALOGUIE

COMIPWUTT




ORGAN BUILDERS! N.P.N. 8il. Planar Transistors. All Tested, 1/8 each or £5.0.0

per 100.
BARGAIN BALE! NEW STOCK AT m!ﬂTABLE PRICES!
0C44, 0C45, OC81D now only 1/8 each! £8.0.0 per
0C71, 0C72 equivalent 1/- each! £3.0.0 per 100
ASY22 Switching Transistors 2/8 each! £10.0.0 per 100
2N763 N.P,N. Silicon Plapar, 300mW. 250Mc/s. High speed switc| hiug .. 2/8 each!
BBYSB ‘Ll’ N Bilicon Planar, Epitaxial, 300mW. 300Mc/s .. 2/8each!
N. Silicon Planar, Epitaxial, 800mW. IDO!IL;E .« 2/8each!
AFZ‘.lz P N’»P. Germanium Alloy Dlﬂ low moise V.H.F. amlnllllrr .. 2/8each!
Complete sets of transistors for radio
mam{zﬁs{ﬁA]ﬂGalﬁBﬂ!GB'lAﬂEUJtB \;'2{1318 A + diode " +« 10/- only!
GET]% 2 watte, Heatl aink Jm:lu«lesl o .. 2/8 each!
Driver Transf, o .- 2/8 each!
Tmnaia‘l.nr Output Trnns!armena [:nlull]e ﬁof our luhz abmrl po .. 2/8 each!
0C28 Equivalent X e - .. Bj-each!
BYZ13, 8 amp rectifiers ! - - .. 28 each!
Light sensitivity transistors similar to OCP71 ‘s . Bf=each!
UNMARKED, U'WTEBTED TRANSIHTORB TO CLEAR v 7/8 for 50!
Bilicon diodes. Make Also sultable for keying electronic Orguns,

1/-each; 20 for 10/-.
BY100 type rectifiers. SPECIAL REDUCED PRICE! ONLY 2/6 cach; 24/- doz.;
£2.10.0 per 100; £50.0.0 per 1,000.

ELECTROLYTIC CONDENSERS! fman'gg mnfcnnn:
+

270 volts « 104
BOuF 450 volts <. 32 + 32 275 volts ., 1/8
B4uF 275 volte & 8+ 16 450 voits .. 1/9
BOOuF 156 volts o 50 + 50 275 volts ae -
G00uF 25 volts & 40 + 40 4 20 276 volts .. 21
16/16/16, 350V .. 22 | 1004 100, 50Y .. 32 12,600uF, 30V .. 16/-
50 | 150/350, 500V .. 4/- | 30,000uF, 30V .25/
| 200260, 335V .. 4 | 1,000uF, 15V .. 1/8
2,000/2,000, 25V .. 4/8 | 1,000uF, 18V S T8
| _230pF, 50V .. 10d | B500uF, 15V .. 10d
8u¥F A5 3 volt Gdur . 28 volt
8u¥ 3 Bvolt | BduF i 9 volt
(- v O0wolt | 100p¥ - .. 3 volt
| BuF .. 2@ volt | 100pF .. 6 volt
| 1ou¥ s 25 volt 100uF .s 9 volt
16l .. 100 volt | 150uF .. 13volt
20uF 352 § volt 200uF . 3 volt
20uF 4 6volt | 200u) - 4 volt
B0UNF = 9 volt | 200uF 16 volt
| 20u¥ .. 1bvolt | 250uF 2:5 valt.
| 2BuF vt 6volt | 250uF 9 volt.
2Bu¥ - 12wolt | uF 2:5 volt
2BuF .- 15volt | B50u¥ 9 volt
25uF o a5 volt 350uF 10 volt
0pF .. Gvolt | 400 25 volt
P B0uF = 10 volt 400 F . 15 volt
4uF R R R T e AR
bu¥ T Gvolt | 40uF o Gdvot | S00uF .. 8 valt
5uF .. 2volt | BHOuF iR 9 volt | 640uF -« 25 volt
Sur . Svolt | souF 11 13velt | 760uF 12 volt
All at 1/~ each, 8/- per dozen. Mixed Packets of 20 (our selection) 10-7
um CONDENSERS
.. _B0Owolt | 002uF . 600 ac. | 0-20uF .. 350 voit
U-Dol,u.l-‘ .. 1000wolt | 002u¥ .. 350volt | O0-5uF . 350 volt
.. B0Owolt | 0-1pF .. 350 volt | O0-5uF .. 500 volt
o00sar . Tsava | .
All at 151— per 100, 3/- per dozen. Mixed Bags of 100 (our sclection) 10/-.
. POLYESTER cnrnmons ALL HALF PRICE
0-0022uF 400 volts 160 volts 3 e
0-0018uF 400 volis 160 volts e A
0-0015uF 400 volts K 160 volts : .. 84
0-001uF 400 volts 125 volts i o
0-01uF 160 volta 125 volts e o

68pF Tubular pulse ceramic

VERY SPECIAL VALUE! Silver Mica, Ceramic, Polystyrene Condensers.
‘Well assorted, Mixed types and values, 10/- per 100,
RESISTORB, Give-away offer! Mixed types and values, 1 to ! watt,
B[li per 100 or 55/~ per 1,000. Individual values, 8d each.
Also § to 8 watt close tolerance. Mixed values, 7/8 per 100; 56/ per 1,000,
'OUND RES! RS. 1 watt, 3 watt, 6 watt, 6d each, 7 watt and 10 watt

CONKECTING WIRE, THIN, P.V.C. INSULATED. 2
10yd, 1/=; 100yd, 7/8; 500¥d, 25/~ (post 4/6); 1,000yd, 40/- (post 6/-).
VALVES. mumn:w AND BOXED. ROCK-BOTTOM PRICES!

DY87 . 89 [ BYS¢ .. .. @@ | POLS& .. .. B8
EABOSO .. .. 7/ Y87 . .. 88 | PFLg200 11/8
ECC82 74 PABCS0 .o PL36 10/1
EOCC83 7/4 PCO7 . 10/6 PLS1 8/5
ECL80 71 | Pccsd S ] PLS3 /5
ECLSG .. .. 8/§ | PCCsy . 10/6 | PLS4 . B8
EF80 e AR 1) ¢ PCF80 .. . BS PL50O .. .. 125
BRGE DS IR R e OIS e . B
EF183 .. .. 95 | porss .. .. pdo | P¥SL .. .. @8
BFIB4 .. .. W6 | PoLes . .. w5 | PR®m .. .. 4N
EYsl .. 69 | POL8S .. .. 86 | PYsoo ., . 8

A further 109; dlscﬂunt 'will be given on lots of 50 of any one type.

RECORD PLAYER CARTRIDGES
Sonotone Mono, 10/-; Acos GP67/29 Mono, 15/-; Acos GP91/35C Stereo compatible,
20/=; Acos GP94/1 Stereo, 85/-. All with needles.

Siml Injector Kit—10/-. Signal Tracer Kit—10/-.
VEROBOARD Al sizes in stock. =

2}in » 1lin 015 matrix 11 17in - 3%in 015 matrix .. 148
2im % 3fin  0-15 matrix < 93

» 5lin 0-15 matrix .. 311 Sin 0-1 matrix .. 311
Slm ¥ 34in 0-15 matrix .. 311 33in 01 matrix .. 38
3%in x 5in  0-15 matrix .. Bj8 6in » 3§ 01 matrix .. B2
17in x 2}in 0-156 matrix w11/~ 83in < 33in 01 matrix .. 811

SPECIAL OFFER| 7
Cutter and 5 Boards "Uu lin, 8/9. Cutter only, 7/8. Pin Tnsert Tool, 8/6. Terminal
Pins. Packet of 86, 3,
BARGAIN OFFER!
Few only M , 1,000 0 per \o]l 45/-; 20, 0000 per volt, sﬂ -
Orders by post to:—
G. F. MILWARD, |7 PEEL CLOSE, DRAYTON BASSET, Staffs.
Please include snitable amount to cover postage, Stamped addressed envelope must
be included with any enquiries.
For customers in the Birmingham area goods may be obtained from Rock Exchanges,
231 Alum Rock Road, Birmingham 8. (All POST orders to Drayton.)

MINIMUM ORDER 10/-

EXCEL

in

Through this IGS
3-way Training Method:

MASTER THE THEORETICAL SIDE

From basic principles to advanced applications,
you'll learn the theory of electronic engmeenng.
quickly and easily through ICS. That's because
each course is set out in easy-to-understand terms.

MASTER THE PRACTICAL SIDE

ICS show you how to develop your practical
abilities in electronic engineering—alongside your
theoretical studies. It’s the only sure way to
success. All training manuals are packed with
easy-to-follow illustrations.

MASTER THE MATHEMATICAL SIDE

To many this aspect is a bitter problem. Even
more so because noelectronicengineeriscomplete

without a sound working knowledge of maths.
But new ICS teaching makes mathematics easier
to learn. |

Wide range of courses available include: '

Radio/TV Engineering and Servicing, Closed Circuit TV, Electronics,
Electronic Maintenance, Servomec anum:, Computer Engineering,
Numerical Control Electronics, ete.

EXPERT COACHING FOR:
INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS
CITY AND GUILDS TELECOMMUNICATION TECHNICIANS
CITY AND GUILDS ELECTRONIC SERVICING
R.T.E.B. RADIO/TV SERVICING CERTIFICATE
RADIO AMATEURS’ EXAMINATION
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY

Build your own radio, transistor portable, and professional-type test
instruments with an ICS Practical Radio and Electronics Course. Every-
thing simply explained and easy to handle. All I and tools
supplied. For details past coupan below.

Member of the Association of British Correspondence Colleges

rorR FREE HANDBOOK POST THIS COUPON TODAY

LC.5., Dept. 151, INTERTEXT HOUSE,
PARKGATE ROAD, LONDON, S.W.N1

NAME

ADDRESS

OCCUPATION AGE

361




PRINTED CIRCUIT KIT||[SILICON RADIATION DETECTOR

BUILD 40 INTERESTING PROJECTS on a PRINTED CIRCUIT The NUTRONICS semiconductor radiation
CHASSIS with PARTS and TRANSISTORS from your SPARES BOX detector ND7 is a compact, low cost, versatile
CONTENTS: (l)zcm:per Laminate Boards 44~ % 24". (2) | Board for Match- radiation detector with a window area of
g:lx Rlﬂ-&-)ﬂ . Bﬁ( ncrl erstﬁsﬂch Rndm{a)“‘l's—w R%:n.-d(SJ PRwes; 7mm2 and Alpha energy resolution of 50-100
vent, !c ant. eanser/Degreaser. t e x
Circuits 7} 2 Minjature Radio Dials SWIMW/LW, Also free Kev. FWHM, which has been expressly
ook e uo) Emnml Design Data, Circuits, Chassis Plans, etc. for designed for use in educational establishments

and by amateur experimenters.
40 TRANSISTORISED PROJECTS The NUTRONICS semiconductor radiation

A very comprehensive selection of circuits to suit everyone's requirements detector ND7 detects Alpha,s, Beta, Gamma P
mu‘.‘»’"&'u‘?é?‘éﬁ’é‘};'é'!'.‘.l..T:&EJ:??&'L\’:ZT:‘SE&? 1D Ty Radiation, Fission Fragments, X-rays and H
Protons.
EXPERIMENTER'S &
PRINTED CIRCUIT KIT Send for technical data sheet. Lé
8/6 SOLID STATE NUTRONICS LTD. e
Postage & Pack. 1/6 (UK) 5A VYoltaire Road, London, S.W.4 01-874 8608
Commonwealth:
SURFACE MAIL 2/~
AIR MAIL B/- -
| aucrais, New zewnd, | | [ R.S.T. VALVE MAIL ORDER CO.
SORSH AR, CADAEh 144 WELLFIELD ROAD, STREATHAM, S.W.16
R St Louhptacor, (o, Sy Tunr ot Special 24 Hour Mail Order Service

Audio Amplifier. (5) Carrier Power Conversion Receiver. (6) Split-Load

E ] - Z8031  13/-11ES 21_looea 9j-
] Neutralizted Double Reflex. (7) Matchbox or Photecell Radie. (8) “T ABL 7/9|ELS0  6/-1QQV03/10  |ZBO3L  13/-11E3  42/-19003 o
FLEXON" Triple Reflex with self-adjusting rcguneraunn (Patent é‘:ndmg) E,C‘ZSI 1"” 2;‘*’“ ‘.03,20"0"‘ gﬁg t}g ;gi(f;e's }[]"{_ BY100  o/6
(9) Solar Battery Loudspeaker Radio. The smallest 3 designs yet offered to ‘Gmo 13’; 20" QQV3 05/-|00s o TRANSISTORS
ﬂ!eHomuConnrumr anywherem theWorld. 3Subminiature Radio Receivers K%‘Ql ‘f t!- QQVo4/15 4 0Z4 ‘4’.3
ed on the “Triflexon" circuit. Let us know if you know of a smaller 61‘; !ﬂi- Qv 105/ T
dul 1 published anywhere, (10) Postage Stamp Radio, Size only 162" x -957 o 6/ 20/-|QQV06/40 1132(-'1 8/
", (11) Wristwatch Radio 1:15° x -80" x -55°. (I2) Ring Radio ‘70" x 3?: 201 '2550"“‘ a/6
70' 55, (13) Bacteria-powered Radio, Runs on sugar or bread. (14) Radio H -‘ﬂ' QQV3/10 S ?g“:‘! q;i'*
Control Tone Receiver. (15) Transistor P/P Amplifier. (16) Intercom. (I7) 80/ b " 0)- 2E26 20/~
I-valve Amplifier, (18) Reliable Burglar Alarm. (19) Light-Seeking Animal, 46 :fti Q870/20 'ﬁ/ﬁ 3AD 7= 3E1
Guided Missile. (20) Perpetual Motion Machine. (21) Metal Detector. (12] :”6 "'.':]- Q5i|‘5:f20 316 B8 40/~
Transistor Tester, (23) Human Body Radiation Detector. (24) Man/Woman ;I- B "'IG G575/60 acau 4,,’—
Discriminator, (25) Signal Injector. (26) Pocket Transceiver (Licence required). 0|EY: l“.'- e 5
nstant Yolume Intercom. {28) Remote Control of Models by Induction. l“’,‘_ & -
(29) Inductive-Loop Transmitter, (30) Pocket Triple Reflex Radio. (31) Wrist- :l,fﬂ "m csg":llu
watch Transmitter/Wire-less Microphone. (32) Wire-less Door Bell, (33) 5/0 £/-1Q895/10
Ultrasonic Switch/Alarm. (34) Stereo Preamplifier. (35) Qualuy Stereo Push- 116 8/-|08108/45 h”,_
Pull Amplifier. 336) Light-Beam Telephone “Photophone™, (37) Light-Beam 12'](5 Bzl 10/-|Q8160/1G 8/~
Transmitter. (38) Silent TV Sound Adaptar. (39) Ultrasonic Transmitter. 30/~ EZ30 5/6|88150/30 3
(40) Thyristor Drill Speed Controller. - e 5/6|05150/36
23 20,

@ -
10/=|Q5130/45
20

PHOTOELECTRIC KIT

CONTENTS: 2 P.C. Chassis Boards, Chemicals, Etching Manual, Cadmium
Sulphide Photocell, Latching Relay, 2 Transistors, Condenser, Resistors,
Gain Control, Terminal Block, Elegant Case, Screws, etc, In fact everything

u need to bmld a Steady-Light Photnf-Swntch,'CounlsrfBurg!:r Alarm, etc.

GZas  11/-|Qs130/50
6lGZ3T  12/6 20/¢
HU3 8/-|Qu1200  7/3
HLA1DD 13/8 g:_gi-é-_' :gﬁ
ET6L  12/8(2% 000 2l

Project No. 1) which can be di ight operation. I-|KT67 45/ t{;’gﬂ-?l}
e TH
PHOTOELECTRIC KIT - {ud
ﬁ KT81(¢: LLJ) p
39I6 K183 ..-’[5 RUG(S

KTW6L
KTW62
ML4
N37
N3
PC30
PC8s

Postage & Pack. 2/6 (UK)

PHOTOELECTRIC | Commonwealth:

BURGL AR u |

“‘:ﬁ;m":n“ " SURFACE MAIL 3/6
AIR MAIL £1.0.0

Australia, New Zealand,

S. Africa, Canada & U.S.A. ik SU2150 12'66
= Also Essential Data Circuits POCSE  6)3(oU21904 12/6
Ny and Plans for Building - peesy U ;_"g}'?
l’(EC‘IIJ‘.!
12 PHOTOELECTRIC PROJECTS. (1) Steady-Light Phato-Switeh/Alarm. (2) AL,
Modulated-Light Alarm. (3) Long-Range Stray-light Alarm. (4) Relay-Less PCFS01
A!arm (5) Warbling-Tone Alarm. (6) Closed-Loop Alarm. (7) Projector Lamp POFROZ

Stabiliser. (8) Electronic Projector Modulator. (9) Mains Power Supply.
(10) Car Parking Lamp Switch. (11) Automatic Headlamp Dipper. (12) Super-
Sensitive Alarm.

INVISIBLE BEAM OPTICAL KIT

Eve hing needed (except plywood) for building: |, Invisible-Beam Projector
Photocell Receiver (as illustrated). Suitable for all Photoelectric Burglar
Allrms. Counters, Door Openers, etc.

EN$DD |Ucess  1/-0

CONTENTS! 2 lenses, 2 mirrors, 2 45-degree wooden blocks, Infra-red fileer, PELS 1-|UCH21  U/6 s
Broeccor lamp holder, building plans, performance data, etc. Price 19/6. I t‘lj‘f;ﬁ:w W-lucHsz 106 ocsil
ostage and Pack 1/6 (UK). Commonwealth: Surface Mail 2/-; Air Mail 8/-. PLE1 b g g{,;
JUNIOR PHOTOELECTRIC KIT -{ELe Irjocien: - ik
Versatile Invisible-beam, Relay-less, Steady-light Photo-Switch, Burglar oCl17l -",g
Alarm, Door Opener, Counter, etc., for the Experimenter. :'qs
CONTENTS: Infra-Red Sensitive Phototransistor, 3 Transistors, Chassis, 36
Plastic Case, Resistors, Screws, etc,, Full Size Plans, Instructions, Data 3/6
Sheet "' 10 Advanced Pho:oeleelruc Dnllm 4/6
Price 19/6. Postage and pack. 1/6 (UK). ::».'-
SUBMINIATURE SOLAR BATTERY. 10/6. Post and pack. |/-. 3:::
Qutput in Bright Sunlight: 2 v./250 microamps. 8-
Build that Sun Powered Wristwatch Radio for your Holiday and amaze
your friends. Plans supplied free with each battery. |pz30 a Z3] y TUBES
ELSG TIGLQQ\ U2]6 46/-{Z769 ..!3, 10r1s lﬁjﬂilil#i 25/-1Cr31 80/~
YORK ELECTRICS, 335 York Road, London, S.W.11 All valves brand new and boxed. Postage éd, valve.
Send o S.AE. for full details, o brief description and Photographs ofcM Kits and OPEN DAILY TO CALLERS 9 a.m.—5.45 p.m. No early closing
2 Rodio, Electronic ond Photoelectric Projects Assembl C.W.O, Tel. 01-76% 0199 & 1649 No C.O.D.
SEND S.A.E. FOR LIST OF 2,000 TYPES
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the situation is much more complicated than with, for
example, a summing amplifier (Fig. 3.8) since the
amplifier error can no longer be defined in terms of the
simple relationship between closed-loop and open-loop
gains.

As a guiding principle, integrating amplifiers may
have very large values of closed-loop gain provided
that the time r of an input function remains small.
Closed-loop integrator gains of 1,000 or more are not
uncommon in transistor computers, since low voltages
and low impedances discourage the use of computing
resistors of more than 100 kilohm, and capacitors of
more than 1xF are too bulky. Table 5.1 is calculated
for UNIT *A’ amplifiers, and sets out the maximum
allowable interval ¢ for selected values-of Cr and Rin,
where the amplifier transfer error must not exceed
one per cent.

Errors due to unwanted drift voltages also become
significant when ¢ is long and C; is small. The greatest
care must be exercised when zero-setting integrators to
eliminate offset voltages, for good accuracy at long
time intervals. Also, the computer should not be
subjected to fluctuations of ambient temperature when
computations cover several hours of integrator use.

COMPUTING CAPACITORS

The computing capacitors used for PEAC will
normally lie within the range 0-01-1xF, and the three
values most commonly employed are 0-01xF, 0-1uF,
and 1xF. Polystyrene is the preferred capacitor
dielectric, for high insulation resistance, but polyester
makes an acceptable second best. Mica, paper, and
ceramic capacitors should be avoided.

Small value polystyrene capacitors of +1 per cent
and +2 per cent tolerance are easily obtained, but
0-14F and 1uF precision components are rare and
expensive. To get around this difficulty, the bridge
circuit of Fig. 5.3 was devised to allow computing
capacitors to be made up from specially selected low
cost --20 per cent capacitors.

