Stereo f.m. tuner

Graphic logic display
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How do you control all this?

Swiftly Safely And surely.
With the ITT range of STAR
mobile radiotelephones.

STARphone. The smallest
radiotelephone in the world We
designed it without external

rods or aerials to fit in your
pocket Yet despite its diminutive
size, STARphone will give you
incredibly clear two-way
communication over a wide area
To help you load and unload

at the dock-side, in factories and
warehouses. To keep you in
touch on building sites, in
hospitals, at airports. Approved
by the Ministry of Technology
for safe use in oil refineries, petrol
tankers, orwherever fireis a hazard

And for perfect fade-free
communication in moving
vehicles, STAR mobile
radiotelephone. Its
noise-cancelling microphone
means you get crystal-clear
speech transmission, whatever's
going on in the background.

At whatever speed you're
travelling. And it has excellent
range and penetration of built-up
areas. You'll find STAR in taxis,
transport fleets, police cars and
ambulances. To name but a few

What's more, the entire range of
STAR equipment has won the
British Council of Industrial
Design Award for its good looks
and functional design. Another

reason for its worldwide
marketing success.

The STAR range of mobile
radiotelephones is widely used
across the globe wherever
growth in industry calls for more
efficient and reliable
communication. Designed

and produced by ITT and
marketed in Europe through the
vast ITT sales network,
STARphone and STAR mobile
radiotelephone are available
from:

ITT Mobite Communications Ltd.
New Southgate, London N.71.
Telephone: 01-368 1200

Telex: 261912

ITT

Mobile

WWw—001 FOR FURTHER DETAILS
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L1 no electrical ‘set zero’ control required [ | high sensitivity [ 1 high basic accuracy
[resistance measurements up to 100 Ma [ low battery consumption [ I measurement up
to 100kHz ] comprehensive overload protection [ simple to operate [ easy readability

All this and it's an Avometer, too!

With the Electronic Avometer Type EA 113, you can measure a.c. and d.c. voltage between
10mV and 1000V f.s.d,, a.c. and d.c. current between 10.A and 3A (plus TuA f.s.d., d.c.) all
at a basic accuracy of 1.25%. The sensitivity on d.c. is TMq/V (100Ma max).

or from
Elesco Frazer Limited, 36 St Vincent's Crescent, Glasgow C3. Tel: 041-221 9301 -
Wirelect Electronics Limited, Wirelect House, St Thomas Street, Bristol 1 Tel: 0272294313 " Tt

the Thorn Group

@ Get full details from Avo Limited, Avocet House, Dover, Kent. Tel: Dover 2626 Telex: 96283

5
an
Y

LLY {4 £
UNIC AvOmgTey a1y
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Vortexion

This is a high fidelity amplifier (0.3% THE VORTEXION 50/70 WATT ALL SILICON AMPLIFIER

intermodulation distortion) using the
L o WITH BUILT-IN 4-WAY MIXER USING F.ETs.

Amplifier (no failures to date) with its
elaborate protection against short and - X S o e .
overload, etc. To this is allied our ' . - I— -
latest development of F.ET. Mixer

amplifier, again fully protected against Y 3 ) ' Ea e G

overload and completely free from radio

breakthrough. The mixer is arranged for G é: jé: é jé: jé

2-30/60Q balanced line microphones, ) - My

1-HiZ gram input and l-auxiliary input @
VORTEXION [ SO/70/FET -1

followed by bass and treble controls.
100 volt balanced line output or 5/15Q » o
and 100 volt line. | _4

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms—15 ohms or 100 volt line output

for A.C. Mains. Protection is given for short and open circuit output over driving and over temperature. Input 0.4 V on 100K
ohms.

THE 100 WATT MIXER AMPLIFIER with specification as above is here combined with a 4 channel F.E.T. mixer,
2-30/60Q balanced microphone inputs, 1-HiZ gram input and 1-auxiliary input with tone controls and mounted in a standard
robust stove enamelled steel case. A stabilised voltage supply feeds the tone controls and pre amps, compensating for a mains
voltage drop of over 25% and the output transistor biasing compensates for a wide range of voltage and temperature. Also
available in rack panel form.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its own
battery and automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs
for 8 ohms—15 ohms and 100 volt line. Bass and treble controls fitted.

Models available with 1 gram and 2 low mic. inputs, 1 gram and 3 low mic. inputs or 4 low mic. inputs.

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 ¢/s—20 Kc/s +1dB.
Less than 0.2% distortion at 1 Kc/s. Can be used to drive mechanical devices for which power is over 120 watt on continuous
sine wave. Input 1 mW 600 ohms. Output 100-120 V or 200-240 V. Additional matching transformers for other impedances
are available.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon model with F.E.T. input stages to reduce intermodulation
distortion to a fraction of normal transistor input circuits. The response is level 20 to 20,000 cps within 2 dB and over 30 times
damping factor. At 20 watts output there is less than 0.2% intermodulation even over the microphone stage at full gain with
the treble and bass controls set level. Standard model 1-low mic. balanced and Hi Z gram.

ELECTRONIC MIXERS. Various types of mixers available. 3-channel with accuracy within 1 dB Peak Programme
Meter. 4-6-8-10 and 12-way mixers. Twin 2, 3, 4 and 5 channel stereo. Built-in screened supplies. Balanced line mic. input.
Outputs: 0.5 V at 20K or alternative 1 mW at 600 ohms, balanced, unbalanced or floating.

VORTEXION LIMITED, 957-263 The Broadway, Wimbledon, S.W.19

Telephone: 01-542 2814 and 01-542 6242/3/4 Telegrams: ““Vortexion, London S.W.19”

WW—007 FOR FURTHER DETAILS



WHITELEY

ELECTRICAL RADIO CO LTD

manufacturers of a wide
range of audio, electronic &
communication equipment

congratulate

WIRELESS WORLD

on sixty years

of_i o
communication

WHITELEY ELECTRICAL RADIO CO LTD

Mansfield, Notts, England. Tel. Mansfield 24762 London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074
WW—008 FOR FURTHER DETAILS
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134

Itis calledthetype 134 D.C.
F rO m B ra d | e Calibrator. An accurate high voltage
» source forthe calibration of panel
meters and electronic instraments,
X = oras aprecision laboratory
n eW ace I n reference source.
. The 134 provides output voltages
2 upto 1000V d.c. atanaccuracy ot
0.05%, of dial setting, and witha
Ou r Ca I ra O r current capability of 50 mA.
A deviation control gives direct
reading of percentage error, a
feature pioneered by Bradley and
nowincorporatedinall ous
calibrators
You will probably recognise som2
of the otherfaces we show here.
The 127B forinstance. A500V D.C.

Calibratorfor use as aprecision
voltage source, having anaccuracy

0f0.05% and a current capability of

-




20mA. The 127B gives high accuracy.

The A.C. Calibratorin the range
isthe 125B. This can be used forthe
production line testing of meters or
as an extremely stable a.c. source.
Output voitages up to 500V a.c. are
available at spot frequencies of 50,
400, 1000 and 2400 Hz. Alternative
trequencies are available if
required. The accuracyis normally
0.2% of setting, but0.1%,
instruments can be supplied
complete with an official B.C.S,
certificate

The132D.C Current Calibrator
provides stable d.c. currentfrom
1p A to 100mA with an accuracy of
0.05%, of dial setting. Its principal
uses are the calibration of current

sensitive devices, including panel
meters, relays and transducers, and
the production testing of semi-
conductor devices, and thin film
resistors. Itis particularly usefu! as
adevelopment laboratory reference
source.

Foruse withthe Bradley 132, is
the 144 D.C. Current Multiplier, an
add-on unit which extends the
rangetoi0amperes. The
combination of thesetwo
instruments provides a versatile
high current source which covers
the testing.of most panel meters
and which amongst numerous
otherapplications has been used
as aprecise current source n
chemical electrolytic experiments.

BRADLEY

electronics

A Lucas Company

G & EBRADLEYLTD

Electral House, Neasden Lane
London NW10

Tel:01-450 7811 Telex: 25583

All Bradley instruments can be
supplied with a British Calibration
Service Certificate from our own
B.C.S. approved standards laboratory.
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Confidere. v, (Lat.)

WELWYN ELECTRIC LIMITED

(Founded 33 years ago)

The Oxford Dictionary defines the verb RELY in two ways as
“to put ones trust; to depend with confidence''.

In electronics it is the noun RELIABILITY that is regularly
used, and here the Dictionary refines the definition to

“that may be relied upon,
of sound and consistent character or quality”.

However, to relate reliability only to the product is not
erough. You, the Customer, have the right to expect
teliability from every sector of your Suppliers’
organisation, as well as from the products you
buy. We therefore look on reliability as having to
apply to our Company as a whole . . . reliability
in research, design, manufacture, administration
and in delivery as well as reliability

in standards of performance of our products.

AT %
-_JcCes |

N B

Merlin (Falco columbarius)

IR o

ing span - a third of a century
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How ahouta
cutting from
ourfamilytree?

Hellermann Electric are capable of supplying just
about every wiring accessory you could possibly
need.

Terminal blocks to cable ties. Heat shrinkable
shapes to solderless cable lugs. Even the marking
and fixing equipment that goes with them.

Use Hellermann for all your wiring accessories
and you get another plus too — by getting
everything from one source you cut down a

fot of purchase order work.

If we've sown a seed, complete the coupon

and we'll send you some cuttings.

WORLD LEADERS IN CABLE ACCESSORIES
g%’ELLERMANN ELECTRIC

Division of Bowthorpe-Hellermann Ltd.,

Gatwick Road, Crawley, Sussex. Tel : Crawley 28888

A member of the Bowthorpe Holdings Group of Companies
Ww—011 FOR FURTHER DETAILS

Please let me have samples and literature on the following systems —

D Heat shrirkaktle sleeves Identifying/insulating
and shapes. sleeves. D

[] Terminal blocks. Cable binding and fixing m

Solderlass cable systems.
[] terminals. Cable stripping tools. ]
NAME
ADDRESS e — — e w =
- = TEL.NO.__

“wwa/n

|
;
\
1
|
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Wonders of the modern world

Teonex products, of course! Over 3,000 of
them, electronic valves, semi-conductors, and
now—neons and indicators too... all performing
superbly in many climates . .. all at prices that
are very competitive.

How do Teonex do it¢ Specialisation in one
field. Concentration on export only. Very strict
quality control.

Sold in sixty countries, on Government or
private contract, Teonex offers you a com-
prehensive range, with most items immediately
available.

For technical speciftcations and prices, please

write to Teonex Limited, 2a Westbourne Grove

Mews, London W.11, England. Cables: Tosuply

v e TE““E“

WW—012 FOR FURTHER DETAILS

REGD TRADE M&

TEONEX

=]

electronic valves, semi-conductors, neons & indicators for export
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POLYMITES

The stripped for action capacitors
that scorn conventional housing.

Polymite capacitors scorn conventional housings. You buy them
stripped for action. Because Polymites use a thin polyester metallised
film, they offer high capacitance values, small physical size, much less
weight; plus the high mechanical strength of Erie’s special way

of applying terminal connections. All without a ‘can’. And all with the
properties of recovery from humidity that Erie Polymites

alone can offer.

Scan the specification : Type M370 Type M312
Capacitance range 100pF —47,000pF .022uF - 2.2uF
Working Voltages up to 750V 250V and 400V
Sizes as small as 8mm x4mm 16mm x 7mm x 2.5mm
Erie Electronics Limited,
Send for the data. Or tell one of our engineers may call. Great Yarmouth, Norfolk.
i Telephone: 0493 4911 Telex: 97421
. - ————} SRR R TN R TR B
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We like to be in a position to
talk to our customersin the same |
language.

That’swhy in the competitive
world of electronics we make it our
business to know all about the latest
‘whisper’

In handling the latest
products from such companies as
Texas, Ferranti and Plessey we act
asa ‘clearing house’ for new ideas and
developments.

We hear the ‘whisper’ as soon as it
emerges —and pass it straight to you.

Because we want you to come to us
for yourelectrical components, we make
sure you get a good deal

WEL. Components Ltd., 5 Loverock Road, Reading, RG3 1DS. Tel: ©

Ministry of Techinology Approved Distributor

Wireless World, April 1971

El

Like on delivery dates
After-sales-service
Competitive prices
And,of course,product
information
Very often a quick
word with us at
planning stage
will save you a great deal of time
znd money.

So nexttime you're in the market for
components give usa ring.

We might well be able to give you

a whisper u.'EI—

) Telex: 84528

A founder of AFDEC

WW-—014 FOR FURTHER DETAILS
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Setup a QUAD 33 with +1 on
the treble control, ard you will
obtain a respcense przcisely

. defined ; readily and accurately

numbers

radio 2 tope

See and hear QUAD at SONEX 71—
Rooms 1001/2, Skyways Hotel,
(Nr. London Airport) 31st March-4th April.

QUAD

for the closest approach to
the original sound

Send postcard for illustrated leatlet to Dept. ww
Acoustical Manufacturing Co. Ltd., Huntingdon, Tel: (0480) 2561. QUAD is a Registered Trade Mark.

WW—015 FOR FURTHER DETAILS

repeatable. This response has a
shape rather different from most
run of the mill tone controls and
there are, as you may guess, good
reasons for this.

Then as the listener is not
expected to know just what a
given response curve does to the
signal off the record, ‘ve provide
a button marked ‘cancel’. This
enables him to make a direct
comparison wizh the original and
so learn just which recording
defects need what correction.

A QUAD user cets the best out of
every record — every time — and
enjoys the music to the full.

all
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Acoustic Research has measured
the response of more than a million
high-fidelity speakers.

Here are some things we have learned about listening.

000

1. The frequency response of a midrange driver unit of
an AR-3a. on axis. This corresponds to what one would
hear outdoors, listening directly in front of a speaker.

Integrated power output curves.

10
2. What happens when a listener moves over to one
side of the speaker in 15° increments.

b1 82

| e

8§ 1
10000

1000
3. The integrated power output of the AR-3a above
1000 Hz, measured in a special reverberant chamber.
Reflection from the walls of the chamber mixes together
al! of the sound emitted by the speaker system in all
directions, an effect much more like that of a listening
room than the anechoic chamber used for 1 and 2. A
speaker system which measured well in both types of
chamber would be accurate under almost al! listening
conditions.
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AR-3a and AR-5 with high-priced magnetic cartridge.
It is interesting to see that the cartridge introduces
somewhat more degradation of the signal than the

AR-2ax with moderately-priced magnetic cartridge.
Although not as accurate as the AR-b or AR-3a the
AR-2ax displays the same kind of performance, that is .

A ‘muiti-directional’ system and a very expensive cartridge
Such systems are designed to take advantage of room
reflections to smooth response and create spatial effects.

speaker system, at least in the frequency range observed.
Nevertheless. a small adjustment of the amplifier treble
control could restore uniformity of response.

its integrated power output curve is relatively level.
Because its dispersion, especially in the lower midrange,
is tess uniform the AR-2ax is more dependent on

Vertica! divisions ¢ dB

optimum placement than the others.

Fidelity means accuracy.

Accuracy distinguishes high-fidelity speaker systems from
the speakers in simple radios and gramophones. It is
therefore reasonable that evidence of accuracy should take
precedence over descriptions of a speaker system's size,
shape or theory of design. Acoustic Research offers exact
measurement data for AR speaker systems to all who ask
for it: music listeners, audio enthusiasts, science teachers,
even competitors.

The accuracy of a speaker system can be evaluated by
listening tests or by measurement. Both methods give the
same information in different ways.

Testing for accuracy.

To perform a listening test, an extremely accurate recording
must be made and played back alongside the original
source of sound. Amplifier and speaker system controls are
adjusted to obtain as close a match as possible; and the
speaker system judged by the degree of similarity. Acoustic
Research has presented public concerts at which the Fine
Arts Quartet and other musicians could be compared with
recordings played back through AR speaker systems; even
seasoned critics were deceived. Obviously, listening tests
cannot be made with commercial recordings of music since
the listener has no way of knowing which adjustment is
most accurately reproducing the recording.

Objective measurements.

While it is not always convenient to carry out scientifically
controlled listening tests, properly conducted measurements
can give the same information in permanent. quantitative
form. AR knows something about this, having already
tested the response of well over a million speakers — every
one that we have ever made, and many made by
competitors. Our findings are that the most important
measurements required to assess the accuracy of a speaker
system are (1) frequency response on-axis, (2) frequency
response off-axis, (3) integrated power output.

AR speaker systems start at £39-95. Write to
Bell & Howell for more information and a list of dealers.

E ¥ BELLs HOWELL

Bell & Howell A-V Ltd.

Alperton House, Bridgewater Road, Wembley,
Middlesex HAO 1EG

Telephone: 01-902 8812

WW—016 FOR FURTHER DETAILS
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Mechanical
AM.S.E. (Mech.)
Inst. of Engincers
Mechanical Eng.
Maintenance Eng.
Welding

General Dicsel Eng.
Sheet Metal Work
Eng. Inspection
Eng. Metallurgy

C. & G. Eng. Crafts
C. & G. Fabrication

Draughtsmanship
AM.LED.

Gen. Draughtsmanship
Dic & Press Tools

Elec. Draughtsmanship
Jig & Tool Design
Design of Elec. Machines
Technical Drawing
Building

Electrical & Elcctronic
AMS.E. (Elec.)

C. & G. Elec. Eng.
General Elec. Eng.
Installations & Wiring
Electrical Maths.
Elcctrical Science
Computer Electronics
Electronic Eng.

Radio& Telecomms.
C. & G. Telecomms.
C. & G. Radio Servicing
Radio Amateurs’ Exam.
Radio Operators’ Cert.
Radio & TV Engincering
Radio Servicing
Practical Television
TV Servicing

Colour TV

Practical Radio &
Electronics (with kit)

Auto & Aero
AMIM.IL
MAA/IMI Diploma
C. & G. Auto Eng.
General Auto Eng.
Motor Mechanics
A.R.B. Certs.

Gen. Acro Eng.

Management &
Production
Computer Programming
Inst. of Marketing
ACW.A.
Works Management
Work Study
Production Eng.
Storckeeping
Estimating
Personnel Managenient
Quality Control
Electronic Data
Processing
Numerical Control
Planning Engincering
Matetials Handling
Operational Rescarch
Metrication

Constructional
AMSE. (Civ)
C. & G. Structural
Road Engincering
Civil Engincering
Building
Air Conditioning
Heating & Ventilating
Carpentry & Joinery
Clerk of Works
Building Drawing
Surveying
Painting and
Dccorating.
Architecture
Builders’ Quantitigs

{ Write if you prefer not to cut this page)

In just 2 minutes, find out how
you can qualify for promotion
or abetter job in Engineering...

That’s how long it will take you to fill in the coupon below. Mail it to
B.I.LE.T. and we’ll send you full details and a free book. B.LE.T. has
successfully trained thousands of men at home — equipped them for
higher pay and better, more interesting jobs. We can do as much for
YOU. A low-cost B.I.LE.-T. Home Study Course gets results fast —
makes learning easier and something you look forward to. There are
no books to buy and you can pay-as-you-learn on ‘SATISFACTION
- OR REFUND OF FEFE’ terms. If you’d like to know how just a
few hours a week of your spare time, doing something constructive
and enjoyable, could put you out in front, post the coupon today.
No obligation.

WHICH SUBJECT WOULD INTEREST YOU?

General
C.E.L
Petroleum Tech.
Practical Maths.
Refrigerator
Servicing.
Rubber Technology
Sales Engincer
Timber Trade
Farm Science
Agricultural Eng.
General Plastics

Gencral Certificate
of Education

Choose from 42

‘O’ and ‘A’ Level

subjects including:

English

Chemistry

General Science

Geology

Physics

Mathemaries

Technical Drawing

French

German

Russian

Spanish

Buology

B.LET. and its

associated schools

have recorded well

over 10,000 G.C.E.

successes at 'O’ and

A’ level.

WE COVER A WIDE

RANGE OF TECHNICAL

AND PROFESSIONAL
EXAMINATIONS.

other exam successes.

Over 3,000 of our Students
lhave obtained City & Guilds
Certificates. Thousands of

»] 1<
W) 4

ET

POST THIS COUPON TODAY

B.LE.T-IN ASSOCIATION WITH THE SCHOOL OF CAREERS-ALDERMASTON COURT, BERKSHIRE

WW-—(017 FOR FURTHER DETAILS

THEY DID IT—S0 COULD YOU

“My income has almost trebled . . . my life is
fuller and happier.” — Case History G/321.

“In addition to having my salary doubled,
~ my future is assured.” — Case History H/493.

“A turning point in my career — you have
almost doubled my standard of living.” —
Case History K/662.

“Completing your Course meant going trom
a job I detested to a job I love.” — Case
History B/461.

FIND OUT FOR YOURSELF

These letters — and there are many more on
file at Aldermaston Court - speak of the
rewards that come to the man who has
given himself the specialised know-how
employers seek. There’s no surer way of
getting ahead or of opening up new oppor-
tunities for yourself. It will cost you a stamp
to find out how we can help you.

Freel/

Why not do the thing that really interests you?
Without losing a day’s pay, you could quietly
turn yourself into something of an expert.
Complete the coupon (or write if you prefer
not to cut the page). We’ll send you full
details and a FREE illustrated book. No
obligation and nobody will call on you . . . but
it could be the best thing you ever did.

BRITISH INSTITUTE OF
ENGINEERING TEGHNOLOGY

Dept 446A, Aldermaston
Court, Reading RG7 4PF.
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Over3500
Specific
types -

al4

\

\

— "

For quality, reliability

and world-wide

availability you can

rely on Haltron valves . ..

and on Hall Electric’s speed,
intelligence and reputation.
Ministry of Technology EID approval
Air Registration Board approval.

Hall Electric Limited
Haltron House, Anglers Lane
London, N.W.5.
' Telephone: 01-485 8531 ({10 lines) Telex: 2-2573

Radio Valves and Tubes cabies: Hallecric, London, N.W5.

WW—018 FOR FURTHER DETAILS
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THIS NEW ARROW CT RANGE OF COMMERCIAL SUB-MINIATURE SWITCHES OFFER

Big savings

plus 2A 250V AC operation.

A new range of low-cost, compact switches, which will be found
to be invaluable when weight and space saving, together with
good product styling, are prime considerations.

Combining the highest standards of quality and reliability, this
range of switches opens up new horizons for designers of
commercial equipment. Competitive in price and of attractive
appearance these sub-miniature switches are available with

two or three position single and double pole changeover

circuits, are rated at 5A 29V DC, 2A 250V AC, and measure only
0.551"x0.256" (SP) 0.512 (DP) and 0.93" to the top of the sleeve.

Write or telephone for full details and[or samples of these latest
Arrow switches —they're little beauties!

ARROW ELECTRIC SWITCHES LTD.

. []
BRENT ROAD, SOUTHALL, MIDDLESEX. PHONE: 01-574 2442 Telex: 23332 Cables: ARROWHART LONDON subsidiary of. /n—,W
Scottish office: 13 Murray Place, Stirling. Phone: 0786.3823 sle/l:

WW—019 FOR FURTHER DETAILS
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Today, two schools of thought exist where
there is a need for automated measurements.

BUY THE ) Buy a fully compatible test system and let the supplier
do the systems engineering.
SYSTEM

Tektronix offers solutions | , , buy the system . . .
for each approach:

If you're of the “buy the system" group . .. you must decide: Functional,
DC or Dynamic tests ? The NEW Tektronix S-3150 will do a/l three types
of testing on Digital IC’s. Our $-3130 will make dynamic tests on IC’s,
transistors, circuit boards, etc. Most suppliers provide DC or Functional
test systems . .. Tektronix provides dynamic systems

A word for dynamic testing: dynamic testing is a powerful tool, enabling
vou to verify the performance of active devices under operating condi-
tions. If the device has a specified clock frequency of 15 MHz, why
perform a DC or Functional test and e left guessing that it will work at
15 MHz ... test it there! There are nine systems available from Tektronix

. . standard modifications to three of these brings the total to twelve
catalogued dynamic systems.

We're anxious to discuss the unigue applications that can’t be served by
one of our standard catalogued systems!

Multichannelsampling systems of
up to 64 test points are possible
using the Sampling Head Multi-
plexers, Types 286, 287 & 288.

For detailed information on any of our products
please fill in reader reply card or write, telephone or telex.
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i y TEKTRONIX

BUY THE
MODULES

Buy the best of each system module and do your own
systems design.

=

The Type 240 Programme Control

Unit, in conjunction with a

disc memory, can programme the

10 t 568/230 at speeds up to 100

e e measurements per second.

The Type 250
Auxiliary Programme
Unit provides additional

The Type 568/230 Digital prog
Oscilloscope provides digita!

readout of measurements that

are displayed in analog form

an the CRT. With programmable
plug-in units, all the measurement
functions of the 568/230 can be
externally programmed.

The Type 241 will automatically
sequence through 15 programmes,
stopping on out-of-limits
measurements. Programmes are
easy to set up and change.

programming capabilities to
the 240 and buffering for
pulse generators, power
supplies, etc.

" 205 s seents rern s o

I.LE.C. SHOW STAND 1-115/131

TEKTRONIX

Tektronix U.K. Ltd.

Beaverton House, P.O. Box 69,
Harpenden, Herts.

Tel: Harpenden 61251 Telex: 25559
Northern Region Office:

Beaverton House, 181A Mauldeth Road,
Manchester 19.

- committed to progress in waveform measurement Telephone: 061 224 0446 Telex: 668409

WW-—020 FOR FURTHER DETAILS
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scopemanship

Here's the 'scope that gives you more

scope than you've ever had for the money before.
£185 buys you —

A bandwidth of DC to 15MHz.

dmV/cm dual trace display.

Signal delay.

Comprehensive trigger facilities

with T.V. sync separator.

Switched X-Y operation.

Bright line auto free-run.

201bs., 7"x11"x 17" portability.

Those are just some of the the facilities that make the Advance
Electronics OS1000 oscilloscope a really universal instrument for most
general purpose laboratory and service applications including T.V. - and
compared with many others of similar performance, the OS1000 will
leave you around £100 to spend on something else - like the Advance
DMM2 Digital Multimeter!

0S1000-DUAL TRACE OSCILLOSCOPE

from the ADWV.ANCE range.

May, Wintield 1000

Telephone:

I. JJTNMMITED Bishop's Stortford (0279) 55155

Telex: 81510
INSTRUMENT DIVISION SALES OFFICE

WW-—021 FOR FURTHER DETAILS

ADVANCE S S,
A ELECTRONICS
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MODEL 2000
PLINTH SYSTEM b o

Motor boards in matching
veneers are ready cut and drilled
. . for screwdriver assembly with
The SME model 2000 plinth system is more than a the appropriate pick-upyarm and

handsome and convenient housing for your turntable turntable. An uncut board is also
and SME precision pick-up arm. It meets the available.

mechanical requirements under which the best
performance will be obtained. High-quality
workmanship is combined with ease of assembly.

The basic unit is finished in selected veneers of teak,
straight-grained walnut, or rosewood. A one-piece
hinged lid in heavy acrylic is reinforced with a polished
stainless-steel trim.

Four-point spring suspension

S M % adjustable for height and
LT— damping protects the motor

. . board from acoustic feedback

Write for details to; SME LIMITED - STEYNING - SUSSEX - ENGLAND and external vibration.

WW—022 FOR FURTHER DETAILS
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2l S of research...

. on accessories for dictating machines, tape recorders, tele-
commumcatmns and electro acoustic eqmpment etc.
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2.5mm. and 3.5 mm.

izt st 3
:& JACK PLUGS & i DANASOUND HEADSET g THROAT % DANASONIC

ST SOCKETS & SUB- dig  WITH OR WITHOUT BOOM MICROPHONE

B MINIATURE " MICROPHONE E.M. MICROPHONES INDUCTION AUDIO
1 SWITCHES LOOP RECEIVER

DANAVOX (GT. BRITAIN) LTD.
Electro-Acoustic Components and Hearing Aids
“BROADLANDS” BAGSHOT ROAD.,
ERNATIONAL SUNNINGHILL, ASCOT, BERKS.

TEL: 0990 23732/6; TELEX: 84584

WW—023 FOR FURTHER DETAILS
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A bench full of
test gear

G

Wi
%

without spending a pile of money.

Good test and measuring instruments need MODELS SHOWN

not cost a pile of money. Heathkit :: EE}%}}EZ%&;E
instruments are well known not only for low Kit £32.00, Carr. 60p.
cost . . . but high value. Heathkit achieve & 245,58, Cares 4B
this by quality design with precision where O i35 oo
it counts. The end result is more £ Kit £16.00, '\c/':f{.'gop.
performance-per-pound invested. Whatever i Nt E1750, Conr 30p.
your requirements . . . Oscilloscopes, VVMs, o :Xis”é’%é,'é;‘,,’. 60p.
Generators, Power Supplies etc. we aim to N et 50p.
please. May we have your enquiry? e —

00 RAROGEDIOGCRTROGIROIETDOPDLEIORLPO000CCTsEORVRGREODEDRED

BLOCK CAPITALS

d NANME e e
! send me A D RESS ettt ettt aa et r e aas

® the FREE ...
ﬂm Catalogue ................................... POST CODE ..coovveeeeeeeeeeaeea

29/4/7%

I — HEATH (Gloucester) LTD., GLOUCESTER, GL2 GEE
rices and specifications may be subject to change

without notice. Py
a Schlumberger Company

a2l
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a22

Wireless World, April 1971

STOCKISTS OF B.RO. COMPONENTS & ALLIED EQUIPMENT

TELEPHONE & WIRELESS COMPONENTS LTD.
147 The Broadway. London, N.W.9.
Tel. 01-203 2814 Cables: Telwireco, London, NW.9.

WW—025 FOR FURTHER DETAILS

DC300 DUAL-CHANNEL POWER AMPLIFIER

- - Boan

% DC-Coupled throughout!

ey

% Short Circuit proof!

LEVEL 1 3 LEVEL 2

* 500 Watts RMS Mono.

020 F707

% 70 Volt Balanced line out!

Frequency Response +0.1dbZero-20KHz at ] wattinto 8 ohms, + 0.6dbZcro- I00K Hz.

Phase Response Less than 5° 0-10KHz. * UNE QUALLED O.UAIJTY!

Power Response + 1db Zero-20K Hz at 150 watts RMS into 8 ohms.
Power at Clip Point Typically 190 watts RMS into 8 ohms, 340 watts RMS into 4 ohms per channel.
“Total Output (IHF) Typically 420 watts RMS into 8 ohms. 800 watts RMS into 4 ohms, * 3 YEAR PARTS WARRANTY!
T.H.D. Better than 0.03% at 1KHz at 190 watts level.
1.M. Distortion Less than 0.1% from 0.01 watt to 150 watts RMS intg 8 ohms. typically below 0.05% (max
(60-7KHz 4:1) 0.05%.
Damping Factor Greater than 200 (Zero to 1KHZ into 8 ohms at 150 watts RMS). * 0 N I.Y £3 z 0 inc. D UTY !
Hum and Noise 100db below 150 watts RMS output (unweighted. typical 110db).
(20-20KHz)
Slewing Rate 8 volts per micro-second. S-R is the maximum value of the first derivative of the output signal. CARSTO N E LECTRO Nlcs LTD.
Dimensions 19in. standard rack mount {W_.E. hole spacing), 7in. height, 92in. deep (from mounting surface). SH IRLEY HOUSE
Weight 40 pounds net weight. 27 CAMDEN ROAD
Finish Bright-anodized brushed-aluminium front-panel with black-anodized front -extrusion, access LONDON, N.W.1 9LN
door, and chassis. 01-267 2748

WW—026 FOR FURTHER DETAILS
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GT.5 is an entirely new comprehensive brochure o*
Audio Transformers and contains details of a wider renge
of standard types. Recent introductions to Gardners Audio
range described in this brochure include super-fidelity
transformers with exceptionally low phase-distortion and
the ability to handle steep side transient signals withcut
generation of overshoot. Also listed is a range of high
proof-voltage transformers for Post Office transmission
lines and a new range of ultra miniature transformers ‘with
remarkably good performance. A frequency response knear
from the lower audio frequencies to the supersonic band
is standard to many of the newer types.

Gardners also have nine other GT Catalogues.

Whatever your transformer requirement there is more than a
possibility that we can supply something suitable fromr
stock. We make the largest range of standard transformers
in Europe.

Return the coupon to us.
And we’ll send you the GTs by return.

@.rd I\QE

GARDNERS TRANSFORMERS LIMITED
Christchurch Hampshire BH23 3PN

Tel: Christchurch 2284 (STD 0201 5 2284)
Telex 41276 GARDNERS XCH

GTA
GT.5

GT.12

GT.16

GT17

GT.21
GT.23

GT.24

GT.25

oV,

S
sl S

(2amee

POWER CONTROLLING SATURABLE REACTORS 50W. to
1kW. with applicatign notes.

AUDIO TRANSFORMERS including Microphone and line
matching, Driver, output and impedance matching
transformers.

LILLIPUT SERIES OF MICROMINIATURE
TRANS=ORMERS including Inverter, A.F. and wide-band
carrier matching A.F. Driver and pulse types, miniature
smoothing and A.F. inductors.

ALPHA SERIES OF ASSEMBLIES for filters, delay lines,
modulators, etc.

LOW VOLTAGE, ISOLATING AND AUTO
TRANSFORMERS in nearly two hundred ratings, 6v. to
440v. ard 5vA to 2kvA in six assembly styles.

MANUAL OF INVERTER TRANSFORMERS AND
MODULES.

INDUCTORS, including heavy current and commutation
types.

POWER TRANSFORMERS for use with tube type circuits
(including obsolescent types) and E.H.T. and Magnetron
Supply Transformers.

TRANSISTOR POWER SUPPLY TRANSFORMERS.

GT.100 GENERAL REFERENCE CATALOGUE with data sheets of

assemblies available for specially designed transformers.

I Please indicate your requirement by circling the number/s below I

I 1

I NAME

I ADDRESS.

12 16 17 21 23 24 25

WW 4/71

e —————
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Power Amplifiers

Solid State
T 100 watts Type 744
50 watts Type 743

eevie [

The first of a special range of equipments with built in

USER VALUE. Engineered to the highest technical .

specification and setting a new stagdard for the ® 100 watts continuous R.M.S. 4 hours |.E.C. Test.
reliability requirements of professional and rental use. ® A new technique of assembly using flexible printed
An amplifier of great distinction, to set astandard by . wiring, interchangeable modules, and providing
which others will be judged. access from the front.

For its complete specification to 1.E.C.268.3 and for ® The most complete protection systems
information on other amplifiers, microphones, studio available.

equipment and. loudspeakers write to us at. . . @ Die -cast machined front panel heatsink. No

separation needed for stacking on racks. No
ventilation problems.

GRAMPIAN REPRODUCERS LIMITED

rampian | o cworth Trading Estate, Feitham, Middlesex.
SOUND EQUIPMENT Telephone: 01-894 9141.

JACW/X/105 (AM70)

WW—031 FOR FURTHER DETAILS

THERMAL STRIPPERS

The ADAMIN thermal wire
strippers  allow one-handed
operation, using a simple
tweezer action.

They strip coverings of up to
about £ in dia. with minimum
risk of damaging the conductors.

FUR PTFE lNSULATIUN use Model PTFE (illustrated), available for 24 volts only

and similar low-temperature materials use Model PVC, available for 12 or 24 A

FOR PV C INSULATION ot
FOR MY LA R IRRADIATED PVC  wuse modei pvc 2 12 or 24 vos,

LITESOLD TRANSFORMERS permit safe operation from any mains power point.

Please ask for new leaflets 5/1015/13
28 Sydenham Road, Croydon, CR9 2LL

LIGHT SOLDERING DEVELOPMENTS LTD. fei:o1-68s sss & asss

WW—032 FOR FURTHER DETAILS
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*“NOl1inSolder

ISPECIAL PRODUCTS

ENTHOVEN offersyou Europe’s Widest Range

One good reason for soldering with
Enthoven — whatever your needs — is the
Enthoven range. It gives you a wide
choice of high quality products developed
for use with modern techniques. It in-
cludes Flux Cored Solder Wires, Solder
Pre-forms, Solid Solders, selective Fluxes,
solder specialities, materials for printed
Circuitry and for soldering Aluminium.
For complete technical details of Europe’s
widest range, ask Enthoven Solders Lim-
ited, Dominion Buildings, South Place,

[".°% London EC2. Telephone 01-628
' 73 8030; telex 21457; cables:
{773 ENTHOVEN LONDONEC?

BASE METAL EXTRUSIONS
LEAD POTS, TUBES & BRICKS

LIQUID SOLDERS, PAINTS
AND POWDERS

ALUMINIUM SOLDERS AND FLUXES

PRINTED CIRCUIT SOLDERS
AND FLUXES

HIGH AND LOW MELTING POINT
ALLOYS

SOLDERS FOR SPECIAL SERVICE
HIGH PURITY METALS—PRE-FORMS
SOLDERING IRONS L

|
|
|
l
|
|
I
I
|
|
I
I
|
I
I
l
|
|
|
!
|
|
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Meeting amplification

needs

‘Toa’ PA-111 Meeting Amplifier S —

A modern, compact, portable unit that brings =
clarity and ‘life’ to meetings, lectures,
demonstrations, and other gatherings—
where a voice must carry effectively.

Ideal for store demonstrations.

Complete with built-in speaker and neck-slung/hand
mike. Operates off Mains or Batt. (No need

to waste time searching for an electric socket!)
Extension speaker can be added for addressing larger
meetings of 50 or more people. Unit also takes extra mike, R R i A
and has input for record-player or tape.

Goldring © ™%

Goldring Manufacturing Company (Great Britain) Ltd.
10 Bayford Street, Hackney, London E8 3SE. Phone: 01-985 1152

WW—030 FOR FURTHER DETAILS



NEW Vareco

Vareco Type | 33-2 | 33-10 | 60-5
Output Voltage | 0-33V_| 0-33V_|_0-60V
Output Current | 0-2A | 0-10A | 0-5A
Price f55 £30 £95

F p

A

vOLYS CURRENT
3

2.
. ‘.

N DC.VOLTS & AMPERES

Manufacturers of high quality Power Supplies. Digital Instruments and Oscilloscopes.
Roband Electronics Limited, Charlwood, Horley, Surrey, England. Tel: Crawley 20172, Telex: 87434.
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Eight good reasons

Range Magnetic and electro-
static, 26 mm and 13 mm tubes,
standard and short length, includ-
ing those with specialised target
layers and faceplates.

EMI Vidicons

for choosin

Versatility Designed for usein a
wide range of colour and mono-
chrome broadcast and closed-
circuit cameras, both live and film
pick-up.

Economy EMI technology,
quality control and production
techniques provide tubes at realis-
tic prices.

Performance EMI separate
mesh vidicons are noted for their
high sensitivity, short lag and
good resolution.

Guarantee Every EMI vidicon
is guaranteed for 500 hours or
12 months’ operation.

Uniform Quality Every EMI
vidicon tube is produced to uni-
form standards for complete re-
liability.

R WN -

Professional Advice Our
engineers are ready to discuss
your particular application.

Fast Service Just telephone EMI
or your nearest EMI distributor
for fast replacement service. (U.K.
distributors are listed below.)

LONDON

Edmundsons Electronics Ltd.

60-74, Market Parade, Rye Lane,
Peckham, London, S.E.15.

Tel: (01)-639 9731

BIRMINGHAM

Hawnt & Co. Ltd.

112-114, Pritchett Street, Birmingham, 6.
Tel: (021)-359 4301

CARDIFF

South Wales Wireless Installation Co. Ltd.
121, City Road, Cardiff. Tel: (0222)-23636

ELECTRON TUBE DIVISION

- EMI ELECTRONICS LTD.
Telephone: 01-573 3838, Ext. 2078 -

- HAYES
Telex 22417

- MIDDLESEX

LIVERPOOL

Smith & Cookson Ltd.

49-57, Bridgewater Street, Liverpool 1.
Tel: (051)-709 3154

SHEFFIELD

The Needham Engineering Co. Ltd.
P.O_B. 23, Townhead Street, )
Sheffield S1 1YB Tel: (0742)-27161
NEWCASTLE UPON TYNE

J. Gledson & Co. Ltd.

Newbiggin Lane, Westerhope,
Newcastle Upon Tyne, NE5 1PM
Tel: (0632)-860955

- ENGLAND

See us on stand no. 2-141, London International Component Exhibition

WW-—033 FOR FURTHER DETAILS
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PORTABLE OSCILLOSCOPE

s £56 Ex STOCK DELIVERY
= DC-4.5 MHz BANDWIDTH

s 100 mV/em

% Bu6xd%n

% LB

sk BRIGHT LINE TRAGE

s AUTOMATIC SYNCHRONISATION
sk SOLID STATE

s RUGGED CONSTRUCTION

W meteronic: BIRCHEN NAPPS PLATT:BOROUGH GREEN, Nr. SEVENOAIKS, KENT.

BOROUGH GREEN 2797

WW-—034 FOR FURTHER DETAILS

Accurate and direct
measurement of speed without
coupling to moving parts

JEBIB  TAC—HOMETER

resonant reed TAGHOMETERS

for hand use or permanent mounting

Ranges and combinations of ranges from 900 to 100,000 r.p.m.
Descriptive Literature on Frahm Resonant Reed Tachometers and
Frequency Meters available from the sole U.K. Distributors. Manufacture
and Distribution of Electrical Measunng Instruments and Electronic
Equipment. The largest stocks in the U.K. for off-the-shelf delivery.

ANDERS ELECTRONICS LIMITED

48/56 Bayham Place, Bayham Street,
London NW1. Tel: 01-387 9092

WW-—035 FOR FURTHER DETAILS

Anders means meters

]
é

———ANVWW T WVWW
POWER UNITS
Volnodio

Now available with 3 OUTPUTS making 'hese units
more versatile for:

PRODUCTION TESTING

DEVELOPMENT SERVICING

vVWW RVAVAVAV)

Type VRU/30/20*—£144-35 (£144.7.0)
*QOUTPUT 1, 0-30V 20A DC.
Will provide accumulator performance from AC
mains for production testing and servicing of
battery operated equipment. Output continuously
variable 0-30V at up to 20A.
*OUTPUT 2, 0-70V 10A AC.
For the testing and development of low voltage AC
equipment.
*QUTPUT 3, 0-250V 4A.
Continuously variable AC mains supply voltage for
testing equipment at various voltages.

VWW____WW __VWW

Send for publication WPU9

VALRADIO LTD.

Dept. WPU9, BROWELL'S LANE, FELTHAM, MIDDLESEX, ENGLAND
Telephone : 01-890 4242

AVAVAVAY JAVAVAY:

WW—036 FOR FURTHER DETAILS
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TRIPLER MULTIPLIER
Serias TU18-2TQ

Selenium high voltage tripler multipliers

for colour & monochrome television EHT supplies

This assembly is a direct repltacg-
ment for British Radio Corporation

Group EHT. Part Nos. OM3-700
and 6M3-034 and will clip straight
into the existing transformers.
Operating Characteristics
Horizontal frequency 10-16. (kHz)

Imput pulse 6.8 (kV)
D.C. output voltage 18 (3%

D.C. load current 0.300 (pA)
Ratings
Imput pulse

7.3 (kV) Max.

D.C. output voltage

(zero beam current) 20 (kV) Max.
(PA) Max.
(°C) Max.
Max.
(kHz) Max.

D.C. load current 400
Ambient temp. 65
Surface temp. 80
Frequency (pulse) 20
Price

1-9 £2.25 each, postage paid.
Prices for larger quantities on
application. .

(°C)

Also available

HALF WAVE UNIT for B.R.C. GROUP
TU18-2HD
Price 1-9 £2.00 each

SPE/CO

ELECTRONICNSERVICES LTD

Fill in coupon below and send cheque
with order.

TRIPLER

for TV.M,, Decca, B.R.C. Group Colour sets
Prices on application

HALF WAVE RECTIFIER STICKS

for ITTKB

Price on application

QUADRUPLER

for Rank, Busl, Murphy Colour Sets
Prices on appl.cation.

For list of components stocked in Airdrie
please fill and return the reply coupon
below,

Clydesdale Bank Buildings, 7 Graham Street. Airdrie. Telephone : Airdrie 66881 /2/3 Telex 778638

Name

Company

Address

Please send

Please send

Triplers TU18-2TQ

Half wave units TU18-2HD

We enclose cheque/P.O. for £

Please send information/quotation for

to replace

Please quote for the following components

WW—037 FOR FURTHER DETAILS
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New from AKG ...
K180 Headphones

The top model for the highly selected stereo
phonic set. Soft fit and optimum screening of all
environmental noise. Each earpiece separately
adjustable. You may. for the first time. choose
your ‘“‘seat in the concert hall” and adapt the
sound to your personal acoustic desire
Transmission range: 16-20000 Hz/Non-linear
distortion factor (1000Hz) 1% a1 126dB SPL/
Maximum volume (1000Hz): 125 dB - 360ub
Yield at 1 mw: 112 dB - 80ub/Weight. about 6(
grams.

AKG Equipment Ltd.

A K G Double System
Microphones

have an ultra flat frequency response
simitar to that of a condenser micro-
phone and are extensively used in the
broadcast. T.V.. recording and edu-
cational fields in this country

For further information on this or other
A K G products contact

AKG Equipment Ltd.

182/4 CAMPDEN HILL ROAD, KENSINGTON,
LONDON, W.8.Telephone 01-229 3695/6

182/4 Campden Hill Road. Kensington,
London, W.8. Telephone:01-229 3695/6

WWw-—038 FOR FURTHER DETAILS WW-—03%9 FOR FURTHER DETAILS

OLDRING SERIES 800 and 850
STEREO MAGNETIC CARTRIDGES

Our famous ‘800 Series’ True Transduction cartridges, G.850 Free Field stereo magnetic cartridge, intended
developed on the ‘Free Field’ principle, allow the most primarily for ‘budget’ hi-fi systems, offers all the
delicate groove-stored signals to be accurately relayed advantages of a good quality magnetic cartridge at a

and re-created with uncompromising precision. And the  very attractive price.

' : "‘q:"‘EF a!‘g_ F

S 3

Uwr
800 Super E For those 800/E Designed for 800 The 800 is designed 800/H This Free field G850 This relatively
aiming at perfection— transcription arms, a for standard arms and Cartridge s designed for inexpensive Free Field
extra low mechanical micro-elliptical diamond changers where the inexpensive changers to stereo magnetic cartridge
impedance for ultimate is fitted 1o a fine requirements for high track between 24 to 3} is capable of bringing out
tracking is achieved by a cantilever, end-damped fidelity and robustness grams and has a high the very best performance
duo-pivoting arrangement against natural tube usually conflict. Output output of at ieast 8mV. that 'budget’ hi-fi systems
membrane-controlled to resonances, accurately is bmV at b cm/sec. can provide ™
avoid longitudinal or terminated in a special R.M.S. Recommended
torsional modes conical hinge to give tracking weight 15 to .
blemishing performance. pin-point pivoting 2} grams. See GOId"ng at
Each cartridge supplied Stand No 1023, 1025 & 1028 at Sonex

with individual curve and
calibration certificate.

[ ]
Goldring Manufacturing Company (Great Britain) Limited,
10 Bayford Street, Hackney, London E3 3SE.

Phone: 01-985 1152.

WW—040 FOR FURTHER DETAILS
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DC Differential Voltmeter — 6-figure
readout from 100mV to 1kV, accuracy
0.01%. Calibrated null meter, analog
output for recorders. Ask for M 400
Data Sheet.

DC Multimeter— full-scale ranges
30uV-300V, 30pA-100mA and 10 Q2-
1G Q. Switched filter. Constant
100MQ for 1% voltage measurerments.
Analog output. Ask for M300 Data
Sheet.

The

Transmission Measuring Set

portable equipment for checking a.f.
lines and equipments from 20Hz to
120kHz. Suits 75, 140 and 600-ohm
circuits, balanced or unbalanced
terminazed or unterminated. Details on
application, quoting 44C.

WAYNE KERR

Capacitcr Test Set — direct readout of
percentage deviation from a pre-set
value, and of dissipation, with
automatic limit circuits showing
pass/hig1/low. Also 4-figure
capacitance measurement. Ask for
B700 Da-a Sheet.

WAYNE KERR

wWCOMmers

Signal Source — 30kHz to 30MHz with
50-ohm atteruated output from —50
to +10dB on 1V p-p. Monitor outlet
for counters. Stable in frequency and
amplitude. Ask for 0200 Data Sheet.

Frequency Counter — direct readout
of time, count, period and frequency
to 50MHz. Memory, inhibit and gating
facilities. Electrical anc mechanical
stop/start. Clock pulse outputs. Ask
for FC50 Data Sheet.

THE WAYNE KERR CO. LTD. Roebuck Road Chessington Surrey England
Telephcne 01-397 1131 Cables Waynkerr Chessington Telex 262333

WW-—041 FOR FURTHER DETAILS
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JACKSON
BROS.

(London) Limited

Invite you to see
their latest designs of

VARIABLE
GAPAGITORS.
TUNIN

GONTROLS
& TERMINALS

at Stand No.1.160

INTERNATIONAL

LONDON ELECTRONIC
COMPONENT SHOW

OLYMPIA MAY 18-21

JACKSON BROS.
{London) Ltd.

KINGSWAY, WADDON,
CROYDON, CR9 4DG.

WW—042 FOR FURTHER DETAILS

Wireless World, April 1971

TELFORD RANGE
isci
b3

Modular type A designed
to suit every application.

Viewing systems

include parallax-

free viewing

during

exposure.

Lenses 1.3,

1.5, 1.9,

f2.8 and f3.5.

Adaptors for ali

popular scopes.

Wide range of

fully interchangeable
accessories.

Film backs: Polaroid 10
second prints with roll, pack or cut film, conventional photo
materials including 35mm.

\

Inexpensive Type P

LIGHTWEIGHT

SIMPLE OPERATION

ATTRACTIVE

APPEARANCE

LOWER PURCHASE

PRICE

ECONOMY SIZE

POLAROID FILM

TYPE 20

PRE-EXPOSURE VIEWING

LENS 4.5 2.4 (61mm) lens provides reproduction of trace and
graticule with good linearity. The object/image ratio is 1:07 {nom).
SHUTTER SPEEDS include fixed exposure 1/25th sec. (nom)
time and brief.

ADAPTORS Camera models available for most popular
oscilloscopes.

TELFORD PRODUCTS LTD.

4 WADSWORTH ROAD. GREENFORD MIDDLESEX' ENGLAND: TEL:01:998-10%1
3

THE - AZIZYT¥ PHOTO-OPTICAL COMPANY OF THE BENTIMA GROUP

WW—043 FOR FURTHER DETAILS
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VARIABLE
TRANSFORMERS

OUTPUT 0-265V % INPUT 240V 50/60 CPS
SHROUDED FOR BENCH OR PANEL MOUNTING

«

VARIABLE TRANSFORMERS

2.5amp £6.75p 10 amp £18.50p
5amp  £9.75p 12 amp £21.00p
8 amp £14.50p 20 amp £37.00p

1 amp £5.50p

Inset shows latest pattern
¥ Brush gear ensuring smooth
continuous adjustment.

N

SOLID STATE VARIABLE

VOLTAGE CONTROL
* Output 25-240v
* Input 240V 50 CPS
* 5amp & 10 arp models
* Completely sealad
5 amp models £8.38p
10amp models £13.75p

20 AMP LT SUPPLY UNIT
* Input 240V. Output 20 amps at 24V and 12V
fully adjustable. * Size ¥ x 12" x 20" high
* Weight 50 ibs.
£42.50P
G.B.)

£2.00p C & P

50 AMP 0-24V DC
LT. SUPPLY UNIT

# Continuously Rated % Large Ammeter and Volt-
meter. & Ideal for Plang Units. ®  Fully
protected. % lInfinitely variable up to 24V OC. Size

and weight 16" x 12" x 27" High—70Ibs. Rear
wheels fitted
£85.00p C & P (inland) £3.00p

CONSTANT VOLTAGE
TRANSFORMER

Maintain  spot-on test gear
readings with Automatic Mains
stabilizer.

Specification:

* Octput 240V

* Accuracy + 1%

* Input 190-260V

* Capacity 250 watts

* Corrected wave

£12.50pcarrioop

a3s

I.M.O. PRECISION CONTROLS LTD.
(Dept WWX) 313 EDGWARE ROAD, LONDON W.2. TEL. 01-723 2232

WW—)44 FOR FURTHER DETAILS

D.C. NULL DETECTOR,
TYPE 6042

Portable detector far use with d.c.
bridges and potentiometers.
Sensitivity 10 =V full scale.

Input impedance 14,000 2.

Fully transistorised. 4 ranges.
Resolution 1::Vin 10,000 <2 source
resistance. Noise less than 0-15 .V
peak to peak.

® <> TINSLEY D.C. NULL DETECTOR

'TYPE 6042

tl
[}
H

/
|4
BATTERY E

i
Low
~ ]

e 2 e ._Q"swwto'\of NULL DETECTOR AMPLIFIER,

ZERO°2

g

ZEFO |

TYPE 6040

Similar to above but with increased
sensitivity - 1V full scale.
Resolution 0-1V. 7 ranges.

s Go;

* SEND FOR LEAFLETS 175/2049 and 1752047 I""”l"""l II N s l[v

H. TINSLEY & CO LTD - WERNDEE HALL
SOUTH NORWOOD - LONDON SE25 - 01-654 6046

WW-—045 FOR FURTHER DETAILS
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This years
business

The Electrical and Electronic Trader Year Book, 1971
contains all the information you could possibly want

about the radio, television and domestic electrical industries.
contains a comprehensive buyers’ guide to manufacturers and
suppliers: addresses and phone numbers of makers, concessionaires
and wholesalers: plus a guide to makers and suppliers of proprietary

and branded products and a wealth of technical data.
At £2-00 a copy it'sthe bestbuy in the field.

To get your copy ask at your newsagent, or fill in the coupon and
send it to: Cashiers; IPC Business Press (Sales & Distribution) Ltd.,

P.0.Box 147, 40 Bowling Green Lane, London EC1P 1DB

fromone
little book

r----“------------------------1

1 ) . ]
g Pleasesend me. ... . . . .copies of the Electrical-and g
It B Electronic Trader Year Book 1971 ]
: | enclose cheque/p 0.Nno. .. . ... .10 the value of :
1 .(£2-00 per copy plus 20pp& p) i
[ ] [ ]
: Name :
: Company B :
[ 1
= Address :
.l ]

------------------------------J

CALIBRATION PROBLEMS?

We specialise

in the repair

and calibration of
all proprietary
and commercial
test equipment

We can provide the following services

® FULLY GUARANTEED REPAIR OF
INSTRUMENTS

# CALIBRATION CARRIED OUT TO
MANUFACTURERS’ SPECIFICATION

& ALL TYPES OF MULTI-METERS, INC.
AVOMETERS, REPAIRED

REPAIR SERVICE 7 DAYS
@ WIRING AND SHEET METAL FACILITIES

Write or ‘phone

FIRNOR-MISILON LIMITED

MARSHGATE TRADING ESTATE,
MARSHGATE DRIVE, HERTFORD.

TEL: HERTFORD 5584

WW—046 FOR FURTHER DETAILS

FROM STOCK “|

£160.00 i

NETT EX-WORKS iil
LID £3.0.0 EXTRA

il ‘mmg iNnousTARIAL _
L I INSTRUMENTS

iil TANK SIZE:
iil 25cm X 25cm X 15cm

LIMITED ﬁ

STANLEY ROAD, BROMLEY, KENT, ENG'.AND. I'
Tel: (01) 480-2212:3 e
Telegraphic Address: TRANSIPACK, BROMLEY. “

WW—047 FOR FURTHER DETAILS



Wirelzss World, April 1971

the new Englefield range

Better looking—obviously . . . Better performing, definitely . . . and certainly lower
priced compared with other top line high fidelity equipment. Yet with all this, the new
Englefield 840 range has still further plus features. Only with the 840 system can you
incorporete the tuner within the amplifier itself, enabling you to convertitto a
Sterec & F.M. tuner amplifier of unsurpassed performance in a matter of minutes. The
Engletisld Add-in ‘Press-tune Stereo F.M. Link can also be used with other amplifiers
if so desired. See and hear the new Englefield 840 range at your hi-fi stockist NOW
or send coupon for full details by return.

Englefield 840 equipment is guaranteed for 5 years.

840A amplifier design features

Swing-up lid enables all input and output connections to be reached instantly and
easily from interior of cabinet. Audio connections are via DIN sockets (plugs supplied).
Combined speaker muting switch and hsadphone socket on front panel. Silicon
transistors throughout. Full complementary output stages with current limiting
circuitry. Rotary controls fitted with dual wipers and lubricated tracks for long life and
silent action. 18 gauge plated steel chassis. Unconditionally stable. For shelf or
cabinet mounting.

840T stereo F.M. tuner design features

4 pre-tunable push button stages for instant programme selection. Switchable A.F.C.
Automatic stereo reception. Sensitivity better than one micro-volt. Incorporates
dual gate FET and |.C. circuitry, back to back varactor diodes and ceramic filters.
Can be used separately or inserted in the 840 cabinet. 750 and 30010 balanced aerial
sockets.

® Recommendaed retail prices — Englefield 840A Amplifier £45: Englefield 840A Press-tune Stereo FM
Tuner £46 (inc. P/T): Englefield 840TA Stereo Tuner Amplifier £96 (Inc, P/T).

' SONEX 71

PEAK SOUND (HARROW) LTD. 32 ST. JUDES ROAD,
ENGLEFIELD GREEN, EGHAM, SURREY. Tel. Egham 5316

A

peak sound

TUNER
CONTROL
PANEL

Specifications

THE AMPLIFIER

Inputs — Pick-up, (sensitivity 2.8mV into 47Kohms) Overload
factor —100MV (32dB): Tape: Radio 80mV: Microphone 5mV.
Signal to noise ratio —mag. P.U. better than 67dB: 84dB for other
inputs.

Cross-talk at 1 KHz —54dB

Distortion —0.08% at 1 KHz at all powers up to 20 watts R.M.S.
Pawer bandwidth and output—35Hz to 30KHz at 1dB for 20
watts R.M.S. into 8 ohms, pey ch. driven together.

Controls —Volume: Bass ( +16dB at 40Hz): Treble ( +14dB at
10KHz): Balance.

Push-button for P.U., Radio, Tape, Mic., and mono/stereo: on-off,
filter and (disguised) headphone sockat/speaker muting switch.
Connections — via DIN sockats at rear, plugs supplied also.
Maing A.C. 110/250 V. 50/60Hz. Two mains outlets for gramo.
motor, etc. one direct, one switched on with amplifier.

Fazilities —Swing-up lid for instant access to connections,
permitting cabinet to stand flush to wall; also space to take
Englefield tuner if required.

Cabinet—steel, hand covered with simulated soft black leather and
immensely durable, with black base, size 164" x 44" x 11°
(413x109x 28 mm).

ADD-IN PRESS-TUNE STEREO F.M LINK

With four tunable press button contiollad stages each 88-108
MHz. Also press-button for A.F.C.

Sensitivity —1 micro-volt for30dB quisting.

Sub-carrier rejection —48dB at 19KHz.

Wideband noise —80dB.

Frequencyresponse —10KHzto 15.6KHz ( —3dB).

Separation —35dB (100Hz to 10KHz).

Asrial —Sockets for 75 ohmsand 300 ochms, balanced.

Tuning meter and Indicating beacon automatic sterso reception
onthe front panel.

Details of Englefield 840 range pleass, to
NAME ..ottt s
ADDRESS ...,

WW—048 FOR FURTHER DETAILS
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The majority of Recording and T.V. Studios use
TANNOY monitors-the same units provide
professional standards in the home

“[ ancaster”
corner-mounting
fitted with 12" or
15" Dual
Concentric.
Height 2' 9"
Width2' 1"
Front to rear
corner 17 43"

“Lancaster’’ “WLZ Mk,
free-standing Aperiodic
fitted with 12" or enclosure with
15" Dual /11 LZ unit.
Concentric. Height 173”7
Height 2’ 93" Width 1° 11"

Width 17 95"
Depth 17 04"

Depth 93"

Audio T, Oryden Chambers, 119 Oxford Street, W.1. 01-437 3063/5338
Croisette Radio Ltd., 210 London Road, Hadleigh, Essex. 0702/558339
Nick Dakin, 45 Radford Road, Nottingham. 0602/73862
Davis & Kays, 115 Kingsway, London W.C.2. 01-405 0446
J. Gough & Co. Ltd., 148-154 North Road, Cardiff. 022228473
Hampstead High Fidelity, 91 Heath Street, London N.W.3. 01-435 6377
H. C. Harridge Ltd., 8 Moor Street, London WIV 5LT. 01-437 7108
Horns, 6 South Parade, Oxford. 0865 55360
James Kerr & Co. Ltd., 98-118 Woodlands Road, Glasgow C.3.
041 332/0988

Kingsway Studios (Ossett) Ltd., 25, 33, 35, 37 Dale Street, Ossett Yorks.

09243/3415
Lloyd & Keyworth Ltd., 26-27 Downing Street, Farnham, Surrey. 025 13 5534
Millwards, Salop Street, Wolverhampton.
Merrow Sound Ltd., 205 Epsom Road, Merrow, Guildford, Surrey.

0483 64171
John Munro, 9 Gilmour Crescent, Lossiemouth, Morayshire. 034381 23
Nottingham Hi Fi Centre, 156, Alfreton Road, Nottingham. 0602 76919

and this is where you
hear them!

J.'S. Ramsbottom & Co. Ltd., Coney Lane, Keighley, Yorks. 05352 5444-8
The Recorderie, 10 Buckingham Parade, Stanmore, Middlesex.
01954 2940
RSC Audio House, Henconner Lane, Leeds 13.
Ken Rose Audio, 283 Fleet Road, Fleet, Hants. 02 514 5053
Swisstone, 225 Worple Road, Raynes Park, London S.W.20. 01-946 1528
Studio 99, 81 Fairfax Road, Swiss Cottage, London N.W.6. 01-624 8855
G. W. Smith & Co., 311 Edgware Road, London W.2. 01-262 0387
Victor Buckland Ltd., 41-49 London Road, Derby. 0332 48425
Clement Wain Ltd., Red Lion Square, Newcastle, Staffs. 63119 63110
London Audio (St. Albans) Ltd., 32 London Road, St. Albans, Herts.
56-59996
The Audio Centre, 86 Gueens Road, Southend-on-Sea.
Hardman Radio Ltd., 45 Hadman Street, Liverpool 1.
Victor Morris (Cameras) Ltd., 340 Argyle Street, Glasgow C.2.
Westronics, Communications House, Kingskerswell, 26 Newton Road,
Newton Abbot, Devon. Kingskerswell 3079
Minim, 916 London Road, Thornton Heath, Surrey. 01-684 4565

AND ALL THE BETTER LONDON DEALERS—BUT RING YOUR FAVOURITE DEALER FIRST

Your favourite dealer may not be on this list — so phone him first!

All cabinets are
fitted with
Monitor Gold
Loudspeakers

. TANNOY #/

NORWOOD ROAD,
WEST NORWQOD,
LONDON, S.E.27.
01-670 1131
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#

MEASUREMENT

DYMAR manufacture a range of very economically sensitive deviation range being 3kHz f.s.d. A feature
priced instruments specifically designed for use in the of the instrument is the low residual F.M. noise of
design, production and servicing of Radio Telephone the local oscillator which with the A.F. “Voice"

Equipments. filter switched in is typically —44db below 3kHz
The 'l;ype 785 Modulation Meter is a solid state instru- deviation.

ment for the measurement of the Depth of Modulation : : _

in Amplitude Transmitters or the Frequency Deviation Carr/erFr.eq.uen'cy Range. g?(ﬂ“: :80:85';“ _

in the case of F.M. Transmitters. It is specifically  f-M:Deviation: e el X z
designed for narrow deviation transmitters in today’'s  A.M.Modulation Depth : 3%1.5..d-1007;,
mobile and portable V.H.F. radiotelephones, the most  Sensitivity : Betterthan 2 millivolts

overthe whole
frequencyrange

‘ MODULATION METER Typp 738

FUNCTION FREQUENCY Mg —

sty ttm Em,

/“ﬂu-

vd
'.v\ ‘

[

IV At (loo‘:ﬁ

300 My o 3
Ikm

#
Ty p e 785 . CYMAR ELECTROMICS 1 e,

A.M./F.M. Modulation Meter only £260

Other Dymar Instruments

701 Wideband Miltivoltmeter £125 745 Two-Tone Signal Generator £200
761  Noise Factor Meter £115 724  Suppressed Zero D.C. Microvoltmeter  £165
711 V.H.F. Millivoltmeter £250 705 A.F.Microvoltmeter £140
721 D.C.Microvoltmeter £130 765A Distortion Factor Meter £195

585 A.F.Power Meter with Batteries £140 771A A.F. Wave Analyser £330

DYMAR ELECTRONICS LIMITED,
Colonial Way, Radlett Road, Watford, Herts. WD24LA.
Telephone: Watford 21297/8/9.
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All S.N.S. Tuners and Amplifiers are tested at full rated
output for 72 hours before despatch.

After each unit has been passed through visual inspection
it is given a full specification check in the test laboratories
prior to going on ‘soak test’.

procedures, which have always been considered rigorous?

When the 72 hours are completed the unit is then given a
further full specification check before despatch.
. & " Why have we incorporated this in to our established test

Simply as an added safeguard to ensure that our customers
throughout the world receive equipment with the highest
possible reliability.

It's no coincidence that S.N.S. equipment has a reputation
for quality . . . it's been designed that way.

range of sound equipment

S.N.S. Communications Ltd., 851 Ringwood Road, West Howe,
Bournemouth, England, BH11 8LN Telephone: Northbourne 5331 (STD 02016)

Tested for 72
I _COINCS

hours

g
a

nnnnn

40 watt multi input amplifier Type PA40

3 channel radio rack
with monitor facilities incorporating
100 watt single input amplifier Type CD100 FM crystal controlled tuner amplifiers

WW—051 FOR FURTHER DETAILS
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Capacitance boxes available from
20pf.~140uf. Accuracies up to 0.050/0

Inductance

Air space TmH-1H
Accuracy 5.

Resistance Boxes
from01-10M QL
Average accuracy 0.1,

Resistance Elements
suitable for use up
to 1MHz.

High Dissipation Resi e B
Five Decade
01to 1.111,100 ohms by 10 ohm steps

1% Tolerance £45.00
HDS 0to 1.111,100 ohms by 10 ohm steps

5% Tolerance £35.00

HD1/L 0to111,1100hmsby 0.1 ohmincrements
1% Tolerance £47.00

HD1

Jay-Jay Inductance Boxes

i Cat. Ref.
- ta
é:tv ;:{v S L1 3 Decade 1 mH to 1 Henry £37.00
' ’ Three Decade Mode/ L2 2 Decade 1 mH to 100 mH £26.00
£29.4
c3 100 pf. 10 0.111 mfd. 1% Tolerance £22.00 L3 2 Decade 10 mH to 1 Henry 5
PC3 100 pf. t0 0.111 mfd. 3% Tolerance £31.50
Four Decade Model Jay-Jay “"Point One’” Resistance Boxes
c4 100 pf. to 1.111 mfd. 1% Tolerance £35.00 Cat. Ref.  Average Accuracy 0.1%
PC4 100 pf. t0 1.111 mfd. % Tolera 8. Four Decade
Switched Capacitance Boxes % nee £45.00 R5 Oto 111,100 ohms by 10 ohm steps £24.00
cloo 1 mfd. to 100 mfd. 5% Tolerance £6/5.00 R4 0to 11,110 ohms by 1 ohm steps £24.50
C140 1 mfd. to 140 mfd. 5% Tolerance £75.00 R3 0to 1.111 ohms by 1/10 ohm steps £25.00
C60 0.1 mfd. to 61 mfd. 5% Tolerance £59.00 Five Decade
C60P 0.1 mfd. to 61 mfd. 1% Tolerance £110.00 R11 0 to 10 meg ohms by 100 ohm steps £34.50
Air Spaced Capacitors R7 Oto 1.111.100 ohms by 10 ohm steps £29.25
vCi 10 to 160 pf. 1% Tolerance £12.00 R9 010 111.110 ohms by 1 ohm steps £29.75
Variable Capacitors R10 0to 11,111 ohms by 1/10 steps £30.25
ve2 2010 1130 pf. 1% Tolerance £22.00 Six Decade
vCa 50 pf. 10 0.1114 mfd. 1% Tolerance £28.75 R20 To 1.111,110 by 1 ohm steps £36.00
vC5 50 pf. 10 1.1114 mfd. 1% Tolerance £43.00 R21 02 111.111 by 0.1 ohm steps £36.50
Precision Air Spaced Capacitors R22 010 11,111.1 by 0.01 ohm steps £37.00
PVC1 5 to 200 pf. +% Tolerance £36.00 H i
Precision Variable Capacitor Jay-Jay Junior Decade Resistance Boxes
pvC2 1510 100 pf. 4% Tolerance £44.00 Cat. Ref. f\s\{egge /;ccuracy 0.4%
Precision Incremental Capacit ioecage!
PVC4 +0.5pf. and + 5 pf. 2eagty 1% Tolerance £36.00 J60 RgngeOto 1,111,100 ohm by 1 ohm steps £18.90
Precision Variable Capacitor Five Decade
SVC5 50 pf. 10 1.1114 mfd. +0.05% J1 Range O to 1,111,100 by 10 ohm steps £15.60
tolerance—major decade £230.00 J2 Range O to 111,110 by 1 ohm steps £15.40
Four Decade
N B J3 Range O to 111,100 by 10 ohm steps £12.40
Jay-Jay J Decade Cap 8 Ja Range Oto 11,110 by 1 ohm steps £12.20
Cat. Ref. Accuracy 1% Three Decade
JC1 3 Decade 100 pf. t0 0.111 mfd. £12.90 J5 Range O to 11,100 by 10 ohm steps £9.95
Jc2 3 Decade 30 pf. to 10,140 pf. £13.70 Je Range Oto 1.110 by 1 ohm steps £9.90
Most ranges available from stock. R_ E_C_M _F_
Write for descriptive leaflet or demonstration. STAND NO
b.3.ilovd

Iinstruments Limited

INSTRUMIENTS Brook Avenue, Warsash, Southampton SO3 6HP.
Tel: Locks Heath 4221
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CONCEPT FOR THE 3%

The new Storno fully automatic VHF/UHF radio
communication system permits direct two-way
selection dialling between mobiles and any
telephone extension connected to a private
automatic exchange. There are also facilities

for car-to-car dialling and for predetermined
selection of most frequently used extensions.

St0l'll0 is ready for the 70’s—and beyond

FM radiotelephones are better

Storno Ltd Frimley Road Camberley Surrey Telephone Camberley 0276 5201 Telex 85154

WW—053 FOR FURTHER DETAILS
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The Dolby 360 Series

Nearly a thousand of these new units are already in use.

Oalby ton: NR play ot rormal | check
16T remote  signal tape

- out

@ DIDOEYSYSTEM A miom

Each Series 360 unit is only 12 inches (44 mm) high. 16
channels therefore require only 28 inches of rack space.

Full compatibility with the A301

Models 360 and 361 are single-channel A-type (professional) noise
reduction units which process signals identically to the two-channel A301.
The new units are small in size and are designed for simplified installation
and use of the Dolby System with 16-track recorders. The cost of the 360
series is somewhat less than that of the A301 for an equivalent number

of channels.

Automatic record/play changeover in the 361

The Model 360 is a single-channel noise reduction processor unit. The
Model 361 is identical to the 360 in size and appearance, but contains
facilities for automatic record/play changeover controlled from the recorder.
In the new series, the operating mode is set and clearly displayed by
illuminated push-button switches.

Internal oscillator An internal “Dolby Tone” oscillator is provided for
establishing correct operating levels. The characteristic
modulation of the tone also identifies Dolby-processed
tapes. All oscillators in a multi-track installation can be
controlled by a single switch.

High stability The circuit is highly stable and does not require routine
adjustment. A removable front panel allows input and
output levels to be adjusted from the front of each unit.
The panel also provides access to relays and the noise
reduction module.

Single-module design  The noise reduction circuitry is contained in a single
module which can be purchased separately. Should fail-
ure ever occur, plug-in substitution will restore operation
of the system in seconds with no adjustments necessary.

Prices, delivery information and complete specifications
are available from

[] DOLBY LABORATORIES INC

‘UK and International
333 Avenue of the Americas New York NY 10014 346 Clapham Road London SW9
(212) 243-2525 cables: Dolbylabs New York (01) 720-1111 telex: 919109 cables: Dolbylabs London

‘¥YW—054 FOR FURTHER DETAILS
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TELEFUNKEN

are
Demonstrating their Range

UNIT AUDIO SYSTEMS

Room 1010
SKYWAY HOTEL
March 31st SONEX '71 April 4th

WW—055 FOR FURTHER DETAILS

TELEPRINTERS - PERFORATORS
REPERFORATORS - TAPEREADERS
DATA PROCESSING EQUIPMENT

LS

- SALE OR HIRE
A\

2-5-6-7-8 TRACK AND
MULTIWIRE EQUIPMENT

Special Codes Prepared

TELEGRAPH AUTOMATIONAND COMPUTER PERIPHERALACCESSORIES

DATELMODEM TERMINALS, TELEPRINTERSWITCHBOARDS

Picture Telegraph, Desk-Fax, Morse Equipment: Converters
and Stabilised Rectifiers; Line Transformers and Noise Suppres-
sors; Tape Holders, Pullers and Fast Winders; Governed,
Synchronous and Phonic Motors; Teleprinter Tables and
Cabinets; Silence Covers; Distortion and Relay Testers;
Send/Receive Low and High Pass Filters; Teleprinter, Morse,
Teledeltos  Paper, Tape and
Ribbons; Polarised and special-
ised Relays and Bases;
Terminals V.F. and F.M.
Equipment; Telephone Carriers
and Repeaters; Diversity; Fre-
quency Shift, Keying Equipment;
Racks and Consoles; Plugs, Sockets, Key, Push, Miniature and
other Switches; Cords, Connectors, Wires, Cables, Jack and
Lamp strips, and Switchboard Accessories; Teleprinter Tools;
Stroboscopes and Electronic Forks; Cold Cathode Matrics;
Test Equipment; Miscellaneous Accessories, Teleprinter and
Teletype Spares.

W. BATEY & COMPANY

Gaiety Works, Akeman Street, Tring, Herts
Tel: Tring 3476 (STD 0442 82) Cables: RAHNO TRING
Telex: 82362, A/B BATEY TRING

WW—056 FOR FURTHER DETAILS

§

METER PROBLEMS?

A very wide range of modern design
instruments is available for 10/14
days’ delivery.

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.CA1 Phone: 01/837/7937

WW—057 FOR FURTHER DETAILS
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Sansui control amplifiers.
Whenever you're ready.

Whenever you're ready for the added
professionalism of a control amplifier, Sansui
is also ready. With & complete line of
quality units in every power and price range.
Each a distinguished example of Sansui’s
dedication to stereophonic perfection.

If you're ready for the most complete, the
most powerful such amplifier, then the 180 watt
solid state AU-999 is for you. The undisputed
champion in the field, it offers the mest
advanced circuitry yet developed, boasts a 10
to 30,000Hz power bandwidth and keeps
distortion of any typa to 0.4% or less. The AU-
999 also offers separately usable pre- and
power amplifiers, a Triple Tone Control circuit,
and the capability of handling three sets of .
speaker systems and two tape decks.

For those more inclined toward the middle
power ranges, there’s the 100 watt AU-666
and 85 watt AU-555A, both striking examples
of engineering excellence. The AU-66€ has
a wide 10 to 40,000Hz power bandwidth and
limits distortion to a low 0.5%, while the
AU-555A has a 20 to 4),000Hz power bandwidth
and the same low distortion figure. Beth are
complete with separately usable pre- and

power amplifier sections and 5ansui’s unique
Triple Tone Control circuit.
And in compacts, Mbthing quite approaches
Sansui’s 46 watt AU-222 for ccmpleteness
and versatility. Endowed with a 20 to 20,000Hz
power bandwidth, it minimizes distortion at
0.8% or less, and offers no fewer than six
inputs —more than any other amplifier of its size.
Whichever you choose, enjoy it more
fully with Sansui’s advanced 5$5-20 stereo head-
phone set, a 2-way 4-speaker unit complete
with separate controls for tonal quality
and volume. No other stereo headphone set is
geared so perfectly to exploiting Sansui
control amplifiers.
So whenever you're ready for the undeni-
able advantages of such an amplifier, see
your nearest authorized Sansut dealer. He's
ready with a full selection.

Seaarnisus

AU-555A

England: VERNITRON (UK) LTD. Thornhil! Southampton 509 5QF Tel: Southampton 44811/ Ireland: RADIO CENTRE 122A, St. Stephen’s Green, Dublin 2 /West
Sermany: COMPO Hi-FI G.M.B.H. 6 Frankfurt am Main, Reuterweg 65 / Switzerland & Liechtenstein: ECLI, FISCHER & CO. LTD. ZURICH 8022 Zurich, Gotthardstr.
6, Claridenhof / France: HENR! COTTE & CIE 77, Rue ).-R. Thorelle, 77, 92-Bourg-la-Reine / Luxembourg: LUX Hi-Fi 3, rue Glesener, Luxembourg / Austria: THE
VIENMA HIGH FIDELITY & STEREO CO. A 1070 Wien 7, Burggasse 114 / Belgium: MATELECTRIC S.P.R.L. Boulevard Léopold I1, 199, 1080 Brussels / Netherlands:
TEMPOFOON N.V. Tilburg, Kapitein Hatterasstraat 8, Postbus 540 / Greece: ELINA LTD. 59 & 59A Tritis Septemvriou Street, Athens 103 / Italy: GILBERTO GAUDI s.a.s.
Piazza Mirabello 1, 20121 Milano / South Africa: GLENS (PTY) LTD. P.O, Box 6406 johannesburg / Cyprus: ELECTROACOUSTIC SUPPLY CO., LTD., P.O. Box 625,
timassol / Portugal: CENTELEC LDA. Avenida Fontes Pereira de Melo, 47, 4.0 dto., Lisboa-1 / Malta: R. BRIZZ| 293, Kingsway, Valletta / Canary islands: R. HASSARAM
Calle la Naval, 93, Las Palmas / SANSUI AUDYO EUROPE S.A. Diacem Bldg., Vestingstraat 53-55, 2000 Antwerp, Belgium / SANSUI AUDIO EJROPE S.A. FRANKFURT
OFFICE 6 Frankfurt am Main, Reuterweg 93, West Germany / SANSUI ELECTRIC CO., LTD. 14-1, 2-chome, 1zumi, Suginzami-ku, Tokyo, Japar
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‘We takeitall back!

We were right about the sales support _
we’'d need to sell our LM 1240 digital multimeter.
It doesn’t need any, it's selling itself. !

So if when you order your LM 1240 direct
from this ad., you are not completely satisfied
that it does all we say of it, we'll take it back
within 14 days and return your money in full.

Beat that for reassurance!

Justlook at this spec.

e Volts: 100 uvV-1,000 V. ' ® Full overload protection.
® Amps: 100 nNA-2 amps. [ o : ® 1999 scale length.
e Ohms:100m-20M. L. ‘: e Dual slope integraticn
® 26ranges. W S LRI e 2l 1™ for noise rgject_i_on.
® Bi-polar. ) ) ® Go-anywhere portability.
R T R R ) ie T o pitasad o L e Loam s e
Ll
B U U U DUHR J U U
: OLARTRQ
Schlumberger
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Electronic

Multimeters

Introducing the ACCU'LDG
|

The first Multimeter to
give you consistent
“percent-of-reading”
accuracy ... anywhere

on the readout scale.

Model 202 offers:
B MAXIMUM ACCURACY ANYWHERE ON THE SCALE

B RANGES OVERLAP FOR CONVENIENT OPERATION
B RUGGED TAUT BAND SUSPENSION
Bl OVERLOAD PROTECTED

BACH-SIMPSON LIMITED

331 UXBRIDGE ROAD, RICKMANSWORTH, HERTS. WD3 2DS Telephone Rickmansworth 76300

WW-—060 FOR FURTHER DETAILS
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TRANSFORMERS

MAINS AUTO

2VA to 2kVA 10W to S5000W

OLYMPIC TRANSFORMERS LTD
224 HORNSEY ROAD, LONDON, N.7
Tel. 01-607 2914

“BECUWE" MINIATURE LEVER KEYS ENCAPSULATION =
low tool cost method of cylindrical
coils and potting. Enquiries
also for:—
REED RELAYS
SOLENOIDS
Designed for compact modern equipment, COIL WINDING
for all climates, these miniature keys are
only 0.425"” wide by 0.78" long and 1.76" TRANSFORM ERS
deep behind panel. to 8 K.V.A. A.C. SOLENOID TYPE SAM/T.
) 3 /Y 3 E E P :
BRITEC LIMITED | | R &A. WEBBER LT'D.
17 CHARING CROSS ROAD, LONDON, WC2H OER. Tel: 01-930 3070 9 Knapps Lane, Bristol 5. 0272 657228
WW—061 FOR FURTHER DETAILS WW—062 FOR FURTHER DETAILS

JES AUDIO INSTRUMENTATION

lllustrated the $i453 Audio Oscillator

SPECIAL FEATURES:

* very low distortion content—Iless than .05%

% an output conforming to RIAA recording characteristic
* battery operation for no ripple or hum loop

* square wave output of fast rise time

£40.00

also available
$i452 Distortion Measuring Unit
* low cost distortion measurement down to .01% with

comprehensive facilities including L.F. cut switch. etc.
£35.00 £30.00

J. E. SUGDEN & CO. LTD., BRADFORD ROAD, CLECKHEATON, YORKS. Tel: Cleckheaton (OWR62) 2501

S$i451 Millivoltmeter
* 20 ranges also with variable control permitting easy
reading of relative frequency response

WW—063 FOR FURTHER DETAILS
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orPIGTURE MONITORS

Brief details of the wide range of all-silicon solid-state
monitors are shown below. Please contact us for full information.

Screen“S|zes‘ High quality monochrome monitors suitable for use either in
14" T.V. studios or laboratory applications demanding the highest

19“ possible performance. Facilities include electrical centering,

20 modular circuit design and separately stabilised E.H.T. These

(P2 H] 1M B4} B together with exceptional stability and high brightness
Series 1A capability are some of the notable features of this range.

Designd for a wider range of less demanding

applications and offering an extended choice of Screen Sizes

screen sizes. ldeally suited for general studio uses, ]1?‘
high performance industrial systems and data ’ 19"
display. Many optional features are available LR 24"

including remote control facilities and special c.r.t.
phosphors.

The economy range of monochrome monitors Screen Sizes
incorporating the already familiar Prowest high :

standards of construction and design. The 12
attractive price, smart appearance and rugged - 19"
construction make these displays suitable for a
wide range of office and industrial environments. E-PNIPY WYY

‘ A keenly priced precision colour monitor in the
CICLLRSIFLR grade 1 class using the latest 22" 4 : 3 aspect ratio |
shadow mask c.r.t. Excellent stability, remote
22" operation of certain user controls, integral plug-in
PAL or N.T.S.C. decoder, natural convection

cooling and front panel purity control are some of
LY-Y4d-LW/ ¥ the notable features.

prowest

Prowest Electronics Limited
AIRFIELD ESTATE

WHITE WALTHAM
MAIDENHEAD, BERKS. ENGLAND
Telephone Littlewick Green 3226/8
Telex 847241

CUSTOM -BUILT UNITS

From a wide range of tested and proven sub-units,
Prowest are able to offer attractively priced
custom-built display assemblies in special
W packaging. Applications include data terminals,

M military and scientific displays, and airport flight
¢ indicators etc. Your enquiries are invited.

WW—064 FOR FURTHER DETAILS
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The Eagle Annual.

Sorry, no Dan Dare, Digby or P.C. mounted on a separate unit with a pocket
49. Because this is the new Eagle clip. £16-00.

annual catalogue. And it’s packed with Every item in the annual has been
interesting things. Like the new TSA 151  specified or selected by Gerry Adler. Eagle
stereo amplifier: it uses a new block 1s Gerry’s baby, and he’s very fussy about
construction silicon output device for what goes out under the Eagle banner. He
absolute reliability. It’s got low noise gets very twitchy at the thought of a duff
silicon transistors throughout.Its output  diode. A bit like the Mekon in fact.

1s 15 Watts per channel. That’s 15 Watts But he does it for a reason.

RMS, not an exaggerated figure for He believes that if the first Eagle
maximum music power.

product you buy is O.K., you’ll come back
The price? A very reasonable £36. for more.

And for people who like to listen to That’s what’s made Eagle a success.
stereo undisturbed,we've got the new SE

Eagle International
100 headphones. d d still.
Dual cone transducers are used we don’t stand sti

throughout,and to keep the weight down,  Coptic Street, London WC1A 1NR

the independent volume controls are Tel: 01-636 0964
_\_g_s_/Accessones
\ SE.28  Studio Sﬂem; :iaannhnnea SE.80 Studio Sterec Headphones

(3 ¥ Based on an entitsly naew apen batte

concept the SE BO Steren Headphones
have bean developad In hring 4 new
” - : % standard 8 comfort 10 protassionais
¢ who have 16 waae 8 haadrat tor very
ong vesmons Recording Engineers
Montor Units, Bec .astars, D), e
individual Shder tone contiols compiste
a st of features which include the use
of fine leathars for padding,

#ro

dame Comy: y A
snd cab a st ¢

Frequency Renge
be channel u-tg»n.'mm-mt (

aco

Pange
Watchony impotonce. I T goma tar

SE. V00 Professional Sterso
Headphones
The SE 100 represants the ultimate
devslopment of classic design. Budt
n diiferences that are audible inchude
1one coftecied dual cone speakers and
damped rellex Lattus. Yo keep hasds«t
weirght 10 an abaniute Mindmum the
independent volume comrols are
mounted in & separate ynit, Leather
padding, 8 5 metre coded lead and &
moulded stereo jack plug finalise a
Wury specification

i 10 the tanguage laborstory.
I &liver professional user, this
and

Sraguency Range 20

00 My mpedance ¥
Matching lepedence’ 5 -

JB.3 Stereo Headphone Junction
Boa
This sinple, inexpensive unit i
essential 10 stereo headphone users
connects 10 amphtier and loudspeakers,
Qiving sttenuated steteo headphone
QUtpuL with a three- POSILION Bwitch v
give headphones only, speshers only
ot both together.
it Satabee b Wm n» wmy weouhe Lo
‘w-'h et Owiped, $C e h-! 4 u
m m-

See us at RECMF, Stand No. 3. 142, Olympia
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|.G.Breadboarding ?
then you need . . .

GHEQUERBOARD
PATGHBOARDS . .

Chequerboards provide an easy plug-in facility for all integrated
circuit modules. Interconnection is via plug-in cords for easy non-
soldering interchange of all modules.

The Chequerboard Patchboard consists of a series of bussed
sockets on a 0.250" pitch. Integrated circuits or discrete com-
ponents are then mounted on standard carriers, which can easily
be inserted and removed by hand from the Patchboard. Thus, inte-
grated circuits can be used again and again without fear of
mechanical damage. Paper designs can be checked, modified and
proved with ease and simplicity—quickly.

and...

ml» ST o- T T

< TH
Valts Amps 054 154 Fiad Fiaquenty | 10 108 1R 108 0K T

L sve LML

g FE L

Fine Voltsge Oft 8V 18¥

the Power

The CU 100 series of power supplies are designed for use with
the Chequerboard series of Patchboards. They provide the necessary
stabilised power. a set of logic indicators and a source of clock
pulses.

W 1.5amps-—2to6volts M or0.5amp— 61to 18 volts.
B Overload protection.

B 0.5c/sto 5 Mc/s square wave generator.

B [ntegral neon logic level indicators.

We shall be glad to send you our 15 page fully illustrated brochure,
telling you all about CHEQUERBOARD PATCHBOARDS —
ACCESSORIES — POWER UNITS — EDUCATIONAL KITS, etc.

If your enquiry is urgent—contact:
JEFF JEVANS (Sales Director)}

17 RYE WALK INGATESTONE ESSEX
Telephone: INGATESTONE 3185

CIRCUIT INTEGRATION LIMITED

CANAL STREET RUNCORN CHESHIRE TEL: 75973/4

WW—066 FOR FURTHER DETAILS
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a safer
breed of

You choose electrical equipment in much
the same way you choose a dog: you
scrutinise and examine carefully, and take
it out for a trial run. And you ask to see
its pedigree.

When you handie a Rendar product, you
can see at once that it's a better breed:
first class materials; precision machinery
and assembly; sound design. Its pedigree
is impeccable.

Justlwinner from the Rendar kennel

L &
L)

The Rendar Safebloc saves time and saves lite.
There’s no need tofit a plug for testing — just
connect the apparatus direct. And there's no
danger of shocks — no current can pass until the
lid is closed.

Rendar pioneered this concept, and introduced the
“Safebloc” to the British market over 12 years ago.
It’s indispensable on testing lines, and for all kinds
of electrical demonstrations. Double Safebloc
available for 3-phase applications.

((70\1 LANg 2
i A
m
EY

2

INSTRUMENTS LTD
%o, s/ BurgessHill, Sussex,England
~ Tel. 2642-4.Cables RENDAR Burgess Hill
WW—067 FOR FURTHER DETAILS

KONTAKT ‘““Cold Spray 75"

For rapid and effective fault location

Non-toxic, non-inflammable, Cold Spray 75
is a chemically inert coolant capable of
producing temperatures of down to —42
centigrade. It can also be used to prevent
heat damage during soldering processes,
for the rapid freezing of small articles for
biological and technical purposes and the
prompt location of hairline cracks and
ot other faults in temperature dependent
E‘) HEMIE components.

= ADE”)

e rmany Other Kontakt products:
Kontakt 60 and Kontakt 61 for relay contact cleaning.
Plastic Spray 70, transparent protective lacquer.
Insulating Spray 72.
Kontakt WL. Spray Wash.
Antistatic Spray 100. Antistatic agent for plastics.

Politur 80. Polish and cleaner.
Fluid 101. Dehydrating Fluid.

Deutails from UK distributors.

SPECIAL PRODUCTS DISTRIBUTORS LTD.

81 Piccadilly, London, W.1 Tel: 01-629 9556
WW—068 FOR FURTHER DETAILS
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Racal
bridges a gap
in

with this new radiotelephone terminal
type LA 1005

In quantity production after successful world-wide
acceptance trials, the Racal LA 1005 provides
exceptional system flexibility and operationa

facilities at lcw cost. Extremely compact, it

IS suitable for Post and Telegraph Administrations’
circuits and ideal for military or civil operation.

® 4 wire radiotelephone to 2 wire or 4 wire telephone circuit.
@ Automatic voice operated switching. @ Fully transistorised.
@ Visual and aural calling indicators.
® Access for speech privacy. @ Built-in test oscillator.

Obtain full details NOW about this essential communication link

[RIAIC/A|L|

RACAL-BCC LIMITED
Western Road, Bracknell, Berkshire RG12 1RG
Tel: Bracknell 3244, Telex: 84166

WW—069 FOR FURTHER DETAILS
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NEW CELESTION LOUDSPEAKERS

4 MODEL: PS12TC 1798
TYPE: DUAL CONE 12”
RANGE: 40Hz - 12KHz
POWER: 20 WATTS RMS
FLUX: 128,000 MAXWELLS
IMPEDANCE: 15 or 4-8 OHMS
PRICE (R.R.P.) £9:00

MODEL: PS8 TC 9470 )
TYPE: DUAL CONE 8"
RANGE: 50Hz - 12+5KHz
POWER: 6 WATTS RMS
FLUX: 38,500 MAXWELLS
IMPEDANCE: 15 OHMS
PRICE (R.R.P.) £2:90

sk Both recommended for Unilex

e NOW AVAILABLE

The Celestion ““Ditton 120°°

Placed in top Hi-Fi class by reviewers
Supplied in matched pairs — Teak or Walnut
Superb Performance — Economical Price £48 00 pair

CELESTION =
‘POWER RANGE’

MODEL: G12M

RANGE: 40Hz - 8KHz
POWER: 25 WATTS RMS
FLUX: 145,000 MAXWELLS
IMPEDANCE: 8 or 15 OHMS
PRICE (R.R.P.) £12-95

MODEL: G12H

RANGE: 40Hz - 8KHz
POWER: 30 WATTS RMS
FLUX: 180,000 MAXWELLS
IMPEDANCE: 8 or 15 OHMS
PRICE (R.R.P.) £1575

‘POWER RANGE’

The finest Loudspeakers made for electronic guitars

Celestion request the pleasure of your company at

SONEX

Skyway Hotel, Heathrow April 3-5

ROLA CELESTION LIMITED
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP
Telephone (0473) 73131 Telex 98365

WW-—070 FOR FURTHER DETAILS
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Forty years of
service to
particular people

High fidelity is not an end in itself.

The discriminating listener who has gone to considerable
trouble in buying and installing equipment in order to
hear music to the greatest advantage, will be particular in
his choice of records. This is where E.M.G. can help.

E.M.G. is an outstandingly interesting shop which for
forty years has specialised exclusively in selling records of
classical and serious music. Very large and attractive
stocks are carried. But it is not for records and equipment
alone that E.M.G. are so widely recognised. The company
publishes a privately circulated monthly review of current
record releases which is accepted as the finest of its kind
by any standards. With the help of the recommendations of
The E.M.G. Monthly Letter (£1.50 a year, post free) you
can choose with confidence and at all times be well
informed about records both technically and musically.
From now on, then, choosing records could be a much
easier and more pleasurable business by starting with
“The Monthly Letter’ and if you cannot reach EM.G. in
person to purchase the records you want, the postal
department can send them securely to any part of the
world (free of purchase tax overseas). (N.B. There is also
an exceptionally well stocked equipment department at
EM.G)

Specimen copy on request

Although it costs only £1.50 for a 12 months’
subscription, post free, for The E.M.G.
Monthly Letter, if you prefer to see a copy
before ordering, a specimen will be sent free
on request. Please enclose stamps for 3p when
writing.

HANDMADE
GRAMOPHDNES LTD.

E.M.G.
26, SOHO SQUARE,
LONDON, W1V 6BB

Huniiu

Telephone 01-734 4311

Nearest Underground station
Tottenham Court Road.
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The touch

This s tne one trar handles like a
dream, Solertron’s outstanding new 50
-MHz CD174C.

The push-buttons and ever switches are
where yoJ want ther, when you want them,
on a compac: 83"z 104" tront panel.

Take the trigger co-trols for e<amgle.
With the five lever swisches up. you have
fully autometic triggering over the full
bandwidtar with a tright base line under
no signa ' ccnditicrns.

And you simply cperat2 the appiopriate
clearly designated lever to select a special
source, slope level, sing € shot or c3upling
(which inzluoes Tv sync)

WW-—072 FOR FJRTHER DETAILS

" You've neverhad a 50MHz scope
handle this well—or perform better.

Further, -here's a sure-fire trace finder
button wrich brings a free-run brightened
trace on screen—whatever the control
settings.

But handling apart, the CD1740 packs
real perfo-mance.

The timebase push-buttons give you 10
sweepmodesincluding delayed and delayed
gating with the capability of closely inspect-
ing compl=2x wave forms without jitter.

Two id2ntical Y channels with fet inputs
give low noise and drift, 600V protected,
chopped cr alternate, added or differehtial.
And you get 5 mV/C"n sensitivity on both X
and Y when Y amplitier feeds the X unit.

® »

koL ARTRON

Y . 5ot 05007

of genius!

Add to this an advanced internal grati-
cule mesh tube—run at 12.5 kV-and you
have a bright crisp 10 x 8 cm display of ex-
cellent geometryright up to the nanosecond
speeds availeblie from the timebase.

Just ‘feel’ the performance and you'll
give it the thumbs up.

Post this magazine's reply-paid card and
we'll send you our data sheet of fuli
details.

SOLARTRON
Schiumberger

The Solartron Electronic Group Ltd Farnborough Hants England Tel: 44433
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RELIABLE LONG DISTANCE
HF SSB RADIOTELEPHONES

FOR INDUSTRY, GOVERN-
MENT AND CONSTRUCTION
PROJECTS. FAST DELIVERY.

ASTROFONE “150”
For point-to-point,
mobile and marine

use. From US $925*

® 2 to 8 channels; 2 to 18 MHz

® 150 watts P.E.P. Output (Tested beyond
2500 Km.)

¢ Compact for easy installation.
Built-in power supply

® Models for 115/230 volt AC and 12 volt DC
operation

® Optional selectable sideband, squelch, crystal
ovens, YOX, CW

The Astrofone “150” High Frequency Single Sideband Trans-
ceiver is powerful, easy-to-operate and economical. Transis-
torized receiver and exciter for reliability and performance.
Meets applicable International (Geneva) Radio Regulations.

PATROLFONE SC120
The 7.5 kilogram
manpack portable
with the giant voice.

From US $1499*

ready to use.

e 1 to 20 channels, 2 to 10 MHz

® 20 watts rated P.E.P. output (Tested beyond
1000 Km.)

® Operates from any 12 volt source—internal flash-
light or rechargeable batteries, vehicular battery,
hla;ild -crank generator. AC power supply avail-
able

e Military design and rugged construction for field
use

Now in use in over 50 countries in every environment from
the Amazon to Antarctica by military forces, explorers, geo-
physical research teams and construction project managers.
Completely transistorized.

*Write for quantity prices or see your distributor.

Wireless World, April 1971

Put Hatfield to
the test e

The Hatfield range of Trans-
mission Test Equipment in-
cludes the Psophometer Type
1000 which is specified by
the Post Office. This rugged
battery operated unit incor-
porates solid state circuitry
throughout and is designed
for measuring flat or weighted
wide-band noise.

The Milliwatt Test Set Type

747 gives laboratory accu-
racy in portable form making
it unnecessary for more than
one instrument to standardise
signal levels on 75, 140 and

600 ohm circuits. Send for full details of Hatfield
Transmission Test Equipment and a copy of
our Short Form Catalogue.

HATFIELD

forward thinking
in electronics

HATFIELD INSTRUMENTS LIMITED

Burrington Way, Plymouth PL5 3LZ, Devon,

Tel. Plymouth (0762} 72773/4 Grams: Sigjen, Plymouth. Telex: 456692
South-East Asia: for prompt service and deliveries, contact:

Hatfield Instruments (N2Z) Ltd., P.O. Box 561, Napier, New Zealand.
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PLEASE SEND MORE DATA ON:
ASTROFONE (] PATROLFONE []

NAME

ORGANIZATION TITLE
ADDRESS

CITY COUNTRY

SOUTHCOM
INTERNATIONAL

Department 171-2

2210 Meyers Avenue

Escondido, California 92025 U.S.A.
Telephone (714) 746-1141

Cable: SOUTHCOM Telex: 695-400
Representatives Worldwide

iy

WW—074 FOR FURTHER DETAILS

THE POVWER BEHIND THE

e M N A A S S

R AW

CONSTANT POTENTIALCHARGER

Unattended standby units and vital battery installations are supported and protected
by the Erskine C.P. charger. The conservatively rated 3-1000 amp range offers: Soft
start, independent settings, current protection to short circuit, natural convection
cooling . . . and all at a value engineered price. Send for Jleaflet.

ERSKINE LABORATORIES LTD., SCARBOROUGH.YORKSHIRE
TEL. 0723 2433 TELEX 52562.
A Mekber of the Dale Group of Companies.

WW—075 FOR FURTHER DETAILS
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Low noiﬁzaudio FET’s; low noise v.h.f.
FET’s, choppers ; switches. J-FET's and
MOSFET’s. Single and dual gates. A whole
range —the Toshiba range. All available.
From Erie.

The demand for FET's is growing. And Erie,
whose UK-based components activity
spans nearly four decades, know from
experience that the demand can only be
satisfied by good availability, advanced

. technology and proven reliability. Atan

ERIE FOR TOSHIBA SEMICONDUCTORS

—the FET people

economical price. Toshiba meet this
challenge — they design and produce over
50% of the world’s FET’s. Their research
and develapment centre is one of the largest
private laboratories in the world.

Contact Erie Distributos Division now for
the literature on Toshiba FET’s and other
semiconductor products.

Orif you have a semiconductor problem

why not tell us about it—it’s likely we
already have the answer.

Erie Electronics Ltd., Distributor Division,
Gt. Yarmouth, Norfolk.
Tel: 0493 4911 Telex: 97421

T2(71
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Visit stand 3.

15 R.E.CM F.
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MULTIMINOR MK. IV

REPAIR SERVICE
7-14 DAYS

We specialise in repair,
calibration and conversion
of all types of instruments,
industrial and precision
grade to BSS.89.

Release notes and certifi-

cates of accuracy on request.
MODEL 8 MK, IIT

Suppliers of Elliott, Cambridge and Pye instruments

LEDON INSTRUMENTS LTD

76-78 DEPTFORD HIGH STREET, LONDON, S.E.8
Tel.: 01-692 2689

G.P.0. APPROVED CONTRACTOR TO H.M. GOVT.

Ww—079 FOR FURTHER DETAILS

SAVWA MIMTESTERS

USED THROUGHOUT THE WORLD, SANWA'S
EXPERIENCE OF 30 YEARS ENSURES ACCURACY,
RELIABILITY, VERSATILITY, UNSURPASSED TESTER
PERFORMANCE COMES WITH EVERY SANWA.

6 Months” Guarantee. Excellent Repair- Service.
Model P-28 f4.87 Model K-30THD £12.60

Model JP-50 £5.87 Model F-80TRD £13.15
Model U-500N £68.00 Model 380-CE £15.00
Model 360-YTR £8.25 Modef 430-ES £20.00
Model A-303TRD £11.00 Model EM-700 £46.00
Model AT-1 £11.37 Maodel R-1000CB £60.00

. Cases available with most maters
MODEL AT-l PLEASE WAITE FOR ILLUSTRATED LEAFLETS OF THESE SANWA METERS

SOLE IMPORTERS IN UK;

QUALITY EI.EC'I'RONICS LTD.

47-49 HIGH STREET. KINGSTON-UPON-THAMES, SURREY. TelP1-546 4585
WW-—079 FOR FURTHER DETAILS

NOW..YOU T0O CAN TEACH COMPUTEKS!

ata cost you can afford I !

Specially designed for schosls
etc., Compukit 1 Deluxe
Model is an ideal teaching ad
for computer  electronic®,
digital logic and Boolear
algebra.

ONLY £17.75

- . 24 Patch leads £2.75
Compukit 1 Deluxe Model Battery 43v. Type 126 20p.

b . _ Also, dard model U. led, Qnly
*STUOENT PROOF” Electronics £10.50 and. Compukit 2 1.C. Patch-

SOLDERLESS System board Only £48.00.

Further details of the above a:

Comprehénsive Instruction Book o >
other computer training aids from

Accessories for classroom use.

LIMROSE ELECTRONICS (WW), LYMM, CHESHIRE
Tel. 092 6753019

WW—080 FOR FURTHER DETAILS
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\ R S | Bae TRANSMITTES moosL Tesee

B TRIO ComMmur@ariOne mEceives Jm-ees

ALL BAND COMMUNICATIONS RECIVER JR-599 ALL BAND SSB TRANSMITTER TX-599

TRIO IS FULLY-EQUIPPED
FOR FULL-CYCLE COMMUNICATIONS

TRIO’s JR-599 communications receiver brings the highest-type, professional, all-bands potential to amateur bands
on an allocated 1.8 to 29.7 MHz frequency range, 50 and 144 MHz bands and WWV’s 10 MHz standard signal. A
receiver frequency readable to the nearest 500 Hz is guaranteed due to precision type double gear mechamism and
variable capacitor with linear characteristic for main tuning dial of a 25kHz band at one full turn. The all-band
SSB TX-599 transmitter matches the JR-599 with its wide-spread IC and FET network. All HF bands are covered
with its single switch mode on LSB, USB, AM and CW positions. All of TRIO’s equipment— or equipment com-
binations—is designed to provide entirely full-cycle communications capability.

OR-59DS

BUILT IN MECHANICAL FILTER

8 TUBES COMMUNICATION

RECEIVER

® 4 Bands Covering 540KHz. to 30MHz.

® Two Mechanical Fifters Ensure Maximum
selectivity.

SP-3D

COMMUNICATIONS SPEAKER
® Communications Speaker

which has been designed

for use with the 9R-59DS.

® Dimensions:

3-9,16” (W), 7-1/8" (H), 5-3/16" (D).

the sound approach to quality—

TRIO

TRIO ELECTRONICS,INC.

TRIO KENWOOD ELECTRONICS S.A. 160 Ave., Brugman, 1060 Bruxelies Belgium
Sole Agent for the U.K.
B.H. MORRIS & CO., (RADIO) LTD. 84/88, Nelson Street, Tower Hamlets, London E.1. Phone: 01-790 4824

W' 081 FOR FURTHER DETAILS
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Before you even look
a Rolel hi-fi
equipment
gef one thing
clearlyin your

TheSo

We promise you that all Rotel equipment is clean RA 310 Stereo Amplitier

Power output: 15watts RMS per channelinto 8ohm.

lined, good-looking and handsome enough to please the most Frequency response: 20-30,000 Hz + 0 — 1°5.
C. o Input sensitivity: Mag3 mV, Aux 200 mV, X'tal 100 mV,
critical wife. Tape Monitor 300 mV.

Hum and noise: Phone 60dB, Aux 65dB, Tuner 65dB.

H i i Separate bass andtreble control. Tape monitor
BUt' before weeven give you a SIght Of It’ we want switch. Provision for two pairs of speakers (perfect for

you to hear something first. For example, that Rotel, still a fairly parties, or upstairs-downstairs listening).
new name on the hi-fi scene, is building a reputation for the best £42.50 (rec. retail price).
value-for-money equipment available. That Rotel sports some Qi30S tegwo ANEMMiuner (RatchingHimentolR A 0)

. ™. [ A Sensitivity: 2:5 V.
technical features surprisingly advanced for its price range. Signal to noise: 60 dB.

Stereoseparation:35dB.

That Rotel equipment is being handled and serviced inthe UKby  price complete with stereo decoder
The Rank Organisation. And that the Rotel sound sounds right to £54.50 (rec. retail price).
even the keenest ear. RA 610 Stereo Amplifier

Power output: 30 watts RMS perchannelinto8 ohm.
Frequency response;20-50,000Hz + 0 — 1'5.

For starters, we've shown you the details of two Input sensitivity; Mag 3 mV, Aux 200 mV, X'tal 100 mV,
e . Tape Monitor 300mV.
Rotel amplifiers and one tuner. If you write to the address below, Humn and noise: Phono 60 dB. Aux 70 dB, Tape 70 dB,
we'll send you all the information we have on the whole of the IERergi0aB: .
1 i . Separate bass and treble slide controls for each channel.
big-value range. Or better still, drop in on your dealer. Additional facilities include: 2 Phono inputs,

2'auxiliary inputs, low and high filters (which pretty well
makes you the owner of adiscotheque).

But whichever you do, doitsoon, d’you hear?  £69.00 (rec. retail price).

P Rank Audio Products
N | Rank Audio Visual Ltd
PO Box 70 Great West Rd Brentford §
Middlesex Telephone 01-568 9222
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.
LM 1604 DC DIGHTAL VOUSMETER
AC UNIT NOT FITTID

Europe's engineers have bzen acclaiming
Solartron's LM 1604 as the most magnificent all-round
perfarmance, value-for-money DVM on the market.

They've put it to the test, given it their
enthusiastic approval and are coming back with repeat
orders. y

And the British Armed Forces have had a go.
They put it through their rigorous environmental tests
and it came through with flying colours and CT
number 577.

Now armed forces in Euroge are using it.

The LM 1604's proven specification speaks for
itself. 1 microvolt sensitivity, infinite noise rejection

oC M
W oM 04 '

?

19999 full scale, remote programming-which makes it
ideal as the DVM for systems instrumentation—0.005%
accuracy at 25 readings/sec., a.c. or d.c. readings,
mains locked integration period and auto ranging.
Choose the DVM with bulit-in integrity.
The proven one.
Post the magazine's reply-paid card and we'll
send you full details.

~ SOLARTRON |
Schiumberger

The Solartron Electronic Group Ltd
Farnborough Hampshire England Telephone 44433

WW--083 FOR FURTHER DETAILS
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The new PG-7
Pulse Generator
costs £150 has

two independent
channels and
one unusual
characteristic...

% High output—dual 10 volts into or from 50(2
% Fast <10 ns rise/fall times

* Wide ranges—period 200 ns-1 sec. (1 Hz-5 MHz)
delay 50 ns-1 sec. width 50 ns-1 sec.

% Gating, external trigger and manual one-shot
facilities

* True double pulse—two channels each with
independent delay, width and amplitude

% Pulse advance capability to+1 sec.

% Super-portable: only 31" x 93" x 11", 75 |b
-battery operation available

* Internal channel mixing facilities

NG AND o
soon - meers - T
HODDE!

LYONS INSTRUMENTE

caar® =
Y .o L2 o,

LY .f.-

More details of the new PG-71 please.

Names ce—e= - = oo o ——— -y = = w -
Position _ B
Company a ——— S —— i o
Address:_ SR -

LYONS INSTRUMENTS

" Lyons Instruments Ltd. Hoddesdon England

Telephone Hoddesdon 67161 Telex 22724
A Claude Lyons Company W.W.4/71

WW-—084 FOR FURTHEK DETAILS
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RECORDER AMPLIFIERS

AND INSTRUMENTATION SYSTEMS

750 series DIFFERENTIAL

DC AMPLIFIERS
Wide dynamic range —
high common mode rejection
Low noise, low drift performance
Modular or cased presentation

also

MINI-AMP 25164

differential dc pre-amplifier

Compatible modules and cards ensure
ease of application and great flexibility.

FY I-D E ELECTRONIC LABORATORIES LIMITED
16 0AKHAM COURT, PRESTON (0772) 57560

WW-—085 FOR FURTHER DETAILS

XENON STROBOSCOPE

A Stroboscope designed primarily for laboratory. industrial and educational
applications where the elaboration and expense of more complex equipment may
not be required. Features include simplicity of operation, robust construction,
exceptionally low price and builtin reliability

The instrument is of modern appearance, small, light in weight, convenient to
use and portable. A wide range of flashing ratesis covered by the large accurately
calibrated dial, allowing operation at low frequencies for strobo photographic
experiments and at high speeds for observation of rapidly rotating or reciprocating
phenomena.

The external triggering facility permits single shot operation by an external
closing contact and also provides a svrﬁ:hrorﬁsing input for high and low speed
repetitive phenomena which might otherwise be difficult to maintain in exact
phase.

High intensity Xenon tube mounted in a para-
bolic reflector. -

Flashing rate. 1.250flashes/second in 3 ranges.

Frequency accuracy. Typically + 2% of each full scale.

Triggering. {a) by internal oscillator

({b) by external closing contacts.

Light source.

Price: £38.50

Edwards Scientific International Ltd.
Knowle Road, Mirfield, Yorkshire. Tel: 092484 4242

WW-—086 FOR FURTHER DETAILS
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LSPEAKER
¥ 1% %,

Europe’s big selling tuner amplifier is here now.

The Module 80 has been tested and proven over the
past six months on the continent with great success.
This is why:—

% Superb selectivity

%k Highly sensitive

% Genuine 70 watts output

%k Good stereo channel separation and definition

Goodmans
Module 80

Goodmans Loudspeakers Ltd.,
Axiom Works, Lancelot Rd.,
Wemrbley HAQ 2BJ Tel. 01-902 1200

BriantE

TREBLE

tone (1 104 106 @4 101 100 98 86 94 92 50 68 MHz

] e e ] W
065:6055 60 43 «0 38 rw s o Chennsi

Sudteh a.iTu.c.,:rnv,'n':.!.s, Moo Tope . Aun Prskup 'FM
O0OLOOBOO
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" TIC MIETER

TIME INTERVAL CONVERSION METER

a new concept in low frequency measurement
UP TO 5000:1 IMPROVEMENT IN DATA RATE

FIC mitee

patauency

Long gate times at low frequencies are OUT!
TIC Meters measure the inter-pulse period, t, of the
input frequency, compute its reciprocal, and display
the result as frequency to a high accuracy. Basic
Sampling time is t + 1 seconds. In the higher
ranges, t is averaged over 10 or 100 periods.

