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How do you control all this?

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

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

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

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

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

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

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

reason for its worldwide
marketing success.

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

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

ITT Mobile Communications Ltd.
New Southgate, London N.11.
Telephone: 01-368 1200

Telex: 261912

ITT

WW—001 FOR FURTHER DETAILS
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Designers specify them for their reliability and modern styling.
Buyers choose them for their competitive prices and delivery.

yior
panel meters

are selected by equipment manufacturers everywhere.

MILLIVOLTS

Vista Series Edgewise Series Fyneline Serles

Popular, reliable panel Here's the latest in Adaptable versatile series
meters with robust phenolic the range of three Edgewise with scale lengths from
mouldings and scale iengths from panel meters, the Model 330 12in to.4%in. Contemporary
12in to 43 in. This range combines with a 2% in scale length. styling and clear shadow-free
compact functional styling Ideal for today’s crowded readings ensure maximum
with easy readability and instrument panels, readability. This modern range
excellen: performance. other scale lengths are maintains the Taylor
Mechanically interchangeable 17%in (Model11) and reputation for reliability

.with the “yneline range. 13in (Model220). and sensitivity.

Taylor offers a comprehensive range of moving- and high torque/weight ratio. They are

coil and moving-iron panel meters. The moving- sensitive, accurate instruments that conform

coil meters feature the proven Taylor centre-pole generaily to BS 89/54 with contemporary

movement with practically friction-free
operation, inherent magnetic shielding

or conventional styling. Ask for the
Panel Meter Shortform Catalogue.

Taylor makes test equipment too!
Two typical models are Taylor

Model 88B, a robust, wide-range
multimeter with automatic cut-out and
polarity reversal facility, and the

Taylor Electrical Instruments Limited
M -remember were now at Dover!-
% Archcliffe Road. Dover. Kent. Tel: Dover 2634 Telex: 96281L

popular Taylor Type 127A,

a pocket-sized multimeter for

the service engineer and hobbyist.
Ask for the Instrument
Shortform Catalogue.

THORN
A Member ol
the Thom Group ~ TAQ

See us on the Thom Group Stand. Stand No. 1-116/130 London Electronic Components Show (RECMF) May 18-21 1971
WW—006 FOR FURTHER DETAILS
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Over3500
Specific
types -
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For quality, reliability

and world-wide

availability you can

rely on Haltron valves.. . .

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

]
[

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

Radio Valves and Tubes cabies: Hallecrric, London, N.w.5.

WW-—007 FOR FURTHER DETAILS
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LEVELL] R. C OSCILLATOR TYPE TGZOODM

RMS. SOURCE VOLTAGE
20 70

v 70mV
G '
TEST
SUW(
s-n’°V

MA|
DE IN ENGLAND By LEVELL HLECTRONKCS (313

_AM’UTUDE___‘

'1 w
. LFREQUENCVJ

SERIAL NO.

e R ik

7V r.m.s. Sine or Square from1Hz to TMHz

FREQUENCY:

SINE WAVE OUTPUT:
DISTORTION:
AMPLITUDE STABILITY:

SQUARE WAVE OUTPUT:

SYNC. OUTPUT:
SYNC. INPUT:
SIZE & WEIGHT:

1 Hzto 1MHz in 12 ranges. Accuracy & 2% + 0-03 Hz.
7Vr.m.s. reducible to < 200pV with Rg— 600Q at all levels.

< 0-1% up to 5V output, < 0-2% at 7V from 10Hz to 100kHz.

< 4 1% variation with frequency up to 300kHz.

7V peak reducible to < 200pV. Rise time < 150nS.
~1V r.m.s. sine wave in phase with the main output.
+ 1% frequency lock range per volt r.m.s. input.

7” high X 103" wide x 51" deep. 10 Ibs.

Types TG200 and TG200M generate
only sine waves. Types TG200M and
TG200DM have a meter calibrated
0/2V, 0/7V and —14/+6dBm.
Types TG200 and TG200D have a
calibrated control instead of a meter.

a3

st £42 12500 £45 2 £52 2200 £55
TG200 TG200D TG200M TG200DM

Prices include batteries with 400 hour life. Mains power units are £10 extra.

LEVELL|R.C. OSCILLATORS

PORTABLE INSTRUMENTS Park Road

LEVELL Electronics Ltd High Barnet Herts. Tel : 01-449 5028

Send for literature covering our full range of portable instruments.
WW—008 FOR FURTHER DETAILS
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The surround of silence—the truth of pure sound

The best pick-up arm in the world

Write to SME Limited - Steyning - Sussex - England

WW—009 FOR FURTHER DETAILS
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3] BRADLEY elecironics

From Bradley.

A new

AC/DC DVM
with a.c. range
20 Hz-100 KHz
at £420.

All Bradley instruments can be
supplied with a British Calibration
Service Certificate from ourown
B.C.S.approved standards laboratory.

AC OC DIGITAL VOLTMETER

DC ~ VOLTS — AC
1000 1000

100

INPUT
Low

CALIBRATE

Bradlay's nzw high-quality AC/DC Digital
Voltmeter costs you only £420 in the U.K.
and this includzs all extras.

The Bracley 183 measures d.c. voltages
from 1Gu¥V to 1000V d.c. with an accuracy
of 0.01 . It has a maximum reading of
1500V, Jsing the 50% overrange facility.
The ex-ras include guarded input circuits
which give high common mode rejection;
>140 dB at ne frequency.

On a.c.the 188 will measure from 100uV to
1000V r.m.€. and over the range 40-5000Hz
the acau-acy is 0.1%. The common mode
rejecticnis 50dB at 50Hz.

As we've s3id, the 188 includes all usual
optional extras as standard—display
storage, 1-2-4-8 coded BCD data output,
an unsaturatac¢ standard cell as an internal
calibracionreference and automatic
indicat on of polarity.

The 188 de-initely gives a lot of value in a
small package.

G & EBRADLEYLTD
Electral House, Neasden Lane
Londor NW10

Tel: 4507811 Telex: 25583

A Lucas Company
BRADLEY

| electronics

—
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Model 9R-59DS BUILT IN MECHANICAL FILTER 8 TUBES COMMUNICATION RECEIVER

e |

ol 2 - BAND GPREAY

TRIO'S 9R-59DS
FOR SELECTIVE SUPERIORITY

The thrills of amateur short wave communication can be a joy forever. With TRIO’s 9R-59DS
communications receiver you can be assured of repeated adventure. TRIO’s modern engineering
techniques are especially apparent in its mechanical filter which achieves amazingly superior
selectivity. For the thrill of a lifetime tune in with TRIO’s 9R-59DS.

Specifications:

® frequency Ranges: Band A 550-1600KHz, B 1.6-4.8MHz, C 4.8-14.5MHz, D 10.5-30MHz. o Sensitivity: 2uV
for 10dB S/N Ratio (at T0MHz) e Selectivity * 5KHz at —50dB e Power Consumption: 45 watts ®Audio Power
Output: 1.5 watts @ Tube & Diode Complement: 6BA6x 3, 6BE6x 2, 6AQ8x 2, 6AQ5, SW-055%2, SW-05x 2,
IN6Ox 2. e Dimensions: Width 157, Height 7, Depth 10".

¥
ALL BAND COMMUNICATION & s $SB COMMUNICATIONS
RECEIVER ﬁp RECEIVER
JR-599 | SUE-R

JR-310

the sound approach to quality

TRIO

TRIO ELECTRONICS, INC.

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

WW-—010 FOR FURTHER DETAILS
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They're easier to design with . .. quicker to assemble. Two very good
reasons for getting to know the Arrow 93 family of rocker switches.
On the drawing board, their versatility meets your every switching
need with matching units that mount up snugly together—same
standard escutcheon, same standard aperture. Versatility? 17 varia-
tions on the basic switch alone—one or two pole, two or three
position, plus biased versions. Then, a series of twin rockers in one
pole, two or three position variations. On-off switches with built-in
pilot lights, one or two pole. And indicators with single or double
lenses to match the versatility of the switch range.

Then, on to assembly stage. Press an Arrow 93 unit into its aper-
ture and it snaps securely into place. Clip the connections onto its
spade terminals and you've completed the job in seconds. Tot up

a7

See us on Stand 1-182 at the I.L.E.C. Show, Olympia

the savings in labour costs! You'll see why the Arrow 93 series is

a happy family from your point of view.
They're rated up to 15A 250 V AC. Ask us for the technical details.

ARROW ELECTRIC SWITCHES LTD.

BRENT ROAD, SOUTHALL, MIDDLESEX.
PHONE; 01-574 2442 Telex: 23332 Cables: ARROWHART LONDON

Subsidiary of mﬂ#%lj
sl f

93 series

WW—011 FOR FURTHER DETAILS
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Voriexion

50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 4-WAY MIXER USING F.E.T.s.

This is a high fidelity amplifier (0.3% intermodulation distortion) using the circuit of our 100% reliable-100 watt amplifier
with its elaborate protection against short and overload, etc. To this is allied our latest development of F.E.T. Mixer amplifier,
again fully protected against overload and completely free from radio breakthrough. The Mixer is arranged for 2-30/6002
balanced line microphones, 1-HiZ gram input and l-auxiliary input followed by bass and treble controls. 100 volt balanced
line output or 5/1569 and 100 volt line.

This is similar to the 4 way version but
with 5 inputs and bass cut controls on each
of the three low impedance balanced line
microphone stages, and a high impedance
(10 meg.) gram stage with bass and treble
controls, plus the usual line or tape input.
All the input stages are protected against
overload by back to back low noise, low
intermodulation distortion and freedom
from radio breakthrough. A voltage
stabilised supply is used for the pre-
amplifiers making it undependent of mains
supply fluctuations and another stabilised supply for the driver stages is arranged to cut off when the output is overloaded or
over temperature. The output is 75% efficient and 100V balanced line or 8-160 output are selected by means of a rear panel
switch which has a locking plate indicating the output impedance selected.

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

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

THE 100 WATT MIXER AMPLIFIER with specification as above is here combined with a 4 channel F.E.T. mixer,
2-30/6C0Q  balanced microphone inputs, 1-HiZ gram input and l-auxiliary input with tone controls and mounted in a standard
robust stove enamelled steel case. A stabilised voltage supply feeds the tone controls and pre amps, compensating for a mains
voltage drop of over 25% and the output transistor biasing compensates for a wide range of voltage and temperature. Also
available in rack panel form.

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

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

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

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

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, S.W.19

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

WW-—012 FOR FURTHER DETAILS
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INTERCONTINENTAL
COMPONENTS

for:

Electrolytic
Capacitors

from 6V to 500V DC wkg
5 mfd to 10,000 mfd

Available from
stock

INTERCONTINENTAL
COMPONENTS

Electric House,
18 King St., Maidenhead,
Berks. 5L6 IEG

Tel: MAIDENHEAD 32466

Vary the strength
of your

The DIMMASWITCH is an attractive and effic-
ient dimmer unit which fits in place of the normal
light switch and is connected up in exactly the
same way. The ivory mounting plate of the
DIMMASWITCH matches modern electric fit-
tings. The bright chrome control knob activates
an on-off switch and controls 40-600 watts of
all lights except fluorescents at mains voltages
from 200-250 V, 50 Hz. The DIMMASWITCH
has built-in radio interference suppression.
Price: £3.20 plus 10p post and packing
Kit Form: £2.70 plus 10p post and.packing
Please send C.W.O. to:-

DEXTER & COMPANY
4 ULVER HOUSE, 19 KING STREET,
CHESTER CH1 2AH. Tel: 0244-25883.
As supplied to H.M. Government Departments,

Hospitals, Local Authorities. etc.

WW—013 FOR FURTHER DETAILS
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How Hermes did away with vast rhombic or log-periodic
antenna farms shoed away by a shrewd array ...

Take 1 meter diameter loops 4 meters apart and get an
omni directional broad-band receiving array.

covers 2 - 32 MHz

optimum beam characteristics for both long and short range
communications.

Rosette configuaration of linear arrays gives a number of
overlapping high gain beams all available simultaneously.

% Using less than one hundredth of the real estate.

Aperiodic Loop Systems are shrewd enough for restricted
space, quick set up, roof mountable, or just below ground
level. :

Governments and military agencies use them.

Give up the antenna farm. ASK US

Hermes Electronics Limited
Suite 315

2020 F Street N. W.
WASHINGTON

D.C., 20006

Telephone 202 296-2978
TWX 710-882-1106

WW—014 FOR FURTHER DETAILS
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Beat ap cramp.

With the Motorola5 to 60 amp silicon power transistor range.

Specify Motorola silicon power transistors Therangegoesfrom §to 60amps. You’ve gota
and you can besure of one thing-noampcramp.  choiceof § packages and up to 10amps in plastic.
Motorola give you the widest possible range. Beat amp cramp with Motorola. Write to:

And that’s not all.

) ) Motorola Semiconductors, Dept. WW2,
Specify Motorola and you’re putting top  York House, Empire Way, Wembley, Middx.
quality into your circuits. And saving money too. Telephone: 01-903 0944.

MOTOROLA Semiconductors

MANUFACTURING FACILITY A: EAST KILBRIDE, SCOTLAND
Distributors: Celdis Ltd, Reading. Elcom:tic T.td, Glasgow. GDS (Sales) Ltd, Slough.
Jermyn Industries Ltd, Sevenoaks. A. M. Lo+ & Co Ltd, Oldham. Semicomps Ltd, Alperton.

WW—015 FOR FURTHER DETAILS
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all

Check our
check list /

Meters available in over 100 case sizes,
Edgewise, Rectangular, Round and Square,
Bakelite, Clear plastic and Metal cases.

Clip-on Volt/Ammeters.

Contact Meters, Moving Coil Relays, Solid State.
Desk Stands.

Digital Panet Meters.

Edgewise Meters.

Educational Instruments.

Electrostatic Voltmeters.

Frequency Meters—Deflectional

Frequency Meters—Vibrating Reed.
Galvanometers.

Hour Meters, Elapsed Time Indicators A.C. & D.C.
Hermetically Sealed Meters.

Instrument Rectifiers.

Long Scale, 180° and 240° Meters.

Maximum Demand Indicators.

Motammeters Moving tron with overload scale.

Ooo0o0o0ooOoO0oOoO0OO0OO0oDocOooOooOooao
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DC MILLIAMPERES

Circular Scale 240"
Meters, Models CS60
and CS80. Nominal
scale lengths 47, 5.5,
Available in sensitivities
from 200 microamps
Moving Coil.

K.M. SERIES with clear
front Shadowless
Dials. Available in most
ranges of Moving Coil
and Moving lron.

Eight case sizes. Scale
lengths from 0.75"—
6.25".

ANDERS ELECTRONICS LIMITED

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 Reed Frequency Meters

and_Tachometers. Manufacturers of purpose built electrical and electronic
equipment to customers’ requirements.

Anders means meters

Frequency Meters—with Contact Arms Solid State.

O Moving Coil Meters.

O Moving lron Meters.

O Multi-range Meters.

0O Pedestal Pattern Meters.

O Phase Switches.

O Portable tnstruments.

O Portable Instrument Cases.

O P.P.M. Meters

O Resistors or Multipliers.

0O Shunts.

0O Sub-Standard Instruments.

0 Switchboard Meters.

O Tachometer-Indicators.

O Tachometer-Generators.

O Tachometer-Resonant Reed.
O Test Equipment.

O Test Sets, A.C./D.C. (Precision).
O Thermocouple Meters.

O Thermo Junctions

O Transducers—Wattmeter

O Transducers—Frequency

0O Transformers—Current.

O Transformers—Split Core

O Transformers-Potential.

0O V.U. Meters

O Wattmeters—Panel Mounting.
O Wattmeters—Portable (Precision).
O Waterproof Pattern Meters.

. interested? Give us a ring.

it's the longest

Models KE1 and KE2
Miniature Edgewise
Meters. Nominal scale
fengths 1.2" and 27,
Available in sensitivities
from 50 microamps
Moving Coil.

Vulcan Short Scale
Meters Models V1, V2,
V3 and V4. Nominal
scale lengths 1.625",
27,2857, 35"
Available in all ranges
of Moving Iron normal
or overload scale.

Now ts longer!

We've made these four new additions to our already large
range of meters. They are well designed and pleasing to
look at. And they are competitively priced.

]

We also offer a fast delivery of non-standard instruments.
In small or large quantities. And many requirements can
be supplied off the shelf. Ask for details of our special
dial drawing and metric conversion service to customers
individual specifications.

WW—016 FOR FURTHER DETAILS
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Converting to 4-Channel Stereo

SP2000

front Speaker

SD7000

Tape Deck

Turntable

Rear Speaker

The Sansui

Front Amp.

SP2000

Frant Speaker

i, iy v, S
Sansui 4-Channel Synthesizer Decoder

AUS55A

Rear Amp.

QS-1 System:

Rear Speaker

First and Foremost in 4-Channel Stereo.

Sansui’s QS-1 system was the first
and remains the foremost means of
economically —and authentically
producing four-channel stereo.

Built around the new but already
famed 4-Channel Synthesizer Decoder
(QS-1), the Sansui system is the
most inexpensive means yet devised
of moving up to the incomparably
richer world of four-channel stereo.
And yet, as audio critics have
testified, the effect is more than
equal to, and often better than that
produced by so-called “‘discrete”
four-channel systems.

But the most attractive aspect of
the QS-1 system is that it lets stereo
enthusiasts continue to make use of

their existing libraries ot 2-channel

discs and tapes, not to mention FM

stereo broadcasts, and to enjoy

them in the new 4-channel format

Which means more liveliness

more presence than those sources
» were ever thought to contain.

It’s accomplished by the QS-1's
unique decoding matrix, which
translates 2-channel signals into
four channels, and by a process
known as “phase modulation,” which
produces the minute time delays
necessary to the close approximation
of an entire sound field.

The QS-1 is at its brilliant best
when, as the illustration shows,
it is teamed with quality Sansui
components especially engineered

co0n €O

o ire . §) e

rreoO®

LR N AR e

to make the most of it.

These include the 3-motor 4-head
SD-7000 stereo tape deck and the
2-speed Automanual SR-2050C
turntable. For the front channels
get the new 140 watt AU-888
Control Amplifier and 70 watt SP-2000
speaker systems, and for the rear,
the 85 watt AU-555A Control Amplifier
and 25 watt SP-50 speaker systems.

And there you have it, four-
channel stereo at its finest, by the
first and foremost name in the field.
Sansui.

P>
s I

The Symbol of Sansui 4-Channel Sound

e &~ @

@ o

England: VERNITRON (UK) LTD. Thornhill Southampton S09 5QF Tel: Southampton 44811 / Ircland: RADIO CENTRE 122A, St. Stephen’s Green, Dublin 2 / West

Germany: COMPO HI-FI G.M.B.H. 6 Frankfurt am Main, Reuterweg 65

Switzerland & Liechtenstein: EGLI, FISCHER & CO., LTD. ZURICH 8022 Zurich, Gotthardstr.

6, Claridenhof / France: HENRI COTTE & CIE 77, Rue }.-R. Thorelle, 77, 92-Bourg-la-Reine / Luxembourg: LUX Hi-Fi 3, rue Glesener, Luxembourg / Austria: THE
VIENNA HIGH FIDELITY & STEREO CO. A 1070 Wien 7, Burggasse 114 / Belgium: MATELECTRIC S.P.R.L. Boulevard Léopold II, 199, 1080 Brussels / Netherlands:
TEMPOFOON N.V. Tilburg, Kapitein Hatterasstraat 8, Postbus 540 / Greece: ELINA LTD. 59 & 59A Tritis Septemvriou Street, Athens 103 / Italy: GILBERTO GAUDI s.a.s.
20121 Milano, Corso Di Porta Nuova, 48 / South Africa: GLENS (PTY) LTD. P.O. Box 6406 Johannesburg / Cyprus: ELECTROACOUSTIC SUPPLY CO., LTD., P.O. Box 625,
Limassol / Portugal: CENTELEC LDA. Avenida Fontes Pereira de Melo, 47, 4.0 dto., Lisboa-1 / Malta: R. BRIZZI 293, Kingsway, Valletta / Canary Isfands: R, HASSARAM
Calle la Naval, 87, Las Palmas / SANSUI AUDIO EUROPE S.A. Diacem Bldg., Vestingstraat 53-55, 2000 Antwerp, Belgium / SANSUI AUDIO EUROPE S.A. FRANKFURT
OFFICE 6 Frankfurt am Main, Reuterweg 93, West Germany / SANSU! ELECTRIC CO., LTD. 14-1, 2-chome, lzumi, Suginami-ku, Tokyo, Japan

WW—017 FOR FURTHER DETAILS
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In just 2 minutes, find out how
you can qualify for promotion
or abetter job in Engineering...

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

THEY DID IT—S0O COULD YOU

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

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

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

“Completing your Course meant going tfrom

Mechanical
AMSE. (Mcch,)
Inst. of Engincers
Mcchanical Eng.
Maintenance Eng.
Welding

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

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

Draughtsmanship
A.M.ILED.

Gen. Draughtsmanship
Dic & Press Tools

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

Electrical & Electronic
AM.S.E. (Elec))

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

Radio & Telecomms.
C. & G. Tclecomms.

C. & G. Radio Scrvicing
Radio Amatcurs’ Exam.
Radio Opcrators’ Cert.
Radio & TV Engingcring
Radio Servicing
Practical Television

TV Servicing

Colour TV

Practical Radio &
Electronics (with kit)

WHICH SUBJECT WOULD INTEREST YOU?

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

Gen. Aero Eng.

Management &
Production
Computer Programming
Inst. of Marketing
ACWA.
Works Management
Work Study
Production Eng.
Storckeeping
Estimating
Personnel Management
Quality Control
Electronic Data
Processing
Numerical Control
Planning Engincering
Materials Handling
Opcrational Rescarch
Metrication

Constructional
A.MS.E. (Civ.
C. & G. Structural
Road Engincering
Civil Engincering
Building
Air Conditioning
Heating & Venulating
Carpentry & Joincry
Clerk of Works
Building Drawing
Surveying
Painting and
Decorating.
Architecture
Builders’ Quantitigs

(Write if you prefer not to cut this page)

B.LET-IN ASSOCIATION WIiTH THE SCHOOL OF CAREERS-ALDERMASTON COURT, BERKSHIRE
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a job I detested to a job I love.,” — Case
History B/461.

FIND OUT FOR YOURSELF

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

Free/

Why not do the thing that really interests you?

General
C.EI
Petroleum Tech.
Practical Maths.
Refrigerator
Servicing.
Rubber Technology
Sales Engincer
Timber Trade
Farm Scicnce
Agricultural Eng,
General Plastics

General Certificate
of Education

Choose from 42

‘O’ and ‘A’ Level

subjects including:

English

Chemistry

General Science

1‘32,‘3?,’-;: Without losing a day’s pay, you could quietly
1}"‘;"?’{“;"'“ ) turn yourself into something of an expert.
Fechuwial Draing Complete the coupon (or write if you prefer
German not to cut the page). We’ll send you full
Ié;f:f;;;x details and a FREE illustrated book. No
Biologv obligation and nobody will call on you . . . but

B.LET. and 115

associated schools

have recorded well

over 10,000 G.C.E.

successes at ‘O’ and

‘A level.

WE COVER A WIDE
RANGE OF TECHNICAL
AND PROFESSIONAL
EXAMINATIONS.

Over 3,000 of our Students

lhave obtained City & Guild.
Certificates. Thousands of
lother exam successes.

it could be the best thing you ever did.

BRITISH INSTITUTE OF
ENGINEERING TEGHNOLOGY

Dept D259, Aldermaston
Court, Reading RG7 4PF.

POST THIS COUPON TODAY

1 fF F B R R F B 0 B B B
To: B.LLE.T., Dept D259, Aldermaston Court, Reading RG7 4PF

I Please send me book and details of your Courses in l
IN ATTYC (4 st i e e b o s w55 Age.i n
AQATESS. ... oo
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AVAILABLE NOW! | prowest

I NSE RTION TEST Prowest Electronics Limited
LINE SIGNAL EQUIPMENT BT e L T

Telephone: Littlewick Green 3226/8

TYPE 552 (V.IIS.) Telex: 847241
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FEATURES Integrated circuits and digital techniques ensure the production of colour test line signals
to highest standards of accuracy, stability and reliability.

Programmable to National or International test line standards.

Provides for future test line specification changes.

Signal insertion and erasure programmed from front panel.

Minimum crosstalk - Test line signals generated ‘on demand’ from Inserter.

Full Field test signals provided for use during out-of-Program time.

Automatic by-pass facility protects Program against equipment or supply failure.
Generator will operate separately as free standing unit.

Remote control facilities.

* kX X Xk kX X X

GENERAL Insertion test line signal equipment (also known as V.I.T.S.) is essential for monitoring
and automatically controlling the performance of PAL or NTSC colour television channels

during Program time.

The type 552 equipment, constructed to a design by the Independent Television Authority,
generates such signals and provides the means for their insertion or erasure at any standard
level video point in a vision channel. During out-of-program time, test lines and comptehen-
sive full field test signals, generated internally, may be substituted for the main signal.
Channels are provided for the insertion of control and data signals during the vertical interval.

WW—019 FOR FURTHER DETAILS



How abouta
cutting from
our family tree?

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

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

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

lot of purchase order work.

If we've sown a seed, complete the coupon

and we'll send you some cuttings.

WORLD LEADERS IN CABLE ACCESSORIES

HELLERMANN ELECTRIC

~ Division of Bowthorpe-Hellermann Ltd..

Gatwick Road, Crawley, Sussex. Tel : Crawley 28888

A member of the Bowthorpe Holdings Group of Companies

R T T N R R A D IR R R RS 9RO S R O N I e B
Piease lest me have samples and literature on the following systems —

D Heat shrinkable sleeves Identifying/insulating D
and shapes. sleeves.
D Terminal biocks. Cable binding and fixing D
. So derless cable Systems]

terminals. Cable stripping tools. ]
NAME _ — -
ADDRESS

__TEL.NO

WW—020 FOR FURTHER DETAILS WW 6/71
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New expanded 197 1
range of ready-to-use
electronic circuit modules

Complete pretested subassemblies requiring only soldering iron, pliers and screwdriver to install in
equipment. Ideal for lab “'one-offs,”” prototypes and pilot marketing short runs.
A data sheet is packaged with each unit.

- PC1

LOW CONSUMPTION HEADPHONE AMPLIFIER
for hearing aids, loop paging receivers, Monitor

Amps, Bridge Null Detectors, Signal Tracers, AC

Level Meters, etc.
Price £1.4625 (£1.9.3)

PC2

SENSITIVE W, 15 ohm SPEAKER AMPLIFIER
for telephone pickups, intercomm systems, talk-
back amps, Alarm Systems, Frequency Meters, G.P.

Audio amps and oscillators.
Price £2.1375 (£2.2.9)

PC3

MEDIUM IMPEDANCE VERSION OF PC2
for similar applications but where a higher
input resistance (typically 2500 ohms) is

required.
Price £2.1375 (£2.2.9)

PC4

EXTRA HIGH IMPEDANCE VERSION OF PC2
with 220k input resistance for capacitive or

high resistance signal sources such as crystal/

ceramic pickups and microphones.
Price £2.1375 (£2.2.9)

‘PC5
HIGH POWER 4.5W, 3 ohm SPEAKER AMPLIFIER

for AC Servo Ampilifiers, workshop intercomms,
Electronic Megaphones, Transmitter Modulators,
Audio Visual Systems, etc.

Price £3.9750(£3.19.6)

PC7

MEDIUM POWER 1W, 8 ohm SPEAKER AMPLIFIER
for higher power applications similar to

PC2 or where standard 8 ohm speaker is to be

used or wider bandwidth required.
Price £3.0000 (£3.0.0.)

PC9

HIGH INPUT RESISTANCE AF PREAMPLIFIER
with 1 Megohm input and 600 ohm output to match
capacitive or crystal/ceramic transducers to Amps

like PC1,.2, 5, 7, etc. )
Price £0.7500 (£0.15.0}
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PC10

MAGNETIC TAPE REPLAY PREAMPLIFIER
using self-compensating circuit that adjusts
itself to different tape speeds without switching,
usable with PC1, 2, 5, 7.

Price £1.8750 (£1.17.6)

PC101

COMPACT 9V, 200mA, DC POWER SUPPLY UNIT
General replacement for 9V batteries.

Suitable PC1, 2, 3, 4, 7. 9, 10, 1006 source

for Zener stabilised 5V digital 1C supply.

Price £1.7250 (£1.14.6)

PC102

VERSATILE 21V, 330mA DC POWER SUPPLY UNIT
with separate 21V winding for optional extra

DC output, suitable 3W 15 transformerless

amps. source 12-18V stabilised supply.
Price £3.0000 (£3.0.0}

PC106

USEFUL 12V, $A DC POWER SUPPLY UNIT
General replacement for 12V batteries, suitable
PC5, 712. Source for Zener stabilised supplies

replacing 6 and 9V batteries.
Price £2.4750 (£2.9.6)

PC712

MEDIUM POWER SPEAKER AMPLIFIER (1W, 15 ohm)
For higher power applications similar to

PC2 but using 12V supply and standard 15 ohm

speaker. Driver for high powers.
Price £3.0000 {£3.0.0)

PC1006 and PC1006k

MULTIMETER SENSITISER (1A, 10mV FULL SCALE)
Multiplies sensitivity of standard multimeter or

50uA DC meter fifty times. PC1006 Amp or PC1006k
assembly kit. Price PC1006 £6.0542 (£6.1.1) and

PC1006k £1.5000 (£1.10.0)

PC1010

BALANCED INPUT LINE MONITOR AMP (3W, 8 ohm)
Designed for 600 ohm line but can be used as

general purpose monitor/talkback amp powered

by two batteries or PC1011 supply.
Price £6.6667 (£6.13.4)

PC1011

DOUBLE DC (+ 10V, $A) POWER SUPPLY UNIT
Useful general purpose double power supply.

Source for Zener-stabilised rails or linear

|Cs. Suitable PC1010.

Price £4.1667 (£4.3.4)

distributors

Coventry Factors Ltd.,

Coronet House,

Upper Well Street.

Coventry CV1 4AF. Warwickshire.
Tel: 0203-21051/5

Telex: 311243

fastem Aero Electrical Services L.td o
Building 202,

Enfield Road,

Hounslow, Middlesex.

Tel: 01-759 1314

1.T.T. Electronic Services Ltd.,
Edinburgh Way.

G.S.P.K. (Sales) Ltd,,

Hookstone Park.,

Harrogate, Harlow, Essex.
Yorkshire. Tel: 02796-26777
Tel: Harrogate 96258 Telex: 81146
Telex: 57962

L.S.T. Electronic Components Ltd.,
7 Coptiold Road.

Hird-Brown Electronics Ltd.,
Lever Street,

Bolton BL3 6BJ Brentwood,

Lancashire. Essex.

