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Research or eco folly?

he High-Frequency Active Auroral Research Project —

HAARP - has been a source of increasing controversy as
public awareness of the technology increases. In May this year
I had the opportunity to present in Brussels on this issue to
members of Global International, a group of several hundred
Parliamentarians gathered from throughout the world.

“The Earth is delicately balanced, and seeks to restore
balance when disturbed. No one really knows how ionospheric
experiments will affect that balance, or what the Earth will do
in response to try to restore balance.” These words are from
Rosalle Bertell, Ph.D, of Toronto, Canada, founder of the
International Institute of Concern for Public Health. Dr Bertell
was commenting on HAARP — a U.S military experiment.

The HAARP project may be the test run for a ground-based
‘Star Wars® defence system. Military documents say it is
intended to disrupt portions of the ionosphere by beating it
with powerful pulsed radio frequency beams. Radiation, in
some of the new instruments uses will bounce back to the
surface of the planet in the form of extremely low frequency
waves of energy.

Intended to be the most powerful ionospheric heater ever
built, HAARP’s ground-based apparatus — a current array of 48
antennae each powered by its own transmitter — sits in the
remote Alaskan wildemess northeast of the city of Anchorage.

HAARP is much more than the auroral and radio
communications research project as is claimed by researchers
at the University of Alaska’s Geophysical Institute and their
financial backers — the US Navy and US Air Force. The fact is
that HAARP is a military experiment aimed at invasively
manipulating the ionosphere by beaming high energy upward
from the ground. Such activity could potentially disrupt natural
systems on the earth and high above it.

Individual members of the European Parliament are among
the growing number of people worldwide who have been
startled to hear about HAARP. Voices expressing various
levels of concern are being heard in many countries.

For example, in contrast to the cautiously worded comment
of Dr Bertell — a researcher in the field of quantum
electrodynamics based in Germany — Al Zielinski, paints an
apocalyptic picture. He says that HAARP technology could
trigger a disaster with a global impact — electromagnetic waves
causing destruction “when interacting with protective layers of
the earth and its gravitational field.”

The concern that this system — and others like it — could
effect the geophysical stability of the planet has also been
expressed by Brooks Agnew. Brooks is a radio chemist who
discovered that some very specific frequencies when broadcast
into the Earth could trigger earthquakes even at relatively low
power levels.

This same sentiment was expressed by William Cohen, the
United States Secretary of Defense on 29 April 1997.
Commenting on the possibility of terrorists states he said,
‘. ..engaging even in an eco-type of terrorism whereby they can
alter the climate, set off earthquakes, volcanoes remotely
through the use of electromagnetic waves.” These systems we
assert, if they are indeed possessed by terrorists as Defense
Secretary Cohen has implied, must also be available to the more
advanced governmental defence organisations in the world.

The ionosphere is alive with electrical activity, so much so
that its processes are “non-linear.” This means that the
ionosphere is dynamic, and its reactions to experiments are
unpredictable. The concept of non-linear is important in

“Is it wise to poke
holes in the Earth’s
electrical umbrella?”

understanding the concems of independent scientists who are
knowledgeable about advanced physics and who warn
against brash high-energy experiments on the ionosphere.

Non-linear processes can change suddenly and
unexpectedly, or they can increase in power dramatically.
Some theorists say that a non-linear process can, under
certain conditions, tap into the background energy of space,
which is also called *zero-point fluctuations of the vacuum.”

Studying radio communications by using a tool as
powerful as HAARP is a worthy scientific task but some
independent researchers question whether the means justify
the end. Is it wise to poke holes in Earth’s electrical
umbrella? Is it wise to prod a dynamic natural system
without knowing how it might react?

HAARP is intended to heat and lift a portion of the
ionosphere above a selected location or locations on the
planet and to make a huge invisible ‘mirror’ for bouncing
electromagnetic radiation back to the surface of Earth. Why?

The answer is that the US military wants to communicate
with its submerged submarines by penetrating the oceans
with extremely low frequency radiations. It also wants to
penetrate the land with ELF waves in order to search for
hidden tunnels or other sites of military interest — a process
known as earth-penetrating-tomography. This application is
funded under the counter proliferation and non-proliferation
of nuclear. weapons in the United States Defense budget.

If the technology is scaled up in size, it could potentially
shield a territory from intercontinental ballistic missiles. It
could Fry satellites and differentiate between incoming
objects such as missiles carrying nuclear warheads and
decoys. It could even enhance communications or disrupt
communications over a large area of the globe. And of
course, it could affect the health of humans and other
biological systems. [ ]

Dr Nick Begich, email: drnick@alaska.net
Internet: http://www.earthpulse,com
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Assault on batteries

attery maker Duracell wants

battery specifications tightened to
avoid the increasing risk of
appliances such as smoke alarms
failing.

The specifications, defined by the
International Electrotechnical
Commission (IEC), cover the shape,
size and discharge currents of
batteries in various applications.

According to Philip Smith, sales
manager for Duracell’s industrial
products division, battery
performance is being stretched
beyond the [EC’s tests and
standards. Discharge tests run from |
to 500mA.

“That doesn’t take account of
datalogging equipment or cellular
phones,” said Smith. These drop off
either end of the scale, he claimed.

Because the specifications are lax,
a battery manufacturer can change
the design to a point where it causes
problems. For example, at extremely
low currents, perhaps tens of
microamps in a smoke alarm or
datalogger, the battery might even
stop working.

But the battery passes the IEC tests
because they only go down to ImA
discharge current.

“The IEC is very slow to reflect
the changes in the applications,” said

Smith. “We want the IEC to reflect
what is happening in the marketplace
with a wider range of discharge
currents. A smoke alarm test is
needed. Peoples’ lives depend on it.”

An IEC spokesperson said:”"We are
trying to respond to the industry’s
needs. Duracell participates in the
process of producing standards and
has access to the lobbying
procedures.”

The IEC is already extending the
tests to cover products using very
low currents. However, a test is
needed for high current products
such as mobile phones.

Richard Ball, Electronics Weekly

Driverless cars on the road to reality

esearchers in the US say they

have successfully completed a
series of tests involving cars that
drive themselves. The tests were
conducted along an eight mile stretch
of California motorway.

The cars were equipped with on-
board computers and video cameras,
and were guided to stay within their
lanes by small magnets embedded
into the roadway at four foot
intervals. One driver said that the
experience was thrilling for a few
seconds but then became “really
dull” as he had nothing to do.

The experiments are part of a US

national effort to develop fully
automated intelligent vehicle
highway systems as mandated by a
law passed in 1991. A group of
high-tech companies have joined
with car manufacturers to form the
National Automated Highway
System Consortium. The group
estimates that current motorways
could be adapted to handle
automated vehicles for as little as
$10000 per mile.

There are still trials in various parts
of the US awaiting completion
before standards for building cars
and automated highways are defined.

1996 saw
patents increase

he latest annual report from the

UK patent office shows the
number of published patent
applications, at 11452, increased
by three per cent in 1996.
Telecommunications remains the
most innovative technological
sector: 908 patents were published
in the financial year 1996
compared to 819 the previous one.
Other patent segments include
measuring and testing, with 655;
and electric circuit elements and
magnets, which at 577, grew by 12
per cent.

Five times lower power
than cmos?

ATM switch markets are set for growth in
both the local area and the wide area
Worldwide revenues $m
3,000 — - 2
B L] ATM LAN switch revenues _
' [L]ATM WAN switch revenues
2000 —
1,500 - =
1,000 -
500 - H-—
0 -
1996 1997 1998 1999 2000 2001
Source: Datamonitor
Tel: 0171 625 8548

breakthrough in the way chips consume power, reported by

the University of California’s Information Sciences Institute
(ISI), could dramatically cut power consumption by 80 per cent
and make possible new types of highly integrated chip designs.

Researchers within the ACMOS group at ISI have patented a
prototype microprocessor called the AC-1, which consumes just
one fifth of the power of a similar c-mos processor. The design
uses pulsed power and adiabatic charging techniques which recycle
some of the power used in the chip’s clock cycle.

Researchers are unsure if the same techniques can be applied to
commercial microprocessors and other chips, but chip companies
will be able to buy licenses for the technology.

Low power consumption is critical to building large, high
performance microprocessors where problems of heat dissipation
are limiting designs. More exotic types of chips built as a cube
could be made possible with low power technologies.
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Silicon implants... Researchers at BT Martlesham are
working with BT Wired Man - part of a study looking at
the feasibility of placing various electronic systems
within and on human beings. Embedded items being
examined include pacemakers and electronic pain relief
modules. The external parts envisaged include an
intelligent signet ring, containing data like driving licence
and medical details, and a power vest with the potential
to generate power from body heat and movement.
Shown with Wired Man is Professor Peter Cochrane,
head of research at BT Labs.

Government
warned on
traffic policy

Government is urged to establish
integrated transport framework to
prevent UK missing out on growing

Firms show interest in intelligent ram

Several DRAM manufacturers have offered to fabricate

samples of a novel processor being developed at the
University of California, Berkeley.

Dubbed intelligent ram, or i-ram, the IC architecture
tackles the increasing discrepancy between processing
performance and memory bandwidth by combining a
vector processing style of computing with multiple
blocks of on-chip store.

According to Professor David Patterson, head of the
Berkeley project, “most” of the dynamic memory firms
approached — Mitsubishi, Hyundai, LG Semicon,
Samsung, IBM and Micron - are interested in
manufacturing the IRAM samples.

Patterson expects to work with one or two of the
companies, resulting in the first samples by next spring.
Envisaged applications for the ICs include PDAs, game
consoles, servers and disk drives.

He is confident that intelligent ram will eventually
become an established architecture, although he admits
that there is plenty that can still go wrong. For him, one
promising development indicating i-ram’s increasing
acceptance is that, “two leading semiconductor
companies have started to say negative things about it”.

telematics markets.

he UK is set to lose out commercially if the government

doesn’t hurry up with a policy to establish an integrated
transport framework based on electronics, telecommunications
and IT. So warns ITS Focus, the UK’s industrial and
institutional voice on transport telematics.

ITS Focus believes that the government must speed up its
policy as well as making a direct investment to allow the UK
to take a lead and participate in the growing markets of
telematics (see ‘At a glance’ box). Otherwise, countries such
as the US will overtake the UK in seizing commercial

opportunities.

“The main thing is that this is a rapidly moving area that
offers scope for business opportunities and employment but

which will continue to stall
unless we have
organisational, institutional
and technical frameworks,”
said John Miles, public policy
adviser to the European
Commission’s DG XIII and
consultant to the ITS Focus.
ITS Focus recommends that
an overall framework and
analysis of different transport
and traffic services is
tailored to UK needs for a
successful implementation -
as has already been
undertaken in the US under a
legislative $30m funding.
ITS Focus has welcomed
the government’s research
programme on Urban Traffic
Management and Control
(UTMC) announced last

UPDATE

What is Intelligent
Transport System?

® It can be applied to all means of
transport: road, rail, air and sea.