Sampling Times Features Applications

] 0.1 Hz—11 seconds (] Up to 5000:1 improvement in ] Slow speed Tachometry

(] 0.5 Hz—3 seconds Data,Rate (] Mains frequency monitoring

] 6 Hz—1.2 seconds [] Measures to 4 significant figures (] Rapid acting Hi/Lo speed
(] Full scale accuracy 0.01% alarms

] 50 Hz—1.2 seconds

] Measures down to 0.1 Hz ] Heart rate monitoring
] 500 Hz—1.2 seconds

=

R
orb" Orbit Controls Ltd., Alstone Lane Industrial Estate

coniro’s Cheltenham Glos GL51 8JQ. Telephone 0242 - 26608

WW—088 FOR FURTHER DETAILS
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1Y FINE GROOVE

QUALI
FIRST HIGH CARTRIDGE

Record player pickup cartridges. Sapphire and Diamond Styli
Microphones. Sound and Vibration Measuring Equipment

Cosmocord Limited Manufactured in Great Britain by
Eleanor Cross Road
Waltham Cross
Hertfordshire England

COSVIOCORD

Telephone

WW—089 FOR FURTHER DETAILS

Nombrex accuracy!

Neither you nor your microphone
ought to be kept on a lead

With our Type 12 Mk 11 &nd Type C
Mk 111 you won’t be. “h2y’re radio
microphones. You get complete free-
dom of movement at a rezlly minimal
cost. The microphones ere simply
connected to smail transmitters that

you can keep in your pockes. And with n t/IE pa/m Of }/Ollf /73/70’
the Type C Mk 111 you car use up to
five microphone systems a$ the same TRANSISTORISED-COMPACT-MODERN STYLING
time with absolutely no irteraction.
The Type 12 Mk 111 anc tae Type C 2 Standard Model 29-§ Xtal Check Modet 29-X
Mk 111 are both avalable on .a e @ 150KHz-220 MHz on fundamentals @ All the features of the Model 29-S
completely free' 7-day tral: so write T:’:ns";nme' ® Eight clear scales. Total length :10" AND »
today and we'll send you the full @ Smooth vernier tuning—ratio 73 1 @ Integral Crystal Oscillator providing
details. @ Magnifier cursor—precision tuning calibration check points throughout

® Qverall accuracy, better than 1.5% all ranges. For adjustment of scale

@ Modulation, variable depth and frequency accuracy to + 0.02%

\\ ,’. Price £20.00 Price £27.50
\ ‘ I Hlustrated: R. F. SIGNAL GENERATOR MODEL 29, Spin Wheel Tuning £1.00 extra
\ radio mlCl’OphoneS Trade & Export enquiries welcome. Send for full

S.N.S. Commg:ications -td., 861 Ringwood Road, | ' technical leaflets. Post and Packing 32jp extra

West Howe, Bournemouzh. England, BH11 8LN,
NOMBREX (1969) LTD. EXMOUTH DEVON

Tel:'Northboune (STD 02016) 5331 (4 lines).
Tel. 03.952 3515

Telegrams: Fldxicall Boumzmouth.

WW—090 ZOR FURTHER DETAILS WW—091 FOR FURTHER DETAILS
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In 1969 Telequipment introduced the D53S which was universally acclaimed as
the world’s first realistically-priced true dual-beam storage oscilloscope.
Now Telequipment announce the DM53A - with all the features of the D538 and
the added advantages of variable enhancement and the remote control of Erase

and single shot time base Reset.

The tube circuitry provides five alternative conditions of operation:

(a) Normal: P31 characteristics as in a conventional non-storage oscilloscope.

(b) Variable Persistence: Provides continuous control from 0-2 second to more than 1 minute.

(c) Storage (without enhancement): As a storage oscilloscope, it is capable of storing traces.for
periods of up to 10 minutes.

(d) Store (with variable enhancement): The writing speed may be increased up to about ten times.

(e) Hold: Retention time of image written in the store condition is prolonged up to one hour.

A choice of differential, ultra high gain, or wide band with Signal Delay plug-in Y amplifiers, makes

the DM53A capable of meeting almost any measurement requirement.

Send for full details now and see just how great is the value offered in the Telequipment DM53A.

UK. Prices.: £490-£556,
depending on chaice of amplifiers.

SEE US AT THE
Telequipment, 313 Chase Road, Southgate, London, N.14.6JJ. Telephone: 01-882 1166 I.L.E.C. SHOW STAND 1-115/131

WW-—092 FOR FURTHER DETAILS

A division of Tektronix U.K. Ltd.

TeLequiemenT
MmEBaGE TYRE TD

S A b et & w4l g S St P e W ety o i S L

Variable Persistence:
0-2 sec to1min.

TNHANCE

@ on

IMAL _VAR  HOLD

Storage:
up to 1Omin.

v
IPPER BRILLIANCE Ho|d.

\STIG

bQ
OWER
\STIG

' (stored image) up to 60min.
Maximum stored writing speed:
- 0:05cmy/us to O-Scm/us

FOCUS

VARIABLE
VOLTS/CM ..

o
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SAKE
TRAVEL

through BRIMAR

The Port of London Authority
has the responsibility for the
safe navigation of the dozens of vessels
using the port limits of the Thames every day.
Jo cope with such a heavy concentration of shipping
in the narrow lanes, their Gravesend Operations
Centre depends on a complex radar system. And the
system depends on Brimar. Each 16” Decca Radar
Display is fitted with a Brimar F41-140 LC Tube to make
certain that the ships great and small, can come and go
in safety.

Brimar manufacture the widest range of cathode ray

CRT reliability

tubes for industry to meet almost any specification. Thorn Radio Valves
And the range is constantly evolving to meet HIMA :lsithglbes llmltedvt/ V 6DN
tomorrow's new and more complex demands. It's the T'Sono Sauare, London. WIVEON.  srmm

kind of progress that keeps Brimar ahead.
BPT-4
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Wireless World

Sixty Years

The editorial regularly presents us with an opportunity to express an opinion on
some topic of interest. We rarely discuss ourselves and it is not our practice to have
“‘guest editorials”, but on this occasion, as we celebrate our 60th birthday, we
have broken with tradition and have invited Hugh S. Pocock, F.I1.E.E., to occupy the
editorial chair once again. To him, more than any other one person, must go the
credit for the development of Wireless World both in its formative years and in its
later growth. He was editor from 1920 to 1941, then managing editor, and successively
director, managing director and chairman of our publishing company until his
retirement in 1962.

We also include in this issue several contributions reviewing progress during the
past 60 years in various fields—audio, receiver techniques, basic theory,
communications and radio propagation.

Looking back through the volumes of Wireless World we are conscious of the debt
we owe to our contributors (some whose names became household words) whose
knowledge and ingenuity has enabled us to maintain the ideals set in the first issue
of W.W.—““This then is our policy: to be of use and interest to our readers, and
through them to be a factor for progress.”’

We are also deeply grateful for the support given us by our advertisers and last,
but by no means least, for the loyalty of our readers. Now we temporarily vacate
the chair!

When the Marconigraph was published by the Marconi Company in 1911 the
intention was to provide a means of giving wider publicity to the Marconi System
than had been possible through Guglielmo Marconi’s lectures to scientific bodies
and references in the Press. The circulation, however, was mainly amongst Marconi
engineers and marine operators with a small readership amongst those interested in
the Marconi Company as an investment or speculation.

After two years of publication it was decided to broaden the scope of the journal
and put it on sale on bookstalls, with the new name of The Wireless World, the idea
being to remove the impression that it was merely a Marconi publicity publication.
Under the new title it was to continue to favour the Marconi System but to be broader
in its attitude towards other activities outside the company.

In making preparations for the launching of the first issue of The Wireless World
the Marconi Company put out an advertisement for an editorial assistant preferably
with some knowledge of wireless. This advertisement caught the eye of one who was
to be closely identified with the journal’s fortunes for the next fifty years. His
qualifications were a fluent pen (at that time), the holder of an Experimental
Wireless licence, and that he had absorbed almost everything published on the
subject at that date, although he admitted to dodging the mathematical analysis
of the spark in Fleming’s “Wireless Telegraphy”’.

Being accepted for the job he found himself installed in Marconi House in the



154

Strand, London. The site for the present
Bush House, alongside, had just been
cleared for building. Preparation for the
first The Wireless World was being
made but that was not a full-time occu-
pation for the new recruit so to him was
assigned, as an extra duty, the editorship
of the new publication “The Year Book
of Wireless Telegraphy and Telephony™.

The Postmaster General had granted
a good many Experimental Wireless
licences by this time and Gamages
produced a directory of them and ran a
department to supply experimenters with
the gear they required. The Wireless Society
of London (which became the Radio
Society of Great Britain) was a focal point
and the then editor was keenly supported
in the idea of fostering amateur interests.
The Wireless World became the official
organ of the society and published, in full,
its lectures and discussions.

With the outbreak of the first world war
there was strict censorship, experimental
licences were withdrawn, and our
publishing activities greatly circumscribed.
We were, no doubt, the first wireless journal
to have to submit material to censorship
and we well remember taking our ‘copy’
to Whitehall, where the chief censor, F. E.
Smith (later Lord BRirkenhead), dealt with
it personally.

A commission in the Royal Engineers
with wireless and intelligence duties at home
and then overseas meant a break in
association with the journal until late
in 1920, when the invitation, sent to
Baghdad, to return to occupy the editorial
chair of The Wireless World was a reward-
ing prospect.

When the present Editor recently did me
the honour to invite me to make some
contribution to the 60th anniversary
number he said he had in mind that (for
a very short time, I presume!) I should
be back in the editorial chair and contri-
bute a guest editorial.

i

wms.u:ss “TELEGRAPHY-1LLUSTRATED-MONTH: BY-MONTH
APRIL 1011 PRICE. 2¢

é&*‘ *;—"'“ b

The cover of the first issue of the journal under
its or” inal rtle.

. —edani St S

%65k L No. 1. New Series. (G.) AFRIL, 1938

WIRELESS

WORLD

D

__MONTHLY

The four-colour cover of April 1913 ““Wireless
World”.

As that is the nature of the invitation
it gives me every excuse to adopt the
editorial ‘we’ as we proceed and we propose
to confine ourselves mainly to touching
on certain events and outside influences
which have affected the journal’s career.

With the lifting of censorship after the
first world war a wealth of material became
available for publication. The general
availability of the valve provided great
scope for inventors and experimenters.

Naturally, with such a promising field,
W.W. did not long remain without
competitors and a number of new journals
appeared. The journal was taunted with
its Marconi bias and consequent neglect
of rival systems.

The Postmaster-General did not re-issue
experimental licences despite the clamour-
ing of the wireless societies and amateurs.
Eventually the wireless societies decided
to seek legal advice to obtain what clearly
appeared to be their rights under the Wire-
less Telegraphy Act. Then something
occurred which was to prove of great
importance to our future. We were
telephoned one evening by a press friend
and told that a rival radio publisher had
put out a news item to the press that £500
was being offered to the Wireless Society
of London to assist in its legal show-down
with the Post Office. A prompt telephone
to the home of the manager of Marconi
publications procured the authority to
make a similar offer if we felt it
necessary in the interests of the journal.
So, the next morning our offer and thatof
the rival publication both appeared in the
press. Nothing very interesting about that,
one might say, but it had its repercussions!
That morning we received a summons
from the managing director of Marconi’s,
(F. G. Kelloway, a former Postmaster-
General) to attend his office with the pub-
lisher. The Post Office had apparently
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taken the line with the Marconi Company
that it could not continue the present
negotiations for wireless station contracts
while the company’s publication supported
an attack on the Post Office monopoly.
The outcome of that stormy interview
was the decision to find a buyer for the
offending Wireless World. This is how
the journal came into the fold of Lliffe &
Sons, Ltd in 1924. Though respecting our
former proprietors, we welcomed the
change wholeheartedly because it gave
us editorial independence and we could
no longer be charged with bias, while
we had the very important advantage
that we now had the resources of a top
publishing house ready with financial
support and experience of publishing.
One of the first moves was to change the
format to suit rotary presses for a much
increased printing order. The competition
from other journals in the field remained
intense but we were able to hold our
own and establish a reputation for sound
designs for constructional articles and all
round technical reliability.

We remember the occasion when the first
issue under our new proprietors was on the
machines we spotted a letter from a reader
which expressed his disapproval of stunt
circuits, but this appeared as STunt circuits.
At that time our rival publishers gave a
serial number to the constructional designs
which they published and prefixed the
number with ST, being the initials of the
designer. With alacrity the printing machine
was stopped and the offending capital
letters reduced to lower case.

The most active competition in the field
eventually closed down and those journals
of the rival group which continued did so
under other publishers. It is interesting
to recall that we later received from the
former proprietor of the Radio Press
(John Scott-Taggart) a generous tribute to
The Wireless World. (We hope he reads
this in his Beaconsfield retreat!)

COLOURED WIRING DIAGRAM

The

The Paper for Every Wireless Amateur

Wednontey, Tobrunsy 1ith, 153

(T Nenes Cotal Aecatre sad Aruple )

SN
Consiractional feature in this 1925 issue was
a two-band crystal recetver and amplifier.
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Hardly had the competition of the Radio
Press faded out than we were confronted
with another problem. The B.B.C., which
had launched Radio Times, now produced
a new journal World Radio. Profiting from
the moncpoly of their own programmes,
they were able to obtain, by exchange,
advance details of a wide selection of
foreign programmes for publication in
World Radio. This at a time when there was
very great interest in receiving the foreign
transmissions and designers of receivers
here competed to achieve a degree of
selectivity which made it possible to sort
out the individual programmes. Next,
World Radio added toits contents technical
articles and constructional designs, carried
a sub-title ‘The Technical Journal of the
B.B.C’, and competed with us for con-
tributors. In addition to protesting, which
seemed to have little effect, we felt we had
to take steps to safeguard our position
especially when the B.B.C’s use of the
microphone to publicize its journals was
taken into account.

That is why Wireless World began the
very expensive policy of breaking the.
monopoly by publishing foreign pro-
grammes, as well. Both journals became
unprofitable and eventually World Radio
discontinued publication of technical
articles of the iype we objected to and we
agreed in return to discontinue foreign
programmes. In a general agreement
between the B.B.C. and the Press the B.B.C.
undertook to confine its future publishing
activities to what was ‘pertinent to the
service of broadcasting’. World Radio was
closed down at a later date and in any case
could hardly have continued to obtain
advance foreign programmes as the cloud
of war in Europe darkened.

As events seemed to be moving towards
war we felt that there could soon be an
urgent need for people skilled in the very
field for which our journal catered. We
believed our readership would be the ideal
medium through which to recruit for such
services. So we launched a ‘Wireless World
Register’, inviting our readers, who would
be ready to give their services in an emer-
gency, to complete a form giving such
particulars as we thought would be most
useful. Having got the approval of the Ser-
vices we published the form in the journal

with the address side carrying O.H.M.S.
(on the recommendation of the Admiralty).
We believe that such a permission had never
been given previously to any technical
journal nor has it been granted since, as
far as we are aware. There was a rewarding
response from our readers and the com-
pleted forms went to the Wireless Tele-
graphy Board as a convenient clearing
house. Perhaps this resulted in our getting
less credit for our enterprise than would
otherwise have been the case. The
register proved very valuable especially in
meeting the need for radar personnel.

The imminence of war made things
very difficult for us. It is well known that
technical journals depend very largely on
their advertising pages for a healthy exis-
tence. Manufacturers were now so
overwhelmed with orders for war needs
that they saw no purpose in advertising and
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Our object “‘to be of use and interest to our readers, and through them to be a factor for progress”

remains unchanged.

we suffered badly. So unpromising was
the position that a boardroom decision was
made that we should close down. That
might well have been the sad end of Wire-
less World but fortunately our board of
directors was not composed of Medes and
Persians and they were prepared to reverse
a decision. We produced facts and figures
to show how Wireless World could be
expected to continue, even profitably, by
changing from weekly to monthly publica-
tion with a corresponding reduction in
paper and printing costs and a reduced
staff which was already inevitable with
departures of a number to the Services.
Actually, with the change to monthly
publication, we never looked back.

From this point onwards in our history
the editorial ‘we’ should be taken toinclude
successive editors, the late H. F. Smith,
and also F. L. Devereux, two names which
will always be associated with the very
best that we have been able to put before
our readers issue by issue through the years.
We are proud to have been followed by men
of such outstanding qualities. Throughout
its history Wireless World has enjoyed the
co-operation of a loyal and efficient
editorial team and the journal’s success
must, of course, be credited to them and to
our many outstanding contributors, both
staff and outside, who have devoted their
energies to the needs of our readership.
Our present editor, H. W. Barnard,
carries on the tradition with that dedication
and competence which can be expected
from one who has devoted the whole of his
working life to Wireless World.

It would seem appropriate here to make
reference to the transfer of Iliffe’s to new
proprietors. A good many years ago
lliffe’s, being a private company, was

attached, for convenience, to a public
company (the Amalgamated Press) then
controlled by Lord Iliffe with his partners.
Some time later Amalgamated Press was
sold to I.P.C., the Daily Mirror Group,
and we believe the new proprietors only
later discovered how important an acqui-
sition had come their way with the Iliffe
journals. There was much reorganization
and change, but Wireless World together
with other electrical and electronic publi-
cations was gathered as one unit which still
continues as a distinct entity constituted
much as it was when we vacated the chair-
manship of the unit to rest from our labours
some eight years ago.

In “The Torrington Diaries™* which
record the travels through England of
John Byng (later Viscount Torrington)
the author states, in his introduction,
“If my Journals should remain legible, or
be perused at the end of 200 years, there
will, even then, be little curious in them
relative to travel, or the people: Because our
Island is now so explored: Our roads,
in general, are so fine; and our speed has
reached the summit”. This he wrote during
a tour in Lincolnshire in June, 1791. But
we can have sympathy with John Byng for
how could we, at the time the Wireless
World was launched, foresee the future
through successive stages of the invention
of the valve, with all its applications, short
wave communication, radio telephony,
broadcasting, radar, television, the transis-
tor and the employment of electronic
devices in almost every human activity.
And we do not think anyone today would
venture to suggest that we have “reached
the summit”!

* The Torrington Diaries (Eyre & Spottiswoode)
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Loud and Clear

Developments in audio over 60 years

remembered by F. L. Devereux, B.Sc.

Of necessity the Editor has had to comb
the park benches for someone long enough
in the tooth to remember when Wireless
World began and who at the same time
was engaged in sound recording—albeit in
the humble capacity of holder of the hot
flat-iron near the wax cylinder while his
father made records of piano playing.

Yes, home recording was well
established before the first issue of W.W.
made its appearance on the bookstalls,
and my father’s Edison-Bell phonograph
boasted an exponential horn, sapphire
stylii for recording and playback and a
hill-and-dale groove—recently revived in
the Telefunken-Decca video disc. But
wireless signalling was in a much more
primitive state. There was no broadcasting
as the term is now understood; indeed,
wireless telephony, except for a few
sporadic experiments of limited range and
duration, was unknown.

When Wireless World began, signals
were in morse—nice digital stuff. All you
had to do to get the message clearly was
to make it loud enough to stand above the
threshold of background noise. Power at
the transmitter and sensitivity at the
receiver (amplification was to come later)
were the first essentials in getting the
signal from point to point; then it was a
case of cutting down ambient noise in the
receiving room until one could almost hear
the blood circulating in the ear. My own
dodge was to retire to an unventilated but
heavily damped clothes closet, floor area
4ft X 4ft, with sufficient air for nearly half
an hour, at the end of which time noisy
breathing drowned all but signals from
Eiffel Tower and Poldhu.

F. L. Devereux retired in 1965 after more than
40 years with Wireless World, including eight
as Editor. In 1917, at the age of 17, he went to
Parkeston Quay, Harwich, as a laboratory
mechanic in the Board of Invention & Research
engaged on anti-submarine methods. He later
joined the Navy as a midshipman and after
demobilization in 1919 went to Birmingham
University where he graduated in physics.
Before joining Wireless World in 1923 he
spend a short time in industry.

In those days when the very idea of a
loud-speaking telephone seemed like
science fiction, the most sought-after piece
of equipment was the Brown reed-driven
headphone. This highly sensitive earpiece,
with an aluminium cone diaphragm and a
slack gold-beater’s skin surround, was
designed by S. G. Brown (honoured also
as a pioneer of the gyro-compass). It had
micrometer screw adjustment of the air
gap between reed and electro-magnet and
was a great advance on run-of-the-mill
iron diaphragm types then current.

Having made the signal audible the next
step was to try to amplify it so that several
people could hear it simultaneously
without diluting it further among several
headphones. Brown was again to the fore,
first with a truncated conical horn added
to the reed movement and later with
current amplification by attaching a
button microphone to the reed.

It is significant that at this time any
device for augmenting the signal after
detection was termed a ‘note magnifier’.
Oh, happy days, when all one had to
design for was a single frequency! Success
was measured by the amount of noise the
device produced, and if a few harmonics
crept in so much the better—the note was
“crisper” and probably easier to read.
(Incidentally, I wonder how many present-
day pilots and R/T operators see any
incongruity in the expression ‘How do you

read me?” As a fugitive from the morse
era, whenever I hear it I see in my mind’s
eye the written message and the pencil
flying across the signal pad at 20 w.p.m.)

Many mechanical devices as well as
electrical were developed to augment the
sound, e.g. the Brown ‘Frenophone’ in
which pressures from a reed unit were
made to control the friction between a
rotating glass disc and a pad to which the
apex of a cone diaphragm was attached,
the Johnsen and Rahbek system where the
friction between a partially conducting
rotating drum and a band brake was
augmented by electrostatic forces at the
interface; and the aptly named
‘Stentorphone’ in which compressed air
was released through an electromagnetic-
ally controlled valve.

The signal was by now quite definitely
LOUD, and to the excitement induced by
the exercise of these new powers of
amplification was added, in the early
1920s, the thrill of hearing voices and
snatches of music through the babel of
morse. And that’s when our troubles really
began: the primitive digital days were at
an end and, headed by Fourier, analogue
methods were rearing their ugly heads.

Meanwhile during the 1914-18 war, the
thermionic valve (originally partially
gas-filled) had got rid of its early flatulence
and with the emergence of the
hard-pumped ‘R’ valve took over entirely

Wireless World’s
first R-C coupled
amplifier caused
consternation
among transfor-
mer manufac-
turers.
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The Williamson amplifier—a vintage design of the valve era.

the amplification of audio-frequency
signals. At first all amplifiers were
transformer-coupled using bundled iron-
wire cores and later laminations.

The transformer became the focus of
attention as the site of all the virtues of a.f.
amplification and a whole industry of new
firms sprang up to compete for the supply
of this vital component. When a practical
resistance-capacitance-coupled  amplifier
was first described in W.W. (October
10th, 1923) under, as it subsequently
turned out to be, the rash title of
‘Distortionless Telephony Reception’, the
article opened, in the prose style of the
period, with these immortal words: “The
methods adopted for low-frequency
amplification applicable to the increase in
volume of morse signals must no longer be
regarded as satisfactory for the purpose of
reproducing telephony with loud-speaking
apparatus”.

On the day following publication we
were besieged by an angry mob (for such
the rival transformer makers had joined to
become in face of a common enemy)
demanding instant recantation with veiled
threats of withdrawal of advertising or,
failing that, some retribution less painful to
themselves like burning the author at the
stake. The Editor of that day, never at a
loss when choosing the appropriate means
of surmounting, circumventing or just
quietly infiltrating an impasse, subse-
quently wrote a skilfully worded note
which, capable of being read both as a
recantation and an endorsement, gave all
interested parties so much to think about
that we were able quietly to get back to
the work of preparing future issues.

So the controversies began as to how,
having got the signal loud, we should set
about making it clear. Decoupling of
anode circuits to control instability,
‘straight-line amplification’, ‘tone-
compensated volume control’, ‘harmonic’,
‘intermodulation’ or just simply ‘non-
linearity’ distortion, negative feedback,

Vogt electrostatic loudspeaker of 1939
working on the “‘constant voltage”’
System, was inherently non-linear’’.

Western Electric “‘Kone’’ loudspeaker.

even ‘ultra-linear’ amplification (did they
mean that having got the line straight we
should go beyond and bend it the other
way?)—all these topics, according to the
fashion of the moment, have engaged the
minds of high-quality enthusiasts,
eventually to be absorbed into the
technology or refuted and quietly
forgotten. Some of the early practical
embodiments of those ideas which have so
far stood the test of time will not be
forgotten when future histories come to be
written. The W.W. Quality Amplifier of
1934 designed by W. T. Cocking and
using PX4 output valves without feedback
can still hold the candle to many more
complex and over-sophisticated modern
types. Nor should we forget the vintage
years of 1947-49 which produced the
Baxandall and Williamson high-quality
valve amplifiers. “Not a ha’porth of
difference” (to borrow a phrase from a
current detergent commercial) might
describe their performance; but most
people could not afford to build both, and
while they hesitated, the stampede in
favour of Williamson started in Australia
with endorsement by the Amalgamated
Wireless Valve Co. Pty. Ltd, and rapidly
spread back across the world to Europe.
From the beginning, amplifier design
and performance have always been several
Jjumps ahead of the loudspeaker, which is
not really surprising when one starts to
make a list of the factors
involved——strength and elasticity of
materials, internal friction, magnetism,
dielectric properties, even thermodynamics
when one considers the possible
transitions from isothermal to adiabatic
working in the throat of a high-power horn
loudspeaker or the plasma. of an
Ionophone. But such complexities did not
trouble us in the 1920s. Efficiency was the
ticket and the competition then, as now,
was chiefly between horn-loaded and
direct-radiating  diaphragms. Actuating
mechanisms of both types were of the
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moving-iron variety—telephone diaph-
ragms driving the fashionable swan-
necked horns and reed mechanisms for the
larger paper cone diaphragms. Both
introduced prodigious asymmetrical
distortion, proportional to the inverse
square of the varying air gap. But who
cared? The music kept good time, and by
Edison-Bell phonograph standards the
quality was quite acceptable.

At this time and for years to come the
B.B.C. set a standard of quality which was
streets ahead of the capabilities of
commercial receivers to reproduce.
Protagonist in the drive for better sound
quality was the B.B.C’s first chief
engineer, P. P. Eckersley, whose energy
and wit did much to stir the listeners from
their indifference and the industry from its
lethargy. His campaign was powerfully
reinforced by the introduction in 1924 of
the Marconi-Round-Sykes moving-coil
microphone in place of carbon-granule
types.

Returning to loudspeakers, the Baldwin
balanced armature unit and the Western
Electric ‘Kone’ showed how non-linearity
distortion could at least be reduced and
bass response improved, and there was a
final fling of the moving-iron principle in
the so-called ‘inductor dynamic’ unit with
motion parallel instead of normal to the
magnet pole-pieces. But this was a last
despairing effort to stem the advancing
tide of the moving-coil, patented in 1874
by Siemens, again by Lodge in 189§, and
brought up to date in 1924 by Rice and
Kellogg of the GE Company of America.

No singie step in the progress of sound
reproduction has ever equalled that from

A new standard of performance was set
in 1933 by the Voigt unit with a 20
kilogauss magnet.

A gramophone pickup of 1925. “‘Tons
per square inch on a refined
macadamised roadway’’.
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Of 19 pickups tested by Wireless World in 1929 only these six (3TH, Brown,
Burndept, Igranic, Magnum, Webster) recorded any output above 4kHz!

moving-iron to moving-coil, or fired so
much enthusiasm. Those who were first
privileged to hear the results felt compelled
to spread the good tidings, and mass
meetings were organized by the
redoubtable Dr. N. W. McLachlan in
London, by Dr. F. W. Lanchester in the
Midlands and by Wireless World’s
Assistant Editor, F. H. Haynes at the
leading radio societies. At last the good
things which for years the B.B.C. had been
wasting on the desert air could be
appreciated and we entered the first golden
decade of high-quality sound, culminating
in the work of P. G. A. H. Voigt, whose
many-sided genius showed that the lily
could indeed be painted. Through the
medium of his domestic corner horns with

their massive 20 kilogauss field magnets
and twin diaphragms, and with a temerity
which smacked of lése-majesté, he
disclosed faults in the B.B.C’s own
transmissions. I well remember turning up
at his home in South London for a
demonstration of his latest model, only to
be told that it was ‘off’. “They’re still using
that mic. with the shrieking 6-kilocycle
frontal cavity resonance that I complained
about last week”. He was right, of course,
and that microphone was subsequently
taken out of service.

Thus is prozress made, sometimes
waiting for the man, sometimes for the
means. The detsfied design of stereophonic
recording on disc, as it is used today, was
worked out ana patented in 1933 by A. D.
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Blumlein, but at that time discs were made
of heavily loaded shellac and, to quote
Stuart Black (W. W. December 1943) “We
get our music by scraping a steel point
carrying some tons of weight per square
inch over what is virtually a refined
macadamized roadway”. Not until the
advent of vinyl co-polymers and
microgroove recording could Blumlein’s
ideas be fully exploited.

And speaking of Blumlein reminds me
of another story. When high-definition
television started in England in 1936 all
the high-quality enthusiasts were agog
with excitement at the prospect of
unlimited bandwidth on v.h.f. On medium
waves the B.B.C. did not modulate above
10kHz because of international agree-
ments on channel spacing. Sure enough,
when the Alexandra Palace station opened
up the improvement in quality of the
accompanying sound channel was so
marked that readers were demanding
constructional details for v.h.f. receivers
—just to demonstrate to their friends the
virtues of unlimited bandwidth. At an
I.E.E. discussion on the design of the A.P.
transmitter several speakers rose to thank
the B.B.C. for acceding to the public
demand for greater bandwidth. To which
Bluntlein replied that he was sorry to
disillusion the gentlemen concerned, but
the improvement had nothing to do with
bandwidth; for some time the B.B.C. had
been in process of redesigning its
microphone ‘A’ amplifiers and it just so
happened that the new equipment, with
greatly reduced non-linearity distortion,
had been put into service for the first time
at Alexandra Palace. And wasn’t it P. P.
Eckersley at another LLE.E. meeting who

said: “The wider you open the window the
more dirt blows in?”

When one is stirring up memories of
technological progress, why is it that
people so often keep popping up among
the hardware? W. S. Barrell of EM.L:
“When I want to impress other people I
play Tchaikovsky but when my staff ask
my opinion of their latest improvement I
always insist on Bartok”. G. A. Briggs,
who came into the loudspeaker business.
from the textile industry and who, if he
brought a pair of cloth ears with him when
he started, must have quickly used them
up for diaphragm surrounds, for no one
can so unerringly detect a false
sound—and that without benefit of
scientific aids (who is likely to forget his
demonstration, at the start of the Festival
Hall recitals, of the qualities of
loudspeaker enclosures using nothing
more sophisticated than a carpenter’s
mallet?). And C. E. Watts: 1 once made
the mistake of saying to him that I did not
see the sense of square-wave testing since
such sounds were not to be found in
nature, or for that matter in music. On my
desk next morning I found a beautiful
photomicrograph of three consecutive
square-groove traces (triangular, of
course, with constant velocity recording).
Attached was a compliments slip endorsed
“From Danse Macabre”. I found out later
that C.E.W. had spent most of the night
chasing up and down the groove of that
well-known test-piece of the period until he
found what he sensed must be there.

Here I think we are getting near to the
gist of the matter. When you know all
about the physics of vibration and its
transmission through the air—even about
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For his large scale lecture-demonstrations of high-quality sound on both sides of the
Atlantic, G. A. Briggs might well have taken his motto from Danton: “De I'audace,
et encore de ’audace et toujours de ’audace.” Fears for their success were completely
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the mechanism of the cochlea of the
ear—you do not yet know the first thing
about sound which is the perception of
vibration. After all the trouble with
Fourier and sine waves we are back where
we started with the digital spikes of trains
of nervous discharge travelling in times of
the order of milliseconds along multiple
paths, many of them redundant, to be
subjected to correlation processes of the
order of micro-seconds between the two
halves of the brain—then probably to be
overridden or ignored altogether by the
recipient. As with sight the human
capacity for instantaneous attention to
detail is limited. Who knows or cares if
there is a cut-off at 8 or 18kHz when the
back desks of the violins are out of tune or
the woodwind is dragging its feet?

Looking into the future it would seem
that startlingly new technological
advances will be few and far between,
though it is always possible that some
simple improvement awaits discovery
under our noses. One need only cite the
electrostatic loudspeaker which seemed to
have been fully exploited by Hans Vogt in
the late 1920s until Prof. F. V. Hunt and
his colleagues at Harvard, after thorough
mathematical analysis, showed thirty
years later that what seemed to be
inherent distortions could be removed by
the simple expedient of working under
‘constant charge’ conditions.

Much remains to be done in the field of
psychoacoustics, to find how judgments
are conditioned by previous experience,
why the mind accepts the false as the
norm and often rejects improvement for
no other reason than unfamiliarity. I am
old enough to remember that switches
marked ‘mellow’ had to be fitted to many
broadcast receivers after the makers had
tried to give the public better
high-frequency response.

Envoi

As I drift, in the sixth age of man “into
the lean and slippered pantaloon, with
spectacles on nose” I know that if my old
age pension does not run to a colour
television licence I can still enjoy music,
talks and plays—all those things that
enter the mind’s eye through the ear.

One small regret. The old W. W. Quality
Amplifier was such a comfort on winter
nights in my “den”, but since changing
over to integrated circuits I have had to
buy an electric fire with two bars. We
seem not so much to have miniaturized the
watt as to have mislaid it altogether.
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Milestones in Receiver Evolution

W. T. Cocking*, an innovator in the field, recalls some of the
highlights in radio and television receiver development

The real beginning of radio can be said to
date from James Clark Maxwell’s
hypothesis, which he formulated in the
latter half of the 19th century, that a
displacement current (i.e., a changing
electric field) could produce a magnetic
field. He formulated this hypothesis in
order to improve the symmetry of his
equations relating electric and magnetic
fields and he showed that, if it were true,
one solution of them indicated
electromagnetic waves travelling in space
with finite velocity. There was at that time
no way of proving or disproving his
hypothesis, but later Heinrich Hertz
succeeded in generating such electromag-
netic waves. Still later, Marconi developed
the elevated open aerial and the way was
then clear for the practical development of
wireless communication.

Sixty years ago when Wireless World
started, all normal transmissions were by
spark telegraphy using Morse code and
receivers were very simple affairs using
one or two tuned circuits with magnetic
coherers or crystal detectors.

The triode valve had been invented

(1907) but few people had heard of it and
it was not untii World War I that it
became widely known and was
manufactured in any quantity. Practical
radio-telephony had to wait for this
moment because a source of continuous
oscillations was needed as a carrier for
speech signals and the valve proved the
only suitable way of generating them.

The early 20s may be said to be the real
beginning of radio as we know it today.
There was military equipment available on
the disposals market and valves could be
bought. Receivers existed using up to five
r.f. ‘amplifiers’ in cascade with special
valves having contacts at each end of a
glass tube for the filament and one on each
side for the grid and anode (V24. Q or
QX). Even with these low-capacitance
types the stage gain was very low.

The normal receiving valve was the R
type. This was a bright emitter with a
filament taking about 0.6A at 5V. It had
an a.c. resistance of about 40 k £ with a u
of about ten. All equipment was battery
operated with a large accumulator for the
I.t. supply and an h.t. supply of 60 to 120

The exterior of the
Jfamous ‘Everyman’s
Four-valve receiver
designed by W. James
and described in the
1926 articleas “‘a
‘two-control’ receiver
of remarkable

efficiency’’.

A view of a seven-valve receiver
made by Marconi’s Wireless
Telegraph Company as
published in the February 3rd
1923 issue of ‘W.W". Six of
the seven valves are type V24
and the remaining one is type

Qor QX.

W. T. Cocking’s first contribution to Wireless
World was in 1929, but it was not until 1936
that he joined the staff. During the war he
served in the R.A.O.C. and R.E.M.E,, attaining
the rank of major, and from 1942 to 1945 was
attached to the Ministry of Supply. After the
war he was appointed editor of our sister
journal Wireless Engineer and in 1965 became
editor-in-chief of Wireless World and Industrial
FElectronics (successor to W.E.) which ceased
publication in 1969.

volts from dry batteries. The usual valve
receiver was a reacting detector with or
without one transformer-coupled a.f.
stage. Headphones were normal and many
receivers had nothing but a tuned circuit
and crystal detector.

Broadcasting in this country began in
1922 and was the start of major
development in receivers. Throughout the
history of receiver development receiver
designers have been quick ta exploit, to
the full, the potentialities of components
available to them and the major advances
have usually had to await component
development—especially in valves.

The first valve improvement was the
dull-emitter filament. The DER needed a
2-V supply only. Then came the ‘0.06’
types, which took only 60mA at 3V and
permitted the use of a dry battery for the
filament supply; but this had too short a
life to become really popular. The other
characteristics of these valves were very
similar to those of the R type.

Broadcast listeners began to dislike
using headphones and the loudspeaker
became popular. The results of the early
loudspeakers driven by a grossly
overloaded valve of the time were so
horrible that power valves were developed.
We should hardly call them so today, for
few gave more than two or three times the
output of an R valve! Then came the LS5
and LS5A. The latter, especially, did give
useful power but needed 400V h.t.
supply.

In this period there was great interest in
the design of tuning coils. In the crystal-set
days a solenoid of about 4 inches diameter
and 12 inches long was used with a slider
for tuning. Then variable capacitors (we
called them condensers then) were used
with plug-in coils of the honeycomb or
Burndept types of windings.

Wireless World organized a competi-
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Showing the ‘heavy engineering’ employed
in the Everyman Four.

tion among its readers who were invited to
send sample coils. A prize of £5 was
offered for the best. The results were
published in the 17th, 24th Feb. and 3rd
March 1926 issues (W.W. was then a
weekly). At around the same period S.
Butterworth published a series of articles in
Experimental Wireless & The Wireless
Engineer (April-July 1926) on ‘Effective
Resistance of Inductance Coils at Radio
Frequency’ and an abbreviated version
appeared in Wireless World for 8th and
15th Dec. 1926 under the title ‘Designng
Low-Loss Coils’. Butterworth’s work was
of outstanding importance because for the
first time it enabled unscreened air-core
coils to be designed not merely for a
required inductance but also for a required
r.f. resistance.

At around this period, or a little earlier,
the neutrodyne circuit was developed by
Hazeltine in the U.S.A. and it enabled
stable and useful r.f. amplification to be
obtained. The typical American receiver of
the period had two neutralized triode r.f.
stages, triode detector and two trans-

former-coupled a.f. stages. There were
three separate tuning capacitors, for
ganging was still to come.

In Wireless World for 28th July and
4th August 1926 there appeared con-
structional details for a very famous
receiver indeed, the Everyman Four.
(Incidentally the original title was
‘Everyman’s Four-Valve’, a prototype of
which is kept at the Science Museum,
London.) This had one r.f stage
neutralized with a DE5B valve (r,=21
k$2u=18) with two tuned circuits. The
coils were of 3-in diameter and 34-in long
and had 74 turns of 27 /42 Litz wire, each
strand s.s.c. and overall d.s.c. The stable
rf. gain was 365 to 46 over the
medium-wave band. The detector was an
anode bend type using a Cosmos SPI8
Blue Spot valve RC coupled to a DESB,
which was transformer coupled to a DES
output valve. The whole set took 10mA at
150 V and the output valve took 4.75 mA.
The input power to the output stage was
thus 710 mW and so the output to the
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loudspeaker could hardly exceed 150 mW.

The performance of this receiver far
outshone its competitors of the time and it
set an entirely new standard of
medium-wave broadcast reception. Its
success depended largely upon the r.f. coil
development referred to above, but also
on the development of neutralizing.

In this country the neutrodyne never
achieved the prominence that it did in the
U.S.A.,, for it had barely reached here
when the screened grid tetrode made its
appearance and made neutralizing
unnecessary. Shortly after this the output
pentode appeared, and the introduction of
the indirectly heated cathode made mains
operation practicable.

From 1926 onwards valve development
was rapid and receiver designs changed
accordingly until in the early 30s the
‘standard’ receiver was mains operated
with one r.f. stage, grid detector, and
pentode output stage. Ganged tuning
arrived. This was an obvious development,
but its possibility depended on achieving
much higher accuracy of manufacture of
variable capacitors and it was not really
satisfactory until this was done.

‘At this time the increasing number of
broadcasting stations in Europe called for
a great increase of selectivity in, receivers.
At the same time, much more attggtion
was being paid to quality of reproduction.
This led to the use of coupled-pairs of
tuned circuits operating as bandpass filters
(‘Band-Pass Four’ W.W, June and
July 1930) and then to the revival of the
superheterodyne.

This first appeared during World War I,
but was comparatively little used until the
early ’30s. The main reason for this was
that it required more valves than the
straight set and it was not until the advent
of mains operation that many people
could afford the extra power supply for
these valves. Mains operation and better
valves made the superheterodyne at last
practicable but it was for a time held
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back by the problem of ganging the
oscillator with the signal circuits.

An early design (‘Super-Selective Six’
W.W. June 1931) had separate controls
for the two, but ganging was achieved
quite soon (‘Monodial’, W.W., April, 1932).
Around this period, some unorthodox
designs  appeared. @ They  achieved
temporary prominence and then fell
into disuse because of certain drawbacks,
so they are really side shoots to the main
line of development.

One such was the Stenode. This was a
superheterodyne using a quartz crystal in
the i.f. amplifier to obtain high selectivity
together with tone correction in the a.f.
amplifier for the severe sideband cutting. It
aroused great controversy about the
physical reality of sidebands and some of
the claims made for it appeared to
contravene accepted theory. The true
explanation eventually appeared, but the
Stenode never achieved any real
popularity. One feature of it, the
correction of sideband cutting by a
suitable a.f. amplifier response, was
adopted in the Monodial.

Another sideshoot was the Single-Span
(1934). In this a high intermediate
frequency (1.6MHz) was used with a fixed
tuned input bandpass filter covering 150
kHz to 1.5 MHz. This enabled all tuning
to be done by the oscillator (f> 1.6 MHz)
and eliminated ganging and waveband
switching. Although satisfactory when first
described it did not long remain so. The
increasing numbers and powers of
broadcasting stations soon produced so
many whistles that it became impractic-
able without excessive refinement.

All this time spasmodic attention had
been paid to quality of reproduction. An
outstanding example was the Science
Museum Receiver (W.W., July and
August 1930) which probably provided

the best reproduction of any equipment of
its date.

An early Hi-Fi ampilifier (this term had
not then been invented) was the Wireless
World ‘Push-Pull Quality Amplifier’ (May
1934). This had two PX4 triodes in
push-pull driven with RC coupling from
push-pull MHL4 triodes in turn driven by
a concertina phase-splitter. The output
transformer was specially designed for the
job and contributed greatly to the
performance. The output stage operated in
a mode which might be called slight
class AB. It was nearly class A but not
quite. The amplifier gave 4 W output at an
unspecified, but quite low, distortion level.

Some examples of it exist today and
judged aurally the results compare well
with much more modern designs.

In 1934 Black in the US.A. ‘invented’
negative feedback, primarily for amplifiers
in cable circuits. This, as always, was a
specialized field and it took sometime for
the principle to work its way out for more
general usage (W.W., Nov. 1936), but
within a few years it became common,
although it was not at first always used to
the best advantage.

At about this time the triode valve
began to die as an audio output valve.
Larger powers were being demanded and
the biggest triodes (PX25, 25 W
dissipation) were directly heated types.
Indirectly heated cathodes did not seem
to go with large power and in any case
the pentode was more efficient (theoreti-
cal maximum 50% against 25% for a
triode). The drawback of the pentode
was that it introduced much more
distortion than a triode and many
quality enthusiasts would have nothing
to do with it.

Here negative feedback came to the
rescue and made pentode quality as good
as triode quality and spelt the demise of the

The ‘Monodial A.C. Super’,
designed in 1932 by the
author. One of the first
examples of superhet using a
single tuning control.
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triode output valve. It was eventually
realized that the triode could be regarded
as a pentode with 100% negative feedback
from anode to screen! It was around this
period (1936) that a.g.c., which is a form
of negative feedback, came in.

To return to the early '30s, there were
two other important developments. One
was a kind of negative feedback, auto-
matic gain control (W.W. September
1932), although it was not then recognized
as being such. It came into popular use
long before true negative signal feedback.
The second development (W.W.,, Sept.
1932) was ‘Ferrocart’, which was the first
iron-dust core for r.f. coils. Of German
origin, it consisted of iron dust sprinkled
on waxed paper which was then rolled and
compressed to form a solid block which
could be cut to the desired shape. Some-
times a ring core toroidially wound was
used, at others the material was formed
into E and I sections. It enabled a big
reduction to be made in the size of r.f.
coils and stimulated the development of
the methods of construction and was soon
replaced by cores of iron dust compressed
with a binder into a solid. These were
much nearer the cores of today.

During the *30s there was intense activ-
ity in valve development not only in
entirely new types, but in building multiple
valves. The duo-diode-triode was one of
the first, but by 1939 there were double
triodes, double pentodes and triode-
pentodes. The new types were mainly
multi-grid ones for superheterodyne fre-
quency changing. The first was the penta-
grid or heptode and this was followed by
the octode. A parallel line of development
for the same purpose produced the triode-
hexode, and triode-heptode.

Indirectly heated valves usually had 4V,
1A heaters, but in the U.S.A. 6.3-V,0.3-A
heaters soon became standard because of
the introduction of car radio. American
cars had 6-V batteries. When car radio
came to this country a range of 13-V,
0.3-A valves was produced to suit our
12-V batteries. These could be series-
connected for use in a.c./d.c. sets.

It was not long, however, before some
degree of standardization with the U.S.A.
occurred and 6.3-V, 0.3-A heaters became
general and was followed just before the
war with the all-glass construction of
which the best known early member is the
famous EF50.

The advent of television in 1936 shifted
the emphasis in valve development to r.f.
pentodes of high- g, and low capacitance.
An early example was the TSP4 with g,
= 6mA/V, but this was quite soon
replaced by the EF50 which had about the
same mutual conductance but which was
much better screened and was much
smaller physically. Further valve develop-
ment was interrupted by World War 11
and for a good many years the EF50
was the standard valve in radar receivers.

In the U.S.A. the small all-glass con-
struction was adopted and later in the war
such types were made here. These were
more robust and had lower capacitances
and higher mutual conductances, so that
radar if. amplifiers, for instance, became
smaller and more reliable. After the war
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‘Push-pull Quality Amplifier’ designed by the author in 1934. Some examples of
this design are still giving satisfactory performance today!

this form of construction continued and it
is now employed in nearly all valves.

The next major development was the
transistor in 1948. Of outstanding tech-
nical interest, it took a long time to have
effect upon receiver design. The crystal
detector, which is a semiconductor diode,
was used in the very early days of radio.
The commonest types were carborundum
with a steel plate, zincite-bornite (Perikon)
and galena with a catswhisker. During
World War II it was revived as a centi-
metre-wave radar detector and properly
designed with a pre-set capsule so that the
user was presented with a little cartridge
requiring no adjustment. Quite early on
certain crystals were known to be able to
generate oscillations under certain condi-
tions, but little or nothing was known
about how they worked.

As power rectifiers, copper-oxide and,
later selenium, types were widely used
from about 1930 onwards; little was
known about how they worked, and their
design was largely empirical. Neverthe-
less, they were very satisfactory.

The development of the transistor and
the enormous amount of work on semi-
conductors which preceded and followed it
cleared up all these other matters. The first
transistors were point-contact types and
it was not until the junction transistor
arrived and became manufactured in
quantity that its effect became evident.

Apart from the computer, its first main
application was to hearing aids. It
had the outstanding advantages of much
smaller physical size than a valve and of
requiring no filament-heating power. It
was also more efficient in that, because
the minimum permissible voltage drop
across the device could be under 1 V (with
a valve it had to be 10 V or more) the
h.t. supply power could be reduced.

In receivers, the transistor for the first
time permitted the construction of a really
practicable portable receiver. Portables
were made and sold from quite early
days, but they were large and heavy, had a
poor performance and short battery life.
The transistor changed all this as soon as
tvpes capable of amplifying and oscil-
lating up to about 2 MHz became available.
So much is this the case that the old

table-model receiver is now virtually
obsolete. It is now the mains-operated
radiogramophone or the battery-operated
transistor portabie. ['he development of
ferrites, too, made the ferrite rod aerial
possible and eliminated the cumbersome
frame aerial from the portable. In the
domestic market valves are now rarely
used except in television receivers, but
even here there are some which depend
entirely upon semi-conductors.

During World War I, as we have said,
valves began to get smaller. To match this
components generally got smaller, too.
The process of miniaturization had
started. The transistor accelerated this and
discrete components are now incredibly
small by pre-war standards. But this is far
from the end. Integrated circuits are with
us and are coming into use in the domes-
tic radio field. Even the variable-capacitor
seems to be on the way out. It is starting
to be replaced by a special semiconductor
diode known variously as a varactor or
varicap which has a capacitance depen-
dent upon the voltage applied to it. At the
moment, the only difficulty seems to be to
manufacture diodes which all have the
same capacitance at the same applied
voltage; it is virtually the ganging problem
again.

We cannot conclude without some men-
tion of television. This started as a regular
service in 1936 with one transmitter at
Alexandra Palace, and after a short trial
period the present 405-line system was
adopted. Receiving cathode-ray tubes had
a 12-in. diameter screen with electric
focusing and deflection and operated at
4kV. By modern standards the tubes had
poor focus and brightness.

Constructional details of a television set
were given in W.W., 2nd-30th July 1937.
The receiver was of the t.r.f. type with
three r.f. stages, diode detector and one
video stage. The power supplies formed a
large part of the cost and bulk, for three
separate ones each with its own mains
transformer were needed. Supplies of
250V for the receiver proper, 1000V for
the time bases and 4kV for the c.r.t.
Commercial practice of the time was
similar, but a few manufacturers employed

‘the superheterodyne. A major difficulty
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was to obtain stable and high r.f. gain with
the necessary bandwidth, because the
valves available were not really suitable.

In the next two years, great improve-
ments were made, partly because better
valves became available and partly
because of a change to magnetic deflection
and focusing of the c.r. tube. To reduce
costs the 9in. tube was adopted, and at
least one set (Murphy) sold for £30. A
second constructional receiver was des-
cribed in W.W., 29th June-20th July
1939, which took great advantage of these
developments and gave a performance
greatly superior to that of the first.

The war interrupted television, of
course, and it was not until 1946 that
transmissions started again. The post-war
receivers naturally followed the immediate
pre-war practice and the whole trend was
to 9in. tubes with magnetic focusing and
deflection. The service restarted on 7th
June 1946.

Another constructional receiver was
described in W.W., Jan.-Dec. 1947. This
was probably unique in that it included full
constructional details of deflector and
focusing coils, the reason being that such
parts were not available on the retail
market at that time. The receiver was
initially of the t.r.f. type, but later a super-
heterodyne of much higher gain was des-
cribed as an alternative. The e.h.t. supply,
which was still no more than 5kV, was
obtained from the line flyback using a
voltage-doubler with selenium rectifiers.

War-time, and early post-war, valve
developments made a big difference to
television receiver design, especially on the
r.f. side. The development of ferrites, too,
had a big effect, for it so greatly reduced
the losses in line-scan transformers and
deflector coils that it permitted a further
development—the energy-recovery scan-
ning systems. These are now universal, but
on them depended the practicability of
wide-deflection angles and. hence, large
screen tubes and the higher voltages
needed for adequate brightness with them.
The period 1947-1957 was an exception-
ally interesting one in development.

Then, of course, came a 625-line system
on v.h.f. and, finally, colour and a con-
structional receiver (W.W., June 1968-June
1969), again appeared.

In this article, some may feel that undue
stress has been laid upon designs for the
home constructor. There is a sound reason
for quoting these, however, which is that
much more information about them is
available than of commercially produced
receivers of the time, especially in the early
days. The heyday of the constructor was
in the *20s and early ’30s. After that, it
became less popular as receivers became
more complex, but the commercial pattern
changed also and it gradually became
more expensive to make a receiver than to
buy one!

The demand for constructional articles
fell off but the old saying, “An ounce of
practice is worth a ton of theory™, is still
true. It is not that theory is unnecessary.
It is more necessary than ever. It needs the
practice, however, to drive it home and
makr - realize to the full what it means.
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Radio Wave Propagation

Ten more years

by R. L. Smith-Rose, C.B.E., D.Sc., F.C.G.I, F.LE.E.

In the 50th birthday issue of Wireless
World a review was presented on the
development of our knowledge of the man-
ner in which electromagnetic waves travel
over the earth’s surface and through the
lower and upper atmospheres, and of the
experience which has resulted in the deve-
lopment of practical communications on a
world-wide basis’. It is the purpose of this
article to review the progress that has been
made during the past ten years, taking
note, as appropriate, of the associated
developments in radio astronomy and
space communications.

Because electromagnetic waves travel,
subject to conditions of absorption, refrac-
tion and reflection, not only round the
surface of the earth but also into the
surrounding space, it has long been recog-
nized that international collaboration is
essential if confusion and interference are
to be avoided in the practical development
of communications, navigational guidance
and the satisfactory broadcasting of sound
and television programmes. It is on
account of the international aspects and
the need to avoid a chaotic state of radio
interference, that organizations such as the
International Radio Consultative Commit-
tee (C.C.ILR.) and the International Union
of Radio Science (U.R.S.I.)? are continu-
ously in operation to guide and control
both the practical development and the
scientific research associated with this sub-
ject. The introduction of sound and televi-
sion broadcasting, advanced radio aids to
both aerial and marine navigation and,
more recently, the pursuit of research in
radio astronomy and the space around us,
have all served to emphasize the need for
such international co-operation.

Influence of terrain on

wave propagation

The development of medium-wave broad-
casting has, for many years past, stimu-
lated the continued study of the effect of
the electrical conductivity and dielectric
constant of the ground on the propagation
of radio waves over the earth’s surface.
The C.C.LR. has produced, and published
from time to time, sets of curves showing
the decrease of field strength with distance
from the transmitter which is assumed to
be radiating a power of one kilowatt. It is
further assumed that both the se~ing and

receiving stations are on the ground and
that the waves travel over a smooth
homogeneous earth, neglecting any effect
of the troposphere. Five sets of such
curves were revised in 1970° and have
recently been published from Geneva.
These sets of curves relate to four different
values of the conductivity of the earth over
which the waves travel, while the fifth set
is appropriate to the much higher conduc-
tivity and dielectric constant of sea-water.
Individual curves relate to a series of
frequencies between 10 kHz and 10MHz.
Recommendations covering the use of

the curves emphasize that they should be
used to determine field strengths only

when it is known that ionospheric reflec-
tions at the frequency under consideration
will be negligible in amplitude. An exam-
ple of such application is given as propa-
gation in daylight at frequencies between
150 kHz and 2 MHz, and for distances
less than about 2000 km. These sets of
curves continue to form the basis of inter-
national discussions on the siting of broad-
casting and other radio transmitting
stations.

Methods have also been developed for
computing the propagation conditions
over ground paths of mixed electrical con-
stants, such as are encountered in travel-
ling from dry sand to a fresh-water lake,
or from normally moist soil to sea-water
of greatly increased conductivity. Similarly
the effect of a variable terrain, including
hills and mountain ridges which may be
regarded as sharp irregularities in relation
to the wavelength, has been studied in
considerable detail to obtain information
on such effects required for the planning

Dr. R. L. Smith-Rose, who is 76, retired from
the Scientific Civil Service in 1960 after 41
years’ service. A graduate of Imperial College,
University of London, Dr. Smith-Rose was
superintendent of the Radio Division of the
National Physical Laboratory from 1939 until
1948 when he became the first director of radio
research in the Department of Scientific and
Industrial Research (now the Science Research
Council). He is a past president of the Inter-
national Scientific Radio Union and is at
present chairman of the Frequency Advisory
Committee of the Ministry of Posts and
Telecommunications, and secretary-general of
the Inter-Union Commission on Frequency
Allocations for Radio Astronomy and Space
Science.
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of broadcasting and other services which
depend on ground-wave transmissions.
Renewed emphasis on the desirability for
further study of this subject has arisen
during the past decade by the need for
such earth-bound services to share some
of the bands of frequencies with space
telecommunication  systems. Practical
experimental work in this field has been
conducted in parallel with a large amount
of theoretical study, so that the combined
results may be used in planning radio
systems and predicting their performance
with a good measure of reliability.

Ionospheric research and
long-distance propagation

Apart from national internal services, the
major portion of the world’s communica-
tions is conducted in high frequency radio
waves, taking advantage of the approp-
riate reflection of such waves from the
several regions of the ionosphere. It is now
over 45 years since the classical experi-
ments of Sir Edward Appleton demon-
strated the existence of ionized regions in
the earth’s upper atmosphere, which
reflect radio waves within suitable bands
of frequencies, resulting in the trans-
mission of the waves all round the earth’s
surface.

Continuous research carried out in vari-
ous countries has shown that the frequen-
cies of waves that can be so reflected
depends upon the density of ionization in
the atmosphere at heights from about 100
to 400 km above the earth’s surface. It
was established some years ago that this
ionization process is dependent upon the
intensity of emission of ultra-violet radia-
tion from the sun. Furthermore, physicists
have known for a long time that this
emission is subject to variation on a basis
with a period of the order of 11 years. As
a result the range of frequencies or
wavelengths which can be used for the
world’s long-distance services is much
greater during a period of maximum solar
activity than in the corresponding period
about 5 years later.

In a previous article!, mention was
made of the co-operative scientific study
which was conducted on a world-wide
basis of canditions in the ionosphere dur-
ing the period of maximum solar activity
(1957-58)—the International Geophysical
Year (IGY), as it was termed. With the
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knowledge provided by astronomers that
the mean period of the sun’s activity is
about 11 years, a similar and enhanced
programme of studies of the ionosphere
was planned and carried out during the
period 1964-65, which was designated the
International Quiet Sun Year (IQSY).
During this period, for the first time obser-
vations at observatories on the earth’s
surface were supplemented by direct
measurements of conditions in the iono-
sphere, made first with the aid of rockets
and later by the launching of complete
radio sounding equipments through and
above the ionosphere.

The topside ionospheric sounder

Prior to 1960 rockets and artificial earth
satellites were already in use for the
measurement of solar radiation and the
study of its effect on conditions in the
ionosphere.

It was in September 1962 that a com-
plete radio ionospheric transmitting and
receiving equipment, known as the
Alouette I top-side sounder, was launched
into an approximately circular orbit at a
height of about 1000 km. The frequency
of the transmitter swept over the range
1 to 11.5 MHz in a period of eleven
seconds, during which time the satellite
had moved about 120 km; so that one
complete ionogram was produced for
approximately every degree of latitude.

The results obtained from this investiga-
tion have proved a most valuable supple-
ment to the information provided by the
world network of ionospheric sounding sta-
tions on the earth’s surface. The fact that
it was examining the properties of the
ionosphere from above, in a virtually con-
tinuous world-wide orbit, brought to light
some new and interesting points concern-
ing anomolous geomagnetic conditions at
the equator and the interaction between
the previously identified radiation belts
and the ionosphere below them.

The Alouette I satellite has provided a
valuable series of observational emissions
over a period of several years. It was still
operating when, in November 1965,
another artificial satellite—called Alouette
II and also built in Canada—was
launched into an elliptical orbit with major
and minor axes of about 2980 and 500
kilometres respectively. This second
satellite operates on command for about
six hours per day, carrying out five
experiments, which include a topside
sounder, a radio-noise experiment over the
frequency range 0.2 to 14 MHz, and the
measurement of very low frequencies over
the range 50 to 30,000 hertz. Both these
and other satellites launched more recently
have proved very successful in materially
adding to our knowledge of radio
transmission conditions at heights well
above the ionosphere.

Radio meteorology and the tropo-
sphere

For many years past the meteorologist has
used radio sounding technique to give him
detailed information of the temperature,
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pressure and humidity changes in the
earth’s atmosphere up to heights of 10 km
or more. In return, this information has
proved invaluable in the planning and
operation of radio communication services
operating at very short—metre and
centimetre—wavelengths. Under what is
termed a normal or standard gradient of
atmospheric temperature with height, such
waves may travel in a path curved toward
the earth at a radius of about four-thirds
that of the earth itself. Variation of
atmospheric conditions along the path
may, however, change this to a greater or
less curvature, including what is virtually
rectilinear propagation’.

The development of direction finding
and, later, radar techniques, has also
enabled the radio scientist to explore wind
movements up to the maximum heights in
the tropesphere, varying from 10 to 15 km
depending on latitude and season. By
international collaboration, a considerable
amount of useful empirical knowledge has
been gained from such combined radio and
meteorological investigations in different
parts of the world. But the search for a
simple method of applying a knowledge of
meteorological conditions to the
determination of radio propagation has
not led to very satisfactory results. In spite
of such difficulties, however, the combined
experience of scientists and engineers has
enabled a certain amount of guidance to
be made available to those responsible for
the installation and operation of radio
services at decimetre and centimetre
wavelengths. A useful recommendation
recently brought up to date by the

C.C.I.R. incorporates a revised set of
curves relating field strength to distance of
transmission for the v.h.f. (30-250 MHz)
and u.h.f. (450-1000 MHz) bands. These
curves display a statistical average of
received field strength for 50% of the
terminal locations and for periods of from
1 to 50% of the operating time. Associated
reports enable the effect of changing the
receiving aerial height to be estimated, and
describe a method for determining the
corresponding field strengths when the
path of transmission is of a mixed land
and sea nature.

But it is not only for the design and
operation of radio systems with earth-
bound terminals that a detailed knowledge
of the effects of the troposphere is
necessary. Modern developments of un-
manned satellites in orbit round the
earth for radio relay communication
purposes also require a  detailed
knowledge of the propagation of radio
waves through the non-ionized regions
of the atmosphere, taking account of
spatial variations of refractive index
which can cause both refraction and
scattering of the waves. With this
type of work is associated an investiga-
tion of the absorption of radio waves
by oxygen and water vapour of the
variable densities encountered in the
earth’s atmosphere, and of the
corresponding scattering of the waves
particularly caused by various types of
rainfall.

The development of telecommunica-
tions on an international scale depends to
a major extent on an agreement as to the
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type of investigations to be carried out
and, particularly, on the nomenclature
used in organizing the work and describing
the results achieved. It has been evident
for many years past that the propagation
of radio waves of frequencies greater than
30 MHz is greatly influenced by
meteorological conditions in the tropo-
sphere. In recognition of this the C.C.L.R.
has drawn up a recommended list of terms
used in the study of radio propagation
through the troposphere. This vocabulary?
was started nearly twenty years ago, and
it has been constantly extended and
revised as necessary at successive
meetings of the international committee
dealing with radio communications.
Associated with the vocabulary are the
agreed definitions of a basic reference
atmosphere and the recommended formula
for the radio refractive index. All these
activities have done much to extend the
successful application of the upper
portions of the electromagnetic spectrum
to practical use.

Radio astronomy

It may not be out of place to conclude this
review with a brief reference to radio
astronomy, a science which has made
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great advances during the period under
review in many parts of the world.
Excluding the relatively small activity in
the field of radar astronomy, which uses a
combined transmit-receive technique, the
activities of the radio astronomer are
confined to studying the natural radiations
from sources in space, not only within the
solar system but out to the limits of the
explorable universe.

By the aid of either an extensive fixed
aerial array or, more usually, of a large
steerable aerial system, the astronomer is
able to record and investigate the
radiations emitted over the entire radio
spectrum. So valuable has this work
become in the past decade that a special
international commission was set up in
1960, to review the requirements of the
radio astronomer and to take all
appropriate steps to ensure that his
observations of these natural phenomena
should be protected from interference by
other services operating within the
terrestrial environment.

In some cases the radio astronomer has
identified specific emissions from natural
phenomena, such as the radiation from
neutral hydrogen in the frequency band
1400-1427 MHz. But more generally the

Wireless World, April 1971

astronomers have sought protection from
interference in a series of frequency bands
at approximately octave intervals
throughout the spectrum, so that they may
conduct a co-ordinated long-term series of
continuous observations of the pheno-
mena which give rise to these radiations.
The results so far obtained have materially
added to our knowledge of the history of
the universe which was already available
from the much older work of the optical
astronomer. While the major additions
to our knowledge have been obtained
from installations on the earth’s surface,
space radio astronomy has developed
rapidly in recent years, culminating in the
launching of the first Radio Astronomy
Explorer Satellite for the observation of
solar and galactic radiation free from the
absorption caused by the earth’s
atmosphere.

It is perhaps of interest to note, in
conclusion, that while up to a few years
ago radio communications and control
systems operated within the limitations of
the earth’s circumference, the modern
astronaut seeks and receives a
corresponding service which has already
operated successfully at a range of about a
quarter of a million miles—the mean
distance between the moon and the earth.
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Some Significant Steps in

Radio Communication

by W. J. Baker *

Anno Domini 1911 . .. the coronation of
King George V .. .. Sherlock Holmes in
the Strand magazine . . . hansom cabs
jingling through the streets, fighting a
defensive battle against the noisome motor
car . . . the heavier-than-air machine, a
frail contraption of bamboo, wire and
canvas, staggering uncertainly into the sky

. no sound broadcasting . . . television
no more than a Punch cartoon. It was in
this year that Wireless World (then called
The Marconigraph) first saw the light of
day. Wireless telegraphy was fourteen
years old, solidly established as the only
means of long-range maritime communi-
cation but by no means so sure of itself in
terms of inter-continental message-carry-
ing; for in that area it constantly fell foul
of the powerful cable interests, with tooth-
and-nail battles being fought.

The first decisive step in wireless
communication had been taken in 1895
when Guglielmo Marconi had the
inspiration of adding an elevated wire and
an earth system both to his transmitter
and receiver, (thereby increasing the range
from yards to miles) and of incorporating
a morse key as a means of sending
messages in code. It was strange that
no one had thought of doing either of
these things before, because the aerial wire
had often been used as a collector of static
electricity ever since the Benjamin
Franklin experiment, while the use of the
morse key (invented sixty years earlier)
seems an obvious application. But the fact
remains that no one did; and (what seems
more incredible) no one, with the
exception of Sir Willilam Crookes, seems
to have even considered the possibility of
using Hertzian waves as a communica-
tions medium until Marconi arrived in
England with his apparatus. A collection
of scientific curiosities which he had
improved and turned into a commercial
communication system.

The second great step forward was the
‘Four Sevens’ (No. 7777) patent for
tuned circuits, granted to Marconi in
1900. This again was not completely
original work; it owed much to such
workers as Lodge and Braun but
embodied logical extensions which had not

“Technical Editor (Research), The Marconi
Company; and author of the recently published
book “A History of the Marconi Company?.

previously been thought of. Hitherto, two
or three stations operating within range of
one another had brought chaos to the
ether. The tuned circuit permitted
multi-station operation (albeit the tuning
was flat by our standards) and in so doing
destroyed one of the most valid of the
criticisms levelled at wireless telegraphy.

Signals across the Atlantic

The hat trick was brought off in the
following year (1901) with the Poldhu to
Newfoundland transmissions of the letter
‘S’. This was achieved against all odds; it
defied the known laws of Hertzian wave
propagation; it was done using lashed-up
aerials (the main aerials on both sides of
the Atlantic had been blown down in
severe gales); the transmitter was beset
with teething troubles; the wavelength of
366 metres was, it subsequently transpired,
not a good choice; and the transmission
took place at the most unsuitable time of
the day, with daylight over the whole path.
The project was one of the greatest
technological gambles of all time—and
how near to failure it was! The success of
the experiment was all the more
remarkable when it is remembered that the
receivers of the day embodied no form of
amplification and so the onus was entirely
on the transmitter.

Spectacular as the spanning of the
Atlantic was, some years were to elapse
before a reasonably reliable commercial
system of message-carrying became
possible. The real triumph lay in the
technology. Up to that time, wireless
apparatus had consisted of toughened-up
laboratory equipment——small, table-
mounted and battery-driven. Thaaks to
Marconi’s vision and the engineering
genius of Dr. J. A. (later Sir Ambrose)
Fleming, who designed the high-power
equipment, the transition was effected in
one tremendous leap. Poldhu brought
wireless telegraphy out of its swaddling
clothes and straightaway set it to man’s
work.

The experiment also provided a classic
illustration of the dangers of leaning too
heavily on laboratory results. In the
laboratory it had been proven time and
time again that Hertzian waves could not
follow the earth’s curvature to any
significant degree, whereas Marconi’s field

.work had shown they were doing so to a
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far greater extent than theory allowed. The
question was, could the waves surmount a
hump of ocean more than a hundred miles
high and arrive at destination on the far
side? When the transatlantic experiment
showed that they could, science was
confounded, because it seemed to make
nonsense of Maxwell’s theories and Hertz’
wave propagation experiments. The
anomaly arose because the ionosphere did
not exist on paper or in the laboratory but
it most emphatically did over the Atlantic,
although no one knew it at the time (even
twehty years later its existence was still
causing controversy.)

The Maggie

The following year (1902) saw the
introduction of the Marconi magnetic
detector, a device which enabled traffic to
be handled at ‘a rate of about 30
w.p.m.—more than three times that
permitted by the best coherers. The cable
companies, already alarmed by the
transatlantic feat, were further perturbed
by the advent of the ‘Maggie’ which
brought wireless operating speeds on a par
with their own. This detector remained as
standard Marconi receiving equipment for
a number of years and is known to have
survived to the 1920s.

Short-wave beam system

All experimental work done after the 1901
transatlantic experiment seemed to
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indicate conclusively that the use of long
waves in conjunction with high powers
was the correct formula for long-distance
communication. Thus by 1918 we find the
Marconi ‘timed spark’ station at
Caernarvon transmitting on 14,000 metres
with a power of 200 kW, using a
directional aerial which could radiate
towards New Brunswick or the Antipodes.
To this was added, in 1920, a long-wave
100 kW valve telephony transmitter which
also established contact with Australia.

Ever since 1910 Guglielmo Marconi
had had the dream of providing the British
Empire with a chain of wireless stations to
link its units together in a manner which
would not be nearly so vulnerable as the
cable circuits in time of war. Various
governments, for various reasons, had
procrastinated over this and the issue had
not been settled by 1924, but matters then
looked more hopeful and in fact, orders
for long-wave high-power (1000 kW)
stations had alrcady been received by the
company from Australia and South
Africa. At long last, Marconi’s cherished
ambition was coming true.

Into this situation Marconi and his
assistant C. S. Franklin themselves inserted
what was very like a spanner in the works.
Various experiments on wavelengths
between 10 and 100 metres had been
undertaken since 1917; these were
primarily for short-haul links, but it had
been noted that on occasion the signals,
while dying out at a comparatively short
distance were reappearing hundreds of
miles away. Wireless amateprs too, having
had these ‘useless’ wavelengths forced
upon them, were reporting trans-oceanic
ranges which occurred at some times and
not at others. Marconi and Franklin, in
1923, conducted exhaustive experiments
between a specially built short-wave
station at Poldhu and Marconi’s yacht
Elettra and these fully confirmed the
skip-distance effect. Further tests, using
various wavelengths from 32 to 92 metres
established a rough rule-of-thumb as to the
best wavelength to use at a given time of
day to reach a given destination; it was
also established that Australia could be
contacted with a fraction of the power
used by the longwave giants.

This, then, was the nature of the
spanner. Orders were on hand for two
huge, expensive long-wave stations. But,

secreted in the company files, were details
of an entirely new concept; the use of
short waves which, by reason of the
manageable dimensions of the aerial
arrays, could be beamed to destination
instead of being scattered broadcast.
Should the long-wave orders be executed
notwithstanding, or should the customers
be informed of the new development?

The solution was not so simple as all
that. Freak propagation conditions might
account for the extraordinary ranges; time
alone could tell whether this was so or not.
Again, the short-wave beam equipment
used had been strictly experimental; it all
needed engineering. Was it justifiable to
put forward a largely untried experimental
rig against a proven (but very much more
expensive) system?

Marconi had everything to gain by
proceeding with the original order and
then developing the beam system at leisure,
producing it some years later. Character-
istically, he did it the hard way
and kept faith with his customers, the
Australian and South African govern-
ments. He told them the exact situation,
offered beam stations in lieu of the
long-wave giants and let them decide for
themselves. Both opted for the beam
system, with Canada following suit. The
British Government and the Post Office
agreed to the provision of an Empire beam
system, provided that the first circuit
(between Canada and Britain) fulfilled the
stringent conditions laid down. It did so,
and by the end of 1927 the Empire beam
service was in full operation.

Not the least remarkable part of the
story is the technical feat of C. S. Franklin
and his small team. With the decision
made, Franklin had to engineer the
experimental transmitter into production
form, to modify valve design, to design the
various aerial systems to operate on the
wavelengths selected and to devise a
means of conveying the output power of
the transmitter to the aerial system
without undue loss. All this was done in a
matter of weeks——the last-mentioned by
Franklin’s invention of the concentric
feeder, forerunner of the coaxial cable.

Thermionics

Not all momentous steps are immediately
recognized as such. An instance occurred

Receiving station
at Bridgwater,
Somerset, typical
of the Marconi-
Franklin beam
Stations set up in
1926 for the Post

Office.

Wireless World, April 1971

in 1904 when Dr. J. A. Fleming,
Marconi’s Scientific Adviser, utilized the
Edison effect (originally noted 22 years
earlier) to develop the first thermionic
valve, the diede. Although not the first
electronic device to be used (the ‘Italian
Navy’ or ‘Solari’ detector of 1901 was a
form of semiconductor rectifier) the
Fleming diode was, nevertheless, the
foundation stone of electronics as we
know it today.

In 1906 Dr. Lee de Forest, of the
U.S.A,, set the cat among the pigeons by
patenting a three-electrode valve, for
which powers of amplification were
claimed. Fleming was never a man to
suffer rivals graciously and the Marconi
Company promptly filed an action to
restrain de Forest from manufacturing
and to invalidate his patent, claiming then
the diode constituted the master patent
and that the third electrode, the ‘grid-
iron’, was an appendage. The first lawsuit,
heard in the U.S.A,, gave Marconi’s the
verdict, but this ruling was overset by
another court. There followed an inter-
minable series of legal actions which
dragged on for years. Although World
War I brought an easement of the situa-
tion, the wrangle was not finally resolved
until the 1920s, when a compromise was
effected!

The circumstance was ironic in that, at
the onset, the squabble was over a
virtually useless device. The early triodes
had practically no amplification factor
and were, at best, temperamental
performers. Their theory of operation was
imperfectly understood and it was widely
accepted that a ‘soft’ vacuum or a gas
filling was essential. Not until 1911-12
when research by Dr. Irving Langmuir
and others produced the ‘hard’ or
high-vacuum valve, was the device
transmuted into a really effective
component. The importance of this work
cannot be over-emphasized because, for
the first time, a batch of valves with
reasonably similar characteristics could be
predicted and manufactured.

In 1913 came another tremendous
technical advance when A. Meissner
(Germany) patented the first thermionic
generator. In this he was closely followed
by Franklin and Round (Britain) and, a
little later, by Armstrong and de Forest
(US.A)) This discovery not only made
wireless telephony a practical proposition
(although it had been done before by
non-thermionic means) but it formed a
critical point in the history of electronics.
Until that time there had been one broad
highway and one only—wireless tele-
graphic communication. The development
of the triode valve in its dual roles of
amplifier and generator (a process
accelerated by the Great War) brought a
post-war diversification which has
continued to this day.

Sound and television . broadcasting,
the present gramophone industry, the
talking picture industry, public address
systems, electronic navigational aids,
television, radar and electronic test
instrumentation are just a few of the roads
which branched from the wireless
telegraphy highway as a result of the
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2MT, the Writtle, Chelmsford, transmitter operated by P. P.
Eckersley in 1921/2.

development of the triode, and which are
now arterial roads in their own right.

Broadcasting

All these diversifications, like Topsy, ‘just
growed’. Sound broadcasting for instance,
came into being after World War I largely
by accident when engineers at
Westinghouse in the U.S.A. and Marconi’s
in this country, becoming bored with
reciting into their respective microphones
for range tests, used gramophone records
as interludes during which they could re-
store their vocal chords. To their surprise
they found they had a small but covif-
erous ready-made audience of amateurs
clamouring for more. In Britain, this
situation led, via the Melba and Melchior
concerts, the joyous ‘send-up’ approach of
P. P. Eckersley and his team at 2MT
Writtle and the sobriety of the original
2LO at Marconi House in the Strand, to
the formation of an association of British
radio manufacturers known as the British
Broadcasting Company in 1922, (It
became a Corporation in December
1926.)

Television had a rockier road to tread.
Historically its concept (as a closed circuit
system with wires as the transmission
medium) pre-dates sound broadcasting by
more than half a century. Its practical
realization, however, had to await the
development of the valve amplifier. For

example, the apparatus designed by
Nipkow in 1884 did not come to fruition
until 1926 when John Logie Baird, using
the Nipkow system of spinning-disc
scanning, with the indispensable additions
of an improved photo-cell and valve
amplifiers, became the first man to give a
public demonstration of television pictures
which had movement and a degree of light
and shade in them, He also implemented a
suggestion made by A. Sinding-Larsen in
1911, namely that the signals generated by
the televising apparatus might be used to
modulate a radio-frequency carrier wave.
Not all steps which are taken are
forward ones. In 1907 Professor Rosing
(Russia) had pioneered the use of the
cathoderay tube as a means of picture
display and achieved still pictures of
simple geometric shapes. In the following
year A. A. Campbell Swinton (a Scot)
outlined a proposal for an all-electronic
scanning system; he followed this three
years later (1911) with a more detailed
account and set down the essentials of the
modern camera tube. He also visualized
the receiver as using a cathode-ray tube
type of display. Nothing significant was
done to develop such a scheme, however,
until V. Zworykin (U.S.A.) patented his
iconoscope in 1923 and P. Farnsworth,
another American, was known to be
working on his image dissector.
Zworykin’s camera tube embodied the

Using the Nipkow
system of
spinning-disc
scanning, Baird
gave public
demonstrations of
television in 1926.
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Lauritz Melchior broadcasting from the Chelmsford works of
Marconi in 1920—two years before the formation of the B.B.C.

important inter-scan storage principle,
which Farnsworth’s did not. Neither
inventor, it seems, knew anything about
Campbell Swinton’s proposal at that time,

Both devices presented immense
difficulties in manufacture and it was not
for some years that a practical
demonstration of either could be given. In
the meantime Baird demonstrated, in rapid
succession, the production of television
pictures in darkness, colour television, and
stereoscopic pictures and in 1930 began a
limited experimental 30-line public service,
using two B.B.C. medium-wave stations,
one for vision, one for sound.

The publicity he gained in the late
1920s encouraged many of the bigger
radio manufacturers to investigate the
possibilities of television. Unfortunately
almost all their effort was concentrated on
various mechanical systems and in
consequence a good deal of money went
down the drain.

Electric and Musical Industries Ltd was
one company which thoroughly investi-
gated mechanical scanning, the EMI team
being under the brilliant leadership of
Isaac Shoenberg. By 1932 Shoenberg saw
clearly that electronic scanning was the
system for the future and intensive
research was done on camera tube design,
resulting in the Emitron tube. The team
also developed interlaced scanning.

In 1934 the television interests of EMI
were merged with those of the Marconi
Company to form a new organization, the
Marconi-E.M.I. Television Company ; by
so doing the skills of E.M.L. in video work
were allied to Marconi expertise in
wideband modulation and amplification (it
had been realized for some time that the
complex high-definition video signals
would have to be transmitted at v.h.f)

Two years later (1936) the Government-
appointed Selsdon Committee recom-
mended a public trial of the
Marconi-E.M.I. system against a new
high-definition system developed by the
Baird Company. Transmissions on both
systems, on a turn-and-turn-about basis,
were radiated by the B.B.C. from
Alexandra Palace, North London, for

*The partnership was dissolved in 1948.
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several months from November 2nd,
1936. The Marconi-E.M.I. Company
transmissions employed all-electronic
scanning at 405 lines per frame, interlaced,
while Baird used 240 lines sequential
scanning; high-speed Nipkow discs
performed the scanning process for
televizing individual subjects in the Baird
studio, while an intermediate film system
took care of larger scenes. By February
1937 the battle was over, the Marconi-
E.M.I. system emerging the winner.
Transmissions were, however, suspended
from the outbreak of war in 1939 until
June 7th, 1946.

Electronics diversification

Over the years, from the mid-1930s to the
present time, electronics research effort
has mounted steadily; gone are the days of
the lone-wolf investigator, his place taken
by the mass-attack technique or by a
sizeable team. The resultant multiplicity of
inventions in a great diversity of directions
makes it extremely difficult to select those
which constitute the most significant
advances from a list that would fill a book.

Which to mention in a limited space?
The development of v.h.f. and microwave
techniques immediately clamours for
attention. So also does the study of the
ionosphere and troposphere; the
development of the super-het and
frequency modulation by Armstrong; the
pioneering of radio astronomy by Jansky
and others; these and dozens more cry out
for comment. But, in the space available,
three innovations, radar, the transistor and
satellite communications stand out as vital
steps in the technology.

Radar

Hertz in his earliest experiments had
shown that wireless waves could be
reflected from a metallic screen; Tesla, in
1900, suggested that such waves might be
used to detect moving objects, while in
1904 Hiilsmeyer actually patented a
rudimentary form of radar. Then the dark
ages set in; not until 1916, when Marconi
and Franklin were working on two metres,
was interest revived in reflected waves.
This was referred to by Marconi in 1922
in the course of a speech to the
American Institute of Engineers when he
gave a remarkably accurate prophecy of
how the detection of remote objects might
be accomplished.

The practical development of what is
today known as radar began with the
work of Appleton, Barnett, Briet, Tuve
and others in ionospheric sounding; the
two last-mentioned seem to have been the
first to have used pulsed transmissions for
the purpose.

The first proposal for the use of pulsed
transmissions for radar purposes was
made in 1931 by Butement and Pollard of
the Signals Establishment at Woolwich.
They built a 50 cm equipment using a
rotating beam and succeeded in detecting
echoes from objects at a range of about
100 yards, but neither the War Office nor
the Admiralty were interested and so the
work was abandoned for lack of support.

Robert Watson-Watt’s paper “Detec-
tion and Location of Aircraft by Radio

Examples of early klystron and magnetron
tubes.

Methods”, produced in 1935, is well
known, as also is his work on the
development of a practical radar system,
for which he was subsequently knighted.
Watson-Watt’s work in this connection
provided the chain of radar stations of
various types established in Britain by the
beginning of World War II. In 1939, the
development of the resonant cavity
magnetron by Randall and Boot was
another momentous forward stride, in that
it made high-power centimetric radar a
reality. Centimetric Air-to-Surface Vessel
radar, when introduced, brought a
dramatic increase in U-boat destruction.
Airborne radar for the interception of
night raiders and a form of secondary
radar which identified ‘friendly’ from
‘hostile’ aircraft were also introduced early
in the war.

In the post-war years, to date, both
ground and airborne radars have come
into wide usage on civil aircraft and have
become an indispensable air traffic control
aid at busy airports.

The transistor

Beyond question no other single
component developed in the post-war
period has influenced radio communica-
tions (and electronics in general) to
anywhere near the same extent as the
transistor. The rectification properties of
certain crystals were known in the early
1900s and in 1906 Dunwoodie introduced
the carborundum detector. Various crystal
rectifiers have been used over the years,
reaching their hey-day in the sound
broadcasting boom of the mid-1920s but
surviving in enormously improved form
to the present day.

In 1911 Dr. Eccles announced the
oscillating crystal but experimental interest
in this lapsed for many years until W.W.
in 1924-5 published various articles
dealing with the phenomenon.

Contrary to general belief, it would
seem that the first solid-state amplifiers as
we know them were not, after all, invented
at Bell Telephone Laboratories. The
distinction goes to Dr. J. L. Lilienfeld who
filed a patent entitled “Method and
Apparatus for Controlling Electric
Currents” in Canada in-1925. Although
his description of how his invention
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worked is wrong, the drawings show it to
be a form of n-p-n transistor. Just why the
potentials of this device were not explored
is not known, but the next announcement
of a solid-state amplifying device is that of
Shockley, Bardeen and Brattain of Bell
Telephones who, in 1948, announced
their development of the point-contact
transistor, for which, subsequently, a
Nobel Prize was awarded.

Communication via satellite

The evolution of radio communications
has, until fairly recently, been largely a
matter of coming to terms with the
ionosphere. No single frequency band is
ideal for all purposes; each has its
advantages and limitations. The Lf. and
m.f. bands are, for example, suitable for
long- and medium-range transmission, but
can accommodate only one information
channel per carrier. H.F. transmission
systems also provide long-range facilities
but can carry only a few channels. The
very high frequencies and ranks above
give progressively greater channel-bearing
capacities but the direct signals are limited
in range to line-of-sight and therefore, as a
generalization, could only achieve
long-distance working by employing a
series of installations as point-to-point
linkst.

In 1945, Arthur Clarke, in a W.W.
article entitled “Extra-Terrestrial Relays”
prophesied that future progress lay in the
direction of artificial earth satellites
equipped with receivers and transmitters.
This forecast came to practical fruition in
the early 1960s and, in particular, in 1962,
when the Telstar satellite was the medium
of a successful series of communication
transmissions (including television pro-
grammes) between the U.S.A. and
England; subsequent launchings of
synchronous satellites have provided a
24-hour service to the point where
communication via satellite is common-
place. By such means, v.h.f. and the higher
frequencies have been freed from their
former short-range limitations and can
have their multi-channel capabilities ex-
ploited for long-distance communications.
To date, however, h.f. still remains the
backbone of long-distance radio com-
munications, on economic grounds.

Knowledge versus wisdom

As is, 1 suppose, proper in a technical
journal, the discussion has been confined
to technical advances. Whether the
application of such discoveries has made
for a better world is not the business of the
engineer and the physicist. Or is it? How
far are we responsible for the part radio
communication has played—and contin
ues to play—in the destruction of lives
in war-time? Again, sound and television
broadcasting has affected the pattern of
living to a profound degree, the extent of
which we cannot fully appreciate. Its vast
potential for moulding social behaviour
and world opinion is, however, all too
often concentrated on holding a distorting
mirror to the faces of its audience. Are our
hands clean in this respect?

+ Scatter links are exceptions.
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Some of the controversies that have raged over the years

by “Cathode Ray”

One basic theory which, I suspect, is held
by many today is that way back in
1911—and no doubt for many years after
—*wireless’ was developed in scientific
darkness on a ‘try it and see’ basis, quite
different from the modern approach. A
look through the early issues of The
Wireless World would surprise and
enlighten any who think that the
theoretical basis of those far-off days was
good only for a giggle.

The first thing that pulled me up when 1
did some browsing was an article by
H. M. Dowsett in the May 1913 issue,
‘Molecular Structure of Insulators’. That
title wouldn’t look at all out of place in
1971. It was quite a simple treatment
which one could hardly improve upon for
present-day beginners. After all, though
Fermi-Dirac statistics have entered our
ken in the meantime and would have to be
included in any full treatise on insulators,
one doesn’t need them in-an elementary
picture.

Prof. G. W. O. Howe’s treatises on
electromagnetic waves (Nov. 1913) and
aerial capacitance (1915) were not
elementary. I suspect the Editor would
quickly turn them down today as too
mathematical. All levels of intellect were
catered for in The Wireless World and
besides theory articles for beginners a
free wireless instruction course was
offered by a certain Robert Baden-Powell.
(The Wireless World itself was almost
free, by our standards, being 5s a year
—12 issues—including postage.)

One notes with interest that as early as
1911 someone was asking ‘Does
Wireless Affect the Climate?” Nuclear
explosions, moon rockets and the
Concorde have now largely taken the
place of wireless as a scapegoat for
unusual weather. It is worth noting that 60
years ago Campbell Swinton delivered a
paper which included a detailed outline of
essentially the present system of television,
using cathode-ray cameras and receiving
tubes.

Among people still living, John
Scott-Taggart seems to have been the first
to appear in The Wireless World (Dec.
1914), followed closely by H. S. Pocock
(Feb. 1915). P. G. A. H. Voigt, better
known row for audio, wrote on reflex
receivers in Dec. 1921. It was not until
23rd Auz. 1923 that T came in, but still far

enough back to make it hard for me to
imagine what it is like to start now. Is
there anything to compare with the ex-
citement we had on first hearing spark
morse signals, very memorable still after
50 years? Observation of the way children
now accept colour television leads me to
doubt it. But such reminiscing is an
intolerable self-indulgence by the aged,
and anyway is outside my present brief.

As we look back have we any ground
at all for a feeling of superiority about our
present-day theory? Well, however sound
people like G. W. O. Howe may have
been (and he long continued to get us on
the right tracks with his famous editorials
in Wireless Engineer, the sister journal of
W.W.) one must admit that many in the
amateur fraternity (and some even of the
professionals) were a bit hazy. The
principles of tuning caused a lot of
difficulty. One of the main problems at the
relatively low radio frequencies used was
interference due to atmospherics, or Xs as
they were called. All sorts of ideas for
tuning them out were thought up, usually
in ignorance of the fact that interference of
this kind, being almost aperiodic,
shock-excited the tuning circuits at their
own natural frequency.

‘Cathode Ray’ started his inimitable series of
expository articles in Wireless World in 1934.
Many of these articies have since been
published in book form—Second Thoughts on
Radio Theory’ and Essays in Electronics’. For
many years the identity of ‘Cathode Ray’ was
closely guarded but eventually it became
known that it was M. G. Scroggie who has
contributed to the Journal under his own name
since 1923. When accepting our invitation to
contribute to this 60th birthday issue he wrote
‘Your letter started me on to calculating how
much I have had published in . W.; the result is
725 contributions (including reviews and letters
over 47 years, totalling 1,400,000 words. Can
anyone top this record?’ If we exclude members
of the staff, the answer is no! Mr. Scroggie
graduated at Edinburgh University and was
chief engineer of Burndept Wireless Ltd from
1928 to 1931 and since then, except for the
war years, has been a consulting radio
engineer. During the war he was first in charge
of the early CH radar station at Pevensey,
Sussex, and then at No. 9 R.A.F. Radio School
before going it % *ir Ministry.

The urge of amateurs to achieve the
maximum ranges of communication was
often unaccompanied by a corresponding
grasp of the factors involved, and a belief
grew up that results were essentially
outside the scope of theory and were
maximized by following the superstitions
of the most successful DX witch doctors.
So it was refreshing to read (in
Experimental Wireless and Wireless
Engineer, Dec. 1924) a letter from E. H.
Robinson demolishing one of these fetishes,
broadly-tuned c.w. transmissions’,
and ending ‘I should like to suggest that
the many amateurs who despise theory as
not in agreement with practice should
inquire more closely into their actual
knowledge of theory and the precision
with which they observe practical
facts—advice that ought to be pasted in
large letters on the walls of many labs as
well as shacks.

In fairness to amateurs we must
remember the other side of the coin: the
professionals relied on their theory that
short waves were no good for
long-distance communication, so they
allocated them to amateurs. They
regretted their generosity when the
amateurs opened up communication with
the antipodes on a few watts. The old
theory had to be replaced by a better one.

The supreme example of the ultimate
triumph of theory is, of course, the
semiconductor revolution. So long as work
in this field was guided by practical people
it was restricted mainly to fiddling with the
catswhisker to find a sensitive spot on the
chip of natural galena crystal for better
reception of 2LO. That, and perhaps
copper oxide rectifiers in the charger
needed to keep the Lt. battery fit to heat
the bright-emitter valves which were
displacing crystals. How vastly different
since the physicists stepped in with their
Fermi levels and things!

Although examples can be quoted of
progress being made with the aid of
theories afterwards proved to be wrong,
in general it is helpful to pick the right
theory. The most entertaining situations
arise when theories clash. When Galileo
was threatened with dire penalties unless
he recanted his theory that the earth
moves round the sun (instead of being the
fixed centre of the universe) he did so, but
is said w have mutlered under his breath
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‘and yet it moves’; just w. in my young
days we inaudibly added I don’t think’ to
the declarations of good intent forced on
us by parent or teacher. The classic
example of a clash of theories in our own
field was the great sideband controversy.

Anything of the kind would probably be
impossible today. Persons who declare
that the earth is flat stand no chance of
raising a furore. But around 1930 a
worldfamous authority in the field of
radio, Sir Ambrose (‘the valve, invented
by me’) Fleming, F.R.S., declared—and
stuck to it—that sidebands were
imaginary; a mere mathematical fiction.
This was of more than academic
importance. As W. T. Cocking mentions
elsewhere in this issue, a new and
supposedly revolutionary type of receiver
(the Stenode) was claimed to be proof of
the wrongness of orthodox sideband
theory. And the future of television
appeared to hang on it.

Not even the caustic wit of G. W. O.
Howe succeeded altogether in dispelling
doubts, and in the end a Government-
sponsored committee was set up to
investigate. Its findings, Special Report
No. 12 of the Radio Research Board,
published by H. M. Stationery Office in
1932, coldly and relentlessly re-established
orthodox theory. ’

Although hardly such a cause celebre,
the biggest correspondence I ever had on
any article arose from one on a very
similar subject, under the title ‘Fourier
— Fact or Fiction? (W.W. Sept. 1955).
Here again the theory is that a current
(or other variable) which in pratice is
generated as a whole, is nevertheless
equivalent to a number (if necessary,
infinite!) or harmonic components of
constant amplitude. Coming 25 years
later, this controversy revealed hardly any
doubt about the reality of the harmonic
components, but centred on a rather more
subtle question posed in the article.
Granted that there are good practical
grounds for the unique place of sine
waves in theory of this kind. Could some
waveform other than sine wave be re-
garded as basic and an entirelydifferent but
valid theory be erected on that basis? One
correspondent declared this discussion to
be ‘singularly fruitless’. So it may have
been in this particular case, but one of the
most fruitful mental exercises is to do just
what was suggested: question our as-
sumptions. This is a hard mental
exercise, so is seldom done. Progress is
made by doing it. We tend, lazily, to
cherish the concepts we have been
brought up on and which have served us
well, until we are convinced there can be
no reasonable alternative.

I have become only too familiar with
this kind of inertia in connection with
phasor diagrams. This valuable aid to
visualizing the workings of electronic
circuits is rejected by all but a few because
it looks like an unfamiliar—and therefore
difficult—variety of the ‘vector’ diagrams
that we know so well. These we have
already found to be almost useless for
electronic circuits and no help in
understanding ordinary electrical a.c.
circuits unless those circuits are simple

enough to be ... ..uuable without.
These old‘vector’ diagrams must bear a lot
of the responsibility for the widespread
teaching (even in textbooks) that there is
a phase reversal between primary and
secondary of a transformer. (With
incredible self-control I’'m going to say no
more here about my alternative!)

Just after the last World War another
controversy raged, about valve equivalent
circuits. This time even G. W. O. Howe
seemed to lack his usual gift for clearing
away the red herrings and revealing the
essential, which in this case is that the
valve and its equivalent circuit are two
quite different things. So the source of
anode d.c., necessary for one, has no place
in the other. The reference direction of
output signal current in the equivalent
circuit must be decided without reference
to that d.c. source. A pity that muddled
thinking on this plagues present-day
transistor conventions.

More unnecessary confusion was
introduced into valve amplifier theory by
the work of Bode admittedly classic, but
misguided) on negative feedback in that
the symbol g (a universally accepted
standard symbol for voltage amplification
factor) was used for actual voltage ampli-
fication; which is better denoted by A.
The devil of it was that g is correct in
the formula for output impedance with
feedback, but not in the others, for
gain, distortion reduction, etc.

During the last War I was shocked to
find many radar instructors teaching that
when (say) a positive-going input signal
is applied to a CR circuit, as shown in Fig.
1, the output also goes positive because of
the charging of C. In fact, of course, any
charging or discharging of C appears only
as distortion of the signal at the output.

Talking about distortion, I would like to
mention a variety which I named scale
distortion (W.W. 24th Sept. 1937, p.318:
also Nov. 1948, p.392). When thrown into
any assembly of audio experts this term used
to act like a petrol bomb in Bogside.
Guaranteed instant controversy. I don’t
know whether it still works. The main
point was that unless an audio scene’ is
reproduced at the same intensity at the
listener’s ear as the original, what he hears
is a distorted version, in that the tonal
balance (especially the proportion of
bass) is upset.

In this statement, only the word
‘distortion’ could be seriously questioned.
Often it was denied that it could be
distortion, since the same effect was noted
if one moved away from the original

- 1
@ 7
-

The CR circuit referred to in the text.
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_ und, or nearer to it. Not quite true, for
certain spatial effects would change too;
but ignoring them I feel that if the objector
had paid for the best seat, acoustically
speaking, for a piano recital, and was
obliged to sit half-way along the corridor,
with the door open, or close against the
piano, he might well use an even ruder
word than distortion’. The comparison
should be with the original heard in a
favourable position. ~ The other main
argument concerned what, if anything, one
could do about it when the reproduced
intensity was unavoidably not the same as
the original. Attemps to ‘compensate’ by
having a tone control linked with the
volume control were, in my view,
misconceived.

Controversy tends to wax especially hot
when, as in this example, subjective
aspects are involved. Even a stone deaf
man can measure sound intensities, but
neither he nor anyone else is likely to
agree about [loudness; still less,
unpleasantness. And all our work
ultimately does involve subjective
perception, rather than purely physical

What of the future? Since in all our
theories we use concepts (such as fields)
which of their nature cannot be said to be
absolutely true or false (Essays in
Electronics (Iliffe), Chap. 1.) there may
come a day when it will be found more
convenient to use some alternative
concepts. But human inertia tends to keep
established concepts established. Then of
course we can look forward to the
discovery of new phenomena, possibly
calling for new concepts. But the way
things are going I would expect the
greatest developments to concern the
aforementioned mysterious link between
objective phenomena and subjective
perception. As a result of new theories of
perception we may well be able to improve
our equipment by discovering more
precisely the physical factors that yield
desired or undesired subjective effects. The
Haas effect, which decides whether voice
reinforcement appears to come from the
actual speaker or not, ic an example of
what has been done along these lines.

To realize how difficult is investigation
in the subjective, compare the most
sophisticated computer that exists or can
be imagined with a human being of very
limited attainment—say, an average
young child. Even a child has aesthetic
likes and dislikes, outside ihe capacity of
the computer. Why? Can strictly scientific
investigation tell, or is it for ever beycnd
its scope? Is it because human beings are
not just machines?
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The World of Amateur Radio

1911—1971

By Pat Hawker, G3VA

From a few thousand to half-a-million
transmitting amateurs . . . from spark to
s.s.b. ... from a few miles to moonbounce
... from coherers and crystal detectors to
m.o.sfets and integrated circuits . . .
from jiggers, slide tuning coils, high-speed
rotary gaps, motor ignition coils and
Wimhurst machines to transceivers and
transistors . . . from the bright emitter
valves of the twenties and the wide open
spaces of “200 metres and down” to the
current pressures on the narrow frequency
assignments . . . from causing broadcast
interference on the old 440-metre band to
television interference, the dominating
problem of the past few decades. Yet
always the same interest in extending
working ranges whether on 200 metres or
2400 MHz: the same problems of how to
improve receiver selectivity and sensitivity
—and almost always the same fears that
other interests and authorities may wish to
limit the scope of amateur communication.

Historically, amateur or ‘experimental’
radio reaches back more than 60
years—indeed it began as soon as the
results of Marconi and the other pioneers
started to reach outwards from purely
scientific circles. In the U.K., its official
beginning was determined by the Wireless
Telegraphy Act, 1904, with its provisions
for the use of ‘wireless telegraphy for
experimental purposes’—though the
hobby remained unregulated in the U.S.A.
until December, 1912, when the amateurs
there were banished to the ‘useless’ and
unwanted regions of ‘200 metres and
below’.

In the pages of 60 years of Wireless
World one can trace the major events
which make up this durable interest. You
can find descriptions of pre-1914 amateur
stations, including W. K. Alford’s station
TXK the forerunner of his present call

G2DX; the formation in 1913 of the .

Wireless Society of London which, in
1922, became the R.S.G.B. and for which
Wireless World was the official journal
until February, 1925.

Early days

It was in the years from 1911 that
amateur radio emerged as an activity
distinct from the early dabbling in wireless
telegraphy—then, as now, with strong
links with similar activity in the U.S.A.

This illustration accompanied a description of W. K. Aiford’s station in the October 1914

issue of Wireless World.

Yet the links with modern operating
were by no means tenuous. Wireless
World in 1914 reported an attempt by the
Wireless Society of London to put an end
to ‘jamming’ that reads as though it could
have been written yesterday. Among the
13 rules were: transmitter to be sharply
tuned; receiver to be as selective and
sensitive as possible. Those early amateurs
were advised: ‘do not transmit at less than
12 w.p.m.; listen carefully before calling a
station; never carry out testing work with
the aerial on that can be done equally well
with it off; always use minimum power;
refrain from answering a station that is
calling some other station; listen in after
finishing a conversation to see whether
anyone is waiting to call you . . .’

And the clubs were forming. A Junior
Wireless Club (later to become the Radio
Club of America) had been formed in New
York in 1909 at the same time as Hugo
Gernsback began publishing Modern
Electrics with a large radio content. In
1911, the year W.W. began as The
Marconigraph, five enthusiasts formed the
Derby Wireless Club, which—as the
Derby and District Amateur Radio

Society—is currently engaged in marking
its own 60th anniversary. The club met
weekly, possessed a library, carried out
experiments—one of these was to use two
buckets as a variable capacitor; one
suspended from a pulley by a cord to raise
and lower it into the other! Those Derby
enthusiasts soon decided that ‘the secret of
successful reception is a high aerial and a
good pair of headphones’.

In 1912, the first British Common-
wealth ‘national’ radio society was
formed—the Wireless Institute of
Australia (still the society representing
Australian amateurs) and it was reported
that some 400 experimenters in New
South Wales were covering distances up to
30 miles with converted i-inch motor
ignition spark coils.

In Britain, by 1914, 990 of the old
three-letter experimental calls had been
issued; there was even, in 1913, a
‘directory of stations’ published by
Gamages which had emerged as one of the
main suppliers of equipment to amateur
experimenters. Meanwhile the hobby was
going great guns in the United States, with
A.RR.L. formed in 1914, but then as only
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one of a number of groups catering for
amateurs. After the close-down of British
stations in August, 1914, the Americans
continued active until 1917 with as many
as 6000 stations. occasionally working
distances over 1000 miles. One of the
early American amateurs was none other
than Edwin Howard Armstrong whose
regenerative receiver, used in his amateur
station, was the first of this brilliant
engineer’s many inventions.

Broadcasting and short waves

After World War I came a long struggle
{o re-establish amateur radio transmitting
(and even receiving which had equally
been banned during the war). In this
struggle Wireless World played a major
role. As early as March 1919 an editorial,
with the support of Marconi, Fleming and
Eccles, made a strong plea for the removal
of restrictions; Marconi wrote ‘I consider
that the existence of a body of independent
and often enthusiastic amateurs consti-
tutes a valuable asset towards the further
development of wireless telegraphy.’

But it was late in 1920 before
transmitting licences were again issued
with calisigns of current form (except for
the absence of official international
prefixes until 1928) for 1000 metres (later
changed to 440 metres) and below 180
metres. By this time word was trickling
through of long distances being covered
by American amateur spark and valve
(c.w.) stations: 500, 1000 and even 2000
miles on wavelengths of about 200 to 230
metres.

Soon plans were launched for
transatlantic  tests, with the British
listeners organized by Philip Coursey,
2JK, then research editor of Wireless
World. The first tests in February, 1921,
proved a failure, but new tests were
planned for the following winter. Paul
Godley, American 2ZE, brought over
receivers which he set up at Ardrossan,
Scotland. During the December tests he
logged 27 American and one Canadian
station, but this time several British
listeners also heard transatlantic signals.
On 1lth December, 1921, the special
Radio Club of America station 1BCG sent
the first complete amateur message across
the Atlantic—one of the signatories was
Armstrong. These tests finally settled the
spark versus c.w. controversy, Over-
whelmingly in favour of valve transmitters.

During his stay in England Paul Godley
lectured to the Wireless Society of London
saying ‘one has far greater hopes of being
able to travel greater distances on shorter
wavelengths than on higher wavelengths’.
This was a hint of things to come—the
historic pioneering of short waves by
amateurs. The breakthrough came in late
November 1923 when Leon Deloy,
French 8AB, worked the A.R.R.L. station
of Fred Schnell, IMO, on about 100
metres, initiating a mighty rush to short
waves. Jack Partridge, 2KF, was the first
British station to work the Americans, on
8th December, 1923. In January, 1924,
E. J. Simmonds, 20D, made contact with

the States with an input of only about 30
watts. In the autumn Cecil Goyder, a
16-year-old schoolboy at Mill Hill, and
Gerald Marcuse, 2NM, made contact with
Frank Bell, Z4AA, in New Zealand. It
was feats such as these that really woke
communication companies to the
possibilities of the short waves they had
previously scorned.

Not all amateurs in the ‘twenties were
interested in long-distance working. In
1920-21, with no regular broadcasting in
the U.K., British amateurs began putting
out gramophone records and even live
concerts—sometimes with official bless-
ing, sometimes without it. The Wireless
Society organized a massive petition,
signed by 63 clubs representing 30,000
enthusiasts, asking for regular broadcast-
ing. Amateurs can also claim to have
initiated Empire broadcasting when
Gerald Marcuse, 2NM, began a series of
transmissions on about 30 metres, well in
advance of the first B.B.C. station G55W.

But the coming of broadcasting soon
brought problems to the amateurs, and
440 metres was lost. By then Hugh
Pocock had been writing in Wireless
World of the extent that petty rivairy was
threatening to split the ranks of amateur
enthusiasts. But the biggest threat was in
the new regulations of April 1924 when
the authorities attempted to impose a total
ban on all casual international working by
British stations. Wireless World
immediately offered to place £500 at the
disposal of the R.S.G.B. to allow a test
case to be argued in the Courts.
Fortunately the authorities gradually gave
way (although the ban on the use of ‘CQ’
remained until 1946). ’

Later days

In the years that followed, amateur radio
became established as something quite
distinct from broadcasting and turned
more and more to h.f and v.h.f. Strictly
speaking all licences in the U.K. were
‘experimental’ as the first ‘amateur’
licences were not issued until 1946. But, in
practice, in the ’thirties the hobby was
recognized, even if newcomers were
restricted to 10 watts and 1.8, 7 and 14
MHz.

Frequencies continued upwards. Jimmy
Matthews, G6LL, (still active) made the
first transatlantic contact on 28 MHz in
October, 1928, but the band went dead for
some years. About the same time,
amateurs began to explore frequencies
around 56 and 112 MHz, then wide-open
and unused. In the ’thirties came the
annual contests and the operating
certificates. Equipment which until then
had been virtually all home-built began to
be purchased. The superhet communica-
tions receiver began to displace the 0-V-1*
and 1-V-1 receivers. Names such as
Eddystone, HRO, Hammarlund and
Hallicrafters were heard increasingly. The

* Old method of classifying stages in a receiver; first
numeral, number of r.f. stages; letter ‘V’, detector;
second numeral, number of a.f. stages.

Wireless World, April 1971

crystal filter, developed for h.f. by Lamb
of A.R.R.L., exploited a British
development for stenode reception.

By now crystal control had replaced the
old tp.tg and master oscillators (and
was later to be partially replaced by v.f.0.).
The ‘Zepp’ was the popular aerial of the
*thirties. Near Chicago, Grote Reber,
WO9GFZ, was making the first-ever radio
telescope to plot radio sources in the
sky—while Dennis Heightman, G6DH,
identified solar hiss. A.M. stations on 14
and 28 MHz made intercontinental phone
working a daily occurrence.

On 3lst August, 1939, all British
experimental licences were withdrawn and
amateur activity, as such, ceased until
January. 1946. Many amateurs used their
operating skills in the Services—and
incidentally were responsible for many of
the most successful feats of both British
and German intelligence! Indeed, interest
in the hobby did not fade away, and the
R.S.G.B. actually increased membership
from 3800 to 9600 during this period.

In February, 1941, a controversy arose
following the publication of an article “The
future of amateur radio’ in Wireless World
(and which I can now reveal was
written by me), as to the form that
post-war licences should take. Many of the
ideas put forward during this controversy
were later adopted by the Post Office
when, in January 1946, the first-ever U.K.
amateur licences were issued, though a
number of ‘incentive’ elements of this
licence were later to be abandoned.

But the basic terms of the 1946 licence
continue through several revisions to
govern the hobby in this country, though
the introduction in 1964 of Class B
(phone-only, v.h.f.-only) licences poses the
likelihood of further erosion of interest in
c.w. telegraphy, which to some of us
continues to be ‘inescapably the basic
form of amateur communication’.

By the 1950s, the first steps towards the
now dominant s.s.b. mode of operation
had been taken, 144 MHz had displaced
the old 56 MHz band, 420 MHz had been
opened to amateurs (including the new
interest in amateur television), rotary Yagi
and Quad aerials had become popular,
amateurs had discovered transequatorial
propagation. Two further decades have
brought the transceiver and the
semiconductor revolution, but the hobby
has changed remarkably little in its
essentials.

One might ask what is the appeal of
amateur radio that attracts recruits from
both inside and outside electronics and
succeeds in retaining their interest not just
for the average 10 years or so, but for 30,
40, 50 and even 60 years? Its recruits have
included such giants as Armstrong, Ryle,
Kraus, Campbell-Swinton, Fink, Terman,
Henney, Collins, Eckersley, Reber,
Villard, Crosby, Beverage . . . and also
soutsiders’ such as Barry Goldwater, Brian
Rix and King Hussein.

Perhaps Wireless World summed it all
up when, in 1914, it quoted Tennyson:

I hear at times a sentinel

Who moves about from place to place
And whispers to the worlds of space
In the deep night that all is well.
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F.M. Stereo Tuner

High-performance design for home construction

by L. Nelson-Jones, F.L.E.R.E.

In recent years there have been a number
of developments in the components field,
particularly in semiconductor devices, that
have led to great improvements in the
design possibilities for f.m. broadcast
receivers. In particular these have been the
advent of the dual-gate m.os.feut.,
integrated-cirguit i.f. amplifiers and
demodulators, [ceramic filters and im-
proved variable-capacitance diodes. This
two-part article describes an f.m. tuner
design using \these devices, discusses
the advantages|of the devices and gives
constructional and alignment details. It
does not attempt to be all-embracing and
there will doubtless be some who disagree
with the authorls views of the current
scene. It is hoped however that they do
show some way$ in which f.m. tuner
design is currently evolving.

The work is the\result of many months
of design and measurement on five

prototypes, so that results are not based
on a one-off, and should be reproducible
by readers who wish to copy the design.
The receiver was designed to achieve in a
relatively simple way a performance equal
to the better examples of the commercial
models available, but at a much lower
price. (Total material cost comes out at
about £11.) Comparison with the figures
given in a recent Wireless World survey of
commercial tuners (September 1970)
suggest this aim has been achieved. The
performance of the tuner under normal
conditions of use has been excellent. One
of the units is in use in Blandford Forum
in Dorset—very much a fringe area—and
gives noise-free reception from the
Isle-of-Wight transmitters, including the
new local station Radio Solent.

The design for the front-end of the
f.m. receiver is shown in Fig. 1. Bothr. f.
amplifier and mixer stages use dual-gate

Fig.1. Front-end of receiver using dual-gate f.e.ts.
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fe.ts with gate protection diodes. In the
r.f. stage the upper gate is decoupled and
acts as a screen between drain and gate 1,
much as the g, electrode of a thermionic
valve does. In the mixer stage this second
gate is used as the injection point for the
local oscillator voltage. There is not the
same need for a screen between drain and
gate | in a mixer stage as the drain load is
not tuned to either the signal or oscillator
frequencies. There is therefore little or no
gain at signal frequencies to cause oscil-
lation provided care is taken with the layout,
particularly the length and placing of leads.

The magnitude of the local oscillator
injection at gate 2 will affect the mixer
gain and the spurious signal response
characteristics of the mixer stage. This
local oscillator voltage will be higher than
in transistor tuners using bipolar devices
by up to an order of magnitude and for
the circuit conditions used a value of
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Fig. 2. Intermediate-frequency amplifier using ceramic filters and

integrated-circuit quadrature demodulator.
Circuit of IC, will be given in part 2.
.. For stereo reception, use 150pF and not
A 4.7nF at pin § of IC,.

CA3053

in

10:7MHz
X4

Input ) 470

Wireless World, April 1971

af.c.

—p reterence

(55V)

+12V
a7

an
a.f.c. control

47n i
'T"’_" " 4 Sk Audio o;tput
-,

32
330 LS §
10k

8 9 10 11 12 13 14
TAA6618 IC2

| [T ]

390 ]
47n 47n L (IPEREN =N, - Wiy S
’ﬂ'u T4-7n
8 g g ' e oV

Ls

|
|
|
|
|
1
1
I
|
J

—

500mV r.m.§. gives a reasonable mixer
gain without too high a spurious signal
response. In fact higher levels have been
used without great trouble from spurious
signals. Far greater trouble can be caused
by lack of screening, leading to if.
harmonics being picked up by the front
end—especially with the high sensitivity of
this tuner and, because of its small size,
the close proximity of the front-end and
the i.f. amplifier.