Tel: Bolton 27311 Tel: Brentwood 226470
Telex: 63478 Telex: 99443

WW—021 FOR FURTHER DETAILS
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Lugton & Co. Ltd.,

209-212 Tottenham Court Road,
London, W.1A 2BN

Tel: 01-636 3261/9

Telex: 25618

$.0.S. (Portsmouth) Ltd.,
Hilsea Industral Estate,
Portsmouth PO3 BJW
Tel: 0715/65311

Telex: 86114
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DESIGNED E MANUFAGTU
\ /4
@rampian? |

A long term investment in advanced techniques by a
Company with forty years experience in Audio
design.

The first of a special range of equipments with built in
USER VALUE. Engineered to the highest technical
specification and setting a new standard for the
reliability requirements of professional and rental use,
An amplifier of great distinction, to set a standard by
which others will be judged.

For its complete specification to I.E.C.268.3 and for
information on other amplifiers, microphones, studio
equipment and loudspeakers write to us at . . .

} e

Power Amplifiers
Solid State

100 watts Type 744
50 watts Type 743

SRS

3

® 100 watts continuous R.M.S. 4 hours I.E.C. Test.

® A new technique of assembly using flexible printed
wiring, interchangeable modules, and providing
access from the front.

The most complete protection systems
available.

Die-cast machined front panel heatsink.
No separation needed for stacking on racks.
No ventilation problems.

GRAMPIAN REPRODUCERS LIMITED

[Grampian)

- Hanworth Trading Estate, Feltham, Middlesex.
SOUND EQUIPMENT Telephone: 01-894 9141,

AL WW—022 FOR FURTHER DETAILS (L Sied)
T T T e e e e e s st e e =
! ® |
| |
|
. : llIlSOldCI” ,
!

: ENTHOVEN offersyou Europe’s Widest Range SOL") SOLDERS :
' |
: One good reason for soldering with | PLUMBERS BARS—CAR BODYFILLERS |
I Enthoven — whatever your needs — is 'ghe TINSMITHS |
| Enthoven range. _It gives you a wide STICKS _BLOW PIPE STICKS |
| choice of Aol q“‘:'Wnp:‘;g;l‘gfzgee;’e'l‘t":’iid INGOTS IN A VARIETY OF WEIGHTS ll

or use with moder . -

: cludes Flux Cored Solder Wires, Solder WIREIN ALL GAUGES ,
| Pre-forms, Solid Solders, selective Fluxes, =11b. & 7b. REELS |
I “solder specialities, materials for printed | FASHION JEWELLERY CASTING |
| Circuitry and for soldering Aluminium. | ALLOYS |
| For complete technical details of Europe’s | SHEET-RIBBON |
: widest range, ask Enthoven Solders Lim- |
| ited, Dominion Buildings, South Place, ‘ _ ‘ |
| 7223 London EC2M 2RE. Telephone 01- | Available in a wide range of alloys—

| | “3 628 8030: telex 21457 cables: | standard or custom-made. Certificates |
ILLEIIIZ ENTHOVEN LONDONEC2 of analysis provided. _ll

WW—023 FOR FURTHER DETAILS
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“The alternative to
QUAD
isnota
colour television set
but a seat
in the
concert hall”

QUAD

for the closest approach to
the original sound

Send postcard for illustrated leaflet to Dept ww
Acoustical Mznufacturing Co. Ltd., Huntingdon, Tel: {0480) 2561. QUAD s a Registered Trade Mart
WW—024 FOR FURTHER DETAILS
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TheMark 2
‘ower Supply

saves you 50] space, 25/ weight... and £24 in cash!

The Mk 2version of the Farnell
TSV 70 bench power supply
takes up less space, weighs
less and costs less - yet gives
you better performance than
ever. It provides a continu-
ously variable d.c. output at
either 0-70V, 5A or 0-35V,
10A and regulates to 0-01%,.
Its price is £165.

Full information sent on
request.

Dimensions: 430mm WIDE
(16:93”) x 410mm DEEP
(16:14”) x 177.8mm HIGH
{77)

WEIGHT: 26.2Kgs. (57.751bs)

SeeitonStandNo.3:155R.E.C.M.F.

Farnell Instruments Ltd.,
7 Sandbeck Way, Wetherby,
A mOTen [ il L

@& Yorkshire.
| Tel: 0937 3541,

B

WW-—025 FOR FURTHER DETAILS

®

TAPE TRANSPORTS, RECORDERS AND FAST
COPYING BANKS FOR ALL APPLICATIONS
STANDARD RANGE OR CUSTOM BUILT.

TAPE WIDTHS UP TO }”
SPEEDS 12" TO 60 I.P.S.

WRITING OR TELEPHONING

TAPE RECORDER DEVELOPMENTS LTD.
SALES & SERVICE,
“DOG HOUSE",
COPLE, BEDFORDSHIRE.
TEL. CARDINGTON 404

s GET THE WHOLE PICTURE BY
- 0 R

FACTORY: HALL LANE, WALSALL WOOD, STAFFORDSHIRE. TEL. BROWNHILLS 5351/2/3

WW-—026 FOR FURTHER DETAILS
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GT.5 is an entirely new comprehensive brochurz of
Audio Transformers and contains details of a wider range
of standard types. Recent introductions to Gardners Audio
range described in this brochure include super-fidelity
transformers with exceptionally low phase-distortion and
the ability to handle steep side transient signals without
generation of overshoot. Also listed is a range of high
proof-voltage transformers for Post Office transmission
lines and a new range of ultra miniature transforrr ers with
remarkably good performance. A frequency response linear
from the lower audio frequencies to the supersonic band
is standard to many of the newer types.

Gardners also have nine other GT Catalogues.
Whatever your transformer requirement there is more than a
possibility that we can supply something suitable from
stock. We make the largest range of standard trar sformers
in Europe.

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

Gard r\@

GARDNERS TRANSFORMERS LIMITED
Christchurch Hampshire BH23 3PN

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

GTA
GT.5

GT.12

GT.16

GT.17

GT.21

GT.23

GT.24

GT.25
GT.100

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

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

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

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

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

MANUAL OF INVERTER TRANSFORMERS AND
MODULES.

INDUCTORS, including heavy current and commutation
types.

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

TRANSISTOR POWER SUPPLY TRANSFORMERS.

GENERAL REFERENCE CATALOGUE with data sheets of
assemblies available for specially designed transformers.

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

ADDRESS

5

12 16 17 21 23 24 25

wWwW 6/71
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DC Differential Voltmeter—6-figure
readout from 100mV to 1kV, accuracy
0.01%. Calibrated null meter, analog
output forrecorders. Ask for M400
Data Sheet.

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

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

WAYKE KERR

Capacitor Test Set — directreadout of
percentage deviation from a pre-set
value, and of dissipation, with
automatic limit circuits showing
pass/high/low. Also 4-figure
capacitance measurement. Ask for
B700 Data Sheet.

WAYNE KERR

Wireless World, June 1971

Newcomers

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

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

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

WW—028 FOR FURTHER DETAILS




be sure of good listening
use your eyes

v
Dynamicatly balanced o
Garrard 4 pole incuction

motor.

Non-macnetic turntable.

Elegant styling in black
aad silver.

\

Resilently mounted counter
balance weight.

Integral fine styhus force
adjustment. Calibrated from
0 s0 5 grams at 1 gram
intervals,

Slide- ncartridge carriar—
fe st, easy stylus inspection
and interchance.

Tubular alumiqium low
rasonance pickup arm.

)
]
P
£ g
2 : . 2. Combined record size and Easily operated lever type
s E8 spez2d control. - cue ard pause ccntrol. Fluid
oLl damped. Automatic set 9
— & down and r2turn. — ".’_—\‘2— :
\‘ g \ Pickup arm bias
“\. i ; compensation calibrated to
_ 3 correspond with the applied
— Tyt ToTTE———
. [ ]
The SP25 Mk 11l single -eco-d olaying
Lnit has the facility for.both auton-ctic anc manual ’ 25"
play. Complying with DIN 45-500 stancarcs, the =
SP25 Mk 111 offers tre kind of orec sion engineering /" ....-5—/
and sophisticeted features found nfar more ' 2 P
expensive players. Superb quality at a sudgat prce — N
Itis just one of the la-ge renge of R o =
Sarrard turntables that are p-oducts of Garra-d's S
unsparing attituce to fine eng nee-ing and mocern "
design. Which is why you'll find Ger-ard decks in '
television, radio and recard ng studids, waere
precisio1/and reliability a-e vizal. Please send me 0
For more about atrard Dec-s, use ycur pen. Fill obligatio ee copies of the
i1 the coupon for the free Gar-ard range brochure. arrard range bro e ar d other literature
ACDRES
Dep astie e€ Uo

qualityBturntables for all types Garrard, Dept WW5. Ne
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When YOU need
HIGH QUALITY
AIR SPACED TRIMMERS

... take your choice from the wide range
by TINSLEY. They are readily available
in quantity ; up to 30 pf; fitted with
mechanical lock if required ; all parts

of high grade silver plating. Split stator
trimmers are also available.

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

WW—030 FOR FURTHER DETAILS
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The Model SV 700ED
Video Taperecorder—

The newest addition to
the Shihaden Range

This new Shibaden Model SV-700ED is a modified
version of the very successful SV-700 series of
video taperecorders and is equipped with the newly
developed ‘Electronic Editor .

This remarkable capability permits intermittent
recording or the electrical insertion of other programs
to a pre-recorded program and can be easily
performed without any disturbance.

The outstanding features of this new unit include a
built in electronic editor which ensures noise-free
editing. There is complete tape interchangeability
which means that tapes recorded on one SV-700ED
are fully playable on any other Shibaden SV series
half-inch video taperecorder and on SV-800EC units.
Still frame viewing for close inspection of a critical
scene is possible and the automatic gain control
system will eliminate troublesome level adjustment
against variation of input levels for both the video
and audio.

Audio dubbing is possible and audio can be added
or recorded over to a previously recorded tape. The
recording time is 70 minutes continuous recording
on one Shibaden R-706 video tape.

Write today for a fully detailed brochure and price
list of the SHIBADEN range.

SHIBADEN (U K ) LIMITED

BROADCAST & CCTV EQUIPMENT MANUFACTURERS

61-63-Watford Way, Hendon, London,
NW4 3AX. Telephone: 01-202 8056

WW—031 FOR FURTHER DETAILS
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doa_
"which?’

‘hunton
mini-meters

Which has a d.c. sensitivity of 20,000 ohms per volt?
Which has an a.c. sensitivity of 2,000 ohms per volt?
Which has a d.c. accuracy ¥ 24% F.S.D.?
Which has an a.c. accuracy + 23% F.S.D.?
Which maintains a.c. accuracy to 20 kc/s?
‘Which provides high voltage probes to
e L Ty _‘Y extend the range to 25 or 30 kV d.c.
R O for testing electronic equipment
with high source impedance?
Which provides probes that can be
used with any other meter of
similar sensitivity?
Which type of case would you like?
Leather or Vinyl. Both available.
* Which meter makes every user a devil's
: advocate for its performance
‘and handiness?

B The pocket size Minitest

| 3 :
. Get the catalogue for a full briefing.

@

| i SALFORD ELECTRICAL INSTRUMENTS LIMITED

; »> ) 1/ Peel Works, Barton Lane, Eccles,
{ Manchester M30 OHL
|| +mmvoc.: + sapc. -~  vac. | Telephone 061-789 5081 Telex 667711 .
: " g=. | A Member Company of GEC Electrical ;
@ @ @ @ @ > Components Ltd.

— J

WW—032 FOR FURTHER DETAILS
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MICRO
SOLDERING
INSTRUMENTS

A range of micro soldering instru-
ments combining high performance
with really small dimensions and
providing exceptional versatility.

Weighing about 1 oz. (less flex)
these miniature tools ensure the
utmost accuracy and safety in use,
resulting in consistently high
standards of soldering with mini-
mum operator fatigue.

Ultra-slim unbreakable nylon
handles give a cool, comfortable
grip for sustained delicacy of
operation.

Slip-on bits are fitted over the
element shaft, so absorbing all
the heat produced and giving high
performance with rapid heating
and recovery. A wide range of
interchangeable tip sizes is avail-
able to suit different types of work.

There are ADAMIN models from,
8 to 24 watts, in voltages from
6v. to 240v.

Please ask for new leaflets S/1005/7

LIGHT SOLDERING
DEVELOPMENTS LTD.,

28 Sydenham Road, Croydon, CR9 2LL

Telephone: 01-688 8589 & 4559
WW—033 FOR FURTHER DETAILS
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VW VWL VW—
» DC/AC SINEWAVE
TRANSVERTORS

(transistorised DC Invertors/Convertors)

Type B12/200S

Sine wave output. Frequency 50Hz +- }Hz.
Other frequencies available

Type Input Qutput Price l
B12/30S 12 115/230 30W £29-50
B12/60S 12 £15/230 60W £39-60
B12/120S 12 145/230 120W £51-80
B12/200S 12 115/230 200W £74-35

Models are available for inputs of 24, 50, 110, 220V DC.
Square wave output is also available

Send for full information and technical details: WCI1]

VALRADIO LIMITED

Browells Lane - Feltham - Middlesex - England I

Tel: 01890 4242/4837
AVAVAVAY QVAVAVAY QA QVAVAVAY
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MULTI-RANGE METER

NORMATEST TYPE 785

With its 40 ranges this small multi-range instrument
is ideally suited for the laboratory, workshop and service
departments. Featuring a taut band suspended
movement it is very robust and shockproof.

20,000 ohm/V D.C. 4,000 ohm/V AC.
Ranges Full Scale

D.C. Current: 30 Ato6 A (9 Ranges)
D.C. Voltage: 60 mV to 600V (9 Ranges)
A.C. Current: 1504 A to 6A (8 Ranges)
A.C. Voitage: 1.5 to 600V (6 Ranges)

Resistance: 10 to 50,000 ohm & 1 kilohm to 5 Megohm
Request full details from:

CROYDON PRECISION INSTRUMENT COMPANY

Hampton Road, CROYDON (Postal Code: CR9 2RU)
Telephone: 01-684 4025 and 4094

WW—035 FOR FURTHER DETAILS
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LUMBERGER FIL

Solartron’s synthesizer signal generator eliminates
hose three operator headaches: keeping the signal
jenerator within the bandwidth of the RX that’s being
shecked; having to reset output levels with each
nodulation change; and having to readjust controls
vith every frequency change.

Just look at these advantages:
¥ crystal accuracy e&nd stability-3 parts in 10° over 24
wurs. We guarantee that the frequency you set today
nill be there tomorrcw. Or the day after that!
» digital decade frequency setting-down to 10Hz
‘esolution. Setting times a few seconds manually, or a
ew milliseconds by electrical programming.

& complete modulation facilities-AM, FM, SSB

or Puise.

Solartron-Schiumberger are Europe’s proven leaders
in synthesizer signal generators.

Tell us about your Laboratory or ATE requirement.
We’'ll be pleased to meet it. Precisely.

Phone or write for full technical details.

SOLARTRON

Schlumberger

The Solartron Electronic Group Ltd
Farnborough Hampshire England Tel: 44433

WW—036 FOR FURTHER DETAILS
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IF, VHF, UHF and Microwave Transistors
for ampilifiers and oscillators; featuring low
noise and high performance at

reasongble cost.

iIF, narrow and wide band amplifiers

from 30 MHz to 1500 MHz with

noise factors as low as 1-2 dB.

*

Q Three ranges of Tunnel Diodes are
s available - Germanium for microwave
amplifiers through 18 GHz and high speed

z switching applications — Gailium and
Antimonide for ultra low noise microwave

a } amplifiers- Gallium Arsenide for
/ microwave oscillator applications
w and back diodes for high
& speed detection.

y
eLiEIERS

Contact us for full information
MICROWAVE DIVISION

B AURIEMA LTD
4A 23/31 King Street, London, W3.

Telephone: 01-993 1461
WW—0-3_7 FOR FURTHER DETAILS
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al Years
Progress —
1921--1971

ELECTRICAL INSTRUMENTS LTD

CHILTERN WORKS
HIGH WYCOMBE

BUCKS

Phone 30931

WW—038 FOR FURTHER DETAILS




Rt 11 arvad o

Wireless World, June 1971 a29

*PROFESSIONAL
AERIALS

.. .for Telecommunications

MISSILE & SATELLITE TRACKING
SHIP TO SHIP ‘

GROUND TO AIR

TELEMETRY POWER SYSTEMS ETC
MOBILE RADIO

SHIP TO SHORE

* % %

The new J BEAM Colinear incorporates in-built “‘phase inverters”
(patent appli. 56417/70) consisting of a series of printed circuits
= ] sealed and shrouded in glass-fibre laminate which enables 25%
i reduction in the physical size of the aerial to be achieved. Provides
omni-directional coverage with gain of 10 dB UHF or 6 dB VHF.

OFFICIAL CONTRACTORS TO THE BBC, ITA, MIN. OF DEFENCE, HOME
OFFICE, LOCALAUTHORITIES. '
fully illustrated catalogue,

Write or telephone today for new 56p,

complete with data specifications.

ROTHERSTHORPE CRESCENT, NORTHAMPTON.

our

t [BER

ENGINEERING LTD

TEL: 63531 (STD 0604)

WW—039 FOR FURTHER DETAILS

TELEX:311101.

Member of the J. Beam Group of Companies

DC300

Tl RS P

DUAL-CHANNEL POWER AMPLIFIER

#
L3
% DC-Coupled throughout!
% Short Circuit proof!
% 500 Watts RMS Mono.
% 70 Volt Balanced line out!
Frequency Response +0.1dbZero-20K Hz at | wattinto 8 ohms, + 0.6dbZero- 100K Hz.
Phase Response Less than 5° 0-10KHz. * UNEO_UALLED uuA'_'TY!
Power Response + 1db Zero-20K Hz at 150 watts RMS into 8 ohms.
Power at Clip Point Typically 190 watts RMS into 8 ohms, 340 watts RMS into 4 ohms per channel.
Total Output (IHF) Typically 420 watts RMS into 8 ohms, 800 watts RMS into 4 ohms. * 3 YEAR PARTS WARRANTY 1

TH.D.

I.M. Distortion
(60-7KHz 4:1)

Damping Factor

Hum and Noise

Better than 0.03% at 1KHz at 190 watts level. -

Less than 0.1% from 0.01 watt to 150 watts RMS into 8 ohms, typically below 0.05% (max
0.05%.

Greater than 200 (Zero to 1KHZ into 8 ohms at 150 watts RMS).
100db below 150 watts RMS output (unweighted, typical 110db).

*

ontY £320 inc. puy!

(20-20KHz)
Slewing Rate 8 volts per micro-second. S-R is the maximum value of the first derivative of the output signal. CARSTO N E LECTRO N I cs LTD.
Dimensions 19in. standard rack mount (W E. hole spacing), 7in. height, 9in. deep (from mounting surface). SHIRLEY HOUSE
Weight 40 pounds net weight. 27 CAMDEN ROAD
Finish Bright-anodized brushed-aluminium front-panel with black-anodized front extrusion, access LONDON, N.W.1 9LN

door, and chassis.

01-267 2748

WW—040 FOR FURTHER DETAILS
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TRANSIPACK
INDUSTRIAL RANG

(>-100 Kilowatts)

REGULATED AC-DC
POWER UNITS

DC-AC STATIC
INVERTERS

AC-AC FREQUENCY
CHANGERS

STATIC EMERGENCY
POWER SYSTEMS

INDUSTRIAL
INSTRUMENTS
LIMITED

SALES & LABORATORIES: SYANLEY ROAD, BROMLEY, KENT.
TELEGRAPHIC ADDRESS: TRANSIPACK BROMLEY

FACTORY: PONSWOOD INDUSTRIAL ESTATE, HASTINGS, SUSSEX
TEL: HASTINGS 7344/5/6

Wireless World, June 1971

TEL: 01-460 9212/3
01-464 6812

WW—041 FOR FURTHER DETAILS
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Accurate and direct
measurement of speed without
coupling to moving parts

resonant reed TAGHOMETERS

for hand use or permanent mounting
Ranges and combinations of ranges from 900 to 100,000 r.p.m.

Descriptive Literature on Frahm Resonant Reed Tachometers and
Frequency Meters available from the sole U.K. Distributors. Manufacture
and Distribution of Electrical Measuring Instruments and Efectronic
Equipment. The largest stocks in the U.K. for off-the-shelf delivery.

RANDERS ELECTRONICS LIMITED

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

Anders means meters

Nombrex accuracy!

=

R.F. SIGNAL GENERATOR MODEL 31
Price£12.50

We consider this instrument to be the best R.F. Signal
Generator on the market today at its price. No amateur radio
enthusiast or educational establishment should be without one.

Note a few of the specification details below:.—
e Wide range 150 KHz-350 MHz.

e Accuracy better than 2%.

¢ R.F. Output, or modulated 400 Hz.

o A.F. Signal available externally.

s QOutput average 100 mV overall.

s Continuously variable attenuator.

e Fully transistorised circuitry.

e Provision for external supply.

e Guaranteed for 12 months

Export enquiries to Norddeutshe Mende

Rundfunk KG, 28 Bremen 44, Postfach
448360, West Germany.

Trade enquiries welcome. Send for full
leaflets. Post and Packing 35p extra.

NOMBREX (1969) LTD. EXMOUTH DEVON

Tel: 03-952 3515

technical

WW—042 FOR FURTHER DETAILS
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little cases, from 820 up to 150,000.F. And the biggest is
only 123mm high! They cope with an extra wide
temperature range, —55" to +85°C. Prosec €5 is available
now, in quantity, fast. From Advance Filmcap or from four
leading distributors. Spenco Electronic Services, Farnell
Electronic Components, Best & Raynor, and G. D. S. Sales.
So what are you waiting for ? Get the data right away.

Electrolytic Prosec 85 keeps power line fluctuations at
bay. Not just for now, but over a hundred thousand hour
working life. Long after the weaklings have failed, Prosec
85 will still be smoothing and filtering reliably. Thar's

the level of protection that costly equipment must have.
Shelf life is a remarkable 3 years, too. Advance Filmcap
have crammed some high capacitances into these

A DVANCE ghgiy”;wesi'}few"emam We are exhibiting at
FIL.MCAP Tgleplﬁone: Ruabon 2471 |.LEC. 18-22 May

IL.IMITED Telex: 61424 Stand 1-138

WW—(44 FOR FURTHER DETAILS
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JIAACKSONS

Radio and Electronic Components
(Made in England)

NEW 8mm TETFER
Has all the virtues

of this well tried = N
‘“Tetfer’' Trimmer. < i g};

2 to 10pF capacitance range. i l,- -
*  P.T.FE. {Fluorocarbon) Dielectric. :
*  Easy precise adjustment from above

]

or below. ACTUAL SIZE
PLUS
* LOW COST.
* PRINTED CIRCUIT
TAG FIXING. conmecTion—" L OToR
* ONLY 8mm DIAMETER CONRECTION
12.7mm MAX. HEIGHT, e

WAVEMASTER

‘Wavemaster’ variable capacitors
have brass vanes and a single
:k ceramic end plate. All have 0.248”
spindles, extended both ends for
ganging by means-of our Universal
Couplings. All are designed for
S.W. working and for one hole
fixing. 6mm spindles to order if
required. Various capacitances.
Largest vane packs 300 pF 0.017
air gap, 50 pF 0.64 air gap.
Type 92 Modified S.L.C. Law (S.W.

Tuning) Plain bearings, " dia. fix-
ing bush.Frontarea I #" w. x 1§" h.

BRhbkbhkiddanll g

Type 95 S.L.C. Law
Ball bearings, %" dia.
fixing bush, Front area
13" w. x 14" h.

Type 87 S.L.C. Law Plain
bearings, §” fixing bush,
frontarea | w.x 1§" h.

STAND-OFF INSULATORS

Jach lators are de-
signed to perform well in rigorous
environments. Their insulation
resistance exceeds 20 mitlion meg-
ohms even when atmospheric
humidity is high. {They meet
British Services test specification

stand-off i

DEF5334.) They will withstand
high steady voltages and intense r.f.
fields. Forty different types: ask
for cacalogue.

Y Working voltages up to 10kV.

Y Stoved-on silicone treatment: water repellent.
Y Ceramic bodies.

Y Silver-plated tags.

% No solder. No plastic. No adhesives.

P.30 3-GANG and P.30 F.M. 3-GANG
% AM. 8.5 min. 320pF swing Timmers 25pF swing

% F.M. 25gF swing

 Gearvatio 3:1 or 121 ar 121

% 1.75in.x1.8in.x25in

J  Ceramic insulation.

| P.20 2-GANG A.M.
% AM. 10 min 510pF swing
% Trimmers 25pF swing 1.75in.x 1.8 in. x 2.5 in,

P.2 2-GANG A.M. F.M.

% Gear ratio 3:1 o1 1:1

% Cepacitance A.M. 10pF min. 510pF swing

J Capacitance F.M 4pf min. 10pF swing 1.75 in x
. 18inx28in.

made by Jackson!

Werite for literature

JACKSON BROS. (London) LTD.

DEPT. W.W. KINGSWAY—-WADDON
CROYDON, CR? 4DG

Phone: Croydon 2754-5 (01-688) *Grams: Walfilco, Croydon
U.S. office : M. Swedgal, 258 Broadway, N. York, N.Y.10007

“ASTRONIG™ LTD.

FIRST IN THE FIELD WITH A COMPLETE
RANGE OF MODULAR AMPLIFIERS

THE RESULT OF THIRTY YEARS
EXPERIENCE IN SOUND
AMPLIFICATION,

NOW ANNOUNCE THEIR

RESPONSE SELECTOR TYPE A 1888

A MUST IN ACOUSTICALLY
DIFFICULT SITUATIONS SUCH AS
CHURCHES, HALLS, THEATRES etc.

This unit, the result of three years
research, can be built into a new, or added
into an existing sound system and provides
a simple but effective means of adjusting
the overall response to suit the particular
location.

Eight calibrated thumb wheel controls
enable each section of the audio band to be
adjusted to reduce troublesome building
resonances etc., thereby allowing micro-
phone levels to be increased before ‘* howl
back "’ occurs.

The unit is available in two forms: Type
A 1888 is a portable instrument and Type
A 178l is a module to be used in conjunc-
tion with our Series 1700 units.

Further information from :

DALSTON GARDENS, STANMORE, MIDDLESEX, HA7 1B

01-204 2125

WW—045 FOR FURTHER DETAILS
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VARIABLE TRANSFORMERS ARE ALWAYS
AVAILABLE FROM STOCK AT THE
LOWEST PRICES

K
k|

Fully shrouded variable
transformers—input 250VAC
output 0-260VAC

Constant voltage transformer
stabilises mains voltage to + 1%
output 240VAC + 1%

1 amp £5.50 1
2.5 amp £6.75 1

8 amp £14.50

5 amp £9.75 20 amp £37.00

input 240VAC + 20%
capacity 250 Watts
price £12.50 with quantity discounts

0 amp £18.50
2 amp £21.50

—

klola

IMO. PRECISION

U.K. SPECIALISTS IN AUTOMATIC CONTROLS & SWITCHING

PG = s
piie
S
-
i
'f s e - _..-.'
" e ‘KVARIVE!L"'E' 3
4 d 163! ol b
H" ~'r2:|§ascvv-:|.2 A

MaxiMum cuRiALHT Fi

New solid state variable
voltage control

input 240VAC

output 25-240VAC

5 amp £8.38
10 amp £13.75

313 Edgware Rd., LondonW.2
Telephone 01-723 2231

WW-—047 FOR FURTHER DETAILS
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SPECIFICATION:
INPUT
OUTPUT

MAX. QUTPUT

NOISE

GAIN

FREQUENCY RESPONSE

DISTORTION
EQUALISER

CENTRE FREQUENCIES

CALIBRATION
FILTER
TERMINATIONS

POWER SUPPLY

GRAPHIC EQUALISER rype 901

12K floating OdBm.
0dBm into 600% floating from 40Q
source and 12 unbalanced at rear.

+20 dBm.
—80 dBm (unweighted).
0dB adjustable + 10dB.

Controls mid position + 0.4dB 20Hz
to 20KHz Controls at Max. or Min. +
1.2dB 35Hz to 18kHz.

Typical 0.01% at 0OdBm, out.

+ 12dB with 18dB headroom at maxi-
mum boost.

45 80 140 250 450 800 1400 2500
4500 8000 14000Hz with switched +
0.3 of an octave on all frequencies
effectively covering 37Hz to 17kHz in
33 bands.

Steps of 1dB. resolution 0.5dB.
Switched: 3dB down at 30-20,000Hz.
By standard Post Office jack terminations
on front panel, also connected to screw
terminations alzrear.

110-120/220-240V 50-60Hz.

AUDIX B.B.LIMITED
STANSTED - ESSEX

SOUND

| I |

SYSTEMS i

WW—048 FOR FURTHER DETAILS
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Three New
Faces from
DYNAMCO

Precision T.V. waveform monitor. :

B Combined waveform and picture monitor.
M All line standards (including CCTV).

B Odd & Even field selection.

B Pulse & Bar overlay (same field).

B 75 2 and 1 M . switched attenuators.

NEW 7130

Wideband extension of 71 Series

Oscilloscopes.

B 50 MHz Dual Channel plug - on amplifier.

Bl 100 MHz High writing speed display unit.

B Full delayed sweep/Gate timebase
module.

M True dual trigger inputs/Unrestricted
trigger source selection.

B Complete compatability with all 71
Series modules.

NEW 72 SERIES

The On- Site commissioning/servicing scope.

B Light/Rugged/Compact.

B High Brightness for Low Occupance
Signals.

B Dual Channel 15 MHz/Signal delay.

M Full delayed sweep/delay gate timebase
with two trigger inputs.

M Post Office Oscilloscope Type 14A.

.‘ East Mains Industrial Estate,
Broxburn, West Lothian, Scotland

DYNAMCO Telephone: Broxburn 2631 Telex: 72174

WW—049 FOR FURTHER DETAILS
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TRACK DOWN DAMAGING
TRANSIENTS!

NOW, you can determine
the source and monitor the my
magnitude of transients
with the compact, low cost,
Erskine Surge Indicator,
Mk Il. As a guide to
corrective action, the
indicator is a must

for designers,
manufacturers and

users of semi-conductors
and relay switching equipment.

SURGE INDICATOR Mk Il
Saves its cost in a millionth of a second!

Erskine Laboratories Limited,
Scarborough, Yorkshire

Tel: 0723-2433 Telex: 52562
A member of the Dale Group of Companies

WW-——050 FOR FURTHER DETAILS

LOW COST 1.C. PATCHBOARD - :::*

lymm cheshire
WW-—051 FOR FURTHER DETAILS

Tei. 092 575 3019

0
o1lib

USED THROUGHOUT THE WORLD. SANWA'S EXPERIENCE

OF 30 YEARS ENSURES ACCURACY. RELIABILITY.

VERSATILITY.  UNSURPASSED TESTER PERFORMANCE
COMES WITH EVERY SANWA.