@ It relies on electronics,

telecommunications and IT -
collectively known as telematics.

® It combines traffic management and
control, travel and traffic information,
electronic fee collection, automatic
vehicle location, road safety and route
guidance and navigation — amongst

others.

TS report, Tel: 01344 770757

s

week, and a white paper on integrated transport policy from
the newly merged Department of Environment, Transport and
Regions (DETR). The research is aimed at developing
intelligent control systems to manage traffic in cities.

“We see this this as an important start — it’s along the lines
we’ve been setting. However, the resources for the UTMC are
quite small for a big ambition. They are £5m over five years,”

said Miles.

The DETR’s white paper will follow an assessment on the
motorway tolling trials recently completed at the Transport

Research Laboratory in Berkshire.
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UPDATE

New camera-on-a-chip venture

Specialist flash, E2 and PLD house
Atmel is to develop a digital-
camera-on-a-chip with Polaroid. It
hopes to sell the single chip solution
on the open market next year.

The ability to integrate this on one
chip comes from ES2 (European
Silicon Structures), which Atmel
bought in 1995.

Atmel’s task is to implement
imaging sensors in c-mos and

Henderson said.

technology.

integrate them with a dsp and both
E2 and flash technologies on a cell-
based IC. “Our E2 and flash are
easier to mix than other solutions,”
Atmel’s European boss Bob

“Other solutions” means ccds,
which are a high power bipolar

Instead of ccds, the Atmel chip will
use low power c-mos sensors.

Polaroid will contribute proprietary
technology for colour recovery signal
processing, colour filter processing
and pixel sensing.

As well as its memory technologies,
Atmel will be contributing its a-to-d
and d-to-a convertor technology,
compression circuitry and dsp cores.
Last year, Atmel licensed the Oak and
Pine dsp cores licensed in turn from
DSP Group in California.

Smart cards in Boots

’

Initially, Boots
smart card will
hold shoppers’
bonus points, but
it has the ability
to carry much
more information,
including people’s
national insurance
number and
doctor details.

Boots the Chemist confirms September launch of loyalty
smartcard — the first of its kind in the UK. Initially the
card, which carries a chip rather than a magnetic stripe,
will be used for bonus points but it is expected to be
developed further.

*“The smartcard may be used as in Germany, for carrying
medical information, name, address, doctor’s details and
national insurance of the person that carries it, and it can
be used as a social security card,” said one Boots
spokesperson.

The smartcard, dubbed Advantage, will carry Siemens’
SLE4442 memory chip with 256byte eeprom and a
programmable security code. Up to 80 per cent of the
cards will be manufactured by GPT and 20 per cent by
Gemplus. The smartcard readers will be supplied by Dione
Communications.

Boots says it could have used a magnetic stripe like any
other retailer, but it wanted to have more than just a
loyalty bonus card by using a chip.

“It allows a greater security, it gives an advantage that
the card can be used in any store, the holder can spend the
points in any store and the card provides a good platform
for other services in the future,” said the spokesperson.

Boots is expecting to have up to eight million Britons
carrying Advantage by the end of next year.

In 1995, Peter Lilley, then social security minister, told a
party conference that the government would adopt a social
security smartcard in the near future. But since, the
government has abandoned the idea of a chip-based card
and instead opted for a magnetic stripe in order to save
money in the short term. Its plans are to start rolling out its
limited-functionality card in three years time.

Svetlana Josifovska, Electronics Weekly

Low distortion a-to-d

Crystal Semiconductor is claiming the lowest total harmonic distortion
achie ved in an integrated circuit a-to-d converter. Its CS5396, aimed at
professional audio use, yields greater than 105dB total harmonic distortion
plus noise with a 120dB dynamic range.

Mark Taylor, a company spokesman, said: “The only converters that have a
similar performance are rack-mounted units.”

Within the integrated circuit are two chips, one digital and one analogue.
Sample rate of the stereo 24-bit device is 96ksample/s and noise-shaping
parameters can be down-loaded during use.
® Asahi Kasei Microsystems, a company that used to have a tie-up with
Crystal Semiconductor, has introduced the AK5352, a 20-bit stereo a-to-d
converter with a 104dB dynamic range.

Euro PC growth is on a high

e European pc market grew by 16 per cent in the
second quarter, says a Dataquest report. The quarter

growth, measured against the corresponding quarter last
year, is the highest in the last 18 months. “It’s been a very
successful quarter but there are too many counter-
indicators to predict another boom,” said Steve Brazier,
Dataquest’s European PC group’s associate director. The
growth will be welcome news for semiconductor
companies such as Intel which, earlier this year, warned
that it would not meet second quarter expectations,
attributed in part to the downturn of the European pc
market. [ |
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The Stereo Headphone Amplifier Box

Balanced or unbalanced line inputs to stereo
headphone output

Professional portable units operating from an internal PP3 battery
or external mains adaptor

*Precision transformerless differential left and right inputs
*Wide range of headphone drive impedances *High common
mode rejection *Low noise and distortion *Low quiescent power
consumption for extended battery life *Extensive RFI protection

The Balance Box (mic/line amplifier) - The Phantom
Power Box - The OneStop DIN ¥ail mounting radio frequency
interference filter and voltage transient pretector for voltage and

current loop process signal lines

Conford Electronics Conford Liphook Hants GU30 7QW
Information line 01428 751469 Fax 751223
E-mail contact@confordelec.co.uk
Web http://www.confordelec.co.uk/catalogue/
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FM/V/UHF HELICAL BPF FILTERS (7H3) FOR WIRELESS
-3dBBand¥idth 1,54-54Hz/Fo 55M~565M High Rejection

PARTS NAME \ SPEC. I.L Fo-ONM |Fo+OON  §-3dB

TPY (dBe)  [(dBc) BYUHzZ
T6802A-55-60M(TH3) 7.0dB {(8)56 (8)44 1.58
T6804A-61~66M(TH3) 6.5dB  1(10)49 {(10)42 |2.0M
TG806B-68~T3M(TH3) 6.5dB  [(8)43 (8)41 2.0M
T6808B-74~TTH(TH3) 7.0dB [C10)40 [C10)36 ]2.0M
T6810A-77-81M(TH3) 7.5dB  [(8)38 (8)34 2.0

T67114D-85~95M(TH3) 7.0dB  |(10)58 [(10)50 [2.0M
T753D-95~108U(7H3) 7.5dB  [(10)46 |(10)36 |2.0M
T6754D-108~121(TH3) 6.3dB (10047 |€10)30 |5.0M
T6813A-107-1154(7H3) 6.0dB (1040 |(10)34 |3.0M
T6709D-120~135H(7H3) 10.2dB |(10)36  {(10)34 |2.3M
TET57A 135~145M(TH3) 6.0dB (1028 [(10)26 14.5M
T6821A-152~162M(T113) 5.5dB  |(10)35 ([C10)31 |{4.0M
T6758B-163~178M(TH3) 4.9dB (10729 [(10)29 |5.0M
T6786A-175~193M(71i3) 5.6dB  |(10)40 [(10)29 |[5.0M
TE829A-200~220K(T1t3) 6.0dB  {(10)30 1(10)30 |4.5M
T6832A-220~2450(TH3) 6.5dB  |(10)30 |(10)29 |[4.5M
T6834A-240~260%(TH3) 6.0dB  [(10)23 |€10)26 4.5
T6836A-260~280M(TH3) 5.5dB  {(10)25 |(10)25 4.5
T6838A-280~300M(TH3) 7.0dB (10730 (10723 |5.5H
T6830A-300~340M(TH3) 7.8dB_ |(10)26 {(10)20 4.0
T6B41A-340~380%(TH3) 8.0dB  |(10)35 ([C10)25 4.0
T6843A-380~420M(7H3) 7.5dB {(10)30 [(10)23 |4.0M
T6845A-420~4504(TH3) 8.5dB (1033 [(10)26 {4.0M
T684TA~450~4T5M(TH3) 7.5dB  |(10)30 (10022 (4.5M
T6849A-475~520M(TH3) 8.0dB  |(10)31 [(10)24 {4.0M
T6858A-520~565M(TH3) 8.0dB (1030 [(10)23 {4.0M
FULL CAT.SUGGEST YOU.FAX US.- AGENT ¥ANTED,ODK WELCONE-
IN ADDITIONAL,FO 55~1.6G YOU WIGHT SPECIFY YOUR BPF FILTERS.

TEMWELL CORPORATION WELL MADE IN TAIWAN
EMAIL: TENFELL@MS12. HINET NET,FAX:886-2-5515250/5652287
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The Tl Technical Bookshop currently stocks over 80
Data Books, Design Manuals and User’s Guides.
They cover the entire spectrum of semiconductors
from Texas Instruments - the company with one of
the world's broadest S/C product ranges, and the
acknowledged leader in Digital Processing Solutions.
If you are a system designer or product specifier you
cannot afford to be without ready access to this
invaluable data bank.

Now, you can once again order this complete range
of reference books from a UK supplier.

Contact the Tl Technical Bookshop (UK)
for the full list of books, prices

and ordering information,

or visit our web site at:

http//www.ti-techbooks.co.uk

Or writeffax to:

Tl Technical Bookshop (UK)
PO Box 712

Milton Keynes MK17 8ZH
Tel: 01908 282121

Fax: 01908 585660

‘V TEXAS
INSTRUMENTS
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

HP New Colour Spectrum Analysers

HP141T+8552B IF + 85538 RF — 1KHz—-110Mc/s — £700.

HP141T +8552B IF + 8554B RF — 100KHz—-1250Mc/s — £300.

HP141T+ 85528 IF + 8556A RF — 20Hz-300KHz — £700.

Special Offer just in from MOD Qty 40 HP8555A RF Units 10Mc¢/s — 18GHzS.

HP141T+8552B IF + 8555A 10Mc/s—1BGHzS — £1200.

HP ANZ Units Available separately — New Colours — Tested

HP141T Mainframe - £350.

HP®5528B IF - £300. .

HP8553B RF 1KHz to 110Mc/s— £200.

HP8554B RF 100KHz to 1250Mc/s ~ £500.

HP8555A RF 10Mc/s to 18GH2S — £800.

HP8556A RF 20Hz to 300KHzS - £250.

HP8443A Tracking Generator Counter 100KHz—110Mc/s — £300.

HP84458B Tracking Preselector DC to 18GHz — £350.

HP3580A 5Hz — 50KHz ANZ — £750 — £1000.

HP3582A .02Hz to 25.6KHz — £2k.

HP8568A 100Hz-1500Mc/s ANZ — £6k.

HP8569B t0Mc/s-22GHz ANZ - £6k.

HP Mixers are available for the above ANZ’s to 40GHz

TEK 492 - 50KHz - 18GHz Opt 1 +2 — £4k-£4.2k.

TEK 492 — 50KHz — 18GHz Opt 1+ 24-3 — £4.5k.

TEK 492P — 50KHz— 21 GHz Opt 1+2+3 — £5k.

TEK 494AP 1KC/S - 21GHz - £7k.