The oscillator is a conventional Hartley
circuit with the ground point moved to
give a grounded-collector design. There is
no particular advantage to be gained in
using an fet. in this stage so that the
cheaper bipolar device is preferred.
Automatic frequency control is applied by
the variable-capacitance diode D, coupled
to the emitter of the oscillator stage. A
resistor of (22 k£ prevents the
decoupling capacitor of O.luF from
shorting out the oscillator voltage. The
0.1-uF capacitor together with the 1
megohm resistor form a low-pass filter to
prevent audio voltages in the a.f.c. voltage
from reducing the modulation of the
carrier by audio frequency modulation of
the local oscillator.

The afc. can be switched out of
operation by connecting the diode to a
constant reference voltage from the if.
amplifier. Diode D, is returned to the
12-volt supply line of the oscillator so that
the a.f.c. control voltage changes the diode
reverse voltage in the correct direction to
reduce any oscillator drift. An increase in
local oscillator frequency increases the
intermediate frequency, which in turn
leads to a rise in the output potential of the
demodulator of the if. integrated circuit
IC, (Fig. 2). As the diode is connected to
the + 12V supply, this increase reduces
the reverse bias across D,, increasing the
diode capacitance and reducing the local
oscillator frequency to correct its drift.

The mixer has a grounded-base stage
feeding the 330-ohm resistor needed to
correctly terminate the first filter unit X,

(Fig. 2). This resistor also makes -a
convenient low-impedance output point
from the front-end. A cheap p-n-p bipolar
device is more than adequate for this
position, because in a grounded-base
configuration the requirements in respect
of high frequency or noise performance
are not stringent. The working Q of the
tuned circuit is less than 20 so that tuning
is not critical, and it is set to maximize
gain in the usual way.

The supply for gate 2 of the r.f. stage is
derived from the decoupled oscillator
supply rather than from the top of L,. This
is brought about purely by layout
convenience on the printed wiring board
and, as gate 2 is additionally decoupled,
has no effect on the performance.

LF. amplifier

Two ceramic filter units X, & X, are
separated by a buffer amplifier (IC)) of
moderate gain (about 20dB). The reason
for this moderate gain is that it is desirable
to place the filters as early as possible in
the if. amplifier so that as successive
stages limit with increasing signal level
there is no change in bandwidth. This
would be fully achieved if the whole of
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Fig. 3. Graph of low-level performance
shows sensitivity of 0.75uV (for +75kHz)
for 20dB quieting. Above 5QuV input,
signal-to-noise ratio is better

than 60dB.

the if. gain were after the filter, and
provided the mixer did not limit.

In practice it is not possible to achieve
this ideal, but the compromise of using
only moderate gain before the second filter
unit is a reasonable one and does not
give rise to any undue increase in band-
width over the normal range of signal levels.
The performance obtained is a great
improvement over normal bipolar if.
amplifiers using discrete components with
several double-tuned i.f. transformers. In
such an amplifier the selectivity of the
transformers is gradually lost starting at
the output end as successive stages limit
and the overall selectivity can leave a lot
to be desired at high signal levels.

The first integrated circuit is a long-
tailed pair circuit, used as a cascode
amplifier by ignoring one of the top
pair of transistors and driving into the
long-tail transistor. The input impedance
of this stage is suitable for the cecramic
filter unit so far as resistance is con-
cerned, but is above the maker’s rccom-
mendations so far as input capacitance is
concerned. For this reason the resistor

- terminating the filter X, is raised to 470

ohms, which compensates for the 1n-
creased capacitance loading of the stage in
restoring the top of the filter characterisiicto
reasonable flatness.

The load of the cascode stage is a
330-ohm resistor—to drive the filter X,
from the correct source impedance. This
low value results in the stage gain being
low, especially ‘'when the loading effects of
the filter are accounted for, so that
although the slope of the cascode stage is
around 100mA /V the overall gair from
the output of X, to the input to X, is only a
little over 20dB.

The input impedance of the IC», around
2 k{2, is not very much greatér than
330 ohms so that a terminating ressior of
390 ohms is used at the output of 'y The
value of the feed capacitor |
‘quadrature’ tuned circuit L; is la to the
the maker’s recommended valu  ger than

of 18pF.
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The  value is not very critical in practice
and up to 47pF has been used with little
change in performance once the circuit
had been retuned. It is likely that with
large departures from the recommended
value there will be an increase in
distortion, but no appreciable effect is
likely to stem from the increasg to 22pF, a
value more readily available than 18pF.

One possible reason for the apparent
insensitivity to the value of this capacitor
is that the quadrature drive voltage is
derived from a resistive tap on the load
resistor of the final stage of the if.
amplifier of IC, The value of the
impedance at this tap is fairly low, and as
the coupling to the circuit is increased by
increasing the value of the capacitor, the
damping effect of this resistor increases,
lowering the Q of the quadrature circuit,
and compensating—at least to some
extent—for the increased drive and
tending to restore the correct phase
relationship.

The audio output from pin 14 is taken
via a 2.2-kQ resistor to provide additional
overload protection.

The reference used when a.fc. is not
required is derived from a potentiometer
across the supply. The values chosen give
a voltage close to that obtained at pin 14
of IC, (when there is either no signal or the
signal is at centre frequency). The output
level at pin 14 of IC, stays fairly close to
around 46% of the supply voltage over
the range 10-16 volts, and thus a simple
potential divider is adequate for this
reference voltage as this will also provide
such a percentage of the supply voltage.

Because the output at pin 14 is a
percentage of the supply voltage it is
essential that the supply to the tuner be
very well smoothed if hum and noise on
the output is to be prevented. This is also
important as the a.f.c. diode is returned to
the 12-volt supply, and supply rail hum
will  therefore produce frequency
modulation of the intermediate frequency
whether or not a.f.c. is switched on.

The requirement for a ripple-free supply
was one of the reasons for the choice of a
12-volt supply, so that adequate resistive
smoothing could be used with a large

\

6BA clearance

reservoir capacitor. The drain of the tuner qndO:.'f.pcu.:uepue ref:':éfaée +r1.‘2F.V

is almost constant and fairly well defined

at a little under 35mA so that simple Fig. 4. Metal bridge—covering lead from T r, drain to its tuned circuit-—under the tuning
resistive dropping is satisfactory. An capacitor is essential to maintain stability. Bridge, which can be tinplate, is detailed in |

important point is that with such a Fig. 7. Complete tuner is screened by fitting into a die-cast box.
network it is essential that the supply to
the resistor be switched to disconnect the
receiver, and not the supply to the receiver >
from the reservoir capacitor. In this latter ins.dIC\./
case the capacitor would charge up to the

full supply voltage with the receiver off, <3
and on switching on the receiver would o~
momentarily receive the full supply, which 18 s¥.ge
might well be enough to permanently

damage the active devices of the receiver,

especially IC,. For supplies much above,

say, 36 volts some form of simple

stabilizer would be preferzhle.

Jecm

La

L1 ‘L2

Performa: ce Top view of osciilator coll L3

The lo el performance of the tuner is Fig. 5. Self-supporting r.f. coils, wound wi:k slightly stretched wire, are shaped on a
show ig. 3. At signals above 50uV 4-in dia. rod.
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33 sw.g. enam, copper
(preferably self-fiuxing)

Wires soldered
to underside

68p

Cover with L
Evostik T =
W
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1+13 B
turns
TOP VIEW 68p

pins 0 & connected on printed circuit

(b)

TOP_VIEW

()

Fig. 6. Two screened i.f. coils are wound with 33-gauge enamelled wire and secured with a little Denfix cement. Capacitors are fixed

with masking tape.

the signal-to-noise ratio is better than
60dB, and the 20 and 30dB quieting
figures are 0.75 and 1.9uV respectively.
Limiting ( —3dB) of the demodulated audio
signal (single-tone filtered from noise)
occurs at only 0.18uV so that at all usable
signil levels the if section is limiting.

Unfortunately no signal generator was
available which had an output with
amplitude modulation-free from f.m., and
it has therefore not been possible to check
the a.m. rejection of the receiver.
However, it is expected that the result will
be close to the figure quoted for the if.
integrated circuit (/C,) at moderate signal
levels, with an improvement when the first
i.f. amplifier limits. The figure quoted for
the TAAG61B is 40dB at 10mV input,
equivalent to around 10uV input at the
aerial. Performance is summarized in the
table on this page.

General layout

The tuner is constructed on a single-sided
printed circuit board and is divided into
two areas. The front-end and the if.
amplifier are laid out separatcly, side by
side, on a printed circuit board about 10
X 8 X Scm overall, and in such a way
that they may be separated if desired.

The complete tuner is enclosed in a
screened box tc cut down on spurious
responses due to radiation from the if
amplifier, and to reduce local oscillator
radiation to a minimum. This screening is
especially necessary with this design
because of its very high sensitivity.

The dial drive system syuggested gives a
scale length of 13.7cm with a reasonably
linear frequency change over the centre
80% of this scale. A cord drive system is
used which has the advantage of retaining
the pointer at both ends, thus eliminating
the problemn of siiding friction at one end

of the pointer, and giving a much
smoother drive.

The overall layout of the components is
shown in Fig. 4 as seen from the
components side of the board, and also in
the oblique view.

In construction keep leads short and if
possible test all components on a bridge
before fitting them on the board, as this
can save ruining a good p.c. board should
the tuner not work first time. It cannot be
emphasized too strongly that such
component checks can save much wasted
money and temper. It is also vital to check
that the components are correctly located,
the diode connected with the right
polarity, and that there are no breaks or
shorts on the ‘track’ of the p.c. board.
This latter point is of importance on such
a small board with roughly 200
component holes, as tracks are necessarily
fine and gaps small. A watchmaker’s
eyeglass has been the constant companion
of the author during the construction and
design of this tuner.

Coil construction

The r.f. coils are all made from 18-gauge
tinned copper wire and are self-supporting.
Taps are made by soldering leads of
22-gauge tinned copper direct to the turns
of the coils—-Fig. 5. The coils wer¢c made
by winding the wire on a {-in rod such as
a drill shank. The wire should be
straightened by placing one end of a
length in the vice and pulling the other end
until the wire stretches very slightly, when
the wire will have lost all kinks.

The coil wires should be a firm push fit
in the board, if undue strain on the copper
foil of the board is to be avoided when
adjusting the coils. At all cost avoid the
wires being loose in the board before
scldering and if necessary apply the

minimum of Araldite epoxy adhesive
around the 18-gauge coil wires on the
components side of the board after
soldering in position. The joints should
then be quickly reheated with the soldering
iron to cause the Araldite to run into the
holes in the board, thus securing the coils
rigidly. After using such an adhesive the
board must be left in a slightly warm
place, e.g. an airing cupboard, for 24
hours to ensure that the adhesive has set
hard.

The coils should be mounted on the
board in the positions shown in Fig. 4, and
with. the turns of the cails nearest the
board surface 2.5mm clear of the board.
In tye case of the oscillator coil this must
alsd be 3.5mm clear of the rear face of the
tuning capacitor. It is best to adjust the
coils before soldering them into the circuit
board to minimize subsequent adjustment,
and the overall coil lengths given (over the
outside of the end turns) are close to the

Performance

Sensitivity

—3dB limiting 0.18uV

20dB quieting 0.75uV

30dB quieting 1.9uV
Spurious response

image rejection -70dB

i.f. rejection -85dB

other unwanted

signals -94dB
Audio output 0.5V rm.s. for +75kHz
Capture ratio* 2dB approx.

* Difficult to measure. There does not appear to be
much dependence on signal level provided the
signals are reasonably above noise level—a resuit
to be expected from the very low level at which
limiting starts. Figures varying from 1 to 4dB were
measured at various signal strengths on repeated
measurements. In general a signal 10dB below
produced no noticeable effect on th demodulated
output.
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final adjusted lengths required for correct
tracking.

An alternative method of mounting is to
open up the main coil mounting holes in
the board and insert ‘eyelets” which are
big enough to allow the 18-gauge coil
leads to pass through them. The eyelets are
riveted into the board so that the strain is
removed from the copper track. Overall
connection is obtained by soldering the
track to the eyelet and to the coil leads.
All the main pads for the ends of the coils
are large enough to allow this to be done.

The two screened if. coils are both
constructed on Neosid coils type NS/E3,
and both are wound with 33-gauge
enamelled wire, preferably of the
self-fluxing variety. The two coils are
wound as shown in Fig. 6 and the turns
secured in place for stability with a minute
quantity of Denco Denfix polystyrene
cement. (Do not use modelmaker’s
polystyrene cement as some varieties can
have high loss factors.) It is essential to
use the least possible quantity as the
bobbin of the coils is made from
polystyrene loaded with iron dust and is
very easily dissolved by this cement. When
the cement has dried, place the ferrite
sleeve over the coils, ensuring that the
leads are well pressed down in the slot at
the base of the bobbin so that this ferrite
sleeve does not scratch the wires.

Next push on the polythene retaining
disc. Secure the ferrite sleeve to the coil
former with a smear of Evostik latex-resin
contact adhesive around the join between
the sleeve and the coil former near the
base. When dry connect the capacitors
(and the resistor in the case of L;). Tape
these components to the former as shown
to hold them clear of the coil can. Make
sure all leads are well clear of the can
when this is slipped over the coil. Next fix
the core into the coil. The ferrite core cuts
its own thread into the polythene top
retainer. Set the top of the core level with
the top of the polythene retainer—Fig. 6b.
This should be close to the final
adjustment position. In the case of L, the
capacitor is connected to the coil on one
side via the printed circuit, which connects
pins 1 and 4, thus placing the 68-pF
capacitor across the coil.

Fitting components to the board

Due to the small size of the board and
components it is absolutely essential to
use a soldering iron with a small tip which
is adequately hot and clean. Lead lengths
must be kept short and the components
close to the board. This is especially
important with the ceramic disc
decoupling capacitors (1 and 47nF types).
The transistors should be pushed down
onto- the board until the body is 2.5mm
above the board; pushing the transistors
closer than this will strain the leads
unnecessarily. This rule applies also to
IC,. The second i.c. should be placed
down on the board until the shoulders on
each lead contact the board: the body of
the i.c. will then be just clear of the board.

There will be some difficulty in locating
the polarity of the diode due to the small
size of ti is device. If in doubt check it with

Soldered at
each corner

Fig. 7. Metal bridge—covering lead from
Tr, drain to its tuned circuit—under the
tuning capacitor is essential to maintain

stability.

an ohmmeter on the ohms X 1 range,
when the cathode will be the one
connected to the positive lead of the
multimeter when the meter shows
conduction. (On a multimeter the polarity
of the leads on the resistance ranges is the
opposite to that shown on the meter panel
so that the red positive lead is negative,
and when connected to the cathode
results in the diode being forward biased.)

There are two wire links on the board,
one on either side of L in the i.f. section.
These links may be either 22-gauge tinned
copper or 1-024 p.v.c. covered wire.
Connections to the 3-gang capacitor are
by similar wires. The capacitor is secured
to the board by two 6BA screws not
longer than 4.5mm of thread.

The link from the r.f. to if. sections is
by a twisted pair of 1-024 p.v.c. insulated
wire as shown in Fig. 4 and in the oblique
view. Take care to see that this is
correctly connected, i.e. the live lead of the
pair connects between the collector of Tr,
and the input to X .

The two screened coils L, and L, are
soldered into circuit after being pushed

Detail of one end
of pointer

18 sw.g. pointer
secured by Evostik

threading
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well down on the circuit board so that
when the can is placed over the coil it just
rests on the polythene retainer at the top
of the coil, while also just contacting the
p-c. board. The can is put on the coil after
soldering the coil into the board, and the
two can tags are then also soldered to the
board.

There is one component not shown on
the circuit because it is not a circuit
component. This is a ‘bridge’ across the
lead from the drain of Tr, to its tuned
circuit under the tuning capacitor. This
bridge continues the earth plane as well as
screening the lead. It is essential to use this
bridge to maintain stability in the r.f
amplifier. The bridge is necessary because
of the layout limitations set by the
capacitor having its connections on only
one side of the body, and the need to keep
the coils well spaced to obtain good
stability and keep oscillator radiation low.

The dimensions and location of this
bridge are shown in Fig. 7. The bridge
may be made of any metal that will not
corrode but will solder. Tinplate was used
in the original units. Take care not to
short the wire to the centre-section stator
of the variable capacitor at the end of the
bridge nearest to L,

If the ceramic filters need removing from
the board, take care not to apply pressure
when applying heat to the connections,
otherwise the component will be damaged.
Remove solder first with a desoldering tool
or with copper braid.

In the photograph the alternative type
of oscillator transistor is shown. If this
type is used then the fourth connection on
the transistor won’t exist—used to earth
the can on the TO-72 type specified
(40244). Only the three connections
nearest the 3-gang capacitor will then be
used. In addition, an extra lead is shown in
the photograph adjacent to the integrated
circuit JC, that is not shown in Fig. 4.
This lead connects to pin 14 of this i.c. to
control the af.c. However, as the output
lead (via the 2.2-kohm resistor) will

Cords knotted round end ot spring
varnished to prevent
« ( loosening

Upper —* Lower

Fig. 8. Suggested cord system eliminates pointer friction and can be mounted in any plane.
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Fig. 9. Typical scale graduations for the
band 87.5 to 108 MHz.

normally have a d.c. blocking capacitor in
series, it will be at the same potential as
pin 14, and is therefore suitable for the
same purpose.

Screening of the tuner

It is essential to screen the tuner to avoid
instability in the i.f. section due to pick-up,
particularly from the output lead.
Although the de-emphasis capacitor
removes most of the 10.7-MHz signal and
its harmonics, the output lead can still
have sufficient of these signals present to
cause spurious whistles when tuning if
this lead is anywhere near the r.f. section.
A great improvement results from
connecting a capacitor of 470pF from the
output to ground which, with the
2.2k £ series resistor, removes these
high-frequency signals sufficiently to make
the position of this lead less of a problem.
(In stereo applications the capacitor used
will probably need reducing to 100-200pF
to avoid attenuating the stereo switching
waveform unduly, and if a long screened
lead is used for the output the capacitance
of this lead should be enough by itself.)

Prototypes were fitted into an ITT
die-cast case with internal dimensions 12
% 9.5 X 2.5cm and is a tight fit with
regard to height. Connections to the tuner
should be made through insulated
feed-through terminals close to the board
so that all leads are as short as possible
inside the screened box. A slot will have to
be cut in the side of the box to allow the
tuning capacitor shaft to pass through.
The author found it easiest to fit the tuner
board to the lid of the box, and to use the
box as a cover, with holes drilled in line
with the trimmer capacitors and L, and L
to enable final alignment with the box
closed.

The board is mounted by four 6BA
screws as shown in Fig. 4 and must be
spaced about 5-8mm from the surface of
the screened box, to prevent the track-side
of the board from shorting on the box.
Extra nuts or spacers may be used to
achieve this spacing.

Dial drive system

Fig. 8 shows the layout of the suggested
cord drive systém which eliminates the
problem of pointer friction, and is suitable
for mounting in any plane. The parts
required are made by the manufacturers of
the 3-gang capacitor with the exception of
the pointer, made of 18-gauge tinned
copper, or similar, and the cord. Typical
scale graduations for the 87.5 to 108-MHz
band are shown to scale in Fig. 9.

To be concluded with a discussion of
devices used and alignment methods.

Parts list

Set of parts is available from Integrex Ltd,
P.O. Box 45, Derby DEI1 1TW.

Inductors
See illustrations and text for winding details
L, & L, inductor assemblies are Neosid NS/E3

Dial components (all Jackson)

1-in brass pulleys, type 4879 (4 off)
L.in brass pivots, type 4539 (4 off)
brass spacers, type 4880 (4 off)
type ‘G’ drive spindle, type 5080
drive drum 2.5cm dia. 4-mm bore

Variable capacitors

3 X 14pF tuning capacitor, part no.5560/3/14
(Jackson)

4.5 to 20pF trimmer (3 off) (Piher make from
Henry’s Radio or Rosenthal type STSE-7,
N750 from Radio Resistor Co. or type
7S-Triko 02 from Steatite Insulations)

Fixed capacitors

InF disc ceramics, 50V, l-cm mounting
centres (10 off)

0.1¢F, 16V (Mullard type C280)

32uF, 10V (Mullard type C426)

22,68 (2 off) & 100pF, 160V, polystyrene

15, 47 & (2 off) 330pF ceramic tubular or
disc, or polystyrene mounting centres
lem

4.7nF miniature tubular polystyrene 1.65-cm
mounting centres. Use 150pF for stereo
reception

Ua? N discCtzcs [om)
\’(1 n\' gfi’{' 4
Resistors

Miniature carbon film type, ; watt +5%
tolerance (Mullard)

Active devices

40673 (RCA 2 off). In mixer stage, lack of gate
protection diodes may be acceptable, in
which case types 40604 or 3N 141 canbe
used. If the risk of not using diodes is
acceptable for r.f. stage, types 40603 or
3N140 can be used. N.B.: retain
protective spring until power is applied

40244 (RCA), alternatively TI409 (TO-92)
—rnow avaialable as TIS64 (TO-18),
Texas

BC213L (Texas) or BCY70

CA3053, 3028A or 3028B (RCA)

TAA661B (SGS)

TIV307 (Texas)

Also needed are

printed circuit board (available drilled, solder
coated and with component locations)

ceramic filters type FM-4 (Vernitron). Order as
pair with same colour coding (orange-
10.625 MHz, yellow-10.6625 MHz,
green-10.700MHz, blue-10.7375MHz,
violet-10.775MHz)

trimming tool for L, and L, cores

nylon cord

die-cast box

Denfix cement

Denfix cement (from Home Radio)

Evostik latex-resin impact adhesive
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Baird’s Video Dise
turns again

The video disc is not a new idea, as J. C.
G. Gilbert pointed out in his article on the
Teldec system last year.® John Logie
Baird recorded video signals from his
30-line television camera on a 78 r.p.m.
wax disc as far back as July 1928. Copies
were made and sold to the public by
Selfridge’s store, London, in the early
1930s, the idea being that they should be
played from an electric gramophone into
the Nipkow-disc Baird Televisor of the
time.

Recently Wireless World was able to
examine one of these discs, and see the
kind of pictures it produced on a
Televisor, at a demonstration put on by
the L.T.A. at the television museum in its
London headquarters. The disc, which
looks like a 10-inch black gramophone
record with a red label, was acquired from
Mr. G. Diment of Herne Hill, London,
who bought it from Selfridge’s in 1935 at
a price of 7 shillings. On the label are the
words ‘Recorded Television Record No. 1,
Speed 78, Scanning Speed 750, Lines 30,
For Private Use Only’. Because the disc is
very fragile a magnetic tape recording had
been made of its video signals, and it was
this taped copy which was played into the
Televisor at the demonstration.

The Televisor was a 40-year old model,
one of two acquired by the museum and
restored to working order by LT.A.
engineers at the Fremont Point
transmitter, Jersey. The authenticity of the
results was assured by H. I
Barton-Chapple, who worked with Baird,
and by P. J. Packman, who built one of
the two Televisors in 1928 at Plessey.

All that can be said of the pictures seen
is that they were a sequence of patterns, in
the characteristic orange light of the
Televisor’s neon tube. What the patterns
depicted was anybody’s guess, though we
were told they were caricatures of human
faces. Certainly, the first video disc
cannot be regarded as anything more
than a technical curiosity. It is nonetheless
a further tribute to Baird’s ingenuity and
enterprise in the face of the public’s
indifference at that time.

*%The Video Disc”, Wireless World,
August 1970, p.377.

.

Correction

Peter Blomley, author of the articles ‘Nevi approach
to class B amplifier design’ (February aid March
issues), tells us Tr, in Fig.l of the seccnd article
should be type 2N3904 and not 2N390S, and that
in Fig. 5 the ordinate should b, labelled
0.00075%/cm, and not 0.0012%/cm.
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News of the Month

‘W.W.” amateur radio station

As part of the journal’s 60th birthday
celebrations we are to operate during April
an amateur radio station wusing the
specially assigned call GB3WW. The
station is being set up in Dorset House,
where we have had our editorial offices for
nearly 40 years, and will operate in the
amateur h.f, bands.

Our contributor Pat Hawker, G3VA,
will be in charge of the station and among
those manning the station from time to
time wil be F. C. Ward (G2CVV)
president of the R.S.G.B., D. A. Findlay
(G3BZG) general manager of the
R.S.G.B., R. S. Roberts (G6NR), B. M.
Johnson (G3LOX), J. Brodzki (G3HQX),
S. Andrews (G30GY), D. R. Bowman
(G3LUB) and G. M. C. Stone (G3FZL).

The station will comprise a KW2000B
transceiver, KW1000 linear amplifier,
Eddystone 1830/1 receiver, Heath SB303
receiver and the s.s.b. receiver described
by David Bowman in our July-September
1969 issues. The microphone is a Shure
444. A trap dipole is being installed on

the roof of Dorset House about 100 ft
above street level.

We are grateful for the co-operation of
manufaciurers and the Minpostel in
enabling us to operate this station. A
special QSL card embodying a
reproduction of the front cover of this
issue is being prepared.

Electronics industry
manpower

For the first time the manpower problems
of the electronics industry in the U.K.
have been studied in isolation from those
of the electrical industry. This has been
done by a working group of the electronics
‘Little Neddy’ (Economic Development
Committee), under the chairmanship of
Professor G. D. Sims of Southampton
University, and some conclusions and

New sector control consoles in the Mediator air traffic control system are now in Sull
operational use for controlled airspace at the West Drayton centre. Consoles include
flicker-free bright displays—made possible by a scan conversion technigue—which
combine both primary radar information in the form of blips and secondary radar data in
the form of digitally generated characters. Secondary radar can provide aircraft
identification, route ard height information depending on the kind of transponding
equipment installed on board aircraft (see ‘Progress in air traffic control’ page 200).
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recommendations are presented in a
preliminary report ‘Qualified Manpower in
the Electronics Industry’ published by the
National Economic Development Office.
The conclusions are not exactly startling,
the main points being that while the
availability of qualified engineers and
scientists is satisfactory there is evidence
of a serious shortage both of technicians
and of graduate production engineers
willing to work in the electronics industry.

There seems to emerge from the report
a picture of an industry in a confused and
mulish state of mind about its own
problems. It does not understand what
facilities and information are available to
assist with the education and use of
technological manpower; it does not have
adequate statistics and forecasts for
manpower requirements; it is not
sponsoring students for ‘Bosworth’
bridging schemes in sufficient numbers to
make the courses fully viable; and it does
not regard the release of qualified workers
at regular intervals for continuing
education as normal and desirable.

Among the working group’s recommen-
dations is one that the electronics EDC
should sponsor a study of manpower
utilization in the context of the
management of innovation and its
consequences. The fact that U.K. industry
is well behind the U.S.A. and Japan in the
speed and effectiveness with which it can
turn an R & D project into a commercially
available product is now well known, and
has been made painfully apparent by the
Rolls-Royce debacle. The working group
is convinced that °‘a better use of
manpower, better management and
control of projects, and a more
appropriate mix of manpower resources
could all make very substantial
contributions to shorter lead-times, and
thus to more effective innovation’ The
EDC has agreed in principle to the
proposal and asked the NEDO to start the
study.

Film and chips

A new method of mounting integrated
circuit chips, which looks like being very
suitable for use with automatic assembly
methods, has been developed by the
Philips Research Laboratories, of
Eindhoven, Holland. The processed
integrated circuit chips are mounted on a
long strip of Polymide film and can be
stored on reels like recording tape. The
Polymide film has a metallic film contact
pattern on which the chips are mounted in
the same way as ‘flip-chips’ are mounted
in hybrid integrated circuits. After the
chips have been mounted the reels of tape
holding the chips are treated to improve
mechanical strength and are then
passivated. During testing faulty chips on
the film are marked so that they can be
rejected automatically during subsequent
circuit building.

The film-mounted chips can be applied
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The metalization pattern on the Polymide film can be clearly seen. Integrated circuit chips
mounted in this way could easily be used in automatic assembly machines.

to a printed circuit board, or to any other
substrate for that matter, or they can be
mounted on specially designed headers for
conventional insertion into printed circuit
boards. When mounted in the header
Philips are claiming excellent heat
dissipation characteristics. An experimen-
tal monolithic audio amplifier with an
output of 3W has already been built and
operated successfully using the technique.

Amateur radio history

As mentioned elsewhere in this issue the
Derby Wireless Club (now called the
Derby and District Amateur Radio
Society) was formed in 1911, and, like
W.W., is marking its 60th birthday with
special events. The first is an exhibition to
be held in the Derby Museum and Art
Gallery from 3rd to 17th April (excluding
Good Friday). The aim of the exhibition is
to illustrate the various activities of the
society, but space will also be devoted to
the history of amateur radio. Exhibits will
include items constructed by early mem-
bers of the society, and there will also be
a life-size reproduction of a typical amateur
station of the period 1911-13. A modern
amateur station will be in operation at the
exhibition and the call-sign will be
GB3ERD.

The exhibition will be opened at 3 p.m.
on 3rd April, by the Mayor of Derby,
Alderman Miss M. E. Grimwood-Taylor,
whose father, S. Grimwood-Taylor, was
one of the founders of the society.

Being the oldest amateur radio society
in the U.K. (now with 245 paid-up members
it has many historic pieces of equipment
and components and an effort is being
made to set up a permanent museum.

100MHz m.o.s. i.cs

Metal oxide silicon transistors have been
successfully made at the Hirst Research
Centre (G.E.C.) with channel lengths of
énly lum against the 6 to 10um
normally employed in commercial m.o.s.

integrated circuits. Apart from increasing
packing density by a factor of ten it is
estimated that 100MHz integrated circuits
can be made with these devices and could
mean that m.o.s. will soon be knocking
t.t.l

The short channel transistors were
made from masks produced by Cambridge
Scientific Instruments Ltd using electron
beam methods. The ion implanted source
and drain regions have a low feedback
capacitance giving the device its high
operating speed.

The work had been carried out under a
Ministry of Defence contract and is part
of a much larger programme of research
into m.o.s. devices being carried out at the
Hirst Research Centre.

Top of the short-wave pops

The International Short Wave Club
reported a record response to their poll,
held once every three years, to establish
the most popular short-wave station.
Votes have been received from most
countries in the world including China and
the U.S.S.R. Each voter could give
five-votes for his first choice, four for his
second and so on. It was found that many
individuals did not go any further than a
first choice. Of the 30,836 valid votes cast
(4,712 arrived too late) Radio Australia
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won with 7,010 votes followed by the
B.B.C. World Service with 4,493, Third
and fourth were Radio Nederland (3,877)
and Voice of America (3,711), followed by
Deutsche. Welle (1,269), Radio Japan
(1,051) and Radio Canada (1,018).

Printed circuit patent

A decision taken recently in the House of
Lords ended a ten-year legal battle by
Technograph Printed Circuits (London).
The decision confirmed that the patent
taken out in 1943 by Technograph
describing the manufacture of printed
circuits was valid until it expired in 1967
after a seven-year extension. In this
particular case the decision was against
Mills and Rockley (Electronics) who had
been sued for patent infringement by
Technograph. However, the implications
are much greater and writs have been
issued against forty other British printed
circuit manufacturers.

In America a similar ten-year law suit
has been going on involving Technograph
Printed Circuits’ associate company
Technograph Inc. although a decision has
not yet been reached.

Selective crystallization

Work is in progress at the Battelle
Development Corporation, an interna-
tional independent research institute, on a
new process to produce m.o.s.t.
microcircuits on a sapphire substrate.
Instead of coatino the sapphire with a film
of silicon and using masking and etching
processes to form active devices and
interconnection patterns as is usual the
new method does all this in one very
complex process called selective crystalli-
zation.

The work so far has shown that the
process is feasible but more research is
needed before the method could be used
for production.

A new low-cost
navigation system,
installed on the
Blue Funnel cargo
liner Prometheus,
intended to oper-
ate with the
American naviga-
tional satellite
system. The equip-
ment, which was
built by S.T.C,
carries out dead-
reckoning naviga
tion between satel-
lite passes.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Birthday greetings

Congratulations to Wireless World on
completing its sixtieth year of publication.
It was the world’s first radio journal and
has always been in the forefront in report-
ing technical developments in broadcasting.
It is regarded as essential reading by most
B.B.C. engineers.

The B.B.C. is a slightly younger
organization, but during the forty-nine
years of its existence, B.B.C. engineers
have had the pleasure and privilege of
contributing to Wireless World many
articles on broadcasting and associated
subjects. We value these close links
with Wireless World and send it our best
wishes for continuing success.

J. REDMOND,

Director of Engineering,
B.B.C.,

London.

I am sure that thousands of radio and
electronics engineers throughout the world
will wish to congratulate Wireless World
on reaching its sixtieth anniversary. Over
this period, longer than any other journal
in this field, Wireless World has accurately
and honestly surveyed the broadest aspects
of communications and electronics engin-
eering, and initiated many designs of
equipment using advanced techniques.

One of my most treasured possessio
is a complete set of bound volumes of
journal. In these is recorded the
history of the remarkable devel
over the past sixty years, and pe
only regret is that the adve
were not bound in for they
changes in component desig
economics of the industry.

It was fortunate that my ph:
at Westminster City School v
telegraphist in the R.N.V.R.
first World War, and his en
wireless and line commun’
tinued into the school cl
laboratory. Soon he had
winding hundreds of feet
copper wire on 4in diamete
pregnated cardboard tubes &
off to Lisle Street, which wi
mecca for radio component:
of visiting the school tuckeb

; the
whole
opments
zrhaps the
:rtisements
record the
n and the

ysics master
vas a senior

during the
thusiasm for
ications con-
assroom and
his students
of insulated
r paraffin im-
ind sending us
1s already the
s So in place
~nd buying

Fives balls we spent our pennies with Kate
Raymond who sold ebonite end plates,
aluminium vanes, 2BA rod and brass
spacers, with which we made variable
condensers. Farther along the road was
Will Day, an outstanding inventor of
cinematograph apparatus, who saw the
potential cevelopment of the radio industry,
and who later financially assisted John
Logie Baird with his early television experi-
ments. Will Day was the source of galena
crystal, and, if one had the money, quite
sophisticated micrometer adjustment cat’s
whisker crystal detectors. Then a trek to
Shoreditch to buy some continental head-
phones from Ted Rosen who later
became the chairman of Ultra Electronics,
Ltd. Already the school had a good aerial
consisting of two parallel 50 foot 7/22
$.W.g. copper wires on spreaders and a
copper plate earth. Thus early in 1922
one was thrilled to hear the time signals
from the transmitter on the Jiffe] Tower.
These were the G3ys of the amateur
constructor and the founding of many
radio clubs, the activities of which were
regularly “ecorded in Wireless World.
Althou”_:u other journals sprang up to en-
Courﬂage the newcomer to wireless, already
,W .W. held the esteem of the relatively
«&w professional engineers and the band of
enthusiasts who followed the advanced
constructional articles published in the
journal. Many outstanding designs
followed and one remembers the first to
use a double ended screen-grid valve as
an r.f. amplifier, and the using of
Litzendraht inductances. Over many
years Wireless World has sponsored
designs for high-quality amplifiers of which
The W.W. Push-Pull Quality Amplifier
probably laid the foundation of the audio
industry. Also in the early ’thirties members
of the W.W. staff set up the first
investigation into the performance of
loudspeakers with a large baffie board
mounted on the roof of the building and
a microphone mounted on a mast.
Throughout the years since 1925 when I
first made personal contact with members
of the staff of Wireless World, 1 have
always regarded it as a privilege to
enjoy the friendship and advice of the
successive Editors and their staff. Each has
set a high standard and given devoted
service to the journal, their readers and the
industry. Many of the articles have been
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contributed by world famous scientists,
physicists and engineers and in spite of
changing economic conditions and wars
every issue has maintained a high and
accurate standard.

Long may Wireless World continue to
be published and its team of contributors
and staff maintain the high standard of
technical journalism that has made it the

pre-eminent journal in the communications
world.

J. C. G. GILBERT

Northern Polytechnic,

London N7 8DB.

Stereo decoder using sampling

Referring to D. E. O'N. Waddington’s
article in the February issue, I have found
that the second harmonic distortion level
(0.6% at 30mV input) and the signal
attenuation (9dB at 5kHz) can both be
reduced by simple modifications to the
circuit.

The de-emphasis network accounts for
5dB of the 9dB attenuation quoted, but
what of the other four? As resistors
R, and R,, (Fig. 7 page 73) bias Try,
and Tr, near pinch-off, particularly
for a transistor with low Vp)Gs, the
operating point is one at which &m is
low and non-linearity comparatively high.

"Further, the low-value load resistor of

2.2k(2 implies low gain.

The 2V adjacent to the source of Tr,,
suggests that transistors close to the
lower limit of Vyp)gs were used in the
prototype. The manufacturer’s data sheet
shows g, to be 2mA/V, and hence a gain
of about five times open-loop or 0.8
(—2dB) as a source follower. These
figures were confirmed by measurement
and a harmonic distortion figure of 0.1%
obtained at 100mV r.m.s. level—relating
to the source follower only.

Turning now to the fe.t. switch Trg
or Try it is important to bear in mind
the inherent capacitance Cgy between
gate and drain of the transistor. Were this
fixed in value, its effect would simply be
to cause an error between the input sample
voltage and the output hold voltage across
C,, or C,,. This error is caused by the
transference of charge to Cgy on the
trailing edge of the sampling pulse, and is
minimized when Cgy is small and the hold
capacitance as large as possible. o

As the capacitance Cgy in practice is
voltage-dependent in a highly non-linear
manner the hold voltage error is also non-
linearly related to the input sample voltage.
This voltage is the instantaneous sum of
the sample pulse amplitvde and the com-
posite signal at the source. The situa-
tion is summarized in the following
expression v,

V= =

A C12 c gd (V) aV
4
where ¥, is the error - voltage, 'ar}d 7
and V, define the input amplitude limits.
Measurements on Mr Waddington’s
sample-and-hold circuit show an harmonic
distortion figure of approximately 0.5%
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to 100mV r.m.s. output across C,,, and an
attenuation of 2dB was obtained.

To minimize both attenuation and dis-
tortion, the hold capacitor can be
increased in value so long as it is able to
become fully charged during the sampling
interval. This is to say SCR=250ns.
No value is given for Rgson in the
BFW10 data but it seems this is below
300Q, so that C,, and C , can be in-
creased to 180pF. Taking this opportunity
to consider R gy 5 it is essential that
the sampling pulse at the gate has an
amplitude of at least 8V to ensure that
limit transistors switch off as required,
and this necessitates an increased supply
voltage. Taking all these factors into
consideration the following modifications
can be made.

1. Increase supply to 12V and feed the
drains of Tr,, and Tr,, from a 20 to
24-V supply.

2. Omit C,,, Cig R,, and R, directly
coupling the drains of Try and Tr, to the
gates of Tr,, and Tr,.

3. Increase C,, and C,, to 180pF. R,
and R, to 22k§ and R, and Ry, to say
33kQ while reducing C,, and C, to

1.5nF. These modifications reduce
susceptibility ~to  spread in fe.t.
characteristics, reduce distortion to

0.05% and reduce attenuation in the
sample-and-hold and source follower
sections to less than 1dB.

It is desirable to disable the sampling
action for monophonic reception, by open-
circuiting R, and R,, for example, other-
wise noise components around 38kHz
are translated to audible frequencies
causing appreciable degradation of signal-
to-noise ratio, especially in view of the
triangular noise spectrum associated with
an f.m. system.

This type of decoder is very attractive
in terms of crosstalk performance,
suppression of 19kHz and 38kHz compo-
nents, and reduction of subcarrer side-
bands. Perhaps fuller advantage of the
technique could be taken by using a
phz_lse-locked-loop sampling oscillator,
which would enable both setting adjust-
ments and wound components to be
eliminated.

Incidentally, one of the transistors
suggested fcr Trg to Tr,,—the BFW10—
has a Vp5s max of 8V—dangerously
close to the supply of 9V.

D. R. BIRT,
Oxted,
Surrey.

In his letter in the March issue D. E. O’N.
Waddington states that for a sample-and-
hold network it . . . is not the ‘sampling’
but the ‘hold’ which causes noise harmonics
to be heterodyned into the audio band-
width” and that “The mark-to-space
ratio of the sampling waveform has very
little to do with the interference intro-
duced. . . ”

It must be remembered that sampling is
a process whereby each component in one
signal is multiplied by each component in
the other signal, producing sum and

difference frequencies. It follows that the
difference frequency produced when hf.
noise is sampled at a high rate will be Lf.
noise.

Further, because the h.f. spectrum
content of the sampling waveform is a
function of mark-space ratio, the amount
of Lf. noise produced will depend on the
mark-space ratio of the sampling signal.
The hold network does not appreciably
alter the frequency content in the audio
bandwidth as it does not perform a non-
linear function. Above the audio bandwidth
the h.f. signals are attenuated by the hold
function.

The photograph shows the approximate
response of Mr Waddington’s sample-and-
hold circuit on a scale of 0-100kHz. Zero
amplitude occurs at integral multiples of
38kHz. The response has a [ (sin xyx|
shape and it is interesting to note that at
15kHz the theoretical response is 2.4dB
down, agreeing very closely with the
practical result.

I agree that low-pass filtering the input
signal will prevent the generation of audio
noise. The low-pass filter should ideally
have a linear—phase response to maintain
high-frequency sepmtion. [ think Mr
Waddington’s suggestea 80kHz is a little
high—the 2nd harmonic of 38kHz will be
able to operate on noise dowif t0 61kHz
to produce audible noise.

Improving the h.f. response of the 9¢
coder to reduce the 2.4-dB loss at 15kE.'Z
may be difficult if suppression of h.f. signals
is to be maintained.

R. T. PORTUS,
Rolls-Royce Ltd.

Components for constructors

I must add my heartfelt agreement to the
comment on this topic contained in “World
of Amateur Radio” (W.W. Jan. 1971).
Only in recent years have I been able to
even contemplate building many pieces of
equipment that captured my imagination
when a teenager in the 1950s. Alas now
th‘at I can afford such luxuries I am faced
with the near impossibility of finding parts.
‘ My own immediate problem is quite
simply that I wish to build a receiver cover-
ing from, say, 10 to 2,000m in the usual
bands. I would like the receiver to have a
reasonable sensitivity but not be in the
communication receiver class. Basically,
I feel able to “design” such a receiver
along conventional lines.

Tuning coils can be obtained, and older
readers will be delighted to know that
Home Radio still include the famous

ALAN SPROX
Mitcham,
Surrey.

*Crescent
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Wearite “P” coils in their catalogue. Alas
no one to my knowledge markets asuitable
dial or tuning scale covering the above
ranges to match a specified tuning capacitor
gang and the Wearite coils or for that matter
anyone else’s coils.

There are some of us who wish to build
such equipment from scratch and who do
not want to buy a kit complete to the last
length of wire.

All T want to do is to build a reasonably
simple receiver and my mind boggles at
the trials in store for anyone brave enough
to consider the Wireless World colour
receiver. Construction will be a simple
task compared with obtaining replies to
enquiries about component availability. It
is evident that people like myself must be a
dying race and it is for this reason that
supplies seem to have disappeared from the
market. Some of us might even be prepared
to pay through the nose for what we require
if only someone would realize we exist
and set out to exploit us!

F. BRIAN KYLE,
Workington,
Cumberland.

About a year ago we formed a buying
group with a number of other dealers*
in the London area which we provisionally
call “Group One”. Its primary object is
to buy components at the best prices in
reasonable quantities. There are several
secondary aims such as exchange of surplus
stock and exchange of information. To
some extent this action has been forced
on us because we wished to buy certain
items that wholesalers do not wish to
handle and the manufacturers will only
sell in quantities that are beyond the pocket
of one dealer to buy. But I would like to
stress the fact that this is not aimed at distri-
butors or wholesalers (I for one, have
always believed that they do a useful job
and earn their money); in fact any small
wholesaler or equipment manufacturer
would be welcome to join. I feel sure that
you will agree that this is a desirable scheme
as ultimately it means the Group can
offer your readers a greater range of goods
at the lowest prices. Initially we were going
to limit it to about 20 dealers (not on
_sccount of any closed shop principle,
t because we thought, quite wrongly,
that V€ could not handle the administration
of a la TECT numper). Now we would like to
offer mb'mbershlp to any bona fide trader
in the U. K. and 1 wou}d be very grateful
if you co uld make this generally known
through tk e courtesy of your columns.
At the mor ne}lff there is no entranc;a fee or
.. 1 If anyone is interested please
fvl;l_);cz)ptrfg at Home Radio (Components)
Ltd, 234-2 0 London Road, Mitcham,

Surrey CR4 :_;HD‘
TON,

— (io; EGE Components; Garland
Rac (adio; Hi-Fi & Components; H. C.

Bros; Gurneys R: Bros; N io;
Seochi Tovesigh o ewbury Radio; Odeon

Electronics; R . .
Stan Reed; Ty~ - Radio T"R' Radio; Watts Radio;

Radio Comp

Unlimited; ~ Servio Radio;

Sk
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Our claimtofameisbeing
broadcast the world over.

Such is the power of Ferrograph tape recorders.
Used in major broadcasting stations as well as

in the aircraft industry, Police and Fire Services and

Government Departments.

A Ferrograph tapa recorder is a status symbol -
and an investment. The buyer knows he is getting
a top standard machine which maintains that
standard for many years. (We give a 3 vear
guarantee Inclusive of record and replay heads.)

You may pay a little more at the ouiset, but the
rewards are many in service and reliability.

Series Y Twin Channel Stereo machine

(illustrated): Housed in a light alloy casing, this
machine is specially adapted for audio frequency
instrumentation recording in scientifie and
industrial applications (purchase-tax-free for

these uses). Input and output conditions suitable
for matching professional equipment. Available in
single or two-channel forms, recording full, % or
track. 3 tape speeds on each machine.

Other details are yours for the asking—just
complete the coupon below.

If you have a recording problem contact
Ferrograph. Special machines can be made up to
customers requirements.

Series Y tape recorders are available direct from
the Ferrograph U.K. compary or principal overseas
agents (list available on request).

FERROGRA PH

SOUNDS GOOD

W_—095 FOR FURTHER DETAILS

a69
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Insure against distortion
with Shure

Please send me full information on
Shure Communications Microphones.

Name .
Address =

Controlied magnetic

microphone. Specially | '
designed for radio — [ — N =
communications applications. " - ﬁ = J

|
I
|
I
Shure Model 444 ) Tel I
|
|
l

; Speqal response : Shure Electronics Ltd.
characteristic gilves qpt}mgm 84 Blackfriars Rd., London SE1. Tel: 01-928 3424
speech intelligibility. |_

WW—096 FOR FURTHER DETAIL®
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Karnaugh Map Display
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A low-cost instrument which may be used to assist in teaching
logic and Boolean algebra

by Brian Crank*

Although this instrument employs the same
basic principles as the earlier Wireless
World Logic Display Aid (May to Decem-
ber 1969) any resemblance ends there.
The present instrument is simpler and is
very much cheaper. The circuit has been
reduced to just four integrated circuits,
three digital and one linear, and four tran-
sistors plus a few resistors, capacitors and
diodes. The cost need not exceed a few
pounds.

Mind you, the present instrument is not
nearly so versatile as the earlier design
although the display is more pleasing to
the eye. The instrument will produce, on
the screen of an oscilloscope, the Karnaugh
map of any combinational logic circuit.
If you are not completely familiar with
Karnaugh maps a simple description will
be found in the appendix to this article.

The reason for designing an instrument
which will produce a Karnaugh map for
any circuit is quite simple. The studeat is
often taught Boolean algebra and logic
through the use of the Karnaugh map. It
completes the circle for the student to see
a logic circuit producing the same map
that was used to explain the operation of
the circuit in the first place. In other
words the theory and the practice can be
brought closer together.

You may remember that in the earlier
display the characters nought and one
were displayed on the oscilloscope screen
in the form of a pattern of dots. In the
present design the characters are drawn
as continuous lines exactly as you would
draw them by hand. A typical display is
shown in Fig. 11(a). Another advantage
over the earlier design is that only two leads
are needed between the instrument and the
oscilloscope. These are the leads for X and

Y deflection; an intensity modulation lead
is not required.

As already mentioned the circuit is
hybrid in that both linear and digital circuits
are employed. Broadly the characters are
positioned using a combination of both
linear and digital techniques and the
characters themselves are formed by linear
circuits. The choice of whether to display
a nought or a one at a particular position
is taken by the logic circuit the Karnaugh
map of which is to be displayed.

To use the instrument all one does is

* Deputy Editor, Wireless World

Fig. 1. A simplified block diagram of the instrument. Practically any oscilloscope
will be suitable because the demands made upon it are small

although it must be capable of operating from an external timebase.

Clock
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Y-ladder
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switched tor
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network

l 4-bit counter l

y

Simple logic
network

Transistor
switch

X-ladder
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A Control :
|
—-J}--o—- - —————— - — — — — —— — — —— —— ——— — - —————— -
Al B D
A Input
Instrument case

Any logic network

L M

to connect it to the X and Y inputs of an
oscilloscope, and connect any logic circuit
to the instrument; the Karnaugh map for
that circuit will then appear on the screen.

A block diagram of the instrument is
given in Fig. 1. In brief, a clock pulse
generator is used to drive a four-bit counter.
The counter is split into two and each half
drives a resistive ladder network. The
ladder networks perform digital-to-
analogue conversions and the resulting
four-step staircase waveforms are fed to
operational amplifiers which are used to
drive the oscilloscope’s X and Y deflection
inputs. The oscilloscope is switched for
external timebase operation. This produces
sixteen dots on the screen arranged in a
four-by-four matrix.

A sine wave oscillator, with a frequency
much higher than the clock generator,
produces two outputs which have a 90°
phase difference. The sine wave correspond-
ing to 0° is fed to the Y operational
amplifier and the 90° waveform is fed to
the X operational amplifier via an attenua-
tor and a transistor switch. The result of
the two sine waves on the screen of the
oscilloscope is a vertical ellipse similar
to the ‘0’ printed here. The net result of both
the sine and staircase waveforms is to dis-

Qutput

play on the c.r.t. a four-by-four matrix
of Os. If the switch in the sine wave lead
to the X operational amplifier is open there
will be no horizontal sine wave component
in the deflection waveform so on the screen
will appear sixteen ls. The 1 is formed by
the sine wave input to the Y amplifier.

The counter that drives the ladder net-
works also drives a logic circuit which
produces outputs that comply with the
rules of a Karnaugh map. These outputs
are used to drive the logic circuit you wish
to display and the output of this logic
circuit is used to control the 0/1 switch at
the input to the X operational amplifier.
Each section of the instrument will now be
described in detail.

Sine wave oscillator

The sine wave oscillator is used to
produce a Lissajous figure which represents
0 in the display and to do this, as we have
already seen, it must produce outputs at
0° and 90°. An early version of the instru-
ment used a sine wave RC oscillator fol-
lowed by a 90° phase-shift network. Al-
though this worked it was unsatisfactory
because it was necessary to specify close
tolerance components for the frequency
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Fig. 2. The four-section phase-shift
oscillator used to produce the
characters which form the display.
Operating frequency is about 22kHz.

- ) +6V
Re Rg% Ce gpm gRH
1K 47k >4:7k 1k

O-1p >

J,__“.__f\___q.

§———» Clock

. OV

Fig. 3. Astable multivibrator clock
generator which runs at about 1.4kHz.

Q,(3) Q,(4)
%RQUB) %RBHQ)
10k R14(20) 10k
—AAA————e Analogue
10k output
—
Rys(21)
AR
10k
Rqgf22) R47(23)
10k 10k
2 g oV

&

Fig. 4. The Y ladder network.
Component reference numbers in brackets
refer to~the X ladder. The circuit
converts the output of a counter into a
staircase waveform by performing a
digital-to-analogue conversion.

to be right for the phase shift required. An
LC gscillator could have been used with the
advantage that the frequency adjustment,
to line the oscillator up with the phase-
shift network, would have been no problem.
However, coils, as well as being fairly
bulky at the frequency we are interested
in, are not the most popular items in con-
structional articles so it was decided to find
a solution using RC circuitry.

The circuit employed is shown in Fig. 2.
As can be seen it is a single transistor
phase-shift oscillator. Normally a phase-
shift oscillator employs three RC sections,
each section phase shifting by 60°,to obtain
the 180° phase shift necessary to obtain
positive feedback and oscillation.

In the present design four RC sections

Qq=0, Qz=0 Qq=1, Qz=0
+6V
Output
10k
S5k
3 10k Qutput
5k
(a)
3 (b)
Qy=0, Q=1 Qi=1, Qp=1
+6V +6V
10k 10k
Output Qutput
5k 10k§
(c) (d)

(e)

Fig. 5. The equivalent circuits of the
ladder network for the four different
conditions of the counter driving it.

are employed, each section shifting by 45°
(4 X 45° = 180). It is now a simple matter
to pick off the 90° signal after two 45°
phase shifts at the output of the second
RC section.

The potentiometer R,,, the only adjust-
ment in the whole instrument, is used to
vary the a.c. gain of 7Tr, while maintaining
d.c. conditions. The gain must just be
enough to overcome the losses in the phase-
shift network. If the gain is too low
oscillation will not occur; if it is too high
distortion will result. Potentiometer R,
is adjusted for a good sine wave output
from Tr,. The frequency of oscillation is
about 22kHz but this is not at all critical.

Clock generator and counter

The clock generator is shown in Fig. 3.
Little need be said about it as it is a
conventional astable multivibrator which
runs at about 1.4kHz.

The four-bit counter is formed by one
t.t.I. (transistor-transistor logic) integrated
circuit type SN7493N. This i.c. comes
in the m.si. or medium scale integration
class. It contains four J-K flip-flops and is
connected as shown in the main circuit
diagram (Fig. 10). The four flip-flops are
cascaded to form a standard binary
counter.

Looking at only the first two flip-flops,
the outputs of which are called Q, and Q,,
the following outputs are produced:

o, 9,
0 0
0 1
1 0
1 1

The outputs of the second pair of flip-
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Clock l | l | I I | I
Output Q1 I I ‘ l

Fig. 6. Shows how the output of the
t.t.l. binary counter is affected by the
clock generator. The steps in the
waveform are removed by a clamping
circuit.

Ros
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l INO14
01 To Y ladder
Q network
R2s S
Q2 150 D,
INO14
Ras D
Q3 150 3
AN\ #
IN914
N Q4
To X ladder
B + —34 networlk
27
Qa 150 Dy
INO14
Ds
X ino1a
Cg
g Dg

Fig. 7. The clamping circuit. The
outputs to the ladder networks are the
voltage drops across three forward-biased
diodes in series.

+9V

To 90° output
of sinewave
oscitlator

From X
ladder
network

Output

Try
BC108 Rg

ov

To output of
external
logic circuit

Fig. 8. The X deflection amplifier
complete with the single-transistor
1/0 switch. The Y deflection amplifier

circuit is the same but Tr, and its
associated components are omitied.

A
@)
1

o Oom

11
10

Fig. 9. Karnaugh map edge coding.

A graticule, the same as this drawing,
should be made so that the display on
the c.r.t. can be viewed through it.
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Fig. 10. The complete circuit of the Karnaugh map display instrument. The SN7486N actually contains four exclusive-OR gates, however,

only two are used here.

flops, 0, and Q,, produce exactly the same
output but at one quarter of the frequency.

Ladder networks

The two ladder networks are connected to
the binary counter. When the flip-flop Q, is
at O the Q, output is connected, via a
saturated transistor, to the OV line. When
the output Q, is at 1 it is connected via a
saturated transistor to +6V.

The circuit of one ladder network is
given in Fig. 4. The inputs Q, and Q, are
switched according to the table givenearlier.
So Fig. 4 can be redrawn for each of the
four states of the counter, so far as the
output voltage is concerned (Fig. 5). If
you would care to do the sums you will
find that the output will rise from OV in
equal steps to produce a staircase.

Clamping network

Unfortunately the output of the flip-flops is
not a good square wave. Although the rise
and fzll times are far more than adequate for
the instrument the output of a particular
flip-flop is affected by its input conditions.
Fig. 6 illustrates this point.

The step in the waveform causes acorres-
ponding step in the output of the ladder
network which in turn causes certain
characters on the display to appear double.
The are for this trouble is to add a clamp-

ing network which slices the top off the
output from the flip-flops. This network is
shown in Fig. 7.

The diodes D, , 4isolate the outputs of
the flip-flops from each other and resistors
R, o 27 limit the current to a safe value.
The output to the ladder network is now the
voltage drop across three diodes in series.

Operational amplifiers

and 1/0 switch

The well known operational amplifier type
709 is used in the instrument. The particular
version employed (SN72709DN) is manu-
factured by Texas Instruments and includes
two 709 amplifiers in a single dual-in-line
package. The circuit of the X deflection
amplifier is shown in Fig. 8. The Y deflection
amplifier is identical except that the 1/0
switching transistor, 77,, and its associated
components are omitted.

Resistors R, and Rycombine to formthe
feedback resistor which sets the overall gain
of the amplifier. Additionally R, protects
the amplifier from accidental short circuit
of the output leads by limiting the output
current. Ry, C, and C, are frequency com-
pensation components which ensure
stability.

The BC108 (7r,) is the switch whichis
controlled by the external logic circuit. It
short-circuits the 90° output of the sine
wave oscillator to ground when a 1 is

required on the c.r.t. Ry is of a sufficiently
large value to prevent the switch from signi-
ficantly affecting the oscillator itself.

Logic circuit

Imagine that the Karnaugh map of Fig. 9
is superimposed on the c.r.t. face. Because
of the action of the previously discussed
circuitry the c.r.t. spot first rests in the top
left-hand square, it then moves to the next
square down, then to the square below that
until it reaches the bottom of the column.
The spot then flies back to the top but this
time to the second column. The process
continues until all 16 squares have been
scanned. The spot then goes back to the
first square again and the process is
repeated, such is the effect of the two stair-
case waveforms. Each square on the map
corresponds to a particular state of the
counter. For instance, the top left-hand
square is scanned when the counter outputs
are all O, that is at the top of both staircase
waveforms (both the X and Y amplifiers
invert).

We also know that each square on a
Karnaugh map corresponds to a particular
set of variables as defined by the coding at
the edge of the map (see appendix if neces-
sary). We must ensure that when the spot
is in a particular square that the set of
variables represented by that square are
available at the output of the instrument for
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Fig. 11.(a). This is a photograph of the
display which shows the map produced
by an exclusive-OR gate connected to the
A and B outputs (A B + A B). The
photograph has been ‘doctored’ in that
the squares and edge coding have been
drawn in. Normally this information
would be contained on a graticule as
shown in Fig. 9, however, this would be
very difficult to photograph. The
remainder of the photographs are
waveforms within the unit. (b) 1.4kHz
clock waveform; (c) sine wave oscillator
(22kHz) taken at the emitter of Tr,;

(d) the staircase waveform at the output
of the Y operational amplifier, for this
photograph the sine wave oscillator was
disabled; (e) Y deflection output when the
display at (a) is being produced and

() X deflection waveform under the same
conditions; (g) waveform at the collector
of Tr, when the display at (a) is being
produced.

Wireless World, April 1971

feeding to the external logic circuit. We
must therefore compare the output of the
counter with the Karnaugh map edge
codings and rectify any differences that
occur.

Karnaugh map counter
edge coding outputs

B A4 0, o
0 0 0 0
0 1 0 1

1 1 1 0
1 0 1 1

The above table compares the output of
the Y counter with the map’s 4 B edge
coding. The last two terms are different and
therefore some logic is necessary to correct
this.

Firstly on examination we can say that

, =B so a direct connection from the
counter output Q, will form the output
variable B.

Also, on examination, it can be seen that:

A4=0,.0,+ 0.0,
which is our old friend the exclusive-OR
function. We have already stated that the X
counter outputs, O, and Q,, have the same
outputs as @, and Q, but at a slower rate
and we can see that the Karnaugh map
coding for C and D is the same as for 4
and B. We must therefore conclude that an
identical logic function is required, namely
D=9, _ —

and C= 0,0, + Q:-0,

The circuit of the logic section of the
instrument can be seen on the lower left-
hand side of the main circuit diagram,
Fig. 10, and it can be seen that only two
integrated circuits are required. The output
variables, 4, B etc., are buffered by simple
inverters to prevent external connections
from upsetting the operation of the counter.
These inverters also provide the complement
of the variables, 4, B etc.

Complete circuit

Fig. 10 combines all the circuits discussed
so far and therefore little need be said about
it. The various waveforms present for a
particular display are shown in Fig. 11.
Because the sine wave oscillator and the
clock are not synchronous fiyback between
characters takes a different route every
time and is not visible on the screen at
normal brightness levels. Because of this
blanking (a Z connection to the oscillo-
scope) is not required.

Construction

Making the unit is quite straightforward
and no special precautions need be taken.
A photograph of the layout employed in the
prototype is given in Fig. 12; several com-
ponents will not be found in this picture
because they are mounted on the reverse
side of the board.

It is important to connect pins two and
three of the binary counter (SN7493N) to
the OV line. These pins are inputs to a gate
which resets the counter. If this is not! done
the counter will be held at 0000 and the unit
will not function. The only adjustment is
R,, which must be set to give a n.cely
shaped 0. If you wish to adjust the sixe of
the characters changing the value of  R,,
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Fig. 12. A photograph of the prototype showing component positions. It should be noted
that some parts have been mounted on the reverse side of the board and are therefore
not marked. The integrated circuits are plugged into dual-in-line sockets which makes

for easy removal.

will alter the height and R, will alter the
width.

Appendix

Karnaugh maps: The Karnaugh map is a
means of pictorially showing all possible
combinations of a number of two-state
variables. Because of the way it is con-
structed it has other properties which make
it possible to simplify Boolean expressions
with the minimum of effort although it must
be said that for more than four variables it
is usually better to employ a more advanced
method.

We will construct a Karnaugh map for
four variables. The map will be the same as
that displayed on a c.r.t. using the instru-
ment described in the article. The basis of
a Karnaugh mabp is a square. Each variable
(usually labelled 4, B, C and D for con-
venience) is allocated half the area of the
square. To indicate the area occupied by a
particular variable a simple edge coding
system is employed. Fig. 13(a) shows the
area occupied by the variable 4 and it is
the area adjacent to the 1s under A4 in the
edge coding. What is the area adjacent to
the Os under A4 in the edge coding? This is
obviously the area representing A. If the
square of Fig. 13(a) is cut out and rolled
into. a cylinder the areas representing A4
and 4 become continuous—but more about
that later. In Fig. 13(b) the areas represent-
ing B and B have been added. The square
is now divided in four and each section
represents one of the four possible com-
binations of 4 and B. From top to bottom,
reading the edge coding, the sections are
A B, AB, AB, AB.

You may have noticed that as you pro-
gress dowr the map, or up for that matter,

only onz of the variables alters at a time
and this still applies if the map isrolled into
a cylinder again because 4 B becomes
adjacent to 4 B.

In Figs. 13(c) and (d) the variabies C
and D have been added. If you consider
only these two variables and roll the map
into a cylinder the opposite way each
section differs by only one variable. Read-
ing_round the tube so formed we get
CD,CD,CD,CD, CD etc.

Looking at the map as a whole it is plain

A BA
0 oo|
1 01
'___—
1 J1‘I
1
J Jrol |
(a) (b)
D9 0 1 1
BAFO 1 1 O gHCO 1
00| 00
01 o1
O S I
11 11
o T 0| |
| S E— !
(¢) (d)
DO O 1 1 DO O 1 1
¢d 7 1 0 NGO 1 1 .Q
BA—r—r—r BA T
6o/ ofo]ofo] ooXD] o]0l
o1l oG [D[o]| o1]0]o0]o]o0
11]0]ololo]| 11/0]o|o]0]
10| 0 o| 1arn|o|o |G
7 N

(e) (f)

Fig. 13. The construction of a Karnaugh
map and two examples. See text for full
explanation.
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to see that each one of the sixteen squares
we have formed represents one of the
possible combinations of the four variables.
For instance the top left-hand square, as
can be seen by the edge coding, represents
A B C D and the bottom right-hand square
represents A B C D.

But more important still is that adjacent
squares, horizontally or vertically not
diagonally, differ only in the negation of one
of the variables. We have also proved, by
rolling the map into a cylinder, that the top
of the map is adjacent to the bottom and
the left-hand-edge is adjacent to the right-
hand-edge.

Two simple examples will show how
these properties can be used to simplify
Boolean expressions. Consider the expres-
sion A BCD + ABCD. Draw a map as
in Fig. 13(d) and put a 1 in the two squares
representing the terms in the expression
and an O in all the other squares. Because
the 1s are adjacent to one another they are
ringed as shown in Fig. 13(e). The simplified
expression is derived by taking only vari-
ables which are common in adjacent terms,
SoABCD + ABC DreducestoA4 BC.

Fig. 13(f) shows the Karnaugh map for
the expression 4 B C D + ABCD +
ABCD + ABCD.All terms are adjacent
and form a square of their own so only
variables common to all four terms need be
used. Therefore, from the map of Fig. 13(f):
ABCD + ABCD + ABCD +

ABCD=AC

This brief explanation will serve to give
the reader some idea of what a Karnaugh
map is all about.

Next month a memory unit will be
described which can be used with the
Karnaugh map display unit, in place of
the external logic circuit, to form an ‘elec-
tronic blackboard’. Up to two Karnaugh
maps can be stored, displayed or
amended at will.

Shopping List

Resistors

All resistors, except the potentiometer, are
0.25W 5%.

10k2 x 18 150 x 4
4702 X 1 150k X 1
56k x 1 33%k x 1
6.8k x 2 33k x 2
1kQ X 3 47 X 2
4.7k x 2 1.5k x 2
6.8 X 1

47042 preset potentiometer.
Capacitors

500p X 4 5000p X 2

100u,6V X 2 200p X 2

0.1u X 2 100y,12V X 2
500u,12V x 1

Semiconductors

SN7493N, 4-bit binary counter,

SN7486N, quad exclusive-OR gate,

SN7404N, hex inverter,

SN72709DN, dual op-amp,

BC 108 transistors,

1N914 diodes,

5V,400mW zener diode

Miscellaneous

dual-in-line sockets,

Lektrokit board type LK 141,

Lektrokit pins,

XX XX X X X

—o &

X X X
S =8
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SONEX 71

Hotel hi-fi show at London Airport

Over 150 rooms have been booked by more than 60 exhibitors for the second
Sonex exhibition to be held at the Skyway Hotel, London Airport. The show will
be open to the trade only on Wednesday 31st March and Thursday 1st April,
between 11.00 and 18.00. It will be open to the public for the next three days,
from 11.00 to 21.00 on Friday and Saturday and from 11.00 to 18.00 on Sunday

April 4th.

Because of the postal strike admission tickets will not be required. Each visitor

will receive a free sixteen-page show guide.

Features of the exhibition that are new this year include a 'Living with Hi-Fi’

display arranged by Homemaker magazine, and the promise of considerable
activity by Radio London.

Brand names at the show

A.D.C.

AK.G.

Acos

Acoustic Research
Akai
Alpha-Arena
Armstrong

Audio Packs
Audio Technica
B.S.R. McDonald
B & W Electronics
Bib

Brenell
Cambridge Audio
Celestion
Connoisseur
Decca

Empire

F.AL.

Fane
Gabraphone
Garrard
Goldring
Goodmans
Grampian
Harman-Kardon
IM.F.

JB.L.

J.V.C. Nivico
Jordan-Watts
KMAL (Monks
Audio

Koss

Leak

Lowther

Luxor

Metro-Sound

Mordaunt-Short

Musitapes

National
Panasonic

Ortofon

Peak Sound

Peerless

Philips Electrical

Pickering

Pioneer

Poly-planar

Quad

Radford

Revox
Richard Allan
Rogers
Rotel
Sansui
Sheppard
Shure
Sinclair
Skandia
Sonab
Sonotone
Sugden, J.E.
Telefunken
Teleton
Thorens
Wharfedale

An fom. tuner from J. E. Sugden employs a varicap tuned front end and a four stage i.f.
section with double tuned couplings. A switchable filter permits reduction of L-R
information thus allowing separation to be traded for reduced noise on weak signals.
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The Lowther Auditorium Acousta is an
enclosure combining two sound sources—
one forward, the other rearward. Using
two such enclosures in place of a pair
of conventional single perspective speakers
gives increased solidity to stereophonic
reproduction.

Futuristic Aids will be demonstrating a
loudspeaker from Fane Acoustics which
employs a new ribbon unit for mid range
and top frequencies and a 12in driver for
bass.

Cambridge Audio have a new speaker
called the Junior, and a ‘slave unit’ to boost
the output of their amplifiers.

Rogers will be demonstrating a modified
and improved version of their Studio
Monitor loudspeaker which is being manu-
factured under licence from the B.B.C.
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Elements of Linear Microcircuits

7: Radio- and intermediate-frequency amplifiers

by T.D. Towers,* M.B.E., M.A.

We tend to think of silicon monolithic
technology (in which complete circuits are
produced in small crystal chips little larger
than the dot on a printed ‘’) as being very
modern. Technologically this is so, but
any reader who has access to Vol. 1 of
Wireless World could well be surprised to
find in the July 1913 issue a long article by
Dr. A. E. H. Tutton entitled ‘Crystals as
Rectifiers and Detectors’ examining
crystal lattice structures in detail and
pointing the way to the use of ‘the very
best procurable single individual crystals’.
Some of the semiconductors examined by
Tutton such as ‘perikon’, ‘anastase’ or
‘brookite’ may only evoke nostalgic
memories from more elderly readers. On
the other hand, unexpectedly, Tutton also
devoted attention to pure silicon (so
important now to monolithic integrated
circuits), and to such sophisticated
materials as silicon carbide and liquid
crystals (important now in semiconductor
opto-electronics).

The celebrated H. J. Round in a reply
to Dr. Tutton in the August 1913 issue
was curiously prophetic in his remark
‘Crystals work well as wireless receivers’.
In the 1970s we have indeed reached the
stage where virtually the complete receiver
circuitry can be produced in a silicon chip.
“The present article examines the state of
the art for r.f. and if. amplifier
microcircuits.

A survey of r.f./i.f. amplifier
microcircuits in early 1971 showed about
100 commercial types available, all
produced by semiconductor device
manufacturers. Of these, virtually all are
monolithic, although hybrid circuits are
beginning to appear. Before we devote the
remainder of the article to monolithics, it
might be well to consider why hybrids are
appearing alongside them.

Fig. 1 gives the circuit of the
Newmarket NMCB809A, a thick-film
hybrid r.f./i.f. amplifier. The seeing
engineer’s eye will note that it is a d.c.
coupled feedback pair Tr, Tr, with an
emitter follower buffer Tr;, the transistors
being 2N918 family devices with a typical
frequency cut-off approaching 1,000
MHz. The circuit has a frequency
response from d.c. to over 40 MHz. The
resistor trimming possible with thick film

*Newmarket Transistors Litd.

O
Decoupling, Peaking C
or tuned circult

Fig. 1. Example of a thick film hybrid
r.f./i.f. wideband amplifier; Newmarket
Transistors NMC809A.

assembly gives it a very narrow gain
spread; typically +1dB in 22dB at 1
MHz. It can be used as a wideband
amplifier or as a tuned r.f. /i.f. amplifier up
to 40 MHz. The separate connection to
the emitter of Tr, allows for full
decoupling for low-frequency applications,
or for a peaking capacitor for top-end
video expansion, and series or parallel
tuned circuits for band-pass or band-reject
purposes. Designed to work on 14V with
typically 14mA current, the NMCB809A
does not require any external biasing
components, as bias levels are set up by
resistor trimming during manufacture.

Monolithic r.f. circuits

In conventional discrete component r.f. /i.f.
amplifiers it is normal to use a single
transistor per stage, usually in a
common-emitter arrangement, or, at very
high frequencies, in a common-base
arrangement. In both of these methods
feedback from output to input can lead to
instability and various neutralization
techniques have to be used when high
stage gain is called for.

Where higher stage power gain is
wanted, some d.c.-coupled arrangement of
two transistors can be used instead of a
single transistor between tuned circuits.
Three configurations often met with are

the long-tail pair, the cascode arrangement
and the d.c. feedback pair.

Now with discrete circuitry the single
transistor common-emitter stage has such
advantages in gain, noise figure and
impedance matching convenience that you
only come across the other arrangements
mentioned where abnormal performance is
required.

When we come to monolithic i.cs, cost
per transistor becomes less significant,
being replaced by cost per stage. Here we
find single transistors abandoned, and one

+v
ofp
(@) ifp
o
”L, f —0 0V
QO +V
ofp
Decoupling
(b)
i
?L. ——-o0 0V
+V
ofp
() Y —

’; b o0V

Fig. 2. Basic transistor configurations
used in monolithic r f./i.f. amplifiers;
(a) long-tail pair; (b) cascode; (c) d.c.
feedback pair.
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of the three multiple-element arrays used.
For ease of analysis, these are shown in
basic form, without isolating and biasing
networks, in Fig.2., Each has its
advantages. The long-tail pair of Fig.2 (a)
has fairly low noise, high power gain, high
stability, simple biasing, inherently
symmetrical operation, non-saturating
limiting action, fast recovery from
overdrive and easy interstage matching.
The cascode of Fig.2(b) has low noise,
high power gain, high stability, and easy
interstage matching. The d.c. feedback
pair of Fig.2(c) is distinctive for low noise,
large signal handling capacity and low
power consumption.

Long-tail pair

The long-tail pair with a resistor tail is
widely used in rf./if. monoliths. One
example is given in Fig.3, which is the
circuit diagram of the Philips TAA380A.
This is an i.f. amplifier suitable for use in
TV intercarrier sound circuits and f.m.

broadcast receivers and comes packaged
in the small multi-lead TO-5 ou/line metal
can. Transistors Tr, and 7Tr, form a
long-tail pair with tail resistor R and
buffer isolating emitter follower 77,
feeding to further long-tail pairs 7r,, Tr,
and 7r ,'Try to drive an output tuned
circuit connected to terminal five.
Transistors Try and Tr,, provide
stabilized voltages for close control of d.c.
bias; reference voltages being provided
from selected points in the series diodes
D,-; which are forward biased through

11

‘The resistive-tail long-tail pair is used as
a basic element in many other commercial
monolithic r.f./if. amplifiers such as the
General Electric PA189, RCA CA3041,
3043, Fairchid # A717, Motorola
MC1350, Siemens TBA120 and the
Philips TAAS570. Most of these are
complex multi-stage circuits to provide a
complete block of functions for a receiver.

Some monolithic multi-stage r.f./if.

—AAN

- [
o &2

Fig. 3. Commercial i.f. amplifier microcircuit illustrative of use of resistor-tail long
tail pair as basic amplifying element in monolithic microcircuit construction (Philips

TAA3804).

Bias line A

v > ———— —4—O0 +V

%ZJK

To two
further
stages

ad

Fig. 4. Monolithic r.f./i.f. amplifier long-iail pair with transistor constant current

tail (Philips TAA350).
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amplifiers use a transistor instead of a
resistor as the constant-current source for
the long-tail pair. This three-transistor
type of gain block can be seen forming
repetitive  elements in  cascode in
commercial microcircuits and Fig.4, the
Philips TAA350 is an example of this
technique. The long-tail pair with
transistor tail, Tr,, Tr, Tr, with its
output buffer emitter followers Tr, Trs
are repeated for the four stages. The bias
for the tail transistor is provided from a
common rail voltage defined by the
forward voltage drop across the diode-
connected Tr,, fed from the positive rail
through a 2.1k © resistor. The differential
amplification with current-driven long-tail
pairs gives high a.m. rejection making the
amplifier suitable for use with very simple
f.m. detectors.

Several monoliths have been made
which can be used in a large number of
different ways. Fig. 5 gives the circuits
of a number of the more common
commercially available ones. These can,
in most cases, be used as a cascode or a
transistor-tail long-tail pair.

All the circuits of Fig.5 are basically a
balanced emitter coupled transistor pair
with a third transistor providing the emitter
current for each of the pair. Such a
configuration would be costly to fabricate
with discrete components because of the
difficulty of getting adequately matched
balanced pairs and the need for separate
biasing networks stable with temperature
and supply voltage variations. With
monolithic fabrication these difficulties do
not arise. The different examples in Fig.5
reflect different manufacturers’ design
approach to versatile microcircuits with
many circuit connection options.

The RCA CA3053/3028 of Fig.5(a)
uses resistor networks to bias the tail
transistor 7r;. The Motorola MC1550 of
Fig.5(b) features a diode in the biasing
network for temperature stability; the
Fairchild # A703 of Fig.5(c) uses two
biasing diodes; and the Amelco 911 (also
National Semiconductors devices
LM171/271/371 of Fig.5(d) uses as
many as three bias semiconductors for
maximum stability. Fig.5(e), the Signetics
NES511, is a different approach and offers
two amplifier stages in the one package
together with one biasing diode. This gives
the equipment designer great flexibility for
special circuit requirements. Another
example of extreme versatility is the
RCA3004 /3020 shown in Fig.5(f).

Cascode circuits

So far we have not mentioned cascode
operation. It will be found that in
monolithic microcircuits a true two-
transistor cascode arrangement is almost
never found. This is because a cascode
circuit can be made up by taking a
transistor-tailed long-tail pair such as
Fig.5(a) and using the tail transistor Tr; as
the common emitter input of the cascode
pair and one of the balanced pair as the
common-base output. Some of the circuits
of Fig.5 have direct access to the base of
the tail transistor and can be used as
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(a) (b)

(d) (e)

Fig. 5. Commercial single-stage monolithic r.f./i.f. amplifiers using long-tail pairs with
transistor tails; (a) RCA CA3053/3028; (b) Motorola MC1550; (c) Fairchild uA703;
(d) Amelco 911; (e) Signetics 511; (f) RCA 3004/3020.
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(j) 88p '
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(b)

-0 oV

Fig. 6. Alternative cascode and long-tail pair tuned amplifier arrangem‘ents of
Motorola MCI1550 microcircuit; (a) cascode 60MHz, 30dB 0.5MHz bandwidth;
(b) long-t. il pair 10.7MHz f.m. i.f.
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effectively in cascode as in long-tail pair
mode (where the input is applied to one of
the balanced pair). One feature not to be
overlooked is that the three-transistor
configuration (whether it be cascode or
long-tail pair) always leaves an unused
terminal which can be employed to apply
automatic gain control.

Perhaps the easiest way to understand
the versatility of the transistor triplet is to
look at one specific example, say the
-Motorola MC1550 whose basic circuit
is given in Fig.5(b). This microcircuit
can be connected, for example, as a
cascode 60MHz tuned amplifier in the
arrangement of Fig.6(a) or as a long-tail
pair 10.7MHz i.f. amplifier as in Fig.6(b).

D.C. feedback pair

The cascode and long-tail pair are not the
only configurations used by monolithic
manufacturers. The d.c. coupled feedback
pair shown for discrete circuitry at
Fig.2(c) above has advantages that have
led to its adoption by some manufacturers.
One example of this is the Plessey SL612
r.f. amplifier (Fig.7). The design is
essentially an emitter coupled d.c. feedback
input pair Tr,, Tr, providing d.c. bias from
the emitter of Tr, to the input of 7r, via a
S5k Q resistor. The d.c. coupled pair is
followed by an emitter follower 77
providing feedback into the emitter of Tr,
via a 525 Q resistor. The overall circuit
gain is 20 dB Low noise is ensured by
running 7r, at low current and good signal
handling by the overall feedback. Effective
a.g.c. control of 50dBis achieved via Try and
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? i 'AA% —0 +6V
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Trg
10
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Fig. 7. Commercial r.f. amplifier
monolithic microcircuit using basic d.c.
coupled feedback pair configuration:
Plessey SL612 r.f. (2-76 MHz) tuned
amplifier.

Table 1

Directory of r.f./i.f. microcircuit manufacturers

Company Microcircuit type numbers

Amelco (Teledyne} an

Fairchild uAT03/717/719

General Electric (USA} PA189

Intermetall TAA710

Marconi-Elliott Microelectronics M316

Mitsubishi M5142P

Motorola MC1100/1350/1352/1550

Mullard {Philips} TAA350/380/380A/450/570/640

National Semiconductors LM171/172/271/371/372/703

Newmarket Transistors NMC 809A

Plessey SL501/5602/503/551/552/553/610/611/612

R.C.A. CA3002/3004/3005/3006/3028/3041/3042/3043/3044/3053

S.G.S. L103, TAA661/730

Siemens TAA981/991, TBA120/400

Signetics NE510/611, SE510/611

Tr, and power consumption is some
15mA on a 6V supply. The circuit is
optimized to give a 150MHz cut-off
frequency ensuring satisfactory operation
over the 2-76 MHz communications band.
To help readers see what s
commercially available in the way of
r.f. /i.f. amplifier microcircuits, Table 1 lists
the major manufacturers whose products
of this type are on the U.K. market, with a
selected list-of types known to the author.

The wide range of microcircuits available
to the equipment designer vastly simplifies
the production of tuned amplifiers from
100kHz to 100MHz, whether for fixed
frequency i.f. use, with high gain, low
current consumption and narrow
bandwidth, or for variable r.f. use, with
low noise, large signal handling, a.g.c.,
without substantial change of characteris-
tics, and without a performance change
across the tuning band.

(to be continued next month)
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H.F. Predictions—
April

The charts are based on an Ionospheric
Index of 96, the corresponding sunspot
number being 83. Similar predictions were
made for April 1970 but the observed index
value jumped to 130 and remained high the
following month. There was a similar trend
in 1969.

Transequatorial paths have their highest
MUFs during equinox months and
conditions should be good above 20 MHz.
Evening fading is relatively independent of
season and cycle on the South African path
but is worse during this season on others.
Poor conditions are expected from the Far
East midnight to 09.00 G.M.T. and North
America will be liable to several days of
weak signals 06.00 to 16.00 G.M.T.

MUFs apply to both directions of a route
while LUFs are for reception in the U.K.
only.
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Don’t Look Now

Sampled Data Controlled Systems, and . . . ..

by Thomas Roddam

Some years ago, when the book Principles
of Feedback Design was in preparation, I
did not dream of discussing a topic which,
[ then thought, was way out of our world.
The airlines tell me the world is getting
smaller, but if it is, there is still the simple
fact that it gets more packed every day.
Having started on non-linear systems, and
found that the describing function is rela-
tively easy to use, we must examine the
sampled-data systems because we need this
method for practical equipment. We need
it, in fact, for power supplies.

Simple sampled-data systems we use in
everyday life. You come home, look at the
thermometer, or just guess, and having
sampled the room temperature you either
switch on a heater, or you don’t. There are
two sampling modes which follow. Either
you take a data sample, am I hot or cold, at
regular intervals in the natural breaks of the
telly programme, or you operate with a
relay dead-band characteristic: it’s getting
too hot in here, and off goes the heater. It’s
so tempting to continue with this example
until it collapses in confusion. There is one
feature which can be examined. Suppose
that you have a very powerful heater, and
that it is a very cold day. With regular
sampling you may never be comfortable: it
gets too hot before the next sample is due,
if the heater is on; if it is off it gets too cold.
This is the characteristic behaviour of a non-
linear loop with an intolerable instability.

The theoretical study of sampled data
systems is complicated by a number of
factors. The sampling may not be exactly
regular in period: this is a very common
situation. The sample may not be taken, as
the simple theory demands, in an infinitely
short time. I do not propose to be pernickety
about this, because this is merely an intro-
duction to the subject. Furthermore, I have
some numbers in mind. A particular system
contains, in the loop, an inductor which is
nominally 50 mH at 8 A d.c. An inductor
of this kind, of course, is really 50-70 mH
at best, and may be up to 200 mH at lower
values of polarizing current. And then there
is a big electrolytic capacitor. Details of the
sampling data process are trivial compared
with the large range of uncertainty of the
response of the linear system. It does not
make engineering sense to impose close
tolerances on these components just to
enable the theory to be made more precise.

In most of the literature it would seem

that the forward path and the feedback path
are shown as combined. This is because so
much of the theory has been carried out in
terms of control systems. For regulated
power supplies this means, quite simply,
that we connect the monitoring voltmeter
in a different place. The essential bit of a
linear regulator can take the form shown in
Fig. 1. There are refinements, but they do
not affect what we are considering. Norm-
ally we regard the voltage across the output
terminals as the object of study, but in fact
it is the voltage at point B which is the
significant term so far as the regulator is
concerned. The long-tail pair can be con-
sidered as a combiner and the complete unit
rearranged into the form of Fig. 2. The
actual output is then given by Vg/(pot’
ratio). It is just the same for an audio
amplifier, although we may put frequency
dependent terms into the divider path.
Stability depends on uf, not on either u or
B alone.

A sampled data system begins by looking
at the error signal. This is done by the
sampler. The output from the whole system
will be a continuous one, and so the system
must have a continuous instruction supplied
to it. This is provided by a hold circuit,
which stores the latest news of the error,
provided by the sampler, until the next
sample is taken. You plan your Sunday by
the sea on the basis of Saturday night’s
weather farecast: you can even get it in
stored form, in the evening paper. The
overall system takes the form shown in
Fig. 3. In this the box marked ‘“‘operate”
would be marked (uf) if we left out the
sample and hold processes, and we should
study the term (1 — u8), the difference signal,
the error signal.

The elegant way of studying the stability
of a system characterized by a function
F(s), or f(1), is to study the roots of the
equation

F(s) = 0.

In a simple world, all we know is f(¢), the
way the system behaves when we give it a
momentary impulse, but we find that we are
urged towards the use of the Laplace trans-
form and then to the Cauchy theorem, so
that we finish up with a result which is
simply the Nyquist diagram. It is usually
fairly easy to find F(s) for a linear system in
the world of electronics. If we can find a
form of F(s) for the sample and hold part

Fig. I Heart of a power supply regulator.

Error signal

A Y Fs 1 v
1> I

Vref
B

Fig. 2. Symbolic view of Fig. 1.

Sample Hold Operate

> H e

Fig. 3. Sampled data control system.

of Fig. 3 we shall be able to proceed abso-
lutely along the established lines. One way
of attacking this would be by the route of
the describing function. The alternative is a
bold frontal attack to determine the be-
haviour in time of the hold output when a
standard signal is applied to the sampler. If
the Laplace transform can be used on this
process we have just two functions, F(s)
and F,(s), for the two parts of the circuit
which are in tandem, and overall we have

F(s) = F(5). Fy(s).

As it turns out, the Laplace transform
which is obtained for a sampling system is
an infinite series. I suppose this could have
been expected, because the sampling process
is one which implies infinite currents to
reset the holder in an infinitely short time.
A modified transformation, which is called



the Z-..unsformation and which is related
to the Laplace transform, is used. It has a
rather interesting effect on the stability
rules.

We had better look at the process we want
to put into mathematical terms. Fig. 4 shows
how an input signal is first converted into a
train of pulses and is then processed by the
hold circuit, a circuit which is often called a
box-car circuit. If we think of the conversion
of 4(a) into 4(d) in terms of the describing
function there are two points which are
obviously fairly true. The first point is that

N (a) input signal

e 5

= >
Time

(b) Sample instants
- N S R

Time

I | l l 11 ] l ;(C)Sql'npleoutput

Time

—-’-J—kj_‘___,-—'_ (d) Hold output

- »
Time

Fig. 4. Sample and hold process.

the describing function is not a function of
amplitude, as it is with dead band or satura-
tion non-linearities. The sample-hold opera-
ation is a linear one, in this sense. The
second point is that the sample-hold opera-
tion provides a delay of about one-half the
sampling period. This delay does not depend
on the input frequency so that it is not a
phase angle. Thus far, then, the s.h.o. be-
haves very much like a transmission line for
the purpose of its describing function.
Things get rather odd, however, if the input
frequency is increased to around one-half
the sampling frequency. If the samples are
taken at 0 deg and 180 deg the output will
be zero: if they are taken at 90 deg and 270
deg the s.h.o. will show a small gain. The
output will show characteristic slow beats.
This can be interpreted by treating the whole
thing as a modulator, with input frequencies
of f; and (f,+2f,+ 3f. . . .), the spectrum of
the sampler. The term 2f,—f; is very close
to f; when f, = f;, and this is one way of look-
ing at the beat source: another is to fix atten-
tion simply on f,—f;. From the first, how-
ever, we see that we are likely to get this sort
of thing happening when f; = 2f;, and so on
right up the spectrum.

Two consequences can be guessed. The
first is that any attempt to find a simple
describing function in the form G(s) will
need to deal with an infinity of odd spots.
This is because our sampler is what we might
call an infinity generating function. The
second is that we may get trouble with those
beats in a practical system. Hold circuifs do
not normally hold for ever: if we think of a
power supply filter as a hold circuit it will
do its job nicely at 100 Hz, getting rid of
ripple, but if there is an instability near the
sampling frequency which produces an in-
put, will the beat frequency get suppressed?
The describing function technique is at its

safest if one is throwing away harmonics.
Here there is a nasty danger of subhar-
monics, and in practical systems it is found
that oscillations at a subharmonic of the
sampling frequency are, indeed, produced.

The formal approach is, as we have said,
by means of the Z-transform. This is de-
veloped in the following way. Suppose that
the input to the sampler is a waveform f(¢).
The output is a series of pulses, separated by
time T. The nth pulse, at time 1 = n7, is
quite simply f(nT) and is fully expressed by

f(nTYo(t—nT)

Where 6(7) is the impulse function, a unit
impulse at time ¢ = 0, or, for §(t—nT), at
time (r—nT) = 0, or t = nT. As we know
from our delving into the Laplace trans-
form, the impulse function is .#-transform-
able. In fact we can write

GP f(nT)8(t—nT) = f(nT) exp (—nTs)

This takes advantages of the fact that
while we are looking at this pulse, nT is a
constant, and so f(nT) is also a constant.

The whole pulse series which comes out
ofthe sampler is the sum of all the individual
pulses:

Z f(nT) exp (= nTs)
n=0

Now we write z = exp (T’s) and the pulse
becomes:

i f(nD)z™"

n=0

We call this. F*(z), the Z-transform of
f(t), and write

) = /£ f©)

Just as when we are dealing with func-
tions of the complex frequency, s, we take
the ratio of input I(s), and output O(s), and
call its inverse the transfer function

0(s)

e =

1) 6
so in sampled systems we can take F(z) and
F},(2) and write

F5(2)
Fii(2)

the sampled transfer function. It is a special
kind of system gain. Fortunately it is related
to the ordinary meaning of gain. The
mathematics is of a kind best studied in
privacy by consenting adults, with long ex-
pressions all over the place. The final
answer is elegant:

G*z) =4 L GG

Thus all you do is work out G(s), with all
those (s+a) and (s+as+b) terms that
come from X, R and L, C, R circuits, find
the inverse Laplace transform, using tables
if you are idle, and then find the Z-trans-
form, for which you should have another
set of tables.

Although it is not uncommon for the hold
function to be provided by a network of
capacitance and inductance there are prac-
tical as well as theoretical circuits in which
the box-car hold system is used. It is a circuit
element of a rather special kind. It has what
we may call a frequency response, that is to

= G*(2)
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say a transfer characteristic expressed in
terms of s, which is obtained by using the
Laplace transform on the behaviour in the
time domain. It is rather unusual, in circuit
theory, to find ourselves working this way
round. Again the mathematics is a mass of
long expressions, but in the end we obtain a
transfer function for the hold circuit, G,(s),
given by

Gi(s) = (1 —exp (—sT))/s

Remembering that s is a generalization
from jw, we see that we have a sort of jwT,
and the exponential function gives us a
power series of this, a harmonic series of the
sampling frequency.

Although I do not expect that, from this
article alone, readers will be in a position to
design sampled data systems, it is neverthe-
less of some value to know the form which
some basic functions take when they are Z-
transformed. The obvious one to begin with
is the unit step, the most basic function
which can be meaningful. Although we took
the unit impulse for our normal kind of
circuit, sampling a unit impulse is an exer-
cise in probability which I will not attempt,
especially as we would be considering the
chance of two infinitely short pulses co-
inciding. The Z-transform of the unit step,
however, is quite easy. All the pulses are the
same height, and

f(nT)isastringof 1,1,1 ...

This makes

F*(2) = Z Z*
0
= 1+1/z+1/2% ...
= z/(z—1)

It is more elaborate than the Laplace
transform, which is simply 1/s.

A key waveform is the one we get from a
single root on the real axis, for which the
s-function is 1/(s—a). For this the inverse
Laplace transformation gives us

J(1) = exp (a1)

Each pulse in the train which comes out
of the sampler is exp (aT) the size in the
preceding one: a is usually negative, of
course. The Z-transformation gives us

7, exp (an).u(t) = Lz " exp (anT)

Z(z™! exp al)"
z

z—exp (aT)

Once all the analysis has been gone
through, we have the overall sampled trans-
fer function. In the familiar case of a linear
system we, if we are using the Laplace
approach, find uf(s), and then substitute
jw = s. Most of us go by a different route,
to get uf as a function of w without using s
at all. When we have this expression for uf
we plot it out as @ goes from 0 to co. We
should in theory plot it from w = —oo0 to
w = o0, but we only need to do this in some
very tricky systems. Where is the critical
point (1, 0), or if you don’t slip the 180°,
(—1,0)? This is the Nyquist test for stability.
In a previous article we saw that this trick
of standing at the critical point and saying
‘“are we surrounded” is the equivalent of
searching the whole half-plane for roots by
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Fig. 5. Phase plane diagram.

going round it on a contour. We can be
Indians or Wagon Train.
In a sampled data system we have

z = exp sT.
Let us put s = je, so that

z = exp (joT)
But expjwT = cos wT+j sin wT

and as we vary w this means that z goes
round and round on a circle of unit radius.
Instead of varying w from 0 to oo we need
only go once round this circle. From then
on, use Nyquist.

The underlying mathematics would seem
to have evolved from the use of the Fourier
and Laplace methods. Whenever one has a
simple, powerful, mathematical technique
one finds that there are mathematicians
nibbling away at the foundations. Whenever
the engineer says of a solution— that bit
does not make sense, let’s leave it out—the
mathematician goes away to find a tech-
nique which will leave it out automatically.
In the describing function method we leave
out the harmonics, and sometimes land in
trouble. The mathematics of the Z-trans-
form comes from a study of where the
Laplace transform goes wrong. There is less
chance of applying the more rigorous theory
which lies behind the Z-transform to func-
tions which will have some odd feature
which makes the procedure give the wrong
answer. The difficulty, as always, is that the
more general the rules, the harder it is to
live with them: read the regulations at the
park gate before you take the dog for a
walk and you will see just what I mean.

Even if [ had devoted ten times as much
space to a very detailed explanation of how
to use this classic sampled-data approach it
would not have been a help in the real
world. Practical sampled-data systems do
not work with infinitely short sampling
pulses, and the sampling pulses may not be
evenly spaced.

One form of practical sampled-data sys-
tem which is of both theoretical and prac-
tical interest is obtained when the sampling
switch is closed for a finite time. This means
that the sampler output is a normal pulse
amplitude modulated signal, with pulses

which can pass reasonably well through at
least a part of the linear system. The type
of hold circuit is then probably not the
zero order hold which produces the box-
car effect, but a first or second order inte-
grator. One important feature of this is that
the theory must fit at the ends. When the
pulse becomes very short the situation is the
one we have just discussed, for which the
Z-transform or other short-pulse tech-
niques must give the same answer. If the
pulse length is T, the sampler switch is
closed all the time, and the answer must be
the usual linear, uff, answer.

The sampler may produce pulse length
modulation. I simply will not start on this.
Except, there is one form of pulse length
modulation which we must consider. Sup-
pose that the sampler switch closes at a
moment determined by the sign of the error
signal, and is opened at regularly occurring
times. This produces pulse length modula-
tion with a modulated leading edge. Sup-
pose also that the pulses are an odd shape.
Who would want to build such a circuit?
This is, in fact, just what one gets with
thyristor regulation in phase-control and is
not too different from some switching regu-
lators.

Other switching regulators behave even
more awkwardly. Both pulse frequency and
pulse length vary over the controlled range.
These, in fact, are probably best dealt with
by using the describing function, treating
them as relay circuits with hysteresis. But if
you feed in some jitter signal deliberately
they lock like sampled data systems.

I want to look at some practical systems
next month: there is not enough space here.
There is, however, one other theoretical
approach which I think deserves just about
the space I have left if I am to stick to my
standard length. The mechanical people
call this the velocity-phase diagram tech-
nique, which does not mean much to us. It
is chiefly used for rather simple systems,
which are, in fact, just the sort of systems
we want to use it for. That sentence ex-
presses my meaning precisely: up with
changes I will not put.

A typical circuit equation is

dl 1
L—+RI+—Q =E
at®ree

It is not necessary that L, C, R or Eshould
be constant. We can always write:

dl  E—RI-(1/0)Q

dr L
If I = dQ/dt we have
dl _ dI|dQ
do  dt| d
dl E—-RI-Q/C

This expression contains no mention of
time, not even in the disguise of frequency,
unless time is hidden in one of the para-
meters. The most likely place to find time is
in E, but aven the 1 = 0 idea of the unit step
can be eliminated in the plot which is
adopted. Actually [ never know what charge
is: we used to catch it on little drops of oil.
Volts I know, I’'ve got a meter for finding
them. And
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Q=CV, so
dl _E-RI-V
av - (L/O)

The validity of one or two steps needs
checking in each particular problem by
running through this process writing not
just Cor L or R or E, but L, f(J) for an in-
ductance which saturates, for example. The
essential feature of this technique is that it
is basically a practical one, working from
the problem to the solution. The methods
we normally adopt, like the Nyquist dia-
gram, really start with the answer and we
just test the problem against it.

The technique now is this. We choose our
starting condition, when all the terms on the
right-hand side are known. Let us begin by
using the specific example we have, although
this is not the only circuit we can handle in
this way. To make life very easy, let us take
E=0,R=1,(L/C) = 1 and initial condi-
tions ¥ = 1,/ = 1. We plot this point at P
in a voltage-current diagram (Fig. 5).

Now at P

di —RI-V —-I-V

av— @or 1
We draw in an arrow to describe this
slope. Let us go along this line to V' = 08,
I = 1.4, and call this P,. Here
. —14-08
v 14
A new arrow is drawn to show the path
from P,. Using the approximation

= -2

dl
— =15
dv
the next pointis ¥ = 06,/ = 1.7, P,.
da -17-06
H —=— =]
ere FIZ 7 35

There is no reason why we should not go
on like this, building up a trajectory which
shows how the circuit behaves. Except this:
where does the arrow head come from? We
must let time into the system justa little way.
The time to go from P to P, is

t _rdl_rn av _J""dV
PR p dVidt  Jp I

and as in this short stretch /=1 and dV =
—0-2, the time in the movement from P to
P, is negative. We should head off in the
other direction, instead of looking back into
history. So we build up P’, P”, P"” and in
the end we get the spiral path sketched in
Fig. 6, which must, of course, decay to the

A

Current

B

Voltage -

Fig. 6. The final picture.
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origin, as we have no supply E to provide
any final voltage. In this particular circuit
a fixed voltage input would have given a
spiral centred, if that is the word, on the
point (F, 0). This is obviously a stable
system: in the long run it settles down. It is
not a very exciting sysiem, although it is
easy to watch the spiral on an oscilloscope.
If the brightness can be modulated it is pos-
sible to put time markers on as well.

In a non-linear system we can get up to
all sorts of tricks. For simple folk like me a
rather coarse stage by stage calculation is
carried out. The example I am using now
has been chosen so that it does not overlap
the material I have in mind for the next
article. Let us stick to our LCR circuit, but
let us take some special cases. If we take
R = 0 we have

ldI+Vdv =0
I’ 4+V? = const.

This is the equation of a circle and I really
do not think we need a figure. If we make R
rather small we know that the oscillations
die away very slowly. For convenience the
system will be started off at the point 7 = I,
V = 0, and we shall get a spiral path which
lies inside the circle. The first half-cycle is
shown in Fig. 7 as the path from 7, to —/;.

I'a

I
f?\
Vv
Rsmcll
_11

-lo \R=o

Fig. 7. Formation of a spiral.

Y

Suppose that when V is negative the circuit
is changed, to make R negative. The be-
haviour is then an expanding spiral, which
I have drawn as — 7, to I,. We are now back
nearly where we stacted, and we can repeat
the whole process. As the figure is drawn 7,
is bigger than I, and so the spiral will get
bigger and bigger. This, then, is a truly un-
stable situation.

In circuit terms this corresponds to an
ideal class-B oscillator which drives for
exactly half a cycle and decays for the other
half. In terms of the s-plane the pole spends
equal amounts of time on each side of the
imaginary axis, but goes rather further into
the right-hand half than it does into the left-
hand half. The oscillator designer would
disagree with the description “ideal”. He
wants the amplitude to stay constant. One
way of doing this 1s to adjust the values of
R+ and R— very precisely, so that what
we lose on the swings we make on the round-
abouts. This is the function of a thermistor
in such a circuit. There are two other ways,
which are more in our line: the thermistor

Al
. L
L s i
A
>
B

Fig. 8. Stabilization of oscillation by
clipping at 1.

is a linear operator, after all. We can use a
limiter of some kind. It is a matter of taste
how the limiting is done. A diode can be
used to clip the voltage used in this analysis:
a diode can also be used to clip the current.
Examination of particular circuits will show
how a non-linearity is added to each. With-
out giving any particular preference to any
method, the sort of behaviour we get is
shown in Fig. 8. This would be analysed in
three pieces, 4 - B, B— Cand C — 4.
An alternative technique is to change the
point at which R is switched from negative
to positive. This is indicated in Fig. 9. From
A round to B the damping is positive, and
from B to A the spiral is a growing one. The
change now takes place at — ¥, and if this is
chosen correctly the system remains in an
equilibrium oscillation. It is, of course, a
class-C oscillator and will be designed, with
a d.c. loop study, to make — V;, self-adjust-
ing. ]f the d.c. loop is not correctly designed
the system has a different instability and is
either a blocking oscillator or a squegger.
Citcuits of this kind often have a dead-
band characteristic. When this is so, the
initial conditions become of great interest.
There are two circles on the diagram of Fig.
10. If the circuit is set off at the point (/,, 0),
inside the circle C, the dead, or partly-dead,
band means that the gain, in the describing
function sense, is not enough to keep the
circuit oscillating, and it just dies slowly. If
the circuit is set off at (75, 0) it will begin to
oscillate, and we have at first no restraint
on the oscillation so that the spiral is a
diverging one, until the circle C, is reached,
when the oscillation settles down. For the
initial condition (/5, 0) the limiting mecha-
nism is rather over-working, bringing the

Fig. 9. Stabilization by change of transition
voltage.
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trajectory in towards C,, the steady state
oscillation.

For systems of reasonable simplicity these
plots can be constructed on a point by point
basis. They are also easy to produce by
analogue modelling and to observe with an
oscilloscope. Timing marks can be put along
the trajectory, even when it is being con-
structed in this step-wise way. It is thus
perfectly practicable to apply this method
to a sampled-data system. The case against
the method is one with which I have a good
deal of sympathy. You are doing all this
work on just this problem: you will have to
do it all over again for the next problem.
How nice to have general solutions. I am
not satisfied, however, that the second,
third, tenth problems of the same kind will
involve the same amount of work. One great

Fig. 10. Three initial conditions.

point in favour of this approach is that it
keeps currents and voltages in your mind.
They cannot slip off to infinity for an instant,
leaving you with a sound analysis and a pile
of dead transistors.

Non-linear circuit anal ssis, and especially
that part of it connected with feedback
systems, seems to be in a ratiler awkward
phase of its existence. There exists a very
large amount of theoretical work in the
form of original papers, some of great
subtlety. The textbooks, when they are up
to date, deal with the more elegant refine-
ments of linear theory before they come to
non-linearity. Not only does this discourage
the student, who, if he is studying in his own
time, collapses before he reaches the non-
linear material: the academic knows that
non-linear systems are either trivial or too
complicated to be subjects for an examina-
tion question. Meanwhile, we all need to
build them. So let us stop thinking about
Aspects of Non-linear Control Theory and
start remembering, You, too, will go round
the bend.
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Low Distortion Tone-control Circuit

Bipolar transistors used in a Baxandall configuration

by P. M. Quilter*

Now that very high quality transistor
power amplifiers are definitely with us,
attention must be refocused on the pre-
amplifier. The main source of distortion
in the pre-amplifier is often the tone
control circuitry as the power amplifier
may require 1V r.m.s. or more to drive it
fully, and it usually takes this directly
from the output of the tone-control
circuit.

The standard one-transistor circuit, as
used by A. R. Bailey', gives a total
harmonic distortion figure in the region
0.1% to 0.2%. The circuit, adopted by
J. L. Linsley Hood? is an improvement but
necessitates the use of an fe.t. which is
not yet as cheap as a bipolar transistor
and, because of its high drain load,
requires an output buffer. Ideally a
distortion figure in the region of 0.01% at
1V output is desirable.

To achieve this using bipolar devices
requires that either the inherent open-
loop distortion in the amplifier be reduced,
or the open-loop gain increased to give a
higher feedback factor for the same
closed-loop gain.

The distortion in a transistor with a
very high ratio of collector-slope
resistance to collector-load is very nearly
a function of output current alone. There-
fore if the collector load can be raised the
output current required to produce a
given voltage will be reduced with a
consequent reduction in distortion (and
an increase in open-loop gain). Unfor-
tunately, the high value of collector load
would ordinarily make a high value of
supply voltage necessary, and might also
make loading effects of the feedback
network significant. These difficulties
can be overcome simply with an emitter
follower performing two functions—
providing an output buffer for the high
collector load, and giving a bootstrap
voltage to raise the effective value of
collector load.

The function of bootstrapping is to
reduce the actual voltage swing across
the collector load resistor for a given
collector current required to produce this
change, and hence raise the effective
resistance of the collector load. This can
be achieved by driving the top end of the
collector resistor in step with the coliector

*University of Sussex

* 5% Tolerance

.L +20V
10k
33k
To power
amplifier

o BALANCE
25k

To other
channel

Fig. 1. The complete tone-control circuit built round two n-p-n silicon transistors.

/’
L
&

oo

L._. ..... (<)

r (b)

Total harmonic distortion (%)

0-C01 | |

20 100

1k
Freguency (Hz)

10k 100k

Fig. 2. Total harmonic distortion as measured at 2V output. (a) is the measured t.h.d. of
the signal generator, (b) the distortion curve with the tone control flat, and (c) the
distortion curve with maximum bass and treble boost.

voltage. The final arrangement is shown in
Fig. 1.

The circuit as tested omitted R, giving
R, equal to 56062 with the values of R,
and R, shown. The gain was 2.2:1 at
centre frequency with a subsequent loss
of about 1.2:1 with the balance control
fitted as shown. The distortion figures for a
constant output of 2V r.m.s. are shown
plotted against frequency (Fig. 2). The
distortion curves for the test oscillator

used and the distortion measured at the
output of the amplifier are substantially
the same up to 2kHz but, with the treble
control set for maximum boost, there is a
slight rise at high frequencies. This may
have been due to emphasis of the
harmonics produced by the test oscillator
itself because of the rising characteristic
of the amplifier at high frequencies.

The output clips at 6V r.m.s. and with
the controls set to the “flat” position, the
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total harmonic distortion from 40Hz to
20kHz was measured to be 0.01% or less
at 5V r.m.s. output.

The signal-to-noise ratio measured with
reference to 1V r.m.s. output over a
20kHz bandwidth was 104dB and the rise
time to a step input, 0.1us.

The circuit may be modified to suit
personal taste as required. The relevant
equations are as follows:

R +R, 0y
B ==
2
R, + R, ~ 2kQ @
P ®)
R,=R,— 15
3T T RAR,

Some increase in distortion may result
if the gain of the circuit increases beyond
5 or 6 although this may be acceptable
especially if the required output voltage is
fairly low, as the distortion is a function of
output voltage.

Balancing equation (3) is important in
order to ensure the controls will be set at
their electrical centre when the frequency
response is flat. In fact a perfect square
wave response cannot be achieved for any
setting of the controls unless this equation
is balanced.

It should also be noted that the output
impedance of the stage driving the circuit
is part of R, because R, is the total source
resistance. If this is not taken into account
equation (3) will be invalid.

If R, is greater than about 50082 the
two 1k{2 resistors R, R, can be omitted.
They are included only to limit the ultra-
sonic gain to prevent instability. It is not
advisable to increase R, above 2kQ2 as
the treble control range within the audio
range will then be restricted.

The transistor type BC184L was used
for this circuit in preference to the more
common BC109 because, from experience,
the latter type had a tendency to oscillate
parasitically due to its collector connected
metal can.

In conclusion, this circuit has the
advantages of a high output voltage
with very low output impedance, negligible
distortion and good signal-to-noise ratio.

REFERENCES

1. A. R. Bailey, “High-Performance Transistor
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2. J. L. Linsley Hood, “Modular Pre-amplifier
Design”, Wireless World, July 1969.
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Air Traffic Control

The first stage of the national air traffic
control scheme—code name Mediator—
has been introduced at the National Air
Traffic Control Service centre at West
Drayton, Middlesex. Civil and military
radar units operating until recently at
Heathrow and serving South-east England
have now been closed. With 2,500
movements per day at peak times,
increasing at about 10% per year, the new
system is needed to increase capacity as
well as safety. Work on Mediator was
initiated by N.A.T.C.S. in 1962 when it
was set up to organize a comprehensive
air traffic control system for both civil and
military use.

Mediator recognizes radar as the
controlling agent whereas in the past radar
has been a back-up to ‘procedural’
control. With it, a whole new range of
radar, communications, and automatic
data processing equipment is being
brought into operation with its associated
engineering control, maintenance, power
station, and new traffic control techniques.
Thinking behind the scheme is similar to
that proposed in the early 1960s—see
‘Electronics for Mediator® Wireless World
vol.71, September 1965, pages 426-9--but
there have been changes since then, partly
as a result of difficulties with equipment.

Difficulties with the computer for flight
plan processing have meant postponement
of the full implementation of stage 1 but in
the words of Michael Noble, Minister for
Trade ‘. . . This was not a reason for
delaying other improvements . . . not
dependent on this particular development.’
Improvements include completely new
consoles—illustrated on page 181—with
bright radar displays and a secondary
radar facility, providing controllers
with aircraft identification codes super-
posed on the primary radar display.

The secondary system, of course, works
only with those aircraft installed with
transponders, at present in the minority.
They either have a 64-bit coded
transponder—which enables a two-digit
route code to be shown on the radar
display—or 4096-bit coded transponder
which allows aircraft to be identified with
two additional decimal digits. Further,
some aircraft are fitted with altimeter
telemetry equipment, allowing flight level
to be shown as well.

Facilities which make up stage 1 of
Mediator fall into four main parts—radar
outstations, communications links, pro-
cessing and distribution, and display. The
most interesting parts of the system are to
do with processing and display, but of
course the outstations and communica-
tions links are vital and much effort has
been devoted to their reliability. Of the
long-range primary radar stations at Ash,
Ventnor, Lowther and St Annes using
50-cm radars—chosen in preference to the
alternative 10-cm radar which would give
more precisely defined blips but is
susceptible to rain effects—three have dual

aerial heads.

All the secondary radars, co-sited with
the primary radars, have dual heads. The
main heads have duplicated electronics to
give a high degree of reliability and to
facilitate maintenance without interruption
to the service. . .,

Bright radar displays use a scan
conversion technique in which primary
video data is written into the storage
surface of a conversion tube. This is read
with a 1024-line scan many times a
second reinforcing the 55-cm display and
thus achieving television-screen brightness
level. This system differs from other scan
conversion systems in the way the
secondary radar information is added to
the primary. Use of two electron
guns—with consequent registration prob-
lems—is avoided by sharing gun writing
time between the two data. When
secondary radar information is available,
the normal ‘square’ scan (equal forward
and ‘flyback’ trace time) for primary
information is interrupted and the aircraft
designation written on the 256-bit line
using digital character generation.

With this system it had been possible to
superpose primary and secondary displays
to an accuracy of + 1.5mm.

There is also a third kind of information
on the display tube—a locally generaied
map together with range rings and other
static information.