6 Months™ Guarantee Excellent Repair Service

Model P-28 . £4.87 Model K 30THD £12.60
Model JP-5D £5.87 Model F-80TRD £13.75
Model U-500N £8.00 Model 380-CE . £16.00
Model 360 YTR £8.25 Mode! N-101 £18.50
Model A-303TRD £11.00 Model 430-ES £20.00
Model AT-1 £11.37  Model EM-700 £45.00

Model R-1000CB . . £60.00

Modsi P-28
Cases available with most meters.
PLEASE WRITE FOR ILLUSTRATED LEAFLETS OF THESE SANWA METERS

SOLE IMPORTERS IN UK;

QUALITY ELECTRONICS LTD.

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. Tel:01-546 4585
WW—052 FOR FURTHER DETAILS
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Let’'s cut
the crackle!

Telefunken
204TS

You don’t want a load of -
waffle about the brilliance of
the Telefunken 204 TS all-

stereo tape recorder.
It speaks for itself!
Whatever you put in,

comes out unmolested. No
irritating hums, buzzes or
crackles find their way onto

the track.
But what you want is
facts not words.

It complies with the very,  Another fine example

very stringent German tape ~ Of the Telefunken £

recorder standards. philosophy: dedication to TELE N
Separate controls for faithful reproduction. W F lé N 7

recording and playback, Get the full story from K /

your dealer or write direct.
AEG/Telefunken

AEG House

Chichester Rents

Chancery Lane

including sound level meters.
Single selector switch for
all operating functions.
Three speeds.
Signal to noise ratio

> 50db at 74ips. London WC2 AINH
= And it can be used as a 01-242 9944
straight-through stereo
amplifier as well!
A SRSy ST F A

TII]
J'I,

[]]Lee )t
®

%

1 i

4% TELEFUNKEN

magnetophon 204 7S

bin et

S b e

fEeEm |
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Celestion

! —
> NEW CELESTION LOUDSPEAKERS
& MODEL: PS12 TC 1798

TYPE: DUAL CONE 127
RANGE: 40Hz - 12KHz
POWER: 20 WATTS RMS
FLUX: 128,000 MAXWELLS
IMPEDANCE: 15 or 4-8 OHMS
PRICE (R.R.P.) £9-00

B

2E=k

MODEL: PS8 TC 9470
TYPE: DUAL CONE 8~
RANGE: 50Hz - 12-56KHz
POWER: 6 WATTS RMS
FLUX: 38,500 MAXWELLS
IMPEDANCE: 15 OHMS
PRICE (R.R.P.) £2:90

sk Both recommended for Unilex

NOW AVAILABLE

The Celestion “‘Ditton 120"

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

CELESTION 3
‘POWER RANGE’

MODEL: G12M

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

MODEL: G12H

RANGE: 40Hz - 8KHz
POWER: 30 WATTS RMS
FLUX: 180,000 MAXWELLS
IMPEDANCE: 8 or 15 OHMS
PRICE (R.R.P.) £15-75

‘POWER RANGE’ g

The finest Loudspeakers made for electronic guitars

Loudspeakers for

the Perfectionist
Please write for details.

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

WW-—054 FOR FURTHER DETAILS
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TELEPRINTERS -PERFORATORS

REPERFORATORS - TAPEREADERS

DATA PROCESSING EQUIPMENT
2

SALE OR HIRE B

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

Special Codes Prepared

TELEGRAPH AUTOMATION AND COMPUTER PERIPHERALACCESSORIES
DATELMODEM TERMINALS, TELEPRINTER SWITCHBOARDS

Picture Telegraph, Desk-Fax, Morse Equipment: Converters g

and Stabilised Rectifiers; Line Transformers and Noise Suppres- e

sors; Tape Holders, Pullers and Fast Winders; Governed, mn

Synchronous and Phonic Motors; Teleprinter Tables and

Cabinets; Silence Covers; Distortion and Relay Testers;

Send/Receive Low and High Pass Filters; Teleprinter, Morse,
Teledeltos  Paper, Tape and

= Ribbons; Polarised and special- e
- ised Relays and Bases; : ' "
Terminals V.F. and F.M. X3 -4
Equipment; Telephone Carriers i z g "t
and Repeaters; Diversity; Fre- \ ‘.‘w |

quency Shift, Keying Equipment;
Racks and Consoles; Plugs, Sockets, Key, Push, Miniature and
other Switches; Cords, Connectors, Wires, Cables, Jack and
Lamp strips, and Switchboard Accessories; Teleprinter Tools;
Stroboscopes and Electronic Forks; Cold Cathode Matrics;
Test Equipment; Miscellaneous Accessories, Teleprinter and
Teletype Spares.

W. BATEY & COMPANY

Gaiety Works, Akeman Street, Tring, Herts
Tel: Fring 3476 (STD 0442 82) Cables: RAHNO TRING
Telex: 82352;\A/B BATEY TRING

WW-—055 FOR FURTHER DETAILS

Hatfield will
break your

resistance
ARG e

toevvee

with their New inexpensive Resistance Decade Box
type 2901 using metal film resistors that provide high
accuracy over 6 decades with steps from 182to 100K
Step accuracies are 0-1% on the 4 highest decades
0-2% on the 10§) decade and 1% on the 1§) decade
Dimensions; 327 m.m. x 71:2 m.m. x 87:6 m.m.
only £21-00 ex works.

Send for full details of Hatfield Resistor Decade Boxes

and a copy of our Short Form Catalogue

HATFIELD

forward thinking
In electronics

HATFIELD INSTRUMENTS LIMITED

Burrington Way, Plymouth PL5 3LZ. Devon

Tel. Plymouth (0752) 72773/4 Grams: Sigjen, Plymouth. Telex: 45592
South-East Asia for prompt service and deliveries, comact

Hatiield Instruments {NZ) Ltd., P.O Box 561, Napier, New Zealand

WW--056 FOR FURTHER DETAILS
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~ Capacitance boxes available from
20pf.-140uf. Accuracies up to 0.05)

Inductance

Air space 1mH—1H
Accuracy 5

Resistance Boxes
from0.1-10M )
Average accuracy 0.1/s
Resistance Elements

suitable for use up
to IMHz.

High Dissipation Resistance Boxes
Five Decade
HD1 Oto 1,111,100 ohms by 10 ohm steps

1% Tolerance £45.00
HDS& Oto 1.111,100 ohms by 10 ohm steps

5% Tolerance £35.00
HD1/L Oto111,1100hmsby 0.1 ohm increments
1% Tolerance £47.00

Jay-Jay Inductance Boxes

Jay-Jay Capacitance Boxes Cat. Ref.
Cat. Ref. L1 3 Decade 1 mH to 1 Henry £37.00
Three Decade Model L2 2 Decade 1 mH to 100 mH £26.00
c3 190 pf. 10 0.111 mfd. 1% Tolerance £22.00 L3 2 Decade 10 mH to 1 Henry £29.45
PC3 190 pf. to 0.111 mfd. 1% Tolerance £31.50
Four Decade Model Jay-Jay ‘‘Point One’’ Resistance Boxes
c4 100 pf. to 1.111 mfd. 1% Tolerance £35.00 Cat. Ref.  Average Accuracy 0.1%
PC4 190 pf. to 1.111 mfd. 1% Tolerance £48.00 Four Decade
Switched Capacitance Boxes R5 Oto 111,100 ohms by 10 ohm steps £24.00
C100 1 mfd. to 100 mfd. 5% Tolerance £65.00 R4 Oto 11.110 ohms by 1 ohm steps £24.50
C140 1 mfd. to 140 mfd. 5% Tolerance £75.00 R3 Oto1.111 ohmsby 1/10 ohm steps £25.00
c60 0.1 mfd. to 61 mfd. 5% Tolerance £59.00 Five Decade
ce6oP 0.1 mfd. to 61 mfd. 1% Tolerance £110.00 R11 0 to 10 meg ohms by 100 ohm steps £34.50
A.r Spaced Capacitors R7 Oto 1.111,100 ohms by 10 ohm steps £29.25
VC1 10 to 160 pf. 1% Tolerance £12.00 RY Oto 111.110 ohms by 1 ohm steps £29.75
Variable Capacitors R10 Oto 11,111 ohms by 1/10 steps £30.25
vC2 20 to 1130 pf. 1% Tolerance £22.00 Six Decade
vC4a 59 pf. to 0.1114 mfd. 1% Tolerance £28.75 R20 Oto1, 111, 110by 1 ohmsteps £36.00
vC5 50 pf. to 1.1114 mfd. 1% Tolerance £43.00 R21 Oto111,111by0.10hmsteps £36.50
pvct ?’ecis/on Ajr Spaced Capacitors R22 Oto 11.111.1 by 0.01 ohm steps £37.00
to 200 pf. 1% Tolerance i 5
Precision Variable Capacitor * £36.00 Jay-Jay Junior Decade Resistance B
PVC2 15 to 100 pf. 1% Tolerance £44.00 Cat. Ref.  Average Accuracy 0.4%
Precision Incremental Capacity Six Decade
PVC4 +0.5pf. and + 5 pf. 1% Tolerance £36.00 J60 R_angeOto 1,111.100 ohm by 1 ohm steps £18.90
Precision Variable Capacitor Five Decade
SVC5 5 pf. to 1.1114 mfd. +0.05% Ji Range O to 1.111.100 by 10 ohm steps £15.60
tclerance—major decade £230.00 J2 Range O to 111,110 by 1 ohm steps £15.40
Four Decade
. . J3 Range O to 111,100 by 10 ohm steps £12.40
Jay-Jay Junior Decade Capacitance Boxes Ja Range O to 11.110 by 1 ohm steps £12.20
Cat. Ref. Pccuracy 1% Three Decade
Jci 2 Decade 100 pf. to 0.111 mfd. £12.90 Js Range O to 11,100 by 10 ohm steps £9.95
Jc2 3 Decade 30 pf. to 10.140 pf. £13.70 J6 Range 0to 1,110 by 1 ohm steps £9.90

Most ranges available from stock.
Write for descriptive leaflet or demonstration.

J.). Llovyd

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

WW_—057 FOR FURTHER DETAILS
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* Lightweight

* Tropicalizee ' 2

* Practically unbreakab e

* High impedenze, high leval
phones * Carbon microptones
available * Extremely confortak €

* Simple to service.

The new “Astralite’ heacsethas een adop-ed
by many ofthe leading Televisicn Bragdezsting
and Programme companies for stwgioand + ;
0.B. use; and ro wonder. B
It's fully interchangeable wit all known carton
level systems. No more of the “snap, crackle znd
pop’, just the Message, clear anc rzl able, Jsing
our new noise-cancellirg hig1 cuality maving- coil
microphone with integral amplifiess.

AMPLIVOX

For noise-free communications, without ‘carbon’ crackles. Write or telephone fora l

See us on stand 336 Hall E
at the Paris Air Show I ww

COMMUNICAT]ONS , free demonstration, at your premises, without any obligation, I
LIMITED

- { Name |

AMPLIVOX CON MUNICATIONS LTD. b Title !

BERESFORD AVENUE - WEMBLEY - MIDDX. | ‘ |

TELEPHONE 01-902 8991 | Address |

GRAMS AND CABLES - AMPLIVCX - WEMBLEY | |

ﬂ

I -
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See how the earpiece mounted on a universal
joint can be positioned for optimum wearer
comfort. When in use it barely touches the
ear, when not required it can be swung
completely away.

a4l

For the first time —a new Amplivox headset
offering full communications facilities yet under 20z in weight.

The New Amplivox MINILITE — a break-
through in super-lightweight headset design.
MINILITE is feather light. No wearer fatigue.
No wearer discomfort. New accoustic tech-
niques have led to an earpiece that need
barely touch the ear. So it's hygienic as well
as comfortable. MINILITE is so light that it
can be attached to the frame of a normal
pair of spectacles. The telescopic ‘Boom’ is
an accoustic tube that gives highest speech
intelligibility. For all situations where - the
wearer has to use a headset continuously

MINILITE pays off handsomely in terms of
performance, comfort and operator satisfac-
tion at a truly economical price.

Minilite is Wearer Right

Send for full MINILITE details straight away. QOr see it for
the first time, at the Paris Air Show, Stand 336 Hall E.

AMPLIVOX |
COMMUNTCATIONS |

LIMITED

BERESFORD AVENUE, WEMBLEY,
MIDDX., HAO IRU.

Telephone: 01-902 8991. Cables: Amplivox Wembley.
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We're sensitive to

iHe

Different people have very different
requirements in Hi-Fi, so Goldring developed
a comprehensive range of stereo magnetic
cartridges that are superb in performance and
realistic in price.

From the G800 Super E for those who seek
perfection down to the G850 for systems on a
budget, the Goldring range offers unsurpassed
quality and value.

Wireless World, June 1971

everyone's needs.

Yourrequest will bring full details of these
and other Goldring products.
Goldring Manufacturing Company (GB) Limited,
10 Bayford Street, Hackney, London E8 3SE.
Tel:01-9851152.

Goldring@ Series 800

Stereo Magnetic Cartridges.

WW—067 FOR FURTHER DETAILS

Ao Hapse Lowiocke CLEAW

by using a

DIACROM SPATULA

The “Diacrom” is a metal
spatula upon which diamond
powder has been deposited
by a special process. No

deep scratches are possible
because density is con-
trolled and the polishing
of the contacts is achieved

by a gentle brushing
motion. With coloured
nylon handle for com-
plete insulation and

easy size identification.

Manufactured in France
British Patents applied for

@ Grain size 200, thickness 55/100 mm., both faces diamonded. For
@ quick cleaning of industrial relays and switching equipment, etc,

@ Grain size 300, thickness 55/100 mm., both faces diamonded. For
@ smaller equipments, like telephone relays, computer relays, etc.

@ Grain size 400, thickness 25/100 mm., one face diamonded. For
sensitive relays and tiny contacts. Two close contacts facing each
other can be individually cleaned, because only one face of the
spatula is abrasive.

Sole Distributors for the United Kingdom

SPECIAL PRODUCTS (DISTRIBUTORS) LTD.
81 Piccadilly, London, W.I. Phone: 01-629 9556.

As supplied to the War Office, UK A.E.A., Elsctricity Generating Boards, British Ratlways and other
public awthorliies; also leading elecironie and_industrial wsers throughowt the United Kingdom.

1 L) Patent Nos.
-MAx punches 619178 & 938098

® Simple for
® Guick, dloan QUICK & CLEAN
[ ] ;:I:ess(ime and Hul[s

energy
® Burr-free holes—
no jagged edges
® Special heat
treatment

SHEET METL

maintains keen

cutting edge 30SIZES
@ Used al h
wzo;ldalover( e ROUNDS”M”
® Anti-corrosive SQUARE }3” and 1”
finish " "
frien prevents RECTANGULARZ}" x 1
1 ’ 25 High Holborn,
London, W.C.1.
(opp. Chancery Lane)-
) RADIO Telephone: 01-405 6231

WW—068 FOR FURTHER DETAILS

R, C & L BOXES WHEATSTONE BRIDGES
VOLTAGE DIVIDERS UNIVERSAL BRIDGES for educational purposes

VARIABLE LOW PASS ACTIVE FILTERS over the range of :1 Hzto 1 1kHz
"CLOSE TOLERANCE CAPACITORS 400 Volts B.C. down to: + 1, 2, 5% made to customers
requirements

All enguiries to: LIONMOUNT & CO. LTD.

Bellevue Road, New Southgate, London, N.11. Tel: 01 -368 7047
h N
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Brought to you for your
listening enjoyment from the

{onnoissenr

PRECISION IN SOUND

COLLECTION

Now Quality Performance Comes Realistically Priced!

B.D.2. COMBINED TURNTABLE &

PICK-UP ASSEMBLY s

The tried and trusted B.D.2. features.
%  Belt drive turntable with new S.AU.2 arm
operated by hydraulic lift and with
special lowering device. Now
incorporates new head shell //
with lateral adjustment. o
33} and 45 rpm.
Virtually silent
Anti-vibration springs

* % % %

Available as chassis or on teak plinth
REC. RETAIL PRICE FROM £31.31

Price list and illustrated literature on request to

A.R. SUGDEN & CO. (Engineers) Ltd.

Market Street, Brighouse HD6 1DX, Yorkshire. Telephone: 2142
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DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER

S

BRITEC LIMITED, 17 Charing Cross Road, London WC2H OER

Tel: 01-930 3070
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ENCAPSULATION -

low tool cost method for cylindrical
coils and potting. Enquiries
also for—

REED RELAYS
SOLENOIDS
COIL WINDING
TRANSFORMERS
to 8 K.V.A.

Relay module 12-way
“MS" range

R.A. WEBBER LTD.

Knapps Lane, Bristol 5. 0272 657228

a43

a safer
breed of
Connector?

You choose electrical equipment in much
the same way you choose a dog: you
scrutinise and examine carefully, and take
it out for a trial run. And you ask to see
its pedigree.
When you handle a Rendar product, you
can see at once that it's a better breed:
3 first class materials; precision machining
0 and assembly; sound design. Its pedigree
‘ B | ‘ is impeccable.
\Just lwinner from the Rendar kennel
\ The Rendar Safebloc saves time and saves life.
\ 4 L There's no need to fit a plug for testing — just
\ connect the apparatus direct. And there’'s no
¢ ] danger of shocks — no current can pass until the
lL" Bidis closed.
r Rendar pioneered this concept, and introduced the
‘Safebloc” to the British market over 12 years ago.
It's indispensable on testing lines, and for all kinds

of electrical demonstrations. Double Safebloc
available for 3-phase applications.

RENDAR

INSTRUMENTS LTD
Burgess Hill, Sussex, England
Tel. 2642-4,Cables RENDAR Burgess Hill
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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: 01/837/7937
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the new Englefield range

Better looking—obviously . . . Better performing, definitely . . . and certainly fower
priced compared with other top line high fidelity equipment. Yet with all this, the new
Englefield 840 range has still further plus features. Onlywith the840system can you
incorporate the tuner within the amplifier itself, enabling you to convert itto a
Stereo & F.M. tuner amplifier of unsurpassed performance in a matter of minutes. The
Englefield Add-in ‘Press-tune Stereo F.M. Link can also be used with other amplifiers
if so desired. See and hear the new Englefield 840 range at your hi-fi stockist NOW
or send coupon for full details by return.

Englefield 840 equipment is guaranteed for 5years.

840A amplifier design features

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

840T stereo F.M. tuner design features

4 pre-tunable push button stages for instant programme selection. Switchable A.F.C.
Automatic stereo reception. Sensitivity better than one micro-volt. Incorporates
dual gate FET and 1.C. circuitry, back to back varactor diodes and ceramic filters.
Can be used separately or inserted in the 840 cabinet. 75Q and 300Q balanced aerial
sockets.

@ Recommended retail prices — Englefield 840A Amplifier £45: Englefield 840A Press-tune Stergo FM
Tuner £45 (inc. P/T): Engilefield 840TA Stereo Tuner Amplifier £95 (Inc. P/T),

eak sound

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

peak sound
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TUNER
CONTROL
PANEL

Specifications
THE AMPLIFIER

Inputs — Pick-up, (sen itivity 2.8mV into 47 Kohms) Overload
factor —100MV (32dB) Tape: Radio 80mV: Microphone 5mV.
Signal to noise ratio —mag. P.U. better than 67dB: 64dB for other
inputs.

Cross-talk at 1 KHz —54dB

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

Controls —Volume: Bass ( +16dB at 40Hz): Treble ( +14d8B at
10KHz): Balance.

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

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

Cabinet — steel, hand covered with simulated soft black leather and
immensely durable, with black base, size 161" x 43" x 11”7
(413x109x28mm).

ADD-IN PRESS-TUNE STEREO F.M LINK

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

Sensitivity —1 micro-volt for 30dB quieting.

Sub-carrierrejection —48dB at 19KHz.

Wideband noise —60dB.

Frequency response —10KHz to 15.6KHz ( —3d8).

Separation —35dB (100Hz to 10KHz).

Aerial —Sockets for 75 ohms and 300 ohms, balanced.

Tuming meter and indicating beacon automatic stereo reception
on the front panel.

Details of Englefie!d 840 range please, to
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TDK SUPER DYNAMIC TAPE

The SD Family-

a choice of all
popular sizes and
configurations

pevaese

For further information contact
IMPECTRONLTD, 23-31King Street, London, W3

Telephone : 01-992 5388

Higher S/N ratio means less noise @ Wider dynamic range means wider frequency response
Higher allowable recording levels means higher output

Less distortion due to greater density of magnetic oxide particles

Less dropouls and head-wear due to mirror smooth compressed tape surface

Precision mechanism means less mechanical and movement problems

Acknowledged by engineers and technicians the world over as the best
quality tape on the market

TDK Super Dynamic Tapes are available in 7-inch open-reel or
cassettes. The SD Cassettes are offered in both the popular C-60
and C-90sizes. The 7-inch reel is comes with 1800 ft. on standard hub.

Truly a triumph in magnetic tape technology!

MANUFACTURED BY EUROPEAN DISTRIBUTORS
TDK Electronics Co. Ltd. Eurotex, Luxembourg
Tokyo, Japan.
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10MHz Bandwidth at 10mV/cm
All Solid State Design i

Small Size—Light Weight B

22 Calibrated Sweep Speeds

Versatile Triggering including
TV Line and Frame Sync *

6x 10 cm. Viewing Area i VERNIER

Built-in Voltage Calibrator &
FET Inputs B8

The S54A is an all solid state,
single beam oscilloscope. Smartly
styled yet ruggedly built, the S54A

has a wide application in field

work, in the laboratory and in
production line testing.

At £125 you will find no other g

oscilloscope of its type which offers
such features at such low cost. Write

| . SEY SET ® V
VARIABLE ~_ A SrEE VARIABLE ~._

VOLTS/CM % TIME/CM

or phone for full specification NOW!!! ' . -_.-"50
SEE US ON STAND ; : > mv
1-115/131 AT THE I.L.E.C. SHOW - -

OLYMPIA

EXT X

AC  CAL50mVep

Telequipment,
313 Chase Road, Southgate, London N14 6J4.
Telephone: 01-882 1166. Telex: 262004,

A Division of Tektronix U.K. Ltd.

SETTTT
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Low.range knear ohmnoeter
tirtelfigent machines?

This month’s cover. Not a design engineer
who has let his work go to his head but
our artist’s design to illustrate the article
in this issue ‘In Search of Intelligent
Machines’. The original cast (lent to us by
the Royal College of Surgeons) shows the
Broca areas of the brain.

IN OUR NEXT ISSUE

A high-performance s.s.b. receiver can be built
by adding an aerial tuned circuit and a local
oscillator to the s.s.b. receiver module using
ics which will be described next month. A
circuit for an oscillator for operation on 20mis
included.

Audio sweep generator. A low-cost design
using voltage-controlled f.e.ts in a Wien bridge
oscillator. Sweep times of 0.1s, 4s or 40s canbe
selected.

toternational Busmess
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on a reproducer known as a Teleplayer.
Manufactured by Rank Bush Murphy Ltd., the
Teleplayer depends on a Brimar Flying-Spot

Electronic Video Recording has just been /f/‘
launched in Britain. This exciting new
development which could revolutionise
educational and industrial television, depends

Scanner Cathode Ray Tube Q8-100AA, specially N.; 74
developed in conjunction with the EVR Partnership. CRT reliability
Brimar manufacture the widest range of cathode ray
tubes for industry to meet most specifications. Tomorrow's Thorn Radio Valves
new and more complex demands are already being IM and Tubes Limited
evaluated by Brimar. It's this kind of forward thinking that BH %39310453(’7?2% London W1V E6DN. i

keeps Brimar ahead. Write for further details.

BPT=2
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Value for money in R & D

It has been suggested by Dr. F. E. Jones, managing director of Mullard, that the electron—
discovered by J. J. Thomson 74 years ago—is an ageing particle and that although there is still
tremendous momentum in the world’s electronics industries we are now very much in an era
when the chances of major technological advances are becoming much reduced. Despite this
outlook there is still a vast sum of money being spent both by industry and the Government on
electronics research. The big question is, are we getting value for money?

At a conference* in Liverpool a few months ago on the subject of value for money inR & D
it was stated that “the rate of economic growth of Great Britain is quite out of keeping with
the amount spent on R & D”. Many figures have been published showing how unfavourably
the U;K. compares with other countries in this respect. In terms of gross national product, for
instance, the U.S.A. and the UK. spend roughly the same proportion on R & D, but a
forecast g.n.p. per head for 1975 is greater for the U.S.A. by a factor of 2.6. For Japan,
which spends proportionately less than a half of the amount we in the U.K. spend, the
forecast shows Japan will by then overtake us by a factor of 1.6. Even Italy, spending
proportionately one ninth of our R & D expenditure will approximately equal the U.K.
figure by 1975.

There are two areas concerned—curiosity-oriented R & D and economically-
oriented R & D. The two are quite different and there is a tendency to write off the ‘basic’
research as a necessary investment for the future, mainly because it is difficult, if not
impossible, to measure its effect, and to make the other economic in the sense that some
measurable return is expected. Some argue that technology—in the sense of applied R & D,
design, production—depends on science, that the one follows the other as part of a logical
sequence.

Some of Britain’s shortcomings in R & D are often put down to qualified manpower
difficulties—loss of personnel to other countries, inadequate training and education, and a general
shortage of the right kind of people. Some say this shortage arises because the system is
not turning out what industry needs, others that many bright people tend to stay at university
on curiosity research which means there are fewer available for applied R & D. Professor
J. E. Flood, of Aston University, notes a lack of enthusiasm in industry for higher degree
holders. He comments “if the enthusiasm of most of industry for M.Sc. courses is lukewarm
the attitude to Ph. D. research in universities is almost hostile. Many firms place no value on
Ph.D training and some even consider it positively harmful”. This is in complete contrast to
the U.S.A. where staff for R & D jobs usually have higher degrees, and Bell Telephone
for instance recruit only physicists and chemists with Ph.D. degrees. They recruit
engineers with first degrees only if they agree to take a master’s degree course.
There is a widespread feeling that university courses do not relate to the problems of the real
world. And there does seem a good case for equipping people with the necessary abilities to
handle real problems, to communicate and to work with others. Many feel there is a strong case
for a critical look at the Ph.D. mill.

To return to the question of value for money, analysis of a large number of technically based
companies producing complex systems showed, according to J. R. Pollard of Plessey Telecom-
munications, that to spend below 4% of turnover on R & D “is likely to be insufficient to
support reasonable company expansion in a technically fairly demanding environment and
expenditure in excess of 12% is likely to be unremunerative in the sense of producing
comparable profits in the future”.

But whatever proportion is spent, it can be argued that a company should be increasingR & D
expenditure when earnings per employee fall, and not the converse. It does seem reasonable to
suppose that when efficiency falls, something must be increased to maintain the situation. Taking
this argument to its logical conclusion suggests that because Britain is less efficient than other
countries, spending on R & D should be proportionately greater to offset this. So how do we
square this with expected future cuts in R & D spending?

* ‘Research and Development in Electronics—Value for Money’, LE.E.
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The Search for Intelligent Machines

Do we want them, and can we build them?

by R. Baker*, B.sc., M.sc.

The basic ideas of logic circuits have by
now diffused throughout the electrical
engineering world. An ever-increasing
number of digital systems, made up from
these logic circuits, are finding applications
in almost every aspect of modern life.
Sometimes special-purpose digital machines
are adequate; in other cases the versatility
of the digital computer is needed. But,
tremendously useful as these machines are,
they do have some very distinct limitations.
These arise out of the fact that everything
that a digital machine can do must be care-
fully worked out beforehand, and this must
be built into the machine by the designer or
fed in by computer programmers. Because
everything must be planned in this way the
data which are to be processed must be
presented to the machine in a very well-
organized manner. In practice this means
that if a machine is to be connected ‘on-
line’, then it must be connected only to
very ‘tidy’, well organized systems.
Unfortunately that rules out the majority
of real-life problems, because in these the
data are more-or-less disorganized. Prob-
lems of this kind are still solved (or more
often, left unsolved) by human operators.
Alternatively the data canbe carefully sifted
by data-preparation staff. And in any case
human designers and programmers are still
needed to tell the machine how to solve
each kind of problem. With the ever-
increasing demand for data-processing, and
new faster computer circuits, the human
operators are rapidly becoming the weak
links in the system. To help improve this
situation work is in progress towards
getting better man/machine communication;
for example, by using programming langu-
ages which are morelike everydaylanguage,
and by using interactive computer graphics.
At the same time as this work has been
going on, various research workers have
been playing a very long shot, in the same
general direction. They are assuming that
at some time in the future it may be
possible to build machines that act intel-
ligently. This will be in distinct contrast
with today’s generation of machines.

\

Deep waters

The reader may have noticed that we have
got into very deep waters, almost without

* Twickenham College of Technology.

noticing. Just how deep will be apparent
when we remember that the description
‘intelligent’ has traditionally been reserved
for human beings, and more recently to
some animals. We are making a complete
break with tradition when we take the
description over to non-living systems. We
shall have to produce a good case for doing
so, and we shall have to be very careful
how we do it. Even when applied only to
humans, the term ‘intelligence’ is embar-
rassingly hard to define or describe, as
educationists are acutely aware.

If we want to carry over the idea of
intelligence from man to machine, we shall
do best to define human intelligence in terms
of what a person does in a difficult situation
—how he reacts to problems. By consider-
ing intelligence in this active way, we can
take the idea over to machines quite easily,
because we can talk about how machines
would react to problems. If we candesigna
machine to react to a range of problems in
the same way that an intelligent person
would, we should not say the machine is
unintelligent (at least not if it’s listening). So
far as human intelligence is measured, we
generally try to disregard routine skills,
however impressive; we are more looking
for things like the ability to spot regularities
in apparently confused situations, to learn
from experience, and generally to take on
a wide range of problems even if we have
not been taught how to deal with them.
Presumably we are looking for the same
capabilities from intelligent machines, and
that rules out machines such as fixed
programme computers with their routine
skills, but leads towards pattern recognizing
and other adaptive machines.

The hope is that ‘intelligent’ machines
would be able to organize their own input
data, and be able to look for their own
solutions to problems. If such machines
can ever be produced, not only will they be
able to take over a whole new range of
practical tasks, but they may also give us
a clearer idea of our own mental processes.
One hopes, too, that they would be able to
attempt some of the problems which still
baffle human beings. On the other hand we
must not overlook the fact that (as has
happened with many other worthwhile
discoveries) they may be used for anti-
social purposes. Nor can we completely
disregard those who claim that we are
wasting our time trying to make intelligent

machines. ‘Intelligence’ they say ‘is the
prerogative of the human brain; and that
has capabilities which go beyond anything a
machine could do’. Of course they may be
nght but we are not going to find out by
giving up before we start. Although we are
not even within sight of making intelligent
machines, a modest start has been made,
and research is continuing. The name of
studies leading in this direction is “artificial
intelligence’ or ‘machine intelligence’.

Which way to intelligent machines?