TEK 496P 1KH2-1.8GHz — £4k.

TEK 5L4N 0-100KHz - £400.

TEK 7L5 + L1 - 20Hz-5Mc/s — £700.

TEK 7L5 + L3 - Opt 25 Tracking Gen — £300.

TEK 7L12 - 100KHz-1800Mc/s — £1000.

TEK 7L18 - 1.5-60GHzs —~ £1500.

TEK 491 10Mc/s—12.4GHzs-40GHzs — £750. 12.4Ghzs-40Ghzs with Mixers.

Tektronix Mixers are available for above ANZ to 60GHzs

Systron Donner 763 Spectrum ANZ + 4745B Preselector .01-18GHz + Two Mixers 18-40GHz in
Transit Case — £3k.

HP8673D Signal Generator .05-26.5GHz ~ £20k.

Systron Donner 1618B Microwave AM FM Synthesizer 50Mc/s 2-18GHzs
R&S SWP Sweep Generator Synthesizer AM FM 4-2500Mc/s — £3.5k.

ADRET 3310A FX Synthesizer 300Hz—60Mc/s — £600.

HP8640A Signal Generators — 1024Mc/s — AM FM - £800.

HP3717A 70Mc/s Modulator — Demodulator — £600.

HP8651A RF Oscillator 22KC/S — 2ZMc/s.

HP5316B Universal Counter A+B.

HP6002A Power Unit 0-5V 0—-10A 200W.

HP6825A Bipolar Power Supply Amplifier.

HP461A-465A—467A Amplifiers.

HP81519A Optical Receiver DC-400Mc/s.

HP Plotters 7470A-7475A.

HP3770A Amplitude Delay Distortion ANZ.

HP3770B Telephone Line Analyser.

HP8182A Data Analyser,

HP59401A Bus System Analyser.

.HP6260B Power Unit 0—10V 0-100 Amps.

HP3782A Error Detector.

HP3781A Pattern Generator.

HP3730A+3737A Down Convertor Oscillator 3.5-6.5GHz.

HP Microwave Amps 491-492-493-494-495-1GHz—12.4GHz - £250,

HP105B Quartz Oscillator — £400.

HP5087 A Distributton Amplifier.

HP6034A System Power Supply 0—60V 0—10A-200W — £500.

HP6131C Digital Voltage Source+ — 100V %2 Amp.

HP4275A Multi Frequency L.C.R. Meter.

HP3779A Primary Multiplex Analyser.

HP3779C Primary Multiplex Analyser.

HP8150A Optical Signal Source.

HP1630G Logic Analyser.

HP5316A Universal Counter A+B.

HP5335A Universal Counter A+B+C.

HP595018B Isolated Power Supply Programmer.

HP8901A Modulation Meter AM — FM — also 8301B.

HP5370A Universal Time Interval Counter.

Marconi TF2370 — 30Hz-110Mc/s 750HM Output (2 BNC Sockets+Resistor for 500HM MOD with
Marconi MOD Sheet supplied — £650.

Marconi TF2370 30Hz-110Mc/s 50 chm Output — £750.

Marconi TF2370 as above but late type — £850.

Marconi TF2370 as above but late type Brown Case —£1000.

Marconi TF2374 Zero Loss Probe — £200.

Marconl TF2440 Microwave Counter — 20GHz - £1500.

Marconi TF2442 Microwave Counter — 26.5GHz — £2k..

Marconi TF2305 Modulation Meter — £2.3k.

Racal/Dana 2101 Microwave Counter — 10Hz-20GHz — £2k.

Racal/Dana 1250-1261 Universal Switch Controller + 200Mc/s Pl Cards.

Racal/Dana 9303 True RMS Levelmeter+Head - £450. IFFE — £500.

TEKAG6902A also A6902B Isolator — £300-£400

TEK 1240 Logic Analyser — £400.

TEK FG5010 Programmable Function Generator 20Mc/s — £600.

TEK2465A 350Mc/s Oscilloscope —£2.5k + probes —£150 each.

TEK CT-5 High Current Transformer Probe — £250.

TEK J16 Digital Photometer + J6523—2 Luminance Probe — £300.

TEK J16 Digital Photometer + J6503 Luminance Probe — £250.

ROTEK 320 Calibrator + 350 High Current Adaptor AC-DC - £500.

FLUKE 5102B AC-DC Calibrator —£ 4k.

FLUKE 1120A IEEE — 488 Transiator — £250.

Tinsley Standard Cell Battery 5644B — £600.

Tinstey Transportable Voltage Reference —~£500.

FLUKE Y5020 Current Shunt —£150.

HP745A +746A AC Calibrator — £600.

HP8080A MF + 8091A 1GHz Rate Generator + 8092A Delay Generator + Two 8093A 1GHz Amps
+ 15400A ~ £800.

HP54200A Digitizing Oscilloscope.

HP117298 Carrier Noise Test Set .01-18GHz - LEF — £2000.

HP3311A Function Generator— £300.

Marconi TF2008 — AM-FM signal generator — also sweeper — 10Ke/s — 510Mc/s — from £250 —
tested to £400 as new with manual — probe kit in wooden carrying box.

HP Frequency comb generator type 8406 — £400.

HP Vector Voltmeter type 8405A — £400 new colour.

HP Sweep Oscillators type 8690 A & B + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R..

HP Network Analyzer type 8407A + 8412A + 8501A — 100Kc/s — 110Mc/s — £500 — £1000.

HP Amplifier type 8447A — 1-400Mc/s £200 — HP8447A Dual — £300.

HP Frequency Counter type 5340A — 18GHz £1000 — rear output £800.

HP 8410 — A — B — C Network Analyzer 110Mc/s to 12GHz or 18GHz — plus most other units and
displays used in this.set-up —8411a — 8412 - 8413 — 8414 — 8418 — 8740 — 8741 — 8742 - 8743 —
8746 — 8650. From £1000.

Racal/Dana 9301A — 9302 RF Millivoltmeter — 1.5-2GHz — £250-£400.

Racal/Dana Modulation Meter type 3009 — 8Mc/s — 1.5GHz — £250.

Marconl RCL Bridge type TF2700 —£150.

Marconi/Saunders Signal Sources type — 6058B — 6070A — 6055A — 6059A — 6057A — 6056 —
£250-£350. 400Mc/s to 18GHz.

Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators — £100-£300.

Mareonl microwave 6600A sweep osc., mainframe with 6650 Pl — 18-26.5GHz or 6651 PI —
40GHz - £1000 or Pl only £600. MF only £250.

Marconi distortion meter type TF2331 — £150. TF2331A - £200.

26.5-

Tektronix Plug-ins 7A13 — 7A14 - 7A18 - 7A24 - 7A26 — 7A11 = 7M11 - 7511 - 7D10-7S12 - $1
— §2 — S6 — $52 — PG506 — SC504 — $G502 — $G503 — SG504 — DC503 —-DC508 — DD501 —
WR501 - DM501A - FG501A — TG501 — PG502 — DC505A — FG504 = 7B80 + 85-7B92A

Gould J3B test oscillator + manual — £150.

Tektronix Mainframes — 7603 — 7623A — 7613 - 7704A — 7844 — 7904 — TM501 —~ TM503 — TM506 —
7904A - 7834 - 7623 - 7633.

Marconi 6155A Signal Source — 1 to 2GHz — LED readout — £400.

Barr & Stroud Variable fifter EF3 0.1Hz — 100ke/s + high pass + low pass —£150.

Marconi TF2163S attenuator — 1GHz. £200.

Farnell power unit H60/50 — £400 tested. H60/25 — £250.

Racal/Dana 9300 RMS voltmeter — £250.

HP 8750A storage normalizer — £400 with lead + S.A or N A Interface.

Marconl TF2330 — or TF2330A wave analysers ~ £100-£15f

Tektronix — 7514-7T11-7811-7512—- 51~ 52— 839~ 547 §51-552 ~ §53 - 7M11.

Marconl mod meters type TF2304 — £250.

HP 5065A rubidrum vapour FX standard — £1.5k,

Systron Donner counter type 6054B — 20Mc/s — 24GHz — LED readout — £1k.

Racal/Dana 2083 signal source —two tone — £250.

Systron Donner — signal generator 1702 — synthesized to 1GHz — AM/FM — £600.

Tektronix TM515 mainframe + TM5006 mainframe — £450 — £850.

Farnall electronic load type RB1030-35 — £350.

Racal/Dana counters — 9904 — 9905 — 9906 — 9915 — 9916 — 9917 — 9921 — 50Mc/s ~ 3GHz — £100-
£450 - all fitted with FX standards.

HP4815A RF vector impedance meter c/w probe — £500-£600.

Marconi TF2092 noise receiver. A, B or C plus filters — £100-£350.

Marconl TF2031 noise generator. A, B or C plus filters — £100-£350.

Marconl 2017 S/G 10Khz - 1024MHz.

HP180TR, HP182T mainframes £300-£500.

Philips panoramic receiver type PM7900 — 1 to 20GHz — £400.

Marconi 6700A sweep oscillator + 18GHz Pi's available.

HP8505A network ANZ + 8503A S paramaeter test set + 8501A normalizer — £4k.

HP8505 network ANZ 8505 + 8501A + 8503A.

Racai/Dana VLF frequency standard equipment. Tracer receiver type 300A + difference meter
type 527E + rubidium standard type 9475 — £2750.

HP signal generators type 626 — 628 — frequency 10GHz — 21GHz.

HP 432A — 435A or B — 436A — power meters + powerheads — Mc/s — 40GHz = £200-£1000.

Bradley oscilloscope calibrator type 192 — £600.

HP8614A signal generator B00Mc/s - 2.4GHz, new colour £400.

HP8616A signal gen 1.8GHz —4.5GHz, new colour £400.

HP 3325A syn function gen 20Mc/s —£1500.

HP 3336A or B syn level generator —£500-£600,

HP 3586B or C selective level mater — £750-£1000.

HP 3575A gain phase meter 1Hz — 13Mc/s - £400,

HP 8683D S/G microwave 2.3 - 13GHz - opt 001 — 003 — £4.5k.

HP 8660 A-B-C syn S/G. AM + FM + 10Kc/s to 110Mc/s Pl = 1Mc/s to 1300Mc/s — TMc/s to
2600Mc/s —-£500-£2000.

HP 8640B S/G AM-FM 512Mc/s or 1024Mc/s, Opt 001 or 002 or 003 — £800-£1250.

HP 86222BX Sweep Pl—01—2.4GHz + ATT - £1750.

HP 8629A Sweep Pl — 2 - 18GHz - £1000.

HP 86290B Sweep Pi— 2-18GHz — £1250.

HP 86 Series Pl's in stock — splitband from 10Mc/s — 18.6GHz - £250-£1k.

HP 8620C Mainframe — £250. [EEE —£500.

HP 8615A Programmable signal source ~ 1MHz — 50Mc/s — opt 002 — £ 1k.

HP 8601A Sweep generator .1 — 110Mc/s — £300.