One problem found with this technique
of digitally writing the secondary radar
information relates to the equal forward
and reverse scans. If a display’s digit is
not accurately matched in position on the
forward and reverse scans a jagged
sawtooth effect can be produced—an effect
which did in fact occur. Attempts to right
this by adjusting electrical lengths of
cables between scan conversion unit
display were unsuccessful and passive
delay networks had to be introduced. This
needed extra gain from the video
amplifiers to maintain display brightness
and consequently these are being replaced.

Flight plan processing for controlled
airspace is now done with a 32,000-word
store using a Ferranti Hermes computer.
The system stores flight plans—aircraft
identification and certain other informa-
tion—wind speed and direction, airways
structure. link routes, reporting points, and
runways in use at Heathrow, verifies the
flight plans, calculates an e.t.a. for each
reporting point en-route, and prints-out
flight progress strips.

For middle airspace a Marconi Myriad
computer system will be brought into use
by March 1972 at which time R.A'F.
m'ddle airspace controllers nrove to the
new centre. This triplicated real-time
system was originally planned to be
operational by now but software problems
led to its postponement. Although only
one of the three computers is connected
on-line at any time, the others, contribute
thvough a kind of self-checking voting
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Magnetrons, hydrogen thyratrons,
klystrons,travelling-wave tubes, duplexer
devices, storage tubes, pulse tetrodes,
backward-wave oscillators. . .the list of
EEV products goes on. We make them
all: there are 328 types listed in our
current catalogue and if the type you
need isn't there don't worry: just give us

the chance to make it specially for you.

EEV'’s radar component capability is
known throughout the world. The range
1s wide, the quality and reliability superb
—and our customers have proved it hund-
reds of times.

Please send for the latest data &
from EEV — and prove it for yourself.
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ENGLISH ELECTRIC VALVE CO. LTD., Chelmsford, Essex, England, CM1 2QU. Tel : 0245 61777. Telex: 99103. Grams : Enelectico Chelmsford. E

WW—028 FOR FURTHER DETAILS
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Power Amplifier for A.C. Servomotors

A simple general-purpose 10-W design that will drive
size-11, -15 or -18 servomotors

by R. J. Wallace¥*, MIERE. and J. M. Clarke*, m.sc.

An amplifier was required for use in the
closed loop carrier servo system shown in
Fig. 1 to drive the servomotor. The stan-
dard operational amplifier would obviously
not supply the required amount of powér
and an investigation of commercially
available amplifiers failed to reveal onethat
could be used in this system.

Amplifiers were found that would drive
20V centre-tapped servomotor windings.
However, these were not a lot of use as 20V
is not standard for servomotor tacho and
reference windings. The reason for this is
that suppliers of servo components are
closely allied to the aircraft industry,
where there is no need for an amplifier to
drive the reference and tacho windings,
since they are usually driven from the in-
ternal 400 Hz aircraft supply. However, in
an industrial electronic system, it is not
always convenient or desirable to use the
50 Hz line supply for excitation purposes
and for the reasons of standardization one
amplifier should be capable of driving any
winding.- The example given is a case in
point. Here the inherent property of the
a.c. servomotor to remove quadrature
signal components is utilized by deriving
the reference signal from optical sources.
The excitation frequency in such a system
can be anywhere in the region of 50 Hz to
1 kHz.

*Sira Institute

An alternative source of power ampli-
fiers and power amplifier designs is the
audio field. But here, in order to obtain
very low distortion figures, these designs
are unjustifiably complicated for industrial
application.

In short, there is a need for a simple
amplifier, capable of driving any winding of
a suitable servomotor which might also be
suitable for any application which requires
a general purpose a.c. power amplifier.

Design

It was decided, as discussed, that the
amplifier should be able to drive any wind-
ing of the servomotor, that all windings
should operate at the same voltage and that
the amplifier should have no need of the
centre tap often available on the control
winding.

With regard to power output, one ampli-
fier for reference and tacho windings and
one amplifier for the control winding was
considered acceptable. The most often
used motor is size-11 which dictates that
the amplifier should have a power output
of 10 W. Incidentally, this is also sufficient
to drive single windings on a size-15 or-18
motor.

Since the frequency at which a servo-
motor may be required to operate can de-

No. 2

Fig. 1. A closed loop carrie: +system
where an a.c. servomotor is . sed. Here
two optical signals, which are varying at
the same time at 440 Hz, are combined
to derive a reference signal. In addition
one signal is used as the error signal.

Optical e Error signal
signal |—Photo diode f—Fre-amplifier — - Griep:.-\;i%r
No.1
Control
winding™ |~y
Nl
Subtractor] Servo
e -e, motor
Reference Reference_/:/
5}9nq| winding |
|
[
Optica! 90° Servo ]
signal ~{Photo dlode-—Pre-ompllﬁer-—e—z‘ shift amplifier : ’

Ad}ustment of
opticai signols‘

G

These signals are so close to the 400 Hz
commonly used for a.c. servomotors,
they caf be directly used to excite a
servomotor via suitable amplifiers.
However to find a source of supply of
such amplifiers is a problem.

+V

Servo
winding

Fig. 2. Basic circuit of the class B
output stage employed. Several other
possibilities were considered and rejected.

pend on the system as well as the nominal
operating frequency of the motor, the
frequency response at the amplifier was
made as wide as possible, consistent with
stability into complex loads, and the final
design will drive either 50-, 60-, or 400-Hz
motors, and any complex load up to
20 kHz.

The most generally available servo-
motors have either 26- or 115-V windings.
The 26-V version was chosen as this allows
a transformerless output stage to be em-
ployed. Because the amplifier may be used
in systems where the preservation of phase
information is important, clipping of the
output waveform was arranged to be
symmetrical. In addition, no damage will
result from reasonable overloads.

Commercial amplifiers often incorporate
a 90° phase shift circuit but, since the
required phase shift often depends on
system phase relationships, such a circuit
was not included.

The fact that a.c. servos can tolerate a
small amount of distortion suggests the use
of a class B, rather than class A, output
stage. The higher efficiency of class B
means lower heat dissipation and smaller
size.

After considering a number of possibili-
ties the simple output stage of Fig. 2 was
chosen because of its simplicity, because
feedback is easily applied and because the
loop gain is low enough to make instability
due to complex loads unlikely.

Circuit details

The circuit of the amplifier is shown in
Fig. 3. Each output transistor is driven bya
common emitter stage and coupling capaci-
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tors are avoided by the use of comple-
mentary circuitry. Overall feedback is by
R,, R, and R,, Ry, with a separate path
for each ‘half® of the amplifier to assist in
stabilizing the bias currents.

The high frequency response is restricted
to 23 kHz by C, and C,. The bandwidth
can be increased to about 400 kHz by re-
moving C, and C, if due care is taken
with the component layout. Diodes D, (4,
are for bias current temperature compen-
sation, the final value of the output stage
bias being set by RV, and RV,. All the
transistors and diodes are mounted on a
common heat-sink which should have a
thermal resistance of less than 2.5°C/W.

Fuses F, and F, provide protection
against damage when the amplifier is used
into a load below the permitted minimum,
or short circuits of small duration. They do
not give full protection and the provision of
additional safeguards was not considered
to be worth while. The clipping action
protects the amplifier when it is overdriven.

Performance

Three amplifiers were built and subjected
to the tests detailed below. The amplifier
load resistance was 68 and the signal
frequency was 400 Hz.

Voltage gain versus ambient temperature:
The gain of the three amplifiers was
measured for 10 V r.m.s. output. The results
were as follows.

Amplifier Gain

20°C 70°C

1 5.72 5.85
2 572 5.9
3 5.72 5.84

}——0
Output

i

F’Z
RS500mA

Try
2N4923

Fig. 3. Final circuit.. With the input
shorted to ground RV, and RV, should
be adjusted for 1mA quiescent current
through Try and Tr,.
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Fig. 4. The completed protolype.

Clipping levels: The r.m.s. output voltages
at the clipping points of the three amplifiers
were measured and are set out below.
These voltages are marginally higher than
might be expected because of the small
amount of distortion,

Amplifier Clipping voltage
{r.m.s.}
20°C 70°C
L 28.9 29.2
2! 28.7 29.3
3

28.8 29.2

Frequency respense: The high frequency
response has been limited as described
earlier and is 3 dB down at 23 kHz. As the
amplifier is d.c. coupled, the minimum
frequency for full output is determined by
the maximum period over which it is per-
mitted to average the instantaneous dissi-
pation. While 40 Hz has been specified as
the minimum, a margin of safety has been
allowed for constructional and device
parameter variations. One amplifier, has
in fact operated satisfactorily down to
30 Hz.

Input impedance: The input impedance is
slightly dependent on level, the lowest
value being 3.5 k Q.

Quiescent current stability: Since the
diode and transistor V3, characteristics
are not matched perfectly, some change in
bias current is observed with change in
temperature. The figures were as follows:

Amplifier Bias current in mA
20°C 70°C
Tr Tr, Ty = ST5
1 1 1 26 25
2 1 1 28 28
3 1 1 27 26.2

The change of bias current with tempera-
ture is determined by the type of com-
pensating diodes and the current through
them. Since it is not practically possible to
achieve a constant bias current with re-
spect to temperature, a positive temperature
coefficient is accepted so that increase of
temperature will not lead to distortion
because of insufficient bias current.
Typically the bias current falls to 0.ImA
at 0°C but the major change, to approxi-
mately 27mA at 70°C, occurs between

50°C and 70°C. The figure of 27mA
represents only about 5% of the peak cur-
rent at full output.

D.C. current in the load: The amplifier is
completely d.c. coupled and any dc.
appearing at the input, perhaps, due to off-
set errors in a preceding operational
amplifier, for example, causes a d.c. current
to flow in the servomotor. In the worst case
approximately 60 mA at the input causes
5mA to flowin a 6812 resistive load.

Since completion of this amplifier (Fig. 4)
integrated circuit audio power amplifiers
have become available in the U.K. with
power outputs up to 5 W. Perhaps one of
the integrated circuit manufacturers would
think it worth while to market a servomotor-
amplifier with a similar performance to that
described by the authors.

Announcements

Duty free. All approved v.h.f. multi-channel radio
communication and navigation equipment used in
light aircraft is now exempt from U.K. import duty.

The entire share capital of General Video Systems
Ltd, the main U.K. distributor of Shibaden broadcast
and c.c.t.v. equipment, has been purchased by
Shibaden. The name of the company has been
changed to Shibaden (U.K.) Ltd, which will continue
to trade from 61 /63 Watford Way, Hendon, London
NW4 3AX. Tel: 01-202 8056.

Nortronics Company Inc, of Golden Valley,
Minnesota, manufacturers of magnetic recording
heads, have formed Nortronics, S.A. in Brussels to
market their products in Europe. A manufacturing
facility will be formed at a later date.

The Avionics Division of Plessey, Electronics Group
are to supply IFF shipborne transponders and
auto-decoders valued in excess of £1M to the Royal
Navy.

The Canadian Dezpartment of Transport has awarded
a £118,000 coniract to Decca Radar (Canada Ltd,
for a harbour rz iar system to cover the Chedabucto
Bay area, Nova cotia.

The Scottish Northern Lighthouse Board bas
purchased four radio beacons and ancillary
equipment, valued at £25960, from AGA (U.K)
Ltd.
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High-gain Audio Voltage Amplifier

by D. Leblebici*

One of the commonly used feedback ampli-
fier circuits is the ‘feedback pair’, where
feedback is applied from the collector of the
second transistor to the emitter of the first
transistor (Fig. 1(a), ref. 1).

The feedback circuit described here is a
modified form of the conventional feedback
pair (Fig. 1b). Feedback is the series voltage
type applied from the emitter of Tr; to the
emitter of 7r,. The circuit has some advan-
tages as compared to the conventional feed-
back pair:

@®The output as well as the input

terminals of the circuit are outside the

feedback loop and consequently the
amount of feedback is independent of
the source and load impedances.

@The input and output signals are in

phase opposition and as a consequence

it is possible to apply a second feedback
loop (parallel voltage feedback) from the
collector of 7r, to the base of T7,.

*Elektrik Fakiiltesi, Teknik Universite, Istanbul.

'National Bureau of Standards, preferted circuit
no. 201.

form of feedback pair (a),
1 (b). One advantage of
is that feedback is
id impedance.

Fig. I. Comnr
and modifie
the modifie
independen

@ The feedback voltage is taken from the
emitter of 7r;. The negative feedback
acts to decrease the distortion of the
voltage wave at that point. The relation
between the output voltage ¥V, of the
amplifier and the voltage V; fed back
can be written as

Vo o Rsles
Ve " Ryl

provided that R » R,. For a high-gain
transistor /.;/1,5 is very close to unity.
Hence

This shows there is an additional and
practically linear (low distortion) voltage
gain of magnitude R;/R, Irom the
emitter to the collector Tr5.

As the voltage gain from the collector of
Tr, to the emitter of Tr; is approximately
equal to unity, the voltage gain from the in-
put terminal to the emitter of 775 must be
equal to the gain of a conventional feedback
pair using the same transistors 7r; and T,
and the same circuit components R, R,,
R and Rg. As this gain is approximately
equal to (Rg+ R,)/R, (ref. 2), the total vol-
tage gain becomes

V, R.+R, R,

A, = 2w
v, R, R,

The only drawback of the circuit is its rela-
tively high output resistance, which is
approximately equal to R;.

Experimental circuit
The experimental circuit diagram is shown
in Fig. 2. The stages are directly coupled.
To stabilize the quiescent points a d.c. feed-
back across the first two transistors is used.
A collector current of about 200 pA is
chosen for T, this being the optimum col-
lector current ot transistor BC109 for mini-
mum noise. The transistor operating points
and component values have been calcu-
lated for a sufficiently high open-loop gain
and as high a dynamic range as possible.
The calculated open loop gain V5/V] is
11600, a value that is sufficiently high. The
additional gain provided by Tr; is about 10.

*Millmar & Holkias, *Electronic devices and circuits.
pp. 502, 3.

100 -L1
T

Fig. 2. Practical circuit of preamplifier swith
voltage gain of 100 for Ry = 5-6 kQ or
1000 for Ry = 78 kQ. Toral harmonic
distortion is 0-02% and 0-04°%, respectively.

The measured overall voltage gain for
Ry = 56kQ was 4 100 (calculated
value: 4, = 92) and the available maxi-
mum output swing was 18 V pk—pk
(64 V r.ms.). For an output voltage of
5V r.ms. the total measured harmonic dis-
tortion was 0:02%,. For Rp = 78 kQ the
measured A4, was 1000 (calculated value:
A4, = 1150). The maximum output voltage
was again 18 V pk—pk and the total har-
monic distortion was 0-04% (V, =5V
r.m.s.). The measured lower and upper cut-
off frequencies for both cases were 17 Hz
and 200 kHz.

Consequently, the circuit is very con-
venient as a high-gain audio preamplifier.
The possibility of applying a second, in-
dependent, parallel voltage feedback loop
makes it possible 10 use the circuit as a low
output impedance, moderate gain and high
dynamic range booster amplifier. With fre-
quency dependent feedback, it is also pos-
sible to use the circuit as a low distortion
equalizer amplifier.



ircuit Ideas

system enabling the system to meet a
reliability specification which allows only
one failure lasting 30 seconds or less in
five years.

Reducing noise in volume

controls

Noisy volume controls have been a
problem since the early days of radio and
although solutions do exist they are
generally expensive and/or inconvenient.
In transistorized equipment the problem is
often worse, or much worse. If there is a
steady voltage between the ends of the
track of the control as well as the signal
voltage, when the control is varied a
varying proportion of both voltages will be
present at the slider and if the circuit
connected to the slider can conduct d.c.
then a varying current will flow between
the track and slider. Because of contact
irregularities noise will be generated. It is
usual to include capacitors in the input
and output of volume controls to eliminate
such d.c. noise. Even when they are
included, however, current will flow as they
become charged or discharged at switch
on or off of the equipment.
For a given type, the higher the
capacitance the higher the leakage, and in
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high-quality equipment high value
capacitors must be used for good
low-frequency performance. Silicon n-
channel fe.ts are now available at a price
comparable with that of volume controls.
The inclusion of a source follower,
between the slider of a volume control and
the following circuit will usually make the
control much less noisy. The circuit shown
is one used by the writer. The original
circuit was broken at A B and the source
follower inserted. In some circuits it may
be necessary to reverse the electrolytic to

maintain correct polarity. In equipment
using a positive h.t. line the whole source
follower circuit should be inverted. The
input impedance of the source follower is
very high and as the input capacitor need
be only 0.01uF for very adequate low-
frequency response, a paper capacitor with
virtually no leakage can be used.

C. H. BANTHORPE,

Northwood,

Middx.

Single i.c. trip "mit

D.T.L. nand gates may be connected
so that they function as a trigger
circuit from an analogue voltage.
When a d.tl. 6996259 integrated circuit
__which contains three triple input
nand gates—is connected as shown,
the logic level output ¥, will be dependent
on the setting of the potentiometer R,.
With an input of 5V the output voltage
v, is at logic 1. Reducing the input
voltage by adjustment of R, will, at
a critical voltage, cause the nand gate
1 to switch over, thus switching nand
gate 2. The output voltage V, wil
now be at logic 0. Feedback from gate 2
to gate 1 ensures that ¥V, stays at logic O,
until the input voltage is raised above
the critical value. The nand gate 3
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switches over which resets nand gate 2,
and then V, once again becomes logic 1.
The critical value for this particular
unit was found to be 1.35V. This
circuit was used in place of a Schmitt
trigger in a voltage-level detector.

W. E. PRICE,

Laindon,

Essex.

Nickel-cadmium battery

charger

The circuit charges the battery at a
constant current and switches off when a
certain voltage is rgached. The charging
current can be varied by means of VR,.
For currents above 1A R, should be
reduced. The switch-off voltage can be
varied by means of VR,. Should a
battery of less than 4V be connected
for charging, then R, would have to be
reduced to about 1k§. The circuit
functions as follows: 77, and Tr, form a
Schmitt wrigger circuit with Tr, on after S,
has been nressed; when the preset voltage
has been reached Tr; goes on and77r, off,
thus switching off the charger. The
circuit was designed for 550mA and
6to 7.5V.

F. BALLERINI,

Rome,

Italy.

* Mounted close
together on heatsink

-

Completecircuit of electronically switched battery charger.
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Electronic Building Bricks

11. Information paths between units

by James Franklin

We have seen that information—which
might be numbers of objects in an elec-
tronic counting system or light intensity in
a television system—may be represented
by electrical variables. We have also
looked fairly closely at some of these
variables, and seen how they exist in
circuits (Part 5). We have not, however,
studied how the electrically represented
information is actually conveyed from one
electronic unit to another.

Part 1 showed block diagrams of a
television set and a computer and
explained that the lines joining the blocks
indicate paths for information. Some read-
ers may have thought it odd that these
paths, as well as the functional units them-
selves, were considered as “building
bricks”. The justification for this idea is
that in practice these information paths
are provided by circuits—particular
arrangements of conductors.

At this point we should get to know one
of the conventions of electronic diagrams
—<conventions, incidentally, which are
automatically understood all over the
world. The electrically represented infor-
mation which comes out of an electronic
unit is called the output, and is normally
shown emerging from the right hand side
of the unit. Conversely, the information an
electronic unit receives is called the input

Output Input
of A of B
—d Unit A \, o Unit B —

Fig. 1. The convention of a single line used
to indicate an information path, the
output of one unit becoming the input of
another. (This line is not an electrical
conductor as such.)

and is shown going into the left hand side
of the unit. Thus, in Fig.1 the output of
unit 4 becomegs the input of unit B.

As we have said the basic means by
which the information is conveyed is elec-
trical energy—more specifically the rate of
delivery of energy, which is power (Part
8). In practice, however, we don’t usually
consider power as representing the infor-
mation, mainly because it is not very
convenient to detect and measure the
varying power that flows from unit 4 to,

unit B. The measuring instruments com-
monly used in electronics respond to other
electrical variables, variables that are pro-
portional to the power, in particular poten-
tial difference and current. This compli-
cates the picture, because in any circuit
where electrons are moving there must be
an em.f., and this creates both potential
difference and current. Which one, then,
represents the information?

The answer is, simply, whichever one
the electronic designer has chosen to rep-
resent the information. The other variable
is there as well, in the sense that it can be
measured, but it is not taken as significant
as a bearer of information.

Power suppl
VeurcemtY  output Input
— terminals  terminals

emdf »

source] — ' —— =<
Ct e dj D

L -
+ — 2

Electron
flow

Fig.2. An electric circuit joining two
units so that it provides an information
path between them. In this circuit,
current is the significant variable.

As an example, Fig.2 shows the basic
principle by which information may be
transmitted from one unit to another using
current as the significant variable. It can
be seen that there is a complete electrical
circuit passing through part of unit C and
part of unit D. Electrons are made to flow
in this circuit by an emm.f. existing in
section ¢ of unit C. (We will not discuss
exactly how this e.m.f. comes to be there,
as we are not at the moment concerned
with the actual functions of units C and D,
but it originates from the e.m.f. source
supplying electrical power to unit C.) The
electron flow rate (current) varies with
time and this variation represents informa-
tion (Part 2). In unit D, at section d of the
circuit. there is a means of continuously
detecting or responding to the value of the
current. Thus the information represented
by the current variation is conveyed into
D.

It would be possible to detect a potential
difference (resulting from the e.m.f. at ¢)
between the two output terminals of unit
C, or between the two input terminals of
unit D, but this in itself is not significant
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Fig.3. Another circuit providing an
information path between units, but using
potential difference as the significant
variable.

because current has been chosen as the
information bearing variable.

Fig. 3 shows how information may be
transmitted using potential difference (p.d.)
as the significant variable. Here again
there is a circuit completed through the
two units. There is a p.d. between the
output terminals of unit E, resulting from
the e.m.f. existing at e, and it is the
vdriation of this p.d. which represents the
information. The input terminals of F,
being connected to the output terminals of
E, have the same p.d. between them (anal-
ogy: the water level in a water gauge is the
same as the water level in the tank to
which it is attached). This p.d. is present at
/. where there is a means of continuously
detecting it, so that the information rep-
resented by the variation of p.d. is con-
veyed into F.

Again there is a current flowing in the
circuit, but here it is this current which is
not significant as an information bearer. In
some electronic systems designed to use
p.d. as the significant variable the current
flowing is extremely small, for example less
than a millionth of an ampere. In such
cases one can think of the information
virtually as being conveyed by a variation
of p.d. alone. In other cases the circuit is
not completed at f (imagine broken line
absent), and unit F detects the informa-
tion as an electric field (Part 5) which is
created by the p.d. between the input
terminals.

As a practical example, E and F in Fig.
3 could be two stages of an electronic
amplifier (Part 9). The potential difference
at e would be that developed across a load
in the high-power circuit of stage E, while
circuit / would be the low-power control
circuit of stage F.
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Personalities

D. B. Weigall, C.BE, MA.,
F.LE.E.. retires from the position
of deputy director of engineering at
the end of March after more than
37 years of service with the B.B.C.
A graduate of Christ Church,
Oxford, he joined the Corporation
in 1933. After three years in the
Research Department he became
assistant to the superintendent
engineer, studios. From 1940 to
1942 he was seconded as chiefl
engineer to the Malaya Broadcast-
ing Corporation and from 1943 to
1946 he was technical adviser on
broadcasting to the Ministry of
Information. After his return to the
B.B.C. Mr. Weigall joined the
Planning and Installation Depart-
ment in 1948. He was appointed
chief engineer, External Broadcast-
ing, in 1962: assistant director of
engineering in 1963 and deputy
director of engineering in 1967.

G. Stannard, B.Sc, F.IEE,
A.C.G.l, retires on May 24th
from the position of chief engineer,
communications, in the B.B.C.
Educated at the City & Guilds
College, London University, he
joined the B.B.C. in 1932 and after
working in the London control
room and the recording section he
transferred to the Lines Depart-
ment in 1935. He has been chief
engineer, communications, since
1965. In this position he has been
responsible for the planning and
commissioning of the vision. sound
and communication networks used
for the distribution of programmes
and the provision of other
communication facilities.

As a result of the retirements of
D. B. Weigall and of G.
Stannard, the B.B.C.  has
announced the following appoint-
ments:

D. E. Todd, B.Sc.(Eng.), F1EE,
at present assistant director of
engineering, will assume the
responsibilities of deputy director,
in addition to his present
responsibilities for the engineering
specialist departments. Mr. Todd
joined the B.B.C. in 1946 and was
head of Transmitter Planning and
Installation Department from 1965
until his appointment as assistant
director of engineering in 1968.

T. B. McCrirrick, F.IEE,

F.LER.E., will become assistant
director of engineering and will be
responsible for the Transmitter and
Communications Departments, the
Engineering Information, Engin-
eering Training and Engineering
Personnel Departments. Mr.
McCrirrick joined the Corporation
in 1943 and transferred in 1949 to
the television service, where he
later held the posts of
engineer-in-charge, television stu-
dios. and head of engineering,
television recording. Since last
June he has been chief engineer,
radio broadcasting.

D. R. Morse, F.LE.E., lately chief
engineer, capital projects, has
been appointed to the new post
of chief engineer, networks and
communications. He will have
special responsibilities for negotia-
tions with the Post Office and the
Ministry of Posts and Telecom-
munications regarding the provi
sion of B.B.C:. programme and

.communication networks.

J. D. MacEwan, B.Sc., F1EE,
M.L.ER.E., A.nst.P., becomes
chief engineer, radio broadcasting.
Mr. MacEwan joined the B.B.C. in
1947. He was appointed a senior
lecturer at the Engineering
Training Centre, Evesham, in
1956. Since August 1969 he has
been chief engineer, regions.

Tony Martin, who joined
International Rectifier in 1959
when they commenced manufac-
ture at their Oxted, Surrey, plant,
has been appointed Northern
European sales manager. He
worked for several years as an

application engineer and then
transferred to the marketing
department where he held

successive posts of sales office
manager and product sales
manager. He will be responsible
for the industrial sales organization
in all Northern European coun-
tries.

James Lionel West, aged 35, has
been appointed manufacturing
manager of the m.o.s. division of
Emihus Microcomponents Ltd at
Glenrothes, Fife. Mr. West’s
previous appointments were with
General Instruments, Elliott Auto-

mation and the A.E.I. research
laboratories at Harlow.

P. Scargill, M.ILER.E., general
manager of the Electronics
Division of Union Carbide U.K.
Ltd, is transferring to Union
Carbide Europe, in Geneva, where
he will be responsible for the
group’s European electronics
business. Mr Scargill, who is 36,
joined "Union Carbide in 1966
from Hughes International (U.K.)
and was previously U.K. capacitor
sales specialist with International
Electric Co. of New York.

Tony Wynter, who recently joined
Devices Instruments Ltd, of
Welwyn Garden City, Herts, has
been appointed managing director
of Devices Pty. Ltd, the sales and
service organization set up in
Sydney, Australia. Before joining
Devices Mr. Wynter was a
member of the medical electronics
staff at the National Hospital for
Nervous Diseases, Queens Square,
London.

Peter D. Simmons has joined SE
Laboratories as product manager
of their new digital instrumentation
division. Immediately prior to
joining SE Labs he was sales
manager for Racal, and before
that was with Solartron and
Dowty.

Guy Barnes, ‘'PhD., B.Sc., has
joined Emihus Microcomponents
Ltd as technical manager. Dr.

Barnes, aged 38, graduated
in physics and mathematics at
Reading University. He then

undertook on behalf of the
Admiralty four years research at

Dr. Guy Barnes

the University into the surface
properties of semiconductors. He
joins  Emihus  from  Texas
Instruments where he was
integrated circuit department
manager. From 1958 to 1963 he
was chief physicist with Mining
and Chemica! Products Ltd.

A. G. Touch, M.A_, D.Phil,, who is
60, is retiring from the post of
chiet scientist at the Government
Communications Headquarters. A
graduate of Jesus College, Oxford,
Dr. Touch joined Watson-Watt’s
radar team at Bawdsey research
station in 1936. For his
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contributions to the development
of meter-wave Al and ASV he
received a substantial award on the
recommendation of the Royal
Commission on Awards L0
Inventors. From 1941 to 1947 he
was liaison officer with the British
Joint Services Mission in
Washington. On his return to this
country he became superintendent
of the Blind Landing Experimental
Unit at Martlesham Heath,
Suffolk, and from 1952 to 1954
was deputy director of electronics
research and development (air) in
the Ministry of Supply. From 1954
to 1959 he was director of
electronics research and develop-
ment (ground), M.o.S., and then
senior superintendent of the Radio
Department at R.A.E., Farnbor-
ough. He is to be succeeded as
chief scientist at the Government
Com. H.Q. by Ralph Benjamin,
Ph.D., who is at present director of
Admiralty Underwater Weapons
Establishment at Portland. Dr.
Benjamin, who is 47, joined the
Admiralty Signal Establishment in
1944. His particular fields of
research at A.S.E. were pulse
techniques and weapon control.
Dr. Benjamin’s place at Portland is
being filled by G. L. Hutchinson,
Ph.D., at present head of the
Military and Civil Systems
Department at the Royal Radar
Establishment, Malvern. A gradu-
ate of King’s College, London, Dr.
Hutchinson joined the Scientific
Civil Service in 1939 working on
the installation of the coastal radar
chain. In 1943 he joined the
Telecommunications Research
Establishment, then from 1948 to
1954 .was at R.A.E. Farnborough
and later on the staff of the British
Joint Staff Mission in Washington.

Siliconix Ltd., of Swansea, recently
announced two new appointments.
David Thomson, has joined the
company as sales engineer. In
1963 he joined A.E.I Telecom-
munications as a student
apprentice concentrating on the
design of linear and digital
telecommunication equipment and
gained an honours degree in
electronic engineering at The City
University, London. In 1968 he
went to Elliotts, Rochester. as a
development engineer on airborne
digital computers. David J. West,
aged 23, who graduated in
electrical engineering only this year
from the University College of
Swansea, has joined the company
as applications engineer.

OBITUARY

Leonard Walter Filimore, manag-
ing director of Jackson Brothers
(London) Ltd, which with his
father and brother he founded in
the early ’twenties, died on
January 30th aged 67. During the
war years he was very active on
Ministry  Standardization Panels
and right up to the time of his
death he worked on the Variable
Capacitor Standardization Panel
of R.E.C.M.F.
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New Products

Beam tetrodes

Two compact cenduction-cooled beam
tetrodes are available from M-O Valve Co.
Typically they give 400W output in f.m.
service up to 175SMHz, and 200W up to
500MHz. In s.s.b. service 300W p.e.p.
output is obtainable up to 175MHz. Both
tubes are electrically identical but differ
in construction. The CCS1 has a square
copper block fitted to the anode which is
intended to be bolted to a heat sink
directly or by means of a beryllia heat
conducting block when electrical isolation
is required. The CCS2 incorporates an
electrically isolated flange intended to be
clamped directly to a heat sink. Thermal
resistance between anode and flange is
made low by the use of beryllia ceramic.
There is no significant increase in output
capacitance. These conduction cooled
tubes are fully replaceable in new equip-
ment for existing well established forced
air cooled types. The conduction cooling
assists circuit designers by eliminating
moving parts in the cooling system and so
achieves greater reliability and compactness
at reduced power consumption. M-O Valve
Co. Ltd, Brook Green Works, London W.6.
WW315 for further details

R.M.S. voltmeter

Model A130 r.m.s. voltmeter from Prosser
Scientific Instruments allows waveforms
from d.c. to 100kHz with crest factors (peak
o r.m.s. ratio) up to 10:1 to be analysed.
An averaging time constant facility allows
integration from 1 to 300s. At very low
frequencies it is sometimes useful to measure
the instantaneous power by measuring the
instantaneous square of the voltage. This
facility is provided on the A130 with atime
constant of 10ms. The instrument, designed
for bench use or rack mounting, employs
a large meter display (+2% accuracy) as

well as providing an output for higher
accuracy readings. The specification
includes the following:

input impedance IMS2 25pF

overload 300V d.c. or peak on
ranges lmV-10V.
1000V d.c. or peak on
ranges 30V to 300V.

output 4 inch panel meter

scaled 0-10v, 0-3V,
and —15dB to +2dB.
Linear d.c. output O-
10V and 0-3V fullscale
depending on range
selected.

output impedance < 10£2. 10mA max.

accuracy +0.5% of full scale.

power requirements 115/240V  ac., 50/
60Hz, 50VA.

dimensions 445mm X 133mm X
344mm.

weight Skg.

Prosser Scientific Instruments Ltd, Lady
Lane Industrial Estate, Hadleigh, Ipswich,
Suffolk.

WW317 for further details

Miniature silicon bridge

rectifiers

A range of 1.2A silicon bridge rectifiers is
available from General Instrument (UK).
The assemblies are of flat construction with
in-line leads, and measure 23.5 X 4mm.
Called the FB series they have a p.i.v. rating
of up to 600V and a onme cycle surge
capability of 50A at operating temperatures
from —55°C to 150°C. General Instrument
(UK) Ltd, Stonefield Way, Victoria Road,
South Ruislip, Middx.

WW314 for further details

Numeral indicator tubes

ITT Components Group Europe, by
arrangement with Burroughs Corporation,
are manufacturing two new long-life side-
view cold-cathode indicators. The 5853S
is designed for use in time-sharing by anode
strobing applications; the 5870S is intended
for d.c. and pulsed operation with peak
cathode currents up to 10mA. Both tubes
have a display of numerals O to 9 inclusive
with one decimal point on the left and right
of each main character, and a character
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display area of 13.5mm (height) X 7.6mm.
Maximum overall height is 30.5mm, and
diameter 13mm. Base connections are 14
tinned leads with in-line configuration for
printed circuit or socket use. Typical
operating conditions are:

type 5853S

anode supply voltage 200V
peak cathode current 14mA
pulse duration 100us
pulse repetition frequency 500Hz
type 5870S

anode supply voltage 200V
cathode current (with

decimal point) 3.2mA

cathode pre-bias voltage 67V
ITT Components Group Europe, Valve
Product Division, Brixham Road, Paignton,
Devon.

WW313 for further details

Twin-channel oscilloscope

Differential oscilloscope type 155 from
Bradley Electronics has an input impedance
of 100M shunted by 1pF, and 100dB
common-mode rejection. The common-
mode signal may be as high as + 15V at
maximum  sensitivity.  Sensitivity s
100uV/cm, but this can be increased to

10uV/cm by cascading the two channels.
The timebase will operate down to 5s/cm.
Outputs  suitable for driving pen
recorders are provided and the oscilloscope
can be used as an X-Y plotter. Trigger
arrangements include auto and single
shot and the general facilities provided
include beam locate and internal calibra-
tion. G. & E. Bradley Ltd, Electral House,
Neasden Lane, London N.W.10.

WW 303 for further details

Telephone dial testers

An instrument which tests telephone dial
pulsing—in terms of operate and release
times of individual dial pulses—is made by
Amalgamated Wireless (Australasia) Ltd.
Traditionally, dial performance during
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production adjustment is done by
measuring pulsing speed and make-to-
break ratio on an average basis. But the
telephone dial pulse monitor type IT1466
compares make and break duration of each
pulse with preset tolerance limits. Indi-
cation is given if any interval is outside the
limits set by the operator by lighting a
‘short’, or ‘long’ lamp. In addition the
instrument  detects excessive contact
bounce, counts the number of pulses
received, and checks sequence and rela-
tive timing of off-normal contact re-closure.
Pulse analyser type IT1467 performs
similar tests and additionally gives ‘short’,
‘pass’ and ‘long’ indication for each of ten
contacts. Both incorporate a crystal
oscillator timing standard. Available in
the UK. from Amalgamated Wireless
(Australasia) Ltd, Aldwych House, 81
Aldwych, London W.C.2.

WW311 for further details

Capacitors for s.c.r.

commutation

A range of capacitors for high-power
controlled rectifier circuits is made by
Aerovox Corpn. Developed to provide low
inductance and low series resistance
needed to turn off s.c.rs, the capacitors
are said to be made more reliable than
general-purpose types. They are made
with three kinds of dielectric—paper,
metallized paper and polycarbonate—
and are designed to dissipate internally
generated heat. Paper dielectric gives
lowest cost, but as might be expected
gives largest bulk. Size is reduced by using
metallized paper, but cost increases and
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the ability to handle alternating current is
reduced. This is circumvented by using
polycarbonate, but at higher cost. Paper
dielectric capacitors are available in
voltage ratings from 200 to 2000V d.c.
and the values of capacitances available
depends on voltage rating (in the region
of 1 to 50uF). Polycarbonate types,
rated at 600V d.c., have values from
1 to 20uF and metallized paper types,
rated at 200V d.c., have values from
25 to 150uF. U.K. agents are Auriema
Ltd, 23 King Street, London W.3.

WW 305 for further details

Cathode-ray display unit

A self contained c.r.t. display unit, the
EV8000 from Electronic Visuals, has a
100 X 80mm flat-faced tube, regulated
power supplies, balanced input amplifiers
for vertical and horizontal deflections,
and brightness (Z axis) control via either

a simple blanking amplifier or an optional
wideband linear amplifier. The vertical
amplifier has a bandwidth of d.c.to 10MHz
and all inputs are compatible with t.t.l'and
d.tl levels. The unit can be supplied in
various case types and is suitable for 19in
rack-mounting. Electronic Visuals Ltd,
P.O. Box 16, Staines, Middx.

WW 304 for further details

High-voltage multiplier discs

A series of 10kV high-voltage multiplier
discs developed by Aerovox Corp and
marketed by Auriema are made with high
K dielectric materials. The coating is
epoxy resin. Available in 1,000and 2,000pF
capacitances as standard (other values
are available) the discs have a capacitance
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tolerance of +20%, a 2% maximum
dissipation factor, insulation resistance
of 20,000M{2, and are designed for working
voltages up to 10,000V d.c. Other capa-
bilities include a temperature character-
istic of + 15% change in capacitance from
+10°C to +85°C, a corona voltage of
approx. 2,700V r.m.s. at 50Hz and a
corona level of less than 100 picocoulombs.
Auriema Ltd; 23-31 King Street, London
W.3.

WW318 for further details

60-GHz varactor diode

A gallium arsenide varactor diode capable
of operating at 60GHz has been developed
by the Services Electronics Research
Laboratory and is manufactured by

Marconi. The diode, of the diffused mesa
type, is used in the 50-cm circular wave-
guide system of TE,;, mode propagation.

Known as type XMD3A, it is available in
three figures of merit—from 40 to 90GHz
—in a ceramic leadless inverted device
package for simple integration into
stripline structures. Photograph shows the
gold connection to the chip magnified
2000 times. Marconi Co Ltd, Chelmsford,
Essex.

WW 308 for further details

High-speed leadless diodes

Switching diodes for use in hybrid large-
and medium-scale - integrated circuits
are made by Dickson Electronics Corpn
(US.A). They are rated for 75mA
forward current at 75V d.c. with a
dissipation of 250mW. The diodes can
be mounted upright with wire bonding
or inverted with reflow solder bonds.
Dual types are made with either common
anode or common cathode connections.
Available from Dage (G.B.) Ltd, Haywood
House, 64 High Street, Pinner, Middx.
WW 310 for further details

Logic modules

Feedback Instruments have added areed
relay unit RU336 and a lamp display unit
LD265 to their range of logic and analogue
teaching elements. The RU336 contains
two reed relays which, when either is
operated by a logic ‘1’ input, will switch
currents up to lA in external circuits,
thus providing single-pole changeover
switching controlled by the logic. The
LD265 supplements the display lamps
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already available on the Logikit mounting
decks. Four buffered lamp circuits operate
in the presence of a ‘1’ at the input. All
the logic (Logibit) elements are of identical
size and are compatible with any of the
Feedback logic teaching equipment. Prices
of individual elements vary but all are
under £10. Feedback Instruments Ltd,
Park Road, Crowborough, Sussex.
WW316 for further details

Ferrite limiters

A series of solid-state ferrite limiters
introduced by EMI-Varian is claimed to
gives a ten-fold increase in life expectancy
over conventional TR tubes and limiters.
The VFX 9500 device for example operates
from 8.5 to 10.0GHz (X-band). The
integral unit consists of a ferrite limiter
followed by a diode limiter. The ferrite
portion provides about 10dB of high-power
isolation while the diode limiter reduces
spike and flat leakage power to levels which
provide reliable protection to the receiver
diode.

Operating characteristics include:

bandwidth any 5% b.w. from 8.5
to 10.0GHz

peak power 10kW

V.S.W.I. 1.5:1 max.

insertion loss 1.0dB max.

spike leakage energy 0.02 erg max.
flat leakage energy  20mW max.
recovery time 0.5us max.
insertion length 88.9mm
weight 680g
EMI-Varian Ltd, Hayes, Middlesex.
WW312 for further details

V.H.F. frequency

synthesizer
A frequency synthesizer for 27 to 70MHz

and tunable in increments of 25kHz is made
by Akers

Electronics, a Norwegian

microelectronics manufacturing company.
Using thin-film hybrid circuits and designed
as a phase-locked loop it occupies only
86 X 60 X 40mm and weighs 0.35kg. Itis
intended as a frequency source in
simplex military f.m. °‘manpack’ trans-
ceivers in the 27 to 70MHz band. During
transmission it operates as a modulated
exciter and during reception as local
oscillator, when frequency range is
37.7 to 80.7MHz for an i.f. of 10.7MHz.
Akers Electronics, 3191 Horten, Norway.

WW 301 for further details

Power diodes in plastic

Two new power circuits from AEI handle
double the power of earlier circuits. Type
PM7A-Q, a bridge rectifier with 16-amp
mean output and 44-watt dissipation, is
available in seven voltage ratings from
200 to 1400 V r.m.s. Type PM6A-Q, two
separate diodes of 10-amp mean current
and 34 watts dissipation, is also available
in the seven ratings. (The other kind of
circuit PMS5A is a diode-thyristor
combination, but remains as originally

specified.) These three combinations are
used in BDA ‘Hotpoint” washing machines
and enable universal motors to be used in
place of expensive induction motors with
the multiple windings required by electro-
mechanical regulators. AEI Semicon-
ductors Ltd, Carholme Road, Lincoln.

WW 302 for further details

U.H.F. field-strength
indicator

Designed and manufactured by Rohde &
Schwarz the u.h.f. field-strength indicator,
type Huze, comprises a transistor receiver
and a log-periodic broadband aerial. The
aerial is fixed to the receiver during
measurement and can be adjusted in any
direction and plane of polarization. The
signal picked up is applied via a decade
attenuator and a tunable bandpass
filter to a mixer diode, where it is con-
verted to the first if. of 150MHz. The
instrument is operated from built-in
sealed chargeable batteries. Battery
power is sufficient for about eight hours
with the a.f. section switched on (charging
the storage batteries takes about 14 hours).
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The charger may also be used as the
power supply, the storage batteries
acting as buffers. Field-strength range is
31 to 110dB above luV/m and voltage
range 16 to 90dB above 1uV. Aveley
Electric Ltd, Arisdale Avenue, South
Ockendon, Essex.

WW 307 for further details

6-mm potentiometer

Sub-miniature metal glaze potentiometers
to MIL specifications are made by TRW
Inc. Available from 102 to 1M in
5-watt rating (at 85°C) with temperature

coefficient of 1 in 10%/deg C. It measures
6.4mm dia and 4.5mm high. Type 171
is for vertical adjustment and type 172

for horizontal adjustment. Available
in the U.K. from Dubilier Ltd, Victoria
Road, London W.3.

WW 306 for further details

I.C. for active filters

Three identical amplifiers are included
on an integrated circuit made by Mullard.
Designed for use in RC active filters up to
150kHz, each amplifier has an input
resistance of 25k and an output
resistance of 9k£2. Gain is 39dB or 117dB
in cascade. An emitter follower is included
which reduces output impedance to
50082. Designated type TAA 960 it
operates from a 6-volt supply and con-
sumes about 2mA. Mullard Ltd, Torring-
ton Place, London, WCI1E 7HD.

WW 309 for further details

D.I.L. pulse transformer

Bourns (Trimpot) have introduced Model
4252-1005 miniature d.il. pulse trans-
former—a 16-pin unit with high insulation
resistance, fast rise and fast fall time, clean
pulse performance and low coupling capaci-
tance. The specifications include:

operating temperature range 0° to 70°C
pulse inductance

" (+£10%,0° to 70°C) 150uH
leakage inductance 1.0uH
coupling capacitance 5pF
pulse width 400ns

Bourns (Trimpot) Ltd, Hodford House,
17/27 High Street, Hounslow, Middx.
WW319 for further details
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Literature Received

For further information on any item include the appropriate

WW number on the reader reply card

ACTIVE DEVICES
We have received the following literature from
General Instrument Microelectronics, Stonefield
Way, South Ruislip, Middlesex

‘An introduction to the Glant family’ (m.o.s.,

Iistig) | i m tura btz s ia £ w3 Ta ik 2 WWw401
‘Reliability ~ aspects of low-voltage nitride’
(M0 S5 e (WS 20 1 9 =it WWw402

A large number of data sheets on insulated-gate
n-channel. p-channel, enchancement- and
depletion-mode fets ............... WW403

The English Electric Valve Co. Ltd, of Chelmsford,
Essex, have published a 40-page reprint of a section
of their main catalogue called ‘Hydrogen thyra-
trons—preamble’. Principles of operation, termin-
ology and circuitry are all discussed and a list of
thyratrons available from E.E.V. is given ... WW404

Akers Electronics, 3191 Horten, Norway, have sent
us the following data sheets:
AES501/2, positive/negative voltage regulator,
<30V, 06W, TO-5 ............... WW405
AE801/3, semiconductor transducer . ... WW407
AES830. miniature pressure transducer .. WW408
AE61, semiconductor accelerometer . ... WW409
AE900 series, infrared detectors, visible light to
5.6 MICTONS: ¢ a5 armps & 14 =4k o 88 nup - 730 Ww410
S1401P, integrated active modulator .... WW411
UH3000, thin film substrate containing 34 uncon-
nected resistors from 100§ to 10k{ and four
semiconductor chip mounting areas for con-
structing your own hybrid using a lead

bonding machine .................. WWw412
UH3011, integrated light sensitive Schmitt
PREEAT =pmt ot by s o 4 =dp i 8 ph 1000 b WWw413
UH3027, integrated relay/lamp driver, 28V,
300MA | sprap o ¢ s ER00DA BRI 6 [§ bt ww4l4
UH3021/3, analoguegate ............. Ww4l5

A number of data sheets devoted to f.ets WW416

Nortronic A/S, 1380 Heggedal, Norway, produce
the following data sheets:
Active filter unit (Butterworth) ......... wWw417
Detector Unit (bridge), < 150kHz ...... Ww418
Squaring unit, 80dB dynamic range

PASSIVE COMPONENTS

‘A designer’s guide to battery systems’ describes the
construction, operation and use of mercury cells and
gives an equivalents list. Mallory Batteries Ltd,
Gatwick Rd, Crawley, Sussex ........... wWWw420

‘Co-ordinated manual controls’ is the title of a
16-page catalogue produced by the Microswitch
Division of Honeywell Ltd, Windsor Rd, Slough,
Bucks. It gives details on a matching range of
control switches, push-buttons and indicator lamps.
The square panel outline (56mm) of the devices is
divided into four uniform display areas . ... WW421

APPLICATION NOTES

A pamphlet lists accessories for audio equipment
manufactured by the British Radio Corporation
(Ferguson, H.M.V., Marconiphone, Ultra). The list
includes slide synchronizing equipment, leads micro-

phones, head sets and the like. British Radio Cor-
poration Ltd, P.O. Box 121, Lea Valley Trading
Estate, Angel Rd, London,N.18 .......... Ww422
Monograph 4 3 ‘Real time signal processing in the
frequency domain’ is published by the Federal
Scientific Corp., 615 West 131st St, N.Y.10027.
US Al (Cais sl vt iind s s Wiw =y #5 a0i AL WWw423

RCA Ltd, Lincoln Way, Windmill Rd, Sunbury-on-
Thames, Middlesex, have produced the following
application notes.
AN4474 ‘Audio applications of the RCA HC 1000
hybrid linear power amplifier’ ....... wWw424
AN4483 “General application considerations for
the RCA HC1000 hybrid linear power ampli-
flEr" [y cw $)OMI00 a0 s BE CoTEaNn «n O Ww425
AN4421 ‘16 and 25W broadband power ampli-
fiers using RCA 2N5918, 2N5919 and TAA
7706 uw.hf. microwave power transistors’

A 30-page booklet ‘A review of some main appli-
cations of Melinex polyester film’ has been published
by Industrial Film Sales Department, Imperial
Chemical Industries Ltd, Plastics Division, P.O.
Box 6, Bessemer Rd, Welwyn Garden City, Herts.
| P PO - . ww427

General Instrument Microelectronics, Stonefield Way,
South Ruislip, Middlesex, have published the follow-
ing application notes:

T-6069, ‘R.F. applications of the n-channel, dual-

gate m.o.s.fet. MEMS54 ... ... ... Ww428
T-6032, ‘A 30MHz amplifier stage utilizing a
2NA353Y memwaionie G, e ad Ja b i wWw429
T-6082, ‘F.M. receiver using the n-channel, dual-
gate, m.o.s.fe.t. MEM554C” . ....... WWwW430
T-6167, ‘Uses of shift registers for data storage’
................................. WWw431
*Applying the m.o.s. read-only memory .. WW432
‘F.E.T. application guide’ (table) ....... Ww433
EQUIPMENT

A leaflet describes a low-cost (£56) d.c. to 4.5MHz
oscilloscope with 5 X 4cm screen. The ‘scope has
a 100ns to 10ms calibrated timebase, an input of
IM£ and 15pF, a sensitivity of 50mV/cm and X and
Z inputs. Meteronic, Birchen Napps Platt, Nr.
Sevenoaks, Kent ....................... Ww434

Reprints of the following articles which originally
appeared in Broadcast News are available from
R.C.A. Lid, Lincoln Way, Windmill Rd, Sunbury-
on-Thames, Middlesex:
‘How to get the best pictures from the TK-27
filn SYSEEIM’ o pwsain phmibemspssitsevse Ww435
‘New a.m. ampliphase transmitters” .. ... WWwW436

A family of timers covering the range 0.025 to Smin
is described in a leaflet produced by Tempatron Ltd,
65 Milford Rd, Reading, Berks. .......... wWw437

Among the products manufactured by N H Research
Inc., of California, is a precision a.c. source with a
stability of 410 parts in 10° per week. This,
together with other products, is described in a booklet
available from Lyons Instruments Ltd, Valley Works,
Ware Rd, Hoddesdon, Herts. ............ WWwW438

Wireless World, April 1971

Aveley Electrics Ltd, South Ockendon, Essex, have
sent us the following literature which originated
from Rhode and Schwarz of West Germany and
Scientific-Atlanta of Georgia, U.S.A.

Rhode and Schwarz:

‘Semitest 111° (ISP) for testing digital integrated
circuits. Can be used on r.tl., d.tl,d.tlz,ttl,
ec.l., and mo.s. logic .............. wWWw439

‘Power signal generator’ (SLRE), 6.7 to 12.7GHz,
05t03W ..o wWw440

‘Modules for data aquisition and processing’
(UEC) uwpo7oypens. s nams ge Tz wappan Ww441

‘Antenna rotators’ (HA455/3 & 555/1) with
hydraulic drive for directional aerial systems

e h eyt e W SR T a s A 5 e Ww442
‘V.H.F. compact directional finder’ (NP8), 117.5
to 136.5MHZ! & at wi wse i bimmamnad Tonw WWw443

Scientific-Atlanta:
‘Swept-frequency microwave measuring system’
(series 1700) v ivugeasssaprocssans WWwW444
‘Horn antenna’ (series 6800) .......... WW445
‘Transportable u.h.f. telemetry tracking system’
(series 3000-R18) 1435 to 1535 and 2200 to
2300Mhz ., euscniosnons promsqas WWwW446

A new catalogue has been produced by Eagle
International, Coptic St, London WCIA INR,,
which lists audio and test equipment as well as a
variety of components .................. Ww447

We have received the following literature from Lyons
Instruments, Valley Works, Ware Rd, Hoddesdon,
Herts., which describes goods manufactured in
Switzerland by Institut Straumann.
0SC 104, hermetically sealed tuning-fork oscilla-
tors operating at frequencies in the range 1 to
6kHz at temperatures from —55 to +85°C.
Power supply between 5 and 12V ...  WW448
DIV-, MUL-, FOS-104, frequency divider, fre-
quency multiplier and sine-wave shaping unit
for use with the tuning-fork oscillators WW449
STP-70/A, price list for the above range . WW450

A leaflet is available which describes the ‘Miniscope’
low-voltage soldering iron manufactured by Enthoven
Solders Ltd, Dominion Buildings, South Place,
London BCM 2RE ... civiniiiinnnes WWw451

Nortronic A/S, 1380 Heggedal, Norway have sent
the following literature:
703, multi-fiter 35Hz to 14kHz. Contains 26

Loctave filters ...... ...l Ww452
Sound level indicator; versatile sound measuring
SEL -y AT W BT § 6 tepie MO WW453
Logic simulator for tuition, etc. ....... WWwW454
702, universal filter 0.2Hz to 20kHz in 5
DANAS a » s m vt 5 (G s AW v B 1 WW455
701, universal filter 40Hz to 16Hz ...... Ww456
Automatic tracking filter and wave analyzer
(audio) . a s i o Meiian ke s axdans o WW457

Intended for use with Tektronix 540 and 550
oscilloscopes a light coupled oscilloscope plug-in unit
is described in literature available from Lyons
Instruments Ltd, Valley Works, Ware Rd,
Hoddesdon, Herts. Called the IsoAmp model 6150
the unit provides 1.5kV isolation and will accept
signals up to 300V peak-to-peak at up to 35MHz.
The signal is converted to light and the only
connection to the oscilloscope is via a fibre optic light
BUIHE iwairrmmiicicwmbaidvrsiabiont | WWwW458

The leaflet ‘Short-wave puts you where it’s at’
describes the range of Hallicrafters communications
receivers. The Hallicrafters Co, 600 Hicks Rd,
Rolling Meadows, Illinois 60008, U.S.A. ... WW459

Second-hand computers are the subject of a
catalogue from Computer Sales and Services. 49/53
Pancras Rd, London NW.1. ............ WW460

Kampel Electronics Ltd, 99 Old Christchurch Rd,
Bournemouth, BH1 1EP, have produced a leaflet
describing a stereophonic source simulator which is
designed to be used with a stereo amplifier to
produce a stereophonic effect from a monophonic
signal SOUICE ......eeeenveriionnnninnes WWwW461

GENERAL INFORMATION

The Scientific Instrument Manufacturers’ Associa-
tion of Great Britain, SIMA House, 20 Peel St,
London W.8, have produced a second edition of
their ‘Metrication Guide’. This revised edition costs
£2.50



Wireless World, April 1971

April Meetings

Tickets are required for some meetings: readers are advised, therefore,

to communicate with the society concerned

LONDON

Ist. IERE—"Future techniques for cockpit
display” by D. R. Evans and Capt. D. S. Kirkland at
18.00 at 9 Bedford Sq., W.C.1.

Ist. RTS—*“Sound techniques for television and
commercial recording” at 19.00 at Intersound
Recording Studios, Park Drive, Wembley, Middlesex.

6th. IEE—*Business. society and the professional
engineer” by B. M. Maskell at 17.30 at Savoy Place,
w.C.2.

7th. IEE—*“The use of telecommunications in
meteorology” by A. A. Worthington at 17.30 at
Savoy Place, W.C.2.

15th. IEE—Discussion on “Development of
electrical and electronic systems during flight testing
of new aircraft” at 18.00 at Savoy Place, W.C.2.

15th. RTS—"“New techniques in video mixing” by
W. R. Hawkins at 19.00 at .T.A. 70 Brompton Rd.,
London S.W.3.

16th. IEF——Discussion on “Engineering science in
schools and further education” at 14.00
at Savoy Pl., W.C.2.

16th. IEE—"The effective training of professional
engineers as managers” by P. H. L. Thomas at 17.30
at Savoy Pl., W.C.2.

19th. IEETE—Panel under the chairmanship of
Prof. R. C. G. Williams discussing “Panel connecting
problems” at 18.00 at Savoy Pl., W.C.2.

20th. IERE—“Automatic camera line-up in
colour television” by D. V. Ryley and Mrs. G.
Claydon at 18.00 at the London School of Hygiene
and Tropical Medicine, Keppel St, Gower St.,
w.C.1.

20th. AES—*“Wide range ribbon loudspeaker
development” by Stanley Kelly at 19.15 at the
Mechanical Engineering Dept., Imperial College,
Exhibition Rd., S.W.7.

21st. Inst. Navigation—*“The application of low
light television to navigation” at 17.00 at the Royal
Geographical Society, 1 Kensington Gore, S.W.7.

21st. SERT—System 24 by C. P. Davies at
19.00 at London School of Hygiene & Tropical
Medicine, Keppel St., W.C.1.

21st. BKSTS—*“Recording techniques for
multichannel stereo” by Michael A. Gerzon at 19.30
at L.T.A,, 70 Brompton Rd., S.W.3.

23rd. IEE—Discussion on “Light emitting diodes
and their utilization” at 17.30 at Savoy Pl., W.C.2.

27th. IERE—"Communications through space,
flame and fibre” by Prof. P. J. B. Clarricoats at 18.00
at the London School of Hygiene & Tropical
Medicine. Keppel St., Gower St., W.C.1.

28th. IERE—*“Applications of Camac” by
H. Bisby at 18.00 at 9 Bedford Sq., W.C.1.

29th. IEE/IERE—Colloquium on “Design and
application of minimal computers” at Savoy Pl.,
w.C.2.

29th. RTS—Fleming Memorial  Lecture:
“Perspectives in television” by Huw Wheldon at
19.00 at The Royal Institution, Albemarle St.,
w.1.

BALLYMENA
20th. IERE—*“Loudspeakers” by R. L. West at
19.30 at Ballymena Technical College.

BIDEFORD

20th.  British Computer  Soc.—“Computer
aided design” by B. Gott at 18.15 at the Library
Theatre.

BIRMINGHAM
19th. SERT—"Electronic music” by A. Douglas
at 19.30 at Aston University.

21st. RTS—“Radio telescopes” by Dr. Guy
Pooley at 19.00 at the A.T.V. Studio Centre, Bridge
Street.

BOURNEMOUTH
2Ist. SERT—*“Remote control and indication
systems” by N. Greene at 19.30 at Bournemouth

Municipal Technical College.

CHELMSFORD

28th. IEE—*Radio meteorology” by Dr. J. A.
Saxton at 18.30 at King Edward VI Grammar
School, Broomfield Rd.

EVESHAM
20th. IERE—*“World satellite communication
systems” by G. H. Banner at 19.00 at B.B.C. Club.

HIGH WYCOMBE

28th. IEE—*“Plasma—the fourth state of matter”
by Dr. J. E. Allen at 19.15 at the High Wycombe
College of Technology and Art.

LIVERPOOL

21st. IERE—“Computer aided circuit design” by
E. Wolfendale at 19.00 at the Department of
Electrical Engineering, University of Liverpool.

MANCHESTER

I5th. IERE—*“Radio astronomy” by E. J.
Daintree at 19.15 at the Renold Bldg., UM.LS.T.,
Altrincham St.

22nd. SERT—*Integrated circuits” by J. Tomson
at 19.30 at UM.IS.T.

NEWCASTLE-UPON-TYNE

14th. IERE—*Electronics and the entertainment
industry—the future” at 18.00 at Ellison Building,
The Polytechnic, Ellison Place.

PLYMOUTH

7th. RTS—“Computers in television program-
ming” by N. W. Green at 19.30 at the Studios of
Westward Television Ltd.

READING

29th. IERE—*“Direct digital control—the case for
the special purpose computer” by P. Atkinson and
A. J. Allen at 1930 at the J. J. Thomson
Laboratory, University of Reading. Whiteknights
Park.

ROMFORD
21st. IERE—*Management of R & D” by D. C.
Dalton at 18.30 at Central Library.

ROTHERHAM

22nd. IEETE—*Yorkshire TV studios, Leeds” by
P. G. Parker at 19.00 at College of Technology,
Main Hall, Howard Street.

SWANSEA

Ist. IERE/IEE—*The use of satellites for civil
communication” by C. F. Davidson at 18.15 at
Department of Applied Science, University College.

WALSALL
28th. IEETE—*Electronics in the automobile” by
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W. F. Hill at 18.45 at Midlands Electricity Board
District Offices, Green Lane.

WOLVERHAMPTON

6th. IERE—*“Direct digital control—the case for
the small special purpose computer” by P. A.
Atkinson at 19.30 at the Polytechnic.

WORCESTER

22nd. B.Computer Soc.—“Introduction to
computer simulation” by G. S. Perdue at 19.30 at
Worcester Technical College.

Conferences
and Exhibitions

Further details are obtainable from the
addresses in parentheses

LONDON

Apr.15& 16
Britain’s Modern Standards—
the contribution and the Gain

a (British Standards Institution, 2 Park St., London
WA 2BS)

Apr. 19 & 20
Hybrid Microelectronic Circuits
(International Society for Hybrid Microelectronics,
¢/o Dr. R. G. Loasby, A.W.R.E., Building A37,
Aldermaston, Reading RG7/4PR)

Apr. 19-22 Alexandra Palace
Physics Exhibition
(1.P.P.S., 47 Belgrave Sq., London S.W.1.)

Apr.21-29 Earis Court
International Engineering and Marine Exhibition
(Industrial & Trade Fair Ltd, Commonwealth
House, New Oxtord St., London WC 1A 1PB)

Imperial College

LE.E., Savoy Place

BRIGHTON

Apr. 4-6
Vacuum Equipment
(LP.P.S., 47 Belgrave Sq., London S.W.1)

Apr. 20-23 Hotel Metropole
Technical Communication in the 70s
(Business Conference & Exhibitions, Mercury
House, Waterloo Rd., London S.E.1.)

University of Sussex

LANCASTER

Apr. 5-7
Elementary Particle Physics
(LP.P.S., 47 Belgrave Sq., London S.W.1)

The University

YORK

Apr. 5-8
Atomic and Molecular Physics
(LP.P.S,, 47 Belgrave Sq., London S.W.1)

The University

OVERSEAS

Apr.5&6
System Theory
(C.O. Alford, School of Electrical Eng., Georgia
Institute of Technology, Atlanta, Georgia 30332)

Apr. 12-15 Washington
Telemetering Conference
(Washington Technical Consultants, 422
Washington Bldg, Washington D.C. 20005)

Atlanta

Apr. 13-15 Boston
Electronics in Medicine
(Electronics in Medicine, 330 W. 42nd St.,
New York, NY 10036)

Apr. 13-15 New York

Computers and Automata

(Polytechnic Institute of Brooklyn, 333 Jay St.,

Brooklyn, New York 11201)
Apr. 13-16

Magnetics Conference

(C.D. Mee, IBM Corp., Building 015, Monterey

& Cattle Rds, San Jose, California 951 14)

Denver



Real & Imaginary

by “Vector”

Salute to ‘*Free Grid”’

Mention the name of Norman Preston Vincer-Minter to W. W. readers and | warrant
that blank expressions will be the order of the day. But mention "'Free Grid"” and

all of those of more than seven years’ standing in readership will know at once who
you're talking about. And will not only know, but almost invariably the mention of the

name will provoke reminiscence of the ’Do you remember what he said about—7?" type.

But first, to the young among us, a word or two of explanation. The name N. P.
Vincer-Minter appears in W.W. volumes prior to 1930. mostly as a contributor of
constructional articles. Then, on September 17th, 1930, “Free Grid” made his
entrance with a regular page feature under the heading “*Unbiased”. At first, to judge
from his remarks, he was very much on trial (editors are adept at suspending the
sword of Damocles)} but before long his inimitable style made his place assured. For
thirty-four years {he died. aged 67, on 11th March 1964) he continued to delight
readers with his wit, his scholarship. his anecdotes and his “‘inventions”. ‘Free Grid"
became as much a part of the journal as the front cover.

At first the drawings which accompanied his page were relatively characterless but
by the end of 1930 the 'F.G.” image {which, incidentally, bore no resemblance to
Vincer-Minter) emerged, together with those of the formidable Mrs. "‘Free Grid”
and the little *“Grid Leaks”. The illustrations became a perfect complement to the
writing. Here, epitomized, was the middle-class little man of the period—bowler.

spectacles, neat suit, furled umbrella and all—ever ready to do battle with bureaucracy,

intransigent manufacturers, slipshod terminology or sheer stupidity. The aggressive
chin of the cartoonist's little man added emphasis to the prose. for 'F.G.” was an
arch-puncturer of balloons and the sworn enemy of sacred cows.

But it is in the role of prophet that ‘Free Grid” is best remembered. Here he was in
a league of his own. In the Jubilee issue of W.W. in 1961 he really let himself go and
as no commemorative issue would be complete without "Free Grid” | make no
apology for turning over the rest of the page to him. Ladies and gentlemen {and
particularly new readers), here is the incomparable ‘‘Free Grid” writing ten years ago:

A.D. 1971, 1986, 2011

Another 50 years will have to pass before
Wireless World can publish another
jubilee number, and that will be the
centenary number of April AD. 2011.
However, it is customary to celebrate 60th
and 75th anniversaries of things. I shall be
very surprised if by the 60th anniversary
in 1971 we do not have coloured television
and by the 75th anniversary in 1986
stereoscopic coloured TV.

By 1971 our television sets will
probably have a scanning unit so that we
can show our coloured slides and also our
home ciné films on the c.r.t. and by 1986
our home ciné films will be returned to us
from the processing station in the form of
magnetic. tapes holding both sound and
vision recordings.

By 1986 every set will, of course, have
a built-in multi-channel tape recorder for
vision and sound so that while we are
watching one programme we can
simultaneously bottle one or more of the
several alternative programmes that will
be available.

Fettered by Physics
I will now . . . venture to glance into the
future of electronics but I am definitely not

going to inflict on you any of the
unimaginative and rather obvious ideas
which most science-fiction writers present
to their readers. . . .

The reason for their unimaginative
stories is that writers of science fiction allow
their minds to be fettered by physics, or,
more accurately, by our contemporary
knowledge of physics. The “sciction”
scribes, as I call them, write fantastic
stories—doubtless accurate by contem-
porary scientific knowledge—about travel
to distant worlds while overlooking the
possibility of travel to another kind of
world which is right under their noses. The
world to which I refer is the extra-spatial
and extra-temporal one which I discussed
fully in the March, 1959, issue of this
journal. I am greatly indebted to “Cathode
Ray”” for my ideas and gladly
acknowledge it. As I explained in my
original thesis on the subject it was he who
set me thinking by his article in the
November 1958 issue. In that article he
gave us a very vivid picture of electrons as
being “waves of which nobody knows”
which it is usual to call  waves. As a
result of reading this I expressed the view
that if we could manage to alter one of the
properties of the y waves, such, for
instance, as their ) . we should probably
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find that these metamorphosed electrons
vanished, like H. G. Wells’s Time Machine,
out of our world of time and space into
that extra-spatial and extra-temporal
“world” inhabited by ghosts, fairies,
poltergeists and other seemingly shadowy
and clammy entities who seem to pass
through brick walls, to be able to be in two
places simultaneously and, in general, to
ignore many if not all the laws of physics.

In actual fact I don’t believe they do
ignore them; they merely seem to ignore
physical laws because our knowledge of
physics today is very limited in
comparison with what it will be in 2011'

I am reluctant to call this spaceless and
timeless place the metaphysical world
because I dont think it is “beyond
physics” as the name would imply. I will,
therefore, call it the psychotronic world
which simply means that it is built of
metamorphosed electrons, or, in other
words, psychotrons, a word which 1
coined in the May 1960 issue to describe
these extra-spatial and extra-temporal
electrons or  waves which had had their
wavelength or other property changed or
metamorphosed and had. therefore
become u y waves.

Electrovision

I will venture only one prophecy on more
ordinary lines . ...by suggesting that before
2011 our electronic experts and ophthalmic
surgeons will have got together to do
something very drastic for people like
myself suffering from failing sight.

I have in mind the development of
something like the special kind of
cathode-ray tube used for transmission but
in very miniature form so that it would
actually take the place of an eye and
convert vision into pulses along the optic
nerve, as the natural eye does now.

Reguiescat in pace “Free Grid”
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““Books cannot always please, however
good”’ was the caption to this cartoon
illustrating “‘Free Grid”’ suffering from
the symptoms of ‘‘uxorogenic cucophoria’.
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NOW

YOU CAN MOVE
AHEAD IN
THE POWER

RCA ANNOUNCE NEW POWER

TRANSISTORS FOR QUASI COMPLEMENTARY
AUDIO AMPLIFIERS.

Now available, six of the best from RCA.
Six new power transistors for output levels from 5W to 70W
(8Q impedance).
Manufactured by RCA to the highest professional standards.
Available from your local stockist as of now
Make a note of the right number for your project.

Type 40629 40630 40631 40632 40633 40636

PowerOutput 5W  7W 10/12W 25W  40W  70W

Or phone Sunbury-on-Thames 85511 and we'll tell you more.
There's plenty more to tell.

RCA Ltd.. Solid State, Sunbury-on-Thames, Middlesex.

OFFICIAL DISTRIBUTORS:

Semicomps Northern Ltd., The Square, Kelso, Roxburghshire. Tel: 2366.
REL Equipment & Components Ltd., Croft House, Bancroft, Hitchin,
Herts. Tel: 50551/2/3 52202.

ECS (Windsor) Ltd., Thames Avenue, Windsor, Berks. Tel, 68101 (20 lines).

Solid
State

WW—100 FOR FURTHER DETAILS
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Sinclair Project 60
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the world’'s most advanced high fidelity modules

Sinclair Project 60 presents high
fidelity in such a way that it meets every
requiremgnt of performance, design.
quality and value and now that the re-
markable phase lock loop stereo FM
tuner is available, it becomes the most
versatile of high fidelity systems. With
Project 60, it is possible to start with a

modest mono record reproducer and
expand it to a sophisticated stereophonic
radio and record reproducing system of
fantastically good quality to hold its own
with any other equipment, no matter how
expensive. Project 60 is a unique high
fidelity module system where compactness
and ease of assembly are combined with

System The Units to use together with Cost of Units

A Simple battery 2.30 Crystal P.U., 12V battery £4.48
record player volume control

B Mains poweredrecord 2.30,PZ.6 Crystal or ceramic P,U. £9.45
player volume control etc.

C 204+20W.R.M.S.stereo 2x2.30s, Stereo 60, Crystal, ceramic or mag. £23.90
amplifier for most needs PZ.6 P.U., most dynamic

speakers, F.M. tuner etc.

D 20+20W.R.M.S.stereo 2x2.30s, Stereo 60, High quality ceramic or £26.90
amplifier with high PZ.6 magnetic P.U.. F.M. Tuner.
performance spkrs. Tape Deck, etc.

E 40+40W.RM.S.de- ‘2x2.50s, Stereo 60 AsforD £34.88
luxe stereo amplifier PZ.8, mains trsfrmr

F Outdoor P.A. system Z.60 Mic..upto 4 P.A.speakers £6.48

controls, etc.

G IndoorP.A, Z.50, PZ.8, mains Mic., guitar, speakers,etc., £19.43

transformer controls

H Highpassandlowpass A.F.U. C.DorE £5.98
filters

J Radio Stereo F.M. Tuner C,DorE £25.00

WW—101 FOR FURTHER DETAILS

circuitry that is far in advance of any other
manufacturer in the world. Thus it is
extraordinarily easy to assemble any
combination of modules using nothing
more complicated than the simplest
of tools, and you certainly do not have
to be experienced to build with complete
confidence. The 48 page manual free
with Project 60 equipment makes every-
thing easy and you can house your
assembly in an existing cabinet, motor
plinth, free standing cabinet or virtually
any arrangement you wish. Once you
have completed your assembly you will
have superlatively good equipment to
give you years of service and enjoyment.
You will have obtained superb value for
moneybecause Project 60 isthe bestselling
modular system in Europe and can there-
fore be produced at extremely competitive
prices and with excellent quality control.

Sinclair Radionics Ltd., London Road, St. Ives,

Huntingdonshire PE17 4HJ.
Tel: St. tves (04806) 4311

— | | — || g




Wireless World, April 1971

Sinclair Project 60

a77

Z2.30 & 2.50
power amplifiers
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The Z.30 and Z.50 are of advanced design
using silicon epitaxial planar transistors to
achieve unsurpassed standards of performance.
Total harmonic distortion is an incredibly low
0.02% at full output and all lower outputs.
Whether you use Z.30 or Z.50 amplifiers in your
Project 60 system will deperid on personal
preference, but they are the same size and may
be used with other units in the Project 60
range equally well.

SPECIFICATIONS (Z50 units are inter-
changeable with Z.30s in all applications).
Power Outputs

Z.30 15 watts R.M.S. into 8 ohms using 35 volts:
20 watts R.M.S. into 3 ohms using 30 volts.

Z.50 40 watts R.M S. into 3 ohms using 40 volts:
30 watts R.M.S. into 8 ohms, using 50 volts.
Frequency response: 30 to 300,000 Hz +-1dB.
Distortion: 0.02% into 8 ohms.

Signal to noise ratio: better than 70dB wun-
waeighted.

{nput sensitivity: 250mV into 100 Kohms.

For speakers from 3 to 15 ohms impedance.

Size 3k x 2L x in.

Z.30

Built tested and gquarsnteed with circuits and
nstructions manual £4.48

Z.50
Built, tested and guaranteed with circuits and
instructions manual.

Power Supply Units

Designed specially far use with the Project
60 system of your choice.

Illustration shows PZ.5 to left and PZ.8-(for use
with Z.50s) to the right. Use PZ.5 for normal
Z.30 assemblies and PZ.6 where a stablised
supply is essential.

P2Z-6 30 volts unstabilised £4.98

PZ-8 35 volts stabilised £7.98

P2Z-8 45 volts stabilised

(less mains transformer) £7.98

PZ-8 mains transformer £6.98

Guarantee

If within 3 months of purchasing Project ~60
modules directly from us, you are dissatisfied with
them, we will refund your money at once. Each
module is guaranteed to work pe fectly and should
any defect arise in normal use we will service it at
once and without any cost to you whatsoever
provided that it is returned-to us within 2 years of the
purchase date. There will be a.small charge for
service thereafter. No charge for postage by
surface mail. Air-mail charged at cost.

Stereo 60
pre-amp/control unit

=

Designed for the Project 60 range but suitable
for use with any high quality power amplifier.
Again silicon epitaxial planar transistors are
used throughout, achieving a really high
signal-to-noise ratio and excellent tracking
between channels. Input selection is by means
of push buttons and accurate equalisation is
provided fcr all the usual inputs.

SPECIFICATIONS
Input sensitivities: Radio—up to 3mV. Mag. p.u.
3mV:correctto R.I.A.A, curve + 1dB:20t0 25,000 Hz.
Ceramic p.u.—upto 3mV: Aux—upto 3mV.

Output: 250mV

Signal-to-noise ratio: better than 70dB.
Channei matching : within 1dB.

Tone controls: TREBLE 4+ 156 to —15dB at
10KHz: BASS 4+ 15to—15dB at 100Hz.

Front panel: brushed aluminium with black knobs
and controls.

Size: 81 x1ix4ins,
Built, tested

and guaranteed.

Active Filter Unit

£9.98

For use between Stereo 60 unit and two Z.30s
or Z,50s, and is easily mounted. It is unique in
that the cut-off frequencies are continu-
ously variable, and as attenuation in the
rejected band is rapid (12dB/octave), there is
less loss of the wanted signal than has
previously been possible. Amplitude and
phase distortion are negligible. The A.F.U. is
sujtable for use with any other amplifier system.
Two stages of filtering are incorporated —
rumble (high pass) and scratch (low pass).
Supply voltage — 15 to 35V. Current — 3mA.
H.F. cut-off (-3dB) varidble from 28k Hz to
5kHz. L.F cut-off (-3dB) variable from 25Hz
to 100Hz. Distortion at 1kHz (35V. supply)
0.029% at rated output.
Built, tested

and guaranteed

£5.98

Stereo FM Tuner

firstin the world to use the

phase lock loop principle

Before production of this tuner, the phase lock
loop principle was used for receiving signals
from space craft because of its vastly improved
signal to noise ratio over other systems. Now,
for the first time, the principle has been
applied to an FM tuher with fantastically good
results. Other original features include varicap
diode tuning, printed circuit coils, an I.C. in the
specially designed stereo decoder and squelch
circuit for silent tuning between stations.
Sensitivity is such that good reception be-
comes possible in difficult areas. Foreign
stations can be tuned in suitable conditions
and often a few inches of wire are enough
for an aerial. In terms of a high fidelity this
tuner has a lower level of distortion than any
other tuner we know. Stereo broadcasts are
received automatically as the tuning control is
rotated, a panel indicator lighting up as the
stereo signal is tuned in. This tuner can also be
used to advantage with any other high fidelity
system.

SPECIFICATIONS:

Number of transistors: 16 plus 20 in I.C.

Tuning range: 87.5t0 108 MHz

Capture ratio: 1.5dB

Sensitivity: 2.V for 30dB quieting: 7uV for full
limiting.

Squelch ievel : 20uV,

A.F.C.range: £200 KHz

Signal to noise ratio: >65dB

Audio frequency response: 10Hz—158KHz
(+1dB)

Totai harmonic distortion: 0.15% for 30%
modulation

Stereo decoder operating level: 2V

Pilot tone suppression: 30dB

Cross talk:40dB

I.F. frequency: 10.7 MHz

Output voltage: 2 x 150mV R.M.S.

Aerial Impedance: 75 Ohms

Indicators: Mains on: Stereo on; tuning indicator
Operating voltage: 25-30VDC

Size: 3.6 x1.6x8.15inches: 91.5 x 40 x 207 mm
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Price: £25 built and tested. Post free

To: SINCLAIR RADIONICS LTD LONDON ROAD ST.

Please send

IVES HUNTINGDONSHIRE PE17 4HJ

Name

Address

for which | enclose cash/cheque/money order.

ww4aTn

WW-—102 FOR FURTHER DETAILS



a78

Wireless World, April 1971

Sinclair IC10/Q16/Micromatic
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The world’s most advanced high

fidelity amplifier

This is the world’s first monolithic integrated
circuit high fidelity power amplifier and pre-
amplifier. The circuit itself is a chip of silicon
only a twentieth of an inch square by one
hundredth of an inch thick, having 5 watts
‘RMS output (10 watts peak). It contains 13
transistors (including two power types), 2
diodes, 1 zener diode and 18 resistors, and is
encapsulated in a solid plastic package which
holds the metal heat sink and connecting pins.
This exciting device is more rugged and has
considerable performance - advantages, in-
cluding complete freedom from thermal
runaway and a very low level of distortion.
The 1C10 is primarily intended as a full
performance high fidelity power and pre-
amplifier, for which  application it only
requires the addition of such components as
tone and volume controls and a battery or
mains power supply. It may also be used in
other applications including car radios,
electronic organs, servo amplifiers (it is dc
coupled throughout) etc.

Circuit Description

The first three transistors are used in the
pre-amp and the remaining 10 in the power
amplifier. Class AB output is used with
closely controlied quiescent current which is
independent of temperature. There is generous
negative feedback round both sections and
the amplifier is completely free from crossover
distortion at all supply voltages, making
battery operation eminently satisfactory.
Each IC10 s sold with a comprehensive
manual giving circuit and wiring diagrams for
a large number of applications in addition to
high fidelity. These include oscillators, etc.
The pre-amp section can be used as an RF or
IF, amplifier without any additional transistors.
Specifications:

Output.: 10 watts peak, 5 watts RMS continuous.
Frequency response : 5Hz to 100kHz 1+ dB.

Total harmonic distortion : Less than 1% at full
output.

Load impedance: 310 15 0hms

Power gain: 110 dB (100.000.000,000
total

Supply voltage: 8 to 18 volts. (A Sinclair power
unit, PZ.7 is available for mains operation).

Size: 1 x 0.4 x 0.2 in, plus heat sink and tags.
Sensitivity 5 mV
Input impedance:
2.5 Mohms.

Price (with manual): £2.98 post free.

times)

Adjustable externailly up to

Q16

High fidelity loudspeaker

The Q16 employs the well proven acoustic
principles specially developed by Sinclair in
which a special driver assembly is meticulously
matched to the characteristics of the uniquely
designed cabinet. In reviewing this exclusive
Sinclair design, technical journals have justly
compared the Q16 with much more expensive
loudspeakers. Its shape enables the Q16 to be
positioned and matched to its environment to
much better effect than is the case with
conventionally styled enclosures. A solid teak
surround with a special all-over cellular foam
front is used as much for appearance as its
ability to pass all audio frequencies

This elegantly designed shelf mounting
speaker brings genuine high fidelity within
reach of every music lover.

Specifications:

Construction: Special sealed seamiess sound or
pressure chamber with internal baffie.

Loading: up to 14 watts TMS.

Input impedance : 8 ohms.

Frequency response: From 60 to 16,000 Hz.
confirmed by independently piotted B and K curve
Driver unit: Special high compliance unit having
massive ceramic magnet of 11.000 gauss. aluminium
speech coil and a special cone suspension for
excellent transient response.

Size and styling: 9% in square on face x 4% in. deep
with neat pedestal base. Black all-over cellular foam
front with natural solid teak surround.

Price £8.98.

To: SINCLAIR RADIONICS LTD LONDON ROAD ST. IVES HUNTINGDONSHIRE PE17 4HJ

Please send

Name

Address

for which | enclose cash/cheque/money order.
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Micromatic

LANIANGD ¥S 30Vulay

Britain's smallestradio

Considerably smaller than an ordinary box of
matches, this is a multi-stage AM receiver
brilliantly designed to provide remarkable
standards of selectivity, power and quality for
its size. Powerful AGC counteracts fading
from distant stations: bandspread at higher
frequencies makes reception of Radio 1 easy.
The plug-in magnetic earpiece provided
matches the Micromatic’s output to give
wonderful standards of reproduction. Every-
thing including the special ferrite rod aerial and
batteries is contained within the minute and
attractively designed case. Whether you build
a Micromatic kit or buy this amazing receiver
ready built and tested. you will find it as easy
to take with you as your wrist watch, and
dependable wunder the severest listening
conditions.

Specifications:

Size: 36 x 33 x 13 mm (14/5 x 13/10 x ¥ In.)
Weight : including batteries. 28.4 gm (1 oz.)

Case: Black plastic with anodised aluminium front
panel and spun aluminium dial

Tuning: medium wave band with bandspread at
higher frequencies, (550 to 1.600 Hz).

Earpiece: Magnetic type.

On/oft switching: By inserting and withdrawing
earpiece plug.

Kit in pack with earpiece, tase. instructions and
solder £2.48.

Ready built. tested and guaranteed. with earpiece

£2.98.

Two Mallory Mercury batteries type RME75
required. From radio shops, chemists. etc.

Sinclair Radionics Ltd., London Road,
St. Ives. Huntingdonshire PE17 4HJ
Tel: St. Ives (048 06) 4311

TR N — | g | — ||
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INSTRUMENT

The ideat ‘off the shelf low cost instfument housing.

21-gauge steel. Finishad hammer blua. with 18-gauge
NE.(:. WXtz panel supplied_with easy-10-strip protective _covering
for easy marking out. !ndividually packed. including
- L I feet and screws.
_ w/ 9% 1 9 § 6
- xﬂzﬁlll ? 13 [ TYPE Tof Do 10Dof PGP )
L8 75 C260 €245 £2.30 3
- CHEEL 013 867375 €205 €265 £235 3y
Z/ % \ :g:g;guigi :gf 1u3 :? 1 EN0 £290 €270 45 West Hyde carry stocks of four types
\ 4 H i ] 27w of handles. The twa Delrin types are
(Ponel sus—103 x I8 45 with | g 2,50 £2.40 £205 45 5.5/8" and 8] long with prices from
" vorticall 6127 €580 £5.60 £530 56y 8p to 20peach. The two chrome penei

Mo £7.90 £760 £2.25 86p
1910100 £10.95 £10.80 £10.35 1059

handies are also in twa sizes 3" and
5" with prices from 2001037 each.
Both types of handies are ideal for our
cases as the iflustration shows.

AND SPARE PANELS

Contil cases are also available with aluminum paneis and
Contilcote, applied after drilling and cutting. There is also
a thassis to fit each size of Contil case. Three smaller
sizes in 18 gauge aluminiem and three larger sizes in
16 gauge. Prices from 15p to 75p.

GROMMETS BLANKING PLUGS
1000tt  5000tf PANELHOLESIZE 1000ft 500 off
NCHE
316 You couid tramp
T g the World and not find better feet!
38 35 30p The West Hyde foot is moulded from a resilient, high
18 hysteris material. giving a high friction coefficient
35p 30y { L Self-adhesive or screw fixing or both {(6BA countersunk}.
5/8 } Size 5/8” dia. 3/8” high. Grey. Price from0 01010 0.017
56p 50p 1 55p 45p each
1 80p 70p

Assorted £1.40lots Assorted £1./Ulots

1003'18" 50 ca. o1others) (100 off 3/16”. 50 ea. of others}
Postage & Packing 15p m

WEST HYDE DEVELDPMENTS LTD. RYEFIELD CRESCENT, NDRTHWDDD HILLS, MIDDX. HAG 1NN
Telephone: Northwood 24941/26732 Telex: 923231 Code: West Hyde Nthwd.
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CONTIL

TRANSFORMERS

TRA has 100mA high voltage windiag to drive number wwbes of neon
indicators driven by transistors. Size: 4 x 33" x 33" OP
150-180-0-80-150 @ 100mA. 1, 6, 10, 15, 18, 30 & 2 Amps.
Therefare also gives 12-0-12 or 15-0-15 or 3. 4,5,6.8,10,12.18,
24 & 30 volts .@ 2 Amps: and 300, 230, 180, 150,80 and 70 velts
@ 50/100mA.£250P&F 37p.

TRB. Size: 4" x 3} x 2§”;1.P.230volts.0.P.0,6.10.15.18,30 @
2Amps LT of TRA asshove £1.95P & P 30p

» —— iy

™ TRC. Slze: 23" x 2; x 2§ .LP 230volts 0.P.0-6-10-18 Amp.
= l e I LAyl ot 3 Thererore givesalsn4.5.6.8, 10,12, 18 volts. £1.45P& P 22p

LI . oy P.SU.KITS

iw] P.S.U. KIT A. This kit containes a trensformer, diodes, capacitors, rasis

- -:-5‘-51 tors, tag strips, with chassis and neon indicator. £3.75 P & P 25p.

| ﬁq | -{:‘[ P.S.\. KIT B. This power supply kit is based on tha TRB transtormer

1 " giving zenar limited +V and —V supplles with a — 24voitline

protected by a fuse. £7.40P &P 30p.

WEST HYDE WO

WEST HYDE DEVELOPMENTS LTD, RYEFIELD CRESCENT, NORTHWOOO HILLS, NORTHW0OO, MIODX. HAG tNN.
TELEPHDNE: NDRTHWODD 24841/26732 TELEX:923231CODE: WESTHYDENTHWO

All Contil Transformers,
primarily intended for use
with transistorised squip-
ment, give a wide range of
voltages.
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PUSH BUTTONS £ %4

Contil neon illuminated push micro switches. They can
have, mains or transistor driven neon lighting inside
the push button: momentary. or ON/OFF operation,
with twist action and switching by ons or two micro-
switches or less neon. l.e. either a combined ON/OFF
switch neon indicator. or a push button micro switch.
West Hyde neons. nominally 25000 hours, plus
Pye switches. together make these push buttons
ramarkable value for money

Supplied with or without neon

West Hyde reed switches have niadv 50,000,000,000 1 or 2 microswitches

operations at over 2000 per second. 1 oft 0.75. Momentary or lock on
100f10.85.P&P10p ) Red or natural colour } Same price
Already there are well over a million reed switches a week cosT 1 off 10 off
being used in Great Britian alone. The West Hyde version 2 switches. illuminated 0.73 0.67
has the additional advantage ot hermetically sealing 1 switch iliumina(ed 0.53 0.55
and accurately positioning the reed in a protective No switch, illuminated 0.44 0.39
'::‘)VE“XTI;"OE:WM'"“' 1 switch, non-illuminated 0.43 0.38
2 switches, non-ifluminated 058 0.50
OVER SPEED MONITORS, FLOW MONITORING, S ey
CONVEYOR ~ MONITORING.  COUNTING. POSITION quantities:

DETECTION,  PROXIMITY ~ OETECTORS  {Fel. REV.
COUNTERS,  LIMIT ~ SWITCHES,  PRESS  TOOL
PROTECTION

ITS ADVANTAGES ARE:

LOW COST. EASY MOUNTING, LONG LIFE. SAFETY,
VIBRATION RESISTANCE. IDEAL FOR ORIVING LOGIC.

SPECIFY

1 or 2 microswitches
Lock or momentary
240 or 110v of no neon
Whether cap is required

HIGH OPERATING SPEED. HERMETICALLY SEALED

L w [ s] “v n [

WEST HYDE DEVELOPMENTS LTD., RYEFIELD CRESCENT. NORTHWDDD HILLS, NORTHWQDD,
MIDDX. HA6 1NN, Telephone: 24941/26732. Telex:923231 W est Hyde Northwd.
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CALIPERS

The Mini Labe! Mate is a new miniaturised labeller,
that is small enough to slip into the pocket, but big
enough to do the job. Made in durable shock-
resistant plastic, it has a full view embossing wheel
with a precise action, which gives fast finger tip
embossing with clear, sharp impressions on
121t x 3" tape. Labeller in Blue, Green, Yellow, Red.
Tape in Black. Red Blue, Green, Gold. [

Labeller: £1. P&PBY. 2" 1074 12 1" 0nt o 00mm '« £2275 Lese

Tape reels: 33p. P & P 5p. guantity

West Hyde Oiat Vernier Calipers are magniticent value and
an enormous help on both development work and production
The diract reading dial is very clear. and they pravide insida.
outside, depth and step measusaments, Satin chroma stainless
steel with hardened slides. Packed in avelvet-tined metal case:

Minimum order £1.
WEST HYOE DEVELDPMENTS LTD.,

RYEFIELD CRESCENT, NORTHWODD HiLLS,
NORTHWOOD, MIDDX., HAB 1NN,

Telephone: 24941/26732.

Tetex: 923231 WEST HYOE NTHWD.

WEST HYDE W)

WW—107 FOR FURTHER DETAILS
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OSCILLOSCOPE PROBE TM8II®
High impedance 100/] resistive attenuated
probeforac:uratednsplay of HF waveforms
or short rise time pulse signals, offered
brand new with all accessories and
instruction manual. List price £17.
Our price £7-50 including earth bayonet
TM8I154. A MARCONI PRODUCT

HIGH VOLTAGE TRANSFORMERS
Input 240 v., output 2560 v. and 2820 v.
at | amp. Weight 75 Ib. Price £15.

AUDIO OSCILLATORS
TS 382/U

Range 0-200kHz in 4 ranges. Output
voltage | micro volt to 12 volt. in seven
ranges. Frequency check meter 60 and
400 Hz. Very good stability and low dis-
tortion, Contains thermostatically con-
trolled heater. Supplied complete with
leads circuit diagram etc. in as new
condition. Price £35 P.P. £1.

* MANY OTHER TYPES AVAILABLE *

SOLARTRON OSCILLOSCOPE
5238.2

The best of the surplus scopes for £52,
fully serviced and calibrated, compare the
specification with others. Bandwidth
DC-10MHz at 3 dB. Sensitivity is | MV/cm.
Time Base 0.| usec-lecm/sec in 7 decades
with fine control on each range. Uses
C Core mains transformers/4 in. High
resolution flat face PDA CRT and many
other features make this scope very
suitable for colour television servicing
and many other applications. Price £52
P.&P. £ b

BARGAIN OFFER 6V DC TAPE
RECORDER MOTORS Type DM|(48:1.
Fully screened * reversible * constant
speed * specially designed for Portable
Recorders * Price only £1-75 P.P. |10p

SCHOMANDL FREQUENCY
METER TYPE FD.| AND
CONVERTER UNIT TYPE FDM.I
Range | KHz to 900 MHz an approved
standard for telecommunications equip-
ment. Offered calibrated to manu-

facturers specifications,

ready to work.

SPECIAL OFFER

“INSULATION TESTERS” TYPE No.
famous British manufacturer. All solid state. No handles to crank.
Runs off 9 volt transistor battery. Simply press button for function.
Range 0:1 to 25M ohms for insulation testing. Also 0-1 to 100
ohms for resistance and continuity checking. Clear, concise scale.
Small size modern instrument, complete with carrying strap and
protecting cover. Offered in good used condition with battery
For 250 volt pressure only.
Our Price £6-00 plus 221p post/packing.

Il METROHM by

List Price £19-50.

Rhode & Schwarz ESM300
Rhode & Schwarz BN 15031

Rhode & Schwarz BN 18042 Unbalanced

UHF Receiver AM/FM  85MHz—300 MHz.

Field strength test receiver AM/FM 90 MHz—470 MHz.
Rhode & Schwarz BN4151/2"60 Noise generator
standard Attenuator

3 MHz—1000 MHz.
0-100db 50 ohm

0 MHz—600 MHz.
Rhode & Schwarz BN33664/50 UHF Load resistor 100 watt 50 ohm 0 MHz—600 MHz.

Rhode & Schwarz BN4521
Rhode & Schwarz

Vibration Meter
ZD Diagraph,

Advance Q meter type T.1.
Marconi Q meter type 329G
Marconi Q meter type 886A

30Hz—12 KHz.

100 kHz—100 MHz.
50 kHz— 50 MHz.
15 MHz—170 MHz.

EIMAC SK-600A. Air spaced Valve
Holders suitable for 4X250, etc. Power
tetrodes, brand new, boxed, complete
with clamps, screws; heavy silver plate
f‘:;wsf& Normal list price £6:50. Our price

A.E.l. MINIATURE UNISELECTOR
SWITCHES

No waiting, straight off the shelf and

into your equipment, the Catalogue Nos.

are 2202A, 4/33A63/1; coil resistance is

250 ohms. Complete with base, and the

price is £5. Limited quantity only

available,

Also: 2203A, 2200A, 2202A.

Resolved Components Indicator VP
253/1a. Solartron Low Frequency Decade
Oscillators. Solartron OS 103 and asso-
ciated equipment. 2 Phase Low Frequency
Oscillator, type Bo 567. Solartron.
Solartron Synchro test set, type CT 428,
Solartron AC Millivolt meter. Precision.
Type VF 252,

DOUBLE BEAM OSCILLOSCOPE
SOLARTRON CD71i5/2
DC—7MHz CALIBRATED Al
CONDITION, ONLY £65 P.P. £2

RHODE & SCHWARZ POLYSKOP
SWOB 2)

With accessories for sale or hire.

Airmec portable RF signal generator. AM/FM Type CT212,
Specially designed for fleld use for muins or 12v operation.
Accurate scale
*Variable output from 1 micro V 100mV
0 to 80db. Offered in excellent condition. Only £45.

Frequency range 85kHz to 30MHz.

calibration.

TEKTRONIX 551
WITHTWO PLUG INS
PERFECT CONDITION

MARCONI 801D 15
A.M. SIGNAL
GENERATOR 10-470
MHz OUTPUT
0.1 Vv to IV

Marconi TF867 Standard RIF Signal Generator, range
kHz to 30MHz. Variable output from 4 micro V to
4 Volts. Extremely accurate attenuator, high output
stability and discrimination make the generator very
suitable for precision measurements on networks and
filters. Modulation up to 100% may be applied at
400 or 1000 Hz. Built in crystal calibrator.

first class condition. Price £175.

Offered in

Precision Multi Turn Indicating Dials sultable for
10 turn Helical Pots, machined from solid dural with
the skirt engraved 0 to 100 and inner dial engraved
0 to 10 sultable for standard { inch spindles, these
fix as screwing on an
instrument knob, size 1} in. for skirt, 11 in. dia.
for counter knob depth # in. Brand new, only 774p.

small dials are as easy to

A General Controls Manufacture.

TEKTRONIX 581
WITH TYPE 80
PLUG IN AND PROBE
AS NEW CONDITION

WANTED. GOOD
QUALITY TEST
EQUIPMENT

CROYDON INSTRUMENTS
Precision Kelvin Wheatstone Bridge,
type KWI. Measurements can be made
from 0.0001 of an ohm. 100,000 ohms
contains insitu Sullivan Galvo, four
decade ranges, four standards and six
Kelvin divide/multiply ratio’s offered in

excellent condition ready for use.
Price £95.
MARCONI! 12 KHz QUARTZ

CRYSTAL contained in B7G envelope
with flying lead connections. Brand new
only 624p each.

MORGANITE GLASS ENCLOSED
RESISTORS Value 2.5k. meg ohms,
tolerance 10%,. £1-25 per carton of four.

WATSON MARLOW ORBITAL
LOBE PUMPS

Specially designed for corrosive liquids
etc. Rated output against 10 ft. head—
110 G.P.H. direction of flow reversible.
Supply 240 v. A.C. mains. Nett weight
14 |b. Supplied as new. Price £12:50.
P. & P. 50p. List £22:50.

Voltage and Current regulators—heavy
duty rheostats—| ohm rated at |0A.
Brand new by famous manufacturer, 62ip
each. Also 1.5 ohm at 7A., 624p, p.p. 74p.

Lucas diode rectifiers—full wave bridge
rectifier mounted on special heat-sink.
50V.-60V. operation rated at 50A. Has
many uses for heavy duty charging plants.
plating rectifiers, etc., etc. Per pair £8
(two completa bridge rectifiers(, p.p. 374p

GEC UNISELECTOR. GPO pattern.
8 BANK 25 POSITION 75 ohm
BRIDGING WIPERS. Brand new.
Boxed. Only £2-50 P.P. 22p.

RF SIGNAL GENERATORS AM
AND FM

AVO Ltd. Model CT 378. Good quality
AM generator 2-225 MHz in seven ranges
—calibrated output level | UV to | V—
frequency range directly calibrated with
set level meter. Small size modern instru-
ment complete with instructions. RF
leads and mains lead for price only £35.
Airmec Ltd, Mode! CT-212 AM/FM signal
generator 85 kHz to 32 MHz directly
calibrated output level calibrated | uY
to | V deviation 0-30 kHz, fully portable
for 24 DC and 240 v. AC operation in first
class condition. Our price, only £45.

Miniature solenold driven wafer switches, type-Ledex
single pole, 7 pos., 3 wafers.
switching in Radio-’l‘elephones Wafers may be sub-
stituted for any type.
Brand new. £1-50 each, p.p. 124p.

arily used for channel
Solenoid voltage, 12 or 24V.

CAM BRIDGE INSTRUMENT

Co. Ltd. Precision test meters.

Electrodynamic

A.C. Ammeter 0 to |15 amps with test certificate g a ba .. £35
Dynamometer A.C. Ammeter range 0-to |5 amps ‘€45
Cambridge Dynamometer A.C. test set 0-225 Watts/0-330 v /0-30 v, £55
Tinsley Universal Shunt type 4309C £5
Tinsley Vernier Potentiometer type 4363E Auto £95
Foster Thermocouple potentiometer type DX £75
Digital Voitmeter Solartron LM902:2 four digit readout .. £85
Solartron A.C. Convertor LM 903 matching unit for LM902 £75
Hewlett Packard DVM 405CR four digit readout auto polarity £75
Glouster DVM BIE 2123 A.C./D.C. transistor portable 0-1000 v. .. £75

CANNON XLR AUDIO
PLUGS AND SOCKETS
3 POLE and 6 POLE
AVAILABLE EX STOCK
BRAND NEW

MARCONI! 1094 A/S
HF SPECTRUM ANALYSER
3-30MHz
LATE MODEL FOR SALE OR HIRE

SOLARTRON VF252/NSL
PRECISION ACMILLIVOLT METER
Range b.S milli volt (for full scale defiec-
tion) to 15 volts in eight ranges input
impedance 30 M ohms. The meters
offered are of the very latest type not to
be confused with the older models.
Price only £75.

LUCAS CAR RELAYS. 12 v. Heavy
duty make, Suitable for spotlights,
horns, overdrives, etc. Brand new.

Only 374p. Special price for quantities.

BARGAIN OFFER
200-yard reels equipment wire, size | /024,
STC quality, various colours. Brand new
reels only 75p. P. & P. 12}p.

LOW VOLTAGE POWER SUPPLY
IT

UNITS
To supply 12-15-20-24 and 30 volts-at
continuous 5 amps with current control
and ammeter employs silicon heavy duty
rectification and high quality components
very suitable for light duty plating and
charing duties, 240 v. AC supply, fully
fused. Small size only 10x7X6 in.
Offered brand new units. Price £12-50.

HUNTER MAGSLIPS 3 inch Series,
Type E-18-V/2. Very suitable for servo
operation of hydraulic valves radar aerials
and other applications for 50 volt SO cycle
operation. Offered brand new in transit
boxes, at only £3-25 each.

MUIRHEAD PHASEMETER
D-729-bm. Complete with supply and
D925A Tunable Filter, Offered as new,
with manual. Price £275.

P.S.U. TYPE PM8

new, Price £25

ADVANCE DC STABILIZED

Fully stabilized power module PM8
I5 to 30 volts 5 amps offered brand

50 DECO IMPULSE
COUNTERS
4 DIGIT RESETT
10 Impulses per second.
27TMA 220V COIL AC/DC
OFFERED BRAND NEW
AT £2 EACH

P.F. RALFE

10 CHAPEL ST. LONDON N.W.1
Phone 01-723 8753

AERIAL CHANGE/OVER RELAYS
of current manufacture designed espec-
ially for mobile equipments, coil voltage
12v., frequency up to 250 MHz at 50 watts.
SmaII size only, 2 in, X § in. Offered
brand new, boxed. Price £1:50, inc. P.&P.

RECEIVERS COMMUNICATIONS
£

Marconi CR150. 2-60 MHz as new. 60
Hallicrafters $27C 110-220 MHz. . £40
HRO Mx 500KHz-30MHz.......... £30
Redifon R50M. |3KHz-32MHz. ... .. £95
Reece Mace Double conversion
60KHz-3IMHz ................ £60

COAXIAL SWITCHES
American Manufacture
Suitable for aerial changeover and high
frequency switching up to 1,000 MHz
miniature Vacuum drawn type |10 vdc
operation connections BNC and N types,
Offered brand new, boxed. Price £3:25,

Hilger & Watts Microspin X Band Bridge.

Type WS$57. Microspin Proton Head
Frequency Meter. Type FAZO08. Micro-
spin Modulator. Type FA 210.

Microspin | cm Wave guide directional
couples, associated measuring equipment,
High Voltage Klystron Power Supply
Units. Type FA 80,

Hilger & Watts Absorbance Convertor,
and many other items of interest offered.
Brand new equipment.

LEAD-ACID EQUIPMENT
BATTERIES 10v 5AH.
Transparent casing. Size 2}x5x7 in.
Offered brand new and boxed, 2 batteries
per box, complete with links and full
instructions. Can supply voltages in the
range from 2-20v. Price £2-25, inc, P.&.P.

Burndept RF Plugs still available. These
hard to find plugs are used'on a multitude
of equipment, especially Londex aerial
c/o refays. Offered new ex. equipment.
2 for 50p, inc. p.p.

Nife traction Batteries Nickel lron. 1.2V
per cell rated at 180 A.H. Sold in crates
of three cells or crates of five cells. £4
per cell. Guaranteed best buy.

BT?1-500R THYRISTORS
500 PIV Max rect. Current 16 amps.
Guaranteed perfect. Price £1-25 each.

COLVERN HELICAL POTS

1K olims

5K ohms

10K ohms ALL TEN TURN
20K ohms
30K ohms PRICE £1-75

Wayne Kerr Impedance Bridge B52i.
Price £45.

Electronic Voltmeters for low level
signal sources,

PYE High Impedance DC Amplifier for
measurements better than 20 uV to 10
volts centre zero. Price £56.

Phillips GM 6010 | mVY FSD to 300 V
in 12 ranges. Price £45,

Phillips PM 2520 | mVY FSD to 300 V.in
12 ranges RMS voltmeter |0 Hz to | MHz.
Price £45.

Dawe Model 616A transistorised VYolt-
meter 10 mV FSD to 300 volts, In- 10
ranges. £27.

Levell Model TM2A transistor AC Volt-
meter 1.5 mV FSD to SO0 voles. £22.
Sofartron YF-252. AC millivoltmeter |.5
mV for FSD to I5VY 30 M ohms imped-
ance. Price £65.

H. W, SULLIVAN STANDARD
AIR SPACED CONDENSERS
Capacitance range 0 to 100 pf fully
screened with engraved vernier sub-
divided into 100 equal divisions complete
with vernier index and original manu-
facturers seal offered brand new, at

only £25 each.
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ELECTRONIC COMPONENTS

Wholesale/Retail :

369 Alum Rock Road, Birmingham B8 3DR. Tel. 021-327 2339

4000000 DIODES

SILICON

GERMANIUM - ZENER

LOTS OF 100,000 —£150
10,000 — £20
1,000 —£3

500 — £2

1,000,000 GERMANIUM

TRANSISTORS

£250

—£30

1,000 — £3-50
500 — £2

LOTS OF 100,000
10,000

SPECIAL 50p PACKS. ORDER 10 PACKS AND WE WILL INCLUDE

AN EXTRA ONE FREE!111

RESISTORS, /4 watt
assorted
Wire-wound { to 3 watt
S to 7 watt
10 watts
Multi-tapped
PAPER CONDENSERS
Tv types
Miniature
ELECTROLYTIC CONDENS
Suitable for Mains
Radio/Tv
Transistor types
Mixed (both types)
POLYSTYRENE
CONDENSERS
MULLARD POLYESTER
COND.
SILVER MICA
WIRE-WOUND 3-Watt

SLIDERS
YOLUME CONTROLS
Assorted 50p
NUTS AND BOLTS. Mixed
length/type
8 B.A. 100 50p
6 B.A. 100 50p
4B.A. 100 50p
2 B.A. 100 50p
METAL SPEAKER GRILLES
7%in. X 3}in. 6 50p
EARPIECES, MAGNETIC
No Plug 6 50p )
No Plug 50
2-5mm Plug P
3-5mm Plug 4 50p
500 MICRO-AMP LEVEL
METERS 50p
VEROBOARD, TRIAL PACK
5 BOARDS 4 CUTTER 50p /

SINCLAIR AMPLIFIERS A “SPEAKERS: Complete range in stock.
All at W P ge i
TRANSISTORS —
P.N.P. Untested but mainly
O.K

Id

\VEROBOARD

N.P.N. Untested but mainly 2%in X lin X 0-15in ép Sin X 3%in X 0-15in 28p  3%in X 3%in X O-lin 24p

O.K. 3%in X 24in X 0-15in 16p  17in X 2§in x 0-15in 55p 5in X 2%in X 0-lin 23p
OCP 71 equivalent 3fin X 3%in X 0-15in 20p  7in X 33in X 0-15in 74p  Sin X 3%in X O-lin 28p
Light-sensitive Diodes sin X 2}in X 0-15in 20p  3in X 2}in X 0-lin 21p

pQt Face Cutter 38p. Pin Insert Tool 48p. Terminal Pins (0-1 or 0-15) 36 for
18p. " Spe Offer Pack consisting of 5 2%in X lin boards and a Spot Face
Cutter—50p.

RECORD PLAYER CAR 3 ell belo:v norl;i:I' pricesl|

G9%0 Magnetic Stereo Cartridges, Diamond Needle, 6mV output, £4. ACOS
GP 67/2 (Mono, Crystal) 75p. ACOS GP 91/3 (Compatible, Crystal) £1. ACOS
GP 93/1 (Stereo, Crystal, Sapphire( £1-25. ACOS GP 93/ID (Stereo, Crystal,

(These produce up to tma from
OC44 Mullard st grade
OC45 Mullard Boxed
2G378 Output, Marked
2G371 Driver, Marked
ASY 22, Marked

BY 127 Rectifiers
{N4007 Rectifiers

L . ,L.:g;\ Diamond) £1-63. ACOS GP 94/l (Stereo, Ceramic, Sapphire) £1-50, ACOS GP
DIODES (0A 81 & OA 91) “40 50p 94/ID (Stereo, Ceramic, Diamond) £1:88. ACOS GP 95/ (Stereo, Crystal with
WIRE (.‘..____) two L.P./Stereo needles) £1-25.
Solid Core. Insulated  100yds, 50p
R ] S0rds. 80P TRANSISTORISED FLUORESCENT LIGHTS, I2 volt. All with reverse
Large Selenium polarity protection. 8 watt type with reflector, suitable for tents, etc., £3.
Small 3 50p Postage/Packing 25p. 15 watt type, batten fitting for caravans £4. Postage/Packing

(6 cells will power a Micromatic

radio)
CO-AXIAL CABLE P

Semi Air-spaced \ I5yds.
CRYSTAL TAPE RECORDER,

MIKES
CRYSTAL EARPIECES
3-5mm Plug
TRANSISTORISED Signat
{njector
TRANSISTORISED Signal

Tracer

TRANSISTORISED CAR R:V,
COUNTER KIT (Needs | m§.
meter as indicator)

HESE TAN_BE § OV

—

13 watt type, batten with switch. 22in X 2in X lin £5. Postage/Packing 25p.

3}

MULLARD POLYESTER CONDENSERS SRR h
1,000pf, 1,200pf, 1,500pf, 1,800pf, 2,200pf, Mxen (alt 400V wom

0-15uf, 0-22uf, 0-27pf, 30p per dozen.{afl 160V working). 25X discount for lots ™
of »!QOvof'zrlY‘bmrper - =

RESISTORS——_ .

% and } watt Most values in stock. 50p per 100. 10p per dozen of any one value.
WIRE WOUND MAINS DROPPERS. Hundreds of values from 07 ohm upwards.
Lwratt v 56 A large percentage of these are multi-tipped droppers for |
radioftelevision. Owing to the huge variety these can only be offered.'assorted”
t 50p per dozen. ‘\

PMULLARD ‘UNILEX’ AMPLIFIERS

In our opinion these units are the best value for money ever offered. A complete
stereo unit consisting of Control unit, Pre-amplifier, Two Main Amplifiers and
Power Pack complete the ready for use—NO extra components to buy—yours

fo,r’ £15. (Normal retail price is £16:50.)

= — -
ILVER MICA/CERAMIC/POLYSTYRENE CONDENSERS 5
e range in stock, 75p per 100 of any one value, 15p per doze

— — s
RECORDING TAPE BARGAIN! The very best British Made low-noise

'l;osﬁgc 50p.

BAED—SPMIQLL%:oﬁered at a discount. OEW
e \

high-quality Tape! 5in Standard 38p. Long-play 45p. 5%in Standard 45p. Long-

play 60p. 7in Standard 60p. Long-play’ 82p. We are getting a fantastic number

of repeat orders for this tape. Might we suggest that you order now whilst we
\ still have a good stock at these low prices?

