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Spairline

We don't dlaim that mf actually runs its own its kind to be registered on the M.o.D. defence
airline, of course. But we do claim to be strategically contractors' list. We run our own sizeable fleet of
sited for delivery to a remarkably large number of vans to ensure the minimum of delay in collection
airports. Which is handy for getting those spares and delivery.
airborne in double-quick time. In fact most of our Abroad, there are mi service operations in,
orders are shipped the day theyre received. among other places, France, Germany, Australia,

Then, too, our servicing and spares set-up is U.S.A., Canada and South America.
unusually large. In fact, our three B.C.S-approved Put all those facts together and you get what
laboratories in the U.K.issue more calibration is probably the surest and speediest servicing
certificates for electrical measurement than any operation in the business. And that holds gcod
other organisation in the country. And our Service whether youre in Manchester or Marseilles, Sydney
Division at Luton Airport is the first organisation of or S&o Paulo.

®
IM: THE ORGANISERS

MARCONI INSTRUMENTS LIMITED

Service Division - The Airport - Luton LU2 9NS - England - Telephone: Luton (0582) 33866 - Telex: 82129
A GEC~Marconi Electronics company.
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A logarithmic scale covering 6 decades is used to display
either insulation resistance or leakage current at a fixed
stabilised test voltage. The current available is limited to a
maximum value of 3mA for safety and capacitors are
automatically discharged when the instrument is switched
off or to the CAL condition. The instrument operates from a
9V internal battery.

RESISTANCE RANGES

10M Q1o 10T Q (103 Q) at 250V, 500V, 750V and 1kV.
1M Qto1T Qat25V, 50V and 100V.

100k Q10 100G Q at2.5V, 5V and 10V.

10k Qt010G Qat1V.

Accuracy +15% +800 Q on 6 decade logarithmic scale.
Accuracy of test voltages 4+ 3% +50mV at scale centre.
Fall of test voltages < 2% at 10pA and < 20% at 100pA.
Short circuit current between 500pA and 3mA.
CURRENT RANGE

100pA to 100pA on 6 decade logarithmic scale.
Accuracy of current measurement +15% of indicated value.
Input voltage drop is approximately 20mV at 100pA; 200mV
at 100nA and 400mV at 100pA.

Maximum safe continuous overload is 50mA.
MEASUREMENT TIME

< 3sforresistance on all ranges relative to CAL position.
< 10s for resistance of 10G Q across 1 uF on 50V to 500V.
Discharge time to 1% is 0.1s per pF on CAL position.
RECORDER OUTPUT

1V per decade + 2% with zero output at scale centre.
Maximum output +3V. Outputresistance 1k Q.

we, £77
LEVELL ELECTRONICS LTD.

Moxon Street, High Barnet, Herts. EN5 6SD
Tel: 01-449 5028/440 8686

WW—036 FOR FURTHER DETAILS

SEVEU] TRANSISIOR 18576k Troe pany
OFF 0.0

Tests bipolar transistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current gains are
checked from TpA to 100mA. Breakdown voltages up to
100V are measured at 10pA, 100pA and 1TmA. Collector to
emitter saturation voltage is measured at TmA, 10mA, 30mA
and 100mA for | ~/l g ratios of 10, 20, 30. The instrument is
powered by a 9V battery.

TRANSISTOR RANGES (PNP OR NPN)

lcBo &lgpo:10nA, 100nA, 1pA, 10pA and 100pAf.s.d.
acc. £2%f.s.d. £1% at voltages of 2V, 5V,
10V, 20V, 30V, 40V, 50V, 60V, 80V, 100V,
120V, and 150V acc. £3% +£100mVupto
10pA with fall at 100pA <5%+250mV.

10Vor100Vfsd.acc +2%fs.d. £1%at
currents of 10pA, 100pA and TmA +20%.

10nA, 100nA, 1pA ... 10mA fs.d.acc. +2%
f.s.d. +1% atfixed | £ of 1pA, 10pA, 100pA,
1mA, 10mA, 30mA, and 100mA acc. +1%.

3inverse scales of 2000 to 100, 400to 30 and
100to 10 convert | g into h ¢ readings.

1V f.s.d. acc. £20mV measured at conditions
onhgg test.

1V f.s.d. acc.' £20mV at collector currents of
1mA, 10mA, 30mA and 100mA with | /I g
selected at 10, 20 or 30 acc. +20%.

DIODE & ZENER DIODE RANGES

lpR: As|g g o transistor ranges.
Vz: Breakdownranges as BV ¢ g y for transistors.

1V f.s.d. acc. £20mV atiy g of TpA, 10pA,
100pA, TmA, 10mA, 30mA and 100mA.

we, £17

Prices include batteries and U.K. delivery, V.A.T. extra.
Optional extras are leather cases and mains power units.
Send for data covering our range of portable instruments.
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ANDERS MEANS METERS...

PRESTIGE RANGE

® High accuracy and stability

Clear Sperry Display
® Automatic zero-ing
® High noise rejection (78 db CMR)

® Extremely versatile

B Competitive prices.

Anders provide what is probably the largest
range of meters available from a single source
in Europe: MC/MI, dynamometer, vibrating
reed, electrostatic, etc. in over 100 case styles
and sizes, a few of which are shown below.

Vulcan Moving lron. 4
models, 1-5%, 1-8”, 2-77,
3-7” scales. Voltmeters,
ammeters and motor
starting meters.

Regal -Range 100°
flattened arc. 2 models
2.5” and 3.2" scales. Taut
band. DC moving coil and
AC moving coil rectified.

DC moving coil and AC
moving coil rectified.
Horizontal or vertical
mounting.

Send for fully illustrated catalogue

Recorders 60 or 120 mm.
charts. Non-ink marking.
DC moving coil and AC
rectified.

Stafford Long Scale 240°,
6 models, 3-5"—11-5"
scales. DC moving coil,
AC moving coil rectified,
AC moving iron. Also 98°
scale.

ANDERS.

Popular models and ranges are stocked in depth
while a specially equipped instrument depart-
ment enables swift production of non-standard
ranges and scales, to suit individual customer
requirements, in large or small quantities.

40
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Kestrel Clear Front. 7
models, 1:3"" — 5:26”
scales. DC moving coil,
AC moving coil rectified,
AC moving iron,

Lancaster Long Scale
240°. 2 models, 47, 565"
scales. DC moving coil
and AC moving coil
rectified.

nnnEns ElEtmnnlts um"ED 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distributors of FRAHM Resonant Beed Frequency
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers’ requirements.
WW-—084 FOR FURTHER DETAILS
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Module
Zero 1OOSE

Hifi starts here

The quality of the sound you
hear from your hi-fi depends on the
quality of transcription from the
record-so you won’t want to skimp on
quality. When you choosg your
turntable deck, you’ll probably-choose
Garrard.

Fifty-five years of Garrard
experience and know-how in producing
top-quality record playing equipment is
concentrated in the range of record
playing units now available. There are
three modules complete with attractive
bases and lift-off covers, ready-wired
for instant installation.

The SP25 Mk IV is the most
popular budget unit on the market. It
features the famous Garrard four-pole
synchronous rmotor to ensure smooth,
constant speeds, the finely engineered
pickup arm with resiliently mounted .
counterbalance weight, caltbrated bias
compensation and damped tueing.

The 86SB represents just about
the best buy in hi-fi today. It
incorporates belt drive, the famous
Garrard four-pole synchronous motor,
high inertia turntable, contoured mat,
precision pickup arm with fin€ stylus
force adjustment and bias compénsation
calibrated for elliptical and conical styli.

The Zero 100SB has every
quality feature you could expect to find
on a record deck. What makes it truly
unique is the tangential tracking plckup
arm virtually eliminating tracking
error and consequent harmonic
distortion. Other features include
adjustable, resiliently-mounted,
counterbalance weight, fine stylus force

Carvrand

APLESSEY QUALITY. PRODUCT

Garrard, Newcastle Street, Swindon, Wiltshire. %

adjustment, magnetic bias
compensation calibrated for elliptical
and conical styli, high inertia turntable
with contoured mat, a record counter
and the famous Garrard four-pole
synchronous mator.

Use the coupan to obtain
your free copy of the full-
colour brochure on the
complete range of Garrard
record playing units.

@ 623 P(
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50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 5-WAY MIXER USING F.E.T.s

50/70 WATT ALL SILICON AMPLIFIER

Nirenos \WITH BUILT-IN 4-WAY MIXER
%o 100 WATT ALL SILICON AMPLIFIER
emos  THE 100 WATT MIXER AMPLIFIER
Hcnon 20/30 WATT MIXER AMPLIFIER

PRICE
ON APPLICATION

CP 50 AMPLIFIER

PRICE
ON APPLICATION

200 WATT AMPLIFIER

PRICES
ON APPLICATION

F.E.T. MIXERS AND PPMs

Vortexion Litd

TEL:01:542 2814 and 01-542 6242-3-4 TELEGRAMS"VORTEXION' LONDON SW19
257-263 THE BROADWAY - WIMBLEDON - SW19 1SF

WW-—032 FOR FURTHER DETAILS
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Good News
Travels Fast

Haltron

Haltron service is always good news.
Around the world, Governments and
many other users of electronic valves,
semiconductors and integrated circuits
turn to Halton for service they can trust.
Efficiency they can rely on.

Haltron are International Specialists,
supplying products of outstanding high
quality and confirmed reliability. Our
prices are competitive; and a policy of
extensive stocking means speedy
despatch to meet your requirements.
Specify Haltron. Share in the good
news yourself.

Hall Electric Limited,
Electron House,

Cray Avenue, St. Mary Cray,
Orpington, Kent, BRS 30J.
Telephone: Orpington 27099
Telex: 896141

WW—083 FOR FURTHER DETAILS
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4 @A67-120X

M =) A67-140 X
A ©)A67-410X

3 sizes...4 solutions

Four Westinghouse 67 cm diagonal
TV colour tubes. Each one directly
responding to the requirements

of the European market.

In 1971 we came out with the 90°
AB67-120X to meet set manufacturers’
need for a 67 cm diag. tube. 1972
saw widespread construction of the
“slim-line” set and we responded
with the 10 cm shorter profile 110°
A67-140X.

This year an improved version of
this tube is available - the A67-410X.

Its “fast-on” technology for solid-
state circuitry permits European
viewers to obtain a full colour image
within 4-5 sec. following switch-on
of their receiver.

And recently, owing to the employ-
ment by many manufacturers of

a narrow neck system, we've intro-
duced the compatible 110° narrow
neck A67-150X.

All proving that at Westinghouse
we make a point of developing finer
products to match the dynamic

@Westinghouse
helps make it happen

WW-—029 FOR FURTHER DETAILS

needs of the industries we serve.
Here in Europe and throughout the
world.

Forfurtherinformation onthese tubes
and the many hundreds of other
precision devices for industrial and
defense application, please write

or call:

Electronic Tube Division,
Westinghouse Electric S.A. No.1
Curfew Yard, Thames Street, Windsor
Berks. Phone: 63392.
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You could easily make our
12-speed chart recorder

faster than you thought possible.

Send away for our 12-speed, 10 chart recorder And its sine and square wave outputs are available simul-
kit—the IR-18M. And you'll receive a very clear, easy to tancously. With less than 0.1% sine wave distortion. And
understand instruction manual with it. Which explains less than 50 ns square wave rise tune.
every single step. To make light work of assembly and And, for quick accurate testing of diodes, FETS,
provide you with a high quality chart recorderalot transistors, SCRs and triacs, there’s the IT-121 Tester kit.

quicker than you thought.
speed capability. With fast, pushbutton switch sclection
of speeds from 5 seconds per inch to 200 minutes per

inch. To give you all the versatility you need.

voltage measurements of 1 millivolt and 10 millivolts full

You can see these and other
Heathkit electronic kits at the
London Heathkit Centre, 233
Tottenham Court Road. Or at our
i showroom in Bristol Road,
Gloucester.

Otherwise just clip the coupon and

And just look what you'll be getting. Multi-

You'll also get two input ranges, giving accurate

scale. Excellent repeatability. And a full scale pen response we'll send you the complete

time of one second g, —comparing favourably with Heathkit catalogue. T
many much higher  § priced recorders. Take a look at Faster than you

the 1G-18 Solid State § | Sine-Square Wave Generator thought possible. ‘ 1
kit too. Outputs 4 0m 1Hz to 100KHz are avail- Heath (Gloucester) Limited, &

able using repeatable |

switch selection. Dept WW-104, Bristol Road, -
Gloucester, GL2 6EE. Tel: Gloucester (0452) 29451.

P s
HAry SPexg

~———see
/iy,
B 2 g

'X; \ To: Heath (Gloucester) Limited, Dept WW-104, Gloucester, GL2 6EE.

. )ﬁ}i‘%’ \

|

== \ Please send me my free Heathkit catalogue. :

> \ I

e d \ Name S I
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\M Address__ . o - o
v HEATH

Postcode_ Schlumberger _j
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Each of these bridges has ten decade ranges
and can be used to measure any type of
component or complex impedance.
Transformer ratio-arms are used to cover
a very wide range of measurement using a
minimum number of standards which are
set digitally. The three terminal facility
provided by this type of bridge enables
small values of capacitance or high values
of resistance to be measured at the end of
’ long lengths of cable. Components can also
The woO rld S be effectively isolated electrically from a
complex network allowing individual

mOSt un |Ve rsa I measurements to be made without

disconnection from the circuit being

audio bridges necessary.

Wayne Kerr's B224 and B642

The B224 is a manuaily operated bridge, The B642 balances itself automatically.

the resistive and reactive terms being independently set The meters read real and quadrature terms and

to a null indicated on the meter. A rechargeable highly stable analogue outputs are provided which
battery is fitted in order to make the instrument portable. are directly proportional to capacitance and

conductance above 10Q impedance and also

to inductance and resistance below 10Q. One or
two decades can be set to provide the first
significant figures of the measurement, thereby
increasing the meter sensitivity by 10.0r 100 times.
If a chart recorder is connected to the output of
either term, drifts in component values to at.least
four significant figures can be observed.

SPECIFICATION

§ B224 (Manual balance) B642 (Autobalance)

[ =

= 1592Hz {internal) 1592Hz (internal)

th’ 200Hz-50kHz (external) 200Hz~20kHz* (external)

Ranges for specified accuracy

For more information, telephone Bognor Regis on 0.1% 0.3% 0.1% 0.3%
(02433) 25811 or write to the address below: C | 100fF - 10uF | TOpF-10mF| 1pF—  10pF| 10uF - 10mF
G| 10— 100mD | 100mB~ tk [10nB- 100ms | 100mB- 1000
L | ImH-~ 10kH | 100nH- ImH | ImH-  10kH WH- 1mH
R | 10Q- 1GQ 1mQ - 100 | 10Q- 100MQ | 10mQ - 10Q
WAY N E KE R R NOTE: 0.1% accuracy relates to parallel component
i measurements above 10Q impedance. 0.3% accuracy
Durban Road' Bognor ngls' SUSSGX PO22 9R2 relates to series component measurements.below 10Q
Telex: 86120. Cables: Waynkerr Bognor impedance.
A member of the Wilmot Breeden group "Manual operation only.

AGENTS: PARIS: TEKELEC-AIRTRONIC 626-02-35LORRACH: BRINDI GMBH 07621-10742 STOCKHOLM: SCANTELE AE 24 58 25 OSLO: FEIRING INSTRUMENTS A/S 68.63.60.
BRUXELLES: ETABLISSEMENTS MIRAVOX S.P.R.L. 35.41.73° MILAN:BELOTTI54.20.51 KOBENHAVN NV: HANS BUCH & CO A/STA 5170 RIJSWIJK (Z.H.): C.N.ROOD N.V. 99.63.60.

WW-—030 FOR FURTHER DETAILS



INTRODUCING A SPEAKER THAT SOUNDS TOO GOOD TO BE TRUE

Who else can offer infinite variable
control over all listening_
conditions and personal tastes. & Sl b

LN
LSL Revelation [11isa . end <=
bass response that can be .

modified by a simple mechanical
adjustment converting the enclosure
from infinite baffle to a tuned vented
port. This, coupled with finger-tipped
electronic controls of both the midrange
and tweeter, makes the Revelation III,
without doubt, the most versatile unit available
today — at any price. The possibilities are infinite.
Tailor your own sound to complement your own
personal tastes and environment.

Embodied in the

The three drive units are controlled by a
sophisticated cross-over network, researched by the
eminent Dr. A. R. Bailey of Bradford University and
specially designed to create a flat frequency
response whilst minimising transient distortion.

Panel resonance is minimised by a robust
hand made enclosure. Constructed with the world’s
finest materials and choicest veneers.

& ]
‘ R

 ~e,
o Technical Specifications

P

Distribution is restricted to
specialist dealers in order that
the potential customer
receives the demonstration
the speaker merits. Should
__you experience difficulty
locally, write to us for
further information
enclosing the name and
address of your local
specialist dealer.

Overall frequencyresponse.......... 35HZ~22,000HZ.
Power Handling Capacity .......... 60 watts speech and
music power. 35 watts RM.S

Impedence ....... Nominal 8 ohms. Minimal 6 ohms.
Drive Units.
Tweeter ......... Soft domed high frequency unit.
Midrange .......... 5”unit. Bass ........... 13” x 8” unit.

Lack of colourisation and other forms of distortion
enable theunittobeusedathighsoundlevels without
listener fatigue.

R ded
REVELATION M ec‘;g‘tg}fgrig o
Loudspeakers Limited £7350 plus VAT.

Brookroyd Mills, Bradford Road, Batley, Yorkshire. Tel. Batley 473646

WW—034 FOR FURTHER DETAILE
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Electronic valves (a comprehensive range)
semi-conductors (a wide variety)
Integrated circuits...and now a comprehensive
range of Hybrid Microcircuits.Priceson request.

Teonex offers more than 3,000 devices. They are competitively priced and they
are superlative in performance because the company imposes strict quality control.
Teonex concentrates entirely on export and now operates in more than sixty countries
on Government or private contract. All popular types in the Teonex range are nearly
always available for immediate delivery. Write now for 2eso._tnrapce manmx
technical specifications and prices: Teonex Limited, TEONEX AVAILABLE ONLY

2a Westbourne Grove Mews, London W11 2RY, FOR EXPORT
England. Cables: Tosuply London W11. Telex : 262256

WW—068 FOR FURTHER DETAILS
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DANAVOX (GT. BRITAIN).LTD.
Flectro-Acoustic Components and Hearing Aids
"BROADLANDS” BAGSHOT ROAD,
SUNNINGHILL,-ASCOT, BERKS:

TEL: 0990 23732/6: TELEXB47584
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Bestselling voltage regulators now in plastic

Following the sweeping
success of SGS-ATES’
integrated fix2d voltage
regulators in TO-3 metal can,
these circuits are now also
available, ex stock, in SOT 32
plastic package.

Designated L129, L130 and
L131, they are suitable for low
cost applications in
professional, industrial and
consumer eqJuipment requiring
compact components with
lcw/medium output current,
such as

- desk calculators

- video displays

- computer peripherals
- touch tuning and remote
control for TV sets
- TV subsystems, such as
video IF, sound IF, sync and
chroma stages
A particularly interesting area
of application is in local
regulation systems The main
advantages of this circuit
technique over traditional
single point regulaton are the
reduction in common ground
and inter-circuit coupling, high
noise immunity and the
elimination of problkems due
to line voltage drops.

-20°to +85 °C| v,

lo reg. typical

0°to +70°C

Special features of the
circuits include
- tight tolerance on the output
voltage
- load regulation less tham 1%
- ripple rejection 60 dB typical
- internal overioad protection
- short circuit protection
The L129, L130 and L*31 are
designed to operate in the
-20°C to +85°C temperature
range. For the standard
operating temperature rarge,
0°C.to +70°C, these plastic
voltage regulators are
available with type numbers
TDA 1405, 1412 and 1415.

L129 | 5V
L 130 !12v
L 131 |15v

850 mA
720 mA
600 mA

TDA 1405
TDA 1412
TDA 1415

=T=1=1

¢United Kingdom) Ltd.

Distributors in te UK: Distronic Ltd., Herlow, 02796-32947 - Electronic Component Supplies Ltd.,
Windsor, 07535-6€101 - Hawnt Electronics Ltd, Birmingham, 021-3594301 - ITT Electronic
Services, Harlaw, C2796-26777 - REL Equipment & Components Lid.. Hitchen, 0462-50551 -
Quarndon Elec_ron cs Ltd., Derby. 32651.

WW—027 FOR FURTHER DETAILS
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Mullard Communications Contact

NEW CORES SPECIHCALLY

FOR SWITCHED MODE POWER

Designers of switched mode
power supplies no longer have to
use transformer cores of a
material and shape which are

and are suitable for designs
covering a wide range of outputs.
When used in 25kHz push-pull
circuits at the unfavourable end of
meant for quite different the application spectrum (supplying
applications. A new range of low voltage, 5V, output) d.c. output
ferrite cores being introduced by powers from 50W to 500W can be
Mullard, the FX3700 series, is obtained. Higher outputs can be
intended specifically obtained in more favourable
for the job. applications, and the cores
Insulation and can, of course, also be
safety, the special used in single-ended
stresses of switched circuits.
mode operation, An application note
winding economics, is available which not
modes of circuit failure, only simplifies trans-
mechanical specifications former design but helps to
and BSI requirements have Y save time, money and trouble
all been carefully considered in the  elsewhere in the circuit. For a free
design. copy and data on the cores please
The cores may be used in units write to Dept. C.LH, Ref: CPS/C23,
where the input is derived from Mullard Ltd., New Road, Mitcham,
rectified mains or from batteries, Surrey CR4 4XY.

)

You can get Mullard 400mW and 1W
Zeners selected for voltage and other
parameters to meet your own exact
specifications. Voltages can be within 1%
if you want them that way.
Quantities of up to 2,000 can be

_ supplied with fast delivery through the
Mullard SOSWIFT Service. Bulk selections
of over 2,000 pieces can be made to
negotiated delivery times through the
SELECT 61, 79 and 88 Services.

400-MILLIWATT TYPES

BZY88: DO-7 glass encapsulation
2-7 to 36V
SOSWIFT Service and SELECT
88 Bulk Selection Service.
BZX79: DO-35 miniature glass
encapsulation
4-7 to 75V
SELECT 79 Bulk Selection
Service

1-WATT TYPES
BZX61: DO-15 plastic encapsulation
7-5 to 75V

SOSWIFT Service and SELECT
61 Bulk Selection Service

'YOU WANT THEM

kMuIIard ' e

Please use reader enquiry service no. WW073 for data on ail of the above types.

Linear
power

for .3.B.

Three highly linear r.f. power
transistors for single-sideband
applications from manpacks to
ship-to-shore transmitters are
available from Mullard.

In all three the intermodulation
products are typically more than
30dB down on full rated output.
Under some conditions this figure
1s even better than 40dB.
Furthermore, all three are
electrically rugged and can
withstand severe load mismatch.

The most powerful member of
the family is the BLX15. Operating
from supplies of up to 50V in the
range 1-6 to 28MHz, it can supply
150W p.e.p. singly or 300W p.e.p. in
push-pull. Also, the full power
rating is maintained up to 108 MHz
in the c.w. mode.

The two companion types, the
BLX13 and BLX14, operating from
24/28V supplies over the range 16
to 28MHz can supply p.e.p. outputs
of 26W and 50W respectively.

All three transistors are in
plastic ‘capstan’ packages. For full
data please use reader enquiry

service no. WW074.

Key to colour
camera tv
reliability

Millions of burning hours are being
registered by Plumbicon* colour
camera tubes in television
broadcasting in the U.K. Some
programme companies are
reporting lives of over 7,000 hours.
In telecine equipment, lives of over
10,000 hours are not uncommon.

If you are ‘tubing up for colour’,
Plumbicon tubes from Mullard are
a wise choice. There are 36 types to
choose from. Use reader enquiry
service no. WW075 for a wallchart.

*Registered trademark for television camera tubes.




SINGLE-CH
ERROR DETECTOR

The GZF1202 provides for the
use of six standard polynomials, and
is thus suited for use in a variety of
applications from modem interfaces
to peripheral equipment such as
disc stores. Samples of the IC are
available for evaluation and data
can be obtained

What is virtually a complete
sophisticated error detection
system is contained in one
18-lead DIL integrated circuit
recently announced by Mullard.
Designated type GZF1202, it is a
LOCMOS (local oxidised silicon
complementary MOS) device,

and consequently has a low by using
power consumption and canbe  reader
used with TTL components. enquiry

In operation, a GZF1202 at the service
transmitter and another at the no. WW076.

receiver divide the message by
a polynomial expression and
the remainders are
compared. If they are
different, an error has
occurred. The
message is trans-
mitted in its
original form
with the re-
mainder added
to the end.

A HUNDRED-THOUSAND
TIMES BRIGHTER

Image intensifiers which enable you special features use reader enquiry
to see on an overcast moonless service no. WW077.

night, by amplifying light by as
much as 100,000 times, are fully-
engineered items in regular
production at Mullard.

The intensifiers manufactured
include single- and multi-stage
electrostatically focused types and
electrostatically focused
microchannel inverter types. For
information on the range and its

Mullard

SECOND
GENERATION
BROADBAND
TRANSISTORS

The Mullard company is no
newcomer to the supply of
components for TV distribution
systems and similar applications.
For nearly a decade it has made
available broadband transistors,
and types such as the BFY90,
BFW30 and BFW16A are now well
established.

With demands for lower and
lower cross-modulation distortion
and more and more channel
capacity, a second generation of
Mullard broadband transistors has
appeared. Prominent among them
is the BFR94. This has an fr of
3GHz which is maintained at
currents up to the unusually high
region of 125mA. In this transistor,
low cross-modulation, inter-
modulation and second-order
distortion are combined with
excellent broadband and low-noise
performance.

Moreover, the low cross-
modulation behaviour is straightfor-
ward and does not depend on
operation at critically favourable
collector currents and output
voltages. A shift-due to a change in
temperature, say—does not
therefore result in a rapid rise in
cross-modulation distortion.

Another second-generation
broadband device, the BFR96, can
be used to drive the BFR94. It
covers the range 40 to 860MHz,
power gain is typically 8dB and
typical output voltage is 600mV.
Other types of transistor of similar
interest are the BFR90 to BFR93.
Data on all types mentioned can be
obtained through the reader en-

quiry service no. WW078. by ‘Electron’

7

Components for communications — broadcasfing, telecommunications, radar, navaids, military

Mullard Limited Muliard House Torrington Place London WCIE 7HD

Mullard Communications Contact

Telephone: 01-580 6633 M.010
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Wide
rangeof TTL.

to Post Office
Spec

The Mullard
range of TTL
integrated circuits
approved and provisionally
approved to the stringent Post
Office Specification D3000 now
comprises 22 types. They are being
supplied to Post Office contractors
and are to be offered to other
equipment manufacturers who are
concerned with very high standards
of reliability.

All types in the D3000 range are
functionally equivalent to types in
the well-known GFB7400D series.
Encapsulation is ceramic 14- and
16-lead dual-in-line.

The specification includes
important overstress and endurance
tests with exacting internal
inspection requirements. It assures
an extremely high standard of
reliability and long life performance,
and users can expect a component
life of forty years with cumulative
failures not greater than 2 per cent.
For a leaflet summarising the range
use reader enquiry service no.
WWO069.

Mullard Communications Contact

GOMMUHIGATIOHSI

&
of news from Mullard

NEW MODULE
FOR MORBILES

The highly successful u.h.f. the number of assembly operations.
amplifier modules manufactured Furthermore, as the modules are
by Mullard are to be followed up  untuned, no adjustment is needed
by two v.h.f. types. These are in the test room. For provisional
type numbers 437BGY and data please use reader enquiry
438BGY covering the frequency  service no. WW070.
ranges 148-174MHz and
68-88MHz respectively.

Apart from their frequency range, a
both the v.h.f. modules provide the
same performance: minimum
output power 18W for an input of
150mW with a typical efficiency of
45%. Input and output impedances
are 500, and the nominal

supply voltage is 12-5V.

Among the opera-
tional features are the
ability to withstand
severe load mismatch
and the provision for
control of the output
power by variation of the
supply voltage. The
operating temperature
range is from -40° to
+90°C.

By hasing equipment
on the modules, manu- .
facturers can cut design #./%
time and also reduce

2 -
K t
)
N\ sz !
Photograph by kind permission of New Scotland Yard.




Space-saving circulators

Significant savings in space and
weight can be made in com-
munications and radar equip-
ment by using Mullard miniature
circulators. Despite their small
size, they feature the same low-
loss characteristics and wide
bandwiths as their full-size
counterparts.

There are eight ferrite 3-port
types capable of handling up to
300W in the uwh.f. region, and four
microwave types rated at 50W.

The u.h.f types are divided into

Which
Ferrite
Core!

A useful aid to
finding the right type

of ferrite inductor or transformer
core for any particular application
is provided by a new wallchart from
Mullard. All preferred design types
in their various shapes, sizes and
materials are clearly summarised.
For a copy please use reader
enquiry service no. WWO071.

100W and 300W families. Band-
widths fall within the spectrum 470
to 1000MHz, and isolation is
typically 25dB. Connectors are
N-type with the option of
HF 7/16 DIN 47223 connectors for
the high power circulators.

The four microwave circulators
are broadband types providing

coverage through the S, C and X
bands, and isolator versions are
available of each type. Isolation
depends on the band and is typically
between 23 and 27dB. Connectors
are SMA coaxial.

For further information please
use reader enquiry service no.

WWO072.

SEMICONDUCTORS
FOR
ULTRA-RELIABLE
EQUIPMENT

Manufacturers

of equipment fhc
has to meet the 3
reliability standards
of the aerospace and
communications market
and, therefore, need semi-

conductor devices that have

a minimum chance of
failure during equipment
life are invited to contact
Mullard.

The company supplies
transistors and diodes to
meet these stringent
demands. Both Mullard
semiconductor plants have
BS2000 approval and can
supply devices to BS9300
‘Q’ specification or, when a
higher degree of assyrance
is needed, to BS2300 ‘P’
specification. Several million

evices to BS9300 were

Mullard

Mullard-more than by any
other company.

Where additional checks
are required, Mullard can
provide precap visual
inspection, mechanical and
environmental tests and
100% ‘burn-in’

if your equipment
demands semiconductors
with special quality
assurance, write to Mullard,
reference CPS/C25, giving
details of your requirement.

~’

A

Mullard Communications Contact
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ELECTRONICS

LIMITED

NEWI! The ‘Flip Top’ Thick Film Frangible Resistor

* dual purpose x easy diagnosis ¥ lowinductance

fusible resistors. Designed to
fracture under a defined overload,
the Erie 'Flip Tops’ guarantee a
complete circuit break.

Low surface temperature on a
‘flipped top’ensures complete
safety for surrounding
components.

Average times for open circuit
(assuming step increase)
Type 7005-944 5 seconds

Atotally new concept in pluggable,

NEWSFLASH!

Wirewound

Resistors

*order now for rapid
delivery

. Arange (1-10 watt) of
axial, pluggable and
radial wirewounds.
All with the proven
“Silertex” cement

at15W, 10 seconds at 9W finish.

Type 7005-945 20 seconds

at 15W, 30 seconds at 9W
Standard Thick Film Thick Film Hot moulded
Pluggable Resistors HV. Resistors carbon track

* wide resistance value range
¥ space saving
* low inductance

% space saving
* high voltage
* high value

Wire-terminated, thick film
resistor screened onto an alumina
substrate and each complete unit
is protected by a glass overglaze.
A superb range of small, high
voltage, high value thick film
resistors.

The resistor elements are screened
onto an alumina substrate and
each complete circuit is protected
by a green, flame-retardant
silicone material.

Type 7005-934 —Value range
0.3 o0hms to 100Mohms.

Tin Oxide Resistors
* BS 9000 and PO approved types x early delivery

el

Resistance range (ohms):

Type MO4 (BS/PO Approved) 100-100k

Low-cost pluggables
Type MO5 (BS/PO Approved) 91-100k

(1and 1.5mm piercing)

Type MOG4 10-200k are also available ~with
Type MOG5 10-270k BS 9000 Approval.
Type MOG6 10-500k

potentiometers

*standard range
*custom designed
xexcellent delivery

Presets, including PO approved
and lockable types, in %, % and Y
watt ratings. Edge operated and
single/ganged spindle operated
controls, with optional switch in 1%,
%2 and 1 watt ratings. Erie offer a
custom designed service based
on the moulded track

technology which
includes matched
ganged versions.

Y

FOR FULL DETAILS ON
ALL COMPONENTS RING
TECHNICAL SALES TODAY
ON GREAT YARMOUTH
(0493) 56122

Erie Electronics Limited,
South Denes, Great Yarmouth,
Norfolk. Telex: 974 21.

WW—087 FOR FURTHER DETAILS
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Milliamps to Amps,
Motorola leads with power devices.

Whatever your application
and whatever your field,
Motorola has the perfect
power device for the job.

Automotive

Motorola leads with thyristors and
transistors for high efficiency, high
‘voltage ignition,and transistors for seat
belt interlock systems.

Motorola improves reliability with
transistorised voltage regulators and
power rectifier bridges for alternators.

Computers
Motorola leads with low cost
Darlington transistors, permitting CMOS
and MOS to interface with large current
devices —from milliamps to amps.
Motorola thyristors and triacs are in
service in peripherals ail over the world.

Consumer

Motorola leads with silicon, plasticand
metal can transistors, and thyristors for
TV convergence, deflection and power
supply stages. And Motorola’s NPN and
PNP Darlington transistors are ideal for
today’s audio amplifiers.

Industrial

Motorola leads with a unique range of
Beam-Fired thyristors for very high
power DC to AC inverters.

Our high voltage power transistors
andthyristors give smaller, more efficient
switching power supplies.

And we're stili'very much committed
to Germanium—the most economic
solution for low voltage/high current
applications.

Silicon or Germanium transistors—
and there are 6 types of device
construction available in plastic or metal
packages —and monolithic Darlingtons
mean that there’s a reliable Motorola

-power device for every application.

MOTOROLA
Semiconductors

Motorola Semiconductors Ltd., York House,
Empire Way, Wembley, Middlesex. Telephone:
01-902-8836.

European manufacturing facilities at Toulouse
and East Kilbride.

Distributors: Celdis Ltd., Reading,

East Kilbride,

GDS (Sales) Ltd., Slough, Dublin;

Jermyn, Sevenoaks,; Lock Distribution,
Oldham; Semicomps Ltd., Wembley.

WW—049 FOR FURTHER DETAILS
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I.L.P = (Electronics) Ltd

SHEER SIMPLICITY!

Tuner __~..
Gram ___ |
Tape E_rony

Tape 0.p

BASS

~

Half HYS /

Half HYS

TREBLE

VOLUME

Stereo.Mono switch

I ‘,

BALANGE

Fuse
HYS0

-V +V
—L

PSU50 LN

Ov I

Mono electrical circuit diagram with interconnections for stereo shown

The HY5 is a complete mono hybrid
preamplifier, ideally suited for both
mono and stereo applications. Internally
the device consists of two high quality
amplifiers—the first contains frequency
equalisation and gain correction, while
the second caters for tone control and
balance.

TECHNICAL SPECIFICATION

Inputs

Magnetic Pick-up 3mV.RIAA
Ceramic Pick-up 30mv
Microphone 10mv
Tuner 100mv
Auxillary 3-100mv
Input impedance 47kQ at TkHz.
Outputs
Tape 100mv

Main output Odb (0.775 volts RMS)
Active Tone Controls

Treble *12dbat 10kHz

Bass +12db at 100Hz
Distortion 0.05% at 1kHz
Signal/Noise Ratio 68db
Overload Capability 40db on most

sensitive input

Supply Voitage +16—25 volts.

PRICE £4.50 + 0.36 V.A.T. P & P free.

The HY 50 1s a complete solid state hybrid
Hi-Fiamplifier incorporating its own high
conductivity heatsink hermetically sealed
in black epoxy resin. Oniy five connec
tions are provided: Input, output, power
lines and earth.

TECHNICAL SPECIFICATION

Qutput Power 25 watts RMS into 852

Load Impedance 4—16£2

Input Sensitivity Odb (0.775 volts RMS)

Input impedance 47kQ

Distortion Less than 0.1% at 25 watts
typically 0.05%

Signal/Noise Ratio Better than 75db

Frequency Response 10HzZ—50kHz ! 3db

Supply Voltage ¢ 25 volts

Size 105 x 50 x 25 mm.

PRICE £6.98 + 0.48 V.A.T. P & P free.

The PSUS50 can be used for either mono
or stereo systems.

TECHNICAL SPECIFICATIONS
Output voltage 25 volts

210-—240 volts

Size L.70. D.90, H.60mm.
PRICE £5.00 + 0.40 V.A.T. P & P free.

Input voltage

TWO YEARS GUARANTEE ON ALL OUR PRODUCTS

CROSSLAND HOUSE - NACKINGTON - CANTERBURY - KENT

CANTERBURY (0227) 63218

WW—080 FOR FURTHER DETAILS
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The James Scott range of Microwave equipment
now offers industrial users a greater choice of
alternative systems in robust, industrial, cast
aluminium housings, for a wide variety of
applications.

The range is made up of standard sub-assemtlies
which can be permutated to suit Individual
application requirements.

Some Suggested Applications for these 'Jnits
Levei controllers; Proximity alarms; Small object
counters; Process control systems; Positioning
systems; Door opening.systems; Safety barriers;
Presence/detectors; Train control systems; Vibiation
sensing systems; Intruder alarms; Road vehicle
systems.

If any of the above are your problems or if you have
a particular probiem for which we could adapt a
system please write or telephone for further
information and technical literature to.

N

WW—065 FOR FURTHER DETAILS
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New from AEI Semiconductors

Four shapes
for your diode requirement

These four new diodes — comprising the “M”
range — have been developed to meet demands
for maximum availability at the lower price
sector of the market. A 16 amps,600v diode costs
as little as 42p for quantities of 1000 or more.
The range covers 6 to 70 amps, 50 to 800 volts.

|
|
i NSRS
| — |
Current/Voltage/Type No.
Type No.
'r(av) VRRM
Amps 100 200 400 600 800
6 M6-100 | M6-200 | M6-400 | Ms-600 | M6-800
M6-100R | M6-200R| M6-400R | M6-600R | M6-800R
16 | M16-100 |M16-200 | M16-400 | M18.600 | M16-800

M16-100R | M16-200R | M16-400R | M16-600R | M16-800R

>
[ES=E

M25100 | M25-200 | M25-400 | M25-600 | M25-800
P> 25 | M25.100R| M25-200R M25-400R | M25-600R | M25-800R

M41-100 | M41-200 | M41-400 | M41-600 | M41-800
M41-100R | M41-200R | M41-400R | M41-600R | M41-800R

70 M71-100 | M71-200 |M71-400 |71-600 M71-800
r M71-100R | M71-200R | M71-400R | M71-600R | M71-800R

Suffix ‘R’ indicates reversed polarity (i.e. Stud Anode)

40

\lillill
A=

_SEMII_:[INI]III:IIIIIS
are in control

AEI Semiconductors Ltd., Lincoln.
Tel: 0522 29992
Part of GEC Electrical Components Group.

Also immediately available from:
Black Arrow (Electronics) Ltd:

Bristol (0272) 294313
Coventry Factors Ltd: Coventry (0203) 24091
Farnell Electronic Components Ltd:

Leeds (0532) 636311

- LST Electronic Components Ltd:

Chelmsford 69543
W.S. McMillan & Co. Ltd.: East Kilbride 38641/4
SDS Components Ltd.: Portsmouth 65311
T1 Supply Ltd: Slough 33411
J.V.N,, Bromley, Kent: 01-464 1245

WW—031 FOR FURTHER DETAILS
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Now suitable for
UK., European
and American

voltages...

Minimod, the versatile British made range of
encapsulated power supplies first introduced in 1973,
has now been extended to cover European and North
American mains voltages {and is interchangeable with
most American types). Normally available ex-stock,
all units are fully stabilised with fold back current
limiting — the 5V models have over voltage crowbar too!

STANDARD MODELS

Output Short Circuit % Regulation
Type Output Current Current mA  Line and Load
Number Voltage Amps (Typical) (Typical)
PUOT  5+0.1 05 370 0.3
PUO2 5101 1.0 770 0.5
PUO3 15-0-16+0.2 0.10 37 0.1
PUO4 15—-0-15%+0.2 0.20 84 0.1
PUOS 12-0-12+0.2 0.12 45 0.1
PUO6 12-0-12+0.2 0.24 120 0.2

Input voltage ranges 103 - 126V, 200 - 240V.
210 - 250V. Frequency 50°- 400 Hz all types.

Comprehensive specification given in brochure GT 29b
which is available on request.

— % SPECIAL DESIGN SERVICE

Custom built units for applications requiring different
specifications are produced as part of our
standard service. Try us first.

Specialists in Electronic Transformers & Power Supplies.

GARDNERS

TRANSFORMERS LIMITED

Gardriers Trartsformers Limited, Christchurch, Borset; BH23 3PN
Tel. Christchurch 2284 {STD 0201 5 2284) Telex. 41276 GARDNERS XCH

WW-—026 FOR FURTHER DETAILS
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Thesy

Power ratings
from 1 watt RMS
to 8 watts RMS.

W8DS. One of arange of
four small speakers—
bookshelf or wall mounting—
slim line, square, wedge

or corner cabinet fitting.

mbol of

sound quality.

Background Speakers

Outstanding results from small,
inexpensive speaker enclosures.
Sturdy cabinets either hand
veneered in teak or covered in
Black Vynide.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW—013 FOR FURTHER DETAILS

resonant
reed

FREQUENGY [[13/2: 13

ERS

200-250 YOLTS
©AT. 2356

used as standards in many industries

@ Accurateto +0.3% or +0.1%
as specified

€ Not sensitive to voltage or
temperature changes, within
wide limits

@ Unaffected by waveform errors,
load. power factor or phase shift

@ Operational on A.C., pulsating or
interrupted D.C., and super-
imposed circuits

@ Need only low jnput power
@ Compact and self-contained
@®:Rugged and dependable

Anders means meters

FRAHM Resonant Reed
Frequency Meters are available
in plastic and hermetically
sealed cases to British and
U.S. Government approved
specification. Ranges
10-1700 Hz. Literature on
these meters and Frahm
Resonant Reed Tachometers
available on request.
Manufacture and Distribution
of Electrical Measuring
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—058 FOR FURTHER DETAILS
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The name on Britain's widest range of electronic equipment.

|

internstivas

S
Wembley HAQ 1SU Telephone 01-303 0144

th our name on

wi

Eagle International Precision Centre Heather Park Drive

That’s how Eagle PA got its name for reliability.

To keep your clients satisfied.

lease send me the Eagle 1974 PA Brochure and your

latest Electronics Range Catalogue.

e

things back in working order without wasting time.

Sriteere p SET .)/
e e 8L
TR

o Cers
¢ w...ﬂ,..ﬁ»mw,ﬁ«.?,.. R

L

e
fooeeen,
44.&..?;« ¢

’A equipment
it guarantees yours.

Oneof the best ways to pick up more business is through a

satisfied client.

install PA

re confident enough to put a two year guarantee on

We'
anything we make.

If you

Omni-directional and uni-directional mikes. Qur PRO M25

boom-arm. The extra light PRO M5 with a special tie<clip and

jack plug.
Everything down to microphone stands and 100 volt line

Over the years we've listened to professionals to tell us
matching transformers.

what people want.

Thirty five different kinds of speakers. Megaphones.

Amplifiers with an RMS output of 120 watts. Or 65 watts.
Headphones.

You also need to know the equipment you use won't let
Or our 35 wart mains/mobile model.

For your part you know you'll do a good job.
you dowrt.

WW--082 FOR FURTHER DETAILS
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But think Scopex and you find
practical, professional, dual-channel
portables as easy-to-use as to carry.
Sensible bandwidth, no-nonsense
controls, trig level and polarity from
one knob, and the ever-popular time-
saving trace-locate feature. As an
example, the Scopex 4D10 gives
10MHz over the full screen area, 5%
accuracy, and all for £108.

. It makes sense to . . .

'Hln“ stn E“ % S : =
F 9 j—
ATl —— = 9 L

!“In“ SEnPES .. . and life can become complicated.
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<3 ':' 2% ";" . ¢
It‘ %’ @ ,,s .ra { ' (15 [ i ;

S CoPEX

Write or *phone for details Scopex Instruments Ltd, Pixmore Industrial Estate,
Pixmore Avenue, Letchworth, Herts. SG6 1J]
Tel: Letchworth (0462) 672771

WW-—019 FOR FURTHER DETAILS

Economy! Simplicity! Reliability!
1830 Series CW, M.CW, A.M, S.S.B Crystal controlled

Transistorized HF/MF
general purpose receiver

120 kHz — 30 MHz in 9 ranges
Rack mounting as standard
Cabinet optional extra

AC or battery operation

British MPT approved as
ships reserve receiver

Illustrated brochure from:

Eddystone Radio Limited
Alvechurch Road, Birmingham B31 3PP. Tel: 021-475 2231. Telex 337081.

A member of Marconi Communication Systems Ltd LTD/ED105

WW-—097 FOR FURTHER DETAILS
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HIGH POWER DC COUPLED AMPLIFIER

UP TO 500 WATTS RMS FROM ONE CHANNEL
DC-COUPLED THROUGHOUT
OPERATES INTO LOADS AS LOW AS 1 OHM

FULLY PROTECTED AGAINST SHORT CCT,
MISMATCH, ETC.

% 3 YEAR WARRANTY ON PARTS AND LABOUR

* % %

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load. and still providing a bandwidth down to
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration
of this fine equipment please let us know.

Power Bandwidth DC-20kHz @ 150 watts + 1db, — Odb. Slewing Rate 8 volts per microsecond

Power at clip point {1 chan) 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity

Phase Response +0. —15" DC to 20kHz, 1 watt 82 Input sensitivity 1.76 V for 150 watts into 82
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short, mismatch & open cct. protection
Damping Factor Greater than 200 DC to 1kHz at 8Q Power supply 120-256V, 50-400H:z

Hum & Noise (20-20kHz) At least 110db below 150 watts Dimensions 19" Rackmount, 7~ High, 934" Deep

Other models in the range: D60 — 60 watts per channel D150 — 150 watts per channel

MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE,

MACINNES LABORATORIES LTD SAXMUNDHAM, SUFFOLK 1P17 2NL

TEL: {0728) 2262 2615

WW—010 FOR FURTHER DETAILS

British...
Wherever there is appreciation of fine sound

reproduction, insistence is upon British

loudspeaker systems. 8347
» Renowned among the
discerning for their outstandmg quality, the products of
. Mordaunt-Short Ltd. are specified by
professionals and by enthusiasts the World over.

Choose them for your home - where the finest =
most concerns you. %é‘

...and world-wide.
(&)

Mordaunt-Short Ltd

Designers and Manufacturers of Quality Loudspeaker Systems

To receive immediately full information and the name and address of the
Stockists nearest to you, please complete this coupon and return it to us direct.

Name Address

Mordaunt-Short Ltd. The Causeway, Petersfield, Hampshire,GU31 4JT. Tel: Petersfield (STD 0730) 46315 wio
WW_-085 FOR FURTHER DETAILS
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magnetic shields
magnetic alloys
and cores

i
e

-

SHIELDS We manufacture a wide range of Mumetal
Y shielding cans and boxes and fabricate
shields for CRT's, transformers etc.,
to customers’ own designs. These are
made to the highest standards and
have optimum properties (as sole
UK/European manufacturers of Mumetat
we have years of experience). For
large quantities we recommend the
‘Teiform’ process which provides
maximum uniformity, extra close
tolerance and maximum performance.
For R & D and prototype work — try
‘Telshield’, do-it yourself, wrap-

‘5 -~ around foil. Supplied in handy

packs costing around £5.00 - it's
simple and quick to use.
W 1 R FUR

=

o

L—

ALLOYS

Tymical Anmal  Maximum Saturation Remanence. Bigm, CoBreivity  Hysteresis Curie
magnets permeability petmeabitity fermc from saturation Hg Loss at Bgap point
proparties {dc nduction {Tesla) (A/m){J/m3/cycie) ( C)

{Yesla)

Mumetal 55000 240000  0.77 0.37 10 3.2 350
Mumetal Plus $9000 300000 0.77 0.37 08 13 350
Supermumetal 127000 350 000 0.77 0.4 0.55 09 350
Orthomumetal - 0.8 0.7 2.4 7.5 350
Satmumetal 65000 240000 15 0.7 2.0 12550
Radiomeral 50 6000 30000 16 1.0 8.0 40 525
Supe: Rad:ametal 11 600 100 000 1.6 11 3.2 20 525
Radometal 36 3000 20 000 12 0.5 160 76 275
Hytho Ragiomenal 3500 60000 1.4 10 8.0 45 525
Hysem Radiomatal 70 000 1.5 1.35 8.0 50 525
HCR Alioy - 100 000 1.54 1.5 - 10 5§ 525
Permendur 1000 7000 2.35 15 135 1270 975
Supermendur 1 70 000 235 2.08 190 170 875
Permanduc24 250 2000 235 1.65 950 e
Vicalloy 15 1.0 20000 12x10%

WW—0227F OR FURTHER DETAILS

We manufacture a wide
range of strip wound, high
permeability cores in the
Mumetal, Radiometal, Permendur
and HCR groups of alloys.
These cover a wide range of
applications including : current,
pulse, telecommunication, earth
leakage transformers, relays,
magnetic amplifiers, synchros,
high speed generators, and
transducers. All Telcon products
are made to the highest standards
and undergo stringent testing
before despatch.
WW—023 FOR FURTHER DETAILS

Telcon Metals Ltd. Manor Rovyal,
Crawley, Sussex, Crawley : 28800
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From
ADCOLA

The

Highly
Successful
Electric

' De-soldering
[ Instrument

SIMPLE TO USE

Allow RS00 to heatup
For about two rminutes

Depress bulb, place bit
©on unwanted solder

/ To eject old sokier

As solder becomes ty de| bulb

maften release bulb

TEN GOOD REASONS FOR ITS SUCCESS
T The efficient way of © Easy to use
removing unwanted solder 7 Overall design gives

2 Purpose d%ignell(ii not an clear vision of work
adaption to a soldering iron 8 Well balanced

No air ar vacuum lines
3 9 Trouble free

4 One hand operation .
B fobest con"stmcﬁon 10 Allvoltages available

Con you afforad NOT o foave as R500D

e e e

ADCOLA PROOUCTS LTD. ADCOLA HOUSE, OEP.WW,GAUDEN RD. CLAPHAM SW4 6LH.

' REG.No.442762 VAT No. 235-6153-72 l
Please send immediately an R500 De-soldering instrument D
cheque enclosed for £8 09 plus 10] VAT (postage paid UK.only) E] l

I Please send further details (tick appropriate box)

I NAME___ _ |

I ADDRESS ___ s S

l
S
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N ;
New Coursein Digital Dengn g

Understand the latest
developments in calculators,
computers, watches, telephones,

television , automotive instrumentation. . . .

Design of Digital Systems

A Self-Instruction Course in 6 Volumes
1 ComputerArithmetic
Each of the 6 volumes of this self-instruction 2
course measures 113%’’ x 8%’ and cortains 60 ; 2
pages packed with information, diagrams and BOOIBan LOgIC
questions designed to lead you step-by-step
3 Arithmetic Circuits

through number systems and Boolean algebra,
h, Memories & Counters

to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and
computers.

After completing this course you will have
broadened your career prospects and

considerably increased your fundamental under- 5 ca|CU|at0rDBSign

standing of the changing technological world _ ;
6 ComputerArchitecture

around you.

Also available — a more
elementary course assuming
no prior knowledge except

Digital Computer
Logic and

Electromcs simple arithmetic.

A Sei-matructons Corse

In 4 volumes:

1. Basic Computer Logic DQSIQI‘I of
, 2. Logical Circuit Digital Systems
Elements
s 3. Designing Circuits to a
T

Carry Out Logical Book 1 .:::-

Functions
4. Flip flops and Registers including packing and
surface post anywhere in
the world. (VAT zero
rated). Payment may
be made in foreign
currencies. Quantity
discounts are available
on request.

3 Offer Order this together

d with Design of Digital
95 inc Systems for the bargain
£ ] P&P  price of £9.25.

Design of Digital Systems contains over twice as much
information in each volume as the simpler course, Digital
Computer Logic and Electronics. All the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which, as you can see from its
contents, also covers many more advanced topics. l— —————————————————————————— -

To: Cambridge Learning Enterprises,
Rivermill House, St. lves, Huntingdon. Cambs.

Desi‘gner These courses were written so that you could teach
Manager yourself the theory and.application of digital logic.
. Learning by self-instruction has the advantages of
Enthusiast being quicker and more thorough than classroom
Scientist learning. You work at your own speed and must

*Piease send me.....set(s) of Design of Digital
Systems at £5.95 each,

*

Engineer respond by answering questions on each new piece or..... set(s) of Digital Computer Logic and
Student of information before proceeding to the next. Electronics at £3.95 each,
..... combined set(s) at £9.25 each.
Guarantee_no risk to you NBMIE....ceuei e eieeeie e e aneaeeaeenieensereemnerensanns
AAAress......cooviieeeiieie e r e

If you are not entirely satisfied with Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in full, no questions
asked. e e e -

——— ———— G D i e faes e i
=
L L L R ——
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Y ou could of course spend alot more for a recorder
which does no more — or there again '‘save’ by
plotting by hand!

If all you need is a high speed, sensitive, high
impedance, 5 range, servo operated laboratory
chart recorder suitable for horizontal or vertical
use with a nine speed digitally
controlled chart drive
and electric pen lift.

e d

BUY the CR550 at ...

:10mV or 10uA.,

100mv,, 1V, 10V,

Accuracy
Writing Speed
Chart Width

:at F.5.D. X 0.5% B antShend
: 200 mm/sec. approx. artigp
: 270 mm

=P

INSTRUMENTS

100Vv., F.S.D.
:1,2,5,10mm/min
and 0.5,1, 2, 5,

10 mm/s

The symbol of
sound quality.

Hi-Fi Speakers

The KR range consists of five
outstanding speaker designs with
power ratings from 18 watts (music
power) to 90 watts

(music power).

Made from selected high-
density Swedist chipboard,
the cabinets are hand-
made, hand-finished and
matched in identically
grained pairs.
Toensureconsistentsound
quality, all speckers are
individually tested before
leaving our factory.

Ask for a K.F. d2monstration
and hear for yourself.

KR10. Atwo way, two unit system, typical of K.F. guality and design.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

151 G R

f |

FEIH DR P B R S A | S S
Llovyd Instruments Limited |
‘ ...Brook.Av'enlue,.Warsash,Soqthlanipton SO3 6HP. Tel:Locks Hea#h 4221 — e

ELECTRONIC
INDUSTRIAL THERMOMETER

TR TS
W e
c %«

THERMOMETER

A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air, Metals, Liquids, Machinery, etc., etc.
Just plug-in the Probe, and read the temperature on the large open
scale meter. Supplied in zippered vinyl case with transparent front
and carrying loop. Probe, and internal 13 volt standard size battery.

Model “Mini-On 1” measures from — 40°Cto + 70°C, price £17.50
Model “Mini-On Hi" measures from + 100°C to + 500°C, price
£20.00 (VAT. EXTRA)
Write for further details to
HARRIS ELECTRONICS (LONDON),
138 GRAY’'S INN ROAD, LONDON WC1X 8AX
(‘Phone 01-837 7937)

WW—014 FOR FURTHER DETAILS

WW—050 FOR FURTHER DETAILS
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50mHz OSCILLOSCOPE TYPE C1-64

Made in USSR

Lightweight, portable, transistorized, dual trace
oscilloscope.
Display:
Rectangular CRT 6 X 10 div. {48 X 80mm) with
illuminated graticule.
Vertical deflection:
Two input channels operated in alternate or chopped
modes or algebraically summed.
Bandwidth:
DC to 50mHz DC coupled.
3Hz to 50mHz AC coupled.
Sensitivity:
Channel | and 1i: 5mV/div. to 10V/div.
Summing mode: 1mV/div. max.
Horizontal deflection:
Sweep 'A—0.1ps/div. to 1s/div.
Sweep 'B—0.1ps/div. to 50ms/div.
Sweep delay:

:
£
’
3
b
”~
-
Z

Power supplies: 115/230V+ 10%, 5040 Hz. psto 10s. )
Dimensions: 300X 200X 420 mm. Time Base Modes: .
Weight: 19kg. A’ only; ‘B’ only; "A’ brightens ‘B'".

PRICE, complete with full complement of connectors, ‘B’ delayed by "A’; "A"and "B’ chopped or alternate.

cables, adaptors and accessories £4 7 0 ‘exclusive of VAT.

Z & | AERO SERVICES LTD.,

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel: 727 5641 Telex: 261306

WW-—040 FOR FURTHER DETAILS

nombrex Problem.

Where to obtain devices for push-pull audio
power amplifiers which give good linearity and
don’t blow up on the slightest overload.

Solution.

M-OV audio beam
: tetrodes. A pair of KT66s

will give up to 50W and a
MODEL 40 pair of KT88s will give
WIDE RANGE AUDIO GENERATOR up to 100W.
ST + RIS And M-OV audio triodes,
* 4 RANGES, 10Hz-100 KHz. too: a pair of DA42s gives
up to 200W and a pair of

* SINE AND SQUARE WAVE OUTPUT. DA 100s giVES up 0 300W.

* DUAL CALIBRATED ATTENUATOR.

% STABILIZED OUTPUT LEVEL 1 V.
EEVand M-OV

Trade and Export enquiries welcome know how
(d

Send for full technical leaflets
Post and Packing 35p per unit

NOMBREX (1969) LTD., EXMOUTH, DEVON. 3
Tel: 03-952 3515 THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE. E

Tel: 01-603 3431. Telex: 23435.Grams: Thermionic London. FEC
WW—081 FOR FURTHER DETAILS WW-—020 FOR FURTHER DETAILS
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Thisis why theTWG 501 performsthe
function of a good generator

Voltage control FEEDBACT\\UQ, " FUNCTION GENERATOR TWG SO1
sweep 1 decade N s M Mz power Frequency range
linear 4 decades & e 5 v 100~k 0.009Hz to 1.1MHZ
i 3 -1 k- 10k
exponential s - N k=10
=5 0-1-1 10k~ 100k
on
Fastrise time g 0-01-01 100k~ 1M
L 3 210 0
st!uare<15ns { X AN N e
with current . @

sinking capacity
for 5 TTL loads.

Sweep
s 2V pk=
10000
2 DC offset
- a
Trigger pulse ; _\‘ o . ®® 42V on X1 output
+8Vpk 500 +SVorc
ttioating)  soa -1sveesv v fL Ay 20mA max T / sooq

All seven outputs are Size: 254 x 121 x 157mm

simultaneously available Wt: 2.2kg
\ with amplitudes constant
@ over frequency range
FEEDBACK INSTRUMENTS LTD Crowborough, Sussex. Tel: Crowborough (089-26) 3322

WW—086 FOR FURTHER DETAILS

KONTAKT 60 | |

FOR INACCESSIBLE CONTACTS s' r R Ii |

—More than just a cleaner !
. KONTAKT 60 guarantees |
perfect cleansing of CAUTION o vouts - 1ovde
contacts chemically e AMP CURRENT: 78 ma

in accordance with today's

technology. | v m w @

KONTAKT offers the following WIII'

;dvantages: funer. Q ' 1

1. Dissolves oxides and sulphides the safe

way without attacking contact sub- o [Q

O

stances. ogoog_oog_
2. Contains carefully selected solvents +5ge _§ t e g
which do not attack plastics whereas they NI G ;
do dissolve resinified contact greases and |
dirc - Jermyn now offer a stereo decoder module that simply and
3' gﬁﬂi‘ilﬁi n: s:ihﬁnfl]br;cam 17 o easily converts your existing mono tuner for sterec reception.
) 9 Multiplex output equipped tuner$ sifhply have the module plug-

avoid the contact paths being corroded.
5. Prevents further oxidation setting in.
6. Prevents ‘creep’ currents.

gedin, older types need the de-emphasis.capacitor dis_connected.
The unit will do justice to the most expensive equipment.

Because of these outstanding properties Channel separation: Typically 40dB
Kontakt 60 is one of the best and most Distortion: Typically 0.3% at 560mV RMS
popular contact cleansing agents in the Composite input signal
world: Stereo switching: Automatic with lighted indicator
Users include : Rolls-Royce Ltd., C.E.G.B., South of Scotland a POW&" ZUDD|C);1 fll(l)—lte V:)VéS- - e 5 o
c s P , Kol i ssembled and fully tested with a no-strings mon
:’Ilz::l::::’n;l:::;dgm;zﬂouse Worke§ops; Koleter Braadas guarantee the module costs an astonishing £6.90. Excluding VAT.
4 =itz (Also available®s a Kit at £4.90.) Beat that!
OTHER KONTAKT PRODUCTS ARE: To Jermyn Industries Please rush me. [ Kit(s), [ made up Stereo decoders. |
70 Protective Lacquer 80 Special Siliconized } 162 Vestry Esiate | enclose cheque/postal order for £ |
o e o Zoﬁ;sh - ; Sevenoaks, Kent Name
nsulating Spra ntistatic Agent for
75-Cold Spray for Fauit. . Plastics: B ‘1 Aadress I
r Location 101 Dehydration Fluid, | |
P [ - ]
Write for full details of above or complete range of IBA"CLAVCA"DA | l 1 I T | [ 1 ! l ] Ij |
Kontakt productg to: Lﬁm _______________ !
SPECIAL PRODUCTS: DISTRIBUTORS LIMITED
81 Piccadilly, LondbngW.1..01-629 9556 ‘ i } -
: i WW-—009 FOR FURTHER DETAILS

WW—066 FOR FURTHER DETAILS
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L

i
.

Type 703UA is an FM Tuner with an
associated AM gang. 87-109 MHz supply
voltage +6 IF Bandwidth 400 KHz noise
10d8 max. AFC * 150 KHz at 108 M Hz.
3 : 1 reduction gear 3600 rotation AM
gang 2 x 323 pf plus 12 pf trimmer.

WW-—063 FOR FURTHER DETAILS
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The symbol of
sound quality.

Unit Audio

Superbly made speaker .
enclosures containing high quality
units designed to improve your
listening pleasure.

Ask for demonstrations of the
KR6, PF6, PF8, MP6, MP138.

Power ratings
from 8 watts
(music power)
to 20 watts
(music power).

{llustrated hereis
the new MP6.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW—015 FOR FURTHER DETAILS

TAKE A CLOSE LOOK

at a professional recorder that offers high performance,
excellert reliability and is very easy to maintain. Ask

yourself why so many commercial radio stations and -

recording studios are doing their best to wear them out,
and not having much success. Decide if you need mono
or stereo, console transportable or rack mounting versions
and then inquire about prices.

We are sure you will be very pleasantly surprised.

BIAS ELECTRONICS LTD. 01-540 8808
' 572 KINGSTON ROAD, LONDON SW20 8DR

DIGTESTOR IN-CIRCUIT TRANSISTOR TESTER

BRITEC LIMITED, 17 Devonshire Road, London SE23 3EN
Tel: 01-699 8844 Telex: 896161

WW—105 FOR FURTHER DETAILS

J ES AUDIO INSTRUMENTATION

Hlustrated the Si 451
Millivoltmeter — pk-pk
. or RMS calibration with

variable control for rela-
tive measurements. 40
calibrated ranges £42.50

Si452 ni-siiiiane £35.00 Si4B3 s sibigeme £50.00
Distortion Measuring Unit. Low distortion Oscillator.
15 Hz — 20 KHz — .01% Sine — Square — RIAA
J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (09762} 2501
CARR STREET, CLECKHEATON, BD13 5LA

WW—064 FOR FURTHER DETAILS

WW—042 FOR FURTHER DETAILS
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Eliminate
TV receiver

distortion with
Celestion TELEFI

i '.I,u
: /////M/.ﬁ:f'.y'

/i

TELEFI

At last you can enjoy TV entertain-

ment with the added pleasure of true

Hi-Fi sound. Telefi is a unique electronic invention which
picks up VHF from the TV and relays this through your own
Hi-Fi equipment. Telefi ensures crisp, full-range, distortion-
free reproduction of music and speech providing an improve-
ment over ordinary TV sound which will amaze you. Telefi
is safe and requires no permanent connection to the TV set.

Telefi is indispensable to the TV viewer who requires
Hi-Fi TV sound.
\_I “As selected for The Deaign Centre, London ‘. _M—N
= it 2 S ‘.

WITH JACKSON

LOUDSPEAKERS

Celestion Loudspeakers are
engineered to the highest
standard and provide super-
lative sound reproduction.
The cut-away illustration
shows the high, mid and
bass speakers used in the
Ditton 44 Monitor, one of
the most popular loud-
speakers available to the
discerning listener.

CATALOGUE NO. 5870

The Jackson Friction Ball Drive Reduction Unit

is unique. Simply because it's the only one of it's A range of models is avail-

. . , , . able to suit your personai
type and size avgllaple in the United Kingdom. It requirements; Coelastion
has sealed lubrication, with a hardened steel : Hi-Fi Loudspeakers carry a
shaft and bearings to give it extra long life. And liveavear elidianiee,

it's low in price. The unit has a 10:1 reduction ratio,
with an output torque of 8 0z. ins. minimum.

Our skilled personnel can produce custom made
components to suit your individual needs. And C l t' =
with 45 years of experience your guarantee is our l e eS Ion ‘ !

reliability.

E Loudspeakers for the Perfectionist l
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP.  CJ

il UL T QIS e et e Lo I Please send me details of:- Telefi[_] Loudspeakers[ ]
JACKSON BROTHERS § §
(LONDON) LIMITED NAME o -
= Kingsway, Waddon, Croydon CR9 4DG. i ADDRESS - — e I
/ Tel: 01-681 2754/7 Telex: 946849
J U.S. Office: M. Swedgal, 258 Broadway, I i T~ = B s I
New York, N.Y. 10007 — R e

WW—012 FOR FURTHER DETAILS WW-—091 FOR FURTHER DETAILS
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A WORLD HRST FROM
GAMBRIDGE AUDIO

casetie o8 amp vokame

s
B i i

i
1 mckug A 1 ounibary - 3
~ : : 5 i
R 22

monc (3 m- u‘ﬂ. 11 e 2

11rive

Cambrridge ~udio P60

THE NEW P60
INTEGRATED
STEREQ AMPLIFIER

Low profile design only 2” high.

Recording with or without tone

correction.
*Peak level indicator for tape recording.

Suitable for continual high power

operation.
Dual independent tape operation.

Facilities for three tape recorders.
*Separate main and pre-amp gain

controls.

Fully protected output stages.

RIAA phono correction unaffected by
cartridge inductance.

Ultra low distortion circuits.
*New tape monitoring, A-B and A-B-C

“Light Emitting Diodes for level monitoring facilities.
in main and pre-amplifiers. | ternational state-of -the-art circuitry
Toroidal mains transformer. from Cambridge Audio in Britain. ..-:
° L]
*To the best of our knowledge these features have never been included in a comparable amplifier hitherto. ‘o.. E
S
:
o* <)
& e
- L]
Cambridge :
- .
Audio 3
ot W .
...- \’\%‘\\(\6@ .
ot oS :
o* (& @ Q
o ol 3
oo & 3
K _\\r:,o & .
o a° \QQ °
® 0600\(\ L)
Cambridge Audio Limited RS :
The River Mill, St. lves, Huntingdon PE17 4EP I L .
Telephone: St. lves 62901 MV S NG
elephone: St. lves ...- Q\QPCP((\ O \}b ¢¢\N‘ :
..l.lll......ll.....l...l..l...ll........l..l.l..:
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Life in the cells

SONNENSCHEIN dryfit — the lead-acid
accumulators in which the electrolyte
is retained in a jelly. They are absolutely
maintenance-free, leak-proof and
independent of operating position.
Available in many sizes, from 2V 1o 12V,
with ratings from 0.9Ah to 36Ah.
Dryfit PC batteries —
for cyclical operation. Operating
life of 3-4 years or approx 1,000 partial
discharge cycles.
Also available,
Dryfit ST batteries for float
or stand-by operation, giving 4-5 years life
under these conditions.

Send for your brief today

FW.0. Bauch Limited

49, Theobald Street,
Boreham Wood, Herts. WD6 4RZ
Tel: 01-953 0091 Telex: 27502

Dryfit Batteries

DOL 4803

WW—008 FOR FURTHER DETAILS
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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.C.1 Phone: 017837/7937

WW-—051 FOR FURTHER DETAILS

The symbol of
sound quality.

P.A. & Disco Speakers

Designed to satisfy the demand
for high quality sound required
by Discotheques and advanced
PA systems.

Ideal for mobile use.
Finished in Vynair for
style to match
performance.

Power rating from 25
watts RMS to 100 watts
RMS.

R12DXH. One of a range of six
superb Power speakers.

For further information
and address of your local
stockist write to:

K.F. Products Ltd.,
Ashton Road, Bredbury,
Stockport, Cheshire.

WW—017 FOR FURTHER DETAILS
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News of the Decade

RESISTANCE
CAPACITANCE
INDUCTANCE

~ over 60different models
-» available, many fromstock

DECADE BOXES DECADE BOXES continued

“Junior’”’ Series—Resistance—1% R803 8 o- 1,111,111.1 0.01 127.65

Decades Ohms Range Ohms Resolution £ High Dissipation—Resistance—1%
J1 5 0- 1,111,100 10 22.20* Decades Ohms Range Ohms Resolution £
J2 5 o- 111,110 1 22.00* HD1 5 0- 1,111,100 10 75.00
J3 4 0- 111,100 10 18.10+ HD1/L 5 o- 111,110 0.2 79.00
J4 4 o 11,110 1 17.85* High Dissipation—Inductance—5%
J5 3 o 11,100 10 14.80* Decades mH Range mH Resolution £
J6 3 0- 1,110 1 14.74* L1 3 1— 1000 1 60.00
J60 6 0- 1,111,110 1 26.80* L2 2 1- 100 1 45.00
J70 7 0-11,111,110 1 31.50* L3 2 10— 1000 10 50.00
“*Junior’’ Series—Capacitance—1% r m .

Decades pF Range pF Resolution £ Hundred’’ Series—Inductance—0.3% ;
Jc1 3 100— 111,000 100 18.00* Decades mH Range mH Resolution £
Jcz2 24var 30— 11.140  “infinite” 18.90* L300 3 0- 1000 1 200.00
“‘Point One’’ Series_ Resistance—0.1% L400 4 o 10,000 1 260.00

Decades Ohms Range Ohms Resolution £
R3 4 - 1111 o 35.00 CAPACITANCE BOXES
R4 4 (o) 11,110 1 34.50 Decades
R5 4 o- 111,110 10 34.00 Decades pF Range pF Resolution Accuracy £
R7 5 0- 1,111,100 10 42.00 Cc3 3 100- 111,000 100 1% 35.00
R9 5 o- 111,110 1 42.50 PC3 3 100—- 111,000 100 5% 48.00
R10 5 o- 11,111 0.1 43.00 c4 4 100-1,111,000 100 1% 50.00
R11 5 0-11,111,000 100 49.00 PC4 4 100-1,111,000 100 5% 75.00
R20 6 0 1,111,110 1 51.00 Decade plus Variables
R21 6 o 11111 0.1 51.50 Decades pF Range Accuracy £
R22 6 o- 11,111.1 0.01 56.00 vC4 3 50- 111,150 1% 44.00
R30 7 0-11,111,110 1 65.00 VCS 4 50-1,111,150 1% 61.00
R31 7 o- 1111111 0.1 60.00 PVC5 4 50-1,111,150 0.5% 95.00
R32 7 o 111,111.1 0.01 60.50 SVC5 4 50-1,111,150 0.1% 390.00
R41 8 0-11,111,111 0.1 73.00 C500 4 50-1,111,1560 0.2% 180.001
R42 8 0- 1.111,111.1 0.01 70.00 SVC5 special. Details on application.
“Hundred’’ Series—Resistance—0.03% Variables

Decades Ohms Range Ohms Resolution £ pF Range Accuracy £
R400 4 0o- 111,100 10 68.53 VvC1 10— 260 1% 20.00
R401 4 o- 11,110 1 71.66 PVC1 Mk. 2 65— 200 0.5% 71.50
R402 4 o- 1,111 0.1 73.04 PVC2 Mk, 2 20- 1,120 0.5% 65.00
R403 4 0- 111.1 0.1 77.03 vC2 20— 1,130 1% 30.00
R600 6 0-11,111,100 10 93.54 PVC4 0- 10 1% 50.00
R601 6 0- 1,111,110 1 94.97 PVC1/S 20— 120 0.5% 45.00
R602 6 o- 111,111 0.1 96.70 Switched
R603 6 o8 11,1111 0.01 101.20 uF Range uF Resolution Accuracy £
R701 7 0-11,111.110 1 110.62 C140 0- 140 1.0 5% 105.001
R702 7 Oo- 1,111,111 0.1 112.35 C100 0- 100 1.0 5% 89.001
R703 A o- 111,111.1 0.01 116.88 C60 0- 61 0.1 5% 80.001
R802 8 0-11,111,111 0.1 126.27 C60P o— 61 0.1 1% 166.001

J.b.Llovyd

Iinstruments itd

INSTRUNMENTS Brook Avenue, Warsash, Southampton SO3 6HP.
Tel: Locks Heath 4221

WW-—046 FOR FURTHER DETAILS
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Special rate visits to
Munich sponsored by
Electronics Weekly
and Wireless World
In conjunction with
Page & Moy Ltd.

RETURN FLIGHT BY SCHEDULED
AIRLINES VIA HEATHROW

HOTEL ACCOMMODATION

COACH TRANSFERS BETWEEN
AIRPORT/HOTEL AND
EXHIBITION

EXHIBITION CATALOGUE
AND ENTRANCE TICKETS

RECEPTION PARTY IN MUNICH

ELECTRONICA 74

Electronica 74 is held every two years and is one of the top
three European electronics exhibitions.

Products on show this yearrange from components,
semi-conductors to production equipment, instruments
and materials. There will be over 1,700 exhibitors from 28
countries, including about 70 from the U.K.

W fo

SHORT STAY VISITS £87

You have a choice of three dates giving you
2 nights in Munich :

(a) Thursday 21st November to Saturday 23rd
{b) Saturday 23rd November to Monday 25th
(c) Monday 25th November to Wednesday 27th

For all 3 trips you have the choice of the
following flights :

Day 1 - Depart Heathrow 09.35 arrive Munich11.15
Day 3—Depart Munich12.00arrive Heathrow 13.50
or

Day 1 - Depart Heathrow 14.45 arrive Munich 16.25
Day 3 -Depart Munich17.15 arrive Heathrow 19.05

Return flight is by scheduled airline of British Airways or
Lufthansa between London and Munich. Accommodation
in twin bedded rooms on a bed and breakfast basis at the
Esso Motor Hotel. Return ¢oach transfers between hotel
and airport. Three days coach transfers between hotel and
exhibition. Exhibition catalogue and entrance tickets.
There will be areception partyto welcome you in Munich.
A'limited number of single rooms are available ata
supplement of £6.00 per person.

EXTENDED STAY VISIT £135.00

If you wish to visit Munich for the duration of the
Exhibition we have organised a visit from Tuesday 19th
November to Thursday 28th November, allowing

10 days/9 nights in Munich. The return flight is via
Heathrow by scheduled airlines. Singleroom
supplement of £27.00 per person.

Further details may be obtained by using the form
below or by ringing Louise Griffiths
Tel. No.0533-51211.

To:EWDS Electronica, Page and Moy Ltd., 136-138 London Road, Leicester LE2 1EB
ll Please send me complete details of the short stay visits |

] the extended stay visit

(please tick which applicable)
Name (pleas__e print)

electronica 74 Address

6th International Trade Fair for
Components and Production Facilities
21st-27th November Munich 1974,

Telephone No.
ATOL No.133BC
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Barr & Stroud’s new EF3 Electronic Filter System
means no more compromises when you buy variable
filters. Now you can get the filter you need today,

and additional plug-in units tomorrow. Today — the
basic main frame and your choice of two modules to
operate in low-pass, high-pass, band-pass, band-stop,
band-separate, band-combine or cascade modes.
Tomorrow — other interchangeable modules to meet
your newest requirements. The first two modules;

already available, provide filtering with variable cut-offs
between 0.01Hz and 10.0kHz, stop-band attenuation
of 48dB/oct. (96dB/oct. in cascade), and pass-band
response from dc to 500kHz. Get full details of

EF3, the big breakthrough in electronic filtering from

BARR & STROUD LIMITED

1 Pall Mall East, London SW1Y 5AU
Tel: 01-9301541

Telex: 261877

{EARR AND;

Glasgow and London

WW—090 FOR FURTHER DETAILS

USED THROUGHOUT THE WORLD, SANWA'S EXPERIENCE JF 30 YEARS ENSURES ¢
ACCURACY. RELIABILITY, VERSATILITY, UNSURPASSED TESTER PERFORMANCE .
COMES WITH EVERY SANWA
B Months™ Guarantee Excellent Repair Service
MODEL P2B £9.76  MODEL AT4S £2152 o
MODEL JP50 £11.58  MODEL 380CE £29.12 g
MOOQEL 3 £15.28-  MODEL N101 £31.81
MODEL US00X £1560 MODEL 480E0 £35.89 e
MODEL A303TRD £1745  MODEL EM80O £81.06 - -
MODEL K30 THD £2401  MODEL R1000CB £76.27 - e
MODEL MODEL FBOTRD £26.28 N

THESE PRICES ARE SUBJECT TO AN ADDITIONAL CHARGE DF 8% FORVAT.
U- 50 DX * Cases axtra, available for most meters, but not sold separately.

Please write for illustrated leaflet of these and other specialised Sanwa meters
SOLE IMPORTERSJN UK.

QUALITY ELECTRONICS LTD.

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. KTTILP
Tel:01-546 4585

WW—055 FOR FURTHER DETAILS

The symbol of

Outdoor Weatherproof
Speakers

Specially constructed for outdoor
use with complete weather and
water protection built in.

Power ratings up to 25 watts RMS.

An example of a weatherproof speaker
from a range which even includes an
underwater speaker.

For further information and address

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND
Tel: Horley (02934) 6353 -
Telex: 87116 (Aerocon Horley) - Cables: Aerocon Telex Horley

of your local stockist write to:
KF. Products Ltd., Ashton Road,
Bredbury, Stockport, Cheshire.

WW—057 FOR FURTHER DETAILSl

WW—016 FOR FURTHER DETAILS
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THE MOST ADVANCED SINGLE TUBE
COMPACT COLOUR TV CAMERAYET

The HV-1500 from Shibaden

Combining compact, lightweight design with excellent colour fidelity this new
single tube Shibaden camera fills the need for a high performance camera, small
and simple enough forevery CCTV application.

The HV-1500 has a unique Filter Integrated Colour Vidicon which does
away with the usual complicated optical separation system and replaces
it with a special vidicon filter, complemented by simple colour separation
circuitry. The result is beautiful colour pictures, even in low light
conditions, with no overlapping of images.

This simplicity of design also contributes to the camera’s sturdiness.
Coupled with the built-in automatic light sensitivity control, this

makes the HV-1500 as easy to operate as a black and white camera.

Besides being ideal for all studio and outside broadcast uses,
the simplicity, compactness and colour quality of the HV-1500
make it the perfect camera for applications such as surveillance,
medical diagnosis, research and development and process
control.

To see the HV-1500 in action, or for complete technical
information, contact Shibaden’s Technical Service Department
at 01-203 4242/6 or write to :

® Hitachi
8 Shibaden (UK) Limited

BRDADCAST & CCTV EQUIPMENT MANUFACTURERS
Lodge House -Lodge Road - Hendon - London
NwW4 4DQ. Telephone: 01-203 4242/6

CU-1500 camera control unit

WW—119 FOR FURTHER DETAILS

_ urpose-it servo and
actuator systems using
standard components

McLennan Engineering Ltd. have considerable experience

in the solution of actuator and servo problems using

synchronous, stepping and DC motor techniques, an

important facet of our skill lying in purpose-designing

around standard components for speed and economy.
The illustrations show a selection of modules from

the standard range and include the new EM/ 100/100A

servo drive system. All items are available

individually or can be supplied engineered to

custom-built systems.

1. EM 100/100A SERVO AMPLIFIER. A new addition to thes

range. A complete servo drive system including

power supply which is eminently suitable for

driving printed circuit motors and other

servo motors up to 1/6 h.p. EM 100 - output

+24V, 4 amps continuous, 45 amps peak.

EM 100A - output +24V, 7 amps

continuous, 75 amps peak.

2.DC SERVO AM 1006S .

With integral potentiometar. Max =

continuous output Torque

14.6 kgcm at 7 r.p.m. b Y » m I
Output 5W s ., . ; : .
4. CONTROL AMPLIFIER EM 40 Output + 15V 0.5 amp McLennan Engineering Ltd

Kings Road, Crowthorne, Berkshire.
5. TYPICAL PRECISION GEARS 120 to 32 DP Tel: Crowthorne 5757/8

WW—106 FOR FURTHER DETAILS
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One colourcamera that

gives you more than your
£35500 worth. -

The ITC CTC-3Xisalotof camera for the money. £5500 buys
you a high performance colour television camera, that can be used
instudio, telecine, mobile or remote colourcasting.

It comes complete with f1.8 10:1 zoom lens, servo and
cable controlled.

A view-finder monitor which can be easily removed or
tilted both upward and downward.

A camera control unit which gives you remotz controls
including colour balance, iris, R.B. channel positions and gain,
and on-off power and beam.

A separate mains lead that aliows camera to be operated
without CCU.

Plus features such as turret colour temperature correction
filters.

Abuilt-in colour bar generator.

A set of matched vidicon tubes. (Plumbicon® tubes available.)

A waveform colour sampler for easy colour balance
adjustment.

That'sthe ITC CTC-3X. A lot of camera for £5500.

Also available from our agents, Southern Counties: Action Video. In the north: Holday Brothers Ltd

Alsoavailable is the SC 701P Genlock colour sync. generator
at £1,100.
Plus the MEA 7100P six channel special effects generator at
£2,100.
A two camera production unit featuring this equipment is
available for hire with operators for £200 per day with a reducing
rate for longer periods,
At Dixons Technical, of course.
Prices subject to VAT
—-------------—_—-

To: Dixons Technical,
3 Soho Square, London, W.1. Tel: 01-437 8811.

] Please send me full details of the ITC CTC-3X
I colour camera and ancillary equipment.

=NAME — N =
IADDRESS o B ]
- o —Dixons
| [ _ Technicailtd

QR DO SR
I WW/39A/10

“Regstered Trade Mark of

Mutlard Ltd, L-___!--_-_-_-_---_J
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The first of a new range of high
quality loudspeakers

This model employs three active drive
units, the total range of which extends
beyond the nine audible octaves.

By giving attention to all components and
design detail the colouration and
distortion is negligible and the energy
distribution is as constant as possible.

Five year warranty

Because of the precision required in
manufacturing loudspeakers to a
consistent specified performance, we
can confidently predict that the Achromat
400 will have a long and trouble-free life
when correctly operated.

We can therefore offer a five-year warranty
on this loudspeaker system.

Stand

The Achromat 400 will give its most
accurate reproduction in normal
conditions when spaced at a distance of
10-20 cms above the floor.

The Goodmans Loudspeaker Stand CS3
is recommended and gives the option of
vertical or 5° tilt positioning.

Goodmans
Achromat’400

*from Shorter Oxford Dictionary
Achromatic 1. Optics—free from colour, not showing colour
2. Biol.—of tissue, uncoloured (1882) ie after staining
Achromatization—the action or process of removing colour

Wireless World, October 1974

Specification
Drive units
Bass unit 26cm dia
long-throw
Mid-range unit 44mm dia
viscous damped dome radiator.
Flush mounted
HF unit 25smm dia
viscous damped dome radiator. | g5
Flush mounted
Frequency range 40-22,000 Hz + 5dB
Nominal impedance 8 ohms.
The loudspeaker is suitable for use with amplifiers
rated at 4 or 8 ohms.
Recommended amplifier music power rating
25to 75 Watts
Sensitivity 12 Watts for 96dB at 1 metre
Effective enclosure volume 39.5 litres
Dividing frequencies 900 and 3,500Hz
Weight 16.5 kg (36 Ibs) net
Recommended Retail Price £79.47+VAT

Stand £ 6.64+VAT

For illustrated details please write to
Goodmans Loudspeakers Limited J_
Downley Road, Havant, Hants PO9 2NL

A member of Tha Thorn Group

WW-—112 FOR FURTHER DETAILS
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ITA-TEACH

TEAC 4-CHANNEL
INDUSTRIAL RECORDER

ITA 104

MODULAR MIXER

The complete | Ad

¢ Ten inputs. Four output groups. Four limiters.
mobile record-

Base, mid, treble EQ. Balanced inputs. Modular

ing studio. construction. Headphone monitoring.
Four totally
independent lMMEDlATE DELlVERY.

channels. Sel
sync on all channels. =
Mixing facilities. 63dB signal to noise

ratio. Wide flat band-width.

sote surrer: NOTE NEW ADDRESS -

Industrial Tape Applications |
5 Pratt Street,London NW1 OAE. Tel: 01-485 6162 Telex: 21879

£5690 + VAT

WW—115 FOR FURTHER DETAILS
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SUORE AND SOURD Z SPEED

'

_fEﬂH&-—*K | \\l[
build Your '
i own tw.

| First time available, the -eal 7.V. game in kit form as supplied to the amusement trade with five bat angles, fully automatic ball, digital
score read out on screen ard a so simulated sound.

| Please send stamped addressed envelope for details and prices to:

LOGIC LEISURE LIMITED, Kingfisher House, 68 Park Road, New Barnet, Herts.
Il Telephone: 01-440 9173/4. Telex: 264397.
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I2MHz DIGITAL RECORDER (€ 590), .

® DISPLAYS DATA & CLOCK ON ANY STANDARD OSCILLOSCOPE N
TIMING DIAGRAM FORM.

® 64x8 BITS STORAGE CAPACITY.
® INTERNAL XTAL CLOCK. P e —
2 -
® EXTERNAL CLOCK, y Pl
e vaRIABLE THRESHOLD 1-3v FoR- (| | g B o 2
vy s
TTL/DTL ciRCUITS. IR PSS XIS Pz
/ ||’3"\‘?§a ’\"*s(?fj‘)@ J
® EXTERNAL TRIGGER. =<Z5 a5 i
® TRIGGER WORD, =

=
=3,
® SUITABLE FOR EDUCATIONAL DEMONSTRATIONS, ﬂ/‘

< Ex VAT
*\- e TTL.DTL & CMOS COMPATIBLE,
ﬁﬁl ® FULL FUNCTION TEST.

® PROGRAMABLE,

N ® THIS SIMPLE TO USE INSTRUMENT CAN HELP

REDUCE TIME & COSTS tN LABORATORY &
INSPECTION DEPARTMENTS.

IOMHz TTL DATA GENERATOR @gx,\m

® VARIABLE WORD LENGTH TO 16 BITS.
® INTERNAL CLOCK TO 1MHz, EXTERNAL TO 10 MHz.
® FIXED NRZ FORMAT.

® SINGLE CYCLE OR CONTINUOUS.
® EXTERANAL TRIGGER.
® LAST BIT OUTPUT,

%ﬂw gz&ﬂﬂmc%/ CONTACT US FOR DETAILS

12 CHERTSEY ROAD, CHOBHAM, SURREY,

TEL: CHOBHAM 7228 ASK FOR A DEMONSTRATION

DIGITAL IC TESTER

Wireless World, October 1974

THINKING OF BUYING
Toylor-
Q0 [mEceer] 2

THEN CONTACT THE APPOINTED U.K. DISTRIBUTORS :—

REPAIR AND
RECALIBRATION
SERVICE AVAILABLE
ON AVO MULTIMETERS

FARNELL INSTRUMENTS LIMITED, SANDBECK WAY, WETHERBY, YORKSHIRE
LS22 4DH TEL: 0937 3541 TELEX 557294 LONDON OFFICE TEL: 01-802 5359

WW—118 FOR FURTHER DETAILS
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wr/& r RELAYS inoboo: 2%
JIKINSONS iciesi° o035 55 Compen:

TIVE PRICES WITH A QUICK DE-

LIVERY SERVICE. QUOTATIONS BY

RETURN HOME AND OVERSEAS.

PO type MINIATURE UNISELECTOR including

JACK 12 outlet, 2 bridging 1 non-bridging wipers

This compact ratchet-driven 3-level Uniselector is

of unique design and occupies no more space than

a standard 3000-type Relay £8-60 each.

PG type 2 UNISELECTORS all 25 outlet 8 level

non bridging wipers 300 ohms £14 ea. 11 level
1 bridging 10 non bridging 65 ohms £17 ea.

4 pole 50 way all non bridging 75 ohms £11 ea.
PO No 2 Switchboard Lamps 6 volts £15-40 per 100. 24 volts £22 per 100:

MINIATURE DIGITAL INDICATOR size of digits § inch illuminated by 28 volt midget

flanged lamps. weight 34 ozs. readlng 0 to 9 with decimal points. quick disconnect rear of

unit for easy lamp replacement £4-50 e,

SUB-MINIATURE MICROSWITCHES S.P.C.0. §in.x{in. X }in. £3-50 per 10.

GEARED MOTORS 3 rp.m. 24 volts AC. 4 watts £3-50 each 24 volt Transformer with 240

volt AC input available at ea.

BRIDGE MEGGERS 1000 Voits 0/100 Megohms with Resistance Box 0/9999 ohms £85 ea.

MINIATURE HIGH SPEED COUNTERS £1.75 each

BUZZERS 34in.X 1in. 10 counts per second

6-12 volits, with with 4 figures. The following D.C.

tone adjuster 50p voltages are available 6 v.. 12 v..

each as itlus. 24 v., 50 v.. or 110 v. Auxiliary con-

25p each for lots of 50 tacts. normally open, 40p extra. [Ny

All prices shown are carri. 196 paid UK only but subject to VAT at the standard rate. WE ARE
STOCKISTS OF STUAR TURNER CENTRIFUGAL PUMPS Nos 10 and 12 available now.

WILKINSON (CROYDON) LTD., LONGLEY HOUSE
LONGLEY RD., CROYDON CRO 3LH. Phone 01-684 0236. Grams: WILCO CROYDON

from
STARWET

Spectrum Analyser
Module ST858

SPECIFICATION: Frequency range 10 MHz to 850 MHz in two
calibrated ranges Sensitivity Better than 50 mv for 0.5V per cm
Resolution 8etter than 25 KHz. Dispersion From less than 1 MHz
t0 400 MHz variable lnput Via 50 ohm BNC connector on front panel
Qutput 1 Coax cable for connection to Y input on scope Output 2
Coax cable for connection to sync. input on scope Power require-
ments 240 volts AC 50 Hz 10 watts. (Other voltages and frequencies
available as required) Size Width 11in (28cm.) Height 4.375in.
(11.2cm.) Depth 8.5in. (21.6cm.] Nett weight 7.5Ibs (3.4 Kg) Gross
weight 10lbs (4.5 Kg.)

For further details contact the sole distributors of
STARWET equipment:

CHILTMEADL D

7-9 ARTHUR ROAD, READING, BERKS
(rear Tech College) Tel. Reading 582605

Y% BRITISH MADE
Y% EX-STOCK DELIVERY

SIX DECADES

SCALE FACTOR & REF LEVEL
(adjustable)

1nA to 1TmA OPERATING RANGE (std)
TRUE LOGARITHMIC FUNCTION

SCALE FACTOR SLOPE 1v per DECADE
REF. LEVEL O Volts OUT for TuA IN
ACCURACY + 0.25 db

BUILT IN AMPLIFIER

ANTI-LOG MODULE AVAILABLE

ancom It

* % b % % b % O

devonshire street
cheltenham, glos.

WW-—104 FOR FURTHER DETAILS
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REVOX A77 Series

The ideat
machine for
logging applications.

Available in speeds from 2 ips. 3-speeds. Full deck logic. Four inputs.

5KHz band-width. Other configurations also Crystal servo control. Tape footage counter.
available for immediate delivery. Servo tape tension.

Write for full information. Scotch 207—lowest UK price. IMMEDIATE DELIVERY—ALL MODELS
HIRE SERVICE AVAILABLE
NOTE NEW ADDRESS-

Industrial Tape Applications
5 Pratt Street,London NW1 OAE. Tel: 01-485 6162 Telex: 21879

WW—116 FOR FURTHER DETAILS

Y AVAV) Vol
PRODUCTION TESTING POWER UNITS
DEVELOPMENT NOW AVAILABLE WITH 3
VARIABLE OUTPUTS I |
SERVICING i

EDUCATION

|

Type VRU/30/26—£166.75 + 8% VAT g

Input 200-250V. 50Hz
or 100-120V. 60Hz to order
Output 1:0-30V. 25A. D.C.
Output 2:0-70V. 10A. A.C.
Output 3:0-250V. 4A. A.C.

Other units are also available
with outputs of:
0‘:2%\0 167AA~ ALL CONTINUOUSLY
T VARIABLE

SEND FOR FURTHER DETAILS
OF THESE VERSATILE UNITS TO

L]
Valnatllo LIMITED, BROWELLS LANE,

FELTHAM, TW13 7EN, MIDDLESEX.
TELEPHONE 01-890 4242

WW-—094 FOR FURTHER DETAILS

JERSAIOVVER

Acclaimed as the W

telescopic tiltover to
field of rad: MM
Models from 25" 1

&

Look for the name

STRUMVMECH

Strumech Engineening Co Lid
Coppice Side. Brownhills. Walsall, Staffs

WW—062 FOR FURTHER DETAILS
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veroboy
the Simple
+ Aluminium

@ Part of a complete packaging system.

® 80 standard sizes available from stock.
® Made from precision extrusions with integral
board guide slots.

® Parallel sides for ease of component mounting.

Subsidiaries and Agents
throughout the World.

Vero Electronics Limited
Industrial Estate, Chandler’s Ford,
Eastleigh, Hants. SO5 3ZR

Tel: Chandler’'s Ford 2952

® Finned sides improve appearance and radiate heat.

Wireless World, October 1974

Fitting of Veroboard

or Metal ‘Deck’

o

\/

Local Screening
Junction Box

Instrument Case

Telex: 47551

«Enclosure

o

Screened Module

WW-—-107 FOR FURTHER DETAILS

The symbol of
soun quality.

Indoor Column
Speakers

Ideal for Clubs, Cinemas,
Concert Halls, Churchesetc. ;
particulariy suitable where
acoustic difficulties are
experienced-especially
feedback.

Alternative finishes

available are Black Vynide

or Teak. -
Power ratings from 10 watts 40,
RMS 10 30 watts RMS.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bradbury, Stockport, Cheshire.

Onzof arange of 4 columns available.
15 ohms impedance, or 100v line.

ELECTRONIC ORGAN KITS

There are 5 superb models in
kit-form specially designed for
the D-I-Y enthusiast. With our
free and generous after sales
service you can build in sections,
and the whole project can be
extended over several months.
All specialised components can
be purchased separately.

We also stock keyboards. volume
pedals. MOS master oscillators,
ICs.. transistors. ETC, for W/W
synthesiser and W/W electronic
piano. Send 50p for catalogue
and vouchers worth 50p or send
your own parts list. enclosing
SAE for quotation

2

ELVINS ELECTRONIC MUSICAL INSTRUMENTS

Components suppliers to the music industry
12 Brett Rd., Hackney, London E8 1JP. Tel: 01-986 8455

Audio Connectors

Broadcast pattern jackfields, jackcords,
plugs and jacks

Quick disconnect microphone connectors
Ampheno! (Tuchel} miniature connectors
with coupling nut

Hirschmann Banana plugs and test probes
XLR compatible in-line attenuators and
reversers

e Low cost slider faders by Ruf
Future Film Developments Ltd.
90 Wardour Street,
London W1V 3LE

e 01-437 1892/3

WW-—018 FOR FURTHER DETAILS
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...and this
Is standard
equipment!

ad5s

SauIcix

SOUND SYSTEMS AND ELECTRONICS

FILFER

PRE +ADE

)
Nol

FILTER
'

COMPARE YCUR tnaut Facilities
* Up to 15 plugin Mono, 2 group, or.stereo

REQUWIREMENTS WITH , It
THESE FEATURES THEN * Modules for Microphone, gramophone

Tape, Radio Cine and line sources
DESICN YOUR MXT-200 * Bxzeptionally versatile bass and treble
ecuatisation on one easy to use control:
* Linear motion faders for smooth mixing

OR ASKUS TO. * In e-locked pre-fade listen switching.

Output Facilities

* Atono or Stereo Combiners with large scale
VU or PPM metering, fit two combiners
for 2 group working.

* Linear motion fader and separate and
Treble controls for output signal
adjustment

* Line Tevel output wilh high overload
capability.

* Monitor Module with PFL/Output
switching, headphone gocket and Tine feve
output.

MXT-200 THE MIXER

The standard equipment is built up in

19 inch frames, each 9 modules wide. The
frames may be stacked or placed end to
end and housed in a console, rack or
cabinet. You only order the input modules
you now need. Additional modules may be
plugged in the frames as your
requirements change.

ASK FOR FURTHER INFORMATION

MANUFACTURERS OF
SOUND SYSTEMS AND
ELECTRONICS

AUDIX LIMITED STANSTED ESSEX CM24 8HS
TELEPHONE - BISHOP'S STORTFORD 81313
(4 ines) (STD 0279)

WW—117 FOR FURTHER DETAILS
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RADIO MASTS LIMITED offer a full
range of standard and specialized struc-
tures for the radiotelephone communi-
cations industry, together with the
services of skilled riggers for erection
and installation. Consult us also on the
supply and installation of antenna

systems and associated hardware. Full
details and quotations supplied on
request.

/
{ —_
FIl RADIOMASTS =
% 19 CROSS STREET MOULTON
NORTHAMPTON, ENGLAND

CABLE RAMAR NORTHAMPTON T os04 41572

WW-~111 FOR FURTHER DETAILS

ENGINEERS _ masure v

f %
| d'é’r%'if:“” record

This 76 page
FREE book
shows how!

YOURSELF FOR A

BETTER JOB - MORE PAY!

Do you want promotion, a better job, higher pay? This helpful guide to success should be read by
“New Opportunities” shows you how to get every ambitious engineer.

them through a lowcost home study course. Send for this helpful 76-page FREE book now.
There are no books to buy and you can pay as- No obligation and nobody will call on you. It could
you-learn. be the best thing you ever did.

U EE @ CUT OUT THIS COUPON Il IRl NN IR
CHOOSE A BRAND NEW FUTURE HERE!

Tick or state subject of interest. Post to the address below.

Computer Programming
Build-As-You-Learn General Radio and TV
PRACTICAL RADIO AND Engineering

ELECTRONICS (with kit) Radio Servicing, Maintenance
Electrical Engineering and Repairs
Electrical Installations and Wiring Transistor Technology

O
O
O
Electrical Draughtsmanship O C. & G. Installations and Wiring
O
O
[}

I Ideal for installation, maintenance and
the laboratory, the T1007 measures supply voltages from 200
I volts to 260 volts AC and frequencies from 35Hz to 65Hz.
. . - An electomechanical counter records the incidence of
Electrical Mathematics C. & G. Electrical Technicians I interference pulses occurring above threshold levels selectable
Electronic Engineering C. & G. Telecommunications

Computer Electronics Radio Amateurs’ Exam. etc., etc.

from 10 volts to 200 volts. Provision is made for the
connection of a recorder for external monitoring. A 100 volt to
130 volt AC range model, and 350Hz to 450Hz models are also

To Aldermaston College, Dept Bww95, Reading RG7 4PF 0K BWW95 ?)\;?élea})jlgyz)ﬁg 00 ea

NAME (Block Capitals Please) (400Hz) £86.00 ea

ADDRESS. (Plus VAT) - COLE ELECTRONICS LTO

Other subjects Age BRUCE GROVE

Accredited by C.A.C.C. Member of A.B.C.C. WICKFORD, ESSEX SS12 88T
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY L toEINGKEORDADS7=4 S TANA

WW—005 FOR FURTHER DETAILS
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A NEW STANDARD FOR SOUND REPRODUCTION
HD250 High Definition Stereo Control Amplifier

= i .

Designed for disc and
tuner input and two tape
machines, withcomplete
recording and reproduc-
ing facilities.

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home.
Improvements have been madeinrespect of performance. engineeringdesignand quality of construction.
We believe that no other amplifier in the world can match the specification of the H D250. Look atextracts
from the specification below.

Power output. Overload margin.
Rated: 50 watts average continuous power per Disc input 40 dB min.
channel, into any impedance from 4 to 8
ohms, both channels driven. Hum and noise output.
Maximum: 90 watts average power per channel into Disc: —83dBV Measured flat with noise band-
5 ohms load. width of 23kHz.
Distortion. —88dBV Measured with ‘A’ weighted
Pre-amplifier: Zero. (Cannot be identified or measured characteristic
as it is below inherent circuit noise.) Line: —85dBV Measured flat.
Power amplifier. —88dBV 'A’ weighted.
at rated output: Less than 0.02% (typically 0.01% at 1kHz}. Size: 17 inches X 42 inches X 11 inchesdeep
at 25w output: Typically 0.006%. overall.
Weight: 211b.

Write or phone for leaflet which describes the design philosophy and conception of the HD250
together with a complete specification.

RADFORD AUDIO LIMITED, BRISTOL, BS3 2HZ Telephone: 0272 662301
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A brand new
portable from

Telequipment

The D32 DualIrace
10 M Hz Battery-Operated
Oscilloscope

Probably the smallest and least expensive *scope of its kind in the world.
Telequipment’s D32 offers a generous performance specification yet
remains in the realms of reality where price is concerned. Weighing 101b.
and only 4 x 9 x 11 inches in size, the robustly built D32 can be carried
comfortably on any assignment.

Packed into its tiny frame is a specification with features normally associated
with instruments twice its size. Priced at £250* (including rechargeable
batteries) this dual-trace *scope offers toMHz bandwidthat tomV/div.
sensitivity ; automatic selection of chopped or alternate modes ; automatic
selection of TV line or frame displays ; the choice of battery or mains operation
and ac.r.t. display which covers more than one third of its total front panel area.

Write now for full details and demonstration - you won’t be disappointed. *Provisional price

TektronixU.K. Ltd., SRR
TELEQUIPME NE Beaverton House, P.O. Box 69, Harpenden, Herts.
Telephone: Harpenden 63141 Telex: 25559
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Balloon broadcasting
-
Reducing distortion

This month’s cover picture shows one of
the balloons used by the TCOM Corpora-
tion for broadcasting and communications
and introduces an article on the system in
this issue.

IN OUR NEXT ISSUE

(published October 23)

Quadraphonic broadcasting discusses current
American proposals and suggests adopting a
three-channel system that requires no increase
in bandwidth.

Signal frequency meter. A digital instrument
with an if. offset for the measurement of
signals at receiver inputs.

Weather satellite station. A complete station
for the reception of weather satellite cloud
cover pictures transmitted in the 136MHz
band.
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Choose industrial power here.
EEV ceramic power triodes.

Name your r.f. heating
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food - and EEV makes the ceramic
triode you need.
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every EEV tube is rated and built
for long life.

4L dv

EEV has the experience and
the service and is always ready with
advice on the best tube for your
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Write or telephone us at
Chelmsford fordetailed information
about our tubes.

EEVand M-OV know how.
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The importance of status

4

The status of a job is more than an abstract consideration. It affects the way one is
treated by other members of the community, in particular by one’s employer (e.g. in the
matter of salary), and it affects one’s self-respect, which is important for psychological
well-being. The status of people working in electronics is more bound up with that of
technicians and engineers as a whole than with the subject or industry itself. It is there-
fore significant to many of us that in the past few months there have been two moves
which could go some way towards improving the status of technicians and engineers as
a whole. '

First, the Technician Education Council has issued a policy statement which spells
out in some detail the way it will put into effect its terms of reference, which are to
“administer and keep under review the development of a unified national system of
courses” for technicians and to “devise or approve suitable courses, establish and
assess standards of performance and award certificates and diplomas as appropriate.”
Secondly, the Council of Engineering Institutions has been considering whether it might
be replaced by a new, more influential body (an “Institution of Engineers”) which would
represent all chartered engineers directly instead of indirectly as at present. To do this
the new organization would take over the “professional” as distinct from “learned
society” activities of the existing engineering institutions. It would therefore be respon-
sible for setting standards of education, training and experience, assessing qualifications
of individual engineers, laying down rules of professional conduct and speaking with
one voice—to the Government, the public, etc.—for engineers as a whole.

Welcome as these proposals for unification are, it is unlikely that such internal
adjustments will provide the total answer to the status problem. They are rather like
trying to pull oneself up by the bootlaces. Recognition of the status of engineers must
essentially come from outside, from the public at large, and in relation to the status of
other groups in the community. And such recognition depends on a number of psycho-
logical factors such as professional mystique (cf. medicine and the law), the power
image resulting from collective action (cf. trade unions) and the aura of brilliant
individuals (where in engineering are the equivalents of Einstein in science, Moore in
sculpture or Solzhenitsyn in literature?). Another factor in the public recognition of
status is the exclusiveness of certain honours. There is no Nobel Prize for engineering;
one has difficulty in recalling whether any British engineer has been awarded the Order
of Merit; and if there are some engineers who have become Fellows of the Royal
Society it is only because they are by implication regarded as a kind of scientist. A
more definite external standard against which British engineering workers are now
being judged is the qualifications of similar workers in the other Common Market
countries.

With these external conditions to contend with the British technician or engineer
will certainly have a hard struggle to improve his status in society. But it is encouraging
to see that those who represent him are at least starting the job by putting their
houses in order.
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Balloon broadcasting and
communications

Airborne radio equipment for economical coverage of large areas

by R. A. ligner and A. A. Moghadam

TCOM Corporation, subsidiary of Westinghouse Electric, USA

The system described here uses helium-
filled tethered balloons as high altitude
platforms to provide reliable and econo-
mical telecommunications and broadcast
coverage over large ground areas. Light-
weight electronic equipment is suspended
beneath the balloon, on a stabilized pay-
load, making point-to-point as well as
omni-directional communications practic-
able. The operating altitude is typically
between 3,000 and 4,500 metres above sea
level. From these heights, line-of-sight ex-
tends to distances of 200 to 250km, from
the earth tether point, yielding ground
coverage areas of 125,600 to 200,000
sq.km.

Lighter-than-air vehicles are not new to
the communications industry. However,
stability problems, lift restrictions and air-
borne powering difficulties curtailed their
widespread use until recently when several
technological advances were made. These
include advances in materials technology,
computer-aided aerodynamic design and
electronic equipment miniaturization. The
availability of light-weight, high strength
materials such as Dacron, Mylar and Ted-
lar, together with new manufacturing tech-
niques, have resulted in the production of a
new aerodynamically stable tethered bal-
loon, called an aerostat, which can lift
large payloads to altitudes exceeding
4km. Off-the-shelf, light-weight, reliable
electronics with low power consumption,
utilizing integrated circuits, thin film, thick
film, stripline and microstrip techniques,
form the payload package. This unusual
telecommunications and  broadcasting
system has passed the development stage
and is already in operation. A working
system in the Bahamas, operating at an
altitude of 3,000 metres above sea level,
provides communications coverage over
an area of 125,000sq.km. with excellent
performance. Fig. 1 shows a TCOM bal-
loon and mooring system (TCOM stands
for Tethered Communications).

The major components of the system
are a balloon, a mooring system, power
generation equipment, tether, telemetry
and command equipment and the elec-
tronics payload.

The family of TCOM balloons ranges
in size from the 1,400 cubic metres volume,

*An air compartment within the balloon envelope,
used to adjust for changes of volume in the filler gas.

35m long Mark V, to the 17,000 cubic
metres volume, 85m long Mark VIII. Selec-
tion of balloon size depends on lifting re-
quirements and the operational altitude
necessary for a particular application.
Typical of these balloons is the Mark VII
shown in Fig. 1. This 7,000m? volume
vehicle has a length of 54m, a diameter of
17m, and a tail span of 25m. It operates
safely in 190km/h winds. There are four
stabilizers spaced 90° apart on the aft sec-
tion of the hull. The ratio of volume to sur-
face is high and the aerodynamic drag is
low. A lift to drag ratio of 3 to 1 is normally
obtained. Electrically powered blowers and
valves automatically maintain the correct
pressurization of the hull ballonet*. The
latest developments in material engineering
have been utilized to produce the multilayer
laminate material used for the balloon’s hull.
The laminate weighs 280g/m? and consists
of adhesive bonded layers of Tedlar, Mylar
films and Dacron fabric arranged to give a
high strength-to-weight ratio. The Tedlar
film on the outside surface has excellent
resistance to abrasion and weather. Two
layers of Mylar film produce an effective
gas barrier. The strong Dacron fabric pro-
vides the strength to withstand the loads
induced by normal inflation, the attachment
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of hardware, in-flight loading, and a safety
margin of at least 100%. The Dacron has
good dimensional stability and imparts a
high degree of tear resistance to the multi-
layer material.

Electronics. A typical payload can include
up to one ton of communications equipment
to be lifted to an altitude of 3km leaving at
least 10% loading safety margin. This pay-
load may include commercial and educa-
tional television, a.m. and f.m. radio broad-
casting equipment; off-the-air receivers;
translating equipment; high-density wide-
band communications equipment for multi-
channel voice and data transmission; mobile
and maritime networks, and equipment
performing numerous other functions such
as: wide area paging, emergency radio
broadcasting, wide area data collection,
remote area meteorological observation,
optical scanning and monitoring. Fig. 2
shows a typical payload package.
Broadcasting. The TCOM system has an
inherent advantage over conventional
broadcasting systems in its ability to cover
a vastly greater area with a single trans-
mission system. Lower costs, frequency
conservation and performance improve-
ment are the ultimate results. Since broad-
casting in the United States is regulated by
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Fig. 2. Typical airborne electronics
equipment.

the FCC (Federal Communications Com-
mission) the regulations of that body are
used here as a basis for comparing the per-
formance of the TCOM system with that
of conventional broadcasting systems. The
FCC describes coverage in terms of field
strength leading to Grade A or B picture
quality. Considering the lower v.h.f. band,
the median field strengths required for chan-
nels 2—6 are 2,500pV/m (68dBy) for Grade
A, and 225pV/m (47dBy) for Grade B ser-
vice. The factors affecting the actual re-
ceived field strength are so numerous and
difficult to predict that a statistical approach
is used. This approach predicts field strength
present in the best 50% of receiving loca-
tions for 50% of the time. Using the results
of actual observations and. considering a
typical receiver system with assumed noise
figure and antenna gain, the FCC provides
charts to be used for estimation of field
strength’ . Conventional transmission 1is
normally restricted, by practical considera-
tions. to an effective tower height of 300
metres. A TCOM relay is nominally at an
altitude of 3,000 metres. Using FCC stand
ards, the chart in Fig. 3 has been developed.
This chart indicates the obvious advantages
of the TCOM system over conventional
broadcasting. A TCOM system, with alow-
er effective radiated power (e.r.p.) of 2.5kW,
provides a much larger and superior cover-
age than a conventional terrestrial system
would protide with an e.r.p.of 10kW.FCC
signal quality is based on a typical receiver
with a noise figure of 12dB for v.hf. and
15dB for u.h.f. and antenna gains of 6dB
for v.h.f. and 13dB for u.h.f. Low-cost re-
ceivers with 6dB noise figure for v.h.f. and
8dB for u.h.f. and antennas with 13dB gain
at v.h f. and 18dB at u.h.f. are now available
which can be utilized to providestill further
improvements. Similar statistical techniques
are used to estimate f.m. broadcasting ser-
vice quality on a 50-50% basis. The objec-
tive field strength on this basis is 5,000uV/m
(74dByp) for principal cities, 1,000uV/m
(60dBp) for urban areas, and 50uV/m

(34dBy) for rural areas. Fig. 4 compares
conventional and TCOM systems for f.m.
radio broadcast coverage at frequencies of
88to 108MHz:.

Telecommunications. The TCOM plat-
form, like a mini-satellite operating at a
lower altitude, acts as a very tall tower for
relaying wide-band telecommunications
signals. In directional communications,
parabolic antennas are mounted on this
stabilized platform for reception and re-
transmission of wide-band communications
signals carrying muitichannel voice,data or
programme messages.

Table 1 gives the performance analysis
for a hypothetical path which satisfies
national and international communications
standards. In this table a typical 150km
microwave path has been considered, and
a complete performance analysis is pre-
sented for 2, 6 and 8GHz. The size of the
airborne antenna is limited by the space
availability, while the size of the ground
antenna is constrained by the maximum
beamwidth that can be tolerated by the
required performance level. With the point-
ing error and the indicated permissible
blow-down figures, a blow-down and
pointing loss, proportional to the calcula-
ted antenna beamwidth, is inciuded in the
table. Free space losses are calculated
and atmospheric absorption is estimated
for moderate rain conditions.? Antenna
gains are calculated for 55% efficiency.
The assumed transmitter power of 20.0
watts is easily obtainable when a travelling
wave tube is utilized. The circulator losses
are included as transmitter and receiver
losses for different frequencies. The re-
ceiver noise figures used are satisfied by
typical off-the-shelf equipments.

The bandwidth used is adequate for high-
density multichannel voice or equivalent TV
transmission. Receiver threshold is the cal-
culated value for the parameters included
in the table. Adequate available fade mar-
gins are obtained for this illustration. The
TV signal-to-noise ratio is calculated for
CCIR white noise weighting of the M-
system as used in the USA® The worst
channel noise figures, based on the receiver
input power, can be realized by solid-state
off-the-shelf equipment available on the
market with the received signal strength
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indicated in the table. These figures meet or
exceed all relevant CCIR requirements®.
The system availabilities indicated in"the
table are based on CCIR reports’, and show
the high-performance quality of the TCOM
system for high-density telecommunica-
tions and wide-band applications.

Table 1. Typical microwave performance

Frequency (GHz)
Distance (km)

Antenna diameter (m)
Antenna beamwidth (°)
Antenna gain {dB)

Tx power (dBm)

Tx losses (dB)

EIR? {dBm)

Free space loss (dB)
Permissible blowdown (km)
Blowdown & pointing loss (dB)
Atmospheric absorption (dB)
Antenna diameter (m)
Antenna beamwidth (°)
Antenna gain (dB)

Rx losses (dB)

Rx input power (dBm)

Rx noise figure (dB)

Rx bandwidth (MHz)

Rx threshold {(dBm)
Available fade margin (dB)
TV s/n ratio weighted (dB)
Worst channel noise (pWpO)
Availability w/freq. diversity (%)

ground
terminal

airborne
terminal

2 6 8
150 150 150
4.5 4.5 4.5
234 0.78 0.58
36.88 46.42 48.92
43.00 43.00 43.00
1.00 2.00 2.50
78.88 87.42 89.42
141.92 151.48 154.00
6.0 2.1 1.5
1.50 3.50 4.50
0.15 7.00 10.50
1.8 1.8 1.8
5.84 1.95 1.46
28.92 38.47 40.97
2.00 2.5 3.50
—-37.77 —38.59 —42.11
8.00 9.00 10.00
30 30 30
-81.23 —80.23 —79.23
43.46 41.64 37.12
78.16 76.34 71.82
85 90 150
99.999 99.999 99.99
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Mooring system. A typical site includes
two balloons flown from launching pads
spaced about 800 metres apart. Each pad is
equipped with a mooring system similar to
the one shown in Fig. 1. The major elements
of the mooring system are: a mooring tower,
four close haul winches, a nose line winch,
a work platform and a diesel powered hy-
draulic tether winch. The hydraulic winch,
which operates the tether cable in-haul and
out-haul, has a maximum pull of 6,400kg
at a speed of 60 metres/minute. The com-
plete mooring system is designed to freely
rotate on a circular monorail track allowing
the moored aerostat to weathervane, auto-
matically minimizing the aerodynamic
loads from surface winds. The work plat-
form rotates with the balloon to maintain a
steady relation to the aerostat.