There are two schools of thought on how
we ought to set about making intelligent
machines. Both of them are based on the
idea that we should try to get as much
information as we can from the working of
real brains. We could call the first approach
the software approach; the idea is to use
conventional computers with programmes
which make them act intelligently. The
proponents of this method point out that
we know little of the precise operation of
brain cells, or of how they are actually
connected to make a working system. So
instead of trying to copy something wedon’t
understand anyway, we will do better to
use conventional computers, which we do
understand; then try to programme them to
act intelligently, using any observations we
can of our own and other people’s mental
processes. On this basis a start has been
made in getting computers to reproduce
some simple aspects ofintelligent behaviour.
The sort of things computers are doing is
controlling a robot vehicle which learns
to find its way around in an obstacle-filled
room, and being able to recognize and
manipulate objects when seen from
different angles and distances. More formal
tasks include proving theorems in logic
and mathematics, and of course playing a
good game of chess.

The other approach, which is gomg to
receive more attention in this article, is
through the use of so-called adaptive logic.
According to the proponents of this ap-
proach we have a better chance of getting
a ‘brainlike’ machine if we make at least
some attempt to build it with circuits copied
from brain cells. In particular, if an
intelligent machine is to operate in real-life
situations it will have to get visual informa-
tion about them through TV cameras or
the like. Now these visual signals are
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characterized by large amounts of parallel
data, much of it redundant or even down-
right misleading. This will demand parallel
arrays of logic circuits acting as pattern-
recognizers. Being able to respond to
spoken and written information will also
be a big help, and these are also recognition
tasks. (Digital computers approach jobs in
an essentially step-by-step method, and this
serial working is going to be slow and
inefficient).

What are we trying to copy?

The human brain appears to be made up
from about 10'° inter-connected nerve cells
or neurons. These neurons come in many
shapes and sizes, and Fig. 1 shows some of
the main features of a typical example. On
the left are the input branches, of which
there may be many thousands; these are
called dendrites. These merge into the
central body (or soma) of the cell. From
this comes the relatively long axon. Very
complex chemical and electrical processes
take place within the neuron, and these are
not yet fully understood. Streams of low-

Dendrites
Axon
Soma

Input from
another neuron

Synapse

Fig. 1. A typical neuron showing connection
with another neuron at a synapse.

level electrical pulses can be detected
passing through the neurons. These pulses
appear to convey pulse-rate-modulated
information. It is presumed that the neurons
are acting as data-processing elements
(virtually logic elements) tothisinformation.
The dendrites collect pulses from previous
stages, and after some attenuation these
arrive at the soma. Here they are summed
up f(across the inputs and over short
periods of time). If this combined sum
exceeds a certain threshold value, the soma
generates a pulse which travels down the
axon, which distributes it to following
stages. The neuron is ready to fire again
after a short recovery period. Connections
between stages are made through small
structures called synapses which form
junctions between axons and dendrites. It
is thought that these synapses might be
modifying the performance of the neurons
by acting as variable-gain devices. Some of
the neuron inputs are actually inhibitory,
and signals on these reduce the neuron’s
sensitivity. Quite a lot of effort has been
devoted in the past to designing circuits
which exactly reproduce the electrical
characteristics of neurons. But so much
hardware is taken up reproducing just one
neurcn like this that it is hardly practical

to test large networks, which s really the aim
of the operation.

Simplified models

What must be done is to produce a very
much simplified electronic model of the
neuron, and hope that even after this
simplification some of the neuron’s essential
data processing properties will remain. If
we conveniently forget the time-factor in
the summing process, and replace the
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Fig. 2. Threshold gate.

modulated pulses with binary signals, we
find ourselves with an ordinary threshold
logic gate. Such a gate is shown in Fig. 2;
for the sake of symmetry the logic levels are
set at + 1 and — 1. The performance of the
gate can be adjusted by altering the
amplifier gains a,, a, etc. through the range
x(+ 1) to x(— 1). The threshold level T'can
also be altered. The output switches if:
a. L +a,L+....2T

Because the gate performance can be
changed or adapted just by altering certain
parameters, it is an example of adaptive
logic.

The first breakthrough in this direction
was made in 1943 by McCulloch and Pitts.
They were able to prove theoretically that
virtually any logical or mathematical
function could be produced by a suitable
network of simple threshold gates. Their
classic paper marked the beginning of an
era. But it left unsolved the problems of

Preprocessor

Fig. 3. Simplified Perceptron.
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actually designing and constructing net-
works to carry out useful tasks.

One of the early attempts to build a
useful system was the Perceptron, described
in 1958 by Frank Rosenblatt. This was a
pattern-recognizing device based on the
supposed nerve connections coming from
the eye. An input pattern was projected
onto an array of photocells. Each photocell
had the output +1or —1, depending on
whether or not it is illuminated. This matrix
fed a ‘preprocessor’, consisting of a parallel
array of threshold gates with fixed weights
of +1 or —1. This array fed a single,
adaptive output gate, consisting of a
threshold gate with variable weights. The
idea will be explained by a simple Perceptron
which is shown in Fig. 3. This simple
Perceptron is to be taught to distinguish
between two patterns. Each preprocessor
gate sees a small random portion of the
matrix. The two patterns are shown altern-
ately. Some of the gates will switch over when
the patterns change; we could call these
‘useful’ gates. Others will remain in one
state; these are ‘useless’ in discriminating
between the patterns. The Perceptron is
now trained to distinguish the patterns by
adapting the gains (weights) of the output
gate. The gains in the paths from ‘useful’
gates are turned up; the ‘useless’ gates are
shut out by turning the corresponding gains
towards zero. The gains are adjusted auto-
matically during this training phase. After
training, the Perceptron is able to respond
also to patterns which are slightly different
from the training patterns. This valuable
property is called generalization. (This is
essential, if distorted or ‘noisy’ versions of
the pattern are to berecognized.) Much more
complicated Perceptrons are possible, and
they give correspondingly more sophistic-
ated performance. But there are two basic
weaknesses in the Perceptron concept. The
fixed preprocessing layer may actually tend
to disorganize the input data. Alsoitis quite
possible that for a given problem, all the
preprocessor gates might happen to be
‘useless’. Since the preprocessor logic is
fixed, the Perceptron will fail in this case.

Adaptive gate

1 Qutput

Training
LCIFCUI{S

>

Desired performance
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Adeline and Madeline

The problems of the preprocessor were
solved by drastic surgery. The fixed logic
was eliminated, and the adaptive gate was
connected directly to the input pattern.
Even the threshold level was made adaptive.
Adeline (adaptive linear neuron), devised
by Bernard Widrow, works this way. And
to obtain better performance, parallel
arrays of Adelines were set up, giving
Madelines (multiple Adelines). Madeline
arrays have been tested, with some degree
of success, on a range of problems including
speech recognition, weather forecasting,
electrocardiogram analysis, and dynamic
control.

Having got this far, we should look at
the circuit problems involved in actually
building an adaptive threshold gate. The
logic is straightforward; it is the weights
which pose an unpleasant problem. We
need either a variable-gain amplifier or else
an electronically variable resistor; the snag
is that the gain or resistance-value must be
stored between adjustments. The first
solution, used in the Perceptrons and similar
systems, was a motor-driven potentiometer.
But this of course gives a bulky, unreliable
and expensive system. More recent devices
have employed magnetic components. The
signal is modulated at r.f. and put through
a transformer. The transformer output is
adjusted by varying the magnetization of
the core, using control windings. Another
useful device is the Memistor. This consists
of a metal film resistor immersed in
electrolyte. Its resistance is varied by plating
on or off it, via a third electrode. But to
simulate large nerve networks we need a
reliable, compact and cheap adaptive
circuit. And systems containing vast num-
bers of analogue storage devices do not
look too promising at present. If only we
could use purely digital circuits we could
take full advantage of modern micro-
electronics techniques.

Breaking away from threshold
circuits

To get clear of these rather unsatisfactory
analogue storage devices, Igor Aleksander
decided to make a clean break with the
“threshold gate model of the neuron. Instead,
in 1966 he proposed a completely digital
model, based on a ‘universal gate’. Now any
logic circuit can be specified by its truth
table. An ordinary logic circuit has just one
truth table. But a universal gate can be
adjusted to have any truth table. By
supplying extra circuitry to set up a truth
table to suit the task in hand we get an
adaptive universal gate. Although universal
gates are farther away from the observed
performance of neurons than are threshold
gates, this is compensated by the fact that
universal gates are much more general. (A
universal gate can give any Boolean func-
tion of its inputs, but a threshold gate can
give only a small fraction of all those
possible.) Fig. 4 shows a universal element
with two inputs. An AND gate is provided
corresponding with each possible entry in
the truth table. Connecting the AND gate
gives a ‘I’ in the corresponding line of the
truth table; disconnecting it gives a ‘0.
For simplicity, links are shown for these

connections. In practice electronic switch-
ing circuits are used.In Aleksander’s SLAM
(stored logic adaptive module), the AND
gates are switched in or out of service
according to the states of storage bistables.
The states of these bistables are actually
set up during a training session. This
consists of showing the SLAM some
typical examples of the patterns it is to
recognize, at the same time energizing a
‘teach’ terminal. Afterwards it responds to
the training patterns, even without the
‘teach’ signal. In practice parallel arrays of
SLAMs were used, and these have generaliz-
ing properties. For example, after being
trained with some typical examples of a
handwritten letter, SLAM arrays can
recognize slightly different versions of the
letter, which they have not seen before.

Feedback of data is known to be a feature
of brain activity. Now Dr. Aleksander has
incorporated it into SLAM arrays. Binary
patterns are shown to SLAM arrays and the
resulting transformed patterns are delayed
and fed back to the input. This has led to
improved recognition. Some quite new

Bo (T

Inputs

“TOTT e

Wireless World, June 1971

right through to that sophisticated speci-
men, homo sapiens. This method is
evolution, and its essential features are
supposed to be the generation of random
variations in offspring, together with a
process described as ‘survival of the
fittest’. It is obviously a very powerful
method, but equally clearly it is very
slow. Could we simulate evolution
electronically, so as to get some of the
advantages, but within a reasonable
time-scale? According to Laurence
Fogel and his' colleagues the answer is
‘yes’. According to Fogel, the mark
of an intelligent being is the ability to
look at the past states of a real-life
system and from that to predict a
future state. If we code these states into
a sequence of numbers, we are looking
for a machine which after being shown
a number-sequence will output a predicted
future term in the series. Fogel used
computer-simulated sequential  logic
machines to attempt these predictions.
(Sequential machines are made up from
logic gates and delay elements.) The

tinks
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Adaptation circuits |0 Teach

Fig. 4. Universal gate with adaptation circuits.

properties have alsocome out. Theseinclude
a short-term memory of patterns seen
previously, the ability to recognize
sequences of patterns, and the ability to
give attention to certain situations.
SLAM circuits are in fact available from
Integrated Photomatrix Ltd.

Improved performance through

. evolution?

The work described so far concerns
attempts to model brain activity using
special computer programmes, or by arrays
of adaptive logic circuits. The design
of these models is obtained by a com-
bination of analysis, experimentation and
intuition. But nature, using none of these
methods, has achieved vastly more
spectacular results. Nature’s method has
led from simple one-celled organisms

states and connections of the machines
were randomly modified, one at a time,
simulating mutation. The modified
machines were either retained or des-
troyed, depending on whether the
modification gave improved prediction.
Presumably the effectiveness of the
method on real systems will depend on
just how successfully a system can be
modelled by a sequential machine.

The author has also proposed an
evolutionary machine, but this time using
an array of universal gates made up in
hardware. It was tested on a simulated
vehicle-routeing problem. The idea was
to simulate in a simple way the two-
fold adaptation which goes on in nature.
Learning processes in an individual cor-
respond to short-term adaptation. The
evolution of a species is a long-term
adaptive process. In the author’s system
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short-term  adaptation was simulated
by systematically modifying the univer-
sal gates. Evolution was simulated by
randomly inserting extra gates into the
array, retaining only those which gave
improved system performance.

The future

This brief guided tour will indicate that
‘artificial intelligence’ is still in its infancy.
A number of quite different approaches
have been investigated, and in some of
these useful progress has been made.
And research continues. The results are
certainly not spectacular. The search for
intelligent machines will be long and
difficult, but it presents a unique and
fascinating challenge.

Finally, in fairness to the researchers
past and present in this field, the author
points out that the work of only a few has
been described, and that only brefly.
For those who want to read further,
the first book listed below is a very
digestible text covering the work on Per-
ceptrons, Madelines and much else and the
second a good introduction to SLAM
circuits.

Further reading

A. J. Cote Jr. “The search for the robots”.
Basic Books Inc. 1967.

I. Aleksander. “Brain cell to microcircuit”.
Electronics and Power, Feb. 1967.

P. M. Lewis. “Practical guide to threshold
logic™. Electronic Design, Oct. 25, 1967.

H. S. Crafts. “Components that learn”.
Electronics, March 22, 1963.

L. J. Fogel er al. “Artificial intelligence through
simulated evolution”. Wiley, 1967.

D. Michie. “Future for integrated cognitive
systems”. Nature, Nov. 21, 1970.

R. Baker. “Digital networks which adapt by
scanning and growth”. Electronic Letters,
July 9, 1970.

W. S. McCulloch & W. Pitts: “A logical
calculus of the ideas immanent in nervous
activity”, Bulletin of Mathematics and Bio-
physics, 1943, 5, pp.115-134.

F. Rosenblatt: “A comparison of several
Perceptron models in self organising systems”,
ed. M. C. Yovitz, (Spartan Books, 1962).

B. Widrow & others: “Practical applications
for adaptive data-processing systems”, Revue
A, 1968, X, pp.27-38.

Circuit Ideas

Dry cell charger

The circuit shown has. proved suitable
for chargir}g dry cells. It is pointless
(and dangerous) to attempt to charge cells

2:2p
250V

2y .

{ 2.2k aw

2:2p 22-24V
250V 400mW
§ N —_ —
40V 75mA

22mA into 18V
27mA « 6V
or

44mAinto 18V
SamA w8V } (sP11,VT9 etc.)

} (HP7,VT4 etc.)

which have discharged over several months.
The charge lost (+10%). should ideally
be replaced immediately, but weekly topping
up is satisfactory. The necessary conditions
for recharge are thus like those for lead-
acid accumulators. The 2.2uF polyester
capacitors act as current limiters. This
charger can be used for batteries up to 18V.
K. W.MAWSON,

Bradford.

Multivibrator with

switched mark ratios

The circuit shown below was devised to
provide a multivibrator which can have
its mark period varied in fixed ratios (here
1:3:5:7:9) by a switch .S,, whilst aliowing
for variation of the absolute periods (by
R,) without upsetting these ratios. This
idea has been used in a multivibrator also
incorporating a previous circuitidea (‘Large

Probe
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periods are also variable. The circuit formed
the heart of a windscreen wiper control.
Intermittent operation of 1, 2, 3, 4 or 5
wipes can be selected by S,. The 100uF
capacitor C, was added to provide the
unbalance needed to start the multivibrator
at switch-on.

J.H.J.DAWSON,

Sheffield.

Pulse and voltage

level indicator
Trouble-shooting a board holding many
digital i.cs is tedious when using a ’scope
and probe. The simple circuit shown here
lights up a bulb when a pulse or a level
‘above 0.7V is found. The input impedance
is high and there is no significant loading
of normal digital circuits. A level detector
Tr, has the same threshold (0.7V) as
r.tl logic 1. If this level is exceeded Tr,
turns on triggering a 1 ms monostable pair
+12V

Try
2N3904 §

33k

. -
4 Minature

10V lamp
(Tr, and Tr;) lighting the lamp momen-
tarily. Steady inputs above 0.7V hold the
lamp on. The circuit can be housed in
3in diameter plastic tube with a' probe
attached.

space-mark ratio multivibrator’, K. D. CIliff, J.M. FIRTH,
Aprit 1969), and in which the ‘space’ Ottawa.
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[
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Alternatives to the T eleprinter

A survey of noiseless high-speed methods

by D. A. Paynter*, M.LE.E., M.LE.R.E.

The teleprinter has been a familiar device
as a communication terminal for a long
time. It is an electrical typewriter in which
a pulse code decides waich character
should be printed. Decoding and type
actuation is electro-mechanical, giving rise
to considerable noise in operation. A
typical operating speed is 10 characters
per second although machines operating at
higher speeds are available.

Recently ‘electronic’ teleprinters have
appeared. In these decoding is performed
by solid-state electronic circuits in place of
moving parts. The printing process
however still involves impacting a type
face against paper with its attendant
limitations of speed and noisy operation.

In addition to its use as a
communication terminal, the teleprinter is
finding an increasing application as a
computer peripheral and the conventional
teleprinter is now commonplace as a
man-machine interface connected over a
telephone line to a central processor.
When used as a print-out connected
directly to a computer, the machine takes
the form of a line printer in which a
number of characters can be printed
simultaneously at speeds approaching
1,000 lines per minute. This is slow
compared with the capability of the
computer, resulting in the total processing
time being limited by the printer speed.

The teleprinter used for communication
purposes is also slow compared with the
information rate which could be
transmitted over telephone lines, so there
is a potential need for a machine with
greater speed capability. If this can be
achieved together with an improvement in
reliability and reduction in noise level so
much the better. If the mechanical printing
action could be replaced by some
non-mechanical process, higher speeds
and quieter operation become a possibility
and it is interesting to consider how
printing can be performed without a
mechanical printing process.

Photographic methods

If an image of a character is projected
onto a light-sensitive emulsion, subsequent
development results in a permanent visual
record of the character. This is exploited

Research Division, Marconi Co. Ltd.

in photo-typesetting machines in which the
‘fount’ consists of a disc containing within
its periphery transparent images of the
characters required. The required
character is selected by rotating the disc
until the character is positioned behind a
projection system which produces the
image on the photo-sensitive emulsion, t

The disc can be replaced by a
cathode-ray tube on which visual images
can be formed. The use of silver halide
photographic material for teleprinter copy
would however be prohibitively expensive
and a more economic solution is to use
xerography! which has a familiar
application in office copying-machines. In
this process a selenium-coated drum is
electrostatically charged in darkness by
corona discharge. A visual image is
projected onto the drum. The resistivity of
selenium varies with the amount of light
falling upon it and in consequence the
charge leaks away in the bright portions of
the image. A latent electrostatic image is
accordingly formed on the surface of the
drum. An electrostatically charged toner
powder is then applied to the drum
adhering to the charge areas and making
the image visible. The powder image is
next transferred to paper and fixed by
melting a resin contained in the toner
powder.

A variation of this process uses paper
coated by zinc oxide?. The zinc oxide
functions in a similar way to the selenium
drum and enables the image to be formed
directly on the paper and eliminates the
transfer process between the drum and the
paper. A simpler machine is therefore

t See for instance *Electronics in typesetting’ by
R.F. Southall Wireless World, March 1968 pp. 34-7.

Pulsed pin
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Fig. 1. Electrostatic printing can be
achieved by applying an electric field
across dielectric coated paper.

possible but with the penalty of a
requirement for special paper.

Printers in which the characters are
formed on the surface of a cathode-ray
tube and printed by the photographic
methods described are too elaborate and
expensive to be seriously considered as
an alternative to the teleprinter.

Electrostatics

The examples considered so far entail
creation of a visual image before the
electrostatic image can be produced.
Processes have been invented in which the
intermediate light stage has been
eliminated. In one case the screen of a
cathode-ray tube is replaced by a line or
matrix of closely spaced pins which
conduct the electrons from the beams
through the glass onto the surface of paper
bearing an insulating coating. If characters
are formed on the face of the tube in a
conventional way an electrostatic image is
formed on the coated paper and this can
be made visible with powder as before.
Although the optics of the previous system
have been eliminated the tube is expensive
and machines using this system have
found only limited application.

If a high voltage is applied between two
electrodes separated by an air gap, one of
which is pointed, a steam of ions will pass
across the gap (Fig. 1). If dielectric coated
paper is now placed between the
electrodes a charge will be deposited on
the dielectric. This phenomena can be used
to create an electrostatic image of a
character on paper, The paper can be
arranged to travel under a row of
closely spaced pins situated at right-angles
to the direction of paper travel. The
incoming message in the form of a pulse
code is first stored line-by-line in a
memory. From this stored information the
necessary pulses are derived to produce
lines of electrostatic characters which are
subsequently processed to become visible. -

Machines are available based on this
principle but with the variation of a print
head actually contacting the paper
coating. The voltages needed to print are
lower than those required with ionization
printing.

The memory can be eliminated if the
characters are actually printed character-
by-character. This can be achieved by
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using a matrix of pins situated above the
paper at each character position. The
incoming code is processed by a translator
which energizes appropriate pins of each
matrix in turn to form the character. Fig.
2 shows a stack of four such heads each
consisting of a matrix of 5 X 7 pins of
25-ymdiameteron 25-um centres.

Fig. 3 shows a message printed at the
rate of 500 characters a second on an
experimental electrostatic tape printer. The
paper tape is transported at 125cm a
second in contact with a backing electrode
and separated from the printing head by
25 to 50um. The voltage is applied to the
appropriate pins in the form of 30-us
pulses, which means that printing can take
place on continuously moving paper. In
the page-printer form 60 heads similar to
that illustrated would be situated across
the width of the paper, each head being
energized in turn to print sequentially
across the paper.

e R, %‘%‘3\%
Fig. 2. In the electrostatic method, a
matrix of pins can be used to print
character by character. The matrix head
shown has 5 X 7 matrices with 25um dia.
pins spaced at 25-um intervals. A page
printer might comprise 60 such heads
across the width of paper.

The quality of print producedbya$ X 7
matrix of dots is adequate for most
purposes. If a greater variety or higher
quality of character is required a 7 X 10
matrix can be used.

Electromagnetism

By using magnetic recording techniques it
is possible to ‘write’ a magnetic image
onto suitable material and this image can
subsequently be made visible by the
application of ferrous powder. As in the
case of the electrostatic printer, a magnetic
image of the character can be formed by

means of a matrix of magnetic recording
heads packed into the areas occupied by
one character. In place of the voltage
pulse demanded by the electrostatic
system a current pulse through the
appropriate heads is needed and as the
coating of paper with a magnetic medium
is an expensive procedure, recording takes
place on a magnetic drum. Powder is then
applied to the drum and subsequently
transferred by pressure to paper. An
experimental machine using this principle
has been demonstrated* but such a device
has not yet been marketed.

Steered ink jet

If one considers ink issuing from a very
small jet physically vibrated along its axis,
the liquid will break up into a series of
droplets. If these droplets carry an
electrostatic charge and are made to
traverse an electric field they will be
deflected in a similar manner to electrons
in a cathode-ray tube. This principle was
applied to the design of an oscillograph
recorder’ in 1964 (Fig. 4). In this case
droplets of ink are formed by a 25-um
diameter nozzle, vibrated by a crystal
transducer operating in the region of
45kHz. Each droplet passes through a
hole in a charging electrode to which the
voltage waveform to be recorded is
applied. Each droplet leaves the
charging electrode with a charge
proportional to the voltage applied at that
instant and then passes through a
transverse electrostatic field producing a
deflection proportional to the droplet
charge. The paper moves continuously at
right angles to the deflection of the
droplets, producing the other axis of the
deflection.

Fig. 5 shows an experimental rig in
which droplets of water issuing from a jet
are deflected in this way. A pulse voltage
waveform is applied to a ring electrode
causing the stream of droplets to be
deflected in sympathy. The deflection of
the droplets is too fast to be seen by the
naked eye so the photograph was taken
under stroboscopic light synchronized
with the droplet frequency. To make the
deflection assembly visible a second
exposure under steady illumination was
made resulting in the solid line from the jet
superimposed on the photograph of the
droplets.

It is not convenient to turn the ink
stream on and off so the same effect is
achieved by arranging for the ink to be
intercepted by a device which returns the
ink to the reservoir at zero voltage; at
other voltages the ink is deposited on the
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Transducer Ink
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electrode
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Defiecting
tield

Intercepted
~ surplus ink

Fig. 4. To avoid using special paper a
charged ink jet can be used, deflected
electrostatically. Pulsed operation is
achieved by attaching a transducer to the
ink feed pipe.

paper. If the deflection of the jet and the
movement of the paper is used to form a
raster scan, a matrix of dots is deposited
on the paper. This matrix can be arranged
to fill the area occupied by one character
in which case any character can be printed
by suppressing the appropriate dots. This
is achieved in the electronic character
translator by arranging that when the
stream is at the appropriate position zero
voltage is momentarily applied to the
charging electrode to ensure that the
droplet is intercepted.

This type of printer can operate on
wide range of uncoated paper and has the
advantage that the characters become
visible the moment they are printed. The
jet has to be very small (typically 25-um
dia.) and precautions have to be taken to
avoid blockage in operation.

Two printers operating on this principle
are now available from U.S. sources.

The printing methods described so far
constitute the major candidates for
supremacy at the present time. There are
other methods, for example thermal
printing, which offer advantages over
impact printing but require relatively
expensive paper and lack the speed
potential of electrostatic or electromag-
netic printing.

Costs

It has not been demonstrated that it is
possible to market a machine at a price
which will compete with teleprinters
currently available. The results of

3
s
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Fig. 3. To print electrostatically on continuously moving paper, the voltage
to the printing heads is in the form of 30-us pulses. In this example the paper
speed was 125c¢m /s giving a printing rate of 500 characters a second.
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Fig. 5. Ink jet photographed wunder

stoboscopic  illumination. A  second
exposure under steady illumination was
made to show the deflection assembly,
which accounts for the continuous ink
Stream.

increased operating speed must be judged
in relation to increased capital cost and
such disadvantages as the inability to
print simultaneous copies.

The cost of paper becomes significant
when dealing with high-speed machines. A
300-character-per-second machine operat-
ing for three hours per day for a five-day
week will cost £200 p.a. for paper. If the
machine requires specially coated paper
this cost could at least double implying an
additional running cost of £200 p.a. or
more. The choice could well arise between
a relatively simple and reliable machine
using special papers and a more
complicated machine in which a wide
range of papers can be used.

There is at the moment a tremendous
world growth in communications. The
transmission of the written word is placing
an ever increasing demand on available
systems. Postal services are finding
difficulty in coping with an ever
increasing volume of paper. In what
sphere the high-speed printer will find its
greatest application is not yet clear but
without doubt such devices will become an
integral part of the communication
network of the future,
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Announcements

The LE.E. Vacation School at University College,
Bangor, on electric circuit theory, which was to have
taken place from 22 March to 2 April 1971 will now
be held from 5 to 10 July.

STC are negotiating with Chelton (Electrostatics) Ltd
of Marlow, Bucks, for the acquisition by Chelton of
the technical information and know-how needed for
the manufacture and exclusive world-wide marketing
of all STC aircraft aerials (excluding only h.f. notch
aerials) and engineering services.

J. Grant and Taylor Ltd are to take over STC’s
closed-circuit television business which includes
Grundig and Conrac agencies. STC will continue to
market low light level cameras.

Telemotive U.K. Ltd, Albany House, 32 Southfields,
East Molesey, Surrey, has acquired from STC their
business in ‘Telemotive’ radio remote control of
cranes and other industrial machines.

Pye Unicam Ltd, of Cambridge, are to start leasing
scientific equipment. All the financial arrangements
for this service will be carried out by Communication
Services Ltd, a company jointly owned by Pye and
Philips.

An agreement to grant manufacturing rights on an
instrument landing system has been concluded
between Thomson-CSF (France) and Texas
Instruments (U.S.A.).

Cossor Electronics Ltd, Harlow, Essex, have
received a large order from the Australian
Department of Civil Aviation to supply secondary
surveillance radar equipment to be installed
throughout Australia.

An exclusive U.K. marketing agreement has recently
been negotiated between the Tokyo based NF
Instrument Co. and Takmar Electronics Ltd for the
NF range of test instruments. Their test instruments
include function generators, an auto-ranging a.c.
voltmeter, low-distortion oscillator and distortion
analysers.

Wilmex Ltd have undertaken distribution of Stax
Audio Products in the U.K.

ITT Semiconductors U.K. and Intermetall Hableiter
Der Deutsche ITT Industries GmBh Germany, who
together form ITT-SC-Europe, have signed a
contract with American Micro-Systems Inc.
appointing ITT-SC-E as exclusive sales representa-
tive and distributor for AMI products in Europe.

Radiatron Components Ltd have taken over as sole
U.K. representatives for the complete Iron &
Vosseler IVO range of impulse counters and
associated equipment.

Seatronics (U.K.) Ltd, a new second source of supply
of electronic components, becomes the first
organization to exclusively market own-brand
components, initially resistors, capacitors and electro
mechanical parts manufactured in Asia. Headed by
Peter Webber, previously marketing manager of
Morganite Resistors, Seatronics will specialize in
standard passive components manufactured in such
areas as Singapore and Japan.

Radiall Microwave Components Ltd are now sole
U.K. agents for the Cable Division of Thomson
Houston, France.

Onkyo, of Osaka, japan, who manufacture audio
equipment, have appointed J. Parkar & Company
(London) Ltd, Parkar House, I Paul Street, London
E.C.2, sole distributors for their products.

Redifon - Ltd have purchased the marine radio
interests of Cosalt Ltd.

Industrial Control Systems have recently introduced
a semiconductor burn-in service at their
Northampton factory, for major semiconductor
manufacturers, equipment manufacturers and other
large volume users of semiconductor components.
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Standard Telephones and Cables Ltd has won an
order worth over £180,000 from British Rail for a
960-circuit, 4MHZ, coaxial cable telephone link
between British Rail Marylebone headquarters and
four London stations. The stations involved are
Euston, Liverpool Street, Waterloo and Paddington.

Radiatron Components Ltd are now sole UK.
representatives for the range of electromechanical
and electronic components manufactured by ERNI
& Co., Zurich.

Under the name, Raytheon-TAG Components Ltd a
UK. office, which will operate frm 1Ist June at
Shelley House, Noble Street, London E.C.2, is being
opened by Transistor AG, Zurich,

A range of function generators made by Interstate
Electronics Corporation, of Anaheim, California, is
now available in the U.K. through Euro Electronic
Instruments Ltd, Shirley House, 27 Camden Road,
London N.W.1.

Pye Ether Ltd and Georg C. K. Withof GmbH have
concluded an agreement to cover development,
production and marketing of their combined ranges
of process control instrumentation.

Harlech Television are buying three Marconi Mk.8
automatic colour television cameras as part of their
re-equipment programme in an order worth £80.000
placed with Marconi Communication Systems Ltd.

Dage (Great Britain) Ltd, Haywood House, High
Street, Pinner, Middx, have been appointed sole U.K.
distributors for the range of glass-sealed flat pack-
ages for integrated circuits manufactured by Philco-
Ford of Pennsylvania, U.S.A.