TRANSISTOR RADIOS

Once again we have a supply of these excellent radios which offer superb quality
sound and excellent sensitivity. They are packed in a colourful presentation
box complete with battery, earpiece and carrying case. Each one is guaranteed.
You would expect to pay at least £5—but our price due to bulk purchase is only

.

o

5 WORTH OF COMPONENTS FREE!11!
hinking of learning another language? If so apply to us for details of LINGUA-
PHONE courses. We will GIVE you £5 worth of cdmponents of your selection

v quite free of charge when you purchase a course! 1!t

G. F. MILWARD, Drayton Bassett, Tamworth, Staffs. Postage (minimum) per order 10p.
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2N404 22p
2N696 17p
2N697 17p
2N706 10p
2N708A 120
2N930 25p
2N1131 30p
300
200
22p
250
25p

2 30p

2N2222A37D
2N2369 20p
2N2484 35p
2N26468 50p
2N2004 30p
2N2004A32p
2N2905 37p
2N2606 30p
2N2906A32p
2N2907

BAY31

TRANSISTORS

BRAND
NEW

FULLY

GUARANTEED

BAY38 17p
BC107
BC108
BC109

8
BCllGA 459

18 37p
BCIIQ

BD132
BD153
BD156
BD131 75p
BDY10£1-25
BDY11
BDY17
BDY18
BDY19£
BDYGI(
BDY62
BF115
BF152
BF154

BF158
BF159

HENRY’

NEW LIST - NEW PRICES

Send today for your FREE copy
of our new 1971 list

BSX20 17p
B8X21 370
BSX76 I5p
BS8Y05 |50
BSY95A 150
BY100 I50
BY126
BY127
BY182
BYZ10
BYZ11
BYZ12
BYZ13 25p
BYZ15£1 00
GET102 30p
GET111 40p
GET880 37p
GET882 25p
MAT100 25p
MAT101 30p
MAT120 25p
MATI21 30p
MJ2801£1-37
M.J2001
£2-25

MJE370 97p
MJE520 87p
MJ. E295£5|

MJE3055

87p
MPF102 42p
MPF103 35p
MPF104 37p
MPF105 400
NKT21325p
NKT21415p
NKT21637p
NKT217 40p
NKT277 20p
NKT40375p
Nl\;1‘404 62p

ZTX107 150
ZTX300 120
ZTX500 20p
ZTX503 20p
ZTX531 300
Discounts
12+
25+
100+
Any one type

SEMI-CONDUCTOR DEPARTMENT

303 EDGWARE RD., LONDDN, W2, TEL: 01-723 1008/9
RADIO LTD. CALLERS 356 EDGWARE ROAD W2.

LOwW
COST

HENRY'S

INTEGRATED CIRGUITS

WE OFFER FROM STOCK AN EXCLUSIVE RANGE OF
BRAND NEW CERAMIC FULL SPECIFICATION LOW
COST TTL 7400 RANGE OF INTEGRATED CIRCUITS

SEMI-CONDUCTORS

LOOK AT THESE PRICES FOR
QUANTITIES FROM STOCK

AF114 Mullard 25p

AFII5 Mullard 25p

25 + 20p 25
Part e Price Price Price Price 100 + 17p 100-% 17p
;‘1430 o e tgesgr(l‘pttleon I-2459 5206" |o&-499 5(=0+ 500 + I5p 2
uad 2—Input Nand Ga [ P P 5p |
7401 Quad 2—Input Nand Gate Open Collector 258 20p 18p 15p
7402 Quad 2—Input Positive Nor Gate 25p 200 I80  I5p [ AF!1é Mullard 2 AFII7 Mullard 25p
7404 Hex Inverter 25p 20p 18p i5p 25 + 20p 25 + 20p
7405 Hex Inverter with Open Collector 25p 200 180 150 100 + 17p 100 + 17p
7410 Triple 3-Input Nand Gate 250 20p 18p 150 : 500 + I5p
T4k Dot ihont Buter Gate 3o 300 lse i - x|
ual 4-Input Buffer Ga p 0p 1 p , » M -
7441 BCD to Decimal Decoder and NIX Driver ™) £1.00  90p  80p 750 f 2N3055 75p J INIBR_Texas
7442 BCD to Decimal Decoder (TTL) 1-00 90p 80p 750 Mullard 115 watt 25 + 30p
7450 Dual 2-Input and/or/not Gate—Expandable  25p 20p 18p I15p Silicon Power 100 + 25p
7453 Single 8-Input and/or/not Gate—Expandable  25p 200 18p 150 500 + 23p
7460 Dual 4-Input—Expandable 25p 20p 18p 15p 1000 + 20p
7470 S!ngle JK Flip Flop—Edge Triggered 40p 35p 30p 25p
7472 Single Master Slave JK Flip Flop 40p 35p 30p 25p 2IN2646 500
7473 Dual Masu'ér Slave JX Flip Flop 45p 40p 35p 30p BFY90 65p
7474 Dual D Flip Flop 45p 400 350 30p Motorola
7475 Quad Bistable Latch 50p d45p  d0p  35p 1000 MC/8 Unijunction
7476 Dual Master Slave Flip Flop with Preset 50p 450  40p 35p 25 + 60p 25 + 44p
7483 Four Bit Binary Counter £1-00 90p 80p T5p 100 + 55p 100 + 37p
7490 BCD Decade Counter £1-00 90p 80p 75p 500 + 50p 500 + 33p
7492 Divide by 12. 4 Bit Binary Counter £1-00 900 80p 750 1000 + 45p 1000 + 30p
;:;3 Biwfii bty 16. %}lgiéhll;}t{ui{y Cgémber £II-00 90p 80p 75p
ual Entry 4 Bi egister £1-00 90p 80p 75p
7495 4 Bit Up Down Shift Register £1-00 90p 80p e § AR 30p | AFl86 - Ty
749 5 Bit Shift Register £:00 900 80  75p Bleg e eEet g L.
Data available for above series in booklel form, price 10p. Larger quantity prices Exin. 4 100 + 22p. . 100 + 30p
Dual Inline 14 Pin Sockets 30p each. 16 Pin 35p each. 500 + 19p 500 + 25p
1000 + 17p 1000 + 23p
T R | A c s SEE‘CETBIQILC R.C.A. INTEGRATED § oci70 Mulard 250 || BYZI13 250
25 + 2lp Mullard 6a 200v
CIRCUITS 100 + 17p 25 + 20p
P.I1 Cur- (All stud mounting) Lmear Tyoes 500 + I5p 100 +
Type Voltsrent  1-40 50+ 100 + 500 + 8‘2 5 £ 8A3035 £|9«zs /;pﬁu +‘|§a\
- 301 'A3036 0p o
SC35A 100 ?aums 900 750 65p 60p CA3012 CA3039 35p OC171 Mullard 30p \
SC35B 200 3amps 950 80p 70p 65p : 25 + 27 Y
SC35D 100 3 amps £100 85p 75p 7op [ CA3013 Casosly  £IG10 100 + 120 Clo7, BCl0s,
SC104 100 8amps €100 85p 750 700 | G230 cas04z] €10 500 1 39 cl9 12
SC40B 200 6 amps £120 £1-00 85p 80p § CA3018 0A3043  £140 #2200 plcach
SC40D 400 6 amps £1-25 zl«lo £100 90p [ GA3020 CA3044  £]125 LT.T. Planars
$C154 100 10 nmps £1-25 £1°10 £1-00 90p § C45021 CA3045  £125 § gy)27 Mulard 20p
SC45B 200 10 amps £1-35 £1-20 £1-10 £1-00 || CA302 Casotdl e e e
SC45D 400 10 amps £1-50 £1:35 £1-29 £1-]o | CA302 CA3048  £225 GeepRnLEte
SC504 100 15 amps £1-65 £1-50 £1-35 £1-20 ] CA3028 CA3051  £1:35 Yoo ey 1000 + 6p
SC50B 200 15 amps Ens £1-60 £|-25 c:-ao CA3028A 500 + 130
SC50D 400 15 amps £2:00 £1-75 £1-60 £]-40 3 1 ;
SC40E 500 6 amps £1-50 £125 £1-10 £1-p0 [| 77/ ication Notes 100 for cach tupe OCRl 97
S?“f’ 300 10 amps 2 'g 2 go EH? E:gz BCII3 25p SIlafiioty
"50F, 500 15 amps 0 £1- - + 85p
DIAC ST2 20p INTEGRATED CIRCUITS e 100 + 80p
Larger quantity prices on application Exin. 4 MFC 4000P Motorola £1-12 100 + 17e 500 + 75p
e ety aa 1000 5 8 ocs
A24 a 2 [ 62p
TAA263 Mullard 750 Mullard Power
SILICON RECTIFIERS TADI00 Mullard €197 I'oam = A
Mullar B
) . SILICON Diodes
1 AMP MINIATURE WIRE ENDED PLASTIC f| MC1303 L £290 25 + 8p 500 + #g~
Type P.LV. 1-49 50 + 100 + 500 + 1000 + | ULo14 Fairchild 40p 100 + 6o 1000;3/400
UL923 Fairchild 60p P
NioL 58 8 Jo b Se Aodismic Fairchild 75p 1000 + 40§ ocn Mullara 150
IN1OO3 200 100 98 Tie e ib f MCl3o4 Motaorola. £275 25 + 120
INSOo4 400 100 90 85 7o ép f DR330 Guedre €0} oca M 30A] 180+ ige
IN4005 600 120 100 9 70 7p - ectrie 25 + 25p \_‘M"/
R ke oo
4007 1000 p p p D ol z Diod z D 500 + 21p
00 MW | TWaee 359 & 1000 + igp ORPI2 Mullard 50p

1-5 AMP MINIATURE WIRE ENDED PLASTIC

Type P.IV.1-49 50+ 100+ 500 + 1000 +
PL4001 50 10p 90 8p o ép
PL4002 100 Illp 10p 90 8p Tp
PL4003 200 12p llp 100 90 8p
PL4004 400 120 1lp 10p 90 8p
PL4005 600 150 13p llp 10p 9p
PL4006 800 I17p I5p 130 I12p I0p
PL4007 1000 20p 17p 150 13p llp
3 AMP PLASTIC WIRE ENDED RECTIFIERS
Type PIV.1-49 50+ 100+ 500+ 1000 +
PL7001 50 20p I18p 17p 1lép ldp
PL7002 100 200 190 18p I17p I5p
PL7003 200 220 20p I9p 18p 1ép
PL7004 400 250 23p 2lp 20p I8p
PL7005 600 26p 24p 23p 22p 20p
PL7006 800 27p 250 24p 23p 2lp
PL7007 1000 30p 28p 26p 24p 22p

Miniature
BZY 88 Range
All voltages 33
Volt-33 Volt.

I15p each, 25p each

25+ ia..r¢ 12p 5+ . b
100+...... 10p 100 +

500 + ... .. 9p 500+ ......
1000 + 8p 1000 + .. ..
Any one type. Any one type.
Zener Diodes Zener Diodes

3 Watt Plastic
Wire Ends 5%
All voltages 68
-100 Volts. 30p

Any one ti'i)e

7 Watt Stud
Mounting 5%
All voltages 5-1-
100 Volts. 40p
each.
25 +
100 +
Any one type.

-

Mullard 100v

80D
+ 75p

25 + 45p
OC45 Mullard 15 100 + :go
o 500 + P
100 © 125 1000 + 37p
L HOD
10007+ 8p__ _ _ B 2N930 250
OC75 Mullard 25p
25 Ip
0+
500 + 15p
1000 + 13p
OC20

OC44 Mullard
25 + 15p

MINIATURE POTTED BRIDGE RECTIFIERS
(Silicon) Size *in. X ¥ in. X § in,

Cur-
P.LYV. rent

Type 1-49 50 + 100+ 500 +
1002 100 2amps 6é0p 550 500 45p
2002 200 2amps 70p 650 60p 55p
4002 400 2amps 80p 75p 70p 650
6002 600 2amps 90p B80p 75p TOp
1004 100 4amps 70p 60p 55p 50p
2004 200 4amps 750 7T0p 65p 60p
4004 400 4amps B80p 750 7T0p 65p
6004 600 4amps 90p B80p 75p 70p
10086 100 6amps 75p 70p 65p 60p
2008 200 6amps B80p 750 70p 65p
4006 400 6 amps £1-10 £1-:00 90p 80p
6006 600 6amps £1-25 £1-10 £1:00 90p

POWER RECTIFIERS

Stud Mounting 6 amp Range
PIV.

I 1-49 50 + 100 +
BYZ10 800 40p 35p 30p
BYZ11 600 35p 30p 25p
BYZ12 400 30p 25p 200
BYZ13 200 25p 20p 17p
10 amp Rectifiers

P.IV. 1-49 50+ 100

SK103 100 45p 40p 37
SK203 200 50p 45p 42
SK403 400 550 50p 45
SK803 600 60p 55p 50
SE803 800 750 70p 65p

LIST 1000 +

SEND FOR YOUR FREE
COPY TOOAY .. ..

NEW LIST - NEW PRICES
1971 TRANSISTDR

100 + 13p
500 + IIn

1 000l py=

70

1

o

139 Mullard 2
256 + 20p
100

1060 + 135

50

25 20p
100 + 17p
500 + I15p

TYPE

oc#l Mullard 25p

DISCOUNTS

109, 12+~ ANY ONE
16%, 25~
PDSTAGE 7p.
ALL ORDERS

+ 350
+ 30p
+ 25p
+ 20p

We respectiully ask
customers to include

a minimum £1,00 per erder,
it helps to plan ahead &
saves postage as well.
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HENRY’S RADIO LIMITED P /®

ENGLAND'S LEADING ELECTRONIC CENTRES

ELECTRONIC ORGANS

'EHI,'_.F',’ %

COMPONENTS “+ TEST

~DISCOTHEQUE

HENELEC SELF-POWERED PRE-AMPLIFIERS

SLIM MODERN DESIGNS USING THE LATEST

Brochure No.
25 on request

FET9/4

crystal castridge.
“ FETI54 STEREO.

Magnetic cart., input, tuner, tape, etc. Beautiful stereo sound.
Price £16-50 p.p. 25p.

FET's etc.

SIMPLICITY TO MOUNT—EASY TO USE-DESIGNED
FOR QUALITY, PERFORMANCE AND PRICE

Plus tuner, tape, etc,

% 1.C. STEREO
All facilities plus headphone socket without amplifiers. Uses IC’s,
Price £24-00 p.p. 30p

SILICON TRANSISTORS, FET's and IC's. DIN SOCKETS, ETC. fitted.

PUSH-BUTTON SELECTION, -+-20dB. Bass and treble boost and cut.
All inputs provided plus TAPE RECORD and REPLAY. Specifically
designed for use with PA25 and PASO Amplifiers GOLD AND SILVER
FINISH, Mains operated. Supplied with all plugs etc. AIDUSTABLE
OUTPUT UP TO | VOLT Simple mounting
Also suitable for use with Amplifier Models MPA 12/3 and MPA [2/15.

Y FET9/4. Mono with buiit-in mic. mixer. Accepts any ceramic or
Price £12-50 p.p. 20p.

@ At full power 0.39%, distortion.
@ At full power—IdB |lc/s to 40 ke/s.
@ Response—IdB 11 ¢/s to 100 ke/s.

a83

MALL ORDER
LOOK AT THE

SPECIFICATIONS!

25 WATT & 50 WATT

RMS SILICON
AMPLIFIERS

@ Rise time 2. sec.
@ Short circuit proof
plus limiting cct.

PA 25 [0 transistor all silicon differential input 400 mV sensitivity.
25 watts Rms into 8 ohms. Supplied with edge connector harness
size 57 X 3" x 2%,

PA 50 I2 translstor version 50 watts Rms into 3 to 4 ohms, Size
5" x 3

MU 442, Power supply for one or two PA 25 or one PA 50.

PA 25 £7:50. p.p. 15p. PA 50 £9:50. p.p. |5p. MU 442 £6-00 p.p. 25p.
All units. No soldering—just edge connectors and plugs.

TEST EQUIPMENT

For Educational, Professional

and Home Constructors

AFI05 S50k/volt multi-
meter (illus.).

Price £850 p.p. 20p
Leather case £1-42

200H 20k/volt.
Price £3-87 p.p. 20p
Case 62p

500 30k/volt multi-meter
Price £8:85 p.p. 20p
Leather case £1-50

THL 33 2k/volt.
Price £4:12 p.p. |5p
Leather case £1-15

TEé5 Valve voltmeter
(illus.) £17-50 p.p. 40p

VM5l Transistorised
AF/RF millivoltmeter.
Price £32-00 p.p. 40p

TE22 Audio Generator.
Price £17.00 p.p. 35p.

TE20D RF generator

(illus.). Price £15-00
p.p. 35p

TE22D Matching audio
generator.

Price £17-:00 p.p. 35p

TEI5 Grid dip meter.
Price £12:50 p.p. 20p

TO3 Scope (illus.).
3” tube. I'5 Mc/s.
Price £37:50 p.p. 50p
*C1-5 Scope. 3" tube
10 Mc/s PB.

Price £39-00p.p.50p

*Ci-16 Double beam
scope. Price £87-00

p.p. 50p

* Leaflet No. 19 on

request.
RP40 (llius.) Vari-
able 5-20v. 0-2
amps. Price £25-50
p.p. 47p
RP24 6-12v. 4+ 3v.
0-2 amps. Price
£21-50 p.p. 47p

RPI124 Variable
0-24v. | amp. Price
£13'50 p.p. 37p

PANEL METERS
Complete range in stock. 38, 65 and
85 types plus large range Edge types
also 240°-250° types. Latest Cata-
logue is a must for complete

details.

Electronic Components &
Test Gear Centre

356 EDGWARE ROAD,

LONDON, W.2.
Tel: 01-402 4736

OPEN 9 a.m.

BUILD THIS
FM TUNER

also Decoder,
tuning meter
& power supply

5 MULLARD TRANSISTORS 300 ke/s BAND-
CIRCUIT, HIGH
FIDELITY REPRODUCTION MONO AND
STEREQ. A popular VHF FM Tuner for
quality and reception of mono and stereo.
There is no doubt about it—VHF FM gives
the REAL sound. All parts sold separately.
TOTAL £6-97 p.p. 20p
Cabinet 100p, Decoder Kit £5:97, Tuning
Meter £1-75. Mains unit (optional) Model
PS900 £2-47. Mains unit for Tuner and
Decoder PS1200 £2-62

HI-FI TO SUIT

TRANSISTOR AMPLIFIERS

NEW RANGES NOW 4-01004TR 9 volt 300 mW. 2 ﬁ

4 TR 9 volt | watt ..

IN STOCK 304 4 TR 9 volt 3 wate ..

5556 TR |2 volt 3 watt . .
(Leaflets Ref. No.6&8) 250 T Vel vot
Post, etc. 20p 608 6 TR 24 volt 10 watt

410 4 TR 28 volt 10 watt

MPAI2/3 6 TR 18 volt |2 watt
£
MPAI12/15 6 TR 36 volt |2 watt

Z30 9 TR 30 volt 20 watt

PA25 10 TR (special) 25 watt £7-50
£5:47

Z50 30 volt 40 watt

PAS0 |2 TR (special) 50 watt £9-50
100 100 watt with power supply
£45-00 post 45p

£2-47
£2-75
£3-62
£4-12
£4:97

4-50

£5:25
£3:75

OPTIONAL POWER SUPPLIES. Post etc. 20p

EVERY POCKET

CHOOSE

FROM
100

SYSTEMS

plus a complete range of individual units
in stock—Demonstrations all day—visit
our new Hi-Fi Store. LOW CASH OR
CREDIT/HP TERMS (Credit terms from
£30 purchase—callers only).
FREE—Stock Lists Nos. 16/17 on request.
BEST VALUE IN U.K.

v
)

P.500 Switchable (One or Two) for 104, 304 £2:62
PS.20 Switchable (One or Two) for PA7 .. £3-47
MU24/40 Switchable (One or Two) for MPAI2/3 or

12/15 £4-50
PZ5 for Z30 £3-97 or PZ6 for Z3O £6-97
PZ8 for Z50 £5-97  Transformer £2-25
P11 for 608 .. £2-87 PIS5 for 410 £2:62
MU442 for | or 2 PA25 or | only PA50 £6-50

2X Z30 amplifier, stereo 60 pre-amp, PZ5 power supply, £19.

INCLAIR

s c Carr. 40p. Or with PZ6 power supply, £21. Carr. 40p. 2Xx Z50

PROJ ECT 60 amplifier, stereo 60 pre-amplifier PZ8 power supply, £21-50.
Carr. 40p. Transformer for PZ8, £2:25 extra. Any of the above

PACKAGE with Active Filter unit add £4-87 or with pair QI6 speakers

DEALS add £16. Also NEW FM TUNER, £21.

LATEST
CATALOGUE

Latest edition. Now

350 pages.

* COMPONENTS,
TEST GEAR

* EQUIPMENT,
MODULES
*SPECIAL OFFERS, Etc., Etc. Everything
for the constructor. Complete with 50p
(10/-) value discount voucher for use with
purchase. Price 47p Post Free. WHY
NOT SEND AWAY TODAY!?

FREE 8-page Transistor, |C, Diode lists
No. 36

FREE |6-page Organs to Build brochure
No. 9

HENRY'S RADIO LTD

FREE Decks and Hi Fi Stock Lists Nos.
16/17.

FREE PA, Disco and Lighting List No. 18

FREE Quotations for all Electronics—
send list and S.A.E.

High Fidelity Sales &
Demonstrations Centre
354 EDGWARE ROAD,
LONDON, W.2.

Tel: 01-402 5854

to 6p.m. MONDAY TO SATURDAY — 9.a.m.

NEW INTEGRATED CIRCUIT STEREO

MULTIPLEX DECODER

Model 1067

Two transistor plus integrated circuit design.
9-12 volt operated, 50mV sensitivity, lamp output
direct. Auto switching plus many other features.
Size 21" X 23" X 3" Standard 0-| connector or solder
connections. QOutput | volt per channel.
ready to use £6:50 (Leaflet No. 7 on request),

Price

HIGH CAPACITY

Carriage 75p

Range 0-10mr.
FOR MEASUREMENT OF

ACTIVITY Supplied complete with
instructions, haversack, cables and
probe. List price £70. Our price,
new, tested, complete with 4

cell H.T. Eliminator.
Plug in mains units £3-75

Dosimeters 0-50R 62p; 0-150R 50p;

0-500R 50p

Electronic Organs,

PORTABLE
40,000 mfd 10 volt ..
GEIGER 35,000 2“ 15 :olt .. 62p
25,000 mfd 25 volt .. 75
COUNTER oo mid v L T
29'50 At afraction of normal price
DeE-BY AT , USA

RADIO

P.A. & Discotheque Centre
309 EDGWARE ROAD,

LONDON, W.2.

E.A.C. DIGIVISOR mk. It

At a fraction of normal price.
Moving Coil 0 to 9 Display.
One inch character size.
Light beam lens operated
meter. Movement 500pA.
Character lamp 6.3 volts.
Also lamp for decimal
point. Overall size: 4} X

X 2t. Brand new.
Price £3.97. Post [5p.

Mail Orders. Special Bargain
Shop, Industr/al Sales

Tel: 01-723 6963
to 1p.m THURSDAYS — OPE
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Opportunities
Unlimited

in RADIO, TELEVISION,
ELECTRONICS

C & G Telecommunication Techns’ Certificate
C & G Electronic Servicing Certificate
R.T.E.B. Radio/T.V. Servicing Certificate
Radio Amateurs’ Examination
General Certificate of Education, etc.

Which one would qualify you
Jor higher pay?

International Correspondence Schools provide specialized training
courses for all these certificates, and with the help of the
Schools’ experienced tutors you can be sure of early success. You
will have the advantage of building on your practical experience
and ensuring that you have the technical knowledge so essential
for success in electronics.

And the result? You’ll soon be qualified in your field of electronics,

and in a position to ¢hoose your opportunity.
Find out how ICS can help you. Send for our free prospectus
right away.

ALL EXAMINATION STUDENTS ARE
COACHED UNTIL SUCCESSFUL

NOW—COLOUR TV SERVICING COURSES
As the demand for colour TV increases, so does today’s demand
for trained servicing engineers. You can learn the techniques of
servicing colour and monochrome TV sets through new home study
courses specially prepared for the practical TV engineer.

SELF-BUILD RADIO COURSES
We’ll teach you both the theory and practice of valve and transistor
circuits, as well as how to service them, while you build your own
5 valve receiver, transistor portable and high grade test instru-
ments. You build equipment of real practical use!

ISENESENSENEEESEEEEEENESEEEEOENEENEE

= POST TODAY FOR FULL DETAILS OF ICS COURSES IN :
a RADIO, TV AND ELECTRONICS ™
[} International Correspondence Schools, Dept. 221, Intertext House, ]
u Stewarts Road, London, SW8 :
= Please send me free and without any obligation the ICS Prospectus g
[ ]
= (State subject or Exam) .............. i ™
] n
B T R s e e e D NS e s o W e D ST s P ™
u B
" NG Mg oy M I S o B N RO S AgCuws wiat ]
= (BLOCK CAPITALS PLEASE) ™
[ ] P O R | A N SRS SR L R PP S STt o~ )
]
]
]
]
u

DRRESPONDENCE SCHOOLS

"
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The OXLEY Wire Wrap ‘‘Barb” cone-lock
Connector is a feed through insulator for high
speed automated panel wiring. It consists
of a rectangular section spill which is nickel
flashed and dip spin tinned, with a P.T.F.E.
insulating bush. The wire wrapping operation
is achieved by a rotary tool which quickly
produces highly reliable joints.

The connectors are suitable for assembly
into 0.156” (4 mm) diameter holes and have
a working voltage of 1.6KV and a maximum
current rating of 5 amps.

OXLEY DEVELOPMENTS COMPANY LTD. -
Priory Park, Ulveston, North Lancs., England OXLEY @
Tel: Ulveston 2621 Telex: 6541  Cables: Oxley Ulveston

WW-—108 FOR FURTHER DETAILS

P.A.G Films Limited
657A Kingston Road
n Raynes Park S.W.20
Telephone 01-542 1171

EMERGENCY LIGHTING UNITS WIRED TO MAINS, LIGHTS
WHEN MAINS ABSENT. TRANSISTOR REGULATED CHARGER WALL
MOUNTING, RUNS 6 HRS. WITHOUT CHARGING . PRICE£17.50

RECHARGEABLE BATTERY UNITS TO YOUR SPECIFICATION.
HIGH ALTITUDE, UNDERWATER, ETC. CONSTANT CURRENT AND

co T VOLTAGE. CHARG Y QUOTATION.
/5“::‘” COMPONENTS PURCHASED rﬁny BANKRUPT PRODUCTION LINE

/ Jones panel sockets 4 pin . £0.05
Mouldtrimmers Radiospares 2200
- 38002 1MQ oply—" T £Q.10 )
5 —way Gold sub-min Cannon

6.400uF 40v Sprague high cur-
e Q.80

et Figh

SaP—Paper + - 5 360 sockets ex. new equipment
BOHZ sl o st mmak i e £0.60 ooy . -
Thermal trips E.T.A. 250mA 230 Miniature 10 way barrier strip.
240vAC .............£0.80 __Solder tag 1o screw cla -
Thermal 240V inps. A.C. 700mA MI1C944 Dual
30 . f0.80 i/p pwr gate and one ITT MIC946
Miniature Relay 4-10 volt 450 Quad 2 i/p gate. 20 boards £0.50
2 pole make contacts . .. £0.30 Relay chassis with coil 300ft. 28

2.50 50w (50 x 16 x 16mm.) swg enam approx. ¥ 0z. 2 coils

Integral finned heatsink .. £0.50 {Invisible longwires?) £0.05
3.5Q 50w (50 x 16 x 16mm.) Mounting pads TO5 and TO18
Dummyloads ......... £0.50 100for ..............£0.25

2N3055 RCA 115w 60v. Pairs on  TQB6 Mounting kits, 2 kits . . £0.50
heatsinks with mountings £1.25 8 BAsoldertags. 100tags .. £0.10
MJE521 Motorola 25w 40v plastic Resistors tw 1K5 only. }w Ohms
---------------- £0.70 10, 68, 150, 470, 1K, 1KS5.
3K3, 6K8. 8K2, 51K, 75K.
1w 2K2, 10%. 470K 5% only.

15 any selection ....... £0.10

500mMw s 8E B L aml £0.10

Z2A130/ITT 13.2v Zener 1w £0.10
Miniature Do6 silicon diodes £0.05

MINIMUM ORDER £2. CASH WITH ORDER. CARRIAGE FREE
ORDERS OVER£20 10% DISCOUNT

FILM PRODUCERS-EQUIPMENT—MANUFACTURE—
HIRE—SERVICES AND SUPPLIES

WW—109 FOR FURTHER DETAILS
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’
CHOICE OF 1000’S OF ITEMS LARGEST SELECTION LOW PRICES AND RETURN OF POST SERVICE
TRANSISTORS Brand new and fully guarantead. PLEASE NOTE:—A large number of our transistors hav 1
now been reduced in price. Many more semi-conductors in stock. \Ple:-e anquire for types not listed. ° EI\II.ICS%N RIEg:TI;(I)ERS“)o 600 800 1000 1200 1400
2G30! 020 | 2N3393 015 | 3INI28 0-70 | BCI22 020 | BFY2S 025 | NKT2i4 0224 £ £ £ £ £ £ £ £
2G302 020 | 2N3394 0-15 | 3NI40 0774 | BCI25 0-55 | BFY26 020 | NKT2I5 022} 1A 0-10 012 015 016 0-7¢ 019 020 — —
2G303 020 | 2N3402 0224 | INI4I 0-72} | BC126 0-35 | BFY29 0-50 | NKT216 0374 3A - 015 — oyl 30 =i B =
2G306 0-42} | 2N3403 022} | INI42 0-55 | BCI40 037} | BFY30 0-50 | NKT2I17 042} 6A — — 025 030 0324 035 050 — = —
2G308 0:30 | 2N3404 0-32} | 3N143 0674 | BC147 0174 | 8FY4I 030 | NKT219 030 I0A — 052§ 0-574 0-65 0-77; 0-874 0974 125 160
2G309 0-30 | 2N 3405 045 |3NIS2 0-874 | BC 148 0-12¢ | BFY43 0-624 | NKT223 0274 I7A — 057} 0-62f 0-T74 0-90 0-97} 120 157} 187§
2G371 015 [2N34i4 0223 | R.CA 0-52} | BCI49 017} | BEYS0 022} | NKT224 025 SA — 1374 1-60 1974 2-37} 2:70 3-10 3-50 450
2G374 020 |2N3415 0224 | 40050 0-55 | BCI52 0-17} | BFYSI 0-22¢ | NKT225  0-22§ *5 amp only. | amp and 3 amp are plastic encapsulation.
2G38| 0224 | 2N3416 037} | 40250 0874 | BCI57 020 | BFY52 0224 | NKT229 . 030
IN388A 0624 | 2N3417 0374 | 40251 032} [ BC158 0-17% | BFY53 017} | NKT237 035
2N404 0224 | 2N3439 130 | 40309 0324 | BCIS9 020 | BFY56A  0-574 | NKT238 025 RIGDES ANDJRECTIEIERS
2IN696 020 |2N3440 097} | 40310 045 | BCI60 0-62f | BFY75 030 | NKT240 0274 N314 0071 | AAZI7 0124 | BAY3B 025 | OAS 0174
IN697 020 |2N3570 128 | 4031 035 |BCI67 015 | BFY76 0424 | NKT241 0274 INol6. 0,074 | BAIGO 0:I38 |[IBY100 0:1747 ]| OALO) j0;224
2N698 025 |2N3572 0974 | 40312 0474 | BCi68B  0-14 [ BFY77 057 | NKT242 020 IN4007 022} | BAI02 0-22f | BYI03 0224 | OAS 010
W o BN omllil SHEGGE Sl sa onl|Nems een | B i | SANS OOL | oM 0N SA% oo
. . . .14 | BFWS8 274 N a -
INTO6A  0-12% | 2N3607  0-22i | 40316 S IBEIE  ois |BEwss 028 NkT4s o020 120 %% 32:1? :.:;} ol b e
2N708 015 {2N3702  0-12% [ 40317 0-374 [ BCI70 012; | BFW60 025 | NKT261 020 20 e Hl RO | S
2N709 0-624 | 2N3703 0124 | 40319 0-55 | BCI7I 0-15 | BPX25 1-85 | NKT262  0-30 e EATamo:32 4, [nBvi27 [OATHIIOATS) 9:00
2N7I8 025 |2N3704  0-17} | 40320 0474 [ BCI72 0-15 | BPX2% 1-80 | NKT264  0-20 H BAl44 0:124 | BYl6d 0374} OAS1 0074
2JN7I8A 030 |2N3705  0-15 | 40323 0-324 | BEI7S 0224 | BPYI0 145 | NKT271 020 s132 015 | BAlds 020 | BYXI0 0224 9283 007
IN726 0-30 |2N3706  0-128 | 40324 0-47} | BCIB2 0-12: | BRY29 047} | NKT272 020 ISod0 0-07} | BAIS4 0-12f | BYZIO 0-33 | 9A%0 0974
INT27 0-30 [2N3707 015 | 40326 0374 | BCI83 012 | BSXi9 0174 | NKT274 020 AAILS 0100 | BAXI3 0124 | BYZI| 0-32 | OAS1 0074
2N914 0-17t | 2N3708 009 | 40329 030 | BCI84 015 | BSX20 0174 | NKT275 020 AAI29 010 | BAXIS 0124 | BYZI2 030 | DA 0074
IN9I6 0174 | 2N3709  0-10 [ 40344 0274 | BCIs2L  0-10 | BSX2I 037} | NKT281 0274 AAZI3 019 | BAYIS o174 | BYZI3 028 | OAZ00 010
2IN9I8 0-30 |2N3710  O-I1 | 40347 0-57¢ [BCI83L  0:10 | BSX26 0-454 | NKT401 0874 AAZI5 0-124 | BAY3l 0074 | FsT3/4 0-22i | OA202 0'10
2N929 0221 | 2N3711 012 | 40348 0524 [ BCIBAL  0-15 [BSX27 0-47¢ | NKT402 090
2N930 027} [ 2N3713 1-874 | 40360 0421 | BC212L  0-124 | BSX28 0324 [ NKT403 075 MAINS TRANSFORMERS £
2N987 0-524 | 2N3714 200 | 40361 0-474 | BCYIO 027 SX60 0-82} | NKT404 0-62¢ | amp Charger. Sec. 0-3-5-9-18v 0974
2N1090  ©0-22 {2N37I5  2-22% | 40362 0-574 | BCYI2 0274 | BSX61 0-62} | NKT405 075 2 amp Charger. Sec. 0-35-9-18v .. .. .. .. 12T¢
2N1091 022 | 2N3716 290 | 40370 0324 | BCY30 027§ | BSX76 021 | NKT406 062} | amp (Douglas) MT103 Sec. tappings from 6v to 50v .. 1-624
2N1131 025 [2N3773  2-40 | 40406 0574 | BCY3I 0274 | BSX77 0274 | NKT451 0624 2 amp Douilasg MT104 Sec. cappings from 6v to S0v 2124
gmgg% 028 |2N378) 275 | 40407 0-40 | BCY32 037§ | BSX78 0274 | NKT452 0624 Post and packing 0-22k. 0"
503 : 2N3BI19 0'35 40408 0-52% | BCY33 020 | BSY!10 027 NKT453 0471 5 amp (Douglasf MTI07 Sec. tappings from 6v to 50v 5-50
%:@84 g'gt 2N3823 0-974 | 40409 0-55 | BCY34 0-224 | BSYII 0-274 | NKT603F  0-32% Post and packing 0-37}.
N o 2:%85 g:§7i 40410 0:62} BCY38 0:21 BSY24 015 | NKT613F 0-32% Various other Transformers ranging from A to 5A in stock,
IN2754A 74 | 40412 050 | BCY39 0-52; | BSY2S 015 | NKT674F  0-30
INI306 025 |2N3855  0-27} | 40467A 0-57 | BCY40 0374 [ BSY26 0174 | NKT677F  0-30
INI1307 025 |2N3855A 0-30 | 40468A 035 |BCY42 015" | BSY27 0174 | NKT7I3 020 IRIACS 3
INI308  0-30 |2N3856 030 | 40528 0724 | BEY43 015 | BSy28 0-171 | NKT717  0-424 SCAIA€amp 10OV .. .. .. . ... 108
3NI309 030 | 2N3856A 0-35 | 40600 0-574 | BEYS4 0-321 | BSY29 0-17¢ | NKT734 0274 §CAIB6amp200v .. .. .. .. .o o B8
2N1307  0-17% | 2N3858  0-25 | 40603 050 | BCYSS 022} | BSY32 025 | NKT736  0-35 §C4ID6amp 400V .. .. .. .. ... 220
2N16I3 025 |2N3858A 0-30 | ACIO7 030 | BCY5S 0-22¢ | BSY36 0125 [NKT773 025 SCSOD ISamp 400v .. .. .. . .o e 108
INI63] 035 [2N3859 0274 | ACI26 020 | BCY60 0-974 | BSY37 025 | NKT781 030 05 12O sHmod Y€ lamp 400y ok ; oy, M43
2NI€32 030 [2N3s59A 032} [ AC127 0125 |BCY70 020 |BSY38 0223 [ NKT10339 0-324 40430 TO-66 6 amp 400v .. .. 0,974
INI637 030 [2N3860 030 | ACI28 020 | BEY7I 0-423 | BSY39 022} | NKTI0419 030 40486 TO-5 mod. 6 amp 400 v . O
INI638 0274 | 2N3866 1-50 | ACI54 022} | BCY72 0174 | BSY40 032§ | NKT10439 037 Economy Range Triacs
2Nigs> 0274 [IN3877  0-40 | ACITS 0as |BCZIO  o027% | BSYSI 032} | NKTI0519 0-32 TC4/10 (Pressfin) 4amp 100PIV .. .. .. .. 078
INI70] 162+ [2N3877A 040 |ACIS7  0-623 |BCZII 0424 |BSYS2 032 | NKT20329 047 TCA0 (Bressfi 4amp 200 PV .. .. .. .- 803
SNI711 025 |2N3900 0374 | ACis8 - 0-37% | BDII6 1-124 | BSYS3 037} | NKT20339 037 TC4/40 (Rressfi) 4ampl 400 PIV] o’ gy . 074
3NIB8S 0324 [ 2NI%00A 040 |ACYI7 0274 | BDI2I 065 | BSYS4 040 | NKT80I11 077 ST2DIAC o tg. o w,. o y_10:HE
INIB93 037 | 2N350I 0974 [ ACY18 015 |BDI23 0824 | BSYS6 090 | NKT80112 097
2N2147 082 [2N3%03 035 [ ACYI9 025 | BDI24 060 | BSY78 0474 | NKT80113 112 INTEGRATED CIRCUITS
IN2148 0574 [2N3IS04 035 | ACY20 025 | BDI3I 0974 | BSY79 0-45 | NKTB02I1 092 SEE OUR SEPARATE ADVERTISEMENT ON PAGE 94
2N2i60 0574 | 2N 3305 3:;;: ACV2l 013 [BOI32 9974 | ssvez 0-52} | NKTB02I2 092 S5HOWING NEW I.C.s AT NEW LOW PRICES.
IN2193A 0424 [ 2N4058  0-17 | ACY28 020 |BDY!I 1aa) | Bivesa 012 NKToosls 092
2N2194A  0-30 |2N4059  0-10} [ ACY40 020 [BDYI7 150 | BSW4i 0-42¢ | NKT80215 0-92 THYRISTORS
2N2217 0274 | 2N4060  0-124 | ACY4! 025 | BDYI8 1-75 | BSW70 0274 | NKT802i6 092 Ply 9 100 200 300 400
2N2218 032} | 2N4061 0124 [ ACY44 0-40 | BDYIS 1974 | Cl1I 075 | OC20 0-75 1A 023 0274 0374 0-40 0474
2N2219  032f | 2N4062  0-12f | ADI40 052} | BDY20 1-124 | C424 027t | 0C22 0-50 3A 930 0-37¢4 9-40 0-45 0-52¢
IN2220 025 | 2N4244 047} | ADI49 0574 | BDY38 0974 | C425 055 | OC23 050 SA = 035 0-65 . 075
IN222} 025 | 2N4245 0-42} | ADISO 0624 { BDY60 125 |C426 0-40 | OC24 050 78 = 0-53 063 = 0-97¢
N222. 030 | 2N4254  0-42{ | ADI6] 037 | BDYSI 125 | C428 0371 | OC25 0-42 TIC47 0-6 amp. 200 PIV 0-55.
IN2287 1074 | 2N4255 042} | ADIS2 037} | BDY62 1-00 | C744 030 | ©C26 027 Also 12 amp 100 PIV 0-75; 2N3525 at 1 27}
2N2257 030 | 2N4284 0174 | AF106 0424 | BFIIS 0125 | DI6PI 0374 | OC28 062
2N2368  0-174 | 2N4285  0-174 | AFli4 025 | BFII17 0471 | DI6P2 040 | OC29 062 EROB g i
IN2369  0-174 | 2N4286  0-17% | AFIIS 0-30 | BFI63 0374 | DI6P3 0374 | €35 050 R oAre. I LTS
IN2369A  0-17§ | 2N4287 017} | AFI16 025 | BFI67 0254 | DI6P4 040 | OC36 0624 he 5 x o o 3 A iae
2N2410 0424 | 2N4288 0174 | AFIN7 025 | BFI73 0-32i | GETI02  0-30 | OCA4l 0224 i X3 LB = AR o
2N2483 0274 | 2N4289 0-17% | AFI18 0-62 | BF177 0-32f [ GETII3 020 | OC42 0-25 3*- x55 e Ky " ST o
22484 0-32¢ | 2N4290 0-174 | AFIIS 020 | BFI78 0-524 | GET114 020 | OC44 0-20 §~ 5 177 = o - O] Podl
2N2539 0224 | 2N4291 0-17¢ | AF124 0-22+ | BFI79 0-724 | GETII8 020 | OC4S 0-12¢ - X s -4 e e O 10
2N2540 022} | 2N4292 0-12¢ | AFI25 0-20 | BFi80 0-35¢ | GETI19 020 | OC46 015 3¢ ot - i ik ol R
2N2613 035 |2N4303  0-47% [ AFI26 020 | BFI8! 0324 | GETI20 2 | OC70 015 ol % & —_ 1324
2N2614 0-30 | 2N5027 0-52¢ | AFI27 0-17¢ | BFI84 0-28 ET873 0-121 | OC71 012 55 X7 (r»(’l Ao Al ey . 85 o574
2N2646 0574 | 2NS028 057 | AF139 0-374 | BFi8S 042 | GETeso 030 | OC7T2 012} W 1w L A< -
2N2696 032} | 2N5029 0-47} | AFI78 0-42} | BEI94 0174 ETBB7 020 | OC74 032} & XP‘ (B aln)'s = o . 0-47% L
2N2711 0-25 | 2N50130 0-42} | AFI79 0-72¢ | BFI9S 0-20° | GETE89 o22i | CE75 021) vero Cms( a(g -05 %) 0-25. (Bag of 100) £0-40. X
2N2712 0-25 | 2N5i72 0-124 | AFi80 0-52} | BFI96 0-424 | GET890 o111 | ©C7e b ero Cutter £0-45. Pin Insertion Tools (-1 and <15 matrix) at £0-55,
2N2713 027+ [ 2N5174  0-52f | AFI8I 0-42} | BFI97 042} | GET89%  0-22} | OC77 0-30
2N2714 030 | 2N5175 0-52¢ | AD239 0-42¢ | BFI98 042}  GET897 0122 Cs 020 RESISTORS
2N2865  0-62f | 2N5176 045 | AF279 0-474 | BF200 0524 | GETg9s 022 | OCBID 022} Carbon Film
2N2904 030 | 2N5232A  0-30 | AF280 0-62} | BF224 020 | MJ400 1074 | OC83 028 Fwate5% .. .. 001} I wate 10% .. .. 0024
2N2904A  0-324 | 2N5245 0-45 | AF2i1 0324 | BF225 020 | M1420 1-124 | OC84 023 i watt 5% .. 02 '
250! 0371 | 2N5246 042} | ASY26 025 | BF237 0224 | MJ42] 1-12¢ [ ©CI39 0324 2 watt 10% .. 0506 § wate 5% 00l
2N2905A  0-40 | 2N5249 0674 | ASY27 0-374 | BF238 022} | M1430 1.02¢ | OCI140 0324 I wate M/oxide 0-09
2N2906 025 |2N5265 325 | AsY28 0274 | BF244 0324 | M) 095 | OCl70 030
2N2906A 0274 [ 2N5266  2-75 | ASY29 0274 | BEWSI 0-474 [ MJ480 0974 | OCI71 0-30 Migelwound E
2N2907 0 [2N5267- 2624 | ASY26 025 |BFXI2 022 [ Ml48i 125 | OC200 037 5w % (pEa 270 ohmaoner e @ w DN
2N2923 5 |2N5305 0374 | ASY50 015 | BFXI3 0224 | MJ490 100 | €201 0-47 § watt 5% (un to B2k ohms only) .. .. .. .- G0
2N2924  ©-15 |2N5306 040 | ASY5I 0-324 | BFX29 030" | MJ491 1374 | ©C202 o062 LoTaacelohor s frol2sk o msToniy) s o t0 _~fRi0T)
2N2925 015 |2N5307  0-374 [ ASYS3 025 |BEX30 030 |MIlgo0  2-174 | OC203 0-42
2N2926 2N5308 0-37} | ASYS54 0-25 | BEX43 0-374 | MIE340 0-624 | OC204 042 CAPACITORS. Polyester, ceramics, Polystyrene, silver mica,
Green  0-14 @ 2N5309 0-62¢ | ASY62 025 | BFX44 0-37¢ | MJES20 0-87¢ | OC205 0-62 tantalum, trimmers etc.
Yellow  0-124f§ 2N5310 0-424 | ASY63 017} | BEXS! 020 | MIES21 0-87¢ | 0C207 075 Elactrolytics
Orange 0-124§ 2N5354  0-27} | ASY72 028 | BFX68 0674 | MPFI0O2  0-42f | OCP7I 042 MFD. V. £ | MFD. V. £ | MFD. V. £
2N301 | 0-30 ]2N5355 0274 | ASYB3 025 | BFX84 025 | MPFIO3  0-37f | ORPI2 062 pooi8 0074 25 S0 00741400 9
2N3014 0-324 | 2N5356 0-324 | ASY86 0-324 | BFX85 0-324 | MPF104 0-37¢ | ORPSI 0-50 16 25 0074| 32 40 o007}, .
2MN3053 025 | 2N5365 0-47} | ASZ20 0-374 | BFX86 025 | MPFIOS  0-37} | P346A 022 2 350 o0 32 450 027} 23 ;
2M3054 050 |2N5366  0-32} | ASZ2l 0424 | BEX87 0-274 | MPS3638  0-32} | TiS34 0-62; 25 18 0074| L4 500 50 024
2N3055 075 | 2N53167  0-574 | AUYIO 1-50 | BFX88 025 | NKTO0I3 0-47f [ TIS43 040 4 10 0074 16 007 | 640 16 0174
2N3133 030 | 2N5457  0-37} | BCI07 0-124 | BFX89 0624 | NKTI24  0-424 | TI544 012 4 40 0074| SO 12 007¢)j000 |6 028
2N3134  0-30 |25005 075 |BCIoB 0-12{3| BEX93IA 070 | NKTI25  0-274 | TIS45 012 4 350 01l 50 25 0073|1000 25 025
2N3i35 . 025 | 25020 2.00 | BCI09 0-12¢\ BEYi0 0-32¢ | NKTI126  0-27% | TiS46 012 5 18 oo7p| S0 50 oo | 1000 50 0374
2N3136 0-25 | 25102 050 |BClI3 0-27¢ 1 BFYI! 0-42f [ NKTI28  0-274 | TIS47 0-12. 5 50 0074 64 25 00742000 25 0-424
2N3340 0-974 | 25103 025 | BCil4 0374 | BEYI7 0224 | NKTI35  0-27f | TIS48 0-12 64 64 007¢| 80 16 0074|2000 50 0-62¢
2IN3349 130 | 25104 025 | BCIIS 040 | BFYIB 0-32¢ | NKTI137  0-324 | TIS49 012 8 40 0074| 80 25 0074)3500 12 025
2N3390 025 | 2s501 0-324 | BC1I 062} | BFYI9 0-324 | NKT2I0 0-30 | TIS50 017 8 450 0I5 100 64 0074 | yepr———r—g57
2N3391 020 | 25502 035 | BCII6A  0-37} ] BFY20 160 | NKT211 030 | TIS5I 012 10 12 0074 100 (2 0074 =4
2N3391A  0-30 [ 25503 0274 | BCII 0-324 | BFY2I 0-42¢ | NKT212 030 | TIS52 012 10 _ 25 o007§| loo 25 o010 2500 50 0674
33 0-173 | 3N83 040 | BCI2I 020 | BFYa4 045 | NKT213 030 | TIS53 021 12i5] 28 oordl o0 Fs0 0 as00]  Jou MOITY
- ; 125 0o 00 :
PANEL METERS 5 128 Cog. and Lin, With switch 025 16 15 0074 00 ';o g-o;: goh, ios g:;:
38serieFACESIZEA2 x | 10 125 | Wire-wound Pots (3 wates) R L g 450 0d6l2s0 25 o014 4500 64 225
B Al e’ L. £ =] I»g Twin-Ganged Stereo Pots. (Log. and Lin.) Less Switch 0-40 25 10 0-074 250 50 019 5000 25 0-624
£ Ferowm 1414 | 500 1% | near sines 5 25 25 007 320 10 007415000 50 097}
0g N | 1125 | 4.8" x 4° - Fi = q
e U e 3 | Y Y et e toa e ol | TnemmisTons gaucane)
sgg—o = = :;;‘ ;g :g For SO-1 0.028 - For TO-5 0-05 Finned R53 (STC)2 VAIOI0 0-12¢ | VAI039 015 VAI1077 0-20
Far i el o B 1:28 | For TO-18.0:05 Finned For TO-10-05 Finned Ki51 (Si'e_ Sl VAT vAlSi0 o | varl 01y
500-0-500 v 125 300 125 o : VAL05510;20
- mens) 1K VA[0340-12§ | VAI10660:19
| Milliamp 128 500 " 125 }og"w ?'02535 d £ 0-12¢ | VAL037 0124 | VAIO740-124 | VAI0970:20
SPEAKERS OO ohm) 7 | o0 mv (r.('§°"'z'4' Vo 339) .. e 0T VA10050-15 | VAI0IBO-12¢ | VAIO750-224 | VA37050-874
orxer e | e | o e i e e Y
g, : f oy . : %‘;: 3- i = g'_gz 20 Watt BZY93 Series (from 7-5v to 75v) o 0823 Please note:—Due to bulk buying we can
2 X 47 .. . 0974 12”7 Ceramic K 4 N
“x3 0615 | Pestand packing o774 | Antex I5W. Soldering lron .. .. . 1624 now offer Texas RCA and Newmarket
PRESETS Carbon Mini FRCRTICY Tort D.G. 30 W. Soldering lrons . . b a5, .. 09T}
LS 1 Miniature and Sub miniature. Vertical Semiconductors at industrial distributor
oo‘;';zson(al. 0-1 watt, 0-2 watt, all at 0-06 each. 0-3 | pPOSTAGE AND PACKING CHARGES K
YT £ S — ke s e 010 prices. New quantity Price List available
Log, and Lin. Less switch ». .. .. .. 016 | COMMONWEALTH{AIR) .. .. o5 222!.’:32} for industrial users upon request.
s SEND 1/-(5 np) FOR NEW COMPREHENSIVE
Telex 21-492 A- MARSHALL & SONS L'I'D SEMI CONDUCTOR PRICELIST. (24 pages)
CALLERS WELCOME
L[] - v
Tel: 01-452 0161/2/3 28 CRICKLEWOOD BROADWAY, LONDON, N.W.2 Hours: 9-6 pm Mon-Fri 95 pm Sal
v v




BRAND NEW
MINIATURIZED
AUTOMATIC STRIP
CHART RECORDER

by RUSTRAK of Anterica. This recorder
indicates the magnitude of applied currents

or voltages by a continuous distortion-free
line on pressure sensitive paper. Chart width
2% in. Chart speed %in. per min. Moving coil
movenient, scale ealibrated 0-100 microainps.
Int. resistance 4,600 ohms. Chart drive motor
12v. D.C. C/W handbook. Price £40. P. & P.
50p.

LOW TORGQUE HYSTERESIS MOTOR MA13
Ideal for instrument chart drives. Extremely quiet. useful in areas
where amblent notse levels are low. High starting torque enable
relative high Inertia loads to be driven up to 6-0z/in. Available in
the following speeds and ranged: 240V 50 Hz 1} r.p.m., 1/§ r.p.m.,
1/12 r.p.m., 1/20 r.p.m., 1/60 r.p.m. 120V 50 Hz 1/6 r
r.p.m., 1/16 r.p.m., 1/24 r.p.m., 1/3 r.p.m., 1/240 r.p.m.,
r.p.m., 1/720 r.p.m., 1 r. .10 Induction Motor. 120V 50 Hz
20 r.pm. £1'50 P. & P. mclusive

CLUTCH MOTORS

240V 50 Hz 1/12 r.p.m., 1/6 r.p.m., 1/3 r.p.m. 120V 50 Hz 1/12
r.p.m., 1/10 r.p.m., 18 r.p.m., 5/12 r.p.m., 4/11 r.p.m., 1 r.p.m.,
2 r.p.m. 120V 60 Bz 1/5 r.p.m., 1 r.p.m. £1-50. P. & P. mclusne

WELDING POWER SUPPLY—Hughes Model
MCW 550. Constant voltage. Weld voltage and duration controls.
Mains input. Price on application.

NEW LOW INERTIA INTEGRATING MOTORS
Eleetro-Methods Model. 901 and 906 PL. Permanent magnet
D.C. Motor. High sensitivity. Ideal for instrument-type servo
mechanisms, light loads driving mechanical counters performing
integration, or as small power generators. Will operate directly
off a photo-cell or thermo couple, etc. 6V. Nominal. Typical para-
meters. Btarting voltage (no load) 15 mV at 0-375 mA. Full load
speed 1848 r.p.m. (approx.). Moment of Inertia of Armature
18 gr cmfem. Weight of Motor 300 gme (approx.).

£15. P. & P. included.

SPLIT-FIELD D.C. SERVO MOTOR

Evershed and Vignoles Type. FAE 2/C/B, FBisA/Al/B,
FEXZbICG/SO FBGA/PIB FADGB/G4/BD, FB5/Al, FE16/C.
£13-50. P. included.

NEW D.C. STEPPING MOTOR
“Blo-8yn." 14V 0-53A 50 oz in torque.
BIF1LAR Bynchronous Motor. epping duty 200 steps/shatt
revolution. Each step 1.8 < 3% accuracy. Non-cumu-

latlve. Made by 8y “Elentr WU.B.A. £18'50. P. & P.
inchudede -_}uwr \ £16

E.HT. GENERATOR, BRAND NEW.D.C.
C VERTER MULLARD TYPE 049 .
Input§2V D.C. 0-3A. Qutput 1800V (Min) at 1 mA,}25600% (Min)

on No Aoad. Full spec. and circuit provided. Encaps atedgpdule
L. 5in., \“ 2¢in., H. 1%in. £5-50. P. & P. ingfided:

OWER-RELAY rvpraﬁ 1 (OMRON)

MIDGE
of], 1 pole double ﬂl)w/{fnused Faulty plating

280V--56-]

on frame.

5 for £1:50. . _P. inclu
g

SYNCHRONOUS MOTORS

Model 8 71 r.p.h. and 1/60 r.p.h. 8elf starting complete with gearing
shaft § In. - } in. long, 200/250V 50 Hz. New condition Exe
Equipment. £1-50. P. & P. inciuded.

Wireless World, April 1971

= | == ° | =

LOW COST ELECTRONIC & SCIENTIFIC

DIGITAL VOLTMETER DYNAMCO 2010
COMPLETELY OVERHAULED
CALIBRATION CERTIFICATE
EXCELLENT CONDITION
GUARANTEED C/W HANDBOOK

Scale: 109999. D.C. Accuracy: 0-001%. FSD.
Range: 10 micro V-1-1 kV. I/P Z greater
than 25,000 M ohm. C.M.R. D.C. 160 dB.
50 Hz. 130 dB. O/P. Parallel B.C.D. Induc-
tive potentiometric system for excellent
stability. £1000. (New Price over £2000.)

HONEYWELL INCREMENTAL
DIGITAL RECORDER

MODEL 6200

Records random or synchronous dlgltal
(binary) data on 7—track & inch tape in
steps of 0.005 inch. Packing density 200 bits/
inch. Offered in first class condition. This
recorder has had very little use. Price on
application.

Many other types of counters are available ranging trom 3-6 digit
with various supply voltages. Ring our Sales Office for further
COUNTERS information.
TEKTRONIX Plug in Unit Type E—BRAND NEW. Price £75
P. & P. 50}) Also Type 80 £25
No. of | Impulses| Operatin, Price
Manufacturer Type | Digits | per sec. Reset Volt Currenﬂ Size Re!. Remarks £
Sedeco ATCEZ3E 3 | 10 M. 48V D. C 48mA 4"L x17x {' é o _13'_00
Bedeco | ATCEZ4E 4 25 M 60V D.C IOOmA 1{' <1* % 4'L C 6 8000 coil new ) \2_-50
t 1000 Q coil used 1-50
L. | — o S S | (NN || JEN— e |y
Bedeco | ATCEF4E 4 10 | E/12V D.C. | 12V D.C. | 120mA | 4'Lx2}" x 14| C.5 | New .. .. 525
i Used 19 . [1-50
| sedeco ATCEFSE | 5 25 E/24v DO c. 24V D.C. 240ma| 4L g2k New .. .. |00
N — —~ o | — "
Sedeco ATCEZ5E 5 25 160V Coil 100K. New .. 18-00
Sedeco TIF5 PIEH| 5 w [ M | uoy LY % 54 2 banksof 5 digitseach |
| i 50Hz i bank independent. Used 8-00
Bedeco | ITPB3 6 10 M. & E. ‘240V WHz | _ Pnnt out—Totalising |40 00
Bt el — o e
Counting 1506 | 4 15 24VDC C.3 | Each digit indepen- |
Instrument dently get, counts down
‘ ‘ to zero opemﬁng main
| | swltch 3
- | L ! - —r
5 | 429 4 15 ,E/mov 5ouzl 24V D.C. | ! c1z|
. [ 120 s 15 | E/24V D. c [24v DC. -i'Lxs;';(f’- | T
LA | ]
| 101A [] M. 48V D.C. |4"W x 2]' X 2{L | Used
Veeder Root | BD134545 5 | | ?ﬂ(ec;;ica_i operation,
o ‘ | Ratchet reset Inverse Nos. (0-62¢
, .l 6 M. 160V DC. ‘ 276
. . | B38 6 M. 48V D.C. ‘ 276
" 0 | 86 110V D.C. 1 200
3 " | 8 M. 230V 50Hz | | | 1276
3 N | e M. |avope ‘ 200 |
= ks ! i B i
Haztler | s | M. |24V DC. [ 5000 coll. New .. 460
= | e | M/E | 110V D.C. | 1100 0 /800 0 . Used
| | | 110V D.C. | | | 12-45

BRAND NEW ELECTRO-
MAGNETIC COUNTER

A high precision counter offered at
& fractional cost of other manufac-
turers of similar type. High counting
apeed. 25 impulse/sec. 6 digit display.
24 volt D.C. supply. 2-78 watts.
840 ohms. Bize: 100mm X 50mm x
26mm. Immediate delivery. £4-50.
(Carriage extra.) Other various
voltage and impulse rates available.
Phone or write for details.

D.C. TACHOGENERATOR
Type 9¢/108 16v. at 1000 r.p.m. Drive
shaft dia. 3/16 In., 3/8 in. long. Price
£18-50. P. & P. inclusive.

R.F. ATTENUATOR MARCONI TF 1073A
DC—150 MHz 1dB steps 76 Ohms. Double 8creened construction.
Tested and in VG condition. £25.

ACTUATOR
By English Electric. Type 4519 Mk. 1 D.C. Motor AE 1560 Mk. 1
28V 3A. 500 r.p.m. Intermittent rating. £18. P. & P. inclusive,

ACCELEROMETERS

Model LA 2 3C Potentiometric 4+ or — 10 G operating Voltage 30V,
Nominal resistance 17.5K and Model LA 2 3C + or — 100G 34V,
Rel 20 K. Price £28. P, & P. 5/-.

TYPE SE 55/A Range + or — 1G £28.P. & P, 5/-.

TYPE F by G.E.C. Up to 1,000 G. Ceramic type giving o/p of 23 mV.
Bupplied ¢/w technical Ieaﬂet Weight 14.8 grammes. 2BA stud
mounting. £3.15.0. P. & P. §/-,

Many other types in stock

NUMICATORS
End Reading Quantity  Price Each Price Base
(Less Base)
GRIOM/U (Clear) 1- 3 (51 40) 28/ Bages
4- 10 (£1-35) 27/- (20p)

11- 25 (£1-30) 26/- 4/=

26-100 (£1:20) 24/- Each
Bide Reading Less Bases
XNS/FA 38 m/mlead (Amber) ..
XN3/F 38 m/m lead (Red) bl 1- 3 (£1-15) 23/=
XN3A/F 6 m/mlead (Red 4- 10 (£1 10) 22/=
XN3A 6 m/m lead (Clear) 11- 26 (£1:05) 21/=
XN11/F 38 m/mlead (Red) 26-100 (£0-956) 19/~
XN23/FA 38 m/m lead (Amber)

Post Free

EICHNER 8 HOLE PUNCH
No motor drive required. 8olenoid operated equipment using 48v
Reader £20-50: Punch £48-50. Carriage £1-25.
7 HOLE NON PARITY TAPE PUNCH
New condltion.

LOW SPEED 7 HOLE TAPE PUNCH
80 characters per second by well-known manufacturer.
TELETYPE 8 HOLE PAPER PUNCH BRPEI £260.
Also avmlable 5 hole punch BRPE2 as above. This model bas

heads. C 1 with spooler. Price £75,

5/7 HOLE OPTICAL READER BY FERRANTI
20 characters per second. £20.

(I83) BIGNAL GENERATOR CT 480 SANDERS. Range 7 KHz-
12 KHz. Ofp. 0-4:50V. Attenuation range —10 to +100 dB.
Price £85

TRANSDUCEB OSCILLATOR-AHPLD'IER-DEMODULATOR. An.
l'.h B.E. Bultable

where space or adverse env i prevail,

with a matching tramsducer a typical o/p is 4 3V into 50K Ohms.
Bupply voltage 12v. D.C. Range of transducers available 0-50:
0-750: 0-1000: 0-4000 pai...............ovnnnnnn, Price £85

TRANSDUCER—New Resistive Bordon Tube Principle pressure
Tmnsducer by K.D. Instrument. Model TD 216 0-2000 psi.

Bt Ol 6/ vy s - g e o s PO e ooy + - 9 - PR Price £15
TRANSDUCER NEW EX GOVERNMENT DISPLACEMENT BONDED
RESISTANCE STRAIN GAUOES Range 4 ¢ mechanical dis-
placement equivalent to 0.3% resistive change. 3.5 + 3.5 KOhms.

Mod el TT-2=31-35 g onsnsnscs - [ beoms 40ER <nili s b5 sre - 5D} Price £10

OSCILLATOR. High discrimination, by Marconi T.F. 1168. This
instrument suitable for H.F. Communication. Due to its high
discrimination makes it suitable for crystal filter response in Tx
and Rx drive units, Frequency range 80-110 KHz. 2Hz discrimum-
tion. Crystal and 8t centre fr Cal

accuracy 4 1% Ref. LB, ......cooviiiiiininninns . .Price £135

RECORDERS 4 PEN OSCILLOGRAPHS SOUTHERN INSTRU-

MENTS M942C, 4 Channel ﬂtted with 4 speed gear boxes giv‘lng

1, 5, 25, 100mm per sec. Fr 0-55 Hz,

B R R Price £:50

2 PEN OSCILLOGB.APH MRA450 as per 4 Pen. Ref. 1.2..Price 390
PLUS CABRIAGE

E.M.I.

Portable L.F. Tape Recorder. Ex-service equipment consistinj ot
Three Unit housed in tranait casea (Tape Deck, Amplifier, P.8.'J.).
} in. track speed 30 in,, 15 in., 7§ in. and } in. min. Price £75.

Many control facliitles. This is a good quality recorder.

ELECTRONIC BROKERS LTD
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EQUIPMENT AND COMPONENTS
MEASURING INST

AND RECORDERS

MULTIMETER TYPE CT471B

Fully transistorized multi-range
instrument for measurement of
voltage up to 1000 MHz (1500 MHz
with reduced accuracy) and current
up 2 kHz and D.C. Resistance A.C.
and D.C. voltage and current divided
into 11 ranges.

A.C./D.C. Volts 12mV-1200V.
A.C./D.C. Current 12 micro A-1-2A.
D.C. Resistance 5 ranges 01 ohm-
1000 M ohm.

R.F. Voltages 5 range 40mV to 4V.
Battery powered. Offered in excellent condition. Tested before
despatch. Complete with handbook. £54. Carriage 10/-.

FACSIMILE RECORDERS

D649 K 18 in. Chart Recorder. Helix speed: 60, 90, 120 rev./min.
“Transmission speed: § in.; 15/16 in.; 11 in. per min. Scanning rate
96 lines/in.

Ret. C3........ Price £350. Completely overhauled + carriage

SINGLE PEN RECORDER

By Record Electrical (R3)
3 in. chart, sensitivity 1 maA.
Coll resistance 1-53k. Fully Inter-
changeable gears available to make
a wide range of chart speeds.
200/250V. Bize: 8x11x8 in.
Almost new—complete with chart
and ink. List over £100.

Qur price ....

- £49-50

POWER SUPPLY UNITS

OIP OIP 8or Input

Dimensions Loca- Ref.
U* volt. Make Type w

H L tion No.

inches
6
ad] £30
4-16v B 240 Coutant ELV700/6 6} x5} x11¢ B76 36
6
ad] £25
316v 5 8 240 Coutant ELVS00/6 41 x7 x12 876 37
£20
4.15v 5 8 240 Advance PM7 4§ xBix 9% 876 38
£15
12 1 8 240 Farnell 88UI2-1 4 x6x10f 876 39
+ 150 £12
200 mA 8 240 Roband BI101/200 T§x64x 9 876 40
28
adj £30
26-37 7 240 Coutant EB700/28 83 x7 x12 875 42
£

240 B.P.L. 3 19x8§x12 875 41
£25

110 LB.M. Ex.comp. 6 x5}x16 879 66

110 IB.M. Ex.comp. 6 x5§x16 878 70

£25
110 T1.B.M. Ex.comp.

=
S
1)
S

m m ®w owm B ®

12 20 6 x5}x16 878 57
£25
12 20 110 I.B.M. Ex.comp. 6 xX5¢{x16 878 B56
£25
12 20 8 110 IDB.M. Ex.comp. 6 x5§x16 878 59
£25
12 20 8 110 Ié&lg Ex. comp- § x5fx16 878 58
2/
12 20 8 110 IB.M. Ex.comp. 6 x5§x16 877 67
£23
6 16 B 110 él Né Ex.comp. 6§ x5§x13§ 879 &4
9
48 6 8 110 I.B.M. Ex.comp. 6 x5§x16 879 55
£17
30 7 8 110 IB.M. Ex.comp. 8 xX3}x13} 879 62
£22-50
12 15 & 110 L.B.M. Ex.comp. 6 x5tx134 879 64
£22
12 12 8 110 LB.M. Ex.comp. 6 xB}x13f 874 60
£22
12 12 8 110 IL.B.M. Ex.comp. 6 x5iX13f 874 61
£18
20 6 8 110 I.B.M. Ex.comp. 6 x5§x13} 874 65
£12:50
6 8 8 110 él;]!é Ex.comp. 6 x5¢x 9} 874 68
6 8 8 110 LB.M. Ex.comp. 6 x5}x 8¢ 874 63
£18
12 4 8 110 IB.M. Ex.comp. 6 xX5§x 9§ 874 72
£18
12 4 8 110 ILB.M. Ex.comp. 6 x5fx 9} 874 71
£12-50
6 8 8 110 LB.M. Ex.comp. 6 x5ix 9§ 874 69
20 44 U/8 £25
-10 8 Power
—10 300 240 Electron- BP110 8 x6 x 13§ 877 43
ics
Do. Do. Do. 240 Do. Do. Do. 877 44
£18-50
48 4 U/8 240" Advance DC8 53 x6 x17 877 80
£18-50

24 b6 U/S 240 Advance DC22 Bix6 x17 873 78

£15
48 2 U/8 240 Advance DC122 53x6 x17 866 74

£25
240 Advance DCR12/12 B¢ x8 x17 873 58

12/15 5 8
6 20 8 240 Coutant R206 19x8}x 13} 873 51
+ 6 10 £45
— 6 2 8 240 Contant R206 19Xx7 x12 873 47
0
28 20 8 240 Coutant R204 19x83x14 870 85

180- 250 £18-50
850 mA 8 240 Airmec 705

® == 8tab./Unstab.
This is a small selection of our range. Further details on application.

19x12x 8} 872 52

PRECISION
POTENTIOMETERS

TEN TURN 3600° ROTATION (Ref. C5)
BRAND NEW
Linearity
Res. Ohms Percent Manufacturers
100/100/100 Beckman.

.Beckman.
.Beckman.
.Beckman.
-Colvern
.Foxes. .
.Colvern.
.Colvern. .
-Relcon.
. Relcon.

Ca6/10001Y .. £3.00
HEL107-10.. £225
[ HELOTI0 ... £225

.Beckman. .SALL0L . £300
.Beckman. .. 7218, .. -00
.Reliance Ba 00
.General Controls . . 00
.Relcon. B ‘50
.Colvern. . ‘00
.Beckman. 00
.Beckman -60
Ivern. . £350
.Colvern . . - O
.Beckman.
.Helipot . .
.Beckman.

.Colvern . .

Beckman. .
.Beckmun.
.Beckman.

S6K/46K ... .. . 10 watts ... £650
TWE NTY TURN 7200° ROTATION
1 Meg ...General Controls . PXM130 .... £400

C Reliance -.................... $2:00

I56 TURN 56!60° ROTATION
.................... Kelvin Hughes. .

FIVE TURN 1800° ROTATION

Relcon...........

KTPO701 ...

.Colvern .
o ...Colvern .
FIVE AND-A HALF TURN

................... Colvern..........2405........ £2:00

YHF ADMITTANCE BRIDGE

‘Wayne Kerr B801A. 1-100 MHz. Conductance 0-100 millimhos.
Capacitance 0-230 pF and 0 to —230 pF. £120 (40% of new price).
Also B901. Indicates parallel components of conductance and
positive or negative capacitance for lines, antennas and feeders.
0-100mMho. 0. to 4+ 75 pF and 75 pF. Accuracy 2% up to
250 MHz. £115 (40°, of new price).

FENLOW LOW FREQUENCY ANALYSER
0.3 Hz to 1 K Hz. Power density 0-10. Bandwidth switching range.
.06:0.3:1.5: 7.5: 37.5 Hz. Price £275.

TWENTY MILLION MEGOHMMETER

E.I. Model 28A. Test voltage 83 and 500V. 8/C Current less than
4 mA 30M ohm-20x108M ohm. Charging Delay 1} secs. Mains
input. £75. Carriage £2-50.

NEW ELECTRO PNEUMATIC TRANSDUCER
TRANSMITTER

Taylor. Cat. No. XX701 TF13.

Input —50—0+50 Ma. Output 3-15 PSI. 8pec. 670. Coll 3 ohms.
This preclsion transducer accurately controls air pressure by a
varying electrical signal. £50. P. & P. included.

R.C. OSCILLATOR

Bolartron Type CO 1004 2 10Hz-1 MHz in 5 ranges. O/P level
adjustment. £40. £1.

Also avallable Tvpe CO 1004 £30. Y. & P. £l

PORTABLE FREQUENCY METERS

TF1026/1. A direct reading absorption meter, employing a con-
centric line closed at one end and turned by variable capacitor
at the other end of the line, giving a frequency range: 250 MHz-
500 MHz, on an almost linear scale approx. $in. in length. Com-
plete in polished wooden case. Price £17-50. Carriage extra.

DIGITAL INDICATORS KGM Type M3
A neat compact Indicator providing selective display
0-9. Fig. height 18 mm. panel mounting. 6 mm. tubular
midget flange tamps. Supplied with 28 v. bulbs. Finished
matt black anodized. W. 1 in., H. 2 in. Wt. 4 ozs. Price
£3-25. P. & p. Free.

MODEL 1706 VISICORDER

In almost new condition. This direct reading U/V Recorder can

record up to 6 channels simultanecusly from D.C. 5000 Hz at

writing speed of 30000 m ohs/sec.

Recording range: D.C.—5000 Hz.

Paper width: 41 ins. wide.

Optical Arm: 19 cm.

Paper 8peeds: Eight speeds from 0-25—32 in./sec. and
6- IOD mm/sc

Dimensions: 10§ in., W. 12 in., Depth 14 in.

Complete with 4 8k Hz Gal\os £400

BRAND NEW CAPACITOR REVERSIBLE
SINGLE PHASE PARVALUX MOTORS

230/250 v. 60 Hz 2,800 r.p.m. 1/30 h.p. Cont. rated. {‘ in. shaft
dia. x 3} in. long. Foot mounting. \Velght 6 Ib. £5-75 post free.

COAXIAL LINE OSCILLATOR

By 8aunders. Type CLC 7-192. The Osclllator is adiustable from 7-12
MHz. A high reset accuracy with no backlash having + -1%.
The instrument {s supplied with a calibration chart and valve, and is
suitable to be coupled to any waveguide size by using a coaxial to
waveguide transformer. Price: £55.

7-TRACK DIGITAL MAGNETIC TAPE
STORAGE DECK

These machines, originally ex-coinputer,
are multi-track recording units, ideal for
data storage. Record and Replay heads
encased in one common unit. Low

(Ref. 13)

TRIM POTENTIOMETERS (Ref. C7)
Just in Dobie Mclnnes Digital Analogue Con-
wverter and Plotter. (Ref. 1.1}

Manufacturer Connection Price
PAIGNTON ..P.C.
AMPHENOL .P.CA
PAIGNTON . .P.C.
AMPHENOL. ==
AMPHENOL.
AMPHENOL. T.C.
AMPHENOL. ..P.C.
MICROPOT . o
AMPHENOL. .P.C.
AMPHENOL. .P.C.
AMPHENOL. .P.C.
PAIGNTON E ..T.C.
) . BEIC.
..P.C.
.B.C.
..P.C.
..T.C.
AMPHENOL. .T.C. i
BOURNES .. 8tud Con.neﬂlon .. 75p
BOURNES . .Flylng lead ...... 75p
AMPHENOL. .P.C. . £1
AMPHENOL. P.C. b £1
AMPHENOL. T.C L £1
MONOCHROMATIC LIGHT “LAPMASTER”
110/220V. 1-ph. B0 Hz. Light area: 1lin. x 8fin. £15-00.

Carriage £2-00.

T heads. Fr

approximately ¢ Kc/s to oO Kc/s BIlt.
density 557 b.p.i. § In., 10¢ in. spools
230 v. to 380 v. A.C. Capst.an Motor
speed 1,600 r.p.m. 48 v. D.C. Rewind
motors. Finished in brush aluminium
and matt-black. 8ize 27 in. x 26 in.

8 in. Weight 90 1b. Price £85. Carriage
extra.

MEMORY PLANES

Ferrite core memory planes with wired
Ferrite cores. Used for buliding your
own computer or a3 an interesting
exhibit in the demonstration of a com-
puter. Mounted on plastic material,
frame 8§ x8 in. Consisting of matrices
40 X253 %X 4 cores each one indlvidually
addressable and divided into 2 halves 4
with independent sense and inhibit
wires. £8-85. P. & P. inclusive.

BRAND NEW COMPUTER TAPES
EMPTY SPOOLS
Made by well known manufacturers
t In. certified 2,400 ft. 800 b.p.i.....
§ In. 2,400 ft.
3 In. Highest grade 2,400 ft.
} in. 104 In. dia. spool and cssseue
$ in. 84 In. dia. spool and cassette. .. ...
1 in. metal 10} In. dia. spool and cassette.
4 In. N.A.B. centres 10% in. spool only

(Ref. C4)

———

SOUND ANALYSER

General Radio Co. Type 760-A. Portable. Battery powered.
Designed for use with Type 759 sound level meters, but can be
used with any other microphone or vxbrahon pick- -up and ampliﬁer
with suitable oh istics 1 tess mier £50.
Carriage extra.

MULTI-RANGE TRANSISTORISED VOLT-
METER 1063

Employing silicon planar F.E.T., this instrument gives long-term
stabllity and negligible drift over a wide temperature range, Wide
frequency band 0-300 MHz. using HPV 1083. Voltage range 0-30KV,
Centre zerc on DC ranges tor differential circuit application. 1nput

MARCONI TF89¢9

1 M.ohm/Volt on all DC ranges. Accuracy + 3— F.8.D
Meur scs.le 5in. with IM di@erent colour for different scales.
Special price £42-50 each. Carriage £1-50.

20inV-2V A.C., 8 ranges. 50Hz-100MHz. Detected O/p for modu-
lation monlborlng RF probe. Malns P.8.U. Ov £25.
P. & P. £0-

PHILLIPS GMé6020

100 micro V-10V, input 1. 10mV-1000V Input 2. 100 pA-10 micro A.
Accuracy + 3%. Input Z 1 M ohm, input 1, 100 M ohm, Input 2.
Recorder output. Working order £85. P. P, £1.

CLOSED CIRCUIT TELEVISION

Comprising PORTABLE E.M.L. Camera Type 8 using lin. Vidicon
Tube. 8et to operate at 406 lines. Channel 2 (§2 MHz). Can be
tuned to other frequencies. W. 5ln. H. 7Iln. D. 104in. MONITOR.
19in. Ferguson Model 3622 405/625 Standard TV receiver. Work-
ing order. V.G. condition. £100. Carriage extra.

(Dept. W.W.) 49-53 PANCRAS ROAD, LONDON, N.W.1. Tel: 01-837 7781 /2. Cables: SELELECTRO

Telex No. 267307 (Open Mon-Fri9a.m. ~

-6 p.m.)

ALL ORDERS ACCEPTED SUBJECT TO OUR TRADING CONDITIONS A COPY OF WHICH MAY BE INSPECTED
AT OUR PREMISES DURING TRADING HQURS OR WILL BE SENT ON APPLICATION THROUGH THE POST.
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in April issue of “‘Practical Wireless”” OUT NOW

8-PAGE GUIDE T0
TEST INSTRUMENTS

This illustrated eight-page supplement is a comprehensuve

guide to test gear now on the market for use in testing radio

and audio equipment. Though complete in itself, it will also

provide a useful introduction to an important new series on

servicing by H. W. Hellyer and Gordon J. King, which starts
in the following month’s issue.

= .

WORKSHOP OSCILLOSCOPE HIGH IMPEDANCE VOLTMETER
This Practical Wireless design enables you to see Winner of the Practical Wireless Project Autumn
what is going on inside a circuit, including the Trophy with ranges of 1-10-100-1000V and input
examination of waveforms, distortion and pulses. impedance of at least 3MQ. The cost is small, a
You can make this versatile test instrument — 50uA meter and three 2N2926 transistors forming
readily available c.r.t. and other components. Even the basis of operation of this ingenious project.
the case is a stock item. Read all about it in the Full constructional details in the April

Apri] issue, out now. Practical Wireless

Also other interesting constructional features

PRACTICAL

WIRELESS

April issue out now—17zp
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EVERYTHING BRAND NEW TO SPEC - LARGE STOCKS - NO SURPLUS

BARGAINS IN NEW SEMI-CONDUCTORS

MANY AT NEW REDUCED PRICES - ALL POWER TYPES WITH FREE INSULATING SETS

PEAK SOUND PRODUCTS

e
~—

T ,’i\ LEFIEL
i (e (1 e 5 ENGLEFIELD
l*% @Q“g/ % 12112

e, NS | AMPLIFIER
Stereo amplifier in modular kit form (2 watts RMS per

channel into 152 £38-45
Cabinet kit only £6. These prices nett.
As reviewed in Hi Fi Sound and other important journals.

BAXANDALL
SPEAKER SYSTEM

Designed by Peter Baxan-
dall. Superb reproduc-
tion for its size. Handles
10 watts with ease. Uses
ELAC I15Q 59RMI09
speaker unit. Kit £13-90
nett; built £19-40 nett.

40361 55p 2N2905 4“4p 2N429( I15p BC 148 14p BFX87 29p
40362 88p 2N2905A  47p 2N4292 15p BCI49 15p BFX88 26p
2N696 20p 2N2924 20p AC 107 46p BCI53 19p BFY50 23p
2N697 22p 2N2925 22p ACI26 20p BC |54 28p BFY5| 20p
2N706 12p 2N2926 11p ACI27 20p BCIS7 19p BFY52 23p
2N930 29p 2N3053 27p AC128 20p BCI58 17p BSX20 16p
2N113] 36p 2N3055 75p ACI53K  25p BCI59 18p C407 17p
2N1132 40p 2N3702 13p ACI76 27p BClé7 13p MC140 25p
2N1302 19p 2N3703 13p ACY20 20p BC[68 Ip MPSes3| 35
2N 1303 19p 2N3704 13p ACY22 16p BC 169 13p MPees34 300
2N 1304 23p 2N3705 13p ADI40 56p BCI77 17p P
2N1305 23p 2N3706 13p ADI42 50p BCI78 15p NKT211 25p
2N1306 33p 2N3707 13p AD149 60p BCI79 17p NKT212  25p
2N1307 33p | 2N3708 13p ADI61 40p BCI82L 13p NKT214  23p
2N1308 36p 2N370%9 13p ADI62 40p ILpy NKT274  I8p
2N1309 36p | 2N3710 13p AFI14 30p G __’lé,n_, NKT403  65p
2N1613 23p 2N371 1 13p AFI IS 30p 21207 p | NKT405  79p
2NI711 26p 2N3819 35p AFI17 28p BC2I3L 25p oc7I 29p
2N1893 S4p 2N 3904 35p AFI24 30p BC214L 25p ocsl 25p
2N2147 95p 2N 3906 35p AF127 28p BCY70 19p ocsID 25p
2N2218 34p 2N4058 20p AF139 48p BCY7I 33p ZTX300 17p
2N2218A 43p 2N4059 20p AF239 9p BCY72 15p ZTX30l 17p
2N2219 38p 2N 4060 20p ASY26 27p BF115 23p ZTX302 22p
2N2219A  53p 2N406] 20p ASY28 27p BFi67 27p ZTX303 22p
2N2270 62p 2N 4062 20p BCI07 14p BFI73 3lp ZTX304  33p
2N2369A  I9p 2N4124 18p BC108 12p BFI94 17p ZTX500  25p
2N2483 5p 2N4126 27p BC109 14p BFI95 18p ZTX501 25p
2N2484 42p 2N4284 15p BCI25 15p BFX29 3lp ZTX502  30p
2N2646 54p 2N4286 15p BCI26 22p BFX34 25p ZTX503  25p
2N2904A  42p 2N4289 15p BCI47 15p BFX85 34p ZTX504  60p
Code Power Tolerance Range Yalues I to9 10 to 99 100 up
available (see note below).
c 1/20W 5% 820-220KQ El2 7 65 6
c 1/8W 5¢ 4.7Q-330KQ E24 15 08 07
C 1/4W 109 4-7Q-10MQ Ei2 15 08 07
c 12w 5 47Q-10MQ E24 12 1 09
c w 109 47Q-10MQ EI2 25 2 19
MO 12w 2% 10Q-IMQ E24 4 35 3
wWw Y 10%41/20Q  022Q-3-9Q Ei2 7 7 6
ww 3w 5% 12Q-10KQ El2 7 7 6
wwW 7w 54 12Q0-10KQ EI2 9 9 8
Codes: C = carbon film, high stability, low noise. :;lctehse a::":: ‘::h":‘eice:i’l‘u:or‘:;an:'::::
MO = metal oxide, E:ectrosil TRS, vitra low noise, rating. NOT mixed values. (Ip‘nore
WW= wire wound, Plessey. fractions on total value of resistor
order.)
Values:

MAINLINE AMPLIFIER KITS

RCA/SGS designed main amplifier kits. Input sensitivity 500~
700mV for full output into 8Q2.

Power Kit price Suitable unreg.
including components power supply kit

12w £8-40 nett £4-82

25W £9-75 nett £5-92

40W £10-50 nett £6-03

70W £12:60 nett £6-87

30 WATT BAILEY AMPLIFIER PARTS
Sensitivity [ -2V for full output into 8Q).

Transistors and PCB for one channel £6-46

Transistors and PCBs for two channels £12-92

Capacitors and resistors (metal oxide), £2:00 per channel.
Complete unregulated power supply pack, £4-75

Suitable heat sink 10DN space 400c, 55p

El2 denotes series: 10, 12, 15, 18, 22, 27, 33, 39,
47, 56, 68, 82 and their decades.
E24 denotes series: as EI2 plus 11, 13, 16, 20, 24,

TYGAN SPEAKER MATERIAL
7 designs, 36 X 27 in. sheets, £1-57 sheet.

INTEGRATED CIRCUITS

PLESSEY SL403A 3 watts into 75 ohms. Application data, lop.
Price per unit, nett £2-10

30, 36, 43, 51, 62, 75, 91 and their decades.

ZENER DIODES 5% full range E24 values:
400mW: 2-7V to 30V, I15p each; I W: 68V, to 82V,
27p each; 1'5W: 4.7V to 75V, 60p each.

Clip to increase |-5W rating to 3 watts (type

MULLARD polyester C280 series

250V 20%: 0-01, 0-022, 0-033, 0-047 3p each;
0-068, 0-1, 4p each; 0:15, 4p; 0-22, 5p. 10%:
7p; 0-33, 0:47, 8p; 0:68, 12p; IuF, 14p; |-5pF,
2lp; 2-2uF, 24p.

SINCLAIR IC.10 as advertised, complete with instructions and
applications manual £2-95 nett.

Components pack for stereo inc. transformer, controls, etc.,
£4-75 nett.

266F), 4p.

CARBON TRACK POTENTIOMETERS,
long spindles., Double wiper ensures minimum
noise level.

Single gang linear220 Q to 2-2M (Q, 12p; Single gang
log, 47KQ to 22MQ, 12p; Dual gang linear,
47k Q) to 2-:2M (), 42p; Dual gang log, 47K () to
22M (), 42p; Log/antilog, 10K, 47K, IM Q only 42p;
Dual antilog, 10K only, 42p. Any type with A

MULLARD SUB-MIN ELECTROLYTICS
C426 range, axial lead .. o .. ép each
Values (LF/V): 0-64/64; | /40; 1-6/25; 2:5/16; 2:5/64;
4/10; 4/40; 5/64; €-4/6-4; 6-4/25; 8/4; 8/40; 10/2°5;
10/16; 10/64; 12-5/25; 16/40; 20/16; 20/64; 25/6-4;
25/25; 32/4; 32/10; 32/40; 32/64; 40/16; 40/2°5;
50/6-4; 50/25; 50,40; 64/4; 64/10; 80/2-5; 80/16;
80/25; 100/6-4; 125/4; 125/10;

125/16; 160/2,5+
200/6-4; 200/10; 250/4; 320/2-5; 320/6-4@%72:_)
500/2-5. T

S-DeCs PUT AN END TO BIRDS NESTING

Components just plug in—saves time—allows resuse of com-
ponents. S-Dec (70 points), £1-00

Complete T-Dec, may be temperature-cycled (208 points), £2-50
Also p-Decs and IC carriers.

MEDIUM RANGE ELECTROLYTICS

Axial leads: 50/50, 9p; 100/25, 9p; 100/50, 13p; 250/25, 13p;
250/50, 19p; 500/25, 19p; 500/50, 21p; 1000/25, 20p; 1000/50, 30p;
2000/25, 30p; 2000/50 48p.

D.P. mains switch, extra 12p.
Please note: only decades of 10, 22 and 47 are
available within ranges quoted.

CARBON SKELETON PRE-SETS
Small high quality, type PR, linear only: 100Q,
22002, 470Q, 1K, 2K2, 4K7, 10K, 22K, 47K, (00K,

LARGE CAPACITORS

High ripple current types: 1000/25, 28p; 1000/50,
4lp; 1000/100, 82p; 2000/25, 37p; 2000/50, 57p;
2000/100, £1-44; 2500/64, T7p; 2500/70, 98p;
5000/25, 62p; 5000/50, £0-20; 5000/100, £2-91;
10000/15, 85p; 10000/25, £1-22; 10000/50, £2-20.

SMALL ELECTROLYTICS

Axial leads: 4-7/10, 4-7/25. 5/50, 5p each; 10/10, 10/25, 10/50,
33/[3, 50/10, 5p each; 25/25, 25/50, 47/25, 100/10, 220/10, ép
each.

220K, 470K, IM, 2M2, 5M, 10MQ. Vertical or
horizontal mounting, 5p each.

COLVERN 3 watt Wire-wound Potentiometers.
100, 152, 2502, 5092, 10092, 25042, 500Q), 1K, 1-5K,

COMPONENT DISCOUNTS

10% on orders for components for £5 or more.
15% on orders for components for £15 or more.
{No discount on nett items.)

NEON INDICATOR LAMPS
all 200/250V. Square bezel, red only

17
Round, chrome bezel red, amber, clear P

23p each

2'5K, 5K, 10K, 15K, 25K, 50K, 32p each.

ENAMELLED COPPER WIRE even No. SWG
only: 2 oz. reels: 16-22 SWG 25p; 24-30 SWG 30p;
32, 34 SWG, 33p; 36-40 SWG, 35p.

4 oz. reels: 16-22 SWG only 42p.

POSTAGE AND PACKING

Free on orders over £2.

Please add 10p if order is under £2.

Overseas orders wzlcome: carriage and insurance
charged at cost.

TOGGLE SWITCHES, 250V a.c. |-5A,
chrome dolly and chrome milled nut S.P.S.T. 19p, S.P.D.T.
25p D.P.D.T. 29p; S.P.D.T. centre off 20p
WAVECHANGE SWITCHES
LONG SPINDLES

IP 12W; 2P 6W; 3P 4W; 4P 3W
SLIDER SWITCHES D.P.D.T.

24p each
15p each

ELECTROVALUE

DEPT. WW.471, 28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY,

Hours: 9-5.30, 1.0 p.m. Saturdays.

Phone : Egham 5533 (STD 0784-3) Telex 264475
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LARGE RANGE OF

LOW COST
COMPUTERS &

PERIPHERAL
EQUIPMENT

FROM A SINGLE SOURCE

IBM PUNCHED CARD
EQUIPMENT AT
LOWEST UK PRICES
AND SHORT DELIVERY

IBM

024 026 047 056

063 077 082 083 084
085 087 088 519 548
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NEW LOW PRICES FOR
W.W. AMPLIFIER KITS

100 W AMPLIFIER (OVERLOAD PROTECTION INCLUDED)
Designer, Texas Instruments Approved.

Matched Set 22 guaranteed Texas transistors, diode, 13 caps,

32 resistors, 3 pots, choke, 2 h/sinks 4in. X 46 in. x 1-3in.,

drilled 2 x TOS3, fibreglass P.C.B., construction notes .. 18-00
2 sets .. .- Ad 55 L ¥ o .. 35-00
Texas 2N3715 s .. 225  Texas 2N3791 .. .. 350
Imported 2N3791 .. .. 275 Drilled hfsink .. .. 0-40
F/glass P.C.B. .. .. 095 Mains transformer .. 6-00
4700 mfd. 63v. .. .. 170 1000 mfd. 64v. .. .. 070
Power supply; 42v. + 50v. transformer, all ¢cpts., h/sink .. 15-00
2 power supply kits .. .. .. .. .. 2850
30w BAILEY (SINGLE POWER RAIL)

10 transistors a5 .. 5-60 Resistors, caps, pot .. 130
LINSLEY HOOD CLASS AB

Mi481, MJ491, MIE521, BCI82L, BC2I2L, Zener .. .. 335
16 resistors, 10 capacitors, 2 pots . = .., 220
LINSLEY HOOD CLASS A (DEC., 1970, CIRCUIT)

4 transistors T .. 1-55 Resistors, caps, pot .. |80

557 etc.

PLEASE WRITE FOR DETAILS OF
SPECIFIC EQUIPMENT, DATA PREP.

—OR COMPLETE SYSTEMS

ICT 29 & 34

80 Col Card Punches
Refurbished and with
choice of Keyboard &
coding.

Delivery from stock.

ICT 129
80 Col Card Verifiers
Refurbished and with
choice of Keyboard &
coding.
Delivery from stock.
ICT & IBM

80 col Hand Punches
Rebuilt with 3 month
warranty.

Delivery from stock.

ICT MODEL 103 VERIFIERS

80 col rebuilt with 3
month warranty.
Delivery from stock.

Please state 8 2 or 15 for L.H. amps.
Transistor matching and mica washers at no charge.
Resistors, except power types, #W 59%. Low noise carbon film.

SEMICONDUCTORS

2N1613 .. 030 BCIS2L .. 0-10 TIP29A 050
2NI711 N _g;ég C|g?z .. 012 TIP30A 0-60
%35'5‘—' 60" 0 BFY50 0-20
2 285 40361 .. 050 IB08T20 0-60
2N3906 .. 032 40362 .. 060 1B40K20 1-60
BCI09 .. 012 Mj48l .. 120 1544 0-10
BCI25 .. 0-45  Mj49l .. 1-30 153062 035
BCI26 .. 045 MJE52l .. 072

BRAND NEW TOP QUALITY COMPONENTS, FAST SERVICE
MAIL ORDER ONLY
POST FREE

POWERTRAN ELECTRONICS
2 KENDALL PLACE - LONDON . wi

WW—111 FOR FURTHER DETAILS

COMPUTER SALES AND SERVICES (EQUIPMENT) LTD.
49-53 Pancras Rd., London, NW.1  Tel: 01-278 5571 Telex: 267307

WW—110 FOR FURTHER DETAILS

QUALITY PARTS

FOR THE DISCERNING BUILDEA

BAILEY PRE-AMPLIFIER still offers lowest distortion
level and best overload capability. Edge Connector Mour.ed
Printed Circuit in Fibreglass or Paxolin material to choice.
Highest quality parts including gain graded transistors,
BAILEY 30w POWER AMPLIFIER. Edge Connector
Mounted Printed Circuit in Fibreglass or Paxolin material,
size 4}” X 2}”. This unit and the above Pre-amplifier can
both be used in our new Metalwork Assembly.

BAILEY 30w POWER SUPPLY. We have now designed
a Printed Circuit Board for the power supply, again intended
to be used with our Metalwork, which also has edge con-
nector mounting. Available in Fibreglass material only.
BAILEY 20w AMPLIFIER. Special driver transformer and
bifilar wound mains transformer. Printed circuits and all
parts available for this design.

LINSLEY HOOD CLASS A. Full sets of parts now
available to the new specification given in the December,
1970, Wireless World.

FULL KITS OF PARTS including Edge Connector Mount-
ing Printed Circuit now available for Linsley Hood AB
Design. This unit is fully compatible with our Metalwork
Assembly.

SUGDEN CLASS A AMPLIFIER. A Hi-Fi News design.
All parts are in stock except the Metalwork.
WADDINGTON STEREO DECODER. Printed circuits
now available in fibreglass and paxolin material,

J. R. STUART TAPE CIRCUITS. We will be designing
Printed Circuit Boards and supplying parts for this interest-
ing design.

Full details are given in our Free lists. Please send foolscap

" HART ELECTRONICS
321 Great Western Street, Manchester M14 4AR

Personal callers are always welcome at our retail shop, but
please note we are closed on Saturdays.
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This superb stereo system is a real price breakthrough. tcomprises
the VISCOUNT F.E.T. Ml I'amplifier on which full details are given
below, the famous Garrard SP 25 Mk {1l {inctuding tealk veneer base 8"
and transparent cover) with diamond cartridge or 2025 T C and the

very successful DUO type 2 spealers.

Gomplete Stereo System £43

i
e i

Measuring 17} x 104" X 63" the Duo type 2 speakers are teak
finished with- matching Vynair grills. They incorporate a 3 ohm, 13"
drive unit and Parasitic tweeter. Max. power handling 10
watts. Price £13.50 per pair plus p&p £1.50.

WITH MK 1l amplif er and magnetic cartridge £48 plus (2 .50 P&P

Specification: Output per channel 10 wattsr.m.s. into 3
ohms. Frequency bandwidth 20 Hz to 20 kHz +
1dB @ 1 watt.

Total distortion: @ 1 kHz @ 9 watts 0.5%.

Input sensitivities: CER, P.U. 100mV into 3 meg ohms.
Tuner 100mV into 100K ohms.

Tape 100mV into 100K ohms.

; 9& %mf F.E.T. Mk | £14.25 plus 50p P. & P.

High fidelity transistor stereo amplifier employing field effect transistors. With this
feature & accompanying guaranteed specifications below. the Viscount F.E.T. vastly
surpasses amplifiers costing far more.  Size: 121" X 6" X 22 ” jn simulated teak Case.
‘BUILT & TESTED.
Mk It (MAG. P.U.) £15.75 pius 50p p&p
Specification same as Mk. |, but with the following
inputs.
Mag. P.U. CER. P.U. Tuner. Spec. on Mag.P.U.3mV @
1 kHz input impedance 47K. Fully equalised to within
+ 1 dB RIAA. Signal to noise ratio—65 dB (vol.
el

Overload Factor: Better than 26 dB.

Signal to noize ratio : 70 dB on all inputs {with vol. max).

Controls: 6 position selector switch (3 pos. stereo &
3 pos. mono). Separate Vol. controls for left & right
channels. Bass + 14 dB @ 60 Hz. Treble {with
D.P.S. on/off) + 12 dB @ 10kHz. Tape Recording
output sockets on each channel.

able Set of parts.

board—back printed for
MAINS POWER PACK KIT: 47p extra

Price £5.25 plus50p P. & P
Circuit 13p FREE WITH PARTS

SOUND 50

SOUND 50 AMPLIFIER AND SPEAKER SYSTEM

The Sound Fifty valve amplifier and speakers are sturdily
constructed with smart housings and thoroughly tested
slectronics. They are designed to last—to withstand the
knocks and bumps of Jife on the road. Built for the small
and medium sized gig, they are sasy to handle and quick
to set up and can be relied upon to come over with all
the quality and power you need.

Output Powsr: 45 watts RM.S. (Sine wave drive). Frequency
rgsponse: —3 db points 30 Hz at 18 KHz Tota/ distortion:
less than 2% at rated output. Signs! to noise ratio: better
than 60 db. Spesker /mpedance: 3, 8 or 15 ohms. Bass
Control Range: +13 db at 60 Wz Treble Control Range:
+12 db at 10 KHz. /nputs: 4 inputs at 5 mV inte 470 K.
Each pair of inputs controlled by separate volume control.
2 inputs at 200 mV into 470 K.

To protect the output valves, the incorporated fail safe
circwit will enable the amplifier to be used at half power.
SPEAKERS: Size 20" x 20" x 10" incorporating Baker's
12" heavy duty 25 watt high flux, quality loudspeaker with
cast frame. Cabinets attractively finished in two tone
colour scheme—Black and grey.

Elegant Seven Mk 3 (350mW)

7 transistor fully-tunable M.W.-L.W. superhet port-
Complete with all components,
including ready etched and driiled printed circuit
foolproof construction.

COMPLETE SYSTEM £5

plus £4P& P

\ The Dorset (600 mW)

7-transistor  fully tunable MW.-LW. superhet
portable—with baby alarm facmty Set of parts. The
latest modulised and hnigues
makes this simplg to build. Slzes 12 x 8 x 3in.
MAINS POWER PACK KIT: 47p extra

s Price £5.25 pius 50p P. & P.

Circuit 13p FREE WITH PARTS

LIQUIDATED STOCK

7

DANSETTE

TOURISTE MK3
CAR RADIO
ALL TRANSISTOR

Beautifully designed to blend
with the interiors of all cars.
Permeability tuning and long
wave loading coils ensures
excellent  tracking. sensitivity
and selectivity on both wave
bands. R.F. sensitivity at 1
MHz is better than 8 micro
volts. Power output into 3 chm
speaker is 3 watts. PreJaligned
I.LF. module and tuner together
with comprehensive instructions
guarantees success first time.
12 volts negative or positive
earth. Size 7" x 2" x 41" deep.
Onginally sold completsly built for
£15.23

SET OF PARTS
£6.30

Pius 50p P. & P.
Postage on speaker free when ordered with parts.

RADIO & TV COMPONENTS (Acton) LTD
21a High Street, Acton, London W 3 6 NG

Circunn diagram 13p. Free
with  parts.  Speaker,
baffle and toong kit
£125 extra plus 20p
P&P

Amplifier £28.50 + £1.50 P & P.

Speakers ea. £12.50 + £1.75 P & P.

Also 323 Edgware Road, London, W.2. WL ORDLR

C.W.0 Al ¢nuquniivs S AE

Goods nof dispatched, outside "U.K. Term
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Train for tomorrow's world in
Radio and Television at The
Pembridge College of Electronics

Your first day on Television: 21st April, 1971

This is your opportunity to train
as a television and radio
engineer on our fuli-time

2 year College Diploma Course.
That is the way to get into a
rapidly growing industry with
a tremendous demand for
skilled technicians. You will be
given theoretical and practical
instruction on colour

television receivers, foliowing a
syllabus specially designed

to cover the new City and
Guilds Radio, Television

== and Electronic
Technicians’ Course.

ye. o

Minimum entrance
requirements are Senior
Cambridge or ‘O’ Level,

or equivalent in
Mathematics and
English.

Complete the coupon
below and we will
send you the details
about training for
an exciting, new
career.

EOE e | | | | | (]|

| To: The Pembridge College of
‘ @ Electronics, (Dept. WW2 ),
; 4 34a Hereford Road, London, ]
~liz (| @ W2 5AJ. 0
BN Please send, without obligation, details -

of the Full-time Course in Radio,

[ ) Television and Electronics. -
Jllslll name. e
JI[*<] ADDRESS . I ——— =

J:— e e e e -

~ _susananasananeney
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CAPACITOR DISCHARGE IGNITION SYSTEM

The popular Wireless World Capacitor-Discharge Ignition system is
now available in two versions. The original unit. comprising a printed-
circuit board with stand-off heat-sink and separate transformer, or
the mechanically re-designed unit with printed-circuits and a
transformer contained within a die-cast box; the transistors and
thyristor being mounted on the outside of the case and supplied
with snap-on plastic covers. This version also includes a plug
and socket for ease of connection, together with a conversion
plug providing instant change-over to conventional ignition.

Both versions embody printed-circuit boards designed for positive
and negative earth ignition systems thus enabling simple conversion
to opposite polarity if the vehicle is subsequently changed. A
complete complement of components is supplied with each kit
together with ready-drilled and roller-tinned printed-circuit board.
fully machined bheat-sink {or die-cast box) and a custom-wound
transformer.

Suitable for 12V. systems only. All components available
separately. Wiring details are supplied for both polarity systems.
Please state polarity required so that correct semiconductors can
be supplied. Complete assembly and wiring manual for boxed
version 5/-, refundable on purchase of kit.

PRICE ‘OPEN VERSION' £9.25 plus 50p. Carriage.
"ENCLOSED VERSION® £11.25 plus 50p. Carriage.
TRADE ENQUIRIES INVITED. MAIL ORDER ONLY.

DABAR ELECTRONIC PROD:UCTS
98a LICHFIELD STREET, WALSALL, STAFFS. \WS1 1UZ
Tel: WALSALL 34365

WW—112 FOR FURTHER DETAILS

Send 5p for New Comprehensive 1.C. Semiconductor price list (24 pages)
NEW LOW PRICES : FULLY GUARANTEED
RCA t MOTOROLA 1-9 104 25+ MULLARD
o 1w | emeToew = e, | s
q 1 - -58¢ q
4005 128 | mcrsse 0-82} = 0-69 TAAZIN o
7 : MC789P 0-88 — 0-55¢ 943 150
i1 076 MC790P 1-24 - 1-034 263 0774
12 0-90 MC792P 0-88 — 0-55¢ 293 0674
13 1-08 MC799P 0-66 - 0-55 300 178
. MC1308L 270 — 2-25 .
14 1-25 310 1-25
55 MC1304P 3-80 — 3-00 390 0794
18 U MC838P 5-49 = 4574 eo 198
184 110 MC1552G 4-61 — 3-84 435 1474
19 0-85 MC1435L 345 - 2874 51 1324
20 1-30 MC1709CG 0-85 — 0-82¢ 522 3-60
20A 1-60 Data Bheets £0-12} extra. 530 4-95
21 1-60 FAIRCHILD 811 4-45
2 180 1.5 611 124 50+ TABI01 0574
P50 L900 042§  0-40 0-37¢ 034 TAD100 1974
23 3 Lol4d  0-48p 040 0374 034 TAD110 1974
2eA 1-00 L1923 063 0-59 o-5g‘ a5
28, 0-78 702C [2 1-05 0-9 [
288 1-05 709C w@ 0-67% 085 0-624 MULLARD DTL
29 0-90 710C §-25 0874 0624 065 FCHI101 0-87¢
i 65 711C 075, 0-67¢ 062 055 FCHI21 1-05
716C 2 2-50 — - FCH201 1-32¢
30 1-40 741C 0.9’ 0-92k 085 0-78 FCH231 1-50
35 128 N.B. 709C and' 7410 TO-5 or Oil Package. FCI101 1-624
36 075 FCJ111 185
TEXAS TTL H
3p 085 EN7400N  0-25 SN7410N  0-25 ECy20y 380
41 110 SN740IN 025 SN7413N  0-28 FOK101 rEh
42 110 8N7402N 028 BN7420N 025 FOY101 1-08
a3 140 8N7403N 025 8N7441N  1.00
" oo 8N7404N  0-25 8N7490N  1-00
s 5y 8NT7405N 025 8N72709N  0-87} PLESSEY
“ = MULLARD TTL BL403A 2-124
0 FIHI0L  0-87} FJJ101 1374 BL701C 1-00
4 1-40 FJHI21  0-87% FIJ121 1874 8L702C 1-00
:g %-06-'6 FIH141 0-87: FIJ141 §~12}
f FIHIEL  0-87 FJIJ191 -874
gfl) ijgg FJHI7L 091 FJJ251 3-12¢ gfg@%ﬁ%
oL LS FJH221  0-87% FIY101 080 s N
53 0-50 Data BSheets all £0-05 per type except PA230 1-124
54 110 L900/914/923 nud Plessey £0-12} PA234 1074
55 240 8 Pin TO-5 1.0. Holders, £0-52¢ PA2S8T 1874
59 185 14 Pin Dual-in-Line 1.0. Holders, £0-32} PA246 2-624
64 120 16 Pin Dual-in-Line 1.C. Holders, £0-45 PA424 2:25
MOST TEXAS TTLS NOW IN STOCK
Post and Packing 0-10 per order. i
wsws A, MARSHALL & SONS LTD. 52
0i-452 0161 - m» 21422
28 CRICKLEWOOD BROADWAY, LONDON, N.Ww.2
CALLERS WELCOME 9-5.30 SATURDAY 9-5
SEE OUR MAIN ADVERTISEMENY ON PAGE 85 FOR SEMICONDUCTORS
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TRANSISTOR FM TUNER

6 TRANSISTOR
HIGH QUALITY
TUNER SIZE
ONLY 6in. x 4in. x
24in. 3 L.F. stages.
Double tuned dis-
criminator, ample
output to feed most
amplifiers. Operates
on 9 volt battery. Coverage 83-108 Mcfs. Ready
built ready for use. Fantastic value for money,
£6:374. F. & P. 124p.

STEREO MULTIPLEX ADAPTORS, £4-97}.

GOODMANS SPECIAL OFFERS !
MAXAMP 30 Stereo Amplifier |5 +
|5 watt r.m.s. with matching STEREO-
MAX AM/FM Tuner. Total list price
£136-52 OUR PRICE £89 THE PAIR
Carriage £1.

CRYSTAL
CALIBRATORS
NO. i0
8mall portable crystal
controlled  wavemeter,
8ize 7ln. x 7}in. x 4in.
Frequency range 500
Kcls—10 Mefs {up to
30 Me/s on harmonics).
Calibrated dial. Power
requirements 300 V.D.C.
15mA and 12 V.D.C.
0.3A. Excellent eondi-
tion. £4-47%. Carr. 374p.

LELAND MODEL 27 BEAT
FREQUENCY OSCILLATORS
06-20 Kefs. Output 5K or 500 ohms. 200/250 v.
A.C. Offered in excellent condition, £12-50.

Carriage 50p.

CLASS D. WAVEMETERS

——rre—— A crystal controlled hetero-
o= - dyne frequency meter cover-
i&.\ C ing 1.7-8 Mc/s. Operation on
1. 6 v. D.C. Ideal for nmateu;

L use. Avallable in good use
T © condition £5-974. Carr. 37¢p.
?___.’J or Brand New £7-97%.

Carr. 37¢p.

B.C. 221 FREQUENCY METERS

Latest release 125 KHz-20 MHz. Excellent con-

dition, Fully tested and checked and complete
with calibrator charts. £27-50 each. Carr. 50p.

AM/FM SIGNAL GENERATORS

Oscillator  Test
No. 2. A high
quality precision
instrument made
for the Ministry
by Airmec. Fre-
Quency coverage
) 20-80 Mcja. AM/
N . < ; CW/FM. Incor-

porates precision
dial, lsvel meter, precislon attenuator LuV-100Mv.
Operation from 12 volt D.C. or 0/110/200/250 v.
A.C. 8ize 12 x 8¢ x 9in. Supplied In brand new
conditlon lete w all tors, fully
teeted, £45. Carr. £1.

AVO CT.38 ELECTRONIC MULTIMETERS
High quality 97 range Instrument which measures
A.C. and D.O. Voltage. Current, Resistance and
Power Output Ranges D.C. volts 250 mV-10,000v.
(10 meg 2-110 meg O input). D.C. current. 101 A-25
amps. Ohms. 0-1,000 meg( A.C. volt 100mv.-
250V (with R.F. measuring head up to 250 Mc/s)
A.C. current 104A-25 amps. Power output 50
micro-watts-5 watts. Operation 0/110/200/250V.
A.C. Bupplied in perfect condition complete with
circuit lead and R.F. probe. £25. Carr. 75p.

ADMIRALTY 62B RECEIVERS High
quality 10 valve
receiver manufac-
tured by Murphy.
Coverage in 5 bands
150-300 Kecfs, 560
Ke/s-1.5Mc/s, 3.9-
30.5 Mc/s. LF. 500
Kcjs. Incorporates
2 R.F. and 3 LF.
stages, bandpass
filter, noise limiter,
crystal  controlled
B.F.0. calibrator
LF. output, ete.
Built-in speaker,
output for phones.
Operation 150/230
volt A.C. 8lzs 193 x 18§ x 18in. Weight
114ib. Offered in good working condition.
£22-50, carr. £1-50. With circuit diagrams. Also
available B41 L.F. version of above. 15 Kc/s-700
Kcfs. £17-50. Carr, £1-60.

TO-2 PORTABLE
OSCILLOSCOPE "
A general purpose low cost

economyoscilloscope for every-
day use, Y amp. Bandwidth
2 CP8—1 MHZ. Input imp.
2 mez (3. 25 PF. flluminated [
scale. 27 tube. 115 x 180 x |
230 mm. Weight 8lbs. 220
240v, A.C. Bupplied brand new

with  handbook. £22-50. &

Carr. 50p.

TO-3 PORTABLE OSCILLOSCOPE. 3" TUBE
i a Y amp. B8ensitivity. .v

=T p-p/CM. Bandwidth 1.5 cpa
—1.5 MHZ. Input imp.
2 meg 1. 25 PF. X amp
sensitivity. +9v p-p/OM.
bandwidth 1.5 cps—800
KHZ. Input imp. 2 meg O
20 PF. Time base. § ranges
10 cps—300 KHZ. 8yn-
- G chronization. Internalfex-

ternal. Illuminated scale.
140 x 215 x 330 mm. Weight 154bs. 220/240 V.
A.C. Bupplled brand new with handbook
£37-50. Carr. 50p.

AL

USED EXTENSIVELY BY

INDUSTRY, GOVERNMENT DEPARTMENTS,

EDUCATIONAL AUTHORITIES, ETC.
@ LOW COST @ QUICK DELIVERY @ OVER 200 RANGES IN STOCK @ OTHER
RANGES TO ORDER

NEW “SEW’

CLEAR PLASTIC METERS
i ! TYPE SW. 100
| ST
\
e
20V. D.C. £2:97%
B0uA ... £3-47% 50V.D.C. £2-97%
50-0-50uA  £3-37% 300V, D.C. £2-97¢
iggfﬁiod'f:"a“ lamp.D.C. £2:974
Hoe3-05 5amp. D.C. £2-974
500uA .. £312% 300V. A.C. £2:97%
ImA .... £287% VU Meter £3-75

" DESIGNS!

BAKELITE PANEL METERS

TYPE S$-80
80 mm.
square fronts

3 " ;
B £247%%

. £297% 50V. D.C. ..
100uA £2:97¢  300V.D.C... £2-474
100-0-100uA £2:87F  1amp. D.C. £247%
5001A £2-624 5amp. D.C. £2:47%
mA ... £247%  300V.AC... £2.62
20V.D.C. .. £2:47 VU Meter .. £337}

“SEW" CLEAR
Type MR.85P. 4}in. x 44ia. fronts.

-

VU Meter .. £3-
1 amp. A.C.*
5 amp. A.C.*
10 amp. A.C.* £2-
20 amp. A.C.* £2-
30 amp. A.C.* £2-

COOOSOIUSSOOSOOOSESSSS

Type MR.52P. 2gin. square tronts.