Power generation equipment. The airborne
power generation equipment typically con-
sists of several Sachs-Wankel rotary en-
gines of approximately 18h.p. (at
4,500r.p.m.), each directly coupled to a
static brushless generator with a static
voltage regulator. Compared to conven-
tional engines, the Wankel rotary com-
bustion engine is lighter, has better remote
starting characteristics and contains fewer
moving parts. Fuel consumption is also low.
For a 5kW load, fuel consumption s slightly
over 3kg/h (almost 5 litres per hour). The
power equipment is suspended from a light-
weight airframe structure and is easily re-
moved for maintenance. The engine genera-
tor has proved capable of sustained power
output of 5kW at an altitude of 3.5km. Itis
a three-phase brushless generator providing
400Hz, 120/208 volts a.c. with a static-
type voltage regulator and a four-wire Wye
winding.

Tethering cable. The general requirements
for all balloon tethering cables are high
tensile strength, high strength-to-weight
ratio, low aerodynamic drag, low elonga-
tion, high flexibility, and good abrasion
resistance. Nolaro cable satisfies these
requirements and is one type of tethering
cable used in TCOM systems. It consists
of Dacron polyester filaments constructed
in a no-lay (no twist) configuration and
encased in a polyethylene sheath. The
polyethylene sheath is impregnated with
a carbon black compound to protect the
inner Dacron filaments from ultra-violet
radiation. Nolaro tethering cable with a
diameter of 1.976cm has a weight of
291g/m and a breaking strength of
12,258kg. Under development, and nearing
completiqn, is a conductive steel tether. This
electromechanical coaxial cable will consist
of a copper inner conductor insulated with
TPX and armoured with high-strength steel
wires providing the strength member and the
outer conductor. High voltage from a
ground based source will be transmitted to
the airborne payload package via the
conductive tethering cable. Utilization of
this conductive tether will extend the
operating time (with the balloon raised) up
to six months.

Telemetry and command system. The
telemetry and command system controls
and monitors all the communications
equipment on-board, and monitors the vital
balloon functions including altitude, pitch,

Fig. 5. Gimbal assembly for stabilization
of the payload.

roll, heading, pressures, and temperatures.
The system consists of a ground control
section, typically housed in a mobile van,and
an airborne section carried by the balloon.
Depending on the project requirements,
different means can be employed to
perform this task. In one system, for
example, low-power links carry high-speed
data of up to 20kbits/s on two different fre-
quencies, one for command and the other
for telemetry. In standard multichannel
communications applications, one voice
channel can accommodate the necessary
telemetry and command functions.

Stabilization. A high degree of stabiliza-

‘tion of the payload is achieved by an

airborne mechanical system consisting of
a two-axis gimbal, an azimuth drive and a
slip ring assembly package. The gimbal
assembly acts as a pivot from which the
entire airborne payload is suspended, in
pendulum fashion, from the bottom of the
balloon’s hull. Fig. 5 shows the two co-
planar (horizontal) axes of the gimbal
assembly which are perpendicular to each
other. Each axis is damped by a rotary
viscous damper. The upper linkage on the
gimbal assembly is attached to the balloon
through a light-weight truss structure that
distributes the airborne package weight
and inertial loads throughout the balloon
skin. The fixed shaft of the azimuth drive
(with respect to the balloon) is attached
below the lower gimbal linkage. The
azimuth drive is the mechanical portion
of the azimuth heading servo loop. The
drive system receives an electrical signal
from the servo electronics and converts
it into mechanical rotation of the payload
package to maintain proper heading with
respect to north, as the balloon moves.
The slip-ring assembly incorporated into
the airborne package allows unrestricted
azimuth motion between the payload and
the aerostat. The ring is located at the
upper end of the azimuth drive where it is
attached to the lower linkage of the gimbal.

Wireless World, October 1974

An azimuth positioning of + 0.5° pointing
accuracy, controllable in 0.1° increments
is achieved. The gimbal assembly isolates
payload mation with respect to aerostat
motion by a factor of 10 to 1.

Operational system. Since its inception,
TCOM has established a number of
facilities for development and operation of
balloons and airborne electronics packages.
In addition to TCOM executive offices in
Rockville, Maryland, and the engineering
and manufacturing offices at the Westing-
house Defense and Electronics Systems
Center in Baltimore, Maryland, the TCOM
corporation has established flight test
facilities at Elizabeth City, North Carolina.
In addition the corporation has set up an
operational system at the Bahamas Eva-
luation, Test and Assembly Center on
Grand Bahama Island. Numerous tests
have been performed at this centre. A
4/6GHz microwave link connects the
station to Nassau through the balloon.
This link covers a distance of 200km.
With 100W airborne transmitter power,
a 1 metre parabolic balloon antenna,
and a ground antenna of approximately
2 metres in diameter, the calculated signal
strength of —35dBm is observed. Fre-
quency diversity on the uplink and space
diversity on the downlink will be imple-
mented in the near future. Airborne
receivers on the balloon pick up TV
signals from Palm Beach (channel! 4) and
Miami (channel 5) stations in Florida,
translate either of them to channel 11, and
rebroadcast it over a 125,600sq.km area.
A Grade B signal is obtained at the
perimeters of the coverage area.

In-flight safety. Many factors are con-
sidered in selecting the operational site
location. The required line-of-sight coverage
establishes its general location. Within
this general area, consideration is given to
the air traffic flow patterns so that the
site will be located outside aerodromes,
approach and departure routes, airways
and air corridors. An area of 6.3km
radius from the centre of the site, with a
ceiling of 4.6km, is reserved for a dual
balloon station operating at 3.3km alti-
tude. This restricted area is then published
in Notice to Airmen (NOTAMS) and
other aeronautical information publica-
tions, and is noted on aeronautical charts.
The on-station balloons with flashing, high
intensity strobes and illuminated tether
become virtually lighthouses in the sky
and are used by pilots as a navigational
checkpoint, visible from long distances
both by day and night.
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Reducing amplifier distortion

Avoiding conventional negative feedback by "“error take-off”

by A. M. Sandman, M.I.E.R.E.,
Royal College of Surgeons, London

Error take-off is a method of overcoming the basic limitation of negative feedback which is
increasingly limited loop gain with increasing frequency. Two practical configurations are
discussed, a new bridge circuit with low output impedance offering a finite and worth-while
improvement and an iterative circuit with higher output impedance having the ability to reduce
distortion, in principle, by any arbitrary amount. The bridge circuit uses basically four resistors
and two amplifiers, and the iterative circuit uses three resistors and an amplifier plus three
resistors and two ampilifiers per distortion-reducing stage.

Negative feedback incorporates two essen-
tial features into one system. These are the
measurement of error voltage at the output
of an amplifier to produce a voltage pro-
portional to this error voltage, and the
amplification of this proportional error
voltage in such a way as to reduce the
distortion. Usually this is done with one
amplifier, but this has the serious dis-
advantage of limiting the amount of error
reduction, which typically falls - with
increasing frequency. The error in an ampli-
fier cannot be reduced to an arbitrary
amount by using negative feedback alone
because the gain at a given frequency is
inherently limited if oscillation is not to
occur.

Error take-off, which avoids Nyquist

instability, can be used in principle to
reduce error by any arbitrary amount.
Basically the measurement of the voltage
proportional to the error is very easy; it
can be done with just two resistors when an
inverting amplifier’s output is compared
with the system input (Fig. 1).

In audio and line transmission we are
interested in non-linear distortion reduction
rather than error, so I now refer to distortion
rather than error as it is more evocative.
Distortion is defined as the notional voltage
(V,) which adds algebraically to the
notionally undistorted signal V,R,/R,
at the output to produce the output of
Vi,R,/R, +V .

It cannot be too strongly stressed that
distertion in this sense includes any

fundamental components of the signal due
to low gain as well as any noise and hum
which the amplifier may have picked up.
Once the simplicity of this concept of
distortion is grasped the next step is to use a
separate amplifier to take off the distor-
tion from the distorted output.

Basic circuitry
It may be done in at least two ways: with
a kind of bridge circuit shown in Fig. 2
(ref. 1) or by the iterative circuit of Fig. 3.
In Fig. 1 the undistorted part of the
output ¥, R,/R, balances off at the junc-
tion of R, and R, to produce zero voltage,
the only voltage to appear at this point being
proportional to the distortion.

Applying this to Fig. 2 and making

Vo R, o
—=——— (o< distortion)
R1+R>

Ro
0 "A'A%
R
Vin

T

Fig. 1. Undistorted part of the output of
this circuit balances out at the junction of

which is proportional to the amount of
distortion.

R,and R, leaving avoltage V,R | /(R;+R)),

Fig. 2. The distorted part of the signal is
taken off from the R, R, junction of Fig. 1
and returned through A , to the load to
largely eliminate the distortion V ..
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R;=R, and R)=R,; produces an output
Vp at A, which in both amplitude and
phase matches -V,,. By taking R, to the
output of A4, instead of to the usual earth
the error is taken off the original distorted
output.

Examination of Fig. 2 shows the basic
way in which error take-off differs from
negative feedback and also why it is less
prone to oscillation. It is because the output
of the second amplifier A4, in principle does
not affect the output of 4,. This I call
“non-interaction”.

The iterative circuit of Fig. 3 is also based
on a voltage proportional to the distortion
appearing at the junction of R, and R,.
But this time, although for R, =R, =R,
the voltage amplitude™is the same, V,,
it is inverted so that when the distortion ¥,
is applied to R, it is cancelled out by the
voltage applied to Ry. The error in doing
this, due to 4, being finite, is corrected by 4 |
and its associated resistors—a process
which may be iterated indefinitely.

Examination of the circuit shows up an
important design principle, that of
“rigidity of interconnection”. For R, =
Ry =R, V,;, V, and V, would have the
same rigidly fixed effect on the output. In
addition, R, to R, are rigid components,
as distinct from the operational amplifiers
which are not because their gain varies with
frequency amongother causes.
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Fig. 3. Iterative circuit, in which the error is cancelling the distortion at R , through R ,
is corrected by a third signal from R ;, which process can be carried out indefinitely.

Fig. 4

Fig. 6

Jeedback, Figs. 6&7.
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Related techniques that pre-date error take-off are H. S. Black’s feedforward, Figs. 4&5, and McMillan’s multiple
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Historical note

There are two important schemes which
predate error take-off. The first is Black’s
feedforward? (Fig. 4) which falls down
because of the unstabilized amplifiers. For
this reason Black used negative feedback;
in Black’s own view he did not invent it:
«_ ., applicant uses negative feedback for a
purpose quite different from that of the
prior art . . .” in .the process forgetting
feedforward (ref. 3).

Feedforward surfaces again in another
form in which a delay line and transformer
play essential parts*; Fig. 5is an example.

Just as I was telling myself that error
take-off was novel, by pursuing references
1 found McMillan’s multiple-feedback
system®.

This is well-developed in theory but is
incapable of achieving any worth-while
practical results as in all the engineered
circuits the distortion of the output trans-
former is not dealt with! Figs. 6 & 7 are
separate examples of theory and practice.
To the best of my knowledge, however, the
circuit of Fig. 2 is quite novel.

Although resistors are shown in Fig. 2,
they could be impedances. If R, and R}
were retained but R, and R) were replaced
by capacitors then a very much more
accurate integrator could be constructed
than is possible using conventional
circuitry.

Conditions for minimizing distortion
(which are similar to those for balance ina
bridge) are R,/R,=R}/R} for Fig. 2 and
for Fig. 3 14+(R,/R,)=R,/R; (assuming
R;>R),R;>»R; andR,=R;=R,).

Limitation of negative feedback

Could a negative feedback system do what
error take-off does? Consider the circuit
of Fig. 8 and its amplitude-frequency
plot, Fig. 9. For R, >R, the feedback is as
shown and the maximum amount that it is
possible to apply without bursting into
oscillation is depicted. This is a basic limit
and cannot be overcome by additional
amplification within the loop in the region
P to Q which will usually cover the audio
range. Additional amplification in the loop
would help at frequencies below P but it
would be essential for it to have a flat
frequency response and a gain of one
between P and Q.

Performance comparison

If the performance of the conventional
virtual earth amplifier of Fig. 8is compared
with that of the error take-off circuit of Fig.
2 it can be shown by conventional theory
that, in Fig. 8, the output voltage is

Ry 1 R,/.— R
V,= V,,—’(——)zV,.,,—’( __2_)
A7 ""r\ . + R, R, . AR,

l = _—=_ 1=

AR,

Now the voltage component due to
V,,R,/R, (Fig. 2) is balanced to zero atthe
junction of R, and R, and so may be
ignored when working out ¥, i.e. only the
contribution of ¥, need be considered,
which has the value

VoR, _ RS R,

R,+R, "4,R? R +R,
_y. RS
_Vinm?. .

Vi —V, (&)’L(ﬂz_)
R,) A,\1+ A,
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where 8=R,/(R, +R;), R, =R}, R, =R,
and A,/14 BA4,) is the gain for a conven-
tional non-inverting amplifier (8 in the
numerator, which is the conventional feed-
back factor, allows for the attenuation of
R,andR,).

2 2
.-.VDz_V,n(&).l+ V,(B—’) L,
R, A4, R,/ A4,
To find the voltage across R, subtract V'
fromV,

R R\? 1
Vi—Vo=Vul 22— (%
& (R (R) ﬂA,AZ)

—0

Fig. 8. Distortion of the balanced error
take-off circuit is reduced by 8A ,compared
with thevirtual earth circuit above.

6¢B octave

Ty

feedback
factor

Q

12dB octave

GAIN, 20log (R2/R1)

FREQUENCY (log scale) \

Fig. 9. Error take-off permits distortion
to be reduced while avoiding the stability
limit of negative feedback amplifiers
which cannot be overcome by additional
amplification within the loop in the region
PtoQ.

10k

10k
A~

sk 10k

Sk 10k

Fig. 10. Practical circuit of single-ended amplifier based on Fig. 3 circuit. Op-amps are
741 types, and power Darlington transistors type MJ4000.
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Therefore the gain for the error take-off
configuration, Gy, is

YVizVo _Ryfy R, \
Vi R\ R,BA,4,

Comparing the conventional circuits gain,
V./V,, with Gg, the distortion has
fallen by an improvement factor f4,,
a considerable improvement.

The above analysis assumes accurately-
known resistors. By setting the resistors
R’ and R associated with 4,to R, (1 +4)

ie. 1% resistors would reduce it to one-
hundredth of its former value. This demon-
strates that the circuit is not abnormally
sensitive to lack of stability in the circuit
resistors.

Iterative circuit

By assuming that R, >R, the attenuation
from the output (Fig. 3) of A4, to the
junction of R, and R,, R, /(R; +R,) may
be approximated by R, /R, . In addition, for
A;, 4,, A; etc., if we choose the lowest
value of 4 for 4, 4, we may write 42 and

and R, (1—4) it can be shown that the get a pessimistic answer, which is
distortion ¥, is reduced to AV, for 45> 1, acceptable.
+30V
250k 400k ™
3k9 v;,0— AAA—
1k +30V
- +30V
i 33k 23
il g
15k
. i & AN
s H
’ -
d T - 20 RL
180k% 39k
Q

2727

Fig. 11. Improved version of circuit based on Fig. 2, first published in Circuit Ideas, wW.w.,
January 1973. Op-amps are 741 types and power Darlingtons MJ4000 and MJ4010.
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(b) 3

Fig. 12. Outputvoltage, Vp_, at (a) compared with voltage V ,(b), with the add-on signal

(lower traces).
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With these approximations and assuming
R, =Ry =R the uncancelled error (Fig. 3)
for two stages is R,’JA’R, and for n
stages R,"*/ /A" R "+,

But the summing resistors attenuate the
gain by a half for two stages and 1/n for n
stages, so that the gain for two stages is

R, R/
2R, 24°R3
and for n stages
R, R,0+V

nr, na" Rl (n+1)

Experimental circuits

Two separate circuits have been built, the
first based on Fig. 2, the second on Fig. 3.
The circuit around Fig. 2 has already been
published!, so the single-ended version
based on Fig. 3 will be described.

It is desirable for a circuit for general
use to have a high input impedance and to
be capable of working from a high im-
pedance source. If R, is connected
directly to the voltage source (Fig. 3)
then, if parasitic capacitances and the
input current of A4, are to have negligible
effect, R, will be about 10kQ, and the
resistance of the signal source would enter
directly into the take-off effect.

A normal voltage follower would solve
this but at the cost of introducing some
distortion. In the practical circuit, by
bootstrapping the supply rails to A4,
(Fig. 10), the distortion is much reduced
because all 4, is called on to do, in effect,
Is maintain a low source impedance
relative to a 10-k() load since its conditions
are kept constant apart from what it sees as
a current supplied to it by the 10-kQ load.
Amplifier 4, provides the bootstrap voltage.
(Even a germanium transistor could have a
wide bandwidth if used under no load
conditions with a broad-band 4 ,.)

Amplifier 4; transmits the voltage at the
junction of the two 10-kQ resistors with
negligible distortion since by the nature of
things it is very small. Its function is to
enable the 10-kQ resistor plus 5-kQ
potentiometer associated with A4, to func-
tion without loading the two 10-kQ feed-
back resistors. Amplifier 4, functions
similarly while 4, is included to enable the
effect of a further stage to be studied. This
stage was found to have negligible effect
and so was unsoldered.

The output of 4; is connected to 4,,
which drives the output Darlington pair.
The chain 4,, 4,, Tr, forms a conventional
operational amplifier. Devices A;, A,
Tr, and A4,, A, Tr; form two further
operational amplifiers with different feed-
back resistors to provide different gains
to compensate for the higher resistors R,
R with which they are connected to the
load point. Resistors Ry and R are, as far
as the main amplifier 4;, 4,, Tr, is con-
cerned, part of the load and so it is
necessary to have them as high in value as
possible to avoid wasting output power.

Bridge circuit
An improved version of Fig. 2 will now be
described. It is principally of interest as an
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introductory circuit to the system; apart
from its low output impedance its per-
formance is not as good as the second
circuit from the point of view of a power
amplifier.

The input voltage is applied to the 1-kQ
resistor (Fig. 11) which is 1% of the 100kQ
equivalent to R, of Fig. 2 so that if the
source impedance varies from zero to
infinity in resistance the error take-off signal
at Q will vary by only 1%. The junction of
the 1IMQ and 100kQ resistors is coupled
to the input of A4, by the 1-uF capacitor,
allowing d.c. conditions at P and Q to be
adjusted independently to enable the
standing current through the 20Q resistor

to be designed. The 5-kQ pre-set resistor
enables the distortion to be adjusted to a
minimum; a voltage is introduced on the
15kQ resistor for this purpose from the bias
potential divider.

The waveforms (Fig. 12) of P to earth,
the inverse of Q to earth, and the voltage
between P and Q (Fig. 12) show clearly
the effect of error take-off on distortion.
The inverse of Q to earth is used as a
reference on the waveforms.

I believe that the applications of error
take-off are numerous and that this article
has just scratched the surface. It should
have application in those many problems
where the negative feedback-zero mechan-
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ism approach falls down because the speed
of response is insufficient and more feed-
back is impossible to achieve on grounds of
stability.
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October meetings

LONDON

2nd. BKSTS—“Commercial radio—first year of
Capital” by G. O’Reilly at 19.30 at Thames Tele-
vision Theatre, 308—316 Euston Road, NW1.

3rd. RTS—Discussion on “The ‘stars’ in television”
at 19.00 at South Bank TV Centre, Upper Ground,
SEL.

4th. IEE—Discussion on “Instrument interfaces”
opened by D. C. Loughry and R. C. M. Barnes at
14.30 at Savoy Pl., WC2.

8th. IEE—Discussion on “Secure supply for
instrumentation and computer loads” opened by K.
Bishop, Dr M. James and A. S. Watters at 17.30 at
Savoy PL, WC2.

8th. AES-—*“Electroacoustic quantities and units”
by Rex N. Baldock at 19.15 at the IEE, Savoy Place,
wC2.

9th. IERE—Colloquium on “H.F. heating circuits
and techniques” at 10.00 at 9 Bedford Sq., WC1.

9th. BKSTS—“8mm-—precocious child or maturing
adult?” by C. T. Davies at 19.30 at Thames Tele-
vision Theatre, 308--316 Euston Road, NW1.

10th. IEE—*“Engineering innovation in a service in-
dustry—Post Office telecommunications” by J. H. H.
Merriman at 17.30 at Savoy Pi., WC2.

11th. IEE—Colloquium on “Low cost educational
instruments” at 14.30 at Savoy P, WC2.

14th. IEE—Colloquium on “Integrated communica-
tion systems for military applications” at 10.30 at
Savoy Pl.,, WC2.

15th. IEE—*“Laser induced gas breakdown” by Prof.
C. Grey Morgan at 17.30 at Savoy Pl, WC2.

15th. IEE—*“Automation in television and the theatre”
by Dr I. R. Young at 17.30 at Savoy Pl., WC2.

16th. IEE—Colloquium on “Information systems”
at 10.30 at Savoy PL,, WC2.

16th. IEE—“Acoustics in space and time—a develop-
ing technology” by Prof. E. A. Ash at 17.30 at Savoy
Pl., WC2.

16th. IERE/IEE—“Technician Education Council”
by F. Fidgeon at 18.00 at 9 Bedford Sq., WCI.

16th. BKSTS—*Laser beam telerecording” by D.
Swan at 19.30 at Thames Television, 308--316
Euston Road, London NW1.

17th. IERE/JEE—Colloguium on “Electronics in
audiology” at 10.00 at 9 Bedford Sq., WCI.

17th. IEE—Colloquium on “Kalman filtering—its
application and limitations” at 14.30 at S8avoy PL,
wC2.

17th. RTS—“Visual aids in training simulators”
by Dr A. M. Spooner and C. Arthorne at 19.00 at
South Bank TV Centre, Upper Ground, SEI.

18th. IEE—Colloquium on “Parametric amplifiers”
at 10.30 at Savoy Pl., WC2.

18th. IEE—*Distance-protection comparator with
signal dependent phase-angle criterion” by Dr L.
Jackson at 17.30 at Savoy Pl.,, WC2.

24th. IEE—*Electrotechnology and economic pros-
perity” by Dr B. C. Lindley at 17.30 at Savoy PL,
WC2.

24th. RTS—“The AVR2 video tape recorder” by M.
Salter at 19.00 at South Bank TV Centre, Upper
Ground, SEI.

29th. IERE—Colloquium on “Signal processing in
communications systems” at 10.00 at 9 Bedford Sq.,
WCI.

30th. BKSTS—“Electronic film making—past and
present” by Walter Kemp, Dr Spooner et al at
Thames Television Theatre, 308--316 Euston Road,
NWI1.

BATH
8th. IERE/IEE—Seminar on ‘“Advances in tele-
communications” at 18.00 at the University.

BOLTON

17th. IERE—“Current trends in semiconductors”
by Dr K. J. Dean at 18.15 at Bolton Institute of
Technology.

BRISTOL

15th. IEETE—*“An introduction to space science
and technology” by G. G. E. Lewis at 19.30 at
Bristol Royal Hotel, College Green.

CAMBRIDGE

24th. IERE/IEE—*“The electronic organ—the organ
of the future?” by C. C. H. Washtell at 18:00 at
Swaffham Prior Church, Swaffham Prior.

CARDIFF

9th. IERE—*Charge coupled devices” by DrJ. D. E.
Beynon at 18.30 at Dept. of Applied Physics and
Electronics, UWIST.

CHATHAM

17th. IERE—“Modern colour television receivers”
at 19.00 at Lecture Theatre 18, Medway and Maid-
stone College of Technology, Maidstone Road.

23rd. IEETE—*Electronics to help the police” by
A. T. Burrows at 19.30 at Medway and Maidstone
College of Technology, Horsted Centre, Maidstone
Road.

CHELMSFORD

24th. IERE—“Recent advances in display tech-
niques” by D. W. G. Byatt at 18.30 at the Civic
Centre.

CHIPPENHAM
23rd. IERE/IEE—“The digital data network” by M.
Foulkes at 18.00 at the Canteen, Westinghouse.

COSFORD

2nd. IERE/R.Ae.S,—“Redundancy in aviation
systems” by R. K. Barltrop at 19.15 at RAF
Cosford.

DORKING

9th. [IEE—“Modern scientific techniques of art object
authentication” by Dr S. J. Fleming at 19.30 at
Seeboard, Burford Sports Pavilion.

EVESHAM
3rd. IERE—*“Digital television” by Speaker from
I.B.A. at 19.30 at BBC (Evesham) Club.

FAREHAM
30th. IERE—“AUTONULL—the suppression of
large interfering signals in single and multi equipment
installations” by M. M. Zepler at 18.30 at HM.S.
Collingwood.

FARNBOROUGH, Hants.

24th. IERE/IEE—“Automatic weather stations”
by H. R. S. Page at 19.00 at Farnborough Technical
College.

GLASGOW
29th. IEETE—*“Hi-Fi and stereo equipment” by
T. D. Simmons at 19.00 at Institution of Engineers
and Shipbuilders in Scotland, Rankine House, 183
Bath Street.

LEICESTER

17th. IERE—“Digital differential analysers and
analogue computers” by W. Forsythe at 19.00 at the
University.

LIVERPOOL

16th. IERE—*“Colour television—from the studio
to the viewer” by C. Whité at 19.00 at Dept. of
Electrical Engineering and Electronics, the University.
28th. IEETE/IEE—“The future development of
further education courses for technician engineers
and technicians, related to the establishment of TEC”
by A. T. Bardo at 18.30 at Electrical Engineering
Laboratory Block, the University.

NEWCASTLE UPON TYNE

2nd. [IERE—*“Sonar and underwater communications”
by Dr V. G. Welsby at 18.00 at Main Lecture
Theatre, Ellison Building, Newcastle upon Tyne
Polytechnic.

READING

16th. IERE—*“Colour televison” by A. C. Maine
at 19.30 at the J. J. Thomson Physical Laboratory,
University of Reading, Whiteknights Park.

SOUTHAMPTON

23rd. IEETE—*The electronic organ” by speaker
from Henri Selmer & Co Ltd at 19.30 at the Polygon
Hotel.

SWANSEA

23rd. IERE/IEE—*“What are the wild waves saying?
—an early history of radio detection” by V. Il
Phillips at 18.30 at University College of Swansea.

SWINDON
29th. IEETE—*Aerials and their uses” by Dr J. R.
James at 19.30 at Kings Head Hote!, Wood Street.

WEYMOUTH

17th. IERE—“Underwater acoustic imaging” by
S. O. Harrold at 18.30 at South Dorset Technical
College.
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Huge radio galaxies

Radio galaxies 3C236 and DA240 are
now known to be among the largest objects
in the universe. Their overall dimensions are
typical, not of single galaxies but of large
clusters of galaxies. This discovery may
seem less surprising in that most of their
bulk is made up of thin gas, nevertheless
the sheer extent of these radio sources will
give astronomers plenty to theorize about.

The new realization of the extent of these
well-known radio sources comes as a result
of measurements with the Westerbork
Synthesis Radio Telescope (WSRT) in the
Netherlands. The size of a radio galaxy is
the size of the emitting region. The emis-
sions are the result of ‘“synchrotron
radiation”, in which very fast electrons
travel through a magnetic field. Interaction
with the field makes the electrons spiral
along the lines of force, radiating radio
frequency energy. Not surprisingly, the
intensity of the radiation falls off towards
the edges of a source and the problem is to
get enough resolution from the radio tele-
scope to be able to distinguish the weak
outer areas from the intense inner ones.

One difficulty is that the dishes used in
the telescopes have side lobes in their
radiation patterns. In the WSRT, which has
twelve 25-metre dishes, the main side lobe
has a response which amounts to some
4% of the main beam. Fortunately it is
possible to allow for this in the computer
processing of the results of an observation.
In the case of the larger of the sources,
3C236, it proved possible to measure radia-
tion from regions emitting only 0.001 of the
power of the “brightest” regions. Contour
maps of “brightness” have been prepared,
also a simulation of what the sources would
look like if they were transmitters of light
not radio waves.

The enormous extent of these sources,
especially 3C236, which is some 17 million
light years across, means that, if they began
life as small objects which exploded, they
must have been radiating enormous
amounts of energy since their creation tens
or hundreds of millions of years ago.
Another point arising from the observations
depends on the fact that such source con-
tains at least two strongly emitting regions.
The fact that the energy from both regions
must traverse adjacent parts of space to
reach the earth will enable astronomers to

use the waves as “probes” to obtain infor-
mation about the thin gas which exists in
space between clusters of galaxies.

Nature, Aug. 23, 1974, p. 619 and p. 625

Magneto-electric material

A composite material which converts
voltages into magnetic fields and vice versa
has been produced by Philips Research
Laboratories, Eindhoven. It is an alloy of
barium titanate and cobalt ferrite. Barium
titanate is piezo-electric and cobalt ferrite
is piezo-magnetic. Applying an electric
field causes the titanate to change shape,
which in turn compresses the ferrite and
produces a magnetic field. If a magnetic
field is applied the reverse sequence takes
place to give an electric output. The com-
posite material is a better converter than
the best known simple material (chromium
sesquioxide) with similar converting
properties.

Watching crickets’ ears

Biologists at Cornell University are
measuring the mechanical vibrations of the
eardrum of the cricket as part of a pro-
gramme of research on the mechanism of
hearing. The ear of the cricket Gryllus
pennsylvanicus is conveniently situated
on the foreleg. A laser is used to illuminate
the eardrum; back-scattered light is phase-
modulated when the eardrum vibrates and
this makes it possible, using an electronic
system, to detect movements as small as
0.1 angstrom. The basis of the measuring
system is to beat the back-scattered light
with unscattered light in a photomultiplier.
Any phase difference gives an output signal.
Movement of the cricket’s body also causes
phase shifts. To enable such relatively slow
gross movements to be cancelled a lock-in
system is used. The back-scattered light
passes through an optical phase shifter
which is continuously modulated by vib-
rating a piezo-electric element which forms
part of the phase-shift system. This pro-
vides a reference signal which enables the
optical system to be automatically adjusted
to keep the mean phase angle of the
scattered light constant. Rapid variations
about the mean can then be detected with-
out interference from slow gross move-
ments.

Science,July 5,1974, p.55

Solid state optical recorder

First steps have been taken towards the
development of a solid state optical
recorder. The initial steps include the
advent of extended red film, development
of (A1Ga)As laser diodes that emit con-
tinuously at wavelengths in the 700nm
region and the use of a TeO, acousto-
optic beam deflector as the horizontal line
scanner in a TV-rate laser display.
Wideband modulation data indicates
that laser diodes can be conveniently
modulated up to 250MHz for wideband
film recording applications. Frequency

Wireless World, October 1974

response, distortion, spurious spectral
component and noise data indicate that
the quality of the modulated output is
equal to or better than that achieved in the
past using a gas laser and an external
beam intensity modulator. It appears from
the data taken to date that the exposure
energy source requirements for 100MHz
wideband film recording systems are well
satisfied by a laser diode of the type that
has been tested, provided that the con-
tinuously emitted power is in the 10 to
15mW region.

Data is currently being taken to deter-
mine the characteristics of the record spot
that can be formed from the diode out-
put and the quality of film recordings that
can be made. Development work has been
undertaken by RCA with partial NASA
support. in producing the 700nm laser
diodes.

Tuned reeds up to date

The tuned reed or vibrating cantilever
resonator, once popular among radio-
control enthusiasts, appeared in an in-
teresting new form at the 1974 European
Conference of Circuit Theory and Design
at the IEE. H.M.S. Zakaria of Racal-
Amplivox Communications makes tiny
reeds, only a few millimetres long, by a
selective etching technique on a sort of
printed circuit board. These are given a
d.c. bias and driven electrostatically via
coupling plates positioned below the free
ends of the cantilevers. This makes for a
compact, neat arrangement compatible
with other kinds of miniaturized circuitry.
The Q of such a resonator is not parti-
cularly high (it rises to about 1000 if the
resonator is put in an evacuated container)
but is adequate for a number of applica-
tions for ‘audio-frequency selective calling
systems, etc. The capacitive coupling lends
itself to an arrangement in which the input
goes to one plate and the output is taken
from another; an earthed plate between
the active ones reduces stray coupling be-
tween input and output. If required, several
output plates can be associated with each
resonator to give a “fan-out”. It is also
possible, in theory at least, to couple resona-
tors mechanically as well as electrically.
In this way complex filters could be con-
structed. The useful frequency range is from
afew tens of Hz to a few tens of kilohertz.

Pocket laser

A battery-powered neodymium-yttrium
aluminium garnet laser has been designed
at the Royal Radar Establishment,
Malvern. It delivers 0.5-joule pulses capable
of making small welds or punching holes in
metal foil. The size is 77 X 70 X 53mm and
the weight 420 grammes. The laser rod is
energized by a photo-flash discharge lamp.
This lamp is supplied with 40-joule pulses
from a 750uF capacitor charged to 330V
approx. from a 12-V nickel-cadmium
battery and transistor inverter.

Optics and Laser Technology, Aug. 1974,
p- 174
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The Greenwood guide to
rofessional soldering.

Greenwood Electronics offer a range of highly advanced products

specifically for professional soldering applications.
For more detailed information about the comprehensive Greenwood range, contact
the address below.

1. The Iso-Tip. A safe, high-power iron which
works anywhere without a mains lead. The
breakthrough? Nickel Cadmium celis that are
re-chargeable. (A charging stand is included
for 240v or 115v A.C.) Each charge gives at
least 60 soldering joints. Weight? Only 6 oz.

2. The Oryx 50. A temperature controlied
mains solderingiron. (Temperature control
within = 2%). Adjustment (200° - 400°C) can
be made whilstiron is operating, using the
same tip. Light, compact, and easy to handle.
Alarge 50W element loading gives rapid
heating and high performance with constant
tip temperature.

Also available: Cryx safety

stand:
3. Oryx SR3A desoldering tool. Ideal where

components are tightly grouped. Instantly
removes unwanted solder from printed

circuitsetc. Accurate, reliable, speedy,and safe.

4. The Ersa Multitip. A top-quality iron that’s
ultra-light offering reliability so necessary to
achieve constant production flow. A range of
different shaped tiﬁs simply push onto the
stem of the iron. It has the unique advantage

that you can change the element in seconds.
3

5. The Ersa Sprint. Unique
~it heats up to maximum
temperaturein only 10
seconds, and is the lightest
gun on the UK market. ldeal
for the service-man. With its
lightweight (only 7 0z.) and
compact construction, it
can be manoeuvred in even
the most awkward areas.

Greenwopd
Electronics

21 Germain Street, Chesham, Bucks, HP5 1LL Tel: 02405 4808 Telex: 83647

WW-—095 FOR FURTHER DETAILS
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Sinclair Cambridge kit.
Was £27-45.

Nowonly £14-95!

(INC VAT)

You save £12-50!

An advanced 4-function calculator
inkitform

The Cambridge kit is the world's
largest-selling calculator kit.

It's not surprising — no other calculator
matches the Sinclair Cambridge in
functional value for money ; and buying
in kit form, you make a substantial
saving.

Features of the Sinclair Cambridge

*Uniquely handy package.
45" x 2" x 15", weight 3% oz.
¥ Standard keyboard. All you
need for complex calculations.
*Clear-last-entry feature.
*Fully-floating decimal point.
*Algebraic logic.
% Four operators (+, —, x, =),
with constant on all four.

Now, simplified manufactureand | % Constant acts as last entry
continuing demand mean we can in a calculation.

reduce even the kit price by a Cambridge %Constant and algebraic
you get the power to handle K limited memory, allowing

o ~¢ CE
complex calculations in a compact, % g complex calculations on a
reliable package — plus the interest and calculator costing less

entertainment of building it yourself ! 7 = . than £15.

Truly pocket-sized ¥ Calculates to 8 significant

With all its calculating capability, the digits.

Cambridge still measures just *Clear, bright 8-digit display.
"x 2" x 1&". That means you can carry *Operates for weeks on

the Cambrldge wherever you go four U16-type batteries

without inconvenience — it fits in your (MN 2400

pocket with barely a bulge. It runs on recommended).

U16-type batteries which gives weeks

of normal use before replacement.

Easy to assemble

All parts are supplied — all you need
provide is a soldering iron and a pair of
cutters. Complete step-by-step
instructions are provided, and our service
department will back you throughout if
you've any queries or problems.

Total cost? Just£14.95!

The Sinclair Cambridge kit is supplied to you
direct from the manufacturer. Ready
assembled, it costs £21-95 —so you're
saving £7 | Of course we’ll be happy to
supply you with one ready-assembled if

you prefer —it’s still far and away the best
calculator value on the market.




Assembly time is about 3 hours.
Contents:
1. Coil.
2. Large-scale integrated circuit.
3. Interface chip.
4. Thick-film resistor pack.

position.
6. Printed circuit board.
7. Keyboard panel.

transistor).

9. Battery clips and on/off switch.
10. Soft wallet.

This valuable book — free!

If you just use your Sinclair Cambridge for
routine arithmetic —for shopping,
conversions, percentages, accounting,

tallying, ard so on — then you’ll get more than
your money’s worth.

But if you want to get even more out of it,
you can go one step further and learn how to
unlock the full potential of this piece of
electronic technology.
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How ? It's all explained in this unique
booklet, written by a leading calculator
design consultant. Inits fact-packed 32
pages it explains, step by step, how you can
use the Sinclair Cambridge to carry out
complex calculations.
NOTES,

In all cases VAT chargeable
prevailing at current rates.

sSirncisEir-

Sinclair Radionics Ltd, London Road, Stlves, Hunts.
Reg.no: 699483 England VAT Regno: 2138170 88

is that

A complete kit!

The kit comes to you packaged in a heavy-duty polystyrene container.
It contains all you need to assemble your Sinclair Cambridge.

5. Case mouldings, with buttons, window and light-up display in

8. Electronic components pack (diodes, resistors, capacitors,

Actual size!

sSincisir
Cambridge
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4Y5'long x 2 'wide x Vs deep

Why only Sinclair can make you this offer

The reason’s simple : only Sinclair — Europe’s largest electronic calculator
manufacturer — have the necessary combination of skills and scale.

Sinclair Radionics are the makers of the Executive —the smallest electronic
calculator in the world. In spite of being one of the more expensive of the small
calculators, it was a runaway best-seller. The experience gained on the Exacutive
has enabled us to design and produce the Cambridge at this remarkably low price.
But that in itself wouldn’t be enough. Sinclair also have a very long experience of
producing and marketing electronic kits. You may have used one, and you've almost
certainly heard of them — the Sinclair Project 80 stereo modules.

It seemed only logical to combine the knowledge of do-it-yourself kits with the
knowledge of small calculator technology.

And vou benefit !

Take advantage of this money-back, no-risks offer today

The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and
we'll refund your money without question. All parts are tested and checked before
despatch — and we guarantee a correctly-assembled calculator for one year.

Simply fillin the preferential order form below and slip itin the post today.

Price in kit form: £13-59 + £1-36 VAT. (Total: £14-95)
Price fully built: £19-95 + £2:00 VAT. (Total: £21-95)
7 r ¥ ' 1 1 ¥y rr _r §° } | ‘P~ f 4 Rio Jocoie o

To Sinclair Radionics Ltd, London Road,
St Ives, Huntingdonshire, PE17 4HJ

Name
Address

Please send me

["] a Sinclair Cambridge calculator kit at
£13:59 4 £1:36 VAT (Total: £14-95)

[ a Sinclair Cambridge calculator ready built
at £19-95 + £2-00 VAT (Total: £21-95)

*| enclose cheque for £__ ., made
out to Sinclair Radionics Ltd, and crossed

*Please debit my *Barclaycard/Access B
account. Account number

*Delete as required.

WW—006 FOR FURTHER DETAILS
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Security for diamonds

A 14-camera security survey system is being
installed in a diamond mine about | 50 miles
North-West of Francistown in Botswana.
Each c.c.t.v. camera has its own associated
picture monitor and a movement in any of
the areas guarded by the alarms will auto-
matically switch the output of the relevant
camera on to a monitor providing a large
screen picture. This will be recorded auto-
matically on a time-lapse video tape
recorder, which is employed to reduce tape
usage by producing a series of “stills’ rather
than a continuous tape.

The monitors are located in a control
centre which is approximately 400 metres
from the camera locations. The chief
security officer also has a master monitor
which can be switched to any monitor plus
a time-lapse v.t.r. in his office at a location
800 metres from the camera points. Par-
ticularly important in this installation are
the precautions necessary to prevent
corrosion due to the high saline content of
the extremely large quantities of water used
in the mining processes. The Orapa dia-
mond mine which has a high output of
industrial and other diamonds is being
equipped with the EMI Surveyor c.c.t.v.
system.

Electronic licence plate

The lowly licence plate, the last item con-
sidered when buying a car, someday may
be the most important when it comes to
highway safety, traffic control, anti-theft
protection, vehicle inspection and auto-
matic toll billing. It also may prove to be a
very effective way of transmittingemergency
radio messages between motorists and the
police.

The key to such an automatic and almost
instantaneous multi-purpose system is an
electronic licence plate proposed by the
RCA Microwave Technology Centre in
Princeton, New Jersey. The system, which
would cost only a few dollars when manu-
factured in quantity, would perform three
basic functions: respond with a vehicle’s
identifying code number when electronically
interrogated; receive and transmit radio
messages to and from a vehicle; and serve
as a transponder for use in a co-
operative collision avoidance radar.

The heart of the licence plate is an

antenna system capable of receiving radio
signals at one frequency and re-broadcast-
ing the signals at double that frequency.
The addition of an integrated circuit coder
would enable the licence plate to transmit
an electronic signal that distinctly identifies
the vehicle carrying it.

This feature could be used in a number of
ways. Electronic interrogators (microwave
transmitters/receivers) placed along streets
and highways as part of a data processing
network could provide automatic vehicle
monitoring of buses, police cars, ambul-
ances, trucks and cabs. This information
could be used to provide improved schedul-
ing of buses and speedier and more efficient
dispatching of ambulances, police cars,
cabs and trucks. It also would enable truck-
ing firms to monitor vehicles carrying
valuable cargoes, thus reducing the risk of
highjacking.

In addition, the system could alert police
as scon as the identifying number and
location of a vehicle known to be stolen
appears. Likewise, authorities could be
alerted to vehicles whose owners had
ignored summonses for traffic violations.

The electronic interrogators, equipped
with Doppler radar speed sensors, could
automatically record the identifying number
of any vehicle exceeding the posted speed
limit by a significant amount. A “you are
speeding” signal could also be transmitted
to the driver via the electronic licence plate.

The system could be expanded to limit
access of vehicles to certain areas by
adding special codes to the basic identifica-
tion numbers. For example, entry to
restridted parking lots could be limited to
designated vehicles.

Vehicles with special codes could bypass
coin toll collectors at bridges and turnpike
entrances. The vehicle’s identifying number
would be automatically recorded from the
electronic licence plate, and its owner would
be periodically billed for accumulated toll
charges.

Inspection stations, an RCA scientist
points out, could be automated to test
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vehicles to manufacturers® specifications.
An electronic interrogator would read the
car’s identifying number and automatically
programme the inspection equipment to
check for compliance with the manufac-
turer’s specifications for that particular
car or truck. The licence plate could also be
used to receive safety messages from fixed
roadside transmitters or police cars.
Examples of such messages are ice, snow,
fog, or accident ahead, vehicle going the
wrong way into a one-way street, or car
going too fast for conditions.

The driver of a disabled car could use
his electronic licence plate to transmit a
coded call for assistance to either fixed
roadside receivers or possibly to passing
police cars or other public vehicles. The
main components of the electronic licence
plate are described as a “printed-circuit
antenna covered by a visual display of the
licence number of the vehicle, a frequency
doubler, a modulator, and an r.f. detector.”
It would be 12 inches long, 6 inches high,
and about a half inch thick. The electronic
licence plate meets all of the requirements
for a second harmonic reflector to be used
in a highway collision avoidance system
radar (see Wireless World May, June 1974
“Clutter free radar for cars”).

Millimetre-wave radio

Scientists of the Nordern Division,
United Aircraft Corporation in the US
have developed a new millimetre-wave radio
transceiver for frequencies of 22 and
39GHz. The radio, which is an economical
and practical answer to many applications
for short-haul transmission of both voice
and data, initiates a series of the Division’s
related telecommunications products. It is
intended for point-to-point transmission of
digital information and can transmit and
receive voice and data information simult-
aneously. As an economical alternative to
cable installations, the radio weighs less
than 30lb and is 21in in diameter and 21in
indepth. Errorrateis claimed to beextremely
low and the unit is constructed to withstand

Accurately con-
trolled microwave
power levels can
be launched into
this anechoic
chamber being
used by G. & E.
Bradley Ltd for
the accurate
calibration of
measuring instru-
ments for the
monitoring of
microwave
radiation.
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adverse weather including extremes of heat
and cold. Power may be supplied from a
station battery or from 115V alternating
supply.

The US Federal Communications Com-
mission decided to open up new frequencies
centred at 18.22 and 39GHz to meet the
growing demand for communication facili-
ties. Nordern’s new millimetre-wave radio
has been developed specially for operation
at these frequencies.

Supercable

A cable capable of carrying 100,000 tele-
phone conversations simultaneously is to
form a new high-capacity backbone for
Britain’s  telephone  network linking
Birmingham, Manchester and London by
the end of the decade.

As the cable breaks new ground in laying
techniques and even production tech-
nologies, several short lengths probably of
no more than a few kilometres are expected
to be laid during October to give suppliers
experience of laying the new cable. The
main laying operation will begin early
next year and the Birmingham--Manchester
section should be completed by May 1976.
In terms of the number of calls it can
handle, the cable.capacity is such that it can
carry twice as many telephone conversa-
tions as all the existing transmission.systems
at present serving its route.

The new cable has 18 coaxial pairs and
will be equipped with 60MHz systems, com-
pared with the 12-tube, 12MHz equipped
cables now widely used. Two coaxial pairs
(one for each direction of transmission)
can carry up to 10,800 telephone conversa-
tions or an equivalent mix of telephony,
telex, computer data and TV.

The 60MHz line system uses frequency
division and multiplexing occupying the
frequency spectrum between 4 and 60MHz
in which 12 broadbands of 900 circuits
each can be assembled to give the capacity
of 10,800 telephone circuits. In view of the
probable use of digital transmission
methods on the trunk telephone system
within the working life of the cable, the
Post Office has specified a stringent digital
performance for the cable.

Oil rig communications

The use of radiotelegraph error-correcting
equipment is to become more widespread
in ship-to-shore communications for off-
shore oil rigs in the North Sea. Most of
these rigs use teleprinters to transmit
technical and commercial data, via the Post
Office coast stations, to their offices ashore.
To achieve the high degree of accuracy
needed many of these rigs have installed
Marconi Autospec terminals as part of their
installation. Autospec enables radio com-
munication to be achieved in all but the
worst conditions of fading and interference
without the need to employ a return radio
path to request retransmission. The latest
version, Autospec II, is more compact than
its predecessor and provides a greater
degree of accuracy. Both terminals are com-
patible although the special error correction
code has been further developed and in
Autospec II includes character element
interleaving to overcome the effect of long

interference noise bursts and fades on the
radio path. There is also a visual indication
of error detection which allows the operator
to make an assessment of the circuit effici-
ency at any time and take appropriate action
when conditions on the radio path are un-
favourable to reliable transmission.

Spare parts

The instant availability of commonly
needed parts for mobile two-way radio is
the aim of a product called Spare-Pac
recently unveiled by Motorola Communica-
tions and Electronics. Each kit consists of
the following classifications or parts:
semiconductors, resistors, capacitors,
potentiometers, fuses, switches, relays,
speaker, microphone cartridge, coiled cord,
coils, chokes, transformers, control knobs,
pilot lamps, connectors, sockets and
miscellaneous parts. The kits are designed
primarily for the Mocom-70or Micor mobile
two-way radios.

Simple f.d.m. using
comb filters

A technique for combining two channels
into one audio channel while allowing

-them to be retrieved with reasonable

separation has been developed in Japan.
It has especial attraction in telephone
communication, allowing channel capacity
to be effectively doubled. The technique,
called comb frequency division duplex,
can also be applied to howlback sup-
pression in loudspeaking telephony allowing
an excess loop gain of 20dB. For ordinary
telephony, a separation of 30dB can be
obtained.

In the duplex system, two input chan-
nels are fed through complementary comb
filters, the pass bands of one filter cor-
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responding with the stop bands of the
other. They are then additively combined,
transmitted on a single channel and, at
the receiving terminal, fed through comb
filters having similar characteristics to the
input filters. Separation depends on the
type of comb response chosen. For
example, filters with squared cosine and
sine amplitude characteristics give about
10dB separation, and filters with fourth-
power cosine and sine characteristics give
about 23dB separation. A modified fourth-
power response can give as much as 30dB
separation. “Distance” between comb
“teeth” is typically 200Hz.

There is, of course, some degradation
of speech quality but in expensive trans-
mission systems, especially satellite com-
munication systems, maximizing efficiency
is a prime consideration, even at the
expense of some quality. The technique is
potentially much cheaper than the compli-
cated vocoder systems, in which speech is
synthesized from narrow-band control
signals. The comb filter response can be
derived by digital filter synthesis tech-
niques and, with the advent of charge-
coupled analogue delay lines, can be
implemented without recourse to analogue-
to-digital converters, shift registers and
digital-to-analogue converters.

The technique was described at the
recent International Congress on Acoustics,
held at Imperial College, London, in
July,” by Yoshimutsu Hirata, of the
department of electronics and ¢communica-
tions, Waseda University, Tokyo.

Briefly

Beer on tap. A pocket paging system has
been installed at the North Euston
Hotel, Fleetwood-—when the beer runs
out, they simply radio for more.

Style plus the advantages of electronic push-button “‘dialling’’ are features of the latest
telephones to be tried out in London. If trials go as the Post Office expects, the new ’phones
will later be made available progressively in other parts of the country.
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Mains rejection tracking filter

Using a tracking "‘n-path” filter with wide dynamic range

by K. F. Knott, B.Eng., Ph.D., M.I.LE.E. and L. Unsworth, B.Sc.

University of Salford

The filter described greatly reduces inter-
ference at mains frequency and harmonics
on wideband signals without seriously
affecting these signals. It has the ability to
track changes in the mains frequency, en-
abling very sharp rejection characteristics
to be obtained. Useful rejection is main-
tained up to the 5th harmonic. The filter is
based on the well-known principles of the
commutating CR network but several im-
provements have been made to extend the
dynamic range of this network without
sacrificing signal bandwidth. For example,
at mains fundamental a rejection greater
than 40dB is maintained down to signal
levels of 50mV r.m.s., the signal bandwidth
being 100kHz. Consider the situation in
which N identical capacitors are switched
into a C-R network in sequence at a rate of
Nf,Hz (Fig. 1).
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The transfer characteristic of the network
has the form indicated by Fig. 2(a), i.e. the
network acts as a comb filter, the centre fre-
quencies of which are set by the commutat-
ing frequency of the switch.! Alternatively,
if the output is taken across the resistor the
transfer characteristic of Fig. 2(b) is
obtained.

If the commutating frequency, Nf,, is
controlled to follow variations in f,, the
filter has the ability to track varying-fre-
quency input signals therefore enabling the
use of sharp. notches while maintaining high
attenuation. This is in contrast to fixed-
frequency notch filters such as the bridged-T
network. Although the mathematical treat-
ment of commutating filters is well estab-
lished it is useful to describe their operation
in a non-mathematical way for the purpose
of discussing problems which arise in the
design of an instrument.

Principle of operation

Suppose the input signal v, in Fig. 1 is
sinuscidal at a frequency fHz. If fis equal
to nf,, where n is an integer, the input signal
will be in synchronism with the switch and
each individual capacitor will be switched
in at the same instant in each cycle of the
input waveform. Each capacitor will charge
up to the corresponding instantaneous
value of the input waveform. This is anala-
gous to sampling the input waveform with
N/n samples per cycle. Obviously the upper
limit on n is N/2.

The voltage waveform across C will not
be sinusoidal but will resemble a “staircase”
replica of the sinusoidal input voltage. The
voltage across R will be the difference be
tween the sine-wave and the staircase wave-
form. Consequently the action of the filter
necessarily  introduces high-frequency
switching noise. An illustration of this noise
is shown in the photograph of Fig. 3, which
was taken for the case with /, = 50Hz,
n=1N=16.

Consider now the action of the filter if /
is a non-integral value of £,. The input is no
longer in synchronism with the switch and
each individual capacitor will be switched

in at varying points in successive cycles of .

the input waveform. The voltage across
each capacitor will therefore be averaged
to zero and the voltage across R will be
equal to the input voltage. At input signal
frequencies very much lower than f, the
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Fig. 3

switch may be considered to be rotating so
rapidly that all N capacitors appear to be
connected simultaneously. The circuit can
then be thought of as a simple network with
a time constant of NCR ie. the voltage
across R is down by 3dB at a frequency
1/27NCR Hz. At input frequencies much
higher than f, the switch may be considered
stationary and the network thought of as a
simple network with a time constant of CR.
This usually means that the voltage across
C is very much smaller than the input volt-
age at frequencies greater than Nf,/2 even
though the commutation is no longer effec-
tive. Hence the voltage across R will be al-
most equal to the input voltage. The switch-
ing has the effect of reflecting the loss-pass
response aboutf}, 2f,, etc, thereby generating
the comb-filter response of Fig. 2(a). The
bandwidth is 2/N times the bandwidth of the
original low-pass sections, ie. (2/N)
(1/2nCR) = 1/nNCR.

Design considerations

The desirable characteristics of a tracking

mains interference rejection filter may be

summarized as follows.

1. Minimum degradation of the signal
which is to be transmitted through the
filter.

2. Wide dynamic range and signal band-
width.

3. High rejection of the fundamental and
lower harmonics of the mains frequencies
bearing in mind that interference signals
are liable to fluctuate in amplitude.

4. Ability to track changes and rates of
change of the nominal mains frequency.

As point 4 is subsidiary to the operation of

the filter it is considered briefly before pro-

ceeding to a more detailed discussion of

points 1,2 & 3.
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Tracking requirements

Statutory limits of the mains frequency in
this country are 49.5Hz and 50.5Hz, al-
though the likelihood of these limits being
reached is low under normal circumstances.
The rate of change of mains frequency is
governed by the inertia of the generating
plant and it is extremely unlikely that arate
of change of 0.1Hz/min. would be exceeded.
The tracking requirements are modest
therefore and the circuit described later has
an adequate performance.

Rejection, signal bandwidth and
dynamic range

A convenient way in which to discuss the
performance of the filter is to consider the
various properties of the basic circuit and
then discuss how these properties may be
improved. The basic filter, omitting the
tracking loop, is shownin Fig. 4.

Vout

switched
capacitors

Fig. 4

Considering firstly the rejection character-
istics of this circuit, as illustrated in Fig.
2(b), the sharpness of rejection is propor-
tional to NCR. In theory one can obtain a
very high Q-factor by choosing an appro-
priately large value of NCR. But an interfer-
ence signal is likely to have a fluctuating
amplitude. Suppose, for the sake of argu-
ment, that a SO-Hz interference signal was
fluctuating sinusoidally in amplitudes with a
period of ten seconds. Obviously this may
be considered as a double-sideband signal
with a carrier at 50Hz and sidebands at
50 + 0.1Hz. If the Q of the filter at SO0Hz
were greater than 50/0.2 the sidebands
would not be greatly affected. Although the
analysis of sinusoidally modulated mains
interference is a fictitious case it serves to
illustrate that one must not have too high a
Q-factor if fluctuating interference signals
are to be rejected. Also, the step response
of the filter is determined by its Q such that a
slow response would result if a very high
value of Q were used.

Theoretical magnitudes of rejection ob-
tained at the synchronous frequencies can
be found fairly easily by numerical analysis
for specific values of N. The procedure is
explained in the following paragraph.

Consider a sinusoidal input signal of fre-
quency nf, Hz. In the steady-state condition
the voltage across each capacitor will reach
the value of the input sine-wave averaged
over the period for which the capacitor is
connected. The voltage across each capaci-
tor may be assumed constant provided that
the CR time constant is large compared
with the time spent on each capacitor and
also if there is negligible discharge of the
capacitors during the time between consecu-
tive connections, i.e. 1/f, sec. The waveform
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across the capacitors will thus be as illus-
trated in Fig. 5.

The Fourier analysis of this type of wave-
form appearing across the capacitors may
be found numerically by the “jump” tech-
nique.? As an example, suppose N were
equal to 16. The analysis yields the result
that for input signals of frequency f, 2f, and
3f.,, the fundamental components of the
waveforms across the capacitors are re-
spectively 0.97, 0.95 and 0.905 times the
input. This would lead to rejections of 30.4,
26 and 20.4dB respectively if these funda-
mental components alone were subtracted
from the input signal. However, these
figures may be improved by weighting one
of the inputs of the subtractor. In this way
infinite rejection can be achieved at one of
the synchronous frequencies, i.e. f,, 2f, or
3f., etc. For example, if the circuit were
trimmed to effectively increase the 0.97
figure to 1.00, the theoretical rejections at
L s 2f, and 3f, would be e, 33 and 23dB
respectively.

Considering, secondly, the dynamic
range of the circuit, it was mentioned
previously that the commutating action
of the filter introduced high-frequency
switching noise. Being more specific, if a
50-Hz signal were present at the input,
switching noise would be introduced at
SON + 50, 50N, 100N, 150N. . . etc, Hz.
Furthermore, amplitudes of the switching
noise components are at fixed levels below
the 50-Hz signal. In general, the switching-
noise component amplitudes decrease as
N increases. As there is obviously a
practical limit to the value of N the output
of the basic filter will contain components
of switching noise which will limit the
dynamic range of the filter.

The simplest way in which to improve
the dynamic range is to add a low-pass
filter to the output as shown in Fig. 6,
this of course reducing the signal band-
width. To exploit the rejection properties
of the commutating filter thic low-pass
filter should have negligible attenuation up
to say (N/2)50Hz and high attenuation at
NSOHz. The inevitable choice would be
anactive R-Cfilter.

switched
capacitors
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Good dynamic range and signal band-
width can be achieved if a low-pass filter
is inserted in the position shown in
Fig. 7.

+ vout
switched
capacitors

Fig. 7

The low-pass filter must again have avery
sharp cut-off but unfortunately this cannot
be achieved without introducing phase-
shift in the pass-band. As a result the
rejection decreases since the interference
signals present at the differential amplifier
inputs will no longer be exactly in phase.

This disadvantage may be overcome
by inserting an all-pass filter in the signal
path, having exactly the same phase
response as the low-pass filter so that the
interference signals present at the inputs
of the differential amplifier are now always
in phase, resulting in the final block
diagram of Fig. 8.

switched
capacitors

Fig. 8

Unfortunately the wanted signal now
undergoes the phase-shift of the all-pass
filter. This may or may not be important
depending on the application.

To summarize, the filters based on the
block diagrams of Figs 6, 7 & 8 have the
following properties:

Fig. 6—high rejection, low signal band-
width, good dynamic range

Fig. 7—high signal bandwidth, good
dynamic range, moderate rejection

Fig. 8—high signal bandwidth, high re-
jection, good dynamic range but
unsuitable for applications which
require little phase-shift through
the filter.

All of these characteristics may be ob-

tained from the constituent parts of Fig. 8

by a suitable switching arrangement,

though not simultaneously.

Choice of Nand CR

Good rejection and tolerable levels of
switching noise without overdue circuit
complexity can be achieved with N=16. If
a bandwidth of 1Hz at SOHz is specified,
i.e. O=50, the filter will have a negligible
effect on a wideband signal. Also, with a
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half-bandwidth of 0.5Hz reasonable
rejection will still result at frequencies
between 49.8 and 50.2Hz, i.e. the filter
would reject a 50-Hz interference signal
even if its amplitude were fluctuating over
periods as short as 5s and further with a
Q of 50, the time constant of the filter is
0.3s so that a rapid response to step
changes in interference level is achieved.

Complete layout

The complete block diagram of a practical
mains rejection filter is shown in Fig. 9.
A switching arrangement has been adopted
to make maximum use of the characteristics
of the commutating network.

In position 1 (cf. Fig. 8) there is high
signal bandwidth, high mains rejection,
good dynamic range but considerable
phase-shift between input and output.
Position 2 again yields high signal band-
width and good dynamic range but
moderate mains rejection (cf. Fig. 7).
However, the phase-shift is now constant
over the audio range of frequencies. This
is accomplished simply by shorting out the
all-pass filter. The effect of the phase shift
of the low-pass filter is to reduce the
rejection of mains frequencies. However,
the 50-Hz rejection is improved by intro-
ducing a simple lead network (C,, R,)
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chosen so that at 50Hz, though not at
higher harmonics, the interference signals
are exactly in phase at the inputs of the
differential amplifier.

Position 3 gives high mains rejection,
good dynamic range but low signal band-
width, determined by the low-pass filter
(cf. Fig. 6). This position was found to be
desirable in certain applications where high
frequency signals cause problems.

The low-pass and all-pass filters are
both non-inverting and need to be pre-
ceded by buffers. Because an adder is
far easier to align than a subtractor with
its four variables we made the buffer
preceding the all-pass filter a follower
and the other an inverter, thus enabling
an adder to be used to derive the required
difference between the interference signals.

The circuit diagram corresponding to
the block diagram of Fig. 9 is shown in
Fig. 10.

Commutation

The 16 capacitors must be commutated
electronically at 16 X mains frequency.
Any one of a number of methods may be
used to this end and the technique chosen
is to drive two 8-way multiplexers alter-
nately, both consisting of eight m.o.s f.e.ts,
each of which is switched on in turn with
consecutive input clock pulses. The multi-
plexers are connected thus

°_W”_:II.__ ""_l—l_“"j.r

T G

Fig. 11

The fets 1 to 16 are therefore arranged
to switch on in turn. An 800-Hz clock
(described later) drives a four-stage binary
counter, the output of which is a 50-Hz
square wave.

J © J Q
o—]{cp " cp

800Hz
K K
J Q J o
cp L cp e
K K

Fig. 12

In Fig. 12 all J and K inputs are per-
manently high. The 800-Hz clock is used
to drive the two multiplexers. Consider
just one multiplexer. Each fet. is
energized in turn as consecutive clock
pulses appear at the input but, after eight
pulses, the clock waveform must be
diverted to the second multiplexer which
then switches capacitors 9 to 16 and then
back to the first multiplexer, etc.

clock
input

multiplexers

Fig. 13

Referring to Fig. 13, switch S, must
toggle every eighth clock pulse. Now the
output of the counter of Fig. 12 toggles
every eighth clock pulse and so switch S,
may be simulated as follows

clock

counter to
output multiplexer 1
O__——J

to
multiplexer 2

Fig. 14

When the counter output is high, gate G,
is enabled and its output will then consist
of the 800-Hz clock waveform. Meanwhile
G, is closed. After eight clock pulses the
counter output assumes a low state and
gate G,is now enabled while G, closes.

Tracking oscillator

A multivibrator with a pulse repetition
rate of N X mains frequency will provide
the clock waveform. If the mains fre-
quency changes slightly, then so must
the multivibrator repetition rate to main-
tain synchronism.

Consider the following circuit

ZTX500

ZTX500

-:6’4,4
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The waveform at point A will be a 50-Hz
sinewave with a pulse superposed on it:

Fig. 16

When the multivibrator is synchronized
to the mains frequency, the 0.5ms pulse
will sit on the sinewave at some particular
point. If the mains frequency now changes
slightly, the pulse will climb up or slide
down the sinewave and if the peak value of
the waveform of Fig. 16 is detected, the
resulting voltage can be used to vary the
multivibrator rate to maintain synchronism
with the mains.

vert. 1V/cm
horiz. 5msec/cm

Fig. 17

Fig. 17 shows a photograph of the wave-
form at point A. The monostable of
Fig. 15 is based on that given in reference
4.

A graph of p.r.r. versus mains frequency
is shown below

900
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Fig. 15



Wireless World, October 1974

379

o0
o O
o %
(¢] T ? (P
|| \ 9 gggia
\ 80050Hz: 3 3Q8E;
10 R Rk :
\ o switch
10 position
oz 20
30
20 40 1
50 - }
a8 60 :
70 i
50 80 i
o
]I' \ o
m s =
T / % 0
= 2 20
= 10 5
o o 30 t
g 3 £ 40 ! 2
Z 20 2 50 ! }
E ¢ 60 ¢
25 2 7 T
30 80 1
o
10 / | o
/ | \ 10
20
20 \ IS H
40
30 =5 J 3
1
60— 5
= 70 :
1 80 T
50 9ol 1
107 107" 100 10 10° 10° 10¢  10° 108 10 50  10° 10° 10
FREQUENCY (Hz) FREQUENCY (Hz)
Fig. 19
300
250
g 7
& 200 !
o l
(4
£ 150 v .
|
2 100 A :
) '
50 :
]
[¢] : i
07" 10° 10 10? 103 104 | 10°% 10° i
H vert. O-2V/cm
FREQUENCY (Hz) 30kHz horiz. 5msec /cm
Fig. 20 Fig. 21
Performance

In position 1 (see Fig. 19, top left), S0dB
of rejection at 50Hz was maintained down
to 100mV and up to 2V rms and 40dB of
rejection down to 50mV. A bandwidth of
100kHz was maintained up to levels at
which the slew rate of the operational
amplifiers employed (709s) imposed
restrictions.

The graphs on the right-hand side of
Fig. 19 illustrate the relative amplitudes
at the output terminals of an unwanted
50-Hz signal and its associated switching
components, the input 50-Hz signal level
being 0dB.

In position 2, 27dB of rejection was
achieved at 50Hz, again from 100mV to
2V r.m.s. Phase response is shown flat
from 2Hz to 30kHz in Fig. 20.

In position 3, 50dB of attenuation was
measured between 100mV and 2V r.m.s.

The 3-dB bandwidth of all the notches
of the left-hand graphs was approximately
1Hz.

Fig. 21 illustrates the effectiveness of
the filter where the top trace shows a
1-kHz sinewave swamped by 50Hz and
the lower trace displays the 1-kHz signal
after being processed by the filter.
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Self-cancelling touch button control

This method of touch button control has
the advantage that the buttons auto-
matically cancel each other and that a
defined button comes on when the power
supplies are applied. The circuit is
extendable to larger numbers of buttons
by cascading further sections as shown
in the-dotted lines. ;
The system operates by detecting skin
resistance across a pair of contacts. The
O-volt contact would normally be the
equipment front panel. Light-emitting

diodes indicate which button is currently
actuated; any type of le.d. capable of
handling 20mA may be used. The supply
voltage may be from 20 to 30 volts. Out-
puts may be used to drive fe.t. analogue
switches directly, varactor tuning diodes
via a suitable diode resistor network, or
relays via suitable buffer circuits. The
capacitor briefly holds the transistor on
when power is first applied, so ensuring
that this stage always comes on first.

P. G. Hinch,

London SW15.

Stereo/mono switching

In designing the channel switching for a
stereo amplifier, it is desirable to achieve
all the required stereo/mono configurations
using as little hardware as possible. The
most useful configurations are off; mono
to left speaker, right speaker, or both; and
stereo, left channel only, right channel only,
both channels, and reversed. To achieve
these eight combinations it is not neces-
sary to use eight pushbuttons; as 27=8§,
it can be done with just three pushbuttons.
A simple logical reduction of the switching
requirements leads to the circuit shown,
which requires three 3-way pushbuttons.
J.V.Yelland,

Didcot, Berks.

In the ttl. monostable circuit by Mr
Yelland (March 1973) the gates should
have been shown as OR gates.
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Auto polarity switching for voltmeters

This circuit converts most high-impedance
voltmeters to auto reverse-polarity switch-
ing. To prevent meter shunting an f.e.t. is
used as the input element, the comparator
is referenced to a zener-stabilized voltage,
and a cheap silicon planar transistor is

used as the zener for economy. Feedback
is arranged in the comparator to provide
fast switching. The relay can also be used
to switch polarity indicators.

Hans Wedemeyer,

Vanse, Norway.
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Simple flashing-1.e.d. timer

This circuit using only eight components
is a unijunction oscillator controlled by an
f.e.t. timer which causes the le.d. to flash
after a time delay. In operation the uni-
junction passes a quiescent current of
about 1mA, the f.e.t. is off until the 100pF

Ry
18M
*
:\% :
e
2N2646
on/off
reset
o - -

50u
[\%

capacitor has been charged to about 1V
via R,. The fe.t. then switches on and is
part of the charging circuit for the uni-
junction oscillator with R, and the 50uF
capacitor, which then pulses the le.d.
at about 200mA pk. The circuit was
developed as a simple cheap circuit for an
egg timer but has numerous applications.
J. Jeftrey,

Chelsea College,

University of London.

’
|

Sensitive null indicator

Intended as a tuning indicator for an f.m.
tuner where the d.c. potential of the output
is compared with a non-zero reference
voltage, this circuit enables a standard
left-hand zero meter to be used as a null
indicator. It also has the advantage of
presenting a high impedance to both the
sense and reference voltages. It is .an
extension of the basic op-amp alter-
nating voltmeter configuration, with the
reference buffered by J/C,. A current i
flows through the load R, such that iR =
14 V.. This current also flows

sernse ref*

through the meter, the diode bridge ensur-

381

ing that there is always a positive deflection.
The high gain and negative feedback around
IC, overcomes the non-linearity of the
bridge. As V., approaches V, , the meter
pointer moves towards zero, abruptly
reversing its travel as the null point is
passed. No setting up is needed, and with
the component values shown f.s.d. occurs
with a differential input of one volt. Diode
D, protects the meter in the event of an
overload. Any low leakage diodes can be
used for the diode bridge.

A. S. Holden,

Leamington Spa.

50002

Touch start of automatic rhythm device

Very few electronic organs manufactured
before 1970 are equipped with facilities
for remote control of an automatic rhythm
device. This circuit is activated by an
audio signal from the lower manual or
pedal, making it possible for the performer
to play the prelude on the upper manual

played on the lower manual, the rhythm
accompaniment starts.

In the front end of the circuit two
alternatives are shown; a high impedance
input for connection to the lower manual
toneshaper output of an electronic organ,
and an electromechanical Hammond

a series resistor. The transformer could
be any radio output transformer. An in-
coming signal is amplified through 77,
and 77, and turns on 7r;. If S, is closed,
a current passes through to Tr;, triggering
the bistable and causing the relay to pull-
in. §, and S; and are used for manual
start and stop.

K. B. Serensen,

and the pedal; when the first note is organ connection using a transformer and Copenhagen.
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Digital speedometer using c.m.o.s.

2—Average-speed indication

by Adrian Bishop and Alan Woodruff*

RCA Ltd (*now with NRDC)

Part 1 dealt with the principle and circuit design of a digital speedoreter constructed with c.m.o.s.
digital integrated circuits. This second part describes an average-speed-calculating circuit that
can be added to the basic speedometer. Calibration and power supply details for a complete speed
and average-speed circuit are also given.

Average speed is simply distance travelled
divided by the time taken. The general
approach to performing this calculation
is to accumulate pulses (representing dis-
tance) from the output of the speedometer
phase-locked loop (CD4046AE) and then
to divide this count by a second count
representing elapsed time. The method of
division is the customary logic technique
of successive subtraction.

VDD

main I X

reset ~——

To keep the cost of the logic to a
reasonable sum, a compromise between
the rate of updating and the number of
counters is inevitable. With the circuit
shown in Fig. 10, an average-speed-

determining division occurs every three

minutes. The capacities of the distance
and elapsed time counters limit the dis-
tance and time over which average speed
can be calculated. These limits are unlikely

to be exceeded in practice as the distance
counter has a capacity of around 1500
miles and the time counter around 200
hours.

The sequence of events is as follows.
@At the start of a journey, both the dis-
tance counter and the elapsed time counter
are reset to zero.

@®Accumulation of distance and time
pulses will continue until one of the
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Fig. 10. Speed averaging diagrams. Three of the inverters shown (two at top left and one at middle bottom) are formed by connecting
together both inputs of three of the CD4011AE NAND gates. 14-pin dual in-line packages have pin 7 connected to V 45 (earth) and pin 14
to Vpp . 16-pin packages have pin 8 for V¢cand pin 16 for V. CD4045AE however has pins 1 and 3 for Vp,and pins 2 and 14 for V.
The CD4035AEs have pins 2 and 7 for V pp, and pins 3 and 4 for V.
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counters overflows or the power to the
circuit is removed.

@®Division of the two counts is carried out
at regular intervals, determined by an
oscillator, using the CD4008AE 4-bit
adder/subtractor.

®The numerical value of the average is
obtained by repeatedly subtracting the
number of pulses in the time counter from
the number of pulses in the distance
counter until a negative result is obtained
and counting the number of subtractions
needed to achieve this. This is performed
by recycling the result of each subtrac-
tion through the subtractor using the
CD4035AE shift register and the
CD4019AE AND-OR select gate.

Distance counter

Pulses from the output of the speedometer
phase-locked loop are counted by a series
of three binary counters; two CD4040AE
12-stage counters and a CD4024AE
seven-stage counter. The first CD4040AE
divides the pulses by 512 (2°) to scale the
output to manageable proportions. Taking
the pulses without division means dealing
with larger numbers of pulses and con-
sequently more subtraction devices than
are justified by the accuracy of a two-
digit display.

The pulses used to represent distance
are counted in the second CD4040AE
and the CD4024AE. The outputs from the
counters are connected to a series of four
CD4019AE devices.

Elapsed time counter

A time standard consisting of a 50-kHz
oscillator, similar to the one used in the
speedometer, is constructed using two
NAND gates from a CD4011AE (other
NAND gates on this chip are used else-
where). Pulses from the oscillator are fed
into a 21-stage CD4045AE divider which
produces a pulse approximately once
every three minutes. This oscillator also
serves as a clock for the subtractor sec-
tion. Each pulse is defined to be one unit
of elapsed time, and they are counted by
a 12-stage CD4040AE counter, which will
be filled after approximately 200h. How-
ever, unless you are participating in
donkey cart endurance trials, the limiting
element of the average speed circuit is the
capacity of the distance counter.

Divider operation

Average speed can now be calculated from
these representations of distance and
elapsed time. The binary number repre-
senting distance is fed from the distance
counter via the CD4019AEs into four
CD4008AE  four-bit adder/subtractor
packages, ‘and the binary number repre-
senting elapsed time is also fed into the
CD4008AEs. The time number is sub-
tracted from the distance number, and the
answer is clocked into a memory (four
CD4035AEs), the outputs of which are
connected back into the CD4019AEs.

The role of the CD4019AEs is now
apparent—they act as quad input digital
multiplexers and are used to select the
right input data at the right moment. For
the first cycle of subtraction the

383

Try
0-7V
to display

positive
battery
termtnal 128

()__”_“ A\ —e v ' :

+ Vpp to

+ logic
nv 1k
228 ;[ ']'
O » G » Vss

+

Fig. 11. In this speedometer power supply the logic system is protected by an 11-V
Zener diode and two capacitors. A power transistor controls display brightness.

CD4019AEs allow the distance inputs
into the subtractor; after this the control
inputs on the CD4019AEs are changed to
accept the output of the CD4035AEs
until the repeated subtraction has been
completed. Subtraction ceases when the
tesult becomes a negative number, which
state is indicated by a change in the
state of the “sign” bit obtained from the
output of the subtractors.

For each cycle of subtraction until there
is a change in the sign bit the outputs of
the subtractor are clocked into the parallel
in/parallel out memory formed by the
CD4035AE four-bit shift registers. There-
fore the number of clock pulses needed to
achieve a change in the sign bit (one
clock pulse per subtraction) is the numeri-
cal value for average speed. These
clock pulses are counted by two
CD4029AEs—b-c.d. counters.

For simplicity only two digits display
either speed or average speed. Common
decoders and display drivers can there-
fore be used, and the desired inputs are
selected by a switch that controls two
CD4019AE:s (Fig. 12).

Timing

The sequence of events begins on thenega-
tive going edge of the three-minute units time
pulse, which appears at the output of the
CD4045AE. This edge triggers two RC
timing circuits that produce narrow true
and complement signals that are fed to the
CD4019AEs, which allow the outputs of
the distance counters CD4040AE and
CD4024AE to be connected to the sub-
tractor inputs.

The true signal generated by the timing
network also gates on the clock, which
allows the result of the subtraction to be
stored in the CDA4035AE parallel-in/
parallel-out memory. The clock signal
used is the inversion of the 50-kHz clock
(obtained from pin 15 of the CD4045AE),
and this gives a very short dividing time.

The width of these control signals to the
CD4019AE has been chosen to allow one
clock pulse through to the CD4035AEs.
When the control signals revert back to
their normal state, the inputs to the sub-
tractor become connected to the outputs
of the CD4035AEs to allow the process
of successive subtraction to proceed.

After the first cycle of subtraction, the
clocking of the CD4035AE is allowed to

continue until there is a change in the sign
bit, indicating a negative answer. When
this occurs the clock is stopped and
remains disabled until the next negative-
going edge of the units time pulse appears
at the output of the CD4045AE. Then,
irrespective of the sign bit indicating nega-
tive number, one clock pulse is allowed
through to start the first subtraction, after
which control of the clock is taken over by
the sign bit.

Besides entering the CD4035AEs, the
clock pulses are also counted by the
CD4029AE counters. The division pro-
cess takes only about Ims, and it is
therefore not necessary to use a memory
(i.e. latches) between the counters and
the decoders, as the display cannot. follow
the rapid changes that occur during the
division.

This completes the details of the
average speed logic. All that remains now
is to discuss the power supply require-
ments, calibration and switching arrange-
ments.

Power supply

The 3 to 15-V operating voltage range
of c.m.o.s. permits the use of the simple
11-V Zener diode circuit, shown in Fig. I'1,
to power the logic system. Two decoupling
capacitors across the Zener diode filter
high-frequency and low-frequency noise
from the battery voltage. The other
diode protects the circuits should the
speedometer be inadvertently connected
to the battery the wrong way round.

A dimmer has been included so that the
power supply to the display can be adjus-
ted according to ambient lighting condi-
tions. The dimmer is a simple variable
voltage supply, from O to approximately
7V, consisting of a 1kQ potentiometer
with a limiting resistor controlling the base
voltage of an emitter-follower power tran-
sistor, which must be provided with some
form of heat sink. The. displays can be
turned completely off, or completely on
for bright sunlight conditions.

Speedometer calibration

Drive ratios to speedometers vary from
car to car; therefore some method of
setting-up adjustment of the speed and
average speed circuits is necessary and
this has been achieved by the inclusion
of a trimming potentiometer in each
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Fig. 12. Modification of output of speedometer and speed-averaging circuit to enable use
of a common two-digit display. Speed is normally indicated, with average speed displayed

by operating selector switch.

circuit. The digital speedometer is simply
calibrated against the original speedometer
by persuading a friend to twiddle the
potentiometer while you drive carefully at
constant speed. Above this speed there
may be discrepancies owing to the non-
linear response of conventional speedo-
meters. The absolute accuracy of  the
instrument inevitably depends on the
accuracy of the drive of the original
speedometer, which depends on variations
in tyre perimeter—a function of pressure,
temperature and condition of the tyre.
The digital speedometer is intrinsically
more accurate than the conventional
type inasmuch as it avoids the problem
of the non-linear response of the cup to
the whirling magnet. If you’re really
enthusiastic you can fit a calibrated
bicycle wheel behind your car and take
some sort of drive from that.

Assuming the speedometer has been set
up as described, average speed can be set
up without having to drive the car. This is
achieved by capacitively coupling a signal
from a separate RC oscillator included on
the average speed board to the input of
the speedometer pick-up coil amplifier.
This will produce a certain constant speed
reading on the display, and effectively
simulates the car moving at constant
speed.

The average speed circuit is then set
to zero, and after three minutes, this figure
should be registered as the average speed.
If it is not, as will almost certainly be the
case, the potentiometer controlling the
units time period should be adjusted in the
appropriate direction, and the procedure
repeated once again. Unfortunately this is
an unavoidably time-consuming trial-and-
error procedure. Nevertheless, once the
average speed is correctly set up, the pro-
cedure should not need repeating unless

you swap the speedometer to another car.
Disconnect the calibrating oscillator after
setting up.

Switches
To make the speedometer as flexible as
possible, a number of manually operated
switches have been included, and it is as
well to summarise their functions.
Assuming a negative earth vehicle, it is
advisable that the positive supply con-
nection for the speedometer circuits be
wired through the ignition switch of the

cD4001AE (NOR)
cD4011AE (NAND)

car, to avoid unnecessary consumption of
power when the car is parked. If you want
to keep the average speed computation
going while the ignition is off, as would
be likely if you stopped for lunch or some
other call of nature during a long journey,
the best solution is to wire the positive
supply for the logic via a separate switch
direct to the battery and wire the display
power supply through the ignition switch.
A third possibility is to wire both logic
and display supplies direct to the battery.
The function of the sample-rate

%
top 14) Vpp

view
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Connections for i.cs, omitted in Fig. 4 (part 1) and Fig. 10 (part 2). Note comments
about connections for other i.cs in Fig. 10 caption.
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selecting switch has already been des-
cribed; it is a simple four-pole rotary
switch that enables the display updating
to proceed at an acceptable rate.

The display selector switch will deter-
mine whether speed or average speed is
shown. Probably the best approach here
is normally to display speed, and to obtain
an average speed reading by depressing a
push-to-hold switch. If it is preferred to
display average speed continuously, a
simple toggle switch can be used. What-
ever type of switch is chosen, it also serves
to ensure that the latches in the CD4056
decoders are enabled (see Fig. 12).

The reset switch is a single-pole, double-
throw switch that resets the distance and
time counters to zero by connecting them
to the positive logic supply rather than
earth.

The possibility of keeping the logic
circuits connected to the battery while
the car is parked underlines the remark-
ably low power consumption of systems
designed using c.m.o.s. devices. The speed
and average speed logic circuits, which
include 36 c.m.o.s. devices and one
bipolar op-amp, draw typically only
3mA, half of which is consumed by the
op-amp. By comparision, the display
drivers consume about 12mA, and the
displays themselves can consume up to
0.5A, depending on the brightness
setting.

Assembly hints

Assemble the boards with an earthed
soldering iron to avoid the build-up of
static charge on the c.m.o.s. devices.

Location of the pick-up coil on the back
of the speedometer is fairly crucial. Having
located the coil, it may be necessary to
experiment with different values for the
integrating capacitor to prevent the system
picking up noise. This noise manifests itself
in the erratic behaviour of the display at
low speeds. Unfortunately this is once
again a question of trial and error; try
a 47-nF capacitor first.

Once the boards are assembled, check
the speedometer board first without the
average-speed board connected. This can
be done without installing it in the car by
capacitively coupling the average-speed-
calibrating oscillator to the amplifier input
with the pick-up coil connected as well.

If when you try out the circuits things
are not as you might have expected, look
for obvious simple faults such as in-
correct device orientation, dry joints,
solder splashes on the printed-circuit
board, missing components, or reversed
power-supply connections. If you suffer
unexplained persistent faults and you have
access to an oscilloscope, check through
the circuits stage by stage from the front
inwards as is usual practice.

Printed-circuit boards #and integrated
circuits for a slightly modified (one i.c.
less) version will be available from Inte-
grex Ltd, at P.O. Box 45, Derby DEl1
1TW. Integrated circuits are also available
from RCA distributors.

o

I.iIergture
Received

ACTIVE DEVICES

All data sheets and application notes on
Signetics semiconductors and circuits are now
collected into two volumes, costing £4.00 for
the pair. Semicomps Ltd, Northfield Industrial
Estate, Beresford Avenue, Wembley, Middlesex.

PASSIVE DEVICES

Mullard have produced a wall-chart to assist
engineers in the selection of ferroxcube cores
and formers for transformers and inductors
operating at up to 15MHz. Mullard Ltd,
Mullard House, Torrington Place, London
WCIETHD .......ccccoiiiiiienn.n. Ww401

A catalogue is available from ITW Electronics
which gives full information on the Micro-
matic range of polypropylene and polyester
film capacitors. The method of manufacture of
the Micromatic capacitors is illustrated. ITW
Ltd, 263 Farnham Road, Slough, Bucks.
e TSt a . A g e e e - - WwW402

GENERAL CATALOGUES

The first Doram catalogue is now available.
Doram is the new offshoot of RS Components
(Radiospares) formed to make the RS range of
components available to the general public. The
catalogue is available at 25p from Doram,
P.O. Box TRS8, Wellington Road Industrial
Estate, Wellington Bridge, Leeds LS12 2UF.

We have received a booklet from Inspec
describing the abstracting, information re-
trieval and indexing services they provide.
Inspec, Institution of Electrical Engineers,
Savoy Place, London WC2R OBL ....WW403

A brochure from EMI describes the full range
of the company’s activities from crime pre-
vention to audio, from broadcasting to brain
surgery. Publicity Department, EMI Ltd, 135
Blyth Road, Hayes, Middx. .......... WWwW404

Services in the aviation communications field
are described in a brochure from International
Aeradio Ltd, Aeradio House, Hayes Road,
Southall, Middx. .................... WW405

EQUIPMENT

Kemo have produced a brochure to describe
their work in system design and manufacture
to specification. The firm’s experience is in
filter design and they can tackle almost any
analogue or digital system working between
0.001Hz and 100kHz. Kemo Ltd, 9-12 Good-
wood Parade, Elmers End, Beckenham, Kent.
WTTTETTTY. o PR - - ¥ a T, AP WW406

The range of Pertec peripheral units is
described in a new leaflet from Computer In-
strumentation Ltd, which covers both tape and
disc systems. UCC/Computer Instrumentation
Ltd, School Lane, Chandler’s Ford, East-
leigh,Hants. ........................ Ww407
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HF predictions
for October

The charts are based on a predicted solar index
of 9. Comparison with previous sunspot cycles
indicates that solar index will remain at or just
below this value for the next two years. Magnetic
disturbance is almost a daily occurrence at
present and will probably continue so until
next spring.

Seasonal changes bring about an improve-
ment in daytime conditions as the upper end
of the h.f. band becomes usable in the northern
hemisphere. Trans-equator paths are just past
their peak since seasonal change in the southern
hemisphere is to lower frequencies and high
noise.
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Letiers to
the Editor

Speaking meter

The tactual instruments which enable the
blind to make multimeter measurements—
originating from R. S. Maddever (Jan.
issue 1973) and elaborated upon by G.
P. Roberts (April issue 1974) and T. C.
R. S. Fowler (Aug. issue 1974)—are
cheap to make and are, no doubt, effective.
There is, however, an alternative which,
although not easy to make, may be
purchased for less than £80 at present.
I refer to the servo-operated chart recorder;
this, fitted with a Braille scale, would give
an easily observable indication to the blind
user.

However, there is a variation of the chart
recorder which must be the ultimate as far
as the blind are concerned. This variation,
which I developed inlate 1971, first obtained
notice as a speaking speedometer for car
use, but at the time it was obviously an
ideal instrument for the blind. Of course the
idea is that the instrument speaks its read-
ings, say between nought and 100, and
these vocalized readings can be made,
electrically, to represent any unit one wishes.
I enclose a photograph of one of these
speaking meters which was constructed
round an old chart recorder. A tape head
is fixed to the pointer of the recorder and
bears on the surface of a magnetic drum,
revolving at about two revolutions per
second. The drum, in this model, has been
recorded with a series of tracks ranging
from nought to 100 in single digits, but
other meters which I have constructed are

Mr Lloyd’s sbea g meter.

recorded with even numbers only. The cir-
cumferential position of the recording on
each track must be co-ordinated with the re-
cordings on adjacent tracks so that when
the head exactly bridges two tracks the
readings are heard consecutively and with
equal loudness. The result is rather like two
men (or women) arguing with each other,
but the overall significance of the reading—
and the change in readings—is very easily
assimilated by the brain, and indeed is much
less prone to misinterpretation than is a
visual pointer reading. Therefore it can be
claimed that the speaking meter might have
much greater application than to the blind
alone; certainly where the eyes must be
used for the monitoring of a process, while
simultaneous meter readings must be taken
(exactly as is the case with the car driver,
by the way), then a meter which speaks its
readings is ideal.

John T. Lloyd,

The University,

Glasgow.

Electronic piano design

I would like to reassure actual or potential
constructors who may have been disturbed
by Mr Mitchell’s letter in the August
issue.

The reliability and objectivity of Mr
Mitchell’s remarks leave something to be
desired. He refers, without being specific,
to “considerable circuit duplication”. Now
it should be clearly understood that while
the piano does contain many duplicated
circuits, none of these is redundant.
Electronic pianos and organs can be
designed along very much the same lines;
the main differences being in the key
circuits. Now in a polyphonic instrument
(and any worth-while instrument must be
polyphonic) each key must have an
entirely separate piece of circuitry
associated with it. In an organ these
circuits are quite simple, but in a piano
they are not, neither do they lend them-
selves to total integration.

On the subject of cost, it should be
pointed out that the electronics represent
only half of the total cost of the project.
It does not seem to be possible to signifi-
cantly cut the cost of the electronics even
by a major redesign; they are already very
simple and use cheap components.

There are only about three possible
realizations of the oscillator section that
are at all likely to be satisfactory in terms
of frequency stability; these are LC
oscillators; RC oscillators using high-gain
op-amps, and full-octave synthesizers
driven by a single oscillator. See the May
1974 Wireless World pp. 143-5 for details
of the latter. Special i.cs of the “555” type
probably are not stable enough. The most
costly solution, the full-octave synthesizer
i.c., is probably the best. The necessary
buffers cost little.

I hope that those readers who ordered
demonstration cassettes found them help-

ful; they were of course intended to.

demonstrate the characteristic “électronic-
piano” timbre which differs somewhat
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from acoustic piano sound. My apologies
are extended to anyone who was expecting
anything musical; nothing of the sort was
promised!

Geoff Cowie,

London, N10.

Doppler in loudspeakers

I note Mr Edgar’s suspicion (Letters,
August issue) that the end result of the
mathematics may not correctly indicate
the physical process, a situation very
reminiscent of the argument that continued
for much of the 1930s about the physical
reality of the sidebands that appear when
a carrier is amplitude modulated.

That the measured values of the Doppler
sidebands agree almost exactly with the
calculated values is, I think, reasonable
proof that they have a physical existence
and are due to Doppler (f.m.) distortion. It
seems impossible not to believe in their
existence when both the measurements and
the mathematics are in agreement. The
experimental technique eliminated any
response by the measuring system to com-
ponents other than those f.m. components
due to Doppler, a point that was carefully
confirmed.

Doppler distortion is the result of the
modulation of the velocity of the cone
due to a high frequency signal, by the
velocity of the cone due to the simul-
taneously applied low frequency signal.
I find it more difficult to think of this
in terms of the physical position of the
cone than in terms of the cone velocity,
but one is the derivative of the other. At
this stage in the problem, I think that it
must be conceded that Doppler distortion
really exists, though difference of opinion
about the significance is still possible.
Under the conditions set out in the con-
tribution, i.e. small cones, wideband signal,
I am certain that Doppler distortion is a
more significant cause of aural distress
than the amplitude distortion that has pre-
viously been considered to be the cause.
James Moir,

Chipperfield,
Herts.

Electronic ignition

I was most interested to read J. R.
Watkinson’s article on the application of
electronics to car ignition systems (July
issue). It seems, though, that it is necessary
to rethink the process from scratch. My
own thoughts lie along the following lines:
Timing. The requirement is to produce a
triggering signal, to initiate spark gener-
ation, at an optimum point defined by the
speed of the engine, its loading etc., to an
accuracy of 1° or better. The main dis-
advantage of current practice is the error
of the system:

(1) The transmission through a chain or
belt drive to the camshaft, and a skew
gear drive to the distributor shaft, intro-
duces errors.
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(2) Any inherent angular error is magni-
fied by the half speed rotation of the cam-
shaft.

(3) The actual ignition point is determined
by the distributor cam profile, each
cylinder being fired by a different cam,
only one of which is considered in the
set-up procedure. Minute differences in the
cam profiles can produce appreciable
angular errors.

(4) The system of governor weights to
produce the required advance for a given
engine speed can only approximate to the
ideal advance curve.

(5) After quite a short period of use
(say 20,000 miles) a significant amount of
wear has occurred in the camshaft and
distributor shaft drives, the distributor cam
profiles, and the governor weights and
springs, quite apart from the rapid wear
of the contact points heel.

t
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These disadvantages could be overcome
by a completely electronic set-up. The
best place to take the timing from is the
largest part of the crankshaft assembly,
the flywheel, to provide the smallest
angular errors. Two magnetic sensors
would be mounted in the bellhousing to
bear on the flywheel rim. Slots cut in the
rim would provide the impulses (see
diagram).

The trigger pulse would occur 90°
before t.d.c., and the reference pulse 90°
before that. The correct advance 8 would
be given by delaying the trigger pulse by
90° —#@. This would be calculated from
the engine speed, represented by the time
between the reference and trigger pulses.

Other information would be used to
optimize the timing, such as manifold
depression, engine loading, etc. Provision
could be made to maximize performance
by adjusting the timing, e.g. the timing
could be advanced automatically to
keep manifold depression at a maximum.

It should be possible to produce different
programmes for the timing circuitry, so
that one could adjust the timing from
“maximum economy” to “maximum

performance” or “high speed cruising”
to “town driving”, at the flick of a switch.
The complete control circuitry would be
in the form of an i.c.

Ignition. The disadvantages of the current
system are mainly a low energy spark,
coupled with high losses and interference
from the distribution system. “Conven-
tional” c.d. ignition raises the spark energy,
but makes the interference problems
worse.

In a completely electrical system, a
sensor would be substituted for the distri-
butor, solely to indicate which cylinder is
to be fired. The c.d. generated pulse would
be electronically directed to the required
cylinder, without mechanical switches or
spark gaps, through a purpose-built
pulse transformer, to a redesigned spark
plug. The spark should be bigger (4 inch
perhaps?) and of higher energy than pro-
duced by current systems. Such a spark
would ignite a larger area of the localized
concentration of fuel quicker, and obtain
a still faster and more even burn, allowing
smaller advance angles to be used.

I believe that such a system would
provide a considerable fuel saving, apart
from a cleaner engine, on top of the sav-
ings obtainable with current c.d. systems
—factors which are becoming more im-
portant. Now that attention has been
drawn to improving ignition, I only wish
someone could be persuaded to improve
carburation, and we would be well on the
way to the 100 m.p.g. car.

Paul Bloom,
Stamford.
Lincs.

“Data off the beat”

As a technical description of the experi-
ment in providing personal radios with a
data-handling facility which we and the
Dorset Police have in hand, your article
(“Data off the beat” p.221 July issue)
is a perfect model of accuracy and clarity.
I would like, however, to set your edi-
torial mind at rest: the experiment is indeed
designed to assess the operational worth
of the facility, as recommended by you at
page 215 of the same issue. Unless it
proves to be genuinely worth having, neither
the police service nor we want to spend
ratepayer/taxpayer money on any large-
scale provision!
W. P. Nicol,
Director of Telecommunications,
Home Office,
London, SW1.

E.m.f. and p.d.

Why the problems with e.mf. and p.d.?
(“What is e.m.f.?” August issue). Some
considerable number of years ago when
I was being lectured on these misquoted
and misunderstood electrical properties,
the lecturer in charge of the class adopted
an approach which I have frequently used
in explaining electrical phenomena to non-
electrical personnel. E.m.f. was quoted as
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a source of electrical energy available
either from an unloaded battery or generator.
Immediately any external load circuitry
was connected to this source of electro-
motive-force a potential difference between
the supply terminals and within the load
was measurable.

I would suggest to Mr Scroggie and
anyone else experiencing difficulty that
they use this simple explanation of the
difference between e.m.f. and p.d. rather
than complicate the issue as at present
our textbook authors seem to do.

C. A Hill,
Kidderminster,
Worcs.

Electronic ignition

We read with interest the well balanced
and informative article on electronic
ignition by Mr Watkinson (July issue).

We would like to point out, however,
that the principle of magnetic proximity
detection in this application by sensing
the desaturation of the trigger coil is
unique to Mobelec Limited and is covered
by our patent application.

Simon Baker,

for Mobelec Ltd.,
Oxted,

Surrey.

Communications services

In reply to “Vector’s” Just Drop Me a
Line (August issue) on the Post Office,
IBA and BBC in which he commented
upon the services they offer, in particular
the conveyance of information and the
parallel he made with similar American
establishments; having just returned to the
United Kingdom from a reasonably long
visit to the United States, I am pleased
to inform you that, in general, our com-
munications media, in many ways, are
superior to those of the United States. The
American Telephone and Broadcasting
Service should not be put forward as an
example of “how to do it” in a vast area
of information transmission.

Our telephone service offers more
facilities, our television transmitters both
monochrome and colour are frequently
much better, our radio less prone to un-
wanted interference from adjacent stations
and advertisements for chickens, sausages,
etc. Rather than portray the United States
as a country to copy, let us at least learn
from their mistakes and make haste
slowly. Examples of the reasoning behind
this statement arise from the problems
with NTSC and multi-path propagation
which are considerably less with the PAL
system.

Our radio personalities may be biased
in their varied attitudes. However, regard-
less of whether or not one agrees with
their particular comments, they are not
cut off in mid sentence by Frank Purdue
and his “personal chickens” and “the
finest sausages” in the United States.

In general, having experienced the
communications media in the United
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States, I am extremely thankful for the
services offered by the Post Office, IBA
and the BBC. They should not rush in
where wise electronics engineers fear to
tread, other than gently.

C. A. Hill,

Kidderminster,

Worcs.

Damping factor

Referring to Mr Walker’s letter on damp-
ing factor in your May issue, I should like
to point out that another source or error
is a by-product of distortion introduced
by the feedback loop as well as the now
familiar transient intermodulation dis-
tortions.

It is now well understood that the feed-
back loop is quiescent until a signal
appears, and as it is usually several micro-
seconds before the signal has reached the
input via the feedback loop, during this
short time the amplifier is operating with-
out feedback and the output impedance
is quite high, maybe several ohms.

This no doubt accounts for the woolly
sounding “top” of present day amplifiers
when compared with one that has no
feedback loop, and means that it is quite
nonsensical to quote damping factor
figures, particularly the more impressive
ones that are a by-product of excessively
large feedback loops.

Finally, I recall that James Moir once
wrote an article in this journal to the effect
that in any case thereis no pointin increasing
the damping factor beyond 4.

T. Marshall,
Goldring Ltd,
London, E11.

Logic nomenclature

In the design of two-state logic circuitry
various designations are given to.each of
the two levels, but for the purpose of this
letter 1 shall employ the terms “1” and
“0”. This is straightforward when con-
sidering the pure logic function only, but
difficulties arise when electrical circuitry
is involved and voltage levels have to be
considered. Even here the situation would
be simple if only one type of active semi-
conductor, say n-p-n, existed. In this case
the “1” level could well be a positive volt-
age (say +5 volts) and the “0” level
nominally zero volts.

Let this be called the normal logic. It
is well known, howcver, that the same de-
vice could be employed equally well (but
differently) if inverse logic is employed,
in which case a “1” level becomes zero
volts and the “0” level + S volts.

Both normal and inverse logic are freely
employed in practice, but it is unfortunate
that the name commonly applied to
normal logic is “positive” logic, whilst in-
verse logic is increasingly being described
as “negative” logic. This gives rise to con-
fusion in cases where both n-p-n and
p-n-p devices are used in the same
system. This commonly happens and in

such cases three logic voltage levels exist,
namely a positive level (say +5 volts),
a zero level, and a negative level (say —5
volts).

The simple use of the terms “positive
logic” or “negative logic” is now am-
biguous, and can only cause confusion.
I submit, therefore, that these terms should
be dropped and a return made to “normal”
and “inverse” logic. The following terms
would therefore completely remove
ambiguity:

n-p-n devices:

positive normal logic

5519’ — +5V, 55099 — OV

positive inverse logic

551’9 — OV, 550’9 = +5V
p-n-p devices:

negative normal logic

551” — _SV’ 550” = OV

negative inverse logic

66199 = OV, “O,’ — _5V

The present misuse of the terms posi-
tive and negative has been introduced
by non-electrically-minded logic designers.
It is regretted, however, that certain semi-
conductor manufacturers and, even more
unfortunate,  engineering examination
bodies, have also adopted this ambiguous
nomenclature.

C. H. Langton,
College of Further Education,
York.

Sound and light

While reading the interesting letter' from
Mr McNaughton (July issue) it occurred
to me that perhaps the most common
association between colour and music,
supported by the common use of terms
such as “brightness” and “sparkling” in
description, is likély to be a correlation of
excitement. If this were so, perhaps a scale
of colour temperature would fit experience
better than Rimington’s spectrum scale.

I must confess to having never
experienced a colour organ but it seems
clear to me that a bassoon is brown (almost
mahogany!) in the lower register, a low
trombone brown flecked with bright ridges,
chunks of Beethoven are a glowing rusty
orange (strings) with brighter colours
introduced by the woodwind; flutes are
yellow-white and the piccolo approaches
blue-white, especially at close quarters.
“Light” music is tinted (unsaturated) while
green is difficult to find: perhaps I could
force it on the oboe or clarinet. Green is
also difficuit to see among the orchestra,
or in the radiation from an incandescent
black body.

R.G. Key,
Mottram-in-Longdendale,
Cheshire.

Two stations on one receiver

I am prompted by the recent BBC
experimental transmission in quadraphony,
using the two stereo channels usually
occupied by Radios 2 and 3, to wonder
whether a single f.m. receiver could be
modified to receive two stations at once.
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A varicap tuned front end could be
switched from one frequency to another
by a step voltage at, say, 110 kHz and the
output from the discriminator sampled
during each voltage state. It would be
necessary to have two a.f.c. circuits to
control the levels of the master oscillator.
The varicap diodes would have to be
driven from a source with low impedance
at the switching frequency but high
impedance at v.h.f. The sampling frequency
should be faster than twice the highest
audio frequency transmitted in the com-
posite stereo signal, which is about 53kHz.

Obviously the technique would not be
limited to just two Stations, although
perhaps the nine or so which are receivable
in the London area would be a bit difficult.
It is not clear that this method would be
any cheaper than using a separate f.m.
tuner for each station, however.

D. J. Jefferies,
Aberdeen University,
Scotland.

3D display from c.r.t.

The item entitled “Colour TV tube
developments” in your April issue,
describing the use of vertically slotted
shadow masks, prompts me to suggest a
possible method of producing a three-
dimensional display.

It is proposed that a c.r.t. could be fitted
with an electrode assembly and a shadow
mask which would simultaneously display
two different images. Instead of displaying
each colour on every third vertical strip
on the c.r.t., each of the two images would
occupy alternate vertical strips on an all
white screen. A second shadow mask,
or a multiple lens, would be fitted to the
viewing side of the screen in such a
position that the viewers’ left and right
eyes would each see the appropriate
image.

Such a device should produce a stereo
vision effect, but in this simple form the
black-and-white picture might be more
useful for industrial monitors, computers
and information displays than for enter-
tainment purposes. It would be interesting
to hear from you or your readers of any
such developments.

N. C. Rogers,
Ealing,
London W.5.

F.m. tuning indicator

With reference to the article “Sensitive
f.m. tuning indicator” in your June issue,
does the author really believe that the
concept of twin-lamp tuning is too difficult
for the “non-technical user” to re-learn?
Surely not.

And what of the merits of a two lamp
system? Entering the listening area one
can see at a glance if two lamps are of
equal brilliance. But with a single lamp,
there is no reference and one has to resort
to turning the tuning knob.

J. Jaques,
Fane Acoustics Ltd,
Batley, Yorks.
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Line Matching Transformers
from Standard to Super Fidelity

The Miniature and
Standard ranges provide
excellent bandwidth for
most purposes, 30Hz —
22kHz for the 1-0dB
points.

Except for the very
smallest in the range, all
Gardners Line Matching
Transformers are fully magneti-

It's easy to choose
the right Line Match-
ing Transformer
from the five
Gardners ranges.

The Super Fidelity
Series, with a i
frequency response of
10Hz to 80kHz — 0-5dB,
gives the widest possible

bandwidth for high accuracy

instrumentation and recording
applications. 2WHE LINE

Then there's the Wide-and o e
Extra Wide-band ranges. Out- 6 f [ .
standing performers with a - e, =i I
frequency range 30Hz — 38 70— =07 g3
20kHz or more — for the 0-5dB ~1 ! ; 21 ~
points. Used a lot by broad- o e | ——
casting and recording I TR
companies throughout the
world.

@rd r\@

cally shielded, giving very high
hum rejection ratios.

Prices start from £3-13
(recommended retail price)and
all types are usually available
from stock.

Complete technical
information is given in
brochure GT.5 ‘Audio
Frequency Transformers’
which we'll be glad to send on
request.

So accurate is the balancing of the
windings on some of these
transtormers that, when used as
pairs in a hybrid circuit (as
illustrated) we can guarantee a
rejection of better than —55d8B over
the frequency range 50Hz to 10kHz
and normal rejection of up to

-75dB may be expected.

Specialists in Electronic Transformers and Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited, Christchurch,Dorset BH23 3PN
Tel: Christchurch 2284 (STD 0201 5 2284) Telex: 41276 GARDNERS XCH.
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What’s newat GALE
Come and see our new baby

the GALEGT2I01*
at the Audio Fair, Olympia

We alsohave surprises from
= .2 E= MICRO-ACOUSTICS

Herwc&cfﬂmwa%mm

*Itdoes 0-60inunder 2 seconds with a top speed of 99
PS We are nolonger onlyaloudspeaker company

Gale Electronics & Design Limited
39 Upper Brook Street London W1Y 1PE
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International Audio Festival
and Fair—1974

Rather than attempt to describe, however briefly, the new equipment to be presented this year, we considered that
it might be more useful to indicate to which stands visitors should go to investigate new products in their particular
area of interest. We have not tried to obtain pre-Fair information this year, because we think that the time to give
detailed information is after the exhibition, not in somewhat sketchy form before it.

in our December issue, therefore, we will present our detailed examination of the new products as usual, together
with a summary of the lectures and discussion.

Stand No. D3 will be occupied by Wireless World, and editorial staff will be on hand during the exhibition for
consultation. We intend to show some of the constructional projects published recently and are again sponsoring
some of the lectures.

At the time this issue went to press, our information was still not complete; there may, therefore, be blanks and
changes in stand numbers.

L The 1974 International Audio
2 ﬁ Festival and Fair will be held at
= | S = Olympia between October 28 and
. 2l |wlE]| (|2 November 3. Opening times of
o 8l 82|83 |&|5| (5 w the exhibition are 12 noon to
HIREIRE “g" = E g glg|a % 3 ES 9pm on Monday and 10am to
ﬁg;%gg 5%;’.3552&2 all & 9pm on all other days except
ggggégggggsggggggg E Sunday November 3, when
HEEHRHEEEIE <\ EBFFIRIF »| F Olympia closes at 7pm. Admis-
AMS Trading ° e o ° E6 | Amstrad sion is 50p.
Acoustical Mfg Co. ® o ® F2 | Quad
Acoustico Enterprises ® o [ JN ) [ NN J D7 | Teac
AEG Telefunken ® ® o Fi2
AGFA Gevaert ® ®| D18
Antiference e | G39
Artifact Design ® l E14| Encore
Audio Workshops ® F8 | Fuba
Bang and Olufsen o (oo o (oo e o |D12
BASF o ® ® C5
J Beam Aerials [ K J G43
Bih Hi-Fi Accessories o ® C15
Boyd and Haas (Magnate) ® F1
Brahms oo o |o® [ c4
British Industrial Graphics © G40
Chuo Senko ®|( B4 | TDK
Comsar c19
Diamond Styles o ° ° gf? }
Farnell Tandberg [ JN ] ® [ N ] ® E8
JBL Feldon ® A3
Ferranti ® 1 G42
Ferrograph L ] ® ® [ N J ® D13
. . Hervic/Microacoustics
Gale Electronics & Design ® G6/ to| G9 SAE, Soundcraftsmen
Garrard | \ o B8
Golding | ® ® G59
Goldring ® ® ® ® ® E4
Goodmans ® ® [ JK J (5] C16
Edwardus ® |
C. E. Hammond ® ® ® C8 | Revox, Fisher
Hayden Laboratories ® ® ® F3 | Sennheiser
Hi-Fi Aids L4 G18
Pickering, Perpetuum-
Highgate Acoustics [ JN J ® ® [ JN [ N K ] A2 | Ebner, Harmon-Kardon,
Alpha
Grado, Micro, Orbit, Lux,
Howland West ® o ® o ® (K J A7 Luxor, Nikko
Impo Hi-Fi ® ® ® [ JK J E1 | Dynaco, Major, Ess, Scintrex
Wireless World D3
Josty Kit ™ G24
JVC [ JN ® ® [N N J (N N J c13
KEF o o B10
G. & A. Kirsten B15
Klinger Controls (N J ® (N J F4
Lloytron Electronics [ ® ® [ JN N J [ I JK J G34
?“:hlkwhs : . gf Acoustic Research AR-3a/lmproved
Metrosound o |o o |o @9 |®| | B3| Onofon, Thorens speaker, which is similar to the AR-3a
Modern Eng & Technology ° o ® ° G52| Gabraphone but with an improved crossover:
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a|»n
HEHEH RN EER MM EE
B. H. Morris [ ] [ ] [ ] [ o0 e C8 | Trio
Motec D22
Musonic [ J ® [ J @® F13
National Panasonic ® [} [ J [ IN ] [ 2K J D15 | Matsushita
NEAL [ ] [ ] Ga1
Nu-Way Styli Components [ ] G25
Omex Products c4
Philips [ ] [ N ] [ ] 0 0000 0 0 0 0 DI
Photax B6
Precision Tapes ® ! E3
Pyser Britex ® (s} o [ 2K J D8 | Marantz
Quadrasonics [ ] c20
Quality Audio Supplies ® F10
Rank Audio Visual [ ] [ ] LR JE N IR J [ K J C10 | Akai, Rotel, Empire . :
RCA ® B1 . .
Rola Celestion ° ° ° E Philips four-channel system, with SQ
Sanyo Marubeni L] o 00 D5 decoder. Designed for use with Philips
Scand Audio Sy e |o ®/® | DB | Scandyna motional feedback speakers.
Sharp Electronics [ J [ J [ IN J ® c17
Shriro ® [ ] [ JX ) [ 2K K J 05151 }Pioneef, Audio Technica
SME ® [ ] E6
Sonab [ ] ® [ ] [ X ] c18
Sony @ [ N ] [ ] [ K ] (N J ® 0 0 e Ci12
Steepletone [ JK J [ [ 2K J F9
Tannoy [ J Al
Tape Music Distributors [ J ® D10 | Koss
Tape Recorder Spares ® E9
Graham A. Taylor D17
Toshiba [ ] o0 [ ] IR N J o0 0 B7
Uher [ ] ® [ ] [ ] (IR J G16
Unitra Warsaw ® E10
Van Der Molen [ J G37
Vernitron [ J [ J ® [ JX ) [ 2 AN J A10 | Sansui, Sonotone
Natural Sound Systems [ 2K J L J [ J [ 3¢ 2K ] G5 | Nakamichi, Yamaha
Wilmex ° [ J ® [ J C7 | Era, Stax
Shure [ J B11
Decca [ ] [ ] ee DS
Hisonic [ ] B10{A.D.C.
GROUND FLOOR
Gentiemen Ladles
BAR - ] j Cloakroom
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Take a Quad 50E Amplifier

(a good start for any installation)

. i 7 e 3] o
3 il o AN
iy SN Y e AU
W e el L e
S e

R
plug 1t into your monitor system and it sizes include: Excellent power and frequency
bridges 600€2 lines to drive your speakers. response (-1dB).
Take that same amplifier and, without lLow]1 d)lStO]I‘thIl (0.19, at 1kHz at all power
changing it in any way, plug it into another SN |
installation to deliver 50 watts into 100 volt Low background (better than 83 dB referred
line * from a 0.5 volt unbalanced source. This to‘full OutPUt)' : le from f
versatility and its attendant easing of stocking II: ; i_:let level control adjustable from front

and maintenance problems is one reason why Dhios dionaliy stable sth aiyload
c . .

large organisations use the Quad 50E. : 4 ; :
e ther ; d ¢ 5 to 950 Rroof_ against misuse including open or short
or indeed any other impedance from 5 to 2 circuited output.

ohms. Small size (43" x 64" x 123") - (120mm x 159mm x
Other advantages appropriate to users of all 324mm).

QUAD

Products of
The Acoustical Manufacturing Co. Ltd.

for the closest approach to the original sound
QUAD is a Registered Trade Mark

Send for details to DeptWWA-coustical Manufacturing Co Ltd,
Huntingdon PE18 7DB Tel: (0480) 52561



_Thepew _
Micro-Acoustics

QDc1
Stereo Phono Cartridge:

It will make
any well recorded LP
sound exactly like its master tape.

e
\\\K\T il

st

Sgecifications QOC-le

Stelus Configuration  .0002 .0007 ellipsical
(User Replaceable) solid nude diamond
Fraquency Response 5Hzto 20 kHz + 2d8
Tracking Force Range ~ 0.75to 1.5 grams
Crannel Separation Nominally

30 dB at 1 kHz

Nominally
20 dB at 10kHz

Ovtput Voltage 3.5 my each chanael

QOC-is

0005 spherical.
solid nude diamond

5Hzto 20kHz = 2 dB
0.910 1.5 grams

Nominally

30 dB at 1 kHz
Nominally

20 dB at 10 kHz

3.5 mv each channel

QDC-ig

Quadra-Point /CD-4
solid nude diamond
5Hzto 50 kHz & 3 dB
0.9to0 2 grams

Nominaily
30dB at 1 kHz
Nominally

15 dB at 20 kHz

3mv each channel

at 5 cm/sec peak aL5 cm/sec peak at 5 cm/sec peak
recorded velocity recorded velocity [{ d velocity

Sole UK Distributor: : P
Gale Electronics & Design Limited
39 Upper Brook Street London W1Y 1PE

WW-—035 FOR FURTHER DETAILS
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Linstead
Twin Stabilised
Power Supplies

Each comprising:

Two powerful bench supplies.
Continuously variable.
Independently operable, or in series, or parallel.
Fully protected against overload and short circuit.
In one compact robust case.

2 x 0 to 20V 0 to 0.5A

with twenty 1 volit steps and fine
control.
Voltage set by controls. ™

Current continuously monitored,
~ 0 to 100mA, O to 0.5A. plus VAT
Currvent limiting protection.

2x0to 30VOto 1A,

Set by switches and fine control.
Meters switchable for volts,
0 to 100mA and 0 to 1A. a

Re-entrant protection. Pilot
indication of overload. plus VAT

LrriTEad

the best for less

BRITISH MADE BY LINSTEAD
Linstead Electronics, Roslyn Works, Roslyn Road
London N15 5JB. Telephone 01-802 5144

Ireland, Lennox Laboratory Supplies Ltd., 3-4 South Leinster Street
P.O. Box 212A, Dublin 2
Denmark, Scanfysik, 13-15 Hjorringgade, DK 2100, Copanhagen
Sweden, EM| Svenska A/B, Tritonvagen 17, Fack, 171 19 Soina |
Norway, EMI Norsk A/S, Postboks 42 Korsvoll, Oslo 8
Malaysia, Laboratory Equipment Sdn. Bhd., P.O. Box 60, Batu Pahat
Benelux, A.S.E. Ltd., Nationalestreet 38, B-2000 Antwerp

WW-—102 FOR FURTHER DETAILS
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Current-differencing amplifiers

2—signal generation

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams

Paisley College of Technology

This article follows an earlier one on signal processing with current-differencing amplifiers of
the CM3900 kind, circuits for which are given in Circards set 16. A third set of c.d.a. Circards
will cover measurement and detection circuits. Details of how to obtain Circards appear at the end

of this article.