The circuit of Fig. 5.3 can be constructed in bread-
board form on Veroboard or s.r.b.p., with miniature
sockets to take Cx and R1. If an audio signal gener-
ator is not available to supply the bridge with about
10V r.m.s. at 1kHz, a signal could be obtained from a
transistor multivibrator powered by the 25V computer
power supply. Headphones serve to detect the null
point when the bridge is in balance, and should have
an impedance of about 2 kilohms.

The method of making up a computing capacitor of,
say, 1uF is as follows. A capacitor panel of plain or
gerforated s.r.b.p. is fitted with small turret tags as in

ig. 5.4. A 420 per cent capacitor of about 0-68xF is
wired into position on the capacitor panel before it is
plugged into the bridge Cx sockets, and a 1 kilohm

INPUT
FUNCTION
Ce

~£j n
=£in !
Oo—e” £y ;
5 R -

1
RinCy

Eq=—£ipy VOLTS /SEC

Fig. 5.1. The operational amplifier as an integrator

BASIC OPERATIONS IN CIRCUIT FORM SYMBOL

OR
dy-
ar Rin
c w'
INTEGRATION
Fig. 5.2. The handling of equation terms by a simple
integrator
: . 1kH
Cx R o1 1oV RMS.
0-4pF 0kO 1%, 10,000pF R2
ar_wasm | SR ~ ot
________ HIGH Z
- £
%™ 1000X ®
Sl
=

Fig. 5.3. Bridge circuit used for making up computing
capacitors

TURRET TAGS

20 S5.W.G. TINNED
COPPER WIRE

Fig. 5.4. Computing capacitor plug-in panel
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resistor is inserted for R1. Assorted polystyrene or
good quality polyester capacitors of lower value are
then temporarily connected across the capacitor panel
to increase Cx by small increments, while listening on
the headphones for a drop in the level of the 1kHz
tone as Cx approaches 1xF. ;

A typical computing capacitor might finally consist of
a parallel combination of the following values, 0-68uF,
0-22uF, 0-02xF, and 0-0054F.

If the required value of Cx is exceeded, the note in
the headphones will increase in volume when the null
point is passed. Allow capacitors to cool off after
soldering, and before making a measurement, as heat
can causé a temporary or permanent change in capaci-
tance. With the Fig. 5.3 bridge circuit it is possible
to detect increments of less than 0-01xF in a nominal
1uF capacitor.

DIFFERENTIAL ANALYSIS WITH
UNIT “A”

A second order linear differential equation with
constant coefficients has become firmly established as
the “classic” introduction to differential analysis on
the analogue computer.

The equation describes an oscillatory system with
variable damping which can be used to simulate
indirectly many physical systems, such as the spring
pendulum, a tuned LC circuit, or a servomechanism.
Also, the eguation is easy to set up on the computer,
and does not necessarily demand the use of integrator
mode switching.

In general form the equation is,

d?y dy
ags +bg +o=ft) (Eq51)
where a, b, and ¢ are the constant coefficients, y is
unknown, and f(¢) represents some function of time.
Equation 5.1 can be rewritten to suit a particular
system by substituting appropriate terms.

Spring pendulum
d%y dy o
m iz +ﬂ'a‘;‘+ky = f(t)

(Eq. 5.2)

where m is the mass of a weight suspended on a spring
of constant k, which is damped by friction g#. The
weight is displaced by an amount y when subjected to a
force dependent on f(¢).

Tuned LC circuit

d* g 1
LE§+RB—?+—CQ=IU) (Eq. 5.3)

where L is an inductance tuned by a capacitance C, and
damped by a series resistance R. Q@ is the charge in
coulombs on C at any instant of time. The current
flowing in the tuned circuit is given by dQ/d¢, and f (r)
represents an input function.

Servomechanism

dzg, dé

"&:‘; + 2w 3 + W =~ Wl (Eq. 5.4)
where 0, is the angular displacement of the output
shaft, ¢ the damping factor, @ the angular velocity, and
@; the angular displacement of the input shaft.

The obvious similarity between the above equations is

emphasised when, in Fig. 5.5, it is seen that they all have
virtually the same problem layout on the computer.
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Furthermore, as the computer will allow operation at
almost any fraction or multiple of real time, a spring
pendulum and a tuned LC circuit can be simulated
simultaneously, and interesting electro-mechanical
parallels can be seen to exist between the properties of
inductance and mass, resistance and friction, and capa-
citance and elasticity.

The only real difference between the analogous
behaviour of a weight on a spring, a servo shaft, and a
tuned LC circuit is that the LC combination will nor-
mally resonate at a much higher frequency.

PROBLEM EXAMPLE 3.
TUNED CIRCUIT ANALYSIS

UNIT “A” will simulate any series tuned circuit by
solving Equation 5.2, and will give answers in the form
of a.c. meter readings or oscillograms. Tuned circuits
resonating in the MHz region are catered for by slowing
down the problem to some convenient decadal fraction
of real time, so that a simulated circuit on the computer
which is, for example, resonating at 300Hz, will serve
as a model for a real circuit resonating at 30MHz, with
suitable rescaling of L, C, and 1.

To initially determine the relative values of L, C, R,
voltage ¥, and current /, without too much paperwork,
it is helpful to start with a representative tuned circuit
which allows computer operation in real time, at
frequencies convenient for display by an a.c. voltmeter
or an oscilloscope. 50Hz is a good frequency to
employ as a datum because it can be readily obtained
from the mains supply, and rounded values of L = 1H
and C = 10xF will also offer resonance at 50Hz.

Taking the circuit of Fig. 5.6a as a starting point,
from the knowledge that a series tuned circuit will
exhibit an impedance equal to R at resonance, the
r.m.s. current flow at SOHz will be E;i/R, or 20mA when
E; = 2V r.m.s. and R = 100 ohms.

It is necessary to rearrange the basic equation,
Equation 5.2, for the computer by dividing through by
L, and solving for the second derivative.

2,
Substituting known values from Fig. 5.6a,
d*Q 100R dO 1 f@)
- 1A & Hxwc? T
(Eq. 5.6)

f(¢) in the present case represents a sine wave input of
2V r.m.s. In other circumstances the input function
could be a square wave of amplitude Ej, and period 21.

Equation 5.6 is solved on the computer by successive
integration. Looking at the symbolised diagram of
Fig. 5.6b, it can be seen that there are two closed-loops,
one linking the output of OA1 via CP1 to OAl/Input 1,
and the other passing through OAl, OA2, and OA3,
via CP2, and thence back to OAl/Input 3. The
coefficient of CP1 will be multiplied by the gain factor
associated with OAl/Input 1. .CP2 coefficient is
multiplied by the product of gains OAl/Input 3, OA2,
and OA3, i.e. 1,000 x 100x 1 = 100,000.

d2Q/dr?, obtained from the sum of the voltages
present at the inputs of OAl, is initially assumed to be
present. After one integration OAl provides an
output dQ/dr, and from this all the terms on the right
hand side of Equation 5.6 are assembled. So, dQ/dt is
multiplied by R/L = 100, using CP1 set for a coefficient
of 01, and is taken back to OA1/Input 1 where it is then
added to f(¢)/L = 2V r.m.s.
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Moving in the other direction on the symbolised
diagram of Fig. 5.6b, dQ/d: is integrated by OA2 to
obtain Q. Inverting amplifier OA3 changes the
sign of Q before passing it on for multiplication by
1/LC = 100,000 (CP2 coefficient of 1). — (1/LO)Q is

. then added, at OA1/Input 3, to

RAQ | f()

A i

and the sum of all OA1l input voltages yields the re-
quired d*Q/dt¢2. Because there are two closed-loops
in the computer set-up the equation will be self-
enforcing.

Routine. Switch on UNIT “A™ power supply and
allow a warm-up time of at least 15 minutes. Ensure
that the three operational amplifiers are disconnected
from their summer networks, and have no feedback
components. Apply 10V d.c. voltmeter leads to
OA1/SK13 and an earth socket, and zero-set OA1 for

an output voltage of less than + 1V from the back of the
UNIT “A” box, by means of VR1 (Fig. 3.7). Repeat
for OA2 and OA3.

Set up the problem according to the patching circuit
of Fig. 5.6b, but omit the feedback capacitors and the
patching link between OA3/SK13 and CP2/SKI.
Set CP1 dial to approximately “1”. Connect the volt-
meter to miniature socket OA1/SK6 (Fig. 2.9) and
zero-set OA1l again, but this time using the front
panel control VR15.

Next, zero-set OA2 using VR16, and OA3 using
VR17. Insert 0-1xF computing capacitors into OA1/
SKI11 and SK12, and OA2/SK11 and SK12, and make
good the link between OA3 output and CP2. Set CP2
for a dial reading of “10”. Apply the voltmeter to
OA2/SK7 and =zero-set the complete assembly of
amplifiers by adjustment of VR15(0OAT1) only.

The problem layout will now be ready for dynamic
checks and should not need to be re-zeroed for several
hours if UNIT “A” is being operated in stable ambient
temperature conditions.
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Fig. 5.5. A second order differential equation applied to physical systems
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REPRESENTATIVE TUNED CIRCUIT USED FOR SETTING UP
THE PROBLEM LAYOUT IN “REAL TIME"
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WATERPROOF HEATING ELEMENT

26 yards length 70W. Self-regulating
temperature control. 10/- post free.

MINIATURE WAFER SWITCHES
4 pole, 2 way—3 pole, 3 way—4 pole,
) 8 way—2 pole, 4 way—3 pole, 4 way
) —2 pole, 6 way—1 pole, 12 way. All
at 8/8 each, 88/- dozen, your nssort-
ment.

SPECIAL BARGAINS
50 ohm 50 watt Wire Wound , 8/8 each.
1 Meg Miniature, Pot-meter Morganite standard.
1in spindle 1/ each; 9/- per dozen.
1 Meg Miniatore. Pot-meter Morganite preset
screwdriver control. 8d each; 8/- per dozen.
Pre-Bet 100K by Welwyn with intrical bakelite
knob, 1/- each; 9/- per dozen.

Pot-Meter, Miniature type with double pole
switch and standard }in spindle, by Morganite.
2/~ each; 18/- per dozen.

. Enclosed, normally closed

circuit, willopen should blanket overheat, 4/8 each.
. Can be used to delay the supply

of HT while heaters warm up, or will enable

15A loads to be by e switch
Regular list price over £2, price 7/6

Siemens High Speed Relay. Twin 1,000 ohm coils,
Platinam points changeover contacts—Ex

umi];:leut 8/8 cach.
Toggle Bwitch Bargain., 10A 230V normal one
hole fitting 2/9 each; or 30/- per doz.

Lock. 24V coil, but rewindable to other
voltages, 4/8 each.
Trimmers. Twin 100pF, 1/- each;

9{- per dozen.

Wheaistone Bridge. Opportunity to
::Illdahup]y. 100K wire wound pot. 15W rating,
¥ =
Sheet Paxolin. Ideal for transistor projects, 12

panels each 6in x 8in, §/-.
3in PM Loudspeaker. 3 ohm, 12/8: 80 ohm, 13/6.
Blab Aerial with medium and

ull speeds

Kit Iincludes all parts, case,
everything and full instruc-
tions 19/8, plus 2/6 post

and insurance. Or available

Saves you work—
1t’s partly built .

Like its predecessors this lntest Companion
has full fi performance—such as only o
good wooden cabinet and biflux speaker can
give, and due to its being partly buailt you will
have it going in an evening. Nofe these-
features. .
® 7 Transistors, superhet cirenit.
@® Two-tone Cabinet, size 11.x 8 « 3in,
[ ]

L]

All circuit requirements—Push-pull out-
put—A.V.C. and feed back, etc.

Printed circuit board all wired only con-
nections, e.g., to Volume control W.C,
Switch and Tuning Condenser.

DRILL CONTROLLER
Electronically changes speed

.rom approximately 10 revs, to
maximum. Full power at
by fingertip control,

b
made up 82/6, plus 2/6 post and insurance.

SUPERTONE G.C.V.

@ . Pre-aligned IF stages complete with full instructions. Price only £4.9.8 plus

6/6 post and insurance.

RADIO STETHOSCOPE

Eagiest way to fault find—traces signal from aerial to
speaker—when signal stops you've fouml the fault. Use
it on Radio, T.V., amplifier, anything—complete kit com-
prises {wo special transistors and all parts including probe
tube and crystal earpiece 29/8—twin stetoset instend of

earpiece 7/8 extra
post and ins. 2/9.

7 transistor Key chain Radio in very
pretiy case, size 2}in x 2lin x 1}in—
complete with soft leather zipped bag,

ifleation:  Ciroult—7  transistor

long wave coils, 7/8 each.

Bwitch. Sub minlature double pole change-
over, 8/~ each; 18/- per dozen.
Vacuum Cleaner Flex. Non-kinkable ribbed rubber,
most pliable but very tough. 24/36 Cores. Nor-

mally, 1/9 per yard, offered at £3 per 100 yard .

coil, post and insurance 8/6.
fure n . General purpose
type with guld-pls&bed leads, 1/- each or 7/6 per

Message Tapes. 225it Tape on 3in spools, nor-
mally 4/6 each, we offer 4 tapes for 12/8,

‘White Circular Flex. Ideal for lighting drops,
twin made by BICC. Usually 8d yd, 100 yd coil
for 30/=, plus 6/- »

Control. Morganite, as fitted many
transistor radios, 2K or 5K with switch, 2/8 each
or 24/~ per dozen.

Inverter. Full transistorised for operating a
20-watt fluorescent tube, size 6in Jong = 13 3.
£3.10.0, Post and insurance 3/-,

Rectifier, Equiv, BY100 730mA 400V,
10 for 20/~.

Pickup for 7in records made by Cosmo-
code, crystal cartridge with sapphire stylus only
8/8 or 36/- dozen.

Aerial for radio or transmitter, chrome
plated, 6 section extends from 7jin to 47in,
7/8 each, £4 per dozen.

Midget Neons for mains Indieators, ete., 1/3 each
or 12/- dozen. .

t Relay twin 250 ohm colls, size approx.
Afin x lin x lin. 4 pairs changeover contacts
7/8 each.
P.0. Type Relay. Twin 200 ohm coils, size approx.
:’in % hmu % Qin. 4 pairs changeover contacts.
Printed Circuit Board, Edge Connector, solder

2 standard spacing for

vuam’ boudm , etc, 6in long but ensily cut. 7/6 each,
1,000W Fire Spiral, replacement for most fircs. 1/8
each, 12/- doz.

PP3 Eliminator, Play your pocket radio
i@l from the mains! Save £s. Complete

component kit comprises 4 rectifiers—
| mains dropper resistances, smoothing
condenser and instructions. Only 6/8
plus 1/- post.

PHOTO-ELECTRIC KIT
All parts to make light operated switch/burglar
}m':onnm. ete. Kit comprises printed circuit,
ipated Boards and chemicals, Latching relay,
Infra-red sensitive Photocell and Hood, 2 Tran-
sistors, cond,, Terminal Block, Plastic ecase.
Essential data, circuits and P.C. chassis plans of
10 photo-electric device including auto, car
parking’ light, modulated light alarm. Simple
invisible ray switch—counter—stray light alarm—
ng tone el io alarm—proj Jamp
atabiliser, etc., etc. Only 39/8, plus 2/- post aned
insurance.

Be first this year
SEED AND

PLANT RAISING

Soil heating wire and. trans-
former. Buitable for standard
size len frame, ~18/8,

plus 3/6 post and ins.

superheterodyne; Frequency range—
530 to 1,600kefs; Rensitivity—5mV/m
Intermediate frequency—485ke/s, or
455ke/s; Power output — 40mW;
Antenna—{ferrite rod; Loudspeaker—
Permanent magnet type. In transit
from the East these sets suffered slight
corrosion as the batteries were left in
them but when this corrosion is clearved
away they should work perfectly—
offered without guarantee except that
they are new, 19/8 plus 2/0 post and
insurance, less batteries.

¥

X
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THIS MONTH'S SNIP
MICRO-SONIC

The "Princess” 4 speed auto-
matic record changer and player
engineered with the utmost pre-
cision for beauty, long life and
trouble free service. Will take
up to ten records which may be
mixed—7in, 10in or 12in.’ Patent
stylus brush eleans stylus after
each playing and at shut off, the
pick-up locks itself into s recess
—amost useful feature with port-
able equipment—other features
include pick-up height adjust-
ment and s{ylus pressure adjust-
ment. This truly is a fine instru-
ment which you ean purchase

Post and insurance7/ 6 extra,

with 2 spools ready to install.
Replay head is Lhe sensitive M4 type intended
jor use with transistor, amplifier, Price
£4/15/-, Post and insurance 4/6,

RECORD PLAYER SNIP

this month at only £5,19.8, complete with eartridge

BATTERY OPERATED TAPE
DECK

With Capetan control. This unit is ext remely
well made aml measures approx. 6 x 5 x 2in
deep, Has three piano key type controls for
Record, Playback and Rewind. Motor Is
a4 specinl heavy dut;
operation off 4/5 volts,

¥ type intended for

SENSITIVE

HAND MICROPHONE
Dynamic iype. Low imped; moving
ion, fitted in unusually neat plastio head
[1 with anti-microphonic _coupling to
handle, Extra small size™but very sen-

sitive. 15/- each,
B7@ Valve Holders with bottom screen—
p.t.le. insulation finest for HF and
VHF, 1/- each; 10/~ doz.
Fractional H.P. Motor, 240V 50c/s—
open construction ideal for ventilation
Ian—blower heater, ete.
Clock Motor. 230V G0c¢/s synchronous—selt
starting, 8/6.
Pentode Output Transformer—standard size,
40-1, ex equipment but 0.K., 4/8 each; 48/- doz.,
paost paid.
Neon Mains Tester, 1/8 each; 12/-doz.
MAINS TRANSFORMER, Upright mounting with
primary tapped 200, 220, 240V H.T. secondary is
250-0-2560V at 100mA and it has two L.T. sgecon-
daries of 6.3V 1!A—unused (removed from
equipment), 15/= plus 3/6 post and insurance.

FLUORESCENT CONTROL KITS

Each kit comprises seven items—Choke, 2 tube
ends, starter, starter holder and 2 tube clips,
with wiring instructions. Suitable for normal
fluorescent tubes or the new *‘Grolux'’ tubes for
fish tanks and indoor plants. Chokes are super-
silent, mostly resin filled. Kit A.—15-20W. 19/8.
Kit B—30-40W., 17/6. Kit C—80W., 17/8.
Kit D—125W., 22/-, Kit E—65W., 19/8. Kit
MF1 is for §in., 9in. and 12in. miniature tubes
18/8, Postage on Kits A and B 4/6 for one or two
kits then 4/6 for each two kits ordered, Kits C,
D and E 4/6 on first kit then 3/8 for each kit
ordered. Kit MF1 3/8 on first kit then 3/6 on
each two kits ordered.

MAINS TRANSISTOR POWER PACK
Designed {d"operate transistor sets and amplifiers.
Adjustabl cutput 6V, 0V, 12V for up to 500mA
(class B working). Takes the place of any of
the following batteries: PP1, PP3, FPP4, PPG,
PP7, PPY, and others. Kit comprises: mains
transformer rectifier, smoothing and load resistor,
condensers and instructions. Real snip at only

18/8, plus 3/8 postage.
MAINS MOTOR

Precision made—as used
in record decks and tape
recorders—ideal also for
extractor fan blower
heater, etc. New and
perfect. Bnip at 9/6.
Postage 3/- for first
one then 1/- for each
one ordered. 12
over post

{ree.

RELAY SWITCHES. These enable micro switches,
delicate thermostats or other low current devices
to control up to 30A. Ideal to switch thermal
storage heaters—mwotors, etc., made by the
famous AEI group these are listed at £25 each—,
you can buy if you hurry at a very keen price of
398/8 each and we will include diagrams and data,
- s

Record,

aml readdy to play.

CASSETTE LOADED DICTATING MACHINE

Battery operated and with all accessories.
Really fantastic offer, a British made
£31 outfit for only £8/19/8, brilliantly
designed for speed aml efficiency—
cassette takes mormal spools, drops in
and out for easy loading—all normal
functions—accessories include stetho-
scopic pi ery! m ]
has on/off switch—telephone pick-up—
tape reference pad—DON'T MISS
THIS UNBEPEATABLE OFFER—
SEND TO-DAY. £6/19/8, plus 7/6 post’
and insurance. Footswitch 18/8 extra,
Spare Cassettes at 7/6 each, three for £1.

ted on panel size approx. 6 % 7 < 2in dpep_

THERMOSTATS

Type “A™ 15A for controlling room heaters,
greenhouse, niring cupboard. Has spindle for
pointer knob. Quickly adjustable from 30-80°F.
B/6 plus 1/- post. Suitable box for wall mounting
5/=P. & P. 1/

Type “B" 15A. This is a 17in long rod type
made by the famous Bunvic Co. Spindle adjusts
this from 50-B50°F. Internal screw”
alters the setiing so this could be
adjustable over 30° to 1,000°F. Suitable

furnace,
oven kiln, immersion heater or to make
flame-start or fire alarm, 8/6 plus 2/6

post and insurance. ;
Type “D". We call this the Tee-stat as it euts in

and out at around freezing point. 2/3 amps. Haa
many uses, one of which would be to keep the loft
pipes from freezing, if a length of our blanket wire
{18 yds, 10/-) is wound round the pipes. 7/6.
P. & P.1/1.