Books Received

Electronic Measurement Techniques by D. F.
A. Edwards. The author’s preface states that
‘the main object of this book is to provide in
one volume practical information concerning
the latest techniques in electronic measure-
ments. Another justification for the present
work is the fact that many people take up
electronic or communication engineering as a
career with a good working knowledge of the
theory involved but with little idea of how to
adapt and use the appropriate measuring
instruments. The chapters, averaging twenty
pages each, cover basic electronic
measurement (resistance, current, voltage, etc.),
the general use of various instruments
(including meters, oscillographs and oscillo-
scopes), and many techniques of measurement
(resonance methods for L, C, R, and Q;
various methods for power, frequency etc; null
procedures). The last two chapters describe
standards and the measurement of
non-electrical quantities with reference to
electronically linked servo-mechanisms. The
author uses SI units throughout and the book
includes worked examples and questions from
B.Sc., LE.E. and City and Guilds examination
papers, for which the answers are also given.
Pp. 377 including index. Price £4.20 cased, and
£2.80 limp, Butterworth & Co (Publishers) Ltd,
88 Kingsway, London WC2B 6AB.
Field-Effect Electronics by W. Gosling, W. G.
Townsend, and J. Watson. The opening
historical review, referring back to 1925, is
followed by an up-to-date introduction to
junction and insulated gain fe.t. operation
including that relevant to III-V compound
semiconductors and Schottky and silicon gate
fabrication. A chapter is devoted to noise and
the remainder of the book to the applications of
fe.t. devices. Pp. 364 including index. Price £8.
Butterworth &. Co (Publishers) Ltd, 88
Kingsway, London WC2B 6AB.
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200-W Linear Amplifier

by G. R. Jessop*

An amplifier is described which will provide 200W at frequencies between 3.5 and
28MHz. The article also describes the construction of the high-power valve employed
and briefly mentions how it can be used as a 200W a.f. output stage.

Before describing the actual amplifier a
few words on the valve employed would
not go amiss. The valve is type TT100 and
was originally developed from the earlier
type TT21 for use in shipborne s.s.b.
equipment. It has an anode overload dissi-
pation of 2.7 times the maximum anode
dissipation for five minutes allowing for the
effect of a possible large aerial mismatch
when, for instance, the aerial is broken or
‘down on the deck’. The high thermal

* M-O Valve Company Ltd.

capacity of the anode is achieved without
the use of an expensive carbon block
anode. The valve uses a B12F cathode-ray
tube base which allows multiple leads to the
electrodes resulting in a low electrode
lead impedance. To meet the electrical
demands, and at the same time to keep
the cost down to a reasonable level, two
cathode assemblies, complete with grids
and screen grids, are employed and sur-
rounded by a massive anode. This means
that standard large electrode structures
are used and there was no need to design a

Component details ©€h 5 10nF, 500V, disc ceramic
R, 1k$2, 3W, carbon C, 30nF, three 10nF capacitors in
R, 10Q (two off) parallel
R, 1002 over-wound with a single C, 5 ¢ 10 2.50F, 2.5kV, mica
turn of 18 s.w.g. enamelled copper C, 9-300pF, variable (Jackson)
wire Cs 500pF, 2.5kV, mica
rf.c, 2.5mH pi-wound choke C, . 40-500pF variable (Jackson)
r.f.c, see text 500mA f.s.d. meter
rf.c, 2.5mH pi-wound choke I g see text
C4 2:5n
Ra 100§} overwound 2:5kV mica
with one turn of 18s.w.g. L, L Output
H ~%0
~f.c.
2 S
10r 500V Cg ! Co
disc. 500 Mao-500
ceramic -E 2.5kV r:icLl P =,
Input 1 C-; 3
9-300p
R
" axio
— X n
3w '/ —"|'in paraliel (x2)
< — .
el 1 |
C C
11 &di L iLes Lex
2-5kV | 500mA ! -5kV 2-5kV
Heater (B mica NV U _mica | mica
Bias Screen Cb _\_f{_"_-'_—_ 7T T hi socket

Fig. 1. Circuit of the linear amplifier capable of producing 200W up to 30 MHz.

— with & samtrum ¢dame
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special electrode assembly for the valve.
This dual-electrode construction leads to
easy connection of anti-parasitic com-
ponents.

When using the valve it is essential to
ensure that the glass bulb does not exceed
270°C by using some sort of cooling
system. Two methods come to mind. The
first, and more obvious, is to ventilate
the enclosure in which the valve is installed
and then to use either a simple fan to stir
the air adequately (this method is illustrated
in the amplifier described), or a small
extractor fan.

Alternatively, a more elegant method is
to use a close fitting heat shield having
good contact with the bulb allowing the heat
to be transferred from it to the chassis.
The heat can thenbe conducted to a suitable
heat sink attached to the back of the equip-
ment.

The amplifier

Of the various anode circuits which may
be used for linear amplifiers to cover a wide
range of frequencies, none is more con-
venient than the standard ‘pi-coupling’
where with suitable components a relatively
wide range can be matched into the load.

In the grid circuit, the passive arrange-
ment is probably the most satisfactory,
provided that a reasonably high value of
loading resistor, such as 1kQ, is used.
With this circuit feedback is unlikely if
the socket wiring is properly arranged; it
does, however, call for somewhat higher
drive power than would be the case using a
tuned-grid circuit. At the same time a more
constant load is provided into which to
operate the drive.

The circuit of the amplifier is given in
Fig. 1. R, is the grid loading resistor and
R, the anti-parasitic resistor (in fact there
are two of them, one being connected to
each control grid, pins four and nine). The
screen grids are decoupled by the use of
three 10nF disc ceramic capacitors in
parallel connected from pins six and seven
to earth.

All the input and socket connections are
made below the chassis; the arrangement
of the various components is shown in the
lay-out diagram Fig. 2. It is important to
note that all the earth connections are made
to a common point to reduce chassis circu-
lating currents. The connections of the
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Two views of the completed prototype. In the left-hand photograph the h.t. decoupling capacitor can be seen in the top left-hand corner

four cathode pins should be as short as
possible and made from thick wire or
copper strip.

The anode circuit is a conventional
shunt-fed pi-coupling, the variable com-
ponents being the anode tuning capacitor
C,, the tapped inductor L, L, and the
output matching capacitor C,.

These main components should be built
effectively as a unit using capacitors with
insulated end plates and the earth connec-
tions to their rotors made by a single piece
L-section copper strip (75 X 50mm) bolted
- to the chassis (this can be clearly seen in
the internal view of the amplifier). A copper
strip connection from the output socket

Screen
supply

6-way
power

Input socket SeEE

Fig. 2. Under-chassis layout of
components.

_ should also be returned directly to the

common earth strip of the tuned circuit.
This arrangement will reduce the chassis
circulating currents to a minimum.

Coil winding

The anode inductor comprises two parts,
L, for the higher frequencies connected
in series with L, to make the complete coil.
L,: 9 turns of 3mm diameter copper wire,
the turn spacing being 1.5mm. The internal
diameter of the coil is 38mm. Taps are
made at 3 and 5 turns from the anode end
for the 28 and 21MHz amateur bands
respectively. The whole coil is used for the
14MHz band.

L,: 21 turns of 2.5mm diameter copper wire
wound on an epoxy resin former 38mm in
diameter, turns are spaced to occupy a
winding length of 70mm. A tap is made at
9 turns from the connection to L, for
operation at 7TMHz. Selection of the taps
on the inductor is by the high voltage
ceramic switch.

Anode feed r.f. choke: This choke (rf.c.,)
has to have high impedance over the whole
frequency range at which the amplifier is
to operate, since it is effectively in parallel
with the tuned circuit. In this case a simple
single-layer coil is used consisting of 100
turns of 24 s.w.g. enamelled wire close
wound on a 12.5mm diameter ceramic
former (winding length 64mm). The choke

is mounted horizontally below and at,

right-angles to the anode inductance to
minimize inductive coupling.

Construction

This may be of any convenient form to
suit individual requirements. The unit
illustrated is a small amplifier contained in

a cabinet 260X200 X 165mm. A simple
fan to provide adequate air circulation is
fitted to the rear panel. No detailed drawing
is needed for a unit of this type; all the
relevant data can be obtained from the
photographs.

One point that needs mentioning is that
the meter, being close to the considerable
r.f. field, must be shielded and its connec-
tions by-passed to chassis. The h.t. feed
line should also be screened as near as
possible to the actual supply socket. It is
also by-passed at the h.t. supply socket as
can be seen in the front view photograph
(top left-hand corner of the rear panel).

Performance
The performance of the amplifier illustrated
is summarized in the table of results and the
curve, Fig. 3. The power output is substan-
tially constant over the frequency range
3.5 to 28MHz.

Tests carried out at a very much lower
frequency give similar results; the operating
conditions and performance quoted may

210
@ 2001 = S
T 180
2 180 Power output
70 [ [ 1]
2:25
2 (111
e e Drive power
(=] 2
% 15 ——
1.25L 1 1 Il

35 7 14 21 28
Frequency (MHz)

Fig. 3. Performance in terms of output
and input power against frequency.
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TABLE 1 Amplifier performance
frequency 3.5 7 14 21 28 MHz
anode voltage 850 850 850 850 850 \
screen voltaget 216 216 216 216 216 \
grid voltage —50 —-50 —50 —50 —50 \
anode current (no sig.} 100 100 100 100 100 mA
anode current {max. sig.) 375 375 375 . 375 375 mA
screen current {max. sig.) 35 20 26 17 33 mA
grid current (max. sig.} 2 2 2 2 2 mA
Power output (in load) 195 200 205 195 190 w
power input (drive) 1.5 1.5 1.6 1.7 2 w
tvoitage stabilized using two QS1206 glow discharge stabilizers in series.
Valve data: type TT100
single tone
anode voltage 1A 600 800 850 \
screen voltaget Vg2 216 216 216 \
grid voltage* =V 42 48 50 \
anode current (no sig.) [ 150 110 100 mA
anode current {max. sig.) A 300 350 375 mA
screen current {no sig.) L2(0) - 5 3 2.5 mA
screen current {max. sig.) 2 25 28 30 mA
grid current (max. sig.) /‘71 — 1 2 mA
grid voltage {pk crest) \z 4 42 49 52 v
power output (load) g 100 180 200 w
‘anode impedance Z, 1100 1400 1400 Q
two tones
anode current {max. sig.) A 225 245 250 mA
screen current {max. sig.) Lo 15 15 16 mA
grid current (max. sig.) 1 — 0.1 0.25 mA
power output (p.e.p.) IZL 100 180 200 W
power output {mean) P, 50 90 100 w
intermodulation M 42 28 26 dB

tVoltage stabilized using two QSI206 discharge stabilizers in series.
*Adjusted to set anode current at no signal.

# Two signals of equal amplitude spaced

2kHz in frequency.

tIntermodulation distortion products at any level of the drive voitage relative to either tone.

therefore be applied to audio amplifier

applications as well.

For audio amplifiers (push-pull pair)
anode-to-anode load impedance should
be 2460Q. The 400-W output can be
obtained with an anode supply of 850V
and a grid current of 2mA or at 1kV with

no grid current (class AB1).

It will also be seen that the drive power
rises with increasing frequency. This is
largely due to circulating current through

the valve’s input capacitance

(37.5 pF)

dissipated in the anti-parasitic resistors.
The drive can be computed from the

following formula:

a= power inload resistor
=Vin (peaky(R X2) where R is the
anti-parasitic resistor R,.

b= power in anti-parasitic resistors. See
Table 2.

c= power in valve=peak drive voltage

times peak fundamental grid current.

Total drive power isequaltoa+b+c.
The amplifier as described is suitable for
operation with an inpyt that can be matched

to the effective input impedance but if the
amplifier is to be driven by an exciter/driver
designed itself to feed into a 50-750 output
with only a limited range of loading capa-
citance, it will be necessary to provide a

200-W LINEAR AMPLIFIER

TABLE 2
f Xc,, 1, (peak) Input power
MHz Q2 A w
3.5 1200 0.046 0.005
7 580 0.095 0.02
14 306 0.186 0.08
21 200 0.28 0.18
28 120 0.46 0.5

The input current is that flowing in the input capacitance
via the two anti-parasitic resistors in parallel.

suitable matching coupling to step up the
impedance to a suitable value or a tuned
input circuit.

Books Received

Measuring Oscilloscopes edited by J. F.
Golding. This compilation of contributions by
Marconi Instruments engineers has been made
primarily for oscilloscope users. The accent is
laid on methods and principles-—circuits are
only included to illustrate this approach. The
discussion is limited to general purpose
real-time oscilloscopes. and does not deal with
techniques for measuring very fast transients
(or very high frequencies) such as are
employed in sampling and travelling-wave”
oscilloscopes. Chapter titles are-—construction

and operation, getting the signal to the
oscilloscope. the Y co-ordinate. the X
co-ordinate, the display. the complete

oscilloscope. and oscilloscope applications. Pp
236 including index. Price £4.20. Iliffe Books.
Butterworth & Co. (Publishers) Ltd, 88
Kingsway, London WC2B 6AB.

Transistor Audio Amplifiers by P. Tharma.
This book is based on work done at the
Mullard Central Application Laboratory. The
first nine chapters are analytical, describing
transfer characteristics for large and small
signals in junction transistors, small signal
stages and output stages, noise, thermal
stability, negative feedback, and distortion. The
remainder of the book, chapters ten to
seventeen, describes practical circuits for high-
and low-power audio amplifiers, tape recorder
circuits and power supplies. An extensive index
is provided. Pp. 413. Price £6. lliffe Books.
Butterworth & Co (Publishers) Ltd, 88
Kingsway. London WC2B 6AB.
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Conferences
and Exhibitions

Further details are obtainable from the
addresses in parentheses

LONDON

June 7 & 8 Royat Lancaster Hotel
Materials Control & Economics

(B.C.E., Mercury House, Waterloo Road, London
S.E.1.)

June 8-10
Aerospace Antennas
(1.E.E., Savoy Place, London WC2R OBL)

June 21-25
Film 71
(B.K.S.T.S., 110-112 Victoria House, Vernon PI,,
London WC 1B 4DJ)

Savoy Place

Royal Lancaster Hotel

SUNBURY

June 1 & 2

Acoustic Testing Facilities
(Sound Research Labs., Holbrook Hall, Sudbury,
Suffolk)

Holbrook Hall

OVERSEAS

June 1-3 Ottawa
Electrical & Electronic Measurement & Test
Instruments

(LE.E.E., P.O. Box 252, Richmond, Ontario)

June 2-4 Genoa

Satellite Communications
(Instituto Internazionale delle Comunicazioni, 18
Viale Brigate Partigiane, 16129, Genoa)

June 2-4

Laser Engineering & Applications
(D. R. Herriott, Bell Telephone Laboratories, Murray
Hill, N.J. 07974)

June 2-12
British Columbia International Trade Fair
(D. Kenneth Brown, British Columbia International

Washington

Vancouver

Trade Fair 1971, Suite 1100, 475 Howe St.,
Vancouver, B.C.)
June7& 8 White Plains

Applications of Ferroelectrics
(Dr. A. W. Smith, IBM Watson Research Center,
Yorktown Heights, N.Y. 10598)

June 7& 8

Broadcast & TV Receivers
(D. Ruby, Zenith Radio Corp., 6001 W. Dickens
Ave., Chicago, IIl. 60639)

June 12-17

Automatic Contro—LF.A.C. Congress .
(Intl. Fed. of Automatic Control, Graf-Recke-Str. 84,
P.0O.B. 1139, Diisseldorf, Germany)

June 14-16
World Communications Conference
(L.C.C., P.O. Box 201, Station H, Montreal 107)

Lille

Chicago

Paris

Montreal

June 14-19
International Electronics Week
(Soc. pour la Diffusion des Sciences et des Arts, 14
Rue de Presles, 75—Paris 15éme)

June 17-27
Telecom 71 Exhibition
(I.T.U., Place des Nations, Geneva)

Geneva

June 21 & 22 Baden Baden
Properties of  Electric-conductive = Magneti
Materials

(Int. Electrotechnical Commission, |1 Rue de

Varembe, Geneva)
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News of the Month

1971 Queen’s Awards for technical innovation

Six companies in the electronics field
received the Queen’s Award for technical
innovation. AEI Scientific Apparatus
received the honour for their EM7 million-
volt microscope which is the only electron
microscope with a resolution of 0.0005 um.
The microscope is about 6m high and to
date ten have either been installed or are
being manufactured to order. Decca
Radar received the award for their type 71
doppler radar for helicoptors and for the
type 72 for fixed-wing aircraft and for
their solid-state marine radar. This latter
item contains a step recovery diode local
oscillator that took three years to develop,
an all-semiconductor modulator and
auto-follow tuning. Transmitter power is
only 3kW. Decca Survey received the
award ‘for technical innovation in the radio
position fixing system Hi-Fix’. Hi-Fix is a
portable h.f. position fixing system. This
employs three shore-based transmitters
working on the same frequency and can
determine a ship’s position 200 miles away

to within a few metres. Hi-Fix was used to
find the hydrogen bomb which was lost
when a U.S. aircraft crashed near
Palomares in Spain some time ago. There
are now well over 100 Hi-Fix chains in
operation.

International Computers were granted
the award for technical innovation in a
computer integrated design and produc-
tion system for the ICL 1906A computer.

Marconi Instruments manufactured a
range of r.f. power meters which are the
first to be commercially available using
thin film techniques. For this range they
received the Queen’s Award.

In the semiconductor field one cannot
get very far without very high quality raw
materials. In this field the Queen’s
technical innovation Award was conferred
on Metals Research, for a crystal pulling
system for the production of single gallium
phosphide crystals. The company also
received the award for an image analysing
computer.

Change to bring G.M.T. in line with atomic time

Greenwich Mean Time (G.M.T. or
U.T.C.—Co-ordinated Universal Time)
will be slightly altered soon to eliminate
the present offset from atomic time. This
offset consists of a continuous retardation
of 30 parts in 107 plus step adjustments of
0.1 seconds to keep U.T.C. or G.M.T.
within 0.1 second of a time scale based on
the rotation of the earth.

The need for the change arises from the
fact that today’s atomic clocks are very
constant and provide a time reference that
is much more uniform than the scale
provided by the earth’s rotation. In fact, a
time scale based on the earth’s rotation
will vary almost a second per year. That
much variation cannot be tolerated by
many technical and scientific projects, and
so atomic clocks are used today.

With the new system the atomic clock
rate will not be slowed down at all, and
instead of adding or subtracting a whole
second every few months, everyone will

add or subtract a whole second once in 12
to 18 months. Naturally, if your clocks
lose or gain more than one second in a
year, you won’t have to worry about these
tiny adjustments.

The one-second adjustment, or
leap-second, is very similar in concept to
adding an extra day during leap-years.
The standard time and frequency radio
stations maintained by various countries
will co-operate with the International Time
Bureau in broadcasting the new time scale
and in making the adjustments
simultaneously, preferably on January Ist
or July Ist. To provide a traditional service
to navigators and astronomers, who need
earth related time these stations will
broadcast information concerning the
difference between the transmitted time
and the astronomical time. The
difference will not be more than 0.7
second, and will probably be broadcast
with a resolution of 0.1 second. The
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change over will take place on January
1972.

The change will affect only users of
precise frequency generators and
time keeping equipment, who probably will
have to adjust their equipment or
operations. These users include radio and
television stations, scientific laboratories,
electric-power companies, manufacturers
of electronic equipment and perhaps the
makers of navigation and radar
equipment. Groups which use precise
timing instruments for the sole purpose of
synchronizing their activities will not
necessarily be affected.

Colour TV deliveries increase

Television deliveries for the first quarter of
1971 (542,000) were 9% up on the same
period of 1970 (496,000), according to the
Economic and Statistical Division of the
British Radio Equipment Manufacturers’
Association. This was due to the
continued increase in deliveries of colour
sets which reached 146,000 for the three
months this year, compared with 86,000
in 1970, whilst monochrome fell slightly
from 410,000 in 1970 to 396,000 for the
first quarter this year.

During March itself 53,000 colour sets
and 134,000 monochrome sets were
delivered, as compared with 31,000 and
138,000 respectively in March 1970.

A slight fall in record. players from
115,000 for January-March 1970 to
109,000 this year is seen as an indication
more of a swing towards the growing
audio separates market, rather than a
decline in deliveries of record playing
equipment. During March itself 39,000
players were delivered compared with
40,000 in March 1970.

U.H.F. radio-telephone
service

Christopher Chataway, Minister for Posts
and Telecommunications, recently inaugu-
rated a new u.h.f. radio-telephone service,
called ‘Readycall’. Subscribers to the
service, operated by Burndept Electronics
(ER) Ltd, will have a u.h.f. radio-telephone
installed in their cars. They will then be
able to make calls, via the Readycall
operator and the public telephone
network, to anyone they wish; in a like
manner they can also receive calls.
Although the equipment could be linked
directly to the telephone network this is
not the case at present and the operator
acts as a go-between to relay information.

Burndept have been granted two
licences by the Minpostel for the system.
The first allows them to use the frequency
band 450 to 470MHz and the second
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covers thé break in the Post Office’s
monopoly.

The system employs 5W transmitters,
25kHz channel spacing and phase
modulation with a peak deviation of 5kHz.
A selective call method is employed to
ensure privacy. Each vehicle installation
has an individual ‘address’ set by a plug-
in decoder and can be switched to the
receive mode only if the correct sequence
of tones is transmitted. A three-tone
sequential system is used. the tones being
between 540 and 3180Hz. As .soon as
the correct tone sequence for a particu-
lar radio-telephone is received a lamp
on the instruments’ front panel illumin-
ates. This warns the subscriber he has
been called (should he be away from his
car) so that he can call the operator on
his return.

At present the system is in use only in

London which is served by two
transmitters covering an area bounded by
Enfield, London Airport, Croydon and
Dartford. At the inauguration Wireless
World heard the system operating in a
coach driving round London and in spite
of the built-up area and dense traffic the
freedom of fading and noise was quite
remarkable. ’

Subscribers to the system pay a rental
charge of £16 per month and the system is
in operation between 8 a.m. and 6 p.m. on
weekdays only.

Another Japanese
PAL receiver

An imported colour television receiver
which claims to avoid infringement of
Telefunken PAL patents is announced by
Teleton, European marketing organization
for the Japanese Mitsubishi combine. First
rumoured in these pages in 1969, the set
follows introduction of PAL receivers by
Hitachi—by agreement with Telefunken
—and by Sony, who also claim to avoid
patent infringement. Unlike the Sony
33cm set using the single-gun Trinitron
c.r.t., the Teleton set uses a shadow mask
tube scaled down to 30cm and works on
the simple PAL basis. It uses a patented
subcarrier switching technique first used in
an NTSC set-—described in Electronics,
31st May 1965-—and modified for 180°
switching. The set is a single-standard
w.h.f. receiver priced at £179.50.

Heart monitoring by ’phone

Patients with heart complaints recovering
at home can be monitored for cardiac
irregularities over regular telephone lines.
A portable, wireless monitor that permits
a patient to move around freely has been
tested at Beth Israel Medical Centre in
New York City. In the test 19 patients
were monitored for total of 194 hours. The

combined system consists of a small,
low-power, radio transmitter carried by
the patient; a receiver in the patient’s room
tuned to the portable transmitter; and a
unit linking the radio receiver to the
patient’s telephone. All the equipment
required for remote monitoring can be
carried in an attache case.

Heart performance data collected by
electrodes on the patient’s body is sent by
the transmitting unit to the nearby
receiver. Bell Labs have co-operated with
the Beth Israel Medical Centre in the
project.

Stereo radio network
extension

Work is being carried out to adapt the
v.h.f. Radio-3 transmitter at Rowridge, Isle
of Wight, to stereophonic broadcasting.
Programme material will be received direct
from the transmitter at Wrotham, Kent,
and will be retransmitted. It is expected
that Hampshire, Dorset, South Wiltshire,
South Berkshire, South-west Surrey and
West Sussex will have sufficient signal
strength for stereo reception from the
Rowridge transmitter aerial. Many
listeners will have to fit improved aerial
systems if they are to benefit fully from the
new service, as a good aerial is essential
for good stereo reception.

U.S.-Canada satellite
agreement

The National Aeronautics and Space
Administration of America and the
Canadian Department of Communications
today signed an agreement for a
co-operative experimental communications
technology satellite. The agreement
provides for the launch of the Canadian
satellite in a geostationary orbit by
N.AS.A. in 1974, Tt will be designated
Co-operative Applications Satellite C
(CAS-C).

Specific objectives of the project are to
conduct communications experiments with
ground terminals operating at extremely
high frequencies (12 GHz) and to develop
and flight test a high efficiency power
source (more than 50% efficiency at a
minimum output of 200W. The satellite
will also test solar power cell arrays which
will have an initial power output of over
1kW.

These experiments are intended to
develop techniques for providing services
to small villages, including TV two-way
voice communications, data links and
facsimile, which would have potential in
the outlying northern areas of Canada.
The 12 GHz experiments will help to open
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the frequency spectrum above 10 GHz
which is urgently needed for communica-
tions, broadcasting, and educational
television.

STAR Aerosat contract

The British Aircraft Corporation Space
Systems Group, Bristol, have been
appointed prime contractors by the
European Space Research Organization in
a definition study contract awarded to the
STAR (Satellites for Telecommunications,
Applications and Research) Consortium.
The contract is for an aeronautical
communications and surveillance satellite
(Aerosat), which will monitor and control
aircraft over long distance routes and
entails the study of suitable satellites and
launch vehicles, as well as the
characteristics of aircraft and ground
stations.

The work will be concerned with
frequencies in the u.h.f. L-Band (1540 to
1660MHz). Thomson-CSF of France have
been appointed prime sub-contractors for
the communications and surveillance
aspects of the system.

This is the second contract gained by the
STAR consortium since it was formed in
December last year. The first, which was
mentioned last month in this section, was
to define a European telecommunication
satellite system.

How to present a technical
lecture

A discussion meeting on how to present a
technical lecture will be held on
Wednesday, 2nd June 1971, at the
Institution of Electrical Engineers, Savoy
Place, London, at 5.30 p.m. i

An introduction, in the form of a
playlet, will illustrate the right and wrong
ways of verbal and visual presentation.
There will then be an opportunity for the
audience to put views to a panel chaired
by Mr. J. A. Lawrence, telecommunica-
tion consultant with the Plessey
Telecommunications Group, together with
Dr A. V. M. Coombs, Senior principal
scientific officer, P.O. Research Depart-
ment, Mr. G. Eric Evans, consultant
designer and Mr. Aubrey Singer, Head of
Features, B.B.C.

The meeting is organized by the
Engineering Writing and Speech Chapter
of the U.K. and Republic of Ireland
Section of the Institute of Electrical and
Electronics Engineers.
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More Birthday Celebrations

The Wireless World ‘60th birthday’
amateur station GB3WW, operating from
Dorset House during the month of April,
made nearly one thousand contacts with
stations in more than 50 countries and in
all continents. Contacts were made on the
3.5, 7, 14, 21 and 28 MHz bands, though
most were on 3.5, 14 and 21 MHz.
Because of the limited operating times
(evenings and Saturdays), few stations in
Oceania were worked—but an exception
was KR6IX in Okinawa; all other
continents were well represented. Despite
severe ionospheric disturbances around
the Easter period, the call signs of many
long-distance stations found their way into
the GB3WW log: FG7AB (Guadaloupe);
MPATDA (Trucial Oman); MP4BHL and
MP4BHM in Bahrein: 9Y4CR (Trinidad):
5Z4LW and 5Z4LI in Kenya; TI2LA
(Costa Rica); CR6MK (Angola);
VP2EEL (Anguilla): 9M2WM (Malaysia),
several ZS stations in South Africaand JA.
JH and JR stations in Japan—and many,
many others. Distance seemed annihilated
during such ‘openings’ as a 20-minute
spell on 14 MHz ss.b. when four

Mullard, who recently celebrated their Golden Jubilee, presented
us with a magnificent birthday cake at a luncheon held in
honour of Wireless World’s 60th birthday. The photograph
shows Harold Barnard, the editor, and Charles Marshall (right),
of Mullard, who made the presentation. The cake carried a
reproduction of the front cover of our April birthday issue.

-y
™ o
-

W o v
ow iy, s
i

e

o
i
o

b

B

Californian amateurs were contacted in
succession.

On 3.5 MHz, considerable numbers of
British stations were worked—one was
that of Ken Alford (G2DX) whose 1914
station TXK was illustrated in our April
‘birthday’ issue. Another pioneer station
was F8DR in the South of France who
was licensed in 1923, DA2XX/P
concealed the identity of J. Cooper.
G3DPS, and until recently general
secretary of the Royal Signals Amateur
Radio Society. One of the GB3IWW
operators made contact with an amateur
with whom he had shared his first Army
billet in 1941 and whom he had neither
seen nor contacted since!

Many British and Overseas amateurs
sent birthday greetings to W.W., with
large numbers of Americans showing
familiarity with the journal. 60th birthday
greetings were mutually exchanged with
GB3ERD operating during the opening of
the 60-year anniversary exhibition of the
Derby and District Amateur Radio
Society.

A number of American ‘novice’ stations

GB3ERD
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were worked cross-mode (s.s.b. out, c.w.
in) on 21 MHz. Operation was divided
between s.s.b. and c.w. At least one
American station was using only an
indoor dipole—another 40 watts of a.m.

Bulk of the work-load fell on the
KW2000B transceiver used in conjunction
with the KW linear, though the high
pérformance of the ‘first reserve’
receiver—one of the new Eddystone
1830/1 all-semiconductor receivers—was
fully explored by most operators. Despite
one or two minor problems, the equipment
showed clearly that extremely effective
world-wide communication can be
achieved today with a minimum of
installation time and even without the use
of beam aerials (a KW trap dipole was
used throughout, though it had the
advantage of the height of Dorset House).

Our thanks to all the hundreds of
amateurs whose co-operation made
operating GB3IWW an event to
remember—also to Minpostel for the
licence, and to KW Electronics,
Eddystone, Shure and D. R. Bowman
(G3LUB) for the loan of equipment.

In the event, the team of operators
included F. C. Ward, G2CVV; D. A.
Findlay, G3BZG, R. S. Roberts, G6NR;
B. M. Johnson. G3LOX: D. R. Bowman.
G3LUB; G. M. C. Stone, G3FZL; S. H.
Andrews, G30GY: and Pat Hawker.
G3VA.

The photograph shows a mock-up of a 1911 to 1913 amateur
radio station set-up at the Derby and District Amateur Radio
Society’s exhibition to celebrate their Diamond Jubilee. The
Wireless World birthday station, GB3W W, was pleased to
exchange greetings with the Derby Society’s Jubilee station
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Physics Exhibition

Items of interest seen at Alexandra Palace

Helical linear motor

A prototype helical reluctance linear
motor, demonstrated by  University
College North Wales, allows accurate
control on open loop. Developed at
Bangor this new linear actuator is based
on the principle that components of a
magnetic circuit attempt to move so that
a condition of minimum reluctance is
attained where there is maximum mag-
neto-motive force. The geometric con-
struction of the motor is such that rotation
of the magnetic field in the stator is con-
verted directly into linear motion of the
armature. The motor assembly has no
racks, pinions or screw.threads, and may
be used either in a stepping or con-
tinuous mode. In the stepping mode it
becomes particularly appropriate to use
direct digital control. Step sizes are
typically 0.2mm and in continuous mode
the resolution is typically 0.2mm. The
available force depends on machine size
and has been recorded at 30kg. Stiffness
has been recorded as high as 600kg/mm,
and a speed of 100mm/s has been
achieved.