The simple model ofthe current-differencing
amplifier discussed in the previous article
(August issue) is sufficient to explain the
principles—but not enough to satisfy the
customer placing his pennies onthe counter.
A fuller circuit is shown in Fig. 1 repre-
senting the relevant sections of one of
these amplifiers, in this case the
LM3900, though other manufacturers pro-
duce similar circuits. Transistors Try 4
constitute the input current mirror coup-
ling a current into the external feedback
network that is the difference between the
two input currents. Transistor Trg is the
only stage contributing voltage gain and
its collector is the highest impedance point
in the system—the most convenient point
to place the compensation capacitor C
since a small capacitance is sufficient to
bring the cut-off frequency down to the
required #evel. The single stage of voltage
gain is buffered by Tr, ; to give a reason-
ably low output impedance with a current
source capability of tens of milliamps.

The open-loop voltage gain is very much
less than is available from standard op-
amps, ‘but at 60 to 70dB (1,000 to 3,000)
is ample for most applications. The re-
duced gain allows the open-loop cut-off
frequency to be increased to about 1kHz
(cf. the value of around 10Hz for 741
op-amp) without instability occurring at
high frequencies when 100% negative
feedback is applied (Fig. 2). As a result
the open-loop gain is 10dB greater for
these current-differencing amplifiers from
1kHz to IMHz.

This is a fair statement for small-signal
applications, but the slewing characteris-
tics of the amplifiers are quite different.
In the 741 and similar amplifiers the
maximum current available for the capaci-
tor is comparable for both positive and
negative swings, bringing a slew-rate of
about 0.5V/us in both directions. In the
current differencing amplifier described
here, the capacitor C (Fig. 1) can be
discharged rapidly by Tr, if the latter is
over-driven, and the negative slew-rate is
about 20V/ps. The charging path for the

capacitor is via Tr, base and the slew rate
is limited by the low base current to about
0.5V/us, giving asymmetry to the rise and
fall times of a pulsed output (Fig. 3). The
resulting large-signal response when used
as an amplifier is limited to around 10kHz
by this positive slew-rate.

This is but the first generation of current-
differencing amplifiers, designed for sim-
plicity and economy. It is to be expected
that circuits will gradually appear offering
improvements in this and other diregtions.
With the example of operational ampli-
fiers as a guide, we can hope to see
multi-megahertz current-differencing ampli-
fiers before long. This could be achieved
by removing or reducing the compensa-
tion capacitance, provided the circuit was
not then used with heavy feedback.

It is possible to experiment with a
similar circuit to see the general effects
of operating at different currents and with
different degrees of compensation. The

+Vv

Tryo Te,  Tr

oV

Fig. 1. Part of the LM 3900 current-
differencing amplifier, to which the current
mirror Try, Tr,, couples a current into an
external feedback circuit, via emitter
Jfollowers, that is the difference between
the two input currents.
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Fig. 2. Reduced gain of c.d.a. relative to
741 op-amp allows increased open-loop
cut-off frequency. Open-loop gain'is
about 10dB greater from 1k to IMH:z.

/S

Fig. 3. Positive slew-rate is limited by the
low base current in Tr, (Fig. 1) to about
0.5V/us, giving asymmetry to the rise and
Jall time of a pulsed output.

e

circuit is shown in Fig. 4 and is based
on one of the low-cost five-transistor
packages such as CA3086, CA3046 etc.
These have gain-bandwidths in excess of
500MHz demanding care in construction
if good results are to be obtained. Tran-
sistors Tr, Tr, compose the current
mirror, Tr; is the voltage amplifier and
Tr, the emitter follower. Transistor 77
acts as a constant-current load to the
emitter follower though the slope re-
sistance 'is less than that achieved by
current mirrors. Bootstrapping the collector
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load of 7r; increases the voltage gain
giving some of the effects provided by the
constant-current stage in the commercial
amplifier. This circuit is in no sense a
competitor for the complete i.c. but may
help in understanding the techniques and
limitations. (Possible values are R,, R,
47kQ, R; 470kQ, C 10uF, with a supply of
+10V.)

The control of direct voltages and
currents is readily achieved with ampli-
fiers of this class, with the simplest circuits
requiring only the addition of a zener
diode. Care has to be exercised if high
stability is required since, as shown in
Fig. 5, the output voltage depends on the
direct voltage between the inverting input
and ground. This is approximately 0.55V,
changing with temperature by about
—2.2mV/degC. As drawn, the zener
current would be restricted to the ampli-
fier input current of 30nA and an addi-
tional resistor between inverting input
and ground would be needed to bring the
current up to the level appropriate to the
zener.

Sine-wave generation is by passive
resonant or phase-shift networks, with the
one change; that it is the current into the
amplifier that is of concern. While con-
ventional passive networks such as the
phase-shift network of Fig. 6 can be
adapted by using a suitably large re-
sistance R’ to force a current into the
amplifier without loading the network,
better results follow from designing alter-
native networks requiring a low-impedance

Fig. 4. By making a c.d.a. from a five-
transistor i.c. the effect of altering the
compensation capacitor can be investi-
gated, gain-bandwidth products of
500MH:z or more being possible.

(VZ+ V{)

|

Fig. 5. Stability of voltage level in c.d.as
can be improved by simple addition of a
zener diode.

||

Fig. 6. Phase-shift network can be adapted
Jor use with a c.d.a. by using a large
resistance R' to force a current into the
amplifier.

Fig. 7. Waveforms can be generated by
subjecting a capacitor to alternate positive
and negative current flows. Square/
triangle generators can be simplified by
Sfixing V, or V, and switching the other
~by a circuit that monitors integrator
output.

load (i.e. the virtual-earth of the amplifier
inverting input when used with shunt
feedback).

A wide variety of waveforms can be
generated by using the voltage across a
capacitor subjected to alternate positive
and negative current flows. Where the net
charging current depends on the current-
difference at the two inputs, novel circuits
result. In particular, simplification of
square-triangle generators is achieved by
keeping ¥, or V, (Fig. 7) constant while
switching the other from some positive
value to zero under the control of a level-
sensing circuit that monitors the output
of the integrator.

With suitable scaling of the voltages
and resistors the polarity of the net current
is reversed using only a single diode/
transistor/f.e.t., while the magnitude of
that current is determined by an external
control voltage. The resulting voltage-
controlled oscillator is markedly simpler
than is normally possible. If one or more
of the voltages is replaced by a pulsed
source, then staircase/ramp waveforms
are produced depending on the magnitude,
polarity and timing of the pulses. In each
of these circuits, the use of a second
amplifier can cancel the input current of
the integrator amplifier to a first order,
reducing the drift to a very small level.

There is no one-to-one correspondence
between the circuits designed around
operational and current-differencing ampli-
fiers. It will take considerable time and
effort to make sure that the advantages
of the latter are exploited. The effort will
not be wasted.
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Titles of cards in set 17 of
Circards (available shortly)

1 Generators
2 RC oscillators
3 Voltage-controlled oscillators
4 Voltage regulators
5 Constant current circuits
6 Schmitts and comparators
7 Astable multivibrators
8 Monostable multivibrators
9 Flip-flops
10 Staircase generators

What are Circards?

Circards are a new method of collating
and presenting data about circuits in a
compact and easily retrievable way. The
sets of 203 X 127mm (8 X 5 in) double-
sided cards are designed for easy filing in
standard boxes and for easy access at
the desk or at the bench, where trans-
parent plastic wallets keep the cards in
good condition.

Each card normally describes operation
of a selected circuit, gives measured
performance data and graphs, component
values and ranges, circuit limitations and
modifications to alter performance. Sug-
gestions for further reading are included
together with cross references to related
circuits. The Circard concept was out-
lined more fully in the October 1972 issue
of Wireless World, pp. 469/70.

How to get Circards

Order a subscription by sending £13.50
for a series of ten sets to
Circards
IPC Electrical-Electronic Press Ltd
General Sales Department, Room 11
Dorset House
Stamford Street
London SE1 9LU
Specify which set your order should start
with, if not the current one. One set costs
£1.50, postage included (all countries).
Make cheques payable to IPC Business
Press Ltd.
Topics covered so far in Circards are
1 active filters
2 switching circuits (comparator and
Schmitt circuits)
3 waveform generators
4 a.c. measurement
5 audio circuits (equalizers, tone controls,
filters)
6 constant-current circuits
7 power amplifiers (classes A, B, C & D)
8 astable multivibrator circuits
9 optoelectronics: devices and uses
10 micropower circuits
11 basic logic gates
12 wideband amplifiers
13 alarm circuits
14 digital circuits
15 pulse modulators
16 current-differencing amplifiers (signal
processing)
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Electricity and magnetism?—2

Riding on an electron: a relativistic approach to the nature of magnetism

by ‘‘Cathode Ray"

Last month we asked whether electricity
and magnetism were two separate but
related things or just two faces of one
thing and if so what thing. We discovered
that what to one experimenter was a
wholly electric field was seen (quite
correctly) by another to be accompanied
by a magnetic field. And vice versa.
The cause of the disagreement was the
fact that the observers concerned were
moving relative to one another. And
when, using the ordinary textbook laws
of electricity and magnetism, we worked
out a set of equations for converting the
electric and magnetic field specifications
at one position to those at another in
relative motion, we found a discrepancy,
which could only be eliminated by intro-
ducing into both sets of equations a factor
we denoted by S (some people call it y),
equal to
1
2
-z

c
in which v is the relative velocity of
motion and c¢ the velocity of light and
radio waves in space.

This was very interesting, because by a
simple approach to the problem through
well-known elementary Electricity we dis-
covered the necessity for what is also the
essential factor in the Lorentz transforma-
tions relating length, mass and time in
Einstein’s Special Theory of Relativity.
This theory, implausible though it may
appear, was the only escape from’certain
discrepancies that exist if one assumes
that these basic quantities are the same
for all. One of these discrepancies we
found for ourselves in electro-magnetism.
Another is the fact that the speed of
light in space (¢) is found to be always
the same, regardless of the velocity of
the measurer or of the source of the light.
This seems as nonsensical as if a person
trying to stand up in a racing car, and
another motionless on the track, both
reported identical wind velocities. But
it is an experimental fact. And we have
found that the factor 8, which defines the
effects of motion on length, mass and
time, does the same for electric and
magnetic fields.

Suppose we have two cathode-ray
tubes side by side, The dotted lines in
Fig. 4 represent the two rays or beams

wires electrons

Fig. 4. The continuous and broken lines
represent respectively the wire and cathode
ray parts of two parallel circuits. Some
curious results are obtained when the
electric and magnetic forces between
circuits are calculated in different ways.

consisting of streams of electrons moving
from left to right. This is happening in a
part of each tube between anode and
screen at the same potential, so the velo-
city, v, of the electrons is constant. The
charge on one electron is e (1.6 X 107"
coulombs) so, if there are n electrons per
metre length of beam, the current (1), being
the total charge passing a fixed point per
second, is nev amps.

Now consider the wires carrying this
current to the c.r. tubes. They have been
laid parallel to one another at the same
distance apart (d) as the electron beams.
These wires are electrically neutral or
uncharged, because for every electron
there is a proton forming a fixed part of
the structure of the wire. So the negative
and positive charges éxactly cancel out.
So there is no coulomb or electric force
between the wires.

The textbooks tell us, however, that
because of the magnetic interaction of
currents two parallel wires carrying cur-
rent in the same direction will attract one
another with a force equal to

2 2.
H(nev)’ . pI” yewtons per metre of

2nd md yire, ©)

p being the ldcal permeability, normally
the “magnetic space constant”, p, Al-
though the electrons in the beams are
travelling enormously faster than those in
the wires, they are much more widely
spaced, and as I is obviously the same at
all points in the circuit we see that nev
is the same in both places. So the beams
too will be magnetically attracted. And
they would consequently deflect them-
selves towards one another, were it not
that here there are no protons to neutralize
the negative charges of the electrons.
Being of like sign, the beams will repel
one another, and the textbooks tell us
that this force is

2
n’e newtons per metre (7)
2med

€ being the local permittivity, normally
the “electric space constant” €,. So there
will be a tug-of-war between these forces.

It is easy to predict which will win. The
magnetic attraction (6) can be arranged as

!12 zZ 2
21 €,d Selar
So, looking again at (7) we see that the
ratio of magnetic to electric forces is
€,Hov . We noted last month that €,u,=
1/¢?, ¢ being the speed of light, so the ratio
is v?/c?. The electrons can never move as
fast as ¢, so the electric repulsion always
wins. Even in a high-voltage c.r. tube v is
much less than ¢, so v?/c? is a very small
fraction, and the total or net force is nearly
all electric.
Combining the expressions for the sepa-
rate forces we see that the total force can
be written as

nte? . v
Zneod(l c? ) ®
If the term in brackets looks familiar it is
because it is closely related to the relativity
factor, B, which we have just repeated
from Part 1. So yet another version of
the net force per metre is

which we can write more briefly still as

K

2

k being the electric part of the force. Un-
less v=0, B is always greater than 1, so we
see that the net force (though positive,
showing conventionally that the electric
repulsion prevails over the magnetic at-
traction) is less than if only the electric
force operated.

So here we have § turning up yet again!
We originally saw it creeping into the
situation where we found that what to one
observer was a purely electric field was to
another observer in relativé motion a mix-
ture of electric and magnetic fields. Then
we noted that it was the essential factor
in the Special Theory of Relativity. And
now we have used textbook “Electricity
and Magnetism” to find that our two
electron beams acted on one another with
a mixture of electric and magnetic fields
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and forces. But when we jumped on to an
electron, so that all the electrons were
(to us) standing still, there were no
electric currents, so. no magnetism, and
the only force was what we are now call-
ing (for short) k. Back in the lab., we were
aware of the beam currents and the conse-
quent magnetic force, kv? /¢? .

So here we have a discrepancy between
the force between the beams as measured
at rest in the lab. (electric repulsion,
slightly offset by magnetic attraction) and
as measured by someone moving with the
electrons, which to him are not a current,
so magnetism doesn’t enter in and the
electric force is on its own.

But we have been using ordinary text-
book formulae for these things, all innocent
of relativity. So we naturally suspect that
this discrepancy is another of those
encountered when Einstein is ignored. The
discovery that the discrepancy is A’
makes the suspicion a virtual certainty.
So let us take account of relativity.
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Fig. 5. This is an idealized model of the
parallel wires in Fig. 4, showing the
protons @ and electrons ©.

Fig. 5 shows a sort of simplified model
of the electric charges in a short section
of the parallel wires. The charges are
assumed to be distributed along each wire
with a density # (of each kind) per metre.
So the charge per metre is +ne. The pro-
tons or positive charges. being’ parts of
the wire. are fixed. The electrons are
supposed to be moving to the right with
velocity v. (So the current. by convention
flowing to the left, is equal to nev.) Without
relativity one would say that as there are
equal numbers of positive and negative
charges on each wire it is electrically
neutral, so there is no net electric field or
force between them. But because the elec-
trons are moving relative to the protons,
we do have to take account of relativity.
Let us divide the force per metre into four
parts:

(a) Between the two lots of protons

(++)

(b) Between the lower lot of protons,

and the upper lot of electrons (+ —)

(c) Between the upper lot of protons

and the lower lot of electrons(— +)

(d) Between the two lots of electrons

(—=-)
Force (+ +) is a repulsion, so is +k
Force (+ —) is an attraction, so is —k
Force (— +) is an attraction, so is —k

All these are as seen by the fixed pro-
tons, or by ourselves using suitable lab.
gear.

No question can arise about (+ +),
because all the charges concerned are at
rest relative to us. But what about the
moving electrons; doesn’t some relativity
correction have to be made where they
are involved? However that may be, the

essential fact is that in our “frame of
reference” (call it S) all the efectrons pass
the protons simultaneously, so they must
be spaced the same distances apart, so
their charge density must be the same
as that -of the protons and the normal
calculation for &k holds good. We see that
the net result of all three forces (a) to (¢)
is —k.

Calculation of the last one, (— —), is
different though. To estimate this force
we have to run alongside the electrons,
in their frame (S’), where they are station:
ary and we can apply the electric force
equation quite normally, so long as we use
dimensions that apply in S’. The only
factor in & that is subject to relativity is
1, the number of electrons per metre. (¢
is at right angles to the direction of
motion, so is unaffected.) The rest of £,
e’/2me,d, we can abbreviate for con-
venience to p. We shall distinguish the
electric force of repulsion between the two
sets of electrons in S’ as /7, and the elec-
tron density here as 1’

It might seem reasonable to argue that
as the protons in S see the moving elec-
trons spaced the same as themselves
(because the coincidences in distance also
coincide in time) the electrons in S’ see
the (to them) backward-moving protons:
coinciding likewise and the spacings
therefore equal. And before Einstein this
argument certainly would have been un
assailable. Even now most people find it
obvious that if two events, such as
electrons passing protons, occur exactly
simultaneously (as seen, say, by some-
one stationed midway between the two
events) they must be simultaneous. full
stop. But Einstein showed that they are
not simultaneous so far as anyone in
relative motion is concerned. So if, having
checked that when we are stationary
relative to the protons the electrons coin:
cide momentarily with them simultaneously
all along the line, we transfer from S to
S’ by moving along with the electrons,
we find that this is no longer so.

The first thing that we notice when we
settle down in our new abode is that the
protons are moving past with velocity
—v. And because distances in a moving
system (in this case S) are reduced by
the factor 1/8, according to Lorentz, the
protons look closer together than they did
when we were in S. And therefore there
are 3 times more of them per metre. But
that observation is really quite irrelevant,
for we have done with the protons now
and must concentrate exclusively on the

(a) inS
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(b) in &’

Fig. 6. In system S, in which the wires in
Fig. 5 are stationary, each wire looks the
same as in Fig. 5, (a). But in system S’,
in which the electrons are stationary, each
wire looks as at (b).
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electrons. We see these standing still, so
their distances apart are not subject to
Lorentz contraction. But they were so
subject in §, so we can now say that in
S’ the distances between electrons are
decontracted, or expanded. So there are
fewer electrons per metre. Because the
distances between them are f times greater
than in S, the number of them per metre
must be 1/3 as many as in S. In symbols,
n'=n/B. Fig. 6 shows a piece of one wire
as it appears in S and in S’.

Because the electrons are standing still
in S’ we can use the standard equation
for the repulsive force per metre between
the two wires without any relativity compli-
cations. In our abbreviated form it is

SI=('Yp

Having taken that in, we get back into
S. It is a principle of the theory of rela-
tivity that the laws of nature are the same
in all inertial systems, which means systems
that are not accelerating or decelerating.
So

_/_/2_23;2 _v2:
Se=l =Y p= (ﬁ) p=n’p(l —c’)
5 v’

K12

If we add this to the sum of the three forces
(a) to (c), which we found to be —k, we
get as the sum of all four forces

M P
2nd

KX l. or -E"("ﬂ)‘-, or
c 2nd

Being negative it is conventionally a force
of attraction. In fact, this is the standard
formula (6) for the magnetic force of
attraction between two parallel wires
spaced d metres apart and each carrying
a current / in the same direction. But from
the way we arrived at it, it is a purely
electrical force, due to an inequality in
the balance of positive and negative
charges in the wires when both are carry-
ing current and account is taken of
relativity—which we found we had to take
into account last month in order to make
sense of our assessments of fields existing
in relatively moving systems, on a basis
of schoolbook Electricity.

We also noted for future attention the
voice of the sceptic who declared that
magnetic forces couldn’t possibly be
actually the same as electric forces
because one could distinguish between
them by experiment. In particular, an
electrically charged droplet floating in
space is attracted by an opposite electric
charge, but is totally unaffected by the
strongest magnetic field. We now see that
this argument is fallacious. The reason
the charge doesn’t respond to the “mag-
netic” field is that it is stationary therein,
so it sees an exact balance between the
positive and negative electric charges in
the wires energizing the magnet, even
though one lot of them is in motion. But
directly the droplet itself moves it is in
another frame of reference and sees an
inequality of charge and therefore an
electric field, which deflects it from its
path.

The title question, then, has been
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answered by the conclusion that “magnet-
ism” can be accounted for by purely
electric attraction and repulsion. Of course,
this conclusion has been reached only for
one simple case—parallel wires carrying
equal currents in the same direction—
but the principle is the main thing. The
same demonstration can be very easily
adapted to cover currents flowing in oppo-
site directions, giving a force of opposite
sign, repulsion. It is only a little more
complicated to include unequal currents.
In this case there are two different
electron velocities, say v and «, and
instead of v? in the numerator we get vu:
This shows that there is no force if either
current is zero. It is noticeably more
difficult to deal with charges moving along
non-parallel paths, and if you want to go
into this I suggest you study “Classical
Electricity via Relativity” by W. G. B.
Rosser, Chap. 3 (Butterworth, 1968).

Having discharged (if that is the right
word) my brief, I might now be expected
to conclude the whole session and release
you to read more interesting parts of this
issue. But you might just find it worth
while to tarry yet a few minutes while
together we do some rather remarkable
arithmetic.

In our Fig. 4 the current in each circuit
will probably be less than 1mA, and the
forces between beams and wires admit-
tedly small. So let us take an example
where the force should be quite appreci-
able; say 1 amp flowing in each wire
having a cross-sectional area of Imm?. We
know the current is equal to nev. Any book
on electricity will tell us e=1.6x10""
coulombs. And some books will tell us that
in copper there are roughly 10°° movable
electrons per cubic metre. In a metre of
our wire the volume is 109 cubic metres,
so n is 10%. From nev=1, then, v is
1/(10% x 1.6 X 10-7%), or about 6.3 10~°
metres per second, or 0.063 millimetres
per second. Compared with which, a snail
seems to be in a tearing hurry.

Seeing that the effects of relativity can
normally be neglected even at supersonic
jet speeds, can it seriously be maintained
that velocities of this minute order can
result in forces sufficient. to drive electric
motors? We found the ratio of “magnetic”
to electric force between the beams to be
v¥/c2, and were it not for the charge-
neutralizing effect of the protons this
would apply to the wires too. The ratio of
forces would be (6.3x 1077 Y/(3x10%),
or4.4x10-%!

This figure begins to look less utterly
insignificant if we take the trouble to work
out the wunneutralized electric force per
metre of wire in our example. We know
well by now that it is &, or n’ & /2n€ ,d.
n is roughly 107, e is 1.6 X107, € is
nearly 9 10-/%, and let us suppose d is
0.01 metre (1 cm). Then the force is 4.6 X
10 newtons. Or 46,000,000,000,000,000
tons! It is to this that the 4.4X10°%
ratio has to be applied. So the “magnetic”
force turns out to be an appreciable 2 X 10~°
newtons, or 2 dynes. Which is the same as
you would get by using the traditional
formula for electrical attraction between
parallel wires (equation 6).

Low-loss optical fibre

Interest in the potential use of optical
fibre waveguides in the telephone network,
has resulted in recent dramatic reductions
in fibre attenuation. There has been con-
siderable expenditure and effort in labora-
tories in this country, as well as abroad,
which has produced silica-based fibres
with remarkably low losses of around
2dB/km. Groups at Standard Telecom-
munication Laboratories, Bell Telephone
Laboratories and Corning Glass Works
have used either germania or boric oxide
to modify the properties of silica to
produce an optical guiding structure.

However, a research team led by Pro-
fessor W. A. Gambling at Southampton
University has produced a new type of
fibre with similarly low losses but based
on an entirely different and unexpected
material. The process by which the fibre
is made is also new and has almost entirely
eliminated the sharp absorption bands,
associated with “water” impurity in the
glass, that have affected most other fibres.
This new solid-core fibre has extremely
low loss over the entire wavelength range
04 to l.lym with minimum values of
2dB/km at the gallium arsenide and
neodymium laser wavelengths.

The fibre has a core material comprising
a phosphosilicate (P,0,/Si0,) glass con-
tained in a pure silica cladding. At first
sight, this is an unlikely combination since
glasses do not exist in bulk form having
such a phosphosilicate composition. The
big advantage is, however, that the addi-
tion of phosphorus pentoxide to silica
does not increase the absorption and
scattering losses as is the case with some
of the additives (e.g., germania, titania)
used by other workers. Further phosphorus
is an abundant element, easily available
and relatively cheap.

To produce the phosphosilicate glass
a new technique comprising controlled
chemical-vapour deposition has been
devised. The starting materials are purified
silicon tetra-chloride and phosphorus
oxychloride, which are vaporized, mixed
with oxygen and passed through a tube of
silica cladding glass. The tube containing
the flowing gas mixture is traversed through
a fibre-pulling furnace which is operated
at an appropriate temperature. Simul-
taneous oxidation and fusion occurs so
that a clear phosphosilicate glass is
deposited on the inner surface. A suit-
able thickness is obtained in about one
hour. The composite tube is then collapsed
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length of new phosphosilicate-core silica
cladded fibre developed at Southampton
University.
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and drawn into a fibre using a specially-
developed  graphite  resistance-heated
furnace. Operating temperature, which can
be in excess of 2,200°C, is monitored by
a thermocouple to allow accurate control
and repeatability. The fibres typically have
a core diameter of 50um, an overall
diameter of 150uym and are drawn in
lengths of about 1.2km. Numerical aperture
can be varied up to 0.18 or more as
desired by control of the relative concen-
tration of phosphorus pentoxide in the
core. Either a uniform, or a graded,
refractive index can be provided in the
core.

Even though the loss already achieved
is extremely low it has been shown that
the phosphosilicate core material is
capable of further improvement. It is confi-
dently expected that a transmission loss of
about 1dB/km will be achieved with further
purification of the starting materials.

In addition to ultra-low loss the fibres
exhibit very low values of pulse dispersion
and are capable of bandwidths of more
than a gigahertz over lengths of 1km.

It will be recalled that two years ago
the Southampton group announced a
liquid-core fibre having the lowest loss
(5dB/km) for any type of fibre at that
time. It is still the best liquid-core fibre
that has been produced anywhere and a
1km length was used to give the world’s
first transmission of a live colour television
programme by the BBC.

Sixty Years Ago

From Wireless World, Oct. 1914:

The Amateur’s Wish

Alas, Poldhu! thy blaring bugle note

Which oft at midnight pleased my list’ning ear;

And Clifden, too, thy mighty waves which float

Five miles apart, wide wafting signals clear,

For me are gone. My *phones no longer sing

The music which was prompted by your sparks,

Nor can they tell, if still ye nightly fling

Abroad, meteorological remarks.

My watch ticks on, unchecked; I cannot fix

Its hands to Greenwich time, and set it right,

For Paris purring “tas” and “tuts” and “ticks”

Ne’er reach my ears. My aerial’s gone from sight,

Gone Cleethorpes’ mystic messages that thrill,

And turn my thoughts to men, and ships, and
might.

Gone, too, Madrid, whose plaintive whistling
shrill

I’ve heard, with straining ears, across the night.

My jigger lies, with coils and aerial-lead

In tight-packed drawer; it can no longer slide

To tune, helped in its work, to let me read

Far signals, by condensers on each side.

Shall I complain? No, never! From it far,

Such hobbies now must all aside be laid

Since I have heard the “ta-te-ta-te-ta”

My country sent to call me to her aid.

And so instead I'm tuning up a gun,

And learning how to shoot, to march, and wait

With hope, to help in things which can be done

By those who turn to drilling rather late.

And if Pm called away to leave my home,

Should I, before I go, just take a peep

To see that all within my wireless room

Is right, I know this thought will on me creep.

“When peace again doth reign, and war is done,

God grant my ’phones may -sing of victory

In notes that spell the words of England’s
tongue,

Sent out by British hands on Norddeich key.”

Aylmer A. Liardet.
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British satellite launch

The second model of Britain’s Skynet II,
the first operational communications
satellite to be built outside the USA or
Russia is due for launch from Cape
Canaveral in November by a Thor-Delta
rocket. Coupled with this in Britain’s space
achievements is the scheduled launch of
UK 3§, the latest scientific satellite in the
collaborative programme with NASA.
This advanced X-ray satellite carries ex-
periments provided by British and American
researchers, and is designed to carry out the
most comprehensive investigation yet
initiated into X-ray sources in deep space
including phenomena which might explain
the existence of “black holes” in space.

Skynet II. This satellite will carry
British defence communications over an
area from the UK to the Far East. It will
replace the smaller, US-designed and built
Skynet I satellites. Skynet II is built inthe
form of a cylindrical drum with solar cells
covering the entire curved surface. It
measures approximately 78in long with
a diameter of 75in. Launch weight is
about 960lb.

Transfer of the satellite from its original
highly elliptical orbit into synchronous
orbit will be achieved by firing a solid fuel

Skynet II undergoing check-out at the
Marconi Space and Defence Systems'’
Portsmouth spacecraft factory.

apogee motor contained in the satellite. The
complete satellite will be spin-stabilized
at about 90 revolutions per minute from the
time second-stage burning ceases. How-
ever, once in synchronous orbit the com-
munications antenna will be de-spun and
controlled to point constantly at the
Earth.

During the initial manoeuvres and up to
the time of its final positioning, the
satellite will be controlled through an
almost omnidirectional aerial system
consisting of an array of cavity-backed
dipoles operating at S-band and mounted in
a single strip around the complete circum-
ference of the satellite. Once the synchro-
nous orbit has been achieved and the satel-
lite has been turned into the correct posi-
tion related to the Earth, a single horn
antenna mounted on the spinning axis of
the satellite can be brought into use to
provide the main communications function
of the satellite. This antenna, whose beam-
width is sufficient to cover the entire visible
portion of the Earth’s surface, will be
mechanically de-spun and aimed at the
Earth’s centre. The S-band multi-dipole
aerial will then be used to monitor all the
functions of the spacecraft and to transmit
commands to it.

UK 5. This all-British satellite was scheduled
for launch by a US “Scout” rocket from
an oilrig-type platform situated three
miles off the coast of Kenya. It is the first
British satellite to carry a core store system
for processing experimental data before it
is transmitted to the ground and will also be
the first British scientific satellite to use
pulse code modulation for the telemetry
link. UK 5 will carry a scientific payload
of six X-ray experiments into a near equa-
torial orbit and should remain operational
for at least one year. The experiments on
board the satellite are designed to locate
cosmic X-ray sources, including pulsars,
and to measure their spectra, period, vari-
ation and polarization. The experiments are
as follows: measurement of X-ray source
positions and a sky survey in the energy
range 0.3 to 30keV, University College
London; sky survey in the range 1.5 to
20keV, University of Leicester; study of
the spectra of individual sources in the
2 to 30keV range, Mullard; measurement
of the polarization of X-rays from 1.5 to
8keV, University of Leicester; study of
sources of high energy X-rays upto 2MeV,
Imperial College, London; an all sky moni-
tor in the energy range 3 to 6keV, Goddard
Space Flight Centre.

The results of the six experiments will
be fed in digital form through an interface
unit into a data storage system. This will
store the information gathered during each
orbit and then transmit it to the ground as
the satellite passes overhead the receiving
network. Commands will be transmitted
from the ground providing instructions to
the spacecraft and its experiments for data
collection in the next orbit.

Skynet II was designed and built for the
Ministry of Defence by Marconi Space and,
Defence Systems Ltd, who were also prime
contractors for UK 5.
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Supernova probe

The United States and Great Britain are to
undertake a joint rocket mission next June
to aim an X-ray telescope at the remnants of
a distant supernova. The project calls for
the launch of a British Skylark sounding
rocket from the Woomera Rocket Range in
Australia towards the Puppis A supernova
remnant, an object of intensive study for
several years.

A supernova can originate in alarge star
at the end of its life when the final collapse
is a cataclysmic event that generates a
violent explosion, blowing the innards of the
star out into space. There the material
mixes with the primeval hydrogen of the
universe. Later in the history of the
galaxy, new stars can be formed from this
mixture. Consequently, the study of rem-
nants of exploded stars such as Puppis A
could provide important information on
the evolution of stars and galaxies.

A Wolter type 1 glancing incidence X-
ray telescope designed and built by NASA
will be used in conjunction with a high
resolution position sensitive detector
invented and developed by the Mullard
group. The combination will permit struc-
tural details of the regions responsible for
soft X-ray emission of Puppis A to be
studied with high resolution.

Puppis A, the subject of previous study
by sounding rockets and the Copernicus
(OAO-3) satellite has been found to be one
of the brightest soft X-ray sources in the
sky. Telemetered data from the Skylark
experiment will provide two-dimensional
images of the X-ray-emitting regions of
Puppis A which can be compared with pre-
vious observations to develop more pre-
cise models of the supernova phenomenon.

More about Apollo-Soyuz

The joint space-venture between the USA
and Russia which involves the in-orbit
docking of the Apollo command module
with a Soyuz spacecraft is planned for
launch on July 15, 1975 (see Space News,
August 1974, p.287). During the mission,
the crew will conduct important new
technological and medical experiments.
Atmospheric experiments will be conduct-
ed using a new technique for measuring
constituents which are too chemically re-
active to measure directly with a mass
spectrometer. This will be accomplished
by sending an optical signal from the com-
mand service module to a reflector on the
Soyuz vehicle. The signal will be bounced
back and scanned in the Apollo spacecraft
to study the effects of the sun on atomic
oxygen and nitrogen at orbital altitudes.
Also included is an experiment in electro-
phoresis processing. An electric field is used
to separate living cells and other biological
materials from a flowing medium without
decreasing their activity in near zero
gravity conditions. Successful demon-
stration by the Apollo-Soyuz test project
could lead to further development of space
electrophoresis in shuttle missions, as a
tool for medical research and therapy and
contribute to such fields as immunology
and cancer research.
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Realm of microwaves

9—Basic measurements and instruments

by M. W. Hosking, M.Sc.

British Aircraft Corporation, Filton

Most of the techniques used, together with
the method of approach, in measuring
what goes on in a microwave circuit are
sufficiently different from other electronics
practice to make an interesting topic of
their own. As with the preceding articles
in this series, the presentation of the
subject is intended, not to preach to the
converted, but to highlight the consider-
able differences in technique and tech-
nology that exist in the microwave region.

The trend in microwave measurements
is toward more automated systems and
for individual instruments to cover wider
bandwidths with the minimum of operator
intervention. While mentioning some of the
more advanced systems, this article con-
centrates on the basic quantities to be
measured, like power, impedance and fre-
quency, and on certain types of instru-
ments which have become universally
accepted as the basic measuring tools.

To start with, there is a great difference
in the approach to both measurement and
design at microwave frequencies than at
the lower frequencies. Quantities such as
voltage and current, while still existing,
have little practical significance and little
attempt is made to measure them. Consider,
for example, the hollow, metal waveguide
form of transmission line wherein the wave-

length is usually of the order of centimetres.

The system is a d.c. short circuit, so a
potential difference can only exist in so far
as the electric field is varying, so that
voltage is a function of position along
the guide.

Electric current does not exist as a steady
stream of electrons travelling uniformly
from one end of the guide to the other,
but as periodically circulating currents
near the surface of the walls. Even if
some current monitor were invented it
would not give the total current, but only
the bit flowing at the particular measuring
point, Consequently it is the microwave
power which is always measured and this
is done directly by absorbing it into some
load and: either noting the rise in
temperature or variation in resistance of
this load.

Having either received or generated a
microwave signal, one is then mainly
concerned with transferring the power
efficiently from one point to another,
usually via other components such as
filters, attenuators, isolators, directional
couplers. Consequently, impedance be-
comes a vital parameter, governing the
degree of mismatch between two points or

components. Each type of transmission line,
be it waveguide, coaxial line or microstrip,
has a characteristic impedance which, for
a given electromagnetic field pattern (mode)
within the line is a real quantity and is a
function of the cross-sectional dimensions
of the line. A component, say a receiving
antenna, which may have a complex or
different impedance to that of the line will
appear as a mismatch, causing some of the
microwave power to be reflected. When a
mismatch does occur, it can be compen-
sated for by deliberately introducing a
second mismatch a certain electrical length
away so that the combined reflections
cancel out.

Microwave impedance

The measurement of impedance in the
microwave region illustrates one of the main
differences in approach to this type of
problem. A good definition of the microwave
spectrum is that in which the various com-
ponents and transmission line cross-
sectional dimensions are comparable in size
to the wavelength. The significance of this
is that the electromagnetic field itself can be
conveniently sampled and the perturbing
effects of any obstacle in the transmission
line can be readily measured.

The effect of a mismatch is to reflect
some of the microwave power back down
the transmission lines the exact amount
depending on the degree of mismatch. This
reflected power combines with the incident
field to produce a resultant field pattern
which is stationary in position along the
guide as shown in Fig. 1. The quantities
E,.. and E,, depend, in value, on the
amplitude of the reflected wave, while the
position of the standing-field pattern with
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reference to the obstacle depends on the
reactive effect of that obstacle. The
distance between peak and null of the
pattern is a quarter of the line wavelength,
which can be different from the free-space
wavelength.

Sufficient information is contained within
a measurement of E,,, E,, and the
minima position to determine the amount
of reflected power, the obstacle impedance,
whether the impedance has an inductive or
capacitive component and the magnitude of
this reactance. Also, a measurement of the
distance between successive peaks or nulls
of the standing-wave pattern yields the
frequency. This impedance determination,
either directly or indirectly, is the most
common of all microwave measurements
and the successful design of components
and systems hinges upon it.

This is largely because microwave sys-
tems involve the transfer of power from one
point to another, usually in applications
where even small losses cannot be tolerated.
Knowledge of such an impedance mismatch
enables steps to be taken to either correct
it or compensate for it. Again, the accuracy
of most microwave instruments depends on
the degree of mismatch that they present
to the transmission line. With market com-
petition high, such instruments have to
operate over full waveguide bandwidths,
or even wider in coaxial systems; so that the
broadband mismatch is of fundamental
interest to both the designer and the user.

Before going on to describe some ways
and means of measuring impedance, it will
be as well to list the parameters involved and
their relationships with each other. Deriva-
tion of these equations will not be given
here, but is simple enough and can be found
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Fig. 1. Reflected wave from transmission-line discontinuity interferes with the incident
wave to produce a standing-field pattern along the line.
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in any of the wealth of literature dealing
with transmission line theory.

Firstly then is a quantity called the
voltage standing-wave ratio or v.s.w.r. and
is obtained directly from probing the field
pattern of Fig. 1. The v.s.w.r. is an indica-
tion of how well a load or an in-line com-
ponent is matched to the transmission line
impedance and is always quoted in the
specifications of such devices. It is defined
as the ratio E ,./E .., and, as such, can
vary from unity for a perfect match
(Eox = E,iy) to infinity for a perfect
short or open circuit (E ,,;, =0).

It is also possible to define the v.s.w.r. as
the reciprocal of this giving values of
between unity and zero and this used to be
the earlier method. Now, however, apart
from a few die-hards in British industry,
fashion has succumbed to New World and
Continental influence and the former
definition is used. Although a variation of
from 1-e is possible, in practice the
vs.wr. is small. To give a feel for the
figures: octave and waveguide-band com-
ponents seldom have v.s.w.rs worse than
1.7, while precision and narrow-band
devices are better than 1.1.

It is possible to obtain the amount of
reflected power from a mismatch by express-
ing the v.s.w.r. in terms of a reflection
coefficient. The standing-wave pattern is
produced from the combination of the
incident and a reflected wave which can be
given electric fields E; and E, at the
positions of measurement. Then E . is
given by E, +E, and E,,,, by E, —E,,s0
that the v.s.w.r. becomes

E +E

i r 1
E-E (n
One can also define a voltage reflection
coefficient, p, as the ratio of reflected to
incident voltage E, /E; , whereupon equation
1 can be written as

A+tp )

Taking the v.s.w.r. value of 1.7 mentioned
above, the corresponding value of p is 0.26
and the power reflected, being proportional
to the square of the voltage is thus 0.067.
That is, 6.7% of the power is reflected from
a mismatched object having a v.s.w.r. of
1.7, while the corresponding figure for a
v.s.w.r.of 1.1 isonly 0.23%.

Strictly speaking, the voltage reflection
coefficient used in equation 2 is the
modulus of a more general reflection
coefficient containing relative phase
information about the reflected wave. Such
information is necessary when evaluating
the reactive component of a mismatch and
can be simply obtained by noting the shift
in position of the standing wave pattern
when the mismatch is replaced by some
phase reference—usually a short circuit.

Again, there is a simple relationship
between the reflection coefficient and load
impedance, Z; , on a transmission line.
In general these will be complex quanti-
ties, so that the reflection coefficient is
more fully given by (=pexpjp where
p=Id and can then be written in terms

Ag
=

transformer
section
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Fig. 2. Input impedance of loaded transmission line is a function of the position at which
it is viewed, it repeats itself every half-wavelength (a) and inverts every quarter-wavelength
(b). This latter facility is used to produce reflection less impedance transformers (c).

of the load as:

z,-2, [ t% ] €)

Z, being the characteristic impedance of
the line. Thus the absolute value of a
complex load impedance can be obtained
from an electric field measurement to give
the ratio of E,, to E,, a length
measurement to give the phase of the
reflection coefficient and a knowledge of
the characteristic impedance of the line—
usually calculated.

Determining the characteristic im-
pedance presents problems, especially
in the case of waveguide. Coaxial line,
balanced stripline and, to a fair degree
of accuracy, microstrip have only trans-
verse components of electric and mag-
netic fields and it is possible to define a
single constant of proportionality between
these, called the characteristic impedance.
Waveguide transmission, though, involves
both longitudinal and transverse fields
and it is not possible to define a unique
characteristic impedance. For instance,
in terms of voltage, current and power,
impedance can be given by V/I, P/I°,V?/P
(r.m.s.), while strictly speaking V? and I? are
the products of the complex and complex
conjugate voltage and currents. Applying
these familiar relationships to more every-
day electrical problems will yield identical
values of impedance, but not so in wave-
guide. In fact, the ratios of the different
answers obtained are (77/4): (7%/16):

But, in the' great majority of cases, the
reason for measuring load impedance is

to tune out a mismatch and it is not neces-
sary to know the absolute value, only
that normalized to the characteristic
impedance of the line. As the tuning device
can also be normalized to the same im-
pedance, it is satisfactory to treat the
problem on a purely relative basis. In
terms of the quantities actually measured,
the impedance obtained is thus:

V4 1+¢
70 T @

Bearing in mind that z, is likely to be a
complex quantity having normalized re-
sistive and reactive components (r + jx),
and that { is also complex, it is a simple
matter to fully characterize the load
impedance. This impedance obtained by
measuring the standing-wave pattern is
that existing at the plane or effective
“terminals” of the mismatch or load, but
is not the whole story of microwave
impedance.

A very important transmission line
property can be exploited because of the
physically small distances involved; that
is the ability of a length of line placed
between the observer and the load to
change the input impedance. In the case
of Fig. 1, if the terminal plane is moved
toward the left it will pass through differ-
ing phase relations between the incident
and reflected waves which will alter
the real and imaginary parts of the im-
pedance as seen at this plane. Again, there
is a simple relationship governing the
input impedance to a length of trans-
mission line terminated by some load
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which can be obtained by extension of
equation 4 by adding to the phase of the
incident and reflected waves, an amount
of phase corresponding to the length of
transmission line. With reference to Fig. 2(a)

. —Zw_ 7+ jtangl )
™ Z, 1+4jztanpl

where f$ is the phase constant and equal to
2n/d,, remembering the transmission
line wavelength need not be equal to the
free-space wavelength.

The usefulness of this impedance trans-
forming effect will be seen later where it
helps in the matching of components. But
there are some special cases worth point-
ing out here. When the observation plane
XX is moved to a position such that
I=12,/2 or multiples of 1,/2 then
equation 5 reduces to Z, = Z,, which
is as if the load itself had been moved to
the new terminal plane. A practical
implication of this would be when some
form of tuning device, say, had to be
placed alongside a load or mismatch,
which was inaccessible. If a suitable posi-
tion could be found for the tuner which
was ‘a whole number of half-wavelengths
away from the load, then the effect would
be the same. This is only strictly applicable
at one frequency and for large distances
or lossy transmission media attenuation
must be taken into account.

A second interesting effect occurs at the
position where /=1,/4 when equation 5
becomes z,=1/z, and the load im-
pedance viewed from this point has been
inverted. Note that these are still normal-
ized values if anybody is checking the
units. This is an important property and is
known as quarter-wave transforming and

+c0
N f
Q
[ =
2
°
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E T e
e 4 2 4
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series stub

Fig. 3. Short or open-circuited
transmission line is purely reactive and
can be inductive or capacitive with any
value between + infinity depending on its
length (a). This makes the series or shunt
stub (b) a versatile matching element.

is widely used in microwave design. It
performs the same function, without the
isolation, as transformer matching does at
lower frequencies, but without metres of
wire for coils.

Consider Fig. 2(c) where the problem
is to match sections of low impedance
and high impedance line. We cannot just
join the two sections together, for apart
from causing a reflection due to the
differing electrical impedance of the two
lines, the physical discontinuity at the
junction will disturb the field patterns
and will appear as an additional suscept-
ance. Looking from left to right in Fig.
2(c), the low impedance line Z,, can be
considered as. the load, separated from
the main transmission line.- of high im-
pedance Z,, by the 1,/4 section of
impedance Z .

Moving to the left, away from the load,
just into the transformer section sees
Z,, as the normalized impedance Z,, /Z
which, as the movement continues, varies
in accordance with equation 5. On reach-
ing the end of the transformer, the im-
pedance is inverted, to give Z,,/Z,, . Tobe
matched, this should be made equal to the
high impedance section, also normalized to
Zor- Thus, Zop/Zoy =Zoy/Z or OF Zor =
VZouZo , which gives the required
characteristic impedance of the quarter
wave transformer as the geometric mean
of the impedance to be matched. By this
means, any real impedance values can be
matched and, by increasing the number
of transformer sections, the match can be
maintained over wide frequency bands
(an octave or more).

When computing the variation of a com-
plex load impedance with frequency and
at the same time searching for the value
and location of the best matching structure,
the algebra becomes lengthy and tiresome
and it is not always easy to see the best
direction to follow. An invaluable aid
to this type of problem is the circle diagram
or Smith chart, which is a grid of interlock-
ing circles derived from the relationships
given earlier between impedance, reflection
coefficient and v.s.w.or. By plotting an
impedance on this chart, one can obtain
a speedy, visual picture of how it varies
with frequency. Examples on the derivation
and use of the Smith chart have already
been published in Wireless World*. This
article gives a very good explanation of the
Smith chart and is well worth reading.

Apart from perhaps the characterization
of some solid-state devices, the impedance
or reflection coefficient obtained is required
for the purpose of matching out the re-
flection, thereby maintaining an efficient
power flow. For the instrument designer in
particular, this is important to the measure-
ment accuracy of the device he hopes to
sell. Basically, the principle of matching is
quite simple, although in practice it can be
an extremely exacting task and uses the
transforming property of a length of trans-
mission line. By moving the plane of obser-
vation away from the load or mismatch, a
point will be reached where the real part of
the input impedance (load plus line) equals

*Hickson, R. A. “The Smith Chart”. Wireless
World, Vol. 66, 1960, pp. 2-9, 82-5, 141-6.

399

the characteristic impedance and is thus a
match. All that is left is a reactive com-
ponent, either inductive or capacitive. If,
then, another reactance, but of opposite
type, is introduced at this point, the com-
bined reflections will cancel out and the
line will appear matched.

The spanner to be thrown into this ideal-
sounding works is the fact that almost all
microwave systems are required to work
over a band of frequencies and so matching
becomes a compromise between complex-
ity and v.s.w.r. The amount of headache
this produces really depends on which type
of market the circuit designer is aiming
for. An instrument designer has to make
components which function accurately over
at least the standard waveguide bandwidths
(up to an octave) and wider in coax, while
a radar systems designer is usually only
concerned with bandwidths of a few per
cent.

Having found the best place to position
the matching device and determined by
measurement and calculation the necessary
reactance, it remains only to translate this
reactance into a physical structure. And
here is another aspect of microwave tech-
nique which is markedly different from the
remainder of electronics engineering. If,
say, a capacitive reactance were needed,
then it would not be possible to use the con-
ventional solid-dielectric or electrolytic
capacitor, simply because neither would
appear as a lumped element. Their physical
size, being a significant portion of a wave-
length, would make the capacitance itself
frequency dependent and conducting paths
within the component which perhaps were
only tens of nanohenries inductive possess
alarge reactance at GHz frequencies.

Bearing in mind that a component is
classed as inductive or capacitive de-
pending on the way in which it influences
the phase relationship between current and
voltage, then all that is required at centi-
metre wavelengths is something which will
perturb the local electric or magnetic field
so as to produce a similar effect. One finds
that metallic objects in the transmission
line, a sudden change in cross-sectional
dimensions, or a piece of dielectric can all
produce inductive or capacitive effects.
So too, as we have seen, can a length to
transmission line itself and as well as
transforming an impedance can also be
used in reactive matching.

Suppose that, instead of the load Z, of
Fig.2, the line is terminated in a short
circuit, then Z, =0 and equation 5
reduces to Z, =jZ, tan fBl. Thus, neglect-
ing losses, the input impedance to a short-
circuited transmission line is a pure
reactance, the exact value of which depends
on the electrical length. As can be seen from
Fig.3(a), when the stub length is less than
a quarter wavelength, the reactance is in-
ductive and covers all values from zero to
infinity. Between 1,/4 and 1,/2 in length,
the line impedance is a capacitive reactance,
again varying between zero and infinity.
Any value of reactance can thus be obtained
from such a length of line, making it a
versatile and effective matching aid. Fig.3(b)
shows how, in waveguide, such a stub line
would be connected to appear in shunt
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Fig. 4. Various reactive components:
(a) inductive and capacitive crises,
(b) inductive capacitive or resonant
post, (c) microstrip capacitive step.

with the main line. Connecting it across
the broad dimension of the guide would
make it appear in series.

Some common microwave reactive com-
ponents are shown in Fig. 4 and are
capable of producing a wide range of
practical values. Provided that the
dimension of such an element in the
direction of propagation is a small (<1/20)
part of the wavelength, the actual induct-
ance or capacitance is essentially inde-
pendent of frequency. The ubiquitous screw,
or post, is widely used as a matching and
tuning device. For the first amount of
penetration into the guide it appears
capacitive, then passes through a resonant
condition as penetration increases and
finally becomes inductive. In waveguide or
coaxial line the post provides a convenient
method for tuning up the resonant sections
of a filter and provides 4 method of
mechanically varying the frequency of
solid-state cavity oscillators. In the
microstrip form of circuit discussed pre-
viously, components such as these are not
so practical and the mechanical tuning of
components is not normally done. When
matching devices are required, then the
appropriate reactance is produced either
by an abrupt change in the transverse
dimension of the strip component or by
suitable stub-lines placed at right angles to
the mainline.

Impedance measurement

A lot of effort has been expended by manu-
facturers in producing test equipment and
components of steadily increasing quality
for the measurement of impedance and
also progressing towards fully automated
systems. All methods, however, are based
on determining the magnitude and phase of
the voltage reflection coefficient, usually
as a function of frequency. The basic

]

|y |
1

component for measuring these quantities,
still going strong as alaboratory instrument,
is the slotted line shown schematically in
Fig. 5. It consists of a section of wave-
guide or coaxial line with a narrow slot
several wavelengths long cut along its
axis. With the dominant mode propagat-
ing, the slot does not interfere with any of
the field components and thus causes no
significant radiation. A metal probe pene-
trates through the slot into the guide and
is attached to a sliding carriage, the
position of which can be determined
accurately with either a vernier scale or a
clock gauge. To one end of the instrument
is connected a source of microwave
power and to the other, the component
under test.

As we have seen, any mismatch will pro-
duce a standing-wave pattern along the
guide due to the interference between
incident and reflected waves and the
carriage probe will couple to the electric
field of this pattern io yield a detected out-
put voltage proportional to the wave ampli-
tude. By moving the probe carriage along
the slot, a voltage reading can thus be
obtained for the maximum and minimum
values of the standing-wave pattern and,
hence, the v.s.w.r. (leading to the reflection
coefficient magnitude) which is the ratio
of these two. To determine the complex part
of the reflection coefficient, and hence the
impedance, it is necessary to know whether
the mismatch is inductive or capacitive
and this information is contained in the
phase difference between the indicent and
reflected waves.

Its value may be obtained by comparing
the standing-wave pattern produced by the
mismatch with that from a known phase
reference, usually a short circuit. Being
nearly non-dissipative and non-reactive, a
practical short circuit placed across the
transmission line will produce a very large
v.s.w.r. and standing-wave minima spaced
at A,/2 intervals from the plane of the
short itself. The measurement procedure.
is to place the short-circuit reference either
at the same position as the unknown
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impedance or a known distance from it and
to note the position of one of the standing-
wave minima. This position will be different
from that occupied by the minimum pro-
duced by the original mismatch and rep-
resents the phase angle of the impedance.

detector

longitudinal
slot

sliding
carriage

Fig. 5. Basic structure of slotted line in
waveguide comprising probe, sliding
carriage and detector. In practice, great
mechanical precision is needed as well as
careful electrical design.

Although accurate, the disadvantage of
the above method: is that it is restricted to
spot-frequency measurements and thus,
in the case of a wide-band component
some poorly-matched areas might be
missed. In addition, it is hardly a practical
method to use for production quality con-
trol: a comprehensive check could price
the component under test out of the market.
However, with the advent of microwave
sweep oscillators, now capable of covering
almost any bandwidth and accurate test
components, it is possible to obtain a
continuous plot of impedance across the
operating band of the device under test.
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Fig. 6. Reflectometer set-up for the swept measurement of reflection coefficient (a) and the

resultant recorder plot (b).

A test circuit for measuring the reflection
coefficient on a swept frequency basis is
shown in Fig. 6 (a).

Say the device to be measured is to
operate over X-band (8.2-12.4GHz) then
the microwave oscillator can be made to
continuously sweep automatically across
this band within times of typically many
minutes to 0.01 seconds. If the measure-
ment recorder were an oscilloscope, the
latter rate would be chosen but for the XY
recorder shown here, several tens of seconds
for a sweep is more applicable. The X-travel
of the recorder is synchronized electrically
with the oscillator sweep. Forward and
reflected signals are sampled by the direc-
tional couplers, shown here as 10dB models,
which means that arm 3 couples out 1/10th
of the power in the main arm of the device
travelling in the direction 1-2.

Ideally, no power should couple to arm 4
as this could give rise to an additional re-
flected wave. But, alas, nothing is perfect
and this is a small source of error in the
measurement. The purpose of the levelling
loop connected to the first coupler is to
provide a constant amplitude signal over
the band, which can be used as a reference
so that only variations in the reflected power
need be measured. The first step is to
calibrate a scale of reflection coefficient
along the Y-axis of the recorder and, to this
end, a short circuit is put in place of the
component under test.

As far as the detector in the second
coupler is concerned, the reflected signal
amplitude which it sees with the attenuator
set at OdB, represents a reflection co-
efficient of unity. If, however, attenuation
is inserted into the line, then the decrease in
amplitude can be interpreted by the
detector as coming from a termination with
a lower degree of mismatch. The two
quantities are related by —20log ,, p and
is called the return loss (dB). So a short
circuit padded out with say 10dB of loss
appears as a reflection coefficient of 0.32
or a vs.w.r. of 1.9. A calibrating grid can
thus be drawn on the recorder for various
values of return loss to simulate various

mismatches. Finally, the short is replaced
by the test piece, the attenuator set back to
zero and the actual measurement super-
posed on the calibration. The result might
be as shown in Fig. 6 (b) where, if spot
frequency checks had been relied on, the
sharp resonance at 9GHz could well have
been missed.

One can go one step further and intro-
duce a phase measurement and then dis-
play the swept plot in polar co-ordinates on
an oscilloscope with a Smith chart graticule.
By this means an empirical matching
technique can be continuously monitored

while the adjustment is going on, perhaps.

saving weeks of design effort of the rejection
of a production component. Then, if one has
the money, a computer can be introduced
and programmed to carry out sets of
measurements while continuously carrying
out circuit error analysis and correcting
for it and displaying the data for both active
and passive devices in many convenient
ways.

Whichever technique is used, the basic
fact remains that at the short microwave
wavelengths it is possible to monitor the
effects of a reflected electromagnetic field
from a mismatch by quite simple methods.
Then, knowing the wavelength, the im-
pedance of a load or discontinuity can be
easily defined in terms of the amplitude
and phase of the reflection which it
produces.
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Standard time
satellite

A successful two-year experiment in broad-
casting time and standard frequency
signals from an earth satellite has just
been completed by the US National
Bureau of Standards. In the experiment, a
frequency modulated 149MHz carrier
wave was transmitted for two 15-minute
periods a day from the Bureau’s Boulder,
Colorado laboratories to the US National
Aeronautics and Space Administration’s
ATS-3 geostationary satellite. The signal is
rebroadcast to earth on a 135MHz
carrier to cover the North and South
American continents, much of the Atlantic
and Pacific Oceans and part of Europe
and Africa, a total of 40% of the earth’s
surface.

Satellite-relayed signals have high signal-
to-noise ratios, wide bandwidth (per-
mitting flexibility in signal input) and line-
of-sight propagation paths free from
fading. In the future, a satellite system
based on the experiment may offer con-
tinuous time and frequency broadcasts
covering a large global area with a timing
accuracy better than one one-hundred-
thousandth of a second. The relayed
signals were based upon the Bureau’s
frequency standard and “co-ordinated
universal time”, both maintained at the
Boulder laboratories. A standard frequency
1kHz tone, second ticks, voice announce-
ment of the time of day, satellite position
and a time code were relayed to Earth
within a bandwidth of 20kHz during the
daily transmitting periods.

Accurate time recovery depends pri-
marily upon accurate satellite . position
information. For instance, a 300-meter
path represents a one-microsecond timing
error. Charts prepared for users of the
satellite time dissemination service give
receiver-antenna direction information and
propagation time delays.

The WW Annual

Wireless World proudly introduce their
Annual. Having the same format as
Wireless World, the Annual contains over
80 pages of editorial, including three
major constructional features: an audio
oscillator, a small-boat echo-sounder, and
a double phase-locked loop f.m. tuner.
Nomographs and formulae are presented
for ‘reference purposes and theoretical
articles such as, “Estimating signal
strength from v.h.f. aerials” and “Loud-
speaker design” provide valuable basic
design information.

Available from leading bookstalls in
October, the Annual is priced at £1 or
£1.35 by post from Room 11, General
Sales Dept., Dorset House, Stamford St.,
S.E.1. Cheques and postal orders should
be made payable to IPC Business Press
Ltd.
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Microphone survey

Principles of operation and construction followed by a tabular survey
of professional and semi-professional microphones

by J. Dwyer

Wireless World, October 1974

The microphone is nearly a century old. The author gives a brief account of that century and then
describes the major principles in the construction and operation of the basic instruments. Pressure,
pressure gradient and phase shift operation are described as well as the three basic polar patterns
to which those operations correspond and the author makes a plea for the more careful definition
of the terms hyper- and super-cardioid.

According to a reliable account' the first
microphone diaphragm was Reis’s sausage
skin.” Reis had used two intermittently
connected metal contacts and could trans-
mit tones of differing frequency, but not
intelligible speech.

Alexander Graham Bell used the first
microphone, in his moving armature trans-
mitter and receiver on June 3, 1875.*% In
the following years Bell improved upon it
by using the diaphragm as the armature and
using two pole pieces instead of one. The
device was insensitive because the moving
member required sufficient bulk to support
the attractive force on the diaphragm.
Balanced armature models were developed
by Siemens,> Watson,® and Capps.’

Emile Berliner and Thomas Edison in-
vented the variable contact carbon transs
mitter almost simultaneously in 1877. The
word “microphone” was coined by David
Hughes the next year. He described the
principle of using a large number of small
grains of carbon, and Henry Hunnings
built such a microphone the same year.
Edison patented the granular carbon
microphone in 1889.

The moving coil microphone principle
was discovered simultaneously by Charles
Cuttris and Jerome Redding, in the United
States, and by E. W. Siemens in Germany
in 1877. Patents followed.> ® The modern
instrument was developed by E. C. Wente
and A.L. Thomasin 1931.°

The ribbon microphone was invented by
Schottky and Gerlach in Germany in 1923.
Although the pressure gradient principle
had been explored by Pridham and Jensen,
and Meissner (who filed his patent in 1919)
for use in noise cancelling microphones it
was H. F. Olson who made the first modern
ribbon microphone in 1931, patented a year
later‘lo,ll,ll,u

Olson, with J. Weinburger and F. Massa,
also developed the combined unidirectional
microphone." A combined ribbon and
dynamic microphone was developed by
R.N.Marchail and W.R. Harry.

Piezo-electric effects had been observed
by Becquerel in 1820 but the first crystal
microphone, using a Rochelle salt element,
was made by A. M. Nicholson in 1919. It
was not until the crystal bimorph was in-
vented in 1931 by C. B. Sawyer that there
was sufficient output for these microphones
to be practically useful.’> 617

A. E. Dolbear described the condenser

microphone in 1880 but a practical instru-
ment did not arrive until that developed by
E.C. Wentein 1916.!81°

Various other transducers have been
used over the years'?: 20:21- 22. 23 byt the fore-
going account covers those now in common
use.

Operating principles
The mode of operation of the transducer
depends on its construction. If the capsule
is totally enclosed apart from an atmos-
pheric pressure equalisation tube, then the
diaphragm will react only to rapid changes
in air pressure. If the capsule is not so big as
to interfere with the sound waves the dia-
phragm will respond to sound from any
direction since it is a pressure transducer.
The second mode of operation is pressure
gradient. The diaphragm (Fig. 3) is ex-
posed on both sides. A sound wave coming
from direction A strikes the front of the
diaphragm first and then reaches the back.
In doing so it will have to move distance x,
the path difference between front and back.
If the wavelength of the sound is long com-
pared with d (Fig. 4) the pressure change
which occurs while the wave travels dis-
tance x will not be great. In the limit, when
the sound pressure is constant there will be
no difference along the path length x at all.
At low frequencies x will be small compared
with the wavelength and it can be assumed
that P, to P, is a linear portion of the pres-
sure curve, so that P,—P, genuinely repre-
sents the pressure gradient. Here the force
on the diaphragm is proportional to fre-
quency, and this is roughly true until

As the frequency rises, however, x be-
comes appreciable compared with the
wavelength and, in the limit, reaches the
point where x=1/2. Here the pressure
differences will be maximum, correspond-
ing to twice the amplitude of the pressure
wave.

The pressure gradient diminishes again
as the wavelength decreases, until the path
difference between one side of the dia-
phragm and the other is equal to the wave-
length, and the pressures on either side of
the diaphragm are equal. Here the force on
the diaphragm is zero.

If the path length x is small enough the
force on the diaphragm will be proportional
to frequency throughout the audible range
but, as x decreases, so does the sensitivity.

The pressure gradient microphone will
only respond to the component of the inci-
dent sound along the axis of the micro-
phone. Sounds from position C in Fig. 3
will have no effect on the diaphragm since
pressures on either side of it are equal
Sounds from D will have the same effect as
those from A but will be phase reversed
since they move the diaphragm in the oppo-
site sense. Between these positions, the
response will vary as the cosine of the angle

diaphragm
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Fig. 1. Pressure operated diaphragm.

Fig. 2. Response of a pressure operated
diaphragm.

diaphragm

f

C

Fig. 3. Pressure gradient operated
diaphragm.
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A KK @ for Sound Recording
and Live Entertainment.

DI90

The general purpose

directional microphone

for PA, vocalists and

amplified musical Dynamic cardioid studio

Instruments. microphone. Separate
low and high frequency
systems,

P, i
%;E"?? E C414
e (C 414C comb. with DIN
¥ %~ CA51EB plug on request.}
p aors ~  FET Studio microphone
with large condenser
capsule. Pattern
selector on microphone
for cardioid, omni-
directional, figure of eight
and hyper-cardioid.
Switchable -10 db
attenuator.

Standard version "'flat”
pre-amplifier — complete
with CK 1 cardioid
capsule, SA 15 stand
adapter or SA 7 quick
release adapter (only for
U.K.} C 452E (C 452C
with DIN-socket on
request}: 48 volt pre-
amplifier for phantom
powering from mixing
console.

D90

A keenly priced dynamic

microphone yet offering

a good directional Dynamic cardioid studio

response for tape recording, microphone. Separate

publi'c address and low and high frequency

vocalists. systems, closely
calibrated.
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A perfect match for all the other equipments, also by GRAMPIAN, for the complete sound installation.
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Get to know more about Unisound Electret Condenser
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of incidence, giving a polar diagram as
shown in Fig. 5. The response is called bi-
directional or figure of eight.

Fig. 6 shows a phase shift operated
microphone, in which the amount by which
the phase of the incident wave is shifted
between the front and the rear of the micro-

phone is related to the angle of incidence of

the sound wave. In the diaphragm shown
the path difference for a sound behind the
microphone is zero because d,=d,. This
means that there will be no response to
sounds coming from the back. If the sbund
comes from the front there will be a phase
shift which will reinforce the motion of the
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Fig. 4. Sound pressure versus path
length for pressure gradient operation.
See text.

d= A

Fig. 5. Polar diagram of a pressure
gradient operated microphone.
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- Fig. 6. Phase shift operated microphone.
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Fig. 7. Ported phase shift microphone to
obtain an even response.
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wave impinging on the front of the dia-
phragm. For the arrangement shown the
reinforcement will be maximum when
d, +d, =1/2, making the pattern frequency
dependent, and in a practical micro-
phone ports are provided for the high,
medium and low frequencies to give a uni-
form response, as shown in Fig. 7. Here d,
is the distance to the low frequency port, d,
that to the mid frequency port and d,
is that to the high frequency port. The three
ports can be replaced by a long slot.** The
direction pattern is described by 1+ cos@.

As the size of the ports or aperture tends
to zero the microphone will tend to become
pressure operated. As the size of the ports
tends towards infinity, where the back of the
diaphragm is open, the microphone will
tend toward pressure gradient operation.
When the apertures are between these sizes
the microphone will act in a combination
of pressure and pressure gradient operation.

Simple omnidirectional pressure and
bi-directional pressure gradient micro-
phones do not behave ideally. At high
frequencies the omnidirectional micro-
phone becomes large compared with the
sound wavelength and its bulk shades high
frequencies from the diaphragm. In addi-
tion, off axis high frequency sounds may
not make the diaphragm vibrate because a
peak and a trough of pressure may be act-
ing simultaneously on the diaphragm across
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(b)

D
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its diameter. On the other hand, high fre-
quency reflections from a diaphragm witha
diameter large compared with their wave-
length may set up standing waves, causing
pressure doubling, and tending to increase
output at high frequencies. The result of all
this is that the pressure microphone is direc-
tional at high frequencies.

Bi-directional microphones also have
anomalies. The diaphragm of such a micro-
phone may reflect high frequency pressure
waves, which will not then reach the back
of the diaphragm. As a result pressure
operation gradually takes over at h.f. In
theory any transducer can be made to oper-
ate in any mode. In practice some trans-
ducers are more suited to pressure and
others to gradient operation.

Polar patterns and transducers

The derivations and combinations of vari-
ous polar patterns are shown in Fig. 8. The
distinction between super-cardioid and
hyper cardioid seems unclear. The diagram
shown in Fig. 8(e) is generally accepted as
hypercardioid but is sometimes called
supercardioid. It is obtained by the super-
imposition of a small omnidirectional pat-
tern with a larger figure of eight diagram.
It would be convenient if the supercardioid
diaphragm were defined as the superimposi-
tion of a large omnidirectional pattern with

/
bl
|

N

OO
\/I\/

Fig. 8. Derivation of various polar patterns (a) omni-directional, (b) bi-directional or
figure of eight, (c) uni-directional or cardioid, (d) supercardioid and (e) hypercardioid.
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a smaller figure of eight. The BBC prefer
not to use either expression and would refer
to Fig. 8(¢) as a Cottage Loaf.

Transducers are of two types. The con-
stant amplitude type produces its maximum
output when the displacement of the micro-
phone diaphragm is maximum. For smooth
frequency response the maximum displace-
ment of the diaphragm must be constant.

Constant velocity transducers produce
maximum output when the first derivative
of the diaphragm’s displacement is a maxi-
mum: in other words when the velocity of
the diaphragm is maximum. For smooth
frequency response the maximum velocity
of the diaphragm, which is reached as it
travels through its point of zero displace-
ment, must be constant.

A diaphragm has a natural resonant
frequency determined by its mass, size and
the material used to make it. Fig. 9 shows
the resonance curve. It will be seen that
below the peak frequency the velocity of
the diaphragm is rising at 6 dB/oct. This
means that the amplitude of thediaphragm’s
motion is constant with frequency.

Below resonance, the compliance of the
system is greater than its mass or resistance
(anelectrical analogy being thatthe system’s
capacitance is far greater than its resistance
or inductance). The system is compliance
controlled. Above resonance the mass of
the system is the largest component of the
mechanical impedance. This is mass con-
trol. At the peak the system becomes
“resistive”, as in an electrical circuit, and
heavy damping, or “resistance control”,
can flatten out the peak to result in a flat
response over a large part of the audible
frequency range.

The construction of the crystal or ceramic
microphone is shown in Fig. 10. The crystal
microphone works on the piezoelectric
principle, whereas ceramic microphones
work on the different but related electro-
strictive principle. Electrostriction is a form
of elastic deformation induced by an elec-
tric field which is independent of reversal
of the direction of the field. It is a property
of all dielectrics and is thus distinguished
from the converse piezo-electric effect, a
field-induced strain which changes polarity
upon field reversal and which only occurs
in piezo-electric materials.

Piezo-electric materials include Rochelle
salt and ammonium dihydrogen phosphate.
Two crystals are used in a bimorph to in-
crease the output. The crystal or ceramic
device is constant amplitude and so the dia-
phragm is compliance controlled to keep
the resonant frequency well above the
audible range. The diaphragm is made very
stiff.

The source impedance of the crystal is
mostly capacitive—1,000 to 2,000pF—
and only short lengths of low capacitance
cable can be used to convey the signal to
an amplifier. The output level is high but
the crystal is easily damaged by moisture
and heat. Much the same applies to the
ceramic microphone, though it is less
sensitive to heat and moisture. When
designed for practical output levels either
type has a rough, limited frequency res-
ponse making it unsuitable for high
quality use. They are cheap, however, and

6dBfoct 6dBfoct

-

fo FREQUENCY
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Fig. 9. Resonance curve of a constant
velocity transducer.
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N N

output

Fig. 10. Construction of the crystal or
ceramic microphone.

the ceramic types can give a respectable
frequency response if the output is kept
low.

The variable reluctance or moving iron
microphone is now rarely used, for reasons
already outlined. The principle is that a
magnet with a coil wound round it is placed
close to a metal diaphragm through which
part of the magnetic field is conveyed. Vari-
ations in the position of the diaphragm
cause variations in the distance between
magnet and diaphragm and consequent
variations in the reluctance of the magnetic
field. These variations induce voltages in the
coil, which are then amplified. The system
is a constant velocity one and a constant
output is obtained through resistance con-
trol by heavy damping.

Moving coil and ribbon microphones
work on the same principle that a voltage
will be induced in a conductor that cuts a
magnetic field.

The moving coil microphone is a con-
stant velocity device and so is resistance
controlled. Often a piece of silk or felt is put
behind the diaphragm to act as anacoustical
resistance. Resonant cavities are also used
to add other resonances to extend the range.
The main resonance is set around 700Hz.

The electrical impedance is about 30
ohms and a transformer us used to step this
up to the usual 30, 150, 600 or 50,000
ohms. The moving coil microphoneisideally
suited to pressure operation.

The diaphragm must be small to avoid
the effect of phase shift across the diaphragm
for high frequency off axis sounds, but the
smaller the diaphragm the lower the output,
so a compromise is needed. The moving
coil microphone, often called the dynamic
microphone, has a good output level, a wide
smooth frequency response, a good transient
response, is reliable and inexpensive. It is
more in use than any other.

An accurate cardioid pattern is more
difficult to obtain with the moving coil
microphone than with a capacitor. It has an
extremely frequency-conscious polar pat-
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tern when used as a cardioid, and various
phase-shifting tubes, resonant chambers
and apertures have to be used to overcome
the problem. The sound quality of single
element dynamic microphone is not as good
as that of the ribbons or capacitors, but it
is more robust than the ribbon and cheaper
than the capacitor. Sometimes two fre-
quency selective moving coil units and a
crossover are combined in the same micro
phone.

A moving coil microphone with two
cardioid units back to back can give an
omnidirectional pattern when the two cardi-
oids are added (Fig. 8a) or a figure of eight
when they are subtracted (8b) or a simple
cardioid with either out of circuit.

The ribbon microphone is a constant
velocity device but resistance control can-
not be used because the microphone is
usually used as a bi-directional device, when

force on diaphragm o frequency
velocity of diaph, — Jorce ondiaphragm _
mechanical impedance

Using mass control the impedance is pro-
portional to frequency but so is the force on
the diaphragm (because of pressure gradient
operation). Therefore the velocity of the
diaphragm is independent of frequency,
which satisfies the requirements of a con-
stant velocity transducer.

The result is to place the resonant fre-
quency of the diaphragm or ribbon well
below the audible range, from 3 to 12Hz.
The primary inductance of the output trans-
former provides electrical damping.

The ribbon corrugations provide some
control of the tension as well as increasing
the mass of the ribbon and making it more
rigid. It is still delicate though, and suscepti-
ble to rumble and wind. The ribbon exhibits
the worst susceptibility to handling noise.
The impedance is low and has to be in-
creased by a transformer.

The pressure gradient path difference
for sound waves is not only that round the
ribbon but around the casing and pole
pieces as well. The off-axis frequency re-
sponse is often very good and self-generated
noise is very low. Sensitivity is low, since
only one conductor is cutting a magnetic
field across a gap much larger than that in
the moving coil microphone.

Ribbon microphones tended to be bulky
in the past and their delicacy has tended to
encourage their being abandoned in favour
of the capacitor or moving coil types. They
can be used for pressure operation by pro-
viding a cavity at the back of the ribbon to
provide acoustical resistance. This resist-
ance is usually in the form of a folded
damped pipe with an aperture in it. With
the aperture closed the microphone would
give a pressure, omnidirectional response.
With the aperture open the response is
cardioid. A variable output aperture and
set input aperture to the microphone can
produce a variable response ribbon mic.

Composite microphones with a moving
coil and a ribbon element have been around
since the 1930s. The ribbon usually gives a
bi-directional response while the moving
coil gives an omnidirectional response.
With the system shown in Fig. 13, where the
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seen from the
professional
angle

the 201is something
quite personal...

The M 201 Hypercardioid movingcoil
microphone is designed for recording or
broadcasting. The M 201 offers excellent
$eparation characteristics in extreme
acoustical conditions.

Specifications:

Frequency Response: 40-18000 Hz.
Output Level at 1 kHz: 0,14 mV/y bar
‘e 56 dbm (0 dbm & 1 mW/10
dynes/cm2), EIA Sensitivity Rating:
-149 dbm. Hum Pickup Level:

5 it V/S U Tesla (60 Hz). Polar Pattern:
Hypercardioid. Output Impedance:
200 2. Load Impedance: > 1000 2,
Connections: M 201 N (C) = Cannon
XLR-3-50 T or Switchcraft: 243 =
200 2, 1 = ground. M 201 N = 3-pin
DIN plug T 3262: 1+3 = 200 Q@

2 = ground. M 201 N (6) = 6 pin 4
Tuchel. [
Dimensions: length 6", shaft & 0,95".
Weight: 8,60 oz.
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BEYER DYYNAMIC
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f .

BEYER DYNAMIC (GB) LIMITED
1 Clair Road, Haywards Heath, Sussex.

Tel:Haywards Heath 51003
WW109 FOR FURTHER DETAILS
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elements are connected in series, changes
in connection can give omni, figure-of-eight,
or cardioids in either direction. The sensi-
tivities of the units must be nearly the same.
The connections are as shown. The moving
coil unit becomes more directional at high
frequencies so the output of the ribbon is
rolled off at h.f. as compensation. The polar
response in the working range is only satis-
factory in the horizontal plane.

The highest quality microphones are of
the capacitor type. These have high output
level, a wide smooth frequency response
and an excellent transient response, but
they are very expensive, sometimes fragile
in construction and very complex, re-
quiring an external power supply and an
internal impedance converter which requires
d.c. power.

The diaphragm and a fixed backplate
form a capacitor. The capacitance between
them varies as the diaphragm vibrates.

area of plates
distance between plates
voltage on plates=Q/C

capacitance cc

.. plate voltagecxQ X distance between plates

If Q is a constant the voltage should be pro-
portional to the distance between the plates.
Thus the polarising supply is fed through a
very large value resistor. Other methods of
using this type of microphone include putting
it in a bridge circuit, which may drift, or
using the variable capacitance to modulate
an f.m. carrier.

The capacitor microphone is a constant
amplitude device and the resonant frequency
of the system is increased to well over the
audio range by compliance control, making
the diaphragm tension high. The advantage
of the capacitor microphone over other
kinds is that it is equally amenable to all
forms of operation. If the back plate has a
large number of holes drilled in it the micro-
phone is a pressure-gradient operated de-
vice and if there are fewer holes it is half
pressure gradient and half pressure, giving
a cardioid response.

For abi-directional microphone the mass
and tension of the diaphragm are reduced
but the mechanical damping is increased
with resistive cavities. at the back of the
diaphragm in the plate. Thus there is resist-
ance control, and the impedance is inde-
pendent of frequency. The force on the
diaphragm is proportional to frequency
for pressure gradient operation and the
velocity is given by U= F/Z. Impedance Z
is constant so the velocity is proportional
to frequency, which is constant amplitude
operation.

If a diaphragm is placed either side of the
fixed plate the capacitor becomes remark-
ably versatile. If only one of the diaphragms
is activated and the other is electrically
disconnected then the response will be car-
dioid. Thus these are two cardioids back-
to-back. The electrical addition of the two
responses will produce an omnidirectional
response and their subtraction will make the
device bi-directional. Not only that, but the
response of each side of the device will vary
with the polarising voltage. Thusthe patterns
are continuously variable from a remote
point between cardioid, omni, figure-of-

atmcspheric pressure

diaphragm

coil

silk sitk

Fig. 11. Construction of the moving coil
microphone.
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Fig. 12. Ribbon microphone constructional
principle.
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Fig. 13. Combination ribbon and moving
coil system can provide different polar
responses by changes of connection.

eight and hypercardioid.

The capacitor microphone also has a
high level uniform frequency response.
There might be a slight peak in the high
frequency range but this can be advan-
tageous in situations where, some distance
from the sound source, the air tends to dis-
perse high frequencies. The main problem
with the capacitor microphone is that it is
complicated.

They need a separate power supply and
some diaphragms are made of metal-
flashed plastic, which can be affected by
television lighting. The source impedance
of the devices is a small capacitance, which
means that there has to be an impedance
converter right next to the capsules if the
signal is not to be lost; a valve used to be
used to give high input and low output
impedance but nowadays an f.e.t. is fav-
oured. Some microphones have d.c. to d.c.
converters to step up a battery voltage to
the required value. Some single diaphragm
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mics have a push-pull arrangement with a
polarised plate either side of the diaphragm.

Batteries tend to be a liability whatever
their use. They may last a long or a short
time. They have to be replaced. If a battery
is weak the microphone may only just be
working. If the battery leaks, the micro-
phone may never work again.

If a piezo-electric crystal or electro-
strictive ceramic is bent or twisted it showsa
voltage.?” If that voltage is discharged during
stress there will be a permanent voltage
across the crystal when the stress is
removed. This voltage can be used to
polarise a capacitor microphone. The
electret microphone is susceptible to high
moisture and high temperature and the
charge on the electret material may dis-
appear after a few years; no-one knows how
long electrets will last, though projections
vary from a few months to a thousand
years 252930

Some of the electret mics now available
have high output level, excellent transient
response, low cost and are fairly reliable.
But the frequency response is not yet as
good as that of the dynamic and conven-
tional capacitor designs and a battery is still
needed to power the impedance converter.

These are the main types of microphone
in wide use. The microphone in widest use is
also the poorest—the carbon microphone.
The possibility of replacing the carbon tele-
phone microphone with an electret capaci-
tor microphone?! has been investigated
but little else seems to have been done.

There is not room here to describe other
specialised microphones, such as the gun
and parabolic reflector types. Those seek-
ing further study should read Mr Robert-
son’s classic work.*?

The use of microphones is also beyond
the scope of this article except to say that
the subject is sometimes controversial.3
There are many good accounts of placing
technique.* 35 3¢
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TABLE OF MICROPHONE PARAMETERS

KEY

MC—moving coil G—gooseneck

Where information has been found difficult to obtain if has been omitted, also reference

levels are omitted if not quoted in the manufacturer’s literature. If prices are not quoted, C—capacitor L—Lavalier
these are available on application to the manufacturer. Sensitivity is expressed in mV (ref R—ribbon H—hand
pb) or dB (ref IV per pb), unless otherwise stated and is consistent for each manufacturer. E—electret S—stand
Maker & Polar Transducer impedance Freq. Response Sensitivity Mounting Price Remarks
Model No. Response (ohms) (Hz) Inc.v.a.t.

(£)
ACOS
70/12 omni MC 200 50-15k, —10dB —80dB re IV/ub HorS 5.30
70/11 omni MC 50k 200-3k, +3dB —57dBre IV/ub HorS 7.08
ADASTRA
EX220 cardioid C 600 50-15k —70dB HorS
B7105 cardioid C 600 30-16k —70dB HorS
B7107 cardioid [ 600 30-16k —70dB HorS on-off switch
B1225 omni MC 200/250 100-10k —77dB Hor S on-off switch
B1238 omni [ 600 20-13k —74dB HorS on-off switch
AKA/
ADM14 cardioid MC 4.7 100-10k, +5dB S 7.50
AKG
D200 cardioid 2xXMC 250 +20% 30-17k 0.14mV/ub HorS 40.00
D202 cardioid 2XMC 300 +20% 20-18k 0.16mV/ub HorS 54.00
D224 cardioid 2XxXMC 250 +15% 20-20k 0.13mV/ub Hor S 72.40
C12A variable C 500r200 30-20k 0.4mV/ub S
C24 variable C 500r 200 30-20k 0.4mV/ub S
C451 variable C 200 20-20k 0.95mV/ub S
D11 cardioid MC 500 or 50k 0.230r2.0 Hor$S Front/back ratio 18dB
D11S cardioid MC 200 0.15 S Front/back ratio 18dB
D12 cardioid MC 200 40-12k, +4dB 0.14 S 46.50 Front/back ratio 18dB
D14S cardioid MC 200 or 40k 50-15k 0.220r2.8 S 15.10 Front/back ratio 19dB
D58C noise cancelling  MC 200 0r 60 50-12k 0.08 S 19.45
D160 omni MC 240 0.13 S
D190E cardioid MC 60 or 200 30-16k 0.23 S Front/back ratio 18dB
D501 cardioid MC 200 0.22 HorS F/B ratio 18dB
D505 anti-noise MC 200 0.2 Hor$S
D707 cardioid MC 200 0.16 HorS F/B ratio 15dB
D900 hypercardioid MC 200 0.3 HorS Rifle, F/B 28dB
D1000 cardioid MC 200 0.23 HorS F/B. ratio 20dB
D109 omni MC 60 or 200 50-15k, +3.5dB —98dB Hor L 20.50
C414 switchable FETC 200 20-20k 0.6mV/ub 173.00 switchable attenuator
BEYER
M55ML omni MC 500 or 50k 70-16k, +4dB  0.170r1.5 HorS 13.40
M57 omni MC 200 300-14k, +3dB 0.2 HorS 17.68
M64 cardioid MC 2000r37.5 100-10k, +3dB 0.2 S 15.35
M67N cardioid MC 37.5 0r 500 40-18k, +2.5dB 0.25 HorS 42.25
M68 cardioid MC 37.50r200 100-10k, +3dB 0.2 G 24.00 switch
M69 cardioid MC 37.50r200 50-15k, +3dB  0.24 HorS 34.20 optional switch
M81HL cardioid MC 500 or 25k 50-16k, +3dB  0.230r1.7 HorS 17.20
mM88 hypercardioid MC 200 30-20k, +2.5dB 0.25 HorS 83.00 cannon plug
M101N omni MC 200 40-20k. +2.5dB 0.13 Hor$S 41.00
M111N omni MC 200 50-15k 0.08 L 58.50
M160 hypercardioid double R 37.50r 200 40-18k. +2.5dB 0.1 H 90.70
M260 hypercardioid R 37.50r200 50-18k, +3dB  0.09 H 36.20
M320 hypercardioid R 200 30-18k, +3dB 0.1 S 43.25
M360 cardioid R 2000r 50 30-20k, +2.5dB 0.14 S 118.15 "’hand made”
M410 cardioid MC 200 300-12k, +3dB 0.25 HorS 26.00 heavy duty
M411N cardioid MC 200 200-12k 0.14 HorS 28.00 close speech
M500 hypercardioid R 500 40-18k 0.13 HorS 40.70
M818HL cardioid stereo MC 500 or 25k 50-16k, +3dB 0.170r 1.5 S 37.50 matched pair
Soundstar XI cardioid MC 200 or switched 30-18k. +2.5dB 0.2 (low 2Z) S 30.60 hum compensator
M550LM omni MC 500 70-18k 0.17 12.76
M810N cardioid MC 500 50-16k 0.23 24.90
M201N hypercardioid MC 200 40-18k 0.14 Hor$S 55.10
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/hake., rattle & roll.

Welcome to our chamber of horrors. Inside the Shure Quality Control laboratory,
some of the most brutal product tests ever devised are administered to Shure micro-
phones. The illustration above shows a ‘‘shaking” machine at work on a Shure
microphone and noise-isolation mount. it’'s only one in a battery of torturous tests
that shake, rattle, roll, drop, heat, chill, dampen, bend, twist, and generally commit
mechanical, electrical and acoustical mayhem on off-the-production-line samples
of all Shure microphones. It's a treatment that could cause lesser microphones to
become inoperative in minutes. This kind of continuing quality control makes
ordinary “spot checks” pale by comparison. The point is that if Shure microphones
can survive our chamber of horrors, they can survive the roughest in-the-field
treatment you can give them! For your catalog, write:

Shure Electronics Limited w ®
Eccleston Road, Maidstone ME15 6AU i! SkHUURFkRE
Telephone: Maidstone (0622) 59881 A

WW—089 FOR FURTHER DETAILS
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NEUMANN

F.W.O. Bauch Limited
49 Theobald Street

Boreham Wood Herts.

Tel: 01-953 0091

WW—110 FOR FURTHER DETAILS
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AB Pearl
Mikrofon-
laboratorium.

e
:
?%
g
i

AN 0

48 volt, cardioid, riniature
Also available as omni-
directional DC20,

For further information on the camplete
range of Pearl microphones, contact:

Allotrope Limited

| 90 Wardour Street, London W1V 3LE.
| Telephone: 01-4371892. Telex: 21624.

U.K. Representatives for
- | AB Pearl Mikrofonlaboratorium -
Sweden, Microphones & accessories.

HES Electronics -Brussels, TSV
series telephone balancing units,
and studic equipment.

Incovonics Incorporated - Campbell
California U.S.A., Audio electronics.

WW-—113 FOR FURTHER DETAILS
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Maker & Polar Tr Imped: Freq. Response Sensitivity Mounting Price Remarks
Model No. Response {ohms) {Hz) Inc.v.a.t.
(£)

CALREC
CM450 cardioid MC 2000r37.5 5-16k, +3dB 0.24 Hor S
CM600 omni C 50 max 20-20k, +2dB 1.5 adjustable HorS 48.00
CM652 cardioid C 50 max 40-20k, +2dB 1.5 adjustable HorS 48.00
CM654 cardioid [ 50 max 40-20k, +2dB 1.5 adjustable HorS 48.00 reduced bass
CM655 cardioid C 30 or 50k 40-20k 1.5 adjustable HorS 52.00
CM656 cardioid Cc 50 max 40-20k, +2dB 1.5 adjustable HorS windshield
CC700 omni C 250 bal 20-20k, +2dB  1.50r0.3 Hor$S
CC752 cardioid Cc 20-20k, +2dB HorS capsule
CC754 cardioid C 20-20k, +2dB HorS capsule
CC756 cardioid C 20-20k, +2dB HorS capsule
CM1000 omni [ 50 max 20-20k, +2dB 0.3 HorS 62.00
CM1050 cardioid [ 50 max 30-20k. +2dB 0.3 Hor$S 62.00
CM1051 cardioid C 50 max 30-20k, +2dB 0.3 HorS 62.00 reduced bass
EAGLE
PROM10 omni C.E 600 30-17k —70dB HorS 28.48
PRO M20 cardioid CE 600 30-17k —60dB HorS 28.48
PRO M25 cardioid C.E 600 20-18k —70dBV boom-arm 28.48
PRO M5 special purpose C.E 600 50-13k —65dBV tie clip 14.25
€092 omni C.E 600 30-16k —75dBV(170uV) HorS 12.50
C096 cardioid C.E 600 30-16k —70dBV (310pV) HorS 17.08
UD76HL cardioid MC 600 or 50k 25-20k —76dBVor—56dBV Hor S 26.16
UDSOHL cardioid MC 600 or 50k 40-14k —74d8Vor—54dBV Hor S 10.67
DM94 omni MC 50k 80-10k 2.6mV average o/p HorS 9.53
DM73 omni MC 50k 60-14k 2.2mV averageo/p HorS 8.05
DD6 special purpose MC 600 or 50k 60-12k —74dBVor—54dBV Lor S 9.73
DD5 omni C.E 600 600-9k —70dB (310pV) on base 12.20
DD7 cardioid MC 50k 60-9k —54dB (2.8mV) on base 10.80
DM18HL omni ME 600 or 50k 60-12k, +3dB  —57dB HorS 11.55
ELECTROVOICE
DS35 cardioid MC 150 60-17k —56dB Hor$S
RE20 cardioid MC 50,150 or 250 45-18k —57dB HorS
RES5 omni MC 150 40-20k ~56dB HorS
635A omni MC 150 80-13k —55dB Hor$S
660 hypercardioid MC 1500rhiZ 90-13k —560r—55.5dB HorS adjustable Z
670V cardioid MC 1500rhiZ 60-14k - 58dB HorS adjustable Z
671 cardioid MC 1500rhiZ 60-14k —61o0r —60dB Hor$S 40.15
RE10 hypercardioid MC 150 90-13k —150dB (EIA) HorS 63.80
RE11 hypercardioid MC 150 90-13k —56dB HorS 68.20
RE15 hypercardioid MC 160 80-15k —56dB Hor$S 109.45
RE16 hypercardioid MC 150 80—15k —56dB HorS 113.30
FOSTER
DF1X omni MC 50, 600 or 50k 100-10k 57dB HorS with base
DF100 omni MC 200 100-10k 82dB H,SorlL
MDF623C cardioid MC 600 or 50k 200-10k 82dB Hor$S
DF72BC omni MC 600 or 50k 80-12k 60dB Hor$S
DF104BC omni MC 600 or 50k 80-12k 76dB Hor$S
MDF619BC cardioid MC 600 or 50k 200-10k 58dB HorS
DF106C uni MC 600 40-15k, +4dB  74dB HorS
MDF611BC cardioid MC 600 or 50k 100-10k 76dB S
GRAMPIAN
DP4 omni MC 25-50k 15-15k HorS specify impedance

on all mics
DP6 omni MC 25-50k 15-156k L
DP8 omni MC 25-50k 15-16k HorS
GC2 cardioid MC 25-50k 15-14k HorS
GC3 cardioid MC 25-50k 15-14k desk
GR1 semi-cardioid R 25-50k 15-16k S F/B ratio, 10dB
GR2 Fig. 8 R 25-50k 15-156k S
LUSTRAPHONE
4-20 omni MC 30.200. 600, 50k 70-14k —88dB @ 30Q HorS
4-30 hypercardioid MC 30,200, 600,50k 70-14k -—-88dB HorS
5-03 omni mcC 25,200, 600,50k 70-14k —74dB desk
5-30 cardioid MC 25,200, 600, 50k 50-15k —74d8B desk
5-43 omni MC 150, 600, 50k 20011k —77dB desk tailored freq. response
MELODIUM
RM6& Fig. 8 R 50 or 200 30-18k, +2dB  —81or —76dB HorS
76A cardioid MC 100r200 100-15k —830r—71dB H/SorG 21.84-23.18 industrial p.a.
78A cardioid MC 100r200 50-15k —87 or —75dB HorS 26.04-27 .44 industrial p.a.
77A omni MC 200 4017k, +3dB 72dB Hor$S
79A omni MC 10,200 or 80k 60-16k, +3dB  —92, —82or HorlL 16.36-22.68

—56dB
88 omni MC 100r200 50-17k —90or —78dB Hor S
c121 cardioid MC 100r200 150-14k —890r—77dB HorS 20.72-21.00 industriai p.a.
C133 cardioid MC 10, 200, 15k or 50-15k —-83, —71, —61 H/SorG 27.80-41.87
80k or —48dB

NEUMANN
KM83 omni C 200 40-20k 1.0mV/ub HorS
KM84 cardioid (o} 200 40-20k 1.0 Hor$S
KM85 cardioid [ 200 40-20k 1.0 HorS
KMS85 cardioid (o} 150 40-16k 0.60r0.3 Hor$S
KM86 variable ¢ 200 40-20k 0.8 HorS
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Maker & Polar Transducer Impedance Freq. Response Sensitivity Mounting Price Remarks
Model No. Response {ohms) {Hz) Inc.v.a.t.
()

us?7 variable C 200 40-16k 0.8 S adjustable bass response

KMm88 variable C 200 40-16k 0.8 HorS

u47 cardioid C 150 40-16k 0.80r0.4 S

SM69 variable stereo C 2%X150 40-16k 1.8 S

KMA omni C 800 unbal. 40-16k 0.5 L

KM73 omni C 200 unbal. 40-16k, +2dB 2.5 miniature

KM74 cardioid C 200 unbal. 40-16k, +2dB 2.5 miniature

KM76 variable C 200 unbal. 40-16k, +2dB 2.6 miniature

KML cardioid C 500r200 40-16k, +2dB  0.50r 1.8 L

u77 variable C 200 40-16k 2.6,5.00r3.0 bass cut sw.

PEARL

FPS2CorK cardioidoromni C,E 200 30-20k 0.5mV/ub Hor$S

M68 Fig. 8 ceramic 600 200-5k 0.775 HorS noise cancelling

ND68 Fig. 8 ceramic 600 50-5k 0.775 HorS noise cancelling

D44LS or BS cardioid MC 2000r 200/hi Z 100-13k 2.8 HorS

LD18or19  omni MC 200 0r 200/hi 2 80-16k —74dB HYer S

RD16 cardioid MC 200 40-16k 70dB Hor$S

RD34 cardioid MC 200 40-16k —74dB Hor$S

RD36 cardioid MC 2000rhiZ 40-16k —74 or —54dB HorS

F67LS cardioid MC 200 40-16k —74dB HorS

F67BS cardioid MC 2000rhiZ 40-16k 74 or —54dB HorS

F69 cardioid MC 200 50-12k, +3dB  0.33mV/ub HorS

HM47 omni MC 200 100-10k 0.15 L

HM49 omni MC 200 80-18k, +3dB  —74dB HorS

CL3 omni C.E 200 40-20k L

DC20 omni Cc 200 30-20k -56dB H/Sor L

DC21 cardioid (o 200 30-20k H/SorL

DC63 variable (o 200 25-20k {omni) —60dB H/SorlL

DC73 cardioid Cc 200 30-20k —46dB HorS

DC73/12 cardioid (o 200 30-20k —40dB HorS

DC36 cardioid Cc 200 30-20k -61dB HorS

EC71 cardioid C hiz 40-18k, +3dB  —58dB L

EK71 omni C hi Z 40-18k, +3dB  —58dB L

SP84 omni C 200 30-20k —42d8B Hor$S

SP85 cardioid Cc 200 30-20k —42d8B HorS

ST8 variable stereo C 200 30-18k —44dB S

TC4 cardioid C 50 or 200 30-20k, +2dB  —52dB HorS

TC4B Fig. 8 o 500r 200 30-20k, +2dB  —56dB HorS

TC4K omni (o 500r 200 30-20k, +2dB  —56dB HorS

TC4vV variable (o 50 or 200 3020k, +2dB  —56dB HorS

VM40 omni C 200 30-20k —48dB HorS 92.50

VM40/12 omni C 200 3020k —42dB HorS 110.00

VM41 cardioid (o 200 30-20k —48dB HorS 92.50

VM41/12 cardioid Cc 200 3020k —42d8 HorS 110.00

M68 noise cancelling  ceramic 600 500-5k, —6dB HorS 73.37

HM43 omni mc 200 50-18k, —6dB = —74dB S 44.60

HM47 omni MC 200 100-10k, —6dB —76dB L 29.23

RD34/36 cardioid MC 200 40-16k, —6dB  —74dB S 20.52-27.48

RD16 cardioid MC 200 80-12k, —6dB  —70dB LorS 18.80

LD18/19 omni MC 200 80-16k, ~6dB  —74dB S 18.66-23.00

D44LS/BS cardioid MC 200 100-13k, ~6dB —71dB LorS 9.82-14.93

FP92C/K cardioidoromni  C 200 30-16k, —3dB - 66dB S 78.97

TCv4v remotely variable C 200 40-18k, —~3dB  —56dB S 123.74

D696 cardioid C 200 30-18k, —3dB —61dB S 107.25

DC73 cardioid C 200 40-17k, —3dB —60dB HorS 71.10 shock resistant

DC63 variable Cc 200 30-18k, —3dB  —60dB S 182.81

DC20/21 omnior cardioid C 200 30-18k ~56dB S 54.10

CL3 omni C 200 80-17k, —3dB  32mV/pa tie-pin 104.06

PYE

LBBS020 cardioid MC 200 80-17k, —6dB  0.17mV/ub HorS 43.20

LBB3050- cardioid 2xMC 200 25-19k 0.14 HorS 41.00

LBBS100 cardioid MC 200 50-16k 0.15 HorS 43.20

LBB3101 omni mc 200 35-18k 0.16 HorS 43.20

LBBS102 cardioid MC 200 50-16k 0.15 HorS 43.20

LBB9105 cardioid MC 200 80-17k, —6dB  0.17 HorS 43.20

EL6042 omni MC 200 30-20k 0.12 HorS 45.40

LBBS003/05 special purpose MC 200 50-15k L 22.60

LBBS005/05 cardioid MC 200 50-16k HorS 26.00 hum compensation

LBBS007/05 cardioid MC 200 50-16k 32.40 on flexible stand

LBBS008/05 cardioid MC 200 5016k 28.00 on flexible stand

LBBY018/05 noise cancelling MC 250 200-12.5k HorS 26.00

PHILIPS

N8206/50 omni mc 500 150-14k 0.18 HorS 7.15

N8208 omni MC 500 126—-12.5k 0.18 HorS 3.85

N8500 hypercardioid C.E <1000 100-16k 0.25 Hor$S 16.00

RESLOSOUND

Reslogo cardioid MC 30,250,600 50-15k —59dB (hi 2) HorS 44.00 glowsin u.v.
hiz

S0 cardioid C.E 30, 600, 50k 40-20k —52dB (hiZ) HorS 47.00 F/B ratio, — 14dB

S80 cardioid MC 30. 250, 600 50-15k —58dB (hi Z) HorS 37.00 F/B ratio, — 14dB
orhiZ

uD1 cardioid mc 30. 200, 600 10-16k —58dB (hi 2) HorS 27.00 F/B ratio, — 14dB
or hiZ

ubD3 cardioid MC 30/600, 200/hi Z 100-16k —58dB head 17.00 F/B ratio, — 14dB

PD3 omni MC 30,200, 600 30-17k —88dB HorS 15.00 on-off switch

orhiZ
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Maker & Polar Tr Imped Freq. Response Sensitivity Mounting Price Remarks
Model No. Response {ohms) {Hz) Inc. v.a.t.
(£)
MPD omni McC 30-50 50-15k —88dB head 11.00
MPD/D omni MC 30-50 50-15k —88dB 20.00 desk stand
MR1 semi-cardioid R 30.200, 600 3516k —58dB (hiZ) S 28.00 F/B ratio, — 10dB
orhiZ
EM 4000 omni C.E 1k 40-14k —68dB tie clip 32.00
EPM200 hypercardioid 150/600 150-15k —42dB parabolic
gun
Micom 300 basic 200-3.4k rising —44dB use with radio mics
7dB/oct + 1dB
ROSS
RE320 omni MC 50k 50-12k —54dB @ 50kQ ball type  10.31 on-off switch
RE325 cardioid mMcC 600/50k 50-14k —54dB @ 50kQ HorS 11.69 on-off switch
RE330 cardioid MC 600/50k 50-15k —55dB @ 50k HorS 13.40 on-off switch
RE335 omni MC 600/50k 50-17k —57dB @ 50kQ HorS 14.05 on-off switch, windshield
RE350 cardioid McC 600/50k 50-15k —56dB @ 50kQ HorS 14.65 on-off switch
SCHOEPS
CMTS540U cardioid (o4 1k load — 1.3mV/dyne/sq. cm. Hor S 1.f. filter
CMT441U hypercardioid o 1k — 1.3mv HorS
CMT55U omniorcardioid C 1k — 1.2mV, 1.5mV HorS p. response switch
CMT56U omni-cardioid c 1k — 0.9/1.0/1.1mV HorS
—Fig. 8
CMTS501U  switchable (o4 1k — switchable Hor$S stereo mic
32U omni c 1k — 2.0mV HorS
34U cardioid o 1k — 2.0mV HorS
340U cardioid c 1k — 2.0mVv Hor$S 1.f. filter
341U hypercardioid C 1k - 2.0mV Hor$S
35U omni or cardioid C 1k — 1.9/2.3mV HorS
36U switchable (o4 1k — switchable HorS
CMTS301U  switchable (o4 1k — switchable HorS stereo mic
CMT42 omni c 1k — 1.5mV Hor$S
CMT44 cardioid c 1k — 1.6mV HorS
CMT440 cardioid c 1k — 1.5mV HorS 1.f. filter
CMT441 hypercardioid C 1k — 1.5mV HorS
CMT45 omni-cardioid (o4 1k — 1.4/1.7mV Hor$S switchable
CMT46 omni-cardioid o 1k — 0.9/1.0/1.1mV Hor$S switchable
—Fig. 8 R
CMT52U omni c 1k — 1.3mV HorS
CMT54U cardioid c 1k — 1.3mV Hor$S
CM62T omni c 1k — 1.4mVv HorS
CM64T cardioid c 1k — 1.4mV Hor$S
CM640T cardioid c 1k — 1.4mV HorS
CM641T hypercardioid c 1k — 1.4mVv Hor$S
MK2 omni Cc 600min 20-20k 1.2mV capsule
MK3 omni (o4 600min 20-20k 1.0mVv capsule
MK4 cardioid C 600min 40-20k 1.2mV capsule
MK40 cardioid o4 600min 8018k 1.6mvV capsule speech
MK41 hypercardioid o 600min 40-20k 1.3mV capsule
MKS omni-cardioid o4 600min 40-20k 1.¢/1.2mV capsule switchable
MK6 omni-cardioid (o4 600min 40-16k 0.7/0.8/0.8 capsule switchable
—Fig. 8
SENNHEISER
MD441 supercardioid mC 200 30-20k —52dBmref 1mW/ Hor$S 74.50 Bass and treble control
10dynes per cm?
MD421 cardioid MC 200 30-17k —52dBm Hor$S 53.50 bass attenuator
MD411HLM supercardioid MC 25k,.800, 200 50-12.5k —35, —50, S switchable impedance
—56dBm
MD402LM  supercardioid MC 750 80-12.5k —51dBm HorS 14.60
MD413 cardioid MC 200 50-15k —56dBm HorS 42.20 1kHz notch filter
MD415 supercardioid MC 200 60-15k —56dBm HorS 1kHz notch filter
MD408N supercardioid MC 200 50-15k —56dBm G 30.30
MD4 Fig. 8 variable MC 200 50-10k —54dBm H/SorG 36.00-40.00 noise cancelling
MD420 supercardioid MmC 200 200-10k —53dBm H/SorG 23.80-27.50
MD21 omni MmC 200 40-18k —52dBm H/SorG 32.20
MD21HL omni McC 200 or 30k 40-18k —52 or 30dBm H/SorG 33.70 switchable impedance
MD214U3  omni MC 200 60-15k —58dBm L 55.00
MD214N omni McC 200 60-15k —58dBm L 55.00
MD2141 omni MC 700 60-15k —~58dBm L 55.00
MD211N omni MC 200 30-20k —56dBm Hor$S 58.20
MD321N omni MC 200 50-15k —65dBm H 81.80
MD416 cardioid McC 200 50-15k —56dBm HorS 53.00 shockproof
MD409 cardioid mcC 200 50-15k 0.18mV/ub S 45.40
MD412LM  cardioid McC 700 50-12.5k Hor$S 22.68 switchabile filter
MKE201 omni C.E 1.5k min. load 50-15k —32dBm HorS 34.65
MKE401 hypercardioid C.E 1.5k min. load 50-15k —27dBm Hor$S 40.45
MKH415T hypercardioid c 20 40-20k —32dBm HorS 140.50
MKH815T hypercardioid c 20 50-20k —26dBm boom 185.50
MKH124 omni c 150 40-20k —48dBm L 155.560-167.00
MKH125T omni (o4 10 40-20k —32dBm L 165.00-176.00
MKH105T omni c 20 20-20k —32dBm Hor$S 116.50
MKH110 omni (o4 20 1-20k —32dBm Hor$S 143.20 instrumentation
MKH1101 omni (o4 90 0.1-20k —52dBm Hor$S 143.20 instrumentation
SHURE
Unidyne IV
548 cardioid MC low or hi 40-15k 0.13mV/p bar or HorS 42.90 basic model

1.76mV/p bar
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548S cardioid MC low or hi 40-15k 0.13mV/p bar or S 44.88
1.76mV/u bar
548SD cardioid MC low or hi 40-15k 0.13mV/p bar or Hor$S 44.88 on-off switch
1.76mV/p bar
548SDCN cardioid MC low or hi 40-15k 0.13mV/p bar or HorS 46.86 heavy cable
1.76mV/p bar
549 cardioid MC 251t0500r 250 40-156k 0.067 0or 0.149 S shock resistant
Unidyne ili
545 cardioid MC low or hi 50-15k 0.1250r1.76 Hor$S 36.30-40.26
5458 cardioid MC low or hi 50-15k 0.1250r1.76 S 38.28
545SD cardioid MC low or hi 50-15k 0.1250r 1.76 HorS 38.28 on-off switch
545SDCN cardioid MC low or hi 50-15k 0.1250r 1.76 HorS 40.26 heavy cable
5451 cardioid MC low or hi 50-15k 0.125 L 29.70
544 cardioid MC low or hi 50-15k 0.1250r1.76 G 34.98
546 cardioid MC 250r 250 50-15k 0.0670r0.158 S shock resistant
Unidyne Il
558 cardioid MC hi, med, low 50-15k 0.07110 1.68 S 35.64
565W cardioid MC hi, med, low 50156k 0.07110 1.68 S 36.30t040.26 on-off switch
55GS cardioid MC hi. med. low 40-15k 0.67t01.58 S heavy duty
Unidyne A
580SA cardioid MC high 50-13k 1.48 HorS on-off switch
580SB cardioid MC low 50-13k 0.105 HorS on-off switch
Unidyne B )
515SA cardioid MC high 80-13k 1.25 HorS 18.48
515658 cardioid MC 2510250 8013k 0.89 HorS 17.82
515BG cardioid MC 2510250 80-13k 0.89 G 16.50
515SBG cardioid MC 2510250 80-13k 0.89 G 17.16 push talk switch
516SBG18 cardioid MC 2510250 80-13k 0.89 [¢]
Unisphere |
565 cardioid MC 150 or hi 50-15k 0.1410r1.88 HorS 41.58
5658 cardioid MC 150 or hi 50-15k 0.1410r 1.88 S 42.90 on-off switch
565SD cardioid MC 150 or hi 50-15k 0.1410r1.88 HorS 42.90 on-off switch
565SDCN cardioid MC 150 or hi 50-15k 0.1410r 1.88 HorS 44.88 heavy duty
566 cardioid MC dual 40-15k 0.0710r0.154 S 62.04 shock resistant
Unisphere A
585SA cardioid MC high 50-13k 1.32 HorS 26.40 on-off switch
58558 cardioid mC low 50-13k 0.105 HorS 25.08 on-off switch
585SAV cardioid MC high 50-13k 1.32 HorS 31.68 vol. control
585SBV cardioid MC low 50-13k 0.105 HorS vol. control
Unisphere B «
588SA cardioid MC high 80-13k 1.11 HorS 26.40
58858 cardioid MC low 80-13k 0.085 HorS 25.08
588SBCN cardioid MC low 80-13k 0.085 Hor$S 27.06 heavy duty
330 cardioid R switchable 30-15k switchable S 52.80
300 Fig. 8 R switchable 30-15k switchable S 63.36
315 Fig. 8 R switchable 30-15k switchable S
3158 Fig. 8 R switchable 30-15k switchable S 39.60 on-off switch
579SB omni MC 2510200 50-15k 0.1 HorS 28.38 on-off switch
578 omni MC 150 or hi 50-17k 0.10r1.11 HorS
5785 omni MC 150 or hi 50-17k 0.10r1.11 S on-off switch
576 omni MC 250r 150 40-20k 0.050r0.094 HorS
533SA omni MC high 40-11k 1.76 HorS 21.78 on-off switch
533S8B omni MC low 40-11k 0.141 HorS 21.12 on-off switch
533SAV omni MC high 40-11k 1.76 HorS vol. control
570 omni MC low 50-12k 0.084 L 41.58
570S omni MC low 50-12k 0.084 L 44 .88 on-off switch
571 omni MC 2510250 50-10k 0.079 H/SorL 40.92
572G omni MC 2510250 50-10k 0.079 G 46.86
560 omni MC low or hi 40-10k 0.1490r 1.48 L 18.48
561 omni MC 2510 250 40-10k 0.141 G 13.86
Studio
SMs8 cardioid MC 160 50-15k. +2.6dB —79.5d8 boom 158.40 100Hz filter
SMS5C cardioid MC 50 70-15k, —3dB  —84.0d8B boom 158.40 100Hz filter
SM7 cardioid MC 150 40-16k, —5dB  —79.5dB boom 138.60 equalization
SM56 cardioid MC 30-50,150-250 40-15k —83.50r —76.5dB S 59.40
SM57 cardioid MC 30-50, 150-250 40-15k —83.50r —76.5dB HorS 46.20 imp. switch
SM53 cardioid MC 5010250 70-16k —81d8B HorS 92.40
SM54 cardioid MC 50 to 250 70-16k —81d8B HorS 100.98 pop filters
SMa33 super-cardioid R 50 or 150 40-15k —87or —81dB S 92.40
SM58 cardioid MC 30-500r 150-250 50-15k —83.50r —76.5dB HorS 59.4 pop filters
SM50 omni MC 50 or 150 40-15k —84.50r —78.5dB HorS 49.50
SM61 omni MC 150 50-14k —82.0d8B HorS 40.92
SM60 omni MC 50-250 45-15k —81.5d8 HorS 30.36
SM76 omni MC 50 0r 150 45-20k —87.5d8 HorS 74.58
SM51 omni MC 50-250 70-12k —82d8B L 44.88 rises at 6kHz
SONY
F25S cardioid MC 320 80-13k output TmV HorS 3.85
F96H omni MC 10k 70-14k output 5mV 3.85
Fo6L omni MC 230 70-14k output 1TmV 3.85
98L cardioid MC 230 70-14k output 1TmV 5.15
998 stereo cardioid MC 200 80-12k output 0.7mV 8.35
ECM22P cardioid C. dual 600 or 250 20-20k output 1.5mV 59.95
ECM95S cardioid C.E 1.5k 70-10k output 2mV 6.85
ECM99 cardioid C E 250 50-12k output 1.6mV 15.95
ECM170 omni C.E 200 20-16k output 1.6mV 23.50 bass cut switch
ECM280 cardioid C.E 200 30-18k output 1.6mV 32.35 bass cut switch
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Maker & Polar Transd Imp Freq. Response Sensitivity Mounting Price Remarks
Modeil No. Response {ohms) {(Hz) Inc.v.a.t.
(£)
STC
4037 omni MC 30 or 300 80-10k —76dB HorS
4038 Fig. 8 R 300r300 30-156k —85dB S or boom
4104 noise cancelling R 30 0r 300 60-10k —82dB commen- F/B ratio, 15—20dB
tator's
4105A cardioid MC 30 60-10k —82dB hand F/B ratio, 15-20dB
4136 cardioid C 30 0r300 40-18k —50dB @ 3000 F/B ratio >20dB
4021 omni MC 30 40-12k —80dB S ball and biscuit
4112 omni MC 30 100-20k —84dB LorS hum suppressor
4115 noise cancelling R 30 150-10k —85dB H lightweight
4136
THORN
TA24 cardioid moving coil low 5 10.69
TURNER
2203 cardioid MC 200 load 50-15k —57dBref ImV/ub HorS 43.00
2255 cardioid MC 200 load 70-13k —57dB ref 1mV/ub HorS 31.72
2302 omni MC 200 load 50-15k —57dBref ImV/pub Hor$S 38.60 built-in switch
TTc
MDFG11 cardioid MC dual 600 and 50k 10-10k 2.8mV @ 50kQ S 16.28
HDF619 cardioid MC dual 200-10k 2.2mV S 16.50 windshield
B7110 omni C E 800 50-13k —65dB L 13.75
B1075 cardioid MC dual —54dB @ 50kQ S 9.90
DF100 omni MC 600 100-9k —76dB L 6.93
B1238 omni C.E 600 30-13k —74dB clip 9.90
DF72BC omni MC dual 80-12k —76dB @ 600Q clip 9.46
B1060 omni MC dual 80-13k —~59dB @ 50kQ 5.94
DF1X omni MC 50, 500 or 50k —110, —760r
—57dB
UHER
M136 omni MC low 50-15k 0.32mV/ub HorS 8.32
M154 omni MC low 150-10k 0.25mV/pb H 20.5 remote control
M317 cardioid MC low 50-156k 0.28mV/ub HorS 22.10 remote control
M534 cardioid MC low 50-16k 0.23mV/pub HorS 20.00
D109 L 22.00
D190C HorS 29.70
D202CS HorS 52.80
D900C hypercardioid HorS 60.50 gun mic
M537 cardioid MC 500 40-18k 0.23mV/pb S 51.25
M538 cardioid MC low 30-18k 0.14mV/ub S 80.50
M539 omni MC low 40-17k 0.18mV/ub S 53.00
M634 cardioid, stereo  MC 500 50-16k 0.23mV/pb S 42.70 2XxXM534
UNISOUND
EM82 omni C.E 600 40-18k —65dB +3dB Hor$S 13.00
EM82H Smni C.E 50k 40-18k —46dB +3dB HorS 13.00
EM83 cardioid CE 1k 40-18k —656dB +3dB HorS 15.00
EM83H cardioid C.E 50k 40-18k —51dB +3dB HorS 15.00
EM84 CE 1k 40-16k —65dB +3dB tie clip 13.00

Manufacturers’ addresses

ACOS, Cosmocord Ltd, Eleanor Cross
Road, Waltham Cross, Herts EN8 TNX.
ADASTRA Electronics Ltd, Unit N22,
Cricklewood Trading Estate, Claremont
Road, London NW2 1TU.