“E", This is standard refrigerator thermo-

stat. Spindle adjustments cover normal refrigera-
tor temperatures. 7/6 plus 1/- post.
Type “F". Glass encased for controlling the temp.
of liquid—particularly those in glass tanks, vats
or sinks—thermostat is held (balf submerged) by
rubber sucker or wire elip—ideal for fish tanks—
developers and chemical baths of all types.
Adjustable over range 50°F to 150°F, Price 18/-
plus 2/- post and insurance.

Where postage is not definitely stated as an
extra then orders over £8 are post free. Below
23 add 2/9. Semiconductors add 1/- poat.
Over £1 post free. 8.A,E, with enquiries please,

ELECTRONICS (CROYDON) LIMITED

(Dept. P.E) 102/3 TAMWORTH RD., CROYDON, SURREY (Opp. W. Croydon Stn.)
also at 266 LONDON ROAD, CROYDON, SURREY S.A.E. with enquiries please

369

.




TWO-YEAR GUARANTEE
EX-RENTAL TELEVISIONS

17in.—£11.10.0
3 Star Guarantee
% Tube % Valves

% Components Carr. 30/-

TRANSISTOR CHASSIS
59/6

FREE ILLUSTRATED
LIST OF TELEVISIONS
17" —19"—21"—23"

6 Transistors, LW/MW, Tele-
s:opu: Aerial. Brand New,
mous_ British Manufacturer,
(LESS SPEAKERS) P. & P. 4/6.
NGLE PLAYER
CAB[NETS 19/6. P.&P.7/6.
TRANSISTOR CASES 19/6.
Cloth :nvcrnd many :n!ours.

WIDE RANGE OF MODELS

SIZES AND PRICES Size 94" X 64" 34". P.&P. 3/6.
DEMONSTRATIONS DAILY Similar cases in pl:snc 7[6
£19 RADIOGRAM CABINETS
STEREOGRAM CABINET ONLY £5.19.6

An elegant Stereogram Cabinet
in modern Veneered Mahogany
and cloth coversd Front Panel

BLACK LEATHERETTE SIDE PANELS

Dimensions: 52" x 174" x 127
Speaker positions for Twin
10" < 5% Speakers

An attractive discreetly
designed space saving
cabinet in natural grained
polyestered sapele. Press-
drop flap for autochanger
and record storage com-
partment. 10" X 5% speaker
position. Complete with
legs. Dim.294"H x 144" D
OTHER MODELS—SEND FOR LIST x 29" W, Carr. Ins. 25/-.

DUKE & CO. (LONDON) LTD.
621/3 Romford Road, Manor Park, E.12
Phone 01-478 6001-2-3 Stamp for Free Lisc.

TWO SCOOPS FROM "KING'S”
CONTINUOUS LOOP

(NEVER ENDING — NO REWINDING)

TAPE CASSETTE

BULK PURCHASE
RIDICULOUS PRICE

IDEAL BACKGROUND MUSIC — LANGUAGE

COURSES, ETC. 200ft. HIGH QUALITY AMPEX

TAPE. WILL FIT ALL TAPE RECORDERS.
CANNOT BE REPEATED

NEARLY ALL GONE EACH
HUrRrY! NOW onLy Isl = pgped.

FULL CIRCUIT — INSTRUCTIONS - PARTS
LIST TO BUILD YOUR OWN
TELEPHONE ANSWERING | RECORD
MACHINE - QUICK — AUTOMATIC
TAKES 100's OF CALLS: 25/_

CHEAP TO BUILD. SEND NOW

7' AMPEX TAPE SPOOLS, ONLY 2/6

P. & P.

KING'S TEI.E-SEI!VICE €O.
105/107 DAWES ROAD, FULHAM, S.W.6

FULHAM 1668-2998

A PROGRAMMED

COURSE OF INSTRUCTION
ELECTRICITY (5 vols.)

BASIC

You’ll find it easy to learn with this out-
standingly successful NEW PICTORIAL

THOD—the essential facts are explained
in the simplest language, one at a time, and
each is illustrated by an accurate, cartoon-
type drawing. The books are based on
the latest research into simplified learning

ELECTRONICS (6 vols.)

techniques. This has proved that the
PICTORIAL APPROACH to learning is
the quickest and soundest way of gaining
mastery over these subjects. Each Volume
has a unique PROGRAMMED supplement
for you to test and check your knowledge.

The series will be of
exceptional value in
training mechanics and
technicians in Electricity,
Radio and Electronics.

WHAT READERS SAY

“ After reading section on Filter Circuits once, I under-
stood more about them than in a mhaie year from the
obscurities of other manuals,” L. G., West Wickham.

I must say they are the best books on the subject as they
explain n s:mp e language what other books make hard
going of,” C. B., Hartlepools.

“ They have a marzderful’ ﬁuum of imparting the subject

LX2[=

to the beginner.” Leicester. Signature..
“What a contrast to u‘w many text books I have attempted
to struggle through,” J. G., Rugby. NAME..
A TECH-PRESS PUBLICATION. S IETIRe
ABBR
POST NOW FOR THIS OFFER '

Price 95/-.

e

To The SELRAY BOOK CO., 60 Hayes Hill, Hayes, Bromley, Kent.

Please send me WITHOUT OBLIGATION TO PURCHASE, one of the above sets
on 7 DAYS FREE TRIAL, I will either return set, carriage paid in good condition
within 7 days or send BASIC ELECTRICITY including Programmed Supplement Cash
BASIC ELECTRONICS including Programmed Supplement Cash Price
All prices include P. & P.

Deferred Terms readily available. This offer applies to UNITED KINGDOM ONLY.
Overseas customers Cash with order.

Tick Set required (Only one set allowed on free trial,)

BASIC ELECTRICITY
Programmed Supplement

BASIC ELECTRONICS D
Programmed Supplement
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At

Sinusoidal input. Voltage and
current in phase when tuned
circuit is at resonance

Step input.

e

Step input (square wave). Critical

: fiL Step input. Tuned circuit under-
damping when R = 7\‘ T damped when R is decreased

Tuned circuit over-
damped when R is increased

Step input. Tuned circuit un-
damped when R = O. Sustained
oscillation at resonant frequency

Current flow in under-damped
tuned circuit, in response to a
step function

Fig. 5.7. Response of a simulated tuned circuit

Apply a 2V r.m.s. 50Hz signal to OAl/Input 2, and
monitor by means of a reliable 10V a.c. meter of not
less than 1 kilohm/volt sensitivity. The input function
should preferably come from a low impedarice source
to avoid serious loading errors when the voltmeter is
removed. Next, connect the a.c. voltmeter to the out-
put.of OAl and adjust CP1 so that OAl input and
output voltages are exactly equal. CPI1 could alterna-
tively be set by the reference voltage and d.c. voltmeter
method mentioned earlier, for a coefficient of 0-1. If
the CP2 setting is altered it will be discovered that the
simulated circuit goes off resonance, and can be tuned
by CP2 between approximately 5Hz and 50Hz.

UNIT “A” will now be ready for analysis of the
Fig. 5.6a tuned circuit, and will also cover a useful
range of other values for L, C, and R in real time.

When handling sinusoidal or step functions, an
amplifier will still have a maximum output voltage
swing of 410V, but this will be the peak voltage value.
To check for overloading with an a.c. meter, ensure
that amplifier output voltages do not exceed 7-07V
r.m.s. for a sine wave function, and 5V mean for an
equal mark-space square wave.

RESCALING PROBLEM EXAMPLE 3.

To rescale the problem for larger or smaller values
of L and C, beyond the coverage of CP2, and by
abandoning real time operation, note that a tenfold
increase in tuned circuit frequency corresponds to a
hundredfold increase in 1/LC. For most applications,
where the series resistance R will lie between zero and
Jjust beyond critical damping (R > 24/[L/C]), the scaling
of R/L can stay as it is for all reasonable values of
L and C, but should anyway only be changed by adjust-
ment of the gain factor at OA1/Input 1. Similarly, the
J(#)/L gain of 100 at OA1/Input 2 can remain fixed.

It is not necessary to use inconveniently large or
small input functions when rescaling for new voltages
and currents. 2V r.m.s. could equally well represent an
input function of, say, 0-2V r.m.s., and from Ohm’s
Law the current / will automatically become 2mA,
instead of the former 20mA, even though it is still
represented by 2 computer volts.

If it is desired to extend the computer operating time,
by adjustment of integrator and inverting amplifier
closed-loop gains, refer to Table 5.2, while remembering
that integrator closed-loop gains are calculated on the
basis of 1/RinCr where R is in ohms and C is in farads.

For reasons of reduced accuracy, it is not advisable
to ‘use computer operating frequencies above 1kHz or
below 0:05Hz in connection with Problem Example 3.
It should be mentioned that although frequencies in the
region of 0-05Hz are too low for display on an a.c.
coupled oscilloscope, the behaviour of a system can be
demonstrated in slow motion by the oscillating move-
ment of a d.c. voltmeter pointer (centre-zero).

Some typical oscillograms are given in Fig. 5.7 to
show the response of a simulated tuned circuit. If the
computer oscilloscope is provided with a good graticule,
and has a linear response, amplitude and time measure-
ments which are accurate to within approximately
5 per cent may be obtained straight from the trace.

The behaviour of a real tuned circuit can be evaluated
by comparison with a simulated circuit. A tracing is
made of the real circuit oscilloscope display, and is then
superimposed on the readout given by the simulated
circuit. The computer is adjusted so that time scales
are related by a known factor, and tracing and readout
display are identical, then quantitative measurements
are taken from the computer voltages and dial settings.
Next month: The construction and operation
of UNIT «“B”
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 DENTOPHONICS

BY F.R.BERTRAND, BDS.

THE term Dentophonics has been applied to the tech-
nique of broadcasting speech from the mouth by the
use of electronics.

Dentophonics works on the same principle as a throat
microphone, where a transducer picks up the sonic energy
transmitted through the tissues as a person speaks.
This is quite distinct to normal microphone techniques
which rely upon air pressure waves.

Dentophonics (DP) is easily demonstrated by the follow-
ing experiment. Plug a sonic probe into the input socket
of an audio amplifier. Press the sonic probe against a
subject’s tooth as that subject is speaking, and the voice
of the subject will be clearly heard through the loudspeaker.

TISSUE TRANSMISSION

A sonic probe with a broad surface will pick up sound
from various parts of the head, including the forehead,
temple, cheekbone, and the cheeks themselves. To
obtain good speech reproduction from the cheeks, the
sonic probe has only to be gently pressed against a cheek.
This shows quite clearly that sound is transmitted through
both hard and soft tissues of the body, and it would
therefore be better to drop the term “bone conduction™
and use the term “tissue transmission™.

The extent of the tissue transmission of sound is shown
by the following experiment.

A sonic probe was held firmly in a subject’s extended
right hand. This sonic probe was connected to the
output of an audio amplifier, and a signal generator was
connected to the input socket of the same amplifier.
The same subject held another sonic probe in his extended
left hand and this second sonic probe was connected to
the input of another amplifier, a loudspeaker being con-
nected to the amplifier output. The subject holding the
probes was in one room, and the loudspeaker was in
another room. When a signal of 1,000Hz was transmitted
through the sonic probe in the subject’s right hand, this
signal was picked up by the sonic probe in the subject’s
left hand, and was clearly heard by an observer in the
room with the loudspeaker.

BUILT-IN ELECTRONICS

Whilst speech may be picked up by a transducer from
various sites of the head, the mouth offers the most
interesting possibilities, in that there would appear to be
no reason why miniaturised electronic equipment should
not be built-in, at this present time. Already in various
experiments to obtain information on the occlusion of
the teeth, up to six radio transmitters have been *‘built
into” the mouth.

" Any miniaturised electronic equipment designed for
placing in the mouth could be incorporated into bridges
or dentures. The miniaturised equipment could be
designed to be removable, and capable of being switched
on or off.

A dentophonic appliance will have the advantages over
a throat microphone, of being less bulky, and also of
giving better and clearer speech reproduction. A DP
probe will pick up speech from an artificial tooth provided
the artificial tooth is firmly fitted.

The great advantage of dentophonics is the elimination
of background noise. Transducers used for DP are
designed to pick up the transmission of sound in solids,
and should not pick up airborne sound. This means
that the speech of a subject in a high level of background
noise could be heard quite clearly without any inter-
ference by the background noise.
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Another advantage of DP is that there will be no need
for the so called “‘microphone technique™ that the public
speaker or performer has to learn.

One objection to DP is that the noise of the teeth
occluding will be picked up; but this objection would
only be valid where a subject has nervous clenching
habits, as normally the teeth mainly occlude during
mastication, the position of rest being with™ the teeth
slightly apart.

POSSIBLE APPLICATIONS

The applications of DP will be many and varied, but
this technique could certainly be used by the following
persons: outside television and radio commentators,
motor racing drivers, aviators and astronauts, public
speakers, theatrical performers, and deep sea divers.

Where background noise is such that a subject’s hearing
may be damaged, the ears could be protected by muffling,
and communication established by using the DP technique.

DP could be used for teaching deaf children to speak.
The DP probe would pick up the sound of the deaf child’s
own voice, and even if the child had no hearing whatso-

_ ever, the child would be able to compare the movement

his or her voice produced with the movement that the
teacher’s voice produced.

THROUGH SOLID MASS

Another interesting experiment can be described.

Two audio amplifiers were used, one had a microphone
and a probe connected to it; the other had a DP probe
and a loudspeaker connected to it. A subject spoke into
the microphone, and as he was speaking the probe was
pressed against the wooden casing of the first -.amplifier,
and the second probe was pressed against the other end
of the wooden casing of the same amplifier. The subject’s
voice was clearly heard over the loudspeaker. Thus,
audio sound had been transmitted through a solid and
picked up at the other end.

Perhaps this technique could be applied as a means of
communicating with people who become entrapped in
certain tragedies such as occur in mines or at sea,

Finally, it is apparent that dentophonics in conjunction
with the audiodental technique opens up a new, relatively
untried, but highly promising field of communications.

Far Future Reference

An index for volume three (January 1967
@® to December 1967) is now available price
Is 6d inclusive of postage.

Easi-hinders are available price 14s éd
@® inclusive of postage. State whether “Vol.
1", “Vol. 2", “Vol. 3" or“Vol. 4" isrequired.

Orders for Binders and Indexes should be
addressed to the Binding Department.

Orders for copies of the Index only should be
addressed ta the Post Sales Department, George
Newnes Ltd.,, Tower House, Southampton
Street, London, W.C.2.




4-Speed Mono Players 2-tone

Cabinets l?xlixlﬂn High

fux loudspeakers and m:;h
plifiers

tput. Vo]nma

s,

SUPERIDR AMPLIFIER,
Ready made and tested.
Betier sound! Isolated AC
Mains Transformer 3 watt
output. ECLB2 {riode
pentode valve. Volums

Loudlpnker
AUTOCHANGERS MONO

BSR Superslim  £7.19.6
G&mrd 1000 £9,10.8

BSINGLEPLAYSRS !DIO
lhﬂ' (8 volt)

gR
'UQ
F'S

Garrard P25 £
Philips AG1016 £
Garrard A70 £

n'@a BRB®E

19, Garrar:
iylii and Pick-up complete

00D BASE WB.1 Ready 5 ]

cut for mounting 1000, 2000, 3000, SP25, AT80. o
GARRARD PERSPEX COVER SPC1 lor WB.1, 85
0! ARM with template 90'1

two plug-in shells, Counterbalanced. OUR PRICE o

Decos Deram Stereo Diamond Cariridge £4,10,0 extra,

le Stereo Moving Coil Diamond 20-18.000 ¢.p.s. £5.5.0.
Q MAX CHASSIS CUTTERS

mplefe: a die, a punch, an Allen screw and key
lin, 14,'! im. 15/8 1jin. 18/~ 1lin. 20/6 ' 2din. 37/9
lin, 14/9 lin. 18/- 1jin, 18/6 1jin. 22/8 2! 44/3
! {in. 16/8 14cin. 18/~ 1jin. 20/- 2in. 34/3 lin. sq a1je

PICE-UP ARM Complete with ACOS LP-78 Turnover]
GP87 and Stylii 25/~; ACOS GP67, 15/-; B.S.R. TC8 25/-,
SPEAKER FRET Tygan various colours, 52in, wide, !rnm

10/- tt.: 28in. wide from 5/- ft. SAMPLES 8.
EXPANDED METAL Gold or Silver 12 X 12 in, 8/-

e ————— U
FULL WAVE BRIDGE CHARGER RECTIFIER

8 or 12 v. outputs, 1} amp., 8/9; 21 11/3; 4 a., 17/6.
ER SFORMERS, P.&P. 5/-. Input 200/250 v.
lor 6 or 12 v., 1} amps., 17/6; 2 amps., 21/-; 4 amps., 30/-,

e ————————————————— e

MOVING COIL MULTIMETER TE 25, 49 6
0-1,000v. A.C./D.C.,, ohms 0 fo 100k, elc., /
SUPERIOR MOVING COIL MULTIMETER.

D-S.ﬁl)l}v nc 20,000 ohms per vols 0-1,000v, A.C. 99/,6
50 Miort (Full list Meters 5.A.E.)

Qhms 0 to 6 meg. 50 Microamps. (Full list Meters 5.A.E.)

A= :fasw MULLARD TRANSISTORS

AF114 5/6; OCAL 6] Goir e

AF117 6/-, 0026 12/6: AD140 15/-;

REPANCO R TRANSFORME!

TRANSISTOR MAINS ELIMINATORS, FAMOUS

MITE”, ® VOLT. SAME SIZE A§ PP) BATTERY.

FULLY | SMOOTHED. 150mA. FULL WAVE CIRCUIT.

9 VOLT. 500mA POWER PACK. Size 5:¢ 8! 2in..
DITTO TRARSFORMER ONLY. Slznzhxlix].il.n 10/

WEYRAD P50 TRANSISTOR COILS

6d.

6 in. Ferrite Aurill Spare Cores .
'ﬂh w rh! coil 12/6 | Driver Trans. LFDT4

. 5/4 | Printed Cirouit, PCAL
l.r.ruurscc 476 ko - §/7 | 1.B. g Gnn!
ard L.F. P50/3CC .. . 8/« | Weyrad Booklet ...

Telescopic Chrome Anrhll Bin. extends to 23in.

Volume Controls = 80 oxm Coax 8d. yi.
— Dy | SEMI-AIR SPACED
Db g | 4sd. 20/~ 60y, 30-.

‘ FRINGELOWLOSS /6
Ideal 625 lines yd,
GOAXIAL PLUG 113, PANET, SOCKETSVL/S, LINE S0CK.
ETS 9/ OUTLET BOXES, § URFACE OR FLUGH 4/

ED TWIR FEED] - or

CAR AERIAL PLUGS 1/6. BOGKETS 1/0: LINE SOCKESS S

SELMER
TRANSISTOR
AMPLIFIER

Radios, rd Players, Twn Bcourdm ete.
w«nhﬁug'iuﬂ? < ERIGE 79/ ﬁ 5/6
RETURN OF POST DESPATCH

Minimum Post and Packing chl,lé.

RADIO COMPONENT SPECIALISTS

Written guarantee with every purchase. (Export: Send r

NOTICE
ALL THESE PRICES FIXED TO JUNE lst, 1068

THE E.A.R. HECORD PLAYER CABINET
Sirongly built wooden cabinet covered in Blue and Gre:
leathercloth size 15):17)(8 in. Motorboard 14} X 12} Ia
ready oot out for B.S.R. Monarch UA 12/14, ,‘15,’1612!&&:
Gilt fittings, strong carrying handle, Am

X7%3in.1n eomplatel_vunl:lnuﬂ The bafile bonﬂ 59/6

isontonﬂon&ﬂn dia, lpukn P, & P, 5/6. FRICE

450 + 50/350 v. 7=
25/25 v. 1/9 001'850 v. urc
50/50 v. 2/- +- 32/ L [ I{ 100«-3«1.‘

SUB-MIN. ELE{!TROLYTIL‘E. 1,2, 4, 5.8 16, 25,30, 50,100.
250 mid, 15v. 2/-; 500, 1000 mtd. 13v. 3/6 2000 m1d, 25v. 8/6.
CERAMIC, 500 v. 1 nl’ to 0.01 miﬂ..ﬁd Discs 1/-.
'APER TUBULARS

350v.-0.1 8d., 0.5 E_tB; 1mifd, 3/-; 2mfd. 150v. 3/-.
500? -0.001 io 0.05 8d; 0.1 1/-; 0.25 1/8; 0.5 3/-.