1T S £3-10 10V. D.C. .. £2-00
50-0-50.A £2-60 20V. D.C £2-00
10014 . £260 50V. D.¢ £2:00
100-0-100uA  £2:37¢ | 300V.D.C... £2:00
500uA £2:25 15V. AC. .. £2-00
lmA ...... £2:00 300V. A.C... £200
SmA £2:00 8 Meter lmA  £2-10

£2:00 VU Meter .. £3-10

£2:00 £2-00
100mA ... £2:00 £2:00
500mA £2-00 10 amp. A.C.* £2:00
1 amp £2:00 20 amp. A.C.* £2:00
5 amp, £2:00 30 amp. A.C.* £2-00

Type MR.65P. 3%in. x 3¢in. fronts

BOuA . ..... -37% 0
50-0-50uA 76 10
1004 ... £275 -10
100-0-100uA  £2-60 -10
20014 .... £280 -10
i 374 -10
‘10 10

-10 10

-10 10

-10 210

‘10 374

10 VU Meter £337%

10 £2-10

10 ‘10

-10 10

-10 210

10 10

10 ‘10

-10 10

374 0

10 30 amp. A.C.* £2:10

sk MOVING IRON—
ALL OTHERS MOVING COIL

Please add postage

SEW EDUCATIONAL
2 METERS
Type ED 107

Size overall I00mm
X 90mm X [08mm

%, A mew range of high

quality mcving  coll
instruments 1deal for
school expermnents and
| other bench applica-
tions. 3in. mirror scale.
The meter movement is
easily accessible to demonstrate internal working.

Available In the following ranges:—
S0uA £4-50

20V de. .... £3-97
80V d.c. .. £3:97
300vVde..... £3-97
Dual range
500mA/5A d.c. £42
5V/50Vd.c. .. £4-25
Triple range
1mA/10mA;

100mA .... £4-62

PLASTIC METERS

Type MR.38P. 1 21/32in. square fronts.

o 200mA £1-37

300mA £1-37

- 500mA £1-37

. o 750mA £1-37

1 amp. £1-37

\ &4 2 amp. 137

Feiar o 5 amp. - £1-37

= 10 amp. .... £1-37%

- 3V.D.C..... £1-3%%

- — 10V.D.C. .. £1-37%

. 15V.D.C. .. £1-37%

gg%‘-‘tso,,m., _00' 20v. D.C. .. £1-374

100uA ... H 100V. D.C... £1-37%

100-0-100u.A 150V. D.C... £1-37%

gggu: 300V.D.C... £1-37%

PSRN 500V. D.C... £1-37¢

:lig&o 500“ : 750V.D.C... £1-37¢

1-0-1mA. . e 18V. AC. .. £1-37%

2mA ...... | 50V.AC. .. £137%

SmA 37 150V. A.C... £1-37%

;35;2 ----- : 300V. A.C... £1-37%

§ | B00V.AC.. £1:37%

100mA 71 8 Meter ilmA  £1'60

150mA 374 | VU Meter .. 2210
Type MR.45P. 2in. square fronts.

...... £2-26 8 amp. 1-50

50-0-50uA .. £2-10 10V. D.C. 1-50

A . £210 20V. D.C 1-50

-87¢ | 50V.D 150

-87¢ | 300V.D.C 1-50

-0 15V. AC. .. £150

‘50 300V. A.C... £1-50

-50 8 Meter ImA £1-87¢

-50 VU Meter .. £2-25

‘50 1amp. A.C.3 £1-50

‘50 5 amp. A.C.2 £1-50

-50 10 amp. A.C.4 £1-50

50 20 amp. A.C.} £1-50

0 30 amp. A.C.3 £1-50

“"SEW" BAKELITE
PANEL METERS

Type MR.B5, 3iin. square tronts..
500mA . ...

30 amp. .
50 amp. .
5V. D.C..
10V. D.C.

$2-874 | soov.Ac ..
VU Meter ..

2325
200uA

Send for illustrated brochure and
further details on all Sew Panel
Meters—Discounts for quantitieg

HONEYWELL

DIGITAL VOLTMETER

MO e

00 ¢

Can be panel or bench mounted. Baslec meter

measures 1 volt D.C. but can be used to measure a

wide range of AC and DC volt, current and ohms

with optional plug in cards.

Bpecification:

Accuracy: + 0-2,

Resolution: lmV.

Number of digits: 3 plus fourth overrange digit,

Overrange: 1009 (up to 1-999)

Input impedance: 1000 Meg ohm.

Measuring cycle: 1 per second.

Adjustment: Automatic zeroing, full scale
adjustment against an internal
reference voltage.

Overload: to 100v. D.C.

Input: Fully floating (3 poles).

Input power: 110-230v. A.C. 50/60 cycles.

Overall size: 5§in. x 2 13/18in. x 8 3/16in.

AVAILABLE BRAND NEW AND FULLY

GUARANTEED AT APPROX. HALF PRICE

£49-97; Carr.50p

230 VOLT A.C. 50 CYCLES

Brand new. 3sets
RE LAYs of changeover
contacts at 5 amp rating. 50p each
P. & P. 10p (100 lots £40) Quan-
tities avallable.

+ 1 digit.

MARCONI| TF.142E QISTORTION
FACTOR METERS
Excellent condition. Fully tested £20. Carr. 75p.

TRANSISTORISED L.C.R. A.C MEASURING
BRIDGE.

A new portable
bridge offering ex-
cellent range and |
accuracy at low cost,
Ranges: R. 1Q— [|
1.1 MEG g 6
Ranges + 1%,
L. 1yH—111 HEN-
RIES. 6 Ranger —
2%. C. 10PF+
1110MFD. 8 Ranges
+ 2%. TURNS RATIO 1:1/10060—1:11100.
6 Ranges + 1%. Bridge voltage at 1,000 CPS8.
Operated from 9 volts. 100uA. Meter indleation.
Attractive 2 tone metal case. 8lze 7§° x 5° x 2°.
£20.P. & P. 25p.

TE-20RF SIGNAL GENERATOR

Accurate wide range
slgnal generator cover-
ing 120 kc/s-260 Mc/s.

 on 68 bands. Directly
cailbrated. Variable
R.F. attenuator. Op-

} eration 200/240 v. A.C.
Brand new with instruc-
tions, £15.

P. & P. 37¢p. 8.A.E. for details.

COSSOR_ 1049 DOUBLE BEAM
OSCILLOSCOPES

D.C. coupled. Band width 1 Kefs. Perfect order.

£25. Carr. £1-50.

MARCONI
TF885 VIDEO OSCILLATORS
0-5 mc/s Slne Bquare Wave £4F. Carr. £1.

ADYANCE TEST EQUIPMENT
Brand new and boxed In original sealed cartons.
VM79. UHF MILLIVOLT METER
100 Kcfs to 1,000 Me/s. A.C. 10 mV to 3v. DiC.
10 mV. to 3v. Current 0.01 uA to 0.3 mA. Reaist-
ance 1 ohm to 10 megohm. £125.

TTIS. TRANSISTOR TESTER

Full range of facilitles for testing PNP or NPN
transistors In or out of circuit. £37-50.

Carriage 50p. per item.

MARCONI! TFI95M BEAT
FREQUENCY OSCILLATORS
0-40 ke/s. £20. Carr. £1-50.

TRANSISTORISED
TWO-WAY
TELEPHONE
INTERCOM
Operative over amazingly long
distances. Separate call and
press to talk buttons. 2-wire
connectlon. 1000’ of appli-
cations. Beautifully finished
in ebony. 8uppiled complete
with batteries and wall bracketa.

£6-97¢ pair. P. & P. 17}p.

G. W. SMITH

& Co. (Radio) Ltd.

ALSO SEE NEXT TWO PAGES
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SEMI-CONDUCTORS/ VALVES

BRAND NEW & FULLY GUARANTEED

TRANSISTORS
INO14 7p | AD162  37p | BYZI3. 25p
IN4O01  8p | AF114  25p | MJ480  97p
IN4002 9P | AF115 25p | MJ481 £1-25
INao0d }gg AF116  25p | MPF102 42p
IN4005  12p | AF117 25p | MPF108  35p
IN4006 16p | AF118  62p | MPF104 37p
IN4007  20p | AF119  20p | MPF105 40p
ggéﬁ 2;» AF124 25p | NKT213 25p
26301 oop | AF126 170 | NET214 15p
2G302  ggp |AF127 170 | NKT216 3%
ggsgg 25p [ AF139  30p | NKT217 40p
2G 3! 30p | AF178 47 | NKT224 22p
2G:308 30p | AF180 52p | NKT241 27p
26309 300 | op1g;  4gp |
26371 22p NKT261  20p
2G374 27p AF186 40p | NKT271  25p
ggm}i 25p | AF239  42p | wRTO72 25p
69 17p | ABY26 25p | NKT274 20p
ggggg 17; ASY27 3% | NKTo75 25p
aN706  10p | ASYZS 204 xkrore 25p
oN706A 12p | ASZ17  42p | NKT281 27p
2N708  15p | AUY1C 97D | NKT403 75p
2N914  22p | BAYSl  7p | NKT404 62p
2N918 22p | BC107 120 | NKT405 75
aNg18  37p D
2N929 29p | BC108 12p | KNT773  25p
2Np30  26p [ BC109  12p | NKT10439
2N11381 30p | BC113 25p 37p
2N1132  30p [ BC118  40p | 0As 20p
2§1302 20p | BC125 55p | 0A10 25p
2N1303 220 | poigg  B5p | OA4T 10p
2N1304  25p
2N1305 95p | BC147  17p| 0A70 10p
2N1306 25p | BC148 12p | OAT9 10p
gg}gg; ggp BC149  20p | 0AS1 10p
P | BC167 15D | OABS 12p
2N1309 250 { goi72  17p | OAg0 10p
2N1613  22p
IN1711  95p | BC177 250 [ 0A91 k)
2N1888  32p | BC186 25p | 0A95 ki)
ggéslsgg ggp BC182L  10p | 0A200 m
J P | BCIS4L 12p | OA202  10p
onaney ggg BC212L  12p | 0A210  17p
2No217  40p | BCY30 250 | oCl0 37
aN2218  30p | BCYSL  30p | OC20 97
9N2218  32p | BCYs2  50p | oC22 50p
gggfigg %71’ BCYS3  25p | 0C23 80p
3 0P [ BCY3s  30p [ oc24 60p
2N2369A 20p
2No484  35p | BCYS8  40p [ oces 37p
9N2613  35p | BCY42  15p | 0026 25p
ggggaﬁ ggp BCY43  20p | Oces 62p
A P | BOY71  30p | OCces 62p
Nze2s };g BCY?2  15p | OC35 50p
oN2925  17p | BCZI1  40p | 0C36 62p
2N2926G  12p | BD121 85p | 0Cc41 25p
2N2926Y 12p | BD123  80p | OC42 30p
ggggggo 22> | BDI24  80p | OC44 17p
SNu0H 50: BF115  25p | OC45 16p
aN3055 75p | BF117 47| 0C46 27
2N3391A 30p | BF167  25p | OC70 18p
gggﬁ;g na;g BF173  30p [ 0Cc71 15p
25 | BF180  37p | OC72 26p
JNaTez 1% |bFiai a7 oc7y 30p
oN3704 17p | BF182 320 | OC74 30p
9N3705  15p | BF184  25p | OC75 25p
Ryt Mmoo
P | BF194  17p | OC77 40p
e 1 |mros  1p|ocis  20p
aN3710  1g9p | BF200  87p | OCS8I 26p
2N3711 19p | BF224  30p | OCBID  20p
gggg})g ggp BF225  30p | OC83 25p
P
ey ov|BrR2esa 47| OCBS 25p
ZN2%05 o |BFX12  22p]OCI30  2p
5N8g0o6  30p | BFX13  25p | OCl40  37p
BN4058  17p | BFX28  30p | OC168  20p
ggzggg %gp BFX30 32 | OC170  25p
D
R oy mioam
2N4286 16D n H
9N4287 17p | BFX86  32p | OC201 60p
2N4288  15p | BFX87  3%p | 0C202  75p
2Rasy i;,‘? BFX88  26p | 0C208  40p
oN4291  15p | BFY18  26p | OC204  40p
2N 4292 gp BFY20  62p | OC206  6%p
2N5354 P
INNSeY b |BFYs0  2ploC207 7y
00 g6p | BFYSl  20p | OCP7TL  97p
28103 37p | BFY52 22p | ORP12 50p
gg‘}gs ggp BFY9  67p | ORP60  40p
i
30581 ssp | BSX19  17p [ P346A  25p
40362 gop | BEX20  17p | PL4001  l4p
ACl07  37p | BEX2L  37p | PL4002  15p
ey ggg BBX76 150 | PL4003  16p
AC128  g5p | BSY26  17p | PL400s  17p
AC154 15p | BRY27  20p | PL4005  18p
AC176  25p | BSY28  17p | PL4006  20p
AC187  30p | BSY38  20p | PL4007  24p
AC188  30p | BSY39  22p | T1S43  40p
ACY17 30p | BY51 32p | T1844 12p
ACY18 25p | BRYGS6 90p | T1845 17p
ACYLY  20p | pyyoss 15p | TIB46  17p
ACY20  22p =
BY100  15p
ACY2l 22 oo, g | [BCIOVES
ACY22  17p : 25+  10p
ACY28 170 BY126 15p | 100+ 9p
ACvso  16p | BY127  20p|[s00+ 7
AD1s  5op | BYZ10  dop | {25305 o
AD149 50p | BYZI1 36p 100+ 50p
AD161  37p | BYZ12  30p

SEND SAE FOR FULL LISTS!

DISCOUNTS:

VALVES
VA2 38p | 30FL14  75p | EY51 40p
0B2 45p | 30L15  85p | EY86 40p
0Z4 30p [ 30L17 80P | gyg; a2p
1L4 20p | 30P12 80D | ppie g
IR5 35p [ 30P18  Sop B
185 25p | 30PL1 70p | EZ41 45p
IT4 26p | 30PL13  93p | EZ80 25p
U4 27p [ 30PL14  90p | EZ81 28p
105 50p | 35L6 500 | gzan 48p
2D21 35p | 35W4 30 | gz
3Q4 40p | 35Z4 30p | G234 80p
384 35p | 3525 40p | KT66  £1-70
8v4 isp | 03 45p | KT88  £1-75
0p | 50C5 40p | MU14 60
5U4 33p | 80 500 | pABCEO 400
5V4 42p | 8542 40p A P
5Y3 32p | 807 50p | £C86 8op
524G 40p | 1625 50p | PC8S 80p
g/30L2 75 | oas 70p | PCOT 45p
6ACT 25p | 6146 £1-50 | pcooo 4
6AG7  40p | AZ31 50p | o0 ge
GAKS  30p |CY3L  3sp | FCCR4  40p
BAKS 57p | DAF91  25p | FCO85  40p
6ALS 20p | DAFY6  42p | PCOBS  55p
i gilpen” e
p [ DFY D
6ASH 370 | DRO1 359 | ocise e
PCFS0  30p
6ATE 30p | DK92 50p B
6AUS  25p | DRos 0P| PCFE2  34p
BAVE 30p P! PCF84  50p
6BAG6  25p | DL92 350 | popgg  gop
6BES 30p | DL94 45p
PCF800  80p
6BHG  45p | DL96 42p 0
8BJ6 45p | pm70  agp | LCF801  580p
6BQTA 400 [ pugc  gap | PCFB02  50p
6BR7 85p P | PCF805  75p
6BR8  65p | DYS87 350 | popgeg  90p
6BW6 p|E88CC 850 | porans  ge
6BW7  70p | EISOF  95p 5 P
6BZ6 35 | EABCS80 35p | Lore> 3%
6C4 380 | papse 3y | FCLS3 650
60D6 2115 | P | pcLss  4bp
6CL6 50p | EBL 200 | poLgs  40p
6CQ4 63p | EBC4l  55p | poypgg 45p
6F1 82p | EBCAL  80p [ pr'ons o
6F6G 30 | ERFg)  40p | oo o0
8F13 38p PL38 55p
EBF83  40p
AF14 85p PLS1 50p
AF15 g5p | EBF89  32p | nrgo 45p
6F18 a5p | EBL21 60D | oo I
8F23 0p | EC86 80p C
6H§ 200 [ pogs  eop | DLBY 40P
614 80P | pooio  gop | PRS00 75D
635 200 Pl pLsos  sop
6J5GT 30p | ECC84 30p PYS2 55;
816 20p [ ECC85  60p »
6J7 45p | Eccss  40p | PY33 83p
6K8G 350 | gopsy  gsp | Y80 35p
8L6GT  45p PYSL 30p
ECFs2  35p
6LD20  40p PY82 30p
Q7 40p | ECF86 85p
68A7 40p | ECH21  57p | EY8S 38p
8G7 35p | EoH3s  6op | EY88 40p
68J7 400 | gcEep  70p | EYS00 S0P
68K7 35p PYS01  50p
6317  3pp | ECHSL  30p |10 5
68N7 35p | ECH83  40p op
68Q7 20p | ECL80  4dop | U%6 75p
6U4 80p | EcLs2  35p | VB0 32p
6V6G 25p Us2 33p
évear  ggp | ECLAS 8o 75p
A 3op | BCL88  a0p
8XB5G 30p | EF37A 60p U281 40p
8X5GT 27p | EF39 40p | U282 40p
1002 500 | EF40 sop | U301 40p
10F1 900 | Era1 g5p | UBOL  £1-00
1961 arab|EFa2  7op | UABCSO 5
129AT6 30p | EF80  gsp | UAF42  B6p
12AT7  30p | EF85 gsp | UBC4L  50p
12AT7 80P | EF86 30p | UBCBL  40p
12AX7 30 | Epae ogp | UBFS0  40p
2AVE  33p UBF8®  35p
12BA8  3sp | BFOL - 33p ) o0 g
12BE6  85p | EF92 40p * P
12BH7  40p | EF183  30p | UCC8S  40p
1AQ5  35p | Epigs  35p | UCFS0  5%p
20D1 45p | pmeo  4op | UCH2L  60p
gg{‘f 217_{0 EL34 sop | UCH2  70p
aOE] s0n | EL38 2125 | UCHSL  35p
20P3 80 | EL41 sbp | UCL82  35p
20P3  £1-10 [ Erae sgp | UCL83  60p
20P5  £1-20 UF41 80p
ELS81 55p
25L6 45p UF80 35,
25Z4 30p | EL84 29 | oo oo
2575 42p | EL85 43p 85 40p
2526 85p | EL91 3pp | UF89  86p
30C15 80p | L85 asp | UL4L 85p
30C17  85p [ Ewso  4op | UL84 30p
30C18  75p | EMA1  s0p | UY4l  4%p
30F5 85p | EM84 35p | UY85 30p
30FL1  70p | EM85  £1-00 | VR105/30 38p
30FL12  92p | EM87  43p | VR150/30 35p

ZENER DIODES
400mw. 1.5 watt 10 watt
(3.8 to 33v) (2.4 to 200v) (3.9 to 100v)

|115p 20p 25p

THYRISTORS
PIV 50 100 200 300 350 400
1A 25p 27p 387 40p — 47
3A 30p 37p 40p 45p — 50p
5A —  55p 65p — —  7bp
7A — B5p 65p 70p — 97p
TRIACS

8C41A 8C41B 8C41D
100PIV 6A 6A 200PIV 400 PIV 6A

97p 21.10 £1-37

INTEGRATED CIRCUITS

1-Fl LQUIPMIENT

SAVE UP TO

33’3% OR MORE

SEND S.A.E. FOR:
DISCOUNT PRICE LISTS
AND PACKAGE OFFERS!

40 MK 11 8L65B £14-97
Stereo £840  8L72B £28-97
2025 T/C AP76 £20-97
Stereo £8-87 SL75B £30-75
3000 Stereo £10-50  SL95B 09
8P25 Mk III £11-76 401 £20-97

Carriage 374p extra each item.
TEAK BASES AND PERSPEX COVERS

. For 8P25, 8L65, 8L35, 3000, 2025T/C, 2025
1000, £3-974.

. For AP75, 8L75, BL95, £5-97}.

. For 8P25 etc. to operate with 1id in place
£5°97¢. Carriage 37¢p extra each type.

W

GARRARD

Full current range offered brand new and guaranteed at fantastic savings

Wireless World, April 1971

B.S.R. McDONALD

MP60 2£11-95 610 £1595
510 295 310 £10°95
Carriage 37¢p extra each ltem

TEAK BASE AND PERSPEX COVER for above
BSR range £3-97%. Carriage 374p.

TPDI SERIES with plinth and cover and ready

wired.
MP60 £1950 610 £22-97
510 £2087
Carriage 50p extra each item.

SPECIAL OFFERS

Garrard SP25 Mkl fitted Goldring G800
cartridge and wooden plinth with
perspex cover, ready wired. Total list
price £35. OUR PRICE £22.50 Carr. 50p.
GOLDRING GL69/2 fitted Goldring
G800 cartridge complete with de luxe
base' and cover. Total list price £50.80
OUR PRICE £39. Carr. £1

TELETON SPECIAL OFFER!

CRI0T AM/FM STEREQ T AMPLIFIER
WITH MATCHING PAIR SA1003 SPEAKER
SYSTEMS Output 4 watts per channel. Excelient
reception AFC, built-in MPX. Cer/XTAL Input.
Total Llst £50-25. OUR PRICE £28-85. Carr.
62¢p.

Also available with Garrard 2025T/C Record
Changer, Plinth, cover and stereo cartridge.
Ready wired, £45. Carr. £1.

AMERICAN RECORDING TAPES

3in. 225ft. L.P. Acetate 17¢p

First grade  3yin 00ft. T.P. Mylar  50p
quality  Bin. 600ft. Std. plastic  42¢p
American 6in. 900ft. L.P. acetate 50p
tapes. 5in. 1,200ft. D.P. Mylar 75D

5}in. 1,200ft. L P. acetate 62¢p
Brand Bew  g5iin’ 1.200ft. L.P. Mylar  80p
and 53ln. 1,800t. D.P. Mylar
guaranteed. £
53in. 2,400it. T.P. Mylar

Discounts for 97
quantities. 715 1,900ft. Std. acetate 624D
Postage 10p  7in. 1,800ft. L.l;. acetate £175p
[o} £3 t  7in. 1,800ft. L.P. Mylar -00
O ala. 7in. 2,400t D.P. Mylar £125

© 7in. 3,600tt. T.P. Mylar  £2-25

TAPE CASSETTES
Top quality in plastic library boxes.
C60—60 min. 42¢p; 3 for £1-22¢
€90—90 min. 82¢p; 8 for £1-80
C120—120 min. 75p; 3 for £2-17¢
Casette Head Cleaner 56p All Post Extra.

" HOSIDEN DH-02S STEREO HEADPHONES

‘Wonderiul value
and excellent per-
formance combined.
Adjustable head-
band. 8 ohm im-
pedance. 20-12,000
¢ps. Complete with
lead and stereo jack
plug.ONLY £2-37¢
T. & P. 12¢p.

HOSIDEN DHO04S
2-WAY STEREO HEADPHONES
Each headphone contains a

L8900 40p | CA3005 £1-17 Fggz‘n 25p 2}in. woofer and a }in. tweeter.

9 e Lol4 40p | CA3011  74p | FJH231 25p d )

L 2 [k raceiyy e G L923 80p | CA3052 21-65 | FYH241  26p S o Gohind ld

15% on 25+ any one type IC-10  £2-50 | FCH131 50p | FJH251  25p controls.  26-18,000 c.p.s.

. . . - 2 i

.arge quantity discounts on applica- ;1(‘341%%3 :z%‘g ggg}g gg; gﬁh} gg: 8g imp. ‘“ﬂ? '”‘b: &‘“:

on. Postage: Semi Conductors 8p; MC1304 £2-75 | FIH171  26p | FJJ211 £1-25 stereo plug. £5-97¢. P. g
alves I5p. PA246 £2-45 | FJH181 25p | FJY101  25p 124p-

GOLDRING CARTRIDGES !

G850 £5-12¢
G800 £7-50
GB0E .. i £11-974¢
G800 Buper E .. £16-80

P. & P. 12§p any '.ype: [

SINCLAIR EQUIPMENT
Project 60. Package Offers

2 x Z30 amplifier, stereo 60 pre-amp, PZB
power supply. £19. Carr. 37¢p. Or with PZ6
powersupply, £21. Carr. 37¢p. 2 x Z50 amplifier.
stereo 60 pre-amp, PZ8 power supply. £21-50-
Carr. 37¢p. Transformer 4 PZ8, £2-874 extra,
Add to any of the above £4-87% for active filter
unit and €16 for a pairof Qi8speakers. PROJECT
60 FM TUNER £20-974. Carr. 37p. All other
8inclair products In stock; 2,000 amplifier £23.
Carr. 37¢p. 3,000 Amplifier £38. Carr. 37¢p.
Neoterlc amplifier £48, Carr. 37¢p.

TELETON SAQ-206 STEREO
AMPLIFIER

Latest exclting release. Brand new model, beauti~
fully styled with walnut case. 6 4+ 6 watts r.m.s.
Bwitched Inputs for mag, xtal, aux, tape. Incor-
porates volume, bass, treble and sliding balance

control, scratch filter and loudness control.
Rec. List £29-00. Our Price £18-87. Carr. 37p.
Buggested system. S8AQ 206 amplifier, 8P25 III,
plinth and cover, G800 cartridge, pair DJ 3 way
speakers, Total Rec. List £81. Our Price £59'50.
Carr. £1-50.

Latest

Gatalogue

Our latest edition giving full details of a
comprehensive range of HI-FI EQUIPMENT

COMPONENTS, TEST EQUIPMENT and
COMMUNICATIONS EQUIPMENT. FREE
DISCOUNT COUPONS VALUE  50p.

248 pages, fully illustrated and detailing
thousands of items at bargain prices.

SEND
NOW!
ONLY

37:p

wi-Higelity,

it
Eamponests P&P

tquipme
tm?mg" Ion

4{—— See previous page o G.W. SMITH & Co. (RADIO)LTD e Also see opposite page ———)
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RUSSIAN Cl-16 DOUBLE
BEAM OSCILLOSCOPE

& mc/s Pass Band. Separate Y1
and Y2 amplifiers. Rectangular
b6 in. x 4 in. C.R.T, Calibrated
triggered sweep from .2 ufsec.
to 100 milli-sec. per em. Free
running time base 50 ¢/s-1 me/s.
Built-in time base calibrator and

de cali Sunplied

complete with all accessories
and instruction manual, £87
Carr. paid.

MARCONI| CT44
TF956 AF
ABSORPTION
WATTMETER

1 pjwatt to 6 watts.

£20. Carr. £1.

TE11] DECADE RESISTANCE ATTENUATOR
Variablerange 0-111
db. Connections,
Tuobalanced T and
Bridge T. Imped-
aoce 600 ohms.
Bange (0.1 db x
19) + (1.db x 10} 3
+ 10 + 20 + 30 +

49 db. Frequency: DC to 200 KHZ (—3db).
Ascuracy: 0.05 db. + indication db x 0.01.
Maximum input less than 4 watts (50 volts).
Built in 800 Q load resistance with internal/
external switch. Brand new £27-50 P. & P. 25p.

BELCO AF.5A SOLID STATE SINE
SQUARE WAVE C.R. OSCILLATOR
fine 18-200,000 Hz; Square 18-50,000 Hz,
" —— Output max. +10 dB
£ (10 K ohms). Opera-
tion internal batteries.
Attractive 2-tone case
7¢in. X Smn. % 2in.
Price £17-50
Carr. 17¢p.

TE-16A TRANSISTORISED
SIGNAL GENERATOR

5 Ranges 400 kHz-30
mHz, An inexpensive
instrument forthe handy-
man. Operates on 9§ v.
battery. Wide easy to
" read scale, 800 kHz
modulation. 5§ in. x 5%
in. x 3§ in. Complete
with _ instructiona and
ieads. £7-974 P. & P. 20p.

BELCO DA-20 SOLID STATE
DECADE AUDIO OSCILLATOR

New high-quality port-
able instrument Bine
1 Hz to 100 KHz. 8quare
20 Hz to 20 KHz. Out-
put max. +10 db (10

K  ohms). Operation
220/240 v. A.C. Bize
215 mm x 150 mm X
120 mm.

Price £27-50
Carr. 25p.

T.E.40
HIGH SENSITIVITY
A.C. YVOLTMETER

10' meg. input 10 rtanges:
+01/.08/.1/.3/1/3{10/30/100/800
v. R.M.8. 4 cps.-1.2 Mc/s.
Decitels —40 to +50 dB.
Bupplied brand new !
with leads and instructions
Operation 230 v, A.C.
£17-50 Carr. 25p.

D.C. volts 1.5-1,600 v.
A.C. volts 1.5-1,600 v.
Resistance up to 1,000

megolhms.

220/240v. A.C. operation,

Complete with probe and

instructions £17-50. P.
30,

& P. 30p.
Addlitional Probes availe
able; R.F. £1-75 H.V.
£2:12%.

MULTIMETERS #r EYERY purposel

TECH PT-34, 1,000
0.P.V. 0/10;50/250/500]
1,005V. a.c. and d.c.
0/1/100/500 mA. d.c.
0/109 K. £1-97%
P, & P. 12}p.

MODEL TE-200 20,000
O.P.V. Mirrorscale, over-
load protection.
0/5/25/125/1,000 V.D.C.
0/10/60/250/1,000 V.A.C,
0/50 uA/250 MA. 0/60K /6
meg. + 20 to + 62 db.
£375 P. & P. 15p

MODEL TE-80. 20,000 O.P.V.
0710/50/100/500/1,000 v. A.C.
0/5/25/50/250/500/1,000 v,
D.C. 0-508A.  5/50/500mA.
0/6K /60K /600K/6 meg.
£4871 P. & P. 15p

MODEL TE-70. 30,000 0.P.V,
0/3/15/60/300/800/1,200 v,
D.C. 0/6/30/120/600/1,200 v,
A.C. 0/30144/8/30/300mA.
0/16K/160K/1.6M/16 Meg.
£5'50 P. & P. 15p

TMK MODEL TW-50K 46

(4 } rslges, mirror acale. 50K [Volt

; .C. 5K [Volt A.C. D.C. Valts:
T,-E: | .125, .25, 1.95, 2.5, 5, 10, 25, 50,
[ U 325, 360, 500, 1006V, AG, Vots:

15.3, 8, 10, 25, 50, 125, 250, 500,
| 1000V.B.C. Current: 25, 50,14, 2.5,
| o 25,50, 950, 500mA, 5, 10 amp.
| Kesistance 10K, 100K, 1 MEG,

10 MEG. Decibels: ~20 to +81.5
dB. £8'87t P. & P. 174p

TE-900 20,000 3 /VOLT GIANT
MULTIMETER. Mirror scale
and overload protection, ¢ in.
fuli view meter, 2 colour scale.
0/2.5/10/250/1,600/5,000 v. A.C.
0/25/12.5/10/507250/1,000/5,000

v. D.C.0/50 Ap0;10/100/500mA]
10 aop.  D.C. (2K/200K/20
MEG. OHM. £]15 P. & P. 26p

MODEL £025 57 Ranges,
Giant 5% in. Meter, Polarity
Reverse Bwitch.
Bensitivity: 50K /Volt D.C.
8K /Volt 4.C. D.C. Volts:
.125, .25, 1.25, 5, 10, 25, 50,
F 125, 250, 500, 1,000V.
A.C. Volts: 1.5, 3, 5, 10, 25,
50, 125, 250, 500, 1,000V.
D.C. Current: 25, 50144, 2.5, 5, 25, 50, 350, 500mA,,
5, 10 amp. Resistanc K, 10K, 100K, IMEG,
10 MEG. Decibels: —20 to +85 dB g£12-50
P. & P. 17jp.

FTC-401

HONOR TE.10A. 20 k(/Volt
5/25/80/250/500/2,500 v. D.C.
10/50/100/500/1,600 v. A.C.
0/60uA/2.5 mA/250 mA D.C.
0/8K/6 meg. ohm. 20 to + 22
dB. 10-0, 100 m#d. 0.100-0.1 mtd.
£3-474, P. & P. 15p.
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UNR 30 RECEIVER
4 Bands covering 550kc/s - 30me/s. B.F.0. Built
in Bpeaker 220/240v AC. Brand new with instruc-
tions. £15-75, Carr. 37¢p.

MODEL TE-300 30,000
O.P.V. Mirrorscale, over-
load protection 0/.6/3/15/
60/300/1,200 V.D.C.
0/6/30/120{600/1,200
V.A.C. 0/30uA/6mA/

6 OmA/300mA/600mA.
0/8K/B0K/B800K/8 meg.
—20 to + 63 db,

£5:974 P. & P. 15p.

MODEL TE-1£. 20,000 O.P.V.
0/0.8/6/30/120/600/1,200/
3,000/6,000 v. D.C. 0/6/30/120]
600/1,200 v. A.C. 0/80.4/6/
60/600 mA. 0/6K /600K /6 Meg./
60 Meg.0. 50 PF. .2 MFD,
£5:974, P. & P. 17§p.

MODEL 500 30,000 O.P.V.
with overload protection,
mirror scale. 0/.5/2.5{10/25/
100/250/500/1,000 v. D.C.
0/2.5/10/25/100/250/500/1,0

v. A.C. 0/5014/5/50/500 mA.
12 amp. D.C. 0;80/K/6 meg/
60 meg 0. £8-874, Post paid.

MODEL TE-98¢ 50,000 O.P.V,
Mirror scale, overload protection,
0/3/12/80/300/600/1,200 v. D.C.
0/6/30/120/300/1,200 v. D.C.
.03/6/60/600 MA. D.C.
16K/160K/1.6/16 MEG.

—20 to +63 dB. £7-50,
P. & P. 15p.

TMK MODEL TW-20CB
FEATURES REBETTABLE
OVERLOAD BUTTON. Bensi-
tivity: 20K G/ Volt D.C. 5K /Volt
AC

D.C. Volta: 0-0.5, 2.5, 10, 50, 250,
1,000¥. A.C. Volts: 0-2.5, 10, 50,
250, 1,000V. D.C. Currents: 0-0.05,
0.5, 8, 50, 500mA, - 10 amp-
Resistance: 0-8K, 50K, 0-500K.
5 MEG. Decibels: -20 to + 52db.
£11-50. P. & P, 174p.

MODEL AB-100D. 100K (3/Volt
5 in., mirror scale, Built-in meter
protection 0/3/12/60/120/300/600
1,200 v. D.C,
0/6/30/120/300/600 v. A.C.
0/10.A/6/60/300M A /12 Amp.
0/2K/200K/2M/200M. -20 to +
17 dB. £12'50, P. & P. 17ip,

TRANSISTOR
TESTER

Full capabilities for
measuring A, B and 1CO.
NPN or PNP. Equslly
adaptable for checking
diodes. Bupplied com-
plete with instructions,
battery and leads.
£697}. P. & P 15p.

AVO CT471A MULTIMETER
Battery d, fully ised. Bensi-
tivity 100 MQ/v. Measures A.C./D.C. voltages
12mV. to 1,200 V A.C./D.C. cursent 12uA. to
1.2 Amp. Resistance 12 obm to 120 mQ H.F.,
V.H.F, U.H.F. voltage with mulliplier 4V. to
400V. up to 50 Mc/s., 40 mV. to 4Y. up to 1,000
Mcfa. Offered in perfect condition. £55 each.
Carr. 50p.

270° WIDE ANGLE
ImA METERS
MW1-6 80mm. square £3-97¢
MW1-8 80mm. square £4-97¢ §
P, & P. extra

High qnality ceramic construction. Windings embedded in vitreous ensmel.
Heavy duty brush wiper. Continuous rating. Wide range avallable ex-stock.
Single hole fixing, }in. dia. shafts. Bulk quantities available.

/1000/1500/25

25 WATT. 10/26/50/1

7240 P.&P.74p

50 WAPT, 10/925/50/100/250/500/1000/2500 or 5000 ohms. £1-05. P, & P. 7§p.
100 WATT. 1/5/10/25/50{100/250/500/1000 or 2500 ohms. £1-373, P, & P, 73p.

G.W.SMITH & CO.(!

TMK LAB TES8TER
100,000 O.P.V. 6} in. Beale
Buzzer Bhort Circult Check.
Bensitivity: 100,000 OPV
D.C. 5 /Voit A.C. D.C
Voits: .5, 2.5, 10, 50, 250,
1,000V. A.C. Volts: 3, 10,
50, 250, 500, 1,000V. D.C, >
Current: 10, 100uA, 10,

100, 500mA, 2.5, 10 amp. Reslstance: 1K, 10K,
100K, 10MEG, 100MEG.

Decibels: —10 to +49 db. Plastic Case with
carrying handle. 8ize 7} x 6} x 3}. £1890.
P. & P. 25p.

SKYWOOD Sw-500

50 K 0 /Volit. Mirror scale
D.C. volts: 0.6/3/12/30/
300/600. A.C. volts:
3/30/300/600. D.C. cur-
rent: 20.:4/6/60/600mA.
Resistance: 10K/100K /1
Meg. Decibels: —20 to
+ £7'50,

WS62 TRANSCEIVERS
Large quantity available for EXPORT!
Excellent condition. Enquiries invited

UR-1A SOLID STATE
COMMUNICATION RECEIVER

4 Banda covering 550kc/s - 30mc/s. FET, 8 Meter,
Variable BFO for 88B, Built in 8peaker, Band-
spread, Sensitivity Contral. 220/240v AC ot 12v
DC. 12§" X 43" % 7". Brand new with instructions.
£825. Carr, 37¢p.

LAFAYETTE HA.600 RECEIVER

General
coverage
150-400

- vann

kefs,

550keofs-

30 mc/a.
FET iront
end, 2
! mech.
filters,
product
detector,
variable | B.F.0., noise llmiter, 8 Meter, Band-
spread. RF Gain. 15 X 93 X 81", 18 1b. 220/240v
AC or 12v DC. Brand new with instructions. £45
Carriage 5Op.

LAFAYETTE HA-800 SOLID STATE
AMATEUR COMMUNICATION
RECEIVER

A

Ares pases sbs IWr by

mefd.
Dual con-

version, 2

mech. 3

filters,

preduct B

detector, variable BFO, 8 Meter, 100ke/s calibra-
tor. 220/240v AC or 12v DC. 157 x 937 x 83",

18 1b. Brand new with instructions. -50.
Carr. Paid. {100ke/a Crystal £1-974p extr§)5.7 50

FULL RANGE TRIOEQUIPMENT

EDDYSTONE V.H.F. RECEIVERS
#70R. 18-165 Mc/s. exeellent condition. £150.

SOLID STATE VARIABLE A.C.
YOLTAGE REGULATORS
Compact and pane) mounting.
Ideal for control of lamps,
driils, electrical appliancesete.
Input 930/240 v. A.C. Output
continuously variable from

* 10 amp 90 x 68 X 60 mm.
£11-97%. Postage 12}p.

AUTO TRANSFORMERS
0/115/230v. 8tep up or step down. Fully shrouded.
160 W. £2-37%, P. & P. 17tp
300 W. £3-25, P. & P!."Z‘zip

1,000 W. £7-25, I'. & P. 37§
1,500 W. £8-974, P. & P. 424p

VOLTAGE STABILISER TRANS-
FORMERS, 180-260v. input. Output 230v.
Available 150w or 225w. £12-50, Carr. 25p.

MODEL 8-260

“YAMABISHI"’ VARIABLE VOLTAGE TRANSFORMERS

Excellent quality ® Low price ® Immediate delivery

MODEL 8-260 B Panel Mounting —
General Purpose p .. - £550 e
Bench Mounting | 2.5 Amp .. .. £6-62t Jlgl
1Amp .. £550 Please add postage 2= )
2.5 Amp £6 ALL MODELS
5 Amp £8-75 | INPUT 230 VOLTS,
8 Amp .. £14- 80/60 CYCLES
10 Amp .. £18'50 | OUTPUT VARIABLE
12 Amp .. £8]1- 0-260 VOLTS
37 8pecial discounts tor quslity

Tel: 01-636 3715
Tel: 01-437 8204
Tel: 01-437 9155
Tel: 01-262 0387

27 TOTTENHAM CT. RD. LONDON, W.1

All Mail Orders to—
11-12, Paddington Green,
London. W.2
Tel: 01-262 6562
{Trade supplied)

3 LISLE STREET, LONDON, W.C.2
34 LISLE STREET, LONDON, W.C.2
311 EDGWARE ROAD, LONDON, W.2

OPEN 9-6 MONDAY TO SATURDAY (EDGWARE ROAD 15 DAY THURSDAY)
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BRING YOUR REPAIR
LIBRARY UP-HI-DATE

QUICKER SERVICING—MORE PROFITS

Now, more than ever before, RADIO & TV SERVICING gives value
for money. Every Servicing Engineer realises the value of readily
available servicing data—it means speedy servicing, satisfied
customers and more profit. Radio and TV Servicing will give you
just this—it's the most comprehensive library of servicing data
available.

SERVICING DATA ON OVER 1500 POPULAR MODELS

Here, in 6 handy volumes, you have comprehensive technical
data for servicing over 1500 popular 1965-71 models. The
sections on Colour TV alone makes this 3600-page library a
sure money-spinner for years to come. Examine RADIO &
TV SERVICING and prove for yoursef how valuable and
indispensable this money-making library is.

OVER 4200 CIRCUITS, PRINTED PANEL DIAGRAMS, COM-
PONENT LAYOUT DIAGRAMS, AND WAVEFORM GRAPHS

FREE 10-day trial

To: Macdonald Technical & Scientific, PO Box 50, Swindon, Witts. I
Please send Radio & TV Servicing—6 volumes—on 10 days free l
trial. | understand that | am under no obligation to buy and may
return the volumes in 11 days if not satisfied. If | do decide to a
buy the volumes | will post :
[ The full cash price of £26.25 (£26.5.0) or ]
D £2.80 (£2.16.0) dep. and 9 mnthly payments of £2.80 (£2.16.0) a
(£28 in all) ;

Nameooi: ' o & w 9 2 1 2 & 00 = = & 4 30 I
BLOCK LETTERS PLEASE !
AGBIESS . . . . e e e e e e e ,;I-usc tick( /Jhare| I

| Address on left s
........................ My our property | !
Rented unfurn. ¥

=R d C . - " © " |Rented fum. |
Signature T w i b o T e T M e B 9T Fle ow = e |Parent’s home ;| @
If under 18 a parent or guardian must sign. Temp. address | | '

BOOK NO's: 312/313/314/315/316/606 RP 19

ﬁmmmm-----mm--m-’

Wireless World, April

1971

—

SCOPETRONICS

Design
and
Manufacture

STUDIO TAPE RECORDERS

TAPE TRANSPORTS
OF ALL TYPES

TAPE HEADS

TAPE ELECTRONICS

The 1151 Studio Tape Recorder

A development and special
products division is available
to meet your requirements.

SCOPETRONICS LTD.
scmo""cs CROWN WORKS, CHURCH RD.,
' KINGSTON-UPON-THAMES, SURREY

01-546 1275 2 01-546 4135

WW—113 FOR FURTHER DETAILS
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ACl07 37p BYZI13 20p NKTI10439 27p 1 N4006 15p
ACI26 25p BZY88 i5p NKTI0519 22p 1 N4007 20p
ACI27 25p C3v3 I5p NKT20329/ I N4| 48 Ip
ACl128 20p C3V6é 15p 0013 3lp 2G302 1Sp
ACI76 15p C3v9 15p NKT80111 67p 2G371 15p
AC187 30p C4v3 15p NKT80112 83p 2G374 25p
AClB8 30p C4v7 i5p NKT80I13 £1-0¢ 2N174 80p
ACYI17 29p C5vi 15p NKT80211 75p 2N385A/
ACYI8 20p C5Vé 15p NKT80212 75p 2N388A 75p
ACYI19 20p C6V2 15p NKT80213 75p 2N404 23p
ACY20 19p Ccove 15p NKT80214 75p 2N696 15p
ACY2I| 19p C7VS 15p NKT80215 75p 2N697 17p
ACY22 19p cev2 15p NKT80216 75p 2N698 30p
ACY40 15p Covi 15p OAS 20p 2N706 1op
ACY4l I15p clo 15p OAID 25p 2NT706A 12p
AD140 55p Cli 15p OA47 8p 2N708 i6p
ADI149 57p Ci2 15p QA70 8p 2N711 7p
ADI6I 3p Cl3 i5p OA73 8p AN7HA 7p
ADI62 7p ClI5 I15p OA79 8p 2N9%I1 50p
AFl114 25p clé I15p OABI 8p 2N914 200
AFLIS 15p ci8 15p OABS5 8p 2N9I8 42p
AFHI6 25p Cc20 15p OA9%0 8p 2N 1090 300
AFLI7 25p c22 5p OA9I 8p 2N1091 3
AFiI I8 44p 24 15p QA95 8p ANTI31 30p
AF124 25p c27 15p OA200 10p 2NI132 30p
AFI126 17p C30 15p OA202 iop 2N1302 20p
AFI139 3Tp. DI13TI 45p ocCl1s 37p 2N1303 20p
AF186 40p MJE520 75p 0C20 97p 2N1304 15p
AF239 37p MJ480 97p 0C22 47p 2N1305 25p
ASY26 15p MJ48| £1-28 ocC23 60p 2NI1306 30p
ASY27 lop MJ4%0 £1-00 OC24 60p 2N1307 30p
ASY28 22p MJ491 £1-35 0C25 37p 2N1308 3p
ASY29 30p MPF102 43p 0C26 3p 2N1309 lp
ASZ21 37p MPFRI103 37p OC28 60p 2N1507 23p
AUY10  £1-50 MPF 104 7p 0C29 75p 2N1613 22p
BAIIS 8p MPF105 40p oC35 50p 2NI711 15p
BCIl07 I2p NKTI24 30p OC36 63p 2N2147 81p
BCI08 12p NKTI25 40p [elez]] 25p 2N2148 61p
BCI109 12p NKT126 37p OC42 30p 2N2160 62p
BCl47 15p NKTI28 15p OC44 I5p 2N2368 17p
BCi48 I15p NKTI135 26p OC45 I5p 2N2369 1Tp
BCi49 15p NKT137 32p OC71 15p 2N2369A  20p
BCI58 17p NKT210 15p OC72 23p 2N2646 50p
BCI69C 19p NKT21 15p OC7s 13p 2N2904 44p
C182 12p NKT212 25p OC76 25p 2N2904A 49p
BCIB2L 10p NKT213 25p oCc77 40p 2N2905 65p
Cl183 9p NKT214 23p ocsl 21p 2N2905A  75p
BCl1B3L 9p NKT2I5 2lp ocsID 20p 2N2906 44p
BC 184 15p NKT216 46p ocslz 55p 2N2906A  54p
BCI184L 15p NKT217 50p oCs2 25p 2N2926 all
BC212 17p NKT218 25p oCcs82D 15p colours {0p
BC212L 12p NKT219 15p ocss3 23p 2N3053 25,
BCY30 25p NKT223 17p OCs4 15p 2N3054 63p
BCY3| 48p NKT224 15p OCI39 25p 2N3055 75p
BCY32 50p NKT225 2lp OCI140 35p 2N3702 ip
BCY33 20p NKT229 29p ocCl70 25p 2N3703 10p
BCY34 15p NKT237 3p ocClI7I 30p 2N3704 Ilp
BCY38 30p NKT238 19p ocC200 37p 2N3705 10p
BCY70 19p NKT239 23p OC20i 47p 2N3706 *p
BCY7I 37p NKT240 20p 0C202 6lp 2N3707 Hp
B8CY72 16p NKT24! 2lp 0OC203 7p 2N3708 7p
BDI12I £1-10° NKT242 i5p OC204 40p 2\;:3709 9p
BDI23 £0-10 NKT243 56p 0C205 65p 2N3710 9p
BD 24 £1-03 NKT244 17p 0C206 75p 2N3711 p
BDY20 £1-05 NKT245 17p C207 75p 2N38I19 35p
BFIIS 15p NKT261 1lp OCP7I/M 47p 2N3820 60p
BF163 40p NKT262 i9p. ORPI2 50p 2N3826 10p
BFI167 15p NKT264 1lp ORP60 &0p 2N 4058 17p
BFI73 30p NKT271 18p ORP61| 40p 2N4060 20p
BFI78 52p NKT272 17p P346A 19p 2N4061 20p
BFI80 3p NKT274 18p STI140 15p 2N4062 20p
BF181 37p NKT275 13p ST41 20p 2N4284 15p
BFiB4 25p NKT279A 12p TD716 &0p 2N4287 15p
BF185 25p NKT281 29p TIP3LA 61p 2N4289 15p
BFI94 17p NKT302 87p TIP32A T4p 2N487 40p
BFI195 I15p NKT304 79p V405A 46p 3NB4 £1-30
BF196 I15p NKT351 75p ZTX108 1lp INI28 69p
F200 35p NKT40| Tp 2TX300 13p 3NI140 T6p
BFX13 15p NKT402 T7p 2T X302 18p 3NI41 73p
BFX29 3lp NKT403 65p 2ZTX303 18p 3NI152 86p
BFX84 16p NKT404 w0p ZTX304 27p 40250 55p
BFX85 34p NKT405 79p ZTX314 p 40309 33p
BFX86 25p NKT406 62p ZTX320 30p 40310 45p
BEX87  30p  NKT420 £1:83  ZTX330 180 4032 ap
BFX88 15p NKT45( 58p ZTX500 16p 40320 36

g BEYS0 23p NKT452 54p ZTX501 16p P
BFY5| 19p  NKT453 50p  ZTX502 20p 40360 43p
BFYS52 20p NKT603F 30p ZTXS503 17p 40361 48p
BFY53 16p NKT613F 30p ZTX504 40p 40362 S8p
BFY90 67p NKT674F  30p IN34A 20p 40406 56p
BSX19 16p NKT676F 30p IN60 20p 7 39
BSX20 16p  NKT677F 28p  IN64 20p 4040 B
BSX21 37p NKT713 29p IN82A 47p 40408 5ip
BSY27 20p NKT?717 44p INB7A 13p 40409 54p
BSY29 15p NKT734 26p IN9I4 Tp 40468A 35p
BSYS5A  ISp  NKT736 32p  IN400I TP 40600 s8p

g BY[00 20p NKT773 259 I1N4002 Tp 601 55,

@/ Byxio 1sp  NKT78I IN4003  lop 4060 P
BYZI0Q 40p  NKTI10339 up IN4004  10p 40602 40p
BYZI2 30p NKTI10419 19p IN4005 i2p 40603 49p

L e e B
TRIACS
2N5756 2-5 Amp (RMS) 400 PIV TO-5 Med, . . 95p
40486 6 Amp (RMS5) 400 PIV TO-5 Mo o £1-20
40430 6 Amp (RMS) 400 PIV. T £1-01
40432 6 Amp (RMS at 75°C Amb.) 400 PIV* £1:50
40512 2:2 Amp (RMS at 25°C Amb.) 400 PIV* £1-45

these types have integral trlggermz
40576 15 Amp RMS) 400 PIV TO-66 £1-70
SCi468 10 Amp 200 PIV Plastic Flat-pack £1-25
SC46D 10 Amp 400 PIV Plastic Flat-pack £1-75
sT2 Bi-lateral avalanche trigger diode 47p
e S R R ST e RO

B THYRISTORS

i CRI/OSIC | Amp SO PIVTO-5 .. am - = am e 40p

- CRI1/401C | Amp 400 PIV TO-5 . Ak fu = - 5o 50p
2N3525 5 Amp 400 PIV TO-66 ola - i .. £1-09
40739 10 Amp 400 PIV Stud Mountmg Ze iw e .. £1-63

ik TERMS
Cash with order, please.
Postage and packing: 10p inland; 25p Europe; 60p elsewhere.
All goods guaranteed.
ALL ORDERS DESPATCHED WITHIN ONE WORKING DAY
OF RECEIPT

ilabl
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ELECTRONIC

LST COMPONENTS LT D

Mail Order Dept. (WW), 7 Coptfold Road, Brentwood, Essex

Visitors welcome at our new Retail shop—same address
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COMPONENTS

RESISTORS—Carbon Film

1 and § watt 5% .. Eacl 2p
Packs of 10 (of one value/
wattage, Per pack I5p

PRESETS
Standard size .
Sub-mmlazure . Sp

P.C. Type 0) w-7tt

(Available vertical or horizontal

mounting.) Usual values 100 ohms
to 5 Meg

POTENTIOMETERS

Log or Lin less switch 17p
Log or Lin DP switch 27p
Log or Lin Stereo L/S 50p
Values: SK, §0K, 25K, SOK 100K,
250K, 500K, | Meg, 2 Meg.

CAPACITORS—Mullard Minia-

ture Electrolytic 426 series
Mfd. Volt. Wkg.

25 16 8p
10 16 6p
20 16 6p
40 16 (13
80 16 ép
16 25 8p
64 25 ép
12:5 25 6p
25 25 6p
50 25 6p
80 25 6p
] 40 8p
4 40 ép
8 40 6p
16 40 6p
32 40 6p
50 40 6p

250v. 0 series
Mfd.

00t 3p
0-0i5 3Ip
0-022 3p
0-033 3p
0-047 4p
0-068 4p
ol 4p
015 sp
022 5p
0-33 Tp
0-47 8p
0-68 Ilp
r-o 14p
15 10p
2:2 24p

R BT RN TR T TR T
Mullard Electrolytic C437 series

Mfd. Volt. Wkg.

250 16

400 1 |lp
P S 1

¢ ="18p
A3 2

250 25 i1p

400 25 i5p

640 25 18p

Mullard Sub-MiniaturE Ceramic

late 333 series

63 volt working. Range [-8pf to
220pf (usual pref. values).
Packs of 6 (any values) as 30p

NEONS
Miniature neon bulbs 0-6mA
65v. AC, 90v. DC

Pack of 5 for .. 30p
Panel neon indicators mains

voltage, Red lenses—round

—square or arrow shaped

faces ach 20p
R ca T L TR R e
VEROBOARD
25" x177  xQ-15* 57p
25" x § X0-15° 23p
2:5" x 3:75°x%0-15" 19p
375" %177 x0-15" 79%p
375" x §° x0-15" 30p
3-75“% 3-75"x0Q-15" 2p

57 x 5 %00 . 15p
25" x 375"x0:1" 23p
Spot face cutters 38p
Veropins .Pack of 50 for 2lp
Bargain pack. 6 sq. inches of

various sizes 0-15" and/or

01" f 53 .. 50p
[oe v oo et ]
HEATSINKS
TO-5 (clip-on) Pack of 4 for I5p

FINNED type for 2xTO-3
ready drilled at . 43p
FINNED type undrilied for

plastic power at 4p
PR T R S B
BOOKS
G.E. Transistor Manual £1-47
Transistor Manual .. £1-40
Des.gners Guide to British
Transistors (data book) £1-25
R.C.A. Hobby circuits manual £1-40
110 Semiconductor Projects
{Marston) .. .. £1-25
Zener Diode Handbook 84p

Photocel and Solarcell Hand-

book ¥ .. .. _84p
Thyristor (S.C.R.) Handbook £1:00

SN7400N
SN740IN

SN7402N
SN7403N

SN7404N
SN7410N
SN7413N
SN7420N
SN7430N
SN7440N
SN7442N
SN7450N

SN7453N
SN7460N

SN7474N

SN7475N
SN7476N

SN7483N

SN7414IN

MIX PRICES: Devices may be mixed to qualify

NEW!
SN74N SERIES TTL LOGIC

NOW FROM L.S.T.—FULL SPECIFICATION
TEXAS INDUSTRIAL INTEGRATED CIRCUITS

AT ECONOMY PRICES.
1-49 50-99 100+

Quad 2-input NAND gate .. 32p 27p
uad 2-input NAND ga(e open

collector .. 32p 27p
Quad 2-input NOR ga(e . p 27p
Quad 2-input NOR gate open col-

lector . 35p 30p
Hex Inverter .. 32p 27p
Triple 3-input NAND' ga(e 32p 27p
Schmidt Trigger 4 o 45p 40p
Dual 4-input NAND gate 32p 27p
8-input NAND gate . 32p 27p
Dual 4-input NAND Buffer. . 32p 27p
BCD to decimal decoder TTL output £1-12 £1-00
Expandable Dual 2-wide 2-input

AND-OR-INVERT gate .. 32p 27p
Expandable 4-wide 2-input AND-

OR-INVERT gate .. 3p 27p
Dual 4-input expander 32p 27p
J-K Flip-flop .. 45p 40p
J-K master-slave fl:p-fllop N 45p 40p
Dual J-K master-slave flip-flop z 50p 45p
Dual D-type edge-triggered fllp-

- 50p 45p
Quadrup[e bistable latch 65p 60p
Dual J-K master-slave flip- flop wnth

preset and clear .. . 55p 50p
Four-bit binary full-adder . £1:30 £1-20
Decade counter . £112 £1-00
Divide-by-12 counter . £1-12 £1-00
Four-bit binary counter N £1:12 £1-00

D to decimal decoder/driver
(replaces the obsolete SN7441AN) £1-45 £1:30

price. Larger quantities—prices on application.

e e
LINEAR AND DIGITAL ICs

22p

22p
22p

£1-15

for quantity

.C.A. Fairchild 1-11 12-24 25+
CA3004 £(-80 ul%00 .. 40p 15p 32p
CA3005 £1-20 ul9!i4 40p I5p 2p
CA30tH] 75p ul923 53p 50p 47p
CA3013 £1-05 Devices may be mixed to qualify (or
CA3014 £1-25 quantity price.

Ca3ols . 85p
CA3020 £0-30
CA3028A 75p  G.E. (U.S.A)
CA3035 £1-25 PA230 Pre-amp £1-10
CA3043 £1-40 PA234 1 watt Amp £1-00
CA3044 £1-20 PA237 2 watt Amp £1-87
CA3046 15p PA246 5 watt Amp £2-63
CA3047 £1-40 PA424 Zero Volt Switch €145
CA3048 £2-05
CA3049 £1-60
CA3052 - £1-65 MISC
THS013P Toshiba 20 watt Hybrid
BARGAIN mp B .. £447
OP-AMPS!! = ICI0 Slnclaxr o £2-75
LM709C .. / SL403A  Plessey New Deslgn £2-12
(DIL hngh ga\k
°P

LM741C Mullard

equiv. SN7274IP) TAA263 Linear Amp 75p

TAA293 Gen. Purp. Am 1-00

PCI1006/1 Multimeter TAA3IO Record/Playback Amp £1°50
Sensitiser Packaged TAA320 MOS LF Amp .. &5p
circuit KIT includes TADI0O IC Receiver . £1-97
all Accessories. £7'53 TADIIO AM/FM Receiver £1-97

ULTRASONIC TRANSDUCERS

Operate at 40 kc/s. Can be used for remote control systems without
cables or electronic links.

PRICE

Type 1404 transducers can
transmit and receive.

FREE: With each pair our
complete transmitter and
receiver circuit.

{Sold only in pax ¥

B3M
Cs120

IwR

Heat sink compound—Silicone grease
Bargain pack of 5 |-watt Zener diodes
4 pieces 100 PRV Rectifiers SOOmA ..
2 pieces 200 PRV Rectifiers 500mA ..
2 pieces 400 PRV Rectifiers SOOmA ..
Bargain Transistor pack 2 AF+RF ..
Assortment of RF, audio and power transistor solar

cell and diode

Pack of 4 assorted solar cells . .

Solar motor (operates from S4M)
Silicon Solar cell 10-16mA

Silicon Solar cell 25-40mA

Low cost Selenium solar cell .

Selenium cell in protective case
Cadmium Sulphide photoconductive “cell

Only part of the international Rectifier *Diamond Line”
listed. Send for free catalogue or ask your local component stockist.

S S R S ST RN TS SRS
zenfjgr DIODES

152036 -6 volt -2 volt 20

152039 39 volt I52068 6-8 volt 152160

152043 4-3 volt 152075 7-5 volt 152180

152047 4-7 volt 1S2082 82 volt 152270

152056 56 volt IS7.I00 10 volt 152300
152110 11 volt

P®ICES l;24 15p; 25-99, 1lp; 100+, 9p

<S3p
T5p
98p

range are

400mW 10% GLASS CASE TEXAS Mar:\;facztgre
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Wireless World, April 1971
e EZ80 0:23|PC900 0-38]PY8l 0-27) UY85 0-29|and diodes \AF139 0-65 GD4  0-32) 0C22  0-38
EZ81 024 PCC84 0-32|PY82 0-27|U10  0-45 1N1124 0-53 AF178 0-88/ GD5  0-28/0C23 0-38
EZ90 022 PCC85 0-33| PYS3 0-29|U12/14 0-38(2N404 0-18| AF180 0-48/GD6 0-28/0C24 0-38
FW4 /500 |PCCBS 0-49PY88 J-34| U16  0-75|2N966 0-53 AFI81 070/ GDS  0-20/0C35 0-38
075 PCC89 0-48/PY301 0-63|U17  0-35|2N1756 0-50 AF186 0-55/GD®  0-20/ 0C26 0-25
n Iqueoo | POC189 0-49 P¥500 Log.vis/zo g-;g ‘2§2147 g-gg,ugss o-as'anul) o-go (0)023 g-gg
0-75 | PCC805 0-64| PY800 0-38|U19 -73 [2N2297 0-23| ABY27 0-43/GD11 0-20|0C2 .
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1 G230 0-38/¥CC808 0.78) PY801 g-;u U2 030 aN23694 |ASY28 0-33 GD12 o-gg (o)ggg g-sz
THE VALVE SPECIALISTS Telephone 01-722-9090 GZ32 0-45 PCE800 -64 {PZ30 048 0-65 0-22| ABY29 0-50|GD14 0- -43
. |GZ33 0-70| PCF80 0-30/QQV03/10 |U28  0-59 2N2613 0-39|B1181 0-50 GD15 0-40/0C38 0-43
GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX, Littlehampton 6743 GZ3: 0-53| PCF82 0-33 20/U3L  '0-30|2N3053 0-33/ BA102 0-45|GD16 020/ OCil 0-50
Please forward all mail orders to Littlehampton GZ37 0-75{PCFB4 0-40|QB875/20 -63 | U33  1-48(2N3121 2-50| BA1l5 0-14| GETL11 -78/ 0C42 0-68
. |HABCS0 -45|PCF86 0-50(QB150/15 |U35  0-83|2N3703 0-19| BA116 0-25 GET113 -20|0C43 118
0A2  030|6BW6 072|6V6GT 033|20D1 065 150B2 0-58| DL33 0-35 | ECHS1 0-29 | HL13C 0-20| PCF87 0-80 0-63| U37  1-75/2N3709 0-20| BA129 0-13|GETI16 0C44 010
OB2 0-30/6BW7 0-85/6X4  0:22|20D4 1-02/150C2 0-30|DL92 0-29 |ECHS3 0-40| HL23DD 40 | PCF2000-67 | QVO4/7 63| U456 078 2N3866 1-00| BA130 0-10 GETIL18 -20| OC45 0-13
0Z4 023/6C4+ 085 6X5GT 025 20F2  0-70 301 100/ DL94 0-32 | ECHS84 0-38| HL41DD-98 [PCF8000-65 R10  0-75/U47  0-85{2N3988 0-50| BCY10 0-45 | GET119 0C4i8 015
1A3 023606 0-19(6Y6G 0-55/20L1 0-98(302  0-83|DL96 0-37| ECL80 0-35|HL42DD-50 |[PCF8010-35|R11  0-88|U49  0-59 (28323 0-50( BCY12 0-50 GET573 0C6s 113
1A5 025(6C9  0-73|6Y7G 0-63|20P1 0-88/303  0-75DM70 0-30| ECL82 0'33/HN309 1-37|PCF8020-45  R16  175/US0  0-28(AA119 0-15/BCY33 0-20| GET5870-43| 0C70 0-13
1A7GT 0-37(6C12 029 |7B6  0-58/20P3 0-90(305  0-83) DM71 038 ECL83 0-52| HVR2 0-53| PCF8050-64|R17  0-88 U768  0-24|AA120 0-15|BCY34 0-23|GET872 -95/0C71 0-13
1D5  0-38(6C17 o-sa’nn 0-35/20P4 0-93(306  0-65/DW4/350 |ECL84 0-80| HVR2A -53 | PCF8060-64| R18  0-50(U78  0-22|AA129 0-15 BCY38 0-23|GET873 -15|0C72 018
ID6  0-48(6CD6G 1-15/7C6  0-30|20P5 1-00/807  0-59 *38(ECL85 0-55|1w3 ~ 0-38| PCFB080-73| R19  0-33|U107 0-92|AAZ13 0-18/ BCY39 026 GETS82 -50/ 0C74 0-23
1FD1 0-356CHG 0-38(7F8  0-63|25A6G 0-29 (956  0-10/DY86/7 0-29| ECLS6 0-40(TW4/350 |PCF812 0-75| R20  0-58| U133 027 |AQL07 015 BC107 0-13| GET887 -23/0C75 013
1FD9 022/6CL6 0-43|7H7 0-28|25L6G 0-29(1821 0-53{DY802 048 EF22 063 -38{ PCH200 -62|R52  0-38|U181 0-63AC113 0-25/BCI108 0-13 GET888 -23/0C76 0-16
1G6  0:30(6CW4 063|7R7  0-65/25Y5 0-38(5763 050\ EBOF 1-20| EF36 0-33 TW4/500 PCL82 0-37| RG1/240A |U192 027 |AC1l4 0-40  BCLL3 0-25 GETS90 -23/0C77 027
1H5GT 0-35(6D3  088|7V7 025 /25Y5G 0-43/6060 0-30| E83F 1-20 | EF37A 0-35 0-38| PCL83 0-50 1-98/U193 0-34|AC127 0-20 BCl15 0-15  GET894 23/0C78 0-15
1L4  0-13|6D6 . 0-15/9BW6 0-50(25Z+ 0-30(7193  0-53 |ESSCC 0-60 EF39 040 KT2 0-25|PCL84 0-38 RK34 0-83{U251 0-73(AC128 0-20(BC116 0-25|GET897 -23/ OCT78D 0-15
1LD5 0-30(6F1 0463 9D7  078(25Z5 0-40|7475 070 KIBOF 0-85 EF40 050 KT8 173 |PCL86 0-43|8PI1SC 0-63/U281 0-40|ACI54 025/ BCI18 0-23 GETSOS -23/0C79  0-40
ILN5 0-40/6F6 063/ 10C1 1-25(25Z6G 0-43 A1834 1-00 E182CC1-13|EF41 0-50 KT41 098/ PCL8S 0-75(8P42 0-75(U282 0-40 AC156 0-20 BCZ11 0-38/GEX13 0-18/ OC81 0-13
IN5GT 0-39 |6F6G  0-25/10C2  0-50 30C1 0-30|A2134 0-98|E1148 0-53|EF42 0-33/KT44 1-00|PCL8000-78|8P61 0-33| U281  0-50/ AC157 0-25 BD119 0-45| GEX35 0-23| OCSLD 0-13
IRS 028 6F12 0-17/10014 033 30CL5 0-65A3042 0-75|EA50 0-18| EF54 0-98/KT63 0-25|PCL8010-69|TH4B 0-50 U301 0-53|AC165 0-25 BF164 025 GEX36 0-50(0C82 0-13
184  0-24 6F13 0-33 10DL  0-50|30C17 0-80|ACO44 118|EA76 0-88|EF73 0-33 KT66 0-83/PCL805/ |TH233 0-98!U328 0-73|AC166 0-25 BF159 0-25 GEX45 0-33|0CS3D 0-15
185  0-22|6F14 075 10FL 075 30C18 0~04|AC‘IPEN 98 |[EABCS0 -33 [EF80 0-23| KT74 0-63|PCL85 0-45| TP2620 0-98/ U381  0-20| AC167 0-60| BF163 0-20| GEX55 0-75| 0083  0-20
1U4 0-29/6F15 0'6510F9 0-45(30F5 0-80| AC2PENDD | EAC91 0-38 EF83 048 KT76 0-63| PD500 1-44| UABCSO -33|U403 0-33|AC168 0-38| BF173 0-38|GT3  0-25{0C84 0-24
1U5  0-48(6F18 0-45|10F18 0-35(30FLL 064 98 EAF42 050 EF85 0-29 KT88 170/ PEN4DD (UAF42 0-52| U404 0-38|AC169 0-33 BF180 0-30 M1 0-15|0C123 0-23
2D21 035 6F23 0-72/10L14 037 30FL2 0-75|ACGPEN 38 | EB34 020 EFS6 0-32| KTWil 63 -38| UBC41 0-45(U801 0-95|AC176 0-55 BF181 0-40| M3 0-15(0C139 0-23
3A4 020 6F24 0-88|10LD11053| 30FL12 0-80 | ACPEN (7) |[EB4l 0-50 EF89 0-25 KTW62 -63|PEN45 0-35| UBC81 0-40| U4020 0-38(AC177 0-28 BF185 0-40| MAT100 -39 OC140 0-85
3A5 100 6F25  0-65/10PLL2 035 (30FL14 073 0-98|EB91  0-12|EF91  0-17| KTW63 -50 |PEN45DD |UBF80 0-28| VP2  0-53|ACY17 0-25 BFY50 0-23| MATIOL -43|0C169 0-23
3B7  0-25|6F26 0-29 10P13 0-85|/30L1 0-32| AC/THL -50 EBC4l 0-48 EF92 013 L63  0-19 0-75| UBF89 0-34| VP2B  0-48| ACY18 0-20| BFY51 0-19| MAT120 -39 |0C172 035
3D6  0-19(6F28 0-70|10P14 1-10|30L15 €-64|AC/TP 0-98| EBCS1 0-33|EF97 0-55| LN119 0-35|PEN46 0-20| UBL21 0-55| VP13C 0-35| ACY19 0-19{ BFY52 0-20| MAT121 -43| 0C200 0-23
3Q4  0-38/6G6G  0-75|L0P15 0-33|30L17 0-78 AL60 0-78| EBCO0 0-20EF98  0-85 LN152 0-35 |PEN453DD |UC92 0-35| VP23 0-40| ACY20 0-18 BTX34/400 | OA5  0-28|OC201 038
3Q5GT 0-35|6HEGT 0-15 1246  0-63|30P4MR -98 |ARP3 0-35/EBC91 0-30| EF183 0-30| LN309 050 0-98/UCC84 0-40 VP4L 0-38/sCY2L 0-19| 2:00| OAY  0-13|0C202 0-43
384  0-29|6J5G 019 12AC6 0-40|30P12 0-69 |ATP4 0-12|EBF80 0-34| EF184 0-30 LN319 0-69 PENA40-98/ UCC85 0-37| VR75 1-20| ACY22 0-15/BY100 018/ OA10 0-43/0C203 0-30
3v4  032|6J6 018 12AD6 040(30P16 033 [AZ1  0-40{EBF83 0-40| EFP60 0-50|LN329 0-75|PEN/DD |(UCFS0 0-42| VR105 0-33| ACY28 0-18 BY101 0-15|0A47 010/ 0C204 0-30
SRAGY 0-53|6J7G 024|12AE6 0-48|30P18 0-33|AZ31 0-48/EBF89 0-32|EH90 0-38 LN339 0-64(4020 0-88/ UCH21 0-60| VR150 0:33| AD140 0-38/ BY105 0-18|OA70 0-15]/0C205 0-33
5V4G  0-38(6J7GT 038 12AT6 0-23 30P19/30P4 |AZ41 0-53)EBL21 0-60 EK90 0-24|LzZ319 0-30|PFL200 -59|UCH432 0-63| VT61A 0-35|AD149 0-50| BY114 0-18 OA73 018 0C206 0:50
5Y3GT 0-28|6KiG _ 0-10/12AT7 019 0-60(B319 0-32|EC53 0-63|EL32 0-18|Lz329 0-30 |PL33 0-38| UCHE1 0-33| VT501 0-15/AD161 0-45| BY126 0-15/0A79 0-09|0C812 0-40
5Z3  0-45|6K7GT 0-23 12AU6 0-24|30PL1 0-69CL33 0-98|EC54 0-50 EL34 0-53|M8162 0-63|PL36 0-48/UCL82 0-35| VU111 0-44| AD162 0-45 BY127 0-18(OA81 0-09(OCP71 1-85
524G 0-35/6K8G 0-20/12AU7 0-23(30PL12 0-37|CV6 053 EC70 0-24|EL37 0-87|ME1400 74 |PL81 0-48| UCL83 0-50| VU120 0-60(ADTI140 -63| BYY23 1-00 OA85 0-08| ORP12 053
6/30L2 0-58/6L1  0-88|12AV6 0-28 (30PL130-78!CV988 010 EC86 0-63(EL41 0-85|MHL4 0-75|PL81A 0-63, UP41 0-50| VUI20A 60 AF102 0-90| BYZ10 0-25 OA86 0-20|86M1 0-28
6A8G 0-33/ 6L6GT 0-39|12AX7 0-23 [30PL14 0-75|CY1C 0-53| EC88 0:60|EL42 053 MHLD6 -75 |PL82 033{UF42 0-60| VU133 0-35| AF106 0-50| BYZ11 0-25| OA90 0-13|8M1036 0-50
6AC7 0-15 6L7GT 0-63|12AY7 0-88(30PL15098(CY31 0-38/ECY2 0-35|ELSL 0-50 MUl2/l4 |PL83 0-33/UF80 0-35 W76 034 AFI14 0-25| BYZI2 0-25|0A91 0-09 8T1276 0-50
6AG5 0-25(6L18 0-45(12BA6 0-30(35A3 0-50{D63  0-25/ECC32 158 | EL83 0-38 0-38PL84 0-33/ UF85 0-34| WSIM 0-88( AF115 015 BYZ13 0-25|OA95 0-08|8X1/6 0-18
6AKS5 025 6L19 138 12BE6 0-30|35A5 0-76(D77  0-12|ECC33 1-58EL84 024/ MX40 0-63|PL302 0-60| UF86 0-63| W107 0-50 AF117 0-20 BYZL5 1-75|0A200 0-09|U14706 0-2§
6AKS6 0-30|6LD20 0-4812BH7 0-40(35D5 0-70| DAC32 0-35| ECC40 0-80|EL85 0-40|N78  2-02| PL500 0-68| UF89 0-34 ' W729 0-80|AF119 0-23| CG12E 0-20 0A202 0-10|XZ30 0-
6AL5 0-12|6N7GT 0-40(12E1  0-85|35L6GT0-44| DAFOL 0-22 | ECC8L 0-19|EL8S6 0-40(N108 1.40 [PL504 0-68|UL4l 0-59| XE3 5-00| AF121 0-30|CG64H 0-20| OA210 0-48| Y543 0-18
6AM4 0-83(6P15  024(12J7GT0-33(35W4 023 DAF96 0-35| ECC82 0-23|ELS1 0-23|N119 0-33|PL505 1:44|UL46 088 XFY12 0-48 AF124 025 FSY1lA 23| OA211 0-88| Y728 0-18
6AM6 017 |6P28 1-25 12K5 0-50/35Z3 0-50|DOC90 1:00| ECC83 0-23|ELS5 0-35(N142 058 |[PL508 1-40|UL84 0-33|XHI1-5 048/ AF126 0-18 FBY28A -23/0C19 1-25(ZE12V7- 09
6AQ5 0-28/6Q7G  0-30|12K7GT -34 | 35Z4GT0-24/DD4  0-53| ECCS4 030 EM34 090/ N152 048 PL50S 144/ UMB0 0-33|X41 080 o oo n To ANSISTOR SETS:— —
6ARG 1-00 6Q7GT 0-4312Q7GT0-28|35Z5GT0-30| DF33 0-39| KCCS5 0-28| EM80 0-38 N154 0-33/PL80L 0-63 URIC 0-83 X61  0-20|FRnbiinn, (oo o000, ks
6AT6 020 637G 035 128A7GT  |50B5 0-35|DF9L 0-14|ECC86 0-40 |[EMS 0-42|N308 0-08/PL80Z 075|UU5 0-38|X65 050 B oD st —ocar, g "
6AU6 0-25|6R7  0-55| 0-40|50C5  0-32|DF96 0-35| ECC88 0-35| EM84 0-34 N320 0-33|PM8: 0-39(UU9 040 X101 153 1 0G4 and 30085, 13
6AV6 0-30 [6SA7GT -35 128C7 0-35|50CD6G217 DF97 0-63| ECC1890-48 EM87 0-38 N839 125/PX4 118(UUI2 024/Z329 0-80| —edd an 4570000 4% 8et of 3—0C83 0-65
6B8G 013 6SCTGT0-33 128G7 0-23|50L6GT0-45| DHG3 0-30| ECC8040-58| EY51 0-37| N359 048/ PX25 118/ UYIN 060 2749 0-72 1 OUSED aBd 57 08, 48 - et 20 30l
6BA6 0-23/68G7 0-33|128H7 01572 0-33| DH76 0-28| ECC8071-35| RY81 0-35/N379  0-33|PY32/30-50| UY2l 0-58|2759 2:50|5- %" Ty ‘"‘1,; ‘;‘g, 167, 20v. “18 each.
6BE6 0-24 6BH7 o-sa]msn 0-23|77 o-.'za DH77 o-go Ecgso 0 gg E?"’ o-gs gagp o-gg PY80 0-33/UY41 0-38| Transistors |30V« 437, 13v, 15v., 16v., 20v., -18 each,
6BHG 043 68J7GT0-35 128K7 0-24/85A2 043 DHS1 058/ ECF82 0- 84 0-50 N709 04| (11 750ds are new and subject to the manufacturers’ gusrantee. We donot handle manufacturers®
6BJ6 o-m\ssxm'r 23 |128Q7GT \aaAs 0-40| DH101 1-25/ ECF86 0-85 EY86/7 0-33/ P6L 050 ,ecfnd“ouejecu. Whlch]areoltendecﬂbednunew,nd tested" but have a limited and unrelable
6BQ5  0-24|6BN7GT -23 050{90AG 3-38| DK32 0-37| ECF804 EY88 0-43/ PABCBO ‘35 |iife. Business hours Mou.-Fri, 9-5.30 p.m. 8ats. 9-1 p.m. Littlehampton closed 8ats.
6BQ7A 0'33‘6307 0-38|14H7 048/ 90AV  3-38 DK40 0-55 210|EY91 0-53 POBS  0-52!merms of business. Cash or cheque with order, Post/packing 0-03p per item, subject to a minimum
6BR7 079 6U4GT 0-60 /18 0-83/90CG  1-70/ DK91 0-28 ECH21 0-63 | KZ35 0-25\ PC88  0-52),1 0.09p. Orders over £5-00 sent free. All orders cleared same day by first class mail. Any parcel
6BR8 0-63/6U7G 0-53|19AQ5 0-24 90CV 1.8 DK92 0-43 | ECH35 0-20|EZ40 0-40/PCO5  0-53 ingyred against damage in transit for 0-03p extra. Complete catalogue with conditions of sale
6B37 125 6V6G 0-18/19H1 2-00/90C1 0-80!DK96 0-37|ECH42 0-64|EZ41 0-43/PCO7 040|007 post, paid. No enquiries answered unless 8.A.E. s enclosed for reply.

EST.
1921

Wilkinsons 5

for RELAYS LRbe00
BUILT TO YOUR SPECIFICATION
Contacts up to 8 changeover
* QUICK DELIVERY

% KEEN PRICES

Y DUST COVERS - QUOTATIONS
B8Y RETURN

UNISELECTORS AVAILABLE FROM STOCK: 3 LEVEL, 4 LEVEL,
5 LEVEL, 8 LEVEL, J| LEVEL. WRITE OR PHONE FOR DETAILS.

METERS. AC/DC Moving coil, 2 in. flush round, complete with fixing clip. 3 types,
0-5 amp, 0-20 v or 0-40 v. £2'75 each. New six-page instrument list now available.
Send for new potentiometer list, Wire Wound and Carbon types available from stock.
Send large S.A.E. 3p.

From Stock: P.O. Standard Equipment Racks. 6 ft. U channel sides, drilled forl9 in.
panels. Heavy Angle Base £9-50 each. Cge,

GEARED MOTORS. r.p.m. or 3 r.p.m. 4 watts very powerful, reversible 24v.
A.C. £1'75,! post 20p, can be operated from 230 v. with our £1 Transformer, Post 30p.
ROOM THERMOSTAT. Adjustable between 45 and 75 deg. Fahr,, 250 v. 10 amp
A.C. Ideal for greenhouses, etc., £1°75, post 30p.

DIGITAL INDICATOR. Character size §* high, dimensions |1 wide X 3" deep X
| $5 " high. Weight 3t oz. llluminated by 28v single contact midget flanged lamps .08 amp.
£2°50 each. Types available 0 to 9 or A to K or L to Z can be assembled in banks of 5
to your own requirements, £13-50 each.

l EQUIPMENT WIRE P.V.C. covered £4 per 1,000 yds. 7/.0076, 1/.024, | 4/.0048

type | and 2, all colours, 14/0076 type ||, Red and Natural only £10 per 1,000 yds.
MINIATURE BUZZERS, |2 volts, with tone adjuster 40p each as illustrated.
LEDEX ROTARY SOLENOIDS AND CIRCUIT SELECTORS, size 55.
4 pole | | way and off £5:50. 24 pole | | way and off £10°50. 54 pole On/Off £7°50.
SINGLE FUSE HMOLDERS, Belling Lee L356 one hole fixing, 15p each.

l

VEEDER-KOOT MAGNETIC COUNTERS WITH ZERO RESET 800 COUNTS
PER M”NUTE. 6 Figures. General Purpose Type. |10 v. A.C. £3°25 post 20p.

H¥  PEED COUNTERS

in. 10 counts per second,
rures, The following' D.C,
re -available, v, 12 v,
,or 100 v.

ied with auxiliary contacts.
spen 40p extra.

WILKINSO

BN
7" 20 CROYDON—

EX COMPUTER PRINTED CIRCUIT,

PANELS 2° x 4" packed with sem

conductors and top quality resistogs,

capacitors, diodes, etc. Our price, f10

boards, 50p. P. & P. 7p. With a g¥aran_: ed
T

o tr
Data included.

SPECIAL BARGAIN PACK. 25 b
fo!' _(I. P. & P. 18p. With a z#ar:

L N

BUMPER-BARGAIN PARCEL

We guarantee that this parcel contains at
least 1,750 components. Short-leaded on
panels, including a minimum of 350 tran-
sistors {(mainly NPN and PNP germanium,
audio and switching types—data supplied).
The rest of the parcel is made up with:
Resistors 5% or better (including some
1%) mainly metal oxide, carbon film, and

s,

o tr
Data included,

PANELS with 2 power transistors sim.
0OC28 on each board plus components.
boards (4 x OC28) 50p. P. & P.

9 OAS, 3 OAIQ, 3 Pot Cores, 26 Resistors,)
|4 Capacitors, 3 GET872, 3 GET8728B, |
GET875. All long leaded on panels 137 X 4°,
4 for £1. P. & P, 25p.

< types. Mainly § and } wate ., ..
diodes, miniature silicon types OAS%0,
OA91, OA95, 1S130, etc. . . . capacitors
inciuding tantalum, electrolytics, ceramics
and polyesters . . . inductors, a selection of
values . . . also the odd transformer, trim-
pot, etc., etc. . . . These are all miniature,
up to date, professional, top quality com=

ponents. Don’t miss_this, one of oup-best

ffers yetl Price £3-25. P, & P. 33p~U.K.

w Zealand £1 P. & P, Limigsd stocks
oni,

I2v 4A POWER SUPPLY

Extremely well made by FRAKO GmbH in
W. Germany, with constant voltage mains
transformer, tapped input from 115V to
240V. Full wave rectification and capacitor
smoothing. Size 9° x 6" x 5%, weight |1 Ib.
These units are brand new, unused and fully
guaranteed, Maker’s price believed to be
around £80. Qur Price £9-5. Carr. 50p.

X-COMPUTER
PPLIES

Reconditioned, fully tested and guaranteed.
These very compact unitsare fully smoothed
with aripple better than [0mv. and regula-
tion better than 1%. Over voltage pro-
tection on all except 24v. units. §20v.-
130v. a.c. 50¢/s input, Mains transformer to
suit £3 extra if required,

250 (i wae o e

We offer the following types:
I

v. Ba. £10 20v, 15a. £15
6v. 15a. £14 30v. 7a. £12
12v. 20a. £16 24v, 4a. £14

Carriage 75p per unit.

DIODES EXEQPT.

High Stabs . } and | Watt,

SILICON 1 5 5% and Better 62p
I Amp 1,000 PIV 4 for 50p LARGE CAPACITY
20 Amp 150 PIV 4 for £1:00 | ELECTROLYTICS
P. & P. 5p | #ix dia 10,000 mid 30V 4Ory oach
W P. & P. 6p
EXTRACTOR/BLOWER e

50p each P. & P. 12p each

FANS (Papst)
100 c.fom, 44" x 43" X
2, 2800 r.p.m. 240V AC
£2-5 each, P. & P. 25p,

EXTENSION
TELEPHONES

RELAY OFFER

gle Pole C'hange.ovar Silver Contacts
x

Sin. il
X 67 Coil operates on

99p ea. "xF
£1-75for2 rar

These phones are extensions and do not

2 . 2.
25 to 50V. 8 for 50p. P, & P

8p. contain bells,
MAILING ADDRESS
44 EARLS COURT ROAD, LONDON W.8
WAREHOUSE AND DISPATCH
Ol 478 8499
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| AUDIOTRIN

5+5 WATT OUTPUT parent plastic (tinted) cover included for main unit. PAIR OF
Silver finished facia plase and
Garrard matching control knobs. LOUDSPEAKER
5200 Changer UNITS T—
with low mass pick- A T

up arm and Stereo
Cartridge. Con-
trols: TREBLE,
BASS, VOLUME
STEREQ BALANCE.

Operation on 200-250 v. A.C.
mains. Output rating LH.F.M.

A REALLY SURPRISING STANDARD OF QUALITY IS OBTAINED FROM THIS COMPACT LOW PRIGED SYSTEM

Luxurious Teak Veneer Finished Cabinets. Trans-

alol

| REQ SYSTE

Bize approx. 13 x T¢ x 8% ins,

PRICECOMPLETE

o £4 2
Carr. £1:25
Terms: Deposit £5.50

and 9 monthly payments
£4.50 (Total £46).

I

FANE 807 HIGH FIDELITY
LOUDSPEAKER

Unit for excellent sound quality in suitable
enclosure. Roll P.V.C. cone surround and
long throw voice coil to achleve very low
fundamental resonance at 30 ¢.p.s. Tweeter
cone is fitted to extend high note response. 3
Frequency range 25-15KHz. Impedance
30 or 8-15 (. Cast Chassis.
REMARKABLE VALUE AT ONLY

HF 801D
HF 102D 10" 10W £3-40 HF 126 12" 15W £5'25
HF 120 12" 15W_£3-99 HF 126D 12" 15W_£575

A full range
8in. 10 watt

£3'50

AUDIOTRINE HIGH FIDELITY
LOUDSPEAKERS Heavy cone
struction. Latest high efficienoy oerami
magnets. Treated Cone surround or

indlcates Roll Rubber surround. “D*

indicates Tweeter Cone providing

extended frequency range up to 15,000

¢.p.8. Exceptional performance ai low

cost. Impedance $ or 8-15 ohma.

ORDERING PLEASE STATE IMPEDANCE
8" 8W £2'71 HF 120D 12" 15W 2£4-49

FANE ULTRA HIGH POWE
LOUDSPEAKERS Alpsm mineeae 2

R.MS. ocontinnous.
2 years’ guarantee. High flux ceramic magnets I

Beavy oast ohassis. ALL CARRIAGE FREE,

‘POP’ 100| “POP’ 60 /"
‘
18in. 100 watt 15in. 60 watt POP 50
14,000 gauss 14,000 gauss 12in. 50 watt
8/150 g/isq | 13,000 G
£22-05 £12-90 £10-50
Dep.: £6 and 9 [ Dep.: £3:30 | Dep.: £2 and
monthly pay- |and 9 monthly |8 mgn'-hlylpiys'
. men -
mente £ (Total | payments £1:30 | o0, }* ebdat?
) (Total £15). PAIR SUIT-
FOR BASS GUITAR OR ABLE ALL
ELECTRONIC OBEAN, ETC. PURPOSES,

FANE LOUDSPEAKERS'PQP"25/2

Dual cone 150 (for uses other

than Bass Guitar or Electronic  $2in. 25watt
OFdch.: 21 and 8 monitis oy £ G5 7 D
r dep.: and 9 mon -
ments 75p (Total £7'75)S-' il

RS.C. TAE 6§ Watt nigh Fidelity Solid

: > State Amplifier
200-250v. A.C. mains operated

AUDIOTRINE HI-FI SPEAKER SYSTEMS
Consisting of matched 12in. 11,000 line 18 watt

16 ohm high quality speaker, cross-over unit and

1 tweeter. BSmooth response and extended fre-

Designed for

TAI2 MK 6°5 + 6 SWATT STEREO AMPLIFIER
FULLY TRANSISTORISED, SOLID S8TATE CONSTRUCTION HIGH FIDELITY
OUTPUT OF 6.5 WATTS PER CHANNEL

wlth

quency range ensure surprisingly realistic repro-

duction. Carr. 30p. . Radio tuner, Tape recorder, ' Mike' etc.
A —a Or SENIOR 18 WATT inc. HF126 £5 75 % 3 separate switched input sockets on each
Bl 15,000 line Bpeaker £8-75. Carr. 35p. channel ¥ Beparate Bass and Treble controls

o

HI-FILOUDSPEAKER ENCLOSURES

Out; - - 8
Teak or Afrormosia veneer finish. Modern design. Af‘ Pu:nﬁulﬂ ;hmﬁnq.ﬁncg“ne%%g&zo 2(v).
Acoustically lined. All sizes approx. Carr. 25p extra. 20,000c.p.8. —
JE8 BSize 18x11x9in. Pressurised. —70dB B it \a
HEl plea]iLng Tesdlte with any 8in. £4'75 % Sensitivities (1) 50 mV (2) 400 mV (3) 100 mV
Hi-Fi speaker. with wiring di 3 h b
SE8 For optimum performance with £5,75 xAcT%ugl,y mﬁ'}“%“d e anTES B i0.o!
any 8in. Hi-Fi "speaker. 22X 16 x 9in. Ported
SE10 For outstanding results with HI-Fi 10lo. £8.QQ | 9 mthly. pymts £2-55 (Total £25-95).
e =,

any crystal or ceramio Gram P.U. cartridge,

% Blide Bwitch for mono use

Harmonlc Distortion 0.3% at 1000c.p.s. Hum and nolse
Facia Plate and Knobs. Output rating LH.F.M. Complete kit of parts

12 MTH GNTEE. £19-50. Or dep. £3 and 9 rnthly
pymts. £2-05 (Total £21-45). Or in Teak veneer housing. £23. Or Dep. £3 and

Y Bpeaker

Handsome finish

£15-50

speaker. 24X 15X 10in. Ported
SE12 For high performance with 12in. Hi-Fi speaker £6'99
and Tweeter. Blze 25 X 16 X 10§in. Pressurised. |

SELENIUM RECTIFIERS

F.W. Bridged 6/12v. D C. Output Input Max. 18v
A.C. la., 25p; 2a., 35p; 3a., 5Op; 4a., 85p; 6a., 80D

R.S.C.G66 6+6 WATT HIGH QUALITY STEREO AMPLIFIER

Individua¥VGanged contrcls: Bass, Treble, Volume and Bal-
ance. Printed circult construction employing 10 T it
pins Diodes. Output rating I.H.F.M. Buitable for Crystal
Pick-ups ete., and for loud ker output d. of 3to
156 ohms. For standard 200-250 v A.C. mains operation.
Attractive silver finished metal tacia plate and hil
control knobs. Complete KIT oé PAB’ﬁS INCLUDING -
FULLY WIRED PRINTED CIRCUIT and com- .

prehensive wiring diagram and instructions. £9-99 No leaflet supplied for thls unit,
Or FACTORY BUILT in Teak veneered cabinet as lllustrated £12.50. Car;zmpfi (;r Deposit

ot hl

Frequenc:; R -

20,000 c.{;,._ _f'é%(};n," Hi?.. PACKAGE OFFER, SAVE APPROX. £4. Above G66 assembled gy g0 payments of
o0 |monle Distortion 0.39% at | b cabinet plus pair DORCHESTER LOUDSPEAKER UNITS. £1.45

1,000¢c.p.e. 8 te Bassand | Or Deposit!£5-25 and 9 monthly payments £2-85 (Total £30-90).  Carr.£1} (Total £15.05).

Treble *iift’ and °cut® controls. 3 input socketa for
Mike, Gram, Radio or Tape. Input selector switch.
Output for 3-16 ohm speakers. Max. sensltivity 5mV.
Output rating LH.F.M. In fully enclosed enamelled case,
spprox. 93 x 2} x 5in, Attractive brushed silver finish
tecia plate 10} X 3tin. and matching knoba.

Complete kit of parts with full wiring £750
dlagrams and instructions. Carr. 40p
OR FACTORY BUILT with 12 months’ g'tee. £9.45

e

R.S.C.BATTERY/MAINS CONVERSION UNITS

Type BM1. An all-dry battery elimin-
e

ator. Bize B} X4} x2in. approx. Com-
pletely replaces batterles supplying

1.5 v. and 90 v. where A.C. mains 200/

250 v. 50 ¢/s. is available.

Complete kit with diagram £3 or, |

BEADY FOR USE 2'50.

HIGH QUALITY R.5.C. COLUMN
LOUDSPEAKERS SPEAKERS

. ] Covered in Rexine and

In mr:d or afrormosia Vynar, ideal for voca-
SR lists and Public Add-
v ian ress. 15 ohm matching.

on TYPE C488, 30 waits.
Fitted four 8in. high
r;ux 8w. speakers. Or
dep-
a5 £ITT5
mthly pmte £2 (Total
£21). Carr. 50p.
TYPE C4128, 50 watts,
Pitted four 12in. 11,000 liner
15 watt!8peakera.

Gauss 10,000
lines, Carr. 40p ‘s 25
L12 12in. 20 Watt Model |

Gausa 11,000 lines. Sizyf
18 x 18 x 10in. approx,

13Q. Carr. 45p. £8-50.JOr dep. £4 and 9 £27.50
Or dep £2 and 9 mthlyjmthly. pymts. of
pymts £1. (Total £11).} £3 (Total £31). Carr. 75p

HIGH GRADE COMPONENTS.
SPECIFICATIONS COMPARABLE WITH

UNITS COSTING CONSIDERABLY MORE
Employing Twin Printed Circulta,

200/250v. A.C. mains operation.

TRANSISTORS: 9 bigh-quality types per channel.
OUTPUT (Per channel): 10 Watts R.M.8. continu-
ous into 15 0 15 Watts R.M.8. continuous into 3(3.
INPUT SENSITIVITIES: Mag. P.U. 4 m.v.
Ceramic P.U. 35 m.v. Tape Amp. 400 m.v. Aux.
100 m.v, Mic. 5 m.v. Tape Head 2.5 m.v.
FREQUENCY RESPONSE: +2dB. 10-20,000c.p.s.
TREBLE CONTROL: +173dBto—14dBat 10 Kc/s.
BASS CONTROL: +17 dB to —15 dB at 50 c/s.
HUM LEVEL; —80'dB.

HARMONIC DISTORTION: 0.1% at 10 Watts
1,000 c.p.s.

CROSS TALK: 52 dB at 1,000 c.p.s.

R.S.C. Al0O 30 WATT ULTRA LINEAR
HI_FI AMPLIFIER Highly sensitive. Push-Pull high

output, with Pre.amp./Tone Con-
trol Stages. Hum level —70dB. Frequency response +3dB
30-20,000 c/s. All high grade components. Valves EF86, EF86,
ECCS3, 807 .807, GZ34. Separate Bass and Treble Controls.
Bensitivity 36 millivolts. itable for High I d c. or
pick-ups. Designed for Clubs, Schools, Theatres, Dance Halls or
Outdoor Funotions, etc. For use with Electronlo Qrgan, Guitar,
String Bass, etc. Gram, Radio or Tape. Reserve L.T. and H.T. for Radio Tuner. Two inputs with
a iated volume trols so that two te Inputs such as Gram and “'Mike'* can be mixed.
200250 v., A.C. For 3 & 15Q speakers. Complete Kit parts, wiring disgrams, instructions.
£15-75 Twin-handled [pzrforated cover £1-75. Or factory built with EL34 output valvesand

12 months' guarantee for £19-75. Tech. figs. apply to factory built units. Carr. 66p.
TERMS; Deposit £4-00 and 8 monthly payments of £2-10 (Total £22-90). 8end 8.4 E. for leaflet.

RSC BASS-REGENT 50 watt AMPLIFIER

A powerful high quality, all purpose unit. For lead, rhythm, bass gultar,
vocalists, gram., radio, tape, Peak output rating. Employing current valves
and reliable components. FOUR JACK INPUT8 and TWO VOLUME

CONTROLS for simultaneous nse of up to 4 pick-ups or ONLY ‘30
‘mikes’. BEPARATE BABS AND TREBLE CONTROLS.
OR SUPPLIED COMPLETE with matched twin loudspeaker Carr. 80p

unit as {llustrated for £80. Carr, £1-50. Terms: Dep. 218
and 8 monthly payments $5-75 (Total 267-75).

THEYORK’'HIGH FIDELITY 3’'SPEAKER SYSTEM

Moderate size (approx. 25 14x10 in.). Range 30-20,000 c.p.s. Complete kit
Impedance 16 ohma. Performance comparable with units costing £22 8
congiderably more. Consista of (1) 12in. 18 watt Bass unit with Carr. 63p
cast chassis. Roll rubber cane surround for ultra low resonance, and ceramic magnet.
(2) 3-way quarter section series cross-over system. (3) 8 X 5in. high flux middle range
speaker. (4) High efficiency tweeter, (6) Appropriate quantity acoustic damping |g
material. (6) Teak veneered cabinet. (7) Clrcuit and full instructlons.
REMARKABLE VALUE HEAR IT AT ANY BRANCH

EMINENTLY SUITABLE FOR USE WITH ANY MAKE
OF PICK-UP OR MIC. (Ceramic or Magnetic, Moving
Coil, Ribbon or Crystal) CURRENTLY AVAILABLE.
SUPERBSOUND OUTPUT QUALITY CAN BE OBTAINED
BY USE WITH FIRST-RATE ANCILLARY EQUIPMENT.

INTEREST CHARGES REFUNDED
On Credit Sales settled In 3 menths

R.S.C. MAINS TRANSFORMERS

FULLY GUARANTEED. Interleaved and
Impregnated. Primaries 200-250v. 50c/s. Screened
MIDGET CLAMPED TYPE 2§ x 2§ x 2¢in.

250v., 60mA, 6.3v. 2a.. ... ) 90p
260-0-260v., 60mA, 6.3v. 2a............. 95p
FULLY SEROUDED UPRIGHT MOUNTING
260-0-250v, 60mA., 6.3v. 2a.,0-5:6.3v.2a... £1-25
250+0-250+. 100mA, 6.3v. 4a.,0-6-6.3v.3a.. £1-99
300-0-300v. 100mA, 6.3v. 4a., 0-3-6.3v.3a.. £1-89
200-0-300v. 130mA, 6.3v. da., c.t., 6.3v. 1a.

For Mullard 510 Amplifier....... veoeee £2:40
360.0-850v. 100mA., 6.3v. 4a., 0-5-6.3v. Sa. 51'99
350-0-360v. 160mA. 6.3v. 4a., 0-5-6.3v. 3a. 2-40
425-0-426v. 200mA, 6.3v. 4a. 0.t., 5v. 3a... £4-49
425-0-425v.200mA, 6.3v. 4a.,6.3v. 3a,5v. 32 £4-6!
450-0-460v. 250mA. 6.3v. 4a., ¢.t., 6v. 3a... £4°99
TOP SEROUDED DROP-THRQUGH TYP
250-0-250v. 70mA, 6.3v. 2a., 0-5:6.3v. 2a...  £1-20
250-0-260v. 100mA, 6.8v. 3.6a...... £1-40
250-0-250v. 100mA, 6.3v. 2a., 6.3v. 1 .. £1-45
350-0-350v. 80mA, 6.3v. 2a., 0-6-6.3v. 2a... £1-50
250-0-250v. 100mA, 6.3v. 4a., 0-5-6.3v. 3a. £1-99
300-0-300v. 100mA, 6.3v. 4a., 0-5-6.3v. 3a. £1-99
300-0-300v. 130mA, 6.3v. 4a., 0-5-6.3v. la.

350-0-350v. 40 . 6.3v. 4a., 0-5-6.3v.
350-0-350v. 150mA:, 6.3v. 4a., 0-5-6.3v. 3a. X
FILAMENT or TRAKSISTOR POWER PACK Types
6.3v. 1.5a. 45p; 6.3v. 2a. 49p; 6.3v. 3a. 69p; 6.3v.
6a, £1-15; 12v. 1a. 50p; 12v. 3a. or 24v. 1.6a. £1-20;
0-9-18v. 1ia. 99p; 0-12-25-42v. 2a. 81-60.
CHARGER TRANSFORMERS 0-9-15v. 1ia. 9bp;
gia.eilwvg 3. £1-10; Ba. £1-30; 8a. £1.49;
AUTQO (Step TUP/Step DOWN) Transformers
0-110/120v. 200-280-250v. 50-80 watts. ... 297
150 watts, £1°70; 260 watta £2-49; 500 watts

£5-25.
OUTPUT TRANSFORMERS

Suitable for g:;ard 510 Amplifier...... £2-35

Standard Pentode 5,000 t0 7,0000 t03Q 45p
Push-Pull 8 watts EL84to 30 or1sQ.... 75p
Push-Pull 10 watts 6V6 ECL86 to 3, §, 8

OF 1880 . .or-ivmpeiaents o sie gpamrse . £185
Push-Pull EL84 to 3 or 1560 10-12 watts.. £1-20
Push-Pull Ultra Liear for Mullard 510, etc. £1-99
Push-Pull 15-18 watts, sectlonally wound

61.6 KT66, etc, for3orl8Q.......... £1:80

Push-Pull 20 watt high quality sectionally

wound EL34, 616, KT66, etc.to3ori50 £2-9
SMOOTHING CHOKES

150mA, 7-10H. 2500 65p;

100mA. 10H. 200Q 5bp;

80mA. 10H. 3500 45p; 60mA,

10H. 4000 25p.

R.S.C. PLINTHS
Superior Solid Natural Wood
Construction

for  Record
Playing unlts.
o Cut for

CONTROLS: 5-position Input Selector, Bass, Treble, Vol., Bal.,, Btereof

Mono 8w., Tape Monitor 8w., Mains 8w. . .

INPUT S8OCKETS: (1) P.U. (2) Tape Amp. (3) Radio. {4) Mic. or Tape

Head. (Operation of Input Belectcr assures appropriate equalisation.)
SIS: Btrong Steel construction. Approx.12 X 3 X 8in.

FACIA PLATE:

ground, 8pun silver

COMPLETE KIT OF PARTS, point to point £23,25
wiring diagrams & detailed instructions

supplied. Carr. 75p
UNIT FACTORY BUILT £30.50

Or deposit £4 and 9 mnthly payments £3-35
(Total £34-15).

Or in Teak or Afrormosia veneer .

. housing as illustrated. Carr. 75p. £33 75
Attractive design In rigid ‘‘Perspex” with siiver back- Terms: Deposit £4 and 9 monthly payments
matching control knobs as avaliable. £3-75. (Total £37-75). 8end 8.A.E. for leaflet.

BRADFORD 10 North Parade (Half-day Wed.). Tel. 25349
BLACKPOOL (Agent)O&C Electronics 227 Church St.

BIRMINGHAM 30/31 Gt. Western Arcade.

Tel.: 021236 1279. Half-day Wed.
DERBY 26 Osmaston Rd. The Spot (Half-day W,

EDINBU_RGH 133 Leith St. (Half-day Wed.).

Tel. 556 5766
GLASGOW 326 ArgyleSt. (Half-day Tues.). Tel.CITy 4158

HULL 91 Paragon Street (Half-day Thurs.). Tel. 20505

ed.).
Tel. 41361

DARLINGTON '8 Priestgate (Half.day Wed.). Tel. 68043

LEICESTER 32 High Street (Half-day Thurs.). Tel. 56420

5-7 County (Mecca) Arcade, Briggate
LEEDS ) (Half-day Wed.) Tel. 28252

73 Dale St. (Half-day Wed.).
LIVERPQOL 73 Dale Sc. (Half-day Wed).  2c0g

238 Edgware Road, W.2 (Half-day Thurs.).
LONDON d Tel. PAD 1629
(Half-day Wed.)
Tel. CENtral 2778

MA‘IL ORDERS ﬁ::
106{Henconner Lane..Leg*os :':3 MANCHESTER 60A Oidham Street
Rd. (Half-day

Terms C.W.O. or b
Postage 25p extra under £2.
%!_Opdextra ovlgriiz, Sotkaé statg:lﬁ MlDDLESBROUGH 106 Newport WA 47096
rade supplie WALE. WI Ed. b el‘
iries. E i h
i NEWCASTLE SO 8 iy Weah Ter 31469
rancheslopen ats =t o) o
MAIL ORDERS MUST NOT 13 Exchange Street (Castle Market Blds.)
BE SENT TO SHOPS. SHEFFIELD (Half-day Thurs.). Tel. 20716

Garrard
1026
2028,
3000,
AT60.
BP25 eto.

£3:15

£6:30

RECORD PLAYING
UNITS

MONEY BAVING UNITS
Ready to plug Into Amplifier.
RP23C Conslating of Garrard

8P25 Mk. III fitted
Goldring C890 high compiiance
ceramio 8Btereo/Mono cartrldge
wlth dlamond stylus. Mounted on
plinth.  Transparent plastio

sorerootuded ™ £26-09
G rd 5200 Auto Unit
RP6 ﬂa‘:‘?mem C:rtridge.

Plinth and ‘Cover as "1
RP2C. Carr. 50

OTHER TYPES wi
P.U, Cartridges r
or ‘Roll over' irar

Available with Trans-
parent plastio cover.

at iowest prices.
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AC107
AC126
AC127
AC128
AC176
ACY17
AF239
AF186
AF 139
BC154
BC171
BC172
BF194
BF274
BFY50
BSY25
BSY26
BSY27
BSY28
BSY29 13p
BSA95A 13p
oc41 13p
0C44 13p
0cas 13p
oc7 13p
0c72 13p
ocs1 13p
0c81D 13p
0C139 13p
0c140 17p

FREE!

PACKS OF YOUROWN CHOICEUPTO
THE VALUE OF 50p WITH ORDERS
OVER. £4

2N1308-9
2N1389-

Power
Transistd
oc20
0cC23
0C25
0oc286
ocas
0C35
OCc36
AD149
2N3055
25034
Diodes
AAY42
OA91
OA79
0OA81
INS14

\WERY POPULAR 3
FUL-"I!,YTESTED&GU

LIMITED

ONLY A FEW LEFT

UHF/VHF T.V. TUNER UNITS
TU.2 CONTAINING 2 AF186's & 2 AF178's
P&FP 13p EACH UNIT

anufacturers rejects they are not beyond repair as has

proven by many of our customers.

ALL TUNER UNITS ARE SUPPLIED
WITH CONNECTION DATA.

NEW TESTED & GUARANTEED PAKS

1N4007 Sil. Rec. Diodes. 1,000 P.LV.
879 4 bamp Plasic. 50p

REED SWITCHES MIXED
10 7vPES LARGE & SMALL

5 SP5 LIGHT SENSITIVE CELLS
LIGHT RES. 400 2 DARK 1 M

NPN SiL. TRANS. AO6 =BSX2U,
2N2369. 500MHz. 360mwW

GET113 TRANS. EQUIV. TO
ACY17-21 PNP GERM.

'2N3136 PNP SIL. TRANS. TO—18
HPE100-300 IC, 600mA, 200MHz

COLOUR T.V. LINE OUTPUT
TRANSFORMERS.
ned to give 25 K.V. when used with PL509 and PY500
gs. As removed from colour receivers at the factory
ONLY £1 each
post and packing 23p

XB112 & XB102 EQUIV. TO AC126
AC156, 0C81/2, OC71/2, NKT271
ETC.

sog 200

MIXED CAPACITORS, POST & PACKING 13p
APPROX QUANTITY COUNTED BY WEIGHT

SPECIAL LINE

AMP. Bridge rectifiers
00 PIV.=25p

4" Square.

400PIV.=33p 800 PIV.= 40p

MIXED RESISTORS, POST & PACKING 10p
APPROX. QUANTITY COUNTED BY WEIGHT

WIREWOUND RESISTORS MIXED
TYPES & VALUES, POSTAGE 7p

13p
Complementary Set. PAIR
NPN/PNP Germ. Trans.

BY127 Silicon Recs. 1000 P.LV. 1 amp
Plastic. Replaces the BY100

BUMPER BUNDLES
These parcels contain  ali  types of surplus electronic
components,  printed panels. switches. potentiometars,
transistors and diodes. etc.

2 LBS IN WEIGHT FOR £1

Post and packing 23p

TRANSISTORS
RANTEED

TYPE “B”
PNP Silicon
LASTIC ENCAPSULATION,
low voltage but good
gain; these are of the
2N3702/3 and
2N4059/62 range.

ANNOUNCING

TYPE “A”
PNP Silicon

plloy, metal TO-5 can.

the opening of our
entirely new

CASH & CARRY
DEPARTMENT

On the spot sales of all catalogued
items plus many other lines of interest

Reductidns for bulk buying
Manufacturers welcomed
These are but a few examples:
0C44, 0C45, 0C81, 1N4CO7
all at 8p.
1N4001 @ 4p. 1N4004 @ 5p.
1N4006 @ 6p. Minimum quantity 500.

The Semiconductor Supermarketofthe South-East

TYPE “F”

NPN Silicon
PLASTIC ENCAPSULATION
Low Noise Amplifier of
the 2N3707/8/9/10/11

Series.

TYPE “E”
PNP Germanium
AF DR RF

please state on order.
Fuily marked and tested.

NEW UNMARKED UNTESTED PAKS

Dual Trans. Matched O/P
3 50p

Trans. manufacturer’s rejects all

pairs IPN. Sil. in TO-5 can
types NPN, PNP, Sil. and Germ. 50p

Siticon Diodes DO-7 glass
equiv. to 0AZ00, 0A202

50p

Sil. Diodes sub. min.
IN914 and IN916 types

50p

Sil. Trans. NPN, PNP, equiv. to
0C200/1. ZN706A. BSY95A. etc.

50p

7 watt Xener Diodes
Mixed Voltages

50p

250mW. Zener Diodes
DO-7 Min. Glass Type

50p

Mixed volts, 1} watt Zeners.
Top hat type

50p

High quality Germ. Diodes
Min. glass type

50p
50p

Top Hat Silicon Rectifiers,
750mA. Mixed voits

Experimenters’ Pak of Integrated
Circuits. Data suppiied

BY126/7 Type Silicon Rectifiers,
1 amp plastic. Mixed volts

50p

OCP71 LIGHT SENSITIVE
PHOTOTRANSISTORS

Return of the unbeatable P.1 Pak.
Now greater value than ever

Full of Short Lead Semiconductors & Electronic
Components, approx. 170. We guarantee at least
30 really high quality factory marked Transistors
PNP & NPN, and a host of Diodes & Rectifiers
mounted on Printed Circuit Panels. l|dentification
Chart supplied to give some information on the
Transistors.

Please ask for Pak P.1. Only BUP
10p P & P on this Pak.

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.
each

counter for any car.

FREE CATALOGUE AND LISTS

for: —

ZENER DPIODES
TRANSISTORS, RECTIFIERS
FULL PRE-PAK LISTS
& SUBSTITUTION CHART

MINIMUM ORDER 50p CASH WITH
ORDER PLEASE. Add 5p post and packing
per order. OVERSEAS ADD EXTRA FOR
POSTAGE

P.O. RELAYS
VARIOUS CONTACTS AND
COIL RESISTANCES.

NO INDIVIDUAL SELECTION.
POST & PACKING 25p

8 for

f1

DEPT. B, 222-224 WEST ROAD, WESTCLIFF-ON-SEA,ESSEX
TELEPHONE: SOUTHEND (0702) 46344
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STANDARD GPO_ DIAL TELEPHONES (black)
\Pyitg ilimemul bell. 87p. P. & P. 25p. Two for £1-50.
5 . 37p.

TRANSISTORISED FIELD RATEMETER type
1368A range 0.05 to 25 mr/hr in 5 ranges size 12 X 3%
x 7% ins. £10 each. P. & P. 50p.

SURVEY METER RADIAC No. 3, Hand portable
size 83 X5 X 5% ins. 3 ranges (scale changes) 0.03;
0.3; 3 R/H. Internal Ion Chamber. Nice condition
£3 ea. P. & P. 50p.