AKAI, Rank Audio Visual Ltd, PO Box
70, Great West Road, Brentford,
Middlesex TW8 9HR.

AKG Equipment Ltd, 182/184 Campden
Hill Road, Kensington, London W8.
BEYER Dynamic (GB) Ltd, 1 Clair Road,
Haywards Heath, Sussex.

CALREC Audio Ltd, Hangingroyd Lane,
Hebden Bridge, Yorkshire HX7 7DD.
EAGLE International, Precision Centre,
Heather Park Drive, Wembley HAO 1SU.
ELECTROVOICE, Gulton Europe Ltd,
Special Products Division, The Hyde,
Brighton BN2 4JU,

FOSTER, Adastra Electronics Ltd, Unit
N22, Cricklewood Trading Estate,
Claremont Road, London NW2 1TU.
GRAMPIAN Reproducers Ltd, Hanworth
Trading Estate, Feltham, Middlesex.

LUSTRAPHONE Hi Fi Ltd, Unit 2
Browells Lane, Feltham, Middlesex TW13
TEL.

MELODIUM, Keith Monks Audio Ltd,
26-28 Reading Road South, Fleet, Near
Aldershot, Hants.

NEUMANN, F. W. O. Bauch Ltd, 49
Theobald Street, Borcham Wood, Herts
WD6 4RZ.

PEARL, Allotrope Ltd, 90 Wardour
Street, London W1V 3LE.

PYE Business Communications Ltd,
Cromwell Road, Cambridge CB1 3HE.

PHILIPS, Pye Business Communications
Ltd, Cromwell Road, Cambridge CBI1
3HE.

ROSS Electronics, 32 Rathbone Place,
London WI1P 1AD.

SCHOEPS, Feldon Audio Ltd, 126 Great
Portland Street, London WIN SPH.
SENNHEISER, Hayden Laboratories
Ltd, Hayden House, 17 Chesham Road,
Amersham, Bucks HP6 5AG.

SHURE Electronics Ltd, Eccleston Road,
Maidstone, Kent ME15 6AU.

SONY (UK) Ltd, Pyrene House, Sunbury
Cross, Sunbury-on-Thames, Middlesex.
STC, Hampstead Hi-Fi, 91 Heath Street,
Hampstead, London NW3.

THORN Consumer Electronics Ltd, 284
Southbury Road, Enfield, Middlesex.
TURNER, Millbank Electronics
Bellbrook Estate, Uckfield, Sussex.
TTC, Precision Centre, Heather Park
Drive, Wembley, Middlesex HAO 1SU.
UHER (UK) Ltd, 15 Broombhills Estate,
Braintree, Essex.

UNISOUND, Condor Electronics Ltd,
100 Coombe Lane, London SW20 0AY.

Ltd,
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“Amateurs Girdle the World”

Exactly 50 years ago—in October 1924—
Britsh and New Zealand amateurs
achieved what was perhaps their greatest
triumph of all time: the spanning on
“short waves™ of the longest possible con-
tacts that can be made on the Earth, a near
antipodal path. They achieved this long-
distance record not by chance but as the re-
sult of careful advance planning based on
the realisation that because of the 12-hour
time difference and the apparent peaking of
h.f signals at sunrise and sunset, there
seemed every chance that a particularly
good path would exist between the UK and
New Zealand at a time of the year when
these events nearly coincided.

In the autumn of 1924, a small group of
British amateurs began transmitting and
listening daily during the sunrise period on
about 95 metres, using a daily changing
code word for positive identification. On
October 16, 1924 at 0600 GMT E. J.
Simmonds, (G)20D heard a New Zealand
amateur Ralph Slade, Z4AG calling a
station in the United States, but did not
make contact. On October 17 no signals
from the Antipodes were heard but a cable
was received next day from Frank Dillon
Bell, Z4AA of Otago reporting 20D’s
signals with the correct code word. Then
on October 19, the young Cecil Goyder,
operating 2SZ, the station of Mill Hill
School, London, successfully made contact
with Frank Bell who then immediately
afterwards made contact with Jack
Partridge 2KF. The same day Gerry
Marcuse, 2NM made contact with both
Z4AG and Z4AK and the next day 20D
made contact with Z4AA. These cvents
were reported in Wireless World under
the headline “Amateurs Girdle the World”
—and it would not be overstating the case
to claim that this was the pinnacle of all the
efforts of the early twenties to open up the
short waves. Afterwards, DX on hf
became something of an anticlimax and one
finds such reports as that of Stan Lewer,
6LJ logging 128 American stations at one
sitting.

It is interesting to speculate, in the light of
recent propagation research, whether
these 3/3.5MHz contacts at the critical
dawn/dusk period were made, not as
usually supposed by “multi-hop” reflec-
tions, but rather by chordal hop (super-

mode) propagation. Certainly it is clear
that the antipodal and twilight paths
across the equator are still of very special
interest to all concerned with long-distance
h.f. propagation.

Morse outmoded?

On both sides of the Atlantic the age-old
controversy about Morse seems to be
raging once again. While it is under-
standable that many would-be h.f.
operators resent what they feel to be a
waste of time in learning the code in order
to use s.s.b,, it is noticeable that very few
amateurs who have become reasonably
proficient in Morse operation seem to
share the view that this is now an out-
moded system of communication, As I
have written elsewhere: “Newcomers who
really wish to learn Morse operating are
few and far between. The majority view
it as a necessary evil that has to be sur-
mounted before a Class A licence can be
obtained. Yet once achieved, mastery of
the code opens up a new world to the
shortwave enthusiast and proves a source
of endless satisfaction.” Or, as Geoffrey
Vore, WOQBIJ, has put it recently in QST
“The greatest reason of all for c.w. use
remains its complete satisfaction as an
operating medium. Solid contacts with
moderate to low power, simplified equip-
ment (and expense) and a minimum of
ulcer-producing tensions make c.w. opera-
tion sheer pleasure.”

But those who believe that any recog-
nizable personal characteristics in sending
the code is a deviation from perfection
may be a little horrified at the attempt by
John Myers, WOLA to resurrect the
“sideswiper key” fashioned as ever from
a short length of hacksaw biade to “give
real character to one’s fist”. He reminds us
of the regional and national “accents” that
once made sideswiper keying as indivi-
dually distinctive as a fingerprint: the
draggy Southern drawl; the flat drawl of
the mid-West; the clipped British accent;
the stutter—all he claims were reflected
in the sideswiper so popular (some will
say too popular) in the days before the
electronic keyer or the latest vogue for
keyboard “keyers”.

With the current inflation rate for
Japanese s.s.b. transceivers now at
over 20 per cent per annum, amateur radio
may well be facing a period when the
low costs of c.w. operation will become
once more attractive.

Field Day results

The 1974 National Field Day Trophy of the
RSGB has been gained by the Ariel Radio
Group, a BBC club. Leading single-station
entry (Bristol Trophy) goes to the East
Barnet Amateur Radio Contest Club. This
year only 17 clubs and groups entered the
main “double-station” contest but there
were 76 single-station entries, six more than
last year. Ariel used Quad aerials on the 14,
21 and 28 MHz bands and this type of
aerial was used also by East Barnet on 14
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and 28 MHz. West of Scotland were clear
leaders on 7MHz using a Vee-beam with
1200-ft “legs” beaming south.

Licence changes

Two new classes of the amateur (sound)
licence are now being issued in the UK by
the Home Office. Class G (fixed operation)
and Class H (mobile) both for overseas
visitors who hold the equivalent of the UK
Class B (vh.f. phone-only) licence. Call-
signs are being issued for these classes in
the sequence GSMAA, G5MAB onwards.

Any American amateur holding an
Extra Class licence may soon be eligible
to apply for any specific unassigned call-
sign that he might want (e.g. “two letter”
callsigns or callsigns based on operator’s
initials) on payment of a fee; at present
such applications can be made only after
holding a licence for 25 years.

In brief

The Amateur Radio Retailers Association
are holding the third Midland National
Amateur Radio and Electronics Exhibition
at the Granby Halls, Leicester from Thurs-
day, October 31 to Saturday, November 2
... R.J. Harry of the Directorate of Radio
Technology of the Home Office will open
a two-part RSGB meeting at the IEE,
Savoy Place on the evening of Monday,
November 25 on the subject of methods of
interference investigation and suppression
- . . the ARRL whose journal is QST is
pained that the UK delegation should
recently have proposed “QST” as a new
Q-signal for the maritime radio service to
mean “I hear your call, the approximate
delay is . . .” But after hearing US and
Israeli delegates speak against the proposal
the conference adopted QOT instead . ..
The ITU has instituted through the Inter-
national Amateur Radio Club a new award
for amateurs and shortwave listeners
“Diplome des 100” for contacts with or
reception of stations in 100 different mem-
ber countries of the ITU (contacts after
January 1, 1967 or after a country’s rati-
fication or accession to the Montreux Con-
vention). Details from L. M. Rundlett,
K4ZA, 206 East Amhurst Street, Sterling
Park, Virginia, 22170, USA) ... FCC has
warned American amateurs from using
amateur nets for “swap and shop” activity
though agreeing that amateurs can
occasionally use their stations to discuss
the availability of a piece of amateur radio
equipment for disposal . . . If you used any
bands below 14.4MHz you had to put a
filter on your power supply; above this
frequency raw a.c. was permissible; mobile
operation only above 56 Mc/s; you could
operate on any frequency above 110 Mc/s
(American amateur regulations at the time
of the formation of the FCC exactly 40
years ago) . . . The RSGB has proposed
that the Constitution of the International
Amateur Radio Union should recognize
the existence of the regional bureaux and
all member societies are being invited to
vote on the proposal.

PAT HAWKER, G3VA
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Synthesized communications receiver

Principles of a synthesized receiver together with a description
of the Racal RA1772 receiver

by R. F. E. Winn, B.Sc., M.I.E.E.

Racal Communications Ltd

The task of the communicator has always
been to try to achieve a communication
link for the highest possible percentage
of the time. Use of the h.f. band, as an
effective method of long-distance com-
munication, increased rapidly as its
possibilities became appreciated. Even
with the introduction of submarine cables
and satellites on high-density links, h.f.
communication remains popular. A link is
relatively inexpensive to set up, can be
unobstrusive and ideal for medium-density
traffic or person-to-person links. For mili-
tary users the difficulty of interfering with a
multi-frequency h.f. link is another attrac-
tion. Increasing traffic comes from maritime
users because their requirement is both
mobile and long-distance.

All of these reasons mean that the h.f.
band is crowded and likely to remain so.
Broadcasting, teletype, common carrier
links, diplomatic channels and personal or
amateur radio channels are only a few users
of the band. In these conditions the engineer
responsible for introducing or extending his
radio equipment must try to ensure that
the equipment does not have limitations
which reduce the effectiveness of com-
munication. Considering the task of the re-
ceiver which, when connected to a large
antenna, may be faced with a mass of
signals extending over 30,000kHz, requir-
ing sometimes to be selective over a fraction
of one kHz, with a range of signal levels
which  simultaneously may exceed
1,000,000:1 it is no wonder that the task is
difficult, especially when the required signal
is the smallest. Some specialist receivers are
now in use which meet the requirements
with limited flexibility. The receiver to be
described meets the requirements with
complete flexibility and some of its design
considerations and characteristics are
discussed.

Frequency selection

When assessing the requirements for a new
receiver installation, the question of
frequency selection is of prime importance.
Most links are established on fixed fre-
quency allocations and it is thus possible
to consider crystal controlled receivers.
An advantage of crystal control is fre-
quency stability; a disadvantage is lack of
flexibility. As the number of channels

increases the attractions of frequency
synthesis also increase.

Early synthesizer designs left much to be
desired. The system of “direct” synthesis
used a series of dividers and filters to
produce the smallest required increments
and then added, mixed and multiplied the
resulting products to the output via yet
more filters. This was bulky and expensive.
The system is still used but although active
filters have reduced sizes somewhat it is still
expensive and it is only used where very
fast frequency changing is a necessity. The
“indirect” system of synthesis was intro-
duced to counter the stringent filter require-
ments. A typical system works by using a
voltage-controlled oscillator at the output
frequency, mixing the frequency down with
a selected one from a “comb” of frequencies
and comparing it with a reference fre-
quency which produces a locking voltage
to the output oscillator. The system can be
extended down to achieve the smallest
frequency increment desired by a repetitive
divide-and-add process. Whilst this system
works adequately it still uses several filters
and phase-lock loops and, as is the case
with most linear circuitry, cannot easily be
implemented in integrated circuit form with-
out custom-built circuits. The advent of
digital integrated circuitry provided the
incentive to consider another method of
“indirect” synthesis, where the phase-lock
oscillator is merely divided down by a vari-
able divider to a fixed frequency derived
from the frequency standard. In the simplest
system the comparison frequency is also the
smallest incremental step, so that the com-
plete synthesizer comprises one phase-lock
loop. Using digital i.cs this can be compact,
and ideal for packsets. With the present
state-of-the-art it is possible to achieve
variable frequency division from approxi-
mately SOMHz down to 100Hz and thus
have 100Hz steps. Higher output fre-
quencies, up to 100MHz, would require a
prescaler of + 2 and have a step size of
200Hz if the comparison frequency were
maintained.

A more sophisticated form of digital syn-
thesizer can be used which has a smaller
step size than the comparison frequency;
again, a divide-and-add systemis employed.
The advantage of the small size is main-
tained so that the synthesizer’s inclusion

within the framework of the receiver can be
effected.

Oscillator purity

When used as the receiver local oscillator
the synthesizer offers flexibility in the choice
of frequency but an output must be pro-
duced which is pure enough to match the
receiver requirements, because any spurious
signals on the output will cause the receiver
to have spurious responses. Fortunately
with careful circuit design the output can be
maintained to a purity of 100dB relative to
the main output. Moreover with a digital
synthesizer the number of spurious mech-
anisms is very small compared with those
produced in a more traditional mixing-type
system.

Noise on the output of the synthesizer is
another form of spurious signal. This can
also be minimized by ensuring that the
maintaining circuit of the output oscillator
has as high a Q as is practicable and by
running the oscillator at the highest level
possible. These requirements are somewhat
contradictory- in a semiconductor circuit
especially when using varactors. Using a
field effect transistor BFW 10 and main-
taining an in-circuit Q of 50 it is possible
to achieve a relative level of 100dB mea-
sured in a 3kHz bandwidth at 20kHz off.
Reciprocal mixing is another term for the
adjacent channel noise effect where a large
unwanted signal offset from the wanted
signal mixes with the noise sidebands of the
local oscillator to produce a noise signal
at the if., thus reducing the effective
selectivity of the receiver filters as shown
inFig. .

One hazard which should be recognized
in the simple, single-loop, digital synthe-
sizer is the relatively “loose” method of con-
trol. Because the loop contains a high
division ratio divider the loop gain is low.
This means that any disturbance due to
mechanical shock on the oscillator tuned
circuits caused by sudden temperature
changes may not be instantly corrected and
this is true in any system with long intervals
between correction. Correction can only
oceur at the comparison frequency intervals
and faster or shorter-term errors remain
uncorrected. For sophisticated transmission
systems such as Kineplex a simple loop
system is not good enough so that a multiple
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loop arrangement is required to maintain
high speed correction and minimize the
division ratio per loop. A further advan-
tage of maintaining a high comparison
frequency is that the speed of locking to a
new frequency is also high.

The free-tune synthesizer

A synthesized receiver covering the h.f.
band in 10Hz steps requires seven decadic
switches which makes it difficult to tunein a
s.s.b. signal. An alternative method of
selection which is provided in the RA 1772
receiver shown in Fig. 2, consists of a shaft
encoder coupled to a v.f.o.-type knob. The
encoder changes the frequency of the
synthesizer in 10Hz steps dependent on the
rate at which the knob is rotated. In opera-
tion the illusion of a v.fo. is obtained
because the synthesizer locks very rapidly
and the step size is small. For searching and
monitoring, the free tune facility is provided
whilst at the same time absolute frequency
accuracy is maintained.

Receiver parameters

It is important to have a receiver which is
sensitive to weak signals although there is
a fundamental limit to sensitivity set by
thermal noise in the receiver input circuits.
Sensitivity is directly related to the amount
by which thermal noise in the equivalent
input resistance of the receiver is increased
by the input circuits, the amount being
defined as the noise figure. A noise figure
of up to 10dB is the lowest level which can
be reasonably specified in a h.f. production
receiver although 7dB might be typical
for the same equipment. This would be
equivalent to a s+n/n ratio of 15dB for a
1pV signal using a 3kHz i.f. bandwidth or,
providing the post filter noiseis insignificant,
5dB for a 0.1pV signal using a 300Hz band-
width. The latter figures demonstrate the
reason for the continued popularity of c.w.
over difficult links.

In practice, however, it is not normally
the noise figure of the receiver which limits
the detection of the small wanted signal
but the simultaneous existence of atmos-
pheric and man-made noise on the antenna.
A far more severe limitation comes from
the large unwanted signals also present.
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Fig. 1. Response of double superhet showing effect of reciprocal mixing, 3kHz bandwidth.

whose effect is often disguised. It is not
sufficient to provide a high degree of single-
signal selectivity, the dynamic selectivity
must also be of a high order. Cross-modula-
tion is a recognized effect where a large
unwanted modulated signal transfers its
modulation to the smaller wanted signal.
It is a broadband effect, due to front end
non-linearities and occurs in many
receivers with unwanted signal levels of a
few millivolts. In this respect the transistor-
ized receiver is at a definite disadvantage
with respect to the older valve types because
a bi-polar transistor is basically a non-linear
device. Some benefit may be obtained by
front-end tuning to reduce the number of
large signals entering the receiver but real
immunity is only achieved by designing
for a very high linearity. In the RA 1772
this is obtained by using high-level field
effect transistors achieving levels of 300mV.
At this level the effect is no longer a
problem unless co-sited transmitters are set
up in duplex operation or a mile-long
Beverage antenna is pointed near a broad-
cast station. Blocking is also a broadband
effect which results in the reduction of the
wanted signal by a large nearby un-
wanted signal. It has been traditional to
specify the unwanted level at which 3dB of
level reduction is measured; this now occurs
at such a high level, 500mV minimum, that
other effects disguise and can prevent more
than 1dB reduction from being seen.

-~
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Fig2. RA 1772 general purpose synthesized receiver,

Intermodulation. A rather more insidious
effect than those mentioned is due to
intermodulation distortion between two or
more unwanted signals which produce
discrete unwanted products. The unwanted
products for second order i.ps occur at
J1 * f; e.g. at 10MHz for unwanted signals
of 4.5 and 5.5MHz or 10.02 and 20.02MHz.
Fortunately one of thetwo unwanted signals
must be at least one octave removed from
the position of the product which is, if inter-
fering, the tuned position, so that r.f. tuning
can reduce the level of one signal and hence
that of the product. Half octave filters are
selective enough for this purpose and are
commonly employed. Third order inter-
modulation products are more difficult to
remove. These occur at 2f, + f; e.g. at
10MHz for signals of 10.02 and 10.04MHz
or 9.98 MHz and 9.96MHz. Obviously it is
impossible to remove these with con-
ventional LC tuning and the only satis-
factory solution is to arrange for a very low
natural level of third order distortion.
Specification methods vary but the most
accepted method specifies the level of the
two unwanted signals which together pro-
duce an unwanted product of 0dBuV (1pV).
Most existing receivers if measured close-in
(without benefit of r.f. tuning), would give a
level of up to approximately 70dBpV
(3mV). The equivalent performance of the
RA 1772 receiver is 90dBpV (30mV), an
order better. Since, however, third order
intermodulation product levels increase at
three-times the rate that the level of the
unwanted signals increase, the unwanted
level from a 70dBuV receiver when fed with
signals of 90dBpV is at 60dBuV (ImV).
Measured on this scale the improvementin
level is three orders. It is only possible to
assess the overall effect of third orderinter-
modulation by analysing the total pattern of
signals being received by the antenna. If the
antenna is a large rhombic, for example,
there may be several thousand signals
received of levels up to 100mV and all these
will combine in the receiver front end to
produce many thousands of products. It is
possible to deduce where the products fall,
and at what level, from the pattern and level
of the primary signals, and from the amount
and degree of receiver preselection. Shown
in Fig. 3 is the result of an analysis on a
rhombic antenna where the highest level
signals between 30 and 100mV were between
9 and [5MHz. The graph shows the mean
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signal strength requirement to overcome
various effects and give a 10dB signal to
noise ratio in a 3kHz bandwidth. The most
obvious conclusion is that the 70dBpV i.p.
receiver could not be used wideband onsuch
a big antenna, (curve 4), even with 12%tun-
ing, (curve 5), a mean signal of above
300uV must be arranged ataround 1 IMHz.
If an improvement in linearity to 90dBpVv
i.ps can be achieved then both curves
4 and 5 drop by 60dB to reduce the levelto
that of atmospheric noise. Curve 6 isthat due
to reciprocal mixing, a reduction in level of
30dB can be achieved so that, again,
atmospheric noise becomes dominant. A
common control in most h.f. receivers is
the antenna attenuator. This control which
reduces the level of all signals into the
receiver is used since the intermodulation
products fall faster than the wanted signal.
It is, however, of little use if the wanted
signal is already weak and near noise level.
Fortunately at the level of performance
achieved this can be dispensed with com-
pletely. A more detailed analysis with
results are given in ref. 1.

It is not always evident that the receiver’s
limitations are preventing reception; as
stated earlier, the effects are often disguised.
One example is when a large unwanted
signal intermodulates with a noisy signal
or with atmospheric noise itself to give a
noise-like signal on-tune. It is only the
very experienced user who can determine
that this is due to the receiver and not
merely interference.

Receiver design

It is worth examining some of the ways in
which the receiver design can be improved
to the point of immunity from the problems
mentioned. The h.f. superhet receiver has as
its final i.f. a frequency convenient for large
amounts of stable and variable amplifica-
tion, typically up to 100dB. The fre-
quency must also be one for which it is
possible to construct narrow filters of
defined characteristics. It is common to use
crystal filters since these are stable and need
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no adjustment during the life-time of the
equipment. No single frequency is standard
but 1.4MHz is a good compromise
because at this frequency the crystals are
relatively compact and four to eight pole
filters can be obtained in a package of
76 X 28 X 31mm. Single superhet
receivers are constructed using a 1.4MHz
i.f. but there is a problem of removing the
image frequency at 2.8MHz off-tune and
narrow r.f. filters become a necessity. Itis
often easier and more flexible to build a
double superhet with a high first i.f. to
remove the image from the h.f. band en-
tirely. A first if. of 35.4MHz means an
image frequency of 70.8MHz off-tune with
the intermediate frequency also out of the h.f.
band. A single low-pass filter before the first
mixer which cuts above 30MHz is then all
that is required to attenuate image and i.f.
breakthrough to the specified levels.
typically 90dB down (see Fig. 4).
Although it is sometimes beneficial to
frequency selection it is never advantageous
to the receiver performance if the first i.f.
bandwidth is wider than the final output
bandwidth. The highest possible amount of
single-signal and dynamic selectivity are
required both of which are obtained if the
bandwidth is made narrow as soon as
possible. It can be arranged for all fre-
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quency selection processes to be made in
the first mixer, with fixed frequency injec-
tion in the subsequent mixer(s), so that a
narrow first i.f. filter can be used. This filter
can also be a crystal type so that its band-
width need only be wide enough to pass
the widest if. bandwidth envisaged, nor-
mally +6kHz. This allows protection to
subsequent stages against signals farther
off-tune than 10kHz and considerable pro-
tection at 20kHz off-tune. Having such
protection we may concentrate on provid-
ing a very high linearity in the stages
which are wide-band, particularly the first
mixer and r.f. amplifier.

The front-end. The first mixer is the
section where the greatest amount of
development effort has been concentrated
in recent years. The problem is to achieve
mixing and maintain linearity to signals
at the input in a function that is basically
non-linear. The mixer must be non-linear
to signals on two inputs but linear to signals
on the same input. A solution lies with the
switching type of balanced mixer in which
the input signals are switched through to the
output in-phase and out-of-phase alternately
at the local oscillator repetition frequency.
It is important to maintain thislinear switch-
ing even at input voltages of several hundred
millivolts which requires several volts for
switching. All parts of the mixer are import-
ant when designing for the order of linearity
described. The mixer transformers must
be carefully balanced and non-linear
ferrites avoided. If the frequency band to
be covered is wide, then transmission line
transformers are useful to maintain
inductance whilst keeping core and self
capacitance losses low—ref. 2. Balance
is important not only to reduce the level of
direct i.f. noise from the local oscillator but
also to reduce the level of the oscillator
appearing at the antenna input. The level
of this “re-radiation” has to be kept very
low in a communications centre (C.C.IL.R.
recommendation 10pV max.) particularly
if several receivers share a common antenna
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mixer products up to frequencies of S5mV| 70 \1
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which only one is required. A noise figure |
around 15dB would be acceptable in most |
cases where the receiver is directly coupled 1mvL 60 ) | L L i J
to a receiving antenna, certainly up to o 9 S 39 49 20 60

20MHz, because here the system would
be atmospheric or man-made noise limited.
If it is not directly coupled then a lower
receiver noise figure is desirable. To achieve
a worst-case noise figure of 10dB an r.f.
amplifier is necessary which again needs
a high linearity and signal handling capacity.
In our case the gain as shown in Fig. 5 is
10dB so that the first mixer must provide
third order i.ps of better than 90 for two
100mYV signals.

LF. stages. Stages subsequent to the first
i.f. filter are protected against signals off-
tune but have to be capable of providing
linear amplification to signals inside the
passband. One measure of linearity is
percentage distortion to the audio output
after detection. The product detector as
used for s.s.b. demodulation is capable of a
higher linearity than the envelope detector
and overall figures of I to 2% can be main-
tained. A.m. is thus often received using the
sideband filters and product detector with,
as a further bonus, the choice of sideband
to minimize interference. Another measure
of distortion is the in-band i.ps where the
accepted minimum requirement is —40dB.

SIGNAL/NOISE RATIO (dB)

Fig. 6. Signal-to-noise ratio showing effect of reciprocal mixing and cross-modulation.

This limit arises because in a multichannel
v.ft. system unwanted products spread
into the tone frequencies of another channel
and cause errors. Large range a.g.c. is a re-
quirement and, whilst it is agreed that the
output level change should be as small as
possible, there is disagreement over time-
constants. For a.m. and f.s.k. signals both
attack and decay times should be short, in
the order of a few tens of milliseconds,
whereas for c.w. and s.s.b. signals the decay
time should be long. Therefore a choice of
time constant is usual, “short” and “long”.
Ideally in “long” there should be no a.g.c.
decay when receiving s.s.b. until the trans-
mission ceases, because otherwise an annoy-
ing increase in background noise returns
between syllables of speech. A solution is
to incorporate a “hold” period or decay
time which lasts for two seconds, followed
by a fairly fast decay of one second. The
“hold” is readily achieved by storing the
a.g.c. voltage on a capacitor which is fed to

a high input impedance f.e.t. or m.o.s.fe.t.
until the end of the “hold” period when a
discharge resistor is switched in. No a.g.c.
is applied to the first i.f. amplifier until the
signal reaches 300pV. This ensures that the
signal-to-noise ratio increases with a signal
strength as fast as possible until 50dB is
achieved. Further requirements are a volt-
age/gain characteristic which is reasonably
linear and defined, so that a.g.c. stability
is maintained even with narrow filter band-
widths, and so that when using two receivers
in diversity their two a.g.c. lines can be
connected ensuring control of the higher
signal strength receiver.

R.F. attenuation. No a.g.c. or attenuation
is applied before the mixer, because with
the linearity achieved in the mixer it is not
necessary. This means that the small wanted
signal is never attenuated. A method of ex-
tending the cross-modulation specification
of a receiver is by using front end
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attenuation determined by the level of the
nearby unwanted signal. This is necessary
if the natural cross-modulation level is lower
than that of the anticipated signals but the
result is of necessity acompromise. Shownin
Fig. 6 is the s/n ratio achieved for two
wanted signal levels against unwanted
signals of different offsets. The diagonal
limits are due to reciprocal mixing,the front-
end attenuation would have to be arranged
to follow the 20kHz line if the cross-modu-
lation level was naturally lower than 300mV
and specified at 20kHz. The disadvantage
would be that unwanted signals further
off-tune than 20kHz would also have the
effect of causing the attenuator to operate
and the extra signal to noise obtainedin area
A would not be obtained. Furthermore
unless the attenuator was also coupled to
the wanted level, line XY would extend
to 2 and area B would also be lost. A more
conventional representation, Fig. 7, shows
the maximum level of unwanted signal for
20dB s/n ratio as a function of wanted
signal. The same effect is illustrated as in
the previous figure, i.e. there is no real
substitute for a very high real crossmodula-
tion level to match a very low reciprocal
mixing level.

The author wishes to thank the directors
of Racal Communications Ltd for per-
mission to publish this paper and credit is
due to the members of the engineering
laboratories who have contributed to the
successful development of the receivers.
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Receiver for modulation studies

Facilities for s.s.b. and i.s.b.

The radio receiver in the picture looks quite
conventional but is in fact rather special.
It is designed for studies of the possibilities
of new methods of modulation in the m.f./L.f.
sound broadcasting bands—notably single-
sideband and independent-sideband. Re-
planning exercises for the FEuropean
medium- and long-wave broadcasting
bands (see August issue, pp. 266—271)
have the unenviable task of attempting to
maintain the present service, in which there
are invested millions of broadcast receivers
and associated transmitting stations, yet
pave the way towards better spectrum
utilisation and accommodating more radio
channels. At present two technical ex
pedients appear to go some way towards
a solution of the above conflicting require-
ments. These are: (a) Place all the channels
on a regular frequency spacing of 8kHz,
with nominal carrier frequencies being an
integral multiple of the carrier spacing.
(This has the effect of reducing inter-
modulation and TV interference, making
receiver design easier and allowing more
channels.) (b) Consider the gradual intro-
duction of independent single-sideband
transmissions. (This makes possible stereo
broadcasting compatible with a.m., later on
two language channels, or ultimately double
the number of channels.)

Incremental tuning

The receiver in fact contains battery
powered circuits which respond to the two
factors just described, but at the same time
operates nearly conventionally on the exist-
ing m.f. sound radio transmissions. The
differences introduced are as follows. First,
the receiver tuning only settles down at
1kHz increments, even though controlled
with a conventional continuous scale. The
present channel frequency spacings are
8,9 or 10 kHz, so thereceiver can*capture”
all existing stations. If the beneficial change
to 8kHz comes about (by slightly retuning

the existing transmitters) a simple change
in the receiver’s c.m.o.s. logic will make the
receiver only settle on every channel—a
very much easier thing to achieve, by the
way, than on every lkHz. Secondly, the
push-buttons give listening mode options
of a.m., lower sideband, upper sideband or
independent sideband. Two loudspeakers
are provided, as in unit audio, but in this
equipment the lower sideband comes from
the left-hand speaker and the upper side-
band from the right-hand speaker. Sideband
separation is accomplished by the phasing
method of demodulation, with the receiver
carrier phase locked to the incoming trans-
mitted carrier.

Bi-aural listening

The overall sideband response is flat from
300Hz to 3000Hz, which compares well
with a normal a.m. receiver. On present
broadcasts one can listen bi-aurally, with
a.m., or as i.s.b., or one sideband at a time
in one speaker (if there is interference in the
other). Apart from the fact that one soon
recognises the potential of, say, two in-
dependent sideband broadcasts (expedient
(b) above), the improvement in the quality
of night-time broadcasts as received on the
sideband method is a fact which has been
recognised for some considerable time.

A single dual output amplifier i.c. pro-
vides a total power of 1 W, controlled by the
single dual volume control. The front end
of the receiver is conventional, with its
tuned ferrite rod aerial housed in the
receiver cabinet together with all the other
circuits. A full description of the.receiver
is to be found in the June 1974 issue of the
EBU Review (Technical), No. 145. The
development of the receiver, in the Electrical
and Electronic Engineering department
of the University College of Swansea, was
supported by a grant from the UK Science
Research Council.

The experimental receiver, showing the two loudspeakers.
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New
Products

H.f. receiver

Plessey Avionics have announced the
introduction of a new solid-state ten-
channel h.f. radio receiver for applications
such as ground-to-air services, point-to-
point links, and net operation. Designated
PRD 535/1, the receiver provides reception
of up to ten selected frequencies within
the 1.6 to 22MHz range with all channels
independently located over the band. The
standard mode of reception is s.s.b. (u.s.b.
and l.s.b. switchable) with optional facilities
to provide double sideband (a.m.) and
independent sideband (i.s.b.) reception. A
further option is also available for the
reception of f.s.k. transmissions which
uses an additional plug-in module and an

NS

WWw317

external converter/keyer. Audio output into
an internal loudspeaker or headphonejack,
together with a separate output for a 600
ohm balanced line connexion, is standard.
A crystal oven is employed, which gives a
frequency stability of 1 partin 10° A built-
in front panel meter gives an indication of
the signal strength or the audio output level
at the 600-ohm outlet. Plessey Avionics and
Communications, Martin Road, West Leigh,
Havant, Hants.

WW309 for further details

X-Y recorder

The 2500 XY/t recorder from Bryans is
an A4 size instrument featuring a writing
speed of 35cm/sec on both axes. The
acceleration is 935cm/sec’ on both axes
and a timebase is built into the x axis, with
a sweep range of 0.1 to 10sec/cm. A range
of transducers for measuring pressure,
force, acceleration or load is available
for connexion to the recorder. Bryans
Southern Instruments Ltd, 1 Willow Lane,
Mitcham, Surrey CR4 4UL.

WW317 for further details

Mains disturbance monitor

Mains-supply switching transients and
surges can be investigated by using the
DLOI19 power line disturbance monitor,
now available from Datalab. It is intended
for use with a digital-memory waveform
recorder to detect and record disturbances
up to 2000V peak-to-peak. Connexion is
made via a high-voltage fixed plug, and
front panel switching allows the selection
of phase-to-phase or phase-to-neutral

voltages. A 50/60Hz filter removes the
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fundamental frequency, and a direct or
filtered output can be connected to the
recorder. Triggering can be selected from
positive going transients, negative going
transients, or both. A trigger level control
is also provided. Data Laboratories Ltd,
Wates Way, Mitcham, Surrey.

WW327 for further details

V.h.f./u.h.f. display

The Eddystone 1061B/1 panoramic display
will monitor a band of frequencies on a
continuous basis and provide a visual dis-
play. The unit, which has been designed
for use with receivers having appropriate
i.f. outputs, is suitable for an i.f. of 10.7MHz,
but other i.f. outputs can be accommodated
to meet special requirements. The display
provides an independently-variable sweep
width from 20kHz/cm to IMHz/cm and a
continuously-variable sweep speed. A 6kHz
resolution enables mobile radio signals of
12.5kHz channel spacing to be separated
on the switchable 40dB logarithmic or 26dB
linear display.

The sensitivity of 10uV/cm can be con-
trolled over 0 to 40dB with a switched
attenuator in 10dB steps and a separate,
continuously-variable adjustment of 20dB.
The screen measures 10 X 6cm and the
complete unit is suitable for rack mounting
or can be supplied in cabinet form. Eddy-
stone Radio Ltd, Marconi House, Chelms-
ford, Essex CM1 IPL.

WW328 for further details

Rechargeable batteries

A range of rechargeable batteries suitable
for use in emergency lighting and similar
applications is available from Hakuto. These
batteries are totally enclosed in styrene cases
and the manufacturers claim that no
electrolyte leakage is possible, regardless
of the working position. The range, which
is known as Hisealed, is rechargeable 200
times when the rated capacity is exhausted
and 1000 times when the full capacity is
partially discharged. A safety valve protects
the batteries by lowering the internal voltage
if an overcharge condition is detected.
Hakuto International Ltd, 557-563 Ray-
leigh Road, Leigh-on-Sea, Essex SS9 SHP.
WW313 for further details

WWw328
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Microwave source

The model 524, first in a new range of com-
pact microwave sources, has up to six
programmable  crystal-controlled  fre-
quencies and covers the 8.5 to 9.6GHz
band. The long-term stability is 1 part in
10° per month and the frequency stability
is 0.005% over the temperature range O to
+70°C. A spurious harmonic level of better
than —50dB is claimed and a f.m. noise of
95dB at 2kHz off carrier with an a.m. noise
of —125dB also at 2kHz. G. & E. Bradley
Ltd, Electral House, NeasdenLane, London
N.W.10.

WW300 for further details

Harness-tying gun

A harness-tying tool designated TR-300
will tie cables at the rate of one per second.
The instrument, which is pneumatically
operated, can be counterbalanced to mini-
mize fatigue. Tension of the tie can be pre-
set and the tool automatically adjusts to the
harness diameter from & to gin. The
installed ties are approved to MIL-S 23190
under MS 3367-4 type 1 class 2. Thomas &
Betts Ltd, 90-93 Cowcross Street, London
ECIM 6JR.

WW302 for further details

WW300

WW305

Accelerometers

The SA series of accelerometers is con-
structed using a spring plate, one end of
which forms the sensing element, on to
which semiconductor strain gauges are
bonded. A small seismic mass is also fixed
to the spring plate. The whole element is ina
gasproof light metal case filled with oil to
provide the necessary damping. The
SA 103 device features a frequency response
from O to 600Hz with a linearity/hysteresis
of +1%. A nominal output of 200mV is
available from a supply of up to 10V d.c.
Vibro-Meter Ltd, Newby Road, Hazel
Grove, Stockport, SK7 SEE.

WW 305 for further details

High-frequency oscilloscope

Hewlett-Packard have introduced a
257MHz oscilloscope called the 1720A.
This instrument has a sensitivity of
10mV/cm on each channel, and a sweep
speed up to Ins/cm. The y attenuator
accuracy is 2% on all ranges (10mV/cm to
5V/cm) and the input impedance is
selectable from 50Q or IMQ with an 11pF
shunt capacitance. Triggering is claimed
to be stable for all displays requiring only
lecm of vertical deflection to 300MHz.
The graticule can be illuminated by a flood
gun, providing even exposure for photo-
graphy. Focus is automatic and the
oscilloscope retains all the performance
characteristics over the temperature range
0° to 55°C. The UK price is £1,928
including accessories. Hewlett-Packard
Ltd, 224 Bath Road, Slough.

WW316 for further details

Coaxial-line attenuator

Flann Microwave have introduced a contin-
uously variable, coaxial-line attenuator pro-
viding an attenuation range from 0 to 40dB
when calibrated at 2.5GHz and from 0 to
60dB when calibrated at 10GHz. The inser-
tion loss is 0.5dB maximum and the v.s.w.r.
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is less than 1.35. The attenuator is direct
reading and special models are available
for narrow frequency bands within the 1 to
2.5GHz range. Flann Microwave Instru-
ments Ltd, Dunmere Road, Bodmin, Corn-
wall PL31 2QL.

WW314 for further details

Delay timer

An electronic timer, type ETA, will provide
delay times from three seconds to 20 minutes
with a choice of four time ranges. Repeat
accuracy on continuous cycling is around
1%, and a change of 5% in the supply
voltage will only alter the timing by about
1.5% The unit is available with an inbuilt
or remote potentiometer for adjustment
of the delay. The output relay has double
pole changeover contacts rated at 3A 250V
a.c. with a SA option available. Appliance
Components Ltd, Cordwallis Street,
Maidenhead, Berks, SL6 7BQ.

WW329 for further details

High-voltage probe

A hand-held probe designed for measuring
up to 30kV has been introduced by
Brandenburg Ltd. The probe is constructed
from moulded polypropylene with a nylon
insulated tip and a brass contact point.
A safety feature incorporated in the design
is the arrangement of the eh.. cable,
which is brought out of the probe in front of
the hand shield. The probe measures 260mm
with an 85mm diameter shield, and weighs
75 grams. The price, including 2 metres of
e.h.t. cable, is £5 plus v.a.t. Brandenburg
Ltd, 939 London Road, Thornton Heath,
Surrey CR4 6JE.

WW312 for further details

Drop-proof multimeter
The latest addition to the Daystrom-

Schlumberger range of drop-proof multi-

meters is the 666. This model has been
designed with sémiconductor-circuit trouble-
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shooting in mind. The instrument has a
IOMQ input impedance and ohms-range
-avith low voltage-drops. Plug-in circuit
boards are used for easy maintenance and
they can be calibrated without removing
the instrument from its case. Compensa-
tion against temperature effects and a diode
protected mechanism are provided in the
meter which measures 7 X 5 X 24in and
costs around £33. Daystrom-Schlumberger,
Bristol Road, Gloucester GL2 6EE.
WW307 for further details

Tunable quadrature
oscillators

Now available from Lyons Instruments is
the Frequency Devices Inc. range of pre-
cision sinewave oscillators. The 440 series
of resistive tunable oscillators offer a dis-
tortion of 0.08% and two buffered outputs
90° +0.1° out of phase, with a claimed
amplitude tracking of better than 100
p.p.m/°C. Tuning over a 1000:1 range is
possible with two equal resistors. The three
models, 440, 442 and 444, cover the ranges
0.05 to 50Hz, 0.5 to 500Hz and 20Hz to
20kHz respectively. The units are priced at
£39.50 plus v.a.t. (100 off). Lyons Instru-
ments Ltd, Hoddesdon, Herts.

WW301 for further details

Laser power meter

A meter called the model 504 provides
direct power read out at any wavelength
from 440nm to 680nm in Inm steps. The
wavelength to be monitored is dialled on
the front panel and the power range is
selected from seven scales between 10mW
and 10W. The unit is suitable for use with
any type of visible c.w. laser from the
sub-milliwatt devices through to the 10W
argon lasers. The instrument, which is
battery powered, incorporates a 0 to S0mV
socket for recording purposes and is priced
at $495 including the attenuators for
operation up to the 3W range. The optional

WWwW307

attenuator required for the 10W range is
priced at $75. Lexel Corporation, 928 East
Meadow Drive, Palo Alto, California, USA.
WW3135 for further details

Liquid crystal displays

A range of Lc. digital displays are available
in either the transparent or reflective mode.
The digits, which come in different sizes, are
encapsulated in bezels ready for mounting.
The voltages range from 18 to 35V a.c.
with a frequency from 50 to 300Hz. Con-
sumption is 3nA per segment, and the rise
time is 4—9ms with a decay time of 100—
150ms. The contrast ratio for the transpar-
ent type is 80:1 and 20:1 for the reflective
type. An average life of 25,000 hours is
claimed in an operating temperature range
from —20 to + 80°C. Nimrod Electronics
Ltd, Vann Lane, Chiddingfold, Surrey
GUS84TP.

WW311 for further details

Heat sinks

The latest range of heat sinks from Jermyn
is the ACH and BCH series for plastic TO66
and TO3 devices respectively. Each of the
series is available in two versions for
mounting either one ortwodevices. Thermal
resistance figures for single and double
ACH types are 28°C/W-12.5°C/W respec-
tively, and 15.5°C/W—10°C/W forthe BCH
type. Jermyn Manufacturing, Sevenoaks,
Kent.

WW304 for further details

WW315
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Soligl State
Devices

The names of suppliers of devices in this
section are given in abbreviation after each
entry and in full at the end of the section.

Time-base generator
A recent addition to the Motorola c.m.o.s.
family is the MCI14566 time-base
generator. This device consists of two
pulse shapers, a divide-by-ten ripple counter,
a divide-by-five (or six) ripple counter and a
monostable  multivibrator. A single
MC14566 can be arranged to divide by 50
or 60 to produce one pulse per second from
a 50 or 60Hz input. In addition, a b.c.d.
output indicating tenths of a second is
available.

A second device can be connected in cas-
cade with the first to provide one pulse per
minute and a b.c.d. output of up to 59
seconds. With a third chip a complete digital
clock can be constructed.
WW350 for further details

Switch debouncer
National have introduced an i.c. called the
DM8544 which performs switch-debounce
functions for four switches. The device
consists of four RS flip-flops with internal
pull-up resistors. A strobe control is |
provided which allows the switch state in-
formation to be sampled at a pre
determined time. All control inputs/outputs
are t.t.I. compatible for the device which
operates in a temperature range from 0 to
+70°C.
WW351 for further details

National Semiconductor

A.g.c. attenuator diode

The 1IN 5957 PIN diode has been designed
as a current-controlled variable-resistance
element suitable for a.g.c. circuits. The
diode has a resistance range of four decades
in a temperature range from —195 to
+300°C. A carrier lifetime of 1.5 to 2ps is
claimed for the device, with a leakage
current of 10pA and a total capacitance of
0.4pF.

WW352for further details G.E. Electronics

Motorola

L.e.d.incorporatinglogic

A complex i.c. from SDS combines a seven-
segment l.e.d. display with a b.c.d. counter,
display storage latches, a b.c.d. to seven-
segment decoder and constant current dis-
play drives. The device counts input pulses
at up to 18MHz and displays the result.
Using this chip it is possible to construct
a high-speed multi-digit fully synchronous
counter system without any external logic.
WW353 for further details SDS

Suppliers

Motorola Inc., Semiconductor Products
Division, PO Box 8, 16 Chemin de la
Voie-Creuse, 1211 Geneva 20, Switzerland.
National Semiconductor UK Ltd, The
Precinct, Broxbourne, Herts EN10 7THY.
G.E. Electronics (London) Ltd, Eardley
House, 182/184 Campden Hill Road,
Kensington, London W8 7AS.

SDS Components Ltd, Hilsea Trading
Estate, Portsmouth, Hants PO3 5JW.
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The unique Advance 162P
programmable calculator comes
to you in 10 main parts. Two
PCBs for yvou to mount. The
keys to snap on. The chassis.
And so on, assemhled and
tested. All you need is a Philips
screwdriver — and ten minutes
to save over £100!

a6s

Recommended retail price £19 plus VAL.
In easy to build kit form only £98 plus VAT!I!!

This must be the best value for money calculator offer
ever made. In fact, the first programmable calculator, as
far as we know, ever sold in kit form.

Below we’re showing you just what it can do. For you,
or for your company.

But don’t make up your mind now. Use the coupon and
we’ll send you a full pack of information absolutely free.

Here’'s what you get in an Advance 162P
programmable calculator.
(Remember, you get all this for only £98 plus VAT)

@ 40 steps of programme. @ Two independent accumulating
memories. @ An automatic accumulate mode on both memories.
@ Straightforward algebraic logic entry. @16 digits of resolution.
@ An exponent capability of 10*. @ Square roots just by pressing
akey. @A live %, key. @ Reciprocals by using the exchange key.
@ A sign change key to change from positive (o negative.

@ Decimal point fully floating or fixed from 0 to 6 places.

@ Lots of other features and facilities which are fully described
in our literature. @ A full, one-year guarantee from Advance
Electronics with the manufacturers servicing facilities available.

In the unlikely event that anything goes wrong a
minimum charge of £5 will be made where damage due
to incorrect assembly has occurred.

Applications

Works costing, commercial mark up, compound
interest, equal repayments, statistical calculations and
many, many other roles. Probably the most versatile
business calculator ever produced!

Just complete this coupon
and we will send you,
withour any obligation,
full information on the
Advance 162P
programmable
calculator
immediately. N

The pack includes a data
sheet, a special introduction 3
to the 162P giving a simplified 4
guide to its potential, a *how to =
programme’ document and no k‘_ o2
fewer than eight sample programmes. They’re

all yours for the asking. . l

To Calculator Division, Advance Electronics Limited,
Raynham Road, Bishop’s Stortford, Herts. Telex: 81510.
Plecse send me, without any obligation, full information on the

Advance 162P programmable calculator which is on special offer to
readers of Wireless World.

Name
(please use block capital letters)
Address
Advance Calculators,
Raynham Road, Bishop’s Stortford, Herts.
Telephone: 0279 55155 Telex: 81510 s I
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The wallchart shows the allocation of
frequencies within the radio spectrum
ranging from 3 kHz to 300 GHz and is scaled
on eight logarithmic bands contriving 15
main categories of transmissions which are
identified by colours. All the important spot
frequencies and ‘special interest’ frequencies
are marked. The information is taken from
the ITU and has been condensed into easily
read chart form. Measures 2" 11" x 111",
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ORDER FORM

To: IPC Electrical-Electronic Press Ltd.,
General Sales Dept., Room 11,
32 Stamford Street, London SE1 9LU
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Wireless World Wallchart of Frequency
Allocations at 80p each inclusive.
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CINsSo7Ls
(ELECTRONICS) LTD.

9 & 10 CHAPEL ST., LONDON, N.W.I
01-723 7851 01-262 5125

RECLIFFE LT TRANSFORMERS
'C' core table top connections. Pri.
200-220-240v, SCR. Sec. 24v. 3 amps.
Conservatively rated. Brand new.
£2:75 p.p. 40p.

Pri. 200-220-240v, SCR. ‘C’ core type.
Sec. 25:2-0-252v 154 M/A and Tv
1:35 amps. £1-50 p.p. 30p.

Pri. 200-220-240v SCR. Sec. 6-3v 1.7 A
twice, 6-3v 0-3A twice, 6:3v 1-5A. open
frame type table top connections.
£1:25 p.p. 30p.

Pri. 200-220-240v. Sec. 37-40-43v. 5a.
105v. 300 mfa. twice. Qil-fiited potted

CURRENT RANGE OF NEW L.T. TRANSFORMERS
FULLY SHROUDED TERMINAL BLOCK CONNECTIONS
ALL PRIMARIES 220/240v

Type Sec. Taps Amps Price Postage
1A 25-33-40-50v 1 £14-00 5p
1B 25-33-40-50v 10 £12:00 75p
1C 25-33-40-50v 6 £8-50 60p
1D 25-33-40-50v 3 £7-50 60p
2A 4-16-24-32v 12 £10-00 5p
2B 4-16-24-32v 8 £8-00 60p
2C 4-16-24-32v 4 £4-95 45p
20 4-16-24-32v 2 £3-50 40p
3A 24-30-36v 10 £9-00 6Cp
3B 24.30-3€v 5 £7:50 50p
3C 24-30-36v 2 £3'50 40p
4A 12-20-24v 20 £1200 75p
4B 12-20-24v 10 £7:50 &0p
4C 12-20-24v 5 £4-95 40p
S5A 3-12-18v 20 £10-00 6Cp
58 3-12-18v 10 £6-95 60p
5C 3-12-18v 5 £4-50 40p
6A 48-56-60v 2 £4-50 40p
6B 48-56-60v 1 £3'50 40p
TA 6-12v 20 £7-90 60p
78 6-12v 10 £4:50 40p
7C 6-12v 5 £3:50 40p
8A 17-32v 8 £8:00 60p
9A 12-24v 1 £2:50 30p
10A 9-15v 2 £2:50 30p
1A 8-0-8v 2 £2:50 30p

PLEASE ADD 8% V.A.T.

type. £6-50 carr. 50p.

L.T. SMOOTHING CHOKES. 'C’
core types. 20 M/H 10A £3-50, post. 50p.
18 M/H 10A £3-25, post. 50p. 10 M/H

7-7TA £2:00, post. 30p. 15 M/H 3-8A £175,

post. 25p. 50 M{H 2-5A £1'75, post. 25p.
Swinging types ‘C' core 75 M/H 6 A—
75 M/H 0-5A £3-75, post. 50p. 10 M-H
4A—100 M/H 0-5A £2:50, post 50p.
50 M/H—100 M/A 0-5A potted types
100 M/H 2A £2-00, post. 50p. 10 M/H
6-5A—50 M/H 2A £1-75, post. 30p. Open
frames, 150 M{H 3A £3-00, post 50p.
50 M/H 2(5A £1(75, post 25p. 42 M/H
10A £2°75, p.p. 42p.

H.T. SMOOTHING CHOKES
GARDNER 'C' core lypes. 10H 250
M/A £2:00, post. 40p. 20H 180 M/A
£2-00, post. 40p. 12H 10C M/A 85p, post.
25p. 50H 25 M/A 85p, post. 25p. PAR-
MEKO Potted types, 10H 180 M/A £2-00,
post. 40p. 5-2H 350 M/A £2:50, post.
50p. 10H 300 M/A £2-50, post 50p. 5H
100 M/A 75p, post. 25p. 15H 75 MJA
75p, post 25p. 50H 25 M/A 75p, 25p.

CRESHAM MUTITAPPED
LT TRANSFORMETS

Pri. 200-220-240v Sec., No. 1, 22'5-
25-28v S5A, No. 2 26v.2:5A, No. 3 16v
1A twice, No. 4 10v 1A twice, No. 5
6-3v 2A, No. 6 145-0-145v 200 M/A
‘C' core type table top connections.
Brand new. £4-25, carr. 75p.

Pri. 220-230-240v SCR, Sec. 300-0-300v
500 M/A 63v 4-6A. Open frame type
table top connections. £5:00, carr. 75p.
Pri, 200-220-240v Sec. tapped 325-
343-361v 200 M/A. Open type table top
connection. £3:50, carr. 75p.

AMOS “C" CORE CHOKES
10 M/H 25 amps., £8:75, carr. £1.09.

ROBINSON 240v. AC
RELAYS. Two 5 amp
change over contacts,
single hole fixing. Size
23X1;X1} ins. 80p. p.p.
10p.

DAVENSET ISOLATION
TRANSFORMERS
Pri. 10-0-200-240v. Sec. 240v. Centre
tapped 1-2kva. Conservatively rated.
Size 83X 7X8% ins. Wgt. 59 Ibs. Open
frame type, terminal connections.
Fraction of maker's price. £17.00,
carr. £1-50. G. E. potted Sealed Type.
Pri.  220-230-240-250v. Sec. 230v.
::amp Size 8X7x6 ins. £15-00, carr.
1-50.

PARMEKO POTTED LT
TRANSFORMERS

Pri. 115-230v SCR. Sec. tapped 40-45-
50v 5 amps. £8:50, carr, 75p.
Pri. 110-220-240v. Sec. 2'5v-0-2'5 v
30 amps. Twice. Will give 5v CT
60 amps or 10v CT 30 amps. £10-00,
carr. £1-00,
Pri.  220-230-240-250v. Sec.
5 amps. £10-00, carr. £1-00.
All types conservatively rated. Brand
new. Fraction of maker's price.

32-0-32v

STC RELAYS

Type 250XCE 2500 ohm
2 H.D. CO contacts set to
pull in at 22v. with base
and cover. 60p, post. Sp.

DRAKE ISOLATION 240/110v
TRANSFORMERS
Pri. Tapped 10-0-200-220-240 Sec. 110v
401 watts. Shrouded. £6:50, carr. 75p.
Pri. 200-220-240v Sec. 110v 50 watts
unshrouded. Table top connections.
£2:25, p.p. 40p.

RELAY CONTROL CO. American
Miniature relays 6v. DC. 1 CO contact.
Size 131X 1X%{ ins. 35p, post. 5p.

OMRON RELAYS TYPE MK2P
24v. D.C. 2 CO 7 amp. contacts. 8 pin
plug in type. 70p, post 10p. As above
A.C.220-240v. operation. 80p, post 10p.

HEAVY DUTY ISOLATION
TRANSFORMER
Admiralty Pattern.
Pri. 230v. Sec. 230v. C.T. 20 amps.
Very conservatively rated. Test to
earth 2000v. Size 17X14X16 ins.
Weight 320 Ibs. £50-00 ex warehouse.

HEAVY DUTY UNSHROUDED TYPES 9 INCH FLYING
LEADS ALL PRIMARIES 240v.

Type No. Sec. Volt Tap. Amps. Price Carr.
1 24-30-36 § o .20 £1495 £100
2 12-20-24 .. . . .. 30 £14-95  £1-00
3 3-12-18 s > = .. 30 £14-95  £1:00
4 6-12 a0 og . . 50 £1495 £1:00

FERRANT) HT TRANSFORMERS
POTTED TYPE

Pri. 220-230-240v SCR. Sec. 650-0-650v

277 M/A. 6:3v 5A 6-3v 2A 5v 4A. Brand

new. Fraction of maker's price. £10-00,

carr. £1-00.

HUBBELL HEAVY DUTY TWIST
LOCK FIVE PIN PLUGS

20 amp 250v 10 amp 600v AC. £1-00,

sockets

recessed 5p,

AUTO TRANSFORMERS
Partridge. Tapped 0-220-230-240-250v
500 watts unshrouded table top con-
nections £2:50, carr. 40p. Lemark
tapped 0-240 115v 500 watts unshrouded
table top connections £5:00, carr. 60p.
300 watts £3-50, carr. 50p.

TRANSFORMERS FOR LINSLEY HOOD AMPLIFIERS
Fully shrouded, terminal block connections. Pri. 220-240v. Screen
tap. Sec. 30-25-0-25-30v., 2 amps. £4-75, carr. 40p. Heavy duty type
36-25-0-25-36v. 5 amps. £9 75, carr. 50p.

WODEN HT TRANSFORMERS
‘C' core type table top connections.
Pri. 110-200-220-240v SCR. Sec. 740-0-
740v_ 380 M/A. 30-0-30v 740 MJA 20v
3A 535v 4A. Brand new. Fraction of
maker's price. £40 00, carr. £1-00.

ITT LEVER SWITCHES
Type 601 AAQ 72-42 4 CO contacts,
overall size 13X2X} ins. White lever
gold flash contacts, 60p. Three for
£1:50, post paid.

12 volt 2 amp TRANSFORMER
enclosed in metal case. Size 5x43x3
ins. with fitted input and output fuses.
Onjoff switch. Output sockets and 4 ft.
240v. malns lead. £2-75 p.p. 35p.

STEP DOWN 240/110v AUTO TRANSFORMERS

3000 watts. Built into steel case with two American 2 pin grounded
socket outlets. Carry handle. 6 1. mains lead. £29-50, carr. £2.
Without case and fittings £22:00, carr. £1-50.

Other Types Available. 80-1500 watts, fully shrouded, with
American socket outlet and 6 ft. mains lead. Let us know your
requirements.

WODEN LT TRANSFORMERS
Pri. 200-220-240v SCR. Sec. 18-0-18v
125 amps ‘C' core. Table top con-

nections. Conservalively rated.
Fraction of maker's price. £10.00,
carr. £1,

PLESSEY MINIATURE MICRO
SWITCHES

Type LIC 7134. One CO one break.
Gold flash contacts. Size }xiX§ in.
Three for 50p, post paid.

DRAKE L.T. TRANSFORMERS
Prl. 240v. E.S. Sec. 26v. 10A and
12v. 0-1A, open frame, table top con-
nections, £5'50, carr. 50p. Pri. 200-
220-240v., Sec. 1, 37v. BA, Sec. 2, 37v.
2A, 21v. 11A, open frame table top
connections, £9-50, carr. £1.

PLEASE ADD 8% VATTO
ALL ORDERS INC. CARR.

BENSONS SOLENOIDS
AC 240v 25% duty. Approx 2 ins. § in.
puli. Size 2X 15 X lins. Res. 35062 75p
p.p. 10p. Similarto 12v DC Type above.

LEMARK Pri. 240v. Sec. 40v. 6a. 5-0-5v
2a. 5-0-5v. ja. Open frame design.
£4-50 carr. 75p. Pri. 240v. 16-0-16v. 2-5a.
24v. 630 m/a twice. 24v. 65 mja and 115v,
2a. auto tap on primary. Open frame
table top connections £3:50 carr. 50p
Pri. 240v. Sec. 20-0-20 ja. 5-0-5 2a.
£1 75 carr 35p. All above transformers
have a screen winding.
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and make no

v/

mistake

KAMODEN 360 MULTIMETER
High sensitivity.
100kobm/

AC 10kohm/V
8" mirror scale,
overload protect-
ed. Ranges: 0.5/
2.5/10/50/250/
1000V DC. 5/10/
50/250/1000V
AC Cu

0.01 mA/O 5/5/50/
S00mA/10
Renstance 0 1/,
1/10/100 ohms/
1/10/100k ohms/
10/100M ohms.
Decibels —20 to
+62dB. Battery operated. Size: 180 x
140 x B0mm. gupplmd complete with,
test leads etc.

OUR PRICE £17.50

P & P 40p

MODEL C7208FM

30.000 opv DC.
15,0000pv AC.

-6/3; ’15'60/300/600/
1200V. DC. 6/30/
120/600/1200 V. AC./JNN
DC Resistance x 1,
%10, x 100, x 1000
(50¢) centre scale)
DC Current 30uA/
3/30/600mA. —20 to +63dn el

OUR PRICE £8.95 P & P30p

AUDIOTRONIC Model ATM1
Top vatue 1,000
opv pocket multi-
meter. an%es:—
0/10/50/250/1,000
volt AC and DC.
DC current 0-1mA/
100mA. Resistence:
0/150k ohms.
Decibels: —10 to
+22dB. Size 90 x
60 x 2Bmm.
Complete with

test leads.

OURPRICE £3.25

P&P 15p

HIOKI 730X
30.000 opv. Over-
load protection.
6/30/60/300/600/
1200V DC.12/60/
120/600/1200V AC.
60/pA/
30mA/300mA.
2K/200K/
2 Meg Ohm.

10to -63dB.
OUR PRICE £7.50

P&P 30p

AUDIOTRONIC Modet ATMS

Jewel movement,
attractively moulded
case with edgwise
ohms adjustment.
Ranges: 0-3/15/150/
300/1200V AC,
(2500 opv) 0-6/30/
300/600V DC,

(5000 opv) 0-300
uA/0-300mA DC.
Resistance: x 10 &
x100. ~10to +16dB.
Supplied with battery
test leads and data
booklet. Size: 121 x 73 x 29mm.

OURPRICE £3.95 r&P20p

Current: 0.06/0.6/

U4324 MULTIMETER
High sensitivity, over-
load protected.

Oogv. Ranges:

60/120/600/1200V
DC. 3/6/15/60/150/
300/600/900V AC.

6/60/600mA/3A DC.
0. 3/3/30/300mA/
3A AC. Resistenc:
25/500 ohms/0. 5/5/50/500k ohms/S
Mohms. Decibels: —10 to +12dB. Size
167 x 98 x 63mm. Supplied comp-
lete with test leads, spare diode and
instructions.

OUR PRICE £9.25

P&P 30p

HIOKI 750X VOLT-OHM.-

MILLIAMETER
ranges: 0—0.3

1 5/3/8/1 2/30/60/150/
300/600/1,200V DC.
0-3/6/15/30/60/120/
300/600/1,200V AC.
Current: 0-30/60uA/
1.5/3/15/30/150/300
mA/6/12A. Resistence:
[ 3/300k/3/30Mohms
Decibels: —10 to +17dB. Output:—
0- 3/6/15/30/60/120/300V Accur
iti

102 x 153mm.

OURPRICE £11.95  PaPaop

TMK MODEL 117 FET
ELECTRONIC VOLTMETER

Battery operated.
11 Meg input, 26
ranges. Large 4%
mirror scale, Size:
149x 117 x60mm.
0.3-12000V DC.
3-300V RMS AC.
8-—800V P-P.

DOC current 0.12—
12mA. Resistence
ug to 2000MOhms. Decibels: —20 to
+51dB. Supplied complete with leads
and instructions.

OUR PRICE £18.50

P&P 20p

MODEL AF.105 VOM
50,000 opv. Mirror
scale. Meter
protection.
0/-3/3/12/60/120/
300/600/1200V DC.
0/6/30/120/
300/600/1200V DC.
0/30pA/6/

60/300 mA/

12 Amp. 0/10K/
1m/10m/100

Meg Ohms.—20to ~17dB.

OUR PRICE £12.50 P&P30p.

LB3 TRANSISTOR TESTER
Tests 1ICO and B.
PNP/NPN. Operates
from 9V battery.
Instructions supptied.

OUR PRICE
£3.95 pap20p

MODEL TH12

20,000 opv. Overload
protection. Slide switch
selector, 0/0.25/2.5/10/
50/150/1000V DC. 0/10/
50/250/1000V AC. 0/
50uA/25/250mA DC.

0/3%/30k/300k/3 Megohms. —20 to
+50dB.
OUR PRICE £5.95 P&P30p

HIOKI 720X VOM

A versatile,
accurate measur-
ing instrument.
20,000 opv. 0/
§/25/100/500/
1000V DC. 0/10,
50/250/1000V
C. 0-50uA/
250mA 0—20k/ [
2 Megohms.

OUR PRICE

£5.97
P&P 30p

U435 MULTIMETER g

20,0000pv. Ranges:
75mV/2.5/10/25/
100/250/500/1000V
DC. 2.5/10/25/100/
250/500/1000V AC.
Current: 50uA/1/5/
25/100mA/0.5/25A
DC. 5/25/100mA/
0.5/2.5A AC. Resist-
ance: 0.3/3/30/300k
ohms. Size: 205 x 110 x 84mm. Sur-
plied complete with ieads, crocodile
clips and steel carrying case.

OUR PRICE £8.75

P&P 30p

TMK MODEL TW50K
46 ranges, mirror
scale. 50k/V DC
SO0k/V AC

DC Volts: 25/
0.25/1. 25/2 5/5/10/
25/50/125/250/
500/1000. AC Volts
1.5/3/5/10/25/50/
125/250/500/
1000. DC current
25/50uA/2.5/5/25/
50/250/500mA/S/
10A. Resistence:
10k/100k/1 Meg/
10 Meg ohms. -—20 to +8‘I .5dB.

OURPRICE £12.50 PaP 20p

TMK 100K LAB TESTER
100,0000pv. 6%
scale. Buzzer

short circuit check.
Sensitivity 100,000
opv DC. 5k/V AC
DC Volts: 0.5/2.5/
10/50/250/1000V
AC. 3/10/50/250/
500/1000V DC.
current 10/100uA/

LB4 TRANSISTOR
TESTER

Tests PNP or NPN
transistors. Audio
indication. Operates
on two 1.5V

batteries. Complete
with instructions etc.

OUR PRICE
£4.50 P&P 20p

10/100/2.5/10A. Reslstence:
1k/10k/100k/10 Meg/100 Meg ohms.
Decibels: .—10 to +43dB. Plastic case
with carrying handle. Size: 190 x 172
x 99mm.

OUR PRICE £13.95  pap30p

HIOKI MODEL 700X
100,0000pv. Overtoad
grotectuon Mirror scale.
3/0.6/1.2/1.5/3/6/
12/30/60/120/300/
600/1200V DC.
1.5/3/6/12/30/60/150/
300/600/1200V AC.
15/30uA/3/6/30/60/
150/500mA/6/12A DC.
2k/200k/2M/20MOhms.
-20 to +63dB.

QOUR PRICE £14.95 _P&P30p

e ———]

370WTR MU LTIMETER
Features AC current
ranges. 20,0

0/0 5/2, 5/10/50/
250/500/1000V DC.
0/2.5/10/50/250/
500/1000V AC.
O/50uA/1/10/100
mA/1/10A D
0/100mA/‘|/‘|0A
AC. 0/5k/50k/500k/
5 Meg/50

U4341 Multimeter &
Transistor Tester

27 ranges. 16,7000pv.
Overload protected
Ranges: 0.3,

30/60/1 50/300/900V
5/ 5/30/150/
300/ 750V AC.

Current: 0.06/0.6/
6/60/600mA DC.
0.3/3/30/300mA AC.
Resistance: 0.06/

0 6/2/6/20/60/200k ohms/2 Mohms.
Battery operated. lied complete
with probes, leads amrneel carrying
case. Size: 115 x 215 x 90mm.

OUR PRICE £10.50  p&P30p

Deciteis. 28 to +6248.
OUR PRICE £19.95

P&P 30p

MODEL PLA36
20,0000pvDC.
80000pv AC.
Mirror scale
-6/3/12/30/120/
600V DC. 3/30/
120/600V DC.
50/600pA/60/
600mA.
10/100K/1 Meg/10 Meg Ohm.
—20to +46dB.

OUR PRICE £6.97

P&P 30p.

U4312 MULTIMETER

extremely sturdy
instrument for
general electrical
use. 6670}:v.
0/0.3/1.5/7.5/30/
60/150/300/6 00/
900V DC & 75mV.
0/0.3/1.5/7.5/30/
60/150/300/600/

DC. 0/1. 5/6/15/
60,150/6 00m

1.5/6 A AC. 0/200/3k/30k ohms. DC
accuracy 1%. AC 1.5%. Knife edge
pointer, mirror scale. C with

Wiodel HT10084 MULTIMETER

Overload protected,
shock proof circuits.
9.50A Meter with
mirror scale. Sensitivity
100kV. Polarity change
switch. Ranges: 0.5/2.5/
1- /50/250/500/1 000
Volts DC. 2.5/106/50/
250/1,000 Volts AC.
DC resistence’ 0—20/
200k/2/20 Meg. ohms.
DC current: — 10/250uA/2.5/25/250
mA/10A. AC current:—0—-10A. —20
to +62dB. Operates from 2 x 1.5V
batteries. Size: 180 x 134 x 79mm.

OURPRICE£17.50 rpapaop

KAMODEN 72.200 Multitester

High sensitivit

tester. 200,000 opv

Overload protecmd. p
M|rror scale.

Ranges: —0/.06
3/30/120/600/
VvV DC. 0/

1200V 3
12/60/300/11200

V AC. 0/6uA/
1.2mA/120mA/
600mA/12A DC
0/12A AC. —20 to
+63dB. 0/2k/200k/
2 Meg/200 Megohms.

S100TR MULTIMETER
TRANSISTOR TESTER
100,0000pv. Mirror
scale. Overload
protection. 0/0.12/
0.6/3/12/30/120/
600V DC. 0/6/30/
120/600V AC.
0/12/600uA/12/
300mA/6/12A DC
?/‘IOk/‘I Meg/

Meg.
—20 to +50d8.
0.01—-0.2MFD
Transistor tester measures Alpha, Beta
and 1CO. Complete with instructions,
batteries and leads.

OUR PRICE £19.95 _ PaP 25,

OUR PRICE £22.50 PaP 30p

sturdy metal carrying case, leads and
instructions.

U4323 MULTIMETER
20,0000pv. Simple

unit with audio/IF
oscillator. Suitable
for geneval receaver
tuning

0.5/2. 5/10/50/250/
500/ 1000V DC. i
2.5/10/15/250/500/1000V AC. 0.05/

0.5/5/60/500mA. DC. Resistance:
x 10, x 100, x 1,000, x 10,000 (50Q2.

500(). 5k(}, 50k(} centre scale)
Battery operatod Size: 160 x 97 x
40mm. Supplied in carrying case com-
piete with test leads.

OUR PRICE £7.70 P&P 30p

MODEL AS.100D VOM

100,000 opv.

U43TTMULTIMETER
cirument for tield L_ e
and laboratory work. .

(B

Knife edge pointer,
86mm. mirror scale. [ =
Overload protectnonl

0 5/3 5/10/25/50/100/250/500/1 000

V.DC.  0.5/2.5/10/26/50/100/250/
500/1000V AC. Current: 50uA/0.5/
1/5/10/50/250mA/1/5A DC.  0.25/
0.5/1/5/10/50/250mA/1/5A AC. Res-
istance: .5/10/100/200 ohms/1/3/
30/300k ohms. Decibeis: -5 to +10dB
Battery operated. Size: 210 x 115 x
90mm. Supplied in carrying case com-

Ci5 PULSE OSCILLOSCOPE

For display of pulsed
and periodic wave-
forms in electronic
circuits. VERT. AMP. -\\
Bandwidth: 10MHz.
Sensitivity at 100kHz
VRMS/mm: 0.1-25;
HOR. AMP. Band-
width: 500k Hz.
Sensitivity ay 100kHz
VRMS/mm: 0.3—-25
Preset triggered sweep
1-3000usec. Free running 20—200
kHz in nine ranges. Calibrator pips.
220 x 360 x 430mm. 115—230V AC.

OUR PRICE £43.00 Carr. paid

plete with leads.

OUR PRICE £16.50 papaop

OUR PRICE £10.25  P&P50p | Mirror scale.
Built-in meter
U91 Clamp VOLT protection. 0/3/
AMMETER 12/60/2120/300/
F ing AC volt- §00/1200V DC.
ag0 and current without 0/6/30/120/300/
breaking circuit. Ranges: A 600V AC. 0/10pA/
300/600V AC. Current: 6/60/300mA/
10/25/100/250/500A. 12 Amp. 0/2K/
ccuracy 4%. Size 283 x 200K/2M/200 Meg
x 36mm. Complete Ohm. - 205 +17dB
with carrying case, leads . 2
and fuses. OUR PRICE £17.50 PeP 30p.
OURPRICE £13.50 rar3ep
MODEL C7202EN
MODEL 500 20,0000.p.v. DC.

30,000 opv with
overload protect-
tion. Mirror scale.
0/0.5/2.5/10/25/
100/250/500/
1000V DC.

0/2. 5/10/25/100/
250/50
AC. O/50uA/5/50/
S00mA. 12A DC. -
0/60k/6 meg/60 megohms.

OUR PRICE £13.95 Carr. paid

Leather case for above £1.75

10,0000.p.v. AC
Mirror Scale.
5/25/50/250/500/
1000/2500V. DC.
10/560/100/500/1000
V.AC.DC Resistance [il
%10, x 1000 (30Q2
centrescale) DC
Current 50uA/
2:5mA/250mA. —20
to+68dB.

OUR PRICE £6.50 P& P30p

MODEL U4311 Sub-standard
Multi-range Volt-Ammeter
Sensitivity 330 .

RUSSIAN CI16 Double Beam

0SCILLOSCOPE
5 MHz pass band.

Separate Y1 and Y2
amplnflers R%thiang-

ular 5 x 4"
Ohms/Volt AC Calibrated triggered
and DC. sweep from 0.2usec.
Accuracy 0.5% to 100 milli-sec/cm.
DC. 1% ACh.. Free running time
Scale length: base, 50Hz—1MHz.
165mm. Built-in time base
0/300/750uA/ Calibrator and amplitude Calibrator.
1.5/3/7.5/15/ Supptied p! with all ies
;gaﬁgﬁ%?g/‘)/ and instruction manual.
7.5A DC. 0/3/ OUR PRICE £87.00  carr. paid
7.5/15/30/75/
150/300/750mA/ SWR METER Model SWR3
5/3/7.5A AC. Handy SWR meter for
0/75/150/300/750mV/1 5/3/7.5/15/ transmitter antenna align-
30/75/150/300/750V DC. 0/750mV/ | ment, with built-in fietd
5/3 17.5/15/30/75/150/300/750V strength meter. Accuracy N
Automatic cut out device. Supp- 5%, Impedence 52' Indic-
I|ed complete with test leads, manual ator 100uA DC. Full
and test certificates. scale 5 section collapsible
OUR PRICE £52.00 pepsop | 2ntenna. Size 145 x50 x
ALL PR’CES OUR PRICE £4.25 P&P 30p

EXCLUDE VAT

Also see followinig pages
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MODEL TE15
GRID DIP METER
Transistorised. Oper-
ates as Grid Dip,
Oscillator, Absorb-
tion Wave Meter and
Oscillating Detector.
Frequency ral
440kHz—2 Hz
in six coils. 500uA
meter. 9V battery
ogeration. Size:
180 x 80 x 40mm.

OUR PRICE £13.95

P&P 30p

TRANSISTORISED L.CR. A.C.
BR/8° MEASURING BRIDGE

A new portable
CYCIE B==A bridge offering
excellent range and
accuracy at low

{ cost. Resistance:
6 ranges: 0.1
ohm-11.1 megohm =+ 1% induct-
ance: 6 ranges: 1 microhenry-111
henries + 2% Capacity: 6 ranges:
10pf-1110 mfd + 2% Turns Ratio:
6 ranges: 1:1/1000-1:11100 + 1%
Bridge Voltage at 1,000cps. Opera-
ted from 9-volt battery. 100 micro-
amp meter indication. Size 73" x

"2 0UR PRICE £25.00 pap 30p

POWER RHEOSTATS _

High qualjty ceramic
construction. Wind-

ings embedded in
vitreous enamal.

Heavy duty brush

wiper: Continuous
rating.

Sinzla hole fixing. %" diameter shafts.
Buik quantities available.

ear pieces. 4/16 ohms

LH02S STERED HEADPHONES

Light weight head-

phones with padded {

20-20,000Hz

Complete with 6” i

fead and plug. 2
=%

OUR PRICE £1.97  PaP30p

25 WATT 10/25/50/100/500/1000/

2500 ohms. 5 Pap 10p
50 WATT 10/50/100/250/500/
1500/5000 ohms.

£1.62 raP10p

100 WATT 1/5/10/25/50/250/500/
2500 ohms.300 Ohms

£2.34 paP 15p

KE630 3 Station INTERCOM

DH02S STEREQ HEADPHONES
Wonderful value
and excellent
performance
combined. Adjust-
able head band.
Impedence 8 ohms
20--12,000H:
Complete wuh
lead and plug,

OUR PRICE £2.25

P&P 30p

SPECIAL OFFER! SAVE OVER 50%

AMSTRAD8000/2 Stereo amplifier
7 watts per channel rms. Inputs
for tuner tape, phono. Headphone
socket. List price £29.95.

OUR PRICE £12.95 p & P 60p
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[TE1021} Stereo Listening Station
For balancing
and gain setection
of loudspeakers |
with additional
acility for stereo
eadphone
switching. Two
gain controls, speakers on—off slide
switch, stareo headphone socket.

OUR PRICE £2.25

Master and two sub-stations. Can be

TE1035 Stereo HEADPHONES

ellant response. Foam

rubber earcups. Adjust-
able headband. 8 ohms
impedsence. Frequency
responsa 25Hz—-18kHz.

used on desk or wall ted. Comp-
lete with cable and batteries

Low cost with exc-

p! with cable
and stereo jack plug.

TE16A TRANSISTORISED

SIGNAL GENERATOR
5 ranges, 400k Hz s
to 30 MHz. An
inexpensive
instrument for
the hat'dy-man,
Operates on 9V
battery. Wide
to read
scala. 800kHz
modulation.
Size: 149 x 149 x 92mm. Compuets
with instructions and ieads.

OUR PRICE £8.97

P&P 30p

SPECIAL OFFER! CONVERT YOUR
STEREO SYSTEM T0 40 SOUND
FOR UNDER £16. 0

Exclusive offer of GOODWIN 4-
CHANNEL CONVERTER and a pair
of AD15 10 watt 8 ohm bookshelf
speakers enables you to add 4D
sound to vyour existing system.
Complete with simple connection

P&P 15p
AUDIOTRONIC
LOW NOISE CASSETTES
TYPE 25
c60 E‘I 57 £3 00 £7.08
C90 £2.24 £4.25 £10.00
C120 £2.73 £5.17 £12.24
'AUDIOTRONIC }
8 TRACK CARTRIDGES
TYPE Each
40M 85p 4 00 £7.50
80M £€1.15 £5.40 £10.25
P8&P Cassettes 3p, Cartridges each

OVER 10 of either POST FREE!

OUR PRICE £5.2% P&P 50p OUR PRICE £2.| 60 P&P 30p details. Normal retail value £25.50.
OUR PRICE£15.80 P& P £1.

s'well.:g‘g?as”gﬁ":fhﬂs ‘ SDH8V MONO/STER GOODWIN CONVERTER available
single tweeter/:rossovler. HEADFHO separately £3.95 P & P 50p.
20-20,000Hz. 15 watts § Volume :omrol for

RMS. Available 8 or each channel, 4/16.0hms Model A1018

15 ohms. responss 3003 Tk FMTUNER

n: z z.
OUR PRICE cg?‘osllﬂedwmé 10(: ' 6 transistor high
I P&P 3 coil ead and jack piug. uality unit—

AT el OUR PRICE £4.97 = par 30p glFbs;ages and
twin tweeter/crossover. u?:_, .

55—13,000Hz. 8 watts ot
RMS. Available 8 or 15 ohms

OUR PRICE £3.62 cach P&P 35p

TE-20D RF SIGNAL
GENERATOR

Accurate wide range
signal generator
covering 120 kHz-500
MHz on 6 bands.
Directly callbrated.
Varisble R.F.
attenuator audio output, Xtal sockat
for calibration. 220/240V a.c.
Brand new with instructions.

Size 140mm x 215mm x 170mm.

OUR PRICE £17.50 P&P 50p

SPECIAL PURCHASE
LIMITED QUANTITY!
Tannoy 12°0R/8

Bass Speakers
8 ohms. 30 watt.
Heavy duty, ideal
for Hi-Fi P.A.
Group.

OUR PRICE £12.50.
PEP 50p.

BH001 HEADSET and Boom
Microphone

Moving coil. deal
for language
teaching,
communi-
cations etc.

Headphone impedence 16 ohms Mic-
rophone impedence 200 ohms.

OUR PRICE £5.95 PEP 30p

For use with most amptifiers. Covers
88—108MHz. Powered by 9V battery.

OUR PRICE £13.50 P&P 30p

Stereo multiplex adapter £5.95 extra.

MP7 MiXER-PREAMPLIFIER

5 Microphone
inputs each with
individual gain
controls enabling
complete mixing
facilities. Battery operated. Size: 235
x 127 x 76mm. Io(fut: Mics. 3 x 3mV
50k 2 x 3mV 600 ohms. Phono. Mag.

V 50k; Phono Ceramic 100mV 1
Mag Output 250mV 100k,

OUR PRICE £8.97 P&P 20p

HANIMEX HRC 3075
CASSETTE RADIO
Covaers
Medium and
FM wave-

TE22 SINE SQUARE WAVE

AUDIO GENERATOR
Sine 20cps
to 200k Hz
on 4 bands.
Square 20
cps to 30
kHz. Qutput
impedence

Ohms.
200/250V
AC operation. Supplied brand new
guaranteed, with |nstru'ct|on manual
and leads.

OUR PRICE £24.95

P&P 50p

PS200 Regulated POWER
SUPPLY UNIT

Solid stata. Variable
output 5—20V DC
up to 2 Amp. inde-
pendent meters to
monitor vonage and
current. Cutput
220/240V AC.
Size: 190 x 136 x
98mm.

bands. Slider
volume and
tone controls.
Battery/Mains
operation. Willrecord
direct from radio or through bu:lt
incondenser microphone. Com-
plete with batteries, earphone,
and cassette.

OURPRICE£24-30 P& Ps0p

ELECTRONIC CALCULATORS

We carryatramsndous range of
both pocket and desk calcula-
tors fromas littie as £9.

Owing to the demand it is not
possible to inctude them in this
advertisement, so send for our
latest price list or call into any
branch.

TRITON CT.555 CASSETTE

ARF 300 AF/RF SIGNAL
GENERATOR

All transistorised
compact fully
portable. AF sine-
wave 18Hz to 220
kHz. AF square
wave 18Hz to 100k
Hz. Output Square/
Sine wave 10V,

P-P RF 100kHz to
200MHz. Output
1V maximom,
220/240V AC operation. Complete
with instructions and leads.

OUR PRICE £37.50

P&P 50p

OURPRICE £19.95  rapsop
AUDIOTRONIC LE-102A
INTERCOMS

Beautifully made and finished in
~twotoneivory/buff, the LE-102Ais
usefulin the home, office orshop

and is suitable for use as baby
alarm. Wall or desk mounting
57mm speaker/mic gives clear2-
way communication withon/off
and volume control on master
unit. Operates on 9V batt. Approx.
60ftlead.

OURPRICE£3.95 Parasop

RECORDER

Battery/Mains.
Piano key and slider
controls. Auto-
matic tevel con-
trol. Complate
with mike and

earphone.
OUR PRICE %
£10.50 Papsop

ZEPHYR TC1500B
CASSETTE
RECORDER

Battery/
Mains.
Complete
with mike,
cassette.
earphone.

MDDEL MG 100 SINE SQUARE
WAVE AUDIO
GENERATOR

Range 19-
220,000Hz Sine
Wave 19—100,000 Hz Square Wave.

Qutput Sine or Square wave 10v. P. to P.

Size 180 x 90 x 90mm.Operation
220/240v. A.C.
OUR PRICE £19.95

TRITON 4318 PORTABLE
8 TRACK CARTRIDGE

PLAYER WITH MW/LW
RADIO

Willplay 8
track stereo
cartridge
monaurally.
Channel
selector
switch. Covers -
medium and long wave
bands. Volume and tone controls.
Earphone socket. Battery/Mains
operation.

OURPRICE£11.95 Prarsop

OUR PRICE £9.95

P&P50p

SPECIAL BARGAIN !!
STEREOSOUND SPEAKERS

Matched pair of
stereo bookshelf
speakars. Deluxe
teak veneered
finish. Size:

8 x 229 x
190mm. 8 ohms.
8 watts RMS, 16
watts peak.
Complete with
Din lead.

OUR PRICE £1zv.95mm P&P 50p

SINCLAIR SYSTEM 2000
STEREO AMPLIFIER
AND TUNER

o648 SO0
AMPLIFIER

Amplifier output 8 watts per
channel RMS. Distortion less than
0:06%. Silicon transistors. Two
pick-up plus radio and tape inputs,
tape output and scratch filter.
Excellent Value.

OUR PRICE £27.50 p & p6op.

tem=gernena (5 1
FM TUNER

Excellent selectivity and sensi-
tivity. Twin dual-varicap tuning.
4 pole ceramic filter. 19 transistor
sterso demodulator giving 40 dB
separation. Distortion 0-2% output.
Fantastic Value.

OUR PRICE £27.50 pa&Psop.

SINCLAIR ICI2
INTEGRATED

CIRCUIT .\ 5“\'
AMPLIFIER AN\
complete with \Q-!i
printed circuit -
mounting board.

OURPRICE £1.50 papisp.

FM TUNER CHASSIS
& -

P&P 50p
SPECIAL
BARGAI{N!
FERGUSON
3406 HI-FI

SPEAKERS “

High quality 2 way speaker systems.
25 Watts. 4—8 ohms. 40Hz—18kHz.
Size: 560 x 340 x 255mm. approx.
Weod grain finish with black fronts.

OUR PRICE£22.50 pr. par £1

EA41 REVERBERATION
AMPLIFIER

Self contained,
transistorised,
battery operated
Simply plug in
microphone, guitar etc. and output to
your amplifier. Volume control and
depth of reverberation control. Beau-
walnut cabinet. 184 x 77 x 108mm.

k4 o .

- y

high quality
tuner. Size
only 153 x
101 x 63mm
3 IF stages.
Double tuned
discriminator.
Ample output to feed most amplifiers.
Operates on 9V battery. Covers 88—
108MHz. Ready built, ready for use,
Fantastic value for money.

OUR PRICE £8.95 P&P 20p

OUR PRICE £7.50 P&P 30p

Stereo Multiplex Adaptor £5.95extra

SINCLAIR Project 80 Modules
Z40 Power Amp........ £545 P&P15p
260 Power Amp.. 95.

Sterso 80 Pre-Amp £‘l1 ‘95
Active Filter Unit

QoQeQege QoQe pe oy

POST & PACKING 35p each.

AUDIOTRONIC AHA101
Stereo Headphone Amplifier

Al silicon,
transistor
amplifier oper-
ates from mag-
netic, ceramic |
or tuner
inputs with
twin stereo headphone outputs and
separate volume controls for each
channel. Operates from 9V battery.
INPUTS: 5mV and 100mV
OUTPUT: 50mV per channel.

OUR PRICE £8.50 P&P 30p
HIGH QUALITY
CONSTRUCTION
KITS

WE ARE
APPOINTED

STOCKiSTS AT
ALL BRANCHES

JOSTY

All kits are complete with compre-
hensive easy to follow instructions and
covered by full guarantee.

Post and Packing 15p per kit.

AF20 Mono amplifier.
AF 25 Mixer........

AF30 Mono pre- amp
AF35 Emitter amplifier

AF80 0.5W mic. amplifier. £4 .86
AF 305 Intercom e £7.67
AF310 2 Mono Amplifier £7.55
M160 Multi-vibrator........ £218
M1302 Transistor tester. £8.33
M191 VU Meter..... .. £537
M192 Stereo balance meter.... £593
L F380 Quadraphonic device.. £ 8.42
ATS Automatic light contrdl.. £3.75

AT30 Photo cell switchunjt... £668
ATS50 400W triac light

dimmer/speed control.
ATS56 2,200W triac light

dimmer/speed control.......
AT60 1 channel light control
ATE5 3 channel light control..
GU330 Tremolo unit.
HF61 Diode detector.
HFG65 FM transmitter. ..
HF75 FM receiver.... e
HF310 FM tuner.. £16.32
HF325 Deluxe FM tun, £26.33
HF330 Decoder (HF3‘IO/325) £1055
GP310 Stereo pre- ampllher

for use with 2 x AF3‘IO .£2298
GP312 Circuit board............... £10.02
GP304 Circuit board.......... £5 33
HF 380 Iw/vhf aerial amplmer £6 02

HF395 broadband aerial amp. £2 10
NT10 Stabilised power supplv
100mA, 9V .. .. £6.27
NT300 Stabilised p supplv £13.16
NT310 Power Supply 240 V AC

or 2x18V D.C. at2amps £5.64

NT305 Voltage converter.. £564

NT315 Power supply 240V AC
104,5/15V Dg 500mA .. £12.06.

Amateur Electronics by Josty-Kit.
the professional book for the amateur
—covers the subject from basic prin-
cipals to advanced electronic techniq-
ues. Complete with circuit board for
AE1 to AE10 listed below.

DUR PRICE £3.30 (no vAT)
P&P 25p plus VAT,

AE1Y 100mW oulpu( stage ........
AE2 Pre-amplifier... £

AE3 Uiode recerve £ 205
AE4 Flasher........ £1.26
AES Astable muiti- vnbratol £1.14

AE6 Monostable muiti-vibrator £1
AE7 RC generator..
AES8 Bass fitter
AEQ Treble filter,
AE10 CCIR filter..

Also see previous page

ALL PRICES

EXCLUDE VAT
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PANEL METERS

SEW PANEL METERS ARE STOCKED AT OUR
3 LISLE ST., 311 EDGWARE RD., & 152 FLEET
ST..BRANCHES or order by post.

USED EXTENSIVELY BY INDUSTRY, GOVERNMENT DEPARTMENTS, EDUCATIONAL AUTHORITIES ETC.

Over 200 ranges in stock—other ranges to order. Quantity discounts avaifable. Send for fully illustrated brochure.

CLEAR PLASTIC MODEL SD640
Size: 85 x 64mm

QuA . £3.80
100uA £3.75
200uA £3.70
500uA .. £3.65
50-0-50uA .. £3.76
100-0-100uA .. £3.70
mA .. . . 3.66
5mA .. .. . £365
10mA . £3.66
50mA .. £3.85
100mA £3.66 .
500mA £3.66 .
1ADC .. .. £366 d
5A DC - .. £366 B
10A DC .. £3.65 .
5v DC - £3.65 VU Meter £3.90

*Items with asterisk are Moving lron
type, all others are Moving Coil

CLEAR PLASTIC MODEL SW100
Size: 100 x 80mm

S50uA .. £4.60
100uA £450
S00uA .. £4.30
50-0-50uA .. £4.50
100-0-100uA ..  £4.45
1imA .. .. .. £430
£4 .30
£4.30
£f4.30 150V AC .. £4.45
S0V DC .. £4.30 300V AC .. £4 .45
300v DC .. £4.30 VU Meter £4.90

CLEAR PLASTIC MOOEL SD830
Size: 110 x 83mm

EDGWISE MODEL PE70
Size: 90 x 34mm

S0uA £4.15
100uA £4.10
200uA £4.05
S00uA .. .. £3.90
50-0-50uA .. £4.10
100-0-100uA .. £4.05
TmA .. .. .. £385
300V AC .. £3.95
VU Meter .. £4.30

CLEARPLASTIC MOOEL MR 65P
Size: 86 x 78mm

50uA . £3.95
100uA £3.85
200uA £3.80
500uA £375
50-0-50uA .. £385
100-0-100uA .. £3.80
500-0-500uA .. £3.70
TmA . . £370
1-0-1mA £3.70
mA .. £3.70
10mA £3.70
S0mA £3.70 o
100mA £3.70 J
500mA £3.70 d
1A DC £370 o
5A DC £3.70 .
10A DC £3.70 .
15A DC £3.70 o
20A DC £3.80 1AAC *£370
30A DC £3.85 5A AC ® £3.70
50A DC £4.05 10A AC * £3.70
Vv DC £3.70 20A AC *£3.70
10v DC . £3.70 30A AC * £3.70
15V DC £370 50mA AC * £3.70
20vDC .. £3.70 100mA AC *£3.70
50v DC . £3.70 200mA AC *£3.70
150V DC .. £3.70 500mA AC * £370

50uA £4.30

100uA £4.25

200uA £4.20

500uA £4.15

50-0-50uA £4.25

100-0-100u A £4.20

TmA .. £4.10

5mA £4.10

10mA £4 10

50mA £4.10

100mA £4.10

500mA £4.10

1A DC £4.10

5A DC £410

10A DC £4.10

SV DC £4.10 .

CLEAR PLASTIC MOOEL MR 45P

Size: 50 x 50mm

50uA .. £3.20

100uA £315

200uA .. £3.10

500uA .. .. £300

50-050uA . £3.15

100-0-100uA.. £3.10

500-0-500uA.. £2.95

o« . £2.95

£2.95
£2.95
£2 .95
£2.95
£2.95 300V AC .. . £3.05
£2.95 S Meter TmA..  £2.95
£295 VU Meter .. £3.40
£2 .95 1A AC * £2.95
£2.95 5A AC * £2.95
£2.95 10A AC * £2.95
£2.95 20A AC * £2.95

15V AC £3.05 30AAC * £2.95

MODEL ED107 EOUCATIONAL METER

CLEAR PLASTIC MODEL MR 38P

BAKELITE MDDEL S80 Enlarged Window
Size: 80 x 80mm

S0uA .. £450
100uA £4 .45
500uA . £4.20
60-0-50uA £4.45
100-0-100uA.. £4.40
1mA .. . £4 .20
1A DC £4.20
5A DC £4.20
20v DC £4.20
50V DC £4.20
300V OC £4.20
300V AC £4.30
VU Meter £4.70

Size: 42 x 42mm

CLEARPLASTIC MODEL MR 52P
Size: 60 x 60mm

Size: 100 x 90 x 150mmincluding terminals d ?%AA.. fggg
. u .
A range of high quality . 500uA .. £3.35
moving coil instruments | R 50.0-50uA .. £3.50
ideal for school experi- ( E) d 100-0-100uA .. £3.45
ments and other bench S — | . 1mA 2 £330
applications. 3" mirror ‘ - . p
scale. The meter move- R e | E o
ment is easily accessible | ‘s N E g
to. demonstrate internal -~ ] E X
working. '%; ‘ i i
. orvon
50uA . £850 - . : y
100uA a £7.90 Vi AR A, i o S Meter TmA..  £3.30
- £7 90 P
??n'%so“ E; s0 20V DC £7.60 d .
) 50V DC £7.60 y g
1-0-1mA £7.60 300V D 760 . o
1D £7.60 500mA/5A DC  £8.60 g :
SV B¢ creol oy poiin: - [eales ' 02
. £8.60 ;
e EZ80, 15ADC e, : BAKELITE MODEL MR 65 Size: 80 x 80mm
: : £2.80 500V AC .. .. £3.00 | 25uA .. ..
£2.80 S Meter ImA.. £2.80 | S0uA .
CLEARPLASTIC MODEL MR 85P VUM 100uA
Size: 120 x 110mm £2.80 VU Metar. £320 5003/1 =
OuA £5 .45 50-0-50uA ..
100uA £5.40 CLEAR PLASTIC MODEL SD460 100-0-100uA ..
200uA £5 35 Size: 59 x 46mm 500-0-500uA ..
GOuA . £5.25 50uA 1 e
50-0-50uA £5.40 300uA
100-0-100uA .. £5.35 ZOOﬁA d
?OOAO-SOOUA . £5.20 5000A d
10 1ma P 50-0-50uA £360 30V AC D
5mA .. . £520 1000200004 £360 50V AC .
10mA .. £520 [ £3.60 150V AC -
50mA .. £5.20 £3.60 300V AC -
100mA £5.20 300VDC .. £5.20 £3.60 500V AC *
500mA £5.20 15V AC . £5.30 £3.60 VU Meter
1A DC £520 300V AC. .. £530 500mA £360 1A AC .
5A DC £520 S Meter TmA..  £5.20 | 3004 £360 B5A AC ¥
15A DC £520 VU Meter .. £5.55 1 2% B¢ £3.80 40A AC )
30A DC £540 1A AC . 1£520 | Joa Be £3.60 20A AC *
10V DC £5.20 B5A AC * £5.20 5V DC £3.60 30A AC Y
VI L BB Bl i WEC oo o s e oy
- £5.20 * £5.20 £360 500mA AC .
150V DC .. £520 30A AC * £520 POSTAGE & PACKING 15p £360 50mV DC
£3.60 100mV DC
e AT
240° Wide Angle e e T e e e
1mA METERS

MW1-6 60 x 60 mm
£6.50 P & P15p
MW1-8 80 x 80mm

£6-90  paPp 15p

YAMABISHI VARIABLE
VOLTAGE TRANSFORMERS

Excellent quality at low cost. Input:
230V 50/60Hz. Output 0-260V.
MODEL $260 BENCH MOUNTING

P&P

1A £10.50 §0p
254 £12.00 50p
5A £17.50 50p
8A £30.35 £1.00
10A  £33.75 £1.00
12A  £35.40 £1.00
20A £85.00 £1.50
25A  £95.00 £1.50
40A £120.60 £1.50

MODEL $2608B PANEL MQUNTING
2.5A £12.00 50p

ALL PRICES
EXCLUDE VAT

MAIL
ORDER

We offer a speedy
and efficient
service by mail
order. Remember
to add 8% VAT
to total value of
goods including
post and packing.

TO LASKYS CUSTOMER S
Audiotronic House, The Hyde, Lol

Please send me the following items

TOTAL PURCHASE PRICE

| enclose cheque postal order

t wish to pay by Barclaycard/Access
L

and my number is

ERVICES DIVISION
ndon NW9 6. Tel:01-200 1321 |

(inc. P&P and VAT)

money order

NAME

ADDRESS

Signature

Registered in England No. 347947 at 12 Lower Grosvenor Place, London SW10EX

WWIO

CALL INTO YOUR NEAREST LASKYS
BRANCH OR SEND COUPON BELOW
FOR NEW 16 PAGE HI-FI PRICE LIST

CENTRAL LON

481 OXFORD ST. 01-493 8641
3 LISLE ST. WC2 01-437 8204
34 LISLE ST. WC2 01-437 9155
118 EDGWARE RD. W2 01-723-9789
193 EDGWARE RD. W2 01-723 6211
207 EDGWARE RD. W2 01-723 3271
311 EDGWARE RD. W2 01-262 0387
346 EDGWARE RD. W2 01-723 4453
382 EDGWARE RD. W2 01-723 4194
109 FLEET ST. EC4 01-353 5812
152/3 FLEET ST. EC4 01-353 2833
10 TOTTENHAM CT. RD. 01-637 2232
27 TOTTENHAM CT. RD. 01-636 3715
33 TOTTENHAM CT. RD. 01-636 2605
42/45 TOTTENHAM CT. RD.  01-636 0845
257/8 TOTTENHAM CT. RD.  01-580 0670

86 SOUTH ST. ROMFORD 20218

205/206 CHURCHILL WEST, 0702 612241
VICTORIA CIRCUS, SOUTHEND

KENT

53/57 CAMDEN RD., TUNBRIDGE WELLS
0892-23242

LEICESTERSHIRE

45 MARKET PLACE, LEICESTER
0533-537678

NORTHAMPTONSH|RE

73 ABINGTON STREET,
NORTHAMPTON ( Opening iste October )

FFORDSHIRE

30 WULFRUM WAY, WOLYERHAMPTON
( Opening Iste September)

SURREY

1046 WHITGIFT CENTRE, CROYDON
01-681 3027
27 EDEN ST. KINGSTON 01-546 784S
38/40 EDEN 5T., KINGSTON  01-546 1271
32 HILL 5T. RICHMOND 01-948 1444

WARWICKSHIRE

116 CORPORATION ST, BIRMINGHAM
021-236 3503

“ALL BRANCHES OPEN FROM
9am to 6pm MON. 10 SAT

West End Service Centre

87 Tottenham Court Rd. W.1

RCLAYCARD
& ACCESS

Phone your order
A to 01-200 0037 or

-nm R call into any branch

DUR CUSTOMER
SERVICES DIVISION athead office
will answer all your enquiries—
just ring 01-2031321

EXPORT Personal'exports
arranged foroverseas visitors.
Goods specially packed,
insured and despalched to all
parts of the world at minimum

cost exclusive of VAT,
Payment by bank trahsfer,
certified cheque, pbsjal order
prmoney orderin any
currericy.

NO DEPOSIT TERMS
available on most goods

for personal callers

CHEQUES TO THE VALUE OF £30.
ACCEPTED FROM PERSONAL SHOPPERS
WITH BANKERS CARD. IN OTHER CASES
AND FOR AMOUNTS IN EXCESS OF £30.,
PLEASE ALLOW TIME FOR CLEARANCE.
BANKERS DRAFTS ACCEPTED.

AH prices corract at 11/9/74 but
subject to change without notice E.&0.E.

A member of the
Audiotronic Group of Companies
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HROMAS

MINITRON

J
N}

Filament | ndicators; 16 Pin DIL 10mm
Charocter Height .
0-9 Digit
2 1 Overflow/Polarity

Ref 3015F

Ref 3015G

NEW PRICE £1.29

15t . GRADE BRANDED PRODLICTS

7400 20p
740t 20p
7452 20p
7403 20p
7404 20p
7408 2%
7409 2%
7410 20p
7413 3p
7420 20p
7430 20
7441 Blp

7442 8lp
7445 £1.20
7447 £1.45
TAA7AL1 .80
7448 £1.50
7470 33
7473 4lp
7474 41p
7475 63
7476 4ap
7486 4%
7489 £4.75

7490 B2p
7497 £1.10
7492 a2
4% 82p
74100 £2.37
7412 45p
74122 68p
7414} £3.10
74154 £1.82
74192 £2.15
74193 £2.53
74196 £1.73

PHOTO -DARLINGTON

3

2NS777

e Vceo; Vebo 25v; Vebo 8v
/ Vceo; Vebo 25¢; VEBO Bv
hfe 2500; ke 250 MA

PI186 Diode - tuned Front End
LPI1BS F .M. I F_ Amplifier
LP1400 Sterea Multiplex Decoder

W

¢7p

This trio make one of the most fabulous F. M. tuners
of all time. Typical chonnel separation 50 db .

709 (8 pindip}  34p
709 (TO-99) “0p
709 (14 pin dip)  35p
710 ( 8 pindip} 35
710 (TO-99) 40p
710 {14 pin dip) 3%
7 (TO-99) 45p
711 (14 pindip) 3%
723 (T0-99) Sop
723 (l4pindip) 95
74) (8 pindip) 42
) 45p
3p
92
4%
45p
748 (14 pindip) 43p
AY-5-5310 £7.79
BHAD002 £3.95
CA3046 95p
CA3065 £).56
CA3075 £1.65
CA3081 £1.64
CA3082 £).65
L005 £1.65
LO36 £1.65
Lo37 £1.65
L9 £1.65
L130 £1.65
U3 £1.65
LM301 (TO-99)  60p
LM30} (8 pin dip) 53p
1LM307 (TO-99) $0p
LM307 (8 pin dip) S3p
LM30BHTO-99) £1.29
LM308 {8 pin dip) 9%
LM309K £2.4
LMm339 £3.76
La71 £2.08
LmaI72 £2.48
a7 £3 10
Lmazz7 £2.97
LM380
Lm381
Lm3a2
LM3900

VAT INCLUSIVE

MC1303L £1.89
MC1306P 550
MCI310P £3.05
MC1312P(see befow)
MC1330P 88p
MC1339P £1.29
MC1350 83p
MC1351 £1.10
MC1352 €110
MC1357 £1.59
MC1358 £1.69
MC1375 £1.41
MCT456CG £1.75
MCI45BCPI £2.42
MC1468G £2.52
MC 1495 £5.65
MC1496G £1.49
MC3302 £1.33
MC0 77
MFC40008 4%
MFC4060A 78p
MFC6030A 83p
MFC6040 £1.10
MMS3 14 £7.92
MM5316 £16.50
MVRSY €1.65
MVRIZV £1.65
MVR1SV £1.65
NES40 £1.32
NESS5 85p
NE556 £1.65
NES5608 £4.92
NE561B £4.92
NE5628 £4.92
NE565 £2.80
NE566 £2.75
NES67 £2.80
SLaN4 £1.76
SL415 £2.29
5L440 £2.89
SN75491

SN75492

mC 1312 CBS SQ
Decoder inc. oll ports

& leofler

£6.49

TAAJ00
TAA3I0
TAA320
TAAS550
TAAS570

TRAS20
TBAS30
TBAS40
TBAS560C
TBAS25A
TBA6258
TBA625C
T18AS51
TBABOO
TBABIOS
TBABICAS

TCA%40
TDA1200

ULN21TJA
ZN402E

ZNA0IE
ZN44

3%

0 eiten

Seven Overflow
Segment )

’d MAN 71 MAN 73
Green MAN 51 MAN 53
Yellow MAN 81 MAN 83

All Common Ancde; Left Hand Decimal Paint
Charocter Height 0.3

OUR PRICEL2.65 each
DECADE DIGITAL VOLTMETER INTEGRATED CIRCUIT

DL 707
0.3" high character
14 pin DIL

DL 701

|

Common Anode
Red Only

£2.79

0.

15 electronics

DL 747
6° high characrer
L.H. Dec Pt

Common Anode
Red Only

This state-of-the -art MOS LSI chip contains
all the logic necessary for a 3} decade, dual
siope integrating, automatic polarity detecting
Supplied with free data ond circuit

(3

M.

booklet

OUR PRICE ONLY £7.79

(booklet alone 10p)

HC244R

The Stabilized Power supply
for which demond abways exceeds supply
switched 3; 6; 7} & 9 volts up ta 400 mA

Polarity reversal switch; Nean Moins Indicator; on/off switch; 4t heod

Multi-Way output plug adaptor; Metal Case; Rubber Feet

€4-99 +p 8o lbp

Back in stock again!

£1.79
0.7
%
8lp
£1.65
£2.71
£1.98
£2.00
£2.98
£1.04
£1.04
£1.04

£1.59
£1.70
£1.49

£2.64
£2.15

£1.59
£1 98

£6.60
£1.32

50 IN4OCI  bip
100 IN4OO2  7ip
200 INDO3 %
400 IN40OO4

DIODES

AALIS 10p  BZX70 27p
AA1Z0 10p Series

AA129 10p BZYy88 1p
BA100 1op Series

BA02 27  CA47 11p
BAIO 45 0A79 100
BAIIS 19%  0A81 )
BA 144 0p 0485 10p
BA145 2 GA%0 gp
BA148 2p  0A9 8
BAIS4 20p  0A00 1p
BA}55 155 0A202 12
BA156 16 ZS120 £
BAXIS 10p 25140 25
BBI04 p 25141 43
B81058 42 ZSH2 33p
BY 10X 1elp 25170 10p
8Y103 2p 28270 p
8Y105 16l Z5271 16p
8Y126 6 25278 7%
BY127 16l IN9I4 -
B8Y133 2p IN9I6 10p
BY164 55 IN4009 7
BY176  £1.65 IN4148 sk
8Y182  £1.65 IN4448 9%
BY250 5k 1ZS Series 18p

PRICES

BA

3% 06y 3%
106F adp N4 87p

aap

4% 1064 a8p

slp 1068 s3p 2N4442 £1.06
104D &7p 2N4443 £1.45
106M £1.50 24444 £2.09

atp
13 ASY26 33
13 BCto7 p
13p BCI08 1tp
15 BCI09 12
2 8CH7 2%
200  aCl47 10p
22 BC14B 10p
256 BCHY 10p
3% BC157 13p
250 BCI58 12
22 BC159 14p
4% BC167 17p
4%  eCiess  llp
8 CCiey 12

3% BCI171

2p
AD1SVA2MP7Sp  BCI72 175

AF114
AF1I5
AF116
AF117
AF11B
AF124
AF139
AF172

124
INS400 15 BYX61 - 50
INS5401 163 BYX6] -100
IN5402 17 BYZH) 58 BYXé1 200
INS404 22 8YZI12 bbp BYX41 400
IN5406 2p  8YZH 73p BYX62 400

IN5407 8YZI0 B5p

7p BCI77 2%
17p  BCI7B 2
7p  BCI7Z9 24p
175 BCIBA llp
9% BCIBIL 12
33 BCIBAL  I2p
35 BCI87 7k
259 BC204 l4p

100mA

{TO-39) {10-3)

LY TBA625A 100571
MVRSV)

£1.30 £1.65

v TBA6258 L036T1
(MYR12V)

£1.30 £1.65

15v TBAS25C 103711
(MVRISV

£1.30 £1.65

£3.2t 25 INGO6S
£3.48 50¢ 2N606%
£3.76 100v 2N&070
u.29 2000 2N&07)
£4.29 400v 2N&073

600v 2N&075

56, Fortis Green Road, London, N10 3HN.
telephone: 01883 3705

FM. STEREO TUNERS

Tronsistor £ .M. Tuner
Chassis, 9 volt
Operation
A10055
£8.20.

BC209 BP179

BC212L 125p BF180 33p
8C213L 13p  BFI8I 33p
8C214L 13p BF1B4 20
BC268 15  BFI85 2%8p
BC407 1ép BF194 15
aCY70 17 BF195 V7
BCYZ1 2% BF196 16p
BCY72 17p BFI197 16p
80115 7a4p  BF200 3%
BD123 Np BF244B 27
BO124 82p BF262 25p
80131 55p  BF263 25p
BD132 bbp BF272 £1.2)
BDI3V2PRE] .19 BFS97 p
BO135 a2p  BFS9B 20p
BD136 Mp  BFWIO bbp
BD201 £1.99 BFX29 42
BD202 £1.49 BFXB8 26p
BF109 75 BFYS50 2%
BF1I5 25p BFY5) 2%
BF160 254  BFY90  £1.11
BF167 24p BR1OG 43p
BF173 24p BRY39 ap
BF178 2% BSX20 18p

500mA ¢
{SOT1-32)
L1129
TDA1405
£1.865

v
Gp | 50
520 100 20p
S | 200 22p
83p 400 25p
s | 00 25
' 000

OVERSEAS CUSTOMERS DEDUCT ONE ELEVENT
VAT {INVOICES ON REQUEST

tA
(T0-220)
7BOSLUC

£2.42
78120C

£2.42
7815UC

£2.42

P.&P. On U.K. Orders min. 15p. Overseas Orders at Cost.

WW—108 FOR FURTHER DETAILS

Stereo Decoder
to match A1005 M5 £6.20

Wireless World, October 1974

Dept. §

SIEMENS

LIQUID CRYSTAL DISPLAY complets with
socket and removable reflective backing;

Ref ANAI32R 13mm character height. Can

be directly driven by Nationol Semiconductors
Alarm Clack chip MM5316.

OUR PRICE £14.37
LIGHT EMITTING DIOD:

0.125% dia. TIL209 Type: |
Red  24p eoch;Yellow 99p each;

Green 41p soch;White  35p each; |
0.125" dia

Red (LED2} 26p ea.

Groen (LED4) 6% oo

0.175" dia. green (LEDS) 75p ea

0.2* dia. MLED 450/750/850 Type

Red  28p coch
Green 45p each
Yellow 99p cach

T092 style MLED 500 still only 17p RED)

D ( Led 7)
GREEN ( Led18)
YELLOW ( Led21)

New Mini F.M. Tuner
+ 12 volt supply
£6.90
Matching Sterea Decoder
£7.76

ZTX109 2N3706
BSY95A 14p ZTX300 12p 2N3707

BUI0S02€E1 .92 70301 135 2N3708  10p
D13V 53 ZTX302 179 2N3709  10p
D4ON3  6lp  ZTX303 l4p  2N3710 1lp
MJ4S0 95p  ZTX304 20p 2NI7NL p
M8 £1.20 ZTX311 10p  2N3772 £2.75

MJ490 £1.03 X312 10p  2N3791 £3.20

M9 £1.45 ZIXU) 22 2N3819  28p
MI900 £).48 Z1X384 i8p  2N382 8lp
MJ1000 £1.24 ZTX500 12 2N 9%
MI2955 £1.82 ZTX501 13p  2N393 sk
MJ3055 £1.23 ZTX502 7p  2N3904 1%
MJ4000 £1.49 ZTX503 l4p  2N3F5  23p
MI4010 £1.99 Z1X504 43 N3 25p
MIEMO  52p  ZTXS31 2% 2N4058 13
MIEISO 9%  ZTX550 17p  IN4OS9 1%
MUE2955E1 .82 267 6lp  2N4062  1ép
MUJE30SS 92 2N706 13p  2N4289 1%
MPFI02 273 2N708 16}p 2Nl 87p
MPFI03  4lp 2NN 24p  2N4442 £1.06

MPFIO4  45p  2N930 2p  2N4443 £).45

MPFIO5  45p  2N1302 p  2N444d £2.09
MPFI06  49lp  2N1303 24p 2N 50p
MPEIIT 22p  2NI304 Up N4 £1.43
MPSU0S  odp  2NII0S 24p  2N5067 £1.09
MPSUSS  78p  2N1306 Up  INSID 16k
oc28 50p  2N1307 2% NS172 Hp
0oC3s 0p  2N1308 I5p  2N5I9L 78p
0C36 50p 2N1309 35p  2NS5194 92p

OCa4 Tp  2NI7 2p  2N5295  S3p
0OC45 l4p  2N1718 £4.45  2NS447  lép
ocn Hp 2N1893 52kp  2N5449 1ép

oc72 lp  2N2218 2% 2N54S7  47p
oc7s 15p  2N2219 39p  2NS458  4dp
oc7s p  IN2M6  SSp 2Ns4SY  4dp
ocs! lp  2N28%4 9% 2NS485  s3p
ocss 25 N4 33 2NS7T77 4%
OCi70 28 2N2905 3lp  2N68  4%p
OCt7t 33 2N2924 tep  2N&O6Y  52p
OCP71 £1.57  2N2925 18 2NO7D  38p
ORPIZ b6 2NZ9AG  10p  2N&OTI &3
TIP29 Sip 2N30S53 1% 2N&O7  68p
TIP3 S8p  2N3054  Slp  2NSO75 £1.49
TIPIA 68 2N30SS 52 2N&OT6  lslp
TIPR2A  Blp  2N3375 £3.63  2N&I  55p
TIPAIA  Blp  2N3442 £1.21  2N6288  lp

TIPAZA  99p  IN3566 8o 3NI4O £1.01
IS4 b N33 Wp  3INA 8%
TISB8A 37 2N3702 INI53 8%
1591 Bp  2NTQ 40321 55
ZIX107  10p  2N3704 40430 £1.39

2N3705

FOR QUANTITIES
ON REQUEST



Wireless World, October 1974

MDIENN

—— )

Corner

COMPLETE TELEPHONES
NORMAL HOUSEHOLD TYPE AS
SUPPLIED TD THE POST DFFICE EX. G.P.0.

mwggp

P & P 45p EACH
TELEPHONE DIALS

Standard Post Office type. Guaranteed In working order.

un|y25p P & P 16p EACH

Yz

Tested and
Guaranteed
Paks

LAY

o

S

N

1N4007 Sil. Rec. diodes.
1.000 PIV iamp plastic

Reed Switches 1” long §” dia.