000v.-0.001, NZS.U.DM‘? .01,0.02, 1/6; 0.047,0.1 2/6.
E H.T. COH’DEHHEHS 0.001mid., 7kV., 8/8; 20kV., 10/6.
SILVER MICA. Close tolerance (plus or minus & pP.). 5 to
47 pF., 1/-; ditto 1°; 50 to ﬂ'D pF., 1/-;1,000 to 5,000 pF.,2/-,
TWIN GANG. ““0-0° 208 pF.--178 pF., 10/8; 365 pF. ., minia.
ture 10/-: 500 pF. standard with trimmers, 9/6; 500pF.
midget Jess trimmers, 7/8; 500 pF. slow motion, standard §/-;
small 8-gang 500 pF, 18/9, Stnx]e 0’ 365 pF. 7/6. Twi
SHORT WAVE. Single 10 pF., 25 pF., 50 pF., 756 pF.,
100 pF., 160 pF., 5/6each, Can be ganged. Couplers 9d. each.
T G Solid dielectric. 100 pF., 300 pF., 500 pP,, 5/- ul:h

IMMERS, Compression cersmic 30, 50, 70 pF.,
100 pF., 150 pF., 1/3; 250 pF., 1/6; 600 pF., 750 p? 119.

—_—
250v. RECTIFIERS. Selenium } wave 100mA 5/-; BY100 10/-.
CONTACT COOLED ; wave 60mA 7/6; 85mA 9/8,
Full wave 75mA 10/- ; 150mA, 18/6 ; T.V. rects, from 10/-,

‘SONOCOLOR’ CINE RECORDING TAPE

5 reel, 000° LP with strobe markings also cme light de-
flector-mirror for synchronisation. Suitable ]4
all tape recorders and cine projectors, List 28/- = each

NEW B.AS.F. LIBRARY BOXED TAPE
7 in. L.P. 1,800 ft, 45/-; 7 in. D.P, 2,400 fe. 70/-
60 min. Cassette C60 (For Philips, etc.) 17/6

Spare Spools 2/8. Tape Splicer 6/-. Leader Tape 4/6.
REUTER Tape Heads for Collaro models 2 frack 21/ pair,

MAINS TRANSFORMERS .

5/« each
250-0-250 80 mA. 6.3v.3.58.88v.1a,0r5v.2a.

30/-
350-0-350 80 mA.6.3v.8.50.863v.1a,0r5v.2a. 35/-
MT. 510/300-0-300 v. 120

mA., 63v.42 v. 2a. 45/-
MINIATURE 200 v. 20 mA., 63 v. 12, ........ 12/6
MIDGET 220 v, 45 mA., 6.3 v. 2 a. -v0 17/8
HEATER TRARS. 6.3 v, 1'u.848.83v B2 s 12/8

Ditto tapped sec. 1.4 v., 2, 3, 4, 5, 6.3 v. 1} amp, ..
GENEKAL PHEPOSE LOW VOLTAGE Outputs 3, 4, 5,
ﬂ. 8,9,10,12,15,18,24and 30 v, at 2 & 30/-
1 amp,, 6, 8, 10, 12, 16, 18, 20 24, 30, 36, 40, 48, 60, 356/-
AUTO TRANSFORMERS 1 7230 v. Input/QOutput,
80w, 18/8; 150w. 30/-; 500w. 9 1000w. 175/-.
CRYSTAL HH(E INSERTS
¢ din. BIG ACOS 1} X §in. 8/6. BM3, 17 dia, 9/8
BDY G COIL MIKE with Remote Control Switch 18/é
ALL PURPOSE HEADPHONES
E R. HEADPHONES 2000 ohms . franan
H.R. HEADPHONES 2000 ohms Bnper Quamy
LOW RESISTANCE HEABPEONES 3-5 ohms..

Five Valves: ECHS1, EF80.
EBC81, EL84, FZ80,

12-month gusrantee. A.C. 200-250 v. Ferrite A
5 watls 3 ohm. Chassis 18lin. X 7in. X 5in. di
13in 3 din. Two pilot Lamps, Four Kno
Aligned calibrated. Chassis isolated from mains
DE LUXE STEREO GRAM CHASSIS V.HF., MW, SW
19-50m, SW 80-180m. Magic eye, push bntﬁum.‘ l 9 '9
8 valve plus rect. Size 15" x 7" x 6" high -

———— e
VEROBOARD 0.15 MATRIX -

. wide 6d. pu! lin; 3jin.
p!l lin. (up to 17in.)
18 s.w.g. 2.in. sides,
7x4in,, 5/8; 89x T7in., 6/8; llxmn 6/8; lenn. 7/8;
laxﬂn 8/6; 14 x1lin. 12{8 14in., 15/-.

ALUMINIUM PANELS 18 swz 12xl2ln 8.8 14 x Bin.
519 12 x Bin. 4/8; 10x 7in. 3/8; 8 Bin. 2/8; 6 x din. 1/6.

“THE INSTANT
BULK TAPE
ERASER AND

DEMAGNETISE
-

Leaflet 8.A.E,

e and extra postag

e 35/~
C.0.D. 5/- extra.

337 WHITEHORSE ROAD, WEST CROYDON

no C.0.D.) Buses 133, 68 pass door. 5.R. Stn. Selhurst. Tel. 01-884-1665

CANCELLED EXPORT
SHIPMENT

15" BAKER /
WOOFERS /

L

15 ohma, Gverall depth Made to
only 6tin. Weight 15 Ibs. sell at $60
OUR Carriage,  packing
PRICE £11 -1 9-6 and insurance 10/6.

“BONDACOUST ** Cabinet Wadding 18in. wide 2/6 foot,

BAKER GROUP SPEAKERS—:2sT

‘Group 25’ ‘Group 35’ ‘Group 50’
s Sgns. %o 8lons. 1 |8gns,

E.M.I, CONE TWEETERS 33in, lqnm 3-20ke/s. 10w, 17/6.
Quality Horn Tweeters z-mn.ls Ow, 286, Crossover 16/6.
LOUDSPEAKERS P.M. 3 O giin., Sin.,
7in. X 4in., 15/8 each; 8in. H[G' B}in lﬂfﬁ' 10in, Iﬁ-.
12in. dnnhleeone SorlaothSI- 10¢ Gin. 30/-; sxsin.su-
8 M.I. Douhle Cone 13} 8in., 3 or 150hm models, 45/~.
IAL OFFER! 8 ohm. Eiin Sin.: 80 ohm, 2&!1:.. 23in,
|5/6 %nhm 5in., B 3 4in.; 35 obm, 3in., 5in., 7 3 4in.
YPE. 150hm,3in,,7 % 5in,, 10 X 23in,
JACK EOOEE’I‘S Std. open-circuit EJB, closed circuit -I,de
Chrome Lead Socket 7/6. DIN 8-pin 118 ﬁ-yhl 1/8; Lead 3/8,
Phono Plugs 1/-. Socket 1/-. JABK PLUGS Std. Chrome 3/-;
2.5mm.; 3.5mm. 1/9; DIN 3-pin 3/8; 9!:\5!
WAVE—GHANGE SWITCHES WITH LONG SPINDLES.
2p. 2-way, or £ p. 6-way, or 3 p. 4-way 4/8 each.
1 p. 12-way, or 4 p. 2-way, or 4 p. 3-way, 4/8 each.
Wavechange '* MAKITS ” 1 p, 12-way, 2 p. 6-way, 3p, ‘-wlf
4p. 3-way, 6 p. 2-way. Prices include click spindles, adjustable
slops, spaces, eto., 1 wafer, 10/6; 2 waler, 15/-; 3 waler, 18/6.
TOGGLE swmx-ms.-n 2/8; sp. dt, 8/6; dp. 3/8; dp. dl.lrc.

ALL EAGLE PRODUCTS)

EAGLE AM T Medium Wave,

Transistor Superhet. Ferrite aerial, elc, 79/ 6
EAGLE DE LUXE TAPE SPLICER Cuts, trims,

joins lor editing and repairs, With 3 blad'u l7l{ 6

EAGLE 4 CHANNEL TRANSISTOR MIXER. Add
musical highlights and sound eflects to recordings. Will
mix Mierophone, records, tape and tuner with 59 6
separate controls into single output. }!

EAGLE DYNAMIC MICREOPHONE. !mm- £6 I‘ o
dance 800 ohm/S0KE. 70-12,000 eps, Universal
mounting, stick, band or stand. Professional qualify,

EAGLE FM TUNER 88-108 Mc/s 8ix Transisior. Ready
built. Prinfed Circuit. Gllﬂ)uled slide dial £8 lo o
funin, B8° X 4" X B

g. Bize
69/6

EAGLE 3 WATT Amwma.. 4 Transistor
Push-Full Ready built, with volume control

40-PAGE EAGLE CATALOGUE 5/- Post Free
% RADIO BOOKS % (Posiage 9d.)

Transistor Buperhet Commer ceiver:
Mullard Audlo Amplifier Mannal .
Eadio Valve Guide, Books 1, 2, 3, or 5 .
Practical Radio Inside Out .. ... A
Transistor Audio Amplifier lununl Book 1, 3/6; Book 2, 8/«
Shortwave Tr: Receivers oo Bf=
Transistor Communication Sats . :}.
Intamﬂonnllhﬂ.ln Stations List . (]
Modern Circaits for Begi 718
Sub-Miniaturs Transisior Receivers 5/-
Wireless World Radio Valve mu 9/8
At a glance valve equivalents...
Valves, Transistors, Diodes 8
RESISTORS. Preiemd nlnu, 10 ohms to 10 meg.
3 W § Wis leU 3d.; 1% d.; 2 w. 1/-;  w. 109 6d.
HIGH STAB —} W, 1% 10 ohms to 10 meg., 2{-
Ditto 5%,

Pnlm-nd values 10 ohms to 22 meg,, 0d,

5 watt’ 0.5 to 8.2 ohm 3 w. 1/8
10 watt WIRE-WOUND RESISTORS 1/8
15 watt 10 ohms to 6,800 ohms 2-

» 15K, 20K, 25K, 68K, 10W. 3/-
WIRE-WOUND 3-WATT | WIRE-WOUND c-wgn-
POTS. T Values STANDARD SIZE
10 ohms to 30 K., 3/3, LOKG SPINDLE VALUES
Carbon 30 K. to 2 meg., 3/-. | 50 OHMS to 100 K.. 7/6.
VALVE HOLDERS. MOULDED 6d; CERAMIC 1/- EACH.
SCREENING CANS 1/-; VALVE BASE PLUGS"2/3,
SANGAMO 3 inch SCALE METE.RS ‘ISI- ea,
Various calibrations s

BRAND NEW QUAL!TY
EXTENSION LOUDShI:fAKER

daptors. Forany radio, inf
:aumﬂer. eto, 8 to 15 olnn PDB'I.‘ 30’1_

Size: 71" x 51" x 3"
Full List If-. CALLERS WELCOME
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Solve your communica-
tion problems with this
4-Biation Transistor Intercom system (1 master and
8 Subs), in de-luxe plastic cabinets for desk or wall
mounting. Call/talk/listen from Master to Subs and
Bubs to Master. Ideally suitable for Business, Sur-
gery, Schools, Hospital, Office and Home. Operates
on one 9V battery. Onjoff switch. Volume control,
Complete with 3 connecting wires each G8{t, and
other accessories. P. & P. 7/6.
WIRELESS INTERCOM

batteries—no wires. Just plug in the maios for
instant two-way, loud and clear conununication.
On/off ewitch and volume control. FPrice 12 gns,
P. & P, 7/6 extra.

Bame as 4-Station Intercom for two-way instant
communication. Ideal as Baby Alarm and Door
Phone. Complete with 06it. connecting wire. Battery
216, P. & F. 3/6.

eiency with this incredible De-Luxe Telephone Ampli-
fler. Take down long telephone messages or converse
without holding the handset. A useful office aid. On/
off switch, Volume control, Battery 2/6 extra. P. & P.
2/6. Full price refunded if not satisfied in 7 days.

WEST LONDON DIRECT SUPPLIES (P/ES)
169 KENSINGTON HIGH STREET, LONDON, W.8

CRESCENT RADIO LTD.
(electronic component specialists)

For all regular components try
40 Mayes Road, Wood Green, N.22

For surplus components
and equipment try
11 Mayes Road, Wood Green, N.22

BARGAIN BOARD NO. |
7in x 5in board with the following compo-
nents attached:
2 GETB72A transistors
2 Mullard OAIO diodes
2 Mullard OAS dicdes
12 Midger W Resistors various values
8 Midget Capacitors various values
Including postage in Great Britain 4/~ each
BARGAIN BOARD NO. 2
5iin » 4in printed board with the following
long lead components: 20 diodes, including
Mullard OA73 and OABS; 12 5% W resistors.
Including postage in G.B, 3/- each
DTIANSISTOHS AND DIODES

AAIL 2/6 each
BY105 o r i .~ 5/6 each
ACI67 E e v .. 5§/ each
ACI65 5/- each
2N397 s o e .« 2/6each
2NI1308 by s L .+ 3|6 each
Matched 2G378B and 2G339B 4/= the pair
2G339A .. o = 6 each
401 2/6 each

SPECIAL LINES 2
Power transistor heat sinks 7in % 2in /- each
Double transistor copper cooling clips 9d each
2%in transistor speaker, 80 chms 5/6 each
Double pole rotary ON/OFF mains_switch

2/- each
On one bracket 2:500kQ pre set pots plus

1 D.P. rocker mains switch, 1/9
250kQ pre set pot linear |/= each
Midget 5kQ pot with D.P. switch 2/6 each
PRINTED CIRCUIT BOARD

94in = Bin .. 2/6 each
8in % 5in .. 111 each
12in x 3in .. 173 each

A. M. RADIO TUNER
2 valve Medium and Long Wave tuner with
power supply, will give good reception through
any amplifier. Price on this item includes
Postage and Packing, £4. 0, 0.

PLEASE INCLUDE POSTAGE WITH
ORDERS

NEW RANGE BBC 2 AERIALS

All U.H.F. aerials now fitted with tilting bracket
and 4 element grid refiectors.

Loft Mounting Arrays, 7 element, 37/6.
11 element, 45/-. 14 element, 52/6. 18 element,
60/-. Wall Mounting with Cranked Arm,
7 element, 60/-. 11 element, 67/-. 14 element,
75(-. 18 element, 82/6. Mast Mounting with
2in. clamp. 7 42/6; 11 55/=
14 element, 62/-; 18 element, 70/-, Chimney

Arrays, Complete, 7 element,

80/~ 14 87/6;18

Mounting
72/6; 11
95/-. Cumgi;te assembly instructions,

unit. Low Loss Cable, 1/6 yd. U.H.F. Pre-
amps from 75/~ State clearly channel number
required on all orders.

BBC - ITV AERIALS

BBC (Band 1). Telescopic
loft, 25/-, External S/D, 30/~
“H", £2.15.0.

ITV (Band 3), 3 element loft
array, 30/-. 5 element, 40/-
7 element, 50/-. Wall mnuntlns:
3 element, 47/6. 5element, 52

d BBC/ITV. Loft
0 Vol mounting 113, 5316
42, 67/6; Chimney 1-+3, 67/6;

1+5, T5/=
;’w'HF transistor  pre-amps,

COMBINED BBC1—ITV—BBC2 AERIALS

11740, Thir-." "ok monitng. qaly - Specia
- moun .

leafiet avallable.

F.M. (Band 2). Loft §/D, 15/-, “H", 326, 3

element, 55/-. External units avallable. Co-ax.

cable, 8d, yd. Co-ax. plugs, 1/4. Qutlet boxes, /.

Diplexer Crossover Boxes, 13/6. C.W.0. or C.O.D.

P.&P. 5/-. Send 6d. stamps for illustrated lists.
CALLERS WELCOME

OPEN ALL DAY SATURDAY

K.V.A. ELECTRONICS (Dept. P.E.)
27 Central Parade, New Addington
Surrey—=CRO-0OJB
LODGE HILL 2266

HOME RADIO (MITCHAM) LTD. Dept. PE, 187 London Road, Mitcham, Surrey, CR4 2YQ

CAPACITORS, Electrolytic

Every year we acquire a number of exceptional bargains which
we offer first of all to the purchasers of our Catalogue, in the
To give you a taste of these

form of a special bargain list.

Capacitor Pack I1BGI7

tempting bargains we reproduce a part of the list here.

The rest of the list consists of many other most interesting bargain
items—Diodes, Neon Lamps, Switches, Transformers, Valves,
etc. We can supply the complete list for a shilling, but better
still, why not buy our 1968 Catalogue and get the list free. The
Home Radio Catalogue is acknowledged as one of the finest
electronic components catalogue available today—its 256 pages
list over 7,000 items, more than 1,300 of them illustrated. And
with the catalogue, in addition to the bargain list, you get five
vouchers, each worth a shilling when used as directed, a voucher
worth another five shillings if used to purchase a Weller Soldering
Iron, an order form and an addressed envelope.

(7/6 plus 2/- P. & P.). Why wait?

All this for 9/6!

e i o

A TN P

List No. Capacity Voltage
1BGI 1,500mF 50V
I1BG2 500mF 25V
IBG3 500mF 12v
IBG4 100mF 50V
IBGS 2mF 450V
IBG6 2mF 350V
1BG7 BmF 500V

Capacitor Pack containing Silver Mica,
values 15, 25, 65,71, BO, 160, 200, 240, 330, 470, 1,000,
750V.) 12 out of the above |4 are included in this
820, 1,000, 0002, 0005, 0°01. (The 0°002 are 2,250 Vol
six are included in this pack, plus one 0°02 paper 750V and 0'ImF Plastiseal 750V.

IBG20 176+ 176pF 2 With screen
and trimmers

e +ld 4]

NAME. ...

ADDRESS

HOME RADIO LTD., Dept. PE, 187 London Road, Mitcham, CR4 2YQ

CAPACITORS, Non Electrolytic

Phone 01-648 3282

Price | List No. Capacity Voltage Price
sz | man AmF 600V o/
3 1BGI2 2mF 80OV 4)-
ﬁg 1BG13 2mF 600V 4/~
b 1BG14 2mF 500V 6
2/6 1BGIS ImF &00V 3~

CAR SUPPRESSORS

Moulded Mica and paper condensers, Silver Mica
1,500, 1,670, 4,000 (the 470pFare
Ipack. Moulded Mica values 68,
ts Test.) Five out of the above

Price 3/6

CAPACITORS, TUNING CAPACITORS, TRIMMING

Lise No. C; i N i

Igélao aliliia;::léW Gm“,\ir“ﬁn: e List No. Capacity Notes  Price
Jacksen IBG22 1000 +300pF Compression 2/-
RELTIEE e

2 St I1BG23 50+ 50 x50+
s R AT B s S 50+50pF Compression 2/-

6/- IBG26A Car Plug Suppressors 4 for 4/6

Send your cheque or P. O. with
this coupon today!

'-.-'-_-----.----------------'—---l

Please write your Name and Address in block capitals -
L
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\ CAMPING

Ej

LIGHT

By R.B. HAYLE

MODIFICATION FOR PRE-HEATING
THE LAMP ELECTRODES

WE HAVE been advised by a well known lamp manu-
facturer that the 6W 9in lamp employed in the
Fluorescent Camping Light (March 1968) is designed to be
used only in circuits which arrange to pre-heat the lamp
electrodes either before, or simultaneously with, the
application of a pulse or steady state voltage across the
lamp in order to start it.

It is explained that the practice of cold starting, as in our
published design, can result in very heavy lamp end
blackening, and a very short lamp life.

We are therefore publishing an alternative circuit by
R. B. Hayle which incorporates a pre-heat facility.

In the modified circuit Fig. 1 the “low™ output switch
position is omitted, and a three-pole switch is used in place
of the two-pole switch specified in the original circuit. This
enables the electrodes to be energised via R4, which should
be selected so that, with a 12V supply battery, the pre-
heating current is not less than 160mA.

Under these conditions, switch S1 should be held in
position 2 (pre-heat) for at least one second before going
over to position 3. Capacitor C2 is permanently connected
to Cl, R1, R2, and T1. The switch is now used entirely
for preheating and running. The amount of rewiring in-
volved is not great, and readers will be able to convert their
Camping Lights with little difficulty.

A modified wiring diagram
of S1 is shown here in Fig. 2.

Similarly modified versions

BY{
v

o]

R2 R3

100 0
o Cl

c2
0.22 0.47
uF pF I

Switch positions 1~
oo SREHEAT 300-3500k
3-START  440mA
Modified circuit diagram. An extra resistor R4 is

. é? Lead5 yellow

red
TogA onT{ TagE
Fig. 2. New wiring details of SI. Resistor R4 is 470 3IW

of the main unit wiring are T 7)

shown in Fig. 3.

The pot-core assembly LAS
can be obtained from retail R2 48
outlets of Mullard com- o
ponents including Henry's i =
Radio Ltd. whose address is 272
on the back cover.

The author does not advise = C4
the circuit to be converted
for a 6 volt battery supply.
The saturation voltage across - i)

S{ZE]b

TRy

wirewound
ToSa 4
Tgg3 »

LP{

i
et

Note:
Leads pass through tube

the transistor becomes a sig-
nificant factor and leads to
reduced efficiency. A 6V
version would have lead to

undesirable circuit complica-
tions.