DOSIMETER 0-50R 0-150R and charger £2. P. & P.
7/6. Charger only 30/-. P. & P, 33p.

PHOTOMULTIPLIERS. EMI 6097X at £850 ea,
6097B—£5 ea.

TRANSISTOR OSCILLATOR. Variable frequency
40 c/8 to 5 ke/s. 5 volt square wave o/p, for 6 to 19v
DC input. Size 18 x 1¢ X 11in. Not encapsulated. Brand
ew. Boxed. 57p ea.

RAMER TIMER 28V DC Sweep 1/100th sec & sweep
60 secs. 4" dial. Remote control stop/start reset £6-50.
RELAYS
G.E.C. Sealed Relays High Speed 24V. 2 make 2 break.

23p ea.

8.T.C. sealed 2 pole c/o, 2,500 ohms. (okay 24v) 13p ea;
12v 35p ea.

CARPENTERS polarised Single pole c/o 20 and 65 ohm
coll as new, complete with base 37p ea.

8ingle pole ¢/o 14 ohm coil 33p ea; Single pole c/o 45 ohm

coil 33p ea.

POTENTIOMETERS
COLVERN Brand new. 50; 100; 250; 500 ohms; 1;
2.5; 5; 10; 25; 50k all at 13p ea. Special Brand new.
MORGANITE 2.5K; 250K; 500K 2.5 meg. 1 sealed.

17p ea.

STANDARD 2 meg Log pots. Current type. 15p ea.

INSTRUMENT 3~ Colvern. 5; 25 ochms 35p ea.

BOURNE TRIM POTS. 10; 20; 50; 100; 200; 250:.

500 ohms; 1; 2.5 5; 25K at 35p ea.

ALMA precision resistors 100K; 400K; 407K;: 998K

1 meg—0'1.. 27p ea.; 3-25K—0'1.. 20p ea.

DALE heat sink resistors, non-inductive 50 watt. Brand

new 8.2K at 13p ea.

MULLARD VINKORS. Brand new boxed. LA2104

60p ea.; LA2411 45p ea.; LA2503 30p en.

SILVER ZINC Non-spill. Brand new. 7}V 5 cell. Size

1} x 1 x 1§ 2 oz, weight £1 ea. Single cell 1.5V 4AH size

18 X 2 x 3%, 40z. weight £1 ea.

MALLORY CELLS. 25p per set of 5.
CAPACITORS

ERIE feed through ceramicons 2200 pf—4p ea.

Sub-min. TRIMMER 3 square. 8, 5pf. Brand new 13p ea.

Concentric TRIMMER 3/30 pf. Brand new 7p ea.

ELECTROLYTICS. Brand new. 250 mfd. 70V 23p ea.

E.H.T. 2 mfd 5 KV. Brand new £1-50 ea,

E.H.T. 0.1 mfd 7 KV at 40p ea.; 0.1 mfd 5 kv at 35p ea.

RACAL RAITK receivers £250.

Racal RA98A Automatic SSB adaptor for above. Brand
new cruted. £75.

MARCONI TFI370A Wide Range R.C. Oscillator.
As new Current model £200.

TEST GEAR

OSCILLOSCOPES

E.M.l. WM16 DB-—24 megs each chan-
nel. £175 only.

E.M.I. WM 2 DC~—13 mc/s £25

E.M.I. WM 8 DC-—15 mc/s £40.

SOLARTRON CD1015 DC—20 megs. £55.

SOLARTRON 7118.2 D.B. DC—9 me/s. In fine
condition £50.

6843 DC—15 me/s Brand new £85
Good condition £50.

DC—10 me/s. CD513—£38, 513.2
—£40, CD5238—£45.
SOLARTRON (gll;a;% (D300 range) DC-—8 megs.

SOLARTRON

SOLARTRON
SOLARTRON

Storage scope QD910 £150.

COSSOR 1049 Mk. 3. DB. £25
HARTLEY 13A DB. £25.
CT52 Min. scope. £17-50.

All carefully checked and tested. Carriage £1-50 extra.

MARCONI
TF 1152 Power Metar, New P.O.R.
TF 1026 Frequency Meter £12-59. Carr. 75p.
TF 329 Magnification Meter. As new condition £60,
TF 185 Audio Generator £10. Carr. £1-50.
TF 801A Signal generator £35. Carr. £1-50.
TF 888 Magnification Meter £45. Carr. £1.
TF 369 N. 5 LImpedance Bridge £70. Carr. £1:50.
TF 144G 8ignal Generator. Serviceable. Clean £15.
In exceptional condition £25. Carr. £1-50,
TF 885 Video Osclllator Sine/Square £35 Carr. £1-50.
TF835/1 £55. Carr. £1-54,
TF 1343/2 ‘X' Band gen. £35. Carr. £1-50.

SOLARTRON
Laboratory ampliier AWS51A. 15¢/8—350ke/s £35

Carr. £1
Stabilised P.U. SRS 151A £20. Carr. £1-50.
Stabilised P.U. SRS 152 £15. Carr. £1-50.
Precision Millivoltmeter VP252, £25. Carr. £1.
Process Response Analyser. Fine Condition £250
Osclllator type OS 101. £30. Carr. £1-50.
D.C. Amplifier type AA900. £30. Carr £1.
Storage Oscilloscopes QDY10. £150. Carr. £1-50.

AVO
Testmeter No. 1 £12 ea. Carr. 75

DECADE DIAL UP SWITCH. Finger-tip.
Engraved 0/9. Gold plated contacts. Size 2}” high,
23" deep }” wide. 75p ea. Bank of 4 with escutcheon
plates, etc. 2§” high, 21" deep, 2i* wide £2:50.

PHOTOCELL equivalent OCP 71 13p ea.

Photo-resist type Clare 703, (TO5 Case). Two for 50p.
BURGESS Micro Switches V3 5930. Brand new 13p ea.
HONEYWELL. Sub-min. Microswitches type 118M3-T.
Brand new. 17p ea.

PANEL mounting lamp holders. Red. 9p ea.

BRAND NEW PLUGS AND SOCKETS
CANNON. 50 way DDM50P 75p ea.; DDM50S 50p ea.
£1 per pair.

As above but 25 way 50p ea. plug; 35p ea. socket: 75p

pair; 9 way 33p ea. plug and socket. 50p per pair.

.H.F. Plugs it UR57, 59, 85 etc., 40p ea.

-N.C. to U.H.F. Adaptor £1-37 ea.; Min. BN.C. to

.HL.F. £1-50 ea.; “I" junction B.N.C. £l ea.: B.N.C. plug
. plug £1 ea.; B.N.C. Right angle £1 ea.; Min,

a . right angle £1-25 ea.; Min. socket round 50p ea.

Standard B.N.C. round 35p ea. Many others too numerous

to list. All prices quoted for ‘one off.’

TRANSFORMERS. All standard inputs.

STEP DOWN ISOLATING trans. Standard 240v

AC to 120V tapped 60-0-60 700W, Brand new. £5 ea.

Transformer 0-215-250 120 MA: 6.3V 4A CT x 2; 2 x 8.3y

0.5A and separate 80v 100 MA £1-2§ ea. P. & P. 20p.

Matching contact cooled bridge rectifier 37p ea.

4.5V 40 amp (180Va) £1-75 ea. incl. postage or 3 for £4-50

incl. postage. Designed to be Series paralleled.

Parmeko 6.3v 2 amp X 4—£1-13 ea.

g;rd/Parm/Pan. 450-400-0-400-450, 180 MA. 2x6.3v.
en.

CHOKES. 5H: 10H; 15H; up to 120mA, 42p ea. Up

to 250mA 63p ea.

Large quantity LT, HT, EHT transformers. Your

requirements, please.

GROUND PLANE ANTENNA. Ex-admiralty.

Brand new boxed. Adjustable 90-160 megs. (Like

umbrella} £12-50. Carr. £1.

NUCLEONIC INSTRUMENTS

Pulse analyser N101; Scaler 1009E; Coincidence
unit 1086C; Anti coincidence unit Panax AU460;
Amplifiler N667; A/B/G Radiation Monitor 1257A;
complete 1339A system A/B/G; EHT Potentiometer
unit 1007; 1430 amplifier CF and head; Some
scintillation castles; radiation monitor 1320C and
1320X (X-ray); survey meters no. 2 and 3; Rate-
meter scintillation 1368A; Fast neutron 1262C;
Fluori-meter 1080A and many others. Also 2000
SERIES. Amp 2002A; Low level amp 2024; PU's
2004; 2005B; nanosec time amplitude convertor
2011A; pulse amplitude analyser 2010B; discrimina-
tor 2007B; high level amp 2025 and others. Informa-
tion available.

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cas

D.
Electronic Testmeter CT 38. Complete £18 Carr, £1
CINTEL
Sine and Pulse Generator type 1873 £15. Carr. 75p.

AIRMEC
Bignal Generator type 701. £25. Carr. £1-50.

MARCONI TF 1277. Colour studio scope, will line
select. In superb condition. £120.

LIMITED QUANTITY
TELEQUIPMENT D43R. Brand new with TD41
TB. £80 with 15 mc/s amp. £105.

BRADLEY ATTENUATORS 0/500 meg cycles.
0/12 db and 0/120 db—£20 per pair.

HEWLETT PACKARD. Attenuators 0/500 meg
cycles. 0-132 db. 1 db steps. £40.

BECKMAN MODEL A. Ten turn pot, mmpler,e_l

with dial. 100k 3% Tol 0.25%—only £2-13 ea.

E.H.T. Base B9A in Polystyrene holder with cover.
Brand new. 13p ea.

BRUEL & K/OER Automatic Vibration Exciter Control
type 1016. £]40,

DVM’s BIE 2114 £50 ea.;: BIE 2116 £50 ea. Carr. £1-50.
AMERICAN TRIPLETT Generators type 1632, 100
ke/s to 120 megs. £12-50. Carr. £1.

BC22| with correct charts in fine condition £15 ea.
Carr. £1.

PANAX Pulse generator G100H. Mint. £40. Carr. £1-50.
BRAND NEW INSTRUMENTS HOUSING. Size
8x8x7 deep. Comprising of anodised aluminium front
and rear linked frame with recessed light blue front and
rear panels, Detachable dark grey vinyl covered
aluminium covers. Price £3-87 ea. P, & P. 25p.

FIBRE GLASS PRINTED CIRCUIT BOARD. Brand
new. Single side {p per 8q. in. Double sided Ip per &q. in.
Cut to size (Max. 23" x15"). Postage 5p per order.
BERCO miniature variac type 31C. 0-250V 1 amp.
2 5/16th” depth, 3" diameter. Complete with dial and
pointer. As new £3. P. & P. 37p.

SEQUENTIAL TIMERS 240V synchronous motor
1 rpm. 12 cam operated 2 pole micro switches. Individually
adjustable from 0° to 180°. £6 ea.

Standard 240V MOTORS with reduction gearbox
14 1bs. per 8q. Inch. £3 ea.

Modern replacement for VCR 138 tube. Flat face 3 in.
£1-63. P. & P. 25p. Bases 17p.

FERRITE rods complete with LW, MW and couplh
coiis. Brand new. 25p ea. P. & P. 7p.

FIREBALL TWURRETS. Brand new £1:50ea. P. & P. 25p
Sub-minilature IF's 465/470 kes, Size ¥ x } x 3" high.
8et of 3—63p.

Sub-min. Vitality bulbs 8V 1.2W 5 mm Clear L.E.S.
7o ea. 100 off ép ea.

DUNFOSS—solenoid valves. 240V 50 ¢/s. Type EVJ 2.
Brand new boxed £5; Second hand £3. P. & P. 6/-.

Precision THERMISTOR by YSI. 100 k. at 25°C.
Range: 40°C. to 150°C. Supplied with charts giving ohms
for each degree over entire range. Brand new. £1-50 ea.

CLAUDE LYONS Main Stabilizer. Type TS-1L-580.
Input 119-135 volts 47/65 cs. Output 127+/—0.25%
16 amps. £35. Carr. £2.

Panel mounting YARIAC 20 amp. 2 separate wipes
(concentric shaft) £25. Carr. at cost.

ROBAND P.U. Type M39A. Stabilized 360 volta
2 amps. £22 inc. carriage.

E.H.T. Unit by Brandenburg model $.0530/10. £55.
KELVIN & HUGHES 4 channel recorder. £30 ea.
SMITHS twin channel recorder. Transistorised. £65.
Various other single and twin track recorders from £20.

EVERSHED & VIGNOLES Recording paper. Brand
new boxed. L818H4 7° wide, 13~ dia. 170 roll; 8” dia. £1
roll. JLOOGH4 77 wide, 1§” dla. 25p roll.

16in. Rack Mounting CABINETS 6ft. high 19in. deep.

Side and rear doors. Fully tapped, complete with base
and wheels. £12-50. Carriage at cost.

Double Bay complete with doors. Fine condition. £25.
Carriage at cost.

TIME CALIBRATOR unit by Cawkell any or all time
intervals from 0.5 microsecond to 1.000 microsecond.
Internal calibration; gate generation £50. Carr. £1-50.
AUDIO/Vibrator Amplifiers 1 KW. £150 ea. Matching
vibrators for above 34 x 24" dia. Weight approx. 1 ton.
£100 ea. Smaller units available.

MUIRHEAD Swept Audio Osoillator £5) ea. Carr. £1-50.

EMI Swept Audio Oscillator type SRO2 £40 ea, Carr.
150,

4 DIGIT RESETTABLE COUNTERS. 1000 ohm.
coil. Sfze 13 x 1 x 4lin. As new, by Sodeco of
Geneva. £2-50 ea.
As above but 350 ohm. £3-50 ea.

METERS—Model 3705. 25.0-25 micro amp. Scaled.
-100-0-4+100. 54" x 4", £3 ea.

SANGO 50 micro amp 4° round. Brand new boxed.
£1:38. P. & P. 38p.

SANG O 50 micro amp rectangular meter. Size 23 x 3¢
with 4 separate scales, lever operated, 0/6 white, 0/60
blue. 0/600 red and set zero. £1-75. P. & P, 17p.

RECTANGULAR WESTON 5" mirror back. Scaled
0-750 1 ma_bhasic 30/- ea: 100 mlcro amp scaled 0-50
£2-50. P. & P. 17p.

SANGO 50 micro amp 3" round meters. Ex brand
new radiation equip. £l ea. P. & P. 17p.

SEEING IS BELIEVING!

First come, first served
AMERICAN oscilloscope type TS34/AP, Size
7 x 8% x 154" deep with viewing hood. Tested,
good working condition. Ideal general purpose scope.
117 volt mains therefore only £12-50. Carr. £1.
COSSOR D.B. Scopes—some models from £I15.
RACAL Diversity unit £5 ea.

MARCONI Absorption Wattmeter 1 micro watt to
6 watts. Type TF956. FANTASTIC at £7 ea.
SOLARTRON Stab. PU AS516 & AS517. Circuits
supplied. Fantastic value at £2 and £4 each.
YERY SPECIAL OFFER. AVO Transistor Ana-
Iysers in superb condition ONLY £30 each.
SUPERB BUYS. Furzehill V200A Valve millivolt
meter 10mv to 1 kv. £10 ea. Furzehill Valve volt-
meter 378B/2. 10 mv to 100 volts £7 ea.

MEGA Ohm Meters—check earths, bonding etc.
Ridiculous at £5 ea.

SUNYVIC DC Amplifier type DCA1, Thermo-couple
etc. £9 ea.

Genuine MULLARD Transistors/Diodes. Tested
and guaranteed. OC41, 42, 76, 77, 83; 0A5, 10. All
at 5p ea. OC23—I10p eg.-
COMPONEI;‘I&, PAC)

ays—15 mixed values igwW
ish) £1-50. P. & P. 37p. \
2 pole c/o assembly. Brand ne¥
t any 3000 type relay. 10p incl.

Carriage extra.

TWANAISTOR EHT INVERTORS. 12 volt | p\
(# or/—) 1.5 KV 2 MA and 3 KV 4100 micro a)
eal GRT supply, photomultipliers etc. Full informa
ppligd. Brand new at £6-50 ea. P. & P. 25p.
, 48 above but 1.5KV AC 20 ke/s. £3'50. P. & P. 2|
neliswitches DPDT ex eq. 13p ea.; DPST Brand #
17 ey.: DPST twice, brand new 25p ea. £

4 pole
HT Heavy Duty Contactor. Single
20Q, a1 g4V coll. Brand new, boxed. £1 ea. ing P,
R N SWITCHES. 4 t« It, 3
. n P. &P, -, o
b) eetvETS R 0, B4l
ers .

rder

FOR CALLERS. Always a large quantity of components, transformers, chokes, valves, capacitors, odd units,
etc., at ‘Chiltmead’ prices. Callers welcome 9 a.m. to 10 p.m. any day.

CHILTMEAD LTD.

7-9-11 Arthur Road
(rear Tech. College) 300 yds. west of 22 Sun Street . Rezding 65916

- Reading - Berks

Tel. No. 582605
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IPC BUSINESS PRESS LTD.
DORSET HOUSE
STAMFORD STREET
LONDON S.E.|

Advertisers and Agencies who
have Accounts payable for
advertising in the Company’s
publications are kindly asked
to settle these through the
Bank Giro System.

The Transfer Form, obtainable
from all Banks, should be com-
pleted as follows :—

Code No. 18-00-09
Bank Coutts & Co.
Branch Fleet Street, London E.C.4

Account IPC Business Press Ltd.
A/c No. 65548059

Paid in by Name and Address
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ELECTRONICS DIODES & RECTIFIERS
e ' ol
- /i
IN918 1/6 | AAZI13 2/- | BY103 4/6 | 0Al
:0. BOX 26, A 1 B
‘ AYLESBURY, BUCKS. | =z o |sim ao|snk oo join 18
SEND S.A.E. FOR LISTS « GUARANTEE Satisfaction or money refunded | s 8- |zl G [Byxio 4a|oam s
~ | BA1lS 1/6 | BYZ10 71— | 0A81 1/8
GUARANTEED VALVES BY THE LEADING MANUFACTURERS BY RETU im0 3| sais oge | BYAl se | oA e
|
g LY | 18121 3/8 | pyxis g | BYZIZ - [ 0As0 1/
EE ON OWN BRAND. 3 MONTHS ON OTHERS e oo | Baxie g |D¥2ZI3  S-|oAsl L8
BZYBRS (Reries) | 0AQS 1/8
AZ31 10/~ | EFs6 13/83 | HL92 7~ V026 42/~ | 384 — _ 18132 3/- | BAY18  3/8 -
Mo Wo|EE ¥R b 88%3—10251 384 Io|geyr ag-evs o oimzeeT 1 | ei0 18 | BAYsL oy | sTes Yo 1943 o
o — | BR4GY 11/- | 8DC6 5 =
C%gﬂ] 17/- | EF92 10/- I$T88 33/- | QV03-12 13/- | 5U4G 3;— 6DK6 12;3 g§:GT 258 ggélxﬁs lgL
SE mE g, BORMCEEe BN 4T e L
DAFI6 &3 | EFos 126 | POSAIS. 1003 | BUS150A 161 | S¥SQT ) L lﬂ: g;?(} gt gggéﬂ i.g;: New and Budget tubes made by the leading British manufacturers.
DFs1 9/~ | EF183 11/8 | pCos 78 | TT21 38/~ | 523 o~ | 6ER7 /8 | 9BWs 8/6 | 30FL1 i Guaranteed for 2 years., In the event of faflure under guarantee
g{gﬁ lg;a ggg:; 4;;_ ggggo lgg gfg/g gg;a BZ4GT 8/~ | 6E37 7~ | Toc2 10~ ESOF‘LZ lg;G :;%x:;nentlsmdewlthouttheusua]Mmewasungformaandposmgé
& 20 6/30L2 15/- | 6EWSE 5 -1 3 —
DKs6 16| EFS00 20/ | POCRs /3 | UZo - 13/ | oABS. 8| om1 Woliome 8 |forms 190 | Tome Newl & Budgot 4
g%g? ;Ie EF804 20/- | PCC85 8/8 ) U25 15/- | GAF4A 9/68 | 6F5 8/- | 10F1 18/- | 30L1 - MWSS—% 4710/~
Dng D;g g{gil 18/- | PCC88 14/- | U26 18/- | 6AG7 7/8 | BF6G 8/~ | 10F9 10/- | 30L15 17/- g&f}—?l 410/~
pLes o 10/6 | PCCSY 1213 | UL /- | 6AH6 10/ | 6F11 6/ | 10F18 8/ |30L17 17/ 52092 SRR
/6| EL36 9/ | POClse  12/3 | U37 30/~ | 6AJ8 5/ | 6712 4/8 | 1011 8/~ | 3012 16/- Ly 818/ 4/12/8
DYB6/7 8/- | EL41 11/- | PCF80 10/3 | Us0 6/- | 6AKS /- | 6F13 ?7/-| 10LD11  11/- | 30P18 7= W asanz CRMI7S /18- 428
B umd felnan MG UM o0 gl Bomes a0 e gmm ae
= - — | g4 - R J =
Bube B 0|k AT bojsAln weiems e lemn s men e b i
E130L  90/- [ EL8¢ 7/9 | PCF200/1 16/3 | T191 18/ | 6AMS 8- /8 | 124C6  7/6 | 30PL14 175' ClIAL /12/- 4/12/8
EISOF  19/- | EL85  8/6 | PCFso1 1273 | U201 7- | 6AMs  4/6 | 6F23  18/6 | 12AD6  7/6 | 35435 10/ e /18- 4/1%/8
Ara I O ] O A I 2 o
) - | T - | 6AQs N — - =
EBC33 11 | ELo1 55 |Porsos 123 | Usor  1ve | eans  oe|ores  ar|1aA% oo MI | Awaa ALTRLINY 713/4 8/7/8
EBCil  9/6 | EL95 7~ | PCF808 13/8 | U403  10/- | GAR6  6/6 | 6F28  14/— | 12AU6 18/ | 35D5 AdT LW CMEBI00L 713/4 3718
EBCSL  6/8 | EL360 23/~ | PCH200 14/- | U404  7/8 | 6ABS 7/~ | 6F29 86 | 1oAve 6- | Brser e M B0 718/ s/2/8
UL Al B L A AT N R Qa7 i
EBF83 8- | ELLS0 15 | PCL84 10/3 | UBF89 8/~ | 6AUS 255 G 253 treld 1§f§ ) IHI () Ly CMEL1904 1‘)/% 871/3;3
EBF89 8- [EM3: 16/ | PCL85 10/8 [ UBCS1 /9 | 6AVE 6/~ | 637 8/8 | 12B4A 10/~ | 36zsGT 78 | Ai AW CMEL905 8/17/3 1=
EBA1 5/3 | EM71  12/6 | PCL86 10/3 | UCCB5  9/3 | 6BA6  9/8 | 6K6GT 10/~ | 12BA6  6/6 | 50A5 13/~ | A47-26W s 8/17/3 718/~
EC33 10/- | EMB0 8/— | PD500 30/86 | UCH42 13/9 | 6BE6 12/- | 6K7 8/6 | 12BA7 8/8 | 50B5 - o edd g oIS H 9/8/
EC86  12/- | EMSI  8/6 | PFL200 14/0 | UCHB! 10/9 | 6BH6  8/6 | 6KSG 6/ | 12BEG /8 | 50C5 e | AR CMEZ01S 1017~
EC88 12/~ | EM84  7/6 | PL36  12/8 | UCLS2 10/3 | 6BJ6 /6 [ 6K23 10/~ | 12BH? /8 | 50CDEC 38/~ | Avweo oy 8/18/8 88/~
BR b BN e HS Al wRimoe oigon wopen gocjamor g v 0w e
= 5 GT - Z z
EC93  9/8| EYSL 8/ | PL&1A 12/8 | UPSO/5 7/6 | 6BN5  8/8 | 6L7 o6 | 1krar 9o |Gaz g | AWessl Carreagd /1158 74~
ECC81  8/- | EY80  9/- | PL82 7/8 | UFss 8/ |6BN6 8- | 6L18 6| 127G &- | o0Av  ag- | AMUV ShE2i01
ECC82/3 8/8 EYS} 8/- | PL83 10/3 | UL41 11/8 | 6BQ3 &8/- | 6LD20 8/8 | 128C7 B/— | 90CL 12/~ S50
ECCS84/5 8/6 (EYS3 11~ |PL8s  8/8|ULs4  1l- [ 6BR7 15/ | 6N7GT  7/- | 12867  7/- | so0v 28/~ CMpass 9/11/8 714/~
ECCR8 11/~ | EYS6 8/ | PLson  16/6 | UMBO/4  8/- | 6BRS 19/ | 6P1 12- | 12887 &/~ | 807 aje | ANLW CME2305
ECF80/2 /6 |EYS7 8/ | PL504 17/~ | UY4t 8- |6Bws 16/8 ) 6Pas 21/ | 12807  &/- [8llA  30)- | Avoidw CMB2308 13/18/- 10/19/6
ECF86 11/- [ EYs8 8/6 | PL505  29/- | UY85 8/9 | 6BW7  13/9 | 6P23 12/6 | 128K7 8/- | 8124 85/~ Ab9-16W CME2306 13/13/- 10/19/6
ECH35 13/8 | E235 5/6 | PLo0s 20/~ | U2s 15/- | 6BX6 &/~ | 6Q7 7/8 | 128L76T  8)- | 813 7 | ASBW CUME230 1212/ 10/10/-
ECH® 1373 | EZio 9/- | PL509  30/8 | U26 15~ | 6Bz6 88| 6R7G 7/~ | 198N7GT 8/- | 886A 14/~ | ASE23W/R 12/12/- 10/10/-
1073 | EZ$1 9- |[PLeoz 173 | Ulst  14/8 [ 6C4 8/~ | 682 8- {12807 &/ [s842 18- | SORTABLE BET TUBES
ECHS 8| EZs0 58| PLsis 173 | U1 8/8 | 6C56T  7/- [ 6844 11/~ [128R7 /8 | 6080  27/6 | Iomony 67185/
ECHSi /6| Ezsl 56 | PYSS  12/6 | USOL 17/~ | 6CD6G 28/ | 68A7 7/6 | 1487 16/~ [ 6146 30/~ | ageon 8/15/~
/- | Ez90 5- | PYso  6/86| wi2s 11~ | 6CA¢  8/8 | 68G7 6/8 | 20D1 o/~ [ 61168 478 | Ammraor 9/3/4 Not supplied
ECLEZ  0/9 | GSL0C 100/- | PY8I 8/8| z759  24/6 [ 6cA7 108 | 6837 7/6| 20L1 20/~ | 6267 8 | owciool 7/16/-
ECLGg 1%;8 ggggl 16/- | PY&800 8/8 | OA2 8/6 | 6CBC 8, B8K7 8/8 | 20P1 10/- | 6360 25/- CHBII0g /=i~
9 78 | PYSOL 8,3 | 0A3 9/- | 6CD6GA 23/~ | 68L7GT 6/8 | 20p3 12/~ | 6939 - A discount of 10% is also given for the purchase of 3 or more New
ECL L800 30/~ | G231 8- | PY®2  7/-|0B2 6/8 | 6CG7 9/- | 68N7GT - |20P4 20/ |7199 15/~ | TVhesabany one time.
gggg 18;6 gg% 1256 %Sg lgg ggg lg;_ 6CHG 11/~ | 68Q7 8/~ | 205 20/~ | 7360 36/~ All'.ypesof'.ubesmsmck.Carrhgeandmsumncelli/-.
0 - 5 — | 6CL8 5 5
EF83 10/- | GZ34 11/- | PY500 20/- | OD3 8/8 | 6CW4 g;ﬂ g%§7 z;g ggg?iGT ?;ﬂ gggg 2%5; N IORISRORUE UNER NS
EFss 83| HKoo g6 | Pzso 18- | 3q4 8- |6CYs 8- | 6UIGT  12/6 | 20746 8- | 5003 100 | ooy en i SARANTEED FOR 3 MONTHS
ocke!
DE BANKS MAGNETIC RECORDING TAPES bo,‘f‘f{;,“be“;e‘“°'m,;’;,'“‘;“::}, — e
POLYESTER Bpool POLYESTER 8pool ningons tumng, g utton, 100/-.
I:t’:::udP Bise in. Price | Length Size in. Price EM':: TA'EI :EE"S CASSETIES SERVICE AIDS
T T 3 B i 8 i
. Ay s - lggg ;: g! %;;_ iy 1;10 oxed I&}gl““c hti,:/ray Packs IE}LMhPCI?I;rl/]élgerslxgh Cleaner with Lubricant, 11/-; Freeza,
850 tt. 51 12/8 | 1800 1t 7 20- Slia. 23 S50 12/8
1200 £t 7 14/- | Double Play 5¢ in. 2/8 CL20 17/¢ RLOGS
i dind 3 88| 1300 16, A T 2 Btandard Plugs 3lo Beiting Lee or
e 3 s;o 2200 ;: g! gg;: P. & P. 1/6 on all orders, 8tandard Sockets 2/8 AﬁdmsfiL;:r(ggzm;“";yw pe
GARRARD Sapphire Diamond
STYLI EV26Stereo .. .. e Te CARTRIDGES
] .. oy o 2/6 Inc. P.T.
ACOS Sapphire  Diamond S I U ATOS each
GCEI2.. .. .. 2/6 6 S TR [
GRSy .. .. .. 2 /6 gesion L 7 Gpol-isc .ol ot
cee7 .. 1L / 76 GCsloz .. .. 26 7/6 M T
Ghe7 e » o 2/6 776 ST2-3 o o 86 96 12- 49 .. - .. a. o 15/6
GP73-2” .. .. 6/6 9/6 Tsi - ” % 6/6 96 50-500 .. oxs . oo . 13/6
SR R o ;5: ;;: ;gg_ i o i 66 HA gz:-ggg T R .. o .. Asabove
GP8I-1.. B 2/6 7/6 i £s of 6/é /6 Suitable to replacu TC8 ote. o o Asabove
Gzl-l.. g 6/6 9/6 GOLDRING GP92 0y o0 26/5
grold. .. §/6 96 CM50 .. .. .. 2/6 7/6 GP3-1 .. .. L 24/9
GP9I1-3.. " - 6/6 9/6 CM60 .. & N, 2/6 7/6 GP94-| 0o - 0o ae oF 31/-
GP9I-1Sc . 6/6 9/6 MXI o 2/6 7/6 GP94-5 =5 .. g0 8o Ve ] 36/~
SPc‘?l-;Sc i 6/6 96 MX2 N, K 2/6 7/6 GP95 117 )
PI7.. .. .. 26 7/6 Stereo CS80 .. ..  2/6 7/6 GP6 . e e 36
Acos 104 - 10 . 50 Fe= 41/10
B.S.R. PERPETUUM EBNER H-25 o0 o0 0 LD 3wy
BSR CI (ST3) .. o 6/6 9/6 o - M. 6/6 96 }tgg oo oo - L Jg/:
ggs;gg: i %;‘ 7/6 Pl:luol's B.S.R. O 17
o org (] 7/6 G3016 .. v 2/6 7/6 X3M .
BSR ST8 . §/6 9/6 A<33063 el 2/6 7;6 X3H . g;é wal I R g/:
BSRSTS .. .. &6 9/6 AG3306 1 9/6 X5M ISR /- S S
BSRSTIO .. .. i 9/~ A633I0/3306 N, 6/6 96 X5H S T - I z1'l9
BSRXIM L L g s AG3400 2/6 76 SXSM s3Il 3
BSR X3M 6/6 96 RONETTE B8INOFLUID §§g: i SD//SS o - o o 363
BSRX3H .. .. 66 96 BF40 ¥ 2/6 76 SXSH oo ol
BSRXSH 1L ) /6 9/6 DC284. - 2/6 7/6 X4N S ;;ﬂl
6 9/6 SONOTONE RONETTE
71 A 11 96 -SSR '+ SN II LR /1)
COLLARO ST L e 9/6 bewo 0 f8 o o v lwio
8T4A .. L. ee 9/6 2 R R o
Collaro Studio ‘Q" . 2/6 7/6 9TA s o 6/6 96 105 i’ o/ = = g N G
Coliaro-Ronete TX88 2/ 7/ TAME L e 96 06 bR oot B
Collel SKI . 2/6 7/6 S 2/6 7/6 L I N
Dual CDS2/CDS3 (DN2)  6/6 96 20T ¥y 'z = 2/6 7/6 S N
Dual CDS/320 (DN3) §/6 96 SONOTONE L 111
ELAC KST$ (PEIO) .. 6/6 9/6 The Diamond Tip is .007 in. radius, thus mak- 8TA.. ‘ D/s
ELAC KST9 (PEIB) .. é/é 9/6 ing it compatible to play stereo records on 9TA.. R /11
ERSMB. . O 1] 9/6 mono_equipment without damage to the STAHC . b L e
ERSMX O 11 7/6 record; and of course full stereo. GOLDRING S |/
Egzosgt'a.reo bo bo :;2 ;/: :QTIS':'I' MADE Model 850 £5.5.0 Model GBOOE £15.0.0
[ v / PORT ENQUIRIES WELCOMED Model G800 £1.7.0 Model G800 Super E £|’;|’°-°
A by
ADD 5d. PER ITEM FOR POST AND PACKING FOR R I TH N CFRNC N IR fae
ORDERS UNDER 24 PIECES. PACKING PAYABLE ON ORDERS UP TO £6, AFTER
THAT, FREE EXCEPT CR.T.'s.
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SONY TFM 8030L

HIGH PERFORMANCE 11 TRANSISTOR THREE
WAVEBAND PORTABLE BATTERY MAINS RADIO

This is a really top performance. top quality solid state
receiver packed with SONY know-how and backed by
the outstanding reliability for which SONY are
renowned. Now this outstanding set is available from
Laskys at over 27% below the manufacturers list
price making it without doubt the NUMBER ONE
SCOOP of 19711 Just look at these outstanding
features. Covers MW. LW and FM {VHF}, 11 transistor
circuit for high sensitivity and stability Powerful
output to 5” P.M. Dynamic speaker with rich clear
tone quality. AFC for drift free VHF reception. Push
button wave change selectors and tone control. Choice
of three power sources—S8V battery., household
mains or car battery with suitable adaptors. Dial
light for use in the dark. External jacks for earphone.
tape recording, external power input and car aerial.
Ulrra modern styling and superb finish with padded
leatherette covered cabinet for superior sound
damping with chrome trim, strong carrying handle.

The SONY TFM 8030L will eniiven your leisure hours anywhere, anytime with exciting sound.
news, sport, music, etc. Technical specifications: Freq. range. FM 87-108 MHz. LW 150-285kHz
MW 530-1.605kHz. Circuit: 11 transistors, 7 diodes and 2 thermistors. Aerial System: Directional
telescopic for FM. internal ferrite bar for LW/MW Power Output: 1.85W max. Speaker PM Dynamic

-4{ )imp. Power Source: 9v power pack battery (Every Ready PPS or equiv.). AC mains with
adaptor, car battery with adaptor. Size 9§(W) x 83 (H} x 33(D}. Complete with earphone and battery.

MANUFACTURERS LIST PRICE £29.75 £2 «i 50
LASKYS SPECIAL OFFER PRICE O

Optional Extras. SONY AC-90e AC adaptor £4.00 DCC-12b tatiised car battery cord £6.00.
Both post FREE 1f purchased with radio.

EXCLUSIVE DIGITAL CLOCK
MECHANISM

® Made especially for Lasky’s by famous
maker

® Mains operation

® 12 hour alarm

® Auto "SLEEP* switch

® Hours, minutes and seconds read-off

® Forward and backward time adjustment

@ Silent operation synchronous motor

® Shock and vibration proof

@ Built in alarm buzzer

This unique DIGITAL CLOCK is now available EXCLUSIVELY FROM LASKY'S
in chassis form for you to mount in any housing that you choose. All settings
are achieved by two dual-concentric controls at the front including: ON-OFF-
AUTO and AUTO ALARM. “sleep” switch, 10 minute division 'click” set alarm (up t0 12 hour deiay).
time adjustment. Uitra simple mechanism and high quality manufacture guarantee reliable operation and
long life.

The sieep switch will automatically turn off any appliance—radio. TV. light. etc., at any pre-set
time up to 60 min. and in conjunction with the AUTO setting will switch on the appliance again next
morning.

The clock measures 43W x 13H x' 31D (overall from front of drum to back of switch}. SPEC: 210/240V AC,
50Hz operation: switch rating 250V, 3A. Complete with instructions. HUNDREDS OF APPLICATIONS.
COMPLETE WiTH KNOBS

LASKY’'S PRICE £6.95 .- For auanTiTES
LASKY'S TM5 METER

Another new look pocket multimeter from Lasky's providing top
quality and value The 'slimline’”” impact reststant case-—size 4%in. x
24in x 1iin., fitted with extra large 2}in. square meter. Readabilit
is superior on all low ranges: making this an excelient instrument for
servicing transistorised equipment. Recessed click stop selection
switch. Ohms zero adjustment. Buff finish with crystal ciear meter
cover.

DC/V: 3-15-150-300-1,200 at 5K ohms/V

AC/V: 6-30-300-600 at 2.5K ohms/V

DC Current 0-300uA 0-300mA

Resistance: 0-10K ohms, 0-1M ohms

Decibets: ~10dB to 16dP

Complete with test leads, battery and instructions

LASKY'’'S PRICE £2.95 ¢:» 3

MIDLAND 10-406
AM/AIRCRAFT RADIO

The first pocket size receiver of its type allowing you to tune-in
to the entire air communications band covered by 108-137
MHz in addition to full AM medium wave. Intermediate
frequencies: AM 455 KHz: VHF 10.7 mc/s. Output power
200mV 2%}in. P.D. B ohm speaker. A built in ferrite rod aerial
is prowded for AM reception. The 10-406 is finished in blue with chrome trim, chrome telescopic
antena. Size 63 x 3% x 1jin. complete with batteries. magnetic earphone, instructions and circuit

LASKY'SPRICE £8.35 rar 13

207 EDGWARE ROAD, LONDON, W.2.

33 TOTTENHAM CT.RD, LONDON, WP SRB.
109 FLEET STREET, LONDON, E.C.4.

152/3 FLEET STREET, LONDON,.E.C.4.

HIGH FIDELITY AUDIO CENTRE g
42-45 TOTTENHAM CT. RD, LONDON, WIP 9RD.

MAIL ORDERS AND CORRESPONDENCE
315 CAVELL STREET. LONDON. E1 2BN

Wireless World, April 1971

EX-STOCK
TRANSFORMERS

% A typical selection only is shown
below. Please send for full lists.

% Speedy production winding service
offered.

MAINS ISOLATING SERIES
Primary 200-250 Volisg Secondary 240 Volts Centre Tapped (120V) and
Earth Shielded

Ret. Qty.  Qty. PP.
No. VA (Watts) Weight 8ize em. 124 25-99 each
1b oz Np Np Np
61 100 5 12 10-2x 89x 83 2-28 2-12¢ 52
62 250 12 4 9:5x12:7x11-4  504F 468 67

63 500 27 0 17-1x11-4x 158 9-73} 9-00§ i
92 1000 40 0 17-8x17-1x21-6  17-934 18-58% =
128 2000 63 0 241x21-6x15-2 2068 27-43 g
0 .

0 .

129 3000 84 21-6x21-6x20-3 48-38 42-89}
190 6000 178 31-1x35-6x17-1 7611 70-48

AUTO SERIES (NOT ISOLATED)

Ref. Qty. Qty. P.P.
No. VA (Watts) Weight Bize em. Auto Taps 1-24 25-99 each
1b oz Np Np Np
113 20 i1 T3x 43x 44 0-115-210-240 074 089 20
64 5 114 T0x 64x 60 0-115-210-240 1434 132F 30
4 160 30 89x 64x 76 0-115-200-220-240  1-74 1-61 36
68 300 6 0 10-2x102x 95 % o 3-38 312 52
67 500 12 8 14-0x10-2x11-4 ”» " 5-02) 484} 67
84 1000 16 0 11-4x14-0 x14-0 - " 912 8-83F 82
93 1500 28 9 13-5x14-9x 165 "o g 13-22  12-22) e
95 2000 0 0 17-8x16-5x21-6 » N 17-26 1596 ©
73 3000 45 8 17-4 %< 18-1x21-3 " " 23-47 2173 *

LOW VOLTAGE SERIES (ISQLATED)
PRIMARY 200-250 VOLTS 12 AND/OR 24 VOLT RANGE
t;

Ret. . V. Qty. P.P.
No. Amps. Weight Size cm. 8econdary Windings 1-24 25-89  each
12V 24V 1b oz Np Np Np
111 06 025 12 76x 57x 44 0-12Vat 0-25Ax2 074 0-89 22
213 10 05 10 8:3x 51x 51 0-12Vat 0-BAx2 0-87¢ 081 22
71 2 1 10 7-0x 6-4x 57 0-12V at 1A X2 1-154 1-08f 22
18 4 2 2 4 83x 70x 70 0-12V at 2A X2 1614 1-48f 36
70 6 3 312 10-2x 7-6x B-6 0-12V at 3A x2 1-95 1-80¢ 42
72 10 5 6 3 7-9x10-8x10-2  0-12V at 5A x3 2-56 2-37 52
17 16 8 7 8 12-1x 9-5x10-2  0-12V at BA x2 3:95 3-16f 52
115 20 10 11 13 121 11-4x10-2  0-12V at 104 x 2 5-08) 469} 67
187 30 15 16 12 13-3x 121 x12-1 0-12V at 15A x 2 927F 858 82
LOW VOLTAGE MULTITAP SERIES (ISOLATED)
PRIMARY 200-250 VOLTS 30 VOLT RANGE
Ret - Qty. P.P.
No Amps. Weight Bize em. Secondary Taps 124 25-49  each
1t oz Np Np Np
112 05 1 4 8:3x 37x 49 0-12-15-24-30V 087} 0-81 22
79 1-0 2 0 7-0x 64x 60 od " 118 1-08F 36
3 2-0 4 2 8ux 70x 76 - . 1-59 1464 36
20 30 4 6 10-2x 89x 86 ; i 215§ 1-85 42
21 40 6 0 10-2x 9:3x 846 ’ ’” 258 2:37 52
117 8-0 7 8 12:1x 9-5x10-2 o B 3-79 3-50 52
89 10-0 12 2 14-0x10-2x 114 a3 7 8-204 573f 67
Ref. Qty. Qty. P.P.
No. Ampa. Weight Size em. 50 VOLT RANGE 124 25-99 each
1b oz Np Np Np
102 05 111 70x 7T0x 57 0-19-25-33-40-50V  1-15} 1-06f 30
103 1-0 2 10 83x 73x 70 o og 1-69 1-56¢ 36
104 2-0 5 0 10-2x 8-9x 86 1 " 2:331 2-16 42
105 3-0 6 0 102x10-2x 83 i o 3-18 2-93f 52
106 4-0 9 4 12:1x11-4 x 102 5 o) 4:20 3-88 b2
107 6-0 12 4 12-1 %111 x13-3 " oD 8-20 5734 67
118 8-0 18 9 13-3x13-3x12-1 3 . 8-10 7-49 97
118 10-0 18 12 165 x11-4x15-9 hg 5 10-15 8-38¢ 97
Ref. Qty. Qty. P.P.
No. Amps, Weight Size em. 80 VOLT RANGE 124 25-99 each
1b oz p Np Np
124 0-5 2 4 83x 9:5x 67 0-24-30-40-48-60V  1-18 1-08 36
126 1-0 3 0 89x 7T6x 78 o 0 1-84 1-513 38
127 2+ 5 6 10-2x 89x 86 » B 2-58 2-37 42
123 40 10 6 11-4x 9-5x11-4 a2 of 5-02F 4-84f 67
120 60 18 12 13-3x121x121 v m 7-28 8-73 82
122 100 23 2 16-5x12-7 x 16-5 . " 12:05 11415 =
LEAD ACID BATTERY CHARGER TYPES
PRIMARY 200-25¢0 VOLT FOR CHARGING 6 OR 12 VOLT BATTERIES
Ref. Qty. Qty. P.P.
No. Amps. Weight Size em. 1-24 25-99 each
1b oz Np Np Np
45 1-5 19 79x 6:0x 60 1-16¢ 1-074 30
5 40 311 102x 7-0x 83 Ptease note, these 7 1-83F 42
86 -0 513 10-2x 89x 83 units do not in- 2-868; 2-48f 62
148 80 6 4 8:9x10-2x19-2 clude rectifiers. 3-04 281} 52
50 12-5 11 14 13-3x10-8x12°1; 4-52 4-18 67

All ratings are continuous. Standard construction: Open with solder
tags and wax impregnation. Enclosed styles to order.

Also stocked: VALVES
SEMICONDUCTORS
MULTIMETERS

*Carriage via B.R.S. TERMS OF BUSINESS : CASH WITH ORDER

BARRIE ELECTRONICS

11 MOSCOW ROAD - QUEENSWAY
LONDON, w.2

Telephone: Nearest Tube Stations:
01-229 6681/2 or 550 1128 Bayswater, Queensway




Wireless World, April 1971

alo7

Manufacturers’

TTL INTEGRATED CIRCUITS

“Full outs”—out of spec.

PAK No, PAK No.

UIC00 = 12 x 7400N B80p VUIC42 = 5 x 7450N  §0p
UICLl = 12 x 7401N  50p U1C50 =12 x 7450N  80p
UVICH2 =12 « 7402N  80p 12 x 7451N  80p
UICH3 = 12 x 7403N 50p 12 x 7460N 50p
UIC04 = 12 x 7404N  80p 8 x 7476N  B50p
UICH5 = 12 x 7495N 50p 8 x 7472N  80p
UICI0 = 12 x 7410N  80p 8 x 7473N  B0p
UIC20 = 12 x 7420N bOp 8 x 7474N  50p
VIC46 = 12 x 7440N 8 x 7475N  B0p
UIC4l = 3 x 7441AN609 UICTH = 8 x T476N

50p
UICX1 = 25 x Asst'd 74's £1-50

PRICES. T.T.L. Digital 8N 74N B8eries fully coded, brand new to
M ers’ Bpecifications. Dual In-Line plastic 14 & 16 piu
packages.
BI-PAK Price and Qty. Pricea
Order No, Description 1-24 25-99 100 up
BP 00 = 7400 Quadruple 2-input NAND Gate . 23p 20p 15p
BP 01 = 740¢1 Quadruple 2-input Positive NAND Gate
(with open collector output) .. 23p 20r 15p
BP 02 = 7402 Quadruple 2-input Positive NOR Gntes 23p 200 15p
BP 03 = 7403 Quadruple 2-input Positive NAND Gates
(with Open-Collector Output). . 23p 20p 15p
BP 04 = 7404 Hex Inverters . 23p 20p 15p
BP 10 = 7410 Triple #-input Positive NAND Gates 23p 20r 15p
BP 13 = 7413 Dual 4-input Schmitt Trigger .. 35p 32p 20p
BP 20 = Dual 4-input Positive NAND Gates 23p 20p 15p
BP 80 = 8-input Positive NAND Gates .. b 23p 20p 15p
BP 40 = Dual 4-input Positive NAND Buffers . . 23p 20p 16p
BP 41 BCD to decimal nixie driver . 87p 77 é7p
BP 42 = BCD to decimal decoder (4-10 lines. | of
10) 870 77 6
BP 47 = BCD-SP\'en-Segmenl Decoder/Dri\'nrs
13-V Outputs) .. i it .. £1-40 £130 £120
BP 50 = 7430 Expandable dual 2-input AND-OR-
INVERT 23p 20p 15p
BP 51 = 7451 Dual 2-wide 2- lnput AND-OR-IN VERT
GATES 23p 20p 15p
Quad 2- mpuL h\pandable AND-OR-
INVERT 23p 20p 5p
4-wide 2-input AND-OR-INVERT Gates 23p 20r 5p!
Dual 4-input Expander .. 23p 207 5p
8ingle-phase J-K Flip-Flop 35p 32p
Master-slave J-K Flip-Flop 35p 32 Op
Dual Master slave J-K Flip- F'lop 43p 40p 7P
Dual 0 type Flip-Flop 43p 40p 7P
Quad latch . » 14w 45p 43p
Dual J-K with pre set and c]eur 47y 45p 43p
Gated Full Adders. 87p 770 87p
16-bit read/write memory £1-35 £1'25 £1-15
2-bit Binary Full Adders. £1-30 2120 £1-00
: Quad Full Adder .. 87p il 7P
5 5 Quad 2 input Exclusive OR Gaten 80p 00 30p
BP 90 = 7490 BCD decade counter B7p 77p il
BP 91 = 7491 B8-bit Bhift Registers o £121 £1:00 7P
BP 92 — 7492 Divide-by-Twelve Counters 87p 77 7P
k 4-bIt Binary Counters .. 87 kxil 7P
Dual entry 4-bit shift register B87p il 7
4-bit up-down shift register 87 7 7p
BP 96 = 7496 5-bit Parallelln pural]e]ontshlfbnegmlrr £1-10 £100 Op
BP100 — 74100 8-bit Bistable Latches . 1756 £165 £1-55
BP118 = 74118 Hex Bet-Reset Latches . £1:30 £120 £100
BP121 = 74121 Monostable Multivibrators . 87p 77 87p
BP141 = 74141 BCD-to-Decimal Decoder/Dr{\ er 87p 77p 87p.
BP145 = 74145 BCD-10-Decimal Decoder/Drivers £1-80 £170 £1-860
BPI51 = 74151 8-bit Data Belectors (with Btrobe) £1-40 £1-30 £1-20
BP153 == 74133 Dua] 4-Line-to-1-Line Data Selecmrsl
Multiplexers .. 140 £1-30 £1-20]
BP181 = 74191 Binary Counter reversable 50 25 -00

Devices may be mixed to qualify for quantity price. L&rger quantities—prices on
application. (TTL 74 Series only.)

Data is available for the above series of 1.C’s in booklet torm. PRICE 13p.

devices including fupctional! units and
part function but classed as out of spec. from the manufacturers’ very rigid specitica-
tions. Ideal for learning about I1.C's and experimental work.

7480N 50p
7482N 50p|
7483N 50p|
7486N 50p
7T490N 50p|
T492N 50p
T493N 50p
7494N 50p
7485N 50p
T496N 50p

XX XX X X

X X >

X

BI-PAK=LOW COST 1.C’'s VALUE ALL THE WAY

BI-PAK Semlconductors now offer you the largest and most
popular range of 1.C's available at these EXCLUSIVE LOW

Packs cannot be split but 20 assorted pieces (our mix) is available as PAK UICX 1.

NEW LOW PRICE TESTED S.C.R’s

SILICON RECTIFIERS—TESTED

Every PAK carries our BI-PAK Batisfaction or money back GUARANTEE. PIVIA 3A 74 10A 16A 30A PIV 300mA 755“",_451‘4 17-5A ‘4;;,; 211(;A ;97.;
36 50 D ] ] P
DTL 930 SERIES - gg: ;‘g:e;r_gm - T%';p ’E{f‘fs 100 2: 60 5p 12v 16p 23p  75p
Type X Price 10 25p 33p 53p 580 63p £1-40] 200 50 B 6p 140 200 24p £l
¥o. Function 124 25-99 1ooupf200 35p 37p 570 6lp 750 £1:60] 400 60 13p _7p 200 27p 37 £1-25
BPY30  Expandable dual 4-input NAND 23p 20p 15p]470 43p 470 67p  75p 93 €176 600 7p 18p 10p 23p 34p 54?9 221285
BP932 Expandable dual 4-input NAND buffer 25p  23p  20p670 53p 57p 77p 97 £125 800 10p 17p 13p 250 37p 68’ £2'50
BPY33  Dual 4-input expander . 25p 23p 20pf8ec 63p 70p 90p £120 £1-50 g£4 |!000 11p 250 150 300 46p 4 2
BPY935 Expandable Hex Inverter 26 23p 20p 1200 33p 33p 57p 75p
BP936 Hex Inverter 25p 23p 20p|2A POTTED BRIDGE RECTIFIERS
BPY44 Dl;n“ll:‘:gput NAND e\pandahle huﬂer without - o o 240V. 50p TRIACS. EX-EQUIPMENT
BPY45 Master-slave JK or RS 35p 32p 20p SIL. G.P. DIODES 24 GA 104 MULLARD AF 117
BP946  Quad, 2-input NAND 28 200 15plicomw gl (gl = ——— op| VBOM TO5 TO6G TO48 TRANSISTORS
BP948 Master-slave JK or RS 35p a32p 2005 PIV (Min) 100 . ‘g1 50{100  50p B83p £1
BPY51  Monostable 80p 85p 80p[8ub-Min. 500 . (g5 |200  70p 90p £125fLarge can 4 lead Type.
BP962  Triple S-input NAND . 23p  20p 16PkFnll Tested 1000 . 20 [400  90p £1 £160|Leads cut short but still
BP9093 Dual Master-slave JK with separate clock 80P 750  70P[iceal for Organ Builders. ) VBOM—Blocking volt-fusable. Real value at
BPY094 Dual Master-slave JK with separate clock 80p 75p 70p! age in eijther direction.|15 for 50p.
BP8097 Dual Master-slave JK with Common Clock 80p 75p 70D
BP9089 Dual Master-slave JK Common Clock .. 80p 75p  '70p|FRINTED CIRCUITS EX-COMPUTER SILICON DIAC
Devices may be mixed to qualify for quantity prlce Lnrger quantity prices on :::::;35 “i':"h h‘(;"r‘(;‘;o"gl““:"‘": A :t‘”“i For use with Triacs |GERM. POWER TRANS.
) . Vi uaranteed
application. (DTL 930 Series only.) 30 trans. and 30 diodes. g BRI100 37p each Price
Our price 10 boards 50p+ I0p p. & p.|==———————————|Type each
DTL (Diode Transistor Logic) INTEGRATED CIRCUITS manufacturers - Fall 100 boards £3+30p p. & p. UNIJUNCTIONS
outs”—out of spec devices including funétional units and part ) but UT48. Eqvt. 2N2646
classed as out of spec from the facturers very rigid i iona. Ideal for JIDUAL-IN-LINE LOW PROFILE SOCKETS|Eqvt. T1843. BEN3000
I:a;n&ng about 1.C’s and experimental workk.n 14 AND 16 Lead Sockets for use with|27p each. 25-99 25p,
a) 0 ak No, Duaal-in-Li i ircuits. 106 UP
X 1A 930 509 UIC948 — 8 x uA 948 500 aal-in-Line Integmtetrn%rnxc; 20p
X uA 932 50p UICO51 — 5 x uA 951 50p 1-94 799 101
x WA 933 50D UICPE1 = 12 x fA 961 500 1omer Y pintvpe B aaa? o 'P|NEN smicon pLANAR
X jLA B3b 50p UICH083 = 5 x uA 9093 50p |ITE01 616 pin type  43p 37 34p |[BCl07/8/9 10p each,
X (A 936 50p UICH94 = 5 x pA 9094 50p 50-99 @p. 100 up Bp each,
2 X uA 944 5& UICHN87 = 5 x uA 9097 g()p 1,000 off, 7p each. Fully
X A 945 5 UICHI89 = 5 x uA 9099 0Op tested and coded TO-1R
UICS46 = 12 x pA 946 B5Op UIC x 925 Ausorted 930 Beries £1-50 capmium ceirs |EETS 40 |case-
Packs cannot be split but 25 Assorted Pieces (our mix) is available as Pack OnPgoRg}IQPG?a& 2N 3820 . £i |
UICXS. Every Pak carries our BI-PAK B8atisfaction or money back guarantee. b P ea. MI;FIOS il '43
. : ... 43p|SILICON HIGH VOLT- GIRO No.
Data Booklet available for the BP930 Beries, PRICE 13p L *
LIN EAR | C’S 0(‘;11!0’1‘0 TRANS 4Bo¥)“l(”i\}' .{’.0%09"?: }’OIA\;n)pStzdk’I}ype(iol(:g 388.7006 *
C CP71 Type ....43Plgil Rects. Flying Leads, 80p esch.
Type No. Case  Leads Description Price
~124 25-99 100
ggg}c_sc_sk‘%‘}g ;‘()).2 g %; AmP g33= g%; 32: Please send all on‘lers direct to our warehouse and despatch vdepartment.
BP702C—8L702C TO-5 8 oP Amp ‘Direct O/P 63p 50p 45p] FPostage and packing add 7p. Overseas add extra for Airmail. Minimum order 50p. Cash
BP702—72702 DIL. 14 G.P. 0.P. Amp (w.de Band) 53p 45p 40p| with order please. BY RETURN POSTAL SERVICE
BP709—72709 - ¥.I.L. 14"  High Gain OP Amp 53p 45p 40p
BP709P—uAT0! 0-5 8  High Gain OP Am 53p 45p 40p
BP741—72741 DIL. 14 High Gain OP. Amp(l’mtected 75p 50p BI-PAK SEMICONDUCTORS
03C—uA703C TP-5 6 R.F.—IF Am 43r 35p 27p
'AA263 TQT2 4 AR Auwp 7op 80p 55p P.O. BOX 6, WARE, HERTS.
TAAA293 TO-74 G.P. Amp 80p 75p 70P

" =
s quaLTy 1 SPER PAKS St e
Pack Qty. w,— Description rice Unejualled Value and Quality
No. pack Satisfaction GUARANTEED in Every Pak, or money back.
Q1 20 Red spot trans. P.N.P, .. BOP
Q 2 16 Whitespot R.F. trans. PN.P  50p| FakNo. _ . )
Q3 4 OC77 type trans. sop| Ul 120 Glass Bub-min. (ieneral Purpuse Germanium Diodes ..  50p
Q4 6 Matched trans. OC 44/45/81/81D 5op T ) NiTel G : e ors AT
Q5 4 OC75 transistors i S0p T2 60 Mixed Germanium Transistors AF/RF 50p
Q6 4 OC72transistors .. .~ B0p| U3 75 Germanium (rold Bunded Diodes sim. OA5, OA47 50p
8 : : :g %ég :::: Pl; . ,i high g.aAm gg: U4 40 Germanium Transistors llke OC81, AC128 50p
Q9 7 OC 81 type trans. 50p| vUs £ 20mA Sub-min. 8il. Diodes
Q10 7 OC 71 type trans, . BOD|| | St 2 DUV ik 500
Q11 2 AC /128 Comp. pdll’s PN P/ vy 30 Rilicon I'lanar Transistors NPN sim. BBYY5A, 2N706  50p
N
Q12 3 AF Ipw type trans. gg: U7 16 8ilicon Rectitiers Top-Hat 75¢mA up to 1,000V 50p
Q13 3 AF 117 type trans. 50p ) 8l 1) Diodes 230mA OA/200;202
Qli % 0C 171 H.F. type trans. Bop| U8 o Sliatilanar Diodes S3MATOA/ 2008 509
Q15 5 2N2926 8il. Epoxy trans. Uy 20 Mixed Volts 1 watt Zener Diodes 50p
Q16 2 GET880I [ t o
< W N kL
Q17 3 NPN1 s&“"}:e., ;;’1‘:0 mf]? gg: U1l 30 PNP 8ilicon Planar Transistors TO-5 sim. 2N11:32 509
S| TV Madtul2 MAT 100 2T sop| U17__70 PNP-XPX 8il. Transistors 0C200 & 28104 509
QY i Madts 2 MAT 101 &1 MAT Ul4 150 Mixed Bilicon and Germaniun Diodes 50p
Q20 4 OC‘ 44 Germ tranu A F gg: s 235 NPN 8ilicon Planar Transistors TO-5 siin. 2N697 50p
21 3 AC 127 NPN G IS P i " 5 F
o0 o5 Heairad el ‘,,’“';f)ded 80Pl U6 10 3-awp Silicon Keotinlers Stud Type up to 10w PIV 509
Q23 10 0A202 8il. diodessub-min. 50p Ul7 30 (termanium PNP AF Transiators TO-5 like ACY17-22  50p
355§ D¥ora e diedea7sPTV 7omA  ogp| U8 8 6-Awmp Silicon Reetifers BYZL3 Type up to 600 PIV__50p
Q26 8 OAY5 Germ. diodes sub-min. U119 25 Silicon NPN Transistors like BC108 = 50p
Q27 2 lolANG%‘:)PI\’ s” Rects 1842511 gg; U2 12 1-6 amp 8ilicon Rectlfiers Top-Hat up to 1,000 PIV 50p
Q28 2 Bii. power rects. BYZ 13 50p| U21 30 _AF Germanium alloy Transistors 2G300 8er. & 0C71 _ 50p
Q28] 8”2;:;;;9]” 12x ‘,thg"égﬁ 1 500 QPR 30 Madt's like MAT 8eries PNP Transistors 50p
Q30 7 S8il. switch trans. 2N706 \IPN 50p U24 20 Germunium 1-amp Rectifters GJM up to 300 PIV 50p
So ] S avlmhirane 2N708 f'l‘;;‘ 50P| {25 35 300 Me/s NN Silicon Transistors 2N708, BSY27 - . 50D
1 2N1132 50p U2 40 Fast Switching 8ilicon Dicdes like 1N914 Micro-min. 50
Q133 3 Bil. NPN trans. ZNllll 50p ¢ ji P 3 i =
R & U28 Experimenters’ Assortment of Integrated Circuits, un
ol Mot NEN) (trane” 2N2369, 500 Yested. Gates, Flip-Flops, Reginters, etc. 8 Assorted Pieces £1
Q35 3 Sl NPPTO-52 » 2N2004 & U2 10 l-amp BCR's TO-5 can up to 600 PIV CRB1/25-600 £1
1 < 2N295 509 . Y g 7 . PYeE
Q86 7 2N3646 TO- 18 plasnc 300MHEZ 50p U3l 20 8il. Planar NPN trane. low noize Amp 2N3707 50p
_ NPN Us2 25 Zener dicdes 460mW D07 case mixed Volts, 3-18 5_(19
gié "" Pbsl?ﬁnlr\m Pi LN ;Nr:.;;m gg: U33 15 Plastic case 1 amp Bilicon Rectitiers IN4000 series .. 50p
2N 3702 . .. .. 50p| U3+ 30 Sil. PNP alloy trans. TO-3 BCY26, 28302/4 .. 50p
D391 7 NEMrane) ¢4 2NaTIL D s0p| US5__20 81 Planar traus. PNP TO-18 2N2u0i 500
Q4 7 NPNamp. 4 x 2 U36 25 8il. Planar NPN trans. TO-3 BFY30/51/562 50p
2N 3708 50p 5 - = o R
Q41 3 Plastic NPN TO- 18 2\ {9"4 50p U37 40 8il. alloy trans. 80-2 PNP, OCjZ(I(i 281422 _ 50p
Q42 6 XNPN trans. 2N5172 . . 50p Ui8 20 Fast $witching 8il. trans. NPN 400 Mc/s 2N3011 500
32} 7 3%\“;7,1,‘,,,,"“4‘5““;@;8 4. SOP| {me 50 RF Germ. PNP trans 2N1303/5 TO-3 50p
BC10Y .. 50p| U46 10 Dualtrans. 6 lead TO-3 2N2060 50p
3:10' g %g }112 I:f’z 18 st.:-:l\:s gg: U4l 25 RF Germ. trans. TO-1 OC45 NKT72 .. 50p
Q47 6 NPN high gain 3 x BC167, U2 16 VHF Germ. PNP trans. TO-1 NKT667 AF117 50p
s 4 nc"ym"}?{‘i?.ms TO-18 .. gg; U43 25 8il. trans. Plastic TO-18 AF BCI13-114 500
Q49 4 NPN trans.2 x BFY31,2 x U44 20 8il. trans. Plastic TO-5 BC115-116 50p
BFY52 50p
Q50 7 BBY 28 NPN switch TO-18..  50p
Q51 7 BBY 95A NPN trans. NI(lMH& 50p
Q52 8 BYI100 type sil. rect. £1 i 4 iven ide to the type of device in
Code Nos. mentioned above are given as a guide A4t
Q@563 25 8il. & germ. trans. mixed all cices ti clves s ormally unmarked.
kel e - .. £150 the Pak. The devices themaelves are 1 y
TRANSISTOR EQUIVALENTS BOOK. A com- Pack of your ADI6] »rx
glete cross reference and equivalent book for] FREE 2:: 531,;”“ tree i“h FREE
Europqnn. American and Japanese Transistors. orders valued £4 or over. AD|62 PNP
Exclusive to BI-PAK. '75p each. MATCHED COMPLE-

MENTARY PAIRSB
Of GERM. POWER
TRANSISTORS
OUCR LOWEST PRICE
OF PER PAIR

AF239 PNP GERM.
BIEMENS VHF TRAN-
BISTORS. RF MIXER -
O8C. UP TO 900 MHZ.
USE as REPLACE-
MENT FOR AF138-
AP186 & 100's OF
OTHER USES IN VHF.
OUR 8PECIAL LOW
PRICE: 1-24 37p each,
25-99 34p each 100+
3!!2 each.
2N30556 115 WATT BIL.
POWER. NPN.
OUR PRICE E& EACH
FULL RANGE OF ZEN-
ER DIODES
VOLTAGE RANGE 2-33V
400mV (DO-7 Case) 13p
ea. 1-3W (Top-Hat) 17p
ea. 10W (80-10 SBtud)
25p ea. All fully tested
5% tol. and marked.
8State voltage required.
BRAND NEW TEXA
GERM. TRANSISTORS
Coded and Gnu;:nu‘?d

N

8 371A OC71
T2 B 2G374 0C72
T3 8 2G3744A OC81D
T4 8 2G38lA OCsl
TS5 B 2G382T 0C82
T6 8 2G344A 0C44
T7 6 2G346A OC45
T8 & 2G378 0OC78
T9 8 2G39%9A 2N1302
T10 8 2G417  AF117

All BOp each pack.

DUAL TRANS.
CODE D1699

OUR PRICE 25p
each

120VCB NIXIE DRIVER
TRANSISTOR

Bim. BBX21 and C407,
2N1893 FULLY
TESTED AND CODED
ND120, 1-24 17p each.

TO-5 NPM 25 up 15p
each.

KING OF THE I'AKS BI PAK GUARANTEE SATISFACTION 0R MONEY BACK
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g 60 | " 3-1 0026 0-25 | 0C201 047 | 2N3055 075 | AD161  0-35 | BYZ18 062 [ A} preferred | 1487 0-75 | 9568 0-10 | KRN24  3-50
0028 062 | OC208  0-50 | 2N2730 1-25 | AD162  0-35 | CR81/10 025 voltage 10AQ5 038 | 957 030 | WL417A 1:50
INTEGRATED CIRCUITS oces  oezliNal o17) aNa7s1 1851 AF118 032 [ CRSL20 037 | 4y 017 | 1963 3-50 | 991 030 | 33/92/E 87-60
MANY OTHERS IN STOCK MAIVY’?THEIES IN STOCK include Cathode Ray Tubes and | 1ww g-g igg‘i :g ;g:f g-:g ;ﬁiv lzgg
RCA Special Valves. UK. P. P.: Up to 50p, 5p; to £1. 10p; over 1.5 G q g b
CA 3005 wide band R.F. Ampl. £1, 10p In £, over €3 post free. C.0.D. 20p extra. | W 0-37 | 20P4 0-87 | 5933 112 | 7254 10-00
300mW diss ...... . ... £1-3%
CA 3012 wide band w
is . £1-10

pow: £1-37
CA 3036 Audio pre-ampl. £0-95

T
MIC 9301B Digital dual 4 input gates £4-30
MIC 709-1C Linear operational ampl. £
MIC 9005D Highspeed flip-flop ....
General Electric
PA 230 £1-12; PA 234 £1; PA 237 £1-87
Mullard
TAA 300 £1-92; TAA 320 £0-57
Plessey SL402A 2-5W £2-12;
3-5W £1-67

ordered from us is completely over-
Uarsml‘e'::geﬂ:r:',e'd ALL EQU'PM ENT hauled mechanically and electrically

in our own

laboratories
MARCONI TEST EQUIPMENT

TFIO4IC VTVM A.C. . g
voltage range 300 MV .
to 300V in 7 ranges.
20 Hz-1500 MHz, D.C.
voltage ranges 300
MV-1000V in 8 ranges.

o resistance 50
ohms to 500 Mohms.
Price £62-50.

SL403A

VALVE VOLTMETER TYPE TF 958
Measures AC 100mV; 20 c¢/s to 100 mc/s,
DC 50mV to 100V, multiplier extends ac

range to |.5kV. Balanced input and centre- 'é:lmkgreq eraGn:eAlla
z‘e;io s'cale for DC. AC up to 100MHz. T Y

output 2uVY to 2V at
50 ohms 400 and 1000
Hz  internal mod.

Limiced 9. SIGNAL GENERATOR TF 801/A.
10-300 Mc/s. in 4 bands. Internal at 400

;IIDEIO OSCILLATOR TF 885A &
B5A

25Hz to 5MHz and 25Hz-12MHz respec-
tively, fine and square wave output up to
3lv. £55 and £85 resp. Carriage £]-50,

able, Fqll spec

AM/FM SIGNAL GENERATOR TF
and price on

request.

cfs. | kcfs. External 50 ¢/s to 10 kc/s.
OQutput 0-100 db befow 200 mV from

937 (CT 218) Frequency range 85kHz-
30mHz. 8 bands. Main dial total 56 foot.

75 ohms source. £85. DITTO but ZBUiII-: iRFcrystal ?alilbrato'rv ZFOOI(Hz andI

1 iti i mHz. output -l vV to * . Fourinterna

SPECTRUM TF 144G SIGNAL GENERATOR. To 801/A/1 z;‘,‘h B’d:"';’“’é ;"h“ 'e‘i’:! mod. freq. FM deviation up to 9kHz. £115.
ANALYSER clear, In very good "‘as seen’’ condition. output. . Dot 9 N g Carriage £1/5/0

TYPE OAI10%4

Freq. range: 3 to
30MHz in 9 bands.
Selectivity: 6, 30 and
150Hz at 3db. Spec-
trum width: 0-30kHz.

Complete with mains and battery cables,
etc. £15,

cluging necessary connectors,
and instruction manual.

plugs,

F.M. DEVIATION METER TYPE
TF934. Frequency range 2.5-100MHz.,

SOLARTRON EQUIPMENT

Regulated and stabilised P.S.U. SRS
I51A, 20 to 500V positive at 300mA in

VACUUM CONDENSERS

12, $0, 55pF each 20,000v 30/-. P. & P. 4/.,
BRADLEY PORTABLEELECTRONIC
MULTIMETER TYPE CT47IB. This

range 0-75kHz £67-50. Carriage £1-50.

ljan be used up to 500MHz. Deviation

HARNESS “A"” & “B’ control units,

ion: 0.1, instrument operates from three 1}V cells, junction boxes, headphones, micro-
8';_””? 3?r6a§:°3r6 ,Sc',. two ranges. Variable and fixed 170V is drUI!'DYC"aHSED“OﬁSfCand éngsgres IA.C. 'phones etc. * & °
illus= negativ . i . an. .C. current, A.C. an .C. voltage 4 o

S—Ztr:zl,“v:ithasmar:”;ss, ces 7lelglitpu5'ou‘glse i::a::‘eDccl to and D.C. resistance. Built-in battery check 29/41FT. AERIALS each consisting of
o Price upon 7MHz 'scc; . £85. Carri 'cl 50 and calibration check. Full spec. and price ten 3ft., gin. dia. tubular screw-in
application. CD 643 2pe._ le rriage N on request. sections. |lft. (6-section) whip aerial
.2. Single beam Laboratory As above but MODEL CT 471A manu- with adaptor to fit the 7in. rod, insu-

:::’d“eéla.tioec to 14MHz price upen factured by AVO full spec and price on lated base, stay plate and stay assemblies.

AERIAL TUNING
UNIT BC 939

Originally made to work

SIGNAL GENERATOR TYPE CT
480. 7-12kMHz in one range, square and
pulse modulation and C.W. £65.

SIGNAL GENERATOR TYPE CT

request.

4, 5 and 8 bank 25 way uniselectors,
24V, guaranteed perfect, £3-75;
£4-50; £6-87 respectively. )
AR88 SPARES. We hold the largest stock
in U.K, Write for list.

pegs, reamer, hammer, etc. Absolutely
brand new and compiete ready to erect,
in canvas bag, £4. P. & P. £0-50.
FIELD TELEPHONE TYPE
Housed in portable wooden

T2
cases.
Excellent for communication in and out-

with Hallicrafters BC RISTIC X
610E_transmitters. 2mc 478. As above but |.3-4.2kMHz in two METER doors for up to 10 miles. Pair including
to 4ISB(;nc, for gutp;t up ranges £55. ¥ complete batteries, fully tested. £6-50, or with
8750, Carriage €1, 1}in. DIA. PANEL METERS. 7}-15v with 220 yds. field cable in drum £7-50.

i '—iqeal for Battery Condition” manual,
PRECISION VHF FREQUENCY indicators for cars £0-77. £57-50 FOR EXPORT ONLY
METER TYPE 183. 20-300 Mc/s with BOONTON Q@ METER TYPE I160A. Carriage 53  TRANSMITTERS., All  spares

accuracy 0.03Y%, and 300-1,000 Mc/s
with accuracy 0.3.%. Additional band
on harmonics 5.0-6.25 Mc/s with ac-

pulll 4 8 tune and manual tuning. Complete
f::l';;cr);ti:_ ual?t;( Il%b k!:?sco't?o':?r;(‘ g:)()OI;E GE':E:AIT.ORS CT 207. o |°°T with very comprehensive spares. Full
10 120722‘10 AC -~ £85 ¢ lltc w!‘h :I'e“"‘is.,‘m'““" timer specification and price on application.
Carriage £2 oA e ) MOS:::nv;tr;;cglon VARIABLE Complete insmwiom and _all
MUIRHEAD-WIGAN DECADE OS CARACITORIVREIF.2. h"?f“ée?s“aiz a“l!iEl;Eesss SREJISO'
CILLATORS. TYPE ¢50A 96508, I5 pF to 336 pF. Supplied with individual - . p
F el 111,100 Hz, A 2 calibration certificate. Brand new _in RECHVERS with all necessary
Y B | oly 100250 v D original packing. £17. Carriage 75p accessories.

65 and 75 respectively. carr, £1.75.

REDIFON

Twinplex combiner type AFS 13 £65
Twinplex converter type AFS [2 with
P.S.W. €85

F.S.K. unit type GKI85A £58-50.

Freq. range 50kHz to 75MHz, main capaci-
tor 30 to 500pF. Vernier capacitor + 3pF;
i range. 0-250 with 2.5X multiplier.
85 plus carriage.

SUSPENSION GALVANOMETERS

Pye £25. P, & P. £0-60.

Cambridge instruments £12. P. & P. £0-60.
Open 9-12.30, 1.30-5.30 p.m.
except Thursday 9-1 p.m.

£1-50.

available, COLLINS TCS. Complete.
installations and spare parts.
OLLINS  TYPE 213ID 5KW

TRANSMITTERS. 10 channel, auto-

PYE PTC 2002N A.M. Ranger
Mobile Radio Telephone, brand
new and complete, £45.

ELECTRONICS
COLOMOR (Eeqronics)
170 Goldhawk Rd., London, W.I12
Tel. 0l -743 0899

i ESTE PMENT should
TELEPHONE ENQUIRIES (27285761748 G006 excension 35

To view TEST EQUIPMENT please phone for appointment

P. C. RADIO LTD.
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SERVICE TRADING CO

INPUT 230 v. A.C. 50/60
OUTPUT VARIABLE 0/260 v. A.C.

BRAND NEW. Keenest prices in the
country. All types {(and spares) from
4 to 50 amp. available from stock.

0-260 v. at | amp. . ........ £5-50
0-260 v. at 2-5 amps .. ... £6-75
0-260 v. at S amps. ....... £9-75
0-260 v. at 10 amps. .. ..... £18-50
0-260 v. at IS amps. ....... £25-00
& 0-260 v. at 20 amps. ....... £37-00
. 0-260 v. at 25 amps. . ...... £49-00
0-260 v. at 375 amps.. .. £72-00
0-260 v. at 50 amps. . ...... £92-00

20 Different types available for
1 AMP immediate delivery.

OPEN TYPE (Panel mounting). 1 amp. £3-93
| amp £5-50. 2} amp. £6-63. P. & P. 40p.

RING TRANSFORMERS

Functional Versatile Educational

These multi-purpose Auto Transiormers, with
large centre aperture, can be useo as a Double
wound current Transformer, Auto Transformer,
H.T. or L.T. Transformer, by simply hand wind-
ing the required number of turns through the centre opening.
E.g. Using the RT.100 V.A. Model the output could be wound
to give 8V @ 124{Amp., 4V. @ 25Amp. or 2V. @ 50Amp., etc.
Price; RT.I00VA 3.18 turns per volt, £2-25+28p p. and p.
RT.3J00VA 2.27 turns per volt, £4-20+38p p. and p.
RT.IKVA |.82 turns per volt, £6.50 +58p p. and p.
RT.2KVA 1.5 turns per volt, £10-504+80p p. and p.
RT.2KVA 1.5 turns per volt, £14:00+80p p. and p.

L.T. TRANSFORMERS

All primaries 220-240 volts.

Type No. Sec. Taps Price Carr.
12 v. atiSAY & s s a5 scaek @06 2k e 2wk -88

2 30, 32, 34, 36 v. at S amps. 9

3 30,40, 50 v. at 5 amps. .. .. d

4 10,17, 18 v.at [0amps. —............ £4-95 45p
5 6,12v.ac20amps......... £6-43 45p
6 17,18, 20 v. at 20 amps. £7-28 S5p
7 6,12,20 v. ac 20 amps. . £6-88 55p
8 24v.atl0amps.......... ... £523 35p
9 4,6,24,32v.at 12amps............. £7-15 45p

AUTO TRANSFORMERS. S[ep up, step down.
§10-200-220-240 v. Fully shrouded. New. 300 watt
type £3-63 each. P. & P. 35p. 500 watt type £5-13 each.
P. & P. 45p. 1,000 watt type £7-13 each. P. & P. 55p.

e o E— e — — — — T e S — —

LIGHT SOURCE AND PHOTO CELL
MOUNTING

Pre;isi:n engineered light source ‘EEBE

with adjustable lens assembly and

ventilated lamp housing to take .EE

MBC bulb. Separate photo cell mounting assembly for

ORP.I2 or similar cell with optic window. Both units

;re& ;ingle hole fixing. Price per pair £2-75 plus |8p.

LIGHT SENSITIVE SWITCHES
Kit of parts including ORP.12 Cadmium
Sulphide Photocell. Relay Transistor and
Circuit. Now supplied with new Siemens
High Speed Relay for 6 or |2 volt oper-
ations. Price £1-25, plus 12p P. & P.
ORP. 12 and Circuit 63p post paid.

i 220/240 A.C. MAINS MODEL
incorporates mains transformer rectifier and special
relay with | make, | break, H.D. contacts. Price inc.

circyit £2:38, plus J0pP &P T T
i INSULATED TERMINALS

Available in black, red, white,
yellow, blue and green. New
10p each. Post paid.

HOSIDEN DH-02-$
Stereo Headphones

Qutstanding performance. 8 ohm |m-
pedance and 20-12,000 cps. Ad|ustab|e
head band. Price only £2-38. P. & P. |12p.

Complete with lead and stereo |ack plug
- — — — —

BURGESS MICRO SWITCH

Lever operated. ¢/o contacts. Price
20p plus 4p P. & P. 10in. maker's
carton £1-75. P. & P. 3p.

230 VOLT ACSOLENOID
EXTREMELY POWERFUL
SOLENOID withapproximately
1415, pull, linch travel. Fitted with
mounting feet. Size 4 inches long,
24 inches wide and 3 inches high,
Price £2:00 including post & pkg.
—— — — e—— S— r— m— e —
VENNER ELECTRIC 7
TIME SWITCH =° \
200/250 volt. Ex-GPO. Tested, perfect %, ?
condition. Two ON, two OFF, every 24 hrs, L‘M
at any manually pre-set time. Price: |0amp. 20 YO »
£€2:75. 15amp. £3-75. 20amp. £€3-75. P. & P. @o %

20p. Also available with Solar Dial ON at
dusk, OFF at dawn. Prices as above.

ALL MAIL ORDERS, ALSO CTALLERS AT:

57 BRIDGMAN ROAD,
LONDON. W4 5BB. Phone: 01-995 1560
Closed Saturdays. F

al09

Postage and Carriage shown
below are inland only. For
Overseas please ask for
quotation. ~We do not
issue & catalogus or list.
— — —— — — —

RHEOSTATS

(NEW) ing embedded in Vitreous
Enamel, heavy duty brush assembly designed
for continuous duty. AVAILABLE FROM
STOCK IN THE FOLLOWING Il VALUES:
100 WATT | ohm 10a., 5 ohm 4.7a., |10 ohm 3a.,
25 ohm 2a., 50 ohm l.4a., 100 ohm la., 250 ohm
‘7a., 500 ohm °45a., |k ohm 280mA., 1'5k ohm
230mA.,2'5k ohm -2a., Sk ohm 140mA., Diameter
3in. Shaft length fin. dia. #in., £1-50. P. & P. Sp.
S0WATT | IZ/lO/ZSISOIIOOIZSO/SOO/IKII 5K/2 SKI
SK ohm. All at £1-12, P
25 WATT IO/IS/SO/IOOIISO/SOO/IK/I -5K/2-5K ohm,
All at 78p, P. & P. IS
Black Silver Skirted knob calibrated in Nos. 1-9. 1}
in. dia. brass bush. Ideal for above Theostats, 18p ea.

UNISELECTOR SWITCHES NEW
4 BANK 25 WAY FULL WIPER

25 ohm coil. 24 v. D.C operation

£5:88, plus 22p P. & P

6 BANK 25 WAY FULL

WIPER 25 ohm coil, 24 v. D.C. <
operation. £6-50, plus 22p P. & P. e
8 BANK 25 WAY FULL WIPER

24 v. D.C. operation. £7-63, plus ZZLP. & P.
o e i oy S i Pt —_—

MINIATURE UNISELECTOR

3 banks of |l positions,
Vs ) homing bank 40 ohm coil.

24-36 v D.C.operation. Carefully
= © = removed from equipment and
5 tested. £1-13, plus ISp P. & P.

— — e e A S S S e e S— ¢

NICKEL CADMIUM BATTERY

1.2 v. 35 AH. size 80 high x 3 X 10. £1-50 each, plus 20p
P. & P.

Sintered Cadmium Type 1.2 v. TAH. Size: height 3% in.,
width 2§in. X |%in. Weight: approx. 13 ozs. Ex-R.AF.
Tested 63p. P. & P. I5p.

— — D M GISD WIS MAND S SEED S S S— E—

STROBE! STROBE! STRUBE'

% THREEEASY TO BUILD KITS USING XENON WHITE
LIGHT FLASH TUBES. SOLID STATE TIMING 4
TRIGGERING CIRCUITS. PROVISION FOR EX-
TERNAL TRIGGERING. 230-250v. A.C. OPERATION.
The Strobe is one of the most useful and interesting
instruments in the laboratory or workshop. It is
invaluable for the study of movement and checking
of speeds, Many uses can be found in the psychiatric
and phomgraphlc fields, also in the entertainment
business. It is used a great deal in the motor industry
and is a real tool as well as an interesting scientific
device.

EXPERIMENTERS “ECONOMY" KIT
Adjustable | to 36 Flash per sec. All electronic com=
ponents_ including Veroboard S.C.R. Uniiunction
Xenon Tube +instructions £€5:25 plus 25p P. & P.
NEW INDUSTRIAL KIT

ideally suitable for schools, laboratories etc. Roller
tin printed circuit. New trigger coil, plastic thyristor
Adjustable 1-80 f.p.s. Price £945. 50p P. & P
HY-LYGHT STROBE

This strobe has been designed for use in large rooms,
halls and the photographic field, and utilizes a silica
tube for longer life expectancy, printed circuit for
easy assembly also a special trigger coil and output
capacitor. Speed adjustable 1-30 f.p.s. Light output
approx. 4 ioules. Price £10-88. P. & P. 38p.

7-INCH POLISHED REFLECTOR. Ideally suited
for above Strobe Kits. Price 53p and 50p P. & P. or
% post paid with kits.

AR Ak AR A
MOTOROLA MACII/6 PLASTIC
TRIAC 400 PIV 8 AMP

Now available EX STOCK supplied complete with full
data and applications sheet. Price £1-05 plus 7p P. & P.
Suitable diac 30p (RCA40583)

- — — — — E—— e f— — — — Y— f— y—

ELECTRONIC ORGAN KIT

Easy to build, solid
state. Two full octaves
(less sharps and flats).
Fitted hardwood case,
powered by two pen-
lite 1iv. batteries.

Complete set of parts including speaker. etc., together
with full instructions and 10 tunes. £3-00. P. & P. 25p,

—— e — e — S — G — — e —

50 in | ELECTRONIC PROJECT KIT

50 easy to build Projects. No soldering, no special tools
required. The Kit includes Speaker, meter, Relay,
Transformer, plus a host of other components and a 56-
page instruction leaflet. Some examples of the 50 possible
Projects are: Sound level Meter, 2 Transistor Radio,
Amplifier etc., etc. Price £7°75. P. & P. 30p.

AL,
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SERVICE TRADING CO.

‘ SHOWROOMS NOW OPEN
AMPLE PARKING

HIGH FREQUENCY
TRANSISTORISED MORSE OSCILLATOR

Adjustable tone control. Fitted with moving coil speaker,
also earpiece for personal monitoring. Complete with
morse key. £2-25 plus I5p p. & p.

SEMI-AUTOMATIC “BUG” SUPER SPEED

MORSE KEY I o)
precision tooled, (ﬁf
10 wp.m. to as //

7 adjustments,
high as desired. Weigh; 2}Ib. £4-63 P. & P. ISp.

speed adjustable

RELAYS new sieMENS PLESSEY, etc.

MINIATURE RELAYS AT COMPETITIVE PRICES.
I 2 3 4 [} 2 3 4

52 6-9 6M 63p* 700 12-24 2¢/o 63p*
180 6-12 2¢/o E-E 50p* 700 16-24 6M 63p*
185 6-12 4c/oE-E 60p* 1250 24-36 4c/o 63p*
230 6-12 2 ¢/o 63p* 1250 36-45 6M 63p*
280 6-12 2 ¢/o 73p* 2500 36-45 6M 63p*
700 16-25 4M2B 63p* 5800 80-85 4c/o 50p*
700 16-24 4c¢cjo 78p* 9000 40-70 2¢/o 50p*
*including Base IS 85-1106M 50p*

K
(1) Coil ohms; (2) Working d.c. volts; (3) Contacts; (4)
Price E-E Ex. Equipment. All Post Paid.

MINIATURE RELAYS

9—12 vole D.C. operation. 2 ¢fo 500 M.A. contacts.
Size only lin. X § X 4in. Price 58p Post paid.

30-36 v. D.C. operation. 2 c/o 500 M.A. contacts.

SPECIAL OFFER %
3 for £1'50 post paid.
MAINS RELAY

3.200 ohm coil. Size only | X 1% X 13in. 43p post paid.
Relay 18/24 v. D.C. 2 ¢/o 3 Amp contacts.

TYPE A.G.C. IM IB I2v. A.C. 3 amp contacts.
230 v. A.C. coil 3 ¢/o, 10 amp. A.C. contacts. 50p

— — — . —— — — — —
400 ohm coil. NEW. 48p. P. & P. 8p or

NEW 48p + 8p, p. & p. or 3 for £1-50 post paid.

+ 8p p. & p. Similar to above illustration.

RECHARGEABLE NICKEL
CAD. BUTTON CELLS.

2 x 1.2 v. 250 MA/HR Nicke! Cad. Cells,
connected to give 2.4 v., at 25 milliamp/10 hour
rate, complete with 200/250 v. A.C. charger,
unused. Price 48p each plus 8p p. & p. or
units for £1-00 post paid.

— —; — e m— ——
12-28 VOLT D.C. BLOWER UNIT
Powerful, smooth running, precision -
made Blower Unit. 5,000 RPM, -54 amps.
Size 3” diameter . 3}” long over all.

Price £2-00 DOSI: paid. ,

WHULTI RANGE TESTERS

LATEST TYPE {

NEW MODEL U-50DN MULTI E

TESTER, 20,000 OPV MIRROR

SCALED WITH OVERLOAD PRO-

TECTION. Ranges: DC volts: 100mV.,

0.5 v.. 5 v. 250 v., 1,000 v. A.C. volts.

25 v.. 10 v.. 50 v., 250 v., 1,000 v. D.C. current: SOuA.,

0.5 mA. 5 mA., 50 mA., 250 mA. Size: Sy x 3% x 1iin.

Complete wn:h battenes £800

and test prods. Post paid

TEN OTHER MODELS FROM STOCK. LEAFLET

ON REQUEST:

- — r—— — — — — e f— e f— o
12 VOLT DC MOTOR

Powerful 12 volt | amp REVERSIBLE

motor. Speed 3,750 rpm. Complete

with external gear train (removable)

giving final speed of 125 RPM. Size

4lin. x 23in. dia. Price inc. post 95p.

-——_——_.—_——-—.—-—-

230 v. GEARED MOTOR

6 R.P.M.

230 v. A.C. non-reversible, approx.
1.7Ib.in. Price £2-25, plus 15p P. & P.

— — — w— e S e S R P p—

200-250 v. | R.P.M. MOTOR
Dimensions: 4° x37 x 2}"

Spindle fength 13/i6”, diameter i". Manu-
factured by SEC. Price £1-13 plus I15p p. & p.

200/250v. ¢ RPM Motor {Mfg by Smith Price 75p inc. post)
BODINE TYPE N.C.1
GEARED MOTOR g

(Type 1) 71 r.p.m. torque 10 1b. in. R} ¥
Reversible 1/70th h.p. 50 cycle .38 ) =u\J
amp. (Type 2) 28 r.p.m. torque 20

Ib. in Reversible IIBOth h.p. 50 cycle .28 amp.
The above two precnslon made U.S.A. motors are
offered in ‘as new’ condition. Input voltage of motor
115v A.C. Supplied complete with transformer for
230/240v A.C. input

Price, either type £3-15 plus 35p P. & P. or less trans-
former £€2-13 plus 27p P. & P.

These motors are ideal for rotating aerials, drawing
curtains, display stands, vending machines etc. etc.

PERSONAL CALLERS ONLY

9 LITTLE NEWPORT STREET,
LONDON, WC2H 7JJ.
Tel.: 01-437 0576




allo

For
electronic

components
fast...

P.O. Box 427, 13-17 Epworth St.,
London EC2P 2HA.
Tel: 01-253 7501 Telex: 262341

Radiospares

WW—115 FOR FURTHER DETAILS

VITAVOX

FOR HIGH QUALITY

MICROPHONES
LOUDSPEAKERS
and ancillary equipment

Further information from :

VITAVOX LTD., Westmoreland Rd., London, NW9 5YB
(Tel: 01-204 4234)

WW—116 FOR FURTHER DETAILS
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Radio and Audio Servicing Handbook
2nd Edition
Gordon J. King AssoclERE, MIPRE, MRTS.

This book is a practical guide to the servicing of radio receivers
and audio equipment of all types, and is intended especially
for the service technician. Many others, however, find it of
absorbing interest, among them students, hi-fi and recording
enthusiasts, amateur experimenters, radio dealers and sound
engineers.

0 408 00018 X 284 pages illustrated 1970 £3-00 (60s)

Radio Valve and Transistor Data
Sth Edition
Edited by A. Ball

First published in 1949 this book has become an indispensable
source of information for all those interested in electronic
engineering, from the home constructor to the research
worker. Exhaustively revised and updated, the useful and
comprehensive information contained in this new edition
will add to the already considerable reputation enjoyed by
this highly successful book.

0 592 05796 6 256 pages illustrated 1970 £€0-75 (I5s)

Auvailable from leading booksellers or

The Butterworth Group

88 Kingsway, London WC2B 6AB
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LATEST RELEASE OF
RCA COMMUNICATION RECEIVERS ARS8

BRAND NEW and in original cases—A.C. mains input. 110V
or 250V. Freq. in 6 bands 535 Kc/s-32 Mc/s. Output impedance
2.5-600 ohms. Complete with crystal filter, noise limiter, B.F.O.,
H.F. tone control, R.F. & A.F. variable controls. Price £87-50
each, carr. £2.

Same model as above: Fully Recond. by M.O.D. £65 ea., or sec.
hand cond. (guaranteed working order) from £45 to £60, carr. £2.

*SET OF VALVES: new, £3:50 a set, post 37p; SPEAKERS:
new, £3 each, post 50p. *HEADPHONES: new, £1-25 a pair,
600 ohms impedance. Post 25p.

ARS8 SPARES. Antenna Coils L5 and 6 and L7 and 8. Oscil-
lator coil L55. Price 50p each, post 13p. RF Coils 13 & 14; 17 &
18; 23 & 24; and 27 and 28. Price 63p each. 13p post. By-pass
Capacitor K.98034-1, 3 x0-05 mfd. and M.980344, 3 X 0-01 mfd.,
3 for 50p, post 13p. Trimmers 95534-502, 2-20 p.f. Box of 3, 50p,
post 13p. Block Condenser, 3 x4 mfd., 600 v., £2 each, 20p post.
Output transformers 901666-501 £1-37 each, 20p post.

® Agparlable with Receiver only.

FOR EXPORT ONLY
BRITISH & AMERICAN
COMMUNICATION EQUIPMENT

VRC.19X Trans-ceiver, 150-170Mc/s, 2 Channel, 20 Watts, Output 12/24V d.c.
operation. General Electric Transmitter, 410-419Mc/s, thin line tropo scatter
system, with antennae. W.S. Type 88, Crystal controlled, 40-48 Mc/s. W.S. Type
HF-156, Mk. 11, Crystal controlled, 2.5-7.5 Mc/s. W.S. Type 62, tunable, 1.5-12
Mc/s. ol 44, ME. II, Radio Telephone Single Channel, 70-85 Mc/s, 50 watts,
output, 230V. a.c. mput G.E.C. Progress Line Tx Type DO36, 144-174 Mc/s,
50 watt, narrow band width. A.C. input 115V. BC-640 Tx, 100 156 Mc/s, 50
watt output, 110V or 230V input. STC Tx/Rx Type 9X, TR1985; RT1986;
TR1987 and TR1998, 100-156 Mc/s. TRC-1 Tx/Rx, Types T.14 and R.19,
FM 60-90 Mc/s. With associated equipment available. Redifon GR410 Tx/Rx,
SSB, 1.5-20 Mc/s. Sun-Air Tx/Rx Type T-10-R. Collins Tx/Rx/Type 18S4A.
Collins Tx/Rx Type ARC-27, 200-400 Mc/s, 28V d.c. With associated equipment
available. ARC-5; ARC-3; and ARC-2 Tx/Rx. BC-375; 433G; 348; 718; 458;
455 Tx/Rx. Directional Finding Equipment CRD.6 and FRD.2 complete
Sets available and spares. Complete system with full set of Manuals.

SOLARTRON OSCILLOSCOPE TYPE CD. 1015: D.C. to 21 Mc/s. YX
amplifier, triggering facilities, external calibrator, display 3}in. tube. Mains 100-
250V. Price £85 carr. £2.

MARCONI SIGNAL GENERATOR TYPE TF-144G: Freq.
85 Kc/s-25Mc/s in 8 ranges. Incremental: + 19 at 1Mc/s. Output:
continuously variable 1 microvolt to 1 volt. Output Impedance:
1 microvolt to 100 millivolts, 10 ohms 100mV -1 volt-52.5 ohms.
Internal Modulation: 400c/s sinewave 75% depth. External Modu-
lation: Direct or via internal amplifier. A.C. mains 200/250V,
40-100c(s. Consumption approx. 40 watts. Measurements 29 X
12} x 10 in. New condition. £45 each, carr. £1-50.

TRIPLETT SIGNAL GENERATOR Model 1632: Contains an R.F.
Oscillator calibrated in 10 fundamental bands, covering a freq. of 100 Kc/s-
120 Mc/s. Also a buffer amplifier and modulator stage, a metering system,
crystal Oscillator stage, and a self-contained Heterodyne Detector. The wide
frequency range covers broadcast, standard short-wave, T.V. and FM channels.
Operates 115V a.c. 50/60 c/s. Output Meter 0-0.3 V. Controls: Ext. Mod.;
Int. Mod.; CW; Het. Det.; Xtal.; AFO/put; RF Level; O/put Units; anci
O/put Mulupher Slow and Fast motion dml Price £12- 50 very good second-
hand cond. Carr. 75p.

If wishing to eall at Stores, please telephone
for appointment.

W. MILLS * ™50 oon v o
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SOLARTRON PULSE GENERATOR GP1101.2: Period—2 microsecs to
100 msec; Pulse Duration—1 microsec to 100 msec; Delay time—1 microsec
to 10 msec. All continuously variable in 5 ranges with fine control. Accuracy
+10%. Pulse Amplitude—0.5V-100V. Accuracy +10% continuously variable
in 4 ranges with fine control. Double Pulses; Pre-Pulse; Triggering; Square
Wave O/put; Squarings.'s\mpliﬁer. Input—100-250V, 50-60 c/s. New condition
with Manual. Price: each + £1-25 carr.

USM-24C OSCILLOSCOPE: 3 in. oscilloscope with 2c/s to 10Mc/s
vertical response, and 8c/s to 800Kc/s horizontal response. Sensitivity 50 mv.
rms/inch. Triggered sweep, built-in trigger pulses and markers. Mains input
115V, 50c/s. Complete with all leads, probes and circuit diagram. £42-50
each, carr. £2.

08-46/U OSCILLOSCOPE: A general purpose oscilloscope suitable for
measuring signals from 0-1000V d.c. to over 50,000 c.p.s. (Further details
on request, S.A.E.) £35 each, carr. £1-50.

SIGNAL GENERATOR TS-510A/U: (Hewlett Packard]. A general-
purpose signal generator designed to furnish signals with a very low spurious
energy content, suitable for alignment of narrow-band amplitude modulated
receivers. It may be amplitude modulated by internally generated sine waves or
by externally applied sine waves or pulses. Freq. Range—10-420 Mc/s in 5
bands, +0.59% accuracy. Emission—AM, CW, Pulse. O/put Voltage—0.1V-
0.5V, calibrated +2 db accuracy. Modulation—Internal 400, 1000 c/s (O-
909%). Built-in Crystal calibrator (1, 5 Mc/s). Price: €150 each, complete
with transit case, manual and all leads; OR £125 each, Sig. Gen. only. Carr.
both typss £2.

SIGNAL GENERATOR TS$-403B/U (or URM-61A): (Hewlett Packard).
A portable, self-contained, general-purpose test equipment designed for use
with radio and radar receivers and for other applications requiring small
amounts of RF power such as measuring standing-wave ratios, antenna and
transmission line characteristics, conversion gain, etc. Both the output freq.
and power are indicated on direct-reading dials. 115V, AC, 50 c/s. Freq.—
1800-4000 Mc/s. CW, FM, Modulated Pulse—40-4000 pulses per sec. Pulse
Width—0.5-10 microsecs. Timing—Undelayed or delayed from 3-300 micro-
secs from external or internal pulse. O/put—1 milliwatt max., 0 to —127 db
variable. O/put Impedance—50 (). Price: £120 each + £2 carr.

SIGNAL GENERATOR TYPE 902: (P.R.D.). A portable, general-purpose,
broadband, microwave signal generator designed for testing and maintenance
of aircraft radio and radar receivers in the SHF band. The RF output level is
regulated by a variable attenuator calibrated in dbm. The frequency dial is
calibrated in Mc/s. Provision is made for external modulation. Power Supply—
115V, 4+10% A.C., 50 c/s. Freq.—3650-7300 Mc/s. Internal Transmission—
CW, Pulse, FM. External Transmission—Square Wave, Pulse. Power O/put—
0.2 milliwatts. O/put Attenuator: —7 to —127 dbm. Load—50 Q. Price:
£135 each + £2 carr.

TEST SET TS-147C: Combined signal generator, frequency meter and
power meter for 8500-9600 Mc/s. CW or FM signals of known freq. and power
or measurement of same. Signal Generator: O/put —7 to —85 dbm. Trans-
mission—FM, PM, CW. Sweep Rate—0-6 Mc/s per microsec. Deviation—0-
40 Mc/s per sec. Phase Range—3-50 microsec. Pulse Repetition Rate—to
4000 pulses per sec. RF Trigger for Sawtooth Sweep—5-500 watts peak.
0.2-6 microsec. duration, 0.5 microsec pulse rise time. Video Trigger for
Sawtooth Sweep—Positive polarity, 10-50V peak. 0.5-20 microsec duration at
10% max. amplitude, less than 0.5 microsec rise time between 909, and 109,
max. amplitude points. Frequency Meter: Freq. 8470-9360 Mc/s. Accuracy—
+2.5 Mc/s per sec, absolute, + 1.0 Mc/s per sec. for freq. increments of less
than 60 Mc/s relative, +1.0 Mc/s per sec. at 9310 Mc/s per sec. calibration
point. Accuracy measured at 25° C and 60 humidity. Power Meter: Input: + 7
to + 30 dbm. Output — 7 to — 85 dbm. Price: £75 each + £1 carr.

SIGNAL GENERATOR TS-418/URM49: Covers 400-1000 Mc/s range.
CW, Pulse or AM emission. Power Range—0-120 dbm. Price: £105 each
+ £1-25 carr.

TELEMETRY AUDIO OSCILLATOR TYPE 200T: (Hewlett Packard).
Freq.— 250 ¢/s-100 Kc/s. 5 over-lapping bands. High stability. O/put 160 mw
or 10V into 600 () Price: £65 each + £1-25 carr.

SIGNAL GENERATOR TS§-497B/URR: (Boonton). Freq. 2-400 Mc/s in
6 bands. Internal Mod. 400 or 1000 ¢/s per sec. External Mod. 50 to 10,000 c/s
per sec. External PM. Percent Mod. 0-30 for sine wave. Am or Pulse Carrier.
O/put Voltage 0.1-100,000 microvolfts cont. variable. Impedance 50 ).
Price: £85 each + £1-50 carr.

FREQUENCY METER TS-74 (same TS-174): Heterodyne crystal con-
trolled. Freq. 20-280 Mc/s. Accuracy .05%. Sensitivity 20 mV. Internal Mod.
at 1000 c/s. Power Supply—batteries 6V and 135V. Complete with calibration
book. (Manufactured for M.O.D. by Telemax. “As new” in cartons.) £75 each.
Fully stabilised Power Supply available at extra cost £7-50 each. Carr £1-50.

CT.54 VALVE VOLTMETER: Portable battery operated. In strong metal
case with full operating instructions. 2.4V-480V. A.C. or D.C. in 6 Ranges,
12 to 10Meg() in 5 Ranges. Indicated on 4in. scale meter. Complete with
probe, excellent condition. €12-50, carr. 75p.

CT.381 FREQUENCY SWEEP SIGNAL GENERATOR: 85K.c/s-30Mc/s
and response curve indicator with 6in. CRT tube and separate power supply.
Fully stabilised. Price and further details on request.

CANADIAN HEADSET ASSEMBLY: Moving coil headphones 100Q with
chamois leather earmuffs. Small hand microphone complete with switch and moving
coil insert. New Condition. €1-75 each, post 25p.

DLR.5 HEADPHONES: 2 x balanced armature earpieces. Low resistance.
£€1-25 a pair, 25p post.

ROTARY CONVERTERS: Type 8a, 24 v D.C,, 115 v A.C. @ 1.8 amps,
400 c/s 3 phase, £6-50 each, post 50p. 24 v D.C. input, 175 v D.C. @ 40mA.,
output, £1-25 each, post 20p.

CONDENSERS: 40 mfd, 440 v A.C. wkg. £5 each, 50p post. 30 mfd 600 v wkg.
d.c., £3-50 each, post 50p. 15 mfd 330 v a.c., wkg., 75p each, post 25p. 10 mfd
1000 v. 63p each, post 13p. 10 mfd 600 v. 43p each, 25p post. 8 mfd 2500 v. £5
each, carr. 63p. 8 mfd 600 v. 43p each, post 15p, 8 mfd. 1% 300 v. D.C. £1-25,
post 25p, 4 m?d. 3000 v. wkg. £3 each, post 37p. 4 mfd 2000 v. £2 each, post 25p.
4 mfd 600 v., 2 for £1. 0-25 mfd, 2Kv, 20p each, post 10p. 0-01 mfd MICA 2-5Kv.
£1 for 5, post 10p. Capacitor 0-125 mfd, 27,000 v. wkg. £3-75 each, 50p post.

TCS MODULATION TRANSFORMERS, 20 watts, pr. 6,000 C.T., sec.
6,000 ohms. Price €1-25, post 25p.

SOLENOID UNIT: 230 v. A.C. input, 2 pole, 15 amp contacts, £2-50 each,
post 30p.

CONTROL PANEL: 230 v. A.C,, 24 v. D.C. @ 2 amps, £2-50 each, carr. 75p.

OHMITE VARIABLE RESISTOR: 5 ohms, 5} amps; or 40 ohms at 2-6 amps*
Price (either type) £2 each, 25p post each.

TX DRIVER UNIT: Freq. 100-156 Mc/s. Valves 3 x 3C24’s; complete with
filament transformer 230 v. A.C. Mounted in 19in. panel, £4-50 each, carr. 75p.
POWER SUPPLY UNIT PN-12A: 230V a.c. input 50-60 c/s. 513V and 1025V @
420 mA output. With 2 smoothing chokes 9H, 2 Capacitors, 10Mfd 1500V and
10Mfd 600V. Filament Transformer 230V a.c. input. 4 Rectifying Valves type 5Z3.
2 X 5V windings @ 3 Amps each, and 5V @ 6 Amp and 4V @ 0.25 Amp. Mounted
on steel base 19"Wx11"Hx14”D. (All connections at the rear.) Excellent condition
£6-50 each, carr. £1.

AUTO TRANSFORMER: 230-115V, 50-60c/s, 1000 watts. mounted in a strong
steel case 57 X 63" X 7”. Bitumen impregnated. £6 each, Carr. 63p. 230-115V,
50-60c/s, 500 watts. 77 X 5” X 5”. Mounted in steel ventilated case. £3-50 each,
Carr. 50p.

LT TRANSFORMER: PRI 230V. Ouwput 4 X 6-3 at 3 amps each winding,
34" X 4” X 5”. Fully shrouded £1-50 post 50p.

MODULATOR UNIT: 50 watt, part of BC-640, complete with 2 X 811 valves,
microphone and modulator transformers etc. £7-50 each, 75p carr.

CATHODE RAY TUBE UNIT: With 3in. tube, Type 3EG1 (CV1526) colour
green, medium persistence complete with nu-metal screen, £3-50 each, post 37p.

APNI ALTIMETER TRANS./REC., suitable for conversion 420 Mc/s., com=-
plete with all valves 28 v. D.C. 3 relays, 11 valves, price £3 each, carr. 50p.

ANTENNA WIRE: 100 ft. long. 75p + 25p post.

APN-1 INDICATOR METER, 270° Movement. Ideal for making rev. counter,
£1-25, post 25p.

VARIABLE POWER UNIT: Complete with Zenith variac 0-230V., 9 amps.;
2} in. scale meter reading 0-250V. Unit is mounted in 19 in. rack. £15 each,
£1-50p carr.

AIRCRAFT SOLENOID UNIT D.P.S.T.: 24V, 200 Amps, £2 each, 25p post.
RADAR SCANNER ASSEMBLY TYPE 122A: Complete with parabolic
reflector (24 in. diameter), motors, suppressors, etc. £35 each, £2 carr.
DECADE RESISTOR SWITCH: 0.1 chm per step. 10 positions. 3 Gang, each
0-9 ohms. Tolerance + 1% £3 each, 25p post. 90 ohms per step. 10 positions,
total value 900 ohms. 3 Gang. Tolerance + 1% £3-50 each, post 25p.
MARCONI DEVIATION TEST SET TF-934: 2.5-100Mc/s (can be extended
up to 500Mc/s on Harmonics). Dev. Range 0-75Kc/s in modulation range 50c/s-
15Kc/s. 100/250V. a.c. £45 each, £1-50 carr.

CRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range
3000-10,000Kc/s. Mains 230V, 50c/s. Measures crystal current under oscillatory
conditions and the equivalent parallel resistance. Crystal freq. can be tested in
conjunction with a freq. meter. £12-50 each, £1 carr.

LEDEX SWITCHING UNIT: 2 ledex switches, 6 Bank and 3 Bank respectively,
6 Pos.; 1 Manual switch, 16 Bank 2 Pos. £4 each, 50p post.

GEARED MOTOR: 24c. D.C., current 150mA, output 1 rpm, €1-50 each,
25p post. ASSEMBLY UNIT with Letcherbar Tuning echanism and
potentiometer, 3 rpm, £2 each 25p post. SYNCHROS: and other special
purpose motors available. List 3p.

DALMOTORS: 24-28V d.c. at 45 Amps, 750 watts (approx. 1hp) 12,000rpm.
€5 each, 50p post.
GEARED MOTOR: 28V d.c. 150 rpm (suitable for opening garage doors).
£4 each, 50p post.

SMALL GEARED MOTOR: 24V d.c.,, output 200 rpm. Meas’'m’ts l}in.
dia. X 3}in. long. £2 each, 23p post.

FUEL INDICATOR Type 113R: 24V complete with 2 magnetic counters
0-9999, with locking and reset controls mounted in 3in. diameter case. Price £2
each, 25p post.

COAXIAL TEST EQUIPMENT: COAXWITCH—Mnftrs. Bird Electronic
Corp. Model 72RS; two-circuit reversing switch. 75 ohms, type “N” female
connectors fitted to receive UG-21/U series plugs. New in ctns., £6-50 each,
post 37p. CO-AXIAL SWITCH—Mnftrs. Transco Products Inc., Type
M1460-22, 2 pole, 2 throw. (New) £6-50 each, post 25p. 1 pole, 4 throw,
Type M1460-4. (New) £6-50 each, post 25p.

PRD Electronic Inc. Equipment: FIXED ATTENUATOR; Type 130c,
2-0-10-0 KMC/SEC. (New) £5 each, post 25p. FIXED ATTENTUATOR:
Type 1157S-1 (New) each, post 25p.

MOVING COIL INSERT: Ideal for small speakers or microphones. Box of 3 €1,
post 23p.

HAND MICROPHONE: (recent design) with protective rubber mouthpiece.
£2, post 23p.

MICROLINE IMPEDANCE METER MODEL 201: 5300-8100Mc/s. £75
each, £1 carr.

MICROLINE DIRECTIONAL COUPLER MODEL 209: 5260-8100Mc/s.
24DB. £12:50 each, post 35p.

CALLERS BY TELEPHONE w L 3-B TRULOCK ROAD, LONDON, N17 0PG
| APPOINTMENT ONLY . MIL Phone: 01-808 9213
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Hi-Fl, AUDIO AND TAPE RECORDER

DEALERS AROUND THE BRITISH ISLES

CHESHIRE Stockport

Southport

OXFORDSHIRE Oxford

AUDIO CENTRE

We stock the full range of Hi-Fi Tape Recorders and
special Transistor Radios

Fairbotham and Co. Ltd.
58/62 Lr. Hillgate, Stockport
Tel:067-480 4872
FULL SERVICE FACILITIES

ESSEX liford

Hi-Fi in West Lancashire

WAYFARERS RADIOLTD

18-20/29 BURTON ARCADE,
LORD ST., SOUTHPORT - Tel. 4070

HIGH FIDELITY IN OXFORD

HORNS

Si1X SOUTH PARADE
Telephone: Oxford 55360
Information ¢« Demonstration . Installation

OXFORD

St. Helens -/

- Tkl
SURBWJ Guildford

UNIQUE RADIO LTD.

HI-Ft & PUBLIC ADDRESS
6 THE FACADE, HIGH ROAD
GOODMAYES, ESSEX

bfds\ seven kinGs 590 8277

APAE.

Loughton

HAROLD STOTT LT#.

18 Westfield Street, St. Helens
mcncmmnsermeee Hi-Fi Consultant

Agents for leading makes of Tape Recorder, drc.
Equipment Planned and Supplied.

ST. HELENS 26791 or 2310.

Telephone -

MERROW SOUND LTD.

Specialists in Hi-Fi & Tape Recording
Fully equipped for comparative demonstrations.
Leading Agents for: B & O and TANDBERG.
Open 9.30 a.m. to 5.30 p.m. daily Incl. Sats.
Early closmg Wed. 1 p.m. EASY PARKING

229 £psom Road, Merrow, Guildford.
Tel: Guildford 64171

GUILDFORD

LONDON North

WARWIC _Birmingha

SOUND SUPPLIES (Loughton) GO. LTD.