B81

10 High speed P.O. type 50[1
H35 Mixed Diodes. Germ. Gold bonded
1 00 etc. Marked and Unmarked 50‘]
H38 Short lead Transistors.
30 NPN Silicon Planar types 50p
H3g9 Integrated circuits. 4 Gates
6 &MmC 362, 2 Fiip Flops BMc 945 50
H41 Power Transistors
2 Comp. Pair BD 131/132
H63 2N3055 Type NPN Sil. power tran-
4 sistors. Below spec. devices
H65 40361 Type NPN Sil. transistors
4 T105can comp. to H66 50[1
H66 40362 Type PNP Sil. transistors
4 TO-5 can comp. to HE5 50])

=

@

P== Unmarked N
B1 Germanium Transistors \
50 ene. aFand RF. 50p \
B66 Germanium Diodes
1 50 Min. glass type 50p §
B84 Silicon Diodes DO-7 glass
100 &quiv. 10.0A200. 04202 50p §
B86 Sil. Diodes sub. min. §
100 1n914 and IN916 types 50p \
B83 Transistors. manufacturers, \
200 rejects, AF. RF, sil and germ. 50'] \
H26 NPN Silicon Trans. 2N3707-11 \
40 range. low noise amp. 50p \
H34 Power Transistors, PNP, Germ. NPN \
15  Ssilicon T0-3 Can. P& P 5p extra. 50p \
HB7 3819 N Channel FET's plastic
10 case type 50 %
P =

i

d

=

Make a rev counter |
for your car =
The 'TACHO BLOCK'. This encapsulated block will turn §
any 0-1mA meter into a linear and accurate rav. counter \
for any car with nomal coil sgnition system §
=

=

f 1 00 each s

o

|

NN
BI-PF

Co Reg.No 820919

—_—
=

BlI-PRE-PAK

SUPPLIERS OF SEMI-CONDUCTORS TO THE WORLD

>\\

EXTENSION TELEPHONES

Ideal for children’s toys
ONLY 70p P & P 25p

Electronic Transistor
Ignition £6-00

Now in kit form. we offer this “up-to-the-minute

electronic  ignition system. Simple to make. full
instructions  supplied with these  outstanding
features: transistor and conventional switchability

burglar-proof lock-up and automatic alarm. negative
and positive compatibility.

New X-Hatch

vastly improved Mark Two Cross-Hatch
is now ilabi ial for
alignment of colour guns on all TV receivers.
Featuring plug-in ICs and a more sensitive sync. pick-
up circuit. The case is virtually unbreakable—ideal for
the engineer’'s toolbox—and only measures 3” X 51"
x 3

Our new,
G

Ready huilt

unit only £9'95 l[(:;:mplele £7 '95

{includes P & P, but no batteries)

7

%% AUDIO IC

We-have just received a large consignment of LM380
ICs. These are specially selected to a higher grade and
are marked with the number SL60745.

This fantastic little 3watt audio IC only requires two
capacitors and two potentiometers to make an amplifier
with volume and tone control. The guality is good and
has to be heard to be believed.

f1 -D
Over 1,000,00
Transistors

in stock

complete with data
and projects hook

Ourspecial

pricp ea
P

We hold a very large range of fully marked, tested and
guaranteed Transistors, Diodes and Rectifiers at very
competitive prices. Please send for Free Catalogue

Our very popular 4p Transistors

FULLY TESTED & GUARANTEED
PNP Silicon alloy, TO-5 can.
" PNP Silicon. plastic encapsulation.
PNP Germanium AF or RF.
NPN Silicon plastic encapsulation.
“NPN Silicon, similar ZTX300 range.
“ PNP Silicon. similar ZTX500 range.

Various Type; Post &
8 recavs rorf 1-00 -

S=————
‘BAK LTD

TV Tulljllélr Units

Brand new by a famous
manufacturer

Dat pplied £2.5

a su

Dept.B.222-224 WEST ROAD, WESTCLIFF-ON-SEA,ESSEX;
TELEPHONE : SOUTHEND (0702) 46344,

a7

Plastic Power
Transistors

NOW IN TWO RANGES
These are 40W and 90W Silicon Plastic Power Tran
sistors of the very fatest design, available in NPN or
PNP at the most shatteringly low prices of ali time.
We have been selling these successfully in quantity to
ait parts of the world and we are proud to offer them
under our Tested and Guaranteed terms

RANGE 1 VCE. Min. 16 1-12 13-25 26-50
HFE. Min. 15
40 Watt 20p 18p 16p
90 watt 24p 22p 20p
RANGE 2VCE. Min. 40
HFE Min. 40
40 Watt 30p 28p 26p
90 Watt 35p 33p 30p

Please state NPN or PNP on order.

High-speed magnetic counters ex. G.P.O.
4 digit {non-reset} 4” x 1”7 1" 30p

INTEGRATED CIRCUITS

We stock a large range of L.Cs at very competitive
prices {from 10p each). These are all listed in our
FREE Catalogue. see coupon below.

METRICATION CHARTS now available

This fantastically detailed conversion calcuiator carries
thousands of ciassified references between metric and
British {and U.S.A.) measurements of length, area.
volume, liquid measure, weights etc.
Pocket Size 15p.

Wall Chart 18p.

LOW COST DUAL IN LINE I.C. SOCKETS
14 pin type at 15p each

} Now new low profile type.

16 pin type at 17p each

BOOKS
We have a large selection of Reference and Technical
Books in stock.

BUMPER BUNDLES
These parcels contain all types of surplus stectronic
components, printed panels. switches, potentiometers,
transistors and diodes. etc

2 LBS in weight for £1-00

st P

s @ @ B 77/

o

/

king 27

/JV///I/////////////////////////////IWI///////////
Our famous P1Pak

is still leading in value

Full of Short Lead Semiconductors & Electronic
Components, approx. 170. We guarantee at least 30
really high gquality factory marked Transistors PNP
& NPN and a host of Diodes & Rectifiers mounted on
Printed Circuit Panels. Identification Chart supplied
to give some information on the Transistors

Please ask for Pak P.1. only 50p
L. L

m

\)

\\\\

Please send me the FREE Bi-Pre-Pak Catalogue
I enclose a large SAE with 5p stamp.
PLEASE ADD VAT AT CURRENT RATE.

NN

NAME

ADDRESS

T

MINIMUM ORDER 50p. CASH WITH ORDER PLEASE;
Add 15p post and packing per order. OVERSEAS ADD
EXTRA FOR POSTAGE.

Buy these goods with Access.

"‘,/

T
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Project 80

a brilliant new concept in modular hifi

Project 80 is going to be the ultimate in modular hi-fi
construction for a very long time to come. It combines the
qualities most demanded of any modern domestic system — good
circuitry, reliability and fine performance — with other features to be
found nowherz else in the world. For example,

compactness — Project 80 contrcl units are 2" deep x 2" high,
and each one is completely seif-contained.

Elegance — all of Sinclair's design leadership has been
concentrated on producing designs of outstanding functional
elegance unsurpassed for styling and simplicity. Flexibility —

the size and styling of Project 80 modules makes them

the most versatile units ever. Ccmbine them how you will,

where you will, the Project 80 System

of your choice gives you the best.

— |- ||
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Sinclair Project 80

Il

e g 4

technically
the world’'s most advanced

Project 80 gives you choice from arange of 9
different modules for combining in a variety of ways
to suityour requirements. The Stereo 80 is a versatile
pre-amp control unit designed to meet all domestic
hi-firequirements including tape monitoring, high
sensitivity magnetic cartridge input, and of course,
individual slide controls on each channel for precise
output matching. By separating the F.M. tuner and
stereo decoder, useful economies can be effected
where stereo radio reception is not needed. Two
power amplifiers —Z .40 (18 watts RMS continuous
into 4 ohms using 35V) and Z.60 (25 watts RMS
continuous into 8 ohms using 50V) are avaitable
with choice of 3 different power supply units. The
PZ .8 with its virtually indestructible circuitry is
particularly recommended. For the final word in
system building, the Active Filter Unit puts the
finishing touch of quality to what are easily the
world’s most technically advanced hi-fimodules.
Any further units likely to be added to Project 80
range will be compatible with those already available.

Guarantee

If. within 3 months of purchasing any product direct from us, you are dissatisfied with it.
your money will be refunded on production of receipt of payment. Many Sinclair
appointed stockists also offer this guarantee. Should any defect arise in normal use, we
will service itwithoutcharge.

sSirn—i=sir-

Sinclair Radionics Ltd
London Rd., St. lves
Huntingdon PE17 4HJ
Telephone

5t. tves (0480) 64646

L 13
%0 40 50,69

i1

0

Stereo 80 Control Unit size— 260 x50 x 20mm (103 x 2 x Fins)
Finish — Black with white indicators and transparent sliders Inputs — Magnetic
pick-up 3mV RIAA corrected: Ceramic pick-up 350mV Radio 100mV;
Tape 30mV Signal/noise ratio — 60db Frequency range — 20Hz to 156KHz
+1d8; 10Hz to 25KHz +3dB Power requirements — 20 to 35 volts Outputs —
100mV+AB monitoring for tape Controls — Press button tape radio and P.U.
Sliders on each channel for volume bass treble R.R.P.

(add £1-19 V.AT) £11 D 9 5

Project 80 FM Tuner size - 85x50x20mm (33x2x gins)
Tuning range Dual varicap — 875 to 108MHz Detector — |.C. balanced
coincidence One I.C. equal to- 26 transistors Distortion — 0:2% at 1KHz for
30% modulation 4 pole ceramic filter in I.F. section Aerial impedance — 75 Q
or 240-300Q Sensitivity — 5 microvolts for 30dB S/N ratio Output — 300mV
for 30% modulation Power requirements — 25 to 35 volts

R.R.P (addf1-19V.AT) £11 . 9 5

Project 80 Stereo Decoder size - 47x50x 20mm (13x2x

3ins) One 19 transistor |.C. Channel separation greater than 30dB Power
requirements — 25V Output 150mV per channel R.R.P
(add 74pV.AT) £7 i 4 5

Active Filter Unit Separate controls on each channel. Size —
108 x50x 20mm (41x2x 2ins) Voltage gain — minus 0-2dB Frequency
response — 40Hz to 22KHz controls minimum Distortion — at 1KHz — 0-03%
using 30V supply H.F. cut off (scratch) — 22 KHz to 5 5KHz. 12dB/oct. slope
L.F. cut off (rumble) — 28dB at 20Hz. 9dB/oct. slope R.R.P

(add69p VAT.) £ 6 . 9 5

Z.40 Power Amplifier size - 55x80x20mm (23 x 33 x 3ins) 9
transistors Input sensitivity — 100mV Output 18 watts RMS continuous into
4Q (35V) Frequency response — 30Hz-100KHz+3dB S/N ratio — 64dB
Distortion — at 10 watts into 8 Q tess than 0-1% Power requirements — 12 1o

35 volts; built-in protection against overload. R.R.P.
(add 54p V.A T} £ 5 ' 40

Z.60 Power Amplifier size - 55x 98 x15mm (24 x 33 x 3ins) 12
transistors Input sensitivity — 100-250mV Output — 25 watts RMS continuous
into 8 Q (50V). Distortion — typically 0-03% Frequency response — 15Hz to
more than 200KHz+-3dB S/N ratio — better than 70dB Buiit-in protection
against transtent overtoad and short circuiting Load impedance £ 6 9 5
— 4 Q min. safe on open circuit R.R.P. (add 69p V.A.T.) .

Power Supply Units pzs stabiised. Re-entrant current limiting
makes damage from overload or ever direct shorting impossible. Normal
working voltage (adjustable) 50V. R.R.P. £7-98+79p V. AT. Without mains
transformer PZ.6 3bV. stabilised R.R.P. £7-98+79p V.AT. P25 30V un
stabilised R.R.P.£4-98+49p V. AT.

To Sinclair Radionics Ltd. St. Ives Huntingdon PE17 4HJ

Please send post paid

for which t enclose Cash/Cheque for £ including V.A T

Name

Address

WW-—061 FOR FURTHER DETAILS
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AMPLIFIER KITS OF “'szncteon

DESIGNER-APPROVED KIT Hi-Fi News Linsley-Hood 75 W Amplifier

In Hi-Fi News there was published by Mr Linsley-Hood a Mk 11l Version (modifications as per Hi-Fi News April 1974)
series of four articles (November 1972—February 1973)
and a subsequent follow-up article {(April 1974) on a
design for an amplifier of exceptional performance which
has as its principal feature an ability to supply from a
direct coupled fully protected output stage, power in
excess of 75 watts whilst maintaining distortion at less
than 0.01% even at very low power levels. The power
amplifier is complemented by a pre-amplifier based on a
discrete component operational amplifier referred to as the
Liniac which is employed in the two most critical points
of the system, namely the equalization stage and tone
control stage. positions where most conventional designs
run out of gain at the extremes of the frequency spectrum.
Unusual features of the design are the variable transition
frequencies of the tone controls and the variable slope
of the scratch filter. There is a choice of four inputs, two - -
equalized and two linear. each having independently  Full circuit description F R E E

adjustable signal level. The attractive slimline unit pictured  .in handbook TEAK CASE WITH FULL KITS

has been made practical by highly compact PCBs and a

specially designed Toroidal transformer. (pack 15-—price 30p) £6 2 40
KIT PRICE only ] post free (U.K.)

Pack Price
1 Fibreglass printed-circuit board' 11 Fibreglass printed-circuit board
for power amp. £0.85. for power supply £0.65 V -
2 Set of resistors, capacitors, pre-sets. 12 Set of resistors, capacitors, K
for power amp. £1.70 secondary fuses, semicon- AT Please add 8 /0
3  Set of semiconductors for power ductors for power supply £3.50
amp. (now using 8DY56. @ 13 Setofmiscellaneousparts to a “ U [ K M Orders
BD529. BD530) 6.50 including DIN skts, mains {*or at current rate if chan
4 Pair of 2 drilled, finned heat sinks £0.80 input skt, fuse holder. inter- ged}
5 Fibreglass printed-circuit board connecting cable, control
for pre-amp. £1.30 knobs £4.25
6 Set of low noise resistors. capacitors, 14  Set of metalwork parts including . .
pre-sets for pre-amp. £2.70 silk screen printed fascia fOf fufthef /nfofmat/on
7 Set of low noise, high gain semicon panel and all brackets, fixing
ductors for pre-amp. £2.40 parts, etc. £6.30 [
8 Set of potentiometers {including 15 Handbook £0.30 p/ease erte fOf FREE L/ST
mains switch}) £2.05 16  Teak cabinet £7.35
9  Set of 4 push-button switches, 2 each of packs 1-7 inclusive

rotary mode switch £3.70 are required for complete
10 Toroidal transformer complete stereo system
with magnetic screen/housing primary: Total cost of individualty
0-117-234 V., secondaries: purchased packs £69.75
33-0-33Vv.25-0-25 V. £9.15

SEE FOLLOWING PAGE

* SAME
DAY
SERVICE

MAPLIN ELECTRONIC SUPPLIES

P.O. Box 3, Rayleigh, Essex. Tel: Southend-on-Sea {0702} 44101

VA Please add 8% to the final total. Post and Packing
FREE in U.K. {15p handling charge on orders under £1}

First-class post pre-paid envelope supplied free with every order.

CATALOGUE LINEARI.C.s

Send just 25p NOW! for our superb 80-page CATALOGUE. It’s packed with photographs, illustrations.
and pages and pages of detailed data on our complete range of transistors, diodes. 1.C s etc., etc.
Seeing exactly what you're buying makes ordering so easy!

NE 555V
8-pin DIL

69p

MFC 40008

38p

MFC 6040

86p

LEAFLET MES 24: Describes a reverberation module with a choice of two différent spring units. (Just send
s.a.e. please for leaflet.)

LEAFLET MES 51: Describes a complcte electronic organ which can be constructed using our high-
quality component parts. These are designed so that they may be used later as the basis of a series of larger

and more sophisticated designs. (Please send 15p for Leaflet MES 51.) i:gg:gé#g;‘ DIL ....... 69p  SG1495D 14pin DIL ... .. £2.70
......... £4.25 SG3402N 14-pin DIL . . . . £1.69
LM380N id-pin DIL .. ... £1.32 pAT4IC 14pin DIL .. .. ... 45p
ORGAN BUILDERS , MCI303L 14pin DIL . ...£1.39  pAT4IC 14-pin DIL .. .. . £1.05
MES announce the very latest development in organ @Bnturlnn xg{?};grom'pm pbIL . “£I-2i) “:;;??_5(;’;" DIL ... “5233?
circwiry, T e W SR RN S | | MFCE0I0 ... L (VG LTG0 ) p———— 30
THE DMO2 : MFC9%020 ... ... .. ... £1.39 HAT96 (MC1496) TOS ... 95p
13 Master Frequencies on ONE tiny circuit board. = PROFESSIONAL MVR 5. 120’.15‘/ TO3 ... £1.60 ZN414TOI8 .. ........£1.20
LOOK AT THESE AMAZING ADVANTAGES QUALITY NES6IB 16-pin DIL. ... .. £4.48
* 13 frequencies from C8 to C9. + Each frequency Model 120
digil:ill]y clieri\'ed fro;n amSlNGlﬁ% h[.{. Saslcr lglscﬂlcz;lo]ré
% Initial tuning for the WHOL RGAN: ON
SIMPLE ADJUéTMENT. % Relative tuning NEVER INSTRUMENT CASES
DlehTS! * External 8onu'ol a]l]t]ms in]slanl tune-up pATMIC
to other musicians. % Outputs will directly drive most | _oin O] R
types of dividers including thc SAJI10. % And each 4 Models 8-pin DIL TO5 or 14-pin DIL
output can also be used as a direct tone source. % Vari- 36 75
able DEPTH AND RATE wemulant optional extra. Model 120 all-aluminium two-part p p
* Gold-platcd plug-in edge connexion. % Complete constructios. Top and sides. biue
fibrcglass board (including tremulant if required) ONLY hammer finish, front, rear and
3.7in. X 4.5in. % Very low power consumption. base: white, Others: mild steel
* EXTREMELY ECONOMICAL | ?.a.e. ]eaie] fll_\é;e art csges;r:gg%nc-‘achable
PRICE. % Ready-built, tested for full technic B 3
! details. rear panel. blue hammer. Detach-
&;)n;l‘(ﬁ):;l{_ glz:'ri?krllwfrdemulam) ONLY et able ’;luminium front panel finished in white. SYNT H ES l S E RS
£14.25. Trade  enquiries ) S We stock all the parts for the *“Electronics Today International”
D ithiout trcmulam)ill.Z?.  welcomey ﬁl:;i?smns “:de'es' - b Price synthesiser including all the P.C.B.s required and all the metalwork
SAJI10 7stage frequency dividers in one 14-pin DIL 120 8 24 6 £2.87 including a drilled and printed front panel for a truly professional finish.
package. Sine or square wave input allows operation g 9 q T 2 a e
from almost any type of master oscillator including the 2%0 8 6 34 £3.78 Some of the circuits in this brilliant design are entirely original.
DMO2 (when 97 notes arc_availuble). Square wave | 221 s { 8 = Independent authoritative opinions agree, the E.T.I. International
outputsymay) be | modified| to} saw -tooth |by(11€ ‘addition Chassis for model 320 £2.34 extra ’ Synthesiser is technically superior to practically all synthesisers available
of a few components. SAJ110: £2.63 each OR special ” - - s <
rice for pack of 12: .00. S.ae. please 2 ease send s.a.e. for free illustrated leaflet. .S.ae. I
price f¢ k of 12: £25.00. S ! for data sheet. P! d for free illustrated leaflet today. S.a.e. please for our detailed price lists

WW—025 FOR FURTHER DETAILS
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FROM THE SPEGIALISTS - POWERTRAN

WIRELESS WORLD AMPLIFIER DESIGNS

ELEGTRONIGS

Component packs for a choice of three outstanding amplifiers are stocked together with packs
for a regulated power supply suitable for use with a pair of any of them. Also stocked are

inputs, a scratch and rumble filter and wide range tone controls which may be either rotary

20 WATTS/CHANNEL

vawunt

FRE

ACTIVE FILTER CROSSOVER

An essential and critical component in a high-quality speaker system is the crossover unit convention-
ally comprising of a series of passive networks which unfortunately, though introducing reactive
impedances between the amplifier and the speakers, result in the loss of the advantage of hig
amplifier damping factor and renders the speakers prone to overshoots and resonances. An elegant
solution to this problem, described by D. C. Read in Wireless World, involves the use of a series
of active filters splitting the output of the pre-amplifier into three channels. of closely defined band-
width, each of which is fed to the appropriate speaker by its own power amplifier. A design for a
suitable 20-watt amplifier, based on a proven Texas circuit, was also described by Mr Read. The
printed-circuit board for this has been designed such that three amplifiers may be stacked and
mounted together on a common heat sink to achieve a conveniently compact module.

ACTIVE FILTER READ/TEXAS 20w amp. POWER SUPPLY

Pack Pack FOR 20W/CHANNEL STEREQ
1 Fibreglass PCB (accommo- 1 Fibreglass PCB £0.70 SYSTEM

dates all filters for one 2 Setof resistors, capaci-

channel) £1.05 tors pre-sets (not includ- Pack
2 Setof pre-sets, solid ing O/P coupling capa- 1 Fibreglass PCB £0.50

tantalum capacitors, 2% citors) £1.10 2 Setof rectifiers. zener

metal oxide resistors, 2% 3 Sets of semiconductors £2.40 diode, capacitors. fuses,

polystyrene capacitors £4.20 6 off each pack required forstereo fuse holders £2.60
3 Setof semiconductors £2.65 system 3 Toroidal transformer £4.95
2 off each pack required for stereo 4  Special heat sink as-
system sembly for set of 3

amplifiers £0.85
5 Set of 3 O/P coupling ENQUIRIES WELCOME

SUITABLE ALSO FOR FEEDING capacitors £1.00 For quality sets of speakers
ANY OF OUR HIGH-POWER 2 off packs 4, 5 required for
DESIGNS stereo system

SEMICONDUCTORS AS USED IN OUR RANGE OF QUALITY AMPLIFIERS

2N699 £0.25 2N4302 £0.60 BC182L £0.10 MJ481 £1.20 TIP29C £0.21
2N1613 £0.20 2N5087 £0.42 BC184L £0.11 MJ491 £1.30 TIP30C £0.78
2N1711 £0.25 2N5210 £0.54 BC212L £0.12 MJE521 £0.60 TIP31A £0.60
2N2926G £0.10 2N5457 £0.45 BC214L £0.14 MPSAQO5  £0.30 TIP32A £0.70
2N3053 £0.15 2N5459 £0.45 BCY72 £0.13 MPSAt2 £0.55 TIP33A £1.00
2N3055 £0.45 2N5830 £0.30 BD529 £0.85 MPSA14  £0.35 TIP34A £1.50
2N3442 £1.20 40361 £0.40 8D530 £0.85 MPSA55  £0.35 TIP41A £0.74
2N3704 £0.10 40362 £0.45 BDY56 £1.60 MPSA65 £0.35 TIP42A £0.
2N3707 £0.10 BC107 £0.10 BF257 £0.40 MPSA66  £0.40 ING14 £0.07
2N3711 £0.09 BC108 £0.10 BF259 £0.47 MPSUQ5  £0.60 IN916 £0.07
2N3819 £0.23 BC109 £0.10 BFR39 £0.25 MPSU55  £0.70 15920 £0.10
2N3904 £0.17 BC125 £0.15 BFR79 £0.25 SN72721P £0.58 5BO5S £1.20
2N3906 £0.20 BC126 £0.15 BFY50 £0.20 SN72748P £0.58

2N4058 £0.12 BC182K £0.10 BFY51 £0.20 TIP29A £0.50

2N4062 £0.11 BC212K £0.12 BFY52 £0.20 TIP30A £0.60

for further information please write for FREE LIST NOW !

packs for a very well-established pre-amplifier—the Bailey-Burrows design which features six STUART TAPE RECORDER

or slider operating A set of three printed-circuit boards has been prepared
for the stereo integrated circuit version of this high-

30W BAILEY 60V REGULATED POWER SUPPLY performance Wireless World published design.

Pk. 1 F/Glass PCB £0.80 Pk. 1 F/Glass PCB £0.75 -,

Pk. 2 Resistors, capacitors. pots £1.75 Pk. 2 Resistors. capacitors, pots £1.40 TRRP Pk. 1 Reply amplifier F/Glass PCB £0.90

Pk. 3 Semiconductor set £4.70 Pk. 3 Semiconductor set £3.10 TRRC Pk. 1 Record amp./meter drive cct.

30W BLOMLEY BAILEY-BURROWS PRE-AMP F/Glass PCB £1.40

Pk. 1 F/Glass PCB £0.85 Pk. 1 F/Glass PCB £2.05 TROS Pk. 1 Bias/erase/stabilizer cct.

Pk. 2 Resistors, capacitors, pots £2.15 Pk. 2 Resistors. capacitors. pre-sets. F/Glass PCB £1.00

Pk. 3 Semiconductor set £5.60 transistors £4.95

20W LINSLEY-HOOD Pk. 3R Rotary potentiometer set £1.60 For details of component packs for this design please write

Pk. 1 F/Glass PCB £0.85 Pk. 35 Slider potentiometer set for free list.

Pk. 2 Resistors, capacitors, pots £2.40 (with knobs) £2.70

Pk. 3 Semiconductor set £3.35

Developed from the famous Practical Wireless Texan

TOROIDAL T20 + 20

Designed by Texas engineers and published in
a series of articles in Practical Wireless. The
TEXAN was a remarkable breakthrough in
delivering true Hi-Fi performance at excep-
tionally low cost. Now further developed to
include a true Toroidal transformer, this
slimline integrated circuit design, based upon
a single F/Glass PCB, features all the normal
facilities found on quality amplifiers, including
scratch and rumble filters, adaptable input
selector and headphones socket.

TEAK CASE and HANDBOOK
with full kits

KIT PRICE only £28 -25

post free (U.K.)

Pack Price
1 Setof all iow noise resistors £0.80
2 Setof all small capacitors £1.50
3 Setof 4 power supply capacitors  £1.40
4 Set of miscellaneous parts including

DIN sockets, fuses, fuse holders.

control knobs, etc. £1.90
5 Set of slide and push-button
switches £0.90
6 Set of potentiometers and
selector switch £1.45
7 Setof all semiconductors £8.25
8 Special Toroidal Transformer £4.95
9 Fibreglass PC Panel £2.50
10 Complete chassis work, -
hardware and brackets £4.20
11 Preformed cable/leads £0.40
42 Handbook £0.25
13 Teak Cabinet £2.75

V.A.T. Please add 8%*
to all U.K. orders

{*or at current rate if changed)

U.K. ORDERS—Post free (mail order
only}

OVERSEAS— Postage at cost + 50p
special packing

Dept. WW10
POWERTRAN ELECTRONICS

PORTWAY INDUSTRIAL ESTATE
ANDOVER, HANTS SP10 3NN

WW—004 FOR FURTHER DETAILS
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UK'S LARGEST RANGE OF BRANDED AND GUARANTEED
SEMI-CONDUCTOR DEVICES - TRADE - RETAIL - EXPORT -
| EDUCATIONAL - INDUSTRIAL SUPPLIED
»»»»»»» FREE - New '74/75 Stock lists on request
Brand new branded with full specitication. Only STUD M7G WITH ACCES- CAS H A N D
the genuine article stocked. See above for small SORIES co NTRO LLED
%uEaMnmy;\j;VsBoun:asULK avr's & See  above for  small CA R R Y P RI c E s
°S. uant discounts.  Large
rhone 01~123 3646 kf([)r UK's :uamims and OEM phorgw RECTIFIERS
argest stocks—In stocl 01-723 3646 See above for small quantity
£ p i discounts. Large quantities and f I' Ca" I' I'
SN7400N ... ...022  SN749ZN ... ... 0.70 oo, (ML OEM phone 01,723 3646 o ers o ELECTRONIC
SN7401N - . ...0.22  SN7493N . .. 070 ¥ Triacs - b COMPONEN
SN7402N .. | 1022  SN749aN ... . . 080 # 3Amp €p I 1051 Amp £p Yy post OMPONENTS
SN7403N . ..0.22  SN7495N .. .. 0.80 SC35A ...0.85 | CRS1/05AF ... 0.42 {Post/Packing 15p per
SN7404N ...0.26  SN7496N ....... 095 § SC358 ... . 0.91 | CRS1/10AF 0.48 [ RefNo. Price T eanloRp
SN7405N . ... ... 0.22 SN7497N .....387 SC35D . 0.99 CRS1/20AF ..052 1. D1203 telephone amplifier—SUCTION £4.95 GB unl tated)
SN7406N ... ...042 SN74100N ... ... 189 § SC35€ ... . . 130 || CRS1/40AF .. 0.60 2.D1201 telephone amplifier CRADLE £7.50 a=lNESSEIGletn m
SN7407N .. 0.42 SN74104N .. ... 058 6 Amp CRS1/60AF 0.78 3. T1206 2 station intercom £4.95 ic Fil
SN7408N .0.28  SN74106N . ... 053 J SC40A ... . o088 { TO483 Amp 4.T1306 3 station intercom £9.95 Coramic Filtars
SN7409N 11028  SN74107N . .. 045 § Scaoe ‘097 | CRS3/025AF ..0.36 5. T1406 4 station intercom £12.50 Milistuie]  S1ONIMIL,
SN7410N ... .. .0.22 SN74110N . . . 0.58 SC40D ... ...1.20 CRS3/10AF .0.48 6. TAIA 2 station telephones intercom . .. . . £13.50 filters OCLI
SN741tN .. ... ..0.25 SN7411IN .. . 0.86 SC40E . .. 1.50 CRS3/20AF . 0.54 7. W1.2 2 station wireless intercom £18.20 1C IF Unit
SN7412N . .. . 0.30 SN74116N ... .. 1.89 10 Amp CRS3/40AF 0.65 8. DP303 door phone intercom £7.00 CA3089 10.7MHz IC
SN7413N . 0.36 SN7411B8N ... ... 0.90 SC45A ...1.09 CRS3/60AF . 0.80 9. PK3 ETCH your own printed circuits £2.25 £2.94
SN7414N . . .. .0.72 SN74119N .. .. .. 1.68 SC458 . . o112 T048 7 Amp 10. EA41 reverberation amplifier £11.75 I E—
SN7416N ... .0.36 SN74120N ......095 ¥ SCa5D .. ... 150 § CRS7/400 0.84 11. US50 ultrasonic switch £12.75 IC Clock )
SN7417N L0.36 SN74121N . . 050 SCa5€ .| 165 CRS7/600 .. . 1.14 12. XP4002 photoelectric alarm system £13.50 MM 5314 single chip
SN7420N ... .022  SN74122N _.....0.70 § 15Amp T048 16 Amp 13. Solid state tachometer £11.30 clock with CCT ~ £9.00
SN7421N . . 0.33 SN74123N .. ... .1.00 SC50A . .. 1.46 CRS16/100 .0.78 14. Power dash transistor assisted ignition £13.50 Sinclair 6 watt IC
SN7422N .. ... ..0.25  SN74125N _ . ... 0.65 SC50B ......1.57 CRS16/200 0.85 15. Car auto lock £2.756 IC12 with data and PC
SN7423N . . 037 SN74132N .. 0772 § scsop . ... 180 ] CRS16/400 0.96 | 16.4 amp 6-12 volt battery charger £4.85 board £2.10
SN7425N ... . ... 037  SN74141IN .. .. .. 090 B SC50E .. 2,00 Femscassmmmsem——— ] 17. FF21 car radio/tape quad adaptor £4.68 - p
SN7426N .. .....032 SN74145N .. ... 1.26 } Aiso 18. Fully disappearing car serial £2.00 Radio IC chip
SN7427N 0011037  SN74150N | | 175 § 40430 ...  .oss § SILICON 19. Electic disappearing car aerial £7.80 | ZN414 Radio IC with
SN7428N ... ...0.40 SN74151N ... 1.00 40669 . ... .. 0.90 20. ET (F1009) Morse code key/buzzer £1.70 circuit £1.20
SN7430N .. ... ..0.22 SN74153N ... 095 § 40486 .. .. . 0.85 RECT":'ERS 21. VH105 aircraft band converter £4.50 § watt IC chip
SN7432N . 0.37 SN74164N . ... 2.00 [leeeemmmmmcmm— 22. LM300 50K disco mic. £12.95 76008 5 watt ampli-
SN7433N . . ... .. 0.37 SN74155N . 1.00 1 amp series IN40O1 23. DF50B 50K communications mic. £5.75 fier with data  £1.50
SN7437N .. .. ...0.37 SN74156N . 1.00 ZENER » F 6 24. Car lighter plug 1w voitage adaptors 300mA PC Panel 50p
SN7438N .. . ..0.37 SN74157N . 0.95 to IN40O7. From 6p (state 6/74/9 volt) £1.95 each =
SN7440N ... .. 0.22 SN74160N . 1.38 DIODES each. 25, ST tuner (felav module £1.50 Ultra sonic trans-
SN7441AN . .. 0.92 SN74161N . . ... . 1.38 26. Gravenire 931A photo electric unit {with ducers
SN7442N . ... ... 0.79 SN74162N . ... . 1.38 400 m/w_ BZY88/ 1.5 amp PL4001 to data) £3.50 with data/circuits .
SN7443N ... 127 SN74163N .1.38 BZX83. From 3.3 PL40Q7 from 7p each. 27. 3 cw. 3 X 500 watt sound to light £21.50 £5.90 pair
SN7444N . 2127 SN74164N .. 1.76 volts-33 volts 10p 28.3 cw. 3x 1000 watt sound to light+over- Strobe tubes
SN7445N ...1.60  SN74165N . 176 § each. 3 amp  PL700V/ ride ) £41.25 ZFTBA (similar to 4A)
SN7446N . . .1.89 SN74166N 1.60 13 Mini IN5400. From 32p 29. 150 watt "8'" display projector with whee! £23.50 '4.00
SN7447AN . 160  SN74167N 3.00 3 gwats Sk Minia: i T 30. MM 1 (BZOO5) 4 channe! 9 volt mixer £4.2 ZFT12A £5.00
SN7448N SN74170N .. 252 ture Tubulars IN4700 31. MX 100 deluxe 4 channel mixer £6.78 e e
SN7450N SN74173N 166 || series. From 3.3 volts~ § Send for full list No. § 32. H67(G1320) stereo headphone amplifier  £10.50 7 segmentindicators
SN7451N SN74174N -1.57 [ 33 volts 18p each. 36. 33. MP12 6-CH. slider control mixer £27.95 3015F with data
SN7453N SN74175N . 1.10 34. REZBOBZSIeveo phone adaptor £2.25 £1.70 each
SN7454N SN74176N 1.26 35. MD8O2 stereo phones £2.20 Spring delay units
SN7460N SN74177N ..1.26 36. CIS200 stereo phones £2.75 HP42 8" twin sprin
SN7470N SN74180N .. 1.26 BRIDGE s“'Ico N RECTI FI ERS 37. C15250 stereo phones £8.50 €3v30p p %Op
gm;:;%m SN741 31 N 3.95 gg g130! and G1:'J‘05 stereo phé:ne con(?fnls fggS HR1 6” twin spring
A SN74i82N 1.26 . Car stereo speakers in pods. Special offer Pr. £2.95 £6.85 3
SN7474N SN74184N 180 E%‘;TU"'NG SMALL SIZE AND LOW 40. Crystal lapel microphone P £0.60 - . ESpalite
SN7475N SN74185N 1.80 S T T 41. F1052 car speakers front/rear radar £1.00 F'b“f, optics
SN7476N SN74190N 2.00 ee above for small quantity dis- 42 8ib groove clean {ref. No. 42} £1.76 0.01” dia. mono
SN7480N SN74191N 2.00 counts. Large quantities and OFEM 43. Bib record care kit {ref. No. 43) £2.20 filament
SN7481N SN74132N 2.00 phone 01-723 3646 44. Bib cassette recorder care kit {ref. No. 26A) £1.96 £5.50 per 100 metres
SN7482N SN74133N 2.00 m £p 45. Bib cassettee tap splicing kit {ref. No. 24)  £1.64 0.13" dia. 64 fibres
SN7483N SN74194N 130 | Bozsiozs 0.14 £p 46. BASF reel-reel hobby box a0  £1 per metre
SN7484N SN74195N 1.10 B025/05 .0.16 B4/10 0.48 47. 2000 ohm headphones £1.50 15m dia. mares tails
SN7485N SN74196N 120 § 1Amp 84/20 0.54 48. 4000 ohm headphones £1.55 —.__ £10.50 each
SN7486N SN74197N . 1.20 B81/05 0.20 B4/40 0.60 49. Cassette recorder mic. (2} X 33mm plugs) £1.85 Radio Controt XTALS
SN7489N SN74198N 2.77 B1/10 0.21 B4/60 .. 0.70 50. 420 ES microscope £5.70 Matched pair for 465
SN7490N SN74199N 252 81/20 0.24 B4/BO 0.90 51. UPO50 low cost 9 volt eliminator £2.25 kHz IF £2.00 pr.
SN7481AN B1/60 0.25 6 Al 52. RE 527 tape head £1.70 for all superhet trans
B81/100 .. 0.30 B6/05 0.50 53. Cambridgge pocket catculator £19.95 RXs.
2 Amp B6/10 0.58 54. BCBOB % pocket calculator £21.95 Handset
B2/05 0.30 B6/20 . 0.68 55. BC817 memory pocket calculator £28.95 R J—
B2/10 035  B6/40 . 075 56. BCM B50 % and memory calculator £33.25 r’;'g e ion
B2/20 0.40 B6/60 . . 0.87 57. Sinclair scientific calculator £45.00 andsets b'a."h '(‘;’W
- B2/40 .. 0.a4 1 Amp Tubutar 58. Antex soldering iron kit {SK) £3.30 complete  wit @
Just a selection of the B2/60 045  WO05 . 0.27 § 59 Bibrecord care kit (ref. No. 59} £1.17 grams for intercoms
82/100 0.55 wg; ..... 0.29 2(1). Epc chassis punch kits £5.50 = E000 o
H 4 A 0.30 . Longs desoldering tool £5.50 Dual impedance and
hllge range n StOCk 54/(')';’ o .. .0.45 w06 .0.33 62. 1 amp in line mains suppressors £2.50 microphones
63. BSS2 (E1013) 7-way stereo speaker switch £2.20 50k/600 ohm quality
See above for small quantity discounts. Large quantities lINEAR IC'S 64. Welle 8200D-PK expert gun kit £6.20 cardiod  stick mics,
and OEM phone 01-723 3646 65. 'S’ dec breadboard £1.98 with HI-LO and on/off
RCA New types arriving every day 66. "2  dec £4.29 switches and cables
P £p £p CA3012 IF limit amp L o £1.32 87. 4 dec A £7.50 RE345 indoor/outdoor
AAZ13 ...0.12 BLY36 6.00 TIP42A. . . 0.90 § CA3014 IF timit amp/discrim oL £1.80 68. ‘T dec £3.65 professional  £10.75
AC107 0.51 BSX20 0.13  Tis43 0.26 | CA3018 Transistor array . . ... £1.02 § 69 Instant head sotdering gun £2.30 RE350 Anti-feedback
AC128 0.15 8U105 2.20 VA405A 0.22 § CA3019 Diode array o £1.12 70. 40 watt soldering iron £1.90 IM-quality £11.50
AC187 0.21  BY100 0.27 ZTIX108  0.08 § CA3020  Wide band power amp . £1.80
ACY17 040 BY127 0.12  ZTX300 .. 0.13 § CA3022  Low power video amp £1.93
ACY39 ...0.78 BYZ13 0.42  ZTX302 . . 0.18 § CA3028A Diff cas wide band . . ) £1.03
AD149. .0.50 CI106D. .0.54  ZTX500 ..0.13 § CA3036  Dual Darlington pair . ... £1.08 Y T B U I I_D KITS
AD161 0.44  GET111..0.72 2N697...0.16 § CA3046  Transistor array . £1.03
AD162 . 0.44 GET115 . . 0.90 2N706 .0.12 f CA3048 4 X low noise pre-amps . . . . £2.76 7 ¥ Y
AF117 .| 024 GETBBO 060 2N930 . 0.18 | CA3075  FM IF limiter and detsctor £175 BY A M TR 0 N .7/ ) AL kirs
AF118 .. . 0.57 LM309K..2.00 2N987. .  0.42 § CA3081 Hi-Amp 7 seg com emit driver . . £1.80 - / OFFERED
AF139 . 8':; MAT 121 ‘8'25 gm;gg g.gg E:gogsg Complete FM IF system . £2.94 /2 SUBJECT TO STOCK
AF186 . . MJE340. . 0.47 I 090Q  PLL stereo decoder f £5.40 i 4 AVAILABILITY
AF239 . 044 MJE520. 063 2N1613..0.21 § Signetics El/erythmy supp/led
ASY27 .. .0.33  MJE3055.0.77  2N1671..1.20 § NES555 Timer . . .. £0.85
BA116...0.10  MJE2955.1.27 2N2147..0.78 § NE560B Phase lock loop (PLL} .. ... .. £5.00 Model No. - £p
BAX13...0.058 MPF105. . 0.36 2N2160 . .0.78 | NE5S61B PLL analogue multiplier .. £5.00 310  Radio control receiver 3.29 700 Electronic Chaffinch 7.92
BC107 0.14 NKT404 . . 0.66 2N2926 . . 0.12 § NES562B PLL open loop for dividers ... £5.00 300  4-channel R/C transmitter 6.61 707 Windscreen wiper timer 7.97
BC108 0.13 5. ....0.72 2N3053 . . 0.18 § NE5678B PLL tone detector ..... £3.50 345  Superhet R/C receiver 6.61 760 Acoustic switch 12,57
BC109 0.14 0AB1 0.18 2N3054 . 0.48 § Motorola 65  Simple transistor tester 1.66 780 Metal Detector {electronics
BC10SC . . 0.16 0A200...0.08 2N3055 . . 0.45 § MC1303L 2X low noise pre-amp ... f1.42 115 B watt amplifier 4.50 only) 10.91
BC113 . 0.15 0A202 0.06 2N3440..0.58 MC1304P Stereo MPX decoder . . .. f1.79 120 12 watt amplifier 4.73 730 Capacitive Burglar alarm 7.92
BC147 0.10 0C28 0.66  2N3442 . 1.39 | MC1310P PLL (coil-less) MPX decader £2.91 125  Stereo control unit 6.61 835 Guitar preamp. 4.99
BC148 0.08 0C35 0.55  2N3525..0.91 f MC1458CP| Twin op-amp ; .. .. £0.77 127 Noise reduction unit 9.55 840 Dalay car alarm 6.99
BC1489 0.10 0C36 0.60 2N3614 .. 0656 § MC1710CG Level detecting op-amp . . . £0.60 130 Mono control unit 4.16 875 CAP. Discharge ignition for
BC169C .. 0.15  0C44 020  2N3702..0.11 § MFC4000P 250mW amp 11r ... £0.45 157  Private TV loop trans 4.95 car engine (Ve Earth)  13.19
BC182 0.12 0C45 0.20 2N3714 .. 1.41 MFC4010P Wide band pre-amp h .. £0.55 605 Power supply for 115 5.31 80 Scope Calibrator 2.65
BCY32 0.85 0C71 .0.18 2N3771..1.77 § MFCB040P AF attenuator . . . . .....£1.00 610 Power supply for 120 5§31 255 Level indicator 6.98
BCT39 . 1.50 0C72 0.28 2N3773..2.40 § Others 615  Power supply for 2X 120 6.64 525 120-160mHz VHF timer 11.31
BCY55 2.64 0C77 054 2N3790 . 2.10 § TBABOO 5Wpoweramp .. .... .. ... £1.50 230  AM/FM aerial amplifier 3.29 715 Photo cell switch 8.07
BCY70 018 0C81 .0.29  2N3819..0.38 § SN76003N 5W power amp ({finned) (2 for 240  Auto packing light 6.90 795 Electronic continuity tester 4.97
BCY71 .. .0.22 0C83. .., 0.27 2N3886 . . 0.72 £2 85) - . £1.50 275  Mic. preamplifier 6.98 860 Photo timer 15.51
BCY72 . 012 0C140 1.14 2N3903 .. 0.15 SN72741P 8 pind.il. op-amp By £0.60 525C 120-160MHz VHF twner 11.31 235 Acoustic Alarm for driver 8.61
BD124 0.65 0C170 0.30 2N4002 . .0.14 § SN72748P 8 pind.il Hi-Z op-amp .. £0.61 570S LF generator 10MHz—-1mHz 2145 465 Quartz XTAL checker 9.90
BD131...042 0C200...0.54 2N4126..0.15 § 702C . £0.75 5755 Saq. wave generator 20Hz—20kHz 220 Signai Injector 2.65
BF115...0.20 0C202 ..0.90 2N4871..0.34 § 709C 1 £0.39 1977 380 VOX £13.62
BF180 .. .0.36 OCP71 1.20 2N5457..0.30 § 723C E ....£0.90 590 SWR meter 9.47 432 Testakit 21.83
BF194 .0.10 ORP12 0.60 25303 0.60 728C (TOSS or d.i.l.} reg ......f045 630 STAB Power supply 6-12v 670 Buffer Battery Charger 7.9
BFX13...0.26 ORP60 0.55 40550 0.54 741C (TO5. 8 or 14 pin d.i.l.) gen pur 0.25-0.1A 8.24 850 Electronic Keyer 16.37
BFX34 0.70 P346A 0.18 40361 ..0.45 op-amp .. ... L . .. £0.50 690 DC motor speed Gov. 3.31
BFX88 . . . 0.24 TIL209 0.20 40362 .. 0.40 747C (TOS or dil) gen pur dual
BFY50 .. .0.21 TIP29A...049 40408 ..0.50 op-amp .. ... e £1.00
| BFYst . ..0.20 TIP30A.. 057 40486 ..0.85 § 748C Hi-Z op-amp £0.61 ALL TYPES QFFERED SUBJECT TO AVAILABILITY. PRICES CORRECT AT TIME OF
BFYE4 ... 036 TWP31A.. 061 40636 .- 100 § IM309K 5V 16Areg ....... ....... £2.00 PRESS. E & OE. 8% VAT TO BE ADDED TO ALL ORDERS.
BFY90 ...0.81 TIP41A. . . 0.74 40430 ..0.85 § TAA960 3 st filter (ultra's’ic transd) . . . . £1.75
CONTACT ELECTRONIC COMPONENTS 10% VAT TO BE
, HENRY’'S AND EQUIPMENT ADDED.TO ALL
- ; RAD'O FIRST Retail - Trade - Educational - Export - | ORDERS (EXPORT
| see facing page Industrial Supplied VAT FREE)
EDGWARE ROAD Wz for addresses Let us quote for yourvequirements
’
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LARGEST SELECTION OF ELECTRONIC
COMPONENTS AND EQUIPMENT.
LOW PRICES MEAN LESS VAT.

Features glass-fibre PC board. Gardners low field transformer, 6-1C’s. G I

10 transistors plug diodes etc. Designed by Texas Instruments engineers M U I_T' M ETE Rs enera

for Henry's ad. P.W. 1972. Supplied with fuli chassis work, detailed

construction handbook and all necessary parts. Full input and contro! 2 T

facilities. Stabilised supply, overall size 15+in X 23in X 62in mains (carr/packlng 359) ! eSt

operated. Free teak sieeve with every kit. £28.50 (GB post paid) E u - m ent
U4324 20KV A q I p

STE REO F M TU N ER with case . (> carrjpacking 30p cartfpacking 50p}

Features capacity diode tuning, led and tuning meter indicators, stabilized U435 20KV ":Im Iy

power supply—mains operated. High performance and sensitivity with with steel case 1 3333L"é"mi'ﬁ!foﬁ.";',‘.ﬁ“'”“ ::;.g:

unique station indication IC stereo decoder, Overall size in teak sleeve £8.75 + TK15 Grid dip meter

8in X 23in X 63in. U4313 20KV with 440KHz-28MHz £16.50

Complete kit with teak sleeve £21.00 (GB post paid). Join the large band of wit '+ TKBS 28 range valve voltmeeter  £22.50

happy constructors! steel case + Tk20D RF generator

_ U4317 20KV with 120KH2-500MHz £18.95

. £16.50 | 1 T%220 AF generatos

TRANSISTORISED Emi ‘U‘;‘?"‘ ! t33IKV plus "a”f‘iswtfm w M550 n i vansiso f1e8
ester steel case . tester £19.50
U4323 20KV plus IKHzd * £3025 Compact transistor iestes £6.95

MODULES SPEAKERS 465KHz OSC with case  £770 | * TTI45 Dedums e 1300 Mk £1475

. . " ITI-2 20KV slim type £5.95 [ T 03-38 AUC oac. 20H:-200KH: -

Tuners—Power Suppliers—Amplifiers Special Purchase THLI3D (L33DX) 2KV o I
robust £150 |« SE4Q0 Mini-tab aliin one testar  £15.50

Amplrflers (All single channel unless stated) :

4-300 9 volt 300 MW 3-8ohm, 1-10mvi/p  Specialofter  £1.75 15X lchass slspeakors A (L E‘ Eﬁ s:;p; égnr_aum(m ‘1“"0fxlnhuum “g gg
2004 9 volt 250 MW 3-8 ohm, 10-10mVi/p  Special offer  £2.70 {carr/packing 30p each e2se]f2.00] L [ R R
104 9 voit T watt /p 8-10 ohm, 10mVi/p £316 or 50p pr) AF105 50KV De-luxe Coacnnter - { 20 210
304 9 volt 3 watt o/p 1-8 ohm. 10mVi/p £3.95 *150 TC 10 watt 8 ochm (Case £1.90) 1250 | 37 e anstormers o £1) €655
gggg 12volt 3 watt F 8-16 ohm, 150mVi/p £410 win cone £2.20 StOOTR 100KV plus transistor B e T

volt Wz £ ki 8 ohm. 150mVi/p Stereo module  £5.95 *450 10 watt 4. 8, 15 ohm with twin tester £22.58 | Mains uoit for above (carr 505) £3.75
E1208 12 volt 5 watt o/p 4-16 ohm, 25-60mVi/p £5.10 tweeters and crossover £3.85 each
608 24 voit 10 watt o; 4-8 ohm, 30-50mVi/p £4.95. FW 15 watt 8 ohm with tweeter £5.25
é;g ig ;g:: ;‘;8 a::: g; ? OBh':hnlas?Sm(;“/V/ ggg 350 20 watt 8. 15 ohm with tweeter
mVi/p i £7.80 each
ZAO 30/35 volt 15 watt o/p 1-8 ohm. 100mVi/) £5.45 R . HF7 i
45/50 voit 23 watt o/ 1-8 ohm’ 100-25 mvi/p £6.95 *Polished wood cabinet £4.80 carr., etc., JOSTY e iy [ | e
SA681 724 voit 646 watt o/’J 8 ohm, 100mVi/p -Stereo module £10.20 35p each or 50p pair s HF325  De-luxe FM tuner unit £24.12
ar;lrgiﬁers'vzwth cont;ols o KITS IN oras rsi(r.s’:;/?z[;d" g £9.96
12 voit 24 + 24 watts 8 ohms Stereo £8.25 ﬁ k.? ¥ ’
R500 Mains 5 3«3"34—16 ohms Mono £6.30 Exc LUS|VE \ w { STOCK orte :;:';elonp" Pesiloisrety %11 27
g:g;g Ma!ns ¥5+ 71vgans 8 ogm: gtereo £11.75 \ \, ’J (P 15 h) GP312  Basis circurt board £11.45
ains 15 4 watts 8 ohms tereo £14.95 ircuif X
CAO38 9 volt l§+ 14 watts 8 ohms Stereo £6.95 5 WATT Ic " -‘ USt' etc., p eat ﬁgg; ::::1:::::;:.!:1. s
CA068 12 volt 34 3 watts 8 ohms Stereo £10.50 A M PL' FI E RS 1 ar Mone transistor amplifier  £4.80 LW to VHF ta.94
AR5 Mixer £360  HF395  Broadbend aeral amphifier  £1.77
FM Modules AF30  Mono transistor pre-amp  £2.51 NTIO  Power supply 100m/a 9v stab
Mullard LP 1186 FM tuner (front end) with data 10.7MHz o/p f4.85 AF35 Emmites amplifier £2.27 and 12v unsiab £6.15
Mullard LP 1185 10.7MHz IF unit £4.50 Special purchase 5 watt output 8-16 ohm AFBO Small 0 5W amp!ifier for mic. u-zz NT300  Professional stab, '
Gorler Permability FM tuner (front end) 10.7MHz o/ f4.20 i i f
Y P load. 30 volt max DC operation complete AF305  Intercom £9.52 powas supply £1251
i i F310/2 Mono smplifier (for NT316  Power pack 2 15
FM and AM tuners and decoders withidata b ) £6.07 It 2A
FM 5231 (tu 2) 6 voi FM tuner £7.95 Prico £1.60 ea. i ; Vo T
TU3 12 volt version (FM use with decoder) All madels £795 or 2 for £2.85. i I e ey
I R M1302  Transistor tester £8.45 NY330  Power pack AFI10/GP304  £6.07
SEgZQAZGSte'reo Decog&r for Tu 3.12 volt ﬁnedl dials £7.95 M9l Vu-Mater £4.56 NT315  P/S240vac to45-15vde
volt stereo tuner supplied with £14.95 M192 Stereo balance meter £4.97 500m/a Teast
A1007 9 voit MW-AM tuner instructions £4.80 (F380  Quadrophonic device £11.36 AE1 Gutput stage 100mW £1.50
Sinclair 12/45 volt FM tuner stereo recorder for abov £7.45 -
A1018 9 voit FM i bi ATBO Psychedabe hight contrl, AEZ Pre-amplifier £1.15
A1005M \(’3)19—12“::’;‘::7(r ;?e?:olzee::oder FM for above t};gg Tu N E Rs s 2son o3 o oS
- ATS5 Psychedslic light contral, AE4 Flasher £0.99
106Z 12 volt stereo decoder. General purpose £8.50 3 channel £14.55 AE5 A stable multivibretor £0.95
i AES Monastable multivibrator ~ £0.93
Preamplifiers ) ) o AT25  Window wiper rabot £5.92
. 625-line receiver UHF transistorised tuners AT30  Photo cali switching ot £5.70  AE7 RC generator 10.97
Sincl t 60 P ifi i
E1500  CARITHAPEMICTNPUTS 9 volt Modue 0" £ | FM. UK operation. Brand new. R T I A3 T tho0
E1310 Stereo 3—30mV mal cart 9 volt £4.75 {Post/packing 25p each) ATSE ;D;;E m;:i’:l. ight dimmer Y AE1D C;;R::I;;v éo'gno
FF3 Stereo 3mV tape head 9 volt . £4.95 TYPE A Geared variable as iltlustrated £2.50 ,{,,,g:n,"m, o dimme £6.90 AMATEUR ELECTRONICS by Josty Kir, the
gg‘;g ?A!grf‘zoa-‘:—z%%':\n‘(l ¥:&/ﬁ:’;“-/{|’a\?"gvo“ glgg TYPE B 4-button push-button {adjustable) aT5 Automatic light control €258  professiosai book far this amateur—covers
- - £3.50 GU330  Tremelo unit for guitars. ste. £7.50 the subject fram basic principals to sdvanced
HF81 Diode detector £132 slectronic  techniques. Complete with ciscuit
470‘31%’7%;};223 ;osoTnXI u?(shugsgs‘(;::shasns rest cased) s SPE ClAI. HFBS ';::::':‘,‘.",::n,,uu..d ™ an ;;-;an (‘:n’ vﬁ; o AE10 {ses above) PRICE
P500 9 volt 500mA £320 ’ ’ )
HC234R 3/6/71/9 volt 400mA stabilised £5.50 EQUIPMENT
*P11 24 volt $ amp 3.30 *P15 28 volt } a £3.30
*P;OBO 12 volt 1A 4.70. *PIOB'I 45 vot(;ngA 7 Brand new ex-WD portable radiation
P12 4}-12 volt 0.4-1 am, £7.15 detectors 0—10r complete with power unit,
SKO1A 3/6/8/12 volt 1 amp stabilised £12.75 haversack and be ({Cv2247) PRIC
gzggg A3/14vl;/g/7 /9/12 volt § amp £4.20 59\797 ca"/packingpg .go.( : g s' N CI'AI R
volt 0—}A stabilised £17.50 Brand new seal photo multiplier units (de- M OD U I-Es
= signed FM fuel tank fire detective} £3.50.
QUALITY CASSETTE TAPES /S, | SPECIAL OFFER AND KITS Sinclair Project 80

“Living Sound” made specially for t&ﬁa ST80 stereo pre-amplifier
Henry's by EMP Tapes Ltd. i Cassette N S B
5 screw type with library case. Post paid (GB) s N 760 25 watt amplifier £6.95 PACKAGE DEALS(Eamage/packi 350)

to fa > PZ5 power supplies for 101 2740 £4.98 2X 740, S780, P "¥25.Dﬂ
3 for 6 for 10 for 25 for ge % PZS powetsuplies (5 Ta) 2250 5780 :zs £2175
3 q . or 1 or £7.98 X Z60. §780. PZ8 + Trans. £34.40
CGO £1 1 0 £2 _00 £3.1 5 £7 _50 s:st:;;?gsusr;gciz';&g 60 15 :Zﬂlpuwzev supplies (S. Tab) fmdau Special Purchases
d for 1 ar £7.98 Praject 60 sterea
C90 £1.47 | £2.85 | £4.65 | £11.37 3 D Dracker o o | Tastomer o 28 195 aroompliir £6.75 post 20p
ar unit. wi acke r FM tuner £11.95 * Project 605 kit £19.95 post 25p
C120 £1.83 £3.54 £5.60 £14.00 cassettes £2.80 pp 10p Stere decoder £745  * Cambridge calculatar
Alt above post paid {GB only). kit £13.59 post 15p
(] r
HENRY'S HOME ENTERTAINMENT CENTRES LTD | rree stock SINCLAIR
London LISTS I-A
35 L : No 36 Transistors/valves/
4/6 Edgware Rd. W2 01-402 5854 190(4 Station Rd. Harrow, o CALC U LATO R KIT
376/8 Edgware Rd. W2 01-723 0818 Middlesex 01-863 7788 No 18 Disco lighting high
372 Edgware Rd. W2 01-402 8140 power sound.
120 Shaftesbury Ave. W1t 01-437 9692  Out of Town No 17 Hi-Fi, TV-tape Complete kit NOW £13.59 + VAT
230 Tottenham Court Rd, Wt 01-580 1785 256 Banbury Rd. Summertown, ‘;q”':""’"‘l'
144 Burnt Dak B'way. Burnt Oak, Oxford (0865) 54181 T aie St
X addressed envelope with all I built £ 9
Edgware 01-952 7402 55 Gloucester Rd. Bristol 7 (0272) 45791 enquiries. Also buift £19.95 + VAT

Electronic Centres

3 404-406 Electronic Components'& Equipment 01-402 8381 7/ Fiand
s 309 PA-Disco-Lighting High Power Sound 01-723 6963 | £/ectronics
303 Special offers and bargains store Centres Open
Sam-6pm

Allmailto 303 Edgware Road. London W2 18BW

EDGWAR E ROADI wz Prices correct at time of preparation. Subject to change without notice. E.&O.E.
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TRANSISTO Rs Type Pn'ce{fg Tpre P’i"o{f) T{pre Plicez ﬂ ;&‘ZI'E Plice{£z) Type Plice°{£ DIODES
BD115  0-65|BF273 16|BUY79 2 313 0-12[2N3794 2
Type Price (£)] Type Price (£)|BD1Z & 0-35|C106F  0-43|7TX500 047 o 35|70 price (e THYRISTORS, TRIACS AND TRIACS
ACto7 0-35|BC119  0-20/BD12¢  0-30(BF337  0-35|C111E  0-56(ZTX502 017 AA 0-15]
AT 3ilaciss  o2|BDi30Y 142(BFess  e-48|CRS1/40 0-45ZTX504 0-42 ool WITH TRIGGER
AC126  0-25/BC1258 0.25B0131 0:4: BF459 l:{;‘l CRS3/40 0-55|ZTX602 0-24 0-20f )
AC127  o25BC126  020|BD132  @59|BFS6 4 70|DAONT  04812NS05  0og 0-10IF VRM: 50V 100V 200V 400V 600V
ACt28  ¢-25/8C132 e-15|BD135 0-4818F597 0-15iE1222 0-5512N696 0-23 0-304) 6A 20/—/— 23/26/27 25/28/30 35/38/40 45/52/55
AC141  026!8C13¢  020{BD136  0-46IBFR4T  0-30|E5024 0-2012N697 @15 0503 — LY —ns30 3413 —ls0/52 —/es/T0
AGI41K 0-27|BC135  0-15{BD137  0-48[BFR61  9'30[ME6001  0-18[2N706  0-12 025 26/—— 30/ o/ | 60/~ =
AC142K 0-19|BC136  0.20|8D138 :gg BFT43 ::: MEG02  0-17I2NT06A o-':; o3tdR Wi | 33eaes | s1mess | comores —[—
acist e24laCiar 0208010 DEIBEWI0 O Sl Moao o8l 030 o17leA n 3501 | 416 ey o il
AC152  0-25|8C138 0-20/8D1 O BF 4 MJE34! o » gt i f—]— /50/52 7/64/61 75/92/97 90/114/120
AC153K 028|BC142  0:30|BD144 BFW1 MJE341 2N9 10A 36/ —f=— 42/60/63 51/74/78 | 84/104/109 | 100/128/13
AGi54  0-20/BC143  0-35/BD145  0-75|BFW30  1-38|MJE370 0-85[2N916  0-20 017 oA =iy —/82/90 288195 | —/132/140 | —;i75/185
AC176 0-25|BC147B 0.13|BD163 ::‘.l BFWS9 :;: MJE521‘) ::g 2N91B zg :::
:g}g;K :::: gg:ﬁ g.:: 58;343 075 g;w% 028 mﬁggss 1-20 Eﬂ?g& 021 o-15]Notes: All prices are in pence per unit. First price in each group is
AC188  0i25|BC152  0-25(BDS19  O-7818FX16  2:25|MJE3055 0-7412N1305 0-21 o0-25fthyristor, second is triac, third is triac with trigger. Encapsulation
AC188K :;: gg:gﬁ :';: ggiﬁ% :z: g;ﬁg :gg ::,‘;1232 ::Z: gmggg :jg g::g dg&ends :nd cu_rren(t)ratm_g and device typle. Connection data supplied
3 - with ea b i
:83435 0-32/8C157  0-15|BDX32  2-55|gFX84  8:25]MPSAOQ5 ¢-47({2N1308 0126 0-25 ch device. Quantity enquiries welcomed.
Ac tmacis  enaouie fuene (desas Shani oM b
39 ¢68/BC159  0-15|B T81BF X8 "26{M -21;2 i ' '
Ay S30lBCler  e4s|BDY20 99%6FXE7  026IMPSUS 06EloN17I1 845 035 INTEGRATED THIS MONTH'S SPECIAL OFFERS :
AD142 952 BC!67g g:-;' g;n.sl ::5 g?ﬁg .o:; ::gﬂg 2;: §=:§§§ ::: 3'?2 Bourns model 3600 Knobpots #in.
AD143 ¢-51|BC168 " i i - . ia. is1
AD149  0-50|BC169C 013|BF120 0-5: BFY40  0-40MPSUS6 1-26aN2102  0-31 0-22 C|RCU|TS ‘:{'elm;l;et?o:uano{;}culﬁr; z?at:(usrk'(}
AD161  9-48|BC170  015|BF121  0-25[gFv41  0-4310C26  0-38[oN2217  0-38 0-1§ HESTAC R o nufacturer’s
AD162  e-48/BCI171 0-15|BF123 028|gFys0  €-25{0C28 0-85|oN2218  0-60] 017 000-+price is £5.58 Our price for
AF114  0-25(BC172  0-14[BF125 ::g: BFY51 o::g 0C35 °ﬁ§g‘2N”’°A :_ig 0:2: Fype Pri ONE £4.05
AF115  0-25[BC173  0-20BFt127 o BFY52  0-2310C36 L3 5‘2N2221 i 1-408 Type Price (£) | Type Price (£) Morganite ljin. 20-turn cermet
AF116  025|8C176  022[BF158  0°25|gFYs7  0:32{0C42 0-35[2N2222A  0'S! 055 CA3M6 070 | TAABM 184 | (rimmer 1000, |k, 2k2, 25k (type 80)
AF117  0:20|BC177 0-§: g:}gg :'g BFV% :-;f ogg :4::‘22333‘\ 2':: ;-% Méggggp :-:3 TAAast“’ 52p each DR 0
ﬁ:}]ﬁ :-gg gg;ge g»zz BF161 0:45 g;;so 970 gcm 015 §N2484 0141 0-31] MC1310P 294 | TAD100 142 8 x S in, 15© loudspeakers—ferrite
AF124  0-25(8C179  o-20|8F162  0-45|gLYISA 0 7%O0CT1 0:15[oN2570 018 0 015 MC1327PQ TBA120 068 | magent 52p each
AF125 020(BC1798 021[BF163  045|gpx25 185(0C72  015[oN2646 053 1 0-07] 101 | TBA120S 099 | for lists.
AF126  0-20|gC1s2L 0-11|BF167  025(gpx29  1-60|0C73 051|oN2712  0-12 9-3 012 MC1330P 076 | TBA240A 1:10
AF127  0-20(gCt83  o-11|BF173  025|gpx52  1-90l0C75 0:25[oN2904  0°22 03 0-08 MC1351P 0:75 | TBA480Q 1:24
AF139  0-35|8C183K 0-12[BF177  0-30| gRC4443 0-6010C81 Mg 2N2904A 0»2: 1 0-07] MC1352P 072 | TBA500 199 PLEASE ADD 8% FOR V.A.T
AF147  035/BCteaL  0-13[BF178  0-33|8RY39  0:40|0C81D o&z!' 2N2905 o-jln 205§ 0074 MC1358PQ TBA500Q 2:00 (] AT
AF149 0-45/BC184L. 0-13|BF179 o'gg BR101 0-35|0C139 0:30 2N2905A o:" 0-8! 010 1-85 | TBAS10 1-99 P.&P.: U.K. £0-08 PER ORDER
AF178  0-55/8C186  0-25[BF180  0-35|gswe<4 0-38(0Ci40 0 o 2N2926G 0 071 0-10] MC1496L. 087 | TBAS20Q 272 | OVERSEAS AIR MAIL: AT COST
amm swiscw  cagerwl  dalesxie SRIOCTE vy dipaenn, 41 2l MCSP DS [ TIAE IR | Al items adverised exiock on
2;}:? 2.§. ggg?gL 012 gﬂaa 0-44 gsxm 015 gCP7I 0-43 §=3019 075 28 010} MFC4060A ;BAswo 2:20 magazirye copy date. All prices subject
AF186  0-40|gC213L 0-12(BF184  026|gSxs2  0-52|ON188  2:19|N3e53 021 1-21 0 070 | TBAS540Q 2:21 to availability. Please send S.A
‘AF239  0-40|gC214L 015(BF185  0-26igSY19  ©:52|ON236A 0'65|5N3054  0-55 06 0-06] MFC6040 0-91 | TBAS550Q 329 | for lists.
AF279  0-69|gC238  010[8F194  015|BSY41  0-22{ORP12  0'55|5N3055  0°60 06 0-0T| PA263 1-90 | TBAS560C 271
AL100  140|gC261A 0-28{BF195  015/g5ys54  850|Ro008B  205{oN3133 054 0-435 008! SL414A 191 [ TBAS60CQ
AL102  110|8C262A 0-18|BF196  015|gSyse  0-80|R20108  2:19i5N313¢  0-60) 05 0-09 SL901A 260 2:72
AL103  1-10|gC263B 0-25{BF197  81TinSyes  0-15|TAG3/400154oN3032  1-32 08 0-11] SL917B 380 | TBAS70 117
AL113  0-95|C267  0-18{BF198 0-201gSY78  0:40|TIC44 0:24|5N3235  1-10 2-67] 0-14] SN76003N2-92 | TBAG41 076
AU103  1-40|aC268C 0-14{BF199  0-25|gSY91  0-28[TiCd6  044[aN3o54 028 0-S. 0-05] SN76013N1-95 | TBAG73 1:80
AU110  1-10[gC294  0-27/BF200 0-35,8T101/3001-05| T1IC47 0-58|9N3323  0-48|AC176 @52 N44s8  0-10] SN76013ND TBA700 190
AUN13  1-70(BC300  0-58|BF218 0-35/gT101/500 1-15{ TIC29A 0 4%oN3391A 0-23| AC141K 0-58iN5400 0 172 | TBAT720Q 2-20
BC107  0-12[gC301  0-35|BF222  1-08|gT102/3001-02{TIP30A  0'58[oN3702 0 13| AC142K 0-58diNS401  0-17] SN76023N 1-95 | TBAT50Q 1-54
BC107A 0-13(8C303  0'60|BF224J  0:15/T102/500 192|TIP31A  0'85|5N3703  015/AC187  0-6M|NS402  0-20] SN76033N2:92 | TBAB0O 1-75
BG107B  0-14|BC30%B  0-12|BF240  0-20|gT106  0-99(TIP32A 087|oN3704  ©15|AC188  0-6M|N5403 022} TAA300 146 | TBABI0AS co M p N ENT
8C108  0-12|8C308A 0-18{BF24t 0:20| gU105/02 1-95|TIP33A  0-991oN3705 011|AC187K 0-B1[iNS404  0-25f TAA320 094 ‘75
BG1088 013|8C300 015{BF244  0-18|gUtos  3-25|TIP34A  1-73JoN3706 010/ AC188K 0-81[IN5404  0-27) TAAIS0 §- TBA920Q 3-29
BG108C 014i8C323  0-38[BF254  0-45/gutes  1-93|TIP41A  0-301oN3707  0-13|ACY93K 0-71{iN5406 030} TAA435 0 1-75
BC109  ©013({BC377  0-22(BF255  045|gUzo4  1-98|TIP42A  091|2N3715  2:30| AC194K o-71’m5407 0-34) TAA450 1 TBA920Q 329 CALLlNGTON,
BC109C 0'14/|BC44t 1-10|BF256 0-45| BU205 1-98|TIS43 0:30[2N3724 0-72|AD161 0-95. ZENEHS TAAS50 0 TBA9%0 329
8C113  013|BC461  1-58|BF257  0-49|gU207  3-00|TIS73  1:36|oN3739  118|AD162 095 TaAs70 139 | TBAswo 320 | CORNWALL, PLI7 8PZ
BC114  €-20|BCY33 036|BF258  066/gu208  3:15.ZTX109 0'92/2N3771  1:70(BC142  0-701400mW TAAG611 0 TCA0Q335 | f 4 i
BC115  020/BCY42  0-16(BF259  0°93/BU209  2:55|ZTX300 0-18]2N3772  1:90|BC143  0-7013-33V 012 TAA630Q 3 ZN414 120 elephone: Stoke Climsland
BC116  0-26|BCY 71 0-22|BF262 070|BUY77  2'50{ZTX304 022{2N3773 290 ‘ w TAA630S 3-29 | u6A9951592-52 (05797) 439. Telex: 45457 A/B
BC117  0-20/BCY88  2-42(BF263 6-70lBUY78  2'55|ZTX310 ©0-1012N3790 415 3-68Y 0181 TAA700 3-30 MERCURY CALGTON.

"“"SLO-SYN"’
SYNCHRONOUS
STEPPING MOTOR

Type SS15. These fine motors are easily reversed, starting and sfopping in fess than 5° without electrical or
mechanical braking. Simple relay circuit can be applied to give DC., to winding for a maximum holding torque of
3000z{ In with 35v at 0.35amps through winding. For AC. (synchronous) operation at 120v., 50Hz. Speed 60 rpm at
60Hz., 72 rpm. STEPPING. Holding torque at 60 steps per second—100 oz/in. Can be wired to give 100 or 200 steps.
per revolution with accuracy of 0-1° per step non-cumulative. Torque characteristics can be £1 5

P&P
40p.

~ ULTRA PRECISON
2 - CENTRIFUGAL BLOWER
: ]! by Air Control Ltd.
30 segments individually balanced in
\I/ Bion A G Very, powertul and sioni
cunning. 5¢” dia. 3" inlet dia. Outlet flange 3" X 2;".
Limited number only £8.9
SILVANIA
MAGNETIC SWITCH

modified by simple R.C. circuits. Dimensions: dia. 4", body length 4", spindle length 2{"X
£ dia. Welght 6} Ibs. BRAND NEW in maker's packing. Oftered at less than } maker's price.

OPEN FRAME
shaded pole
GEARED
MOTORS

(Dural  gear case)

240 AC., 28rpm. NEW

HIGH TORQUE, approx.

overall size: 33" X 33" x o

23" +spindie 1" dia. as illustrated. £3. P. & P. 30p.
Simllar to above, 19rpm. £3. P. & P. 30p.

110rpm with pressed steel gear case (similar to above
but slightly smalter). £3. P. & P. 30p.

CARTER ELECTRIC

Slmilar to above with alloy gear case. 60 r.p.m. This
Item is ex-equipment but perfect. £1.95. P & P 30p.

SMITHS RINGER-TIMER
Reliable 15 minute times, spring wound
{concurrent with time setting) 15X 1min
divisions, approximately }" between
divisions. Panel mounting with chrome
bezel 33" dia. £1-40. 15p. P. & P.

FEW ONLY
Fully stabilised **L.abgear” Power Supply Unit. Input
90-240v. 50Hz. Outputs 6v, 6a D.C., and 6v+2v, 100MA.
Hum and ripple at full load—less than 3MV peak to
Stability improvement ratlo for 15% mains
. OQutput impedance 0- ohms.
7. Weight 203lb. £26.00. Carr. & Pkg

50. In manufacturer's carton.

“LABGEAR ELIMINAC"

P.S.U. 200-250v. 40/60Hz. Alternative outputs fully

variable (varlac incorporated). Output 1. 12v at 5a

D.C. fully smoothed. Output 2. 12v at 8a D.C., with

ripple content. Output 3. 20v at 10a A.C. 23" x 2§" flush
20v D.C. mfc meter. In attractive grey hammer finish

case. In maker's carton. £27.50. Carr. & Pkg. £1.50

ELEC TRO- TECH COMPONENTS LTD.

SHADED POLE MAINS MOTOR

A quality shaded pole motor. Open frame. 3" high X
21" x 27. Spindle1” X %". 1,4 20r.p.m. £1.95 P & P 20p.

SOLENOIDS

by WESTOOL

240AC type MM6.
3lb. pull, 23" X1"X
13", Travel 1". 90p
each. P.&P. 10p.

240AC type MM4. 2Ib. pull,
14" %X 13" x1". Travel §" 70p
each. P. & P. 10p. Quantity
discounts; 10-50 10%. 50 up-
wards 25%

MAINS
SOLENOID

This little unit gives

vertical lift of approxi-

mately 17 through

hinged “eibow'’.

Bracket incorporates 2 fixing screws. Length of arm,
21", 240V AC. Pull at coil is approximately 1lb. £1.
FREE P. & P. Special quotes for quantities.

AMPEX 7.5v. DC
MOTOR

An ultra precision tape motor
deslgned for use in the AG20
portable recorder. Torgque
450GM{CM. Stalt load at 500ma.
Draws 60ma on run. 600rpm +
speed adjustment. Internal
AF|RF suppression. {* dia.x 1"
spindle, motor 3" dla.x1}".
Original cost £16.50. OUR
PRICE £3.30. P. & P. 25p. Large
quantities available (special quotations). Mu-metal
enclosure available. 75p each. FREE P. & P.

Now complete with reference magnet!
A magnetically activated switch, vacuum sealed in a glass
envelope. Silver contacts, normally closed. Rated 3amp
at 120v. 1iamp at 240v. Size: {(approx.) 155" longx 1" dia.
Ideal for burglar alarms, security systems etc., and where-
ever non-mechanical switching is required. 10 for £2; P
& P 15p. 50 for £8.80; 100 for £16.50. FREE P.&P. over 10.

NORPLEX

The tamous American fibre-glass copper-clad laminate. Finest qualit:
with woven glass base of Epoxy-resin. Excellent Mech. and Elec.
conductive properties. Heat resistant, Ideal for P.C.'s etc. THIS IS A
SPECIAL PURCHASE AND ONLY AVAILABLE WHILE STOCKS
LAST! Sizes: 12" x 127; 24" X 127; 24" x 24"; FULL SHEET 43" x 37"
(11 sq. ft.). Singie-sided Copper with thickness of 1/32", 3/647, 3/32 .
Also double-sided 1/32", 1/167, 3/32”. £1 per sq. ft. Cut sizes (1-10 5q. ft.)
25p. P. & P. Full Sheet £8 each. Carr. £1 for 1st sheet plus 25p each

additional sheet.

Precislon-built In Germany.
Dynamically balanced mains
unlt (200/240) continuous
rated, reversible 60MA on
run. Size: 5" dia. x 2{"
deep. Back plate is tapped
for 4 fixing screws (sup-
plied). Well under maker's price at £3. P. & P. 20p.
Similar unit to above but 7§" dla. X 3" deep. £4°50.
P. & P. 25p.

ALL PRICES INCLUDE V.A.T.

Whilst we welcome officiai orders from established companies and
Educational Departments, itis no longer practical to invoice goods under

£5. Therefore, please remit cash with orders below thls amount.

315/317, EDGWARE ROAD,
LONDON, w2,
Tel: 01-723 5667 01-402 5580
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Phoenix |

Electronics
(Portsmouth) Ltd

139-141 Havant Road,
Drayton, Portsmouth, Hants PC6 2AA

Full member of AFDEC—the industry’s association of
franchised electronic component distributors.

Our prices include VAT at the current rate—and carriage
on all goods is free.

Send for our catalogue and price list—we‘ll mail that to
you free, too.

, THIS MONTH'S BARGAIN OFFER—
Special transistor kit. 4 each JFETs and
PUJTs. 4 each plastic power NPN and PNP
transistors. plus 4 X 1A/400V bridges—
catalogue value £6.88.

BARGAIN PACK PEP6—£4.90

Please send your catalogue—free!

NAME oo e eea s
AdAress ..o e

Stt

e
e

S

Japanese made. FET + IC.

Length 6% inches.

Do not confuse this mike with
inferior models. Supplied complete
with 2 X 1.3 mercury batteries.
£19.95 only including VAT and
postage. Not licenseable for use in
the UK.

-#MUNIO

129-131 Park Road, London, NW8. Tel: 262 6660.
WW—011 FOR FURTHER DETAILS

STEREO IC DECODER

HIGH PERFORMANCE PHASE LOCKED LOOP
(as in "W .W.* July '72)

MOTOROLA MC1310P EX STOCK DELIVERY
SPECIFICATION
Separation: 40dB 50Hz-15kHz.
1/P level: 560mV rms O/P level: 485mV rmms per channel.
Input impedance : 50k{L. Power tequirements : B-16V at 16mA
Will drive up to 75mA stereo ‘on’ lamp or LED.

Distortion : 0-3%

KIT COMPRISES FIBREGLASS PCB ONLY WHY PAY
(Roller tinned), Resistors, I.C., Capacitors, £3'98 MORE?

Preset Potm. & Comprehensive Instructions post free.

LIGHT EMITTING DIODE RED 29p

Suitable as stereo "on’ indicator for above GREEN 59p

MC1310P only £3:15 plus p.p. 6p

NOTE
As the supplier of the first MC1310P decoder kit, of which we have sold literally thousands,
our customers can benefit from our wide experience.
V.AT.
Please add V.A.T. at 8% to all prices

FI-COMP ELECTRONICS
BURTON ROAD, EGGINTON, DERBY, DE6 6GY

a79

TRANSFORMERS

SAFETY MAINS ISOLATING TRANSFORMERS
Prl 120/240V  Sec 120/240V Centre Tapped & Scresned
YA Welght Size cm., P&P
{Watts) b oz
20 1 8

P
30
36
52
52
67
82

21-6x15-:3x 181
23-5x17-8X19-7 76
35-0Xx20-4%29-3 135-89 .
AUTO TRANSFORMERS
Welght Size cm. Auto Taps

th oz

1 58x 51X 45 0-115-210-240
70x 67 x61 0-115-210-240
89x 71:Ix 17 0-115-200-220-240
9-9x 96X 86

124 x11-2x10-2

HBSSmaan=
sRgguaste

21-6Xx13-4Xx 181 " "

CASED AUTO TRANSFORMERS X

115V _500VA cased transformer, with mains lead and two 115V outlet sockets, £9-49.
P &P 67p. A 20 Watt version. £202, P & P 22p.

LOW VOLTAGE TRANSFORMERS
PRIMARY 200-250 VOLTS 12 AND/OR 24 VOLT RANGE
,bz/.ight Size cm. Secondary Windings
vz
0-12V at 0-25A X2

-
Sada

0-12V at 5Ax2
0-12V at 5SA X2
0-12V at BA X2
0-12V at 10A X2
0-12V at 15A X2
0-12V at 30A X2
30 VOLT RANGE
Secondary Taps

0-12,15-20-24-30V

-
BOO RN -
=
RN ARONN &G
N2oooddan
XX XX XXX XX
SR@ OO
-
Booguavupnas
SRBR2RERLBER

Wt
R
ow®

[+

ROONRADSALLN

-
Soenasnuna,

e N
Y- Y-Y-¥-¥L ]
13-4 3-3-F =4

-
-
-

50 VOLT RANGE
Size cm. Secondary Taps

0-19-25-33-40-50V

>
3
B

70x 6-4x 61

8:3x 74x 70

9:9x 89x 86

9-9x10-2x 86 o

121 x10-5Xx10-2 o
8
8
0

14-0x10-2x11-
14:0%12:7x11-
17-2Xx12-7x 14 » "
ht Sizecm. 60 VOLT RANGE

70 67x 61 0-24-30-40-48-60V
89x 17x 77
99x 96X 86
121X 9-9%10-2
12:1%11-8x10-2
14-0x10-2Xx11-8
14-0x12:1x11-8
14-0Xx14-7x118
172X12-7x14:0
17:2x14:0x14-0 " "
MINIATURE TRANSFORMERS WITH SCREENS
Welght Sizecm. VOLTS
ib oz
200 2 3-0-3
1A 1A 1 4 a - g 0-6 0-6
100 % '9-0-9°
0-9. 0-9
0-8-9, 0-8-9
0-8-9, 0-8-9
0-15, 0-15
0-20, 0-20
20-12-0-12-20
0-15-20, 0-15-20
R 0-15-27, 0-15-27
89XT-TXT7 0-15-27, 0-15-27
BATTERY CHARGER TYPES
PRIMARY 200-250 VOLT (Secondary 2V, §V, 12V)
Ref. A /Vz’e/ghl Size cm.
O,

7-0x 61x 61
89X 7Ix 77 Please note, these
9-9% 96X 86 units do not in-
99%10-2X 86 clude rectifiers

12 0 14-0x10-2x11-8
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330, 330
500, 500
1A 1A
300, 300
700(0D.C.)
1A, 1A

W=
- -
raRwaanSas
0D o kit b G NI ot et
_,a ST URD NG NG A
aeehIABHANIE

1A, 1A

*Carriage via B.R.S.
Also stocked: SEMICONDUCTORS e VALVES
AVOMETERS @ ELECTROSIL RESISTORS

PLEASE ADD 89, FOR V.A.T. including P. & P.

BARRIE electronics

3, THE MINORIES, LONDON EC3N 1BJ
TELEPHONE: 01-488 3316/8

NEAREST TUBE STATIONS . ALDGATE & LIVERPOOL ST.
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R.S.T. VALVE MAIL ORDER CO. fskwstlal EiWelliilnt, R ST
Tel: 01-677 2424
- 2 - . I.OIIdOII, sw.s zns Telex: 946708 b t L
VALVES ECF82 040 | EFYS 075 | EZ80 028 | OA2 040 | PD300 1-30 | PYS2 0-85 | UCH42 0-75 | 384  0-40 | 6BW7 090 | 6V6GT 0-50 | 50015 1-05 | 807 080
ECH35 1-25 | EFI183 030 | Ezs1 0-29 | OB2 040 | PEN45DD | PY83 0-38 | UCHA1 0-40 | 3V4  0-70 {6C4  0-35 | 6X4 0-40 [30C17 110 |s0s0 225
AZ31 055 | DYB02 0-37 | ECH42 1-00 | EF184 035 | pyoq .40 | OZ¢ 045 0751 PY500 100 | UCL82 0-35 | 5R4GY 0-80 | 6CD6G 1-30 | 6X5GT 0-45 | 30C18 0-80 | 6146 200
AZ4l 060 | EABCSO ECHS810-30 | EH90 055 [ o 0 o 00| PCR6  0-80 | PFL2000-85 | PY801 0-50 | UCLS3 070 | 5U4G 040 [6CH6 140 | 7B6  0-75 [30F5 110 | TUBES
CBL31 1-00 0-38 | ECH83 0456 | EL33 175 0 PCBS 060 [ PL36 063 | BP41 800 [ UF41 0-75 |5V4G 0-50 | ARE5  1-00 | 7B7  0-70 | 30FL1 0-80 | 2AP1 400
CL33 1-50 | EAF42 0-75 | ECHS84 0-45 | EL34 0-60 | GZ30 0-45| PCy00 0-48 | PL38 1-25| 8P61 0-75 | UF89 0-40 | 5Y3GT 0-45 | 6F23 1.05|7C5  1-30 | 30FL14 0 3BPI  3-50
CY3L 050 | EAF8010-50 | ECL~v 0-55 | EL47 250 | GZ32 050 ( POC84 040 | PL81 050 | T41  1.00 | UL41 085 | 574G  0-45 | 615G; 045|706  0-75 | 30L15 1-05 | 3DP1A 350
DAF91 0-30 | EBCs3 1.00 | ECL82 035 | EL41 090 | gzss 0.5 | PCC89 0-50 | PL82 045 | U25  0-85 | ULs4 0-43 | A/anl2 0-90 | 6J5GT 045 | 7H7  0-70 | 30L17 085 | 3EG1 10-00
DAFY6 0-50 [ EBC41 0-75 [ ECL8G 040 | EL42 090 | ges™ .o | PCC1890-60 | PL83 045 | U26  0-85 | UY4l 048 | 6AL5 0-25 [ 6J7GT 045|787 225 | 30P12 1-05 | 3FP7 186
DCCY0 1-35 | EBC8! 0-33 | ECLLS00 EL8 028 o o PCF80 040 | ppg: o40 | U191 0-75 ( UYS5 040 | 64Q5 045 | 6GK6GT 075 | 7v¥4  0-75 | 30P18 1-00 | 36P1 350
DF91  0-30 | EBFS0 0-40 3-20 | EL91 050 90 | ECF88 080 [ p) 500 g.gg | U404 070 | vP4B 1.25 | 6A87 0-85 | 6K7GT 0-35 | 12AC6 0-70 [ 30PL1 0-95 | 3BP1  4-00
DF9 050 | EBF83 0-40 | EF374 1-20 | EL85 040 070 | PCF8010-50 PLsos 080 | UBOL 080 | VR75/30 GAT6 045 | 6K8GT 0-50 | 12AD6 0-85 | 30PLI3 120 | 5CP1  5-00
DK91 045 | EBF8g 032 | EF39 120 | EL360 1-25 | HN309 1.50 | PCF8020-50 UABCS80 048 | 6AUG 030 | 6P25 175 | 12AE6 0-65 | 30PL14 1-25 [ 5FP7  3-00
DK92 0-70 | EBL31 150 [ EF41 0-65 | ELL80 1-25 | KT61 175 | PCFens0-90 | PL508 0-80 0-40 | VR1056/30 | 6AV6 045 | 617GT 0-50 | 12AT6 040 | 45L6GTO0-75 | 88D 10-00
DK96 080 [ ECC40 100 | EF52 125 | EMS0 0-45 [ KTos 250 | PCF8060-75 | PL50S 156 | wars2 0-75 040 [ 6BA6 028 | 63G7M 045 | 12AT7 040 | 35W4 0-50 | CV429 22-00
DLy2 0-40 | ECOSL 040 [ EFR0  0-25 [ EM8L 0-60 | KT81 (7C5) | PCFuR0-90 | PL801 1-00 | 110y, .75 | VR150/30 | 6BE6  0-35 | 68J7GT0-30 | 12AU6 0-45 [ 3523  0-75 | CV960 8-00
DLos 0.48 | ECCS2 0:33 | EFs5 035 | EM84 035 130 [ PCL82 035 [ PL802 095 | ycfin .75 040 | 6BH6 0-75 | 6BLIGTO048 | 12AU7 0-33 | 5524GT0-70 | DG7-5 8-00
1 ECC83 0-33 | EF85  0-30 | EY5L 040 | KT8x 2:90 | PUL~3 0-88 | PY32 083 | o0 00| ¥63 150 | 6BJ6  0-55 | 68N7GT 12AX7 0-33 [50C5 060 | DGT-610.00
DL96  0-55 | goces 0-40 | KF89 028 | EYS6 040 | KTW611-00 | PCL84 045 | PY33 0-63 0440 | 1p5 045 |6BQTA 055 0-48 | 12BA6 045 | 50CD6G VCR1388-00
DM70 0- KCC88 0-40 { EF9L 037 | EZ40 0-75 | KTW621-00 [ PCL85 0-80 | PY=1/800 UBF89 040 | 185 030 | 6BR7 100 | 6U4GT 0-75 | 12BE6 0-50 1-20 | VCR139A
DY8i/7038 | ECF80 035 | EF92 050 | EZ41 075) N8 275 | PCL86 045 050 | UCcss 0-45 | 1T4  0-30 | 6BW6 090 | 6Usc 075 | 12BH7 050 | 80 0-80 8-00
TRANSISTORS 2N3709 010 | AF116 0-25 | BF195 013 | CR33-40 GJTM 050 | NKTI28 NKT403 0495 0-07| OC26 040 | OC7T1 0-15 | OC84 0-30 | ORP6O 0-45
2N3710 0-11 | AF117 0-20 | BP196 0-15 055 | KB10040-20 0-45 070 [ 0A200 0-08 | 628 070 [ OCT2 025 | OC123 110 | ORP6L 0-48
IN21 017 | 2N708 0-15 | 2N3711 0-11 | AF139 0-33 | BF197 015 | C810B 3-50 | MATI01 NKT211 NKT404 0A202 010 [ 0C29 085 | OC7T3  0-50 | OCI39 040 | 8X640 0-75
IN23 035 | 2N1302 0'18 | 2N3BIS 035 | AFZ12 1-50 | BFas1 025 | CVI02 025 0-25 025 0-60 | 0A210 0-20 | OC30 0-40 [ OC74 0-30 | 0140 0-85 | SXA42 0-680
IN4001 0-08 | 21303 018 | 2N4286 0 15 | BC107 0-12 | BF398 025 | CVIu3 0-18 | MATIZ0 NKT213 NKT7130-30 | OA211 0-35 | OC35 0-55 [ OC75 030 | 0C141 0-80 | 8X648 0-75
IN4002 0-07 | 2N1304 0-22 | 2N4289 015 | BC108 012 | BFY50 020 | CV253 100 0-20 025 | 045  0-60 | 0AZ2020-45 | 0036 0-85 | 0C76 030 [ 0Ci69 0-20 | z821 0-30
IN4003 0-08. | 2N1:15 0-22 | ACL26 025 | BC109 012 | BFY5L 0-20 | CV2154 2-00 | MATI1Z2L NKT2140-24 [ OA6  0-12 | OAZ2100-40 | OC41 0-85 | OC77 055 [ OC170 0-25 | 2822 ¢-29
1N4004 0-08 | 2N1306 028 | ACI27 0-25 [ BC115 0-20 | BFY52 0-20 | CV2155 2-00 0-25 | NKT216 OA7 020 | OAZ2110-40 [ OC42 0-40 | OC78 025 | OC171 0-30 | Z3170 0-10
IN4006 012 | 2N1307 028 | ACI28 020 [ BCLI6 020 | BTY79/ CV71083-50 | MJE3700-68 040 [ OA9 020 [ 0AZ2420-15 [ OC48 0-70 [ OC7SD 0-25 | OC200 055 | ZS178 0-40
18111 025 | 2N2147 0-75 | ACI76 025 | BCI17 021 100F. 0-75 | CV71093-50 | MJE5200-65 | NKT217 OA10 0-40 | OAZ244025 | 0C44  0-18 | OC79  0-30 [ 00201 0-80 | Zsg71 0-18
18131 0-13 | 2N2218 0-23 | ACI187 0-20 | BC169 014 | BY100 0-15 | DD000 0-15 | MJE2955 ‘45 [ 0A47 008 | 0AZ2460-15 | OC44M 0-17 [ OC81  0-28 [ 0C202 090 | ZT21 ¢-25
18132 0-13 | 2N2444 199 | ACI188 0-20 | BCY34 045 | BY126 014 | DDuos 0-25 110 | NKT218 0A70 0-10 | OCI6  1-00 | 045 0-18 | OCXID 0-28 | 0203 055 | ZTX 107012
2G220 0-63 | 2N2646 0-50 | ACY17 0-35 | BDI21 1o | BY127 015 | GET1020-50 | MIE3055 ‘13 | OA71 0-20 | OCI6T 1.00 | OC45M 0-18 | OCBIM 0-20 | OC204 0-85 | ZTX 1080 10
2G301 040 | 2N2926 0-10 | AD140 0-50 | BD123 100 | BZY88 GET1030-40 75 | NKT301 0AT9 010 | OCI19 0-50 | OC46 0-27 | OC8B1DM 0C205 100 | ZTX3000-14
20302 040 | 2N3702 0-11 | AD149 0-50 | BF116 0-22 | Series 0-10 | GET1160-85 | MPF102 085 [ 0A81 010 | OC20 2:00 | OC57 0-60 0-18 | OC208 110 | ZTX 304025
2N6Y6 0-15 | 2N37030-12 | AD161 0-39 | BF173 0-28 | CR81/05 GHT8750-40 0-40 | NKT304 OAH5 0-15{0C22 100 | OC58 060 | OC81Z 0-45 | 0C207 1-00 | ZTX5000-15
2NG97 018 | 2Nw7u4 014 | AD162 0-39 | BF180 035 : GEX66 125 | MPF1030-36 75 { 0A86 0-15 | 0C23 125 | OC69 0-60 | OC82 0-28 | OCP70 0-50 | ZTX5030 -16
aN7U6 0-10 | 2Nu705 0-15 | AF114 025 | BF181 035 | CuS1-40 GEX541 MPF104 NKT401 0A% 0:07]0C2¢ 110 |0C66 0-50 | 0C82D 0-25 | OCP71 1-00 | ZTX5310 25
2N7U640-12 | 2N3707 018 | AF115 0-25 | BF194 013 -45 075 0-35 075 | 0491 0-07 | 0C25 0-40 | OC70  0-18 | OC83  0-25 | ORPI2 0-55
i 573 12E1 815 5726/ 6923 cves CV404 CV2325 CV4043 E180F GXU2 ME1403 8108/45
Industrial Valves | 357, 12E14 828 BALSW | 6939 cv3l CV4l5 CV2361 cvioda | Eislce | exus MEL04 | $S15018
1B3GT 3B28 13D1 8298 5727 CV4s CV416 CV2466 CV4046 E182CC GXU4 ME1500 Q8150/30
1B24 3B29 6AF4A 13E1 830B 2D21W | 7193 Cv53 Cv4l7 CV2516 V4048 E186F GXU50 ME1501 Q8150/36
1B35A 3022 6AKS 28D7 860 5749 7203 cv73 CV428 CV2519 CV4053 E188CC Q8150/40
1BB3A 3C23 6AM5 2901 8656 5750 7360 cv74 CV434 CV2520 CV4056 EA50 KT66 042 Q8150/45
1N21 3C24/24G | 6AMS 53KU 8664 5751 7586 CVB5 CV447 CV2522 CV4059 EA52 KT67 043 Q8150/80
1N21B 3C45 6ANS 7581 866K 5802 cv118 CVi49 cver2l CV4060 EAT76 KT88 Q81200
1N23B 3CX100A5 | 6ANS 75C1 827A 5814 8013 cvigl CV466 CV2901 CV4062 ECC35 044G Q81202
IN23CR 3E29 6ARS 8341 881R 5823 80254 CV124 CV469 CV3523 CV4063 ECF804 M8078 Q81203
1X24 3J/121E 6AB6 8541 801R 5840 Ccvi128 Cv488 CV3929 CV4084 EF50 M8080 0B2 Q81205
1X2B 33/1608 6AU4GTA | 8542 5963 9001 cv13l CV491 CV3986 CV4079 EF54 M308] 0B3 QU37
3J/170E 6AUSGT | 90AG 954 5965 9002 CV132 CV492 CV 3988 CV4501 EF55 MB082 oD3 QV03-12
243 3Q/150E 6AU6 90AV 955 9003 CV133 CV493 CV39yl CVi502 EF804 M5083 0G3 QV04-7
24815 3Q/195E | 6AVSGTA | 90C1 956 6005/ 9004 CV135 cv717 CV3998 CV4503 EFP60 M8091 0z4 QVU5-25
2C264 GAWSA 900G 957 6AQ5W | 9005 CV136 Cv808 CV4001 CVd504 ELS1 M8096 0Z4A QV06.-20
2034 BAX5GT | g0CV 6021 9006 cv137 cv1072 CV4002 CV4507 EN30 MB8097 QY3-1254
20394 3 6B4G 95A1 1625 6057 CV138 CV1076 CV4003 CV4508 EN31 M8098 0T13 QY4-150A
2C43 4v/380B | 6BABA 100TH 6058 132014 CV140 CV1092 CV4004 CV5060 EN32 ME100 QY4-4004
2p21 6BK4 150B2 2050 6059 CV1d4 V1218 CV41005 CV6004 ENO1 MB8136 Q42400
2D21W 4-1254 SBK7A 150B3 2050W 6060 A1834 CV160 CV1343 CV4006 CV6008 ESU74 MB8137 QA2403 k10
2E26 4-250A 6BL7GTA | 150C1 2051 6061 A2087 CV173 CV1475 CV4007 CV6045 ESU76 MB140 QA2404 R17
2731 4-4004 6BN6 150C2 6062 A2134 Cv187 CV1476 CV4008 DA30 E8U7T M8141 QA2406 k18
2433 4832 6BR7 150C3 4003A 6063 A2298 CV188 CV1477 CV4009 DA41 F6057 Mal42 QA2407 N11E12
2450 4C35 6B87 150C4 4212D or E | 6064 A2426 CV190 CVI1478 CV4010 DA42 g M&144 QB3/300 8130
2454 4CX250B | 6BX7GT | 250TH 42424 6065 A2621 CV220 CV1794 Cv4011 DA130 Fovts M8149 QB3-5-750 | ga0p
24664 1E27 6BZ6 328 4313C 6067 A2900 CV261 CV1480 CVi012 DET22 ¥6063 M8157 QB4-1100 | gpyege/40
2K25 4750 6CB6 329 4328A 6072 ACT6 Cv273 CV1481 CV4013 Xy M8161 QF41 STV280/80
2K 26 4152 6CH6 631-P1 4687 6073 ACT9 CV284 CV1482 CVa0l4 E55L EXors MB162 QF45 U
2K28 4J52A 6CL6 5544 6074 CV286 Cv1787 CV4015 ES80CC Exga7 MB163 QQVo2-6 8U12
2K 45 4758 60W4 7054 5545 6080 BIC 1E Ccves? CV1832 CV4016 ESOFC M8167 QQUV03-10
2X2A 4X150A 6DK6 7154 6097C BSS0 CV315 CV1833 CV4017 E80F G1/371K M8179 QQV03-20 | TD03-10
4X150D 6DQ6B 716B 5642 6130 B8156 Cv32g9 CV1835 Cv4018 ES0L G120/1B | M8190 QQV03-20 | TTI16
3A/1074 4X260B 6EA8 723A/B 5644 6136 BT5 Cv337 CV1994 CV4019 E80T G150/2B | M8196 QQV03-204 | TT21
3A/108A 6F33 7254 5651 618y BT35 CV342 CV2000 CV4020 EBICC Glgo/2M | M8204 QQV04-15 | TTR3IMR
3A/108B 5B/261M | 6H6(metal) 5670 6197 BT45 CV345 CV2131 CV4022 ESIL G240 2D | M8212 QQV06-40 | TZ40
3A/109B 5B/252M | 6K7GT 801 5672 201 BT79 CV354 CV2154 CV34023 E82CC G400/1K | MB214 QUV06-40A "
FA/1104 5B/264M | 6UBA 803 5675 6202 BTS3 CV359 CV2155 CV4024 E83CO GN4 M8223 Q870/20 L
3A/110B 5B/255M | 6V6GT 805 5687 6203 CV360 CV2160 CV1025 E83F GT1C M8224 Q875/20 u19
3A7146J 5R/256M 807 5696 6205 ci1c Cv371 Cv2179 Cv4028 F88CC GTR120W | M8225 Q875/40 L
3A/167M 5B8/267M | 11E3 808 5702 6360 CIK Ccv3r2 CV2235 CV4033 E90CC GTR150MS | M8232 Q875/60 VL8631
A6 5022 11E13 811 5718 6442 CAA322 Cv378 Ccv2237 CV4035 ESOL GU18 M8237 Q883/3
3B/240M 5021 12AY7 811A 5719 6463 CVs CV391 Cv2238 Cv4038 ES1H GU20/21 | MR245 Q892/10 Z300T
3B/241M 5R4GY 12B4A 8124 5725/ 6560 Cv25 CV395 Cv2253 CV4039 E92CC GU50 ME1400 Q895/10 7759
3R24 5U4GB 12BY74 813 6A86W | 6807 CV26 CV397 CV2289 CV4040 E180CC GXU1 ME1401 Q8105/45 | Z803U
1 ircui 7410 .. 0-20 7437 0-45 476 . 0-45 74107 051 74157 1-09
TR | M DR dmc o CobE | Do A 0 oep|oam oo
X 412 . 0-28 7440 - g2 . - - - . -
o o280 | 7a13 030 | 7441AN 0-85 7483 | 126 74118 o100 | 74176 o 1as LOW PROFILE
7403 0-20 7416 . 0-30 7442 0-85 7484 1-00 74119 192 74176 . l4d4 SOCKETS
7404 0-20 7417 | 030 7450 0-20 7486 1-50 74121 057 74190 o230 14 pin DIL, 15p.
7405 0-80 7420 . 0-20 7451 0-20 7490 075 74122 080 74191 .. 230 16 pin, DIL, 175.
7406 040 | 7422 . 0-28 7453 0-20 7491 AN 1-10 74123 1-44 74182 .. 230 ; 1
7407 0-40 7423 . 0-40 7454 0-20 7492 . 0-78 74141 1-00 74193 ..o 230 Stockists of English
7408 025 7425 . 0-37 7460 0-20 7493 . 075 74145 1-44 74184 . 172 Electric, Ferranti,
7409 0-33 7427 . 0-37 7470 0-33 7494 . 0-85 74150 2:30 74195 o144 M.O. Valve Co.,
7428 . 0-43 7472 0-38 7495 . 0-85 74151 1-15 74196 .. 188 Mullard, S.T.C
7430 . 0-20 7473 0-44 7496 . 1:00 74154 2:30 74197 .. 188 ey
7432 . 037 I L L. 048 7497 .. .. 432 74155 .. 118 74198 .. 318
7433 .. .. 04y 476 .. .. 059 74100 L2186 74156 .. 115 74199 288
FROM ST APRIL ALLORDERS SUBJECT TO V.A.T_AT APPLICABLE RATE. THIS MUST BE ADDED TO TOTAL ORDER PRICE INCLUDING POSTAGE. .
Terms of Business: Mon. to Sat. Open to callers 9 a.m. to 5 p.m. Closed Sat. | p.m. to 3 p.m. Express postage 5p. for one valve; |p each additional valve.
Express postage: 3p for one transistor, and Ip for each additional. Over 10 post free. All orders over £5 post free. Valves tested and released to A.R.B.
specification if required. (Full valve availability list on request, S.A.E.) Prices correct when going to press.
PORTABLE SOLID STATE ELECTRONIC LOGIC PROBE AUTOMATIC
. INVERTER ‘ TRANSISTOR CHECKER
Provides 220/240 volts a.c. from 12/24 volt batter (sq. wave). )
) — . >
Incarporates: Thermal cut-out switch, Neon indicator light. Battery T AN £6.45 ,, gl lee
re-charge circuit on JM1216 and JM2430. 1 year guarantee. [ prmam £14.95
. [ \ + VAT i ;;. » -
.
INPUT OUTPUT MODEL PRICE i - + VAT
gv ;(5)8 watts jm: g;g ggggé * For use on TTL or any 5V o
24" e watts s e system. * Checks PNP/NPN, silicon or ger-
24" 680 wags JM2468 Egg.go manium, power or small signal.
v watts . L . . )
o : . : * Distinguishes logic 0. logic 1. * Very fast operation.
All prices include VAT, and carriage via Securicor. and open circuit. o
* LED go/no-go indication.
Applications for use in caravan, tent, home: A/C lighting, TV, Radio, * Audible jndicator. % Fully automatic.
Hi-fi, drills, bair dryer? e(ljectnc plgnketsi central heating pumps, etc. . Nod ' ' ) * Checks gain and leakage.
rade enquiries welcome. o distracting meter oriampsetc. . .
_ 9 : * Canbe used toidentify PNP/NPN.
Send for details to: .
J. LA M PITI' & co (ENG'N EERS) * Self contained power source. * Battery operated.
rther details contact:
82 Bath Street. Walsall WS1 3DE P
Tel; 22589 THAMES ELECTRONICS 77-83 Westdale Rd. London SE18 380 01-317 8885

WW-—038 FOR FURTHER DETAILS WW—043 FOR FURTHER DETAILS
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TO-DAY'S BEST VALUES IN QUALITY
F::’I’IREYNT(::)I:::ET:iCK Double wipers for good TH‘E BEST 100 TRANSISTO Rs ‘s’é&'g('rssAND koS
Cotact ard long working e L D T e, {4
P.20 SINGLE finear 1000hms 1o 2-2megohms ea. 14p 2N1307 a7p AFZOOU 70p BD135 37p e enewiteled (Not GPO) S3/5SS 17
P.20 SINGLE iog. 4-7Kohms to 2-2megohms ea. 14p 2N2646 51p AF239 60p BD136 39p 3 Cireuit with 3 break contacts S3/BBB 20p
JP.20 DUAL GANG lin. 4 7Kohms to 2-2megohms ea. 48p 2N3053 26p B1906 36p BDY20 83p 2 cu: it with chrome nut and black/white/red/green or re
JP.20 DUAL GANG log. 4-7Kohms to 2-2megohms  ea. 48p 2N3054 60p BA138 31p BF194 15p e o SB/S8 g Jop
Jp. 2|o DUAL GANG Log/antilog 10K. 22K."47K. 1 megohm 2N3055 88103 24p BFR3 23 2 Break contacts S5/BB Op
on a. 48p 2N3702 11 BB105 BFR79
JP. 20 DUAL GANG antilog 10K only asp IN3703 10: BB109 ?gg BFX29 333: Miniature 3.5mm 2 circuft. (black} 2 break contacts S6/BB  9p
2A DP mains switch for any of above 14p extra. 2N3704 11p BC107A 15p BFX84 27p
Decades of 10. 22 and 47 only available in ranges above. 2N3705 10p BC107B 15p BFY51 23p
Skeleton Carbon Presets Type PR. horizontal or vertical 2N3794 18p BC1088 14p BRY39 asp PLUGS J 1 5
6p each. 2N3819 25p BC108C 14p BY164 51p Zcitctitfsergeneditoplentry ﬁ
INA062 11p BC109B 18p C106B1 a2p side entry SEP o 20p
SLIDER 2N4443 83p BC109C 18p C106D1 62p Line socket mono o, A5,
NEW STEREO SLIDERS 2N5062 42p BC147A 12p C1406 78p Line socket stereo ; = P
Matched tracks. Type PGE8ST. Lin of log 2N5163 20p BC147B 13p MJ481 £1.20 3 circuit unscreened. black/grey/white o p - :Gp
from 47K to 1 meg 60p 2N5459 32p BC148B 12p MJ491 £1.35 2 circuit, unscreened. blac 3whne/red/l“:lac ‘green/grey 58p
Linear or fog. 4-7K to 1 meg. in all popuiar values ea 30;: 40361 48p BC149C 14p MJ2955 80p 3.3"“'“ scée;,":,mp entry]R 535:
Escutcheon plates, black. white or/hghlg 10p 40362 44p BC158B 15p MJE371 89p :m:':‘";rf;' 3 6o 2 circuit screened P5 13p
Control knobs. bik/wht/ed/yet/arn/blue/dk. arey/it grey ea 7p :82%% 514632 58‘1' ggs :;: mjggg;s t.ﬁ.}g Miniature 3-5mm 2 circuit unscreened various colours P6 10p
40669 £1-10 BC168B 12p MJE3055
AC128 17p BC169B 12p 0A9 6p
; AC161R 23p BC169C 13p SD4 8p INSULATED SCREW TERMINALS
CAPACITORS AC153 27p BC179B 26p TIP31A 70p In moulded polypropylene, with nickel plate on brass.
POLYESTER C.280 AC153K 37p Bg:g%ll: gsp TII;BZ: 80p With insulating s/et washe}rs :}b and r;uts 15A/2T50V
2: B TIP41 80p i bl d/yells ! hit
Radjal leads for P.C.B. mounting. Working voltage 250V d.c. :g};g.( 3;; BC212L 12: TIPA2A £1-00 1"1P.1 S Rt e ea. 1\'2;
ggéaogﬁo%gn 0033, 0:047 ea-g: AC187K 31p BC214L 14p W02 30p
BC257A 1 ZTX3
022, 5p; 0-33. 7p: 0-47. 8p: 0-68. 11p: 1-0. 14p: 1.5, 21p: ACIBEK  ofa5 BCases 12 g ;;‘; D'N CONN.ECTORS 10p Plug 12p
22, 24p AD126 £1.11 BC758 30p ZTX500 14p 3.,.,., audio Socket 10p Plug 12p
:B}g? 2?’ Sg}g? 222 ZTX504 45p Socket 12p Plug 15p
TANTALUM BEAD P i Socket 12p Plug 15p
0-1.0-22, 0-47, 1-0 mF/35V. 1.5/20V ea. 14p AD1;2UNDR4OpEDs BMDB!;E N EZAPTALOGUE . 6 way audio Socket 13p Plug 15p
2.2/16V, 2-2/35V. 4-7/16V. 10/6:3V ea. 1
4.7/35V. 10/16V. 22/6-:3V ea .1;'; S-DEC
10/25V. 22/16V, 47/6-:3V. 100/3V, 6-8/25V. 15/25V ea. 20p Unsurpassed for ‘breadboard work™ can be used indefinitely
without deterioration. Components just push into plug holes
POLYCARBONATE RESISTORS and.connect automatcally, Slot for control panet. 70 holes £1-98
Type B32540 Working Voltage—250V Code Watts Ohms 1t9 101099 100 T-DEC
X%‘{%s in mF: 0-0047: 0-0068: 0 0082 01 0 012 (see note below)up For more advanced work with 208 contacts in38 rows. Willtake
0018 0 022 0.027: 0.033: 0.039: 0.047. 0-056: 0 068 E 1/:2’ a ; 470K 13 11 0-9 nett one 16 lead carrier. £3-63. (Carriers supplied separately.)
0.082" 172 47-10M 13 11 0.9 nett
TEOL e g oamer i I tge | COVERS & MEATSINKS
-7- 5 E et :
Workmg voitage 100V d.c MO 12 10-1M 4 33 23 n:n 'rg:;' Vﬁ!ﬁifs}';fé‘w'g? clip-on 70
0.1,0.12:0.164p: 0.18 5p: 0.22 6p wwoo1 022-390 11 10 8 HEATSINK
0.277p:0.338p: 0.39:0.47 9p wwo 3 1-10K 9 8 6 Type 6WI Extruded aluminium 1° C’W. undrilied 60p
0.56 12p: 0.68 13p c.,m” % 1-10K 1 10 8 drilled 2 X TO3 78p
LB
SILVERED MICA € — carbon fitm. high stability, low noise. ANTEX soldering irons
Working voitage 500V d.c. MO = metal oxide. Electrosil TR5, ultra low noise. CN340 £1.95  Spare bits 32p
Values in pFs—2- 2 to 820 in 32 stag a. 6p WW = wire wound. Plessey. CCN240 £2.30 Spare bits 40p
1000. 1500 7p: 1800 8p; 2200 10p 2700 3600 12p Values: All E12 except C {W. C 3W. and MO 3
4700. 5000 15(1 6800 20p: 8200. 10.000 25p E12:d1r?._ 1d2. 1d5, 18, 22. 27. 33. 38. 47 56 68 82 s DE D
and their decades.
CERAMIC DISC E24: as E12 plus 11, 13. 16, 20. 24. 30. 36, 43. 51. GDﬁEsm?L RBRAI 66p
1000pF/500. 2000/500. 5000/500. 0-01mF/50. 0-02mF/50 B,
0-1mF/3—gach 2p: 0-05mF/50V—3p Sy 1
5% except WW 10% + 0-05Q below 10Q and MO 3W 2%, WAVECHANGE SWITCHES
Pricas are in pence each for quantities of the same 1 pole 12 *2 pole 6
CERAMIC PLATE ohmic value and power rating. NOT mixed values. A Y o e S way each 29
In a range of 26 values from 22 to 6800pF/50V d.c. (Ignore fractions of ome penny on total value of Tig ngp‘é'g BO W 11‘,
each 2p resistor order.) Prices for 100 up in units of 100 only. way P
II\Ill.lTS’,K?ocREWS, ETC.
n lots o eacl
ZENER DIODES Y I 4BA NUTS 28p: 6BA NUTS 28
Full range E24 values: 400mW: 2-7V to 36V. 14p each; Exlu;lELeCTROL lc CAPACITORS %”48 Screwsgs 3" 6BA Screws 24:
tW: 6-8V 10 82V, 21p each; 1.5W: 4.7V to 75V, 67p each hreaded |I|ars GBA “ hexagonal £1-68
20W 7-5V to 75V 94p. Clip to increase 1.5W rating to gwans g_F47 37\/ EBV LOV 1§V 25V B0V 62\; 1080;:\/ Piain spac‘;rs 3" round2 S £1-12
(type 266F). 5p. 1.0 11p 8p Other sizes availabie
20W 7.5V to 75V 69p each 2.2 11p 8p 9
4.7 11p 8 9 8
VEROBOARD p 9p p
Copper ciad 0-1 matrix—2.5 X 375 ins. 27p: 3-75 X 3-75 ;g 8p gp gp gp 1gp FGN‘G@OEIZ.Z gOPPER W|RE "‘ 2 ou:%csewr(;e%:
ins.—30p; 25 X 5 ins.—30p: 3.75 X 5 ins.—33p. Copper a7 8p 9p 8p 8: 8: 10: 13" 32 34 46p 36, 38. 40 5p
clad 0-16 in. matrix 2.5 X 3-76ins.—20p:3-75 X 3-75ins.— 106 9p 8p 8 8p 9p 10p 12p 195 .
30p:2-5 X 5ins.—30p: 3-75 X 5 ins.—36p. 22G 8p B8p 9p 10p 10p 11p 17p 28p
Vero spot face cutter {any matrix) 43p. 470 9p 10p 10p 11p 13p 17p 24p 4Sp
0-040 pins (for 0-1 matrix) per 100—35p. 1000 11p 13p 13p 17p 20p 25p 41 MAGNETO _ RESISTORS @  FERRITES @
0-052 pins (for 0-15 matrix} per 100—35p 2200  1sp 186 23p 26p 370 41p ' e R TR ST S Tl L
Cs
MINITRON DIGITAL INDICATORS ohoos Pobfaor 396l fivesee =
3015F Seven segment filament. compatible with standard
logic modules. 0-9 and decimal point: 9mm characters in
16 tead DIL £120 ALUMINIUM BOXES YOU NEED CAT SEVEN
Suitable BCD decoder driver 7447 £1-15 5 sided + lid {or base) Second printing (green and yellow covers) of Electrovalue
3015G showing + or — & 1 & dec. pt £1.20 23" X 5{-" X 13" high. 4" X 4" X 14" high. 4" X 23" X 13" Catalogue 7— 112 pages—thousands of items-—components.
. h:g 4 Zi” X 2”7 hlgh each 43p. accessories, materials, tools. Well illustrated and detailed
LEDS (Light Emitting Diodes) 25p 37X 3" X 1 high 38p 4" X 53" X 13" high 48p: information. 25p post free with spending voucher worth 25p
Photo Cells, each 40p 6" >( 4" X 2" high 60p: 5" X 3 3" high 52p on orders £5 list value or more
DISCOUNTS
Ayailable on ali items except Please address_all communications, mail-orders, etc.. to Plluﬁo%ls-r;xeﬁsgdA onnehEIrEEr
those shown with NETT head office at Englefield Green and include SAE for first starﬁiing the X ihey coniorrlio
PRICES 10% on orders from engquiries needing a written answer. e AnUtacTUrersis, Y, ;
pec:fications and
E?St:ndfltégrg 15% on orders s satisfaction is guaranteed as
. Dept WW9 such-—no rejects. secol_'lds or
sub-standard merchandise s
FREE PACKING 28, ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB gt'l.(::d '01’13138';- do, not e
AND POSTAGE Telephone Egham 3603, Telex 264475  Shop hours: 9--5.30 daily, 9—1 pm Sats. VAT for which 8% must be
in U.K. for pre-paid mail orders. NORTH RA - nag added to total nett value of
For mail orders for £2 list value T ? h E?ONG‘IB) 43?25'45680' Burnage Lane' Bur €. Manchester M19 1NA order. Every effort is made to
and under there is an additional elephone 4 ensure the correctness  of
handling charge of 10p.Overseas | Shop hours: Daily 9-1 and 2-5.30pm; 9—1pm Sats. information and prices at time of
orders-—carriage charged at cost. | U.§.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA, P.O. Box 27 | & utralon™ ot wotee
GIRO A/C No. 38/671/4002 Swarthmore PA 19081. ’
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PRECISION A.C. MILLIVOLTMETER (Solartron) 1-5m.v.
to 15v: 60db to 20db. 9 ranges. Excellent condition.

