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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




Wireless World, October 1974

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.
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’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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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 ——



N

1 3

SPECIFICATION

Ranges

r

50

Wireless World, October 1974

1

cord

B & Bieh b B g

75

< i
I SRR
E t-- ‘:—---- \‘._iv

THES) EHy Do | i

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
equipment.

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.
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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

| ) %m
T

VL 4
Fig. 7 ;




Wireless World, October 1974

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
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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.



376

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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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.
10k +12 to 20V
| l RLA
D, S, Sa
101%100»% 100n -I §3k3
e
T 16v 10k
+
e lals to
0p auto
hythm
UirGlng 16V Tr r
manual 100k 2 S
tone 1
shaper ] Tr, Tr‘4
T.m
1:10 M ov
0 1:1,000
from
busbar_Hj::L‘ to drawbar

10



382

Wireless World, October 1974

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

swltchE

pulses from
speedometer

8

00 CD4040AE (H—(9

CD4040AE

2 CDAOMAE

L

(D

®©

CD4040AE

* CD4041AE

OpBa b6

(9 o &
[«

g pao20ae I
O D D€,

10 20 40 80

VT
to dispiay circuit via Fig. 12
(CD4056)

Voo

Y0 HOBEE OO [EXEBNE DO~ XD elo'e@ DEXDG

* X to j © CD4008AE CD4008AE CD4aQ0O8AE CD4008AE

— mamn

*e<}—e<\§: reset. @.@.@.@ @ Lo @-.m.@.@ o Lo @.0.@.@ o L@ @.o.@.@
— [O—O—0=® S~~~ O~O~~D DI~

[_Z/v CD4035AE CD4035AE CD4035AE CD4035AE

PECEC NG D~D~~B D QRO

t N CCRU B -5 — -

to 6,4,2,15 on CD4019AEs

CD400TAE
]2 CD4ONAE

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
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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.

WW—024 FOR FURTHER DETAILS



Wireless World, October 1974

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.
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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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e e e

———————— AL S —

Distributors of cartridges; stvli, condenser
microphones and headphones. Guaranteed
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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
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