Pseudo-random gquantization for
p.c.m. television

One of the early applications of p.c.m.
television may be for transmitting View-
phone signals between towns and cities.
An exhibit comprising a 6 me gabits/second
system constructed as part of the Post
Office research programme into methods
of minimizing the digital data rate required
to transmit television was shown.

A 319-line television system with a band-
width of 1IMHz was used to demonstrate
the subjective aspects of transmission by
p.c.m. At the input to the p.c.m. system
the signal is sampled at 2MHz and each
sample is quantized into one of eight levels.
The value of each level is coded into three
binary digits and the p.c.m. signal is trans-
mitted to the decoder unit at a rate of
6Mb/s. Here, the eight level signal is
reconstituted, passed through a low-pass
filter and displayed on the picture monitor.

Because of the three bits/sample coding
the displayed picture can have only eight
levels of brightness. However, instead of
keeping these fixed, which would cause
severe ‘contour’ distortion of the image,

the coder and decoder are ‘dithered’ by a
pseudo-random signal which causes the
brightness represented by each coding
level to change frame by frame and point
by point within each frame.

The quantizing distortion therefore
appears as random noise. Adding the
pseudo-random signal to the video signal
before coding disperses the quantizing
contours as random noise but the total
noise power in the displayed image is now
equal to that of the inherent quantizing
noise plus that of the dither. The signal-
to-noise ratio of the image is maximized if
the dither is subtracted again after the
contours have dispersed. Identical,
synchronized pseudo-random dither
generators are therefore provided at each
end of the digital link. the dither signal
itself has been designed to minimize the
visibility of the pseudo-random quantizing
error by exploiting the way in which the
subjective  visibility of noise falls
with frequency.

Flat display
A flat gas discharge display is under
development by Mullard Research Labs.
The cathode-ray tube is not necessarily
the cheapest form of display when only a
few lines of characters are needed, and the
device shown had a’capacity of four lines
of 14 characters. Each device is formed by
a 5 X 7 cell matrix, 0.75-mm square and
spaced at 1.5-mm centres. Cells in each
of 83 columns have their cathodes con-
nected together to form one set of cross
bars; anodes connect to an orthogonal
set of 34 cross bars.

In the demonstration of this ‘tube’,
rows were addressed sequentially and

Fig. 1. The flat
gas-discharge
alpha-numeric
display shown by
Mullard.
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columns addressed in parallel from a row
store. A buffer store recirculated data
via a 64-character generator to the row
store to refresh the panel at 500Hz.
Generator was a standard 2240-bit m.o.s.
read-only memory and the buffer store
used six recirculating 64-bit m.o.s. shift
registers. The display demonstrated is
shown in Fig.1.

Self-aligned molybdenum-gate m.o.s.
transistors

Using the conventional m.o.s.t. technology,
source/drain and gate areas, and gate con-
ductors are defined by successive photo-
mechanical masking steps, where essenti-
ally photographic images are aligned
visually onto the pattern produced at the
previous stage of processing. The alignment
obtainable from this system is limited by the
accuracy of the aligning equipment; for a
typical system sequential patterns can be
aligned to within # 3um. Thus for a high
frequency device of channel length say
3um the gate conductor must be made Yum
wide to ensure that the gate covers the
channel completely. The resultant gate
overlap onto source and drain regions
gives rise to parasitic input capacitance,
which degrades high frequency perform-
ance.

With the advent of ls.i. m.o.s., several
techniques to produce auto-registered struc-
tures have been investigated to give better
performance and higher packing densities.
The most commonly used systems are the
silicon gate m.o.s. and the ion implanted
m.o.s. both of which require quite complex
processing.

An attractive alternative, the molyb-

THIS DC PLASMA
PANEL DISPLAYS

4 LINES OF 14
ALPHA-NUMERICS
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denum gate m.o.s. has been investigated in
the Electronics Department of Southamp-
ton University. This maintains the advan-
tages of self alignment, but also results in
simpler processing.

In this technique a layer of molybdenum
is deposited onto the oxidized slice, and the

. metal and underlying oxide removed in the
required diffusion areas to define gate
conductors and source/drain regions. The
slice is then diffused, the gate conductor
acting as a diffusion mask, to produce
source and drain areas that register exactly
with the gate conductor. Gate overlap is
now defined solely by diffusion depth. For
the devices made at the University the
diffusion depth is of the order of 0.4um,
giving gate overlap of around 0.2t00.3um,
an order of magnitude reduction over con-
ventional processing.

Fig. 2 shows a shift register produced by
this process which has a propagation delay
of 10 ns per stage, and is t.t.l. compatible.

The mask used, shown in Fig. 3, was cut
by a computer controlled laser-beam
machine, also developed in the Electronics
Department.

Matrix for addressing displays

A different way of coding information for
solid-state displays uses a programmed cod-
ing matrix. Normally, character generation
is done with m.o.s. read-only memories. The
coding matrix shown by STL is simple to
manufacture and its current handling capa-
city is compatible with GaAsP light
emitters.

A matrix can be made with conducting
rows and columns on a silicon slice, p-n
junctions being diffused at appropriate
intersections. Thus the matrix distributes
current from input lines or terminals to a
certain combination of output connections.
Normal thickness silicon slices—250um—
are inconvenient because to minimize cross-
talk between adjacent diodes they must be
well separated, resulting in a large matrix

area. Also input and output connections,
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Fig. 2. Molybden-
um gate m.o.s.
shift register.

Fig. 3. Mask used
for shift register.

‘have to be on the same side. But with very

thin slices—20u m—input and output con-
ductors can be put on opposite sides and the
diode-to-diode distances can be reduced.
The slices, 2.5-cm diameter, are lapped and
polished conventionally. Thickness moni-
toring below 25um is made easy because
the slices become transparent to red light.
Diodes are produced by diffusing boron to
a depth of 10um into an n-type slice. Metal
contacts 50-um wide and spaced at 75-um
intervals are deposited and wired using the
beam lead technique. A matrix with 40 top
and bottom contacts measures 5 X Smm.

Locked demodulator
for Gunn devices

A new technique for frequency demodu-
lation may lead to a simple Gunn oscillator-
demodulator for short-range radio links at
X-band. Experiments at the University of
Sheffield by G. S. Hobson have shown
that controlled variation of frequency in
a cw. X-band Gunn oscillator causes
variations in bias current, which can be
used to directly demodulate f.m. signals
when the oscillator is locked to anincoming
signal. When the oscillator is locked,
detected current and frequency deviation

470 ’J”
GUNN
diode
2N3702
2N3820
2N1507
22k3
>
10
0 to-15V

Fig. 4. The constant voltage bias circuit
used so that the current could be monitored.
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show a linear relation. An efficiency in the
range 0.1 to ImA/MHz is achieved—con-
stant up to IMHz—with a lock-in band-
width of IMHz. In the experiments the
Gunn diode was mounted in a coaxial
cavity and connected to a constant-voltage
bias circuit so that current could be
monitored (see Fig. 4). Outputs between 1
and 10mV pk-pk have been obtained with
a 500 current-sensing resistor, with very
little dependence on incoming power. Fora
1-MHz bandwidth, detector sensitivity is
comparable with junction diode detectors.
The trouble is the sensitivity to ambient
temperature changes—it is not possible at
present to get drift down to less than the
IMHz required under all temperature
conditions.

Scanning doppler guidance system

The phenomenon known as doppler shift
has been used for many years in
navigational systems. Basically, an aircraft
can transmit a pulse of r.f. at some known
frequency and receive the resulting re-
flection from the ground. The received
signal will differ slightly from the trans-
mitted signal by an amount proportional
to the speed of the aircraft. By measuring
this doppler, or frequency, shift it is
possible to compute the aircraft’s ground
speed—mnot to be confused with air speed
which can be very different. Several
transmitters and receivers are often fitted
to one aircraft so that drift can be
calculated. Drift is the ‘sideways’ move-
ment of the aircraft over the ground
relative to its heading caused by wind.
Doppler ground speed and drift measuring
systems are often used as a reference for
inertial navigation equipment. The out-
puts of the inertial equipment being com-
pared with the doppler outputs so that
error signals can be computed.

Standard Telecommunications Labora-
tories Ltd announced work they had been
doing on a new way of harnessing the
doppler effect to provide an aircraft with
positional, instead of speed and drift,
information which employs equipment
both on the ground and in the aircraft.

On the ground a transmitter transmits a
continuous signal (at the moment in the
L-band) which is made to physically
move at a known rate. A receiver in the
aircraft measures the doppler shift of the
signal due to the movement of the trans-
mitted signal. This shift is proportional to
the sine of the aircraft’s bearing on the
transmitter relative to the aircraft’s head-
ing, or more correctly track.

To make the transmitted signal move
STL employ a multiple aerial array. The
output of the transmitter is switched to
each aerial in turn and the result, as far as
the receiver is concerned, is very similar to
a continuously moving aerial.

The doppler shift that would be ex-
tracted by the receiver from the equip-
ment just described would be very small
indeed and would be masked by receiver
and transmitter drift. To overcome this
problem a second r.f. signal is also
radiated to provide a steady reference
locked to the moving signal. Both signals
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are received by the aircraft and both
contain the same error components but
only one is subjected to the doppler shift
due to the movement of the signal source.
Comparison of the two signals yields
only the doppler shift proportional to the
bearing of the transmitter and the error
components are eliminated.

In practice the frequency of the
reference signal is slightly offset from the
bearing signal although they are both
ultimately derived from the same r.f.
oscillator. The output of the receiver is
the beat note between the two signals.
This is of fairly low frequency so the
doppler shift, which is contained in the
beat note becomes relatively large and
easy to measure very accurately using
digital counting methods.

This basic arrangement can be used to
solve a number of navigational problems.
A single horizontal array of aerals will
provide the aircraft with azimuth (track)
information, a vertical aerial array will
give information on the aircraft’s
elevation. Two such arrays mounted at
right angles will form an omni-range
beacon. Three arrays mounted orthogon-
ally will give a three dimensional service
anywhere in a straight line from the
transmitter. If two such orthogonal
systems (six aerial arrays) are employed at
different sites the aircraft equipment can
display position over the earth’s surface
in three dimensions.

Applications do not end with naviga-
tion; the scanning doppler system can be
used to replace the airfield localizer and

glide path transmitters, used for instru-

ment approaches and automatic landing,

with advantage. This would be par-
ticularly valuable for vertical and short
take-off aircraft.

STL say that although they have been
working in the L-band they are now ex-
tending operations into the C-band. They
have calculated. that a C-band system
would be accurate to about 0.02 degree
r.m.s.

Measuring the tides

A printed circuit digital tide gauge, capable
of accurately recording mean wave height
in open water was demonstrated by the
Institute of Coastal Oceanography and
Tides. The sensor is a 13m long plastic-
covered multi-layer printed circuit which
stands vertically in the water. Elements
are spaced at 2cm intervals and capaci-
tance changes produced by the fluctuating
water level are measured. The associated
electronic circuitry provides Gray code
binary information, and finally a pulse
train is developed in which a pulse rate
is proportional to the instantaneous water
level. In the presence of waves the
sampling procedure provides an accuracy
of 1mm in the total range of 13m.

Adaptive delta modulator system

Shown by Southampton University, the
exhibit concerned an adaptive version*
of the basic delta modulator employing full-
width pulses and RC integration. A digital

*Betts, J. A. and Ghani, N., ‘Adaptive delta modulator
for telephony’, I.E.E. Electronics Letters, Vol. 6,
No. 11, 28th May, 1970, pp. 336-338.

Modulator output
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technique is used to sense the level of the
input signal and to control the amplitude
of the pulses applied to the RC network in
the feedback loop. Subjective testing with
speech signals and a modulator clock rate
of 56 kilobits/s has shown that a useful
volume range of 40 dB is available with
commercial telephony-grade performance.
At a clock rate of 19.2 kilobits/s which is
common in military communications, a
signal-to-quantization noise ratio of 16 dB
has been obtained over a dynamic input
range of 20 dB for an 800 Hz sine wave.

The level sensor consists of a J-K
bistable, a combination of NOR gates as
shown in Fig. 5 and an averaging circuit
having a 20 ms time constant. The output
from the exclusive NOR circuit is high
whenever adjacent pulses in the output from
the delta modulator are of the same polarity,
and the averaged value is approximately a
constant level V, for any sine wave input.
E gy Sin w my satisfying the limiting condi-
tion of nonoverloading of the basic delta
modulator v

E,..=
max 1+ 0 m*T?
where T is the time constant of the feedback
network and Vis the amplitude of the digital

output. That is to say,
V\‘ VR kEma.x \//_1?0)—”1—2?
% ko mE g, where @ m>1/T
For sine wave inputs having peak ampli-
tudes E < E,,,, the level sensor output V,
is given by
¥ x kwmTE.

These characteristics form the basis of
the adaptive system. The feedback loop is
arranged to keep the output from the
level sensor at Vg, i.e. the modulator is
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Integrator

SENSOR

Vs
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s MM —— Constant reference level Vg

AMPLITUDE MODULATOR

Fig. 5. Adaptive delta modulator using full width pulses.
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made to function at the limit of nonover-
loading over a wide range of input condi-
tions.

A novel application of the adaptive delta
modulator known as the Adaptifont system
has also been developed in which the com-
pression and expansion circuits of Lincom-
pex are realized by the delta modulation
technique. Speech is transmitted in ana-
logue form at constant amplitude which
together with an f.m. syllable-rate channel
occupies the conventional 3kHz bandwidth.
The receiving system has the capability of
removing fading from signals transmitted
over an h.f. path. The system has two
advantages over Lincompex, namely the
use of a digital shift register for delay
equalization and its compact lightweight
size which makes it suitable for mobile
applications.

Fire detection by laser beam

The Fire Research Station, at Boreham
Wood, has found a good use for a low-
power laser. The outbreak of fire in a
closed room results in a mushroom of hot
gas. If a laser beam is passed through the
gas layer just below the ceiling the refrac-
tive index gradient due to the temperature
gradient causes the beam to be deflected
downwards. For a temperature gradient of
4°C/m deflection of the beamis about 3mm
for a 40m path through the hot gas. Tur-
bulence in the gas flow moves the spot
about irre gularly. The detector is a photo-
cell with a chequer-board mask. The holes
in the mask are roughly equal in area to
the laser-beam spot. Capacitatively
coupling the photocell to an amplifier
results in a signal whenever the spot moves
quickly, but there is no output for the slow
drive that might result from building move-
ments or changing ambient temperature.
Optimum discrimination between fire and
normal sources of heat is achieved by
amplifying the photocell’s output in the
range 40 to 70Hz.

Reducing noise in photodiode arrays

With a rectangular array of silicon photo-
diodes additional noise over a single diode
or a linear array is produced which is
greater than the random noise generated
by the elements themselves. Called spatial
noise, it results from the element-to-element
differences in output level due to variations
in quantum efficiency, cell dimensions,
leakage current, and output off-set of
associated m.o.s. amplifiers. A signal
processing system which can improve
signal-to-noise ratio has been developed
at the Allen Clark Research Centre. With
no illumination, output from each of 100
photodetector elements in the array is
stored in a shift register. When an image is
focused on to the array, the stored infor-
mation is subtracted from its output so
that the variations causing the spatial
noise are eliminated. To obtain sufficient
accuracy, the output from each detector
element is converted into a 10-bit code.

TBetts, J. A., ‘Adaptifon system of telephony’, L.E.E.
Eiectronic Letters, Vol. 6, No. 17, 20th August,
1970, pp. 542-543.

Although the system demonstrated used a
small 10 X 10 photodiode array, it had
sufficient bandwidth for use with an array
of 10* detector elements scanned at 16
frames per second. By expanding the digital
store it is possible to generate flicker-free
displays even when the detector array is
scanned at very low rates.

Measuring distortion
using an oscilloscope

The University of Sheffield laid on a simple
oscilloscope demonstration of the effect
of negative feedback. Of particular interest
was a discussion of an oscilloscope tech-
nique for estimating the amount of second
harmonic distortion present in a sine wave.
The procedure is to estimate the upper and
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Fig. 6. Demonstrating the effect of
negative feedback.

lower turning points for a line making equal
intercepts with the waveform—as shown
in Fig. 6.
It is easily shown that:
Vv, _Va—V
Vi 2.+ Vp)
and
2V, =Va+ Vp
This last point illustrates that the amplitude
of the distorted signal is the same as that
of its fundamental component.

Microwave biased photoconductor

A fast response photoconductor operated
with a high-frequency bias provided by a
microwave field, gives a photodetector
with a large gain-bandwidth product. The
system, which was shown at the exhibition,
is at present under development at Plessey’s
Allen Clark Research Centre (for the
Ministry of Aviation Supply) and is

. designed to work at 1.06um and uses

germanium as the photo-conductor. The
noise equivalent power is 5 X 10°W ina
10MHz electrical bandwidth and the 10-
90% rise time is 80 nanoseconds. The
10GHz bias is applied to the photo-
conductor by mounting it in the high-field
region of a re-entrant microwave cavity.
The change in conductivity of the photo-
conductor, which is caused by the ab-
sorption of amplitude modulated light,

" results in a change in the reflection co-

efficient of the microwave cavity. The
resultant change in microwave power
reflected by the cavity is detected, amplified
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and displayed. The amplitude fluctuations
of the output are a reproduction of the
amplitude fluctuations in the incident
light beam. The bandwidth of the system
is limited by the bandpass of the microwave
cavity. -

This detector will be suitable for use in
optical communications systems, laser
radar and imaging systems. It is worth
noting that once the microwave system
has been developed, operation at any
desired wavelength can be obtained by
insertion of an appropriate semiconductor
sample in the photoconductor cavity. The
system under development has been
operated with silicon, germanium and
indium arsenide and work is in progress
to extend the operating waveleéngth to 10.6
microns.

Safety for miners

The presence of gas in mines is one of the
greatest hazards of the mining profession
as events of not too long ago have empha-
sized. The Safety in Mines Research Estab-
lishment have been doing work to find ways
of detecting the presence of dangerous
gases and have come up with a solution
employing a semiconductor sensing
element. An example shown at the exhibi-
tion was designed to detect methane. It

" consists of a bead of zinc oxide which is

doped with platinum and is formed on two
25um platinum wires held 50um apart. A
current is passed through the bead to heat
it up to a temperature of 600°C and a
voltmeter is used to register the voltage drop
across the sensing element so formed.

If methane is present it is absorbed by the
zinc oxide and results in a change in the
electrical characteristics of the bead and a
change in the reading on the voltmeter.

The sensing element will measure
methane concentrations in air over the
entire range (0 to 100%) and up to 5%
methane concentration it is accurate to
+0.1%.

Short items

® Class D amplifiers with power output
up to 2.5kW are being made by E. M.
Wareham (Measuring Systems) Ltd.
Designed in conjunction with U.K.A.E.A.,
Culham, they can be paralleled to give
powers up to 20kW. Model shown had an
output power of S00W from d.c. to 1kHz.
Working from two 24-volt batteries, energy
is returned to the battery when used with
inductive loads.

® RC oscillator type TG200 made by
Levell Electronics Ltd, uses single-track

_ potentiometer for frequency control in a

two-integrator circuit. It is designed so
that varying the gain of an amplifier varies
frequency. Instrument covers 1Hz to

IMHz with an amplitude of 0.2mV to 7V.

® By illuminating an S1 photocathode
with an infra-red gallium arsenide emitter
through a light guide, 20th Century
Electronics aim to develop an electron
emitter as an alternative to the thermionic
cathode. Photocathode has a current
density of SmA/cm?.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

M.W. broadcasting

It would seem that around 19535, the B.B.C.
gave up trying to provide a decent a.m.
service to its listeners on the grounds that
an adequate v.h.f. service would be
provided. The results are that in the evening
Radio 1 suffers from appalling distortions
which presumably arise from operating
too many transmitters on the same wave-
length. Radio 2 is virtually unobtainable
in many areas (particularly Scotland) and
Radio 4 appears to have ceded its officially
allocated 330m and 434m wavelengths to
unauthorized, but well muscled, East
German transmitters.

Now that the B.B.C. monopoly has been
breached and a wavelength re-shuffle is
imminent I would like to make a plea that
the B.B.C. Engineering Dept. face up to
the realities of life in the 70s. First, to accept
that 15 years of poor service and propa-
ganda have failed to drive the average
listener from the medium and long waves.
Secondly to acknowledge that future
commercial competition means that some
priority will have to be given to the bulk
audience i.e. Radios 1 and 2. Thirdly to
come to terms with the fact that the Copen-
hagen Plan died when the two Germanys
recovered strength in the early 1950s.
Let us have a determined attempt to provide
a good, truly national, three channel, day
and night a.m. service. If frequencies are
the trouble why not take some. What, for
example, is wrong with 155 kHz and 254
kHz as reinforcements for Radio 2? Simi-
larly, if interference is the trouble, why not
follow the trail blazed by the Foreign
Office at Crowborough and turn up the
wick? To achieve parity with the noisy
Continentals requires IMW on 200kHz.
C. HIGHAM,

South Croydon,
Surrey.

Loud and clear

Having been engaged in the audio field
during what Mr. Devereux, in his evocative
article ‘Loud and Clear (April p.156),
calls ‘the first golden age of high-quality
sound’, I feel it would be right to couple
with the name of P. G. A. H. Voigt those of
H. A. Hartley and P. K. Turner. They too

produced equipment that was unusual,
for those days, in being good enough
to disclose transmission defects and to
allow enjoyment of the ‘good things
which for years the B.B.C. had been wast-
ing on the desert air’.

Perhaps Hartley-Turner also rate a
mention in an anniversary issue of Wireless
World on the strength of Hartley’s mordant
advertising copy, which was for a few years
a regular feature of the journal; in its way it
was as far ahead of its time as certain of the
firm’s products and I well remember people
saying that the H-T advertisement was the
first thing they turned to.

CLAUD POWELL,
New Malden,
Surrey.

C-D ignition

I have’ recently built the C-D ignition
system described by R. M. Marston, (W. W.
Jan. >70) and incorporating all the modifi-
cations later recommended.

On installation in my six cylinder car it
was found that severe misfiring occurred
from mid-range r.p.m, onwards, a problem
that other constructors have experienced
(W.W. May *70).

Investigation showed this was due to a
rapid fall in the 400-volt supply to C,,
which in turn was due to a large difference
in peak current through 77, and 7r,. In my
case it was 1.4 amps and 2.5 amps respec-
tively and results from the spread of Ay
between transistors.

Unless matched pairs of 2N3055 tran-
sistors are purchased it would seem that
some form of setting-up procedure should
be adopted.

In my case it was as follows:—

(1) After initial wiring and functional
checks, short-circuit 7r, emitter/base.
Connect 250uF capacitor between emitter
and collector.

(2) Monitor the voltage across R, and
adjust the value of R, until 2.5 volts are
read.

(3) Remove the short-circuit and capacitor
from Tr,. Short Tr, emitter/base and
connect the 250uF capacitor between
the emitter and collector. Adjust the value
of R, until, again, the voltage across R, is
2.5 volts.
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(4) Remove the short-circuit and capacitor.

After this setting-up procedure the unit
worked perfectly.

I apologize for writing on an article
published 18 months ago but feel these
comments may be of use to other con-
structors in similar trouble.

R.C. LOCKWOOD,
Harlow,
Essex.

Stereo decoder using sampling
In his letter in the May issue about the
performance of the sample and hold net-
work of his decoder, Mr Waddington has
contradicted himself—by charging me with
‘relying entirely on theory’ on the one hand,
while producing ‘excellent spectrum photo-
graphy’ on the other, in spite of the
spectrum photograph using the sample
and hold network of his decoder.

I thought my letter made it clear that the
results obtained in practice closely followed
predicted theoretical performance—i.e. a
(sin x)/x response for a narrow sampling
interval. The photograph clearly shows a
loss of about 2.4dB at 15kHz, this being
supported by theory.

I therefore do not agree witlr Mr
Waddington’s estimate of the 3dB
frequency of close to 15SMHz, rather than
the predicted 17kHz.

I also do not agree with his terminology
of the sample and hold network as a ‘gated
peak detector’, because it does not detect
peaks but merely samples—and therefore
multiplies—and holds, a random input
signal for a fixed interval.

I must stress again that audible noise
reduction may be effectively accomplished
only by either pre-filtering or reducing
the sampling signal mark-to-space ratio.
T. PORTUS,

Derby.

Pickup self-capacitance
While musing on the design of the rumble
filters included in two pre-amplifiers of
Mr. J. L. Linsley Hood intended -for use
with ceramic pickup cartridges (Fig. S
page 308 Wireless World July 69 and Fig. 4
page 208 May 1970) it became obvious
that the design as published would-not be
satisfactory with all pick-ups owin§, to the
effect of the pickup self-capacitancé. Each
of the two pre-amplifier designs uses the
same basic design system for its rumble
reduction—a 12dB/oct. . active filter eircuit
giving a slight hump near the cut-off
frequency together with an input circuit
C-R combination to flatten the hump, and
to provide a further 6dB/oct.

In the case of the July 1969 design this

CR 'circuit is shown as a capacitance of

680pF (C,) and a resistance of 4.3MQ
(R,) in Fig. 5. Likewise in the May 1970
design the CR circuit is placed at the input
of the pre-amplifier and consists of 1500pF
(C,) and 2MQ (VR,). These circuit values
would give — 3dB frequencies of 54 Hz and
53 Hz respectively, if, and only if, the
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Fig. 1 Performance of unmodified pre-amplifier with three different ceramic cartridges.
(a) pre-amplifier alone; (b) Sonotone 9TAHC; (c) Decca Deram; (d) Connoisseur SCUI
plus 100pF strays; and (e) Connoisseur SCUI, no strays.

pickup cartridge can be considered as a
zero impedance generator. Since all pickups
are capacitive sources, the pickup self-
capacitance would have to be at least 10
times the capacitance of C, in each case
not to interfere appreciably. Of the pickup
cartridges likely to be used with these pre-
amplifiers, none has a capacitance higher
than 1000 pF, and one pickup—the
Connoisseur SCU1—is only 200 pF! Thus
the pickup capacitance will interfere with
the design — 3dB point very considerably.

This effect would cause considerable
attenuation of the bass, which therefore
destroys the advantage of a high load
impedance generally required to obtain
good bass. The golden rule here is, never
put capacitance in series with the pickup
connection to the load resistor. Series
capacitance means that the load resistor
must be raised to obtain reasonable bass.

As an example of this effect, the actual
bass response with three well known pick-
ups is shown in Fig. 1, which is redrawn
from Fig 3 in the May 1970 article. Owing
to the large attenuation at rumble fre-
quencies given by having the —3dB

TABLE 11. Modifications to Linsley Hood
pre-amplifier May 1970

Pickup cartridge Cx
C1 (or SC5M) 390pF
CS 90/91E 470pF
9TA HC 560pF
KS 40A 820pF
Deram 820pF
SCu1 Not suitabie
To earthing switches
Stbs S1c
1,500f
=y 47k EOOP
1 O — A wv—o

i

TABLE 1. Modifications to Linsloy Hood pre-amplifier July 1969, Fig. 5

Pickup Modification Comments
Sonotone 9TAHC Raise C, to 0.1uF Use circuit 2
BSR C1 (or SC5M) Raise C, to 0.1uF Use circuit 1

Goldring CS 90/91E
Decca Deram
Garrard KS40A
Connoisseur SCU1

Raise C, to0 0.1uF
Raise C, to 0.1uF
Raise C, to 0.1uF

Raise C, to 0.1uF and shunt

Use circuit 1 or 2 according to preference
Use circuit 1 or 2 according to preference
Use circuit 1 or 2 according to preference
Use circuit below

pickup input terminal with 390pF

frequency so high, no further active filter
circuit is necessary. E.g., with a Deram,
—3dB freq.=195 Hz, attenuation at
25Hz=18dB.

This is clearly unsatisfactory and does
not produce a performance which could
be labelled ‘high quality’.

Very simple modifications will alleviate
the trouble and will restore the actual
performance to approximately the de-
signer’s intentions. The changes needed in
the Fig. 5 July 1969 design, with several
popular ceramic pickups, are as Table I,
and Table II gives the circuit and compo-
nent alterations for the May 1970 design.

With these modifications incorporated,

100p
C
200p 0'11»
Ria R
- M 3:3M

L=

V/L' Assumed 100p strays (leads etc.)

As an example of the suggested
modifications the pickup input circuit for
each channel of a Connoisseur SCUI
will be as shown here.
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the response will be approximately flat
down to 50 Hz and then drop off at 18dB/
oct. at lower frequencies.

One further point; the circuit given for
curve 3 in Fig. 5 of the modular pre-
amplifier design of July 1969 is claimed to
give a 12dB lift. The circuit shown gives
only 9.5dB. However should the full 12dB
be needed, the revised values of 1IMQ,
3.3M$ and 100 pF should be used instead
of 1.5MQ, 3MQ and 68 pF respectively,
as shown in the example circuit beneath
Table I. Using these revised values the
actual circuit performance is:— lift 12.5dB,
turnover frequencies, 500 Hz and 2.1 kHz
(as for RI.A.A. equalization).

B.J. C. BURROWS,
Ewelme,
Oxon.

Ganged potentiometers

Your correspondent K. J. Young (March
issue) refers to the “Addashaft” scheme
for supplying potentiometers and shafts
separately. As the sole U.K. distributors
of Addashaft controls—this was our
trade name for the patented system employ-
ed—our marketing experience may be of
interest.

Initial interest was high in the context of
single ganged potentiometers alone. Wwe
were offering a range of nine different shafts
together with log. or linear law potentio-
meters, with or without mains switch.
The stock reduction principle expounded
by Mr. Young was thus valid. However,
in time, industry usage standardized large-
ly on 0.25in. plastic spindles with flat,
thus negating the practical effect of this
principle. It is true that damage during
shaft cutting was diminished. Against this,
the combined cost of separate shaft and
potentiometer unit was significantly higher
than that of a factory assembled unit.
Material savings, though offering a wider
choice of shaft lengths, would have been
marginal and largely offset by the smaller
batch sizes of the greater variety manufac-
tured. In the event, market interest declined
to a point where the range was discontinued.

During the life of this range, prototypes
were produced of dual concentric and tan-
dem forms. The mechanical problems were
more complex and aggravated, in the case
of dual concentric types, by the different
knob fittings and relative shaft lengths.
Cost differentials and quality assessment
problems would have been greater. Market
research indicated a lower level of interest
than for single ganged types. For these
reasons no serious work was undertaken
and all work abandoned at the time the
single ganged range was discontinued.

While still recognizing the value to some
users of this approach, we do not believe
that the overall market situation has since
changed to the extent that this idea could
usefully be revived as an economically
attractive proposition.

ROY S. GIBBONS,
Radiospares,
London E.C.2.
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New fromFerrograph

For the maintenance of professional recording equipment.