H.T. TRANSFORMER. Prim 110/240v.
100 m/a. £2. P.P, 50p.

E.H.T. TRANSFORMER. 240v. Sec. 1800v. 50 mA.

Sec. 400v.

ELEGTRENIGS LTO MONEY BACK 1F NOT SATISFIED.
"~ OCKS. LOW PRICES.
58-60 GROVE ROAD, ALL BRAND NEW TOP GRADE FULL
WINDSQR,BERKS. SPEC DEVICES.CALLERS WELCOME.
FAST SERVICE. SEND C.W.0. ADD VAT TO ALL PRICES IN U.K. P&P 15P, EUROPE 25P.OVERSEAS 65SP. CATALOGUE/LIST FREE SEND S.A.E.
ol 0 @ [Cs &Sem vero
Digital Displays IC’s emiconductors ro e
702 OPA 69p MFC4000 iW AF 35p SPECIAL OFFERS VERO PINSx36 25p. *
SIS et DD heoso  s2p | 741 29p wrcdon: e
0-90P £1.15 ea P 1FC003 p p 000 35p " 3 om
, > € 709 DIL 14 29p HEC6040 90p 555 67p IN414 £1.09 §’§§ %p §‘xf7” ﬁp 3ix3i27p.
LED 0.3" digit 710 DIL 14 .36p LFC8010 1.10 y p.3ix g0
0-9DP £3.49 ca 730 Radio £1.39 HACR G0, ki gﬁ;ggsn%oslﬁcmg 9p ea | DIL IC's BOARDS 6x4}" £1.50
JUMBO LED 0.6" 723 Regulatord?p NLSSI 35V/us £2 i or gr 98;0 fortfl 24 way‘cdge connector GQp
0-9DP £2.25 ea 741 1099 29p FET OPAS2 INIBLOE 16n 2n3ob3tiilc 36way 90p. PLAIN 3i"x17 £l
B 741 DIL& 31p Driver 1 ey py < p FACE CUTTER 43p. FEC ETCIANT
LIQUID CRYSTAL 741 pi[14 31p AM RxS1.50 50/51/52/53 all 18p T 2 j
6 digit £18 7¢7 Dual 741 89p NESSO 2v ref 79p DlooMncd P o LSLI dn @QE@E@@@@@[@
748 DIL 8 36 ) i g
1505 1C A/D L NESS5 TIMER 67p Price each:- PRINTED CIRCUIT BOARD KIT £1.69
- NE556 Dual®fl,.30 \C127/128 16p TIP2955  90p COPPER BOARD 6x4'* 40p.
oo Y s NL560 PLL  £3.15 AC187/188 19p [1P3055 55p DESOLDER BRAID reel 59p
5 b 5 NES6L PLL £3.15 AD161/162 35p  TISI5 UIT'25p HEATSINKS
MINI PIN SOURCE OR RED DIFFUSE e s ks NE562 PLL £3.19 BC107/8/9 9p  IN4001 'V §1/T05 & 18£/TOL8
LEDS. 209 STYLE.NO CLIP. 14P ea /812 1AIZV 2100 NES65 PLL £2.69 BC132/4/7 18p  IN3004 ap 20 P €3,
] Ig Lo WALLY 3 NES66 Gen £2.49 BC117/8/9 10p  IN4148/914 4p TV# 12p.TV3/TO3 16p.4YI/TO3 29p,
TIL209 RED LED & CLIP  17P ea 76009 W AF 75p R ’ : / : 2
76013 6W AFEL.39 NES567 code £2.09 BC157/8/9 12p 2N697 13p CA PACIT
BIG i" RED LED & CLIP 18P ea 88)38 Sig Gen §3 $N72709 709 29p BC167/8/9 12p 2N706/8  10p ORS
ORANCEntnGREEN LD S: : EE BED o SN72741 741 31p BC177/8/9 18p  2N2646  49p 22pi to O.1uf 4p ea.ELECTROLYTIC
) ; CA3040 69p SN72748 748 36p BC182/3/4*11p  2N2904/5 20p 25V 2/10/50/100uf 6p.1000uf 2
MINI 25P ea.BIG & CLIP 33P ea LH301 OPA 19 . uf 6p. uf 20p
/ P SN76131 £1.20 BC212/3/4*12p  2N2926royg 9p DRLSETS VLRT:Sp.RLSISTORSSS Llp
INFRA RED LED §1.2N5777 33P. U-‘§87 ﬁ"; N 32" SN76660 EMIF §1 *A or L 2N3053 L7p
iz mom ic/amy it 611 LIy QORI e widbin e w38 POTS ABorEGIN
DlGlTHL ELDEH LM37L RF/IF i2 TAD loo & IF £2 BEYS0/1/2 wf; 233702/5  9p ROTARY:12p.SWITCH 13p.DUAL 38p.
o HRie 2 e 3 7 BFYS3 17p  2N370!/5 10D SLIDERS:SINGLE 26p.DOUSLE 18p.
'EGRATL ; 3 a - BSX20 12 N3706/7 9
HOS p NIECRALLDNCITHCETIITS . . LM377 2x2W £2,69 IN403 Servo§2.50 MIE2955 gsp 2-370349 3p 5“”(3”1-5 SPST 18p.DPDT 25p.
AYS1224 4 DIGIT CLOCK supplied | pigl Z8fV 250 2 P24 P OMINT 1% SPST 30p DUSH 39
with l14pin socket & data £4.25 LM381) 2xpro. §2 P IN414 AN Rx£1.09 ::gl]n‘s)?s gép 283710/11  9p ¥ P.
. ut " - > .
MMS311/14 6 DIGIT CLOCK with LM382)amp 2 ool & sg 253563/“ pep "ENCE (RONER SUZERY Sml2v” o
28 pin socket & data £7.50  LM3900 4xOPA 09p .TQH TTL riP29\  48p DIN PLUGS all 43p ea.Sockets 9p
: ‘ TRANSFORMERS 1A 6/12V §1.34
3IDIGIT DVM AYS53500 £7.50 ) v r1r304 57p  2N3041/2 16 .
IDIGIT COUNTER/DRIVER £7.30 {C1303 £1.20 7400 ctc gates 16p IP3IA 51? 2\:3‘;19{ 161; BIIA 0002 MODULL 1SWATT AMP §5
IC1300 49p 413 schmitt 31p [IP32A 73p IN3832L 17p EA1000 J4W AF MODULE £2.49
CASSETTE HC1310 & LED £2.69 747 driver £1.09 [IPITA 78p  2N3901/6  14p  BW/12V FLUORESCENT LIGIT §3,
_ MC1312 SQamp £2.50 }_770;/2/ 52p 11427 80p  2\1249 16p DiL H
HC 1330 69p 5/74/76 39p :
mechunus@ I ¢ ”5@Mc1339 1 7175 18p lzsfx'ss 100m 'AG 17400 55P soc Bts
: } NC1350 55 7490 Counter 63 NERS Cl07b1 SCR PROFESSI
[EREO CASSETT HANISM, P P P ONAL
STLRE SS‘T L MLCHANIS HC1351 71p 7192 Counter  69p  BRIDGL RLCT 48/ 100V 5p GOLD PLATED
As used in imported types BE1352 71p 74121 mono 4Sp 1A 50V 20p & GREY NYLON.
costing £100.0nly requires HC1357 il 4141 driver 83p GAS SLNSOR £2 SC146D TRIAC 8,14 or 16 PIN
a case & electronics.lieads IC1558 i Full n,. ™ o 10A 400V 7 ONLY 15p each.
supplied.Send for data 15p. 1375 £1.25 ull range in Cat. GAS " KIT 15 5p
WW-—048 FOR FURTHER DETAILS
HIGH-SPEED MAGNETIC
£.H.T. POWERUNIT. 110/240v. 50Hz giving 5 K.V. at TRANSFORMERS COUNTERS. 4 digit (non reset) 24v.
. £17-50. or 48v. (state which) 4 x 1 x 1 in.
50 m/a. METERED OUTPUT. £17 ADVANCE “VOLSTAT" TRANSFORMERS. Input 40p. P.P. 5p.
242v. A.C. 5 digit (non-reset) 6-12-24-48v.
: . 75v.at . 1 P.
COPPER LAMINATE P.C. BOARD g;l:g:ﬁvdgt; amp: 25v. at 100 m/a. 75v. at 200 m/a :(;stda' elv:?;mh:;in PR Sp. »
11 x 3§ x 7% in. 12p sheet. 5 for 50p. il AQI v. (Rotary Reset) 2§ X 13 X 1% in. £1 each
10 x 4 x 75 in. 12p sheet. 5 for 50p. CY75. 25v. at 2} amp. £2:50. P.P. 50p. 3 digit 12v. (Reset) 31 X 1 X 1 in. £2:25. P.P. 5p.
10} X 51 x 7 in. 15p sheet. 4 fo: 50p. : . £3. P.P. 50 5 digit (Reset) 12v. £3. P.P. 5p.
10X 7 x 15 in. 18p sheet. 3 for 50p. A CV100. S50v. at 2 amp: 50v, at ‘100 m/a. £3. p. .
gg(’;ut'pa::k (;m?I‘I'ast 48):"2 |ari1r.l) 5:::;:(5328:@ in CV250. 25v. at 8 amp: 75v. at { amp. £5. P.P. £1. MULTICORE CABLE (P.V.C.)
single sheet 4p. gain p CV500. 45v. at 3 amp: 35v. at 2 amp: 25v. at 3 amp. 6 cote (6 colours) 3 screened, 14/0048 15p. yd. 100 vds.
£7. P.P. £1. £12-50.
. 20 core (2 screened) 17 {p vd. 100 yds. £15.
AT T“;s"sﬁ,%“%“' Prim. 240v. Sec. 13v. at 24 core (24 colours) 20p. yd. 100 yds. £17-50.
TELEPHONE DIALS (New) £1 ea. AT e Ve ) 30 core (15 colours) 22 p. yd. 100 yds. £18-50.
RELAYS (G.P.O. '30007). All types. Brand U T'}’:_";gﬂf’p’g‘fﬂ“' Riimy 240; pSecy 24v: tat Minimumloidetht0]yds
new from 37%p ea. 10 up quotations only. #amp. s 2 RIBBON CABLE (8 colours)
EXTENSION TELEPHONES (Type 706) L.T. TRANSFORMER. Prim. 110/240v. Sec. 0/24/40v. £1.25 £10
Various Colours £3-50. P.P. 25p. Excellent 14 amp. (Shrouded). £1.50. P.P. 30p. 10m 100m
condition. N . . . -, P d
RATCHET RELAYS. (310 ohm) Various Ll.'l"".TRAl\:g:oRdeE)RéFz’lerg.Zgg/Z“SOOvASec.20/40/60v. 8 cores. 7/-mm. bonded side by side in ribbon form.
Types 85p. PP 5p. A EILEb (EIOCITECE by 0 LitlFogio 78 SMALL MOTOR (1/50 H.P.) 900 R.P.M. 230/250v. A.C.
UNISELECTORS (NEW) 25 way 12 L.T. TRANSFORMER (H.D.) Prim. 200/250v. £1:50. P.P. 30p.
Bank (Non Bridging) 68 ohms. £6. Sec. 18v. at 27 amp: 40v_at 9-8 amp: 40v. at 3-6 amp : RELAYS
ERS0D: 52v:latkilampLI25vIatiSzlamo e s AE: R 2 SIEMENS/VARLEY PLUG-N. Complete with transparent

dust covers and bases. 2 pole ¢/o contacts 35p ea : 6 make
contacts 40p ea. ; 4 pole ¢c/o contacts 50p ea. 6-12-24-48v
types in stock.

£22-30. P.P. £1:50.
HIGH CAPACITY ELECTROLYTICS

£2-50. P.P. 50p.

1000W. ISOLATION TRANSFORMER. 220/240v.- coptactsl?

2,200uf. 100v. (14 x 4in.) 75p. 3,150uf 40v. (11 x 4in.) 60p. 242v. ('C’ Core type). £12. P.P. £1:50. 24 VOLT H.
10,000uf, 25v. (11 x 4¢in.) 60p. 12,000uf. 40v. (2 x 4in.) N AN 4 pole c/o.

4in.) £1. 2,800uf. 100v. (4 x 2in.) 80p. 15,000uf. 63v.

(44 x 2t&in) £1. 35,000uf. 40v. (3 x 44in.) £1. P. & P. 8p.

H.D. ALARM BELLS. 6 in. Dome 6/8 volt D.C. £2:25

P.P. 50p.

HIGH VACUUM DIFFUSION PUMPS (Metrovac

093C). New condition. £40. P.P, £2. A.E.I. P10. ION

Pump Control Units, £17-50.

OVERLOAD CUT-OUTS. Panel mounting (13 X 13 X 1in.)
800 M/A/1-8 amp/10 amp. 35p ea. P.P. 5p.

BULK COMPONENT OFFER. Resistors/Capacitors. Ali
types and values. All new modern components. Over 500
pieces £2. (Trial order 100pcs. 50p.) We are confident
you will re-order.

REGULATED POWER SUPPLY. Input 110/240v

Output 9v. DC. 1§ amp. 12v, D.C. 500 m/a. £4. P.P. 30p.

U.K. ORDERS 8% V.A.T. SURCHARGE

L.T. TRANSFORMER. Prim. 240v. Sec. 16/0/16v. at contacts. 75p

2 amp. £1-60. P.P. 20p.

L.T. TRANSFORMER. Prim. 110/240v. Sec. 23/0/23v.
at 1.8 amp: 50v. at 300 m/a: 3.15/0/3.15v. at 300 m/a.
£1:75. P.P. 20p.

L.T. TRANSFORMER. Prim. 200/240v. (‘C’' Core).
Secs. 1v./3v./8v./9v. all at 1.5A: 50v. at 1 amp. £2.
P.P. 25p.

L.T. TRANSFORMER. 110/240v.
13.5v. 4A.: 39v. at 2A. £2-50. P.P, 25p.

L.T. TRANSFORMER. 110/240v. (‘C’ Core)} 1v./
3v./9v./20v./20v. all at 2 amp. £3. P.P, 35p. Same
Secondaries but st 4 amp. £4-25. P.P. 40p.

L.T. TRANSFORMER. 110/240v. (‘C" Core). Secs.
1v./3v./9v. allat 10 amp: 35v. at 1 amp: 50v, at 750 m/a
£5-25. P.P. 50p.

contacts 65p.

200P.1LV.2a

(‘'C’ Core). Sec.

PATTRICK & KINNIE

I91 LONDON ROAD - ROMFORD - ESSEX
ROMFORD 44473

12 VOLT H.D. RELAYS (3x2x1 in.) with 10 amp. silver

pole c/o 40p ea.; 2 pole 3 way 40p. P P. 5p.
D. RELAYS (2x2x 2 in.) 10 amp. contacts.
40p ea: P.P. 5p

ELAYS. (Plug-in type). 3 change-over 10 amp.
(with base). P.P. 5p.

P.A.R. BISTABLE RELAY (Latching) 24v. D.C. 4 c¢/o

P.P. 5p.

SILICON BRIDGES. 100 P.I.V.1 amp (§x }x {in.) 30p

mp. 60p.

24 VOLT A.C. RELAYS (Plug-in).
3 Pole Change-over 60p.
2 Pole Change-over 45p.

RM7 9DD
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ELECTRONIC COMPONENTS

HALF PRICE OFFER!

KODAK RESIST COATED PRINTED CIRCUIT BOARD

Wholesale/Retail : I 369 Alum Rock Road, Birmingham B8 3DR. Tel. 021-327 2339

LIMITED PERIOD ONLY!

FIBRE GLASS PAPER
BOARD "—1 oz "2 0z X"—1 02 w"—1 02
SIZE
Single Sided Double Sided Single Sided Double Sided Single Sided Double Sided Single Sided
Positive | Negative Positive Negative Positive Negative Positive Negative | Positive Negative Positive | Negative Positive Negatlve

75mmx100mm| 14p | 12p 15p 13p 8p 8p 8p 8p 16p 15p 14p 13p 8p 8p
100mmx150mm| 27p | 24p 29p 26p 15p 14p 19p 15p 33p 30p 29p 26p 15p 14p
150mmx 200mm| 53p | 48p 56p 51p 30p 27p 37p 30p 66p 60p 60p 54p 30p 27p
200mmx 250mm | 88p | 80p | 92p | 84p | S1p | 45p | 63p | 51p | £1-10| £1-00| £1.02| 92p | 51p | 45p
250mmx 250mm |£1-10| £1-00 | £1-15| £1:05| 65p 55p 80p 65p | £1-38| £1-25| £1-30| £1-16| 65p 55p
12" x 6" 80p | 70p 85p 75p 55p 45p 65p 55p | £1-00| 90p | £1-10| £1-00| 55p 45p
12”7 x 12~ £1-60{ £1-40| £1.65| £1-45| £1-05| 85p | £1-25| £1-05| £1-951 £1-75| £2-10| £1-90 | £1-05| 85p

EXTRA DISCOUNTS!

ORDER 25 SHEETS OF ANY ONE TYPE—DEDUCT 20%

ORDER 100 SHEETS OF ANY ONE TYPE—DEDUCT 30%

IF ABOVE SIZES DO NOT MATCH YOUR REQUIREMENTS, ASK FOR QUOTE—CUT TO YOUR SIZE.
THIS IS AN OFFER THAT YOU CANNOT AFFORD TO MISS! ACT NOW/

SMALL ELECTROLYTICS

Ref. No. Capacity Voltage Price | Ref. No. Capacity Voitage Price 071 and 072 series
H8/2 2-6uF 16V 4p | H7/5 80uF 16V 4p Working Capacitance
H8/3 3uF 50V ap | H7/7 100uF 10V 4p Type No. Voltage Vdc.  uF
H8/3A 4uF 50V 4p | H7/7A 150uF 16V 5p 071 16332 25 3300
H8/5 SuF 10V 4p | H7/9A  125pF Ay, 4p 07115472 16 4700
H8/6A  10uF 10V 4p | H7/10A 160uF 25V 3p 07115682 16 6800
H8/8A 16uF 16V 4p | H7/11 160pF 25V 6p 07215752 16 7500 + 7500
H8/9A  20uF 70V 4p | H7/11A  150uF 10V 5p 07215113 16 11000 + 11000
H8/10 22uF 50V 4p | H7/13A  200pF 25V 8p 07214113 10 11000 + 1000
H8/11 25uF 12v 4p | H7/14 220uF 50V 10p 07216502 26 5000 + 5000
H8/12 32uF 15V 4p | H7/14A  220pF 16V 6p 07216752 25 7500 + 7500
H8/12A  30uF 10V 4p | H7/15 220uF 25V 5p 07118681 63 680
H8/13A  32pF 50V 4p | H7/15A 220pF 35V 10p 07214173 10 16500 + 16500
H8/14 40uF 25V 6p | H6/1A  250pF av 3p 106 and 107 series
H8/14A  40uF 16V 4p | H6/3A  320uF 25V 3p 10616223 25 22000
H8/15A  40pF 35V 4p | H6/4 320uF 10V ap 107 10222 100 2200
H7/1A 50uF 10V 4p | H6/4A  330uF 16V sp
H7/2A 64nF 28V 2p H6/5 330pF 25V 10p Type No. Voltage  Capacitance
H7/4 64pF 15V 4p | H6/5A  330uF 35V 15p 102 15163 16 16000
104 90003 20 39000
10216802 25 8000
104 90002 40 21000

Max. Ripple

Current at 50°C  Weight
3-7 amps 1oz
39 amps 1oz
5-8 amps 140z
10-5 amps 30z
13-8 amps 440z
10-6 amps 340z
9-6 amps 3t0z
12-6 amps 440z
21 amps 1oz
134 amps 440z
17 amps 100z
10 amps 5io0z
Weight

8oz

160z

Toz

160z

NEW! NEW! NEW! NEW!

An aerosol spray providing a convenient means of producing any number of
copies of a printed circuit both simply and quickly.

Method : Spray copper laminate board with light sensitive spray. Cover with
transparent film upon which circuit has been drawn. Expose to light. (No
need to use ultra-violet.) Spray with developer, rinse and etch in normal
manner.

Light sensitive aerosol spray
Developer and Etchant

. £1-00 plus
50p postage

Not over

2Ib
4ib
61b
8lb
10lb

Ordinary Parcels

23p
30p
36p
42p
48p

Not over
12lb
141b
16lb
18lb
20ib
221b

A further 10% discount on lots of 100 of any one type.

MULLARD ELECTROLYTIC CAPACITORS

Price
17p
17p
22p
37p
49p
37p
37p
49p
15p
49d

£112
74p

Price
40p
50p
50p

£1

Please calculate the weight of your order and include appropriate postage.

Ordinary Parcels

53p
58p
63p
68p
73p
78p

REMEMBER!

ALL GOODS PLUS 8% V.A.T.

G. F. MILWARD, Drayton Bassett, Tamworth, Staffs. Postage (minimum) per order 20p.
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JOHN
CRICHTON

Electronic Equipment
558 Kingston Road,
London, SW20

Inland VAT add 8%

Prices shown include P & P, other
prices gladly on request.
Carriage extra for overseas orders.
Viewing by appointment please.
Phone 01-540 9534

TEST SET FREQUENCY RESPONSE
cT3g1

Frequency range:

10kc/s—33Mc/s in nine directly calibrated
ranges. Accuracy +3% of the indicated
centre frequency.

F.M. deviation: {nominai}

0-500kc/s above—4Mc/s

0-400kc/s at 1.6Mc/s—4Mc/s

0-165kc/s at 600kc/s— 1.5Mc/s

falling 10 3kc/s at 10ke/s.

Output impedance:

75 ohms resistive.

Power supplies:

Mains 100-120V and 1B0-250V. Frequency
50-500c/s. Consumption 340W (nominal).

Belling Lee radio frequency interference
filter type Y2005S. 100 Amps, 400W. 440v,
Single wave £15.

HEWLETT
PACKARD

430C Microwave power meter. £60
HO01-8401A Leveller amplifier. £39
8709A Synchronizer. £120
8707A RF unit hoider. £185

8734B Pin modulator 7.0-12.4GC. £95
8732A Pin Modulator 1.8-4.5 GC. £65
8431A Bandpass filter 2—4GC. £40
797D Directional Coupler 1.9-4.1GHz. £30
B436A Bandpass fiiter 8-12.4GC. £95
185A 800OMHz Sampling oscilloscope.
1858 Sampling oscilloscope.

TINSLEY TYPE 4363E AUTO VERNIER
POTE@TIOMETER.

PYE Precision vernier potentiometer 7568.
TV to 1.90100V in two ranges. Accuracy
0.002%.

SULLIVAN T2100 PRECISION POTEN-
TIAL DIVIDER.

Range:

Input: 1, 2, 5, 10, 20, 50, 100, 200, 500,
1000V. Output: 1V. 200 ohms/V. Accuracy
of Ratio: 0.001% or better.

CROPICO TYPE P10 PRECISION D.C.
POTENTIOMETER.

Main Dial: 17 steps of 0.1 or 0.01V
according to the range selected: incor-
porating a double pole switch which has &
dia. copper studs faced with a 10% gold
sitver alloy, the multileaf phosphor-bronze
brushes are self cleaning. Accuracy +0.001%.
L30047 CAMBRIDGE UNIVERSAL
BRIDGE.

Voltmeter Valve CT54 (Micovac). with
mains  power supply {power supply not
available separately). In strong metal case
with full operating instructions. 2.4v-480v
AC or DC in 6 ranges, 1 ohm to 10 Megohm
in 5 ranges. indicated on 4 in. scale
meter. Complete with probe, £12.50 including
p. and p. (Leads extra.}

TEKTRONIX

NON-PLUG-IN UNIT
OSCILLOSCOPE.

515A. DC-15MHz. £150.

624AD. DC--1OMHz. £100.

MAIN FRAME OSCILLOSCOPES:
543. DC-30MHz. 547. DC-50MHz.
545. DC-30MHz. 545A. DC-30MHz,
5458. DC-33MHz. 551. DC-27MHz.
PLUG-IN UNITS.
Type 1A 1.50mV/cm 10
20V/em5BmV/em.

Type 1A 2.50mV/cm to
20V/em.

Type B. 0.005V/cm to 20V/ecm. 0.05V/
cm to 20V/em.

Type CA. 0.05V/cm 1o 20V/cm.

Type D. 1mV/cm to 50V/cm. Type G.
0.05V/cm to 20V/icm

Type L. BmV/cm to 2V/cm. 0.05V/em
1o 20V/em.

Type M. 0.02V/cm to 10V/cm

230 DIGITAL UNIT.

Digital readout parameters. Puise ampli-
tude. pulse risetime and falitime. pulse
width, time intervali.

R116.10-NS PROGRAMMASLE
PULSE GENERATOR

with Delay.

PASSIVE PROBE P6006 with 10X
attenuation, designed for oscilloscopes
having an input resistance of 1 megohm
and input capacitance of up 1o 55pf.
Price £10.

PROBE P6065 10X. 10 megohm.
12.5pf, 500V D.C. max. Length 6ft.
Price £15.

Not available
separately.

MUIRHEAD FREQUENCY ANALYSER
TYPE D-669-B.

Frequency range 30c/s~30kc/s. Accuracy
better than 1.5%. Input voltage 300uV~100V

| for full scale defiexion. Smallest indication

154V, Maximum input voltaga 300V r.m.s.
Price £95. Full spec. on request.

MUIRHEAD 2-PH. L.F. DECADE
OSCILLATOR Type D8BO.

Frequency range 0.0%c/s-11.2kc/s (con-
tinuously variable above 0.1¢/s).

V.L.F. 0.01¢/s-0.1c/s in steps of 0.01c/s.
Hourly frequency stability.

Ranges X1, X10, X100 + 0.05% After
Ranges X0, 1, V.L.F. +0.1 } 3 hours.
T.F.801D/1/SA.M.SIGNALGENERATOR.
Freq. range: 10 MHz to 485 MHz. Built-in
crystal calibrator. Internal and external sine
a.m. External pulse modulation. Calibration
Accuracy: Using crystal calibrator, within
+0.2% over entire frequency range. R.F. out-
out level 0.1V to 1V source e.m.f. £249.
OA.1094A/3 H.F. SPECTRUM ANALYSER
with L.F. extension unit type TM6448.
Freq. range: 100 Hz to 30 MHz. Measures
relative amplitudes up to 60 dB. Spectrum
width 0-30 KHz. Sweep duration: 0-1, 0-3, 1,
3, 10. 30 sec. and manual. Full spec on
request. £695.

OA.1094A/S H.F. SPECTRUM ANALY-
SER. Freq. range: 3 MHz to 30 MHz in nine
steps. spectrum width O to 30 KHz. Sweep
distortion: 0-1, 0-3, 1, 3. 10, 30 secs. and
manual. Full spec. on request. £445.

T ROBAND TRANSISTORIZED
SUPPLY. Mgins input 110V or 230V, output
0-50V at 5 Amperes cont. variable, overload
cut-out. £49.

REMSCOPE S01/740 STORAGE
OSCILLOSCOPE.

Fluorescence: Yellow, resoiution: 40 lines/cm
EH.T.: BkV. display time: 10 mins-1 hr
approx., storage time: 1 week approx. £128.
CD 1212 WIDE-BAND GENERAL-
PURPOSE OSCILLOSCOPE.

Employing plug-in pre-amplifiers for single or
dual trace displays.

Wide-band pre-amplifier CX 1251. Bandwidth:
DC —40Mc/s (-3dB + 1dB); 2.5¢/s-40Mc/s
AC coupled {—3dB + 1dB). Rise time 8 nano-
sec approx. Sensitivity: 50mV/cm-50V/cm in
nine calibrated ranges with fine gain control.
Dual trace pre-amplifier CX 1252. Bandwidth;
DC -24Mc/s (—3dB + 1dB} AC coupled. Rise
time: 14 nanosec approx. Sensitivity: 50mV/
cm-50V/cm in nine calibrated ranges with
fine gain control. Full specification on
request. £128,

T.F.801B/3/S A.M. SIGNAL GENERATOR.
Freq. range: 12 MHz to 485 MHz in five bands.
Built-in  crystal calibrator. Full spec. on
request. £220.

CT. 373 TEST SET. Oscillator: 17¢/s—
170ke/s  +1%, +1c/s at ambient temp.
0°C~-45°C. Distortion Meter: Freq. range:
20c/s 10 20kc/s. distortion range: 10%, 30%,
100% fs.d. 0.5% readable. Signal input:
approx. 500mV to 130V basic range, 250mV
to 1300V extreme limits. Full spec. on
request. £98.

AVO MODEL 3 VALVE TESTER. Enables
comprehensive characteristics to be plotted
or measures valves on a simple good/bad
basis. £55.

AVO CT 160 VALVE TESTER. As above
but in portable valise form. £65.

Viewing by appointment only.

JOHN FLUKE

B21A VOLTMETER: + 0.01% absolute
accuracy. infinite input resistance at nit
over entire 0-500V range. standard
cell reference. polarity switch, taut-band
suspension meter, in-line readout with
automatic lighted decimal, no zero
controls.

803. DIFFERENTIAL DC/AC VOLT-
METER. AC voitage 0-500V in 3
ranges, DC voltage 0-500V in 4 ranges.
Full spec. on request.

TF.937 F.M./A.M. SIGNAL GENERATOR.
Freq. range 85 KHz to 30 MHz. The carrier
freq. can be standardized against a built-in
dual freq. crystal calibrator, which is compiete
with miniature loudspeaker as an aural beat
detector. £87.

TF.114H/S SIGNAL GENERATOR. Fre-
quency range: 10 KHz-72 MHz. Stability:
0.002%. High discrimination. plus crystal
calibrator. Good rf. waveform at all fre-
quencies. Protected thermocouple level moni-
tor. Full spec. on request. £220.

TEST SET DEVIATION FM No 2. The
carrier frequency range extends from 2.5Mc/s
to 10Mc/s and from 20Mc/s to 100Mc/s in a
total of eight bands: the deviation ranges are
O to 5ke/s. 0 1o 25ke/s and O to 75ke/s. £48.

RACAL UNIVERSAL COUNTER/
TIMER SAS550 (CT488)

8 digit in-
tine read-out. —
Facilities . )
include:  dir- ,- Rrte
rect frequency | T r— *,"
measurement
up to 100
MHz:  pulse.
period. ratio.
time interval
and totalising
measure-
ments. Inputsensitivity variable from 300MV
to0 9V, three independent inputs, self-check

etc. Full spec. on request. £145,

HOUSING

A cleverly designed pro-
tected polycarbonate en-
closure; weatherproof,
hoseproof and damp and
dust protecting. Its high
impact strength will with-
stand rough handling. The
seven sizes can interconnect
and any case will extend
vertically or horizontally or
both, while maintaining full
protection. Send for new
catalogue.

CONTIL

[nl:ase ENVIRONMENTAL

EnCase includes chassis, retaining screws, cover, gasket
and cover-retaining screws; also inciudes P. & P. and
8% VAT. Many extras available, incl. hinges, etc.

ENA 73 X 7%” X 5 £4.90
ENB 117 X 77” X 5” £6.28
ENC 16” X 73" X 5" £8.39
END 11" x 11”7 x 5 £8.58
ENE 15”7 X 11" x 5 £10.97
ENF 22" X 11”7 X 5” £15.14
ENG 22" X 15" x 7" £20.91
Prices correct August 1974,

SAMOS

miniature cases

in easy-to-work blue and
white PVC/steel. Assemble
in the lower half; complete
before springing cover into
place—four Pozidrives, two
to hinge it, two to fasten
it. Carries four P.C. boards
horizontally, or two verti-
cally; four required for each
case (for one vertical
board, two each case).

@[ﬁ Printed Circuit System

is simple, inexpensive, and fits into low-cost e
Waest Hyde cases. The System comprises six
cards (two styles, three sizes), connectors
and five types of board guide. Connectors are
double-sided and all contacts gold-plated.
Shown: Mod-301 case with boards 421,
21-way connectors. Prices:
(including chassis}
Connector
77p. Boards 421 & 422 £1.
{up to eight DILs on each board); Card guide pairs 311 £2.26. Prices
include P. & P, and 8% VAT. Much less for quantities.
LEDs with chromium-plated screwed case suitable for 5.5mm. hole or
unmounted LEDs 3.2mm. dia.

guides 311,
Mod-301
£3.95;

Cased red
Cased green

1974

CONTIL

1 off
S1 100 X 50 X 50mm 87p
S2 100 X 100 X 50mm 99p
S3 100 X 150 X 50mm £1.12
sS4 125 X 50 X 75mm £1.24
S5 125 X 100 X 75mm £1.42
S6 125 X 150 X 75mm £1.67
s7 125 X 200 X 75mm £1.86

much less for quantity. Prices include P. & P, 8% VAT,
four feet and four plated screws.

Special feet to carry Printed Circuit Boards sold
separately. Price. incl. 8% VAT, 25p for four PC feet.
Prices correct August 1974.

21-way

1offinc. P &P and 8% VAT

59p w/o case 30p
70p wj/o case

p
Much less for quantities. Send for catalogue. Prices correct August

MOD-2

The design of these cases permits the instrument
to be built or serviced within their extemal panels. 48 shapes.
Low cost. Blue PVC/steel with white PVC-coated aluminium panels.

Width Height  Depth
A 45" 3" 6.5
o g
C 45 10 6.5”
D 9 54 6.5
ol 55 4 P
F 9 10 6.5
G 13" 3 6.5"
H 13" 7" 6.5”
113" 10" 6.5"
J 18 35 6.5"
K 18" i 6.5”
L8 10 6.5”

1 off Width  Height Depth 1 off
£3.59 M 45" 37 “ £4.41
£4.41 N 4.5” 7 137 £5 .40
£4.88 0 45" 10" 137 £6.84
£4.88 P 97 3 18~ £5.40
£5.40 Q 97 7" 13”7 £6.84
£6.22 R 97 10’ 13”7 £8.74
£5.40 S 13" 3" 13" £6.84
£6.22 T 13" s 137 £8.74
£6.84 U 13" 107 137 £10.13
£6.22 VvV 18" 3” 137 £8.74
£8.74 w18” 7" 13~ £10.13
£10.13 X 18" 10”7 137 £12.09

Woodgrain: D @ £5.40.E & G @ £6.22. H @ £6.84

Prices include screws, rubber feet, one or two chassis according to size. P & P and 8%
VAT. Prices correct August 1974,

WEST HYDE W0

WEST HYDE DEVELOPMENTS Ltd, Ryefield Cres., Northwood Hilts, Northwood, Middx HAB TNN.

Tel: Northwood 24941/26732

Tedex: 923231

Write or ‘phone for new free catalogue.
WW-—096 FOR FURTHER DETAILS
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INTRODUCTORY OFFERS

A VCO FXIl by FHACHI 1Hz to 100KHz
for £3-85 P.&P. 15p.

5 in. high. Input: 12 to 24V DC (not centre tapped) 18V input giving 10 volt constant

amplitude output.

Requires only a 1 meg ohm potentiometer to tune entire range—or can be swept with a sawtooth input.
Enormous possibilities—music; synthesizers: filters; communications: frequency modulation, etc.

Detailed application sheet with all purchases.

Size: 2 in. long; 1% in. wide;

FHACHI RAMP MODULE FX21

24 volt DC input for 18 volt sawtooth output. Requires only external
capacitor and 100K ohm potentiometer to control frequency range
up to 100KHZ (eg 50 mfd electrolytic gives sweep of approx 1 cm
per second). In or out sync capability. Price £3-85. P.&P. 15p.

FHACHI FILTER MODULE FX31
Designed for use with VCO FX11 and RAMP FX21. This completes
the 3 building blocks required for a basic low-frequency Spectrum
Analyser that covers 100 HZ to 50 KHZ. The additional components
required are discrete resistors and capacitors, etc. (No inductances
or specialized components are needed.) Price £9-35. P.&P. 30p.

TEKTRONIX 545B Oscilloscopes. From As
New to well used condition. Main frame.
Prices from £225.

AT LAST—50 MHZ TWICE for under

£200.
HEWLETT PACKARD Oscilloscope
type 175A for £195.

AMERICAN SWEEP GENERATOR
TRM 3 15 to 400 MHZ. £300.

AMERICAN AM GENERATOR Type 497.
4 to 400 MHZ. Supplied with leads. etc.. for
240V 50 HZ operation £35.

type

BRAND-NEW 12in.

LONG PERSISTENCE TUBES
New stocks—new price. Only £6-50
(whilst stock lasts)

Ideal for SSTV; educational purposes.
Type 12DP7A. connections, voltages etc.

Price includes carriage & VAT.

MODERN TELEPHONES type 706. Two-
tone grey £3-75 ea. Two-tone green £3- 75 ea
Black £3-75ea. P. & P. 25p ea.

ideal EXTENSION Telephones with standard
GPO type dial. bell and lead coding. £1.75 ea.
P.&P.25p.

All telephones complete with bell and dial.

CONSTANT VOLTAGE
TRANSFORMERS
1 Kilowatt etc.
S.A.E. with requirements.

MARCONI TF 801E. AM SIGNAL GEN-
ERATOR. 12 to 47C MHZ. In good working
condition £90.

MARCONI VVM TF1041 £22.50.

MARCONI TF 428C. Measures AC 100MV
to 150V 20HZ to 15 MHZ. Measures DC 40MV
to 300v. Complete with probe. Standard 240V
operation. £9 ea.

MARCONI TF899. Measures 20MV to 2V
AC. 50 HZ to 100 MHZ £10 each.

POTENTIOMETERS
COLVERN 3 watt. Brand new. 25K at 13p ea.

MORGANITE Specizl Brand new. 2-5: 10;
100; 250; 500K 1in. sealed. 17p ea.

BERCO 2} Watt. Brend new, 5; 10: 50:250:
ohms: 1:2'5:10; 25; 30K at 15p ea.

STANDARD 2 meg. log pots. Current type
15pea.

INSTRUMENT 3in. Colvern 5 ohm 35p ea.;
50K and 100K 50p ea.

BOURNS TRIMPOT POTENTIOMETERS.
20: 50; 100:200; 500 ohms: 1;2:2-5:5:10;
25K at 35p ea. ALL BRAND NEW.

RELIANCE P.C.B. mounting. 270; 470
500 ohms; 10K at 35p ea. ALL BRAND NEW.

VENNER Hour Meters—5 digit. wall mount
~sealed case. Standard mains. £375 ea.

Large quantity LT. HT, EHT transformers and
chokes.

Vast quantity of good quality components
-NO PASSING TRADE—so we offer
3LB. of ELECTRONIC GOODIES
for £1.50 post paid.

CRYSTALS. Colour 4.43MHz. Brand New.
£1.25ea. P. & P. 10p.

Beehive Trimmer 3/30 pf.
Brand new. Qty 1-9 13pea. P.& P. 15p:
10-99 10p ea. P. & P. 25p: 100-999

Tpea. P. &P. free.

CAPACITOR PACK 50 Brand new compo
nents only 50p. P. & P. 17p.

POTS 10 different values. Brand new. 50p.
P.&P. 17p.

COMPONENT PACK consisting of 5 pots
various values, 250 resistors } and 1 watt
etc.. many high stabs. All brand new. Fine
value at 50p per pack. P. & P. 27p.

DELIVERED TO YOUR DOOR 1 cwt. of
Electronic Scrap chassis. boards. etc. No
Rubbish. FOR ONLY £3-50. N. Ireland £2 extra

P.C.B. PACK S & D. Quantity 2 sq. ft.—no
tiny pieces. 50p plus P. & P. 20p.

FIBRE GLASS as above £1 plus P. & P. 20p.

HF Crystal Drive Unit. 19in. rack mount.
Standard 240V input with superb crystal oven
by Labgear (no crystals} £5 ea. Carr. £1-50.

ROTARY SWITCH PACK—6 Brand New
switches (1 ceramic: 1—4 pole 2 way etc.}.
50p.P. & P.20p.

Modern Version of VCR 138. Flat faced. Side
connectors PDA. £2.50ea. P. & P. 37p.

BASES for above 20p. P. & P. 15p.

GRATICULES. 12 cm. by 14 cm. in High
Quality plastic. 15p each. P. & P. 5p.

PANEL mounting lamp holders. Red or green.
9p ea. Miniature. PANEL mounting lamp with
holders— 10V 15MA Sp ea.

BECKMAN MULTITURN DIAL
Model RB. Brand new.
£1.90.P. & P. 10p.

FIBRE-GLASS PRINTED CIRCUIT
BOARD. Brand New. Single or Double sided.
Any size 13p per sq. in. Postage 10p per order.

LIGHT EMITTING DIODES (Red) from
Hewlett-Packard. Brand New. 38p ea
Information Sp. Holders 1p.

METERS. Ernest Turner Model 402. 100
micro amps. BRAND NEW. Lousy scale-
hence £2-25 ea. P. & P. 25p.

METERS by SIFAM type M 42 25-0-25

P.& P.45p. TRIMMER PACK, 2 Twin 50/200 pf ceramic ; micro amp. Scaled 25-0-25 green. 250-0-
2 Twin 10/60 pf ceramic: 2 min strips with 4 e i 9
FENLE;V Low FREO#IENCV ANALYSER TRANSFORMERS. All standard inputs. preset 5/20 pf on each: 3 air spaced preset 250 red: ﬁnear. As new. £2.95ea. P. & P. 37p.
type SA2 with recorder. £175. Gard/Parm/Part. 450-400-0-400-450. 180  30/100 pf on ceramic base. ALL BRAND NEW VISCONOL EHT CAPACITORS

SOLARTRON CDS523 Single Beam Oscillo
scope 3db at 10 MHZ: tmV max sensitivity.
DC coupled down to 1 vol. 4in. flat faced PDA
tube. TB from 1 secs. per cm. to O-1 microsecs.
per cm. plus times 5 expansion £50.

MARCONI TF 195M-0/40 KHZ Sine Wave
Generator 0/40 Volts output Metered. These
must go £7-25.

MA. 2 X 6.3v. £3 ea

FANTASTIC VALUE
Miniature Transformer. Standard 240V
input. 3Volt 1 amp output. Brand New.
65p ea. P. & FP. 15p. Discount for
quantity.

25p the LOT. P. & P. 10p.

ALMA precision resistors 200K 400K: 497K:
998K: 0-1% 27p ea.: 3-25K, 5-6K, 13K-0-1%
20p ea.

RELAYS
Varley VP4 piastic covers 4 pole c/o 15K—
33p: 5-8K —-40pea.

0-05mfd 2.5kv 50pea. 0-O1mfd Skv 40pea.
0-05mfd  8kv 50p ea. 0-01mfd 10kv 50pea.

BLOCK PAPER CAPACITORS AVAIL-
ABLE. S.A.E. with requirements.

PHOTOCELL equivalent OCP 71. 13p ea.
MULLARD OCP70 10p ea.

capacitors. Price £11-50.

LOW FREQUENCY WOBBULATOR

Primarily intended for the alignment of AM Radios; Communication Receivers; Filters, etc., in the range of 2560 KHZ to 5 MHZ, but
can be effectively used to 30 MHZ. Can be used with any general purpose oscilloscope. Requires 12V AC input. Three controls—
RF level: sweep width and frequency. Price £8-50.
A second model is available as above but which allows the range to be extended down in frequency to 20 KHZ by the addition of external

Both models are supplied connected for automatic 50 HZ sweeping. An external sweep voltage can be used instead. These units are
encapsulated for additional reliability. with the exception of the controls (not cased, not calibrated).

MAKE YOUR SINGLE BEAM SCOPE

20HZ to 200KHZ

WITH UR NEW
] Lon PRICED SOLID STATE SWITCH. SINE AND SQUARE WAVE GENERATOR
YOUR MANUALS 2 HZ to 8 MHZ. Hook up a 9 volt battery and In four ranges. Wien bridge oscillator thermistor stabilised. Separate
S.A.E. WITH connect to your scope and have two traces independent sine and square wave amplitude controls. 3V max sine,
for ONLY £6-25. P. & P. 25p. 6V max square outputs. Completely assembled P.C. Board, ready to use.
REOUlREMENTS STILL AVAILABLE our 20 MHZ version 9 to 12V 'supply required. £8-85 each. P. & P. 25p. Sine Wave only

£6-85 each. P. & P. 25p.

WIDE RANGE WOBBULATOR

5 MHZ to 150 MHZ (Useful harmonics up to 1-5 GHZ) up to 15 MHZ sweep width.
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10-7 or TV
IF alignment, filters, receivers. Can be used with any general purpose scope. Full
instructions supplied. Connect 6:3V AC and use within minutes of receiving.

All this for only £6-75. P. & P. 25p. (Not cased, not calibrated.)

at £9.75. P. & P. 25p.

HARTLEY 13A Double Beam Oscilloscope
TB 2 ¢/s—750 kc/s. Band width 5-5mcs.
Sensitivity 33 Mv/cm. Calibration markers
100kc/s and 1 Mc/s. £25 each. With
accessories £27-50 ea.

Unless stated—please add £1-50 carriage to all units.

VALUE ADDED TAX not included in prices—please add 8%
Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9 am to 6.30 pm any day (later by arrangement.)

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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The largest selection

BRAND NEW FULLY GUARANTEED DEVICES Sk, haver or
ZENER DIODES
\7 G
AC107 022 ADI6L & BCI50 020 BDIEL 055 | BFISE  0-44 MTK3440 0-55 26300 0-39 2N2194 -39 . 2N4N58 018 2_?,{;3" f,“l,‘,"\}.‘GE“U,,
ACI13 020 AD162 (MP) BCI51 022 By 0-86 BI184 028 MPF102 0-46 2 0: 2N2217  0-24 . 284050 011§ P o TR
ACII6 022 075 BCI52 019 BDI3Z 072 BFIRS 033 MPF104 0-41 0-18 2N2218 022 . 2Nao60 013 BT T L oot
ACLI7K 0-32 ADTI[40 0'55 BCi53 031 BD1s5 0-44 BIT187  0-30 MPF105 0-41 - AN2210 0-22 . 2N40G1 013 ‘lt’ml’) 3% ARk folls
ACI22 013 AFL14 027 BCI51 033 BDI3S 044 BFIS8 (-4 0-39 - 2N2220 024 . 2N4062 013 R 0% BOP e A and
ACIZ5 019 AF115 027 BC137T 020 BDI37 050 B¥IGY 013 0-70 . 2N2221 022 - 2N0281 019§ O T e roltane
ACI26 018 AF116  0-27 BC1S8 013 BDI38 055 BII95 013 0-62 . 2N2222 022 . 284285 019 f L IHER P Li
AC127  0-20 AF117 027 BCI5Y  0-13 : BILOG 016 0-54 . 2N2368 018 . 2N4286 019
ACIZ8  0-20 AFI1E  0-39 BCIGO  0-50 : BE197 018 0-82 - 2N2369 0-18 : 2N4287 0-19
AC132 018 API24 033 Bgl?_l. g:sg i Sr}ifgg tll-so 042 i z\Nl?.stl:snA 018 0-23 2N1288 019 10 amp POTTED
Ac]:gi 018 Al-vl‘zq 0:3(13 g 167 0_;3 : b2 :05 032 s 2\21‘11 0_27 0-23 2){4‘2?(9 0-19 BRIDGE RECTIFIER
AC137 018 AF126 03 Ciu8 257 0-50 0-55 2N2412 027 0-31 2N4290 019 "
ACI41 0O AF127 031 BC169  0-13 - BF258  0-68 0-55 018 2N2646 0-52 0-46 019 on heat sink.
ACI41K 032 AF13% 033 BC170 0-13 d BF259 0-94 046 0-33 2N2711 0-28 0-17 019 100P1V. 990 each
ACI42 0-20 AF178 055 BCI7I 016 - BF262  0-81 0-55 0-33 2N2712 0-23 0-17 018
ACI49K 0.8 AF179 055 BCI72 018 d BF263  0-61 022 0-28 2N2714 023 0-31 013 [ —
ACI5L 017 AF180 055 BCI73 016 : BF270  0-39 0-27 0-39 2N2904 019 0-31 0-60 | NEW LINE
ACIDS 020 AFI8L 055 BC174 018 BDI& 072 BF271 033 017 0-61 2904A 0-23 0-83 0-35 | Plastic Encapsulated
ACIZ: 099 AFI85 055 BCi75 024 BDI187  0-77 BF272  0-88 0-14 0-22 5 023 0-74 0-35 2 Amp. BRIDGE RECTS
ACIo | o'as AP239 041 BC177 021 BD188  0-77 BF273  0-39 011 0-31 2N2H05A 0-23 0-82 459 044 f 50v RMS 35p each
AOIS 8_27 AL102 072 BCI78  0-21 BD189 0-83 BF274 039 011 0-48 2N2906 017 0-82 aN612t 0-75 | 100v RMS 40
icies o8 AL103 072 BCL7Y 021 BDISO 083 BFW10 0-68 0-16 0-54 2N2906 A 0-20 010 28301 055 [200v RMS  45p
A 0_52 ASY26 098 BCI80 027 BD195 094 BFX29 0-30 016 0-46 2N2907 (-22 013 283024 0-46 [ 400v PMS 50p ..
‘Agmg 322 ASY27 033 BCIBI 027 BD196  0-94 BFX84 0-24 017 0-50 2N2907A 0-24 013 0-46 [ 1,000 RMS 55p
4 ASY28 028 BCI82 018 BDIY7 099 BFX85 0-33 076 017 014 2N2923 016 014 061 I8ize 15 mm x 6 mm.
ACI168 027 ASY20 028 BOISYL 0-16 BDISS 099 BFX8H 024 0C77 028 0-15 2N2024 0-18 013 0-77 | eom—
ACI6Y  0-18 ASY50 0-28 BCI83 016 BD19g  1-05 BFX87 0-27 0CH1 017 0-27 2N2925 0-18 2N3706 013 0-86 UNIJUNCTION
AC‘lih 022 ABYS1L 028 BCI83T. 0-18 BD200 1-05 HBFX88 024 OCBID 017 039 2N2926(G) 2N3707 0-14 088 ) NS
ACL77 027 028 BCIs4 022 BD205 0-88 022 0C82 017 0-09 014 002 0-86 f UT46. Eqvt. uNu64s.
ACL78  0-31 028 BCI®4L 022 BD206 088 022 oCE2h 017 010 IN2Y2(Y) 010 p-62 | Euvt. TISss. BEN3000
AC179 031 0-28 BC186  0-31 BD207  1-05 0-22 0Cs3  0-22 013 0-12 010 046 | 30p each, 25.99 28p
ACI80 022 0-28 BCI87 031 BD208 105 019 001" 655 033 2N2026(0) 010 0-4¢ [ 100 UP 22p.
:\SJBOK 0-33 o-2g BC207 012 n1>Y250 1-;3 017 0C110 022 3-3!7; 11 0-31 062 | mee———
ACIFL 02! 028 BC208 012 BFI15 0 017 0C169  0-88 - =B Bl 0-55 077
ACISIK 0-32 058 | BC2oy 013 BFI7 050 017 | ocim 059 055 N0 oty o7 JCADMIUM CELLS
ACI87 024 0-44 BC212L 0-14 BF118  0-77 017 00171 028 0-31 g 1 0-31 0-79 ORP1248p
ACI187K ogs 0-14 KC213L 0-14 nF}m g-;g 0-1; 00200 098 g-g; zstmBa ” 0-31 077
ACIS88 024 0-14 BC214L 018 BF121 01 o020l 031 . , [ 0-33 0-16
ACI8S8K 0-25 015 BC225 0-28 BFI23 055 017 00202 0381 0-22 UN3010 077 IN3905 081 0-44 [ GENERAL PURPOSE
ACY17 0-28 BC113 011 BC226 (-39 BFI25 050 0-20 00203 8.28 016 ONyll 016 | 2N3906 030 0-50 I"}}’N sn,-‘é%)}? SWITCH-
ACY18 022 BCIl4 017 BC301  0-30 BFI27  0-55 0-20 00205 098 0-33 I ol g-“ 738-15
ACY19 022 BClI5 017 BC302 027 BFI52 061 0-31 0C205  0-39 0-23 {\_PlODEﬁls oal N "Zlé -uwﬁg
ACY20 092 BCLIG 017 BC03  0-35 BF153 050 0-31 0C309 044 0-23 AAILD  0-09 T 3 130 g} Alo 015 |27/28/95A. paild seaile
ACY2i 022 BCLi7 020 RC304 040 BF154  0-50 014 O0PT1 048 0-22 AAIZ0 003 B ’154.4 0'23 0447 pog | dcioes no open o short
ACY22 018 KCII8 011 BCHO  0-3¢ BI155 0-77 0-14 ORPIZ 048 0-24 AAL29 008 BY164 055 0A70 008 fgTepiia, ALSO AVAIL-
ACY27 020 BCI1Y 033 BCi60 040 BFI56 053 2-20 ORPEO 0-44 0-16 AAYS0 0-10 BYX38/30 0A7y g0 [ ATLM in FNP Sim. to
ACvi 033 | nobs o3 | pove oy | i @ o83 | Okret oua 018 | BAto odi | wmymo o | OASL 008 JOUONL o ‘e
ACY30 031 BCI2i  0-20 HOY3I 029 BF159  0-66 0-28 L (1 p 019 BAIlG  0-23 BYZIL 033 oago gy | Preference NPN or PNP.
ACY3l 031 BCL32 013 BCYs2 033 BF160 0-44 0-28 Pidia 022 2N1306 0-23 BA126 024 BYZl2 0-33 0AS1 007 o = e
ACY34 0-23 BCI31  (-20 BCY35 024 BF162 044 0-55 P397 046 2N1307 0-23 BAI48 016 BYZ13 028 0AY 008 & B i
ACY35 0-23 BCI#5 013 BCY3t 0-28 BPI63  0-44 0-39 ST140 014 2N1308 0-28 BA154 013 BYZIG 044 04200 007 ]-‘;0 B fs'g
ACY36 0-31 BCL36 017 BCY70 018 BF164 044 0-22 STI41 019 2N1309 026 BA155  0-18 BYZ17 039 04202 008 | 209 L4 e
ACY0 019 BCI37 017 BCY7l 022 BF165 044 0-33 TIS43  0-33 1613 0-22 BA156 015 BYZ18 039 sp10 008 | 1090 e i
ACY41 020 BCLio 044 BCY72 018 BrI67 024 0-33 : 1711 0-22 BAI73 018 BYZ19 031 :
ACY14 039 BCl40  0-33 BCZI0 022 BF173  0-24 0-39 UT46  0-30 1889 035 BY100 017 662 ?1\”{:’ 38;‘ ———
ADI30 042 BCI41 033 BCZII 0-28 BF176  0-39 0-24 ZNi14 120 V1890 0-50 BY101 013 (0AY1 Eq.) INGiA 008 SIL. G.P. DIODES $p
AD140 053 BCI42 033 BCZI2 028 BF177  0-39 0-21 0-21 2N1893 041 BY105 0-19 . 1No1s o008 Jeoomw 30. 055
ADl42 053 BCI43 033 BDI15  0-68 BF178  0-33 MATIOL 0-22 021 2N2147 079 BYIL4 013 CG651 i 1GPIV(Min) 100..1-85
ADI43 042 BCl43 050 BDII6 (-8 BFI179 0-33 MATI20 0-21 0-21 2N2148  0-63 BY124 013 (0A70-0A79) IN916 - 008 [ 4y 500, 550
ADI4Y 055 BCl47 011 BD121 068 BF180  0-33 0-27 2N2160  0-68 BY126 016 R 0-07 ]'f;‘_' i8 g:‘l"f Full Tested 1,000, .9-90
ADI6E (-39 BCI48 g1l RDIZ3 072 BF181 0-33 044 2N21Y2 (-39 BY127 017 045 039 8021 1deal for Organ Builders.
ADIS2 039 BCi4y 013 BD124 076 BF182 044 039 2N2193 0-39 BY128 017 OAGSL 023 15051 007 | —
TRIACS
E, 0 B
KING OF THE PAKS Unequalled Value and Quality QUALITY TESTED SEMICONDUCTORS - NIE:IV IT‘(A)W }:HIC_E TE7SATH1)0,§'C|};§' s‘:M VHOMTf)A.5 T‘(")A-ﬁs‘l‘l((;::B
Price S aimgms KOD [ P2 £ 3
TO5 TO66 TO6H TO64 TO48 TO48 TO48 TO48 ? 4 (4
NEW BI-PAK UNTESTED JE&* No. . I 50 022 027 039 039 05 055 o55 139 10033 55 83
Q1 20 Red spot trunsistors PNI' ... ... I 0550100 027 027 052 052 035 063 082 154 [0 55 66 99
SEMICONDUCTORS Q2 16 White apot I.E. transistors PNP ... 055000 o755 057 954 054 062 067 067 176 Ji00 77 83 121
Q3 4 0C 77 type transistors . .. .. coeeeeeeeo OB5R500 0 039 042 059 062 067 08 077 183 e
- ! J Q4 6 Matched transistors OC44/45/81/81D. ... .. 055 ) p . . ; . .
Satisiaction GUARANTEED in Every Pak. or money back tH ) 600 042 052 075 075 084 107 097 DIACS
: TARA Srery T ’ a2 F10C 7oItranaiston o £ e a (0] 063 070 088 088 099 132 150 440 fForR USE  witw
Pak No Description Price 8'3 i gg BS’;‘;L“B’”"‘;"S' BN il TRIACH
- > 128 transistors > high gain. 39) * ol
U i 120 Glass Sub-Min. General Purpose Germanmm Diodes ... 055 Qé 4 AC 126 transistors PNP. . . .. K P&NWEE'RALTPHUﬁgOSSEB(gzgﬁNPZNAP! BRI0U (D32) 25p each
| = s . - f 9 7 0C 81 type transisto . e —
U2 fo N‘II.\CII Germanium Transistors A.P‘ PF‘ = 0-55 310 ’:_ et &{:eﬂ t;‘;:::::m;: - Codel GPLOD. BRAND NEW 10-3 CASE. POSSIBLE FREE
U3 75 _Germanium Gold Bonded Sub-Min. tike OAB, OA47 ... 0-55 Qll 2 AC 127,128 Complementar REPLACE: —OC25-28 29 30-145_: NKT 401-403-104
U 4 40 Germanium Pransistor like OCAL ACI28 0558312 3 AP 1Ly type transistors 405106430431 452 §53. TI3027-3028, 2N2504 2N 1564 | One 50h}J‘Pakt of your
U5 60 200mA Sub-Min. Silicon Diode T LEALT I B bl 0-550 Q13 3 AF 117 type transistors . - 457TA-458A, IN5IT A & B. 2G220-222, ETC. VCBO 80V ov:jn e t}lce Tee Wl
| 5t ' s : T ATTS 30-17 d i
U630 8il. Planar Trans. NPXN like BRVO5A 2N706 .. .. O e 8 onny L type transistora ., .. ... 035 VOEG B0V IC 104 A AT BTS00 100 ety e s over:
= — ——— —— = o o = Q13 7 2N2926 8il. Epoxy transistors mived colours 0-55 o up
U 7 16 8il. Rectifieni TOP-HAT 750mA VLTG. RANGE up to 1000 0-55 QI7 5 NPN2 X ST.141 & 3 x 8T.140 ... ... ... 055 48p cach 44p each 40p each BRAND NEW TEXAS
'8 90 Nil Planar Diodes DO-7 Glase 250mA like 0A200°202 0550 Q18 1 MADT'S 2 x MAT 100 & v x MAT 196 055 - 2 GERM. TRANSISTORS
U 9 20 Mived Voltagen, 1 Watt Zenor Divdvs ... . 055JQlY 3 MADTS 2 x MAT 101 & 1 x MAT 121 055 SILICON High Voltage 250V NPN Coded and guaranteed
= - = Q20 4 OC 44 Germanium transistors A.F. . ... 055§ TO-3 case. G.P. Switching & Amplitier Pak N EQVT
U0 20 BAY50 chamre storage Dimies D=7 Glans ey 0-55 Q21 4 AC 127 NPN Germanium transistors. . 0-55 | Applications. Brand new Coded R 2400 'I‘(]‘ ;.2(“;_12 §07]
ULl 20 PNP BIl. Planar Trans TO-5 Tk IN1152, 282009 . 0-85 | 422 00 NKT transistony & 1 Jo b coded - 55| YOBO 230/VCEO 100/1C 54730 Watts. | 115 warr s |14 8 Diare | gooy
Ul3 30 PNP-NPN Bil. Traniistirs OC200 & 25 104 ... 055 Q23 10 0A 202 Silicon diodes sub-min. 055 (l)-IIF:( l‘?{l;eclf‘i/;r(,}?[M:‘%! s5p. 2599 500, | FOWER FPN %5 8 Diols  ocsip
T3 150 Mixed Bilicon and Germanium Diodes . - 0554 021 8 OA 8l divdes . . . BT 0safi00uy agy o ISR BRSSO Lasp mac. L1y w 2assir ocst
‘ - R R 555 | 925 16 1N914 Silicon diodes 75 PIV 7oma . 055 b 44p T5 R 20382T  OC82
UL5 20 NPN Bil. Plavar Tranz. TO-5 like BFY51, 9N64 < 3 Q26 8 OAYS Germanium diodes subemin. INGY 0-55 T6 8 2G344B  0C44
Ul6 10 3 Amp Bilicon Rectifiers Stud Type up to 1000P1V ... 055 Q27 2 10A 600 PIV Siticon rectifiers 18425 it . 0-55 JLINEAR INTEGRATED CIRCUIT PAKS 2 T7 8 2G445B  OC45
Ul7 50 Germanium PRF AF Transistor T0-5 like ACY 1502 056§ Q28 2 Bilicun power rectifiers BYZ 13 .. 0-55 {I‘i;g i‘l’f: “_’;;?ﬁ pomad |5 SLEE 0122 TS & 2G378  OCTH
U188 6 Arap Silicon Rectifiers BYZ13 Type up to 600 P1V ... 055 Q29 + ?“)'f",z"N‘G’;S"_B_“f'_""“f P ou 055 ULIC 741 7x7g1 | OB o 3 cggevanantoly
Ul9 25 Rilicon NPN Transistors like BCL10S ... ... ... oo 0550430 7 Silicon awiteh transistors 2NT06 NPN 0-554 ULIC 747 SXT4T . LS 0-56 All 55; eai:h pak. !
U20 12 15 Amp Silicon Rectifiers Top Hat up to 1000 PIV ... 05§ Q3L 6 Silicon switch tramsisvors 2N708 NPN...... 055JULIC 748 7x748 ... . .. ... 0-55
U2l 30 AF. Germanium Alloy Transistors 26500 Berics & OCT1. 055 952 & PNP Silicon transistors 2 x AL X g AD161/162 : JUMBO COMPONENT | 2N2060 NPN SIL. DUAL
U23 25 MADT's like MHz Beries PNP Transistors . .. ... .. 0550 55 5 Silicon ! U oese / ety PAKS TRANS. CODE D16gy
24 20 Germanium I Amp levtifiers GIM Series up to 300 FIV 0558 G35 - Silicon gl’JPR C’(‘)gl\l\’vFé}EHglmwAﬁ; L MIXED TE;}As. Our price 28p
U2 25 500 M1iz NPN Rilicon Transistors 2N708, BRY27 .. 058 o (ode b Wp PRI PAIE pLecrsug, et
U206~ 30 Fast Switehing Silicon Diodes like IN914 Micro-Min. .. 055 | @50 * Eceeptionaliy good value | 120 VCR NIXIE DRIVER
U29 10 1 Awp SCR' TO5 can__up to /00 PIV CRAT 25-600 __ L10fgus 7 '35 [ SILICON PHOTO TRANSISTOR | Recistors,  capacitors, | TRANSISTOR. _ Sim.
U32 25 Zener Diodes 400mW DO-7 case 3-18 voltamived 055 [ u7 3 2N3033 NPN Silicon transistors .. 055 };g-li Lene enld ll‘;}]’-\' I;‘;{"A-N'IA; Lﬁtﬁ; ’tlll*;f”""m‘:” ot“h“e‘: i‘??fl‘&Tg:({,ElfVRg
o = = o = = 3 - P = VI f E y Y 9 23 and P21 AD ang 2 Vala U B
Us§ 1o Plastic ase 1 Amp Silicon Reckifiers TN 4000 Serica ] el e ot 4 8 LA & S OB NN Bl uata caiinble. | metul " itern Ao | COLED o o0, )
U34 Silicon PNP Alioy Trane. F0-5 BOYI0 28302/3 . 0558050 5 NPN transistorm 4 x 4 3707 ¢ x 0-55 | Fully guaranteed. mately 8lba in weight. k19p each. TO.5 NPN
Uis 9 Silicon Planar Transistors PNP TO-18 2N2906 ... 055 Q31 3 Plastic NPN TO-18 2N3904 . 0-55Qty. 1-24 25-99 100 up § Price incl. P. & P. £1-65 } 25 up 17p each.
U36__ 20 Stlicon Planar NPN Transistors TO-5 BFY50/51/52. .. 055§ Q43 5 BC 107 NPN transistors ... ... 055 Priceeach49p _44p _38p U only. e
U37__30 Bilicon Alloy Transistors 50-2 PNP 0C200. 29322 . 05 | o s B OO il i3 F.E.-T.'S Syl gautablelon
U8 20 Fast Switching Silicon Trans. NPN MHz 2N3011 0550 Qa6 3 BO 115 NPN TO-5 transistors .. 0.55 Jaxuniu g1 UNSM20 55p  2Ni821 89p  2N3s23 31p § Eqvt. ZT X300 8p each.
Q 2 31p P P 2
U38 30 R¥. Germ. PNT Transistors 2N 35 TO-5 055 Q47 4 NPN hi(h gain  transistors 2 x i 2NG465 35p  2N545Y 44p BFW10 66p MPF105 41lp § Anv Qty.
U460 10 Dual Transistors 6 lead TO-6 2N2060 055 s ‘f“3<\ 'jﬁ“}f{f N e . g'gg SILICON RECTIFIERS
U347 % SiT_Trans. Plastic TO-T8 A F BCTI3 114, o OS5 MO40 5 NEN transistors 2 X BEY51. 1 % RIY. C055 )y SUDWA 70MA 1 Amp 13 Amp 3 Amp [0 Amp 30 Awp
U44 20 Sil. Trans, Plastic TO-5 BC115, NPN. ... .. - 0550Q50 7 BSY 28 NPN awitch transistors TO-18 . 055 ) (SO 16 Plaatic SO 16) (R0 1) (80 10) (TO 4¥%)
4 ; : (DO 7) (R0 16) ¢ )
U457 3A SCR. TOG6 up to 600PIV .. .. .. . 110 352 ; ]!:%\10%5: NPI}].tmnmt;?'m S00MHz . 2‘51*‘5) 50 005 008 1IN400I 005 0-(113 g-{s ggé g-?g
i A H R E % b ¥be silicon rectifiers ... — N o0 0-05 007 1N4002 008 0- 17 . B
U6 20 Unijunction transistors simifar to TIS4% . .. 952 {5 25 il & Germ, trans. mixer all marked vew 165 200 006 010 IN4003 007 012 022 025 £100
U437 18 TO220AB plastic trince 50V 6 ] 110 i 008 015 1N4004 008 015 030 038 £1.35
Uit 8 NPN Sil. power transistors like 2N 3055 1-10 600 009 017 1IN4005 010 018 gag gég éﬁtésl)oo
0 B Tt - W T ; 5 B0 012 019 INi006 011 020 3 g -
U489 12 NPN Sil. plastic power trans, 60W like 2 Y4 /52! 1-10 8th EDITION 250 pages 1(!0(' o8 R B e oiss obas s .50
TRANSISTOR EQUIVALENTS BOOK. A coniplote crosa § 1200 0-35 y ({3{) ” 058 ” ?{7:‘ g;,i;.o’
g i ce iven i ide N ice in J refe and equivalenta book for Luropean. American and § A1l Stud Nilicon Rectifiers are available in reverse Polari v. i.e.. ®tud being Anode.
Sk?:f:aﬁ‘: ;‘}::‘ggt;g::‘thz?:;eﬁvt:eaﬂ-‘fx’(l)r'xlx?a?l;glllifnxtnggkgdé reeloffdeviceliy Jall:r:l:gg ?l!:‘:tlil?ntum,e:‘\]xcln:;ve to BI-PAK £1-85 each. When o’rdelnl\:g ISI ud Anode type, please request ‘Reverse Type’.
A LARGE RANGE OF TECHNICAL BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE ITBEEA(gg%;(zoS)T?és; (A10), WARE, HERTS.
DA T A BOOKSTAREBNOW RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT g I
OPEN MONDAY-SATURDAY 9 a. p

AVAILABLE 73X. STOCK.
SEND FOR FREE LIST. COMPETITIVE PRICES— ALL PRICES INCLUDE VAT
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-the lowest prices!

. T T L I C,S NOW WE GIVE YOU 50w PEAK (25w
74 Series T.T.L. I. R.M.S.)PLUS THERMAL PROTECTIONY
BI-PAK STILL LOWEST IN PRICE FULL SPECIFICATION The NEW AL60 Hi-Fi Audio Amplifier
GUARANTEED, ALL FAMOUS MANUFACTURERS FOR ONLY £3.95
1 25 100+ 1 25 100+ 1 25 100+ at Sink temp, 90°C. Therma! Feedback
§N7400 018 017 016 | SN7453 018 017 018 | 8N74153 £1-20 4110 £1-00 ® Max Heat P e ;
8N7401 0-18 0-17 0-18 8N7454 0-18 0-17 0-18 §N741564 £1-98 £1-90 8£1.75 @ Frequency Response 20Hz @ Latest Design Improvements
Bb: g S om ) ave oo iR o) e AR RE AR) 0o ® L3 4.t 18 oo
N7403 018 017 O BN7470 3! 0-29 - 74156 81 : : storti o } .
8N03 018 017 O | SNvils 03 oy 087 | BN7i1s7 #120 sl.15 gi10§ @ Distortion betier than O.1% .| @ Signal to noise ratio 8048
BN7405 022 021 020 | 8N7473 041 039 035 | SN74leo £1.73 2170 £1-65 @ Overall size 63mm X
SN7406 038 034 031 | SN7474 041 039 035 | 8N74161 £1-73 2170 £1-65 § @ Supply voltage 15-50 volts 105mm .. 13mm
8N7407 0-39 03¢ 031 | BN7475 080 058 056 | SN74162 £1-73 £1'70 2165 . e )
BN7408 0-25 0-24 023 8N7476 0-44 0-43 042 8N74163 £1:73 £1-70 21-65 iy to a strict a Only the finest compo-
8N7409 0-25 0-24 0-23 8N7480  0-74 0-71 0-64 8N74164 £2-20 2210 £2-00 nents have been used and the latest solid state circuitry incorporated
BN7410 0-18 0-17 0-18 8N7481 21-30 21-25 2120 8N74165 £2-20 £2-10 £2:00 in this powerful little amplifier which should satisfy the most crjtical
8N7411  0-28 027 0-33 8N7482 o-go 0-65 o-gg 8N74166 £2- £2-30 2225 A.F. enthusiast.
8N7412 0-30 0-28 0 8N7483 21-20 2115 21 BN74174 2200 £1:85 £1-90
swlz 030 020 0B | SN 0 fle flee | SNam s s195 S0 1 EYLLY BUILT—TESTED and GUARANTEED
8N7416 040 039  0-38 | 8N7485 £2-00 8190 2180 & 155 2150
BN7417 040 039 038 | 8N7dss 035 0-34 &«gﬁ 3233%7: ﬁ'g“o ’i Ol
BN7420 018 017 01 §N7489 2400 £3-75 i ] : :
SN7422 030 029 028 | SN7490 074 071 O SN74180 £160 4155  £1-50 STABILISED POWER £3-25
8N7423 o-io g-gg g-gg SN7491 z‘l)-;g s;«_]o? slo-gg 8N74181 £5.00 £4-50 2400
8N7425  0-40 - - §N7492 - - - N . .
N 040 058 03 | SNries o071 o071 pet | SNTaIST LSO f145 £1A0 MODULE SPM80 )
SN7457 040 038 036 | SN7494 0-85 082  0-75 | BN74184 8240 2230 & SPm80 is especially designed to power 2 of the A'L60 Amplifiers, up to
8N7428 0-45 0-42 0-40 BN7495 0-85 0-82 075 SN74190 £2:15 £2-10 £2:00 15 watt (r.m.s.) per channel simultaneously. This module embodies the
8N7430 0-18 017 0-16 BN7496 0-96 0-93 0-88 8N74191 £2-15 2210 £2-00 latest components and circuit techniques incorpotating complete short
8N7432  0-40 0-38 0-38 8N74100 £1-50 21-45 21-40 8N74192 £2-15 2210 $£2:00 eircuit protection. With the addition of the Mains 'Transformer BmT80,
BN7433 0-42 0-40 0-38 8N74104 0-70 0-68 086 8N74103 £2-15 £2:10  £2:00 the unit will provide cutputs of up to 1-5 amps at 35 volts. Bize:
8N7437 0-45 0-42 0-40 8N74105 0-70 0-68 068 - 63 mm X 105 mm X 20 mm. These units enable you to build Audle
§N7438 045 045  0-40 | SN74lo7 0-44 0.4z 040 | SN7410¢ 8190 £1:80  £170 Systems of the highest quality at a hitherto unobtainable price, Also
8N7440 018 0-17 0-18 8N74110 0-60 0-55 0-50 8N741905 £1-60 41-50 £1-40 tdeal for many other applications including: Drisco Bystems, Public
8N7441 0-74 0'31 O'B: 8N74111 095 0-92 0-90 8N74196 £1-73 £1.70 £1-85 Address, Intercom Units, etc. Handbook available, 10p.
8N7442 074 071 06 8N74118 £1-10 £1-05 £1-00 T 81 d 1-85 .
SN74ds €190 #1145 4110 | BN74llo 150 140 £130 | Snie BT A% S TRANSFORMER BMT80 £2:15 p. & p. 25p
8N7444 £1-20 £115 £1-10 | 8N74121 050 048 045 R 290
8N7445 81-98 £1-95 21-90 8N74122 088 0-88 0-84 8N7419¢ £3-10 £300 £
SN7446 £1.20 £1.15 £1-10 | SN74123 £1-58 8154 2180 | Devices may be mixed to qualify STE R EO P R E_A M PLI FI E R
8N7447 £1-10 2107 £1-05 | 8N74141 085 082  0-7% | for quantity price. (TTL 74 Beries
SN7448 £1-10 _ 2107 £1-05 | SN74145 £1-58 #8154 £1.50 | only) data is available for the
BN7450 0-18 017 018 8N74150 £2-50 £2-40 £2-30 above scries of 1.0.'s in booklet TYPE PA100
SN7451 018 017 016 | SN74151 £1-10 £1-05 £1-00 | form. Price 35p.

Built to a specification and NOT a price, and yet still the greatest value on the market,
the PA100 stereo pre-amplifier has been conceived from the latest circuit techniques.

INTEGRATED CIRCUIT PAKS
Designed for use with the ALG0 power amplifier system, this quallty made unit

Manufacturers ""Fall Outs” which include Functional and Part-Functional Unite. These are classed as ‘out-of-
spec' from the maker’s very rigid epecificationa. but are ideal for jearning about 1.C's and experimental work.

s : incorporates no less than eight silicon planar transistors, two of these are specially
Pak No. Contents Price Pak No. Comtents Price Pak No. Contents Price gelected low noise NPN devices for use in the input stages.
UIC00=1247400 0-55 UIC46 =5 x 7446 0-85 UICY0 =5 x 7490 0-55 § Three switched stereo inputs, and rumble and scratch filtere are features of the
UIC01 =12 x 7401 0-55 UIC48 =5 x 7448 0-56 x 7491 0-55 | PA100, which also has a STEREQ/MONO switch, volume, balance and continuously
gggg =12x 7402 0-55 UIC50=12 x 7450 0-55 3% ;432 ggg variable bass and treble controls. N
=12x 7403 0-55 U861 =12 x 7451 0-55 % 7493 A -
UIC04=12x 7404 0-55 UIC53=12 X 7453 0-85 UICS x 7494 0-55 | SPECIFICATION: ' e Y
VICEs =12 X 7408 0-55 UICH4=12 x 74564 0-55 UIC5 =5 x 7495 0-55 § Frequency response 20Hz—20kHz +1dB Baass eontrol +15dB at 20Hz
UIC06 =8 x 7406 0-55 UIC60=12 X 7460 055 UICH6 =5 x 7496 0-55 § Harmonic distortion better than 0-1% Treble control +16dB at 20kHz
UIC07 =8x 7407 0-58 UIC70=8x%x 7470 0-55 UIC100 =5 x 74100 0-55 § Inputs: 1. Tape head 3-25mYV into 50KQ Filters: Rumble (high pass) 100 Hz
UIC10=12 X 7410 0-55 UIC72=8x%x7472 -58 UIC121=5x 74121 0-55 2. Radio, Tuner 75mV into B0KQ Scratch (low pass) 8kHz
UIC20=12 x 7420 0-55 VIC73=8x 7473 055 VIC141 =5 x 74141 0-55 3. Magnetic P.U.  3mV into 50K Signal/noise ratio better than +65dB
UIC30=12x 7430 0-55 UIC74=8x 7474 55 VIC151 =5 x 74151 0-55 [ All input voltages are for an output of 250mV. Input overload +26dB
UIC40=12 X 7440 0-55 UIC76=8x 7476 0-55 UIC154=5 x 74164 055 | Tape and P.U. inputs equalised to RIAA curve Supply +35 volts at 20mA
UIC4l=5x 7441 0-55 UICB0 =5 x 7480 0-55 VIC193 =5 x 74183 0-55 || within 4-1dB from 20Hz to 20kHz. Dimensions 292 x 82 x 35 mm
ggd2=gx;442 0-58 UIC81 =5 x 7481 055 U10199=55x74199d 7 ggg I £1 3.1 5
43=05 x 7443 0-55 UIC82 =5 x 7482 0-85 UICXI =25 Assorte: s 1- ]
UIC44=5x7444 0-55 UT083 =5 X 7483 055 Packs cannot ve spiit, but 25 | MK 60 AUDIO KIT only
UIC45 =5x%x 7445 0-56 UIC86="5x 7488 0-55 assorted pieces (our mix) is A . . >
avallable as PAK UTIC X1. Comprising: 2x AL60, 1x SPM80, 1 x BTM80,1x PA 100, 1 front panel, 1 kit of parta to include on-off switch,
neon indicator, stereo headphone sockets plus instruction booklets. Complete Prices: £28:75 plus 30p postage.

LINEAR 1.C.’s—FULL SPEC.
Ty7pe2No Case 1 25 100+ § DTL 930 SERIES TEAK 60 AUDIO KIT
Ttee D 1 0% S i lrocicles DUAL-IN-LINE | Comprising: Teak voneered cabinet size 161 x 113" x 33", other parte include aluminfum chassls, heatsini and
;g;?g g}_}: }: 0-35 033 0-30 gypf; {5 25 1%0+ SOCKETS front panel bracket, plus back panel and appropriate sockets etc. Kit price: £9-95 plus 30p postage.
0-45 043 0-40 § BP930 O 0-14 18 | 14 & 16 Lead Sockets for use with
a27d1 DIL 14 040 0-38 o035 f BP932 018 015 014 § pUALIN-LINE LC's. TWO Ranges ALIO AL20/AL30 AUDIO AMPLI FIER
72741C TO-5 8 045 043 040 [ BP933 016 015 014 {| PROFESIIONAL & NEW LOW COST
72741P DIL 8 038 036 034 | BP936 016 015 014 | pROF. TYPE No. 1.24 25-93 100up 9 MODULES
72748P DIL 8 038 036 0-34 | BP936 016 015 014 | 730 14pintype 33p 30p 27p
Sﬁg%g %g-g g ggg 8:2 gw g;g:é gég oég 0:14 TSO16 .. . 38p 35p 32 The AL10, AL20 and AL30 units are
8L702C TO-5 8 0-50 0145 e BP946 0-16 g-l 825 LOW COST No. i similar in their appearance and in their
AYA69 Toi721 (% To'sol o7 gg i 0_:1‘0 o 4 13 ¥ e 1s ., 18p ldp 12 general specification. However, careinl
Eywet IS AR S i P S g RSt oo A 8:-’;3 BPS16 , . 170 150 13p selection of the plastic power device has
TA;AOBS.%]A ,{\gg lg ‘ég 21-80 £1-70 :;P%% °'§5 014 013 BPS 8 pin typ 150 130 1lp ;eallif)dwl&; }?;nagg of output powers from
- 28 026 0-24 | BPOOD3 045 043 040 NUMERICAL The versatility of their desi
) . d : § ) y of their design makes them
:‘:;‘1"{0 I,}:gg lg gg gg‘?‘ gig g;ggg; gﬁ gig 0:8 INDICATOR TUBES ideal for use in record players, tape recorders,
ZN414 TO-18 4 £1-20 — - BP9099 0-45 0-43 8_40 Type D?sgriptlon stereo amplifiers and cassette and cartridge
TBAS0O DIL 14 $1.50 — — 3016F M|Ix;11'éxiocg';rsegmem T tape players in the car and at home.
3 TERMINAL POSITIVE MAN 3M L.E.D. 7 Segment iti
i » Hi Parameter Conditions Performance
VOLTAGE REGULATORS Bl-PAK Display 0127 High e — —
uATAOS/LASD 5V (Eauy. o MVRD) CATALOGUE & LisTs | ©% e Viwing ime * #7% § FAmMONIG DISTORTION Po-swaTTRi-1kH: | 0%y
quv. £1-78 3 . o —f— = . ———
pA7819/L130 12V (Equv. to MVR12V) £1.76 e Side Viewing Ko *157 | LOAD IMPEDANCE - ]
uA7815/L131 15V (Equv. to MVR15V) £1-76 § Send S.A.E. and 10p R N e — E— .
L D 2 INPUT IMPEDANCE f=1KHz 100 k2
ponauie sumrr meastes | The STERE - sronst 2345 | ro—zwarrs
REGISTER v M = X
gTL Icu?nmpauble- Low  Clock & e o zo I'REQUEECY RESPONSLE :1; 3dB_ B B Po=2 ?VATTS ] 50 Hz_ 2:5K}iz
apac ce, High Speed Diode he ‘Btereo 20’ amplifier Ia mounted, ready wired and Y8 = = f= 3 51 o P
g"""ebc"fd Tnputs Wired ‘OR’ 'ie;ged on gsone-pleceTﬁlhﬂ-ssla me,u“ﬂnxygo em. X SENBIT!VITY_foS BATE_D 0/}: ls 25V. R1 Sfl ll’iﬂj lnl‘{ R¥S_
apability SPECIFICATION em. X 5:6 cm. This compact unit comes — 37X 247 x1”
SHEET AVAILABLE 22,50 ;l)(;llnpleﬁe with O;l,'(:ﬂ switch volume control, DIMENSIONS xaix
ance, bass and treble controls, Trans-
TEAK VENEERED former, Power supply and Powcr amps. The above table relates to the AL10, AL20 and AL30 modules. The following table
CABINET for: Attractively printed front panel and match- outlines the differences in their working conditions.
STEREO 20 ing control knobs. The ‘Btereo 20 has been ..
designed to fit into most turntable plinths saie
TC 20. £3.95 p&p 30p w]i:ehoutt iht;erferingo with the mechanism or, & = ' Parameter
EM.T. LEK 350 Loudspeaker | Mlternatively, into a separate cabinet. ™S Ol i - | S
System Encloluu‘i(it‘lprf(.::l: QOutput power 20w peak. Input 1 (Cer.) » Maximum Bupply Voltage
veneer, Including speakers. 300"‘:’2"‘:) M. Jeread res” 25Hz25kHz, S 9% T.H 5 -
Rec. retail price £45.50 per Input (Aux,) 4mV Into 30K. Harmonic Power output for 2% T.H.D. 5 wnttal 10 watts
pr. OU PECIAL PRICE distortion. Bass control 4-12dB at 60Hz (RL=6R f=1 KHz) RMS Min. RMS Min.
250 por palr P.& P £1. ONLY | typically 0:25% at 1 watt. Treble con.ff | 4-45
0 +14dB at 14kHz. . PRICE £2-59 233

WHILE STOLKS LASTI

isHPSO STEREQ HEADPHONES,
d 20

Y
Stereo/mono switch and volume controls £4.95

4-16 ohms

20,000 Hz
The PA 12 pre-amplifier has been designed to match into
most budget stereo systems. It iz compatible with the

TRANSFORMERS

T461 (Use with AL10) £1-60 P. & P. 15p.
T538 (Use with AL20 & AL30) £2-30 P. & P. 1ip.

AL 10, AL 20 and AL 30 audio power amplifiers and it
can be supptied from their assaciated power supplies.
There are two stereo inputs, one has bken designed for use
with *Ceramic cartridge while the auxiliary input will
suit most tMagnetic cartridges. Fall details are given in

PA 12. PRE-AMPLIFIER SPECIFICATION

All prices inclusive of V.A.T.
Frequency response—
20Hz-50KHz (—3dB
Bass control—
+ 12dB at 60H.
Treble control—
+14dB at 14KHz
*Input 1. Impedance

Giro No. 388 - 7006
Please send all orders direct to warehouse and despatch department

BMT80 (Use with ALG60) £2-75 P. & P. 25p ] the specification table. The four PR CE 1 Meg. ohm o’ _ E
(‘:;n}trols n:le, flm&n lf&hmm{lght: fIn; t‘2Sle;':r'l;;ltilvlty 300mV = =, 4 F E 4
olume and on/off ew \ ance, put 2. pedance g =
POWER SUPPLIES i G ARC T XK I R LEE  P.O. BOX 6, WARE * HERTS

P8 12, (Use with AL10, AL20 & AL30)

SPM 80. (Use with AL60)

84mm x 35mm

88p
£3-25

FRONT PANELS FP12 50p

Posfage and packing add 15p. Overseas add exlra for airmalil.
Minimum order 55p. Cash with orcer please.

Guaranteed Satisfaction or Money Back
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DIGITAL CLOCKS

FREQUENCY COUNTERS

Professional quality, 6-digit, 12 or 24 hour display
Beautifully finished in executive case, also available as easy-build kit

Calculators, Clocks and Counters

Small, attractively-styled, up-to-the-minute design. 10Hz—30MHz 6-digit

LED display, also available as easy-build kit
High-frequency model 10Hz—220MHz minimum, still a full 6-digits and LED display..

Also available as easy-build kit
SPECIAL OFFER
CALCULATORS

All prices VAT inclusive until 1st October, 1974. British made by Advance

162P 40-step programme desk top
162R as 162 but includes \/
161R. 1 memory, %, 16- dlglt\/_
88 2 memory %

stand
QUAD

Latest—We have CBS—SQ Logic ICs in stock now! Full logic kit available

ALL ITEMS FOR PE RONDO QUADRAPHONIC SYSTEM SUPPLIED BY US

ALL PRICES ARE POST FREE

. hand-held, with rechargeable batteries, charger, case & desk

Wireless World, October 1974

1 New ltems Y, |

..£33.50+ £2.68 VAT
I ...£29.50+ £2.36 VAT

..£55 1+ £4.40 VAT

................................................. |'..e45+£3.60 VAT |

.£97+ £7.76 VAT
..£75+ £6.00 VAT

I £199
£175
I £108

.. £27.00+£2.16 VAT

PLEASE LET US KNOW AFTER 7 DAYS IF
YOUR ORDER IS NOT ACKNOWLEDGED.

|
|

COMMUNICATIONS CONSULTANTS ..

Telephone :

A FULL TECHNICAL AND AFTER-SALES-SERVICE IS PROVIDED.
AS MANUFACTURERS AND DISTRIBUTORS WE WELCOME TRADE AND EXPORT ENQUIRIES.
- INSTRUMENT DESIGNERS . .

. FOUR-CHANNEL SOUND SPECIALISTS.

Studio tlectronics |

PO BOX 18 HARLOW |
o |CM 18 6SH ESSEX.

Harlow (std0279) 25457

NAME

ADDRESS

WW—079 FOR FURTHER DETAILS

CASED TRANSFORMERS

Housed in smart resin coated sieel cases, with 3 core
rnwel cabls and outlel socket, fused primary winding.
solation Types are fitted with 3- -pin outlet sockefs. and
e avznnm with 110 voit or 240 volt outpul {Please
state} Auto types sr# fitted with 2-pin flat style sockets
up 10 500 VA 3-pin sockets from 750 ro 3000 VA,
Ses Auto and Isolation sections fot prices Plugs sxtra

SAFETY ISOLATING

Prim. 120/240V. Sec. 120/240V. Centre Tap with screen

PRICE
VA REF. PRICE Plugs PRICE
{WATTS) No. Cased 2Pin+ 1 Earth Open  Post
f f £ f
&0 149 735 080 400 038
100 150 822 080 460 052
200 151 1020 080 740 052
250 152 11-68 080 888 085
350 153 14-10 080 1080 080
500 154 1568 080 12-38 100
750 155 24-63 100 1872 120
1000 156 3219 1-00 2650 120
1500 157 3818 1-00 3034 0A
2000 158 4520 240 3468 0A
3000 159 66-50 a0 5335 O0A
MINIATURE & EQUIPMENT
Primary 240V with Screen
VOLTS MILLIAMPS TYPE PRICE Post
Sec.1 Sec.2 Sec.1 Sec. No. £ £
3-0-3 — 200 —_ 2 123 010
0-6 0-6 500 234 130 010
0-6 0-6 100 1000 212 195 0-22
9-0-9 — 100 - 13 23 010
0-9 0-9 330 330 235 143 010
0-8-9 0-8-9 500 500 207 175 022
0-8-9 0-8-9 1000 1000 208 2-30 0-30
15-0-15 — 40 -— 240 123 010
0-15 0-15 200 200 236 130 010
20-0-20 — 30 —_ 241 123 010
0-20 0-20 150 150 237 19330 010
0-15-20 0-15-20 500 500 205 247 038
0-20 9-20 300 300 214 172 022
0-20 P 3500 No Screen 1118 300 040
20-12-0- — 700 = 221 231 030
12-20 (D.C)
0-15-20  0-15-20 1000 1000 206 322 038
0-15-27 0-15-27 500 500 203 2713 038
0-15-27 0-15-27 1000 1000 204 352 038

CE Po
12V 24V No. £
03 015 242 1-34 022
05 0-25 11 138 0-22
1 05 213 1-58 0-22
2 1 n 209 022

4 2 18 258 0-38
6 3 70 380 0-42
8 4 108 420 0-52
10 5 72 4-80 0-52
12 6 116 5-01 0-52
8 2 052
10 0-69
15 097
20 1
30 1

TRANSFORMERS

30 VOLTS BRIDGE RECTIFIERS
PRIMARY 200/240V. X
SECONDARY 12, 15, 20, 24, ONE AMP Price
30V. S50 PLV. 025
AMPS  Ret. Price Post 100 PLV. 025
No. £ £ 200P1V. 028
0.5 112 1-72 0-22 8OO PLV @30
1 79 221 0-38
2 3 326 038 FOUR AMP
3 20 410 042 100 PV, 055
4 21 4-68 0-52 200 PV, 058,
5 51 580 0-52 400 P.LV. 065
6 17 650 052 m 600 P1V. ¢75
8 88 850 0-67 4
10 89 847 0-67 1 TWO AMP
et
040
50 VOLTS 200 PLV. 045
PRIMARY 200/240V. 0PIV o0
SECONDARY 24, 30, 48, 60V,
AMPS Ref. Price Post SIX AMP
Not £ £ 50 PV 085
O:3 124 208 038 100 P1V. 070
1 126 296 038 200P 1V 008
2 127 463 042 400PIY. 0’50
3 125 684 052
4 12g 194 g 2_7,
5 4 8-86 q
6 120 wis os2 | POWERUNIT
8 121 1358 1-00
10 122 1815 1-00
12 189 1600 1-10
60 VOLTS
PRIMARY 200/240V.
SECONDARY 13, 25, 33, 40,
S0V,
AMPS  Ref. Price Post
No. £ £
05 102 2:33 0-30
1 103 300 0-38
2 104 457 0-42
3 105 520 0-52 Qutput switched 3, 45, 6. 75, 9 and 12
4 106 689 0-52 Volts at 500 mA D.C. Dperates from 240 V
6 107 1117 0-67 mains, suitable for Radios, Tape Recnrders
8 118 14-1% 097 Record Players etc. Size 75 X 50 X
10 119 1547 097 14-0 cm. Price £3-35 Post 25p.

AUTO TRANSFORMERS

PRICE

VA Ref PRICE Plugs PRICE
{Watts) No. Cased 2 & 3 pin Open Post
£ £ £ f
Tapped at 115, 220. 240 Volls
20 113 3-0 015 165 030
Tapped at 115, 200, 220, 240 Volts
150 4 5-80 015 398 039
200 65 8-40 015 450 0-40
300 66 7-27 015 5-28 052
500 67 015 8-29 067

NEW! &axelwe
« PANEL METERS
2/ 4"

SIZE:  B80mm  Wide X SZE:  11Dmm  Wide X
45mm  Hgh X  40mm 82mm  Hgh X 43mm
Oeep. Deep.
Movement LR Movement 1R

Ohms. Ohims
0-50 micro A. 1250 0-50 micro A. 1400
0-100 micro A 580 0-100 micr A 730
0—50[] micro A 170 0-500 micro A. 200
0-1 170 0-1mA 200
0-5 VM 170 0-5mA 200
0-1DmA ] 0-10 mA 6
0-50 mA 05 0-50 maA 05
0-100 ma 05 0-100 mA 05
0-500 mA 05 0-500 mA 05
0-1 AMP 05 0-1 AMP 05
0-2 AMP 05 0-2 AMP 05
0-25 Volt 15K 0-25 Vot 15K
0-50 valt 50K 0-50 Vot 50K
0-300 Vot 300K 0—300 Volt 300K
“g" Meter 170 “9" Meter 200
VU Mater 5250 VU Meter 5250
VU Meters are complete with detectors. Modsm wide view
Price 2" £2:85 Post 10p. Price 4" £3-35 Post 10p. Lamps, 55p
per set.

ELECTRONIC MAINS TIMER

A reliable unit ideal tfor timing BathroonV
Toilet Ventilators, Stairway/Cloakroom Lighting
etc. Gives up to 30 mins. delay before switching
off. Delay: 1-30 mins. adjustable. Max Load:
400 VA or 1000 Watuts resistive. tvory Case:
33in. X 3Fin. X 2in Fitting Instructions
included. Trade Price: £6-80. Post 20p.

3-WATT CARBON FILM RESISTORS
also available } watt at 70°C E 12 range 10Q-1M{). 5% tol.
above 470K 10% tol. at 95p per 100.

PLEASE ADD 8% FOR VAT

A- S- P = (Dept. WW10)

Byre House, Simmonds Road
Canterbury, Kent CT1 3RW

Tel: Canterbury (0227) 52436
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MARCONI SIGNAL GENERATOR TYPE TF-144G: Freq. 85 Kc/s-25 Mc/s
in 8 ranges. Incremental: 1% at 1 Mc/s. Output: continuously variable 1 micro-
volt to 1 volt, Output Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV -1
volt - 52-5 ohms. Internal Modulation: 400 c/s sinewave 75% depth. External
Modulation: Direct or via internal amplifier. A.C. mains 200/250V, 40-100 cfs.
Consumption approx. 40 watts. Measurements 29 X 12} x 10 in. Secondhand
condition. £27-50 each, Carr. £2-00.
POWER SUPPLY UNIT PN-12A: 230V a.c. input 50-60c/s, 513V and 1025V at
420m/A o/put. 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 at 3Amps each and 5V at 6Amp and 4V at 0-25Amps. Mounted
on steel base 19in. W x 1lin. H x 14in. D. (All connections at the rear.) Excellent
cond. £8-50 each, Carr. £2.
MODULATOR UNIT: 50 watt, part of BC-640, complete with 2 x 811 valves,
microphone and modulator transformers etc. £7-50 each, Carr. £2-00.
CATHODE RAY TUBE UNIT: With 3in. tube, Type 3EG1 (CV1526) colour
green, medium persistence complete with nu-metal screen, £3-50 each, post 50p.
APN-1 INDICATOR METER, 270° Movement. Ideal for making rev. counter.
£1-25, post 30p.
AIRCRAFT SOLENOID UNIT S.P.S.T.: 24V, 200 Amps, £2 each, 30p post.
VARIAC TRANSFORMERS: Input 115V, output 0-135V at 2 Amps. £3 each.
75p post. o
RACK CABINETS: (totally enclosed) for Std. 19 in. Panels. Size 6 ft. high x 21
in. wide X 16 in. deep, with rear door. £12 each, Carr. £2-50.
CLASS “D” WAVEMETER NO. 1 MK. IO: Crystal controlled heterodyne
frequency meter covering 2-8MHz. Power supply 6V d.c. Good secondhand cond.
£7-50 each. Post 60p. 1
ROTARY INVERTERS: TYPE PE.218E—input 24-28V d.c., 80 Amps.
4,800 rpm. Output 115V a.c. 13 Amp 400 ¢/s. 1 Ph. P.F.9. £17-50 each. Carr. £2-00.
REDIFON TELEPRINTER RELAY UNIT NO. 12: ZA-41196 and power
supply 200-250V a.c. Polarised relay type 3SEITR. 80-0-80V 25mA. Two stabi-
lised valves CV 286. Centre Zero Meter 10-0-10. Size 8in. X 8in. X Bin. New
condition £7-50, Carr. 75p.
TS 15C/AP FLUXMETER: Used to provide qualitative measurements of flux
densities between pole faces of magnets. Range 1200-9600 gausses. +29%. S/hand
good cond. £25 + 60p post.
AUTO TRANSFORMER: 230V 50c/s, 1000 watts. Mounted in strong steel case
5in. X 64in. X 7in. Bitumen impregnated. £10 each, Carr. £1.
UHF ASSEMBLY: (suitable for 1000MHz conversion) incl. UHF valves; 2C42,
2C46, 1B40. Complete with associated capacitors and screening; 3 manual counters
0-999, Valves 6AL5 and 8 x 6AK5. £10 each, 60p post.
TELEPRINTER TYPE 7B; Pageprinter 24V d.c. power supply, speed 50 bauds
per min. ‘as new’ cond. in original packing case, £25 each; or second hand cond.
(excellent order) no parts broken, £15 cach. Carriage either type £3-00.
INSULATION TEST SET: 0-10 kV negative, earth with amplifier provision
for checking ionisation. 110/230V a.c. input. S/hand good cond. £30 + £1 carr.
AUTOMATIC VIBRATION EXCITER CONTROL UNIT TYPE 1016:
ganu%c(ured by Bruel & Kjocr. 5-5000¢/s per sec. S/hand V. good cond. £90,
arr. £2.
VRC 19X MOBILE TRANS/REC: 152-174 mc F.M. Power o/put 25 watts.
Input voltage 24v. d.c. Weight 801bs. £35-00 each, carr. £3-00.

RACAL OSCILLATOR: 1-100,000KHz in 1KHz steps with digital readout
?:FO, EWN, FSK, CWW, LSB, USB, ISB, DSB. Line 1 and 2. £200each.
arr. £5.

50-LINE TELEPHONE SWITCHBOARD: Complete with all plugs etc.,
excellent cond. £40 each. Carriage £5.

10-WAY TELEPHONE SOCKET STRIPS: 3 connections and 10 jack-
plugs to suit. Similar to PL68. Complete with 6ft. cord. Ex-equipment,
good cond. £4 each. Post 50p.

10-WAY TELEPHONE LAMP STRIP: Suitable for use with the above.
£2 each. Post 30p.

10-WAY TELEPHONE MAGNETIC INDICATOR: 50V. For use with
the above items. £2 each. Post 40p.

10-WAY TELEPHONE SOCKET STRIP: 3 connections. Takes standard
P.O. Jackplugs; 201 or 316; and 10-WAY TELEPHONE LAMP STRIP.
£3 the pair. Post 50p.

20-LINE TELEPHONE UNIT: With plugs; magnetic indicators; and
switches in metal case. Size 8 X 8 X 19in. £5 each. Carr. {1.

BRIDGE MEGGER: 250V. (Evershed Vignoles) series 2. £30 each. Carr. [1.
BRIDGE MEGGER: 2,500V, series 1. £30 each. Carr. {1.

CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range
3000-10,000KHz. Mains 230V 50Hz. Mcasures crystal current under oscillatory
conditions and the equivalent resistance. Crystal freq. can be tested in conjunction
with a freq. meter. £15. Carr. £1:50.

DELPENA RF GENERATOR TYPE E.15: 15kW at 500Hz; input 440V 3 ph.
50Hz. £275. Carr. at cost.

H.V. TRANSFORMER: 8000/8000. Qutput 300mA. rms. Size: 12in. X 12in. X
36in. 230V input. £35, Carr. £4-00.

TELEPHONE CABLE: (Twin) 1,350ft. on metal reel. £5 per reel. Carr. {1.
ANTENNA MAST 30ft. consisting of 10 X 3ft. tubular screw sections (3" dia.)
with base, guyropes and stays etc. £5 each, Carr. £2.

APN-1 ALTIMETER TX/RX: Freq. approx. 410MHz. Complete wit.. 28V
dynamotor, 3 relays, precision resistors, 11 valves. Useful breakdown for parts.
£4 each, Carr. £1-50.

AVO VALVE TESTER CT.160: (Portable) similar to Avo Mk. 3 Characteristic
Meter. Good cond. £35 each, Carr. £1-50.

MODULATOR UNIT: Complete with mod. transformer and 2 x 807 Valves.
Mounted 19” chassis, 8" X 8. “As new” cond. £8 each; or sccondhand £5 each.
Carr. both types £1-50.

FIRE-PROOF TELEPHONES: £25-00 each, carr. £1-50.

TF.2000 A.F. SIGNAL SOURCE: £175:00, carr. £1-00.

WESTON INDUSTRIAL THERMOMETER MODEL 221: 0-100° 3 inch.
dia. scale. Accuracy 1%. £3-00, post 30p.

POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. £30-00
each, carr. £3-00.

SMOOTHING UNIT (for the above): £10-00 each, carr. £2-00.

LISTS OF EQUIPMENT AVAILABLE: MOTORS; TELEPRINTERS;
ARS8 SPARES; TEST EQUIPMENT ETC. Send 10p for above lists.

ALL CARRIAGE QUOTES GIVEN ARE FOR 50 MILE RADIUS OF
LONDON ONLY.

ALL U.K. ORDERS SUBJECT TO 8% VALUE ADDED TAX. THIS MUST BE ADDED TO THE TOTAL PRICE (including post or carriage).

If wishing to call at
stores, please telephone
for appointment.

W. MILLS

3-B TRULOCK ROAD. LONDON, N17 OPG
Phone: 01-808 9213 and Bedford 740605 (STD 0234).

Principles und Calculations for

Radio Mechanics Part 1
R. A. Bravery and A. P. Gilbert

Part of the Radio, Television and Electronics
Servicing Series, this volume deals with the
subject matter for Part 1 of the City and Guilds
Radio Mechanics Course 222.

1974 152pp., illustrated 0408001194 £1.50

Rapid Servicing of Transistor
Equipment  2nd Edition
Gordon J. King

This completely revised second edition takes
account of recent developments such as
capacitor-diodes, f.e.t.s and integrated circuits.

1973 180pp., illustrated 040800116 X £1.90

Rohotics
John F. Young

The object of this book is to present a
comprehensive and orderly account of the
principles and practice of robotics. It will
provide a valuable source of reference for
research workers and those in related fields.

1973 304 pp., illustrated 0408705222 £6.00
Obtainable through any bookseller or from

NEWNES-BUTTERWORTH

Borough Green, Sevenoaks,
Kent TN15 8PH. Tel. Borough Green 2247.

HART ELECTRONICS

AUDIO KITS

F.M. TUNER This latest addition to our range will be in production fate March '74. It is
designed to offer the best possible performance allied to the ease of operation given by
push button varicap tuning. We have taken great care to look after the constructors’ point
of view and there are no coils to wind. no RF circuits to wire and no alignment is required.
in fact the whole unit can be easily compieted and working in an evening as there are
only 3 transistors, one IC and two ready built and aligned modules comprising the active
components. We have abandoned the concepl of having a tuner as large as the ampilifier
and this new unit has a frontal size of only 1} in. X 4 in. It can be mounted on the side
of our Bailey amplifier metalwork thus turning it into a tuner/amplifier whilst only increasing
its width by 1§ in.

Cost of tuner chassis (no case) is £22 for mono. £25.45 for stereo. Metal case £2.55.
An extended wooden case to fit tuner and amplifier will be offered shortly.
BAILEY/BURROWS/QUILTER PRE AMP. The best engineered kit available of the
combined best of three pre-amp designs. This is the kit with no wiring to the controls,
switches or inputs. A complete and sophisticated 5 input signal processing stage for_any
power amplifier requiring up to 13v input for only £28.50. ront end only £10.44. Tone
controt only £11.41.

BAILEY 30 WATT POWER AMPS. Our best selling power amplifier. you can't better its
performance or the quality of the kit and at only £9.88 per channel. it's amazing value for
money.

STUART TAPE CIRCUITS Our printed circuits and components offer the easy way to
convert any suitable quality deck into a very high quality Stereo Tape unit. Input and
output levels suit Bailey pre amp. Total cost varies but around £35 is all you need. We can
offer tape heads as well if you want new ones.

All above kits have fibregiass PCB's. Prices exclude VAT but P&P is included.

FURTHER INFORMATION ON ALL KITS FREE if you sendus a 9in. X 4in. S.A.E.
REPRINTS Post free. no VAT. Bailey 30W 18p.

STUART TAPE RECORDER All 3 articles under one cover 30p.
BAILEY/BURROWS/QUILTER Preamp circuits, layouts and assembly notes 15p.

Penylan Mill, Oswestry, Salop

Parsonal callers are always welcome. but please note we are closed all day Saturday
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BD124  &5p | BFXss  24p | OC81  12p | 2N1308/9 2p | 40300 35p SIGNAL RECTIFER | 7ENER
TRANSISTORS BD131 40p | BFY50 18p | OC382 12p | 2N1613 20p | 40361 36p DIODES DIODES D SPECIAL OFFERS FOR
AC125  12p | BC136  17p | BD132 45p | BFY5!  18p | OC33  18p | 2Ni711  20p | 40362  3sp o= 12 MErioa) e I0DES POPULAR TRANSISTORS
AC126  12p [BC137  17p | BD153  65p | BFY52  18p | OC84 18p | 2N2218  21p | 40409 50p B:ma ;" Vm 3p | 3.3V to 33V
AC127  12p | BC138  17p | BD156  60p [ BSX19  16p [ OC200  50p | 2N2219  20p | 40410 sop | B oy 1 3312 :'l’ 400mW  10p
AC128  12p [BC142  35p [BDY60 75p { BSX20  16p | OC201  50p | 2N2220  19p | 40411  200p o L] FME 20 | 1.3w 12p
AC141  18p | BC143  35p | BDY61 t65p | BSX21  22p [ TIP41A  70p | 2N2221  20p | 40504 65p 8:7‘7) o gvz1 '59 1.5W 25p
AC142  18p | BC147 7p | BF115  22p | BUI0S  220p | TIP42A  88p | 2N2222  20p | 40595 75p AN H M "" gz” 10w 4w0p
AC176  14p | BC148 7p [ BF167  23p [ MJ490  95p [ ZTX107 12p | 2N2369  14p | 40600 69p 8;1 He Eém 30 | 20w 5p
AC187  12p | BC149C  9p | BF170  23p | MJ491  130p [ ZTX108 12p | oN2484  30p 0:85 1o BYZ13 300
AC188  12p | BC157  14p [ BF173  25p | MJE340 d45p | ZTX109 13p'[2N2904  20P | pppg oA » * N 400 oo | OTHER
ADI40  4p | BCIS8  12p [ BF177  26p [ MJE3Z0 72p (ZTX300 14p |2N2905 18P | pfogs 36p Rl e  fs00t =0
AD142  55p [ BC159  14p | BF178 28p | MJE3T1  84p [ 2TX301  14p [2N2906  20P | ypFro2  40p OAgS 7" 1N4007 ." DIODES
ADI43  50p | BC169C 120 | BF170  33p [ MJES20 68p (ZTX302 18D [ 2N2926RB 7P | \oFios 6P | OAN0 e i o0 | Tennel
ADMO 43 |BOI b |@Fis0 b | MJESHr Bp | ZTX303 ISP | 2N20260 8P| MPEO4  35p | Sasme  gob | DR404 10 | Tennel e
ADISl 33 |BCI7T  18b |BEB! 3 | MJEXNSSS S0p | ZTXIM  2p |2N2026YG 9B | MOEICL g | QA2 100 [ PLIOS  20p  AEYIT
AD162  33p |BC178  17p [ gF182  33p | MJE §5p { ZTX500 15p (2N3053 18P | onapig  22p 'Nm L BAIS.  15p
AF114  13p) BCI79  18p | BF1e4  22p [ MPSA12 50p | ZTX501 15p | 2N3054  45p | S0S00)  Gop :Nua - BA148  13p
AF115 :Jp agg ::w BF185 ﬁ” Msgﬁg gp ZK% ::p 2#306? :gn 2N3823  48p '
AF116 3p B p | BF194 p|M p |z p | 2N344 p N .
AF117 130 |BC1S« 110 | 8Fio5  12p | MPSUG 20 |2N404  26p oNassz 120m (2NS4ST 360 | OPTO-ELECTRONICS  Lignt Dependent
AF118  50p [ BC212  11p | BF196  14p | MPSUS6 T78P | 2N696 2N3702/3 11p | 5niqse  4gp | Photo-Transistors Resistors
AF121 33p [ BC213  10p | BF197 15p | OC26 40p | 2N697 13p [ 2N3704/5 11p OCP70 Sep ORP12 57p .
AF124 30p | BC214 12p | gF200 ¥2p | OC28 48p | 2N698 15p [ 2N3705/6 10p OCPT1 65p ORPS§0 45p TheaboveoﬂersareforaInmlted
AF125  38p | BC237  12p | gF257  32p | OC35 45p | 2N706 12p | 2N3707  11p | MOSFETs 2NS777 50p ORP61 50p period only AND subject to
AF126 30p | BC238 11 | BFR39 30p | OC3§ 52p | 2N708 18p [ 2N3708/9 9p { 3N140  100p Light Emitting Diodes (LED) present stocks being available.
AF127 30p | BC239 12p | BFR40 30p | OC41 15p | 2N914 18p | 2N3771  170p | 3N141 9%p Red 20p Green 35p Yellow 40p
AF139 33p | BC307 11p | gFR41 30p | OC42 15p | 2N918 40p | 2N3772  180p | 40603 580 | Seven Segment Displays
AF181 45p | BC308  11p | BFR79  38p | OC44 11p | 2N929 20p | 2N3773  230p | 40663 3015F (Filament) 150p MAN—GM (LED) 200p
AF186 48p | BC309 12p | BFR80 30p | OC45 11p | 2N930 18p | 2N3866  70p
AF: 38p [ BC4T8 BFR81  30p (OC70  11p | 2N1131 18P | 2N3903/4 15p [ UJTs VOLTAGE AUDIO RADIO & TV iCs
BC107 9p | BCY70  18p | gFX29  30p | OCT1 11p | 2N1132 18P | 2N3005/6 15p [ TIS43  26p REGULATORS
BC108 9p | BCYT1 22p | BFX30 30p | OC72 11p | 2N1302/3 17p | 2N4058 15p | 2N2160 70p CA3014 FM deleclor. IF Amp limiter, Audlo Pre-
B8C109 top | BD115 S5p | BFx84  28p | OC73 50p | 2N1304/5 21p | 2N4059  10p | 2N2646 40p | Fixed o/p +Ve AMD w8 r4t < Bt nabesiag b a s coiis s 140p
B8C115 20p | BD121  100p | BFX87 20p | OC74 368p | 2N1306/7 28p | 2N4060 13p | 2N48T1 I5p Voitage Regulators CA3028 DC to 120 MHz, Mixer, RF/IF Osc:llator 85p
BC135 17p ! BD123  108p 650 mA (TO3) CA3048 Four lndependent Ampllﬁers NF 0.6 dB..220p
LM309K 5V 180p 823067 ;'\‘/ '(,Z:hromal ?emodulalor 280
1A (Plastic) 3089 Amplifier .............
RECTIFIER SCR-THYRISTORS | TRIACS ’?IR‘IEIRSTOR UTHECR ek s CA0%  FM Stereo Mullpiex Decoder e
MC7812 12V 140p | nclair att Amplifier ....... P
BRIDGES 400V 600V ] 0.5A SO—V 40£V GOiV 0.5A 5(3/ 4?1)V GiOV 2N3525 ”f TmaomA s 90 MC7815 15V 140p LM377 Stereo Amplifier 2WattsIChanneI
0.25A SOV AV eV 104 30p 4sp ssp|OoBA — — 2N4443  150p | 40669 9sp | MC7B1818V  140p ng .
95A — - — J3A  Gp Sip Ep|3A B0p 90p 1200| ONAes  175p [dodss  Tsp | MOV dep | LMs S 3
1A 2%p 30p p|7A s0p B85p 95p | 6A 9%p 120p 150p 1A (TO3) mgg‘o’g wa'gf fomaplifieg o
2A 35p 50p 53p [ 16A 70p 100p 110p | 10A  185p 145p 185p LIGHT ACTIVATED SCRs 7805 5V 180p 1 o ereFoM';'x ip o »sa::oderD.........A
T5p 16A  145p 185p 225p 7812 12V 180p MC13 oiless ultiplex Stereo Decoder .....
4A S5p 65p MLS201 04A 15V 105p Variable o/p Voltage MC1327  Dual Batanced Chroma Demodulator. ...
6A §5p  %9p 100p MLS204 0.4A 100V 150p Eegmam, - o ”E(':%go }'I\:v%igt;\aAlF:‘rloceAssor' e
M300 2V to P a udio Ampli
LINEAR ICs LM304 —40V to 15mV | MFC4010 FM IF & Audio Pre-Amp .
TTL 74 SERIES INTEGRATED CIRCUITS JCA3045 5 VHF Transistor Array DC to 120 MHz. . 15001 p | MFC6010 FM limiting IF Amplifier ..
7400 18p | 7420 17p | 7470 30p CA3046 Transistor Array.................... 82p] ML723 2V to 37V 65p MFC8020 Class B Audio Driver
7401 1Ip | 7422 25p | 7472 30p LM301 Op. Amp. with external compensation 50pf TAA263 Audio Amplifier .. ...
7402 17p | 7425 37p | 7473 36p |LM307  Op. Amp. with internal compensahon 600 ACCESSORIES TAD100  TRF Radio Receiver ..
7408 22p | 7427 37p | 7474 34p MFC6040 Electronic Attenuator.. 20p] DIL SOCKETS TBA80 5Watt Audio Amplifier .
7404 20p | 7430 17p | 7475 52p |MFCB070 Zero Voltage Switch. . $181 38 Pin 14p, 14 Pin 15p, | TBAS10 7 Watt Audio Amplifier
7405 25p | 7432 37p | 7476 37p |NES36  FET Op. Amp......... 2500 16 Pin 17p. TBA820 2 Watt Audio Amplifier .
7406 a2p | 7437 37p | 7480 g5p | NESSS Timer 2uS to2hours .65} Mica+ 2 Bushes S5p ZN414 TRF Radio Receiver .....
7407 42p | 7440 20p | 7482 87p [ NESSE Dual 55 Timer........ 12001 (TO3 or TO66)
7408 20p | 7441 75p | 7483 120p | NES60 High Phase Locked Loop. . 400 T-MOS LOGIC ICs
7409 28p | 7442 76p | 7485 1a7p [NESE2  High Phase Locked Loop with AM Demod 4071 CDA0OIAE Quad 2ifp NOR Gate 80p CD401BAE Divide by N Pre-
7410 17p | 7445 216p | 7486 41p :Eggg High Plhassrll.ockid Loop with Vco....... CDA4009AE Hex Inverter/Buffer 120p settable Counter  300p
7412 30p | 7447 120p | 7489 3sep |NE202 F‘;f‘i';o‘:‘" Ge::f e LR, CD4011 AE Quad 2 i/p Nand Gate 60p CD4027AE Dual J-K Fiip-Flop 170p
7413 28p | 7448 120p | 7490 8D o T Decagonerator........... CD4012AE Dual 4 1jp Nand Gate §0p CD4028AE BCDto Declmal
7414 72p | 7450 20p | 7492 sp [ o°"°A £COj fh'" ------ " CD4013AE Dual ‘D’ Flip-Flop ..120p Decoder. ........ op
7416 33p | 7451 20p | 7493 62p p. Am. with external compensation CD4017AE Decade Counter/ CD4047AE Monostable Multl-
7417 38p | 7460 20p | 74100 200p | 710 Differential Voltage Comparator.. Divider............ 300p vibrator  ........ 5p
Minimum Order £2. All goods brand new.
;II pv'i’ceis exclusive of V.A.Té Morlney refunded if not satisfied. TECHNOMATlc LIMITED
. & P. 10p for orders below £5, Callers by appointment.
Export Inquiries welcome, OEM, trade, colleges, inquirles welcome. 54 SANDHURST ROAD, LONDON NW9 Tel: 01-204-4333
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TRANSISTORS & DIODES
T

ype Pc VCBO  FT MHz Price
BSY29 (SNPN) 300mw 15 20 ... o 15p
BD107 {SNPN) 11.5w 64 00 ... . N e g 63p
2N7118/2G106

{SPNP) 150mw 18 120/150 Tot. Sw. Time 275 n3 43p
2N985 {GPNP) 300mw 15 Tot. Sw. Time 11508 . .. 95p
2N1304 (GPNP) 150mw 30 6 .............. 15p
2N1309 (GPNP} 150mw 30 15 30p
2N 1046 (GPNP) 50w 100 20 £2.50
2N1146A (GPNP) 90w 7 16 4sp
2N 1542 (G) 106w 100 035 .. .......... 50p
2N1547 (G) 106w 100 035 75p
2N1557 {G) 106w 40 035 ... ... 50p
2N2080 (G) 170w 70 02 £1.10
2N2082 (G) 170w 40 02 £1.10
2N2405 (SNPN) 1w 120 120 55p
2N3054 (SNPN) 29w 90 120
2N3055 (SNPN) 115w 100 g i a Y 45p
2N3375 (SNPN} 116w 65 500 B PG AT R £3-46
2N4427 (SNPN) 35w 40 700 . 52p
2N5322 (SNPN} Tow 65 325 50p
ASZ16/0C26 25p. OC35 RCA PHOTOMULTlPLlER C310058
‘1‘(2’: g\?;goez)ocpiz OZCJ; Checked and tested ... . - .. £37.50
AN T Sl +14 BRIDGE RECTIFIERS
8c702 10p. DAS 20p. 1B40KO5 50v 4a. ........95p

A10_ 25p, DAB1 20p,
RASSOBAF 25p, RAS310AF SWITCHES

STC  Wire End
4OOPIV1 A 4 for S50p.
IN3193 13p, IN3194
14p. IN3255 20p.