Fig. 3. Top and underside

views of the electronics in-
cluding the modified wiring
details
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A SELECTION FROM OUR POSTBAG

Traffic delay

Sir—I am interested in the mechanical
delay system employed in car rever-
beration units that I have seen and
heard on recent visits to the U.S.

Radiomobile have done some
research. but have since dropped the
idea as they feel there is insufficient
interest over here (or so they say).

One problem appears to be the
harder springing of U.K. vehicles
than thatfound on U.S. cars, however,
1 hear there is even one delay system
now that allows the car to be driven
off the curb without vibration to the
unit,

I am told that the spring (or
whatever) assembly should be
mounted along the car axis and not
across it.

I am not deterred by hard springing
and am keen to build one and use it in
conjunction with my car radio, and
do not see the electronics posing too
much of a problem.

I am advised that a 2 watt output
from the echo amplifier would be
sufficient against the 8 watt output
of my radio. Control of echo is
normally done from a potentiometer
mounted under the dashboard.

A speaker mounted on the back
shelf (if possible) alongside the main
speaker makes the sound appear to
be 100ft behind you. A marvellous
sensation for rélaxing in heavy
traffic.

In conclusion, I should appreciate
any information you or any readers
could give me as to the best drive,
pick-up units (to avoid microphony)
and the best suspension to avoid
rattle.

M. C. Bell,
Henley-on-Thames.

Any suggestions 7

Cranky ?

Sir—Whilst this magazine publishes
many interesting and useful projects
it sometimes contains circuits which
are complicated when compared with
the function they are intended to
perform. I feel that there is a real
danger of using electronics simply for
the sake of using them. This could
easily detract from the useful purpose
of the magazine and the good
standing of electronic experimenters.
Any person using a complicated
circuit to perform a simple function
must be regarded as a “‘crank’. For
Impact Counter (March 1968) with
a transducer, Schmitt trigger, twenty
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resistors, eleven capacitors, seven
transistors, five diodes, etcetera, why
not connect the electro-mechanical
counter to a pair of contacts and a
battery? The contacts may wear
but the saving on the other compon-
ents would more than pay for them.
As for the steam presence alarm, same
issue, dare 1 suggest a whistling
kettle?
F. Crimmins,
Folkestone, Kent.

IMPACT COUNTER. To answer this
criticism, it is necessary to explain the
particular problem this device was
designed to cope with.

The original purpose of the impact
counter was to count small neon lamps,
which weigh s;0z. The contacts must
not close more than once per neon, and
must always close whether the neon wire
leads are upwards or downwards. It is
not possible to use anything but a very
open funnel as the neons tend to bridge.
The closure time must be long enough for
the counter to operate properly, therefore
the monostable pulse is adjusted so that
it allows the neon to bounce inside the
pulse length.

For industrial use reliability and ease
of replacement are important. This
circuit divides readily into four parts
which can be tested independently.
STEAM PRESENCE ALARM. You can
certainly suggest a whistling kettle, but
it would be no use to a deaf person, or if
you are out in the garden. The simple
sensor can be used with an electronic
relay to operate an audible alarm, or even
to switch off the stove if you wish.

May we suggest these are two good
examples of electronics being used
practically?

What’s in the box?

Sir—I was very interested by C. F.
Weir’s article in the February issue
of P.E. on Cine and Tape Sync. His
suggestion at the end for an all-elect-
ronic version prompted some thinking
on my part because I possess a similar
cine system to that of Mr Weir, but
in 8mm.

It occurred to me that a 16 frame/sec
projection has each frame flashed
three times on the screen to avoid
flicker, this being done by a rotating
disc with three sectors in the optical
projection system. Thus the screen
picture flashes 48 times per second.

If the projection rate is increased’
to 164 frames/sec, then the picturc

" flashes become 50 per sec. This

could be synchronised with a 50Hz
signal from the second track of a
tape recorder, if the flashes are
detected by a light sensitive resistor.
At this point I am stumped, because
the next step is to convert any error
in the two frequencies into a signal
which will fire an s.c.r. in the power
leads to the projector. The problem
is set in the following diagram.

Could any readers possibly suggest
a circuit for the black box?

The tape recorder need not be a
full stereo type, but it should be four

track with leads to the head winding *

which is” pot actually playing the
sound track. This is the case with
many Philips/Cossor/Stella machines
which are mono with a stereo outlet
socket. If the model is transistorised,
then the same socket could provide
power for the *‘black box”, since a
few milliamps at about —20V are
available, Two-track machines could
have a third head mounted to scan
the lower track, which should be pre-
recorded, when the upper track is
recorded with 50Hz from a step-down
mains transformer.

It is important to note that the
s.c.r. will only control an a.c./d.c.
type motor, and the control should
never feed a transformer which is used
to power a low voltage projector bulb.

D. Watts,
Lincoln.

Disc =,  Lens /
Bulb %’ P

/' /Reflected
”,I' light
LDR £y Fundamental
frequency
varies above
and below
50H:z

Vv

I

Trigger

2 pulse ?
SCR

BLACK BOX

50Hz from
L Tape recorder

Series of talks

Sir—Your Sussex readers may be
interested in the following announce-
ment, which will shortly be locally
advertised:

“A series of six talks and de-
monstrations on High Fidelity,
Stereo and Sound production will
be given weekly at the Portland
Further Education Centre, 11 Port-
land Road, Hove, on Wednesdays,
commencing 24th April, 1968.
Evenings from 7.0-9.0 p.m.

Further details may be obtained
from the Principal for Further
Education at 62 St Leonards
Gardens, Hove, Sussex.”



Bl-PRE-PAK

LMTED

TRANSISTORS PRICE EXCITING NEW PAKS FOR AMATEURS,
AC107 oci70 PROFESSIONALS, FACTORIES, ORGAN
ACI26 / BUILDERS, AND THOSE PEOPLE THAT JUST
ACI127 USE LARGE QUANTITIES OF TRANSISTORS.

ACY17 XA PAK

ACYI7
Germanium PNP type transistors, equivalents to
a large part of the OC range, i.e. 44, 45, 71, 72,

81, ete.

g PRICE £5 PER 1000
21N1308-9
25303
Power
Transistors
OC20

XB PAK

Silicon TO-18 CAN type transistors NPN/PNP
mixed lots, with equivalents to OC200-1, 2N706a,
BSY27/29.

PRICE £5.5.0 PER 500

PRICE £10 PER 1000

XC PAK

Silicon diodes miniature glass types, finished black
with polarity marked, equivalents to OA200,
OA202, BAY31-39 and DKI0, etc.

PRICE £5 PER 1000

ALL THE ABOVE UNTESTED PACKS HAVE
AN AVERAGE OF 75% OR MORE GOOD SEMI-
CONDUCTORS. FREE PACKS SUSPENDED
WITH THESE ORDERS. ORDERS MUST NOT
BE LESS THAN THE MINIMUM AMOUNTS
QUOTED PER PACK.

P/P 2/6 PER PA.CK (UV.K.)

PACKS OF YOUR OWN CHOICE UPTO
THE VALUE OF 10/- WITH ORDERS
OVER £4

TRANSISTORS ONLY 1/~ EACH

SILICON L] PLANAR L] N.P.N. ® P.N.P
All these types available

2N929 2N706 25131 25103 2N6%6 2NI613 25733 BFYIO
25501 2N706A 25512 25104 2N697 2NI71I 2IN726 25731
2N2411 2N3011 25102  2N2220 2NI507 2NI893  2N2906 25732

All tested and guaranteed transistors—unmarked.
Manufacturers over runs for the new PRE-PAK range.

NEW UNMARKED UNTESTED PAKS

PRE-PAKS

No. Price
Al & Silicon rectifiers BY 100 type - 20/-
A3 20 Mixed marked and tested trans. - 20/
Al325 New trans. & diodes marked & tested 20/-
Al5 2 Power Comp. Pair. ADI61/2 - 20/«
AIT7 3 5il. stud recs. 6 amp. 400 PIV.

BYZI12 - 20/«
Al8 2 Sil. stud recs. 10 amp. BOO PIV. - 20/-

50 Unmarked untested, trans., new
Mixed Types - 10/
4 Solar cells, inc. Book of Instructions 10/-
4 OAS gold bonded, diodes Mullard - 10/«

7 Matched ser, OC44,45/81D/81 +
diode - 10/=

15 Red spot AF. trans. or white spot
RF 10/-
2 Power trans. OC26/35 type - 10/-
I Light sensitive cell, ORPI2 type - 9/
B10 10 50V trans. germ. PNP latest type - 10/«
B44 | Tunnel diode, AEYII, 1050 Mc/s - 10/«
B2l 2 Sil rees. 10 amp., 50-100 PIV - 10/-

B45 | Power trans. ADY22/TK400A
VCB6&0 IC 8 Amps. PNP - 10/=

B49 2 Power trans. GET 9 VCB64IC B Imp
germ. PNP 10/«

Bé6 150—Germanium diedes, untested 10/

25 BSYSSA TRANSISTORS 10/-

NPN Silicon
DIODES 10/-

10 1000 PIV 1 amp,
TRANSISTORS 10/-

Min. Silicon
ZENERS 10/-

25 BFY50-1-2

25 BSY26.27
NPN Silicon TRANSISTORS 10/-

_NPN Silicon
$0 Sih . RECTIFIERS 10/-

Silicon

10 10 Watt Silicon
25 RElERA TRANSISTORS 10/-

NPN Silicon

All Voltages
40 Lines DIODES 10/-

Sub. Min. Silicon

Min. Germ.
50 High Quality

DIODES 10/-

2NT706 A
25 NPN Silicon

TRANSISTORS 10/-

PRE-PAK. N.605 POWE!

5 R
TRANSISTOR EQUIVALENT /-
Bt h/- each

TANTALUM CAPACITORS 4/- each

C2 | Unijunction, 2N2160 or 2N2646 - 15/
C4 2 RF power trans., OC22 and BUYII - 15/.
CI5 45ilicon PNP trans. in the 25300 Series 15/«
C31 45il. recs. 80O PIV 1 amp. top hat

C32 2 Power trans. TK400A /NKT404
VCB64 IC 8 amp!

70 amp, 400 PIV SCR special offer

INTEGRATED CIRCUITS (TEXAS)
SN7430°N5E"19/6

Make a Rev. Counter for your Car, The
"TACHO BLOCK". This encapsulated block
will turn any 0-1mA meter into a perfectly

linear and accurate rev. 20/
counter for any car. =
State 4 or 6 cylinder. eaCh

FREE CATALOGUE AND LISTS
or: —

TANTALUM CAPACITORS,
TRANSISTORS, RECTIFIERS
& CIRCUIT DIAGRAMS,
SUBSTITUTION CHART

MINIMUM ORDER 10/- CASH WITH
ORDER PLEASE. Add 1/- post and packing
per order. OVERSEAS ADD EXTRA FOR
AIRMAIL.

THERE IS ONLY ONE

BlI-PRE-PAK LTD
BEWARE OF IMITATIONS

FREE! A WRITTEN GUARANTEE WITH ALL OUR SEMICONDUCTORS
BHPRE-PAK LT 5 G e oo
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Practical Electronics Classified Advertisemenis

The pre-paid rate for classified advertisements is 1/3 per word (minimum order 15/-), box number

1/6 extra.

Semi-displayed setting £4 . 2 . 6 per single column inch. ~All cheques, postal orders,

etc., to be made payable to PRACTICAL ELECTRONICS and crossed “ Lloyds Bank Ltd.”

Treasury notes should always be sent registered post.

Advertisements, together with remittance,

should be sent to the Classified Advertisement Manager, PRACTICAL ELECTRONICS,
George Newnes Ltd., 15/17 Long Acre, London, WC2, for insertion in the next available issue.

SERVICE SHEETS

S8ERVICE SHEETS, Rtadio, TV, 5000 models.
List 1/8, S.A.E. enquiries. TELRAY, 11
Maudland Bank, Preston.

RADIO TELEVISION, over 8,000 Models.
JOHXN GILBERT TELEVISION, 1b Shep-
herds Bush Rd., London, W.6. SHE 8441,

SERVICE SHEETS. RADIO, TELEVISION,
TAPE RECORDERS, 1025-1963, by return
post, from 1/- with free fault-finding guide.
Catalogue 6,000 models, 2/6. Please send
stamped addressed envelope with all orders/
enquiries. HAMILTON RADIO, 54e London
Road, Bexhill, Sussex.

WANTED

YALVES WANTED, brand new popular
types boxed. DURHAM SUPPLIES (E),
175 Durham Road, Bradford 8, Yorkshire.

SITUATIONS VACANT

RADIO TECHNICIANS

A number of suitably qualified
candidates are required for unestablished
posts, leading to permanent and pension-
able employment (in Cheltenham and other
parts of the U.K. including London). There
are also opportunities for service abroad.
Applicants must be 19 or over and be
familiar with the use of Test Gear, and have
had practical Radio/Electronic workshop
experience. Preference will be given to
candidates who can offer "O" Level GCE
passes in English Language, Maths and | or
Physics, or hold the City and Guilds Tele-
communications Technician Intermediate
Certificate or  equivalent technical
qualifications. A knowledge of electro-
mechanical equipment will also be an
advantage.
Pay according to age, e.g. at 19—£828,
al 25-£1,076.
Prospects of promotion to grades in
salary range £1,159—£1,941. There are 3
few posts carrying higher salaries.
Annual Leave allowance of 3 weeks
3 days, rising to 4 weeks 2 days. Normal
Civil Service sick leave regulations apply.
Application forms available from:

Recruitment Officer (RT/54)

Government Communications Headquarters

Qakley

Priors Road

CHELTENHAM, Glos.
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SITUATIONS VAGANT (continued)

EC

of Radio TV and R

RADIO & TELEVISION SERVICING
RADAR THEORY & MAINTENANCE

Vacancies regularly exist in industry for men with good knowledge
adar. Our one-year day courses provide
effective training. Shorter day courses available for men with
experience. Write for details to:—

The Secretary, London Electronics College, 20 Penywern

Road, Earls Court, London, S.W.5.

Tel. 01-373 8721

AMLERE, AMSE. (Elec), City &
Gailds, (+.C.E., ete., on “Satisfaction or Refund
of Fee" terms. Wide range of Home Study
Courses in Electronics, Computers, Radio,
T.V., ete. 132-page Guide—FREE. Please
state  subject of imterest, BRITISH
INSTITUTE OF ENGINEERING TECH-
NOLOGY (Dept. 124K), Aldermaston Court,
Aldermaston, Berks.

YOUNG MAN, age about 17, required for
interesting work concerned with machine tool
automation.
interested in, and have some practical know-
ledge of electronics. AKERMAN & JEAVONS
(Birmingham) LTD., Green $t., Birmingham 12,

Suitable applicant must be

TECHNICAL TRAINING by

1CS

IN RADIO, TELEVISION AND
ELECTRONIC ENGINEERING

First-class opportunities in Radio and Electronics await the | C S trained man.
Let | C S train YOU for a well-paid post in this expanding field.

1 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.

LR

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.

Examination Students Coached until Successful.

NE_W SELF-BUILD RADIO AND ELECTRONIC COURSES

Build your own 5-valve receiver, transistor portable, signal generator, multi-
meter and valve volt meter—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 THE ASSOCIATION OF BRITISH CORRESPONDENCE COLLEGES

i ——— i — — — ——'I
International Correspondence Schools
l""RNA"O“Al ; (Dept. 152), Intertext H:xuse. Parkgate Road, l
! London, S.W.II. l
CORRESPONDENCE [T I
l Block Capitals Please l
scHools [ : I
i ADDRESS :
A WHOLE WORLD } I
OF KNOWLEDGE | ses |
AWAITS YOU ! Lo e e e e e e et e e e et e e




SITUATIONS VACANT (continued)

HI-FI EQUIPMENT

20 PENYWERN ROAD, EARLS COURT, LONDON, 5.W.5.  Tel, 01-373 8721

This Private School provides full and part day training in the
following professional subjects

RADIO & TELEVISION SERVICING
RADAR THEORY & MAINTENANCE
RADIO TELEGRAPHY

TAPE RECORDERS, TAPES, ETC.

EDUCATIONAL

TAPES TO DISC—using finest professional

equipment—45 r.p.m. 18/-. S.A.E. leaflet.

HBDY' High Bank, Hawk Street, Carnforth,
nes,

209% CASH DISCOUNT on most famous makes
of Tape Recorders, Hi-Fi equipment, Cameras,
etc. Join England’s largest Mail Order Club
now and enjoy the advantages of bulk buying.
Bend 5/- for membership card, catalogues,
arice lists ‘and ask for quotation on any item.

.B.A. (Dept. Al8), 370 St. Albans Road,
‘Watford, Herts.

FOR SALE

BRASS, STEEL, LIGHT ALLOY, STAINLESS
STEEL TUBE. Bar Material, Tools, Mechan-
ical, Electrical, plus Assorted Lots. Send
S.A.E, for latest Cat. of 1,000 items. K. R.
WHISTON, Dept. BPE, New Mills, Stockport.

ENTHUSIAST CLEARS OUT. All gear,
components and manufacturers’ information.
Sell lot for £60, Phone 01-445 8276,

EXPERIMENTERS! Masterbox Kkits  will
provide a smart and efticient enclosure for your
electronic whatever-it-is. Serewdriver assem-
bly, modular construction. Details from
COGKROBIN CONTROLS, 36 Villiers Avenue,
Surbiton, Surrey.

100 PAGE illustrated Catalogue XNo. 17
Government and manufacturers’ electronic
surplus, also new section of latest semi-
conductors and miniature components, Credit
voucher for 2/6 included. Price 3/- post free.
ARTHUR SALLIS LTD., 93 North Road,
Brighton.

HAMMER
« HAMMERITE %555
ENAMEL
AIR DRYING e JUST BRUSH ON
2} oz. ting 3/9, 3 pint[8/~
1 ;;g?f. 13,;-. J_Ca{r.: logdcrsl ;;p
to 5/-, up to 10/-, d
TRIAL TIN ol:;Er 10/, /-, ‘(]:olcur;: bive.
silver, black, bronze, No
{covers 0.5, £t.) primer  mneeded, Panel
3 transfers, fireproof spray
thinners. LIST FREE.
INDUSTRIALISTS
SAVE TIME AND 2288’5
(2 pints will do a Mini)
AMAZING RESULTS - JUST TRY IT!
FINNIGAN SPECIALITY PAINTS (PE)
Mickley Square, Stocksfield, Northumberland
Tel.: Stocksfield 2280

-+ 9d. post.

MORSE 757 !!

EASY -
FACT NOT FICTION. I you start RIGHT
you will be reading amateur and commercial Morse
within a month (normal progress to be expected),

Using scientifically prepared 3-speed records you
automatically learn to recognise the code RHYTHM
without translating. You can't help it, it’s as easy as
learning a tune. 18 W,P.M. in 4 weeks guaranteed.

For details and course C.0.D. ring 8.T.D. 01-660 2806
or eend 8d. stamp for explanatory booklet to:

G3CHS/H, 45 GREEN LANE, PURLEY, SURREY

STUDY RADIO, TELEVISION AND ELEC-
TRONICS with the world’s lurgest home study
organisation. LER.E.; City & Guilds;
R.T.E.B., etc. Also practical courses with
equipment. No books to buy. Write for
FREE Prospectus to 1CS (Dept. 577), Intertext
House, London, SW11.

FREE TO AMBITIOUS ENGINEERS! 2
page Guide to B.Se. (Eng), AMILER.E,
AM.S.E,, AM.LMI., City & Guild i
AR.ICS., G.C.E., etc., on ‘‘Satisfaction or
Refund’ terms. Thousands of passes—over
800 Home Study Courses in all branches of
Engineering, Building, Radio, Electronies, ete.
Write: B.I.LE.T. (Dept. 125K), Aldermaston,
Court, Aldermaston, Berks,

GET INTO ELECTRONIOS — big opportunities
for trained men. Learn the practical way with
low-cost Postal Training, complete with equip-
ment. AMILER.E, R.T.E.B,, City & Guilds,
Radio, T/V, Telecoms,, etc. For FREE 100-
age book, write Dept. 856K, CHAMBERS
SOLLEGE, 148 Holborn, London, E.C.1.

EXTENSION SPEAKERS in mahogany, hand
veneered and polished complete with 7 x 4
speaker. Retail price 48/~ carr. paid. Trade
enquiries invited. P. F. & A. R. HELME,
Dept. PE, Butcher Pasture, Summerbridge,
Harrogate, Yorks.

BRIMHAM

—A NAME WORTH HEARING!
FULL DETAILS OF:

BRIMHAM SPEAKER
SYSTEMS

LOUDSPEAKER CABINETS
FOR D.LY.

FROM
P.F. & A. R. HELME
(Dept. P.E.)
BUTCHER PASTURE, SUMMERBRIDGE
HARROGATE, YORKS.

CITY AND COUNTY OF BRISTOL

BRISTOL TECHNICAL COLLEGE

Principal: E. Poole, B.Sc.(Eng.), C.Eng., M.l.Mech.E., M.l.Prod.E.