TEL: 01-508-2715
Hi-Fi Showroom
BRODKLANDS PARADE,
3D9 HIGH RDAD, LOUGHTON

Spares and Repalirs

12 SMART’ S LANE, LOUGHTON, ESSEX.

HI-FI MAIL ORDER SPECIALISTS

C.C. GOODWIN (SALES)LTD.
7 THE BROADWAY

WOOD GREEN, LONDON, N.22
TEL: BOWES PK. 0077/8

All leading makes in stock

GRIFFIN RADIO LTD.

021-692 1359 021-643 0867
94 Bristol Street . Birmingham S
v Complete advisory facilities for all makes of
equipment,
Y Full range of Classical and Light Music LPs.

Romford

South West

Coventry

We Give the Finest Hi-Fi Service in the Area

Romford Sound & Vision Service Ltd.

78a BRENTWOOD ROAD
ROMFORD

TEL. ROMFORD 41644  OR COME AND SEE

TAPE RECORDER HI-FI CENTRE
e (SHEEN) LTD oo

SPECIALISTS IN TAPE RECORDERS ACCESSORIES,

HI-FI EQUIPMEN
YOUR CENTRE FOR FRIENDLY HELP SALES AND
SERVICE

Tel. 876 0985
Opposite Mortiake Station, S.R.
Closed Wednesdays

3 & 4 STATION PARADE,
SHEEN LANE, SHEEN,
LONDON, S.W.14

ELECTRONIC SERVICES

HI-FI SPECIALISTS
33 CITY ARCADE
COVENTRY
TEL: 24632

GLAMORGANSHIRE Cardiff

J. GOUGH & CO. LTD.

DESIGNERS OF THE FAMOUS GOUGH
LOUDSPEAKERS
THE LARGEST STOCKIST OF HI-FI
EQUIPMENT AND FOR DEMONSTRATION
IN SOUTH WALES
148-154 NORTH ROAD, CARDIFF Telephone: 28473

Main dealers for Bang and Olufsen

West

Tasky’s Radio
Stockist for all the leading makes of Hi-Fi
Audio Equipment

33 TOTTENHAM CT. RD., W.1 01-636 2805

207 EDGWARE ROAD, W.2 01-723 321

152/3 FLEET STREET, E.C.4 01-353 2833

109 FLEET STREET, E.C.4 01-353 5812
Home of High Fidelity

42-35 TOTTENHAM CT. RD., W.1 01-580 2573

HAMPSHIRE Southampton

High Fidelity
Specialists

Homillon Eleclionics D,

Hsrmlton Electromics {Southamptary Ltd

L ondgon Aued shamoton Phone 28622 3Lines

LANCASHIRE Bury

West

WORCESTERSHIRE Worcester

HIGH-FIDELITY SPECIALISTS

JOHNSONS SOUND SERVICE

43 Friar Street, Worcester
Worcester 25740

SCOTLAND Edinburgh

Established 1910

H. L. SMITH & CO. LTD.

EDINBURGH'S  Hi-Fi Corner
HI-Fl SPECIALIST 1 Haddington Place

J. SMITH & SON

Hi-FI EQUIPMENT STEREOGRAMS
TAPE RECORDERS . 2 SHOWROOMS
8. & O. Dynatron, Hacker, Quau. Leak, B. & W., Tandberg,
Sony, Rogers, Stax. Armstrong, Ferrograph, Garrard. Thorens.

Goodmans, etc. Comparator Dems.

Closed ali Tuesday.
Specialists in ‘'SOUND’ for 36 years.
184 THE ROCK, BURY. Tel: 1242

| PREY
\\\‘e‘ eS n“e‘s X
148 Charing Cross Rd London WC2 Tel. 01-838 3365

266/8 Upper Tooting Road, SW.17.672.4471 or 9175

Comprehensive stock of equipment by all EDINBURGH?
Ieading makers at competitive prices gm‘;ll'(f'e's' f":M[‘)T"':;’St' :t/ _li‘:ls' Phone 031-556 7901
287-9 EDGWARE ROAD . e dl‘\’/";iv:n_’ . W. G. Graham,
LONDON, W.2. Tel. 01-723 5891 Assoc. Brit. LE.R.E.
West Central Glasgow
g Tape R der, and Hi-Fi Sp-clnllns

Main Bang & Oluhon Dealer. Agems for: Armstrong,
Leak. Rogers Quad, Sony, *Akai. Sanyo, Tandberg. Uher.
Goldring, Garrard, Thorens. Goodmans. Wharfedale. Sonab,
Sansui, Earphones, Tapes. Accessorias, Repairs and Servicing.
Credit Terms. Part Exchanges.

141 St. Georges Road, Glasgow C.3. Te/. 047-332 7124
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TWO
NEW A.C./D.C.
MULTIMETERS
FROM RUSSIA

TYPE 4312—low sensitiv-

ity (667 o.p.v.) extremely

sturdy  instrument for
general electrical use.

D.C. ranges: 0.3-1.5-7.5-30-
60-150-300-600-900V and
75mV;  300ua-1.5-6-15-
60-150-600mA 1.5-6A.

A.C. ranges: 0.3-1.5-7.5-30-
60-150-300-600-900V.
1.5-6-15-60-150-600mA..
1.5-6A.

Resistance: 0.2-3-30k (1.

Accuracy: D.C. 1%; A.C.

1.5%.
PRICE‘S. with carrying case
and leads £0-78
TYPE 4313—high sensitivity for general electronic and TV-radio

repair applicetions.

8ensitivity : 20,000 o.p.v. DC and 2,000 o.p.v. AC.

D.C. ranges: 75m 7.5-15-30-60-150-300-600V .
60-120-600;.A-3-15-60-300mA-1.5 Amp.

A.C. ranges: 1.5 .5-15-30-60-150-300-600V.
600£LA-3-15-60-300mA-1.5A,

Resistance: 0.5-5-50-500k Q

Capacity and Transmission level scales.

Accuracy: 1.5% D.C.; 2% A.C.

PRICE, with carrying case and leads £10-50,

NEW TRANSISTORS ADDED
SILICON PNPPLANERE AXIALLO
Dissipation 300 mW; Ft =100 Mc/s st

FW87 o

BFW88 60V

BFWa9 40V

BFW91 2V

MINIATURE WIRE ENDED SILICON
RECTIFIERS

1N4002 1A .. 0-10

1N 4004 p 14 012

IN4066 800 p.i.v. 1A 015
MVIOB LIGHT EMITTING DIODE N

To 18 outline. Brightness 500 Fi.L at 50 mA. Forward voltage
1-65 to 2V. Bpectral length 6300 to 7000A (red light). Lens
diameter 0-170in.

PRICE £1-05 plus 0-10 P. P,

INTEGRATED MONOLITHIC DUAL
OPERATIONAL AMPLIFIER MCI435P
Two identical amplifiers in 14-pin dual-in-line epoxy package.
400mW diseipation. Typical open loop voltage galn 7000. Max.
differential input 4 6V. Power suppliea § to 9V. Max. frequency

1 me/s. £2 00

MINIATURE CERAMIC CAPACITORS
25V D.C. WORKING
22-27-88-39-47-56-68-100-120-150-

5% tolerance:

\\\\\‘
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TWO NEW OSCILLOSCOPES FROM RUSSIA

Cl1-5 SINQGLE BEAM
OSCILLOSCOPE
10 mc/s passband, triggered
sweep from 1 p sec. to 3 milli-
sec. Free running time base
from 20 c/s to 200 ke/s. Built-in
time marker and amplitude

calibrator, 3-in. cathode ray
tube with telescopic viewing
hood. £39°00

Ci-18 DOUBLE BEAM
OSCILLOSCOPE
5 me/s passband. Separate
Y1 and Y2 amplifiers,
rectangular 5 in. X 4 in.
cathode ray tube, Cali-
brated triggered sweep
from 0.2 u sec. to 100 milli-
sec. per cm. Free running
time base 50 c/s to 1 me/s.
Built-in time base calibra-
tion and amplitude -cali-

) i i 180-220-270-330-390-470-560 L 20p per 20 7.
Both instruments have knife edge pointers and mirror scales. 680-820-1000pF " s — o 22p per 20 E‘rnl;,or dét. lg ...... fsueito
209 + 509, tolerance: 1500-2200pF 22p per 20 o Q8 (0N TEQUESL]
WHEN ORDERING BY POST PLEASE ADD 0-12} 3300-4700-6500-10.000pF .. - 24p per 20 Full servicing facilities and
(2/6) IN £ FOR HANDLING AND POSTAGE. 20% + 80% tolerance:  0-01uF.. 2splger20 spares available.
NO C.0.D. ORDERS ACCEPTED 0.033LF | 289 per 20
ALL MAIL ORDERS MUST BE SENT TO HEAD 0-0471F o 80p per 20 OUR NEW CATALOGUE 1970/1971 I8 NOW READY.
OFFICE AND NOT TO RETAIL SHOP. Note: Minimam orders accepted 20 per type. PLEASE S8END 8.A.E. FOR YOUR FREE COPY.
£ £ [} 2 ] )
DA2 0-38|5CP1 5-00 GBQGGTOBM Pcrsmg-go QQV05-20A ggggl g-g:
OA3 045 |5D21 500 E PCF8020-50 - 1 0-
0A4G 116 | 5R4GY 0-60 ( 6BQ7A 0-40 FULLY FlRST QUALITY PCF8050-75 |QQV06-40A | UCLS2 0-35
OB2 035 |5U4G 0-33 [6BR7 088 PCF8060-70 5-50 | UCL83 0-80
OB3 060 aumngg angs tll-eb PCF8080-76 Q%ss/ago-m grggl g-gg
0C2 100 | 5V46G 6B87  1-30 PCH200 03-1 q
oz oeiavie cuier il  GUARANTEED VALVES Lo (AR LA S
Ths 050 |8Ysom 042 |onXe 055 EEAND rores 038 |0+ *Te'oo | Ukss 000
1A3  0-30 | BY3GT 0-32 | 6BX6 0- PCL82 0 - :
1A5GT 0-32 | 523 050 | 6BX7GT PCL83 0-65 [R10  1:00 | UF80 0-35
1B3GT 0-88 | 524G 0-40 075 ] £ ] ] ) ] [ 2 2 PCL84 045 |R18  0-55 | UF85 0-40
1B24 400 | 6/30L2 0-75 |6BZ6 035|682  0-40 [ 12AT7 0-33|30C15 0-80 [$28A 2-00 [AC/HL/DD |E182CC1-20 [E1ROF 0-95( EL95 0-35 [HBCOO 0-80 | pcL85 0-40 [RG3-2504 | UF89 0-38
1C5GT 035 | 8A8G 035 |6C4 033 [ 68B4A  0-80 [ 12AU6 0.80 [30C17 0-05 |<2v 1o 0-50 |[E186F 1-25 [ECL81 0-45| EL360 1-15 [HBCO91 033 | PCL86 04§ 075 | UL41  0-85
ICP31 6-00 |6AB4 0-35 |6CB6 0-30 ) 68A7 0-40 | 12AU7 0-30 [30C18 0758 | 28A 140 [AC/THI1 F188CC0-90 | ECL82 0-35| EL803 1-00 |HF93 0-85 | pcLsg 0-90 RLIS 0-50 | UL84 0-30
1G4GT 045 [ 6ACT 025 | 6CD6GA 68C7  0-70 [ 12AV6 033 [30F5 0 55 }712A  2:50 0-45 |E280F 210 |ECLS3 0-65| ELS21 0-55 (HF94 0-30 | PCL8000-93 5130 1.95 | UM4 040
1G6GT 0-40 | BAFSA 0-50 1-15 | 68G7  0-35 | 12AV7 0-50 {30FL1 070 [715C 500 |AX50 £-25 |E8LOF 2-90 |[ECL84 0-55| EL822 0-80 [HK90 0-35 | pCL8010-70 UMB4 0-20
THBGT 0-42 | 6AG5 0-22 | 6CG7 0-50 | 68H7 035 | 12AX4GTB |30FL12 0-93 [7234/B 7-00 |AZ31 0-55 |EAS0 0-20 |ECL8C 0-55| ELLS0 075 [HL23 0-40 | pCL8050-50 S130F 176 | yos - 0-80
114 020 |6AG7 0-40 | 6CH6 0-56 | 8877  0-40 0-55 |30FL14 0-76 | 726A 1600 {C1K  4-50 |[EA82 4-50 |[ECL86 0-40| EM34 080 {HL23DD PD500 1-50 [8P2  0-50 | UYIN §-50
IN5GT 048 | 6AH6 0-50 | 6CL6 0-50 | 68K7 0-35  12AX7 0-30 [30L1  0-40 (807 0-50 (CBL1 0-80 | EABC80 ECLL800 EM71  0-75 PEN4D. BP4 050 [UY1l 085
1Q5GT 0-50 | 6AJ8 0-30 | 6CU6 085 | 68L7GT 12AY7 0-70 (30L15 0-85 |&11A 1-80 |CBL31 0-90 0-35 1-50| EM86 0-40 (HL42DD 0-50 [gP41 045 | UY41l 0-48
1R4  0-35 | 6AK5 0-30 | 6CW4 083 0-35 | 12B4A 0-55 |30L17 0-80 |61  3-75 [CL4  0-60 [EAF42 055 [EF9  0-50| EM8L 0-60 0-80 | PEN46 0-40 [gpg,  o-55 | VY82 0-50
1R5 035 | BAKSW 6CY7 0685 | 6SN7GT 12BA8 0-35 [30P12 080 {829B  8-50 |CL33 1-00 | EAF801 EF37A 0-60( EM84 0-35 |HLO2 0-40 | pEN45DD UYss 0-30
185 027 0-40 | 6D3 0-45 035 [ 12BA7 0-35 |30P19 0-80 |833A 17:00 (CY31 035 0-50 [EF39 0-40| EM85 1.00 [HL94 0-45 075 |TP22 060 |y gg311.90
185  0-25 | 6AK6 0-57 [6DC6 075 |68Q7 0-40|12BE6 0-35 |30PL1 070 |37 .85 |DAF41 0-50 [EB34 020 [EF40 0-50( EM87 0-56 (KT8 2-00 | pEN46 0-40 |TP20  0-40 [ VP41 0-75
1T4 025 |6AL3 0-43 |6DK6 0-48 [68R7 040 | 12BH7 0-40 |30PL130-03 [sg6A 0-75 |[DAF91 0-25 [EB9L 020 |EF41 085 EN10 4-00 |[KT36 1-00 ! pEN383 TT21 2-65 [ VP133 1-00
1T5GT 0-45 | 6ALS 0-20 | 6DQ6B 0-83 | 6887  0-20 | 12BY7 0-55 |30PL14 0-90 (8724  3-00 | DAF82 0-50 | EBC33 0-50 EF42 0-70| EN11 3-50 {KT44 0-50 . TT22 £-80 | VR75/30
1U¢ 027 |6AM5 032 |6DS4 075[6T8  0-35(12C8 0-35 |35A5 075 (834  0-60 | DAF96 0-42 |[EBC41 0-55 [EF80 025/ EN32 1-50 |KT45 2-00 | PEN384 17 75 .
1Us 0-50 | 6AM6 0-33 | 6E5 0-55 | 6U4GT 0-60 [ 12E1 1-35 |356B5 0-65 [gagRA C90 0-45 |EBCS1 0-30 |[EF83 0-58| EN91 0-35 |[KT66 1-70 0-80 [U18/20 0-75 | VR105/30
ive 045 |BANS 030 | 6EA8 058 | 6UBA 0-40 | 12E14 3:57 |35C5 0-40 50-00 |DF91 0-25 |[EBC90 0-30 |EF85 0-35| EY51 0-40 |[KT71 0-50 | pEN453DD |U19 -50 g
1X2B 0-40 |6AQ5 0-35 [ GEH7 0-30 | 6V6GT 0-3% [12H6 0-30 |35D5 0-70 |go7 3.9 [DF92 0-20 (EBCOL 0-30 |[EF86 0-30| EY80 046 KT76 0-30 0-80 [U20 075 | VR150/30
243 040 [6AQ6 055 |6EJ7 0-35|6X4 030 | I2J5GT0-25 [35L6GTO-50 | °0 o o0 [DF96 0-42 [EBF80 0-40 (EF89 028/ EYSl 040 |KT88 170|pres 0480 |U25 076 -3
9APl 295 |6AR5 0-35|6F5  0-60 | 6X5GT 0-85 | 12J7G°T0-45 |35W4  0-30 |91 50 | DH76 0.35 | EBF83 0-40 |[EF91 0-33{ EY83 0-58 [KTW630-50 | pF818 0-85 |U26 075 | VU33 0-60
9C26A 0-60 | 6AR6 0-40 | 6F6G 0-30 | 6X8 0551 19K5 0-55 (3543 060|930 025 |pHg1 ¢.60 |EBF8 0-30 [EF92 040 EY8: 065 |[MESL 045 | PFL2000-70 | U3l  0-48 | VU39A 0-60
2039A 7-00 | 6AB5 0-35 |6F11 038 | 8Y6G 065| op-qp 35Z1G 0-30 [4378  1-40 |DH101 0-55 |FBL31 1-50 [EF93 025/ EY86 0-40 [MH4 0-50 [PL33 0-35(U37 1-50 | VU111 0-60
2C40 3-50 |6AB6 0-37 |6F13 038|624 088 0-35 [3525GT0-40 14687  1-75 |DK40 o0-55 |[EC53 0-50 |[EF94 025 EYS87 043 IML4 045 | PL36 0-55|US0  0-32 | VU120 0-80
2051  0-45 | 6AB7G 080 [6F1s 045 (7B5  078| , o 42 050 (5644  6-50 |[DK91 0-35 |EC86 0-60 |EF95 0-30 EYS8 043 ML6 040)PL8l 0-50|US2  0-33 | VU133 0-60
2053  4-50 | 6AT6 0-30 | 6F15 Q.95 |7B6 070 050 {5045 070 [5351A DK92 0-50 |[EC88 060 |EF96 0-22 EZ35 0-35 |MSPEN/T {pL82 0-46 |U76  0-30 [ W107 0-50
2CW4 0-65 | 6AU6 0-25 |6F17 050 (B7  0:45(12Q7G 0-30 [50B5 045 16-00 |DK98 0-42 |[EC8C 0-33 |EF97 0-65| EZ40 0-45 PL83 0-45 |U78  0-30 | W728 0-60
9D21 0-35 | BAVS5GTA |6F18 0-45|7C5  0-85|128C7 0-35(50C5 0-40 [65654 0-40 {DL66 1.5 |EC92 0-35 |[EF98 065| EZ41 045 |IMT17, 4-50 | pL84 0-40 |U181 0-75|Xe65 088
2E24 286 070 |6F22 030 | 7F8W 0-85198G7 0-35 |50CDEG 5670 050 |DL68 ¢-85 |[EC93 0-50 ([EF183 0-30| EZ80 025 [MU12/14 PL302 080 |U201 0-35|Xss 055
6AV6 0-30 |6F23 080 |7Y4 060 |, 59h7 g.39 1:65 |5751  0-80 [DL69 1.75 (128010225 [EF184 0-35| EZ81 0-28 -80 | pL504 0-80 |U281L 0-40 | X76M 050
2K25 800 | ¢\ wea0-55 |6F24 076|724 050 o0 - 3o |FOEHS 0-80 15763 0-70 |DL91 0-27 |[ECC34 0-40 |EFB00 1001 EZ90 030 |N78 1-15 [ prs0os 0-90 [U282 0-40 | XC11 075
2X2 087 . < qTp |6F25 075|9BWA 050 7 030 1501,6GT0-50 |5796 14-00 |DLO2 0-35 | ECC40 0-60 [EF804 1-25| FG17 4-50 [NBP1 3-50 | PL509 1-30 (U301 0-40 | XC12 0-35
344 038 0-a5 | 6F28 0801002 0-50 128K7 0-45 |52KU 0-40 {58144 050 |DL93 0-35 | ECC70 0-85 [EF811 0-75| FW4/300 NBP2 4-00 | pLg01 0-80 | U403 0-50 | XCI2T 0-40
3Bs 060 | 6GK6 0-6010D1 050 | 128N7GT [63KU 070 |589: 550 |[DLoi 0-a5 |ECCS1 0-33 [EF812 0-80 075 | PABC80 PL8O2 075 | U404 040 | XC15 025
3mos g5 | SAXOT 6J4  0-50|10D2 0-40 0-45 |75B1 050 [6072 085 |DLo5 o-40 (ECC82 0-30 |EFBI4 0-75| FW4/800 -40 | PIL.80 0-55 | U801 1.00 | XC15T 0-40
085 | g7s5GT 0-30 | LOF1 090 | 128Q7 080 [75CL 0-45 6080 1-50 |DL96 0-42 |ECC83 0-30 |[EH90 0-40 0-75 |PC86  0-60 | pM8s 050 | UABCSO Xc23 0-80
3BP1 275 |6B4G 1-00 | 6J7 0-45 | 10F9 050 | 128R7 0-35 (80 0-50 (6146  1-50 [DY88 0-33 |[ECC84 0-30 |[EK32 0-45|GCLOB 3-75 |[PC38 060 | px25 2.00 0-35 | XC25 08
3D6 020 6B7  0-40 | 6K6GT 0-55 | 10F18 0-45 | 12X4 0-45 |83 110 [6146B 2-50 |DY87 0-35 [ECC85 060 [EK90 0-30| GN4 150 [PC900 0-48 | p¥3] 0-30 | UAF41 0-50 | XR1-1600
3D21A 200 | 6B8SG 0-20 | 6K7  0-35 | 10L1 0-45 (1487  0-80 |85A2 (0-40 |6293 325 |DY802 0-50 |[ECC86 0-50 |[ELS ~ 0-85| GR10M 150 |PCC84 040} py33 0-83 |UAF42 0-85 4-00
Q4 040 |gpag .95 | 6K8G 0-35 | 10LD110-80 | 20CV  3-15 |85A3 0-50 [6360 125 |EgocC 1-1p [ECC#8 0-40 |EL33  1-25] GS10C §-00 |POCBS 0-40 | pyso 0-35.|UB41 0-60 | XR1-3200
3Q5GT 0-45 BKS8GT 0-50 | JOP13 055 /20Dl 045 [90AG 2406870  2-80 |[ESQCF 1-50 |[ECC89 0-50 |[EL34 0-50| G810D 6-76 |[PCC88 0-55 | pyg1 0-30 {UBC41 0-50 q
384 .35 |6PE6 030]gpog go.55|10P14 1-10|20L1 1-10(90AV 250 (6883 250 |EsoL, 085 |[ECCO1 0-20 [EL35 0-40| GBI0H 3-10 ([PCC89 050 | pyga 0-30 |UBCSL 0-40 [ Z329 085
3V4  0-45 |6BFS 080 )6K2s 0-756|11D3 045 (20p1 0-50|90CM 0-80 |6939  2-15 |ESIL 1-15 [ECC1890-80 [EL36 0-50( GS12D 7-00 | PCC1890-55 | pyg3 0-38 |UBKS0 0-40 | Z520M 1-50
4-400A 6BF6 0-50 | 6L6GT 0-45 | 11D5 048 | o9ps .69 |90CG 125 |7189  0-78 |[E83F 1-10 |ECF80 0-35 |[EL37 1-25| G847X 3-00 |PCCB050-85 | pygq .49 | UBF89 0-35 | Z700U 0-30
16-00 [ 6BHG 0-45 [6L7  0-40 [ 11E3 250 | o0ns 500 lgocy  1.95 (7586 1-25 |[ESSL  0-50 |ECFs2 0-35 [EL41 0-58| GUS0 1-75 {PCOB0G0-80 | pyuny .o [UBLL 0-80 | Z700W 0-75
4B32  4-00 [ gpyg g.45 |6L18 0-45[11E3 ~4-00 108C1 035 |798LA 1-00 [ES86C 0-90 |[ECF86 0-65 |EL42 0-58) GY501 0-80 | PCEB000-70 1-00 | yRyo) 0-60 | 2710 0-25
4HAS5  0-48 6LD20 0-40 | 12AB5 0-60 [ 20P5 1-20 78¢5 125 |E88C  1-15 | ECF8041-50 |[EL8Y 0-58!GZ30 0-40 |pcrso ¢-30 | PY800 080 |Gcos 035 | 2720 0-30
ATHA 045 [OBK4B120( oot WOl 124C6 0-40 | 25L6GTO-45 150B2 060 (00 o0 [Fgace 0-65 | ECH35 0-60 |EL83 0-42) GZ3!  0-33 | popgy g.5 | PYS0L 050 [ocas g.q0 | 2740 080
5AR4 0-80 | 6BK7A 065 ‘ 12AH7GT 25Z4G 0-30 [150B3 0-60 9062 0-3 E88CC/01 ECH42 070 |[EL84 0-25] GZ32 0-48 PCF8 . PZ30  0-35 |ycFso 056 Z75% 185
5B/254M | 6BL7GTA |SP1 060 95Z6GT0-65 |150C4 0-60 |00 3 1-90 (ECHS1 0-30 [EL85 0-43/ GZ33 0-70 4080 [ Ovoo-6 Z800U 176
225 0-85 | 6P28 065 | 19AL5 0-46 | 30A5 0-45 305  0-65 9003 050 |pooce 045 | ECHB3 0-40 [EL86  0-40| GZ34 0-80 (PCFS6 0-60 5 |UCH21 0-60 | 78011y 1-75
5B/255M 6BN6 0-40 | 6Q7  0-40 | 12AQ5 0-43 | 30AE3 0-40 [310A 1.50 [A1834 0-80 |[E91H 0-60 |ECHR4 045 |[ELY0 0-35| HABCSO PCF87 0-85 | QQv03-10 |UCH42 0-70 | Zgo3U 0-90
2:00 | 6BQ5 025 [6R7G 045| 12AT6 0-30 | 30C1  0-30 |311A  2-00 [A2203 1-20 |E130L 5-00 [ECL8O 0-40 [ELy1 0-32 5 | PCF800 0-80 25 | UCH43 0-75 | Z900T 0-75

PLEASE NOTE THAT ALL PRICES ARE QUOTED IN DECIMAL CURRENCY.

PLEASE NOTE THAT VALVES LISTED ABOVE ARE NOT NECESSARILY OF U.K. ORIGIN

Head Office:

44a WESTBOURNE GROVE,
Tel.: 727 5641/2/3

Cables: ZAERO LONDON

Retail branch (personal callers only)

85 TOTTENHAM COURT RD.,
LONDON W.2. Tel: 580 8403

LONDON, W.2

A.R.B. Approved for inspection and
release of electronic valves, tubes,
klystrons, etc,

WE WANT TO BUY:

SPECIAL PURPOSE VALVES. PLEASE OFFER US
YOUR SURPLUS STOCK. MUST BE UNUSED.

TELEX 261306
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APPOINTMENTS VACANT

DISPLAYED SITUATIONS VACANT AND WANTED: £8 per single col. inch.

LINE advertisements (run-on): 45p per line (approx. 7 words), minimum two lines.

“t/g%re an advertisement includes a box number (count as 2 words) there is an additional charge
of 25p.

SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided a contract
is placed in advance.

BOX NUMBERS: Replies should be addressed to the Box number in the advertisement, ¢/o
Wireless World, Dorset House, Stamford Street, London, S.E.1.

No responsibility accepted for errors.

Advertisements accepted up to
THURSDAY, 12 p.m., 8th APRIL,
for the MAY issue, subject to
i space being available.

Listen to us for a few well-paid
months, then with computer expertise
added to your thorough understanding of
general electronics, you'll be a well
qualified Service Engineer Instructor.

We're looking for that rare ability to
make others see exactly what you're getting
at. We want people who know their stuff
inside out—who can pass on practical
information that trainees would otherwise
take years of experience to acquire.

It will be your responsibility to make
sure that when your pupils leave the
Training Centre as computer service
engineers, they’re (almost) as good at their
jobs as you are now at yours!

Some travelling will be involved in
the UK, and possibly overseas, and during
this time a salary premium is paid in
addition to all normal expenses.

Most of you will be based at
Letchworth in the pleasant Hertfordshire
countryside, and only an hour’s drive
from London. Relocation expenses will be
considered.

Please write, quoting reft WW666C to
A. E. Turner, International Computers
Limited, 85/91 Upper Richmond Road,
Putney, London, SWirs5.

International Computers

RADIO
OPERATORS

There will be a number of vacancies in the
Composite Signais Organisation for
experienced Radio Operators in 1971 and
subsequent years.

Specialist training courses lasting
approximately 8 months are held at intervals.
Applications are now invited for the course
starting in September 197 1.

Salary Scales

During training with free accommodation
provided at the Training School:

Age 21 £848 per annum
22 £906 B
23 £943
24 £981

25 orover £1,023 -
On successful completion of course:

Age 21 £1.073 per annum
.22 £1,140
23 £1,207
24 £1.274
25 (highest

agepoint) £1,351

then by 6 annual increments to a maximum
of £1,835 perannum.

Excellent conditions and good prospects of
promotion. Opportunities for service abroad.

Applicants must be United Kingdom
residents, normally under 35 years of age at
start of training course, and must have at
least 2 years operating experience or PMG
qualifications. Preference given to those who
also have GCE 'O’ level or similar qualification.
Exceptionally well qualified candidates aged
from 36-40 may also be considered.

Interviews will be arranged throughout
1971.

Application forms and further particulars

from:
Recruitment Officer, Government
Communications Headquarters, Oakiey,
Priors Road, CHELTENHAM, Glos.,
G152 5AdJ. Tel: Cheltenham 21491 Ext 2270
92

TEST TECHNICIAN

Required for Final Production Testing and Fault
Finding of Digital Voltmeters, and analogue to
digital converters.

Experience of similar work or of Digital Systems
is essential. Qualifications to H.N.C. advantageous,
although opportunities exist for completion of
professional qualifications.

Full staff status including pension scherhe and
attractive salary.

Reply to: Head of Test Section,
Fenlow Electronics Ltd.,
Jessamy Road,
WEYBRIDGE, Surrey.
Tel: Weybridge 48177.
1075
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Sea-going Radio Officers can now
malke sure of a shore job and good pay.
N A ANAANANAANANANAN AN NAAN AN N NANA

If you’d like a job ashore,ata  Telecommunications, or a
United Kingdom Coast Station, Radiocommunication Operator’s
the Post Office will start you off General Certificate issued by the
on £1,080—£1,360, depending Ministry of Posts and

on age, with annual rises up to Telecommunications, or an
£1,850. There are good prospects  equivalent certificate issued by a
of promotion to higher posts, Commonwealth administration
opportunities exist for overtime or the Irish Republic.

and you would receive additional Find out more by writing to:

remuneration for attendance during The Inspector of Wireless
the late evenings, at night and on  Telegraphy,
Saturday afternoons and Sundays. I.M.T.R.
You will need to be 21 or over, Wireless Telegraph Section (W.W.)
with a 1st Class Certificate of Union House,
Competence in Radiotelegraphy St. Martins-le-Grand,

issued by the Postmaster General I.ondon,
or the Ministry of Posts and ECI1A 1AR. R@S{t @%@@
Telecommunications

1084

ASSISTANT

(BROADCASTING)
BOTSWANA

* Salary up to £2,387 an officer 1o undertake sperationsl dutes imoludmg e "
% Low taxation installation and maintenance of broadcasting equipment in

. o g
% Appointments grant £100 or transmitting sta:ions and to assist with the training of junior

= = : engineering staff.
* §§90 in :e!’:am cll)":l_'mStances Candidates must possess the City and Guilds
A, gratuity on pasic salary Intermediate Certificate (Telecommunications) or equivalent

% Contract 24 — 36 months ?ndddhave had five years re}evant practical experience,

T H = additional to any period of approved training) of technical
I g:]l:zla({:z:d[\a“‘;c::;?::atmn | broadcasting equipment including M.F. and H.F. transmitting

equipment up to 10 KW.

During the postal strike please telephone the Crown Agents’ Appointments Division (01-222 7730 Ext. 665) for full
details and an application form, quoting reference M2K/690420/WF, or write to The Crown Agents, ‘M’ Division, 4
Millbank, London, S.W.1.

noz
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E—— || TEST ENGINEERS
ENGINEE e

SERVICE AREA PLANNING | || Engineers for test and

¥ The INDEPENDENT TELEVISION AUTHORITY is looking for engineers with a keen sense of a |Ig nment of transistorised

responsibility and initiative to join a test team concerned with planning the expansion of our V.H. F Commu nications
VHF colour television service. .

Itis expected that the men selected will be aged 23-35, qualified to H.N.C. level, have_had o equ|pme nt.

experience in television, R.F. measurements or an associated field and feel they would like the

opportunity of working throughout the United Kingdom enjoying an open air!ife.Thgy shoul_d. 5 App“ca nts ShOUld be

in addition, be experienced drivers with a clean and current licence. The ability to climb aerial § - .

support structures would be an advantage. There are currently two vacant posts; familiar with V.H.F. tech-

1. The more senior post for which candidates should have a good w_orking kno_wledge ofradio @B niqu es and ca pable Of

wave propagation and basic television principles. The job will also involve taking chargeofa § ] .

" small team. fault diagnosis.

Salary—on a scale £2115-£2574. : . .

2. For the junior post we would consider less experienced candidates who can show good ; Salaries offered will be
potential. 1

Salary—on a scale £1623-£1965. & commensurate with know-

Although based at our Knightsbridge Headguarters the selected candidates will be expected to |edge and expe rience. 3 8%
work in any part of the United Kingdom for periods generally not exceeding two to three weeks

ata time. hour week, 3 weeks paid

‘ If you are interested in either of these posts please write or telephone foran application form, holiday. N n-contributo
quoting Ref. WW/1605, 1 0r2, 10 ohiaay o ry

The Personnel Officer, i | | pension scheme. Ample op-

INDEPENDENT TELEVISION AUTHORITY, portunities fOl’ promotion.
70 Brompton Road, London, S.W.3.

Tel.01-584 7011. Ext. 482. Write or te/ephone
Closing date for completed application forms : 31st March, 1971.

R. Trimmer, Chief Inspector,
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CIRCUITRY DESIGNER

Experienced in design of analog and digital circuitry to join research team Dymar Electronics Ltd.,

developing electronic music synthesisers. H.N.C. or graduate. Colonial Way, Radlett Road,
Write or ‘phone: ELECTRONIC MUSIC STUDIOS (LONDON) LTD Watford, Herts.
49 Deodar Road. London S.W.15. Tel: 01-874 2363 1080 Tel. - Watford 21297

BUSINESS OPPORTUNITY

Earn a substantial extra income through a fascinating
part-time business of your own that you could share

with your wife and operate from your own home.
i This is an outstanding business opportunity with rewards
. exceeding £5000 per annum at the higher levels. We
are looking for organisational and managerial ability.
Telephone for an appointment.
4 - VISTA MARKETING MAIDENHEAD 18‘63;
I

BOAC’s world wide computer system requires expert control. We need a Data Line Officer to
complete a team responsible for the operation of the terminal system. The appointed candidate
will be based at London (Heathrow) Airport working on a rotating shift basis. He will
occasionally be expected to travel to operational locations in North America and Europe.

East Suffolk Education Committee

LOWESTOFT COLLEGE OF
FURTHER EDUCATION

Principal: A. E, BODDY, B.Sc. (Econ.} FR.G.S.

LECTURER 11

required in connection with work associated with City
and Guilds Technicians course biased towards RADIO
and ELECTRONICS, and for the Crafts Studies course
in ELECTRICAL and ELECTRONIC ENGINEERING

Candidates should have qualified in electronics or data communications to H.N.C. standard
or City & Guilds full certificate, and those with GPO line transmission experience will be given
preference. Candidates qualified to O.N.C. standard will be considered only if they have
appropriate experience.

Salary, including London Weighting, is in the range £1789 to £2179 per -annum plus shift
allowance of £383 per annum. 2Additional benefits include facilities for holiday air travel.

Please contact:
Selection Services, BOAC, Comet House (S Block Ist Floor), London (Heathrow) Airport,

Hounslow, Middlesex. (Adjacent to Hatton Cross), or phone 01-759 5511 extn 2637 for an City and Guilds 500 series.
application form. Salary In accordance with the Burnham scale £1.947-
1099 £2,537, plus allowances for approved training and

qualifications. Starting point within the scale deter~
mined by past teaching experience and/or appropriate
industrial experience. Applicants with teaching
experience, appropriate qualifications and industrial
experience shouid apply to the Principal, Lowestoft
College of Further Education, St. Peter's Street,
Lowestoft, telephone Lowestoft 4177, for further
particulars and application forms.
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Cambridge Audio

a1 APPOINTMENTS

a member of AIM ASSOCIATES CAMBRIDGE GROUP

Cambridge Audio Laboratories Ltd., has a
reputation for making state-of-the-art advances in the field of!
high quality domestic and professional audio equipment.

We are looking for an exceptional Senior Engineer to lead
‘our F.M. tuner research and development program. The
location is St. lves, Huntingdonshire,

The company’s policy is one of continuous research and
development and thus, after completion of the existing
F.M. tuner design project, the successful applicant will have
ample opportunity to pursue more open-ended research in
this field.

Candidates must already have had considerable experience in
the relevant technology and should be sufficiently qualified
to be capable of providing original and theoretically sound
solutions to design problems.

We are prepared to pay well for the right man and the
starting salary will be up to £2,500. In addition, relocation
expenses will be paid where appropriate.

Travelling expenses will be paid to interviewees.

Please telephone or write without delay to
lan Quayle, Technical Manager,
Cambridge Audio Laboratories Ltd.,

The River Mill, St. lves,

Huntingdon PE17 4EP

telephone: St. lves (04806) 2901

BRITISH F RELAY

RO e

TELEVISION and RADIO
DISTRIBUTION SYSTEMS

We are expanding our activities in the field
of wired installations in hotels. both at home and
overseas. For this,

WE REQUIRE

ENGINEERS

with the necessary specialist knowledge and
experience, for duties which include —

® SYSTEM PLANNING

@® SCHEDULING and ESTIMATING
@ INSTALLATION CONTROL

® COMMISSIONING

If you have experience which is relative to
any aspects of this type of work, and would like
information on staff vacancies, please apply to the
address below.

All enquiries will be treated in strict confidence.

THE GENERAL MANAGER,
SPECIAL SERVICES DIVISION,
British Relay House - 41 Streatham High Road -
London, S.W.16.

Tel: 01-677 9681

1097

Light engineering/
electronics and

inthe dark
about computers?

Join us now as a Computer Service Engineer,
and after six months’ paid specialist training, you
will be responsible for ensuring that our computers
are in peak condltion.

We are Britain’s leading computer
manufacturer; we give men who want a rewarding
career an excellent basic salarv while we train them
in every aspect of customer engineering in the
computer industry. You'll learn to deal with
operational problems, and to use the most intricate
machinery.

HNC or C&G in electronics engineering, a
Forces’ training in electronics, or similar
qualifications, are your passport to our
opportunities,

How far you progress is up to you-—-the
experience you get will stand vou in good stead for
your future career development. You'll gain
knowledge of new methods and techniques on the
most sophisticated equipment.

To add to your basic salary, you can get
generous overtime and shift rates There is a special
allowance for working in central London. You will
be operating in a computer environment on
customers’ premises in conditions well above the
average for industry.

Age: 21/35.

Locations: Reading, Bracknell, Middlesex,
Hertfordshire, Surrey, Central London,
Manchester, Kidsgrove and Dublin.

Write giving brief detalls of your career, and
quoting ref. \WWg68eto: A. E. Turner,
International Computers Limited, 85/91 Upper
Richmond Road, Putney, London SWis.

International Computers
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University of Stirling

INSTRUMENT TECHNICAL OFFICER
; F 0 R E MA N (DAYS) Applications (iief::::cfsim electronic

engineers qualified to H.N.C. level or

required at equivalent to assist with research and
WYLFA NUCLEAR POWER STATION, development work. Salary scale £1,827-
Cemaes Bay, Anglesey. £2,061. Placing according to age, qualifi-
The Central Electricity Generating Board wishes to appoint cations and experience. Further particulars
to the above post an experienced electronics technician who has .

» received a recognised formal training. inciuding a City & Guilds may be obtained from the Deputy Secretary
Certificate gr its equivalent. in a branch of instrument work. (Ref W.W.), University of Stirling, Stirling,
Applicants should have several years’ experience of to whom applications together with the
installation, maintenance and/or production of instruments
or control equipment. tn particular. experience in one or more names of two referees should be sent
of the following fields would be valuable: by 5th April, 1971. Fai“ng settlement

Power Station instrumentation and control systems of postal dispute, telephone brief details to
Television or telecommunications systems Stirling 3171, extension 2159

Nucleonic instrumentation

Electronic development 1094

The successfut candidate will head a small team of
instrument craftsmen engaged on maintenance and

development in the wide range of electronic equipment found SITUATIONS VACANT )

i | tation.

infalmodeninucleardpowenStaIon| FULL-TIME technical experienced salesman re-
quired for retail sales; write glving details of age,

previous experience, salary required to—The Manager,

Rate of pay will be £29.17.5d. for a 40 hour. 5 day week.

working Monday—Friday. Henry's Radio, Ltd., 303 Edgware Rd.. London, W.2.
Conditigns of service are in accordance wit}h_the National Joint UTOMATIC BUSINESS MACHINES Limit[es;
industriai Council Agreement for the Electricity require electronic technicians for interesting work
Supply Industry. in the service department repairing Cafio Calculators.

Applicants should preferably have experience in the
ACT N OW repair of desktop calculators or a sound electronic know-

ledge. Salary according Lo age and experience, contact
FOR INTERVIEW APPOINTMENT, V. E. Knight at 01-385 3311. [1105
RING MR. HALSALL, RAUGHTSMEN. Mechanical and Electrical required
STATION PERSONNEL OFFICER, htiy expanding electronics ccmpany specialising in

lighting control and audio visual products. This posi-
WYLFA NUCLEAR POWER STATION, tion is salaried and gives ample opportunity for advance-
TELEPHONE NO. CAMAES BAY 471. ment. Please apply Electrosonics Ltd., 47 Old Woolwich

Road, Greenwich, London, S.E.10. Tel. 858 4754. [22
ELEC’I‘RONICS TECHNICIAN required for research

project due to be completed in two years. Salary
866 £1,390 per annum. Applications giving full details to
Hospital Secretary, The Hospital for Sick Children,
Great Ormond Street, London, W.C.1. Tel. 01-242 9789
ext. 1150. [1087

EEDS AND BRADFORD AIRPORT. A vacancy

occurs for a Radio/Radar Technician to undertake
maintenance of all ground equipment including radar

@
C.R.D.F., I.L.S,, etc., on a watch-keeping basis. Radar
maintenance experience essential. Salary in accordance
with LOCAL GOVERNMENT GRADE Technical 5/6
1 (£1,515-£2,025 per annum), commencing salary between

Do you want to get into sales? i :

cations. Appointment subject to Local Government
Superannuation Acts and medical examination. Appli-
cations, stating age, education, and full details of
experience and technical courses appended, together
with name and address of two people to whom reference

. N . can be made, should hes ent to the Airport Director
We require a development_ engineer Please ‘phone T. Jermyn or P. Baker Toeds and Bradford Airport. Yesdon. Nr. Leeds. Tuiel
without previous sales training for at Sevenoaks {0734) 51174. phone 09737 3391. [1096
. . . ARINE Radio Engineer with experience of R.T.,
an ‘_n_temal sales engineer. This . MMF» and VHF, Autopilots, Radar, etc. for field
position offers excellent scope for Jermyn Industries mst}::llatlon}f. Musthbe tbased in London area but able to
. work anywhere without supervision. Salary £1,300-£1,500

personal advancement into the sales Vestry Estate Sevenoaks Kent according to experience. Telesonic Ltd. 01-387 7467, [1101

EN! You can earn £50 p.w. Learn Computer
Operating. Send for FREE brochure—London
Computer Operations Training Centre, C.96, Oxford
House, 9-15 Oxford Street, London, W.1. [1070
UNIVERSITY OF OXFORD Department of Psychiatry.
Full-time Technician required to work in the
University Department of Psychiatry, The work will
include maintenance and operating polygraphic record-
ing eguipment and construction and electronic apparatus.

field. Salary negotiable plus special
bonus and pension schemes. JERMYN

D Salary to be negotiated according to age and experience
eﬁ/ in the range of £1,000-£1,400 per annum. Apply by
ﬂ phoning Mr, Mathews at Oxford 41221 extension 62.
[1088
OUNG ELECTRONIC ENGINEER, inventive, ex-
E perienced in I.C.s and logic circuitry, required for

R. and D. Young company with new product; prospects

RESEARCH AND DEVELO PM ENT unlimited for right man; Central London; commence

mid-April.—Phone 01-886 9455. [1095

ELECTRONICS ENGINEER
Applications are invited for this appointment at the AUDIO TESTERSI
Wyeth Institute of Medical Research, Taplow. TROUBLE SHOOTERS
The successful applicant preferably will have Required for interesting position in
experience in the application of advanced electronic electro-musical equipment. Audio
principles to biological sciences and will be expected amplifiers of up to 100 watts. Echo Units
to design, develop and construct prototype apparatus (Copicat) SJS and valve, etc. Please
for medical research. phone in first place. WEM Ltd,,
) 5 66 Offley Road, London, S.W.9.
Please apply to the Personnel Officer, 735-6568 o
John Wyeth and Brother Limited, )

Huntercombe Lane South, ARTICLES FOR SALE

Taplow, Maidenhead, Berks. BUILD IT in a DEWBOX quality plastics cabinet.

SL6 OPH 2 in. X 2} in. X any length. DEW. Ltd. (W),
Ringwood Rd., FERNDOWN, Dorset. S.A.E. for leaﬂ[et.
76

Telephone Slough 28311 1089 Write now—Right now.
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TEST
EQUIPMENT
ENGINEER

An opportunity occurs for a man aged 20/25 to join the
Test Equipment Department of a company which is part of
the Thorn Group who are among the leaders in their industry.

The job will involve assisting a small team in the develop-
ment of test equipment used in the mass production of

commercial radio and hi-fi sets.
Candidates should preferably hold, or be studying for, a
Telecommunications Technicians Certificate or HN.C. in
Electronics. Some experience of development work and an
understanding of digital techniques will be an added
advantage.
The salary offered will depend on the experience and
qualifications held by successful candidate.
Applications, outlining career details to:—

Personnel Officer,

BRITISH RADIO CORPORATION

(Chigwell) Ltd.,

60/72 Fowler Road,

Hainault,

liford, Essex

Tel: 01-500 1080 1086

APPOINTMENTS

all9

compufer
engineering

NCR requires additional ELECTRONIC, ELECTRO
MECHANICAL ENGINEERS and TECHNICIANS to
maintain medium to large scale digital computing
systems in London and provincial towns.

Training courses will be arranged for successful
applicants, 21 years of age and over, who have a
good technical background to ONC/HNC level, City
and Guilds orradio/radar experience in the Forces.

Starting salary will be in the range of £900/£1,350
per annum, plus bonus. Shift allowances are payable,
after training, where applicable. Opportunities also
exist for Trainees, not less than 19 years of age, with

a good standard of education, an aptitude towards
and an interest in, mechanics, electronics and
computers.

Excellent holiday, pension and sick pay
arrangements. Please write for Application Form to
Assistant Personnel Officer
NCR. 1,000 North Circular Road,

London, NW2
quoting publication and month of issue.

Plan your future with N C R

( Transmitter

Shift Engineers

Of course, not all our television transmitters
are quite as large as the one described below, but
they all require the same skill and expertise in
operation and maintenance. And this is where you
could come in.

Right now, we're on the tookout for more
ambitious Shift Engineers to work on our nation-
wide network of telavision transmitters ; men with
HNC or equivalent qualifications and at least two
years experience with broadcasting equipment,
preferably UHF and VHF.

If this is your background, there will be a
short orientation period to make sure you have all
the experience you need to work on the equip
ment we use. Then you'lt join a compact two man
shift, based at one of our transmitter stations any-
where in the UK. which means plenty of
opportunity both to prove ability and demon-
strate initiative. What's more, you'll share the
responsibility for maintaining a large number of
satelite stations.

Salary? On a scale between £1734-£2277
with provision for movement subject to qualifica-
tions and experience on a higher scale rising to
£2607, but it needn’t stop there. Interested?
Then write or ‘phone for an application form
quoting reference W.W./1579. The Personnel
Officer, Independent Television Authority, 70
Brompton Road, London S.W.3. 01-584 7011
Ext. 482.

1,000ft. of mast and
1,000 k.w. effective
radiated power—

that’s about the
size of it

1090




APPOINTMENTS -

OPPORTUNITIES
IN
TELECOMMUNICATIONS

Men with good telecommunications knowledge are required to be
responsible for electronic equipment on London Transport.

The work consists of maintaining, testing and fault finding on Radio,
Television and associated electronic equipment. A sound knowledge
of the work is required and the possession of City and Guilds
certificates (or equivalent) in telecommunications subjects 49 and 300
would be an advantage. The rate of pay including a variable incentive
bonus averages £28 for a 5 day 40 hour week. Additional payments are
made for overtime.

These positions offer:—
Free trave! on and off duty, sick pay and pension schemes.

Please ring 01-992 7801 ext. 29—Signal Engineers’ Department, any
weekday, Monday to Friday, between 10 a.m. and 4 p.m. for an
appointment.

TEST ENGINEERS

The leading U.K. Manufacturers of high grade T.V. monitors and ancillary T.V. studio
equipment require Test Engineers for their rapidly expanding test department.

Situated in the Berkshire town of MAIDENHEAD the company offers pleasant working
conditions, good salaries, and a friendly environment.

Duties will cover the testing of our complete range of equipment.

Previous experience on television equipment is not essential but candidates must have
a thorough knowledge of electronics and testing procedures.

Reply to:

PROWEST ELECTRONICS LTD.,

Boyn Valley Road, Maidenhead, Berks.
Telephone: Maidenhead 29612 1077

T. B. TECHNICAL LTD.
CONSULTANCY - INSTALLATION - MAINTENANCE

Our service covers:

Broadcast, Recording, Film, Audio and Video
Electronics, also Electro-Acoustic Design.

Experienced Technicians available for installation,
wiring, routine and emergency maintenance.

Test equipment hire and contract service.

T. B. TECHNICAL LTD.

38 HEREFORD ROAD, LONDON, W.2 Telephone: 01-229 8054
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FERRITE CORD loudspeaker chokes 0-2 mH, 0-4 mH,
20 mH, 40 mH, 30p each. Reversible Electrolytic
Capacitors 30 msd. 50v. 17ip. Prices include p. &

Transmission Electronics Ltd., 495/9 Oxtord Road,
Reading. (1079

USICAL MIRACLES. Send S.A.E. for details of
Cymbals and Drum Modules, versatile independent
bass pedal unit for organs, pianos or solo, musical
noveltles, waa-taa kits (£2-45). Also bargain compo-
nents list reed switches etc. D.E.W. Ltd., 264 Ring-
wood Road. Ferndown, Dorset. (95

NEW CATALOGUE No. 18, containing credit vouchers
value 50p, now available. Manufacturers’ new and
surplus electric and mechanical components, price 22ip,
post free. Arthur Sallls Radlo Control Ltd., 28 Gardner
Street, Brighton, Sussex. (94

ELAYS, contactors, timers. From cocking to co-ax.
Foolscap S.A.E. for list please. Watsons, 7a Pler
Street, Lee-on-Solent, Hants, PO 13 9LD. (1021

ACUUM pumps, coating plant, pyrometers, recorders
spectrophotometers/ovens, etc. Free catalogue,
Barrett, 1 Mayo Road, Croydon, CRO 2QP, Surrey.
Phone 01-684-9917. 1056

HF 80-180 MHz. Integrated receiver, tuner, con-
verter Kit. Remarkable results from single semi-
conductor. Comprehensive kit £4 post pald or send for
free literature enclosing s.a.e. Johnsons (Radio)
Worcester, WR1 2DT. (99

60 kc/s Rugby & 75 kc/s HBG Neuchatel Radio Re-
ceivers, Signal and Audio outputs. Small compact
units, £35. Toolex, 6 Warwick Close, Hertford (4358;;

UHF‘, COLOUR and TV SERVICE SPARES. UHF
tuners transistorised, rotary slow motion drive or
push button £5-25 P/P 25p. Integrated UHF/VHF 6
position push button transistorised tuner easily adjusted
as 6 position UHF tuner, incl. circuit £4-50 P/P 50p. Tran-
sistd. UHF/VHF IF panels £475 (or salvaged £2-50)
P/P 25p. MURPHY 600/700 series complete UHF con-
version kits incl. tuner, drive assy., 625 IF amplifier, 7
valves, accessories, housed in special cabinet plinth
assembly, £7-50 or less tuner £3 P/P 50p. SOBELL/
GEC 405/625 switchable IF amplifier and output chassis,
£1-65 P/P 30p. Ultra 625 IF AMP chassis and circult
£1-50 P/P 30p. Phillips 625 IF AMP panel and circuit,
£1 P/P 30p. SOBELL/GEC 2015 series 405/625 printed
circuit IF panel incl. circuit £1-95 P/P 30p. UHF list
available on request. VHF tuners AB miniature with
UHF injection suitable X.B., Baird, Ferguson £1:25 P/P
30p, Cyldon C £1 P/P 30p, Pye 13 ch. incremental
£1-25 P/P 30p. Ekco, Ferranti, Plessey 4 position push
button tuner with UHF injection incl. valves £2-90 P/P
30p. New fireball tuners Ferguson, HMV, Marconl type
£1-90 P/P 30p. Philips export continental turret tuners
75p P/P 30p. Many others available. Large selection
channel colls, LOPTs, Scan Colls. FOPTs available for
most popular makes. Surplus Ultra, Murphy 110° Scan
coils 75p P/P 30p. Sobell frame o/p transformers 90p
P/P 30p. Transistorised time base panel for Ferguson
portable £2:50 P/P 30p. Pye/Labgear transistd. mast-
head UHF booster £5-25, UHF/VHF set back booster
£7-90. Wolsey masthead amplifier power unit £2-50 P/P
25p. Surplus BBC 2 Belling Lee “‘Skyline’ distribution
amplifiers £3 (Callers only).—MANOR SUPPLIERS,
172 WEST END LANE, LONDON, N.W.6 (No. 28 Bus
or W. Hampstead Tube Station). MAIL ORDER: 64
GOLDERS MANOR DRIVE, LONDON, N.W.ll. Tel.
01-794 8751. [60

Thanksto a bulk purchase we can offer

BRAND NEW P.V.C. POLYESTER
AND MYLAR RECORDING TAPES

Manufactured by the world-famous reputable
British tape firm, our tapes.are boxed in polythene
and have fitted leaders, etc. Their quality is as
good as any other on the market, in no way are
the tapes faulty and are not to be confused with
imported, used or sub-standard tapes, 24-hour
despatch service.

Should goods not meet with full approval, purchase
price and postage will be refunded.

S.P {3in. 160ft. l10p Sin. 600ft. 30p
Nl ™ 5%in. 900ft. 40p 7in. 1,200ft. 45p

L.P 3in.  225ft. 124p Sin.  500ft. 42%p
= S5%in. 1,200ft. S50p 7in. |,800ft. 65p

D.P 3in.  350ft. 22ip S5in. 1,200ft. &0p
*T+ 9\ 5%in. |,800ft. 80p 7in. 2,400ft. £1-00

Postage on all orders 74p
COMPACT TAPE CASSETTES AT
HALF PRICE

60, 90, and 120 minutes playing time, in original

plastic library boxes.

MC 60 45p each. MC90 624p each. MC 120 92p each

STARMAN TAPES
28 LINKSCROFT AVENUE, ASHFORD,
MIDDX. Ashtord 53020

A small quantity of IMHOF rack
type cabinets available, all as brand
new £25 each.

Apply Works Manager at

EPSYLON INDUSTRIES LTD.

Telephone 01.-890 5091 1093

TEST EQUIPMENT — SURPLUS
AND SECONDHAND

SIGNAL generators, oscilloscopes, output meters, wave
voltmeters, frequency meters, multi-range meters,
etc., etc., in stock.—R. T. & I. Electronics, Ltd., Ash-
ville Old Hall, Ashville Rd., London, E.11. Ley. 4986.

(64
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RECEIVERS AND AMPLIFIERS —
SURPLUS AND SECONDHAND

RO Rx5s, etc.,, AR88, CR100, BRT400, G209, S640,
etc., ete., in stock.—R. T. & I. Electronics, Ltd.,
4A‘shvlue Old Hall, Ashville Rd., London, E.1l. Lan.
986. 65

NEW GRAM AND SOUND
EQUIPMENT

LASGOW.—Recorders bought, sold, exchanged;
cameras, etc., exchanged for recorders or vice-
versa.—Victor Morris, 343 Argyle 8t., Glasgow, C.2.
(11

TAPE RECORDING ETC.

F quality, durability matter, consult Britain’s oldest
transfer service. Quality records from your suitable
tapes. (Excellnt tax-free fund raisers for schools.
Modern studio facllitles with Steinway Grand.—Sound
News, 18 Blenheim Road, London, W.4. 01-995 1661. [28
OUR TAPES TO DISC.—£6,000 Lathe. From £1:50.
Studio/Location Unit. S.A.E. Leaflet. Deroy Studios,
High Bank, Hawk St., Carnforth, Lancs. (7o

OR HIRE CCTV equipment, including cameras,
monitors, video tape recorders and tape—any period.
—Detalls from Zoom Television, Chesham 6777 (7

ARTICLES WANTED

IGHEST CASH PRICES for good-quality Tape
Recorders 9.30-5.00. Immediate quotations. 01-472
2185. (102
ANTED, all types of communications recetvers
and test equipment.—Details to 4 . & 1.
Electronics, Ltd., Ashville Old Hall, Ashville Rd., Lon-
don, E.11. Ley. 4986. (63
ANTED, televisions, tape recorders, radiograms,
new valves, transistors, etc.—Stan Willetts, 37
High St.. West Bromwich, Staffs. Tel. Wes. 0186. [72
WANTED redundant TV Tube regunning plant.—
Tel. St. Albans 50971 after 6 p.m. (1098
PYE BANTAM HP1AM required. Reiss, 3¢ Nursery
Lane, Leeds 17, OLE2-683884. (962

SERVICE & REPAIRS

PSYCHO/MEDICAL
INSTRUMENTATION

For Design - Development - Manufacture

ANDOR ELECTRONICS LTD.,

178 Higher Hillgate, Stockport, Cheshire.
Tel: 061 480 9791 1082

al21

E undertake the manufacture of transformers
singly or in quantities to any speciflcation. All
work guaranteed for 12 months.—Ladbroke Transformer
Co. Ltd., 820a Harrow Road, Kensal Rise, N.W.10.
Tel. 01-969 0914. (100

TECHNICAL TRAINING

.M.S.E. (ELEC.), City & Guilds, R.TE.B. Cert.,,
Radio Amateurs’ Cert., etc., on ‘‘Satisfaction or
Refund” terms. Wide range of Courses in Elec. Engin-
eering, Design, Installation, Repairs, Refrigeration,
Electronics, Radlo & TV, etc. Send for full details and
{llustrated book—FREE.—BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY, Dept. 152K, Alder-
ton Court, Reading RGT 4PF. (13

VALVES WANTED

buy new valves, transistors and clean new com-
ponents, large or small quantities. all detalls,
quotation by return.—Walton’s Wireless Stores, 55
Worcester St.. Wolverhampton. 62

CAPACITY AVAILABLE

IRTRONICS LTD., for Coil Winding—Ilarge or small
production runs. Also PC Boards Assemblies. Sup-
pliers to P.O.,, M.O.D., etc. Export enquiries welcomed.
3a Walerand Road, London, 8.E.13. Tel. 01-852 1706 [61

OIL winding capacity. Transformers, chokes R.F.
coils, etc., to your specification. Sweetnam & Brad-
ley Ltd., Bristol Road, Malmesbury, Wilts, or Tel.
Malmesbury 3491, {905

DESIGN. development, repalr, test, and small pro-
duction of electronic equipment, low rates. YOUNG

ELECTRONICS, 54 Lawford Rd.,, London, N.W.5,
01-267-0201. (1057
ETALWORK, all types cabinets, chassis, racks,

etc., tCc your own specification, capacity available
for small milling and capstan work up to 1lin bar.—
PHILPOTT'S METALWORKS, Ltd.,, Chapman 8t.,
Loughborough. (17

TURNED parts, automatic capstan capacity available
also milling, grinding, fitting. Low rates, Ministry
approved.—Desmond Engineering, Combe Martin, N.
Devon. Combe Martin 2412, (1036

ECOME ‘‘Technically Qualified” in your spare time,

guaranteed diploma and exam. homestudy courses in
radlo, TV servicing and maintenance. R.T.E.B., City &
Gutlds, etc., highly informative 120-page Guide—free.
—Chambers College (Dept. 837K), Aldermaston Court,
Reading RG7 4PF. (16
R.T.E.B. CERTS., City & Guilds, Colour TV, Radlo,

Computers, Radio Amateurs’ Cert., Practical Elec-
tronics (with kit). Thousands of successes, Send for
full cdetails of Home Study Courses and illustrated book
—FREE. BRITISH INSTITUTE OF ENGINEERING
TECHNOLOGY, Dept. 150K, Aldermaston Court, Read-
ing RG7 4PF. (15

CHNICAL TRAINING in Radlo, TV and Electronics

through world-famous ICS. For details of proven
home-study courses write: ICS, Dept. 443, Intertext
House, London, S.W.8. (24

TUITION

INGSTON-UPON-HULL Education Commlittee,
College of Technology. Principal: E. Jones, M.Sc.,
F.R.I.C.
FULL-TIME courses for P.M.G. certificates and the
Radar Maintenance certificate.—Information from
College of Technology, Queen's Gardens, Kingston-upo[n-
Hull, 18

BOOKS, INSTRUCTIONS,ETC.

ANUALS, circuitz of all British ex-W.D. 1939-45
wireless equipment and instruments from original
R.E.M.E. instructions; s.a.e. for lst, over 70 types.—
W. H. Balley, 167a Moffat Road, Thornton Heath,
Surrey, CR4-8PZ. (3

TELEVISION AND RADIO TRAINING

(DAY ATTENDANCE COURSES)

E This private College provides theoretical and practical training in Radio and TV Servicing. Courses of one year's duration, with
daily attendance. are available for beginners and shorter courses for men with previous training in Electronics and Radio.
Training courses in Radar and Radio Transmission are also available following the TV course. Write for prospectus to: London
Electronics College, Dept. B/5, 20 Penywern Road, Earls Court, London, S.W.5. Tel. 01-373 8721,

84

SURPLUS HANDBOOKS

19 set Circuit and Notes . 35p p/p 4p
1185 set Circult and Notes .. 35p p/p 4p
H.R.O. Technical Instructions 30p p/p 4p
38 set Technical Instructions 30p p/p 4p
46 set Working Instructions 30p p/p 4p
88 set Technical Instructions 37ip p/p 4p
BC.221 Circuit and Notes .. 30p p/p 4p
Wavemeter Class D Tech. Inst. 30p p/p 4p
18 set Circuit and Notes .. 38 30p p/p 4p
BC.1000 (31 set) Circuit and Notes 30p p/p 4p
CR.100/B.28 Circuit and Notes 524p p/p 4p
R.107 Circult and Notes 37%p p/p 4p

AR.88D Instruction Manual 92iv p/D 6p
62 aet Circuit and Notes .. -l - Lo D P/p 4p
Clroui each post free. R.1118/A, R.1224/A,
R.1366, B.F. 24, 25 and 26, A.1134, T.1154, CR.300, .312,
BC.342, BC.348J, BC.348 (E.M.P.), BC.624, 22 1476(88), 1392.
52 set Bender and Receiver circuits 40p post free.
Colour Code Indicator 12¢p p/p 24p.

B.A.E. with all enquiries, please.

Postage rates apply to U.K. only,

Matl order only to:!

INSTRUCTIONAL HANDBOOK SUPPLIES
Dept. W.W. Talbot House, 28 Tatbot Gardens, LEEDS 8

RACK CABINETS

These are a fully enclosed 9” rack, overall
size 38 X 22 x 22 usable size 32" high,
19” deep. Fitted hinged rear door, with
lock, removable side panels and adjustable
front panel mounting positions. These are
a modern top quality unit finished in light
hammer grey, made by Ferranti. Supplied
in new cond., ex stock.

Price £8-00 plus £1-00 carr. with pull-out
drawer or £7-00 plus £1:00 carr. less drawer.
S.A.E. for list or enquiry:

A. H. SUPPLIES
57 Main Road, Sheffield S9 5SHL

r—MUSICAL MIRACLES

WAA-WAA PEDAL. Complete kit of oll parts, robust
cabinet, mechanism & instructions. Huge sales, well
proven design. ONLY £2:45 complete. Or built &
tested £4-75 post free. RHYTHM BOX. Build your
own from our pre-built electronic circuit modules,
e.g. box giving walez, foxtrot etc., cost under £17.
ORGAN PERCUSSION units £14. Bass pedal and
other fascinating effects, fuzz, tremolo ete,

Send s.a.e, for list. D.E.W. LTD.

254 Ringwood Road, Ferndown, Dorset.

THE ONLY
COMPREHENSIVE
RANGE OF RECORD
MAINTENANCE
EQUIPMENT

IN THE WORLD!

Send P.O. 15p for 48 page
booklet providing all necessary
information on Record Care.

A UK

better care
of LPand
ereo

ecords

CECIL E. WATTS LIMITED
Darby House
Sunbury-on-Thames, Middx.

TRANSFORMER LAMINATIONS enor-
mous range in Radiometal, Mumetal and
H.C.R., also **C** & “’E’* cores. Case and
Frame assemblies.

MULTICORE CABLE IN STOCK
CONNECTING WIRES

Large quantities of miniature potentiometers
(flat pots) 20 ohm to 10K. Various makes.
Wholesale and Export only.

All component parts including laminations
for the manufacture of 80,000 small motors,
the lot £800.

J. Black

OFFICE: 44 GREEN LANE, HENDDN, N.W.4. 2AH
Tel: 01-203 1855, 01-203 3033

STORE: LESWIN RDAD, N.16
Tel: 01-249 2260

KEYNECTOR

The safe quick
way to connect
electrical equipment

to the mains

Connects anything
slectncal in saconds.
No plugs. sockets or
bare wires! Takes muiti-
paraliel connections up
o 13 amps. Send
for lafly 4

= EBINSTRUMENTS
49-53 PANCRAS ROAD LONDON NW. Tel:01-8377781
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QUARTZ CRYSTAL
UNITS from

® 1.4 — 20 MHZ
@ FAST DELIVERY
@ HIGH STABILITY
® TO DEF5271-A

WRITE FOR
LEAFLET AT- 1

McKNIGHT

CRYSTAL Co.
SHIPYARD ESTATE
HYTHE,

TEL. HYTHE 8961 SOUTHAMPTON
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OSMABET LTD.

WE MAKE TRANSFORMERS AMONGAST OTHER THINGS
AUTO TRANSFORMERS. 0-110-200/220/240v a.c. up or dowmn,
fully shrouded, fitted insulated terminal blocks. 30 watt £1-35;
80w £1-80; 76w £2-10; 100w £2-55; 150w £3-15; 200w
£3-90; 300w £5-25; 400w £6-30; 500w £7-50; 600w £8-25;
750w £876: 1000w £12-75; 1500w £18; 2000w £24-75;
S'Odoow £35; 4000w £45; and up to 8000 watts available to
order,
MAINS TRANSFORMERS. Prim 200/240v a.c. TX2, 250-0250v
4 0-5-6- ’h JA. £4-:05: TX56 300-0-300v
) 6-3v 2 1A, £4-05; TX8 250-0-250v
85ma4, 6:3v 1:54 £2 10; M’ﬂ 200?, 30maA, 6 -3v 1A, £1-20:
MT2 280v 45mA, 6:3v 1-54, £1-50; MTZA 250v 60mA, 6-4v
24, £1:95; MT3 Prim 110/ 240‘ Bec250v 100mA, 6-3v2A, £2-25.
MULTIVOLT TRANSFORMERS. Prim 200/240v a.c. OMT4/L
One tapped sec. 5-20-30-40-60v giwing 5-10-15-20.25-30-35-40-
55-60, 10-0-10, 20-0-20, 20-0-30v a.c. 1 amp, £2-25; ditto trans-
former 2 amp OMT4/2, £3-45; OMTS5/1 Oune tapped sec, 40-50-
60-80-90-100-110v giving 10-20-30-40-50-60-70-80-90-100-110,
10-0-10, 20-0-20, 30-0-30, 40-0-40, 50-0-50v a.c. 1 amp, £3-45;
OMT40/3 Onesec 40v, CT, 3 amp. £3-45; LT 50v GA., CT £9-75.
DUOVOLT TRANSFORMERS., Prim 200/240v a.c. “D12V"’
ﬂes;eczwv 4A each, £3-80; "D25V" 2 secs 10-20-25v 2A, each
6
24v AUTO TRANSFORMERS, Input 200/240v a.c. output 24v
150w £4-50; 250w £6-75: for quartz iodine lampsa.
LOW VOLTAGE TRANSFORMERS, Prim 200/240v a.c. 6-3¥
1-3A, 84p; 3A £1-13; 8A CT £1-80; 12v 1-54 £1-13; 3A CT
£1-80; 6A CT £2-70: 18v 1-56A CT £1-80;24v 1:5A CT £1-80;
3ACT £2-70:5A £3-75: 84 £6: 124 £8.
MIDGET RECTIFIER TRANSFORMERS, for F.W. rectification,
size 1§ x2x1¢ ins., Prim 200/240v a.c. output PPT1 9-0-9v
0-3A PPT2 12-0-12v 0-26A, PPT3 20-0-20v 0-13A, £1-20 each.
MTOV 8-0-9¢ 1A, 98p; MTI2V 12-0-12v 1A, MT20V 20-0-20v
0-75A, size 2% 2} ¥ 1{ ins,, £1-20 each.
WIRE WOUND RESISTANCES. i0'w, 68 ohms, 220 ohms, 55
ohms, 3w, 6-8K, 68 ohms, 20w 1000 ohms at 50p dozen.
MULTI WAY CONNECTORS (BELLING LEE). 18 way, new:
for line, inter chussis, ete., per pair 25p.
BULK TAPE ERASER. Instant erasure of magnetic tape,
demagnetizing of tape heads, 200/240v a.c., £2-40, p.p- 15p.
Leatlet 8.a.¢e.
W.W. IGNITION CIRCUIT TRANSFORMERS to spec., £2-50
plus 25p p-p-
W.W. COLOUR TELE. Choke L1, £3; Trans T1, 87¢p; Field
O/P, £3. Carriage ectra on all transformers 22}p minimum.

| TRANSFORMERS FOR POWER AMPLIFIERS
30w A-A load 6-6K, £405; 50w A-A load 3K,
£6-75; 100w _A-A load 3K, £11-40.
MAINS TB.ANSFOBMERS

TX500, Prim. 200/240v a.c., Bec. 425-0-425v 500mA,
6-3v 6A CT; 6-3v 8A 05, 6-3v 3A, £12:75;
TX1, Prim. 200/240v a Bec. 425:0-425v 250mA,
6-3v 4A CT; 6-3v 4A CT; 0.’5(1Jv3A £7-50-

W.W. 100 WATT TRANSISTOR AMPLIFIER
Prim. 200/240v, Bec. 42v 4A; 50v 10mA, £7-50.

CHOKES
l£03Hi5150mA. £1-20; 5H, 250mA, £1-95; 750mA,

LOUDSPEAKERS
New boxed famous makes for pubiio address systems,
base guitars, electronic organs, Hi-Fi, etc.
12 m 15w W/Tweeter cone, £4-75; 12 in. 25w
£5:50; 12 in. 35w, £6:50: 12 in. 50w, £9; 15 in.
60w £11 75 18 1n. 100w, £17-50.
EMI 13} x8 in. 10w, 3, 8 and 15 ohms, £2:75;
131 x 8 in, Hi-Fi 10w fitted twin tweeters with cross-
over network, 8 and 15 ohms, £4 each. Horn
tweeter. 2-18 KHz 8, 16 ohms £]1-50.

|I ) |' 4
DA R RADIC

ROAMER E{GHT Mk 1 WITHTONECONTRDL, -

SEVEN WAVEBANDS—MW1, MWZ, W, < DG w
SW1, SW2Z, SW3 AND TRAWLER BAND.
8 wansistors gnd 3 diodes. Ferrite rod aerial
and telescopic aerial. Socket for car aerial.
7 x 4 in Speaker Airspaced ganged tuning
condenser,  Earpiece socket and  eafpiece.
Selecuvity switch. Suze 9 x 7 x 4 . Total
Building Costs £6.98 {£6/19/7). P. & P. 38p
{7/7). Plans and Pans list 26p (5/-) {free with
parts)

POCKET-FIVE, MED. AND LONGWAVES &
TRAWLER BAND WITH SPEAKER. 5 transistors
and 2 diodes, ferite rod aerial. tuning con-
denses. moving coil speaker, eic. 55 x 1}x3}in.
Total Building Costs £2.23 (£2/4/7), P.&P.18p
(3/7).Ptans andPartslist 8p{1/7) {fres with parts).
Personal earpiece with switched socket 30p
{6/-}extra.

ROAMER SEVEN Mk 4. 7 WAVE-BANODS
MW1, MWZ, LW, SW1, SWZ, SW3. AND
TRAWLER BAND. 7 tansistors and 2 diodes.
Ferrite rod aeriai and telescopic aerial. Socke!
for car asrial. 7 x 4 in. speaker. Airspaced
ganged tuning condenser. etc. Size 9 x 7 x 4 in.
Total Building Costs £5.98 (£5/19/7), P. & P
38p (7/7). Personal earpiece with switched
socket for private listening 30p {6/-) extra
Plans and Parts list 15p (3/-) {free with parts).
TRANSONA FIVE. MEOIUM, LONG ANO
TRAWLER BAND WITH SPEAKER 5 -
transistors and 2 diodes, ferrite rod aerial, fg e
moving coil speakes, 8} x 4} x 13 in. Total 3
Building Costs £2.38 {£2/7/7). P.&P. 18p{3/3).
Plans and Parts list 8p (1/7} {free wmlpans)
Parsonal earpisce with swnche oo
{6/-)extra

CONSTRUCTORS BARGAIN!
’——" FAMOUS MAKERS PORTABLE W
7 { RADID CABINET. Size 115 x 3% x
with chromed handle and fittings. Stotted wool
front, rexine covered padded sides Dial
calibrated Medium and tong Wave stations.
Complets with 2 printed circuit boards and
Eiac 6 x 3' 25 ohm Heavy Duty P.M. Speaker,
Brand New.
£248 {£2/9/7), P. & P. 3dp
e warth a1 least doub

RADIO EXCHANGE CO. LTD.
Dept WW. 61 High Street, Bedford.

‘Phone 0234 52367

® Opan 10-1, 2,30-4.30. Sat. 9-12
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Printed circuits for the Bailey amplifier,

Bailey 3 amp, Bailey 3 amp + Linsley hood

class A amp., and for Texas designs. Parts
also avallable.

TELERADIO ELECGTRONICS
325 FORE STREET, N.9
Tel: 01 807 3719

camulm Kit: £2:85
Built & tested £3:35 s

PRICE

Diathane Ltd.

{11 Sheffield Road Wymondham NORFOLK.
Please add £0.10 postage and packing

LT FLUORESCENT LIGHTING, inputs 6, 12, 24v, d.c.; 12v

fittings with tube 8w £3-75; 13w £6-25;: etc. Inverters 12

d.c., 20w £7-50; single 40 or twin 20w, £8; single 50w or

twin 30w, £11. ete.. extenaive range. Lists s.a.e.

S.AE, ALL ENQUIRIES PLEASE. MAIL ORDER ONLY.

48 KENILWORTH ROAD, EDGWARE, MID. x HAS 8Ya,
1 01-958 9314

Carriage extra all orders.
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Private enquiries, send two 5d stamps for brochure

THE QUARTZ CRYSTAL CO. LTD

Q.C.C. Works, Wellington Crescent,
New Malden. .Surrey (01-942 0334 & 2988)
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WE PURCHASI

For{ spot cash redundant and surplus }stocks of
teléphone and electronic components,|plugs and
socfets, transistors, relays, cables, etc.
For A fair deal contact us.

T.W.C.LTD,

147 Tﬁn\Broadwaaya,al;‘

on, NW.9

We are a Polish company exporting high stability
electronic components which have good mechanical
characteristics and long life expectancy.

Valves
TV Picture Tubes

Tape Recorder Heads

We can offer production capacity and the ability to
produce tape recorder heads to meet our customers’

own specifications.

£lektrim

Polish Foreign Trade Company for
Electrical Equipment Ltd.
Warszawa 1, Czackiego 15/17, Poland,
Telegrams: ELEKTRIM-WARSZAWA,
Phone: 26-62-71, Telex: 814351
P.O. Box: 638

EXPORTER:

If you are interested, please send for catalogues and quotations.

Electron Guns
Sub-assemblies

WW-—120 FOR FURTHER DETAILS
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EXCLUSIVE OFFERS
AMPEX

Precision Instrumentation and Data
Discount Discount

AMPLIFIERS Price Pri Price TAPE DECKS

ARENA F210. °F WHARFEDALE Melton . £26-00 TYPE FR 100A: Six speeds,
ARMSTRONG 52' @@ WHARFEDALE Dovedale it £36-50 1#°. 337, 747 15% 30° and 607
CAMBRIDGE Aud.o P.40 .. WHARFEDALE Airedale £56-50 per seconi, 5 tracks, }" tape
CORAL 550 .. WHARFEDALE Rosedale £47-50 (easily changed to §” or 1° b,
DULCI 207 WHARFEDALE Tritons £49 00 changing rollers and  beads),
DULCI 207M WHARFEDALE Unit 3 £10-00 104" reel capacity. Push button

FERROGRAPH F.307/11
GOODMANS Maxamp 2
LEAK Stereo 30 plus chassis
LEAK Stereo 30 plus teak.
LEAK Stereo 70 chassis
LEAK Stereo 70 teak

LINEAR LT 66

L.L. NOVA A
METROSOUND STZO
NIKKO TRM 30

NIKKO TRM 40K

NIKKO TRM 50 o
NIiKKO TRM 1200 ..
PHILIPS RH 580 i
QUAD 33 and 303 .
ROGERS “Ravensbrook .
ROGERS Ravensbrook Teak

2
ROGERS Ravensbourne

Teal
ROTEL 100
). E. SUGDEN A2l Mk. 2.
SANSUI AU 222 v
SANSUI AU 555
SINCLAIR 2000 3
SINCLAIR project 60 with

TELETON SAQ 203E
TELETON GA 101 ..

FM TUNERS
ARENA F211..
ARMSTRONG 523 ..
ARMSTRONG 524 ..
ARMSTRFONG M8 Dec.

GRUNDIG R.T. 40M
LEAK S(ereofetic
ea .

0
TGEI(RS Ravensbrook FET
ROGERS Ravensbourne FET

SANSUI TUS555
SANSUI TU777
TELETON GHIO0I|

TUNER AMPLIFIERS
OF

GRUNDIG RTV 600
LUX SQ 555 E
NIKKO STA 301

MO(;\DAUNT "SHORT M$
PHILIPS 'RH481 per pair ..
SANYO SX-X per pair

WHARFEDALE Denton per

WHARFEDALE Super Linton

VO UDOCO0 00000000 VPOONOOOBOOOOOO00
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=NV O OWOCOOWOOOCOCROOo
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WHARFEDALE Unit 4
WHARFEDALE Unit §

coo000000

PLAYING DECKS
GARRARD 401 "
GARRARD SL95B
GARRARD SL75B
GARRARD SL65B ..
GARRARD SP25 Mk. Il
GARRARD AP75 .
GARRARD AP76
GARRARD GL75
GOLDRING GL&9 Ii
GOLDRING GL69/P/II
GOLDRING GL75P..
GOODMANS 3025 ..

J.P. T.500 Im
PIONEER PLI2AC .. ag
THORENS TDI50A Mk, II
THORENS TDI50 AB Il
THORENS TD124 |
THORENS TDI25 ..
THORENS TOIZ5 AB

STEREO CARTRIDGES

AUDIO TECHNICA AT 66
AUDIO TECHNICA AT21S
AUDIO TECHNICA AT2IX
ADC 660 s .

ADC 10E Mk,

GOLDRING

GOLDRING

GOLDRING G

GOLDRING

GOLDRING

GOLDRING

NEAT V70 ..

NEAT V70E ..

PICKERING

PICKERING

PICKERING

PICKERINsG
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STEREO TAPE DECKS
AND RECORDERS

FERROGRAPH 724/722
FERROGRAPH 701/704

£14:00

ridge ready wired to 5 pin din or phono plug. Rec.
Retail price £67.19.10. Discount price £54-00,

cartridge ready wired to 5 pin din or phono plug.

GOLDRING GL69 Mk. Il with Goldring plinth and
hinged perspex cover ready fitted with Goldring 800

Rec. Retail price £50.11.9, Discount price £41-50

control. Precision servo control
to 0.75 @ sec, track timing
5 i sec. Drift free within
1 per cent, Accuracy 105 per
week. Power input 105/125v 48 to
400 eycles. Rack mounting.

TYPE FR 1100, as above but
4 speeds, 33%, 7%, 15% and 307
per second, and 4 track, easily
h 1 to §° or 1° and of
lighter and more modern con-
struction than Type FR 100A.
PRICE £280 for deck and servo control for either type.
Electronics {direct record and direct reproduce amplifiers)
and Cabinets available

HIGHEST QUALITY 19” RACK
MOUNTING CABINETS

Totally Enclosed
TYPEA 84" high x 24" deep x 24" wide.
TYPE B; 78° high x 307 deep x 247 whie.
DOUBLE BIDED. These cabinets will take rack panels
both sides, that Is back and front and are drilled and
tapped all the way down every }” for this purpose. They
are fitted with ""Instantit” patent fully adjistabie rack
mounts which are vertically and herizontally adjustable
—these allow the panels to be recessed when they are
fitted with projecting comnjionents and it is deaired to
enclose them by doors.
Y Other features include—nll corners and edges rounded.
Iuterior fittings tropicalisvdd. Removable built in cable
ducts. Removable built in blower ducts. Ventilated and
ingect proofed tops. Detachable side panels. Full length
instantly Jetachable doors ftted expanding bolts if
ordered with cabinels. Made in U.8.A.—cost the American
Government £107 beiore dcmluation. Finished In grey
primer and In new conditiol
PRICE £26-50 esch (Carriage extra)
Full length door £5 eich extra
Doors ate not needed 1f paneis are mounted back and front.
and they are unt required to be enclosed

TYPE C: 80" high x 27° deep x 22" wide. Ainerican
Btandard First (rade totally enclosed ventilated 197 rack
panel mounting cabinets, made by Dukane, U.8.A.
Open front fitted rack mounts drilled and tapped all the
way down cvery {". Full length rear door with latch.
Finished in grey these cabinete have been used hut are In
good condition but if decoration iz of importance it iy
recornmended they are re-spraved before use.

PRICE £15 each (Carriage extra)
TYPE D: 76" high x ‘]8' deep x 227 wide. These are
glightly smaller and finished In Liack otherwise they are
similar in construetion and corditlou to Tvpe C above.
Made by R.C.A. of U.B.A

PRICE £12-50 each (Carriage extra)

ALSO OTHER TYPEH 80” TO 88" HIGH AVAILABLE
Full details of all above available on request.
TRANSPORT: We have madespeeial economical transport.

ar for theae cabinets to ensure they arrive
undamaged and to avoid expensive erating. Full details

on request.
FREE
40-page list of over 1,000 different items In stock
availablé—keep one by you.

%8 Track Data High Bpeed Tape Readers £40

% Mason lNlaminated Drawing Tables50” x 38 £17-50

Jr8arah Trans/Receivers and Aerials . ......_. £3

*Uniselecton 10 bank 25 way full w1pe ex.
...................... £3

*Prec:smn Mains Filter Units new i £1-50

Y Avo Geiger Counters mew................ £7-50

Carriage extra at cost on all above.

o 0
0 0
2 4
00
0 9
R 70
TOSHI%A EZZEOOM 1 ERUNDIE :8 g % Video Tape Recorder }* Shibaden, excellent
ROTEL 130 1 17 8 workiug order. .. ................ £170
PHILIPS RH781 1 14 0 *La;gggr %tahl/luerl Power Units D4140 £35
PIONEER. K3 \ 3 Al Fomer Reisted Pomes Suopiies 500
. 1s 4 | ¢700 B [ . 500mm ... £40
*Mmom BD 971 18° C.C. T.V. Channel
-{EtE;gs El%:)%T : ::L‘IIYPQS :443830| g 8 Control Unit, 16 in., Monitor Cables com-
TELETON MX990 1 SANYO MR 929 16 0 plete working order............. ... £195
TELETON R8000 1 SANYO MR 939 00 JDawe Wide Range Oscillators 0/20.000 eye. £25
TELETON TFS$50 \ SANYO MR 800 0 0 :;lnn Ml%mwnthgeatmerr; %It}l&ﬂlme £§4g
arconi Universal Bridges TF-868A. . ... £
WHARFEDALE 1001’ €123 50 TECERUINKEN %8175 a8 *Murcoui TF-893A Output Power Meters 3
0 £27-50
i:ﬁﬁ:E:‘?lo 1o £27-75 SHARE B2 oL % Elliott Reco: . Voltmeters 180/260 v £4
15 0 T TRANSCRIPTION ARMS % CR-150/2 Marconi = Communications Re-
18 0 AUDIO TECHNICA ceivers. 1.5 to 22.0 mjes. ............. £24
0 0 A.T.1005 Mk. Il .. i9 0 *E.H.T, 40KV Tnms!ormen and usocmted
0 0 SME 3009 with S2 shell 00 = i p to KW available. .. ..... P.UR.
M7 0 0 SME 3012 with 52 shell 00 * emlé% Aate Maker.............. ... £95
CELESTION Ditton I5 00 GOLDRING L75 10 0 %E.ML (USA.) }* Finest Quality Computer
CELESTION Ditton 25 17 0 GOLDRING 169 5 9 tapes suitable video work. 2400 ft, spooled
DULCI AS3 9 0 NEAT G30 B 10 0 and in transparent outer plastic case. ... .. £4
GOODMANS Maxim . 15 6 %10 foot long 8~ sides Triangular Lattice Steel
GOODMANS Magnum K .. 3 0 STEREO HEADPHONES Mast Sections with mating lugs for joining
GOODMANS Magister 00 AKA{ ASE9SE ~ 16 0 up to 200 teet. New condition.... .. £7
GOODMANS Mezzo IN . 18 0 PIONEER $.E.50 N 3 8 *Cogm,l o%-sno Commanications Receivers
GOODMANS Minster per PIONEER $.E.30 19 6 EM-5I3T- m’;" ----------------------- £285
pair . . b o s . 18 0 PIONEER S.E.20A 19 6 *W ) 2”81) Beeoufders BTR-1 £125
GRUNDIG System 412 7 10 SANSUI §S2 .. 14 6 *L Estn “i-h . eter: —10/4 8 X £2
GRUNDIG Systgm 740 9 10 10 0 JcLattice lightweight steel triangular Aerial
KEF Cresta 37 5 17 6 Masts 12 to 18 inch sides up to 200 ft. high Aceor@inz
KEF Concerto 10 0 &Ec;.SESTg&JOSHJOID . io 0 { s to height
KEF Choral ol 16 6 4AA 0 i i
LEAK 200" per pair . 8 o0 KOSS ESP 9 .. 0 i WANTEDGC'%' Y B REENE [l
LEAK 300 per pair. A 00 H ood price pai i
tgAK 600R(e:c:) a i PM6 — lo o *5'4 inch. dia. Meteorological Balloons. .. ... £1-50
MORDAUNTC SHORT ~ M§ 1o/ [0 GOLDRING GLIT5 with Goldring plinth and hinged S S T O e et
19 0 perspex cover ready fitted with Goldring 800E care- K 1° Uned ditto “Scotch” Brand 4800 1t . .. 24
50
[C+]
G
4]
[

per pair .. ae

All goods are ex-Government stores,
We bave a large quantity of * bits and pieces”

All goods are in manufacturer's sealed cartons and are insured against loss or damage in transit. Carriage 50p for speakers
and stereo tape recorders. 38p for amplifiers, tuners, playing decks, tape decks. 25p for cartridges, head-
phones and transcription arms. We are a retoil shop giving a retoil shop service. Comparator demonstrations. Over 100
combinations to choose from. Send cash/cheque with order. Personal callers very weicome. 9.30 a.m.—6 p.m. Mondoy to Saturday.

) , . . Thursday half day closing. P. H A R R I s
smlth S Radm serwce (wolverhampton) ltd. Mail Order Department, 26 Victoria Street, ORGANFORD — DORSET

Wolverhampton. Staffs. Tel: Wolv. 29246 BHI6 6ER
x WESTBOURNE 65051

we cannot lisi—please send us your requirements
we can probably help—all enquiries answered.
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LAWSON
NEW TUBES

Lawson "Century 99" are brand
new tubes. Using silver activated
screens, micro fine aluminizing,
high definition electron guns.

TELEVISION TUBES
REBUILT TUBES

Lawson ''Red Label” rebuilt crts are
particularly useful where cost is a vital
factor such as in older sets or rental use.
Red label are completely rebuilt from
selected glass and are exact

resulting in superb NEW REBUILT

performance and very TUBES TUBES replacements.

{onojitar :‘;: i ‘é:gg fﬁ:g; 2 years Guarantee

LAWSON Tu B Es ;?: f g?g Egg; beth new and rebuiilt
. ;:9;: 21 ?gg ;:Ngs:m: INSTRUCTIONS SUPPLIED

MALVERN, WORCS. | 23, £11:32 LA\ PANEL CARR.INS.BY EXPRESS PASSENGER

Telephone: MALVERN 2100 23" £13:50 TWIN PANEL 14—19" 62p 21—23" 75p

WEST LONDON'S NEW ELECTRONIC
COMPONENT SHOP

Wide range of components in stock including
Metal Oxide Resistors, Relays from 50p each.
For Sale

EMI Professional tape recorder, type B.T.R.4.
EMI Oscilloscopes, complete with trolleys, type
WM2, WMS8 plus amplifier type 8, WMI6. D.B.
plus diff. amp

Solartron CD7||SZ D.B.

Brand new Rank Taylor Hobson Vidital T.V. Camera
Lenses.

Wanted

Surplus equipment, components, etc. Cash paid.

C.T. ELECTRONICS
267 Acton Lane, W.4. Tel: 01-994 6275

WwW—121 FOR FURTHER DETAILS

PHILIPS J;14

TAPES & CASSETTES

Incredible but truel We offer these famous brands at
prices at least 5% lower than any other “cut-price’
advertiser. SEND for details now.

Dept WW3

€Y 17 gt ParkRond,
Leigh-on-Sea, Essex.
apes

London Office:
01-226 7004

YUKAWN S0 PROFES S1ONAL IHE
S[l F - sp“k FUKAN AEROS 0L Ay —
thete o drying GREY HAMMER

/ o BLACK WRINKLE
(CRACKLE)inishes

Yukan Aerosol wvwkn containg 4630 fine quality. | Other Yukan An
baking required. | Drying Asrosols
e. 90p carr po, | 453g et 90p
Modern Eggshell Black Wrinkl chle) corr po
a 3D textured h, 90p . nelude.
Zinc Chromate
Clowr Lecquer
3 Moteiics: Grey
SPECIAL OFFER : O Bive

snap-on trigger han ue Now British—
avan better

{mater car quality} also avaia

Piease enclose cheque or me P.0. for tatal amount drrect to
YUKAN 307a EDQWARE RDAD,
+ LONDON, W2 18N
any Government Dapartments. Munic
Institutes and Leading Industrial Organ:

Dept: Qa.

PHASE LOCKED STEREO DECODER

CASHIMMEDIATELY AVAILABLE

for redundant and surplus stocks of
radio, television, telephone and electronic
equipment, or in component form such
as meters, plugs and sockets, valves,
transistors, semi conductors, capacitors,
resistors, cables, copper wire, screws and
nuts, speakers, etc.

The larger the quantity the better we
like it. .

BROADFIELDS & MAYCO
DISPOSALS

21 Lodge Lane, London, NIi2,
Telephone: 01 445 2713 01 445 0749
Evenings: 01 958 7624

Complete designer approved kit, containing
Fibreglass PCB, 62 low noise resistors,
3 Fairchild IC's 15 Ferranti transistors,
8 diodes, 23 capacitors and 4 preset pots.

Fullinstructions. £8.973 pp 123p
DecoderPCB only £1.25

UBE7709393 £1.00 U6A747459X £1.373

STABILISED POWER SUPPLY
Complete kit for £ 6V at 50mA Suitable for above

S
Transistors: ZT‘X/SDO’TOp ZTX108 equiv. 1

INTEGREX LIMITED PO BOX 45 DERBY DET\TW

WE PURCHASE
COMPUTERS, TAPE READERS AND ANY
SCIENTIFIC TEST EQUIPMENT. PLUGS AND
SOCKETS,  MOTORS,  TRANSISTORS,
RESISTORS. CAPACITORS, = POTENTIO-
METERS, RELAYS TRANSFORMERS ETC.

ELECTRONIC BROKERS LTD.
49 Pancras Road, London, NW.1. 01-837 7781
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VALVES——
—TELETUBES

NEW TUBES
From £5°50 BLACK & WHITE
Two Year Guarantee

REBUILT TUBES
From £4:00 BLACK & WHITE
Two Year Guarantee

COLOUR TUBES

From £30-00 REBUILT
From £48:00 NEW
One Year Guarantee

VALVES

British Made—Highest Quality
Very attractive prices
Send for lists

—FREE DELIVERY IN OUR VAN AREA—
Otherwise carriage and packing extra at cost.
Send for full details of all Tubes and Valves etc.

VACUONICS LTD.
NEWTOWN ST. - CRADLEY HEATH
WARLEY - WORCS.

'Phone Cradley Heath 69138
FOR REAL SERVICE

WW—122 FOR FURTHER DETAILS

AMERICAN
TEST AND COMMUNICATIONS EQUIPMENT
* GENERAL CATALOGUE ANJ104 1/6 »
Manuals offered for most U.S. equipments

SUTTON ELECTRONICS

Salthouse, Nr. Holt, Norfolk. Cley 289

£2.95pp 174p

WANTED

surplus transistors, semiconductors,
capacitors, cable, electrical goods, radio
television and electrical equipment,
wire, aluminium, motors, recording
accessories and all surplus equipment
for SPOT CASH.

Buyer will call to inspect anywhere.

Concorde Instrument Co.
28 Cricklewood Broadway
London, N.W.2
\gelephone -01-452 0161/213

elex: 21492

Cau\s 2 CONIST LONDON

=< :

WE PURCHASE ALL FORMS
OF ELECTRONIC EQUIPMENT
AND COMPONENTS, ETC.
CHILTMEAD LTD.

7, 9, 11 Arthur Road, Reading,
Berks. Tel: 382 603

S!MICONDUCTORS
All devices direct trom No sub-standard or
remarked units.

Types s,vulls,ble Include:
Integrated ts
RF/IF Amp Type p703 to 5 epoxy package. Op. Amp.
Type u709C D.I.L. package.
N-Chanpel F.E.T.
DC—200Mhz Type 2N3823E; DC—400Mhz Type 2N4416E—
to 18 epoxy pacl?ge,
Pricer o ¥
14703 85p, 117090{ 40p,) 2N382BH 28y, 2N4416E 40p.
Bend stamp for ¢ lete list oxy transistors and integ-
rated circults currently available,

TRADE ENQUIRIES INVITED
Redhawk Sales, 33 Hljhﬁold Road, Flackweli Heath
Bucks. Tel -p‘wnu 06-285 25854

RECORD STORAGE UNITS. Brand new, Antl-warp. ‘Compact
200" gtores 200 records. £11-87¢4. P.P. 130p. ‘Compact 100*
stores 100 records £5-27¢. P.P. 52¢p. Leafiets avallable, 8.A.E.
ELECTRICITY SLOT METER (5p in slot) for A.C, malns. Fixed
tariff to your requirements. Buitable for hotels, etc. 200/250 v.
10 A. 5p, 15 A. £4-50, 20 A. £5-50. P.P. 37¢p. Other amper-
ages avallable. Reconditloned as new. 2 years’ guarantee.
WIRELESS SET No. 38 A.F.V. Freq. range 7-3 to 9-0 Mc/s. Works
ing range ¢ to 2 mlles. Bize 104 X 4 x 6in. Weight 64lb.
Includes power supply 8lb.—and spare valves and vibrator also
tank aerial with base £8-00 per pair or £4-00 single. P.P, 125p
MODERN DESK PHONES, red, green, blue or topaz, 2 tone
grey or black, with internal bell and handset with 0-1 dia.
£4-50. P.P. 37¢p.

10-WAY PRESS-BUTTON INTER-COM TELEPHONES in Bake-
lite case with junction box handset. Thoroughly overhauled.
Guaranteed. £8-50 per unit.

20-WAY PRESS-BUTTON INTER-COM TELEPHONES in Bake-
lite case with Junction box. Thoroughly overhauled. Guarane
teed. £7'75 per unit.

QUARTERLY ELECTRIC CHECK METERS. Reconditioned
a8 new. 200/250 v. 10 A, £2 12{. 15 A. £2-624; QO A £2 87{.
QOther amperages ilabl years’

8-BANK UNISELECTOR !WITCKIB 25 contacu nlumte
wiplng £2-75; 8 bank half wipe £2-75; 6 bank half wipe,
25 contacts £2-37+. P.P. 17¢p.

23 LISLE ST. (cer20es) LONDON W.C.2

Closed Thursday 1 p.m. Open all day Saturday

TaZqe e
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NEW! HANDY! TIDY!

multi-drawer
I-N-T-E-R-L-O-C-K-I-N-G

EVERYTHING
IN ITS
PLACE!

Newest, neatest. system ever devised for storing small
parts and components: resistors. capacitors. diodes.
transistors, etc. Rigid plastic units. intertock together in
vertical and horizontal combinations. Transparent plastic
drawers have label slots/handles on front. Build up any
size cabinet for wall, bench or tabie top.

BUY AT TRADE PRICES!
SINGLE UNITS (5ins x 2ins x 2 }ins)
Usually 15p each. OUR PRICES: £1.35 DOZEN
DOUBLE UNITS (Sins x 4}ins x 24ins)
Usually 25p each. OUR PRICES: £2.25 DOZEN

PLUS QUANTITY DISCOUNTS!

Orders £5 and over DEDUCT 5% in the £

Orders £10 and over DEDUCT 74% in the £

Orders £20 and over DEDUCT 10% in the £
PACKING/POSTAGE/CARRIAGE. Add 35p to all orders
under £5. Orders £5 and over. packing/postage/carriage
free.

QUOTATIONS FOR LARGER QUANTITIES

IVORYET

LIMITED

(Dept. WW4} 124 CRICKLEW0OD
BROADWAY, LONDON, N.W.2.

v ALL PURPOSE TRANSISTOR PRE-AMPLIFIER

FOR MIKE, TAPE, P.U., GUITAR *

Battery 9-12v. or 200-300v. H.T. Line. Size 11x1ixtin,
Response 25 c.p.s. to 25 Kc/s, 26 db gai
or transistor equipment. Full instructions. 90 Post
Brand new. British made. Details S.A.E. JUP

For use with valve

Free

BAKER 12 in. MAJOR £9

30-14,500 c.p.s., §2in. double cone,
woofer and tweeter cone together
with a BAKER ceramic magnet
assembly Kaving a flux density of
14,000 gauss and a total flux of
145,000 Maxwells. Bass resonance
40 c.p.s. Rated 20 watts. Voice coils
available 3or 8 or 15 0ohms. Post Free.

Module kit, 30-17,000 c.p.s. Size
19X 124 in. with tweeter, crossover,
baffle, instructions.
tdeatfor Hi Fror pa. £ 1°50
LOUDSPEAKER CABINET WADDING
18 in. wide, 15p per ft. run.
Post extra 10p per order.

E.M.I. QUALITY TAPE MOTORS Post I5p l
120/240v. A.C. 1,200 r.p.m.,
Heavy Duty 4 pole 135 mA.

Size 3% X 2§ x 2lin. £1°28
BALFOUR GRAM MOTORS
120/240v. A.C. 1,200 r.p.m.
Heavy duty 4 pole 50mA.

Spindie 0.15 < 0.75 in.
Size 23 X 24 < 1} in. 85p Post 15p

0.187  x  0.7Sin,

THIS ELAC CONE TWEETER IS OF THE
VERY LATEST DESIGN AND GIVES A
HIGHER STANDARD OF PERFORMANCE
THAN MORE EXPENSIVE UNITS.

The moving coil diaphragm gives a good
radiation pattern to the higher frequen-
cies and a smooth éxtension of totai res-
ponse from 1,000 cps to 18,000 cps. Size
3% X 3% X 2in. deep. Rating 10 w;tts.
3 ohm or IS5 ohm . ost
models. £l 90 i0p

al2s

ERASER AND RECORDING HEAD

THE INSTANT BULK TAPE

DEMAGNETISER
200/250 A.C. . Post
Leai/let S.A.E. £2 3 I;;

RETURN OF POST ODESPATCH — CALLERS WELCOME

HI-F1 STOCKISTS —SALES — SERVICE — SPARES

RADIO COMPONENT SPECIALISTS

337 WHITEHORSE ROAD. CROYDON. Tel: 01-684-1665

TRANSFORMERS

DOUGLAS GUARANTEED

12 or 24 Volts
Output V. & Amps. Ref. No.
12Vx2 250mAx2 MT111C8%t .. .. £081
12Vx2 500mAx? MT213CT*t .. oo
12Vx2 1Ax2 MT 71 AT} 30 ¢
12Vx2 24x2 MT 18 AT [y .. 8179 -30;
12Vx2 3Ax2 MT 70 AT - .. £2:08 -30
12Vx2 4Ax2 MT 108 AT £y .. £2:54 -31
12Vx2 BAx2 MT 72 AT L .. £281 -37

30 volts. All tapped at 0-12-15-20-24-30 V.
Output Ref. No.
Amps £ Amps. 2
500mA MT112CT$ Q-9 -13p 4A MT 21 AT 2:85 -37
1A MT79AT: 1-8] -26p 6A MT 51 AT
2A MT 3AT 208 -30p
34 MT20AT 2:386 -30p 10A MT 89 A’

Price P.P. Output Ref. No. Price P.P.

T

50 volts, All tapped at 0-19-25-33-40-50 V.

500 mA MT 102 AT$ 1:28 224p 3A MT 105 A
1A MTI103AT 1-88 -30p 4A MT 106 A
2A  MT104AT 270 -30p 6A MT 107 A

<=L
oo
DGO
&Hnes
3
<1

80 Volts. All tapped at 0-24-30-40-48-60
500 mA MT 124 AT} 1-:33 -21p 2A MT127 A
1A MTI126 AT 2:01 -30p 3A MTI125 A

283 -37
2:24-37

<]

AUTO-WOUND RANGE
Winding rapped at Ref. No. Price P. &

MT113CT  £0-77 ‘10
i MT 64 AT  £1-49 -27
0:115-200-220-240 MT 4 AT £1-95 -27
200 VA . o7 MT 65 AT  £257 -27
300 VA o " MT 66 AT
500 VA v

20VA 0-115-210-240

MT 67 AT £4-88 -45p

SAFETY ISOLATORS. 240 V. IN; 115 V. OUT; C.T.
Rei. No Price P.I>. VA Ref. No. Price P.
£ £
60 MT 191 AT* 2:-28 -30p 250 MT 194 AT* 5-8Q 47
100 MT 192 AT® 2-48 -3
200 MT 193 AT* 4-20 47}p

350 MT 196 AT*  7-50 -59p
500 MT 196 AT* 10-05 -65p

400 V, Qutput at 50 HZ. Ref. IT3 AT Price

P. & P.
C-D Ignition system by R. M. Marston Esq. £1-78 *30p

EQUIPMENT RANGE
Ref. No.

Bec. Output (r.m.s.) Price P.&P.
3-0-3 V. 200 mA MT 209 C8°¢ £0-74 TP
9-0-9 V. 100 mA MT 13C8°¢ £0-79 Tip
12:0-12 50 mA MT 210 C8°¢ £0-78  7ip
20-0-20 30 mA MT 211 C8°¢ £0-79 -7ip
0-20x 2 300 x 2 MT 214 CT*$ £1:05 15p
0-8-9 x 2 500 mA x2  MT 207 CT*} £1-36  -27¢p
015-20x2  BOOmMA X2 MT 305 AT*} £1'88 -20p
0-15-27x2  500mAx2 MT 203 AT £1-98 27ip

0-15-27 x 2 1Ax2
20-12-0-12-20 700 mA (d.c.) MT 221 AT*

MT 204 AT® £2:29  -27ip
03

AT indicates open universal fixing with tags; CT is open U-clamp
fixing with tags; C8 is open U-clamp fixing with P.C. spills; * with

Interwinding screen; + untapped 240V Primary; $ Primary tapp:
at 210-240V; other Primaries tapped at 200-220-240V.

Over 200 types in stock through ageuts or direct. Bend for list.
DOUGLAS ELECTRONICS INDUSTRIES LTD., Dept. MOS,

Thames Street, LOUTH, Lincs,

ed

P P VU UV VY YV VYV VYV Y VYV VYTV

THE SEMICONDUCTOR
DATA BOOK

by Motorola

£3-00 Postage 25p
SEMICONDUCTOR BASIC
THEORY & DEVICES [. J. Kampel
£2-50 Postage 9p

20 SOLID STATE PROJECTS FOR
THE CAR & GARAGE R. M. Marston
£1-20 Postage 6p

ELECTRONIC DESIGNER’S
HANDBOOK T. K. Hemingway £3-40
Postage 10p

ELECTROACOUSTICS
M. L. Gayford £4-50

ELECTRONIC INTEGRATED CIR-
CUITS & SYSTEMS Franklin C.
Fitchen £6-05 Postage 15p

F.M. RADIO SERVICING HAND-
BOOK 2nd Ed. Gordon J. King £3-00
Postage 10p

TELEVISION SERVICING HAND-
BOOK 3rd Ed. Gordon J. King £3-80
Postage 10p

RADIO VALVE & TRANSISTOR
DATA A. M. Ball 75p Postage 9p

THE MODERN BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books

19-21 PRAED STREET,
LONDON, W.2

Phone PADdington 4185
Closed Sat. | p.m.

Postage 10p

"W.W."HI-FIKITS

% LINSLEY HOOD MODULAR PRE-AMP
July 1969 no-compromise design for the purist.
Compactly built on Lektrokit. Layout details.
Kit price from £7-25 (moano, mag.p.u.+2 1/P.s).

Y LINSLEY HOOD SIMPLE PRE-AMP

Designer-approved PCB (marked component loca-
tions) gives excellent results with ceramic pick-up.
Kit includes all parts as in May 1970 article plus
front panel. Mono £6-25 Stereo £11-40 inc. p.p.

% BAILEY 30W AMPLIFIER (Nov. '68)

Mic. IV PCB has extra pre-set for quiescent current.
Output capacitor and PCB mount directly and
compactly on specially designed generous heat-sink.

% LINSLEY HOOD 15-20W AMPLIFIER
July 1970 latest and ultimate design. O/P capacitor,
PCB, Tr3, 4 & 5 mount compactly onto heat-sink
Our kit personally tested and approved by the
designer. Gain of O/P TR's > 100.

POWER SUPPLIES (simple and stab'd) available,
HIGH QUALITY components inc’'g Mullard,
Hunts, TCC capacitors, Plessey moulded pre-sets.
O/P Tr's matched +10% @ lc=1 amp.
AFTER-SALES SERVICE at reasonable cost.
REPRINTS of articies at 30p per copy post free.

DETAILED PRICE LISTS at 5p (Refundable with
order).

PERSONAL CALLERS WELCOME--BY
APPOINTMENT. DESPATCH BY FIRST
CLASS RETURN

A.1 FACTORS
72 Blake Road, Stapleford,
Nottingham

Giro No. 487 6008
(8 a.m.—10 p.m. 7 days/week)

Tel. Nott:ngham 46051

INTERGONTINENTAL
COMPONENTS
for:
Electrolytic
Capacitors

from 6V to 500V DC wkg
S mfd to 10,000 mfd

Available from
stock

INTERCONTINENTAL
COMPONENTS

Electric House,
18 King St., Maidenhead,
Berks. 5L6 IEG

Tel: MAIDENHEAD 32466




Our Price Only

Solve your communication problems with this
new 4-8tation Transistor Intercom system
(1 master and 3 subs), in de luxe plastic
cabinets for desk or wall mounting. Call/talk/
listen from Master to 8ubs and Subs to
Master. Operates on one 9 v. battery. On/off
switch, Volume control. Ideally suitable to
modernise Office, Factory, Workshop, Ware-
house, Hospital, Shop, etc., for instant inter-
departmental contacts. Complete with 3 con-
necting wires, each 86 ft. and other accessories.
Nothing else to buy. P. & P. £0-40 in U.K.

\ ) \R /BALE )
l‘ SARY Al AR

OUR
PRICE
ONLY

£3:15

A top quality DE-LUXE transistorised intercom consists
of MASTER and SUB for desk/wall mounting. Call, talk
or listen from either unit. On/Off switch, volume control.
Ideally suitable as “BABY SITTER” or Door Phone.
A boon for spastics and invalids. Useful in the home,
surgery or business for instant 2-way conversations,
effective range 300ft. Unsurpassed in QUALITY AND
PERFORMANCE. Complete with 66ft. connecting
lead. Battery £0-12 extra. P. & P. £0-25. Price Refund
if not satisfied in 7 days.

Wireless World, April 1971

Why not increase efficiency of Office, Shop
and Warehouse with this inecredible De-Luxe
Portable Transistor TELEPHONE AMPLI-
FIER which enables you to take down long
telephone messages or converse without
holding the handset. A useful office aid. A
must for every telephone user. Useful for
hard of hearing persons. Onfoff switch.
Volume Control. Operates on one 9 v.
battery which lasts for months. Ready to
operate. P. & P. £0-18 in U.K. Add £0-12 for
Battery.

Full price refunded if returned in 7 days.

WEST LONDON DIRECT SUPPLIES (W.W.) 169 KENSINGTON HIGH STREET, LONDON, W.8
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I \ D CO L ADCOLA PRODUCTS LTD.
Adcola House, Gauden Rd. London S.W .4

IRpga Trace Mash Tel: 01-622 0291/3 Telegrams: Soljoint, London Telex.
Telex: Adcola London 21851

POST COUPON NOW FIR DETAILS OF DR EXTENSIVE RANGE
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¢ on the right wave - length

ADCOLA PREGISION
SOLDERING EQUIPMENT

offers you the right quality at the right cost
for every requirement from home output to
full scale industry.

e Extensive range to choose e Interchangeable bits—ex stock.
from. e Special temperatures avail-
e Precision quality for able at no extra cost.

increased efficiency. ® Designed and developed to
o Speedy after-sales service. lower your production costs.

Amweys choose RDCOLA 7or soymd solvtring !

I To ADCOLA PRODUCTS LTD. (Dept. H), Adcola House, Gauden Road, l
London, S.W .4,
| Please send me a copy of your latest catalogue by return. |
{ A L 08 £ B e e E i 16 3 15 7 o B B 30 5 e 60 & Ao s s e 5T I
i |
AD D RESS ..ottt e s e
| i
Bl s rmmnec o o oGP ssmt o v e A i 1
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Isyour business held together
by soldered joints?

If you are manufacturing or servicing electronic
equipment your business quite literally depends
on solder. You need to be sure that every joint is
sound. Ersin Multicore Solder gives you that
assurance and reliability. Made from the purest
metals, the finest fluxes and the accumulated
knowledge of 30 years experience of supplying
the electronics industry in more than 63 coun-
tries throughout the world, Ersin Multicore
Solders minimize the chance of failure. Multicore
Solders are available in over 400 specifications
and if you are not already using one it would be
to your advantage to investigate the wide range.
Besides achieving better joints your labour costs
will be reduced.

Manufactured from only
the purest metals for
rapid melting and strong
joints.

\ﬁ'\-‘\ (/,.()7.3
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If you have any soldering problems or require
details on any of our wide range of solder
products please contact us at Multicore Solders
Limited, Hemel Hempstead, Herts. Telephone
Hemel Hempstead 3636, Telex 82363.

r

of metal surfaces without

Exclusive Ersin Flux
provides a fast cleaning

risk of corrosion.
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