Edwards High Vacuum “‘Speedivac’ model
VSK1B range 25760 torr contact ratings
250v. Sa. volume 42 cu. cm. max. working
pressure 15lb/sq. in. gauge net weight

RECTIFIER STACKS LAY TS WO PR —— ...£6:20
GEX541B1P2 . ...£6-88 Belling Delay hand resetla15. ... £110
GEX541D2P1 . ... .£3'50 Stackpole min. rocker 125v. 10a 250v.
GEX541NB1P1F. .. £6:00 88, wa. e - D e ST e 20p
GEX541HP3F ... .£6-00 T:ppahte Rockel 12v . T 60p

SX751N1B1P1F .. .£600

INTEGRATED CIRCUITS

CIRCUIT BREAKERS 250V AC  each £1:20
MC353G Half Adder £2.00 TRIP TYPE

2 0 Westingh. 550
?;AE-?SBG 3 Inp OR/NOEF}|45 4.0 Securex 5000
MC358AG AC coupted JK 70 Inst. Westingh. 650
Flipflop £5.00 70 4 Heinemann (60c.)
MC365G Line Driver £5.00 AM12
CA3020 Wideband Pow 80 Insy Westingh. 550
P o o B2 e g
- nst. estingh.
CA 021 Low power vndea 10.0 Securex 5000
CA3028A RF 1F Amp 200 ETA Magnetic
CA3038A Operational Amp DIGITAL COUNTERS
£21 Veeder Root Mech. Reset 4 dig. ......50p

CA3055 Pos. Volt. Regulator
....... £1.24

CA3085 Pos. Volt. Regulator STABILIZED POWER SUPPLIES
78

I ham Lion GX60/10a-—60v. 10 amp. set
genglsngAE 4-stage Sem;l g'?;): P £65.00 incl. car:nage
- Lambda CC28v- —Inp 205-265v.  output
SDAQIDAED Decade Cone 28v dc +5% 3.4 amp £3850 incl. p. & p.
C04047A0 Monostable Power Elect. tnp 240v outputs 20v 6-5a 10v
Astable Multivibrator £3-86 3-4amp + 10v 300ma . £3850 inc. carr.
THYRISTORS
GE2N1774 200v. 5a.£1-20 RELAYS
CR1-021C 20v. 1a. ..25p Vatley Min. 700Q12v........ ... .....50p
CR10-1018 100v. Siemens Min. 12/15v.. ........50p
10a. ..£1-00 Magnetic Oev. Type 596E. ..£2-00
CR10-021 10a.. . £1-00
CR10-40B 10a.. ... d CO':ANMECJ%RGSR — 6
- cMurdo Rex ange. Fiu -
g:: g_g?; 132' w. McMurdo Red Range. SKT RS32 7 90:
BTX 92 1200R 16a EnF. Elect. Edge. 36 way 0-2 inch pa|r £1.00
vania Edge. 48 way 0-125 inch . pair 40p
12 £2-85 Amphenol MS31068.36.10 - . " £4.50
STC 3/40 400v, 3a....50p Continental microminiature 28 1080iN26 £1-30
CAPACITORS

Daty Electrolytic 9000uF 40v 50p p/p 15p: 500pF 50v 30p p/p 10p: TCC 16pF + 16pF
+ 8uF 450v 7Sp p/p 15p: CCL 50pF, + 50uF 275v 40p p/p 10p: CCL Suppressor Unit
Type SU103/1 comprising capacitor Diode and Resistor 40p p/p 10p: Dubitier
Metallised Paper type 426 100pF 150v 50p p/p 25p; RIC 1-8uF 440v a.c. 35p p/p 10p.

MOTORS
E.E. {hp 230v.50¢ 1ph 50¢.1440rpm complste with cap 80D/100uf275v. .. .£13-00
carr. £1-00
3 phase 2HP mo(ol 60/50(:.. 1800/1500 RPM, 208/220/440v.. .. .. .£21.50

incl. Carriage
Cat. 2026391 Potter Instruments flange mounung capstan motor. 2HP cont. 110v
OC4amp ... a . £28-00 inc. carr.

FANS, CENTRIFUGAL BLOWERS
Alrmax Type M1/Y3954 (3 blades) Cast
Aluminium alloy impeller & casing (corres-
ponds to cufrent type 3965 7f') 230v.
1ph 50c 2900rpm Class “A” insulation
425cfm free air weight 9%lbs. incl. p.p.
£21-00.

Woods Aerofoil short casing type S
2700pm 220/250v 1ph 50c¢ 6 plastic
impellerincl. p.p. £11-50.

Woods Aerofoil Code 7.5 280K 200/250v.
1-0a 1ph 50c 2700ripm 74 impeller 14
blades incl p.p.£13-50.

service Electric Hi-Velocity Fans, suitable for Gas
combustion Systems. Steam exhausting, Pneumatic
conveying, Cooling Electronic equipment, Air blast
for Oil burners. Secomak Model 365 (corresponds
1o 575) Airblast Fan, 440v 3ph 50c¢ 0-75hp 2850rpm.
continuous 160cfm 12 in w.g. nett weight 44lb,
price incl. carr, £41.00. Secomak model 350 250v
1ph 50¢ 0-166hp, 2800 rpm continuous 50cfm 2 in.
w.g. net weight 34lbs, price incl. carr. £26-00.

Ailr Controls type VBL4 200/250v 1ph 50c. 110¢fm
free ait weight 74Ibs price incl. p.p. £14-50.

Type VBLS 200/250v 1ph 50c. 172 cfm free air.
Weight 104ibs, price incl. p.p. £18:50,

Witliam Allday Alcosa Single Stage Vacuum Pump
Model HSPO8 8 HG. Rpm 1420. E.E. 3 phase
induction motor 1/3 hp cont 220/250v, 380/440v.
Class E ins. £21.00 incl. carriage.

Gast MFG. Vacuum pump 08522-P702-R26X.
Motor 110/120v. A.C. 1 ph. 60c 1725 rpm. Class E.
10cuft to 10in Mercury in 2 mins maintains vacuum.
635mm Mercury. Or as compressor 10psi int. or
15 psi cont. £25-00 incl. carr,

Where p.p. not advised add 10p per £ handling and post (in UK). Cash
with order. Pe:sonal callers welcome.Open Mon.-Wed. 9.30-5.C0 Fri.-Sat.
9.30-5.00. Free Car Park adj. PRICES SHOWN ARE EXCLUSIVE OF V.A.T.

W. & B. MACFARLANE

126 UXBRIDGE ROAD, HANWELL, LONDON W7 3SL

WW-—093 FOR FURTHER DETAILS

~£4.90

incl. P. & P.

A ready built unit ready for connection to the |.F. stages of existing F.M. Radio
or Tuner. A tell-tale light can be connected. The unit is a small printed circuit,
no further adjustment necessary. A L.E.D. is recommended as the indicating
light, suitable device available from us at 25p. Instructions included.

dWams)C.AMP

' incl. P. & P.
on y . Order Code I.CA. 1
On P.C. Board with all components or 2 on
one board for £2.60. Order Code I.C.A. 1/S.

These amps are supphed with a free booklet on

Sp: s and easy to build
projects usung lhe I.C.A 1. £

oW & 10W AMPS

77 SWony £1.80
10W oy £2.26

incl. P. & P.

These matchbox size amplifiers have an exceptionally good tone
and quality for the price. They are only 21" x 13". The 5W amp will run
from a 12V car battery making it very suitable for portable voice
reinforcement such as public functions. Two amplifiers are ideal
for stereo. Complete connection details and treble, bass. volume and
balance control dircuit diagrams are supplied with each unit. Dis-
counts are available for quantity orders. More details on request
Cheapest in the U.K. Built and tested.

Now available for 5 & 10WAMPS

Pre-assembied printed circuit boards 2 x 3" available in stereo only,
will fit .15 edge connector.

Stereo Pre-Amp 1 (Pre 1). This unit is for use with low gain
crystal or ceramic pick up cartridges. £1.10
Stereo Pre-Amp 2 (Pre 2). This unit is for use with magnetic pick-up
cartridges. £1.55
Stereo Tone Control (STC). This unit is an active tone control
board and when used with the right potentiometers will give bass and
treble boost and cut. £1.10
Instruction leaflet supplied with all units. Post and Packing
included in Prices.

Please add VAT at current rate.

TN

1 eNcloSe £ 5. ks i « » S ® G EE T £ B T R e e W R B for
.............. Decoders/ ............3WAmps/ ............5WAmps
I ................. TOWAmMpPS/ .. ... Stereo Pre-Amps 1 E
.............. Stereo Pre-Amps2 ................Stereo Tone Controls =
I {Please insert quantities and delete those not applicable) I
Name &

Address

Bl, PRE.PAK Dept 8 222,224 WEST ROAD, B
i WESTCLIFF ON SEA, ESSEX S50 9DF.
Co.Regn NaB20919  TELEPHONE SOUTHEND (0702) 46344,
D G N D S G S RS J
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TAUT SUSPENSION MULTIMETERS

Made in USSR

Type U4324 £9.25* Type U4317 £16.50* Type F4313 £22.00*
Sensitivity: 20,000 Q/v DC; 4,000 Q/v AC. Sensitivity: 20,000 Q/v DC; 4,000 Q/v AC. Sensitivity: 20,000 Q/v.
OC current: 0.06-0.6-6-60-600mA-3 Amps.  OC current: 50 pA-05-1-5-10-50-250 ACIDC current: 60-120-600 pA-3-12-60~
AC current:  0.3-30-300 mA-3 Amps. mA-1-5 Amps. 300 mA-1.2-6 Amps.
OC voltage:  0.6-1.2-3-12-30-60-120- AC current:  0.25-0.5-1-5-10-50-250mA- AC/DC voltage: 60-300 mV-1.2-6-30-120-
600-1,200v. ‘ 1-5 Amps. 300-600-1,200V.
AC voltage:  3-6-15-60-150-300-600- OC voltage: 100 mV-0.5-2.5-10-25-50- Resistance:  0-1 MQ.
300v. 100-250-500-1,000Vv. Movement is fully protected by transistorized cut-
Resistance.  0.5-5-50-500 kQ). AC voltage:  0.5-25-10-25-50-100-250- out circuit. Transistor amplifier is used on ali AC
Diode protected movement. Supplied complete 500-1,000Vv. ranges, thus achieving a common linear scale for
with test leads, spare rectifier diode, operating  Resistance:  0.5Q) to 300 kQ. both AC and DC measurements.
instructions and fibreboard storage case. Automatic cut-out to protect the movement. Supplied complete with test leads, batteries,
Mercury cells 42V £1.00 extra. Supplied complete with test leads, batteries, operating instructions and carrying case.

operating instructions and carrying case.

*Prices are exclusive of VAT

Z & | AERO SERVICES LTD

44A, WESTBOURNE GROVE, LONDON W2 5JF
Tel. 727/5641 PLEASE WRITE FOR FULL CATALOGUE AND PRICE LIST OF TEST EQUIPMENT, Telex 261306
VALVES, SEMICONDUCTORS AND PASSIVE COMPONENTS

WW-—041 FOR FURTHER DETAILS

THE NEW NELSON-JONES FM TUNER

PUSH-BUTTON VARICAP DIODE TUNING
FHIN- S TEEtE “Q ; &Q § - - (6 Position) ("WW’ JUNE ‘73)
' Exclusive Designer Approved Kits

What are the important features to look for in an FM tuner kit ? Naturally it must have an attractive appearance when built, but it must also embody
the latest and best in circuit design such as:—

MOSFET front end for excellent cross modulation pertormance and low noise.
3 GANG tuning for high selectivity.

VARICAP tuning diodes in back to back configuration for low distortion.
CERAMIC filters for defined IF response. 1€ STABILISED and S/C protected power supply.
INTEGRATED circuit IF amplifiers for reliability and excellent limiting/ AM rejection. CABINET double veneered against warp.

The Nelson-Jones Tuner has all of these features and many more, and more importantly the design is fully proven not just with a few prototypes but with many thousands
ki h . o - -
of working tuners spread acroes the world l Typ. Specn: 20 dB quieting 0.75uV. Image rejection —70dB.I.F. Rejection —85 dB J

PHASE LOCKED Stereo decoder with Stereo mute, see below
LED fine tuning indicators.
PUSH BUTTON tuning (with AFC disable) over the FM band (88-104).

Basic tuner module prices start as low as £12.31. with complete kits starting at
£26.95 (mono) + P.P. 65p. and of course all components are available separately.
Our low cost alignment service is available to customers without actess to a
signal generator. Please send large SAE for our latest price lists which details all of
the many options and special low prices for complete kits. All our other products
remain available.

PORTUS AND HAYWOOD PHASE LOCKED DECODER (W.W. Sept. '70). Still the
lowest distortion P.L. decoder available, THD typically 0.05% (at Nelson-Jones
Tuner O/P level)! Supplied complete with Red LED.

Price £7.02 when bought with a complete N-J tuner kit or £8.29 if bought
separately (P.P. 21p.}

PLEASE NOTE. Existing tuners are readily convertible and kits/parts are available
for this purpose.

TEXAN AMPLIFIER. we have designed the tuner case and metalwork to

match the Texan amplifier (see photograph). Complete designer approved Texan kits
are available at £30.78 plus P.P. 65p including Teak Sleeve.

N EW LOW co ST STE R EO TU N E R Available as basic or complete kits

No alignment required. Mullard LP1186 front end module used with Ceramic IF and
IC amplifier. Push button tuning (6 position) with Interstation Mute, restricted
range AFC, single LED tuning indicator, phase locked IC decoder, and complete
metalwork and veneered cabinet. Complete with IC regulated PSU and full assembly
instructions. (Mechanically identical to N-J Tuner.) Access

2,V for 30dB S/N PRICE Complete stereo kit £28.42
Image rejection 40dB Complete mono kit £24.19
IF rejection 65dB VAT at 8% is included in all prices P. & P. 65p

INTEGREX LIMITED, P.0. Box 45, Derby, DE1 1TW Phone Swadlincote (0283 87) 5432 Telex 377106

Basic stereo tuner £15 post free.
Basic mono tuner £12 post free.
6 position push button units with
integral pots £2.92.

TYP. SPECIFICATION
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A. Marshall (London) Limited Depi. WW

42 Cricklewood Bfoadway London NW2 3HD Telephone 01-452

61

885 West Regent Street Glasgow G2 2QD Telephone 041-332 4133

Telex 21492

a93

Everything you need is in our
New Catalogue

available now price 20p
(100 pages of prices and data)

Call in and see us 9-5.30 Mon-Fri

9-5.00 Sat

Trade and ex>ort enquiries welcome

Popular Semiconductors

2N456
2N456A
2N457A
2N490
2N491
2N492
2N493
2N696
2N697
2N698
2N699
2N706
2N706A
2N708
2N709
2N711
2N718
2N718A
2N720
28721
2N914
2N916
2N918
2N929
2N1302
2N1303
2N1304
2N1305
2N1306
2N1307
2N1308
2N1309
2N1671
2N1671A
2N1671B
2N1671C
2N1711
2N1907
2N2102
2N2147
2N2148
2N2160
2N2192
2N2192A
2N2913
2N2193A
2N2794
2N2194A
2N2218A
2N2219
2N2219A
2N2220
2N2221
2N2221A
2N2222
2N2222A
2N2368
2N2369
2N2369A
2N2646
2N2647
2N2904
2N2904A
2N2905
2N2905A
2N2906

675
975
1-38
316
358
399
4:20
(313
15
025
029
016
018
014
038
030
021

049
0-50
055
022
41

047
030
019
¢19
024
024
0-31
022
025
036
144
1-54
112
432
045
550
0-50
070
094
0-60
040
040
040
061

073
030
060

045
0-60

045
041

040
040

050

03

0.20

0-22

on

112

055

070

048

050

o3

2N2906A
2N2907
2N2907A
2N2926
2N3053
2N3054
2N3055
2N3390
2N3391
2N3391A
2N3392
2N3393
2N3394
2N3402
2N3403
2N3440
2N3441
2N3442
2N3414
2N3415
2N3416
2N3417
2N3638
2N3638A
2N3639
2N3641
2N3702
2N3703
2N3704
2N3705
2N3706
2N3707
2N3708
2N3709
2N3710
2N3711
2N3712
2N3713
2N3714
2N3716
2N3716
2N3771
2N3722
2N3773
2N3779
2N3790
2N3791
2N3792
2N3794
2N3B19
2N3820
2N3823
2N3900
2N3901
2N3903
2N3904
2N3905
2N3906
2N4036
2N4037
2N40s5B
2N4059
2N4060
2N4061
2N4062
2N4126

037 | 2N42B9
040 | 2N4919
045 | 2N4920
11| 2N4921
032 | 2N4922
060 | 2N4923
075 | 2N5172
026  2N5174
023 | 2N5175
029 | 2N5176
H3 | 2N5190
013 | 2N5191
013 | 2N5192
018 | 2N5195
019 | 2N5245
059 | 2N5457
097 | 2N5458
169 | 2N5459
010 | 40361
610 40362
615 | 40363
021 | 40389
015 | 40394
015 | 40395
021 | 40406
617 | 40407
011 | 40408
012 | 40409
014 40410
012 | 40411
009 | 40414
013 | 40430
070 40583
e11 | 40601
12 | 40602
011 | 40603
09 | 40604
120 40636
133 | 40669
150 | 40673
180 | AC107
220 | AC113
180 | ACY117
265 | AC126
318 | AC127
240 | AC12B
235 | AC151V
269 | AC152V
024 | AC153
037 | AC153K
038 | AC154
142 | AC176
021 | AC176K
032 | AC187K
024 | AC1B8K
621 | ACY18
024 | ACY19
021 @ ACY20
063 | ACY21
042 | ACY28
06 ACY30
009  AD142
611 AD143
011 AD149V
011 | AD150
020 AD161

[T
084
099
073
o4
083
012
022
026
032
%3
085
124
146
047
049
045
049
048
050
061
046
056
065
044
033
050
052
052
225
355
085
023
067
046
053
056
1:10
100
070
025
(33
020
325
025
025
014
017
025
025
020
018
025
023
(%7}
024
(1%3]
022
026
020
042
050
060
066
063
045

AD162 045
AD161 o
AD162 } 105
AF109R 040
AF115 r24
AF116 025
AF117 020
AF118 0-50
AF124 030
AF125 030
AF126 028
AF127 028
AF139 039
AF170 025
AF172 025
AF178 55
AF179 065
AF180 050
AF186 040 |
AF200 035
AF239 051
AF240 012
AF279 054
AF2BO 054
AL102 075
AL103 070
BC107 016
BC108 015
BC109 019
BC113 013
BC115 015
BC116 015
BC116A 018
BC117 021
BC118 011
BC119 029
BC121 023
BC125 015
BC126 020
BC132 030
BC134 (23]
BC135 on
BC136 015
BC137 015
BC138 026
BC140 034
BC141 029
BC142 023
BC143 021
BC145 021
BC147 012
BC148 013
BC149 012
BC153 018
BC154 018
BC157 014
BC158 013
BC159 014
BC160 037
BC1678 D13
BC1688 013
BC168C 011
BC1698 013
BC169C 013
BC170 o1
BC171 013
BC172 o1
BC182 012

8Ci82L 02
BC183 012
BC183L 012
BC184 013
BC184L N1
BC186 025
BC187 027
BC207 912
BC208 o
BC212K 010
BC212L  ©16
BC214L 021
BC237 009
BC238 009
BC239 009
BC251 020
BC252 ¢18
BC253 023
BC257 014
BC258 013
BC259 013
| BC261 020
BC262 018
BC263 023
BC300 212
BC301 034
BC302 29
BC303 054
BC307 010
BC307A 010
BC308 009
BC308A €12
8C3088 09
BC309 010
BC309A €10
BC3098 €10
BC327 021
BC32B 019
BC337 018
BC33B 018
BCY30 043
BCY31 052
BCY32 115
8CY33 ou
BCY34 037
8CY38 053
BCY39 105
BCY40 087
BCY42 015
BCY58 021
BCY59 022
BCY70 t17
BCY71 022
BCY72 013
BCY87 3.54
BCY8B 242
BCY89 097
8D115 D75
BD116 €75
BD121 075
BD123 042
BD124 067
BD131 040
BD132 050
BD135 043
BD136 049
BD137 085
BD138 063

BD139
8D140
BDY20
BF115
BF116
BF117
BF119
BF121
BF123
BF125
BF152
BF153
BF154
BF158
BF159
BF160
BF161
BF163
BF166
BF167
BF173
BF177
BF178
BF179
BF180
BF181
8F182
BF183
BF184
BF185
BF194
BF195
BF196
BF197
BF198
BF199
BF200
BF225J
BF237
BF238
8F244
BF245
BF246
BF247
BF254
BF255
BF257
BF258
BF259
BFS21A
BFS28
BFS61
BFS9B
BFX29
BFX30
BFX44
BFX63
BFX68
BFX84
BFX85
BFX87
BFX88
BFX89
BFY18
BFY19
BFY20
BFY29
BFY50

7 | BFYS1 (3]
087 | BFY52 (3]
105 | BFY53 016
025 | BFY90 060
623 | BRY39 048
043 | BU104 142
058 | BU10S 225
025 | C106A 046
0621 | c1068B 055
025 | C106D 065
620 | C106E 043
021 | CA3011 083
020 | CA3020A 180
023 | CA3029 D52
021 | CA3046 010
023 | CA3036 082
042 | CA3043 157
032 | CA3045 135
032 | CA3048 21
021 | CA3049 136
028 | CA3050 189
029 | CA3051 10
035 | CA3052 162
043 | CA3053 082
035 | CA3070 194
034 | CO3086 040
040 | CA3089E 196
040 | CA30900 423
030 | cD400O0 051
617 | cD4001 051
016 | cD4002 051
017 | CD4009 107
¢15 | CD4010 107
015 | CD4011 @51
018 | CD4015 246
018 | CD4016 102
040 | CD4017 266
019 | CD4020 296
022 | CD4023 051
622 | CD4024 190
616 | CD4027 156
033 | CD4028 2M
043 | CD4029 379
023 | CD4041 211
016 | CD404d 211
017 CD4047 165
046 CD4049 090
059 | CD4050 0%
055 | LM301A 048
230 | LM304A 203
082 | LM309K 188
027 | LM702C 075
020 | LM709T099048
0-30 8DIL 0-38
025 14DIL 033
033 | LM723C 075
248 | LM741T099040
030 8DIL 046
024 14DIL 038
030 | LM747 1-00
028 | LM7488DIL 0:60
025 14DIL 073
090 [ M7805 250
035 | MC1303P 126
035 | MC1310 292
650 | MC1458CP1
040 079
023 | MJ4BO 090

MJa81 114
MJ490 038
MJ491 1-38
MJE340 042
MJE2955 112
MJE3055 068
MP8111 032
MP8112 040
MP8113 047
MPF102 0-39
MPSAQS5 025
MPSAQ6 026
MPSAES5 026
MPSAS56 027
NE555V 070
NE560

NES61

NE565A 4-48
0Cc23 0-56
oca2s 076
0C35 060
Qca2 035
0c45 032
oc7 012
0C72 013
ocs1 020
0cs3 020
ORP12 055
R53 115
RL54 015
SC35D 1-68
SC36D 1-46
SC40D

S§C41D

S§C45D R
SC46D 1-96
SC50D 2-60
SC51D 239
SL414A 1-80
5L623 4-59
TAA263 100
TAA350 210
TAAB21 203
TAAE61B  1-32
TAD100 1-50
Filter 070
TBA271 0-64
TBA641B 225
TBABOO 1-50
TBA8B10 1-50
TIL209 030
TIP29A 049
TIP30A 058
TIP31A 0-62
TIP32A 074
TIP33A 101
TIP34A 1-51
TIP35A 290
TIP36A 370
TIP41A 0-79
TIP42A 0-90
TIP2995 033
TIP3055 0-60
ZTX300 012
ZTX302 020
ZTX500 015
ZTX502 ¢17
ZTX503 o1

Integrated Circuits TTL we have the targest range of IC's avaitable off the sheff, DTL, TTL, CMOS, Linear and Audio.

SN7400  16p
SN7401  16p
SN7401AN 38
SN7402  16p
SN7403  16p
SN7404 249
SN7405  24p
SN7406  4%p
SN7407 4%
SN7408 2%
SN7409 3%
SN7410  16p

SN7411
SN7412
SN7413
SN7416
SN7417
SN7420
SN7423
SN7425
SN7427
SN7430
SN7432
SN7437

250 | SN7438
28p | SN7440
50p SN7441
45 SN7442
30p | SN7445
16p | SN7446
3 SN7447
3 SN7448
45  SN7450
16p  SN7451
a5y SN7453
35 SN7454

Diodes & Rectifiers

50

100
009
017
035
092

Cathode Stud Only

IN34A
IN914
IN916
AAT19
AA129
BA10OO

010
007
007
007
015
015

BA102
BA110
BA115
BA141

BA142

‘BA144

025
025
007
017
017
012

200
010
020
040
118

IN3766 (35 amp 800 pv) £365
BY237
BZ10
BYZ11
BYZ12
0A9
QA0

BA145 017
BA154 D12
BY100 015
BY126 015
BY127 017}
BY140 100

35
16p
85p
85p
£1-59
2
£:30
£1-50
16p
16p
16p
16p

400
011
022
042
215

SN7460  16p
SN7470 3
SN7472 38
SN7473 4
SN7474  4gp
SN7475 5%
SN7476 45
SN7480 1%
SN7481  £125
SN7482 81
SN7483  £1-20
SN7484 95

600
012
025
056
252

125 0A47
035 0A70
032 0A73
030 0A79
010 [e7X:3]
020 0A85

SN7485  £1-58
SN7486 45
SN7490 65
SN7491 © £110
SN7492 1%
SN7493 65
SN7494 85
SN7495  80p
SN7496  £100
SN74100 £216
SN74107 4%

SN74118 f1:00

SN74119
SN74121
SN74122
SN74123
SN74141
SN74145
SN74150
SN74151
SN74153
SN74154
SN74155
SN74157

£1-92 | SN74160

51p  SN74161

80p | SN74162

T2p SN74164
£1-00 | SN74165
£144 | SN74167
£144 | SN74174
£1-10 | SN74175
£1:09  SN74176
£166 | SN74180
£155 | SN74181
£1-09 | SN74190

£1-58
£1-58
£1-58
£2:01
£2:01
£410
£1-80
£1-29
f1-14
f144
£5-18
£1-95

800 1000
015 020
027 020
365 420

IN3768 {35 amp 1000 pv) £420

007} 0A90 007
0073 OAst 007
010 0A95 007
007 0A200 007
008 0A202 €10
610 0A210 0271}

SN74191
SN74192
SN74193
SN74196
SN74197
SN74198
SN74199

£1.95
£2-95
£2:30
£1-58
£1-58
£3-16
f288

SN76023Nf1-60
Trade &
Quantity
Discounts
available on
request.

Bridge Rectifiers

Plastc
1A 2A
50 024 032
100 36 837
200 030 L]
400 036 045
600 040 052
Metal— Professional quality
5A 15A
50 222 264
100 224 3.00
200 2.82 378
400 in 420

an 6A
060 062
670 075
075 080
085 110
095 125
25A 50A
3.36 12.30
360 12.36
4.32 14.40
5.40 16.38

Teletennis.

Played on your own TV. SAE for details—as
described in  PW. July. 1974—Special
discounts!

Liquid Crystals.
£13-00 Ex-stock, SAE for details of CMOS
battery operated clock kit using LCDs.

Scorpio Car Ignition Kit.

£11-50 + VAT.

BSTBO246 £1-05  Transformer £2-75
1 1440V £1:10 MINITRON £1-55
DL707 £2-350r 4 for £8:00

PC Marker Pen.
Dalo 33PC Price 87p.
Zeners 400MW 11p

W 17p 3.3V-4V

Heatsinks.

Redpoint.

T08 6p TO18 T
6W1 6" X 4" undrilled £1-00
awa 47 x 47 drilled 2xTO3 80p
2W1 27 X 47 undrilled 45
awW1 4" x 47 undrilled 0p

Resistors Tant Beads
w Tol Price Value

P 5% 19 1/35 14p
i 5% 1-5p .22/35 1p
3 5% 2 .47/35 14p
1 10% 25p 2.2/35 14p
2 10% 6p 4.7/35 18p
21 &% 1 10/16V 18p
5 5% % 47/63v 2y
10 5% 10p 100/3V 200

Veroboard Copper Plain
1018 0.1 0.15
2.5 X 3% 280 20p _ 19
25x5 3 30p _ i
3% X 33 30 30p . -
3Ix5 Mp 35 _ 249
2% x 17 £121 85 o0 )
Pins X 36 2p 24p
X 200 8% 92p

Trade and Retail supplied.

Potentiometers
Linear or Log

Single Double
Rotary Pots 18p 45p
Rotary Switched 28p -
Sliders 50p 80p

Full range of capacitors stocked
See catalogue for details

PRESETS

Horizontal or Vertical
0.1W 6p

0.2W &p 0.3W Bp

Construction Kits

AvV7 Agrial Amps 204
UH570 Transmitter 2714
MUE?7 Receiver for above on
EW18 Electronic dice £6:53
EW20 Electronic dice + sensor £7719
Mail Order

VAT all prices exclusive p&p 15p.

OUR NEW GLASGOW
SHOP IS NOW OPEN!
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TELEPRINTER EQUIPMENT LIMITED

Sales . . . Rentals . . . New . . . Refurbished . . . Installation . . .
Maintenance . . . Overhauls . . . Spare Parts . . . Prompt Deliveries

TELEPRINTERS Models 7B, 54, 75, 444
PERFORATORS 7PN, 85/86, PR75, 25

CREED EQUIPMENT 1. o 0r/DERs 654 655, 656, 656M, 92, 35, 71, 72, 74
HIGH-SPEED TAPE WINDERS 80-0-80V POWER SUPPLY UNITS, etc.

TELEPRINTERS 15, 19, 20, 28, 32, 33, 35

TELETYPE CORP. all configurations
EQUIPMENT PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS
TAPE TRANSMITTERS 14, 20, 28 LBXD & LXD TRANSMIT GROUPS, etc.
SIEMENS TELEPRINTERS T100 and T-68 in various configurations
EQUIPMENT PERFORATORS T-LOCH 12, T-LOCH 15, A, B, D & F, etc.
OTHER KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN
EQUIPMENT CONTINENTAL, ARABIC and other layouts, 5-8 track.
SOLID STATE MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFF J
SPECIAL INTERFACE UNITS, TEST EQUIPMENT, COMPUTER INTERFACE UNITS, DEC.
EQUIPMENT PDP8 and others. SILENCE COVERS AND CABINETS, TELEPRINTER TABLES,

SIGNALLING RECTIFIERS AND CONVERTORS, TAPE HOLDERS.
WW 200 FOR FURTHER DETALIS

COMMUNICATION ACGESSORIES & EQUIPMENT

LIMITED
G.P.0. TYPE COMPONENTS FOR PROMPT DELIVERY

JACK PLUGS—201, 310, 316, 309, 404, 420, 609, 610, 1603 — 3201

JACK STRIPS—310, 320, 510, 520, 810

JACK SOCKETS—300, 500, 800, B3 and B6 mountings, 19, 84A and 95A

PATCH PANELS & RACKS—made to specifications

LAMPS, SWITCHBOARD NO. 2, BALLAST PO 11, LAMP STRIPS, 10-way PO 19, 20-way PO 17, Lamp Caps,
Holder No. 12

CORDS (PATCHING & SWITCHBOARD)—made to specifications

TERMINAL BLOCKS (DISTRIBUTION)—20-way up to 250-way

LOW PASS FILTERS—type 4B and PANELS, TELEGRAPH 71 (15 x 4B)

POLARISED TELEGRAPH RELAYS AND UNISELECTORS—various types and manufactures both P.OQ. and
miniature

LINE TRANSFORMERS/RETARDATION COILS—type 48A, 48H, 49H, 149H, 3/16, 3/216, 3/48A, 3/43A, 48J, etc.
FUSE & PROTECTOR MOUNTINGS—8064 A/B 4028, H15B, H40 and individual 1/2

COILS—39A, 40A, 40E, etc. _

P.O.-TYPE KEYS—1000 and PLUNGER TYPES 228, 279, etc.

EQUIPMENT RACKS AND CONSOLES—made to specifications

RELAY ADJUSTING TOOLS, TOOL BAGS FOR MECHANICS, TENSION GAUGES, ARMATURE ADJUSTERS,

SPRING BENDERS ETC. VARIOUS SWITCHBOARD EQUIPMENT.
WW 201 FOR FURTHER DETAILS

MORSE EQUIPMENT LIMITED

The GNT Range of Automatic Morse Equipment is now manufactured in the U.K. and comprises complete equipment
for Morse Training Schools and for Automatic Morse Transmission. Models available include:

KEYBOARD PERFORATORS for offline tape preparation

AUTOMATIC TAPE TRANSMITTERS with speeds up to 250 w.p.m.
MORSEINKERS specially designed for training, producing dots and dashes on tape
HEAVY DUTY MORSE KEYS

UNDULATORS for automatic record and W/T signals up to 300 w.p.m.

CODE CONVERTERS converting from 5-unit tape to Morse and vice versa
MORSE REPERFORATORS operating up to 200 w.p.m.

TONE GENERATORS and all Students’ requirements

CREED, MORSE EQUIPMENT, PERFORATORS, REPERFORATORS, TRANS-
MITTERS, PRINTERS, MARCONI UG6 UNDULATORS, BUZZERS, ALDIS

LAMPS, etc.
WW 202 FOR FURTHER DETAILS

77 AKEMAN STREET, TRING, HERTS., U.K.

Telephone: Tring 4011, STD: 0442-82 Telex 82362, Answerback: Batelcom Tring
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VARIABLE VOLTAGE TRANSFORMERS
INPUT 230 v. A.C. 50/60
OUTPUT VARIABLE 0/260 v. A.C.
BRAND NEW. All types.
200W (1 Amp)
05 KVA (Max. 21 Amp) ...£10-00

Carriage extra

D

1 KVA (Max.5 p) ....£1470
2 KVA (Max.10 Amp) ...£2810
3 KVA (Max. 15 Amp) ..£31.25
4 KVA (Max. 20 Amp) £72.50
{Max. 37.5 Amp) .£102-50

= 1 Amp OPEN TYPE
{Panel Mounting) ....... £9.00

L.T. TRANSFORMERS

All primarles 220-240 volts.

Type No. Sec. Taps Price Post
1 30,32, 34,36 v. at 5 amps £7-25 Op
2 30,40,50v. at 5 amps. £9.60 65p
3 10, 17,18 v. at 10 amps. . £7.55 60p
4 6,12v.at20amps. ... - £9.00 65p
5 17,18, 20 v. at 20 amps £9-60 65p
6 6,12, 20 v. at 20 amps. £9.00 65p
7 12.20.24v. 8t 10 amps. £7.00 60p
8 4,6,24,32v. atf2a . £8.00 65p
9 6and12v. at 10 amps. . f4.50 55p

Large selection of other types in stock, phone for details.

300 VA ISOLATING TRANSFORMER
115/230-230/230 volts. Screened. Primary two separate 0-115
volts for 115 or 230 volts. Secondary two 115 voﬁs at t50 VA
each for 115 or 230 volts output. Can be used in series or paraliel
connections. Fully tropicalised. Length 13.5 cm. Width 11 cm.
Height 13.5 cm. Weight 15 ib. SPECIAL OFFER PRICE Oniy
£5.00. Carr. 80p.

VENNER ELECTRIC TIME SWITCH
200/250 volt. Ex-GPO. Tested. perfect condition.
Two ON, two OFF, every 24 hours at any manUallg
pre-set time. Price for 20 amp model £3.7!
Post 25p.

A.C. MAINS
TIMER UNIT

Based on an electric clock. with 25 amp.
single-pole switch, which can be preset for
any period up to 12 hrs. ahead to switch
on for any length of time, from 10 mins. to 6
hrs. then switch off. An additional 60 min. audible timer is also
incorporated. Ideal for Tape Recorders. Lights, Electric Blankets.
etc. Attractive satin copper finish. Size 185 mm X 130 mm X
60 mm. Price £2.00. Post 20p. (Total inc. VAT & Post £2.38).

UNISELECTOR SWITCHES — NEW

4 BANK 25 WAY FULL WIPER 25 ohm coil, 24v. D.C
operation £6-90. Post 30p. 5
8 BANK 25 WAY FULL WIPER 25 ohm R %
coil, 24 v. D.C. £7.90. Post 30p.

8 BANK 25 WAY FULL WIPER q
24 v. D.C. operation £9-50. Post 40p. 1

MINIATURE UNISELECTOR SWlTC

2 Bank, 12 position. 24 volt D.C.
operation, full wiper with ancillary
contacts. NEW Price £2-50 Post 20p.
As above but with 5 Bank. 12 position.
Price £3-50 Post 20p.

—

PROGRAMME TIMERS

230/240 Volt A.C. 15 RPM Motors.
Each cam operates a cfo micro
switch. Ideal for lighting eflects,
animated displays etc. Ex equip-

ment tested.

2 cam modet £2.00 post 30p
4 cam model £2.50 post 30p
6 cam model £3.25 post 30p

6 cam model 3 RPM £3-25 post 30p.
VERY SPECIAL OFFER

Miniature Roller Micro Switch. 5 amp.

c/o contacts. Mfg. BONNELLA. NEW. Price

10 for £1-50. Post 10p. {Min order 10.)

As above without rolier, 20 for £2.00. Post 10p. {Min. order 20.}

‘HONEYWELL’ PUSH BUTTON, PANEL
MOUNTING MICRO SWITCH
ASSEMBLY

Each bank comprises of a change-over
rated at 10 amps 240 volt A.C. Black
knob 1 in, dia. Fixing hole § in. Prices:
1-bank 30p, 2-bank 40p, 3-bank 50p.
{lllustrated) inc. P. & P. Speciai quotes
for quantities.

SERVICE TRADING CO

RHEOSTATS

. (S
LB NN
\5F.
=
New ceramlc construction, vitreous
enam‘el embeddedd winding, heavy duty
brush assembly, continuously rated.
25 WA;T 10. 55. 100, 150, 500. 1k ohm, £1-16 Post 10p.
50 WATT 1. 5 10. 25, 50. 100. 500 ohm
£1-60. Fost lo/p.
100 WATT 1/10/25/50/100/250/500/1k/1-5k/2-5k/5k ohm
£2.35. Post 15p. i
Black SilverSkirted knob calibrated inNos. 1-9. 1}
in. dia brass bush. ldeal for above Rheostats, 22p ea.

STROBE! STROBE! STROBE!

FOUR EASY TO BUILD KITS USING XENON WHITE :

LIGHT FLASH TUBES, SOLID STATE TIMING +
TRIGGERING CIRCUITS, PROVISION FOR_ EX-.
TERNAL TRIGGERING. 230-250v. A.C. OPERATION.
EXPERIMENTERS “ECONOMY” KIT

Adjustable 1 to 30 Flash per sec. All electronic com-
ponents including Xenon Tube + instructions £6:30.
Post 30p.

INDUSTRIAL KIT

|deally sultable for schools, laboratorles etc. Rolier
tin printed circuit. Adjustable 1-80 f.p.s., approx. %
output of Hy-Lyght. Price £14-00. Post 50p.

HY-LITE STROBE Mk IV

Designed for use in large rooms, halls and utllizes a
silica tube, printed circuit. Speed adjustable 1-20 f.p.s.
Light output greater than many (so called 4 Joule)
strobes. Price £14-00. Post 50p.

‘SUPER’ HY-LIGHT KIT

Appro¥. 4 times the light output of our weil proven X
Hy-Lyght strobe.

Varlable speed {rom 1-13 flash per sec.
Reactor contro! circuit producing an
light. GNLY £22.00. Post 75p. ho
ATTRACTIVE, ROBUST, FULLY VENTILATED x
METAL CASE for the Super Hy-Lyght Kit including X
reflectcr. £8-00. Post 60p.
FOR HY-LYGHT STROBE
Post 25p.

;**************************:
+ COLOUR WHEEL PROJECTOR «

Complete with oil filled
colour wheel, 100 watt lamp.
200/240V AC. Features ex-
tremely  efficient  optical
system, £18-50. Post 50p.

I R.P.M. MOTOR and
COLOUR WHEEL g
200/240 volt A.C. 1 rp.m. motor. and wheel £5.60. ¥
Post 4&. {Motor not available separately.) *

Je e e o e e e e o e e ek e ke

:
hit:
Intense white x

incl. reflector,
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x
£575. %
x

L2 828844 8 4

Y%
g IN COLOUR WHEEL ONLY. Price £4.50. Post :
Op.
*************************:
BIG BLACK LIGHT i X
400 Watt. Mercury vapour ultra violet lamp. X
Extremaly compact and powerful source of u.v.
Innumerable industrial  applications also  ideal for x
stage. display. discos etc. P.F. ballast is essential

with tiege bulbs. Price of matched ballast and bulb %
£16-0C. Post £1. Spare bulb £7-00. Post 40p. x
e e e e e Je d e o e e ok ok ok o ok ok e ok ok ok ok ko ¥
% BLACK LIGHT FLUORESCENT U.V. TUBES *
%*aft. 40 watt, Price £5.50. (Callers only). 2ft. 20 watt £4-25, %
#Post 25p. {For use in stan bi-pin fittings.) MIN] 12in. ¥
% 8 watt £1.60. Post 15p. 9in. 6 watt £1-30. Post 15p. Com- ¥
w#plete baliast unit and holders for either 9” or 12” tube. %
#£1:70. Post 25p. (9in. x 12in. measures approx.).

t*************************:
% U.D.1.SINGLE CHANNEL.750 W
MARNUAL/AUTO DIMMER

*

* 750W Solid State Fader. with three functions. Manual
%* fade: Auto fade-up: Auto fade-down. Automatic
: cycling up and down. Functions selected with ‘three
*
*

XXRRRXRRRRRRRRFERNERER

ositior’ rocker switch. Two ranges of cycling for
Flashing’ or ‘Slow blending’. Ready built mudu{e 6" X 3"
glass fibre board incorporating 10 amp TRIAC. Two or
more modules for top quality colour blending and
flashing effects. PRICE £15-00 Post 30p.

*****************************

GENERAL ELECTRIC POWER-
GLAS TRIACS

10 amp. Glass passivated plastic Triac. Latest device from
US.A. Lomg term reliability. Type SC 146E 10 amp. 500PIV.
£1-00. Post 5p. {Inclusive of data and application sheet) suitable
Diac 18p.

xx
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COIN MECHANISM (Ex-London Transport)

Unit taining b hani: for 1p. 2p & 5p coins.
Micro switches, relays. solenoid-operated hopper. 24 volt D.C.
Precision built to high standard. Incredible VALUE at only
13" Price £1-00 Post 15p.

£2.50 Post 60p.
24 VOLT DC SOLENOIDS

UNIT containing: 1 heavy duty solenoid approx. 25 Ib. pull
at 1in. travel. 2 solenolas ot approx. 1 Ib. pull at { in. travel.
6 solenoids of approx. 4 oz. pull at § In. travel. Plus 1 24V D.C.

1 heavy duty 1 make relay. Price: £2.50. Post 60p. ABSOLUTE
BARGXIN. i ° 3 soty

230-250 VOLT A.C. SOLENOID

Similar  in  appearance to illustration.
Approximately 14 Ib. pull. Size of feet 1§ X

ALL MAIL ORDERS, 'ALSO CALLERS AT:

CHISWICK,
ONDON, W4 5BB. Phone: 01-995 1560
Closed Saturdays.

57 BRIDGMAN ROAD.

INSULATION TESTERS (NEW)
Test to I.E.E. Spec. Rugged metal con-
struction, suitable for bench or field
wark, constant speed clutch. Size L. 8 in.,
W. 4 in,, H. 6 in., welght 6 Ib.

500 VOLTS, 500 megohms £28-00. Post
60p. 1,000 VOLTS, 1,000 megohms
£34-00. Post 60p.

All prices
are subject to

8% VAT.
1 (8p in the £)
To all orders add 8% VAT to total

value of goods including carriage/
packaging.

SERVICE TRADING CO.

SHOWROOMS NOW OPEN
AMPLE PARKING

INSULATED TERMINALS
Available in  black. red. white. | )
yellow. blue and green. New 12p "
each incl. P & P. Minimum order 6. &

RELAYS

B

SIEMENS PLESSEY, efc.
MINIA;URE RgLAYS
1

4
5-9 6 clo 80p 700 16-24 4 clo 80p*
150 4-9 2cjo 70p° 2500 36-45 &M 80p*
185 812 6M 60p*® 3500 3143 2o HD  60p*
308 9-14 4cfo T5p* 9000 40-70 2cfo 60p*
410 12-20 4co 80p* 15k 85-110 6 M 60p
700 1624 4M2B  60p*

(1} Coil ohms; (2) Working d.c. volts: (3) Contacts; (4)
Price HD =Heavy Duty. All Post Pald. (*Including Base)
6 VO LT D.C. 1 make con. 35p. Post 10p.

9 VOLT D.C. RELAY

3 c/o 5 amp contacts. 70 ohm coil 75p. Post 10p.

12 VOLT D.C. RELAY

3 c¢/o 5 amp contacts 120 ohm coil 75p. Post 10p.

24 VOLT D.C. 3 c/o 600 ohm coit 75p. Post 10p.
2 HD ¢/o 700 ohm cail 75p. Post 10p.
4 ¢/o 300 ohm coil 85p. Post 10p.

100 VOLT A.C.

2 ¢/o sealed type, octal base £1-00. Post 10p.
24 VOLTA.C.

Mfg. by ITT. 2 h.d. ¢c/o contacts. 55p. Post 10p.

240 VOLT A.C. RELAY ITT

240V. A.C. heavy duty c/o contacts. Octal plug in base.

Price 75p. Post 10p.
DIAMOND H, Heavy Duty Rel

Y
230/240V A.C. 2 c/t') contacts 25 amp RES at 250v A.C.
Price £2.00. Post 10p.

HEAVY DUTY SEALED RELAY

110 Volit 2 c/o 20 amp contacts. £1-25. Post 10p.

220/240 VOLT AC RELAY

3 c/o 5 amp cont. Sealed. incl 11-pin base. £1.25. Post 10p.

CLARE-ELLIOT Type RP 7641 G8
aﬂ;;\:a;:irg‘ relay. 675 ohm coil. 24 voit D.C. 2 c/o. 70p.

DRY REED RELAYS

M.{.g. by ERG 12 volt D.C. encapsulated. =
Single cfo 65p. Post Paid. Two cjo 85p. Post Paid.

STC 280 ohm coil 6/12 V D.C.3 make Contacts metal shrouded
60p. Post Paid. Large range of other types available.

BLOWER UNIT

200-240 Volt A.C. BLOWER UNIT
Precision German built. Dynamically
balanced, cuiet, continuously rated,
reversible motor. Consumption 60mA.
Size 120mm. cia. x 60mm. deep.

Price £3-00. Post 30n.

Mfg. Airflow Developments Ltd., Heavy Duty.
continuously rated, smooth running, 230/240v
A.C. motor. Size: 16 X 14 cm. (case only),
OAL 15 cm. Aperture 6 X 6 cm. £6.50.
Post 50p.

230/240 VOLT A.C. EXTRACTOR FAN KIT -
Comprising of impeller, continuously rated motor,
motor housing and fixings as jllustrated. Price
£1.75. Post 25p. {Total inc. VAT & Post £2.16)

230V FAN ASSEMBLY

Continuously rated. removable aluminium
blades. Price £1-00. Post 20p.

230/240V SYNCHRONOUS GEARED MOTOR ™
Manufactured by either Sangamo, | @

Haydon or Smith. Built-in gearbox.

2 RPH, 3 RPH, 6 RPH.

Price %0p. Post 10p.

CONSTANT SPEED, PRECISION MADE,
6 VOLT D.C. GOVERNED MOTOR
2750 r.p.m. Length 2% inch, dia
3"inch. shaft & inch. No Toad 40mA.
ldeal for portable recorders etc.
£1.50. Post 15p.

PARVALUX TYPE SD2. 200/250 VOLT
A.C. D.C. HIGH SPEED MOTOR

Speed 9.000 r.p.m. approx. or 3.200 r.p.m. if used
with built-in governor. or variable speed over a
wide range if used in conjunction with our
Dimmer  Switch. iilustrated below. 'PRICE:
£2.00. Post 35p.

600 WATT DIMMER SWITCH

Easily fitted. Fully guaranteed by makers. Will
control up to 600 watts of all lighting except fluor-
escent at mains voltage. Complete with simple
instructions. £2-75. Post 25p.

2000 WATT POWER CONTROL

For Power tools, Heating. Lighting etc. incorporating 13 amp.
outlet and mains lead. £8-00 Post 27p.

High Visibility LE Ds

Panel Mounting
-25 inch mounting, ‘16 inch lens. Typical parameters 2 volt
20 m.a. all types. Supplied complete with snap in mountings
and data. Red 4 for £1:00, Green 3 for £1-00, Yellow 3 for £1-00.
Post 10p. {Min. order £1-00.)

LED READOUTS

7 series I/h DP §” high characters. 14-pin D.C.L.
Available in red or green. £1-65, post 10p: 4 for
£6-00 post paid.

METERS NEW! 2lin. FLUSH ROUND
available as D.C. Amps 1, 5. 10, 15 or A.C. Amps
1.5, 10. 15, 20. Both types £2-00. Post 15p.

VOLTMETER 0-3!

00V. A.C. £2.00. Post 15p.

PERSONAL CALLERS' ONLY

9 LITTLE NEWPORT STREET,
LONDON, WC2H 7JJ.
Tel.: 01-437 0576
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I:’L““ GSEIS EQUIPMENT. Single items or quantities. Private or Industrial.
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e RACAL UNIVERSAL COUNTER/TIMER
A550 (CT4ss)
R.F. output 2uV s
436 and 1000 He oo (Rl
an Z ne read-out.
internal mod. Facilities
Limited aty. Include: dir-
only avallable. rect fr y
Full spec. and me:s\:rement
price on re- up to 100MHz;
quest. pulse, pertod,
ratio, time
Interval  and
'IE:EXTRONI':: 5'§ OSC'ILL'pstOaP: totallsing
DC to 100MHz. Separate time 1ses measure-
i, geigy and o meanifer, Time Ir Mions SIGNAL GENERATOR. MR [Taul sersituly warlbte from sy
24 stages \alsollcontinuously varlable O-:ngsl-lv lour'c‘lex eanIe r?)nlgle.c'alI'I:ur.a;’eudmlun etc. Full spec. on request. £145.

between steps. Time base B: 2 micro-
secs to 10 sec in 18 stages. Delay 1
microsec to 10 sec. Complete with
type 81 adaptor enabling use of qll
letter serles plug ins, Type 80 plug-in
(less probe) also avallable.

MARCONI TF 1080 SIGNAL GENERA-

i 62-50.
TOR. Freq. range 450-1250MHz in one ]
directly calibrated band. Output plston TF 10418. Spec. as for 1041C. £52:50, P J:EK;IRDNIX MERS, Torid stV iTeN
attenuator 0-15 microvolts—445mV at 50 ILLOSC
ohms. Modulation: internal signal 1000Xz HEWLETT—PACKARD 571A-600MHz, separate P.S.U. £150

at 30%. External pulse 1 microsec or longer
at 30v min,

SOLOTRON CD 1400
OSCILLOSCOPE SYSTEM
Avalilable with a choice of "Y" or X"
plug-ins: wide band 15MHz. high galn
differential, standard time base, slow
speed, delayed sweep. Prices on

licatlon d ding on bination

selected.

TF1041C VTVM A.C. voltage range 300 MV
to 300V in 7 ranges, 20 Mz-1500 MHz. D.C.
voltage ranges 300 MV 1000V In 8 ranges.
D.C. resistance 50 ohms to 500 ohms, Price

185A 800 MHz SAMPLING 0SCILLO-
SCOPE WITH 188A DUAL TRACE
PLUG-IN. Full spec. and P.0.A.
175A 50MHz Oscilloscops.

5248 COUNTER FREQUENCY MEA-
SUREMENT: 10Hz to 10,1MH2.
Accuracy : 1 count. Automatic position-
ing of decimal point. Period measure-
ment: 0-10kHz, reads in seconds,
milli or microsacends, decimal

500/250W MEDIUM WAVE BROAD-
CAST TRANSMITTERS. Price and
detaits on appllication.

M.O. for ET 4336 TX (see description in
previous Issues) £8-50, P. & P. £1-50.
HIGH CAPACITY CONDENSERS
GENERAL ELECTRIC 25,000 MFD 25VDC
(40VDC) surge £1-10.

SPRAGUE 20,000 MFD 55VDC £1-30,
MALLORY 20,000 MFD 30V (45VDC surge)

£1-15,
MALLORY 35,000 MFD 15V (20VDC surge)
SANGAMO 20,000 MFD 50V £1-30.

SIGNAL GENERATOR TF 301B as for
TF 801D/1/3 except for minor circuit changes,

e.g. 1 and 2 MMz switched calibrator, £175.00. for analysis and measurement of Radar

S%HLUMBERGER 9 5002 SYNC. OSCIL- Equipment. Frequency range 190 to 230MHz 8% VAT tors, panoramic adaptors, diverslty

LATOR 200-500MHz. £95-00 " with crystal check points. Sweep width 08 switches, transmitter driver units,
: o 8MHz, output pulse delay (a) 85-175 uSec, %4 TF AUDIO TESTER. Comblined A.F. linear amplifiers can be built to

PLESSEY PR 524 DUAL DIVERSITY () 0-7-1-4 mSec with x1 and x2 mutipller Generator (0-25kMz), Output meter (up to customers’ requirements. Pleage send

RECEIVER. Freq. 2-30 MHz. Solid state, six
pre-selected channels with motorised tuning,
automatle recelver selectlon and indlcation.
Complete with FSK terminal unlt and spare
coils for turret tuners. All housed In table
top cabinet. £100-00

ROHDE & SCHWARTZ MICROWAVE

point automatically positioned. Display
on 6 neon lamp decades and 2 meters.
Complete with manual and following
plug-ins: 525A 10 to 100MHz, 5258 100
to 220MHz, 526A video amplifier. Price
on application.

200CD WIDE RANGE OSCILLATOR
SHz to 600kHz £60.00.

616B SHF SIGNAL GENERATODR.
Freq. range 1,75GHz-4,2GHz, Mod.:
F.M., C.W. Pulse and Ext. A.M., output
0.1uV-200mW. Price on application.

TF 1253A VHF SPECTRUM ANALYSER

and =2, x1, x2 multipller. Qutput 2uV to
20mV with %10 muitiplier, £209.

TF 1370 R-C OSCILLATOR,
SQUARE AND SINE WAVE. Freq.
Sinewave 10Mz-10MHz, squarewave
10Hz-100kH2, Direct output: sinewave:

voits, declbels and power relative to thermal
noise. Plston type attenuator. 50£2 output
| d Internal dulati at 1 kMz
at up to 90% depth, also external slne and
pulse modulation. Bullt-In SMHz crystal
gallbra(or. Separate R.F. and mod. meters.

RACAL RECEIVERS
Models RA17, RA{7 Mk. 1, RA 17L,
RA17W, RAM17E, in condition from
working “‘as seen' to brand new In

complete.

S61A-10MHz, solid state, complets
with 3A1 dual trace vert. and 3B3 delay
time base plug-ins P.0.A.
541A-33MHz. Choice of plug-ins. P.0.A.
LA265A(546A)-33MHz, separate time
bases with delay. P.0.A.

545-15MHz. Separate time bases with
delay. Price on application.

PLUG-IN UNITS

CA—24 MHz dual trace SOMV-20V.
G—20 MHz differential SOMV-20V.
L—30 MHz fast rise time SMV-20V.
D—High gain differential 1MV-50V.
N 600MHz sampling 10MV-cm.
63/54C. Dual trace 33MHz, 60MHz,
0.05-20v,

3 PHASE AUTO TRANSFORMER, wye
input 400v, wye output 241,5/230/218.5v 50c
18kVA. Made by Westinghouse of USA

Brand new In original cases £80,00 Includlng-
UK transport,

PLEASE ADD

2W. at 600, 15 and 30Q,) and valve voltmeter
(0-800V.), with stepped and variable attenua-

tors. £80.

TF 1400S DOUBLE PULSE GENERA-
TOR WITH TM 6800/S SECOND-
ARY PULSE UNIT. For testing radar,
nucleonics, counters, fllters

binets. Prices on application.
DIVERSITY SWITCH TYPE

PLEASE NOTE

Unless offered as *‘as seen”

ALL EQUIPMENT

ordered from us is completely overe
hauled mechanically and electrically
in our own laboratories

FOR EXPORT ONLY
TRANSMITTERS:
BC 610 Hallicrafters.
RCA ET 4336 also modified version of
Iincreased output to 700w.
COLLINS TYPE 231D 4/Skw., 10 channel,
autotone and manual tuning. All above
complete Installation and spare parts.
TRANSCEIVERS
19, 19HP, 38, 62,
C-13 TRANSMITTERS
RACAL COMMUNICATIONS
EQUIPMENT 4
We are able to offer a comprehensive
selection from the range of this modern
high class  equipment including,
recelvers, L.F. Converters, SSB adap-

us your enquiries.

ARSS SPARES. We hold the largest stock
In U.K. Write for list.
R.F. METER 0-8 amp. 2§" (U.S.A.) &£1-80
P.&P.15p. =

POWER METER. 3200MHz, built-In call- 0-31.6V . 1 -1MHz, awave: ‘scopes, .

e o i Tt At 1, SPEC, IF S B b | EeLePuONL Y gl
T - dB. H 2 to 00kMz, pulse wi - (] |

TF 1162 AMPLITUDE MODULATOR range. 50dB to +10dB. Impedance 1001 soc., delay’ —15 1o SWITCHBOARD

Amplitude modulates at up to 80% the C.W.
or F.M. output of any signal generator with
a froquencly ratige of 100kMz to 500MMz.
input ms to the dulator may be:
sine, square, pulse or plcture at any level
up to H1 impedance, Mod level monitored
on panel meter. £40-00

Open 9-12.30, 1.30-5.30 p.m.
except Thursday 9-1 p.m.

75, 100, 600€2. Price upon application

TYPE AS 8704 current {imiting power
supply, 0-30V steps of 10, 1, 01V up to 3

i sec.,
rise time _ 30N sec. SPEC. TM §600/8.
As for TF1400S except pulse width
05 to 25u sec., delay 0 to +300u sec.

50 line AUTOMATIC PRIVATE
TELEPHONE SWITCHBOARD

Price ot each of the above on appllcation.

amps £40.
THYRISTOR TEST SET, complete un-
tested £50.

TEST EQUIPMENT
for direct line for all enquiries regard-
ing test equipment only, phone
-748 5496.

TF 5288 OSCILLATOR AND DETECTOR
UNIT £56-00.

TF 12248, TF1225A, TF STTA. WHITE
NOISE TEST SET £185-00. Full spec.
on request.

COLOMOR (Rsmonics)

170 Goldhawk Rd., London, W.]

Tel. 01 - 743 0899
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SEMICONDUCTORS g [one
TIP36A  £2:45
ACt07 BCY72 25p | MPSAQ8  35p | TIP41A 5p
AC125 ISp 8D121 75p | MPSA18 30p | TIP42A 90p
AC126 25p | BD123 75p | MPS/ 56 35P | Tip2og stp
ACt27 27p | BD124 80p | MPSUW6 750 | ppaon &
AC128 28p | BD131 75p | MPSUS6  70p P
ACI176 27p | BD132 75p | NKT135 35p | TIP3IB 70p
ACY17 25p | BD153 75p | NKT222 25p | TIP32B 82p
ACY18 30p { BD156 75p | NKT401 85p 1P33B £112
ACY19 30p | BDYt1  £1-40 | NKT404 80p | TIP34B  £1-68
CY20 25p | BDY17  £160 | NKT773 p | TIP35SB  £2-81
ACY39 55p | BDY19  £1-95 | NKT774 25p | TIP36B ~ £3-64
ACY21t 30p | BFt52 20p | OAS 20p | TIP41B 83p
AD140 80p | BF194 14p | OA10 20p | TIP42B 98p
AD148 §5p | BF195 15p | OA47 10p | TIP29K p
AD161 40p | BFX29 30p | OAT0 12p | TIP30 78p
AD18: 40p | BFXB4 30p | OATS 12p | TIP31C 85p
ADZ11  £1-80 | BFX8S 30p | OA81 10p | TIP32C  £105
AFt14 25p | BFX86 30p | OAB0 10p | TIP33C  £1:30
AF115 25p | BFX88 30p | OAS1 10p | TIP34C  £1:%0
AF116 25p | BFY10 35p | OA200 10p | TIP35C  £3-20
AF117 25p | BFY44 50p | OA 10p | TIP36C  £4:10
AF118 60p | BFYS0 25p | OA210 35p | TIP41C 95p
AF172 30p | BFYS1 25p | OA211 36p | TIP42C  £1-10
ASY28 30p | BFYS52 25p | OC16 90p | TISS0 40p
ASZ21 80p | BFY 25p | 0C19 85p | 2TX107 15p
BA102 33p | BFY80 66p 55p | ZTX300 15p
BA112 50p | BSW63 65p | OC26 85p | ZTX500 16p
BA114 16p | BSW63 0p | OC28 65p | ZTX501 20p
BA158 15p | BSYS5A  12p | O 60p | ZTX504 50p
BC107 12p | C111 50p | O $5p | ZTX531 30p
BC108 12p | C426 40p | OCa2 40p | ZTX550 25p
BC109 12p [ BY100 15p | OC44 20p | IN8S9 sp
BC147 12p | BY1268 20p | OC45 20p | IN914 3
BC148 12p | BY127 20p | OC70 15p | IN916 sp
BC149 12p | BY164 65p | OCT1 17p | IN40O1 tp
BC153 15p | IS100 15p | OC72 20p | IN40O2 9p
BC157 14p | 15103 20p | OCT5 25p | IN4003 9p
BC158 15p | MJ340 55p | OC76 25p | IN4004 10p
BC163C 14p | MJ4g1 95p | OC77 40p | IN4005 12p
BC182 14p | MJ2801  £1-25 | OC81 25p | IN4006 15p
BC183 14p | MJ2001  £2:20 | OC83 25p | IN4007 18p
BC184 14p | MJE340 50p | OC84 25p | IN4148 7p
BC212 14p | MJE370 75p | OC139 30p | 2N696 25p
BC213 14p | MJE3T1 80p | OC140 30p | 2N697 20p
BC214 14p | MJES20 #s5p | OC170 25p | 2N698 25p
BC000 12p | MJE2955 £1-95 | OC171 30p | 2N706 12p
BCY30 40p | MJE3055  85p | OC200 50p | 2N706A 15p
BCY31 55p | MM1613 43p | 0C201 60p | 2N708 15p
BCY32 95p | MM1712 s0p | OC202 75p | 2N 20p
CY33 45p | MPF102 4s5p | TIP29A 49p | 2N1132 25p
s el |TPmA Wl b
BCY38 p L] P
BCY3)  £1:00 | MPF104 Teas  SmloNtm 2m
BCY55  £1-60 | (2N5458)  3sp P | 2N1305 25p
BCY70 22p | MPF105 TIP33A  £1-05 | 2N1306 25p
BCYT! 22p | (2N5459) TIP34A  £1-55 | 2N1307 25p
QTY. DISCOUNTS 12+ 10%; 25+ 15%; 100+ 20%
DIGITAL INTEGRATED CIRCUITS |3Ni4i% b
N74110  80p
N74118  £1'%
N7400 20p | SN7428 50p | SN7473 40p | SN74118  £190
N7401 20p | SN7430 20p | SN7474 40p | SN74121 65p
N7402 20p | SN7432 42p | SN7475 55p | SN74122  £1-38
N7403 20p | SN7433 70p | SN7476 45p { SN74123  £2:70
N7404 20p | SN7437 65p | SN7. 80p | SN74141  £1-80
N7405 20p | SN7436 65p | SN7481  £125 | SN74145  £1-50
N7406 30p | SN7440 20p | SN7482 87p | SN74150  £3:35
N7407 30p | SN7441AN  75p | SN7483  £1-00 | SN74151  £118
N7408 20p | SN7442 75p | SN7484 80p | SN74153  £1-35
7409 45p | SN7443  £1:00 | SN7486 45p [ SN74154  £2:00
N7410 20p | SN7445  £200 | SN7490 75p | SN74155  £155
N7411 23p | SN7446  £2.00 | SN7491 AN £1:00 | SN74156  £1°5
SN7412 42p | SNT447  £1-75 | SN7492 N74157 £1-80
N7413 30p | SN7448  £1:75 | SN7493 75p | SN74160 £2:60
N7416 30p | SN7450 20p | SN7494 80p | SN74161  £2-60
N7417 30p | SN7451 20p | SN7495 80p | SN74162 £3-40
N7420 20p | SN4753 200 | SN7496  £100 | SN74163  £3-40
N7422 48p | SN7454 20p | SN7497  £825 | Jo 0 e
N7423 48p | SN7460 20p | SN74100  £250
N7425 48p | SN7470 :wn SNT4104  £1:45 [ SN74165 ﬂ'"
N7427 42p | SN7472 SN74105 £1-00 [ SN74166

C. T. ELEGTRONIGS

NOW AT 267 AND 270 ACTON LANE,

LONDON

2N1308 25p
2N1309 25p
2N1613 25p
2N1H11 25p
2N2M7 70p
2N2160 65p
2N2217 25p
2N2£18 25p
N2218 25p
2N2222 20p
2N2222A  25p
2N2306 70p
N2640 50p
2N2846  £1-50
N2604 25p
2N2805 25p
2N2506 25p
2N2607 25p
2N2626 12p
2N3(53 25p
2N3054 €5p
2N3C55 50p
2N3232 70p
2N3525 95p
2N3702 14p
2N3%03 12p
2N3C74 12p
2N3705 12p
2N3706 12p
2N3707 12p
N3708 12p
N3709 12p
2N3F7It  £2-70
2N3T72  £275
2N3773  £295
2N3819 35p
2N3820 55p
2N3866 85p
2N3504 22p
2N3805 25p
2N4058 12p
2N4059 12p
2N4080 12p
2N4C81 12p
2N4126 17p
2N4286 15p
2N4287 15p
2N4288 15p
2N4289 15p
2N4290 15p
NA444  £190
2N4gT 35p
2N4920 $0p
2N5191 p
N5iB4  £1-10
50p

40361 50p
40362 55p
SN74167 £625
SN74170  £4-10
SN74174  £2-00
SN7#175  £1-35
SN74176  £1-60
SN7#77  £1-60
SN74180  £1-55
SN74181  £7-00
SN7#182  £2:00
SN74184 £2:45
SN74185A £2:40
SN74190  £1:95
SN74181  £1-95
SN74192  £2-00
SN74193  £2:00
SN78194  £2:50
SN74195 £1-85
SN74186  £1-56
SNT#197  £1-50
SN74198  £4-60
SN74199  £4-80

larger and will enable us to

Now open. OQur New Components Shop. These premises are very much

have greater stocks than we already have.

Having all the components under one roof will now guarantee you
speedier service on the counter, and on the mail order side. We have

an enormous range of components to choose from. If you are having

i tti

pr g your

W.4

S.C.R.s TRIACS
CRS1/05 . 40p | TXL228B BA 400V sp
CRS1/10 56p | SC40D £1'40
CRS1/20 80p
CRS1/40 5p
CRS1/60 90p
CRS3/10 o2p
CRS3/20 . 62p
CRS3/40 . 80p
CRSTen00 1 “isp

3 5p LINEAR 1.C.s
CRS16/200 . 30p | LM309K 5V. 1A.
CRS16/600 | £1-60 Voltage Reg... £210
C1068 ... 45p | LM723C 2:37V. 150mA
Ct06D 70p Voltage Reg... £1-05

9 %p MFC4000 250mW
;rrlum 513-59'; Audio ........
BT10/500A . 900 | |
RECYIFIERS e 20 i U
41c Op Am sm
B Ry 3 | SR
- P
MDA952/2 6A 7“".:. e A e
100V, 80p 7471C Dual Op £4:20
AmMp. ...
ZENER DIODES ZNAI4 Radio 1.C. £1.25
BZYss Series 40mW | TaAD100 Radlo I.C_Inc,
3:3V-33V, 5% 1p ] £1:50
1-5W range 25p i )
10W range 45p
13031 .
A PAThoCRPERET L SN760236waudl
NES555 Timer .... 90p with circuit. ... £1-75

then come along. We are open

[

from 9.30 a.m. through till 6.0 p.m. Monday to Saturday. The nearest
Underground is Chiswick Park, and there are no parking restrictions

Y% SPECIAL OFFERS % %

MINIATURE MAINS TRANSFORMER. PRI
240V. SEC, 12V. 100MA Manuf.: Hlnchley

Size: 36 x 45 x 40mm. F.C. 53m

Price 1-85p. 100-60p ea. 1 000-50;: ea. 10,000-40p ea.

3 CORE PVC INSULATED MAINS CABLE,
GREY ML6650. 3x7/0-2mm Price 100m-£4-50. 1000m-
£35. 10,000m- £330.

0-47mfd. 50V MYLAR FILM CAPACITOR.
Size 17 x 0-35" x 0-65” P.C. Mount. Price 100-4p ea.
1000-3p ea.

240V. A.C. SOLENOID. Reverslble operation;
twin coil. Size approx. 23 x 1} x 1}in, 80p ea.

30 unmarked OC71 transistors 1-00
25 Unmarked 250mW Zenerdiode, 47V, 5-1V, 6:2V,
75, 9-1V, 10V. Measured and tested. £100
Pleuse state voltage required.

50 GE Diode OA47 equivalent. £1-00

TRANSFORMER: DOUGLAS PRI, 0, 115, 200, 220
240 SEC. 25-0-25-0-6V, 2§A, £4-5¢ + 58p p.p.
TRANSFORMER

PRI. 0, 115, 160, 205, 225, 245. SEC. 35-0-35, 1-2A
£4-50 4 50p. p.p.

MULLARD TUBULAR CERAMIC UHF TRIM-
MERS (PROFESSIONAL)

Type 092 0'8-2-2p
801 0-8-2-2p Price 10p ea.
991 0:5-1-3p

QUANTITY DISCOUNTS PLEASE TELEPHONE

METAL BOXES

ALUMINIUM BOXES IDEAL FOR VEROBOARD
rITH BASE AN K.SCREWS

B7 2} Long Si'Wlde Ii'HIgh
AB8 13"
ABg9 4' 2;’ 11’
AB10 4 51" 14"
ABl1 4 2i" 2"
AB12 3" 2 3
AB13 6" 4 27
AB14 7 5 24"
AB15 8" 6 ¥
AB16 10" 7 3
AB17 107 44" 3
AB18 12" 57 3"
AB19 12 8" 3

ALUMINIUM BOXES WITH SLOPING TOP

PANEL—IDEAL FOR PRE-AMPS, ETC., USING

SLIDER CONTROLS

AB20 8" Long 8"Wide 3§" High at back
2"High at front 6" Slope to front
With P.K.Screws

AB21 Asabove but10”iong

AB22 Asabovebuti2”long

1000pF Feedthrough capacitor Sp ea.
Minlature tubular P.C. trimmers
3:5-13pF
6-30pF 10p ea.
4p c/o Varley 700£2 relay 50p ea.
TO3 VOLTAGE REGULATORS
LOO5 5V 850mA
L036 12V 500mA
L037 15V 450mA £1-80 ea.
VEROBOARD
01 015
2) % 3% azp 23p
24 X 5 38p 35p
x 3% 35p 35p
33 x5 40p 41p
17 x 2§ £1-05 T9p
17 X 33 £1-43 £112
17 x5 £1:84 =
PIN INS. TOOL T2p T2p
SP.FICUTTER 52p 52p
100 PINS SS 30p 30p
100 PINS DS 30p 30p
500 PINS S§S £1-20 £1-20
500 PINS DS 1-20 £1-20

Prices Correct June 12

NEW SERIES TRANSISTOR DATA BOOKS
1. DTA3 USA Band 3 Transistor Characteristics.
2N21—2N6269 all numbers.
. THT Thyrﬂslor, Trlac, Diac, Put, UJT's.
T15 Characteristics.

V41 VU METER £2-5!
The V41 is calibrated —20to +3 and 0-100%, muklng
it suitable for use as a recording level meter or as a
power output indicator.

Sensitivity: 130 uyA. Internal resistance: 600
ohms. Dimenslons: 40 x 40 x 286 mm

ALSO STOCKED

Electrolytic Capacitors Mullard, Sprague, Lorlin
etc. Polyester, Polystyrene, Silver Mica Capacitors,
etc. Resistors }W-10Watt. Potentiometers; carbon,
wirewound, Preset, Rectilinear multiturn. Antex
Soldering Irons switches, rotary, slide, toggle. etc.
Cable, veroboard.

2SA, 2SB, 2SC, 25D numbers.
DVT Diode, Comparison Tables.
Band 1. Transistor Characterlstics.
European numbers AC, AF, BC, BF, etc.
. TVT. Transistor Equivalent Tables.
All books contain pin connections and semi-
conductor outlines.
PRICE. £1'10 per book. £6 per 6 books inc. post.

TS

V.A.T.
Unless otherwise stated ali prices are EXCLU
SIVE of V.A.T. Please add 10% to ali orders.
Carriage : orders under £5 + 20p. Over £5
post free.

CM10
CM20
CM73
CO92
CO%6
DD1
DD5
DD6
DM18HL
DM73
DMs81
DM82
DM94
DM614
PROMS
PROM10
PROM20
PROM25
UDSOHL

200C

MICROPHONES
PRICES INC. VAT
Crystal Lapel Microphone with Lead and Plug. ...
General purpose Crystal Microphone
Crystal Stick Microphone with Switch Lead and

Omnl Directional Capacitor Microphone with
buiit in Preamplifier, Cable and Wmdshleld
Cardioid Capacitor Microphone as above
types with Switch, both 600 ohms.
Cassette Dynamic Microphone wi
signal and stop/start. 200 ohms. .
Electret Paging Microphone, on table tand with

gooseneck and switch, 600 ohms.............. 4-00
Lavalier Microphone wlth Wlndshleld Lavalier

Cord, 6 metres Cable. 600 ohms{50 k........... 120
Dual Impedance Dynamic Mlcrophone with desk

stand, 600 OhMS50 k... . ...ovvieiieiuiieaann 10-50

Omni Directional Dynamlc Microphone w
desk stand, 6 metres Cable and Plug. 50 k. ohms £10-00
Remote Dynamic Mlcrophone, Cassette type

with Plugs. 200 ohms ... .£1-80
Remote Cassette Cavdlold Microphone with’

Plugs, 200 ohmMs......oootiieiviiiiiiiin i £2-40
Omnl Dnechonal Dynamic Microphone with

Slide on Windshield and Switch. 50 k... . £9-50
Pencll Type Dyanmic Microphone with Cable

Lavalier Cord and Base. 50 k........... ..£3°20
Luvaller Capacitor Microphone with Tie Cllp 5.8

metres Cable. ORMS., ..« - icioneis wiespens s oae o s 1600
Omni Directlonal Capacitor Mlcrophone with

6 metres Cable.600ohms...... ... ............ £30°00
Uni-Directional Capacitor M:crophone with 6

metres Cable. ohms.. .£32:00
Capacitor Boom Arm Mlcrophone wuth Arm two

Windshields, Cable. 600 ohms. £34-60
Cardloid Duai Impedance Mlcrophone wlth

Switch, 6 metres Cables and Plug. 600 ohms/

50 KRR R = ) VNN W R e NN £12:00
Slim Line Crystal Mlcrophone with Switch,

Cable and Connector.. £380

AUDIO ACCESSORY SHOP 17 TURNHAM GREEN TERRACE, CHISWICK W.4

TWEETERS CASSETTES
PRICES INC. VAT PRICES INC. VAT

CTS Cone Tweeter. Freq. 3000-15000 HZ. Cross-over C60 C90 C120
freq. 3000 HZ. Imp. 8 ohms. Suitable for BASF LH 8tp £1-21 £1-78
systéems up to tO watts RMS. .. ................ £1-80 | MEMOREX

CT10/8 Pressure Unit Type Tweeter. Freq. 1500-16000 MROX2 Oxide 98p £1-32 £1-76
HZ. Crossover freq. 3000 HZ, Imp. 8 ohms. CROX £1-47 £1-91 —
Suitable for systems up to 20 watts RMS... PHILLIPS £1:75

CT10/16 As above but 16 ohms . QTY Discounts 12- IOA, 24-15%, 36—20/ 60-25/

DT33 Dome Tweeter. Freq. 2000-18000 HZ. Crossover SPEAKER CLOT!
freq. 3000 HZ. imp. 8 ohms Sultable forsystems Availabie in Black or Green; Approx. width 54in. £1-75 yd.
up to 40 watts. HEADPHONES

FF27 Dome Tweeter. F 0000 H. 0 Type H-202 Features Mono/stereo switch, Volume controls on each
freq. 3000 HZ. imp. aohms Sultublefor systems channel. Freq. response 20-20,000Hz. Impedance 4-16 ohms. £4-50.
uptod0watts RMS....................coeenn £4-80 | TEAK VENEERED SPEAKER CABINETS

FF28 [Horn Tweeter, Freq. 3000-20000 HZ. Crossover For 8 X 5in. Speaker Size 93x13}x53 £3-50
freq. 3000 HZ. Imp. 8 ohms. Suitable for 8in. + Tweeter T3x111X55 £500
systems upto 20 watts RMS................... £8:20 13Xx8in. 10§ X17X 86 £575

HT15 Horn Tweeter Freq. 2000-18000 HZ. Crossover 13x8in.+Tweeter 12x 18} x8% £750
freq. 3000 :{Z.aolmp. 13Moshms. Suitable for - 12in.+Tweeter 153 x18x8% £900
systems upto30watts RMS.................... A

HT2t Horn Tweeter. Freq. 2500-20000 HZ. Crossover VALVE AMPLIFIERS
freq. 3000 MZ. Imp. 8 ohms., Suitable for PRICES INC. VAT
systemsupto40wattsRMS.................... £8-20 | Robust units suitable for most PA[Disco uses.

MHT10 Horn Tweeler. Freq. 2000-18000 HZ. Crossover S watt 2 Inputs, Vol, Treble, Bass Controls .. £12°50
freq. 3000 HZ. Imp. 8 ohms. Suitable for 15 watt 4 inputs, Vol, Treble, Bass Controls. .£24°50
systemsupto30wattsRMS.................... 4-00 | 30 watt 4 Ilnputs Vo: :ll'_regle, gass ((::ontrols gg;g

50 watt 4 inputs, Vo reble, Bass Controls i
CROSSOVERS 150 watt 4 Inputs with separate vol. controls plus master
PRICES INC. VAT vol., trebie, bass....... 7590
CN23 2 Way Crossover Network. Imp. 3 ohms. Cross- 500 wait 4 mputs each with Independant I
FFs o &;'er 3800 HZ. Su'i‘tatble l;p Ifo 15;48::5 RMCS ...... £1:25 bass controls plus overall master vol. control £|24 -50
ay Crossover Network. Imp. 8 ohms, Cross-
over freqs. 1000 and 5000 HZ. Sultable up to MICROPHONE MIXERS
25 watts RMS. .......oiiiiiiiin i, £330 PRICES INC. VAT

FF30 3 Way Crossover Network. Imp 8 ohms. Cross- FFt 4 Channel Mono Mixer and Preamplifier with
over freqs. 1000 and 5000 HZ. Suitable up to individual slide controls. Battery operated. .. .. 2600
to 25 watts RMS. .. ................. .£6:80 | FF10 7 Channel Stereo Mixer and Preamplifier with

SN75 2 Way Crossover Network. imp. 8 ohms. ‘Cross- individual slide controis. Battery operated.....£34-00
over 3000 HZ. Sultable 1or systems up to 15 FF11 Stereo Frequency Controller and Preamplifier;
watts RMS. .£3-80 uses five slide controls. Battery operated......

All mail order and enquiries to 270 Acton Lane

Tel: 01-994 6275
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Gomputers & Accassorios

MEMORY DRUMS—
SAVE OVER 50% ON
ORIGINAL COST

Sperry Floating Head J101 Memory System

* 256 Data Tracks

* 1000 bits/inch

* 8 Megabits

* Speed 3000 rpm

| = Access time 10 millisec.

| * Data transfer rate 1.65 megabits/sec.

* Recording bit density 1050 bpi

* Complete with electronics for interfacing
to DEC PDP8

Vermont 1004 Memory Drum

* 128 Data Tracks

* 650 bits/inch

* 4.4 Megabits

* Speed 3000 rpm

RING NOW FOR LATEST
ON BRAND NEW DRUMS
OR EX-DEMONSTRATION
MODELS

ADVANCE SQUARE
WAVE GENERATOR

| Frequency
Rise time less than 1RS%
stration. New condition 1
turer’s original carton.

LA x . onst
tor P N30 pimens
o4 S‘ peioe o £ ORI 'm,\““d
pocura?l 57508 Bt & ’).0&7""“\‘ 3
bl & {00119 £A
1o sut: tgex
igh
AS

SG21 /
Mc/s,
Range 9Kc/sto 100
han 1nS Ex-Demon-
n manufac-

TUBES

characters in a single tube.

9XKe/s to 100Mc/s continuousty variable.
Accuracy * 4%, +1%FS. . S
N QUTPUT 20myV-1V \!'\lo‘ 50 ol
"(I:rlmnaﬂon continuously variable-
Accuracy *5%.
Maximum outpy

electricat characteristics, the
tube provides many uni
* All D operation #

e circuit 2V
t on op characters of equal height

han 1nS up to 500mV.

Littde used DEC PDP8 systems
available for immediate delivery
at special prices as a result of

Th-evAlphar.lumeric NIXIE tube has the
ability to display all the letters of the
alphabet. numerals g thru 9 and special

From the standpoint of both readability and

que benefits including
Uniform, continuous line

RISE TIME less ¢ * Memory with si
LN:GSEAR f’},”;%Tv into 50 ohm exter ”‘;“'"“";V solid szaxervd::v': cf:m: * Readability in Avo
R Sty n opel i . .
mmation maxiTr:Jarltl\yu;J.lg:tSO P ’:u": ambient light .. 200 footlamperts brightness MDDEL 7X f24
e e e minally 3.605 209 life with 20 loss of brightness
Fsaa::mnw.syanu.eino * Character height 24ins. Leads and bagy,
A, . «
VAT USTED PRICE £95 Price only 99p each plus 16p Leathe, cases fi:i;en'a.
Ju Ver-rea ove £3.5
our price £35 /P £1.50 e nﬂ:ﬂ:"mu NIXIETUBES | metey ,: °3se  enaples o
Also available SG21A DETAILS LaRGE gy OVE FOR case £5, D¢ Used whig 5,
100Kc/s-30Me/s. GE QUANTITIES Plea n its
) se n te - X
. . - tropicaliseq, sp,:;:nds for fupy,
-pro.
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Alpfanumeric NIXIE

d Checkeq
. gu
free calibmg;g:'“"‘eed 12

of ang

TELETYPE PUNCH

BRPE High-speed punch. Self-contained. consists of punch
unit, base. motor unit. For use in many data communication

cancelled project

systems. Operating speeds up to 100
characters per second {1100 words per
minute). Availabte for punching 5, 6, 7.
or 8, level codes. into 1", " tape. Syn-
chronous, parallei-wire input. £145

WELMEC 7 & 8HOLE
ELECTRO-MECH-
ANICAL PUNCHES
& READER

Models S110 and R82C. 17 char. per sec. Rebuilt, available
from stock. £45.

PDP8E 12K Processor complete with
Facit 4001 High Speed Reader {500 cps)

ICT KEYBOARDS

In original packing—Numerical from £4.50.

Data Dynamics BRPE 114 Punch (110 cps)
ASR33 Teletype
Sperry J101 8 megabit Memory Drum

ICT KEYBOARDS

In original packing—Alpha-numeric. Prices from £15-00.

Line Printer
Rack-mounted in double cabinet

PDP8E 4K Processor complete with

Facit 4001 High Speed Reader (500 cps)
Data Dynamics BRPE 114 Punch (110 cps)
ASR33 Teletype

Complete in cabinet

A PHONE CALL CAN SAVE YOU

Magnetic Tape Transporters AMPEX TM4, TM2. TM7, FR30
IBM 7330. POTTER. From £89.00.

TAPE READERS

Sl
Photo-electric Feaders for all colour paper
tapes up to 1 in, Eljo
1CL Type 2640 (250 cps). EHiott T2/94 (250
cps). Elliott D4/42 {500-1.000 cps).
Available with full warranty. -

-

Prices from £220.

A BOMB!RING NOW FOR PRICE!

WIDE RANGE OF SPARES FOR THE FOLLOWING
COMPUTERS IC! 1500, ICL 1900, SYSTEM 4, 4100,
803, AMPEX, otc.

COSSOR VISUAL DISPLAY DID400. Con-
sisting of Keyboard & Display 402 stand alone
capability for alphanumeric data entry. Available
from £500. Please phone for details.

WANDEL & GOLTERMANN

HEWLETT PACKARD DIGITAL
RECORDER MODEL 565A

Data Entry, parallel to 11 columns. Print speed 5 lines per
second. PRI(?E £85-00.

Distortion Measuring Set VZM-1 for colour t.v. 625 lines
PAL. £750.
Distortion
£250.
Distortion Measuring Set VZM-83 52/304/556KHz
comprises @ generator and receiver used mainly to
measure transmission distortion on FM radio link
systems. £245.

Voltage & Level Meter 10KHz-14MHz TFPM 43 measur-
ing range 8v-40uv (+20-86dB). £339,

Selective Level Oscillator 10KHz-14MHz TFPS 42.

Measuring Set VZM-2 556KHz-12MHz.

£349.

m
VERY LATEST TEKTRONIX 100MHz Dual
Trace Oscilloscope 465.

Listed at over £1000. Our Price £775.

TEKTRONIX 453A Listed at over £1300.
Special Offer this month £795.
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SPECIAL OFFER
Brand New Digital Veolt Meter
NEW LOW, LOW PRICE

PRECISION A.C.
MILLIVOLTMETER
VF 252 By
SOLARTRON

& With 4 independent inputs * 3 digits * 1% Accuracy on all ranges

. ewitching without *
ACE plus kpolamvre:‘ ;:f;g:u;‘:g irouit & High X 0.5% Long Term Stability
- breaking Cur i 1.6mv- .
TR 4 oscmosc"P_e‘ input impedance on vo-tage * low input Range 150V £.5.d. Sensitivity
ron C.1- ace Dis- impedance on current.
S?‘aratcchl Y- pual Ly lFre'!;JQuency Range 300Hz-500Hz on volts. * < 20pV Internal Noise
3% dwidth' Measures 0.01mV-600VDC. nA- * Bin. Linear Scal li ;
rays. \piER. B2 eas SO00VAC. 100nA— ¢ calibrated in
ACE Y AMPUETET, 4 nanosecs: 099mA current. 1mV—300VAC. volts and dB
DUAL ATRMQS ise Tmet 7 e ncstfy0 999mA. . *> 30MQ Input R
0.c-2 iy: O ing Accura®y E NEW CONDITION IN MANUFACTURER'S % o) put Resistance [
JVITY U Olate
57 onm 260F Mﬁgramr om0 @ ORIGINAL PACKING or Balanced Input
. 3% with €@’ s/cv\'\‘5 secs/
girect. £ 7100 nanosec 12 secs/cm |
ME BAS variable  uP i . 6v °
continuousty ion X 5 Accurat¥: *Ieh Kels
wer Supplies
% AMPLIFIER. B20 m ang 1 VT 25A
gensitivity ohm & o |
\mpg““ L cALBRATOR \‘;f;;“ﬂ JG ALSO 10% VARIABLE VOLTAGE HIGH CURRENT
INT v AM Mc/s. Rise N
WIDE Bandwidth ._C;"foa w/em HIGH STABlLlTY HIGH R_ELIABILITY_ o v EWLow PRICEf49
A\/A\LABLEZ Sensiuvﬂ‘/- asufing These power supplies were designed for wntmu.uus operation in aCUUmA _5
Time: 8 nanosecs-‘M ohm 22pF Me computer equipment. Manufactured to highest engineering standard SSembly £15
input \mpedance B ec\- for long-term refiability and stability. Independent voltage and current Tape £1 €Xtrg.
Accuracy: +6% dir b ‘Ag 50 meters. C Core Transformer SOextrg.
+ 3% with calibra . Manufacturer’s price prabably in excess of £200. £25
P.0A
= 3 .I-_ — * =l - A
OSCILLOSCOPE CT 436 r
Commercial Designation Solartron CD1014 Pntnntlnmntnrs S P ECIAL PU RC HAS E
General Purpose Dual Beam DC-6MHz flat faced = : OF ADVANCE
double gun cathode ray tube operating at 1.6kV. | TEN TU[RN 3600° ROTATION
The time base velocity is continuously variable inesnty ) “'I
Res Ohms  Per cent Manufacturers Mode/ Price -
between 1cm/usec. and 1cm/sec. 100 i Beckman AS. 20 EX D E o N ST RATI o N
TIME BASE Free running or wriggered from positive |y . of e ﬁ- TEST EQUIPMENT
[o] egati | ] Wi 1+ Relcon HEL107-10 . £2-25
1Lmr/1s§: ive pulses. Sweep speed 1cm/usec to ;: iy SE'“,?" 2§L1%‘10 gﬁg
. eckman 1 |
Synchronisation: positive or negative going internal | 2 028 Becknan A Ly Advance PG56 Double Pulse
from either channel or external continuous waves. gz 5 General Controls . GPA1S/4 . £2:00 Generator
Internal 3mm P/P. 5K et i Tre Independently variable. 2Hz-3MHz Pulse Width.
External 100mVP/P. }g; 01 g!(t';m:"x a3 ] Delay 70nS—0.2 secs. in 19 steps. Rise Time
et - s . oiverl ¥ . .
Sensitivity 100mV/cm, maximum on Y2 amplifier | 2K 05 Helipot SAJ337 ! better than 10nS. External trigger and internal
1mV/em. o o Beckman e 4 rate generator. £120
Size 93" X 113" X 15”. Wt. 25 |b. 3K 05 Seckman Salgoz -
PRICE: £69.50. AT o § i ,
oo B s o i Advance PG52 Puise Generator
i = RCA 301 TAPE DECK 11882 01 geckman A ! Repetition frequency up to 20MHz and output
g AL olvern 2501 | 20V i 5 oh ith ri d fall
V{%" MODEL 381 298K o1 Becieman] aA3902 . pulses up to into 5 ohms with rise and fa
.Q, \ Technical Data, }" wide Magnetic Tape. EF%";REEO;;'URN B7e§m03°" ROTAel'ION £350 times of 5nS. Also produces complex ramp wave
-, A:_‘ P« Power supplies: Input 208-230V AC 60 | 550 Beckman . TypeC £2.25 forms not obtainable from conventional pulse
c/s. Single phase Magnetic recording head. § 100/100 Beckman Type C £300 generators. Fully protected against short cir-
PRICE £2 950 read/write and erase. Seven channels each 300 . Beckman 9303 £2:25 .
head. Speed 307/sec. forward or reverse. }SK i Enxk EXZ/HS gzgg cuit. £275
90"/sec. during rewind. The recording density of 333 characters per 2 . eckman 58 2-
inch is maintained. thus giving the nominal read and write rate of %gtﬁg? g: g:ﬁm:: E’s‘ ) ggg
10,000 characters per second. Maximum diameter of 8” tape reel. | 5ok 05 Beckman ts | £175 Advance T.V. Dot and Cross Hatch
Accommodates 1200ft. of Magnetic Tape, which gives a minimum
of 1.150ft. available for recording. Z’;,!/'Z:;[EEN TUREC‘%‘;‘%OO ROTATION Ge“er?tor SG73 )
46K/a6K © " BeckmanB \0walts . £6:50 Output in form_of modulated signal at VHFAand
UHF at level suitable for aerial sockets of receiver.
MINITRON AC CLAMP VOLTAMMETER | Two Ranges
KGN Type 30155 7 Segnent isly howing Clanpron Votammets s s fr neoswermsof | Band Il on fundamental (MOD)
igures plus ecimai point. Character pf N N ) i =
9mm height. In 16 DIL case. Spacification Band IVA& V On H_armomcs { MOD)
NEW LOW PRICE £1.25 Measurement ranges:—Current 10-25-100- Modulation 405 Lines or 625 Lines
SN7447N BCD 250-500 Amps. Voltage 300. 600 V. ) £4960 EX-DEMONSTRATION
Decoder Driver £1-00. . Accuracy 4%. Scale length 60mm. Overall
£10.50 dimensions 283X 94 X 36mm. Weight 1.5 Ibs. BRAND NEW
Carriage and packing charge extra on Please note: all instruments offered are second-hand and tested and

all items unless otherwise stated. guaranteed 12 months unlass otherwise stated. A D D 8% VAT TO A L L P R I ’c—Ej

ELECTRONIC BROKERS LIMITED

MPTDESPATCH MAILORDER. CALLERS
49-53 Pancras Road, London NW12QB. Telephone 01-837 7781 CVRE(:COP;E M(';N—FRIS AM.t05.30P.M.
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PREHENS)E
RECORDE
SELF- "

ABOONTOANY |" ' i IDEAL FOR
RATORY  |inwworsl unit | wnaeo o, B TESTING
LABO . i * . combinet C8 g o nd- . . SMALL
PRODUCTION
BATCHES

MINIATURE PEN | 5755 e T

RECORDER AT AECOR R By 1 [, 1Ok BMIOGE Typn gy
- AM'NlATURE AN " v — : T % Q. Consisis or g procct™® i
PRICE

DC }

. nent record of_

Provides perma Eminently suitable § Zsurement ranges

currents up to 1mA. Emini Sepasate o # Resistance: from o 1

for use where space is limited SePEEE . o . - T putses Capecitonce:  qrgrl” ) O™ 10 11 MORM,

tme marker pen provided. Chart W ds: & s €8 equene® . cquere - 4 Inductance: from 10 D: to 1100 ,F

h 40ft. Chart speeds: i o es O ine. Aceuracy: M 10 1100 'y

g?mm.zgngg :eazg!mm/hou,, Fast €00- ooted 1 15 Toen ":::‘ o D ram 11653 ) %o Cnsipetion s

ow 20-60- ions 120x on! N econds om 0,02 - Quslity Factor .
ns . . u
1800-5400 mm/hour. Di';‘:::"(gis Kg). g " e tength 0 T KHz. © 1000, Internat osciftatoy.

easure,

i 78
120x285mm. Weight
Price complete with accessones

£39.00

NEW “Strobette” 5 :"t':) It"ta:zismrised

we
STROBOSCOPE- L 'mwl:)te,ro
TACHOMETER o w

“Strobette” isa 5 3 & 2y
. - . . I’ = 1 complete :
The Sinclair Scientific. - % | combined : ,
E . s . > e Strobo- - - .. A
- Logs, trig and arithmetic. ; scope- e o . METER TYPE my 964
ok ! ‘acho- . This ; "
All at the touch of a button. i ‘ erer - et basicaly
y il- £ N Naistori;
Atlast there's a pocket AR Eval " amplifier voltmeter oy ey
a q - the
calculator which gives you log Eto] o : ; 1298
i il i ntly. /'*‘0" able price. It's a stroboscope because it is val ¥ load
ﬂm’ ""g fum:uons m;ta tly 1066 capable of optically stopping. or slowmg. o 20:%',"':"9':‘: 2.50hm 10
~ Full 12-function machine any moving object while the object is in . thei . he
with e functions motion. And it's a tachometer since it can i
ilable on the scien- a o able  1of measure the speed. or rate of motion, of a
Ikl n i T ceivers: < 48Mviz | rotating or moving object. “‘Strabette” is a
tific kevb;ard.lvolll ' g — g in the rom o .| tool, analyser. measuring glevice, fault
handie directly logto | s ’ t for i S, hnici.
antilogyp.  sin  and o A inspectors, teachers.
arcsin, cos and arccos. | 5 range: 9- ety WIDE RANGE: Stroboscope—200 to Power measuring range
d arctan, auto- E accurdYe - 4 WV 100 ion: § 6,000 flashes per minute, Tachometer— {in 4 ranges) from 1
(CTH CLO S 3 o o constant. 1200 to 6,000 RPM. ACCURACY: 3% Level measuring range mW o 10w
matic sauaﬂbnlp» 3““’\; : ] . itude MO ency | or_better. CIRCUITRY: 100% solid state. of. 1 mw
matic  doubling, X mpe - adjust:

: o, Doviat 2 REAI:\;IG&)NG#E& eoes t : Frequency range from 3 B 10 +.40 gp
{includirg square and | 3 ust- s AM t d agains

from 20 Hz 1o
00 Mz | . "7 | synchronous speed-—7200. 3600. 1800 iy Within0.5 dg <2
other roots), plus, of “go KHz BT a\'/cc FLASH BURATION" Approxi iy b "Mm:;:.r:cu 40 Values

e n - - - - I
course. addition. sub 2 10 to 25 microseconds. LIGHT Instrument Calibratiy :.!:A"SHMHS%
traction. mu|t|pl|cat:on, g . o o o™ conds LGHT o
division and any calcu-

COMdPA_CT, ll-II();HTWHEHT:IyC;;‘ be
i them. Y carried in tool box. weighs onl oz.

FID CELg] D = EASY TO USE: One on-off switch and £ 1 2 7 .
7-digit scientific notation, 200- one dial. -

decade renge. Reverse Polish logic

and 25-hour battery life. £2750 | : - ONLY £49.5

SPECIAL OFFER 2 e g 0110 50KHz

Send for further information.
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THE REVQ

TIONARY

LU
SUPERTESTER 680R

FOUR lNTEﬁNATlONAl PAT,
ENTS
0 Dhms per Voit ¢ Sy,
10 FIELDS pF MEASUREMENT
¢ ANBBD RANGES.ACCURACV 1%inD.C. 2% inAC.

DING FEATURE
hm

S:

Sensitivity ¢ Fully

and 4-20- 109599
500-1000 Voits 2 -
50,1A-5UD,IA-5 MA-50 m4.50g mA-
AMP. AL =10 Tanges: 250u4-2 5
OHMS REACTANCE 6 ranges: x1
01w 1p Megaohms, FREQUENCY —
ranges: 10-50.250.1

+70 db. CAPACITY —- g ranges: fr,
20. trom 0 10 200, o g g9 g0 5@ 500
Bold figures indicate depress button,

2 ranges: from 010500 and fr

0 and from 0t

ch-

i ;
v M\N‘“; €50 %500 o,

FANTASTIC
VALUE

sures
in one hand, MEastl T/
ed for use ‘:‘he circuit. 1t hais:d'
1 breaking 3A to 600A f- “a
at \00‘“““;_]B o

rmer SUPP
fomvides '3“9°t
with the firs’
o a.c. volage
s.d. are

Desigh
withou

Tw N
10mA. oV f.
anges of 250V 2™ =
r
provided.

£39.50

MULTIMETER WITH FULLY
AUTO CUT-0UT

With taut suspension movement and full coverage
of AC and OC current and - voitage ranges. The
instrument incorporates all facilities needed for
field and laboratory measurements. Knife edge
pointer and 88mm long mirror scale allow the high
inherant  accuracy of  the instrument 1o he
utilized in full. The movements and circuits are

full d istorized  triggeri
Ac / D c ::in::': 5 protected by transistorized  triggering
MULTI-

Scale length: 86mm D.C. current ranges: 50pA,
METER

05, 1.5, 10. 50, 250mA 1. 5 Amps. AL, o)
025 05 1,5, 10, 50, 250mA, 1, 5
ion movement.
ith taut band suspensiol o
\gg:\snivitv 20.000 ohms per voit on DC

BC. voltage ranges: 100mv, 05, 25,
10. 25. 50, 100, 250, 500, 1000V. AC. voltage
and 4,000 ohms per volt on AC.
Technical Data

ranges: 05. 25, 10, 25, 50, 100, 250, 500,
0.06-0.6-6-60-600mA-3

1000V, Transmission level: —5 1o + 10db.
Resistance ranges 0.5, 200; mig-scale reading 13
£4C. 0.61.2
3.3-30-300mA-3 Amps
2»12-30460-120-600 DC. 1200 Volts.

100-3k0);  mid-scale reading 2000, 1000,
30kQ;  mid-scale reading 200002, 1k)-300k0}
mid-scafe  reading 20k, Accwraty, % of
i
3.6.15.60-150-1300-600-930  Volts
0.000 Hz. .
:g(,)}zls 'g.zso-soom resistance. Decibel

FSD: DC. ranges — 15 AC ranges — 25,
Sensitivity: D.C. ranges, 20.0000N. ALC. ranges,
% of
+12dB. Acsuracy
?gg; )‘—lgcmand resistanze measure-

4.0000N for all ranges except 2.5V and 10V.
10000N for 10V range 2000 for 2.5V range.
ments + 2.5 Price with test leads. and
storage case £8_50

amps DC,

Batteries raquired: 2 dry cefls 1.5V for automatic
cut-out. 1 diy cell 1.5V for resistance range.
Overall dimensions: 210 x 115 x 9omm, in
canying case, complete with test leads.

inc. leather case.

£15.00

om 0o 5000 H 3
"d 20-100-500-2009 Voits. DECigELS =LV Y PLTVOLTAGE ~

00 and from 1o 500,000 pFys;
n 000 pF usin
20,000 Micro farad using thg inc

10 ranges: from 2410
'@ the mains ang fromQ 1o

shockproof
Ofparated 3 Voits battery.

case

Taut Suspension movame, i i

d AL Simple mul i i

audlo/’I:.F. Test Oscifistor pmvidin’; AC uan’n;" i;gl \/D(;,l;"ab'e"m e
UTent ranges ang resistance ranges, TkHz nnei 4rg5 e

oscillator QUIPUE  makes i i
o oy the instruments Suitable for genera

Scalg length: 6
1230, 500, 160

100k0);
reading 50k ().
Sgiul:a;:y 5% of F5.0, Intera
ator - autpur:  1xy, SqUaTew; i
Al Yave. 4B5kH; sinpwaye
e by TkHz Squarewave signg Outpyt voitage: 1y
Overal) dimensions: i
complete with test lunfs‘.] X8 x ‘i anveg case

AMAZING VALUE £7.70

! battery: 3y dry cel,

ELECTRONIC BROKERS LIVITED

. Telephone 01-837 7781
— s Road, London NW1 2QB. Te oy
ngMsP:; [?Eélsr;(li;aCH MAIL ORDER. CALLERS WELCOME MON-FRI 9 A.M. to
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E 10 CHAPEL ST. LONDON NW1.
® ] Phone 01-723 8753 h

SIGNAL GENERATORS
ELECTRONICS

MARCONI! TF801D/IS. 10-480 mHz P.O.A.
MARCONI TF801B/2S. 10-480 mHz £225.

92 Warwick Road, Ealing, London W5 5PT
Telephone: 01-567 0424

MARCONI TFI44H [0kHz—72 mHz P.O.A.

MARCONI! TFI370 RC Oscillator 10kHz-10mHz. Sine/Square.
ROHDE & SCHWARZ SMAF (illustrated) AM/FM 4-300 mHz,
ROHDE & SCHWARZ SMLR 15-30mHz power generator. P.O.A,
RACAL/AIRMEC 201 A. 30kHz-30mHz. As new. P.O.A.
ADVANCE $G2] VHF Square-wave generator 9kHz-100mHz. £25.

OSCILLOSCOPES

TEKTRONIX 555 (Late model) with two ‘L’ plug-
ins and ‘21 A’ and ‘22A’ plug-ins.

TEKTRONIX 545A with CA unit. DC-30mHz.
Price only £295-00.

TETRONIX 53] DC-15mHz with L type plug-in
TETRONIX 535 DC-15mHz with L typa plug-in
ITT METRIX miniature portable scope. DC-10mHz. Brand new. £50.
NB: Due to the fragile nature of CRTs we regret that these oscillo-
scopes cannot be despatched by post. Collection only or delivery
could be arranged.

HE 100
100 WATT POWER AMP
MODULE

MISCELLANEOUS TEST EQUIPMENT

MARCONI TFI400S double pulse generator with TMé6600/S
secondary pulse unit. £105.

MARCONI TF79ID deviation meter. 4-1024mHz. 0-100kHz
deviation.

MARCONI! TFI342 low-capacitance bridge 0-002pf-1,111pf.
Resistance 1-1000M.ohm. £85.

ROHDE & SCHWARZ USVD calibrated receiver 280-4, 600mHz.
ROHDE & SCHWARZ A.F. Wave Analyser type FTA 0-20kHz
plus log/lin AF meter incorporated. Excellent conditjon.

ROHDE & SCHWARZ URY milli-voltmeter BN10913 (late type)
ImV-10V. With ‘T’ type insertion unit, free probe and attenuator
heads. 1kHz-},600mHz. £175.

COSSOR 1453 True RMS milli-voltmeter. Excellent. £75.
ADVANCE PG54 Pulse generator. AS NEW.

SOLARTRON EMI006 production-line resistance tolerance
check-set. 0-15Mohm digital read-out.

AIRMEC TYPE 210 modulation meter. Excellent condition.
WAYNE KERR B521 LCR Bridge. Excellent condition. £55.
EDDYSTONE 770R VHF Receiver covering 19-165mHz.

As mew. £125

* Includes large black anodised heatsink—no further heat-
sinks required.

% Top grade glass-fibre P.C.B.
% Uses high quality components.

MUFFIN INSTRUMENT
FANS

Dimensions 4-5 x 4-5 x -5 ins.
Very quiet running, precision fan
specially designed for cooling
electronic equipment, amplifiers
etc. For |10V, AC operation—
(practise is to run from split
primary of mains transformer or
use suitable mains dropper). CC
only |l Watts. List price over £10
each, Our price, in brand new
condition, is £3-50,

POLARAD Model SAB4AWA
SPECTRUM ANALYSER

IOMHz-63GHz. I.F. Markers. Spec-
trum _calibrator. Log/Lin scale.
NB. This is not the instrument
with the expensive TWT to
replace. Supplied in full working,
excellent condition. Guarantee.

MANY TYPES of RF plugs and
sockets in stock:—

BNC plugs 50Q2. 30p. BNC sockets
50Q. 25p. N. Type plugs 50%2. 50p.
Burndept plugs. 40p. Burndept
sockets, 40p. Miniature PYE. 20p.
Miniature sockets. 20p.

All connectors are brand new.

Immediate delivery. Piease add
appropriate postage,

DURATRAK VARIACS type 100L.
230V. AC Input. 0-230V. AC Output, at
8 amps. Brand new units, less control
knobs. Price only £15:00. Carriage £/.

MINI HELIPOTS
500Q Beckman Linearity Tolerance
0.075% (10 Turn). 1K Beckman
Linearity Tolerance 0.25% (I0 Turn).
20 Q2 Colvern CLR 26/6310/9S (3 Turn).
5K Q Coivern (10 Turn).

AVO VALVE TESTERS
Brief-case type 160. Full working

condition throughout. £65.

AERIAL CHANGE/OVER RELAYS
of current manufacture designed espec-
ially for mobile equipments, coil voltage
I2v,,frequency up to 250 MHzat 50 watts.
Small size only, 2 in. x # in. Offered
brand new, boxed, Price £1-50,inc. P.&P.

RACAL/AIRMEC VHF/UHF Milli-
voltmeter type 301A. Frequency
range 50Hz-900mHz. Voltage range
300uV-3V in eight ranges. Co-axial
input 50 and 75 ohms BNC con-

nectors. DC Ranges 100uV-10V in
ten ranges. Light-weight mains
operated instrument in as new con-
dition with handbooks. Other
makes of voltmeter also available
from stock.

HEWLETT-PACKARD RF
POWER METER

Type 432A. Power range IpW-
1I0mW in 7 ranges. Frequency
range 10mHz-10GHz. Automatic
zeroing. With 478A co-ax mounts
and carrying case. In excellent
condition.

HEWLETT PACKARD/
BOONTON TYPE 89008
Peak-power calibrator. Measures
true peak power -£.6 db absolute.
Frequency range 50-2000Mhz. RF
power range 200mW peak, full-
scale. RF Impedance 50 ohms.

P.O.A.

["POLARAD MICROWAVE
RECEIVER

Model ‘R’ with tuning unit type
RMT. Frequency range 4.2GH1-J

7.65GHz. AM/FM. In working
condition. Price £75.

PLEASE ADD 8% V.A-T. TO THE TOTAL AMOUNT
WHEN ORDERING. INCORRECT AMOUNTS WILL
CAUSE DELAY IN DESPATCH. THANK YOU.

* Fully protected—short/open circuit proof.
% Only 5 external cannections.
% Fully guaranteed.

TECHNICAL SPECIFICATIONS

106W.R.M.S. into 8Q
0.8% at full O/P. Typ. 0.4%
Better than — 96dB.
0dB(0.775V.)

45-0-45V.

% Power output
* Distortion

% Signal to noise
% Input sensitivity
% Supply volts

Price £15.12 inc. VAT. {ready built)
OR

Complete kit (including P.C.B. and all components)
£11.88 inc. VAT. Enclose 50p postage & packing.

Power supply for HE100 (including transformer, capacitors,
rectifier) £8.95 inc. VAT. Postage & packing 85p.

Pre-amps etc., also available.
SAE for details.

CALLERS WELCOME
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MIL SYNCHROS AVAILABLE EX-STOCK
in sizes 08, 11, 15, 16, 18 and 23 for 50, 60 and 400 Hz operation.
Synchro Control Transformers
Synchro Control Transmitters
Synchro Control Differential Transmitters
Synchro Torque Transmitters and Receivers
Synchro Resolvers

WE ARE ANXIOUS TO BUY Synchro Test Equipment
manufactured by Muirhead, Singer-Gertsch etc. Test Dials,
'Dlviding Heads, Bridges, Standards etc. to expand our testing
acilities.