HP 3488A HP - IB switch control unit —£500 + control modules various — £175 each.

HP 8160A 50Mc/s programmable pulse generator—£1000.

HP 853A MF ANZ — £1.5]

HP 8348A Microwave Amp 2-20GHz Sohd state — £1500

HP 3585A Analyser 20Hz —~40Mc/s - £4k.

HP 8569B Analyser .01 — 22GHz — £5k.

HP 3580A Analyser 5Hz — 50kHz - £1k.

HP 1980B Oscilloscope measurement system — £600.

HP 3455A Digital voltmeter — £500.

HP 3437A System voitmeter— £300.

HP 3581C Selective voltmeter — £250.

HP 5370A Universal time interval counter — £450.

HP 5335A Universal counter — 200Mc/s — £500.

HP 5328A Universal counter — 500Mc/s — £250.

HP 6034A System power supply — 0 — 60V — 0 - 10 amps — £500.

HP 5150A Thermal printer — £250.

HP 1645A Data error analyser — £150.

HP 4437A Attenuator - £150.

HP 3717A 70Mc/s modulator — £400.

HP 3710A — 3715A — 3716A — 37OZB — 3703B - 3705A - 3711A - 3791B - 3712A - 3793B
microwave link analyser—P.O.R.

HP 3730A +B RF down converter — P.O.R.

HP 3552A Transmission test set —£400.

HP 3763A Error detector — £500.

HP 3764A Digital transmission analyser —£600.

HP 3770A Amp delay distortion anatyser — £400.

HP 3780A Pattern generator detector — £400.

HP 3781A Pattern generator — £400.

HP 3781B Pattern generator (bell} ~ £300.

HP 3782A Error detector — £400.

HP 3782B Error detector (bell) — £300.

HP 3785A Jitter generator + recelver— £750-£1k.

HP 8006A Word generator —£100-£150.

HP 8016A Word generator — £250.

HP 8170A Logic pattern generator — £500.

HP 53401A Bus system analyser — £350.

HP 59500A Multiprogrammer HP — IB = £300,

Philips PM5320 RF syn—0.1 - 1GHz - AM + FM —£1000.

S.A. Spectral Dynamics SD345 spectrascope 111 —LF ANZ —£1500.

Tektronix R7912 Transient waveform digitizer — programmable — £400.

Tektronix TR503 + TM503 tracking generator 0.1 — 1.8GHz — £1k — or TR502.

Tektronix 576 Curve tracer + adaptors — £900.

Tektronix 577 Curve tracer + adaptors —£900.

Tektronix 1502/1503 TDR cable test set — £1000.

Tektronix AM503 Current probe + TM501 m/frame — £1000.

Tektronix SC501 — SC502 — SC503 — SC504 oscilloscopes — £75-£350

Tektronix 465 — 465B — 475 — 2213A — 2215 — 2225 — 2235 — 2245 — 2246 £250-£1000.

Kikusui 100Mc/s Oscilloscope COS6100M — £350,

Nicolet 3031 LF oscilloscope — £400.

Racal 1991 — 1992 — 1988 — 1300Mc/s counters —£500-£900.

Fluke 80K-40 High voltage probe In case— BN ~£100.

Racal Recorders —Store 4 — 4D — 7 — 14 channels in stock — £250 — £500.

Racal Store Horse Recorder & control — £400-£750 Tested.

EIP 545 microwave18GHz counter — £1200.

Fluke 510A AC ref standard — 400Hz - £200.

Fluke 355A DC voltage standard - £300.

Wiltron 610D Sweep Generator + 6124C P1— 4 — 8GHz - £400.

Wiltron 610D Sweep Generator + 61084D Pl — 1Mc/s — 1500Mc/s —

Time Electronics 9814 Voltage calibrator — £750.

Time Electronics 9811 Programmable resistance — £600.

Time Electronics 2004 D.C. voltage standard - £1000.

HP 8699B Sweep Pl YIG oscillator .01 —~ 4GHz — £300. 8630B MF ~ £250. Both £500.

Schlumberger 1250 Frequency response ANZ — £1500.

Dummy Loads & power att up to 2.5 kilowatts FX up to 18GHz -~ microwave parts new and ex
equipt — relays — attenuators — switches — waveguides — Yigs — SMA —APC7 plugs — adaptors.

B&K Items in stock— ask for list.

WAG Items in stock - ask for list.

Power Supplies Heavy duty + bench in stock—Farnell - HP — Welr— Thurlby ~Racal etc. Ask for [Ist.

£500,

(TEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS, SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT DR FOR DEMONSTRATION OF ANY (TEMS, AVAILABILITY OR PRICE CHANGE. VAT AND CARRIAGE EXTRA
TEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No; (01274) 684007, Fax: 651160
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RESEARCH NOTES

Jonathan Campbell

Nanoguitar hits the highest notes

any people claim to have music in their blood, but

how about having a musical instrument in your
blood! That claim is at least theoretically possible
following an announcement from scientists at Cornell
University that they have manufactured the world’s
smallest guitar,

It has six strings, each about S0nm or the width of about
100 atoms, and if plucked by an atomic-force microscope,
for example — the strings would resonate, but at inaudible
frequencies. The entire structure is about 10pm long, about
the size of a single cell.

The nanoguitar has actually been made for fun rather
than function, and is just one of several similar structures.

While the guitar makes a good photograph — it won an
award for the best micrograph — and illustrates the progress
being made in microelectromechanical devices, or mems,
it is the other structures and devices being made at the
Cornell Nanofabrication Facility that will be of real utility.

Researchers have made interferometers for example
using parallel mirrors, one of which moves relative to the
other. These electrically driven devices can be used to
modulate the intensity of the reflected light.

“This could be of interest for light displays,” says Harold
Craighead, Cornell professor of applied and engineering
physics and former director of the Cornell Nanofabrication
Facility, a national resource.

“You could have arrays of these things because they’re
so small, with each one independently drivable. We have
tremendous flexibility in what we can build.”

In the near term, such nanostructures also can be used to
modulate lasers for fibre optic communications. These
researchers
already have
demonstrated
the ability to
make large
amplitude
modulation of
light signals at
high speeds.

“We can make
reflected light
pulses at a rate
of 12million/s,”
says Craighead.

Such a rate is faster than the bit rate of most ethernet
connections.

Most microelectromechanical devices are made by
photolithography and chemical etching and have
minimum feature sizes of slightly less than 1um. To build
devices with dimensions of nanometres rather than
micrometers requires a new fabrication approach.

“I know we can go smaller than this. The question is
how small we can go and still have dependable and

Cornell scientists, Harold Craighead on the right,
demonstrate one of the world’s smallest silicon
mechanical devices. A 4um-wide interferometer too
small to see is modulating the red laser light, which could
be useful for light displays and other applications. The
researchers have made several of the world’s smallest
silicon mechanical devices at Cornell’s Nanofabrication
Facility. Photo by Charles Harrington, Cornell University.

measurable mechanical properties. That is one of the
things we would like to know,” admits Craighead.

Using high-voltage electron beam lithography, the
Cornell researchers sculpted their structures out of single
crystal silicon on oxide substrates. A resist is used to
pattern the top silicon layer. The oxide that is underneath
this layer can be selectively removed using a wet
chemical etch. The result: free-standing structures in
silicon crystal.
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RESEARCH NOTES

Robot gets ready to hit the road - on Mars

The Nomad rover

designed to prepare for future
missions to Antarctica, the Moon
and Mars.

Although the straight-line distance
on a map was only about 20km,
Nomad had to weave through very
difficult terrain, and it made
numerous side trips for science and to
test the meteorite sensors.

The 750kg robot, developed at
Carnegie Mellon and funded by Nasa,
also validated the use of colour stereo
video cameras with human-eye
resolution for geology.

Autonomous driving is critical for
planetary exploration because the
communications delay between Earth
and planets can be many minutes.
With autonomous driving, a robot can
explore a much greater distance
because it doesn’t have to wait for a
person to decide a safe route. The
rover is able to see obstacles and
recognise them on its own.

Another first for Nomad is use of an
on-board panospheric camera to
provide live 360° video-based still

N asa scientists were rightly excited

;V”I LT “;fd at the recent performance of their
bl Mars rover vehicle. But to open up
further than e r f other planet

existing planetary exploration of other planets,

rover vehicles.

researchers really need vehicles able

to cope much more happily with

travelling relatively large distances.
Now, they hope they may be on the

path to developing one in ‘Nomad’ —
a rover that has just set a record by
travelling farther than any remotely
controlled robot has before over
rough territory. The robot’s four
wheels logged more than 215km
across Chile’s rugged Atacama
Desert, during a field experiment

images of the robot’s surroundings.

The high-resolution video camera
focuses up into a hemispheric mirror
similar to a store security mirror and
takes a 360° picture — one frame per
second The video view includes all of
the ground up to the horizon in the
circle surrounding Nomad.

Electronics take over house calls

he prototype for an electronic house call system that could

reduce the number of visits to chronically sick patients made by
nurses and GPs has been developed and tested in the US. The
system uses established hardware and cable communications to set
up a two way link between patient and medic.

Researchers fashioned the prototype from existing computer
hardware, with additions such as a multi-function patient monitor —
like one used in intensive care units — into which blood pressure
cuffs, stethoscopes and other medical devices are plugged.

A commercially available video-conferencing program enables the
nurse and patient to see each other and talk throughout the
examination. The system also accepts data from a variety of medical
devices, such as those registering blood pressure and blood oxygen
levels, so that the nurse can listen to heart and lungs and perform an
electrocardiogram.

Development and initial testing of the electronic house call system
has so far been funded primarily by grants from the Department of
the Army and the Georgia Research Alliance.

For the most part, patient feedback has been positive. Patients
seem to like the idea of being monitored at their homes. Though the
system would mean less face to face contact between medics and
patient, the interaction with nurses through the system could
actually be greater.

Contact: Michael Burrow, Biomedical Interactive Technology Center,
Georgia Institute of Technology, Atlanta, GA 30332-0823, USA. Tel:
00 1 404 894-7034 email: michael.burrow @bitc.gatech.edu

A patient has her temperature taken via computer on a prototype system
developed by Georgia Tech and partner researchers. ( Photo courtesy
Medical College of Georgia)
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The echematic is ready, the board outline
established and all components are imported.
The components with 3 fixed igcation are placed
interactively. {10 min,}

SPECIAL OFFER

Each ULTlboard package
with >1400 pins design
capacity wilt be supplied
with a FREE ULTlcap Sche-
matic Design System until
September 30th. Call us for
the reduced price!

UPDATE POLICY

During this summer those
who order the above (and
also existing users with a
valid update subscription)
will receive a free upgrade
with the SpiceAge Mixed
Mode Simulator, integrated
with the release of ULTicap
Windows 95 and ULTlbase,
the latest components data-
base, with which up to 14
relevant specs per compo-
nent, as well as design-in
data about equivalents, can
be stored.