Now, for the first time, all the major parameters of operating on voltages of 100-120, 200-250 volts at
a magnetic recording system can be measurec on a 50 or 60 hz.
single, nexpensive instrument. The Ferrograph It is developed specially for those people who
RTS1 Recorder Test Set. have to operate, maintain or service all types of
Consisting of 4 basic sections—variable frequency tape recorders, sound-on-film equipment and
audio generator, millivoltmeter with associated audio apparatus.
a?tenu'ator, peak-t.o-peak wWOow anq f_Iutte_r meter, gnd The Ferrograph RTST.
distortion measuring network—this instrument will Made to stand the test.
measura frequency response, distortion, cross:alk, Why not write for further details?

erasure, input sensitivity, output power and

signal/roise ratio. l )I I
Comoletely solid state and lightweight, it may l* I ' :RROGI :. A

be used in the field as well as the laboratory, SOUNDS GOOD

WW—073 FOR FURTHER DETAILS
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Insure against distortion
with Shure

o ]

| Piease send me full information on

Shure Communications Microphones.
Name. . I
Address. = .

communications agplications. SHURE

Special response . Shure Electronics Ltd
characteristic gives optimum 84 Blackfriars Rd., London SE1. Tel: 01-928 3424
speech intelligibility. I__ _ |

Controtled magnetic
microphone. Specially

|
|
Shure Model 444— I
|

designed for radio :

I
l
|
|
l
|
|
|
|

WW—074 FOR FURTHER DETAILS
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Transformer Phase Reversal?

by ‘Cathode Ray’

Here, in Fig. 1, is a simple practical
problem. The transformer has identical
primary and secondary windings, with
100% coupling and negligible losses. The
secondary is wound around the core from
¢ to d in the same rotation as the primary
from a to b (indicated by the
conventional dots as well as by the way
the coils are drawn). What is the polarity
from ¢ to d relative to that from a to b?

I said it was a practical problem. In an
amplifier circuit the answer would make
all the difference between negative
feedback and positive feedback. And in an
oscillator circuit it would make all the
difference between oscillation and
non-oscillation. I have heard of a batch of
200 units having to be scrapped because
someone got it wrong. Yet when a certain
teacher put it to a class of electrical
engineering students, 11 of them said the
polarity would be the same and 12 said
the opposite!

b d
o o

(,.\b Primary Secondary
a C

Fig. 1. An ideal transformer. Is the
secondary voltage in phase with the
primary voltage, or phase-reversed?

Victor Mayes, of Gloucester Technical
College, has made a special study of the
current state of education on this point,
and it seems that it is a very poor state
indeed. In the circumstances the class as a
whole can be congratulated for nearly half
of them getting the answer right, when less
than one in ten of the available textbooks
was quite clear on this elementary matter.
Mr Mayes looked up nearly 60 relevant
books of the last 20 years, and found only
five he could recommend on it, and he had
reservations about some of them. The
great majority used double-headed voltage
arrows or in some other way failed to
show which way they were jumping, but
most of them spoke of a voltage phase
reversal between primary and secondary

and indicated it by a phasor diagram
basically as in Fig. 2. Even among the few
authors whose symbolism clearly specified
the directions of the windings and the
relative polarities of the voltages across
them, most showed a phasor diagram like
this, implying a phase reversal.
What were you taught?

Ved

Vs y

Fig. 2. The usual phasor diagram for
Fig. 1 is basically like this.

Mr Mayes was so disturbed by this
state of affairs that he sent a circular letter
to all the transformer manufacturers he
.could trace, asking them their answers to
the question. I have seen the replies, which
reveal a corresponding confusion. One or
two said there was supposed to be a phase
reversal but for certain purposes it was
more convenient to assume there wasn’t!
(This is matched by at least one author
who says there is no phase reversal, but
because examination questions are marked
on the basis that there is, he would go
along with that idea!) The best way of
proving that electrical (and electronic)
education is an ass is, according to Mr
Mayes, to try it and see, using an
oscilloscope or other unambiguous
indicator. Quite so, but I'm afraid I can’t
persuade the Wireless World management
to supply such equipment to each reader
with this month’s issue, so I'll just have to
try to make the thing irrefutably clear on
paper.

Being so old, I’ve completely forgotten
what I was taught, but I do know that
because of inattention or otherwise I
carried away a very hazy impression of a
lot of things. In a college course there is
really no time to question every little bit of
information one is given, orally or by
reading; the task of absorbing enough to
pass the exams is sufficient. The
questioning came later; often much later..

Nothing would do but to think it out for
myself. The results of this cogitation were
sometimes additional to—occasionally
even contrary to—the usual teaching. To
impress them on my mind I wrote them
out and sent them along to the Editor for
the time being of Wireless World, and he
has been publishing them since 1934 (even
earlier under another name).

One advantage of this procedure was
that when called upon by a correspondent
to clarify the phase relationships of
transformers I was in no way affected by
the regrettable state of things described by
Mr Mayes. Until 1968, when he drew my
attention to it, I was quite ignorant of it.
The possibility of any—let alone a
majority of—people clever enough to
write a textbook falling into such an
elementary error had just not occurred to
me. I still find it hard to believe. On the
other hand, as long ago as 1954, when this
transformer question was put to me, I was
already aware of the double-headed
voltage arrows and all the other
ambiguous and confusing notations and
conventions applied to circuit diagrams
and still more confusingly to phasor
diagrams (then wusually called vector
diagrams) and had discarded the lot and
begun again from scratch, arriving at the
system used in the Wireless World article
on transformers (Sept. 1954, p. 454) and
described in more detail in the book
Phasor Diagrams (lliffe, 1966). This
system, being unambiguous, is incapable
of giving a confusing answer over a matter
like this of phase relationship. Any voltage
between two points can be regarded as in
one phase or its opposite, depending on
which is taken as the reference or zero
point. So the points have to be labelled
(say a and b) and the voltages labelled to
correspond, either V,p or Vy, depending
on direction (or more simply ab or ba if
such letters are known to be used for
voltages, in contrast to AB and BA for
currents). Finally the phasors have to be
labelled to correspond. Arrows are
superfluous, and indeed only tend to
confuse.

For example, Fig. 3 shows the voltage
phasors corresponding to Fig. 1. The fact
that they are parallel signifies that the
voltage cd is in phase with the voltage ab.
And equally, it is opposite in phase to ba.
There are no double-headed arrows, like

_—
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a ¢

Fig. 3. Recommended phasor dlagram for
Fig. 1, leaving no uncertainties.

Mr Facing-both-ways in Pilgrim’s
Progress, nor single-headed arrows to tell
you that you must face one particular way.

Yes, you may say, but how does one
know that cd must be drawn that way, and
not the opposite as the textbooks say?
Well, I went into that in a good deal of
detail in the September 1954 Wireless
World and in Sec. 7.7 of Phasor
Diagrams. This time only the voltage
phase relationship is in question, so we
shall cut out most of the detail and confine
ourselves to that one point,

We begin with a primary winding only,
as in Fig. 4. The generator is giving a
sine-wave voltage, which is set up between
the two points a and b. It drives a current
around the winding, and this current
causes a corresponding alternating
magnetization of the core. This in turn
generates a voltage in the winding. This
voltage also occurs between points a and
b. And as there cannot be more than one
potential difference between two points at
the same time, these voltages must be
equal. They are in effect one and the same
voltage and can therefore be represented
by the one phasor ab. What makes them
equal? This condition is automatically
fulfilled by just enough magnetizing
current flowing to make it so.

Here now is the first place where the
ordinary phasors with arrow heads can get
people confused. Most books call the
generator voltage E and the voltage
generated in the coil V', or some such
symbols. Then if they are thinking of the
two terminals a and b they may show E
and ¥V, in phase, as in Fig. 5(a). Much
more likely they will be thinking of
voltages acting around the circuit, E (say)
clockwise at some instant, and V,
anticlockwise, and will represent them as
in Fig. 5(b). Fig. 4 is not only simpler; it
corresponds to the undoubted fact, which
can be demonstrated with a voltmeter, that
only one voltage at a time exists between a
and b. So voltages ab due to the generator
and ab due to the coil cannot be anything
but in phase. Of course if you prefer to
compare voltages ab and ba, you are

21

Fig. 4. Fig. 1 can be developed from this
basic circuit.

. .
entitled to say they are opposite in phase.
Please yourself. All are right. There can
be no argument or doubts as in Fig. 5.

Next, no difference in principle is
involved if the winding is made of stranded
wire. All the strands are in parallel and all
have the same voltage induced in them by
the alternating magnetic flux. For

‘simplicity let us suppose there are only

two strands, There can be a very thin
layer of insulation between them, not
enough to upset the condition that both
windings embrace the same amount of flux
so have the same voltage induced in them.
These two strands, if they are now

disconnected at their ends, can be
E
ETV,
Vi

(a) (b)

Fig. 5. Voltage phasor diagram (a) is
sometimes seen for Fig. 4, but (b) is

_much commoner.

regarded as the two separate windings in
Fig. 1, except that the winding connected
to the terminals ¢ and d is open-circuited.
The phasor diagram, as in Fig. 6 while the
strands were’ paralleled by connection at
their ends, now becomes as in Fig. 3. This
diagram shows that there is indeed a phase
reversal between voltages ab and dec. But I
think most people would want to compare
ab and cd, which are undoubtedly in
phase. It is confusing to say, without
precise indication of winding directions
and an unambiguous voltage notation,
that the secondary voltage is reversed in
phase compared with the primary.

b,d

a,c

Fig. 6. This phasor diagram applies to
Fig. 4 when the winding consists of two
strands (ab and cd) in parallel, and ‘
Fig. 3. applies when they are disconnected
to yield Fig. 1.

Of course the arrowy situation of Fig. 5
is now complicated by the secondary
voltage, which might be called" V,. I will
spare you the varieties of ‘vector’
diagrams you will be able to find when
there are three arrows to play about with!

Just before signing off I would however
remind you that our transformer was an
ideal one, with 100% coupling and
negligible losses. Having got the basic
action straight, one can then go on to
introduce elaborations to represent
winding resistances, core losses and
leakage inductance.

Wireless Wox_‘ld, June 1971

H.F. Predictions—
“June

Effects of summer season and steadily
decreasing solar activity are particularly
evident on the East/West route charts. Poor
working or loss of communication on low
power systems can be expected when LUF
is close to FOT and it can be seen that this
condition exists for 8 to 12 hour periods on
three of the routes.

LUFs shown are for reception in the U.K.
Those for the reciprocal routes will be
roughly the same shape but shifted along
the time axis. This prolongs the poor working
periods for two-way communication.
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New Approach to Transistor Circuit

Analysis

by A. J. Blundellx, m.1£.E.

In this two-part article - which forms a complete introduction to transistor amplifier theory -
A. J. Blundell describes a simple “voltage-control” transistor model bridging the gap between an
earlier simple model and the hybrid-n equivalent circuit. It can be applied to small-signal,
large-signal and d.c. conditions and has the advantage that the ordinary circuit diagram can be
turned into its own equivalent circuit by introducing a simple circuit concept called a “beta
barrier”. Part 1 starts with amplifier basics, and introduces the small-signal model and applies
it to a common-emitter stage. A correction term used in evaluating internal emitter resistance is
proposed by the author who also gives a method of optimizing voltage gain. Part 2 will apply
the model to an emitter-follower stage, discuss its accuracy compared to the hybrid-n circuit
and give a d.c. and large-signal version of the model applicable to Darlington and complementary
pairs. It concludes by applying this model to the well-known Lin output stage and shows how

simple modifications balance the circuit.

The theory of transistor amplifiers seems to
be in a bewildering state. Although accepted
transistor models were laid down and their
equations solved many years ago, they do
not appear to be entirely satisfactory.

There are several reasons for this, perhaps
the most significant being that manufac-
turers quote only h parameters for their
transistors, indeed sometimes only h;, is
provided. Consequently only the two-
generator h-parameter model can be used
without considerable pre-calculation.

The h-parameter model is not easy to
handle without approximation, except for
the most elementary circuits, as anyone will
realize who has attempted an exact solution
for the common-emitter amplifier with an
external emitter resistor. Also it is not suit-
able when reactive circuit elements, such as
transistor capacitances, become important.

Further, h parameters are liable to mis-
interpretation because of the correlations
which exist between them. The result of this
is that many engineers have come to regard
the transistor as a wide tolerance device and
many have adopted the attitude that the
only course of action is to apply plenty of
feedback so that the open-loop charac-
teristics do not matter very much. In fact
the situation is not nearly so bad as this.

I have been concerned with semicon-
ductor power devices since their early days
so that when called upon to teach transistor
circuit fundamentals it was assumed that I
must be an expert on transistors.

Smiling cheerfully to maintain the illu-
sion I hurried to the library to do some hard
reading. The wide range of textbooks avail-
able only justified fears when, as luck would
have it, I saw the article “Simplified tran-
sistor amplifier calculations” by C. H.

*Lanchester Polytechnic, Rugby

Banthorpe.! This immediately rang the
proverbial bell because it appeared to have
a desirable attribute of any theory—its
suitability for back-of-the-envelope calcula-
tions in the laboratory. In addition it was a
“voltage control” rather than a *‘current
control” approach.

The last point seems very important.
From the physical point of view the tran-
sistor in its usual common-emitter connec-
tion is voltage controlled ; the base current
being (except for a negligible component)
a parasitic effect which would be absent in
an ideal transistor. (If anyone would like a
fight over this one I'm game!) Further,
there are influential engineers who prefer
the voltage control point of view. For
example P. J. Baxandall says®: For many
years I have felt that the almost universal
tendency to regard transistors as ‘‘basically

Explanation of symbols. Average or r.m.s.
values are indicated by capital letters; in-
stantaneous values by lower-case letters.
Capital letter subscripts indicate the total or
d.c. value of a quantity; lower-case sub-
scripts indicate the a.c. or time-varying
component, taken from its average value.

current operated devices” has exerted a
major retarding influence on progress in
good transistor circuit design.

There are also very down-to-earth reasons
for preferring a voltage description of a
circuit. Most transducers are specified in
terms of voltage generated or required and,
because the oscilloscope is the universally
used test instrument, a voltage signal is
easier to measure than a current signal.

It is important to point out that the real
object of amplification is to increase the
power transmitted rather than to increase
the signal voltage or current level. To illus-
trate the distinction consider the trans-
former which is not an amplifier but can
give a voltage gain proportional to the turns
ratio. The current gain however, will be the
reciprocal of the turns ratio so that the
power gain is unity, ignoring losses.

The essential property of an amplifier is
that the output power plus the internal loss
is greater than the input power. To be able
to do this an amplifier needs an active ele-
ment and an auxiliary power source which
it can use to provide the extra signal power.
The transistor is such an active element and
the auxiliary power source is its d.c. supply.

Unfortunately power is not easy to
measure directly so that engineers usually
think in terms of a combination of source
or load impedance and a voltage or current
gain; which amounts to the same thing.

Having put forward arguments intended
to explain motivation rather than to con-
vince a sceptic, the following exposition
presents a theory of transistor amplifiers
which bridges the gap between C. H.
Banthorpe’s treatment and the hybrid-n
equivalent circuit, the latter being the one
which allows transistor capacitances to be
incorporated most easily. The starting
point does not concern transistors, but am-
plifier theory itself, because it is often mis-
understood.

Taking voltage as the main variable for
measuring the signal it is necessary to exa-
mine the general problem of transferring a
signal from a source through an amplifier
to a load, starting first with a direct source-
to-load transfer with no amplifier.

Coupling gain

Suppose a source feeds a load as in Fig. 1(a).
To aid visualization let the source be a
microphone and the load a pair of head-
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Microphone Headphones
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Fig. 1. To introduce transistor amplifier theory an understanding of voltage transfer is
necessary—often misunderstood. Simplest way to find signal transfer from source to load
{a) under no-load conditions (b), is to treat the two resistances as a potential divider (c).

phones. The specification for the micro-
phone will give the voltage output for a
certain sound power on no load which is V,,
under the conditions of Fig. 1{b). The out-
put (or internal) resistance R, will also be
given. The resistance of the headphones, R;,
will be given together with some reference
to the signal voltage necessary to provide a
comfortable level of sound.

Now the simplest way to find the signal
transfer is to realize that the two resistances
form a potential divider across V, as shown
in Fig. 1{c). Then I = V,/(R,+R,) so that
the usual potential divider equation ¥
= IR, = V,R,/(R;+R,) results. Then

G i R
v Vs B (Rs+Rl)
This equation acts as the defining equa-
tion for G, which is the overall voltage gain
from specified source voltage V; to the load
voltage V.

The amplifier

Often the load voltage will not be sufficient
and an amplifier is needed. The linear
integrated-circuit amplifier is both the
simplest to deal with and the most compli-
cated in construction. A number of para-
meters are usually specified for it but only
three concern the low-frequency a.c. opera-
tion—input resistance, output resistance
and voltage gain.

Voltage gain is specified with no load so
that it is the open-circuit voltage gain. Let
p represent a gain of this type which occurs
in an unconnected amplifier.

Fig. 2 shows the equivalent circuit. The
microphone feeds the input of the amplifier
which behaves as a simple resistor r,. The
voltage V¥, appearing across r, is amplified

1 ,____A_m_piﬁ_e_"___' , 1o
| |
i ]
1 |
Rs : rs :
| | S

" V1 : ér} | V2 RLé Vz
|
VS |
I

Vo= nV.

Lo__S_ 7 __ ]

Fig. 2. Equivalent circuit of a source-
amplifier-load enables overall gain to be
expressed as a product of input coupling
gain (from Fig. 1), internal amplifier gain
u and output coupling gain.

by the factor u and appears as a source ¥,
which has an output resistance r, and is
connected to the output terminals. These in
turn are connected to the headphones which
form the final load R,. (Capitals represent
component resistances while lower-case
letters indicate the effective resistance of an
amplifying device or circuit.)

This discussion is limited to a unilateral
amplifier, i.e. V] affects ¥} but 1, does not
affect V.

The overall gain comprises three terms:
the input coupling gain—this, as for
Fig. 1, is a potential divider so that
V./V, = ri/(R,+r,); the internal gain of the
amplifier V,/V; = p; and the output coup-
ling gain which is another potential divider
W/V, = Rif(r,+R,). Then
o _Vi_WV

AN A7

1 R,
R,+r) 1 +R)

This equation is the basic expression for the
overall voltage gain of an amplifying system
in which R, and R, are known from the in-
put and output device specifications. Of
course R, or R, might be the output or input
resistance of another amplifier. Equation 1
can easily be extended to multistage ampli-
fiers, the output resistance of one stage be-
coming the source of the next. For two
stages there will be three coupling gains and
two us.

- When working out amplifier designs the
reader is strongly advised to calculate and
record the three items of equation !
separately and then multiply them together.
This is because they each give information
about the state of one of the three sections
of the circuit not otherwise available as will
be shown later.

Before going on to the transistor there is
one more gain to be considered. Although
Gy is the basic quantity required, it cannot
be measured directly when the system is
working because the only voltages acces-
sible are V; and V,. The measured voltage
gain between terminals on load is the
loaded stage gain defined by

VWV, Vi R

Ay = = =-2. 2 =
TV, ViV, (r+R)

g

n

It is the product of the open-circuit gain and
the output coupling gain; the input coup-
ling does not affect it. It is useful because it
is needed when checking and making
measurements on the circuit and in the past

Wireless World, June 1971

has been regarded by many writers as the
final goal of amplifier calculations (or at
least this has been implied). That this is a
mistaken notion is easily shown by pointing
out that of two amplifiers the one with the
highest G, may have the lowest A4,

The next section is concerned with find-
ing ry, g and r, for transistor amplifiers.

Bipolar transistor

Fig. 3(a) shows a transistor, such as the
general-purpose n-p-n BC108, with voltages
applied to give normal working conditions.
If vgg = Vjp is varied, ig will change and a
plot of the resulting characteristic is shown
in Fig. 3(b), this curve being similar in shape
to that for a forward-biased p-n junction
diode. Of course the base-emitter junction
is a p-n junction but it may seem surprising
that the presence of the collector does not
alter the relationship. Variations in vcg
move the curve slightly, but they do not
affect its slope so long as v is greater than
about one volt.

Under small signal conditions, where a
low-value a.c. signal is superposed on the
d.c. quantities, it is the slope of the charac-
teristic which is important as demonstrated
in Fig. 3(c). This shows an alternating vol-
tage superposed on a 0-6-V steady bias
which produces an alternating current
superposed on a 1-mA direct current. The
amplitude of the alternating current is equal
to the alternating voltage divided by the

(b)

Base-emitter voltage
Q
)

1 I(mA=)

Emitter current

v VgEg Versus 1g
.y .A__Sj__.__' I _‘\k

ﬁﬁza (¢)

Fig. 3. To help findr, ry, and u in Fig. 2
and in equation 1, a model is needed

in terms of simple components. To provide
this the bipolar transistor (a) must be
understood, in particular the ig-vgg
relationship (b) whose slope is the
important thing (c), and which is
approximately constant if vcg is greater
than 1V,

Exaggerated
slope
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slope of the curve, if the level of the a.c.
quantities is low enough so that the curve
can be considered straight over the portion
used.

When connected as an amplifier vcg varies
and the resulting movement of the curve
changes the v-i relationship. With most
transistors the error introduced in  is only
3 to 5% if Ay is 200; so that in most circuits
it will be less than this. When it is realized
that auxiliary component values are usu-
ally less precise—most people use 5 or 109
tolerance resistors—the error is negligible
in a general-purpose analysis. Equations
given in this article assume that v does not
affect the base-emitter quantities.

Now the key base-emitter relationship is
given, under restricted conditions, by the
Shockley equation

ig = Is[exp(qVpe/kT)—1] )]
where k is Boltzmann’s constant (1-3805 x
10723 joule/°K) g the electron charge
(1-602 x 10~ *° coulomb) and T the absolute
temperature in °K. At 30°C, a good typical
working temperature for a low-level ampli-
fier transistor, kT/q = 0026 V.

Because we are only interested in forward
bias above 01 V where exp(gVpe/kT)> 1
equation (2) can be rearranged to give
vge = (kT/q)In(ig/ls). The slope of the
curve, which has the dimensions of V/I, is
the differential resistance r, where t indi-
cates the theoretical value. It is found by
differentiating the equation for v giving

_ kT _0026 _ 26
qig ig ig(mA)

Resistance r, is current-dependant but if

the swing of iy is kept small then r, will not

change much and for many purposes the
steady d.c. value Iz can be substituted giving

kT 26

qly  IgmA)

This theoretical emitter resistance is given
by many writers and it illustrates a virtue of
the bipolar transistor : that its major charac-
teristic should be the same for all transistors
and is not a production-dependent para-
meter. This contrasts sharply with the
situation with valves and field-effect tran-
sistors.

Unfortunately transistors are not so ideal
although the difference is not large at low
currents. One cause of deviation is the
failure of Shockley’s equation at the current
values normally used ; the term kT/q tending
towards 2k T/q as the current rises. In addi-
tion there are more or less pure resistances
present such as the transverse resistance of
the thin base layer between emitter and col-
lector regions. Both these effects depend on
the size of the device and on manufacturing
techniques.

In spite of the complexity of the situation
it is possible to provide a satisfactory cor-
rection whose accuracy is acceptable as long
as the correction itself is not too large a pro-
portion of the total emitter resistance. The
correction was found by making measure-
ments of the emitter resistance on a number
of groups of various types of transistor.
Measurements were done for a range of
values of I and it was found that the values
of emitter resistance fell into two groups

Q at30°C

T

r, =

ﬂC Cc
A
b ’0"0 Bc = %oPe
Ny
Be €

Fig. 4. Summary of transistor parameters
are contained in the symbol. Numerical
values are added in some positions in
Sollowing circuit diagrams.

with modern low-level general-purpose
transistors in the lower and older types in
the higher group. The emitter resistances

were plotted against I; and a curve drawn -

through at the upper ten percentile. This in-
dicated a deviation from r, depending on
the inverse square root of I so that the true
emitter resistance is

r, = r,+ correction
26 a
=
IgmA) /I (mA)

where a = 3 for modem silicon planar
types and 4 for the others. This appears to
hold well up to about 10 mA and with de-
creasing accuracy to a maximum of about
40 mA.

This range of validity is quite good be-

- cause h parameters are often given for only

one current in the 1 to 5 mA range—taking
for granted that at higher current the less
accurate characteristic curves would be
used.

Note that the term given here concerns
base-emitter terminal voltage and emitter
current. It therefore includes both the input
potential divider of Banthorpe and the 2 to
5-Q emitter-lead resistance used to correct
his r,, to his r,.

The vgg— ig characteristic is the most im-
portant feature of the transistor in linear
amplifiers and is basic to the voltage control
approach. The other major feature is, of
course, that nearly all (a fraction, &) of the
current in the emitter is deflected to the col-
lector. If the collector current to base cur-
rent ratio fic = ao/(1—ao) is not less than
50, the collector current will differ from the
emitter current by less than 2% (for the
high-beta BC108 by'less than 0-8 %), so that
for most purposes ic can be taken equal to
ig.
In the present treatment the base-to-
emitter current gain is more important than
the usual base-to-collector current gain f.

1l
1
<
)
m

(a) (b)

il e e 1] e
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To save space I shall write

i ic+i i 0
._E_C_.’_H=._C-+1=ﬂc+1=ﬂ£
ip ip ip

Incidentally, the h parameter correspond-

ing to P is hgg, thus fg = heg+ 1.

The base-to-emitter current gain will
have two forms, the direct current gain,
Be = Ig/lg, and the alternating current
gain, B, = I/I,. The ac. gain is defined
mathematically as dig/dig but in practice it
is measured by applying a small alternating
emitter current I, in addition to the stand-
ing current I and dividing I, by the result-
ing a.c. component of base current I,. The
current must be small enough to avoid the
effect of non-linearities.

As an aid to memory the parameters can
be written into the transistor symbol as in-
dicated in Fig. 4. This shows at a glance that
Bc = apBg. Numerical values will normally
be added in some or all of these positions
in the circuit diagrams.

The action of a transistor can be sum-
marized as follows
(a) a voltage Vg is applied between base and

emitter

(b) a current then flows in the emitter given
by the diode curve or, for small a.c. sig-
nals superposed on the d.c. level, an
alternating current V,/r,

(c) nearly all the emitter current flows to the
collector .

(d) a small current flows through the base
due to the deflection mechanism being
imperfect

(e) the collector voltage hardly affects the
process.

Transistor model

When analysing the behaviour of a compli-
cated device a wise thing to do is to try to
set up a circuit consisting of simple well-
understood components which will do the
same job.

The first attempt to do this for the above
conditions results in nonsense but it is use-
ful because it shows a reason for the cur-
rent control philosophy in linear transistor
amplifiers.

Items (a) and (b) lead to the circuit of
Fig. 5(a), which is satisfactory for all positive
values of vgg and i except perhaps for very
small currents of the order of the collector
saturation current. Linear circuit elements
cannot deal with the non-linear diode

I-b=1e//3e Ic Ic=Bcle
—_— < - <+
C C

gre Te

(¢) (d)

Fig. 5. Partial transistor model (a) can user, in place of base-emitter diode for small
signals (b). Adding current generator with I, as control variable (c¢) is invalid because it
prevents input voltage appearing across r, and allows V., to appear across .. It is avoided by

making 1, the control variable (d).
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characteristic so the argument is limited to
small-signal calculations for which the
diode can be replaced by the resistor r, as in
Fig. 5(b). This means that we are making a
straight-line approximation to the diode
characteristic and ignoring the d.c. offset.

The value of f, is usually reasonably
constant for a useful range of current values
and this suggests addition of a current-
controlled generator to handle items (c)
and (d), Fig. 5(c). Physically I, depends I,
so that I, is the control variable and the cur-
rent generator goes in the base circuit.

Unfortunately this equivalent circuit is
invalid: the current generator prevents the
input voltage from appearing across r, be-
cause the voltage across a current generator
need not be zero. Also it does not account
for (e) as it allows V,, to appear across r,.

The usual way of getting round the diffi-
culty is to put the current generator in the
collector circuit and make I, the control
variable, Fig. 5(d). This is correct because
the only requirement is a relation between
the currents and, mathematically, it does
not matter which really controls which. The
result is a very neat solution indeed because
it fulfils all the requirements (a) to (e) using
only two elements. It is the basis for one of
the two equivalent T networks widely
quoted in the past.

Unfortunately the model immediately in-
troduces the idea that base current controls
collector current and that current gain is the
major parameter. An alternative solution
on which this work is based is to invent new
elements. .

To add to the already large list of basic
circuit elements seems at first sight to be
rash but the benefit in ease of circuit analysis
is considerable. In fact the proposed ele-
ments are similar to two already existing in
advanced circuit theory.

The new elements allow d.c. and large-
signal analysis as well as small-signal
analysis so that we can return to total in-
stantaneous values.

Beta barrier

The starting point is Fig. 5(a) which is valid
for the relationship between izr and vgg.
A vertical line is placed across the upper
connection to the diode, Fig. 6(a). This is the
“beta barrier”* which acts as a semi-
permeable membrane to the emitter cur-
rent. It ensures that iy = ig/fg but is itself
all at the same potential so that the top of
the diode is at base potential. For an n-p-n
transistor it is convenient to think of de-
flecting the flow of electrons which is in the
opposite direction to conventional current
flow.

One more thing is required. The collector
terminal is to take the deflected current but
its voltage must not influence the voltage at
the beta barrier. This is not difficult to re-
member but for the time being a single
double-zero symbol is used—it is omitted
later. Its characteristic is that any voltage
may exist across it and any current may flow
through it—the current not being influenced
by the voltage.

Fig. 6(b) shows the complete equivalent
slightly rearranged. Remember that all of

*I cannot recall whether this term is original.

Vbe -T‘P- Vee

Vbe
(c)

Fig. 6. Because the circuit of Fig. 5
suggests that base current controls
collector current, a new equivalent circuit is
proposed. This involves two new circuit
symbols: a ‘beta barrier’ shown at (a)
which allows i, = ig/Bg but which itself is at
base potential and not influenced by the
collector voltage—indicated by the
‘double-zero’ symbol shown in the new
equivalent circuit (b) (omitted in later
circuits). Similarity with standard diagram
allows an ordinary circuit diagram to act as
its own equivalent circuit. New circuit holds
Jor d.c. and large signals as well as for
small signals, but small-signal analysis is
simplified by replacing diode by r, (c).

the symbol indicated by the dotted line is
at the base potential, the double-0 symbol
holding off the collector voltage while
allowing the current deflected by the beta
barrier to flow round the collector circuit.
Choice of the new elements has been made
with the standard transistor symbol in
mind, and the similarity is essential to the
method because the aim is to turn the
ordinary circuit diagram into its own, equi-
valent circuit. This means that calculations
can be done straight from the conventional
circuit diagram.