CAREERS IN RADIO AND RADAR

Marine Radio Officers

2-year full-time course for young
men aged |6, upwards, leading
to First and Second Class P.M.G.
Certificates and B.O.T. Radar
Maintenance Certificate.

Conversion Course
Class to First Class).

R.T. Courses (for Full or
Restricted Licence).

(Second

Marine Electronic Maintenance
Engineers Course (for qualified
Marine Radio Officers).

Licensed Aircraft Radio
Engineers

2-year full-time course for
A.R.M.E. Licences, categories A
and B, and six months courses
for Radar Rating in association
with the above.

Training given on the latest types of Marine and Aircraft
Equipment in newly equipped Laboratories at

THE SCHOOL OF MARINE RADIO AND RADAR

Senior Lecturer-in-Charge: F. E. Barltrop
For details, write to:—

The Registrar, BRISTOL TECHNICAL COLLEGE
ASHLEY DOWN, BRISTOL 7
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ELECTRICAL

REZ

TR.G.DX/20.C.

Brand new fully transistorised and fully portable
Communications Receiver. Specifications: 4, complete
rapges 550 K/ca to 30 Mc/s, covering all amateur bands,
shipping and trawler bands, aml broadeast bund. A
highly efficient double tuned superhet, comprising R/F
aerial tuning section, A.V.C. and built in B.F.0.

C.W. or H8B reception. Ideal for fixed or

reception. With speaker and headphone output.
‘Hammer finished robust steel case of pleasing modern
denign, Size approx. # . 7 < 6in, British manuficture.

Duc to huge purchase we can offer thu
recelvers at less then half their normal pric
with handbook £18/10/0, carriage an
Headphones if required 15/- extra, p.p. 3/

FREE. First orders received up to fourteen dnw niter
publication date of this advertisenient will receive free
a wonderful batiery eliminator enabling yon to run
this receiver and most transistor radios dircet from the
mains,

i iH, uul
YOUR LCTRIL]T\ BlLLb BY H ALF. FINGER-
TIP CONTROL OoF ALL FELECTKICAL
APPLIANCES UP TO 3,000 WATTS.
the heat of your ELECTRIC FIRES,
tricity. Ideal A
hold IR .

Excellent for SUN-RAY
the brightness o 11l honsehold L\MI"-\ from xgllmumr

to full brightness, Ideal for SPOT LAMI‘?;.} ARC

LAMPS, ete. Useful for FLOODLIG HTS.
Controla the speed of ANY ELE
for

s¢ nnits st not be confused
heostats that wi mt\. pnwer

.\ nnir‘m: e
tors nnd thyristors
roniec components,
AND APPROVED. Rrand
@l de-luxe model.  Price

ee demonstration at our premises.
-Dept. P.E.11

gss GLOBE SCIENTIFIC LTD

24 CAWOODS YARD, MILL STREET
LEEDS 9 TEL. LEEDS 25593

Callers welcome

Establishmer

MISCELLANEOUS

MISCELLANEOUS
(continued)

3 GANG 500pF TUNING CAPACITORS
New and boxed 7/6 post paid
BIG BARGAIN PARCEL
Czpnmtors, resistors some hugh stab, rectifiers,
potentiometers, diodes, transistors, connecting
wire, etc., only 10/- post paid,
S.A.E. for lists of other bargains
SALOP ELECTRONICS
9a Greyfriars Road, Coleham, Shrewsbury, Salop

BOOKS AND PUBLICATIONS

RECEIVERS AND COMPONENTS

(continued)

REPANCO Transistor Coils and T'ransformer.
for the Constructor. Send stamp for lists
RADIO EXPERIMENTAL PRODUCTS
LTD., 33 Much Park Street, Coventry.

MICROMINIATURE MICROPHONES
Sensitive dynamic type. Will pick-
up rustle of newspaper from 30 feet.
Size 9 mm. X 9 mm. X 35 mm.
Impedance | Kfl.
OMLY 28/8
Post free—C.W.0.

SHOWN MICRO DATA SYSTEMS
SIZE 30 BAKER ST., LONDON, W.I

SURPLUS HANDBOOKS

19 set Circuit and Notes ...... 5/6 P.P. 6d
1155 set Circuit and Notes ....
H.R.O. Technical Instructions ..
38 set Technical Instructions. ...
46 set Working Instructions., . ..
88 set Technical Instructions. ...
BC. 221 Circuit and Notes ......
Wavemeter Class D Tech. Instr
I8 set Circuit and Notes ......
BC.1000 (31 set) Circuit & Notes
CR.100/B.28 Circuit and Notes
R.107 Circuit and Notes........
A.R.88D. Instruction Manual. ...
62 set Circuit and Notes
52 set Sender & Receiver Circuits 7/6. post free
Circuit Diagrams 4/- each post free.
R.I116/A, R.1224/A, R.1355, R.F. 24, 25, & 26,
A. |134 T.1154, CR.300, BC.342. BC 312,
BC.348.J.E.M.P, BC.624, 22 set.
Resistor colour code indicator, 2/~ P.P. 6d.
S.A.E. with all enquiries please.
Postage rates apply to U.K. only.

Mail order only to:
Instructional Handbook Supplies

Dept. P.E., Talbot House, 28 Talbot Gardens
Leeds 8

RECEIVERS AND COMPONENTS

BARGAIN PARCGELS of new surplus Elec-
tronic Components, 2/8, 5/-, 10/-, post free.
DOLPHIN ELECTRONICS, 5 Pooles Way,
Briar Close, Burntwood, nr, Lichfield.

COMPUTER PANELS

Eight assorted printed
circuit panels with tran-
sistors, diodes, resistors,
capaciters, etc. Guaran-
teed minimum 30
transistors, Id;abi l‘:;r
Experimenters. oards
10/-. POST FREE.
Trade and Bulk enquiries
welcome.

150042000 MFD Electro-
Iytics 25 volt DC wkg,
3/-each. 9d.P. &P,

KEYTRONICS, 52 Earis Court Road,
London, W.8. Mail order only

DUXFORD ELECTRONICS (PE)
DUXFORD, CAMBS.

C.W.0. P. & P. I/-. Minimum order value 5/-,
(Trade mquiriz: ir\viled]

CAPACITORS (Tubular, Lnldl).
Elcctrolgtlz (Mul!:rd) —lﬂ/ to +50%.

4v: F, 64uF, 125uF, SO;JF 400uF.
64Y: 6-4;.1F. JS;J.F. S0uF, 100uF, 200uF, 320uF,
10V: 4uF, 16uF, 32uF, 64uF, 125uF, 200uF,
16V: 2:5uF, 10uF, 20uF, 40uF, BO0uF, 125uF.
A5V: |'6uF, 64;1F 12:5uF, 25uF, 50uF, 80uF.
40V: IpF,  4uF,  BuF, 16u F,  S0uF.
64Y: 0-64uF, 15;.:F 5uF, IDuF. ZO,uF. JZyF.
All values I (3 each

Putyouer (Hullard)- =+ 10%

T60v: oI DOISuF 0822uF, 6d. 003IuF,
0-047uF, 7d. 0-068uF, O:IuF, 8d. 0-154F, 10d.
0-22uF, 1id. 0-33uF, 1/2. 0-47uF, 1/5. 0-68uF,
2/1.  1uF, 2/6.

400V; 0-001uF, 0-0015uF, 0-0022uF, 0:0033uF,
0-0047uF, 0-0068uF, 0-01uF, 6d. 0-015uF, OOIZJ.IF
7d. 0-033uF, Bd. 0-047uF, 0-068uF, 9d.

10d. O0-I5:F, 1/1. 0:22uF, /5. 0:33uF, lil.
0-47uF, 2/6.

Polystyrene: -+5%. 160V: 5pF, 10pF, I5pF,
22pF, 33pF, 47pF, 5EpF 68pF, 100pF, ISDpF 220pF,
330pF, 470pF, 680pF, 820pF, 5d. |,000pF, 1,.500pF,
2,200pF, 6d. 3,300pF, 4,700pF, 56009 . Td.
10,000pF, 8d. 15,000pF, 22,000pF, 9d.
POTENTIOMETERS (Carbon) Long life, low
noise. #W¥ at 70°C. S M, +£30% > M.
Body dia., im. Splndle lm * }in. 2f- each.
Linear : 100, 250, 500 ohms, etc., per decads to
lor;. Logarithmic: 5k, 10k, 25k, ete., per decade
to

SKELETON PRE-SET POTENTIOMETERS

(Carbon): Linear: 100, 250, 500 ohms, etc., per

decade to 5M.

Mininura. 0-3W at 70°C. -+ 20% -}M :Hm/,
#M. Horizontal (0-7in x O-4in 38‘ Ver=

ncal (0-4in_ » 02in P.C.M.) mountin

Submin. 0-IW at 70°C, +20% = -+ o

IM. Horizontal (0-4in x 0-2in P.C.M.) or Vertical

(0-2in x O:lin P.C.M.) mounting, 10d. each.

RESISTORS (Carbon film): High stability, very

low noise. W at 70°C. Body {in x kin. Values in
each decade: 10, 11, 12, 13, | I6 18, 20, 22, 24, 27,
30, 33, 36, 39, 43, 47, 51. 56, 61 68, 75, 91 from

470 to_IM. £59, 2d each. 1-2M, 1-8M,

22M, 27M, 334, 39M 47M, ssn 68M, 82M,

10M.' 5 10%, 2d. each

SEMI-COMDUCTORS (All new): OAS, OABI,

1/6. OC44, OC#5, 1/9. OC7l, OC72, OC73,

ocsl, OC8sID, Ocs2D, OCI70, OCI7I, 2/3.

OCI14b, AF115, AFI16, AFI17, 3/-,

SILICON RECTIFIERS: 05A at 70°C, 400

PV, 3/- 800 P.V. 3/3. 1,250 P.Y. 3/9.

1,500'P.I.V., 4/-

SEND S.A.E. FOR _JANUARY 1968
CATALOGUE

CALL OR BEND for list from the most interest-
ing shop in Lancashire. Electrical Mech-
anical and Electronic Goods. ROGERS, 31
Nelson Strect, Southport.

“PRACTICAL ELEGTRONICS™ Rhythmic
Effects Unit, Impact Counter. Fluorescent
Camping Light. Glissandevibe. Spring Line
Reverberation Unit, I.C, Tape Recorder.
Combotron. Analogue Computer, IPhoto-
graphic Exposure Meter, Water Level Alarm,
I'uzz Box. Yodeller Door Monitor. Harmonic
Distortion  Meter. I.C, Gram Amplifier,
Thyristor  Power Controller,  Transistor
Millivoltmeter. creenwiper Delay  Unit.
Investigantor  Oscilloscope.  C.R.0. Trace
Doubler. Light Operated Stopwatch,
Proximity Detector. Photoflash Slave Unit.
Integrated Stereo Ampltﬁer, and all construe-
tional projects going back to Issue 1. Send
s.a.e. for your choice of itemised price lists.
AJAX ELECTRONICS, 18a Rumbold Road,
Fulham, London, 5.\W.6.
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84
oC23 8/~ | OCI70
e |52 & | se
TAPES ©C26 6/6 | OABI
7° DIP 2,400° 18/% | 5C35 6/6 | OA200
7 UP 1,800 12~ | OC38 66
rim o el kA
58" DIP  1,800" 14/6
Boaie ool ms | QceE ¥l Aciy
5i" STD 900 6/3 | 5C71 12/6 @ ACYIB
5° D/P 1,2000 10/6 | OC72 2/6 | ACY19
Fin | gEl e
i PR
> BP0 e | 978 3- N
3" LuPe 225'° 29 | oC8l 3/~ | ADI4S
3" STD 150" _2I-

Spools: 81", 5/6; 77,

OC82  3/- | AFII7

AFZ12 5/6 | BYZIO 9/6 | NKT674 6/-
B/- | NKT6&77

NKT713 - 5/6
NKT734 5/6
NKT736 6/6

BCY70 6/6 GETIO3  4/- | NKT773  5/6
BCY7! 10/6 = NKT241  6/6 | NKT781 6/
BCY72 NKT242  6/- 696 5/-
BFYI8 5/- NKT244  5/6 | 2N697 5/
BFYI9 5/6 | NKT245  5/6 | 2N706 4/6
BFY50 5/6 | NKT261 4/6 | 2NT06A 4/6
BE de | Neme 3| awe s
BSY20 5/6 | NKT271  4j6 | 2N2220 5/~

BSY26 4/6 | NKT603 6/6 | 2N2221 5/
NKT613 _ 6/6 | 2N2222 Bhe

6
BSY29 4/6 | VEROBOARDS: 33" x 24", 3/6;
BSY38 4/6 |33 x 32, 4/3; cutter, 9/-.

BSY39 4/6 A Z
BSY9I5A 4/6 Pﬁ?—EeE:EhE- 30 watt Soldering Irons,

43; 517, 2-; 5% 23
37, 9d.

Send S.A.E. for complete list.

SPEAKERS: 3 ohrn. 57, 14/6; B

P. & P. 1/~ |25/6; 12, 39/6; 7" % 6/6; 37, 9/6.

Post and Packing up to 3
reels 2/9 otherwise 4/6.

Tel. 01-452 0161/2.

A.MARSHALL & SON (London) LTD.
28 Cricklewood Broadway, N.W.2
Dept. P.E.19

RESISTORS: { watt, 8d; { watt, 6d.

ELECTROLYTICS: I5v | MFD up
to 100 MFD, 1/6 each.




RECEIVERS AND COMPONENTS (continued)
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BARGA
SEMICON
ALL

“X"” LINE MODULES

Send for details of
our range of ready-
built solid-state
circuits, amplifiers,
sirens, light flashers,
etc.

FAIRCHILD AF 11
20W SOLID STATE
AMPLIFIER KIT
£68.8.0 Complete

Includes Printed circuics
board, Semiconductors,
Resistors, Capacitors,
Heat sink and short
circuit protection com-
ponents. S.A.E. for
details.

MULLARD o

BFY50
BFY51
BFY52
BSX79
BTY79-400R
BTYB7-150R
BTY?1-150R

2N3BISFET  11/- |
ThioR0 19
BSX36-100 -
BTY87-500R 1B100-MO5 54/
BYZIO
BYZI2 126
BYZI3
BZY93 C24

NS IN
UCTORS
YPES

2N3436
INTEGRATED
CIRCUITS
Epoxy TOS 8
lead ul 900 Buffer

@ -

L 914 Dual Gate
@ I)-

©»l923 J-K Fip
Flop @ 14j=
4-page reprint on

IC usage circuits
data, etc. ]

PLANAR
BARGAIN
2N2926 Yellow
4 for 10/~
MNEW G.E.

Over 1,000 tran-
sistor and diode
types ex stock,

Resistors: + Watt 5% Miniature type, 1968 CATALOGUE
10, 12, 15, 34 pages +
e ‘"!23‘1 ::d NOW AVAILABLE

100 pieces or over, 2d each. send 1/6 stamps
10% tolerance, + Watt, | Meg. to B2
Meg., same price,
Preset potentiometers, Standard or
Subminiature types, 20% tolerance,
Lin. vertical or horizontal.
100, 250, 500 ohm, lk, 2:5k, S5k, 10k,
25k, 50k, 100k, 250k, 500k. | Meg, 25
Meg, 5 Meg. All at 1/6 each, Discounts
for quantities over 12 of | value.

POST & PACKING 9d
per order

COMPONENTS s

7 COPTFOLD ROAD [

G.E. New Edition 20/8
GUARANTEE: All the above-listed semi-conductor devices are Brand New, First Grade, and BRENTWOOD ESSEX

O gmesc Edition 27/8
. t ] i Post & Packing
guaranteed. We will replace at no charge any device found to be faulty. Further: all devices L 2

carry the Manufacturer’s name or Trade Mark, type number and batch number. 'We do not BRENTWOOD 7904

offer for sale devices often described as “"new and tested™ or bearing re-marked type numbers,

these often have a short and unreliable life. LST COMPONENTS 24 HOUR POSTAL SERVICE

QocsiD

RETAIL AND WHOLESALE
SUPPLIED

REDUCED PRICES

2NI1073B PNP 120v 60W 1|.5MHz (TO-41 can)
10/-. 2M2290 Electrically as 2N 10738 (TO-3 can)
10/=. Ex-equipment, tested, either type 5/- each,
5 for 20/-, Rechargeable batt., DEAC 12.2v 450
mA/hr 17/6, P, & P, 2/6, FI::: board Edge Con-
nectors, 0.2 matrix, 12 way 2/6, |7 way 3f=, 22
way 3/6, 30 way 4/6, 32 way 5/-. 2W pots, {*
*spindle, 5k, 2k, 00, 100 ohms. 1/=. Pre-set,
min. pots tW 270I<. IDOI-: 330, 270 ohms. 9d.

Terms C.W.O., Min, order 5/-, P, & P, 1/-,

S.A.E. for list. Mail order only.
T. L. WILLIAMS

2 CHESTNUT CLOSE, ADDLESTONE, SURREY

STUDENT ELECTRONIC SERYICES

1 watt,

and Lin.

194 Regent Road, Salford 5

We stock a wide range of Resistors § and

Buy individually OR try the S.E.S. Pre-Pack.
Stocks now include Potentiometers — Log.

Enclose éd. for complete price list

FANTASTIC OFFER ! !!

Computer printed circuit boards,
Comprising transistors, diodes, resistors,
etc, ldeal for constructing amplifiers,
receivers, etc,, etc,

Price: 5 boards for only 10/= p. & p. 2

TELE-RADIO (1943) LTD,
189 Edgware Road, London, W.2

SUPER QUALITY NEW RESISTORS

Carbon film, low noise, high stabs:

ge Serles Per do: Per 100
+W 5% 5-10 to 330kn E24 ulo; 14/6 CIR-KIT No. 3 P ; PEAK SOUND PRODUCTS
W 109 10 to 470 EI2 +1id per resistor By ack, 12/6. Adhesive copper 5ft » }in or loﬂk  gin
w 10% 4-70 to 10MQ El2 1/9 13/6 or %in, 30/-. Perforated board 0-lin matrix 5in x 33in : 33in, 2/63
597 470 to 10MQ E24 2/2 17)- « Also SA-8, Stereo Amps at attractive pri
W |0°/,, 100 to IOMO EI2 33 25/10 'TRANSISTORJSED STEHEO AMPLIFIER AND PRE-AMP SA8-8

1j6 per 100 less in 100's of one ohmic value,
Please state your choice of values,

Quality Cnrbon Skeleton Pre-sets:
10k@, 20k0

Low C:nt Volume Controls: 1000, to 10MQ,
2/3 each
Log. Stereo: 100kn, 150m 500k,

Ceramics: 100, 220 470, |
0-05uF, 50V,

5d.
2Eslll:tl'olytlc- 5, 10, 25, 50uF, 10V, 5, 10uF, 25V, 9d;

v, 1/:
Sub-mm. €426 range: all values in stock,

IMQ,2MQ, LS., 9/ 12/6.
1000, 2,300, 4,700pF,’ SO0V, 5d; 0-005, 0-01,

1000, 2500, 5000, k0, 2kn, 2:-5k, Skﬂ.
1, 50kq, 100k, 250ka, suom IMg,2Mo,25Mn,'5Ma, 0M
Available in honzuntai or vcrt!r;al mounting, I]- each.

lin., 2/3 each; 5k0 to 5MQ, log.,

D.P. sw.
0-02,

100, 200uF, 10V, 25, 50uF,

PICK OF THE NEW SEMICONDUCTORS

Silicon, many :yfe.: including :

| BCI107, 45V, 25-500, 4/-. BCI167, SOV B 125-500, ],- Low cost: 15940, 30V, 75mA, I/ 3 OA202, 150V, 160mA, 2/-; BY238, B50V,
BCIOB ZDV ﬁ IJS—?OD 3/11. BCI168, 20V, 8 125-500, |‘6 500mA, 3/11; IN5054, BOOV, |A, a9,
BCIO‘B 20V, 8 240-900, 4/-, BCISQ, 20V B 240-900, 2/9 Zener Diodes: 400mW, 5%, 2-7V to 33V (E24 values), 5/3.

'BCI09'and BCi69 are low naise types, BCI67, BCI68 and BC169 are plastic

Best Value For:

Power: 2MN3055, 115W, 100V, 16/6; 2N3054, £

Field Effect: MPFI05, gm 2 to 6mA/V, 10/-;

VHF and Fast Sw:tchmg BSX10 f 600MHz,
Gain: 2N3390, 5400-1,250,

'2N3?07 5/=3

ure: BCI22, 30‘/ 50mA, 80mW, 250MH:;

2NJBI9 14/6.
, 4/6.

1N339IA 5/6; 2N4058 (PNP), 5/6.
z, 6/6,

Low CM!' 22926, IGV IlﬂHHz, 1.'6 (our colo lecti
_Also: 2N3702, ‘1N3‘703, 2N3704, 2N3705, 4/- ea:fl:” IBECE!O9‘%“’4;3 BFY50, 5/3.

Germanium, many types including:
RP, VHF: NKT&03F, 6/-; NKT613F, 5/9; NKT677F, 4/5,
Low Noise: 2G308, 6/9; NKT275, 3/8.