The Wizard adds advanced Auto-
Placement to the Designer, which
gives a tremendous boost to effi-
ciency, and a powerful interactive
Autorouter; which means the
designer remains in charge! Top
class performance from £2590.

All prices are excl. VAT.

Printed Clreutt Board
Dasign Toot
{Dataquest 1/87}

The placement of the components is done with the

with the help of the rats-nest.

real-time help of the Force Vectors indicating the
preferred focation. Detailed placement is performed
{90 min.}

designers. On-line changes are possible. {5 min.)

Proces A0 Sutema 8

Commset

e s

- S
AutoPlace rapid y and conveniently places the
remaining components with algorithms that
approach the interactive mathod of expert de-
signers. On-line changes are possible. (6 min.}

Ali adjustments are done quickly and efficiently
with the interactive autorouter. All the corners
of the traces are chamfered and polygons are
placed. {10 min.)

AutoPlace rapidly and convemently places the
remaining components with algorithms that
approach the interactive method of expert

ULTIboard features editing with real-time DRC.
Reroute-While-Move allows shoving of husses
{including vias} withaut loosing connections.
ULTIroute GXR finishes the design. (270 min.)

The ULTIboard designer offers besides all Challienger functions

the high-end SPECCTRA SP4 Shape Based Auto-Router, very

suitable for complex and/or SMD Designs. With its
unequalled pricefperformance ratio it is the darling
of engineering managers: from £1395.

also layad interactively.

anomen 4 [

Womage

w— -

Power and Ground are routed semi- auto
matically {under the management of the
designer}. The {EMC]J critical connections are
also tayed interactively. {15 min.)

Following the connectivity- and design rule
checks, the output on matrix or laser printars,
pen or photo plotters can be run. Back-Annotation
automatically updates the schematic. {256 min.}
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Power and Ground are routed semi-auto-
matically {(under the management of the
designer}. The (EMC} critical connections are
{15 min.}

Now the SPECCTRA Autorouter is employed to
finish the routing of the design at high speed
and with high-grade quality. Al design rules

are fully respected. {45 min.}

Now the SPECCTRA Autorouter is empioyed
to finish the routing of the design at high speed
and with high-grade quality. Ali design rules
are fully respected. (45 min.}
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RESEARCH NOTES

Electronic guide dog steers round obstacles

You can’t pat it and it won’t nuzzle up to you. But a new
sonar-equipped navigation aid for the blind being
developed at that University of Michigan College of
Engineering’s Mobile Robotics Laboratory claims to be
able to detect obstacles in the user’s path as well as any
dog, and automatically steer around them.

The device, invented by Johann Borenstein U-M
research scientist in mechanical engineering and applied
mechanics is called a GuideCane, and a preliminary
version of a working prototype has already been tested by
visually impaired individuals. Users reactions are said to
have been extremely positive, though more development
will be required before the device is ready for widespread

T.he Guidqune commercial use.
will steer a blind The 3.5kg GuideCane consists of a long handle with a
”52;) ;‘g’c‘;gg thumb-operated joystick for direction control, an array of

ultrasonic sensors and a small on-board computer mounted
on a two-wheeled steering axle. Users
push it ahead with one hand. When the
device’s ultrasonic sensors detect an
obstacle in its path, the computer
automatically turns the wheels to steer
around the obstacle and resume the
original direction of travel.

Steering changes are experienced as a
direct physical force through the handle,
which should make it easy to follow the
GuideCane’s path without conscious
effort. The body automatically follows the
trajectory of the guide wheels just as a
trailer follows a car.

Once the obstacle is cleared, the guide
wheels resume their original direction.”

Cbstacle

Step 2:
Servo steers

The Michigan researchers hope that,
after a brief adjustment period, most
people will become so comfortable that
they will be able to navigate around
obstacles at their normal walking speed.

Prototype tests have produced good results.

Unlike other navigation aids, there are no complicated
acoustic signals to interpret and no extended training
period required.

Clock watching can save chip energy

cientists at the University of

Southern California have
successfully demonstrated a chip that
uses as little as 20% of the energy of
conventional models. The new
microprocessor — designed by
research professor William Athas and
colleagues at the USC School of
Engineering’s Information Sciences
Institute (ISI) — recycles energy from
the chip’s clock, the timing signal
normally used to synchronise
computing functions.

In conventional chips, the clock
consumes a large fraction of the total
energy supplied to the chip, all of
which eventually winds up as heat.

ISI’s experimental chip, called
AC-1, has two different clock
circuits. It can work with an ordinary
clock mechanism, or a flip of a switch
will activate circuits that briefly
convert the energy of the clock’s

electric signals into magnetic form.

This captured energy is then
reconverted into electrical form and
returned to power the data-processing
sections of the chip.The energy
savings range from 75% to 80%,
depending on how fast the clock is set
to run (with slower clock settings
yielding greater energy savings).

Yet in its energy-recycling mode,
the chip is able to perform the very
same computing tasks it performed
using the conventional clock circuit.

The idea of using the clock to
reduce power consumption was first
proposed, in 1967, and in the mid-
1980s, ‘hot clock’ chips were
proposed and designed for fabrication
by the then-standard nmos
technology.

Prototypes were made, but nmos
was soon eclipsed by cmos, and many
researchers thought the hot-clock

system would not work. But the ISI
scientists hope their success will
spark new interest in the idea.

Initial applications of the energy-
recycling chips will probably be at the
lower-performance, cost-driven end
of the chip market. But applications
could include portable computers,
digital watches, cell phones or GPS
position finders. The only difference
would be that the batteries would last
much longer.

Eventually the researchers expect to
double the energy savings with chips
that consume only one-tenth the
power of conventional chips. [ ]

For more information contact: William
Athas, School of Engineering’s
Information Sciences Institute,
University of Southern California, 3620
South Vermont Avenue, Los Angeles,
CA 90089-2538. Tel: 213 740 7600.
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Fig. 1. This anomalous train of
waves, detected in Italy, lasts
for 14 seconds and repeats at

irregular intervals. At times it is
rather frequent - one set of
waves every 5-10 minutes ~ but
at other times it is absent for
days. The frequency is 1.87Hz
and it is relatively strong if
compared with the other
signals in the background. Its
origin is anybody’s guess, but it
is likely that some kind of
electric machinery is at work.

Fie

ds, lines and

emors

Dominic Di Mario investigates the world of ultra-low
frequencies using three detectors - one indicating
electric fields, one for investigating magnetic lines and
one for sensing seismic events.

etecting ultra and extra low frequency
Dsignals needs something different from

a tuned LC circuit. Designs incorporat-
ing coils weighing several pounds and
unyielding capacitors are occasionally imple-
mented by brave experimenters. But there are
alternatives if the electric, magnetic and pos-
sibly mechanical waves are dealt with sepa-
rately.

Aperiodic detectors do not tune to a specif-
ic frequency and leave the job of frequency
determination to other equipment like spec-
trum analysers. As a consequence, the design
can be optimised for best performance in a
given application.

S

Volts

Tl |

T

£

20 25 30 35 40 45 50
Seconds

Electric fields

Figure 1 shows an oscillation of unknown ori-
gin at 1.87Hz. I occasionally detect it with a
3m long antenna just outside my home.

Suspects for the source of the signal are an
appliance from a neighbouring house and elec-
tric industrial machinery in the area. But, so far
I have been unable to discover the source.

When I pushed the detection circuit’s sensi-
tivity to its limit, I was able to see all sorts of
apparently unrelated signals. The only signal
that could be positively identified was a sharp,
clean positive peak showing that someone in
the area had switched on a television set.

These low-frequency signals are detected by
means of a high impedance circuit, Fig. 2,
based on the OPA124P. This difet op-amp is
on the expensive side, but its characteristic of
stability and low noise make it the ideal
choice.

Problems met in the design of this circuit
were twofold: interference from the mains and
the connection to the antenna. The mains
interference problem was solved by inserting
a low-pass filter followed by a 50Hz notch fil-
ter. Together, these eliminate all mains
induced signals — including harmonics.

I took care to make the circuit provide good
global transient response with little or no over-
shoot. Removing or changing one or more of
the filter components will change the band-
width, which is likely to worsen the transient
response. Because of the filters, the bandwidth
extends to about 10Hz. The system is still use-
ful up to 16Hz, where gain is —10dB, at which
point starts to fall off rather rapidly to S0Hz
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showing, on the simulator, an attenuation of
-91dB.

The low-frequency —3dB point is 0.1Hz.
This means that dc signals are not amplified.
In fact the amplifier is ac coupled. This elim-
inates all kinds of problems relating to dc sta-
bility and coupling, as well as any effect of
large electrostatic fields present around the
antenna.

It is, however, necessary to balance the dc
point of the OPA124P in order to compensate
for any change induced by the setting of the
potentiometer. This is the only adjustment
required by the circuit.

When the implementation is complete,
switch it on, wait five minutes and then adjust
the 100k potentiometer until there is no dc
variation when rotating the 220k poten-
tiometer near its maximum. sensitivity.

Catering for high impedance

The second problem was that, due to the very
high impedance of the circuit, any length of
wire or coaxial cable connecting the input to
the antenna would introduce noise and micro-
phonics.

After several tests and trials, I found that the
best solution was to connect the antenna
directly to the input of the amplifier without
any intervening wire or cable. This meant that
the first IC had to be mounted directly next to
the antenna. Connection to the rest of the cir-
cuit is via a five-core shielded cable carrying
power, ground, signal and the two connections
for the potentiometer.

This solution works very well. The distance
between the antenna head-end and the rest of
the circuit could be quite long, although I only
tested it up to 10m.

Both the setting of the 220k potentiometer
and the length of the antenna influence the
overall sensitivity of the circuit. It might be
convenient to install a telescopic antenna and
make the unit portable. This is why I designed
the system with two PP3 9V batteries in mind.

Useful signals are detected even with a S5cm
antenna, aithough the interference generated
by just walking around is strong enough to
bury the signal. A quick test can be carried out
using the set up shown in Fig. 3. Spikes
should be detected whenever one of the poles
of a9V battery is alternatively brought in con-
tact with the screwdriver. The field is enough
to generate 1V peaks at the output.

The input of the circuit is protected by low
leakage diodes and a series resistor. This is
very effective against any overvoltage or mis-
handling of the input circuitry.

The output goes first through Schottky
diodes. This gives a convenient threshold
against very low level signals. The result is a
zero signal that looks very clean - quite effec-
tive if you are using a pen plotter.

Crossover distortion introduced by the
diodes is very low and is evident only at very
low signal levels. As an alternative you might
like to connect the output lead directly to the
output of the amplifier. This bypasses the rec-
tifier bridge and gives the full signal — noise
included.
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Fig. 2. Complete
circuit for the electric
field detector.
Components marked
with an asterisk should
be 1%. If 5%
components are used,
then one of the 47kQ
resistor should be
changed to a series of
a 39kC) resistor and a
22k) trimmer
adjusted for the
minimum mains noise.
Values between
brackets are suitable
for a 60Hz mains. An
American equivalent
to the BC337 for the
audio oscillator is the
2N2222.

continued on page 808...
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Fig. 3. Test bench for the electric field detector. Charging the screwdriver to the battery
potential generates an electric field. This is detected as a 1V glitch on the scope. The pulse can
be positive or negative depending on the battery pole in touch with the screwdriver. The pulse is
also detected by the movement of the meter and the change of frequency of the audio oscillator.
Both the battery and the screwdriver must be well isolated from the other equipment.