The equivalent in Fig. 6(b) is a large-
signal model suitable for both signal and
bias calculations. In the next section it is
restricted to small-signal a.c. analysis by
replacing the diode by a resistance r, as
shown in Fig. 6(c). For clarity the d.c. col-
lector supply is retained—an example of
the need in transistor circuits to be able to
mix a.c. and d.c. quantities. It is clear that
the model in Fig. 6 faithfully simulates con-
ditions (a) to (e).

Common-emitter amplifier

The common-emitter circuit is the most im-
portant connection for voltage amplifica-
tion. The signal is applied at the base and
the amplified voltage appears at the col-
lector. Of course the collector supply would
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prevent the collector voltage from varying
and so a collector feed resistor R, is added
in series with the supply. This component
is sometimes called the d.c. load but this
term is avoided here partly to avoid confu-
sion with the real load R, and partly because
R, has a more important significance.
Fig. 7(a) shows the circuit in its usual form
while Fig. 7(b) gives a “transatlantic” re-
arrangement, better suited to analysis. The
resistance r, has been added in the emitter
as recommended for small-signal analysis.

Calculation of g is now as follows. The
input alternating signal voltage V,, is ap-
plied at the base and appears across r,
giving I, = VW, /r,. A fraction a, of this
current is deflected by the beta barrier and
flows through the collector and through the
resistor R, to the collector supply. The alter-
nating output voltage will be V,, = I R,
= —a,I,R.. Thus the open-circuit voltage
gain is

[/;2 aDIERC aDRC RC
Ve L. "

2
|
|

u

&)

where in the last term a, is taken equal to
unity. The equation gives the open-circuit
gain needed in the expression for G, in
equation (1),

In case the simplicity of the present model
is misunderstood the calculation is re-
peated for the simpler diagram of Fig. 8,
where the d.c. source, which does not affect
4, is omitted and the approximation a, = 1
has been made so that I, = I,. The major
effect of applying a voltage at the base is
to cause a current I, to circulate round the
collector-emitter circuit. As the output vol-
tage is the drop across one resistor while
the input voltage is the drop across the
other, u is obviously the ratio of the two
resistors. Further, the current flows up

'[Vcc
o

(a) (b)

Fig. 7. Common-emitter amplifier circuit
used to calculate open-circuit voltage gain p
(=R/re).

[ogf
¥ re =
- I,
=l | 2R, Vee
Voe 1
+
o— _ -0

Fig. 8. Simpler circuit of common-emitter
amplifier with d.c. source omitted and the
approximation I, = I_made so that it can
be immediately seen that p is the ratio of
the two resistors, and that there is a change

of polarity.
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one and down the other so that there will
be a change of polarity for a.c.

This is all that there is to the calculation
of voltage gain, but the idea underlies all
further work.

Common-emitter stage with
external emitter resistor

Fig. 9(a) shows the normal circuit and
Fig. 9(b) the new a.c. equivalent. Voltage
gain is easily calculated because R, is merely
in series with r, so that

aDRC e~ RC (4)
(r.+R)  (r.+R,)

It must be confessed at this point that the
choice of the present model which concen-
trates attention on the base-emitter charac-
teristic was greatly influenced by the simpli-

u =

+Vee

Re

Re

N

Te=I. |
e=lc ch

(b)

Fig. 9. Calculation of open-circuit voltage
gain with addition of an external emitter
resistor is easily done as R, is merely
added tor,.

city with which impedances in the emitter
lead can be handled. It is gained however
at the expense of having to multiply any
quantity involving base-emitter to collector
transfer by «, if the current gain is poor
enough for it to matter ; a small price to pay
for the advantages gained.

Input and output resistances

Having calculated u, then r; and r, are

needed before G, can be found. These are

not difficult to obtain because so far as the

input is concerned the base current is pro-

portional to the emitter current. So the

transistor behaves as if the resistors r, and\
R, (if present) were across the input, except

that the current is only 1/, times as large

as it should be, that is it behaves as if the

resistances were f, times larger, so that

r= ﬁe(re+Re)' (5)

If an alternating voltage is applied to the col-
lector it will produce a current only in R, as
we have agreed that the “double zero™ pre-

vents V,, from effecting I, or I, and hence I,
thus

r, = R.. 6)

These parameters refer to the circuit in-
cluding R, and not just to the transist()(.
Also, in a practical circuit there may be bias
resistors across the input, in which case the
effective total input resistance is simply the
parallel combination of r, as above with the
total external parallel resistance. The para-
meters needed to calculate G, are now
available.

Example

The circuit of Fig. 10 shows a BC108 tran-
sistor in the common-emitter connection
between a 600-2 source representing a
microphone and a 600-L2 load representing
headphones; d.c. bias components are ig-
nored. What is G, ?

From the data sheet §, is in the range 125
to 500, so that taking the minimum value to
give a conservative result, f, = 126 (cor-
rection hardly necessary!). Collector current
is 1 mA so that r, can be calculated using a
constant of three as the transistor is a silicon
planar of the low-level type.

re=§+—3—=299

T /1

5000
u=—29—=—173
r = 126x29 = 3650 Q
r, = 5000 Q

3650 600
'. = — —17 e
Gr = g0x3650 <172 5000 x 600

= —0859x173x0:107 = —159

The value of working out each term of Gy
separately becomes apparent. Of the avail-
able gain of 173 the major loss is at the out-
put coupling where only 10-7 9 gets through.
The condition at the input is better ; 859 %
being transmitted.

Notice that as only r; depends on §,, the
effect of a transistor with maximum f, is

Ve =10V
Re
5k
re(2901)
R R
600 Be123 g so%

Fig. 10. Example used to illustrate
calculation of voltage gain according to
equation 1. This method of calculation
shows that of the available gain of 173,
85-9%, is transmitted by the input coupling
and only 0-7 %, by the output coupling. It
also shows that effect of using a transistor
of four times the gain is an increase in .’
voltage gain of only 129

1) aastene| =
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just to change the input coupling loss to
096; an increase in G, of only 12%.
Measured voltage gain A, does not of
course depend on f,. It is merely

Ay = =173x 0107 = —185

It is my firm opinion that drawing in the
resistor r, to replace the arrow in the sym-
bol is an important part of the technique;
analysis is done by human beings who are
invariably helped by such visual aids. The
addition of r,, together with the beta barrier
idea, turns the circuit diagram into an
equivalent circuit which is made suitable
for large signal or d.c. analysis by replacing
the resistor with a diode.

Now try adding a 50-Q emitter resistor to
Fig. 10 and see if Gy, is 6-4!

Checking the value of r,

So far the only item outside the scope of
previous models, if suitable approximations
are made, is the value of r,. The correction
term given is necessarily based on the small
range of types and quantities available for
measurement and its validity may well be |
questioned. If any reader has the time and
opportunity to extend the measurements it
would be a valuable contribution.

The value of r, can be checked, however,
at any current for which h parameters are
available. To show this let us give the h
parameters for the beta barrier model. We
consider the transistor only and not R..

h,, is input resistance with output short-

circuited = B,.r,

hy, is base-to-collector current gain with

output short-circuited = f,

h,, is collector-to-base (or reverse) volt-

age gain with input open-circuited = 0

h,, is output admittance with input open-

circuited = 0
Parameters h,, and h,, are zero because
V.. does not affect ¥, or I. The beta-
barrier model therefore is one in which
hye = hye =0, B, =hg+1 and r, = b,/
(hye+ 1).

As an example let us use the data pub-
lished by the makers of the BC108 to find r,..
For Iz = 2mA, 6 = 25°C, this is

min. typ. max.  units
h, 1600 3600 8500 Q
hy, 125 280 500 —

S St + 1) 12:8 12:86 17 Q

For 25 °C = 298°K. r, = kT/ql; = 12:84 and
3//Is(mA) = 21 so that r, = 1494 Q.

Unfortunately the measurements made
to obtain the empirical correction factor
did not include BC108s, but with those
transistors measured no value of r, was
found to be less than r,, although a few were
very. near to it, while 90°; were covered by
the correction factor. Thus, from the
measurements, the spread of r, might be
expected to be from 12-84 to about 16Q2; a
range which corresponds well with the
values calculated from the h parameters.

Voltage gain of transistors

Returning to voltage gain, a very interesting
deduction can be made from equation (3).
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The collector feed resistor R, cannot be
freely chosen because it must carry the
direct collector current and the resulting
voltage drop must be less than the collector
supply voltage V¢c. For a number of rea-
sons a good choice of collector working
voltage is half the supply voltage ; any other
choice merely changes the resulting con-
stant slightly. Assuming that the correction
can be neglected at low currents then
r, = 0:026/I; (amps) and the drop across
R, is V¢¢/2 so that Vie/2 = IR, ~ IR,
then R, = V¢/2Ig and

- _& - _ VCC IE - _ VCC
= =% = Ta,0006 - 0052
~ =20V, M

Thus the open-circuit voltage gain of a
transistor ampfier designed in the standard
way is about 20 times the supply voltage!
For example the usual 9-V radio battery
gives u = —180.

If the half-supply-voltage principle is not
adhered to, the result will not change much
even if maximum output swing is not re-
quired, because there is rarely the need to
drop less than V.¢/2 across R, and the
maximum permissible would be about
3V¢c/4 due to the need to ensure thatdrift in
I'r does not saturate the transistor, i.e. does
not reduce Vg = 0.

At higher currents the correction factor
becomes significant and the gain drops
below 20V, giving a reduction of 5% at
0-5 mA, 109 at 1 mA and 20% at 5 mA.
Equation (7) can therefore be regarded as
the maximum gain of the transistor. The
only way to increase the voltage gain is to
increase the supply voltage!

Optimum gain
The results of the previous section can be
used to provide a basis for the selection of the
direct emitter current; a subject incomplete-
ly dealt with in most text books. First we
find that the four parameters of an amplifier
are not independent. (Four, because to
u. ry and r, we must add the current gain
B = I1,/1,) For a transistor the amplifier
current gain is identical to f, so that from
equations (3) and (5) assuming R, = 0
—_u_ach_ R, _n (8)
ﬂc ﬂcre ﬂere r
Although proved for the transistor amplifier
this relation is true for any amplifying sys-
tem and only requires the assumption that
the amplifier is unilateral. :
Because p and f, are approximately
constant for changes in I while both r; and
r, are inversely proportional to it, the
transistor turns out to be a unique device in
which the input and output resistances can
be varied together while their ratio remains
constant. This provides an opportunity to
maximize the overall voltage gain by adjust-
ing the emitter current to give the maximum
coupling gain. It can be shown* that for
maximum G

rn R
=

\ S

©)

r

*Substitute for r, from equation 8 in G,, differentiate
with respect to r, and equate to zero.

i.e. the ratio of input resistance to source
tesistance should be equal to the ratio of
load resistance to output resistance. Sub-
stituting for r, in equation (9) from equation
(8) gives

r2 B, R, 2 —UR(R
=— orryt=—-"-
_”Rs r ﬂc_
{—uR,R
Then R . =r, = | 2% (1)
v B

For a system R, and R, are known and 8, is
given for the transistor. Using the approxi-
mate value p = 20V, a value can be
found for R, which in turn gives I ~ I,
= Vee/2R,. This value for I will give the
maximum overall voltage gain.

Perhaps the most important relation in
this section can now be derived, for equation
(9) implies that the coupling gains are
equal for the maximum gain condition.
Substituting for r; from equation (9) into
the input coupling gain gives

. RR/r,  RKR
R+r;  R+RRJr, Ry +RR,
R,
n r,+R;

Thus the optimization can be checked by
examining the coupling gains for equality:
a powerful reason for working them out
separately.

This leads to a very practical design pro-
cedure which does not require memorizing
equation (10). One merely tries a few current
values, calculating r, and r, and checking
the ratios in equation (9). When the current
appears to be approximately right G, is
calculated and as a final check the coupling
gains are compared.

For an example of the use of equation
(10) the circuit of Fig. 10 will be optimized.
The working is as follows. u = 20V
= —20x10 = —200, 8, = 125, R, = 600,

s = 600. Then R.Z = 200 x 600 x 600/125
= 676,000Q%, so R, = 760Q. I; = 10/2 x
760) = 6:6 mA.

r. = 26/6:6+3/,/66 = 51Q.

u = —R/jr., = —760/51 = —148 (accur-
ately).

126 x 51 = 640Q. Finally

—640/1240 x 148 x 600/1360

—0515x 148 x 044 = 34.

The optimized gain is over twice the gain
previously obtained. This is because the
increase in output coupling gain has more
than compensated for the decrease in input
coupling gain. The coupling gain terms in
Gy are still not quite equal, but the maximum
in the gain-versus-/ relation is very flat and
if the coupling gains are within about 20%;
of each other the gain is negligably less
than maximum.

With the current at its new value the
current gain will have a greater effect on
Gy. This is becduse the input coupling term
is now more dependent on r, which is the
only thing that current gain affects. The
change to f. = 500 will increase G, to 53
which is a 55% increase to be compared
with the previous increase of 12%. If free-
dom from changes in f, are required then
it is better to work at a lower current than
optimum where the input coupling gain
approaches unity. There are many reasons

ry

Gy
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for choosing a particular value of I;—§,
must not have fallen away from its best
value, power dissipation must be within
limits, frequency response and noise level
must be satisfactory etc—but in the absence
of such considerations optimization of I
will give the greatest voltage gain.

To be concluded
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Sixty Years Ago

June 1911. Fleming in an article
‘High-frequency Alternators for Wireless
Telegraphy’ in the Marconigraph looked
at the various ways being tried to produce
high-frequency alternating current so that
these waves could be used instead of spark
transmitters. But he said “. . . it will be well
to suspend enthusiasm for the new
method . until it has won its spurs by
actual contest with the old established and
reliable spark method in the field of
everyday radio telegraphic work.” The
efforts of a Dr. Goldschmidt, who was a
lecturer at Darmstadt Technical College,
to produce high frequency waves using an
induction motor as a frequency
multiplying device were described as
follows:

‘If a continuous current is passed
through the stator of an induction motor,
and if the rotor is caused to revolve by
some means, the rotor circuits will be
traversed by an alternating current, the
frequency of which will depend on the
number of poles of the stator and speed of
the rotor. If the alternating current
produced in the rotor is led through the
stator it will produce a revolving field,
which can be used to create in the rotor
current of still higher frequency. These,
again can be led through the stator, and in
turn induce higher frequencies still in the
rotor. In this manner the frequency can be
multiplied up. The currents of intermediate
frequency can be taken up in condenser
circuits tuned to them, and the final
high-frequency current be made to
circulate up and down an antenna or
aerial, and so create persistent
electromagnetic waves of, say 10,000 or
20,000 feet in wave length. This process is
scientifically and practically possible, and
its success, so far as tried has resulted in a
company being formed in Germany to
exploit it.”

Fleming pointed out that it would take
a rotor speed change of only half a per
cent to throw the output of the rotor out
of tune with ‘the various fundamental and
harmionic condenser circuits.’



Big Brother wasn’t made for the space age.
While men push back the frontiers of communications
and learn more about the world we live in, the barriers
of intolerance and ignorance will recede.
Come 1984 Plessey electronic exchanges will operate
all over the world — bye bye to Big Brother!

So who's watching who?

Plessey are watching. Watching the constant development for our electronic
exchanges. The TXE2 (or Pentex in world markets) systems are already
ahead of all competition. Watching the success and performance of
over 85 TXE2 systems already in operation in Britain and watching the
streamlining of their production. Naturally enough, Plessey equipment is in
great demand all over the world. So we can’t promise delivery overnight
But what we can promise is the care we take to meet our obligations to you
Care in the opening of new fzctories, training of new staff and the availabilit
of our engineers to advise on your telecommunications problems.

Whether you want an electronic, crossbar or Strowger system - whether you
want to replace existing equipment piece by piece, do a direct conversion or
provide an entirely new system - Plessey is ready to start things moving for you
Right from the very first day vou call them.

@ Plessey Telecommunications

Plessey Telecommunications Group, Edge Lane, Liverpool L7 9NW, England
WW_—075 FOR FURTHER DETAILS @ PTIs3D
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Townley

Low voltage High current
‘Transformers

better made at a more reallstlc price

| Single-phase or three-phase
transformers are available from 2kVA
up to 400kVA.

Backed by 20 years experience,
Harmsworth, Townley are making low
voltage, high current transformers
by methods which ensure reliability

. . . . Townley transformers are custom
while keeping prices to the minimum.

built to your individual needs and if
you send a full specification we can

We make the coils in cast aluminium,

which has good mechanical and heat quote you by returr.
strength, and we use a modular form of Write or telephone for full details
construction which speeds and simplifies of construction and the information
the work and reduces the cost to you. we require for quoting.

Harmsworth, Townley

Harmsworth, Townley & Co. Ltd.,
Harehill, Todmorden, ILancs.
Telephone: Todmorden 2601

WW—076 FOR FURTHER DETAILS HT1 (1)
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Electronic Building Bricks

13. Uses of oscillations

by James F ranklin

In Part 5 we studied the oscillator and the
nature of oscillations. We saw that an
oscillation is a cycle of events which
repeats itself indefinitely. The time taken
to generate one complete cycle is called
the period of the oscillation, while the
number of periods that occur in a given
time is called the frequency of the
oscillation.

Of what use are oscillations? Their
main function is to act as carriers of
information in those parts of electronic
systems where several sets of
information—different signals—have to
be transmitted through a common medium
without getting mixed up. One such
common medium is space (for which the
oscillations are converted into radio
waves) and another is the trunk cable, as
used for inter-city telecommunications.
Within electronic equipment we sometimes
have to transmit several signals
simultaneously from one ‘building brick’
to another by means of a single electrical
circuit (Part 11 April) without the signals
interfering with each other and so
destroying the information.

To understand how this is done we need
to look at two aspects of oscillations: (1)
how they can act as carriers of
information; and (2) the properties that
enable oscillations to be distinguished
from each other.

Since an oscillation is an electrical
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Fig. 1 How a periodic change can be
used to carry information: (a) by
modulation of amplitude; (b) by
modulation in time.

quantity periodically changing with time it
offers two possibilities for carrying
information: we can vary the extent by
which the electrical quantity is periodically
changing; and we can vary the fime at
which a periodic change takes place. This
is illustrated in Fig. 1. At (a) the broken
lines show how the extent, or amplitude, of
the change could be varied; at (b) the
broken lines show how the time of the
change could be varied. In both (a) and (b)
the process of varying a property in
accordance with the information is known
as modulation.

The general principle of being able to
vary the timing of a periodic change can
be used in several ways, to give
oscillations with distinct properties. Some
examples can be seen in Fig. 2. We can
control the instants at which the current
rises and falls in such a way that the whole
current /time graph is displaced, as shown
in (a). This is known as a phase
difference—the broken-line square wave
has a different phase from the full-line
square wave. Or we can control the
instants at which the rises and falls occur
in such a way that the time intervals
between them, the periods, are different
from in (a). This is shown in (b), which
has shorter periods, and (c), which has
longer periods. As a result, oscillations
(b) and (c) differ in frequency from those
in (a).

Fig. 2 shows us two things. First, it
shows us practical methods of modulation
derived from the Fig. 1(b) principle, that
is, phase modulation (a) and frequency
modulation, (b) (c). Thus, with the
amplitude modulation in Fig. 1(a), we
have three methods altogether. (There are
others, but all are based on the
fundamental processes illustrated in Fig.
1.) Secondly Fig. 2 shows us properties
by which several oscillations travelling
through a common medium may be
distinguished from each other, notably the
properties of frequency and phase. Of
these frequency is the most widely used,
for example, tuning a radio receiver to
stations with different radio-wave
frequencies. The property of phase
distinction is utilized, for example, in
colour television to enable two different
colour information signals to be
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transmitted simultaneously, with the same
carrier frequency, and yet be separated in
the receiver. It is also used for trunk
telecommunications in which different
signals are sent as trains of pulses—each
train being identified by its ‘position’ in
time relative to the others”.

What we have discussed so far has been
illustrated by square-wave oscillations.
Fig. 3 shows how the principles apply to
sine waves (Part 10). Oscillations (d) and
(e) differ in phase although they have the
same frequency. Oscillation (f) differs in
frequency from (d) and (e). (Note that a
difference in frequency inevitably means a
difference in timing as well, but that a
phase difference can exist without a
frequency difference.) A sine-wave
oscillation modulated in amplitude, on the
Fig. 1(a) principle, is shown at (g)—the
modulating information in this case being
part of a signal from a microphone.

* known as time division multiplex
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Fig. 2 Square-wave oscillations
illustrating (a) phase difference, and
Sfrequency difference between (a), (b)
and (c).
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Fig. 3 Sine-wave oscillations differing
in phase, (d) and (e), and in frequency,
(d) and (f); also a sine-wave oscillation
modulated in amplitude (g).
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Low-range Ohmmeter

Linear-scaled instrument for measuring
resistance of contacts and soldered joints

J. Johnstone

Originally intended for matching the resis-
tance of small wound components, this
ohmmeter has since proved to be of general
use in the laboratory, typical applications
being measuring switch contact resistance
and testing printed circuit boards for dry
joints. A constant current is applied to the
resistance under test, and the resultant
potential difference is indicated on a
meter. Output voltage is limited to less than
one volt to protect the meter and any active
devices in the circuit under test. Test current
is 250 milliamps for 500 milliohms f.s.d. and
25 milliamps at 5 ohms f.s.d.

Under constant-current conditions, the
series pair 7r, and Tr, are controlled by the
current error amplifier, Tr, and Tr;. (Tran-
sistor Tr, should be fitted to a heatsink of
16-gauge aluminium sheet, 7.5 X Scm.)
Transistor Tr, together with R, and R,
form a constant-current source for Tr,.
When the amplifier is balanced—i.e. when

the voltage across R, and R, equals the
reference voltage of D,—the current
through R, is provided equally by Tr, and
Tr;. An error signal at Tr, base causes a
collector current change of A I with a
resulting change of — A 1-in Tr collector
current. This changes the bias of Tr; by
— AT X R,, altering its collector current
by — (AI X R)/R, = — A I, thus
doubling the overall gain of the error
amplifier.

A further advantage of this circuit is
that any variation in the amplifier supply
rail will have a similar effect on R, and R,
and its effect is nullified. When the voltage
between the output rails rises to approxi-
mately 500 millivolts, control passes to the
voltage limiting amplifier.

The reference and error sensing sides of
the voltage limiting amplifier must be
referred to the4wo output rails. This presents
a problem in that any load on the negative
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rail will result in inaccurate current regula-
tion. The emitter follower 77, buffers this
point from the current demands of D,.
As voltage limiting occurs the voltage across
R and R, falls toward the zero volts rail,
and Trg ceases to conduct. Diode D, then
becomes forward-biased and supplies the
current required by D;. The maximum
output voltage is preset by adjusting R,,.

If the meter is connected across the out-
put rails the impedance of the lead between
the instrument and R, could give rise to
errors, particularly at 500 milliohms f.s.d.
This is avoided by using screened wire
between the instrument and the test probes.
The screen carries the test current, while
the inner lead is connected to the meter.
The screen and inner lead are connected
together at the test probe. With suitable
probe tips this method gives errors of less
than 1% f.s.d. :

This instrument is intended for measur-
ing resistances and not monitoring. No
attempt has been made to compensate for
the drift caused by temperature rise in R,
and R,. Prolonged application of the
current may also cause temperature drift
in R,. Input voltage variations will result
in some drift in both the current and voltage
amplifiers. If this proves troublesome R,
and R, should be replaced with constant-
current sources.

The range may be adjusted by connect-
ing a resistor of between 20% and 100% of
full scale between the test probes. Resistor
R, is then set to give the required reading.
When testing for dry joints, the f.s.d. should
be set to 500 milliohms. A good soldered
joint will normally have a resistance of less
than 50 milliohms, and a dry joint will
normally exceed 500 milliohms.

J ' 100uA
R3 R2a
1k 1k
~ ==
Ly T Treov
r.
3
MEISERY) 2N4403
R4
12-0-12V 4 x IN4AOO1 Tr'2 470 A ~rhd
500mA MPS6566
Screened cable
/- N to probes
+J-
220p -
35V N p: W, N A
Tr Tr, Rg .
5 ¢ 4 \ 250 Helipot
MPSE566 MPS6566 < Rio =5
[ Ry 2k Rs
IN52328B 1K T 12
MPS6566 5W
- N & y, ", . N, W
D4 T T
IN40O1 7 '8
200p
3Isv D
3
IN52238B I
AR -\ \N\—
Re Ry
15k 4-7k

In this circuit, full scale deflection of either

500 milliohms or 5 ohms is set by R,.

Resistors should be L-watt types with + 5%

tolerance unless shown otherwise.



Wireless World, June 1971

Stereo Mixer

9 Further circuits and construction notes

by H. P. Walker, B.A.

Post-mixing circuits

In the prototype, the signal from the virtual-
earth mixer is taken to the tone-control
circuit via a switchable rumbile filter and the
main gain fader and stereo balance controls.
The signal is fed at low impedance from the
tone-controls directly to external equip-
ment or passed on to the line and metering
amplifiers.

Tone-control and filter circuits. The circuit
shown in Fig. 11 can conveniently be
divided into two by the main gain and
stereo balance controls. These controls
are similar to those described for the pre-
mixing amplifiers except that the balance
control does not fade either channel to zero.
The author chose a 10k{2 potentiometer for
the main gain fader after finding that a 50k£2
potentiometer caused an audible deteriora-
tion in the residual noise level when the
control was set at about half full output.

Filter circuits. Prior to the stereo balance
control, a switchable rumble filter attenuates
frequencies below 25Hz at about 24dB/
octave in conjunction with the built-in low-

‘frequency turnover, as shown in the tone-

control characteristics, Fig. 12. The high-
pass filter is synthesized using emitter-
follower sections which are cheap to
construct and give a gain of unity in the
pass-band. Low-pass filters may also be
synthesized in a similar manner to give
various turnover characteristics (e.g.
maximally flat amplitude or linear phase)
and various rates of attenuation.
Although no high-frequency filter is in-
cluded in the present design, its use is
definitely advantageous when gramophone
records are being reproduced. The omission
is partly due to the prejudice of the author
who feels that only a comprehensive h.f.
filter system, in which the slope and turn-
over-frequency are variable, is really useful:

e LLE A
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‘the best known is that on the Quad 22 and
33 control units*. The subjective affect of
Butterworth (or maximally flat magnitude)
low-pass filters is often to increase the noise
and distortion they are intended to reduce,
while the signal assumes an unpleasant
‘nasal’ quality due to the transient distor-
tion. This is caused by the abrupt turnover
in the amplitude response followed by a
steep roll-off at 18dB/octave or more, and
is easily demonstrated by examining the
theoretical response of such a circuit when
excited by a step function’ (e.g. a square
wave).

As a result, the author has never found
this type of filter very useful and frequently
prefers the original noise and distortion to
the coloration caused by the transient

*A useful passive circuit having a fixed turnover
frequency and variable slope was described by
R. Williamson in Hi-Fi News® and reproduced in a
later article by B. Grossmith®.

To X10 amplifier
and V.U. meters

—

Aux. input

EGBOK

Input from |47k
virtual
earth mixer

470k

’__['\

Trs

+18V
l +
25
33k 500mV

To other channel
i

' 1
Ganged to other channel

Fig. 11. Tone-control and filter circuit. Residual noise —98dB. Tr,-Tr BC109 etc.

TONE CONTROLS

Ganged or separate
as required

Ganged to
other channet
pre-set level
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Tinging. However, if the rate of attenuation
is reduced to 12dB/octave this transient
distortion is aurally less noticeable while
tests using a Bessel (linear phase or maxi-
mally flat time delay) filter’ gave, subjec-
tively, a quite pleasing effect even with an
18dB/octave roll-off. This is to be expected
from the improved transient response
resulting from the more gradual turnover
characteristics. A practical circuit, realizing
this filter, is shown in Fig. 13 and the
frequency response curve for the values
shown, in Fig. 14. Changing the turnover
frequency involves scaling the values of
C; C, and C,, but simply halving C, to
220pF gives curve 2, which, although not
maintaining the true Bessel characteristics,
does not seem to cause audible transient
distortion.

Tone-control circuit. The shape of the tone-
control characteristics, like those of the h.f.
filter, are a somewhat subjective problem,
though there are some important specifi-
cations which must be met by any proposed
system:

(i) low interaction between bass and treble

(i) low distortion even at maximum boost;

and

(iii)a truly flat amplitude characteristic
and a good transient (i.e. square wave)
response when the controls are in the
“flat’ position.

The tone-control circuit of Fig. 11 is
basically a virtual-earth feedback con-
figuration in which the bass control is of the
variable turnover frequency type and the
treble control has a fixed turnover fre-
quency, approximately determined by the
time constant R,C,, and effectively lifts
and cuts the whole of the frequency range
above 2kHz. The gain/frequency character-
istics are shown in Fig. 12. The component
values used in the tone control network are
the result of experimental measurements
and listening tests. In particular the treble
control components were carefully chosen
so that the control can alter the musical
‘brilliance’, and it gives a variation which
is related to rotation, i.e. there is no ‘dead
band’.

The nominal signal level of 360mV,
leaving the virtual-earth mixer, is attenuat-
ed by 6dB in the sterco balance control so

controls; that the maximum signal level entering the
+20 M Max
ax /
+10 3 o’clock
| 1-30 o'clock
[}
Flat
(s00mV) ©
Flat L !
'‘Rumble’ | 3 g
o~ titter 10-30 o'clock
@
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5 S o'clock ‘\\\\\\
a
g i
[+]
]
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Fig. 12. Characteristics of filter and tone controls.

Input

C

Fig. 13. Highfrequency filter. Tr, Tr, BC109 etc.
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Fig. 14. Characteristics of Fig. 13.

tone-control stage is about 180mV. Asthe
tone-control network is symmetrical, to
obtain a gain of greater than one the feed-
back connection must be made to a tapping
in the output load resistor. The gain is then
given by (R;+R,)/R,. For a nominal
output of S00MVr.m.s. a gain of 2.8 is
required; for higher or lower outputs R,
should be altered (e.g. to 39082 for 1Vr.m.s.
output), remembering of course that the
circuit is not designed for outputs much
greater than 2Vr.m.s.

Turning to the amplifier itself, the boot-
strapping circuit is used which gives a gain
without feedback of 2000 and a distortion
level of less than 1%. This enables very low
distortion to be obtained even at maximum
boost. Although the effective source resis-
tance presented by the tone-control network
varies with frequency, a suitable average
value for design purposes is 5k, which
sets the collector current at 100uA in
Tr,, for a low noise figure. Tr,, provides
a low impedance drive to the tone-control
network, R, and C, being included to
prevent h.f. instability.

The complete circuit has low interaction
between the controls and in the ‘nominally
flat’ position the overall response is flat to
within 1dB over the audio range and the
square-wave performance shows rise and
fall times of about 0.5us with no overshoot.
Harmonic distortion for an output of
500mV r.m.s. is less than 0.02% rising to
0.05% at 2V r.m.s. The level of residual
noise at the output with the main gain
control turned down is approximately
—93dB w.rt. 500mV when measured
on a bandwidth of —20kHz.
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