Complete kit of this very popular amplifier,
16 watts

total output, £10.10.0

Power supply kit, £3

Cabiner, £

1552 DISCOUNT on whole order ond post free when purchasing an SA8-8!

he most successful amplifier of its kind yet. A real money saver.
Old-Timers: ZNISOI 2N1303, 3/6; 2N 1304, 2N1305, 4/-; 2ZN1306, 2N1307, 6/=;
2N1308, 2N1309, 7/11.

High Power: NKT403, 14/10; 2N2147,
Complementary Qutput: ADI&I (NPN), 9/=;
Silicon Diodes:

16/9; matching, |/- pr.
ADI62 (PNP), 9/-.

Germanium Diodes: OA47, I‘B OA70, 1/9; OABI, 1/6; OA%0, 1/3; OARI, 1/3;
QA9S5, 1/3.

ALL GOODS BRAND NEW @ NO SURPLUS @ FAST DELIVERY
Discounts: 10% over £3; 15% over £10.

Post and Packing: |/-; free on arders over £1,

Catalogue: Send |/- stamps—includes data on all types in stock and many

equivalents.

ELECTROVALUE ¢ mansrieLD PLACE, ASCOT. BERKSHIRE

381




RECEIVERS AND COMPONENTS (continued)

Lord Alexander House R A D o
ELECTRON|CS Waterhouse Street 51 Burnley Road, Rawtenstall
Hemel Hempstead, Herts Ressondales Lames
5/- 2N2646 .. 12/6 NKT211 .. 4/9 NKT227 .. 8/3 :
s MR M S § oeaiie bskigwranit
.. 10/~ NKT213 .. 4/6 NKT60l .. 5/9 E
OC44 1/9 2N3055 .. 19/- NKT214 .. 3/6 NKT6I2 .. 4/8 NEW VALVES ROXAD, TEEVED & 6/ S R
OC45 .... 1/9 2N1482 .. 5/- NKT2I5 .. 3/6 NKT6I3 .. 4/9 G EBFB0 3/~ | pcca4 3~ | PY82 3=
OC70 .... 2/3 2NI720 .. 4/6 NKT2l6 .. 8/3 NKT674 .. 5/- U EBFE9 3/6 | pcrBo 3~ | uisl 46
OC71 .... 2/- NKTI24 .. 8/6 NKT217 .. 7/9 NKT675 .. 4/- A ECCB2  3/- PCF82  3/6 3ol 46
OC72 .... 2/- NKTI25 .. 5/~ NKT2I8 .. 4/I NKT&Z6 .. 4/I R * ECL80 3/- | pcLe2 4/~ | 6F23 5~
OC8I .... 2/3 NKTI26 .. 5/- NKT219 .. 4/7 NKT&77 .. 4/ A EF80 16 | pcLey 4 10PI4 3=
OCI40 .... 4/6 NKTI27 .. 8/6 NKT221 .. 4/8 TK20C 1/6 N EFB5 3~ | PCLB4 5/~ | 20PS 3)=
0OCI70 2/3 NKTI28 5/9 NKT222 4/~ TK40C 2/- T EFIB3  3/6 | PL36 5~ | 30F5 26
ocCI7I 12/6 NKTI29 5/~ NKT223 4/1 OA5 i~ E EFIB4 3/6 | PLBI 4- | 30L1s 5=
2N696 4/6 NKTI4l .. 5/9 NKT224 .. 3/6 OA8l .. I/- E * EYS6  4/- | PL83 4- | 30PI2 46
2INEST 5/- NKTI42 .. 5/- NKT225 .. 3/6 OA200 .. 12/6 D EL4I s- | pya3 si- | 3ocis 5
2N706 4/3 NKTI43 .. 49 NKT226 .. 89 OA2I0 .. &/é EZ40  4/6 | PYBI 36 | 30PLI3 5/6
f T = ﬁ — o : ~ o EBC4| 46 PYB00 36 30PLI4 5/6
Send 9d. stamps for complete lists Transistors, Rectifiers, ash with order please. Postage 9d.
Integrated Circuits, Etc. Airmai?:xtra : . POST, ONE VALVE 9d. TWO TO SIX 6d.
OVER 51X POST PAID,

use LY “§ " ALAT
BI-PAK SEMICONDUCTORS :.%;.." ity
(DEPT. E) London W1 SATISFAGTION BUARANTEED IN EVERY PAK PER PAK

UNIJUNCTION | 3 QUALITY-TESTED VALUE PAKS + BARGAINS k| 120 Blass sub-min Germ. DIODES

t. 2N2646,
U s s ioni 7€ 60 Wixed Berm. TRANS
SIL._RECTS TESTED Drift Traus. 2N1220 Germ, PP 100c/s 10-| 1okPel e ninenve cofl 3 - oy [ . -
te ans. 0C44/45/81/81 i n Rects, 50mA " ;
PIV 750mA 3’\ 10A Rl‘:l“i;»t -{i"“;’r'lhl f‘\'l‘ 1 3 J\F‘i“l? Trans. Mullard ’1"\1)11:"-. 75 Bﬂlﬂ BUHdEﬂ Bﬂl’m. ]]"]DES
n “hiu- ‘-pnt RF Trans, PNP ... . 10f 7 OC81 Type Trans..

1 . o fgﬁ;a;g;#%;z?*;:: s 2 | 40 Tike OC8T, ACT28 Germ. TRANS.
2 ans. N PN Switchi . 1 TH " ~ T
12A §CR 100 PI ; 2% Trans. Hootainks Bt TO18, 5013, oto.. . 1 60 Silicon 200mA sub-min. DIODES

8il. Trans, 28308 PNI' . . 2 28701 Bil. Trana. Texas NPN

il " 30- | "3 SiT. Planar NPN_TRANS.
Sy otes Mawrd o 0= | 16 Top-Hat Sil. Rect. 750mA
70 Diodes Mullard

O oot ioics i .. 19| 50 Sil. Planar DIODES 250mA
§'§Tn]ﬂ;%as?ﬂrrﬁ:"\.dcsgl‘uo Sobicls 1 —| 20 ZENERS 1 watt mixed volts

bt

ﬂwLb--lmh‘_.hMMN&:EQEUNI:J\:Wﬁn-i-&zwl&i—ui-mmhwk#:dl—‘ﬁﬁu‘mzz&

500
600
4/9 8/- 15/-
1000 8/- 10/- 17/8
¥, LOWHT PRICE
scn LARGEST RANGE
TA ]b\ 30A
76 30/-
B/8 10{0 35/~
8 10/~ 1 “{,
iz
&
40/~ 85/—
40/~ B0/~ —
SCR MANUAL 25/-

8rd Edition. P.P. 2/6

ore s 8/6
OCP 71 EACH
SYLVANIA (USA)
IN2I BMR
MATCHED PAIR
MICROWAVE

DIODES

1 IN21B and 1 mzum 8
BAND MIXER DIODES

15/~ per pair, Brand New

in Muuufacturers Original

bk bt

5]
QO

High Current Trans. 0C42 ‘qul F o
Power Transistors 1 OC26 1 0C33
Silicon Rects, 400 PIV 250mA .

QC75 Transistors Mullard Type

Power Trans. 0C20 100V

0A202 8il. Diodes Sub-min.

Low Noise Trans. NPN 2N829,

8il. Trans NPN VCB 100 ZT8!

OAS1 Diodes Sub-min .........

0C72 Transistors.

(=1-]
>a

N

1.5A BR8310 AF

Nawecs' 13- | T50 Wied Sil. Germ. DIODES
toocaiaiia 15~ | 20 BAYSD charge storage DIODES

Metal Alloy Transistors 3
8il. Rects, 400 PIV 600mA

3 H % -+ 151 .
ey o 1 2112 PNP Bpttacal Plamas i frune. 15/~ | 12 Epoxy Sil. Rects. 500mA BY130
GET883 Tnns Fe|\| D(d.x e

25708 Sil. Trans. 300Mc/s NPN 2 {Tl?ul:nl:t:z:g::];]é%:::ﬁ%q]‘htMrﬁgrz‘; '~ | 30 PNPSil. Planar Trans. like aN1132
(iT41/45 Germ. Trans. PNP Equ 2 8il. Trans. 200Mc/s 60Vecb ZT83/84 ... {-

GT31 LF Low Noise Germ. Trans. PNF {—| 1 Sil Planar Trans. NPN 100 Mc/s BSY25 8 Gamp Sil. Rect. Sim. B‘ﬂw'[wg

];Bgu(.?;l. Diodes 75 ‘I‘l\ . )/ % Ennnel :.)md; 1\11:22‘?(11"5])2_)06 E. ¢ !
NEN Germ. Teans. NKTT ‘ e e R O a6 30 10-5 NPN Sil. Trans. BrYaD,
0C22 Power Trans. Gerni,. . 10, 2 Germ, Power Trans. OC28 1

2NB36 Type

0C25 Power Trans. Gerni vadn 1 Tunnel Diode AEY11 1050Mc/s BTC.
D(,TJ Mullard 'l‘rnnn e aas 2 Jh&ﬂ? 8il. Epoxy Planar HFE220 mnx

'L 72222 10 o8 B and oot T siset, i ivicd | 90 GO PNP AF Trans. T0-5 like

5 i € T e D0 5 0D DD BD e 00 O e B350
B

.. 10/~
CG62H Germ. Diodes Eqvt. OAT .. 10/-|10 \cu Power Trans. GEC Eqvt. 0C16/26 ! AB‘”‘]'ZZ
AF116 Mullard Type Trans. ......... 10/-

Assorted Germ, Diodea Marked ....... 10/- FREE One 10/~ Pak of your own choice 30 NPN PNP Sil. TRANS.

AC126 Germ. PNP Trans.

1A Cerm. Roct. 200 PIV : =il free with orders valued £4 or over

T0 3A Sil. RECTS. (Swd Type)
30 Like BCI00 Sil. RPN TRARS.
| S - - % | T2 TR SI. RECTS. Top Hat

0y | 2555 Bt ," 30 AF Germ Alloy TRARS.
) “SPECIAL 09 8- | aNews I s | _10 1A Blass Sil. RECTS. high volts
SILICON PLANAR | icvi . 8 | ENiodo /s | 30 MADT's MAT series PP TRANS.
TRANSISTORS | %, A N - 15~ | "20 Berm. 1A RECTS. GM series

© (LW SIMILAR 2N706 |5 e | e 222331~ | 26 300W/cs PN Sil. TRANS.
L%) I MaTI20 ... A o == &-1 30 Fast Switching DIODES IN914
ONLY l- Qur vast stacks change daily with hundreds of Semi= | Minimum Order 10/-, CASH WITH ORDER
each to cover 3 months mailing of our latest stock lists, GUARANTEED by return postal service. Overseas

conductor bargains becoming available, Just send 2/6 | PLEASE. Add /- postage and packing per Order,
eqvt. charts, circuits, ete, add extra for Airmail.

RLILToR | BI-PAK GUARANTEE SATISFACTION OR MONEY K




RECEIVERS AND COMPONENTS

(continued)

Transistor Ierrite rod aerials, MW and KW S8in long.
§/- no data.
Small 7 transistor radios ideal for spares, or repair,
in makers boxes with 4 nickel cadmium batteries,
battery charger, leather case, store wlied and mno
guarantee, bargain @ 22/8 + 2/-P. & P
Dnuhll gAng  potentiometers, 250k+250k log.,

00k +5600k lin, 3/« each.
hrmu rods, & < 3lin, 8d each.
Dise coramics, 1,000pF (P.C. type) short leads, 3d
each; 2/8 doz. (500 VW),

capacitors, 0-1mF 50VW, 4d each; 8/= doz.

21aF 6VW, 4d: 4unF 64VW, 50mF 6VW, 100mF
SVW, 10mF 12VW, 84 each; 100mF 9VW, 150mF
12VW, 350mF 9VW, 8d each; 400mF 15VW,

Bet of 8 transistor domble tuned 1.F. transformers
(470ke/s), 10/- with circuit.
Mixed bag of silver mica capacitors, 100 for 8/-.
of silver mica and tubular ceramics,
100 for B/= (our selection).
Trai , GT456B (0045) 1/8 ea
Zener diodes, OAZ247 2/6. 0\7'324 3/6. 1870514,
137'“5& 3/6.
P.C.board, sincie |l¢nd., +r in. thick, approx. bin. x 2in,
44; 4in, x 4}in.,
yrene uunilou. 1,000 pF 5%, 5,000pF 21 %
84 each; 2/8 doz. (30VW).
capacitors, 25, 30, 47, 50, 75, 82, 137,
220, 330, 375, 500, 1,000pF, wire ended, 350VW;
, 230, 300, 370, 505, 680, 1,100, 1,600 pF, P.C.
type, 200VW.
Minimum order §/-.
PDB“I‘:\L BERVICE ONLY. Postage: under £1,
1/6; £1 to £2, 2/3. Over £3 post free. B.A.E. for
lists.

A. J. H. ELECTRONICS (GBAQN)
59 WAVERLEY ROAD, THE KENT
RUGBY, WARWICKSHIRE

S:TUDENT ELECTRONIC SERVICES
194 Regent Road, Salford 5

Constructional aids — including

Assembly Stand (each individually

made by craftsmen).

LEKTROKIT—the biggest money and
time saver since the
safety pin!

Everything to construct a pro-

fessional job, from a variety of

boards, pins to chassis plates and

rubber feet.

Special introductory kit in 2 sizes.

Write now for complete price list
AND sample resistors, enclosing 6d.

TRANSISTOR CAPACITORS (ELEC-

TROLYTIC)

500mfd 4V &4mid 40V Iémfd 25V
320mfd 10V 50mfd 10V 10mfd 25V
250mfd 4V 30mfd 10V 64mfd 64V
200mfd 16V 25mfd 25V 4mfd 64V
100mfd 16V 20mfd 2V | mfd 25V

I/- each, 9/- per doz. Min. order 10/~
TRANSISTOR PANELS—OCA45 or equiv,,
20 for 20/-, 30—25/-, 50—35/-, 70—45/—, 40—
/-, 60—40/-, B0—50/- Postage 2/~ per panel
EPT planar transistors
Me/s all_at 2/- each. 2INT43,
2N753 1N9|5 55726 BSYIB BSYES BSYIS,
BSY95A, BSY29
TRANSISTORS OC45, TK22C @ /- each.
OC76, OC139, 2G302, OC8I1, OC44 @ 1/- each.
GETI20, OC83, 2NI308, OC72, NKT2i6 @
4/- each. ©OC23, NKT452, NKT453 @ 6/~ each
10 watt heat sink drllled for power trans, 51‘-
1,000mfd 30V 4/-, 3,000mfd 10V 2/-.
:a;aencurs 100 + 200 + 400mfd 275V 1{6.
100 + 200mfd 300V 5/6.
W.W. POTS 5, 10, 25, 50; 100, 250, 500 oshms,
Ik, e, 2-5k, 5k, 10k, 25k, 50k, 100k, not
preset 2/- each. Min. order 5/-. Postage 1/-
ZENER DIODES—2-4, 2.7, 36, 475, 525,
575, 62, 68, 7-5, 9-1, 13, 15, 16, 18, 20, 27, 30,
33 voles, 3/6' each, mostly | watt
POLYSTYRENE CAPACITORS 3150V: 180,
270 3303390, 470, 560 680 B‘zﬂpf 1,800, 2,200,
l15\'= 1,200, ISOD IBDO 2200 2,700, 3,300,
.4700 5,600, '6,800, '8,200. 0-012, 0'0I5.
ahpf ceramic ’J.ODpf 5.M. any selection 2/« doz.
4-40pf trimmers 4/- doz.
BRAND NEW BOXED CHASSIS, contain-
ing 2—O0C35, 2—0C29 12 WW resistors 30/-,
Postage 1/6.
STEREO POTS. Less switch, single spindle,
| meg + | meg log and | meg log <+ | meg rev/
log. 7/6 each.

NEW CROSS RADIO

6 OLDHAM ROAD, MANCHESTER 4

RECEIVERS AND GOMPONE_NTB
(continued) L

RESISTORS

% watt carbon film 59,
All preferred values in stock from
10 ohms to 10 megohms 2d. each.

Send S.A.E. for free sample

CAPACITORS

Mullard Miniature Metallised Poly-

ester P.C. Mounting, all 250V D.C.

working. 0-01mf, 0-022mf, 0-047mf,
0-Imf, 0-22mf, all at éd. each

Hunts tubular 0-1mf 200V working
at 3d. each

Send 6d. stamp for extensive list of
low priced Electronic Components,
Instruments and Equipment

Please include | /- postage and packing
on all orders under £1
Dept. P.E.11 -

BRENSAL ELECTRONICS LIMITED
CHARLES STREET, BRISTOL 1

COLOURTY PALSYSTEM, by Patchetc. ||
40/-. P.&P. 1)

F}E.T. CIRCUITS, by Turner. 25/~ P. & P.
I/-

BRIDGES
DEVICES, by Turner. 26/-. P. & P.

IAG?C.. OF I;‘I'RANSISTORS. by Mann.

RAPID SERVICING OF TRANSISTOR !
EQUIPMENT, by King. 30/-. P. & P. I/-. |l

HI-FI YEAR BOOK, 1968 EDITION.
15/=. P. & P. 1/-.

10l WAYS TO USE YOUR OSCILLO- i
SCOPE, by Middleton. 21/-. P. & P. 1/-.

COMPUTER CIRCUIT PROJECTS
:l:l: ICIAN BUILD, by Boschen. 24/-.

TRANSISTOR SUBSTITUTION i
HANDIBOOK, new 7th edition. 15/, i
P.&P. I/

Comprises a light source unit with
T M optional Infra Red flter and lens
gystem to force the light. Also a
photo-electric Bel.ay control unit. Both housed in
metal cases for bench or wall mounting, sensitivity
control, mains on-off switch. Works from 230/240V
a.c. Mains, Can be used as a simple on-off switch by
breaking the beam of light (invisible if Infra Red
filter is used) and as such it will operate as a burglar
alarm, or will open doors, ete. Also in conjunction
with a counter or other equipment it will performn
many functions in the !zlctors or
warehouse, £9.1 9'6

F.M, WIRELESS MICROPHONE
04-104Mc/s. Transistorised. Operates from 9V
battery. Complete with additionnl secret tie clip
microphone. List £12/10/- OVL\
These cannot be operated in U.

TRANSISTORISED FM TUNER

6 TRANSISTOR HIGH QUALITY TUNER.
S8IZE ONLY 6inx 4in x 2§in 3 L.F. stages. Double
tuned discriminator. Ample output to feed most
amplifiers. Operates on 9V battery. m Er';ge
88-108Mc/s. Ready built ready for £6

use. Fantastic value for money

FM MULTIPLEX STEREO ADAPTOR
Printed circuit biscuit, 4 t 3

Tt e e ¢ £5.19.6
BSi TAPE HEADS | MULTIMETERS 3 [
gRAD.cK 39’,‘6 ale ) from

BSR - LOUDSPEAKERS. 29/6

lAl.L 39,’6 40 ohm, 21" 80 ohm.

4 TRACK Pair | 1o- TWIN CONE 10 35[

REFLET GORE Tupe ] watt, 18 or Sohm
TWEETER 16 oh

WATERFEOOF SPEE. | T Ok .cre. £9/0

5 .
186, /s P CROSSOVER NET-
& s's’ﬁﬂfc"nfniy ‘4'5-0 WORK 16 ohm ”/-

e B

SILICON CONTROLLED RECTI- [
FIERS, by Lytel.* 21/-. P.&P. I/, ‘

Where possible 24-hour service guaranteed

UNIVERSAL BOOK GO.

12 LITTLE NEWPORT ST., LONDON, W.C.2

The RADIO AMATEURS
HANDBOOK 45/-

1968 Ed. by A.R.R.L. Postage 4/6

AND OTHER hllIUL!. i

(Leicester Square Tube Station)

“PLUS-3" MAINS CONVERTER

Provides three separate
switched output voltages
6v., 7iv. and 9v. D.C.
Suitable for all types
of transistor equipment,
players, etc. Attractive
case with indicator light,

mainslead, output socket, SHLY 2
plig and lead. Size 57/6
41" X 34" X 24", P. & P.26

(Extra lead with din plug for cassette recorders 7/§)
Mains unit for Fi-Cord 202A £4.15.0. P. & P. §/-.

R.C.S. PRODUCTS (RADIO) LTD.
(Dept. P.E.), 31 Oliver Road, London, E.17

SUPER SILICON RECT. T.V., etc, 1,200 PIV
800mA, 6/-; or complete with instr. resistor,
condenser, 7/8; 400 PIV HW 64, §/-; 200 PIVHW
GA, 8/-.

Stamped envelope for full selection aml bargain
offera in Multimeters, Radios, Baby Alarms, Inter-
coms, Walkie-Talkies, Rectitiers and Eagle Lists.
UNDER £1—P.& P. 6d. OVER £1 post free.
C.0,D. 3/6.