An acoustic signal is available from a fre-
quency modulated audio oscillator. This is
useful if you intend to use the meter as a
portable instrument.

Note that that mains induced noise can be
quite high and could easily saturate the pream-
plifier. Consequently there is a practical limit
to the length of the antenna. In the metropoli-
tan area where I tested the meter, a 3m enam-
elled copper antenna generated 5V pk-pk at
the output of the preamplifier, before the fil-
ters. This means that probably a 6m antenna is
the longest that could be used under these cir-
cumstances. In a rural area the situation will
certainly be better, allowing longer antennas.

Implementing the circuit

On a practical note, if you have difficulties
obtaining the S500M() resistors, connect
100M(Q2 resistors in series. | recommend that
you use high quality input capacitors, mylar or
similar, but definitely no ceramic capacitors.

The Burr-Brown data sheet for the
OPA[24P suggests using a printed ground
ring around the input lead and connection to
ground of the substrate, pin 8. It also suggests
direct soldering of the IC to the circuit board.

The preamplifier was assembled in a small
metal box with the shielded cable on one side
and the antenna wire on the other. If it is to be
permanently placed on the outside, a conve-
nient shelter should be foreseen against weath-
er extremes. The temperature range of the IC,
from —25° to 85°C, should not cause any prob-
lems in normal operating conditions.

Some form of data logger or a pen plotter is
essential part of the system. I used the ADC42
data logger from Pico Technology, connected
to the parallel port of a pc. The ADC42 soft-
ware also includes a spectrum analyser virtu-
al instrument, so it is a convenient way to
analyse the the signal.

I now have several traces of strange signals,
oscillations, spikes — even square waves. My

6000 ——= =
39k

—o I_

60p |
. }. 5000
|
3 i

= BC337 10n 4000 -

3000

TAAAAS
Beat Frequency (Hz)

2000 -

= 1000 -
Fig. 4. A basic oscillator detects the Earth’s
magnetic lines once a magnet is glued to one 0 -
end of the ferrite. The beat frequency with a °©2 2382 8

medium-wave transmitting station falls in the
audio range and can be heard on a radio and

measured. Even tiny movements of the rod or
the impinging magnetic lines causes an
audible change of the beat note. If high
stability is required it is advised to build a
second identical oscillator instead of using a

commercial station.

in this case, and the plane.

next task is to correlate them with known
events such as earthquakes or signals that are
supposed to make the round trip of the world
generating a 7.5Hz oscillation.

Magnetic lines

The sensor that first springs to most people’s
mind when they think of implementing an
electronic compass is a Hall-effect device. But
there are alternatives — like the one suggested
in Fig. 4. This is a classic oscillator running at
around 1MHz.

The ferrite rod is almost identical to the one
normally found in medium wave receivers —
the longer the better. The only difference is the
strong magnet attached to one end of the rod.

With the magnet attached, the exact fre-
quency of oscillation now depends on the pre-
vailing magnetic field. If you have a second
oscillator, it is possible to detect the beat note
which depends on the orientation of the mag-
netised oscillator with respect to the Earth’s
magnetic field.

An easy test requires a medium-wave radio
tuned to a station, preferably a weak one.
Next, tune the oscillator in such a way to gen-
erate an audible beat note in the radio. Any
minute movement of the rod will now change
the audible beat frequency.

I plotted the frequency variation against
rotation of the rod, Fig. 5. The first curve
shows the frequency of the beat note starting
from 200Hz and the rod pointing north. The
second curve shows the beat frequency, start-
ing from 200Hz but with the rod pointing east.

In both cases, the rotation was clockwise
and extended for 180°. For this test, I used a
second oscillator because the interference of
the transmitting station was too strong.

A complete circuit with two oscillators and
ancillary circuitry was the subject of a circuit
idea published in Electronics World+Wireless
World in December 1994.

When prototyping the circuit, take care to
use adequate electric shielding around the

T T T 1 T T
o o 9 o o ©
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P
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130
140
150-
160
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Fig. 5. Curve (a) refers to the north-south orientation of the ferrite rod and
curve (b) to the east-west. Rotation takes place on an horizontal plane. if the
rotation plane changes, the frequency range of the beat frequency will also
change since the magnetic lines are parallel to ground only at the equator.
Consequently, an accurate measurement must take in account the latitude, 45°
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oscillator. Metal boxes are not suitable. The
metal would create loops that would kill the
oscillation. A solid plastic box with copper
wires or strips, glued on the inside, running
parallel to the rod and soldered to ground at
one point only is the best solution. A small
hole is made in order to adjust the trimmer
capacitor with a plastic screwdriver.

‘As this detector reads the effective direction
of the magnetic lines, you will have a change
in frequency for any movement of the oscil-
lator both in the horizontal and vertical planes.

Listening to the beat note shows an incredi-
ble variety of signals, Fig. 6. The situation is
much quieter in rural areas, but in a large town
you have to wait until late at night — between
1 and 5 o’clock in the morning — if you want
to see less frenetic magnetic activity, Fig. 7.

Where all this activity comes from is a mys-
tery to me, although I am sure that most of it
is man-made. Frequency changes, hence mag-
netic variations, take place at a very low rate;
4-5Hz is the fastest you may expect. This
detector operates from OHz, so it will track
changes lasting hours, limited only by the long
term stability of the oscillator.

The 1MHz oscillation frequency was chosen
for convenience. Its radiated field will not be
detected by a radio beyond a 2m radius.
Nevertheless, a more suitable frequency could
be used. Bear in mind that a higher frequency
will increase sensitivity but stability might
become a problem. Conversely, lowering the
frequency makes the circuit less sensitive but
more easily stabilised.

Seismic waves

The OPA124P and the idea behind the electric
field detector was the basis also for the seis-
mic detector, Fig. 8. The circuit is straight-
forward and requires no adjustment. The
amplifier is local to the detector element. This
solves the problem of connecting a high
impedance source to the amplifier without
introducing any further degradation.

A three-core shielded cable connects the
amplifier to the other elements of the circuit
and to the power supply, which is £15V.

The detector is the piezoelectric element of
a kitchen gas lighter. Although its electrical
characteristics were unknown to me, it per-
forms well. The problem with this circuit lies
in the-proper mechanical construction of the
detector. It should be on a solid base stuck in
the ground, with the detector placed vertically
with a 1-1.5kg weight on top. This weight
should not have a proper resonant frequency,
so a loose package of sand, fine gravel, or
even salt, sealed against humidity, works fine.

The weight should be in contact with the
detector only and kept in place using vibration
absorbing material such as shock absorbant
rubber, plastic sponge and the like. The whole
set up should be screened against electric
fields with a non magnetic screen such as alu-
minium or copper, and should be enclosed in a
sound proof box, shown over.

Of course, you do not have to go to such an
extent to see the circuit’s basic operation. You
can place it on a table if you are happy to see
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Fig. 6. Printout of from data logger shows the variation of the beat frequency over a
period of 113 seconds. Samples where taken at 1s intervals at 6pm in a built-up
area. In open country the response is much quieter with several minutes without
appreciable changes.
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Fig. 7. Data collected from the magnetic detector over a period of 16 hours, from
6pm to 10 am the following day. Large variations take place during the whole day
except for a short lull around 4am. This is also the best time to carry out testing of
the unit. Data were collected in a large city. The same device shows an almost flat
curve only in open country, away from human activity.

5

f Fig. 9. Seismogram

4 of a lorry, barely
heard in the
3 - silence of the
[ night, passing in
2 - the area and
L I J J L I measured over 10s.
1 1t i The frequency
range of the signal
! is mostly between
< 10 and 50Hz and is
| bound to interfere
with a real seismic
wave. This
demonstrates that
careful choice of
4 | the installation site
is important if you
0 1 2 a 4 5 6 7 8 9 10 want to record
Seconds natural
phenomena.
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Fig. 8. There are no settings or adjustments in this seismic detector. The screened portion is placed together with the piezoelectric detector and
connected to the remaining part of the circuit with a three-core shielded cable. Piezoelectric gas lighters are economical and readily available.
The.element from any such lighter should be suitable for the detector.

the resonant frequency of the table —
and probably your house. Two leds
flash alternatively when a seismic
wave is detected and the overdriven

meter gives a clear reading, even with 25
small signals.

Road and railway traffic are the <,
main interfering signals. They could g
mask a real seismic wave. You can 5,
learn to distinguish the signature of 2
interfering signals but it will still be a G
problem to recognise a seismic wave
simply because they do not happen n

frequently enough — fortunately.

The frequency range of the circuit is
from 0.44 to 11Hz with a -10dB point e
at 24Hz. In seismological terms, this is
a narrow band detector, as opposed to
a 0.1 to 100Hz alternative, which is
defined as a wideband detector. This detector
has a smooth filter so signals outside the nom-
inal bandwidth will be detected. But as most
of these signals are human artefacts, Fig. 9, a
certain amount of attenuation is preferable.

Fig. 10. Printout of data
logged from 11pm to 8am
the following day. Readings
where taken at 1sample/s
and shown as an alternating
voltage. The 10k
potentiometer was adjusted

23:00

to accommodate the peak
readings of the local

tramway. Also in this case
there is quiet period around

3-4 am underlining the need
to install the detector away

00:00 01:00 02:00 03:00 04:00

Real Time - hours

05:00

Morning quiet

As with the magnetic detector, I noticed a
quiet period during the early hours of the
morning with the seismic detector, Fig. 10.
At other times, it is as frantic as the magnetic

Shock-absorbing
rubber spacers

b

Piezoelectric element,
both ends grounded

Ground
connection™

Non-magnetic metal
box and cover
=3

e

A Solid grourﬁase

High-voltage
lead of piezoelectric
element

Detetctor circuit
housing

Optional
soundproof
enclosure

1-1.5kg loosely
.._packed sand

Sheilded cable to
meter and power supply

from cities, roads and
railways.

06:00 07:00

or the electric detector. There is probably a
relationship that only a multichannel recorder
could confirm.

Sensitivity seems to be at the right level.
With an overall gain of 60dB, the circuit
amplifies a hiccup in close proximity, but I
did not attempt to properly calibrate the
device.

The seismic waves detected are the vertical
component of the surface wave. Adding two
further detectors, rotated by 90°, would also
allow you to record the horizontal compo-
nents.

Take care when handling the detector.
Hitting it even gently will generate hundreds
of volts — thousands of volts in the worst case.
So take safety precautions to protect yourself,
and the input circuit, where the only protec-
tion is via the 3.3MQ series resistor. This pro-
tection is sufficient for normal handling of the
detector but it is advisable to keep the input
shorted during installation.