SPECIAL OFFERS!

_

PSU35. A stabilised 0-20v. D.C. 1A P.S.U. in kit form. Devia-
tion < 1% for mains variation of + 10%; <2:5% for over 0-100%
load. Voltage range 0-20v. current 0-100mA and 0-1A. Input
110 or 220v. A.C. 50Hz. Normally £35-50. Our Price £26-99
{P.& P.& VAT inc.).

PSU82. A stabllised 4-35v, D.C. 2-5A P.S.U. in kit form.
Stability as above. Ripple < 3mV. Overload-short cct. pro-
tected. 110 or 240v. A.C. 50Hz. Normally £5800. Our Price
£43-50 (P. & P. & VAT inc.).

Special discount to educational establishments.
choice of any 20 kits. Subject to further 10% discount.

Your

SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCHROS, MAGSLIPS & CONNECTORS

CSemw cuwl éleclronic CSales ﬂlal

Post Orders and Technical enquiries to: 24, HIGH ST., LYDD, KENT, TEL: Lydd 20252 (STD 0679)

V.A.T. Reg. No. 201-1296-23

TELEX 965265

Also at 45a HIGH ST.,, ORPINGTON, KENT. TEL: ORP 31066

HEWLETT PACKARD SAMPLING
£324 tnc. carr. and V.A.T. HP185B £375.

AVO MULTIMINORS Mk. IV in case in excellent condition
and individually calibrated at £11.50 inc. P.P. U.K. V.A.T.

RADAR CABLEFORM INSULATION TESTER for check-
ing insulation between Individual conductors and each other
and ground at preselected veltages up to 10Kv. Full details on

application.
APEX 4! MEET US
s AT THE
NATIONAL AUTOMATED
PRODUCTION EXHIBITION AT
BELLE VUE, MANCHESTER
STAND 73
11-15 NOVEMBER, 1974
Tickets available to professional readers
S.A.E. Please

STAINLESS STEEL VACUUM CONTAINERS FOR
LIQUIDS. Capacity 2 U.S. galls. fitted with delivery taps.
Brand new in cartons—£25 (C. Pd. U.K).

N.E.P. Mod. 1050 6 Channel U/V Recorder. Fitted 5 galvos.
with P.S.U. for 230v. A.C. 14 x 10 x 12 in. (recorder) and
14 x 10 x 8 in. (P.S.U.). £220.00 (inc. carr. & V.A.T.).

FI-CORD MODEL 202 PORTABLE RECORDER with case
74 or 32 in.Jsec. Within 3dB 50Hz to 12kHz at 7; in./sec. 50Hz
to 8kHz at 32./in sec. 4 in. spools }in. tape § track. Intnl. k

'SCOPE HP185A,

ALL PRICES INCLUDE 8%, V.A.T.

LEMANIA AIRCREW CHRONOGRAPHS
Stainless Steel case with
screw back; luminous hands
and markings. One fifth sec.
sweep hand controlied inde-
pendently of main movement
by press to start, stop and
return to zero button. 15 Jewel
movement. Many of these
watches are as new but all
s have been completely over-
. hauled and checked for
accuracy. Fitted strap. White face £18.25, Black face £19.20 inc.
P.&P. Inspection against remitt

GS WATCHES all with brushed stainless steel case with
screw back and black faces. Manufactured by CYMA, VERTEX,
RECORD, etc., to a standard specification. We will try to meet
your requirements for specific manufacturer and guantity orders
will be of one manufacturer's production. Completely over-
hauled, Fitted strap. £8-80 inc. P. & P.

We also have {imited quantities of these watches by OMEGA,
bON%INES. BUREN, JAEGER LE COULTRE at £15-25 inc.

&P,

TELEPRINTER PAPER. Standard rolls. 2 ply £3.80 per doz.
3 ply £4.10 per doz. 4 ply £4.4¢ per doz. All P.Pd. U.K. Telex
your order now!

A.C. SUPPLY PANEL for 19in. rack mounting carrying two
2kVA Variacs with double brush assemblies providing four
individually fused and metered outputs of up to 4kVa and 270v
in excellent condition at £48.50 including carriage and V.A.T.
(U.K. mainland).

and 2K phone output. Remote control socket. Twin cassettes
take 8 miniature lead acid bafteries. 9 x 61 x 43 In. Wt. 6% Ibs.
Full data s.a.e. £30 inc. P.P. & V.A.T.

ETHER-TRANSITROL TEMPERATURE CONTROLLERS.
0-1,000°C for Chromel-Alumel Thermocouples. £27.50 including
carriage and V.A.T.

Metal Oxide Resistors
(ELECTROSIL & WELWYN)

Tantalum Capacitors
(KEMET, ITT, PLESSEY, ETC.)

Synchros and Servomotors
ALL AVAILABLE EX STOCK IN
MANUFACTURING QUANTITIES

DRY REED INSERTS
= S 1 ¢

TAPE STORAGE CANS. Brand new finished steel cans
originally intended for 16mm film but ideal for storing 7 in. reels
of tape. Our last supply of these items was quickly exhausted
at 30p each but as a result of a massive new purchase we can
now offer a case of 55 at £5.25 inc. P. & P. and V.A.T. Sample
order 10 for £1.10 inc. P. & P. and V.A.T.

B ., i

Overall length 1-85in. (Body length 1:1in.) Diameter 0-14in. to
switch up to 500mA at up to 250v. D.C. Gold clad contacts
70p per doz.; £4:10 per 100; £29-80 per 1,000; £270 per 10,000.
All carriage paid U.K.

Heavy duty type (body length 2in.) diameter 0-22in. to switch
up to 1A. at up to 250V. A.C. Gold clad contacts, £1-38 per
doz.; £6-78 per 100; £51-40 per 1,000; Changeover Heavy Duly
type £2-70 per doz. All carriage paid U.K.

Operating Magnets 65p per doz.; £4-45 per 100; £38-00 per 1000.
All carriage paid U.K.
Operating Coils for 12v supply to accept up to four standard
reeds’ £220 per doz.; £12.30 per 100. All carriage pald U.K.

OVER 300,000 IN STOCK!
Multiway and R.F. Connectors
by twenty different companies!
Send us your detailed require-

ments quoting Nato numbers if
known. TELEX 965265.
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APPOINTMENTS VACANT

DISPLAYED APPOINTMENTS VACANT: £4.68 per single col. centimetre (min. 3cm).
LINE advertisements (run-on): 66p per line (approx. 7 words), minimum two lines.

BOX NUMBERS: 30p extra. (Replies should be addressed to the Box number in the
advertisement, c/o Wireless World, Dorset House, Stamford Street, London, S.E.1.)
PHONE: Allan Petters on 01-261 8508 or 01-261 8423.

Classified Advertisement Rates are currently zero rated for the purpose of V.A.T.

Advertisements accepted up to 12
noon Tuesday, October 8th for
the November issue subject to
space being available,

'l'elevision
in South Africa

In anticipation of the introduction of television in South Africa, and in order to
maintain its established reputation for efficient and reljable service, O.K. Bazaars
wishes to recruit the following technical personnel for various centres in the
Republic of South Africa.

Senior Television Technicians:
R7000-R8000 p.a. (£4375-£5000 p.a.)

Responsible to a Service Branch Manager for the direct supervision of a
workshop and all activities of the service staff, to undertake personally certain
major and difficult repairs, to expedite and inspect all repairs carried out in the
Workshop, and to report on recurrent faults in apparatus, to train and instruct
apprentices.

Should have served a recognised apprenticeship in radio and T.V. and have at
least two or three years experience in colour T.V. Should be in possession of
City and Guilds final with R.T.E.B. colour endorsement or equivalent.

Television Technicians:
Rg500-R7000 p.a. (£3400-£4375 pa.)

To undertake repairs in the field and in the workshops, and to keep accurate
records of time and materials involved, to provide feed-back to management on
recurrent faults and defects in apparatus.

Should have served a recognised apprenticeship in radio and T.V. and have two or
three years experience in colour T.V. Should be in possession of City and Guilds
intermediate with R.T.E.B. colour endorsement or equivalent.

O.K. Bazaars is the largest retail organisation in Southern Africa and will
certainly have the most extensive and professional T.V. organisation in the
Republic. The Company’s expected major share of the T.V. market will ensure
outstanding long-term prospects for able people in the T.V. field.

Full fringe benefits are provided including Pension Fund, and Medical Aid.
South African Government non-refundable passage grant plus Company
financial assistance. Interviews will be held locally.

Please apply to:— SAMORGAN (OK)
19, Castle Street, Liverpool. L2 4SS.
or telephone 051-227 1549

14104

Tann Synchronome
Limited

require a

Chief Installation
Service Engineer

An experienced engineer is required to
maintain existing and future installation
of card based access control systems. He
will need an electronics background and
will be required eventually to organise
his own department. Company car pro-
vided. Excellent salary and fringe
benefits.

Please apply to Mr. R. Fossey, John
Tann Security Ltd., Stirling Corner,
Borehamwood, Herts. Telephone 01-953
2021. 14090

\V/

\VA\V/ANY/ANV/ANY/ANY/ANV/ANV/A\V/\V/

Electronics
Engineers
upfo £5000

Many jobs which would suit you down to
the ground — either in the U.K. or overseas
are never advertised. Yet it will cost you
nothing whatever to give yourself the
opportunity to be considered for them.

Join the Lansdowne Appointments Register
— used by hundreds of employers to select
electronics engineers. You have nothing to
lose, everything to gain and it's all
conducted in strict confidence. So post the
coupon — find out exactly how you can
make use of a service which is all the more
valuable for being free |

To: Stuart Tait, Lansdowne Appoint-
ments Register, Design House, The
Mall, London W5 5LS. Tel: 01-579 6585
(anytime - 24 hour answering service).

JA\V/ANV/ANVANV/ANV/ANV/ANV/ANV/ANV/ANV/ANV/ANV/ANV/ANV/ANV/AN

Please send me further details.

(ANV/A\V/ANV/ANY/ANV/ANV/ANV/ANV/ANV/ANY/ANV/ANV/ANV/ANY/ANV/ANV/ANV/ANV/NV/ANV/ANV/N

Name . v erre A e rrrrrere e s %
Age (20-45o0nly) ... D
Address...._.... 4
: >
___________________ 4
.......................... Ww 23/10 %
afo 2 4

ay| _A D
S

N

\Y/

YA\V/A\V/A\V/ANV/ANV/ANV/ANV/A\V/A\V/AN

OHOHOKOROKOKOROK OROKOKOK



Wireless World, October 1974

Our Telecommunications
programme will make the best

B APPOINTMENTS |

of your skills and ambition

TXE4 is the new British Telephone Switching System
currently being manufactured and installed. Designed by STC,
it will satisfy the requirements of high traffic density and lead
into fully electronic computer-controlled digital switching
systems. A further joint development programme with the
British Post Office enables STC to make appointments at
varying levels of seniority which offer considerable potential
technically and in terms of reponsibility.

System Development Engineering

The TXE4 System will be further developed to
meet trafficdemandsbeyond the end of the century.

This will involve extension of the current
TXE4 technology to meet traffic density, system
security and compatibility with  Switching
Systems abroad.

The appropriate background for this work is
in depth experience of Telephone Switching
development and System design.

System Integration Engineering

The design of the TXE4 System is such that
it can be widely applied in various networks, and
Integration Engineering interfaces with, and pro-
vides a bridge between, system design and
application engineering.

Principal duties involve translation of design
options into practical choices for application
engineering and the specification of rules for
exchange lay-outs taking account of transmission
and power requirements.

Integration Engineering also contributes in
large measure to new developments within the
system.

Thorough knowledge of Switching Systems, to-
gether with practical experience of large scale
installation, commissioning or job engineering, is
essential for the work described.

Tomorrow’s Telephone
) **ﬂﬁﬂiwff -

Exc

hange Today

-

Senior Customer Liaison
Engineering

This refers to work on the more advanced
version of TXE4 which is being developed. It in-
volves negotiating with the Post Office and over-
seas telephone authorities on the facilities to be
provided and preparing tenders from the cus-
tomers’ specifications.

Each tender preparation will be a design and
development exercise in itself. 1t will include work
on space division switching, line and inter-register
signalling, exchange sub-systems, exchange and
network facilities, exchange loading and traffic
analysis.

Qualifications for this post are a degree or City
and Guilds Final Certificate in Telecommunica-
tions and between five and ten years’ experience in
the design of Switching Systems. Knowledge of
Post Office facilities would be an advantage.

Salaries and conditions of employment are
competitive.

For an application form, please telephone
Diana Hunt on 071-368 1200 Ext 3141 or write to
her at Department 32211 Electronic SwitcHing
Division, Standard Telephones and Cables Limited,
Oakleigh Road South, New Southgate, London,
N11 1HB.

Standard Telephones and Cables Limited

A British Company of ITT
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" s ’
ngineers
Interested in the future of Cable TV/?

Our latest contracts call for an expansion of our development teams working on
new programmes in this field of community communications.

Asoneof Europe’s largest suppliers Competitivesalaries will be offered - If youare qualified to degree/HNC
of cable television products we can upto £3,000 or higher for those level witha minimum of two years
offer you astimulating careerina Engineers who can make asignificant experiencein VHF/UHF circuit design,
Company noted for it’s technology in contribution. Athresholdsupplement preferably in thefield of television, we
the field of television. isalso being paid.Thereare good would like to hear fromyou.

fringebenefitsincludingacontributory
Pension Scheme and assistance with
removal expenses where appropriate.

There are also vacancies for technicians qualified to ONC level for work in this field.

Please write giving brief details
of qualifications and experience to:

TELECOMMUNICATIONS DIVISION EMI Personnc) Dosartment,
W SOUND &VISION EoUIRMENT D EMI Limited, [35 Blyth Road,

The international music. electromcs and leisure Group. Ha)’es, M'ddlesex'

4058

RADIO OFFICERS

Here is your invitation
to apply to join

the Diplomatic
Service

Qualifications:

1.MPT/PMG 1 (or equivalent City &
Guilds Certificate)

2. Skill in the operation of H.F.
radio communications equipment.

3. Competence in sending and
receiving morse.

Further particulars can be

obtained from:

Communications Administration Department,

Foreign and Commonwealth Office,

Hanslope Park,

Hansiope,

Milton Keynes MK19 7BH.

14074
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IBM Information Services Limited

at Havant, Hampshire, is responsible
for the installation and maintenance
of the Company’s internal
telecommunications network. It
provides international access to the
USA, Europe and Middle East for a
complex network of voice, telegraph
and on-line data systems.

We are looking for a Telecommuni-
cations Technician to work on the
operational installation and main-
tenance of this network. The job is
Havant based with occasional inter-
national travel when on-site support
of our overseas installations is
necessary.

You should have experience or know-
ledge of FDM, TDM or Datel techniques
and of telegraphic and data transmis-

sion systems from 50 baud upwards.
Educated to HNC, City and Guilds
or equivalent standard you must be
prepared to work a rotating shift
covering the hours between 7.00 a.m.
and midnight. We offer good starting
salaries plus a premium for working
shifts, a comprehensive employee
benefits scheme, generous assistance
with removal expenses and an Oppor-
tunity to live in one of the most
pleasant parts of the south coast.
Please send details of age,
experience and gualifications to
Mrs Jill Christison, Personnel
Officer, IBM Information Services
Limited, PO Box 11,

Langstone Road,
Havant, Hampshire
PO9 1RQ.

4075

Aworld of interest for Test Engineers

And up to £2900 pa for you in Data Communications

There are excellent career opportunities within
the final inspection department of [AL open to
engineers who have a sound theoretical and
practical understanding of basic electronics.

These positions of responsibility involve varied

and interesting work associated with a wide range
' of communication equipment including Control and
Monitoring Aids for Data Handling Centres, Air

Traffic Control Consoles, with associated
hardware, and M.F. Navaids.

. Applicants should be able to demonstrate
X competence in standard electronic test procedures.

To find out more, and to arrange an interview
please contact: Mr. R. Radcliffe, Personnel

Officer (U.K.)

Aeradio House, .

Hayes Road, Southall,
Middlesex. Tel: 01-574 2411.

14100
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SPERRY MARINE SYSTEMS

AMONG THE WORLD LEADERS IN THE FIELD
OF MARINE NAVIGATIONAL
AIDS AND SYSTEMS

requires

ENGINEERS

The Division has been engaged in the
introduction of computerised ships’
integrated navigation systems. We now
need engineers to help consolidate our
successes in this field. We are looking
for people with the personal qualities to
enable them to liaise with all levels of
management in any part of the world.

The qualification level will be an en-
gineering degree or H.N.C. experience
will be in one or more of the following
areas:

Digital Techniques;
Radar or Doppler Techniques;

1
2
3. Transistor/Integrated Circuit Design;
4. Electro/Mechanical Design;

5

Installation. Planning of Complex Systems.

The work is interesting and requires
world-wide travel for short periods.

In return for your services, we will train
you on the latest products, introduce
you to management techniques, give
you a salary commensurate with the
responsibilities entailed and offer you
the opportunity for career advance-
ment. We will also provide free life
assurance, sick pay and contributory
pension schemes.

Telephone or write in confidence with

C.V. to:
BRIAN D. ROFFEY

SPERRY MARINE SYSTEMS

DIVISION OF SPERRY RAND LIMITED

DOWNSHIRE WAY, BRACKNELL,
BERKSHIRE, RG12 IQL

Telephone: Bracknell 3222, ext. 167
[4120
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ronics Appointments Register

We know a lot of
companies who would
like to meet you.

Even if you scour the Sits Vac columns you
won't find all the good jobs to fit your qualifications.
Because the best jobs aren't always advertised.

More and more companies are using the
Electronics Appointments Register to find qualified
men and women.

Join one of our Registers and soon you could
be on ashort list for a better job. Our confidential
service costs you nothing.

Send in the coupon—we'll mail you by return.

G A R Graduate Appointments Register

Please_ send me details of how to enrolon one of vour
Appointment Registers:

Name
Address

Age limits 20-45. wwi13

Postto G.A.R. 76 Dean Street London W.1. 01-734 6536
) {4123

ELECTRONICS
ENGINEER

If you are experienced in the use of low
noise amplifiers, solid state control and
analogue/digital circuitry, continue read-
ing.

The right person, preferably between 23
and 30 years of age, will share the res-
ponsibility of research, development, and
construction in electronic systems for
resistance, fusion and friction welding
equipment.

The job is based at Inverness, and starting
salary will be £2,225 per annum.

Applications, in writing, are invited, to:—
R. G. FORBES

A.l. WELDERSLIMITED

Academy Street, Inverness IV1 1LZ
[4073
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NATIONAL PHYSICAL LABORATORY,
DIVISION OF MARITIME SCIENCE

vacancies at

TEDDINGTON, MIDDLESEX
and
HYTHE, HAMPSHIRE.

ELECTRONIC DEVELOPMENT

A number of interesting posts with a wide range of duties
are available at the above locations.

We use analogue and digital circuits, audio and radio fre-
quencies, land and sea based equipment, together with
computers to handle our results.

Assistant Scientific Officers, with an interest in electronics,
are required to join small teams at both sites to help us
maintain and develop our systems, and to assist in trials
on ships and offshore structures.

Excellent opportunities exist to obtain broad practical
experience and to study for higher qualifications leading to
a worthwhile career.

The minimum qualifications are 4 GCE or CSE Grade |
subjects, to include Maths, Science and English Language.
Salary ranges from £887 (at age 16) to £1,547 (at age 25)
rising to £1,899.

If you would like further details you may telephone Mr.
R. F. Johnson or Mr. R. W. Cuffe at the numbers shown.

Mr. R. F. JOHNSON: 01-977 3222 Ext. 4165 during working
hours or Woking 65942 evenings and weekends.

MR. R. W. CUFFE: Hythe, (Hants) 3065 (STD 042-14) in
working hours, or Hythe 6804 evenings and weekends.

Alternatively, write to Mr. H. B. Boyle, Officer-in-Charge,
Department of Industry, National Physical Laboratory,
Division of Maritime Science, St John’s Street, Hythe,
Southampton, Hampshire, SO4 6YS, quoting Reference
MS/INST. (4072

IAMBIA

Challenge and reward go hand-in-hand in the perpetual
sunshine of this new and fast-developing nation. 3-year
contracts bring attractive salaries. lower rates of tax,
minimal-cost furnished accommodation, free air passages
for you and your immediate family, baggage allowance. car
loans and 25% terminal gratuity—normally tax free.

Radio Specialists
to become
Police Inspectors

These positions are in the Signals Section of Zambia's Police
Force, and location may be anywhere . within Zambia.
Essential requirements are: at least 5 years’ practical, post-
training experience in low and medium-power HF, VHF and
UHF radio equipment; advanced knowledge of Muitiplex
equipment and crossbar telephone exchanges and a
working knowledge of diesel and petrol-driven generators. In
addition, Final or Full Technological C & G Certificate wilt
be needed. Upper age limit is 40.

Salary: K2,688-K3.624 {c. £1,800-c. £2,420). Supple-
ment: approx. £1,000.

Salary Scales: Entry point on salary scale shown will be
related 1o experience.

Note on Supplements:— British citizens are normally
eligible for the Overseas Supplement which is shown
against each post. Details of this Annual Supplement,
including eligibility. will be sent on request. The supplement
is paid into the Officer's own bank account in Britain or
Ireland and is normally tax free.

Please apply by sending full personal and
professional details to.

Recruitment Officer,

Zambia High Commission,

7-11 Cavendish Place,

London W1.

(4118

al09

Radio Operators.
How to see more
of your wife
without losing
sight of the sea.

G/
o) | A%, 0
ﬁ ‘f =\ LeH
\ -

|

annual

Join the increases
Post Office | -after that.
Maritime Service. I~ Though
We have openings for ¢ 7 we're
Radio Operators at : f ~%  happyto
several of our b S take people

coastal stations. from 19 up.
~ The workf,/y'ww\j\é In addition to your basic
is justas salary, you'll get an average

interesting, just allowance of £450 a year for

as rewarding as aboard ship, shift duties and there are

but you get home to see your opportunities for overtime.

wife and family more often. You Other benefits include a

need a United Kingdom General  good pension scheme, sick pay

or First Class Certificate in and prospects of promotion to

Radiocommunications, or an Senior Management.

equivalent certificate issued by a For moreinformation, write

Commonwealth Administration  to: ETE Maritime Radio Services

or the Irish Republic. Division (L527),ET17.1.1.2,,
Starting pay for a man of Room 643, Union House,

250r overis £2,270, plus costof  St. Martins-le-Grand, London,

living allowance with further EC1A 1AS.

Post Offfice

Telecommunications

193
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TECHNICAL OFFICERS
—RADIO COMMUNICATIONS

Required by the CROWN AGENTS for their London (Westminster)
Office.

Candidates should preferably have had five years’ experience as a
Contracts Engineer in one or more of the areas of communications
detailed below and possess ONC or equivalent in an appropriate
discipline. Practical experience of the equipment desirable.

{a) Ground Navigational Aids {Radar, ILS, VOR/DME, etc.).

{b) HF, VHF, UHF Communication Equipment.

{c) Microwave Equipment and Systems.

The duties include the checking of specifications, preparation of
tender documents, technical and commercial correspondence
connected with contracts, the evaluation of tenders and the placing
of contracts. Candidates must be prepared to undertake occasional
visits to works and to oversea principals.

Commencing salary according to age, qualifications and experience
up to £2,998 in a scale rising to £3,366 (under review). Non-
contributory pensions scheme.

Wirite for further details and application form to the Crown Agents, 4
Millbank, London SWT1P 3JD stating brief details of qualifications and
experience and quoting reference number M1S/OFFICE VI (RCJ)/WEF.

4099

CCTV ENGINEER

Applications are invited for the post of CCTV Engineer at Hatra, the
research centre for the knitting, dyeing and making up industry.

Hatra’s main use of television is the recording of studio programmes to
disseminate research information. Recordings are also made in factories
to assist in training and other industrial uses.

The successful candidate will be responsible for servicing and maintaining
television equipment which includes Shibaden cameras, Ampex one-inch
VTR and VEL control equipment and Philips VCRs. He will also be
expected to assist in the control room when programmes are made.

Desirable qualifications are HNC electronics or equivalent and practical
experience in close circuit television.

Please apply in writing to:
The Secretary,
HATRA,

7 Gregory Boulevard,

Nottingham
[4121
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THAMES WATER AUTHORITY
THAMES CONSERYANCY DIVISION

ELECTRONICS
TECHNICIAN

(2 POSTS)
Reference: WRCE

Applications are invited for these posts in a
Telecommunications and Electronics section
based; at Reading.

Preference will be given to applicants holding
an O.N.C. Electronics or equivalent C. and G.
Certificates.

A sound understanding of electronic principles
applied to one or more of the following fields
is essential:—

Digital Telemetry;
UHF Radio link equipment;
Communications test equipment.

Some general experience of instrumentation
would also be of advantage.

This is an opportunity to be in at the start
of a project for a Computer controlled radio
telemetry Data Acquisition System, the first
comprehensive system in the recently re-
organised Water Industry.

Salaries offered in the range, Grades T4 and §,
£1,761 to £2,394 per annum, depending on
age and experience, with opportunities to
progress to Grade T6, £2,394 to £2,715 per
annum with suitable qualifications.

Threshold AgPeement in operation.

Excellent leave entitlement and sickness bene.
fies. Flexible working hours scheme based on
a 35-hour 5-day week, Superannuation Scheme.
Staff Restaurant and Social Club.

Applications, giving details of age, qualifica-
tions, experience and present salary should be
addressed to Divisional Manager, Thames Con-
servancy Division, Thames Water Authority,
Nugent House, Vastern Road, Reading RGI1
8DB, to arrive not later than noon on the
7th October, 1974. (No forms.)

[4122

TELEVISION ENGINEER

A vacancy occurs for an additional TV.
Engineer with an expanding Rental and
Retail company. Applicant will prefer-
ably have some colour experience.
Large s/c flat available .after trial
period. Salary according to experience.

Hydes of Chertsey Ltd.,

56/60 Guildford Street, Chertsey 63243
[39

UNIVERSITY OF SURREY
TECHNICIAN GRADE 4
—£1,848-£2,163
&
TECHNICIAN GRADE 3
—£1,650-£1,920
in Audio Visual/Audio
Lingual Laboratory

Two full time vacancies are now available
in this rapidly expanding Department. The
successful candidates will take a pro-
minent part in the day-to-day running of the
Department’s tanguage laboratories. Tech-
nical  experience with tape-recording
apparatus and associated equipment, and
experience of film, slide or film-strip pro-
jection are essential skills.
Application forms may be obtained from
the Staff Officer, University of Surrey,
Guildford, Surrey GU2 5XH or Tel:
Guildford 71281, Ext. 452 and should
be returned as soon as possible.

14061
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alll

Callin
Ex-Radio

Officers

We have something to tell you about
the changes that have taken place
since you came ashore.

Salaries, allowances and leave
entitiements have recently been sub-
stantially increased —rates range
from £2,000 p.a. at the start to well
over £4,000 at the top of the scales.
Full account will be taken of previous you revalidate your
service if you come back now. For

What can you lose ? Please return the coupon now. ,'name

Marconi Marine careers//

QS0? MIMCo

example, with three years service you
couldre-startat £3,050 p.a. P
Immediate employmentis available //
for those who left within the last V4

2 years — if it was longer ago than // o
that, don’t be put off, wemay

still be able to help with //p,ease

financial support while y’ sendmefull
/ details of salary
/ and employment

qualification. # orospects.

/ Address

Postto: R C. Seaton, The Marconi International /

Marine Co. Ltd., Elettra House, Westway,
Chelmsford, Essex CM1 3BH. Tel : (0245) 61701. 7/

| have been ashore years.

14062

THE OPEN UNIVERSITY

Audio-Visual Aids Department

TECHNICAL MANAGER

Applications are invited for the post of
Technical Manager in the Audio-Visual
Aids Department of the Open University,
based at Walton Hall.

The person appointed will supervise the
work of the staff in the Department, be
responsible for the co-ordination and pro-
gressing of production of discs, tapes and
equipment required in connection with
course material, the maintenance of audio-
visual hardware, technical liaison with the
BBC, evaluation of audio-visual hardware
systems and advising on the updating of
equipment used on Campus.

A sound knowledge of audio-visual hard-
ware systems would be required, and a
minimum of five years' relevant experience,
after qualification, preferably including
appointment in industry. Formal qualifica-
tion as a Registered Technician Engineer
(CEI} will be required.

The post carries Non-academic F.S.S.U.
Terms and Conditions of Service. Salary
scale (with effect from 1st October 1974}
£2,580-£3,636 per annum.

Application forms and further particulars

are available from the Personnel Manager,

The Open University (AT3), P.O. Box 75,
Walton Hall, Miiton Keynes MK7 6AL.
Applications should be returned as soon
as possible. [4064

MINISTRY OF DEFENCE,
SIGNALS ENGINEERING LABORATORY,
ROYAL AIR FORCE, NORTHOLT,

ASSISTANT SCIENTIFIC OFFICER

Required to assist a qualified team in design, construction, testing and field
trials of prototype communications and data processing equipment for
operational use by the Royal Air Force.

Experience is not essential but candidates must have keen interest in modern
electronic techniques and be prepared to undertake further study on
day release.

Work will be mainly at Northolt but visits to other RAF stations in this country
and abroad will be involved.

Candidates should normally be under 26 years of age and possess at least
four 'O” levels (or equivalent) including at least an English subject and a
science or mathematical subject; or an ONC/OND in an Electrical Engineering
subject.

Salary £1122 (at age 16), £1732 (at age 21), £1932 (at age 25) rising
to £2134.

Application Forms obtainable from Mrs. M. C. E. Kinner, Admin,
Headquarters No. 90 (Signals) Group, RAF Medmenham, Marlow,
Bucks, or telephone Marlow 6969 Ext. 294. 4060

APPOINTMENTS
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Electronics =
Technician Engineers

do you like to get
about the country?

TELECOMMUNICATION TEST AND SYSTEM COMMISSIONING TECHNICIANS
We have vacancies for staff in the following categories to commission
telephone, telegraph, data and television transmission systems within the
UK and Eire.

Immediately, we are seeking suitable men for our Coaxial Line and Multiplex
Commissioning Teams.

InstallationTechnicians

To take charge of Commissioning Teams in the field for Coaxial Line

and Multiplex systems. For these posts we need people between the ages of
25 and 35 with a full City and Guilds Certificate or equivalent qualification in
telecommunications and with at least 3 years field experience.

Applicants with previous supervisory experience are preferred but we will
provide opportunities for the right men to develop this capacity.

Testers

To work as members of the Commissioning Team. We are looking for
people educated to City and Guilds Intermediate Certificate standard in
telecommunications between the ages of 20 to 30 years.

Previous similar experience, possibly obtained in H.M. Services, will be an
advantage.

Applicants for all these positions must hold a current Driving Licence.

We offer attractive salaries, a contributory pension scheme and other
big-company fringe benefits. There are good career prospects with this
internationally renowned telecommunications company.

Please telephone or write for an application form to:— Mrs. S. Hughes,
(Ref: WW10/74), Personnel Department, Standard Telephones and Cables Ltd.,
Chester Hall Lane, Basiidon, Essex SS14 3BW. Basildon 3040 Ext. 267.

Standard Telephones and Cables Limited
A British Company of ITT
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ROYAL FREE HOSPITAL
HAMPSTEAD

MEDICAL PHYSICS
TECHNICIANS
(ELECTRONICS)

Two vacancies—one permanent
and one locum (6 months from
Ist November, 1974) exist in the
Electronics Workshop of this
brand new major Teaching
Hospital. Applicants should hold
the Final City and Guilds or an
equivalent qualification. Some
knowledge of analogue and
digital circuit techniques desir-
able.

Salary on a scale £1,899 to £2,589
dependent on qualifications and
experience.

Application forms (to be re-
turned by 5th November) from
Personne| Dept.,, Royal Free
Hospital, 21 Pond Street, London,
NW3. Tel: 01-794 0431.

[4097

AYON AREA HEALTH AUTHORITY
(TEACHING)

BASIC GRADE
PHYSICIST

Required for a two year research post at
Frenchay Hospital, Bristol, aimed at improv-
ing prosthetic devices fitted following the
removal of the larynx. Experience of physio-
logical pressure monitoring or allied fields
would be an advantage. Salary scale £2,160-
£2,565. Applications should be sent to Miss
H. [nman, Personnel Officer, 10 Marlborough
Street, Bristol BS1 3NU to arrive by 7th
October,

[4088

RADIO OFFICERS

Do you have PMG I, PMG ll, MPT 2 years operating experience?

Possession of one of these qualifies you for consideration for a Radio Officer post

with composite signals organisation.

On satisfactory completion of a 7-month specialist training course, successful appli-
cants are paid on a scale rising to £3,096 pa: commencing salary according to age—25

RADIO
TECHNICIAN

NEW ZEALAND

Vacancies exist at our Wanganui,
Hastings and New Plymouth service
departments for competent Radio
Technicians to repair and maintain

years and over £2,276 pa. During training salary also by age, 25 years and over £1,724 land mobile, marine and aircraft radio

pa with free accommodation. telephone equipment. A thorough
The future holds good opportunities for established status, service overseas and practical knowledge of V.H.F., H.F.

promotion. {D.S.B. and S.S.B.) equipment is
Training courses commence at intervals throughout the year. Earliest possible appli- essential.

cation advised.

Applications only from British-born UK residents up to 35 years of age (40 years if
exceptionally well qualified) will be considered.

Full details from:

If you are planning emigrating to New
Zealand in the near future, then please
write airmail, with full personal and
career details to:

pecnditment, GMESy Barlows Radio Telephone Service Ltd.,
Government C ations § quarters,
Rooch{nos, Pg«lm éLo;g s%-kley, P.0.Box 611,
] temham, Glos
Telephone Cheltenham 21491 Ext 2270 WANGANUL,

92 NEW ZEALAND. 4069
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ELECTRONIC MARCONI INSTRUMENTS LIMITED
VACANCIES ELECTRONIC

Engineers TECHNICIANS

Draughtsmen L DeSIgners are required to work on calibration, fault-finding and testing of
Servi dT Enai telecommunications measuring instruments. The work is varied
ervice and fest ngineers and will enable technicians with experience of r.f. circuits to

.. . broaden their knowledge of the latest techniques employed in
Technlclans * Technlcal AUthOI’S the electronics and telecommunications industries by bringing

Sales Engi them into contact with a wide range of the most advanced
ales engineers measuring instruments embracing all frequencies up to u.h.f.

f-‘ 600 f Entrants may be graded as Test Technicians, Senior Test

’ u 5,000 pa Technicians or Technician Engineers according to experience

and qualifications. Our production and servicing programme,

Permanent or Contract geared to our recognised export achievement, provides employ-

ment combined with prospects of advancement, not only

Phone MICHAEL NORTH within these grades, but into other technical and supervisory
01-387 0742 posts within the Company at St. Albans and Luton.

MALLA TECHNICAL Salaries are attractive and conditions excellent. A Pension
STAFF LIMITED Scheme includes s_ubstantial_ life assurance cover provided py
334 Euston Rd., London NW1 3BG the Company. Assistance w!th removal may also_ be given in
’ [95 appropriate cases. Please write or telephone, quoting reference

WW749, for application form to:

. . Mr. P. Elsip,
The Hatfield Polytechnic | Personnel Officer,

Marconi Instruments Ltd,
Longacres, St. Albans, Herts,
Tel : St. Albans 59292

for Psychological Laboratory Member of GEC-Marconi Electronics

for maintenance and construction of a
variety of electronic, mechanical, audio-
visual and medical equipment. The
person appointed will work with a
Senior Technician. Applicants should
preferably hold an appropriate Inter-
mediate or National Certificate or City
and Guilds qualification, but this is
not essential. Further study is en-
couraged and day release facilities are
available.

Salary on a scale rising to £1,889 per
annum including a local weighting
allowance and threshold agreement.
Application form and further details
from the Staffing Officer, The Hatfield
Polytechnic, PO Box 109, Hatfield,
Herts, or ring Hatfield 68100, Extn 309.

THE QUEEN § AWARD

70 INDLETAY 1R 71

( Jointhe EMI ServiceTeamat Hayes

We urgently require

Electronic Repalr&

Please quote ref: 542,
- CalibrationEngineers
required for the repair and calibration of a wide range of electronic
UNIVERSITY OF LIVERPOOL Zgit'“;ﬁ:g:ggga' music. instrumentation, including oscilloscopes, DVMs, pulse generators,
Department of Physics leisure Group. power supplies etc.

Applicants should be aged at least 18 years and should have had at
least two years background in electronics. Further training will be

u given in appropriate cases
TECHNICIAN Close Circuit Television
required to assist with the preparation, L
commissioning and running of research mers

apparatus. Training will be provided. An
H.N.C. or equivalent qualification is neces- for the servicing and commissioning of CCTV, VTRsetc.
sary. Some knowledge of electronics or
vacuum work and experience of workshop
and general laboratory practice would be
an advantage. Initiative and willingness
to work in a team are important. Salary
within a range up to £2,163 per annum
according to qualifications and experience,

Applicants should be aged at least 19 years, and must have had some
experience in television receiver servicing.

For both of these positions, starting salary will be up to £2,300 per
annum according toage, experience and ability.
374 hour week, plus paid overtime.

plus threshold payments. Pension scheme, Don’t delay, for further details telephone or write to M. Ford,
sports and social facilities. Application 01-573 3888 Ext. 2268, EMI Service, 254 Blyth Road, Hayes,

forms may be obtained from the Registrar, Middlesex.

The University, P.O. Box 147, Liverpool 3988

e T e e e e e |
oS S m—— SR N
4068
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AUDIO-VISUAL ENGINEERS TELEVISION
The Heathrow Hotel features Europe’s most sophisticated conference ENGINEER
complex, gomplementmg the hotel’s fine restaurants, bars and first-class Required by the DEPARTMENT OF AUDIO
accommodation. o ) ) , . VISUAL SERVICES to be responsible for the
The finest audio-visual facilities are available to clients using our | day-to-day operation and maintenance of
conference facilities and due to increased business the following | the television studio. mobile recording, al

University television facilities, and the
deployment of five technical staff. Experi-
ence in educational closed circuit or

SENIBH A“nln VIs“Al ENGINEER ‘ broadcast television studios is essential,
- _ with a sound knowledge of helical scan
£2lsnu £3.2nn video tape recorders. If necessary,

assistance with relocation expenses will

vacancies are now available:

To operate and maintain a wide range of CCTV and colour studio be given.

equipment including broadcast cameras and one inch helical scan VTR's. Salary will be on the scale £2,817-£3,201
Applicants should be between 25-35, have several years' experience p.a. (under review), plus threshold pay-
of studio work in broadcasting or education and possess relevant ' el Relidayst Higepkeiand ebre:

. g . Applications, quoting the post reference
technical qualifications. no. A051, and including the names and
’ addresses of two referees familiar with

A“nln "Is“Al ENGINEEH | applicant’'s technical background, should be
= addressed to the Personnel Officer, Univer

£1lsnu_£214u" } sity of Edinburgh. 63 South Bridge,
X X i X i . Edinburgh EH1 1LS. Telephone 031
To operate and maintain a wide range of audio-visual equipment 667 1011, ext. 4446. 14065
including CCTV.
Applicants should preferably be between 20-25, have several years' ‘ S e == S S

experience of CCTV maintenance and possess relevant technical
qualifications.

Excellent company benefits include 17 days' holiday, non-contributory MAKE MﬂNEY HmM Y[]UH H[]BBY

pension scheme and free life insurance. |

Please apply with relevaht details to The Personnel Department, ' Sell a range of nationally advertised Hi-Fi
The Heathrow Hotel, Bath Road, Heathrow, Hounslow, Middlesex 14 S ieiien] r*:";‘: h:"“:lre"a‘:‘;ebe:gx S
or telephone 01-897 2419 for application form. known and very favourable reviews have been

carried out. You sell only a brand-new fully
| guaranteed product with full support from
the manufacturer. Your mark up is 67% and
maximum investment is £140. This is a direct
selling opportunity and not part of any
pyramid scheme.

A Lex Hotel Ti566 ’ Write for full details to:

ELBAR INDUSTRIES,
Dept. 6,

2 Greystones Close,
Kemsing, Sevenoaks, Kent

(4098

| ELECTRONICS

Diiiﬁﬁﬂﬂﬁlll!lﬂl!l TECI;iiEIAN

MITHS INDUSTRIES LIMITED

® IS\V|AT|ON Dl?"S'ON N | BUSINESS EQUIPMENT LTD.,
B distributors of electronic calculating

Vacancies exist in our Quality Branch for i : !
l and dictating equipment, require a

||
oy young man 17 plus as a trainee
: s electronics technician. A well paid
interesting career for an intelligent
! person prepared to work and study.

B TEST EQUIPMENT

The duties involved will be the performance certification, quality

Write or phone to:

GELLER BUSINESS EQUIPMENT

LTD.
15 PERCY STREET, LONDON, W1

Tel: 01-580 1614

4125
assessment, fault diagnosis and repair of a wide variety of | [
analogue form electronic test equipment. e —— —_— =
For this post an engineering apprenticeship and preferably an
O.N.C. or equivalent or alternatively H.M. Forces Tech THE UNIVERSITY OF LEEDS
Training. together with experience of several years on the DEPARTMENT OF PHYSIOLOGY
calibration and maintenance of Electronic Test Equipment, CARDIOVASCULAR UNIT
is desired. Applications are .invited for the post of

EXPERIMENTAL OFFICER in Electronics. A
degree is required. Responsibilities include PDP12
and PDP8 computers, electronic equipment in
three physiological laboratories and three hospitai
catheter laboratories, and the supervision of four
electronics technicians. Salary scale £1,752 to
£2,376. Preliminary enquiries may be made to the
Director of the Cardiovascular Unit, Department of
Physiology, The University, Leeds LS2 9JT.

Write to: H. Upson,
Assistant Personnel Manager,

SMITHS INDUSTRIES LIMITED

AVIATION DIVISION
Bishops Cleeve. Cheltenham, Glos. GL52 4SF

Forms of application and further particulars from

1 the Registrar, The University, Leeds LS2 9T
4063 .‘ {please quote 43/13/Cl), to whom applications
should be returned as soon as possible,




Wireless World, October 1974

APPOINTMENTS

alls

HER MAJESTY’S GOVERNMENT
COMMUNICATIONS CENTRE
HANSLOPE PARK, MILTON KEYNES MKI19 7BH

has vacancies in the following fields of R & D work:

(a) HF Communications

(b) VHF/UHF Communications

(¢) Communication Field Trials

(d) Acoustics

(e) Optics including Infra-Red

(f) Small Mechanisms
(g) Component reliability and environmental testing
(h) Statistics/Operational Analysis/Systems Analysis

Most posts will be at Hanslope Park but some will be in
London.

Candidates for post (h) should be experienced scientists/
engineers who have specialised later in one of the required
fields. An ability to deal with non-techrical people is essential.
Appointments will be made within the grades of Scientific
Officer, Higher Scientific Officer and Senior Scientific Officer
in accordance with the definitions given below. In addition to
the salary scales quoted, all posts attract the Threshold
Agreement Payment (at present £125 p.a. extra) and a non-
contributory pension.

SCIENTIFIC OFFICER

Applicants should not be more than 27 years of age and
should have one of the following qualifications:
(a) A degree in a scientific or engineering subject

(b) Degree-standard membership of a Professional
Institution

(c) A Higher National Certificate or Higher National
Diploma in a scientific or engineering subject

(d) A qualification equivalent to (c) above

Salary Scales: £1,592 to £2,675 with the entry point determined
by qualifications and experience.

HIGHER SCIENTIFIC OFFICER

Applicants should be under 30 years of age but this require-
ment may be waived if special qualifications or experience
can be offered. Formal qualifications are the szame as for
Scientific Officer above but in addition the following
experience is required:

(a) Applicants with 1st or 2nd class honours degrees—
at least 2 years post-graduate experience

(b) Applicants with other qualifications—at least S years
post qualification experience

Salary Scale: £2,461 to £3.371 with entry point dependent
upon experience beyond the minimum required.

SENIOR SCIENTIFIC OFFICER

Applicants should be at least 25 and under 32 years of age,
although the upper age limit may be waived if experience of
special value can be offered.

Applicants should have obtained a Ist or 2nd class honours
degree and have had a minimum of four years appropriate
post-graduate experience.

Salary Scale: £3,157 to £4,441. Entry will normally be at the
minimum of the scale but applicants with experience of
special value may be entered above the minimum.

Applications, stating the field of work and grade required,
should be made to:

HM Government Communications Centre
Administration Officer
Hanslope Park
Hanslope
MILTON KEYNES MK19 7BH.
[4041

ELECTRONICS DEVELOPMENT
ENGINEERS

Required by the Engineering Group of a go-
ahead company engaged in the design and
manufacture of a range of scientificinstruments
involving the use of digital computers, pulse
counting - techniques and linear and digital
circuitinvolvement.

Applications are invited fromqualifiedengineers,
HNC minimum, with three or four years ex-
perience in the relevant areas. The successful
applicants will be able to demonstrate initiative
with prospects of leadingadvanced development
projects.

SALARY:£2,500to £3,500

PRODUCTION ENGINEER

Required by a company specialising in the
manufacture and development of scientific
instruments involving precision mechanical
engineering coupled with  sophisticated
electrical and electronic measuring and control
systems.

The job entails taking new products from
the development stage through to production
on a small batch basis and requires enthusiasm,
initiative and an ability to get on well with
people.

A minimum qualification of HNC (Electrical)
is required together with a knowledge of
modern electronic circuit and packing tech-
niques. Applicants must be familiar with
Drawing Office procedures.

SALARY:£2,500 to £3,500

ELECTRO-MECHANICAL
DESIGN DRAUGHTSMAN

Required by a company specialising in the
manufacture and development of scientific
instruments involving electrical, electronic,
mechanical and optical assemblies.

Applicants should have a minimum qualification
of HNC with two or three years’ drawing office
design experience. An ability to prepare modern
printed circuit masters and design associated
hardware is essential. An ability to lay out and
detail mechanical assemblies is desirable.

Sound experience in a fast moving environment
of development, production engineering and
manufacture will be required.

SALARY: £2,300 to £2,800
INHIRTGINN - Apply: Mrs. P. DIXON,

PERSONNEL DEPT.,

APPLIED RESEARCH LABORATORIES LTD.,
WINGATE RD.,

LUTON,

WIIAnmi NN BEDFORDSHIRE LU4 8PU
GREAT BRITAIN Tel: LUTON 53474 14114




A P PO I NTM E NTS ) allé Wireless World, October 1974

' gq=— | INTERNATIONAL MANAGEMENT CONSULTANTS LIMITED
_ TECHNOLOGY AND SCIENCE CENTRE

ELECTRONICS TECHNICIAN/STUDENT TECHNICIAN

PA Technology and Science Centre at present located in Cambridge. but shortly moving to Melbourn, has vacancies for
Technicians to do varied and responsible work within the Electronics Engineering Group.

TECHNICIAN STUDENT TECHNICIAN

Applicants should be familiar with wiring and construction A unique opportunity for a student with some practical
techniques for electronic equipment, and be capable of experience in the Industry. Age group 18-21 years with
working to the highest standards with minimum supervision. some further education targets, eg: 0.N.C./H.N.C.. City and
Duties will include prototype circuit wiring and testing, in Guilds F.T.C. Day release for further education would be
close cooperation with the Group's Engineers. supplemented by personal training from professional

Engineers and Technicians.
Working conditions are good, and sensible salaries will be offered. subject to regular review.
If you are interested in either of these positions, telephone Cambridge 66661, Extension 21, or write to:
Dr D. G. Buchanan,
PA Technology and Science Centre,
Winship Road, Miiton,
Cambridge CB4 4BE

marking your envelope ‘Confidential’ {067

ELECTRONIC ENGINEER

| v E n " n OR PHYSIGIST
required for a Hospital department con-
] B g I ee rS cerned with the investigation of brain func-

tions. The successful applicant, who would
work under the direction of the Principal
Physicist, will be expected to develop elec-

tronic apparatus for research purposes. Super-
vision of the maintenance of existing apparatus
would afso be necessary. A good knowledge

of electronics is required together with the
ability to produce prototype apparatus. Qur

interests are high gain amplifiers for low
frequencies and digital timing apparatus. The
appointment can be as a Physicist (salary
range £1,623-£2,385) or as a Medical Physics

Technician (salary range £2,727-£3,516) de-
pending upon qualifications and experience.

i isfi i iti \ i Applications, together with the names of two

Are you dissatisfied with your present position, feeling like a change oc: ercen o Cebitrey ARt Secrey
? i i ! to the Board of Governors, The ationa
scene! Do‘somethlng abou,t it now! Be our guest—.co‘me down under an Al S e e
join the Tisco Team, N.Z.’s largest service organisation. London WCIN 3BG. 14089

We are in service only and our engineers are all important people,

every one of our 30 managers is an ex engineer.
We are now selecting staff to sponsor under the Immigration Scheme

to arrive in N.Z. mid 1975.

o FREELANCE
rou ENGINEER

& Have 5 years experience, preferably some in colour.

@ Single or married with 3 children or less. wanted to rebuild a limited number of
ITEL_ paper tape Word Processing
write now enclosing a photograph and details of past experience to:- machines. £50.00 paid per machine.
The Technical Staff Supervisor, Tisco Ltd, Private Bag, Royal Oak, Apply Box WW4071
AUCKLAND, NEW ZEALAND.
(4070
HUMBERSIDE AREA
HEALTH AUTHORITY
HULL DISTRICT
EAST SUSSEX COUNTY COUNCIL = BRIGHTON TECHNICAL COLLEGE ELECTRONICS

TECHNICIAN

Salary range £2,190 to £2,817 p.a.

] - ] ]
se n I r c c V I ech n Icla n Candidates should possess H.N.C, or
a a a [ | equivalent qualifications, but con-

sideration will be given to suitably
qualified and experienced candidates in

Required as soon as possible to head a team responsible for the maintenance of closed circuit television these fields.
equirment and other audig-visual aids. Successful candidate will be a member
of a2 new and expanding department,
Applicants should pcssess a City and Guilds Final Certificate in Radio and Television Servicing and have servicing a wide range of electronic/
had relevant practical experience. bio-medical and  diagnostic  X-ray
. equipment.
Salary payable within grade T4 (£1,644 to £1,926). These scales are currently under review. An Application forms and job description
additional payment may be made in accordance with the local authorities Threshold Agreement. can be obtained from the Personne!
; . Officer, Humberside Area Health
Application form and derails available from Chief Administrative Officer, Brighton Technical College, Authority, Hull  District, Victoria
Petham Street, Brighton, BN1 4FA (Tel: 685971). House, Park Street, Hull. Tel: 223961,

(4091 [4103
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Devon Area
Health Authority

Medical
Physics
Technician IV

(£1,773-£2,463 per annum)

Plus threshold agreement.

Applications are invited for the
above post in the Electronics
Division of the Physics Service based
at the new District Hospital at
Wonford, Exeter. Duties under
the direction of a graduate
electronics specialist will include
the planned maintenance and
servicing of patient orientated
electronic equipment in the area.
Seme modification and
construction of instruments will
also be required.

For further information ring
0392/72261. Ext. 27 (Mr. E. D.
James). Application form and job
description obtainable from
Personne! Officer, Royal Devon and
Exeter Hospital (Wonford),
Barrack Road, Exeter, EX2 5DW.
{4087

M APPOINTMENTS

AUDIO-
TELEVISION
TECHNICIAN

Required by Communication Media Unit {a University
service). Duties include operating and maintaining
Audio and Video recording system, closed-circuit tefe-
vision, synchronized sound for film production, tape-slide
systems, and public address. On occasions when the
film projectionists are overloaded. the Audio-Television
Technician may be called upon to help them. A sound
theoretical and practical knowledge of electronicsis called
for. Salary within the scale £1,848-£2,163 p.a.

AppBlcation forms from the Establishment Officer,
The University of Aston in Birmingham, Gosta
Green, Birmingham B4 7PT quoting reference

L/693/W.

[4102

THE UNIVERSITY
OF ASTON
IN BIRMINGHAM

ELECTROSONIC
SE LONDON

TEST/SERVICE
ENGINEERS

£2,000 — £2,800
Electrosonic Ltd. A leading company in
the rapidly expanding fields of audio,
audio-visual and lighting control sys-
tems, require test/service engineers.
Applicants should have a sound know-
ledge of basic electronics and some
years’ experience of test and service
work. An academic training to ONC
level or equivalent qualification is de-
sirable. The post is based in S.E. Lon-
don but some travelling is required.
The company offers an attractive work-
ing environment and excellent condi-
tions of employment.
Applications should be made in writing
to:
Mr. R. D. Naisbitt, Personne| Director,
ELECTROSONIC LTD
815 Woolwich Road, Charlton,
London SE7 8LT

Telephone 01-855 1101
(4126

Laboratory
Technician

For the Scientific Services
Department

A Technician is required for the workshop of a
Research and Development Department based
initially at Cockfosters. The workshop staff are to be
rebased at Gravesend during the next two to three
years.
Applicants should have served a Craft Apprenticeship
and hold an ONC or equivalent qualifications. The
work is concerned with the manufacture of
experiment rigs and apparatus and some experience
of this type of work is desirable.
Salary is within a range which rises to £3238 per
annum.
Applications, quoting vacancy No.
1283/74WW and giving age, details
of experience and qualifications,
7\ should be forwarded to the Personnel
Officer (Recruitment), CEGB,
Bankside House, Sumner Street,
London SE1, to arrive by October 9,
1974.

Central Electricity Generating Board
South Eastern Region
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Skilled in T.V.

Electronics?

Here’s a job
to put you
to the test

With the coming of colour TV, there
has been a tremendous upsurge of
opportunities for electronics people. It’s
an industry which is growing fast and at
ITT in Hastings, this growth has been
particularly apparent. Production is
increasing rapidly to keep pace with the
continuing demand for our sets throughout

Europe.

Here in Hastings, we're looking for
top-notch senicr engineers to join our Test
Engineering team. It’s a job calling for
formal electronics training followed by
extensive practical experience of TV test as
a Service Engineer, in the Forces or in

industry.

If you'd like to put your ability to the
test with ITT, we’d like to hear from you.
It’s an opportunity which, if you have the
expertise we are looking for, could take you
into the training areas of the Company.

Generous additional benefits include pension

and sickness schemes and assistance with re-
location expenses where appropriate.

Write now with full details of your
qualifications and experience to: David
Harris, Personnel Officer, ITT Consumer
Products (UK) Ltd., Theaklen Drive,
Hastings, Sussex TN34 1 YL.

(4128

The heart of Hastings ITT

Wireless World, October 1974

YOUR GAREER in
RADIO &
ELECTRONICS ?

Big opportunities and big money await the qualified man
in every field of Electronics today—both in the U.K. and
throughout the world. We offer the finest home study
training for all subjects in radio, television, etc., especially
for the CITY & GUILDS EXAMS (Technicians’ Certifi-
cates); the Grad. Brit. LER. Exam.; the RADIO
AMATEUR’S LICENCE; PM.G. Certificates; the
R.T.E.B. Servicing Certificates; etc. Also courses in Tele-
vision; Transistors; Radar; Computers; Servo-mechanisms;
Mathematics and Practical Transistor Radio course with
equipment. We have OVER 20 YEARS’ experience in
teaching radio subjects and an unbroken record of exam.
successes. We are the only privately run British home study
College specialising in electronics subjects only. Fullest
details will be gladly sent without any obligation.

To: British National Radio & Electronics School, P.O. Box 156,
Jersey, C.I. Dept. WWC 94,

Please send FREE BROCHURE to
NAME
ADDRESS

BRITISH NATIONAL RADIO AND
ELECTRONICS SCHOOL

13996

Installers
and testers

required for work in various parts of the country and
possibly overseas. The equipments to be commissioned
are:

Frequency Division
Multiplex Line
Transmission Systems
and P.C.M. Systems

Those with relevant experience looking for an opportunity
to work with a progressive professional and friendly team
are invited to telephone Max Klein, Nottingham (0602)
254831, ext 4154, or write with brief details of ex-
perience to: Roy Shepperson, The Employment Depart-
ment, The Plessey Company Limited, Beeston, NOTTING-
HAM.

4127

M PLESSEY

i
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SITUATIONS VACANT

I-FI AUDIO ENGINEERS. We require experi-

enced Junior and Seniors and will pay top rates

to get them. Tell us about your abilities. 01-437 46([)79
1

NTERNATIONAL discotheque company requircs
experienced Audio/Installation engineer for work
in England and abroad. Telephone 01-491 7455,

4107

TECHNICIAN required in Departments of Physio-
logy and Biochemistry and Zoology, University
of Reading, to run small electronics workshop. Must
be able to advise on design of equipment. Salary
in the scale £2,007 to £2,382 p.a. (Grade 5). Apply
in writing, with details of experience and qualifica-
tions and names of 2 referces, quoting Ref. T71, to
Assistant Bursar (Personnel), University of Reading,
Whitcknights, Reading RG6 2AH {4096

ARTICLES FOR SALE

.V.0. COIL WINDING MACHINES (2). Multi-
Winders with Paper Interleave Attachment. Com-
plete with Gears, Spares, c¢tc. Very good condition.
OFFERS. Tel. 01-504 7009. {4082

ARVAK ELECTRONICS, 3-channel sound-light
converters, from £18. Strobes, £25. Rainbow
Strobes, £132.—98A West Green Road (Side Door),
London N15 5NS. 01-800 8656. 23

OLOUR VALVES, PL508, PL509, PYS00/A.
100 mixed £12. Electronic Mailorder, Rams-
bottom, Bury, Lancs. Tel (Std 070 682) 3;)362.
[399

LOUR T.V.'s—Bush CTV25 displayed working
£90+VAT. Large discounts for 3-up. Non-workers
available. Rediffusion wired Mono T.V.’s all screen
sizes, new condition. Sumiks, 1532 Pershore Road,
Birmingham, 30. Tel. 021-458 2208. {12

ONSTRUCTION AIDS—Screws, nuts, spacers,

etc.,, in small quantities. Aluminium panels
punched to spec. or plain sheet supplied. Fascia
panels etched aluminium to individual requirements.
Printed circuit boards—masters, negatives and
board, one-off or small numbers. Send 9p for list.
Ramar Constructor Services, 29 Shelbourne Road,
Stratford on Avon, Warwks. Tel. Stratford on Avon
(std 0789) 4879. 128

OLOUR. UHF and TV SPARES. Colour and

UHF lists available on request. 625 TV. If unit,
suitable for Hi-Fi amp or tape recording, £6.75, P/P
35p. Bush CTV2S colour, new power units complete,
incl. mains TX, Electrolytics, rectifiers, etc., £2.50,
carr. 80p. New convergence panels plus yoke and
bluc tat., £3.85, P/P 40p. New Philips single standard
convergence panels complete, incl. 16 controls, coils,
P.B. switches, leads and yoke £5.00, P/P 40p. New
Colour Scan Coils, Mullard or Plessey plus con-
vergence yoke and blue lateral, £10.00, P/P 40.
Mullard AT1025/05 Convergence Yoke, £2.50, P/P
35p. Mullard or Plessey Blue Laterals, 75p P/P
20p. BRC 3000 type Scan Coils, £2.00, P/P 40p.
Delay Lines DL20, £3.50, DLI1E, DL1, £1.50, P/P
25p. Lum. Delay Lines, SOp, P/P 15p. EHT Colour
Quadrupler for Bush Murphy CTV 25 111/174 series,
£8.25, P/P 35p. EHT Colour Tripler ITT TH25/1TH
suitable most sets, £2.00, P/P 25p. KB CVC1 Dual
Stand. convergence panels complete incl. 22 controls,
£3.75, P/P 35p. CRT Base Panel, £1.75, P/P 15p.
Makers Colour surplus/salvaged Philips G8 panels
part complete; Decoder, £2.50, IF incl. 5 modules,
£2.25. T. Base, £1.00, P/P 25p. CRT base, 75p, P/P
1Sp. GEC 2040 panels, Decoder, £3.50, T. Base,
£1.00. RGB and Sound, £1.00, P/P 35p. CRT Buse
75p, P/P 20p. B9D valve bases 10p, P/P 6p. VARI-
CAP TUNERS. UHF ELC 1043 NEW, £4.50, Philips
VHF for Band 1 and 3, £2.85 incl. data. Salvaged
VHF and UHF Varicap tuners, £1.50, P/P 25p. UHF
TUNERS NEW, Transistorised, £2.85 or incl. slow
motion drive, £3.85. 4 position and 6 pos. push-
button transistorised, £4.95, All tuners P/P 35p.
MURPHY 600/700 series complete UHF Conver-
sion Kits incl. tuner, drive assy., 625 IF amplifier,
7 valves, accessories housed in cabinet plinth assembly,
£7.50 P/P 50p. SOBELL /GEC 405/625 Dual standard
switchable IF amplifier and output chassis incl. cct.,
£1.50 P/P 35p. THORN 850 Dual standard time
base panel, £1.00 P/P 35p. PHILIPS 625 IF amplifier
panel incl. cct., £1.00 P/P 30p. VHF turret tuners
AT7650 incl. valves for K.B. Featherlight, Philips
19TG170, GEC 2010, etc., £2.50. PYE miniature in-
cremental for 110 to 830, Pam and Invicta, £1.00.
A.B miniature with UHF injection suitable K.B,
Baird, Ferguson, 75p. New fireball tuners Ferguson.
HMHV, Marconi, £1.90 P/P all tuners 30p. Mullard
110° mono scan coils, new, suitable all standard
Philips, Stclla, Pye, Ekco, Ferranti, Invicta, £2.00,
P/P 35p. Large selection LOPTs. FOPTs available for
most popular makes. PYE/LABGEAR transistd. Mast-
head UHF Booster, £5.75, Power Unit, £4.65 P/P
30p or Setback battery operated UHF Booster, £4.65
P/P 30p. 200+200+ 100 Microfarad 350v Electrolytic,
£1.00 P/P 20p. MANOR SUPPLIES, 172 WEST END
LANE, LONDON, N.W.6 (No. 28, 59, 159 Buses or
W. Hampstead Bakerloo and Brit. Rail). MAIL
ORDER: 64 GOLDERS MANOR DRIVE, LONDON.,
N.W.11. Tel. 01-794 8751

IGITAL CLOCK CONSTRUCTORS'! The price

barrier is broken! AY-5-1224 clock chip pius four
0.3” seven segment L.E.D. displays type 707: £11.55
plus VAT. post free. For the short sighted: as above,
but 0.6” high displays type 747: £13.75 plus VAT
Ciock chip alone is £4.75 plus VAT. Circuit diagram
supplied. Details S.A.E. GREENBANK ELEC-

all9

CLASSIFIED

Practical electronic engineers with
experience on systems testing and finite
equipment will be interested in these
positions. A minimum of HNC electrical
engineering and practical interest in
constantly changing technology is
essential. A knowledge of analogue and
digital techniques is desirable.

These positions would suit engineers
between 22 and 35 years old with at

CROSFIELD

BB ELECTRONICS &% & o

B LIMITED

Test Engineers

least 3--5 years industrial experience.

Salaries will be according to qualifica-
tions and experience, and we offer
excellent company benefits.

If you're interested in any of these
positions phone or write to; J.
Phillips, Crosfield Electronics Ltd.,
766 Holloway Road, London N19.
Tel: 01-272 7766.
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ARTICLES WANTED

ZePOBB
Build a mixer to your own
spec. using our easy to wire

AUDIO MODULES
For full details contact Richard Brown
at Zero 88, 115 Hatfield Road,

St. Albans, Herts, AL1 4JS Tel 63727

4030

TAPE RECORDING, ETC. ]
RECORDS MADE TO ORDER

DEMO DiISCS
MASTERS FOR
RECORD COMPANIES

VINYLITE
PRESSINGS

Single discs, 1-20, Mono or Stereo, delivery 4 days
from your tapes. Quantity runs 25 to 1,000 records
PRESSED IN VINYUITE IN OUR OWN PLANT.
Delivery 3-4 weeks. Sieeves/Labels. Finest quality
NEUMANN STEREO/Mono Lathes. We cut for
many Studios UK/OVERSEAS. SAE list.
DEROY RECORDS
PO Box 3, Hawk Street, Carnforth, Lancs.

Tel. 2273
[82

ARTICLES FOR SALE

DOUGLAS For

* Comprehensive stock range
* Rapid prototype service
* Quantity production orders.

Douglas Electronic Industries Ltd.,
Eastfield Road, Louth, Lincolnshire LN11 7AL.
Tel: Louth (05-07) 3643 Telex: 56260

Transformers

4007

CONSTRUCTION
PLANS

Cameras, Transmitters,
Scramblers, Detective Electronics,
PLUS MANY MORE
NEW HOBBY CATALOGUE
AIRMAILED $1.00

TS
Post Box 618, Rotterdam, Holland
[3924

Trendata keyboard contains 140 |.C.’s cost £650 but no
data. so only £80. New creed teleprinter type 64 £20
21hp 3 phase 440v motor £20. SGS 2n3055 £30/100.
Ampex TM2 }in ex-computer tape decks £25 also other
leo |li peripherals. 3000 reels }in tape. EHT supply
532D by [sotope Developments 225. All plus VAT and
carriage.  7LB  bargain  parcels-contain  resistors.
capacitors. knobs. switches pots, P.C. boards etc.
£2.30. 3 watt cased amplifiers. 2 X ECC83. EL84,
€2 80. tone and vol controls 7in X 4in speaker. Also
non-standard tape deck £4-50. Veroboard 100 sq. ins
assorted sizes and pitches (no tiny bits} £1.10. VAT &
carr. included.
GREENWELD ELECTRONICS (W1)
61 Shirley Park Road, Southampton. Tel (0703) 772501. 4112

TRONICS, 94 New Chester Road. Wirral, Mersey-
side L62 5AG (4078

E.C. BRT 400. General coverage communica-
-tions recciver. Very good condition. £55. BACK
NUMBERS OF P.W. also available. Oct. 63 to
March '69 (some missing). Lucas, 29 Myton Crescent
Warwick. Tel: Warwick (0926) 42196. {4093

ADDERS 8ft 10in closed—21ft extended, £23.54,
detivered. Home Sales Ladder Centre (WW2),
Haldane (North) Halesfield (1) Telford, Shropshire.
Tel: 0952-586644. (23

LOW COST IC MOUNTING. Use Soldercon IC
socket pins for 8 to 40 pin DIL’s. 70p (plus Sp
VAT) for strip of 100 pins, £1.50 (plus 12p VAT)
for 3 strips of 100. Instructions supplicd. SINTEL,

53¢ Aston Street, Oxford. {4036
OW COST IC MOUNTING. Usc Soldercon IC
socket pins for 8 to 40 pin DIL’s. 70p (plus

Sp VAT) for strip of 100 pins; £1.50 (plus 12p VAT)
for 3 strips of 100; £4.00 (plus 32p VAT) for 1000.
Instructions supplied. SINTEL. 53¢ Aston Strect,
Oxford. [4116

Classifieds continued on page 121



CLASSIFIED

We’ve got prices
to put power in your profits

TOSHIBA VALVES Goods Goods Goods Goods Goods
Goods Type Price Type Price Typ Price Type Price Type Price
Type Price (p) PL508 67.0 AFII5 23p BCI47A 08p BFI173 25p BUI08 £2.10
DY87 30.0 PY88 355 AFIlI16 23p BCi48 08p BF 178 35p BY126 lp
DY802 30.0 PYS500A 85.0 AFI17 23p BC 149 12p BF 179 40p BY 127 12p
ECC82 28.0 PY800 29.0 AFLI8 50p BCI53 20p BF180 35p E.1222 30p
EF80 29.5 SEMI-CONDUCTORS AFI139 42p BC154 22p BF18I 35p IN60 05p
EF183 34.5 ACI27 17p AF|178 45p BCI57 i2p BFi84 2lp MIJE340 45p
EF184 345 ACI28 i5p AFi80 45p BCI58 10p BFi85 21p OA202 7.5p
EH90 31.5 ACI41K 30p AFi8I 45p BCI59 {4p BF194 I15p OC71 I5p
PC900 24.5 ACI42K 30p AF239 45p BCI173 18p BF 195 I15p OC72 i5p
PCC89 40.0 ACI5I 20p BA (45 14p BCi788B 20p BF 196 20p BUI105/02 £2.40
PCCI89 41.0 ACI54 18p BCI07 Ip BCi82L 12p BF 197 17p 25CI11728 £2.40
PCF80 31.5 ACI55 18p BCi08 Hp BCI183L 12p BFI98 23p R2008B £2.00
PCF86 39.0 ACI56 20p BCI09 12p BC187 28p BF200 25p R20108 £2.00
PCF80I 42.0 ACI76 22p BCII3 25p BC2I14L i5p BF218 30p INTEGRATED
PCF802 40.0 ACI87 19p BCI16 25p BDI24 70p BF224 35p CIRCUITS
PCL82 3%.0 ACI87K 30p BCII7 20p BDi3I 45p BF258 40p TAAS550 49p
PCLB4 34.0 ACIi88 20p BCi25 25p BDi32 45p BF336 28p TBAI20AS  £1.00
PCL85 39.5 ACI188K 30p BCi32 25p BD235 49p BF337 35p TBAI20SQ £1.00
PCLBS 41.0 ADI42 45p BCI35 20p BD237 52p BFX86 28p TBA540Q £1.75
PFL200 55.5 ADI149 40p BC137 25p BDX32 £2.40 BFY50 22p TBAS60CQ £2.40
PL36 55.5 ADI6! 38p BCi38 40p BFIIS 20p BFY52 20p° TBA920Q  £2.90
PL84 25.0 ADI62 38p BCi42 26p BF 160 20p BSY52 35p TBA990Q  £2.90
PL504 60.5 AF114 24p BCI143 30p BFI67 20p BT106 £l. 40 SN76013ND £1.50
EHT RECTIFIER TRAY ASSEMBLIES NEW TOSHIBA COLOUR TUBES
Type Goods Price Type Goods Price
ITH Decca Col. £4.50 11TAM Philips G8 £4.50 Type Goods Price
ITN GEC/Sobell £4.50 TCQ Pye/Ekco £3.50 19" A49/191X 48.00
27Q 1400 + 950 Mk I £1.85 11 TAQ ITT/XB £450 20" 5100UB22 49.75
ggAA’F( :g% g g::ck g'fgg 3 T(T;EZBSECCSE?O £5.00 22" A58/120X 5§325:
ck 1" 1 £5.
2HD 950 3 Stick 12 MONTHS GUARANTEE — FULLY GUARANTEED

monthly. New Price List from Tst. May 187 4.

COMBINED PRECISION
COMPONENTS (PRESTON)LIMITED

194-200 North Road, Preston PR1 1YP
Telephone: 55034 Telex: 677122

SURPLUS BARGAINS

PRECISION POLYCARBONATE CAPACITORS

CARBON FILM RESISTORS—E12 SERIES

All high stability—extremely low leakage : N %. ip, 15 £5-
MovACLHION) Oy Rene 21¢ 20 a3 ' Al ey, T OR ¥W S%. b, 7301100, £5:30/1000 KLEINSCHMIDT S.C.M.
L &7 » P 4
+ RESISTOR KITS 22Q-1MQ E12 SERIES
Z;: ;g,‘ﬂ; :3: :;: ;::: | 10E12 KIT 10 of each value (Total of 570) W, £3:65; TELEPRINTER OUTFITS
Mp 4-7uF £1-30 £1-05 85p 3W, £3-85; 25€12 KIT 25 of each value (Total ol 1425)

75p 6-8uF £1-64 g:g f}-os W EB35) W aaes

80p  10-0uF £200 q -40

9Mp - 15-0uF £275  £245  £1.90 METAL F/LM KITS ALSO AVAILABLE.
CATALOGUE No. 3 (Approx. 2000 Parts) 20p.

£4-22 22-0pF £3-50 £2-90 £2-55
TANTALUM BEAD CAPACITORS—Values available: C.W.0.P.&P. 10p on orders under £5. Overseas at cost.

0-1, 0-22, 0-47, 10, 2-2, 4-7, 6-8uF at 15V/25V or 35V, 10-0uF at

16V/20V or 25V; 22-0uF at 6V/10V or 16V; 33-0uF at 6V or 10V; B.H. COMPONENT FACTORS LTD

47-0uF at 3V or 6V; 100-0uF at 3V. ALL AT 10p EACH; 10 for Dept. WW, 61 Cheddington Road, PITSTONE,

95p; 50 for £4-00. Nr. Leighton Buzzard, Beds. LU7 9AQ.

TRANSISTORS : Cheddington (0296) 668446

BC107/8/9 9p BC184/184L 12p AF178  30p

BC114 12p BC212/212L 14p BFYS50 20p

BC147/8/9 10p BC547 12p BFY51 20p

BC153/7/8 12p BC558A 12p BFY52 20p

BC182/182L 11p BF194 12p oC11  12p | Comprising. Teletypewriter {page printer) type TT-27 18/FG
BC183[163; ':9 BF]‘gﬁhw 13p d 2N:°55 50p | (known as Kleinschmidt 160) Reperforator-Transmitter (tape
POPULAR DIODES : All brand new and marked: printer) type TT-272A/FG with table FN-65/FG. Both units
1N914 6p; 8 for 45p; 18 for 90. 1NS16 8p; § for 45p; 14 for 90p. | are supplied with change wheels. the whole equipment

4 " -00. 1N4 : : I c e

:j;;fpp,;:éoé ;0:"' :;'glgoo:;N&‘i;‘; i:,c;r :g;i:t;::p operates on 115 or 230V 50 cycles in very choice condition
R 8 b A 3

Values available: 3V, 3-6V, 47V, 5-1V, 5:6V, 6:2V, 6-8V, 75V, | £55. {carr £4). )

8-2V, 91V, 10V, 11V, 12V, 13V, 135V, 15V, 16V, 18V, 20V, ELECTRONIC TIMER KITS 0-8 sec to 100 sec comprises

22V, 24V, 27V, 30V. All at Tp each; 6 for 39p; 14 for 84p. | A.E.l. Transistorised Module. Relay and all electrical
SPECIAL OFFER: 100 Zeners for £5'50. | components for 115 or 240V ACoperation£1-75{25p) VAT
RESISTORS: High stability, low noise carbon film; {W at ENAMELLED COPPER w'RE 20p. Veeder root 4-digit resettable counters 115V £1-25
40°C; 4W at 70°C. E12 series only—from 2:2Q to ‘22MQ. S 1ib reel 121b reel (8p). Printed Circuit Kits, £1-25 {25p) total with VATE 1-65.
ALL'AT 1p EACH; 8p for 10 of any one value; 70p for 100 of :g :g }g i 2}23 AMPEX VIDEQ TAPE 2 in. X 1670 NEW £9 (50p). AVO
Sy 738 eioro g CI 10 sach value 2202 to 20 10 2¢ £2.03 105 || | O e Ten Mees £18 LD, FenC
. (] £2. o CHL p alb. pl. B paid}. Kent Chart
SILICON dPIbAos:‘y;l’-"iooREpcr\l/nE-,Rsa‘zg f'"foEBL"F?, :e.w ! 30 t° 34 £2.20 £1.28 recorders 115V AC £20 (1-50). Multipoint Kent Chart
e PR AL S 35 to 40 £2.35 £1.35 ders £30 (£1.50). TELEPRINTER Papers and T.
(4/30p). 800 P.I.V.—11p (4/42p). All the above prices are inclusive in U.K. yecorders - G Cle] LETT=,
BRIDGE RECTIFIERS : 2 Amp. | NDUSTRIAL SUPPLIES 8% in. rolls 3-ply. carbon/buff manilla 60p per roll {32p)
200V—40p. 350V—45p. 600V —55p. 102 Parswood Rd., Withington, Manchester 20 81 in. rolls 7-ply NCR no carbon required. white. £1 {32p)
SUBMINIATURE VERTICAL PRESETS—01W only: AN elephone 061924 3555 oster % in.. 2 in. core. white. £2 per box of B rolls (52p).
ALL AT 5p EACH: 500, 1000, 2200, 47002, 68092, 1K, 2:2K, 85 4 in. 2 in. core. buff. £2 per box of 10 rolls (52p).
;l’é:ss: 10301 51K0 22§o‘;’_<r 1?::’25&'(‘28“0:(";’“ OQSMASI'.AL Friden Tape £2 per box of 6 rolls {52p). Loads of surplus to
i clear. Large SAE for List.
ORDERS BELOW £
All Export Orders add cost of :ealaurmall ACLELUSIVATIS%
PLEASE ADD 8% V.A.T. TO ORDERS.
Send S.A.E. for lists of additional ex-stock items. Wholesale - - — CASEY BROS.
price lists available to bona fide companies. 233-237, Boundary Road, St. Helens, Lancs. 36
MARCO TRADING
Dept. DY, The Maltings, Station Road, WEM, Shropshire.
Tel: NANTWICH (Cheshire) 63291 (STD 0270) —————— —_—
(Props: Minicost Trading Ltd.) 87 |
i
CRY STA LS BUILDING or PURCHASING
HI  FIDELITY MODULES made and tested. | . an AUDIO MIXER
Linstey Hood, Class A ......ooocorvnnnnn. £7.25* Fast delivery of prototype and production
Linsley Hood' D.C. coupled 75W T £14.00* military quality crystals. Competitive prices pre-amp, autofade, V.U. or audio monitor,
Linsley Hood, pr:e-amp (75W) ... .. £13.50 all  frequencies; LF crystals a speciality. V.E. mixer, driver or power supply etc . . .
Bailey Quilter, pre-amp ....... .. £8.50 Details from First consult:
Toshiba I.C. Stereo, pre-amp ... <o £12,00 INTERFACE INTERNATIONAL PARTRIDGE ELECTRONICS
*Excl. Heat Sinks. 29 Market Street, Crewkerne, Somerset Ref. W.W.
TELERADIO HIFI, 325 Fore St., London, N9 OPE. Tel: (046031) 2578. Telex: 46283, 21-25 Hart Road, Benfleet, Essex
01-807 3719. (Closed Thursday.) [33 [35 Established 23 years 143
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MINITRON. Three brightness levels ... £1.20
DRIVERS, SN7447 90p
CLOCK CHIP

DRIVER KIT ...

LED (Red) c.ocvvvrivnrnnrnennererrconrnnns

ELECTROLYTICS

0.47 to 22mfd—ép, 22 to 220mfd—8p, 330

16V, 470 10Vv—9p, 1000mf, 1500 mf, 6.3V
—12p, 1000 16V, 1500, 16V—22p.

SLIDE SWITCHES

t pole, 8p 2 pole, 10p 3 pole, 20p
1PIW, 8p 2P2W, 10p 2P3W, 20p
\P4W, 22p
ALL PRICES PLUS VAT. P.&P. 10p.

ALL GOODS NEW

ELBAR COMPONENTS

Dept. 2, 2 Greystones Close

Kemsing, Sevenoaks, Kent
{4115

Classifieds continued from page 119
Articles for Sale—continued

IRROR, Aluminising, optical filters and com-
ponents, vacuum coatings. Frew-Smith Optics,
94 Main Street, Prestwick, Ayrshire. Tel. 0292
70003. [3886

ULLARD ferrite cores, LA3 100 to 500 k Hz,

50p; LA4 10 to 30 k Hz, 75p; LA 2100 3 to
200 k Hz, 50p. Enquires invited for other ferrites,
rings, beads, rods, etc. Mc. Murdo PP10 edge plugs
ex brand new equipment, 12p; also 10 ways Ps 10
sockets ex brand new equipment, 14p; covers for
sockets with cable clamps and screws, 3p each. Mec.
Murdo Bl1A relay sockets ¢x new equipment, 10p
each; 100 for £7.00; 1000 for £50, Ceramic formers
length 23mm O.D., 13mm internal bore, 1 end
8mm internal bore, other end 4mm. 100 for £1.50.
Very large quantities of all above components ex
stock. Also available large quantities of Polyester
ceramic, Polystyrene and electrolytic capacitors
relays, key switches, etc. Add 8% VAT to all orders.
Mail order only. Xeroza Radio, | East Street,
Bishop’s Tawton, Devon. [4094

MURPHY solid state 405/625 S & V LF. Sweep
generator with marker pips; Accs and Manual,
As new. Cost £120. Offers. Ring: New Milton
(Hants) 610660. {4004

ELSON-JONES TUNER built from Integrex Kit.
High gain, Push Button Varicap Tuning, Portus
and Haywood decoder. Performs to Specification.
£44.00. I. G. Bowman, 35 Park Hill Road, Torquay,
S. Devon. [4077

PHOTO ELECTRIC COUNTERS, Batch’s coun-
ters, fast and accurate counting at low cost.
Write for details and price to Electrocount, 3 Basker-
ville Road, Wandsworth Common, London, S.W.I8&.

(4013
PRINTED CIRCUIT, Manufacture, design, Art-
work, Photography, Electro-plating in Gold,

Rhodium or Tin. Tinning imersion or Roller, Screen-
printing, Runslimit 500 units. Estimates by return
post or Phone: W.K.F. ELECTRONICS, Welbeck
St., Whitwell, Worksop, Notts. Tel: 695.

ADIO, T.V. and other valves, large stocks, 1930-
1974. Many obsolete. S.A.E. for quotation. Price
list 15p. Also available a large range of transistors
and Styli Cox Radio. The Parade, East Wittering,
Sussex. WEST WITTERING 2023. [4092

ELLING Wireless: World monthlies (1930s). £3.75

dozen. Jones, 43 Dundonald Road, Colwyn [?%9

SOLARTRON CD 1014-2 twin beam scope. Only
£25, but necds some attention. Tel: 01-878 4651,
evenings. 4110

UPERB [Instrument Cases by Bazelli, manufac-
tured from heavy duty PVC faced steel, choice
of 212 types. Send for free list. Brazelli Instrument
Cases, Dept. 22, St. Wilfrids. Foundry Lane.
Halton, LA2 6LT, near Lancaster. (4111

TAPE deck and transporter believed to be Potter
MT75 computer type. Brand new, ideal D.J. out-
fit. What offers or any exchange. Tel: 01-778 0101,

{4106

TEKTRONIX 524AD Oscilloscope with mains lead,
manual and X1 probe, £100. Tel: 051 426 5138
(evenings). [4105

ELEQUIPMENT DOUBLE BEAM ’'SCOPE DS54,
as new. Approx. 100 hrs. use £160. Burge, ‘“‘Even-
leigh’’, Threshers Road, Crediton, Devon. [4012

ELEVISION VALVES, ANY 5—50p, ANY 100
—£6.50. ECC82 EF80, EF183, EF184, PC86/88,
PCF80/802, PCL82/84/85/805/86, PL36/504, PY33/
88/800. P&P 10p. Electronic Mailorder, Rams-
bottom, Bury, Lancs, Tel (Std 070 682) [33093967

VACUUM is our speciality. New and second-hand
rotary pumps, diffusion outfits, accessories,
coaters, etc. Silicone rubber or varnish outgassing
cquipment from £40. V. N. Barrett (Sales) Ltd.,
1 Mayo Road, Croydon. 01-684 9917. [24

ARTICLES WANTED =

ERROGRAPH'S model 632H wanted by univer-
sity. Excellent working condition essential, must
have monitor head. Tel: Cardiff 40171, cxt.[‘ugs.

RAMPIAN or B.B.C. type Cutterheads complete
or in parts. Any condition accceptable. Box No
WW 4029.

WANTED, all types of communications receivers
and test equipment.—Details to R. T. & L
Electronics, Ltd., Ashville Old Hall, Ashville Rd.,
London, E.11. Ley. 4986. [63

UANTITY of NKT 301 or NKT 302 Transistors
required, singles or hundreds. Details please to
WASCO ELECTRONICS, Queen Street, Lancaster,
Lancs. (4083

ADIO TELEPHONES required, ITT type MS
(UHF). Price and quantity available to: WASCO
ELECTRONICS, Queen Street, Lancaster, LB"C?AOM

CAPACITY AVAILABLE

IRTRONICS LTD., for Coil Winding—large or
small production runs. Also PC Boards Assem-
plies. Suppliers to P.O., M.O.D., etc. Export
enquiries welcomed, 3a Walerand Road, London,
SE13 7PE. Tel. 01-852 1706. [61

BATCH Production Wiring and Assembly to
sample or drawings. Deane Electricals, 19B
Station Parade, Ealing Common, London, W.5: Tel:
01-992 8976, [20

CAPACITY available to the Electronic Industry.
Precision turned parts, engraving, milling and
grinding both in metals and plastics. Limited capa-
city available on Mathey SP33 JIG BORER. Write
for lists of full plant capacity to C.B. Industrial
Engineering Ltd., 1 Mackintosh Lane, E9 6AB.
Tel. 01-985 7057. [14

OMPLETE Printed Circuit Documentation includ-

ing artwork- jnasters, assembly drawings, mechan-
ical drawings, circuit diagrams, etc., prepared from
your basic design details, Single and double-sided
PC boards. Assembled prototypes supplied. J. T.
Electronics, Box No. WW 4076.

* Generates a single minus pulse
of 0.2 + 0.05 millisecond

* Unique high/low level probe

* Built-in pulse generator

JH

ASSOCIATES LIMITED

“&Qﬁ
RED & GREEN-LED APPLIED

LOGIC LEVEL INDICATOR

Model 340 LOGIC PROBE

* Wrong polarity and overload protectors provided
* Detection of the peak value of input waveform
* QOpen circuitor faulty IC can be detected

* Alllogic levels are visible at a glance

| Bishop's Stortford, Herts. Tel. 0279 56347. Telex 81675 JaylampsStort

For use in
detecting TTL,
OTL flip flop
and other pulse
circuits

.£14.00

including pp + vat
Discounts for quantity

WW—056 FOR FURTHER DETAILS
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MPONENT ASSEMBLY, Wiring and Test of,

P.C.Bs, Electronic panels and Chassis, Proto-
types  designed, Batch production undertaken.
DAVANT ELECTRONICS, 11 Ellesmere Road,

Shrewsbury. Tel. Shrewsbury 50550 or Bomere Heath
(Shrews) 682. [4080

ESIGN and development of electronic circuits and

systems. Experienced and qualified Engineers
available for analogue or digital projects. Box No.
WW 3966.

ELECTRONIC and Electro-Mechanical design and
development services offering one off design or
developments to production. Single circuits or com-
plete systems. D.C.A. Electronics, 19 Church Street,
Warwick. Tel. Warwick 44992. (4081

ABELS, Nameplates, Fascias on anodised
aluminium. Any quantity, superb quality, fast
delivery. G. S. M. Graphics Ltd., 1-5 Rectory Lane,
Guisborough (02873-4443), Yorks. {4005

PRINTED CIRCUITS, quick service. competitive
prices, roller tinning, drilling etcetera. Short runs

welcomed. Jamiesons, 1-5 Westgate. Bridlington,
North Humberside YO16 4QB. Tel. (0262) 4738 or
77877. [4025
S.Bs. Assembled and Tested, sub units wired,
etc., medical electronics a speciality. Tel:
Hedingham (0787) 61174, {4108

SMALL Batch Production, wiring assembly, to
sample or drawings. Specialist in printed circuit
assemblies. D. & . Electronics, 2 Bishopsfield,
Harlow, Essex. Harlow 33018. [17

SOLDERING, Assembly,

duction capacity available.
Ned Callan Ltd. Tel. 01-998 3101.

RADIO AMATEUR well planned postal course.
Details from Electronic Publications, 53
Warren Court, Westcliffe Rd., Southport, Lan[cls.

ADIO and Radar M.P.T. and C.G.L.I. Courses.

and Wiring. Small pro-
Competitive prices.
[4079

Write: Principal, Nautical College, Fleetwood,
FY7 8JZ. 25
NEW GRAM AND SOUND

EQUIPMENT

LASGOW HI FI, Recorders, Video, Communica-

tions Reciever always available we buy sell and
exchange for photographic equipment. Victor Morris
Audio Visual Ltd., 340 Argyle Street, Glasgow, G.2;
31 Sauchiehall Strect, Glasgow, G.1; 8/10 Glassford
Street, Glasgow, G.2. Tel. 041-221 8958.

RECEIVERS AND AMPLIFIERS —
SURPLUS AND SECONDHAND
HRO Rx5s, etc., AR88, CR100, BRT400, G209,

S640, etc., etc., in stock.—R. T. & L. Electronics,

Ltd., Ashville Old Hall, Ashville Rd., London, E.11.
Ley. 4986 [6s

SIGNAL generators, oscilloscopes, output meters,
wave voltmeters, frequency meters, multi-range
meters, etc., etc., in stock.——I{. T. & I. Electronics,
Ltd., Ashville Old Hall, Ashville Rd., London, E.11.
Ley. 498 (64

SERVICE AND REPAIRS

SCRATCHED TUBES. Our experienced polishing
service can make your colour or monochrome
tubes as new again for only £2.75, plus carriage £1.
With absolute confidence send to Retube Ltd., North
Somercote Louth, Lincs, or ‘phone 0507-85 3?207

TAPE RECORDING ETC.

IF quality, durability matter, consult Britain’s
oldest transfer service. Quality records from your
suitable tapes. (Excellent fond raisers for schools).
Modern studio facilities with Steinway Grand.—
Sound News, 18 Blenheim Road, London, W4.
Tel. 01-995 1661. [4009

VALVES WANTED

WE buy new valves, transistors and clean new com-
ponents, large or small quantities, all details,
quotation by return.— Walton's, 55 Worcester St..
Wolverhampton. 162

T Data and circuits
s I N T E L supplied with orders.
or available separately
{43p stamp each).

Calculator Keyboard (to order}—Ildeal for C500, suitable for
CT5001 ... £6.00 + 8% VAT=£6.48
i n di: sforonly . ,.... £6.00 + 8% VAT=£6.48
MK50250N Alarm Clock IC . .. ... £6.
SP352 2 digits .655"
DL707R Litronix .3" 7 seg. LED ... =
Minitron 3015F 9rnm 7 seg. display £1.20 + 8% VAT=f1.
Soidercon IC socket pins in strip of 100 70p + 8% VAT=75p
Add 10p p&p for orders under £2
SINTEL, 53c ASTON STREET, OXFORD
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Time and again we are asked for reprints
of Wireless World constructional
projects: tape, disc, radio, amplifiers,
speakers, headphones. Demand
continues long after copies are out of
print. To meet the situation we have
collected fifteen of the most sought after
designs and put them in one inexpensive
book. And we’ve updated specifications
where necessary to include new
components which have become
available. A complete range of
instruments is presented, from the
Stuart tape recorder and Nelson-Jones
f.m. tuner, through the Bailey, Blomley
and Linsley Hood amplifiers, to the
Bailey and Baxandall loudspeakers

— some of which have been accepted as
standard in the industry.

high fidelity
designs

£1 from newsagents and bookshops
or £1.35 (inclusive) by post from the publishers.
A book from

WirelessWorld

,_______________________1
I To: General Sales Department, Room 11, Dorset House, I
} Stamford Street, London, SE1 gLU I
I Please send me copy copies of High Fidelity Designs |

| at £1.35 inclusive. I enclose remittance value £....................

I (cheques payable to IPC Business Press Ltd.).

| NAME

| (please print)
ADDRESS

l Company registered in England No. 677128
I Regd. office; Dorset House, Stamford Street, London SE1 gL.U

] . ———— — S S S S S S S SIS G S G S SR SR S
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The Young
Generation

Flatform Relay AZ 531

2 independent changeover
contacts
with dustproof cover.

Contact material:

Fine silver, silver cadmium
oxide, fine silver with hard
gold flashing.

Switching 1A/25A
capability 110V/D.C.125V~
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EXCLUSIVE OFFERS

NEVER BEFORE OFFERED

WORLD-WIDE RANGE

COMPLETE TRANSPORTABLE H.F. COMMUNICA-
TIONS CENTRE housed in Air Conditioned TRAILER
fitted two COLLINS KWT-6 500 W 8.8.B. Transmitter-
Receivers and one COLLINS Receiver all fully tuneable
2 to 30 m/cs digital readout synthesised frequency
control, with line amplifiers and inputs, operating
position and remote control facilities and ancillary
equipment. Power input 115V or 230V A.C. Full details
on application.
PHILCO HC-150 POINT-TO-POINT STRIP RADIO HF
RECEIVERS 2/30 m/cs. Ten fully tuneable channels to
05 kea with synthesisers. Single and diversity reception
on ISB, DSB, 88B with 4 sub-bands to each channel.
Full details and prices on application.

HIGHEST QUALITY 19" RACK
MOUNTING CABINETS & RACKS
CABINETS

Our  Helght Width Depth  Rack Panel
Ref. in inches in dnches in inches Spacein ins. Price
CD 89 i 13 68

4 £10-00
CL 30 60 36 42 £12-50
CR 49 30 20 £24-00
DM 70 20 26 138 £21-00
FA 85 22 36 160 £22-00
no sides
FB 74 21 22 70 8-00
FC 52 25 22 47 £17-00
FD 40 22 24 72 14-00
FE 72 22 21 68 £18-00
FG 11 19 18 10 £11-00
FH 15 21 17 11 £12:00
FJ 15 21 15 12 £12-00
FN 70 24 20 68 700
FL 84 22 17 80 1:00
FM 70 72 27 120 £2000
FP 76 2 18 70 £18:00
Algo Consoles. twin and multi-way Cabineta.
OPEN RACKS
Owur Reightin  Channel Rack Panel
Ref. inches Dapth Space Base Price
RF 85 3 79 15 £11-00
RG 14 £9-00

57 2 51
Full details of all above on request.

We have & large quantity of *‘biis and pleces™
we cannot list—please send us your requirements
we can probably help—all enguiries answered.

% 15" dia. Reel fibreboard Transit Cases,
I0W/100 VA strapped. Ten for £5-00
. v Rustrak Chart Recorders 1 m/a (New) £30-00
Ope rating % Marconi Marine Speech Inverters £30-00
power ca. 220 mW % U.R.A. 8 Teleprinter Converters £85-00
N . % Portable Mains Battery Floodlights £24-00
Coil voltage maximum 110V D.C. % 100 channel Pulse Height Spectrum Analyzers P.U.R.
% Alrmec 245 L.F.150 watt Oscillators £30-00
Surface area 27.5 x 22.5 mm % Solartron 5/25000 cyc. Oscillators £24.00
. % Southern Inst. 1800 F.M. Meters £24-00
Helght 11 mm % Belling Lee T.V. Relay Equipment P.U.R
% Addo 5/8 track Tape Punches £48-00
% Tally 5/8 track Tape Readers £4800
% 80 column Cerd Hand Punches £40-00
i % 75 foot sectional self supporting Towers  £300-0Q
% Auto Electric Carillon Chimes £250-00
% CV.157 Hoffman ISB/3SB Converters £60-00
* 10810.)', Triangular Lattice Mast Sections N0

e e o inch sides 12-

Zettler UK Division % Ditto 15 foot with 15 inch sides £29-00
% Casella Assmann Electric Hygrometers £24-00

Equitable House,
We have a varied assortment of industrial and
Lyon Rd, Harrow, professional Cathode Ray Tubes available. List on

Middx. HA12DU request.

% Racal MA-150 Synthesisers £05-00
Tel. (01) 8636329 % Racal RA-98 8.8.B./D.8,B. Adaptors £55-00
% Racal RA-63 8.8.B. Adaptors £60-00
+% Racal 8A 21 and BA 52 Counters 0-00
% Avo Geiger Counters, new £8-00
% Bervomex 2KVA Voltage Regulators £44-00
% Double Co-axial Blowers 6 x § 22¢ v. A.C. £8-00
% Ampex 8.E.10 Auto Degaussers £4500
% Uniselectors 10 bank 25 way full wipe £3-00
% R.C.A. 5 element 420 m/cs Yagi Beams £6-:00
* HsTynes 500 watt 230 v./113v. Isolation 29700
A ransformers -0
TRANSFORMER LAMINATIONS enor X Muirhead D.988 Analysers .
mous range in Radiometal, Mumetal and z gbimﬁo;y muldio Ir‘x]terferlem;g Filters 25(2)-00
srgnss srgues wke 'ype 1471 Variable Filters 00
H.C.R., also "'C”* & “’E’" cores. Case and Y% 54in. dia. Meteorological Balloons 2-00
Frame assemblies. % Flann Microwave Attenuators 4/12 GMC £40-00

FREE
40-page list ol over 1,000 different items in stock
available—keep one by you.

INSTRUMENTATION TAPE
RECORDER-REPRODUCERS

AMPEX

J. Black FR;600

1” and %" 14 and 7
OFFICE : 44 GREEN LANE, HENDON, NW4 2AH

MULTICORE CABLE IN STOCK
CONNECTING WIRES

Large quantities of miniature potentiometers
(trim pots) 20 ohm to 25K. Various makes.
Wholesale and Export only.

tracks 4 speeds Trans-

Tel: 01-203 1855.  01-203 3033 ietorised
STORE: LESWIN ROAD, N.16 MINCOM
Tel: 01-249 2260 Gt R
1” 4”17 7 tracks 6 speeds
E.M.I
TD-1

1" 4 tracks 7 speeds
Several other smaller

decks.
Full details on request.

QUARTZ CRYSTAL
UNITS from

® 1.0-60.0 MHZ
@ FAST DELIVERY
® HIGH STABILITY
® T0 DEF 6271-A

Prices of above are
from £100 to £400.

COMPUTER HARDWARE
*IV)CARD READER 80 col. 600 c.p.m.
*

RINTER, High speed 1000 lines p.m.
+ TAPE READER, High speed 5/8 track

HENGSTLER

Manufacturers of counters and counting systems

WRITE FOR . 800 ¢.p.m. .
HENGSTLER GB LIMITED. LEAFLET AT-1 Prices on Application
NAZEING NEW ROAD, MCKNIGHT PLEASE ADD V.A.T. TO ABOVE

BROXBOURNE. HERTS, EN10 6SX.

TELEPHONE: HODDESDON 68451
TELEX: LONDON 263243

CRYSTAL Co. P. HARRIS

HARDLEY INDUSTRIAL
ESTATE, HYTHE, ORGANFORD — DORSET
TEL HYTHE 8961 SOUTHAMPTON SD4 8ZY. BH 16 6E

STD CODE 042 14

BOURNEMOUTH-685051

WW—045 FOR FURTHER DETAILS
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Wilmslow
Audio

THE firm

for

speakers/!

Baker Group 25, 3,80r 150hm ......... £7.75
Baker Group35.3.80r 150hm ... ...... £8.50
Baker Deluxe.8or150hm ............. £10.75
Baker Major, 3,8 or 150hm ... ....... £8.50
Baker Regent. 8or 150hm . ............ £7.75
Baker Superb, 8or 150hm . ... ....... £14.50
Celestion PST8 {for Unilext ............. £2.55
Celestion MH 1000horn. 8er150hm ... .. £10.95
EMI13 X 8.3.80r150hm ............ £2.25
EMI13 X 8,150d/c3.80r150hm ..... £2.50
EMI13 X 8,450t/tw3,80r150hm ....... £3.75
EMI13 X 8,350.80r150hm ............ £8.25
EMI13 X 8,20wattbass ............... £6.60
EMI2}" tweeter8ohm ................ £0.65
EMI8 X 5.10watt, d/c.rollis8ohm ....... £2.50
Elac59RM 109 150hm,598M11480hm .. £2.80
Elac64” d/cone,roll/s8ohm ............. £3.50
ElacTW4 4" tweeter . ................. £1.21
Fane Pop 15 watt 127 . ... ... ... ....... £4.80
Fane Pop 25/2 25 watt 12" .. . .......... £6.95
Fane Pop 40, 10”40 watt .............. £8.50
Fane Pop 50 watt, 12”7 . ............. £11.00
Fane Pop 55, 12 60watt ... ......... . £12.50
Fane Pop 60 watt, 156" . ... .. ........ £13.00
Fane Pop 100 watt, 18”7 .. ... ... ..... £22.50
Fane Crescendo 12AorB,Eor t50hm ... £29.00
Fane Crescendo 15.8o0r150hm . ... ... . £36.00
Fane Crescendo 18.8 or 150ohm ....... £49.95
Fane 807T 8” d/c. roll/s, 8or 150hm ... .. £3.85
Fane 801T 8” d/c, roll/s, 8ohm .. ........ £7.00
Goodmans 8P8or150hm ............. £5.00
Goodmans 10P8or150hm ......... ... £5.30
Goodmans 12P8or150hm .... . ...... £12.95
Goodmans 12P-D8or150hm ......... £16.75
Goodmans 12P-G 8 or 15 ohm .......£15.75
Goodmans Audiom 1008 or 15 0hm . ... £12.00
Goodmans Axent 100 8ohm .. ... ... ... £7.25
Goodmans Axiom 401 8 or 150hm ... .. £17.25
Goodmans Twinaxiom 8” 8 or 150hm . ... £8.25

Goodmans Twinaxiom 10” 8 or 15 ohm ... £9.00
KefT27 s

Kef DN13 .

Richard Allan CG8T 8"d/croll/s .......... £6.35
STC4001G supertweeter . ............. £6.19
Wharfedale Super 10RS/DXD 8ohm . ... ... £9.80
Fane 701 twinribbonhorn .. ... ... ....£23.00
Baker Major Moduleeach .. ........... £10.75
Fane ModelOneeach ... ... . ... ......£9.90
Goodmans DIN 204 ohmeach ........ .£9.75
Heime XLK25 (pair) .................. £22.00
Helme XLK30 (pair} .................. £14.95
Helme XLK50 (pair) .................. £39.95
Kefkit 2 each [ R .. £23.50
Kefkit3each ...................... £34.00
Peerless 3-15 (3 sp. system)each ....... £15.00
Richard Allan Twinkiteach .............. £8.25
Richard Allan Triple 8each .. .. .. ....£13.00
Richard Allan Tripleeach . ... .......... £18.50
Richard Allan Super Tripleeach . ... . ... £21.50
Wharfedale Linton 2 kit{pair) ........ ..£19.25
Wharfedale Glendale 3 kit {pair} ... .. ... £34.50
Wharfedale Dovedale 3 kitipair) . .. £52.50

PRICES INCLUDE VAT

Cabinets for PA and HiFi, wadding, vynair. etc.
Send stamp for free booklet " Choosing a Speaker”

FREE with orders over £7—"HiFi loudspeaker
enclosures’’ book.

All units guaranteed new and perfect.
Prompt despatch

Carriage: Speakers 38p each, tweeters and
crossovers 20p each. kits 75p each (pair £1.50)

WILMSLOW AUDIO

Dept WW
Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1HF Tel. Wilmslow 29599
{Discount HiFi, PA and Radio at
10 Swan St, Wilmslow.)
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EX-COMPUTER
STABILISED POWER SUPPLIES

RECONDITIONED, TESTED AND
GUARANTEED

Ripple <10mV. Over-voltage protection
120-130v. 50 ¢/s Input. Stepdown transformer
to sult about £3.

Post & Packing £1-70

BUILD A VERY HIGH QUALITY LOW
DISTORTION

LINSLEY-HOOD AMPLIFIER

Class A. 10 watts. Kit £5.25, made £8.00.
Class AB. 20-50 watts. Kit £9.70, made £14,00.

Also pre-amps, F.M, Tuners and 50 other Kits
including TEXAN, QUADRASONICS & BAILEY.

KEF Speaker units B139 £11, B110 £6.95, B200
g.ég, TIS £5.50, T27 £4.75. Crossovers from
.50,

Tax and Carriage extra,

5-6v. 8A. £12 5-6v. 16A. £16
5-8v. 12A, £14

PAPST FANS 44 x 4} x 2in, 100 cfm.
240v. 50/60 Hz. £3-50 (30p).

PAPST FANS 6in. dla. x 2#%in. deep
Type 7576 £5-00 (30p).

Send S.A.E. for appropriate lists.

TELERADIO HI FI
325/7 FORE STREET, EDMONTON,
LONDON, NJ.

01-807 3719 Closed Thursdays.

SYNTHESISER SOUNDS SUPREME
BY DEWTRON-—-THE UP-FRONT PEOPLE
YOU can build professional standard synth. equip-
ment from our modules if you can read and
solder! E.g. pitch-to-voltage enables your creation
to play itself from sound of voice, sax, clarinet,
guitar etc. Send 15p NOW for full catalogue. 10

years experience from—
D.E.W. LTD.
254 Ringwood Road, Ferndown, Dorset.

TRANSISTORS p &p10p
BC107/8/9 BC147/8/9 BC157/8/9 al 9p
BF180 25p BF182/3/ 40p BF184 17p BC167 13p
BFW10 55p BF336 35p 741 8 DIL 34p

2u3771 £1-10

ELECTROLYTICS

30,000p 25v 65p (20p)
4000 70v., 3,600u 40v., 41 x 2in. dia. 55p (15p)
10,000p 35v. 5,000p 35v., 40p (12p)

4,000u 100v., 4% x 24 55p (22p)

EX-COMPUTER PC PANELS 2 x 4in.
25 boards for £1 (30p).

QH Bulbs, 12v. 55w, .........

250 Mixed Resistors ....

250 Mixed Capacitors
200 S| Planar Diodes ......
Microswitches.............. 8 for 50p (10p)
Min. Glass Neons ......... 8for50p (7p)

EXPRESS

Prototype Printed Circuits

Fastest in London Area
Also medium production runs. call-offs, etc.
Electronic & Mechanical
Sub-Assembly Co. Ltd,
Highfield House, West Kingsdown,
Nr. Sevenoaks, Kent.
Tel: West Kingsdown 2344

SOWTER TRANSFORMERS

FOR SOUND RECORDING AND REPRODUCING EQUIPMENT
We are suppliers to many well-known companies,
studios- and broadcasting authorities and were estab-

Postage and package shown In brackels
Please add 109 VAT to TOTAL
KEYTRONICS

Mail Order only.

44 EARLS COURT ROAD, LONDON, W.8
01-478 8499

lished in 1941, Early deliveries. Competitive prices.
Large or small quantities. Let us quote.
E. A. SOWTER LTD.
Transformer Manufacturers and Designers

7 Dedham Place, Fore Street, lpswich IP4 LJP

Telephone 0473 52794

COLOUR TV’s
Bush CTV 25 displayed working £90 plus VAT
Large discount for 3 up non-workers available.
REDIFFUSION WIRED MONO TV's, all screen
sizes, new condition.

SUMIKS
1532 Pershore Road, Birmingham 30
Tel: 021-458 2208

WE PURCHASE ALL FORMS
OF ELECTRONIC EQUIPMENT
AND COMPONENTS, ETC.
SPOT CASH
CHILTMEAD LTD.

7,9, 11 Arthur Road. Reading,
Berks. Tel: 582 605

Private enquiries, send 5p in stamps for brochure

THE QUARTZ CRYSTAL CO.LTD.

Q.C.C. WORKS, WELLINGTON CRESCENT,
NEW MALDEN, SURREY. 01-942-0334 & 29§8

THE ONLY [ SPECIAL NOTICE
COMPREHENSIVE O A e CTORERS

y y ISION

') RANGE OF RECORD ELECTRONIC, RADIO, TELEVISIO

MAINTENANCE Plﬁased note ‘tihat w;c will kpurcltalz_;sg any
redundant and surplus stocks which you
E0U|PMENT may have available after stocktaking, or

wishing to make space for more important
items. We are particularly interested in large
quantities of components, raw materials, etc.
BROADFIELD & MAYCO
DISPOSALS LTD.

21 Lodge Lanme, N. Finchley,
London, N12 8JG.
Telephone :
01-445 2713

IN THE WORLD!

Send P.O. 15p (plus 4p
postage) for 48 page booklet
providing all necessary informa
tion on Record Care

CECIL E. WATTS LIMITED

Darby House
Sunbury-on-Thames, Middx.

01-445 0749 01-958 7624

WW—052 FOR FURTHER DETAILS
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also 200KHz version for high speed copying.

Drive circuit, 35 x 80mm. tor 1TmA LH. zero meter to BBC G N[(<(\>>\

ED1477. Gold 8-way edge con supplied.
o

4 off 10 off 50 off H . . g ¥
Complete kit £10.00 £9.50 £9.00 £8.50 = -
Built and aI{?ned £1400 f£1330 f£12.60 £11.90 ELECTRIC',

ERNEST TURNER PPM meters. scalings 1/7 OR-22/+4. :I'ype TRANSFORMER
642. 71 x 56mm £10-90: 643, 102 x 79mm £12.90. TYPE t

Twin movement. scale 86 x 54mm £31.00 INSTANT HEAT with| f 240
TRIGGER SWITCH || VOLTS
q

voaw || £2.707 "

PEAK PROGRAM METERS TO BS4297 MﬂTﬂHﬂlA SOLDERING

I/)

|
N 7

' VAT PAID ¢
FREQUENCY PETIRNS, Agonmy s w | | PRE S S e

New surplus stock as iHustrated. AC 240 voits. Input power 100VA.
SH ‘F ER :”:_r.beALP.OF £‘6\$5TIVE FILTER DESIGN Instant heat at touch of trigger switch in handle. Constructed in
I y Hilburn. Price £6. robust plastic casing with work light in front and 4 X 3-core cable.

FOR HOWL REDUCTION LOGICAL DESIGN OF SWITCHING PROGRAMME

y D. Lewin. Price £5.00 TIME SWITCHES

INTEGRATED ELECTRONICS by Millman.
Price £4.20

INDUSTRIAL ELECTRONICS by N. M.
Morris. Price £2.75

DIGITAL INTEGRATED CIRCUITS by
National Semiconductors. Price £2.00

APPLICATIONS OF OPERATIONAL
AMPLIFIERS by J. G. Graeme. Price £7.90

FIELD EFFECT TRANSISTORS IN IN-

PUBLIC ADDRESS : SOUND REINFORCEMENT TEGRATED CIRCUITS by Wallmark. Price Designed to
ic- hy h i h d 2 ) .
:gudzgzak%lr‘ghgr:d?r:e(sﬁe Zgr'veemvic‘ihr’\itey'eac'oues(i(’:mf:reodpbaocr:(e?hoaxl- switch central heatmg

round) occurs if the amplification exceeds a critical vatue. By A GUIDE TO FORTRAN IV PROGRAM-

shifting the audio spectrum fed to the speakers by a few Hertz MING by D. McCracken. Price £3.70 and hot water on/off twice a day.

d howli t onance frequencies is q . .
o o e h & éé’a?,mqf'&ss'éq ' possible beore CIRCUIT DESIGN IDEA HANDBOOK by Suitable for any electrical appliance
L'Lem‘ll?éch"'ar!ﬁe.ﬁz:fc'f‘ The 5Hz shift u:;d is ;;:ercepll e :n B. Furlow. Price £8.25 upto3 amps 240 volts A.C.
SHIFTERS IN BOXES with overload LED. shift/bypass switch,
BS4491 mains connector and housed in strong diecast boxes *ALL PRICES INCLUDE POSTAGE% P&P
finished in attractive durable blue acrylic. Jack or XLR audio con- 28
nectors. B c » p
T A .
n;f:n impedance 200Kohm 200Kohm  10Kohm BALANCED ‘ VAT paid. o ., .,
Qutput impedance 2Kohm 20 or 600 ohm 20 or 60D ohm BAL ]'HE M 0 DERN B 0 0 K cu New surplus stock as illustrated. Size 7 X 4" X 3
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su RREY ELECTRON'CS tinuous, or off. Mounted in robust white plastic casing. Drilled for

The Forge, Lucks Green, Cranleigh, 19-21 PRAED STREET, fixing on back supplied with wiring instructions. Ideal for shop lighting
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TYPE A
Input: 12V DC

Output: 1.3kV AC
1.5MA

Price £3.45

NEW RANGE—TRANSISTOR INVERTORS

TYPE B
Input: 12V DC

Output: 1.3kV DC
1.5MA

Price £4.70

TYPE C
Input: 12V to 24V DC

Output: 1.5kV to 4kV
AC 0.5MA

Price £6.3b

Postage & Packing 36p. Add V.A.T. at 8%
CHILTMEAD | D

7-9 ARTHUR ROAD, READING, BERKS. (rear Tech. College). Tel. Reading 582605)

TYPE D
Input: 12V to 24V DC
QOutput: 14kVDC 100 microamps
at 24V. Progressively reducing for
lower input voltages.
Price £11
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Ersin Multicore-
the international solder

Ersin Multicore 5-Core
Solder

The proved superiority of
ERSIN Multicore Solder for over
thirty years is due to many
factors. We have specialised
throughout this period in the
manufacture of cored solders.
Consequently our research and
manufacturing staff have been
able to devote all their energies to
the development of Multicore
Solders. All alloys are of highest
. purity, carefully formulated
and checked.

Our unsurpassed ERSIN flux is
rigorously tested before and after
it is incorporated in the solder
wire. Our five separate cores of
flux ensure flux continuity, leave
only an ultra-thin layer of solder
separating flux from work for
instant wetting and provide
a more accurate ratio of flux to
solder. It is therefore possible to

ALLOY

Composition Grade
{nominal major elements)

50/33/17 Sn/Pb/Cd TLC
62/36/2 Sn/Pb/Ag LMP
62/35.7/2/0.3 Sn/Pb/Ag/Sh Sn62
63/36.7/0.3 Sn/Pb/Sb Sn63
60/40 Sn/Pb K
60/39.7/0.3Sn/Pb/5b Sné0
50/50 Sn/Pb F
50/49.7/0.3 Sn/Pb/Sb Sn50
50/48.5/1.5 Sn/Pb/Cu Savbit 1
45/55 Sn/Pb R
40/60 Sn/Pb G
40/59.7/0.3 Sn/Pb/Sb Sn40
30/70 Sn/Pb ]
20/80 Sn/Pb v
15/85 Sn/Pb —
Pure Tin P.T.
95/5 Sn/Sb 95A
5/93.5/1.5 Sn/Pb/Ag

For full information on

use less solder and obtain greater
reliability.

Our Quality Control at all
stages of manufacture is
guaranteed and recorded by the
batch number on every reel.

Needle fine gauges

In addition to our standard
range of wire diameters {10-22
swg:3.2-0.7 mm) supplied on
2Y kg and } kg reels we also mass-
produce needle-fine gauges (24-34
swg:0.56-0.23 mm) on 250 g reels
for microminiature soldering
applications —still with 5 Cores
of flux.

Melting Temperature

Solidus Liquidus Specification
ol@ Oy

145 145 DIN 1707

179 179 DIN 1707

179 179 QQ-S-57 IE

183 183 QQ-S-57 1E

183 188 B.S5. 219

183 188 QQ-S-57 1E

183 212 B.S.219

183 212 QQ-S-57 1E
DTD 900/4535

183 215 DIN 1707

183 224 B.5.219

183 234 B.S5.219

183 234 QQ-S-57 1E

183 255 B.S5.219

183 275 B.S.219

225 290 =

232 232 B.S§.3252

236 243 B.S5.219
B.S5.219

Savbit Solder

One of our most popular
special ERSIN Multicore Solder
alloys is SAVBIT alloy. Compared
with ordinary tin/lead solders it
dramatlically reduces the erosion
of soldering iron bils, copper
wires and printed circuit
conductors. It also saves costs
and increases reliability. SAVBIT
alloy containing 5-Cores ERSIN
362 flux has received special
Ministry approval—under DTD.
900/4535 for Military applications.

Sectioned iron-plated bit, after 40,000
simulated operations using
60/40 Solder.

Sectioned iron-plated bit, after 10,000
simulated operations using

SAVBIT Solder.

these and a Selector Guide to other MULTICORE products please write on your

Company’s letterhead direcl to:
Multicore Solders Limited, Maylands Avenue, Hemel Hempstead. Hertfordshire HP2 7EP.
Tel: Hemel Hempstead 3636 Telex: 82363