DURHAM SUPPLIES
175F, Durham Road, Bradford, 8, Yorkshire

PLEASE MENTION
PRACTICAL ELECTRONICS
When Replying to
Advertisements

REPEAT OFFER OF CIRCUITS
@ NOUGHTS AND CROSSES MACHINE

@ BIRARY ADDER AND SUBTRACTOR

@ FOOTBALL POOL COMPUTER

@ HULTIPLYING/DIVIDING ANALOGUE COMPUTER

@ SINILTANEOUS AND QUADRATIC EQUATION SOLVERS

All these circuits for 4/6 post 6d. Diagrams
(9 pp.) text (26 pp.) parts and price lists, All
purely electrica dcﬂgnl We are the leaders
in this field and can put a date on the publi-
cation of each circuit ta show that we were
the first. Our machines have appeared at
exhibitions in this country and abroad, before
learned societies and the TV cameras and
have even made money for charity.
Again showing that we leid we have under
development a new circuit, which will Add
and Subtract Bmlry numbers both in parallel
and serially as in a full scale computer, The
formation of the Sum and Carry is shown step
by step. This will provu an_invaluable aid to
hi inary h ic and
method, Full deudl available shortly.

PLANET INSTRUMENT C0., 25(E) DOMINION AV., LEEDS 7
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for quick,
gasy, reliable

soldering

Contains 5 cores of non-corrosive flux, instantly
cleaning heavily oxidised surfaces. No extra flux
required. Ersin Multicore Savbit Alloy also reduces wear
of copper soldering iron bits.

® SIZE15
SIZE § SOLDER
HANDY SOLDER DISPENSER
DISPENSER

Contains 21 ft. coil
of 60/40 Alloy,

22 s.w.g. Ideal for
small components,
transistors, diodes.

Contains 10 ft. coil
of 18 s.w.g. Ersin
Multicore Savbit
Alloy. 2/6 each.

etc. 3/- each.
[ BIB MODEL 8
WIRE STRIPPER
==y SIZE12
== Z1deal for home AND CUTTER
. B constructors. Strips insulation
R’ Contains 90 ft. cleanly and

quickly, fitted
with unique 8
gauge wire
selector, Plastic
handles. 8/6 each.

of 18 s.w.g. Ersin
Muiticore Savbit
Alloy on a plastic
reel. 15/~ each.

@& From Electrical and Hardware shops. If unobtainable, write to:
&% Multicore Solders Ltd., Hemel Hempstead, Herts.

SHORT WAVE ONE VALVE
RECEIVER KIT 39/6 + 2/6 P.P.

PEAC ANALOGUE (OMPUTER RIT IN STOCK

UNIT ‘A’ COMPLETE £26.0.0 + 15/- P.P.
Punched aluminium panels and
case for above £4.17.6 + 5/- P.P.

CLUBMAN Mk. | KIT COMPLETE £6.17.6 &+ 5/- P.P.
Without metal work £4.12.6 + 2/6 P.P.
CLUBMAN Mk. I KIT COMPLETE £10.17.6 -- 5/- P.P.
Without metal work £8.12.6 + 4/6 P.P.
EXPLORER KIT COMPLETE £4. 26 + 2/6P.P

STABILIZED POWER SUPPLY KIT 0-20V. 500ma
COMPLETE £4.17.6 + 5/- P.P.

COMBINED AUDIO OSCILLATOR AND FREQUENCY
METER £17 4 10/- P.P.

PORTABLE TEST UNIT KIT

FLUORESCENT CAMPING LIGHT IN STOCK

S.A.E. FOR TRANSISTORS, SEMICONDUCTORS, FULL LIST
700 TYPES

3 SILICON RECTIFIERS, BY100 TYPE 10/-

10 MIXED MARKED TESTED TRANSISTORS 10/~

40 UNMARKED UNTESTED TRANSISTDRS NEW 10/~

I LIGHT SENSITIVE CELL ORPI2 8/6 {
25 MIXED UNMARKED TESTED TRANSISTORS 10/-
%EﬂﬁHSISTDR COMP. PAIR ADI6I1/162 16/-

OUR COMPONENTS CATALOGUE 5/- Post Paid with 10/~ worth of
discount vouchers.

OLRUS ELECTRONICS LTD.
748 HIGH ROAD, LEYTONSTONE

(NEXT TO GREEN MAN)

LONDON, EI1 Tel. 01-989 2751
CALLERS WELCOME—CLOSED ALL DAY FRIDAY

HIGH SPEED MAGNETIC COUNTERS (4 X 1 X lin). 4 digit. 12/24/48V, (state
which) 8/8 each, P. & P. 1/-,

COPPER LAMINATE BOARD (8} % 5} % Jyin). 2/8 each. 5 for 10/-.

RE-BET w HIGH SPEED COUNTER (38X 1X3in). 3 digit. 12124,‘48V (state
which) 82/8 each.

BULE COMPORENRT OFFERS
100 Capacitors 50pF to .5uF.
Carbon Resistors § & i“ (Transistor types).
260 Carbon Resistors

25 Close Tolerance Cnpx (

12 Bilicon Diodes 500 p.i.v. fﬂO m.a,

4 Silicon Rects. 400 p. | v. 3 mnp

8 Bilicon Rects. 100 p 3 am

60 Bilicon Trans. (EN'II]B,’?OB BHYEB,‘QH BI;\-AI 42 types.) Ummarked, Untested.
50 Silicon Diodes 200 m.a, 100 p.i.v. Sub.

ANY ITEM 10/-, A_\Y 5 ITEMS £2.
8.0.Rs. (Thyristors) CRS1/20 5/8; CRS1/40 7/6; CRS3/10 7/6; CRS3/30 8/6;
CRB88/40 10/~; CR8S3/50 12/ each.
“3000' TYPE RELAYE (ex. new equip.) 10 for 25/~ (our choice) p.p. 5/-.
PATTRICK & KINNIE, 81 Park Lane, Romford, Essex
ROMford 44473

PEAK-
SOUND

8 - 8W.
TRANSISTOR STEREO AMPLIFIER in kiT FORM

Baild this for £0,10.0 (4/6 post). Power Pack Kit £2.10.0 (4/- post). Cabinet (lu

illastration) 50/~ post paid or £14.10.0 the three items post paid. Parts List Bool

and fall de 1/8 (free with kit). A.E.I, Circuit of 14 Transistors; 8W per ﬂhnnnel

into 8 to 15 ohm Speaker. S0mV input, Ceramic, Crystal Cariridge, Radlo Tuner or

from. Tape Recorder may be nsed. 20 to 20,000 Hz - 3dB. Neg. Feed Back

. 1%in. X 8in, mn >< 8in, Cabinet. Cir-Kit 'Board Construction, Bass, Treble

and Vol. Gonml. A. of 200-250V. Bass Cut and Lift; Treble Cut and
Litt, Fully built 23 exira. Deliury by return of post.

66 ELMS ROAD
Gmstom mlo ALDERSHOT, HANTS.

(2 mins. from Station and Buses.) Aldershot 22240
CLOSBED WEDNESDAY AFTERNOON CATALOGUE 6d.

BAKER MAJOR £8

The remarkable quality and performance
of the “Major” makes pessible truly
brilliant and rich sound from a single
loudspeaker. It recreates the entire
musical spectrum from 40 to 14,500 c.p.s.
The unit consists of the latest double
cone, woofer and tweeter cone together
with a special Baker magnet assembly
Alcomax Il having a flux density of
14,000 gauss and a total flux of 145,000
Maxwells. Bass resonance 45 c.p.s.
Rated 20 watts. Voice coils available 3
or 8 or |15 ochms. Price £8, or Module
version as illustrated with tweeter,
crossover and baffle. £10.19.6.

Baker Reproducers Ltd

Bensham Manor Road Passage, Thornton Heath, Surrey.  01-684 1665

48 page Enclosure
Manual 5/9 Post Paid.

( YUKAWN SO PROFESSIONAL THE \
SELF-SPRBN  YUkAN AEROSOL WAy~

fESE airdrying GREY HAMMER
Get CW/ BLACK WRINKLE
(C'A’ACK’CE) finishes

Yukan Aerosol spraykit contains 16 ozs. fine quality, durable easy instant Other Yukon Air
spray. No stove baking required. Hammers available in grey, blue, gold, Drying Aerosols,
bronze. Modern Eggshell Black Wrinkle (Crackle) all at 14/11 at our T4 ozs. at I5il
counter or I5/11, carriage paid, per push-button sell-spray can. Also | ot paid
Durable, heat and water resistane Black Matt finish (12 oz, seif-spray | 7500

inc Chromate
cans only) | 3/l carriage paid. Clear Locquer
SPECIAL OFFER: | can plus optional transferable snap-on trigger handle Metaliicy: Grey, Blve,
(value 5/-) for 18I, carriage paid. Choice of I3 self-spray plain colours Bronze and Gold.
and primer (Motor car quality) also available. %

Pieaze anclose cheque or crossed P.O. for total amount to:

YUKAN, pEPT.PE/E 3072, ENGWARE ROAD, LONDON, wa [ZT
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Wesupply munyGeurnmnt Departments, Municipal Authorities, Institutes
a0d Leading Industrial Organisations—We can supply you too.
Open all day Saturday. Closed Thuriday lflernoonl




VALUABLE NEW HANDBOOK

FR [[ T0 AMBITIOUS

Have you had your copy of ‘“ Engineering Opportunities >’ ?

The new edition of “ENGINEERING OPPOR-
TUNITIES” is now available—without charge—
to all who are anxious for a worthwhile post in
Engineering. Frank, informative and completely
up to date, the new “ENGINEERING OPPOR-
TUNITIES”” should be in the hands of every
person engaged in any branch of the Enginecring
industry,irrespective of age,experience ortraining.

On ‘SATISFACTION OR
REFUND OF FEE’ terms
Thisremarkable book gives details of examinations
and courses in every branch of Engineering,

Build_ing, etc., outlines the openings available and
describes our Special Appointments Department.

WHICH OF THESE IS

YOUR PET SUBJECT?

ELECTRONIC ENG. RADIO & T.V. ENG.
Advanced Electronic Eng.— Advanced Radio — General
Gen, Electronic Eng.— Ap- Radio— Radio & lVSullr.mg'

THIS BOOK TELLS YOU

% HOW to get a better paid, more interest=-
ing job.

% HOW to qualify for rapid promotion.

% HOW to put some letters after your name
and become a key man . . . quickly and
easily.

. %¢ HOW to benefit from our free Advisory
and Appointments Depts.

Y HOW you can take advantage of the
chances you are now missing.

Y HOW, irrespective of your age, education N 1
or experience, YOU can succeed in any H
branch of Engineering.

132 PAGES OF EXPERT
CAREER - GUIDANCE

PRACTICAL INCLUDING
EQUIPMENT TOOLS

Basic Practical and Theore- The specialist Elec-
tic Courses far beginners in tronics Division of
Electronics, Radio, T.V., Etc., B.ILE.T.
A.M.LE.R.E. City & Guilds NOW offers yon a
Radio Amateurs’ Exam. real laboratory train-
R.T.E.B. Cerlificate ing at home with
P.M.G. Certificate practical equipment.
Practical Electronics Ask for details.

3 S s — TV  Engineering — Tele- Electronics Engineering
plied EIL_'crromcs— Practical contmuntications —  Sound Practical Radio
Electronics — Radar ’1_"0(11.7 Recording —— Automation — Radio & Television Servicing ° °
Frequency  Modulation —  Practical Radio — Radio Automation - o
Transistors. Amatewrs' Examination.

ELECTRICAL ENG.
Advanced Electrical Eng.—
General Electrical Eng. —
Installations — Draughtsman-
ship — Illuminating Eng. —
Refrigeration — Elem. Elec
Science — Elec. Supply —
Mining Elec. Eng.

CIVIL ENG.

Advanced  Civil Eng.—
General Civil Eng. — Muni-
cipal Eng. — Structural Eng
—Sanitary Eng.—Road Eng.
— Hydraulics — Mining —
Water Supply — Petrol Tech.

MECHANICAL ENG.
Advanced Mechanical Eng.—
Gen. Mech. Eng.—Mainten-
ance Eng. — Diesel Eng. —
Press Tool Design — Sheet
Metal Work — Welding —
Eng. Patrern Making —
Inspection - Draughtsmanship
— Metallurgy — Production
i:'m,'.

AUTOMOBILE ENG.
Advanced Automobile Eng.—
General Auto. Eng. — Auto.
Maintenance — Repair —
Auto. Diesel Maintenance —
Auto. Electrical Equipment—
Garage Management.

You are bound to benefit from reading
“ENGINEERING OPPORTUNI-
TIES™ — send for your copy now—
FREE and without obligation.

ENGMWEERING OPPORTUNITIE

POST COUPON NOW!

¥ 10 B.LE.T., 316A ALDERMASTON COURT,
I ALDERMASTON, BERKSHIRE.

Please send me a FREE copy of “ENGINEERING

3d. stamp if postedin™
an unsealed envelope.

OPPORTUNITIES.” I am interested in (state subject, l
WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN- exam., or career)
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU- I I
MENT TECHNOLOGY’ WORKS STUDY‘ MATHEMATICS, ETC. N sssi s nssassssaes
Which qualification would increase your earning power!? I NAME I
ng;EBRAEMIBEiC(,EnPgi)C?T‘dSnESHAr:ﬂPIEEDAAr:‘ISIT'IIun EA?:IEIB\JQ ...........................................................
CITY & GUILDS, GEN. CERT. OF EDUCATION, ETC. O IADDRESS I

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
316A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

WRITE IF YOU PREFER NOT TO CUT THIS PAGE
THE B.LE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD

Published about the 15th of the month by GEORGE NEWNES LIMITED, Tower House, Southampton Street, London, W.C.2, at the recommended
maximum price shown on the cover. Printed in England by THE CHAPEL RIVER PRESS, Andover, Hants. Sole Agents—Australia and New
Zealand: GORDON & GOTCH (A/sia) Ltd.; South Africa and Rhodesia: CENTRAL NEWS AGENCY LTD.; East Africa: STATIONERY &
OFFICE SUPPLIES LTD. Subscription rate including postage for one year: To any part of the World £1 16s. 0d.




NEW! SOLID STATE HIGH FIDELITY EQUIPMENT BRITISH MADE

POWER AMPLIFIERS—PRE-AMPLIFIERS—POWER SUPPLIES Jgriudlyseescat this new raage of Aullo Bq gy

COMPLETE FULLY ILLUSTRATED
BROCHURE FREE ON REQUEST 11 and 21

THE FINEST VALUE IN HIGH FIDELITY — CHOOSE A SYSTEM T[] SOt YOUR

Ii
equipment selling at much higher prices, Brief details are below:—

System Comprising Price
s | A | 5 eveatons T£103.0
* | 1| P e £13.17.6
b | 2| s e s £14.12.6
* | 4| Ao ame = | £20.15.0
* | 8| B e e | £24.0.0 |
* | 9| S £26.15.0
s | F 14 | S mutciens doe £29.10.0

mm OTEEE svs’rxn AVAILABLE

'NEEDS AND_SAVE POUNDS

MPA 12/15

VHF FM TUNER
87/105 Mc/s Traosistor Superhet. Geared
tuning. Terrific quality and sensitivity.
For valve or transistor amplifiers. 4 = 3%
2%in, Complete with dial plate. 5 Muliard
Transistors, Plus 4 Diodes.

Ask for Bronhn:e 3
£6.19.6 PP 28

Build the PRACTICAL ELECTRONICS
FLUORESCENT CAMPING LIGHT

AS DESCRIBED IN MARCH, 1968 Edition

Total Cost including Construction Data

Less Mecalwork 59/6 POST

and Tube / 2/6

All items available separately
ASK FOR PARTS LIST No. 43

TOTAL COST

TO BUILD
FM STEREO DECODER Brochure 4
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 B.P. 268

British Made G-Transistor  MW/LW.
12 volt 3 watt output. Push-button
wave-change. Supplied built, boxed, ready
to use with Speaker and Bafile. Car

TRANSISTOR CAR RADIO
Send lor Brochure 15

BUILD AQUALITY TAPE RECORDER with MARTIN RECORDAKITS
363 DECKS

% TWO-TRACK. Deck £10.10.0. Amplifier.
£14.19,8, Cabinet and speaker 7gns. Complete
kits with micropbone 7in. 1,2001t. tape, spare
spool.

Today's Value £45. 29 gNs. B.P.18/6

% FOUR-TRACK. Deck £13.10.0. A \phﬁcr
£15.19.6. Cabinet and speake
Complete kits with microphone 7in. 1200I'L
tape, svnrl: spool.

Ask for ay's
Brochure 6 Value £50 32 gns, rr.se

MW/LW QUALITY
TRARSISTOR RADIO TUNKER
Fully tunable superhet with excellent sen-
sitivity and selectivity. Output up to
4 volt peak. Complete with Iront panel,
etc. 9 volt operated. For use with any
amplifier or tape recorder.

TOTAL COST
£3.19.6 »2.20

. gD

Ask for Brochure 5

fixing kit and nanyfacturers’ current
). . ¢ u:tx guarantee. Special Bargain Offer. Positive
or Negative Lnrl.h
5 Push-button de-luxe
l |9 version. £9 19. 6 1[6
» *¥ + or — Earth
7-TRANSISTOR
mw-Lw supereer  NEWW!
PORTABLE

New printed circuit design with full power

output. Fully tunable on both mw/iw
bands. 7 Transistors plus diode, push-
pull cir Fitted 5 inch speaker, large

L.
ferrite acrial and Mullard transistors. Easy
to build with terrific results. All local,
and continental stations. Size 10 % 7X 3{in
TO'

COST
ULLD £6.19.6 r2. 4

Send for Brochure 1

TO BUILD
TRANSISTORS — SEMICONDUCTORS GARRARD DECKS
all the LATEST MODELS

COMPLETELY NEW 1968 LIST OF 1000
types available from stock. Send for
your FREE COPY TODAY. (List No. 36)
% 5.C.R’s from 5/-
+ FIELD EFFECT TRANSISTORS from 9/6

% POWER TRANSISTORS from 5/- Conslés'lr:
% DIODES AND RECTIFIERS  from 2/-
24 page Illustrated Brochure as above includ~ FROM £5' |9'6 STOCK

ing Valves and Quariz Crystals. 1/- post paid. Send for illustrated Brochure 16 & 17

MAYFAIR
PORTABLE

ELECTRONIC ask for brochure 9
Also READY BUILT AND
ORGAN TESTED 128 gns.
Deferred terms
available.
DEPOSIT £36.8.0 and 12
monthly payments of
£9. Total £144.8.0.

12 monthly payments of £7.

TOTAL COST !.113 19 0,

ORGAN COMPONE!

We carty a comprchcn-

A sive stock of organ com-

\  ponents for TRANSISTOR

AND 'ALVE F. 2]

(L“&k .CQRS“T '!'9 %U.LLD; 99 GNnS PHASE desigus. Brochure 10
instrument stage by stage in your own home,

* A truly portable instrument for all enthusiasts. EXPORT PRICES

% Fully TRANSISTORISED POLYPHONIC. Bruiuhd.unn

% Callin for s DEMONSTRATION and see for yourse!

BUILD THE PRACTICAL WIRELESS

S 1.C. F.M. TUN
NOMBREX AS PER DECEMBER, 1967 ISSUE
TOTAL 99/ POST
TRANSISTORISED
Yeat Baui ¢ Including R.C.A. CA3104 Circuit and
ot Equipms Layout Diagrams. Parts List No. 40A
PRICE ‘e;ﬂ“ BUILD THE PRACTICAL WIRELESS
2] SWITCHED UNER

22 Power Supply £14.0.0 22
30 Audio Generator £19.10.0 24

AS PER AUGUST 1967 ISSUE
TOTAL 77/6 POST Parts List
COST /

31 R.F.Generator £12.10.0 25 L " 2/6  No.39
32 C.R. Bridge £10,10.0 26 Wlth Circuit and LaEnt Dl:‘nml.

RACTICAL ELECTRONICS

33 Inductance bridge £20.0.0 29 GLISSANDOVIBE

27 Signal Generator £10,10.0 14 e
86 Inductance mm £18.0.0 14 85/-

2/6
Send for d i AS PER FEBRUARY, 1968 EDITION
All units POST PM:D including Blmry Parts List No. 42

LATEST EDITION
CATALOGU

[ 240 pages, 6,000 items
1,000 illustrations

% 25 pages of transistors and semiconductor

devices, valves and crystals.

“ 150 pages of components and equipment.

+ 50 pages of microphones, decks and Hi-fi
equipment.

The most comprehensive—Concise—Clear com-
ponents Catalogue in Gt. Britain. Complete
with 10/- worth Discount Vouchers Free with
every copy.

lnll\llﬂllll

Send today 8/6 33

ON APPLICATION £y details on advertised products FREE on reguest

NRY'S RADIO LTD. (D)

303 EDGWARE ROAD
LONDON, W.2

PHO\E‘ 01-72'.! 1008/9
Open Mon. to 8at. 9 a.m.-6 p.m. Thurs.
9 a. n.—l y m,

WE CAN SUPPLY FROM STOCE
MOST OF THE PARTS SPECIFIED
ON CIRCUITS IN THIS MAGAZINE.
SEND LIST FOR QUOTATION.
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