If the purpose of the above circuits is to
detect natural phenomena, then they should
be operated away from cities or industrial
sites, unless of course, you are looking for

Practical implementation of the seismic detector. Most of the circuit is housed together with the
detector. There are no critical components. The rubber that keeps the weight in place must not
transmit vibrations coming from the ground. Spongy rubber works fine. The sound proof
enclosure prevents low-frequency sound - typically from helicopters — from interfering.

man-made activity. But wherever you are,
you are bound to discover many of the mys-
teries, quirks and anomalies of the world of
ultra-low frequencies a
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New: Windows software for
TiePieSCOPE HS508 and TP508

This powerful windows software gives you new possibilities and intuitive control of the

five integrated devices (Oscilloscope, Voltmeter, Transient recorder, Spectrum analyzer and b
Square wave generator) to perform all your advanced measurements

Oscilloscope:

- Number of samples settable between 10 and 32760

- Up to 32K samples on screen

- Free settable pretrigger between 0 and 100%

- Easy time axis zoom: scaleable scrollbar slider

- Free settable sample frequency from 0.01Hz to 50MHz

- Graphical adjustment of vertical offset and gain

- WYSIWYG trigger level, - hysteresis and slope-adjustment with one control
- Place the mouse over a control, press the right button and adjust all properties of

that control using the popup menu
- Cursor measurements

- Storing and recalling reference signals

- Math channel available
- Speedbutton toolbar
- Colour printing supported

Voltmeter:

- Up to six clear, fully configurable displays

- 10 math operations, like true RMS, mean, peak to peak, frequency etc.
- 16 display functions like Ch1+Ch2, Ch2-Ch1, Ch1*Ch2, log(Ch/Ch2) etc.

- Data logging to disk and printer
- Speedbutton toolbar

N
TiePieSCOPE HS508

- interface parallel printer port
- resolution 8 bits

- input range 200mV - 80V full scale
- price £597.00 incl. software, manual

and 2 probes (1:1/1:10 switchable)

TP508
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- interface PC-XTIAT ISA slot
- resolution 8 bits
- input range 20mV - 80V full scale

- price £630.00 incl. software, manual

- and 2 probes (1:111:10 switchable)}

Minimum system requirements: Windows 3.1 or higher, 386
processor, 4MB RAM, 4MB free disk space

Prices are excluding VAT

TiePie en%meerlng (NL) A TiePie engineering (UK)
P.O. Box 2 E-mail: tieple @tiepie.nl 28, Stephenson Road, Industrial Es*ate,
8600 WL SNEEK Site: http://www.tiepie.nl St. Ilves, Cambs, PE17 4WJ,
The Netherlands United Kingdom
Tel.: +#31 515 415 416  Fax: + 31 515 418 819 e Tel: +44 1480 460028 Fax: +44 1480 460340
CIRCLE NO. 113 ON REPLY CARD
Takeda Riken Spectrum 5 HP8660C + HP866328B +
[LEE Adret 740A Signal Generator . ; Rohde & Schwartz Polyskop
Analyser Type: TR4122B 0.1-1120MHz HP86603A Synthesized Signat SWOB 5 + Accessories
c/w Digital Memory Unit PRICE: £15000 Generator 1-2600MHz PRICE: £1800
PRICE: £2000 : PRICE: £2300 .
Adret TA0A UNF Generator 0.1-560MHz 50 A&D AD3522 FFT Analyser + Results Printer £300 UNDER £100 BARGAINS HP 34800 Digrtal Voltmeter + 3484A Muni Function Meter 525
Anritsy MS420A Network Spectrum Analyser 10Hz-30MHz {1 750 Adret 5104 Oriving Synthesizer 90-120MKz £125 Adret 2230A Frequency Synthesizer TMHz £50 HP 461A Ampllfier
BaK 2033 Signal Analyser 800 Boonton  82AD Modulation Meter £200 Adret 63038 Signal Generator €75 WP 50044 Signal Analyzer 230
Bird 8325 500W 3008 Coaxal Attenuator :375 Famell 5586520 Signal Generator £200 Advance  TC17 Timer Counler £15 HP 50064 Slgnal Analyzer £80
Cushman CE/24 Frequency Seiective Level Meter £400 FarneW  RB1030/35 Electronic Load 1KW 30A 35V £300 Aiken SH/2400P 20-100MHz €75 HP 5150A Thermal Printer £40
Datron 1061A Autocal £500 Farnell  B30/20 Power Supply Stabilised £120 AMFNErmerﬂGE Digital Counter £15 HP 52454 Plug in Unit + KP5245L Counter £50
Datron 1061 Autocal £400 Famell DSG Synthesized Signal Generator £185 LVE30/2 Regulated Power Supply 0-30V 0-24 £25 HP 5246L Electronic Counter £30
Farnell MP100/30 Power Suply £900 Farnell E350 Stabilized Vottage Supply £120 APT TCU250 Reguiated Power Supply 0-50V 2A £10 WP 5302A 50MHz Universal Collator £40
Farnell HB0/50 Power Supply Stabilized £600 Farnell TSV70 MIQ Stabilized Power Supply £180 Boonton 928 Millivolt Meter £40 HP 53044 Timer Counter £40
Famell PSU Type: MP30 Auta Ranging £350 Farnell PSG520 Puise Signal Generator 10-520MHz £250 Bradiey 1238 DC Calibrator £25 HP 595014 Ascii-Parallel Convertor £30
Fluke 45 Dual Display Mutimeter £400 Fervoqrapn RTS2 Recorder Test Set £200 Brookdeal Ortholoc/SC/9505 2 Phase Locking Analyser £75 HP 583134 A/D Convertor £30
Fluke 52004 Programmable AC Calibra 85204 Digital Mutti Meter £250 Brookdeal 411 Phase Sensltive Detector £25 WP 59501A HP/1B isolated DINPSU Programmable £40
Fluke 5408 Thermal Transfer Standard Uw Vottage Plug-1 5400 Fluke 8860A Ditigal Mutti Meter £150 Brookdeal 422 Reference Unit £25 HP 61114 DC Power Supply 0-20V 0-1, £75
WP 3575A Gain Phase Meter 1Hz-13MHz 500 Giga GR1301A 12-18GH2 Microwave Signal Generator €150 Brookdeal 9412A Phase Sensitve Detector £25 HP 6130C Digitally Controlled Vol(aue Sources £60
WP 116834 Range Calibrator 2350 Giga 6U1328A 2-8GHz Microwave Signal Generator £150 Brookdeal 9425 Scan Delay Generator £25 HP 8403A Modulator £60
HP 16310 Logic Analyser £550 Harris RF/2305 Recewer/Exciter £200 Cossor 333A Test Set £75 WP B406A Frequency Combined Generator £75
WP 17254 275MHz Delay Sweep 500 Hitachi V5508 50MHz Oscilloscope £200 Crohn/Mite 5300A Function Generator £40 HP 8418AHO1 Auxilliary Display Hoider £90
WP 33124 Function Generator 0-13MHz £350 HP 5363A Time Interval Prabes £150 Cropico 004 Digital Ohmmater £75 WP 87178 Transistor Bias Supply £50
WP 33354 Synthesizer Levet Generator 81MHz 1800 HP 161A Main Frame c/w 18404 + 18254 £125 Dana 4200 Digital Multi Meter £20 Iwatsy  SS/5416A DC-40MMz Synchrascope £50
WP 33368 + A Synthesizer Level Generator 2,000 MP 117134 Attenuator Switch Driver £300 Datron  1030A AMS Voit Meter €25 Keithley 177 Millivolt Digital Muitimeter £75
e 3455 Digital Voftmeter 530 HP 17414 100MHz Oscikioscape £300 Datron 1055 DC Voit Meter £25 Kemo  OPY 1.0Hz-100KHz Phase Meter £70
w 3456A Digital Voltmeter £600 HP 1742A 100MHz Oscifioscope £275 Datron 1030 AMS Voit Meter £25 Kepco E30/2B 30V 2A Power Supply £25
WP 35650 System Main Frame £2.000 34004 AMS Volt Meter £120  Farnell AC/0C Miltivolt Meter TM2 £30 KSM T25 Puise Generator £30
WP 35804 Spectrum Analyser SHz-50Hz £600-800 MP 3570A Network Analyser 50Hz-13MHz £150 Farnell FG1 Function Generator £30 Levell TM3B AC Microvolt Meter £50
HP 356|C Seloctive Volt Meter 15M2-50kHz" £550 HP 37708 Telephone Line Analyser £200 Farnell 2085 AF Power Meter £40  Levell TGB6A Transistor Decade Oscillator £50
WP 5824 Spectrum Analyser 0.02Hz-25,509kHz £1.500 HP 4333A Distribution Analyser £300 Famnell DM131 Digital Multimeter £30 Lyons PG2B Putse Generator £30
HP 5“"0 Digital Oscilloscope S00MHz 700 WP A435A Power Meter £175 Farnell £30/28 DC PSU 30V 2A £30 Lyons PG7504 Putse Generator £30
WP 542004 Digital Oscilioscope E|I500 HP 4358 Power Meter £250 Farnell LFl 10MHz 1MHz Sine/Square Dscillator £60 Lyons PG TN Puise Generator £30
WP 545014 100 MHz Digital gsctllo r u'soo HP 4B9A Microwave Ampiitier 1-2GHz £125 Farnell LFM2 Sine/Square Oscillator £65 Lyons PG73N Puise Generator £25
WP 50024 OC 0.50 0. ‘gA 200W SEone fADO HP 50054 Signature Muttimeter £150 Farnel SGIB Signal Generator Interface £30  Lyons PG22 Pulse Generator £25
WP 62618 DC PSU 0-20V 0-504 451 HP 53154 Universal Counter £200 Feedback EW604 Electronic Watt Meter £50  Malden 1000F MK11 10Hz-32MHz P.0. Frequency Counter  £10
WP 85024 Transmi ‘Refection Test Set 500KHz2-1.3GES HP 532BA Universal Counter £120 Fluke 86004 Digital Multimeter £60 Marcond  TF2700 Universal Bridge £75
. § ranst '55'°g on Tes! 2-1.3 00 HP 80058 Pulse Generator 0.3Hz-10MHz 50 Fluke 8000A Digetal Multimeter £50 Marconi  TF2331A Distortion Fac(m Meter £50
7 RN L alworKIAnalys er £3,000 yp 8008A Pulse Generator 10Hz-200MHz £150 Fluke  7261A Universal Counter/Timer £75 Marconl  TF26008 Video Voltmeter £30
e B554B RF Section 0-1200MHz £500 wp 80154 Puise Generator 1Hz-50MHz £150  Fluke 19534 Counter/Timer €60 Marconi  TF2604 Electronic Voftmeter £25
e 85554 RF Section 10MHz-406Hz £700 yp 80164 Word Generator £150 Fluke  6010A Synthesizer Signal Generator £50  Marconi  YF2162 MF Attenuator DC-1MHz £30
W 86408 Signai Generator £1,100 yp 84128 Phase Magnitude Display £175  Fluke 8010A Digital Mutti Meter £25 Marconi  TF21635 UHF Attenuator DC-1GHz £60
Hp 86474 250kHz-1000MHz Signal Generator £2,500 pp B414A Polar Display £175 Fluke 8050A Digital Mutti Meter £20 Marcos  TF2102M AF Oscillator 3Hz-30kHz £30
HP 86848 5.4-12.5GHz Signal Generator £2000 Hp 84148 Polar Display £175 Gen. Radio 1232/A Tuned Amphifier & Null Detector £25 Marcom  TF2330A Wave Analyser £25
HP 87404 Transmission Test Unit £350 WP 84434 Tracking Generator/Counter €250 Gen Radio 1362 UHF Oscllator 220 920MHz €25 Marconi  TF2432 560MHz Digital Frequency Meter £70
HP 8741A Refilection Test Unit 0.1-2GHz £350 Wp B445B Automatic Preselector £300 Gould J3B Signal Generator £50 Marconi TF2104 10Hz-110KHz Automatic Low Distortion
HP 87424 Reflection Test Unit 2-12.4GHz £350 WP 84054 Vector Voltmeter £250 Gould J3A Signal Generator £50 Oscillator £30
WP 87544 Network Analyser 4-1300MHz £2,000 WP 85528 iF Section £250 Gould 053351 Oscilloscope £60 Marcom  2304A A0MHz Digital Frequency Meter £30
HP BY10A Modulation Analyser 150KHz-1300MHz £2,500 HP 85538 RF Section 0-100MHz £200 Gould TC314 Timer Counter £20 Marconi 2437 100MHz Universal Timer Counter £45
HP BS03B Audio Anatyser £3,200 HP 8553L RF Spectrum Analyser 0-110MHz £200 Honeywell 6K20 0-6KV Preciston High Voltage Power Source  £25  Marconi 2833 Digital Line Monttor £25
HP 33258 Frequency, Function & Waveform HP 8556A LF Spectrum Analyser £200 HP 10254A Senal to Parallel Convertor £25 Marcond  2833A Digital Line Momitor £25
Synthesizer £3,000 WP 86601A RF Section0.1-110MH2 £300 HP 3710A IF/BB Transmitter £75 Marcond  6050/3 Frequency Meter £50
HP 8620C + HPBE222B Sweep Generator 0.01-2.4GHz £1,500 HP 87504 Storage Normalizer £200 WP 37208 IF/BB Receiver £75 Marconl  6460tf Power Meter £50
Iwatsy SAS/B130 Waveform Anatyser £500 WP 491C Microwave Amplifier 2-4GHz £125 WP 16004 Logic State Analyser £40  Marcom  6460/1 ttt Power Meter £25
twatsu DM/2350 Digital Memory Oscilloscope £400 HP 84134 Phase Gain Indicator Unit £175 HP 431C Power Meter £50 Marcond 65508 Programmable tt Power Meter £20
twatsu 0OMS/6430 Digital Memory Oscilloscope £500 Iwatsu SC/7103 Frequency Counter £160 HP 52450452554 Counter/Convertor £60 Marconi  65508/1 Programmabte tit Power Meler £20
JAC NRD/535 HF Receiver £1,000 Keithley 192 Programmabie Digital Multimeter £200 HP 203A Vaniable Phase Generator £25 Marcod 6587 Levelling Amp. £25
JAC NJZ/900JN Cellular Tester £500 Marconi 60568 Signal Source 2-4GHz £150 WP 675 Sweep Signal Generator/676A Tracking Det £50 Marconi  TF2169 Pulse Modulator £20
KikusWd  PLZ1002W 1000W Electronic Load £450 Marconi  6057B/2 Signal Source 5.5-8.5GHz £150 WP 4344 Calorimetric Power Meter €75 Marconi  TF2173 Digitat Synchronizer £60
Kikusui  TOSBBS0 W/S1 Auto Tester £1,800 Marconi  Rotary Vein Attenuator 6052/1 26.5-40MHz £150 HP 1054 Duartz Dscillator €70 Marconi  TF2424 Frequency Counter £60
Leader Loc/7005 Oscilloscope Calibrator €600 Marcom  TF2337A Auto Distortion Meter £150 HP 118588 Amplifier Switch + HP87098 Synchromiser €75  Marconi  TF2430 80MHz Digital Frequency Meter £50
Lecroy 9100 Arbitray Function Generator €500 Philips  PM5519 Colour TV Pattern Generator £200 HP 34558 Digital Muhimeter £40 NO WARRANTY, UNTESTED
Old Officers Mess. Hoo Farm. Humbers Lane. Horton, Telford, Shropshire. TF6 6DJ. UK
- -
PHONE; (0044) 01952 605451 FAX; (0044) 01952 677978
.
e-mail: telfordelectronics@telford2.demon.co.uk

CIRCLE NO. 114 ON REPLY CARD

October 1997 ELECTRONICS WORLD

811




HISTORY

Post Office
war records

ore by accident than by design, the
MBritish Post Office became involved

in many strange activities during
World War II. Its work devising the Colossus,
Cobra and Tunney devices for breaking
enemy codes at Bletchley Park is now fairly
well known, whereas similar work producing
high-speed computers for co-ordinating anti-
aircraft gunnery and for timing bomb release
has not received the same recognition.

Other less well-known episodes include the
freight trains run by the Post Office tube rail-
‘way in London. These carried spoil from new
bunkers under construction and brought it to
the surface away from the sensitive location.

And there was the assistance the Post Office-

submarine cable team provided for the design
of 100 miles of hollow three-inch cable which
carried vital fuel across the Channel to support
the Allied armies in the invasion of Europe.

But perhaps the most unlikely of all unusu-
al assignments was the Post Office’s involve-
ment in the development of hi-fi recording
techniques. During World War II, materials
for recording radio programmes were so
scarce in Britain that the Post Office was
forced to commandeer a factory to produce
blank recording discs. In so doing, its boffins
made significant improvements to recording
techniques.

“The BBC alone used
7000 blank discs a week”

The BBC relied on vast quantities of blank
discs for sound recording. The corporation
alone used 7000 a week for making transcrip-
tions of its own programmes and the enemy
propaganda monitored by its listening sta-
tions. The armed forces — and the secret
services, it is rumoured — also made
heavy demands on the supply of direct-
cut discs; they were used for covertly
recording the conversations of prisoners-
of-war and also for capturing weak radio
signals. By replaying the weak signals
many times, it was hoped that they would
eventually be read correctly.

The reliance on these discs was so great
that it was felt necessary to put their manu-
facture under closer direction. To safeguard

His Majesty’s Voice - or how
the GPO became involved in

supplies, the Post Office took control of one
of the two factories which produced them.
They and the BBC also improved record cut-
ting head technology and a microgroove
recording cutter using these blanks was first
used on VE-Day.

This is to anticipate events, however. The
story really starts back in the mid-1930s when
Cecil Watts invented a sound recording tech-
nique using a metal disc coated with cellulose
nitrate lacquer. People often call these discs
‘acetates’ but this title is a misnomer.

“With its high
signal-to-noise and
power versus bandwidth
ratios it has not been
improved upon”

This direct recording disc was and is a
remarkably high quality sound recording
medium. With its high signal-to-noise ratio
and power versus bandwidth ratio it has not
been improved upon. Surface noise is low and
in fact the technique is still used today for
mastering some albums. The discs themselves
were fairly soft, the disc cutter being a sap-
phire cutting tool.

But this was not the only method. In
1939 the commercial record companies
were still using wax for mastering — an
inferior process. The BBC, did  how-
ever, use
these

the record business during
World War Il - researched by
Andrew Emmerson

cellulose nitrate discs for short-terrn sound
archiving. In addition, they had two other
recording systems at their disposal. These
were the Marconi-Stille — which recorded
magnetically onto steel tape — and the Philips-
Miller — which made an optical sound track on
a material similar to cinema film.

With the war under way, these other two
systems hit problems. The special steel for the
Marconi-Stille recorders came from Sweden
but supplies ceased in August 1940, while the
optical film for the Philips-Miller machines
came from Gevaert in Antwerp. After this city
had fallen to the Germans in May 1940, sup-
plies of this tape also ceased.

Alternative sources were tried for both tech-
nologies but, none was ideal. This left the
BBC dependent on the direct recording cellu-
lose nitrate discs alone at a time when the
demands on recording for broadcast purposes
was mushrooming.

“In effect,
the manufacture of these
discs was nationalised”

Unprepossessing they may look-but blank discs
~ similar to these — for one-off recordings
played a vital role during WWII. So important
were they to the war effort that the Post
Office commandeered a factory to safeguard
supplies (photo from National Sound Archive).
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There were only two sources of the blank
discs, EMI and Cecil Watts’ firm, MSS
Recording Company. In the summer of 1941
it was decided that the MSS factory should
come under the control and management of
the Post Office, which also provided addi-
tional capital to boost output. In effect, the
manufacture of these discs was nationalised.
Two scientists from the Dollis Hill research
station, J.F. Doust and F.G. Hopwood, were
put in charge of this activity.

In a separate initiative, the BBC devised an
improved recording cutter and this cutter used
these MSS blanks. The frequency response
extended beyond 10kHz and so it could be
called high fidelity; later on it could and did
cut microgroove records. The new system was
first used on VE-Day.

As well as blank discs, Cecil Watts’s MSS
company had made disc-cutting machines
since the mid 1930s. These also came under
the control of the Post Office when they took
charge in 1941.

Improvements to the MSS disc cutters were
also made during the period of Post Office man-
agement. It can truly be said that the Post Office
played a part in improving recording technolo-
gy —even if it was more by historical accident
than by previously planned intention. The Post
Office did not, however, invent the microgroove
record, as some people have alleged.

“The story of the GPO’s
wartime involvement
in acoustics doesn’t
end here...”

The story of the GPO’s wartime involve-
ment in acoustics doesn’t end here, though.
There were many other interesting projects.
Special noise-cancelling microphones and
headphones were devised by the Post Office
for tank use.

Deep below the Post Office’s Dollis Hill
research station, a special chamber with deaf-
ening sound effects was constructed to simu-
late a tank’s interior. Producing the sound
effects with which to test these devices was
another matter; recordings on 78rev/min
gramophone records would not last long
enough and the chosen solution made good
use of other Post Office technology.

First of all, recordings of a tank rumbling
past a microphone were made on direct-cut
disc. Ten-second recordings made in this way
were transferred to 35mm film by the Crown
Film Unit — a new name for the old Post
Office Film Unit — and a two-second long
section finally transferred to glass disc, for
playing continuously on a speaking clock
machine. Apparently the joint in the recording

HISTORY

and the two-second repetition were not
noticeable in use.

Similar machines were made for the Royal
Air Force; these generated continuous back-
ground aircraft noise effects for training radio
operators. Four different aircraft types were
covered, at normal speed and at absolute
maximum.

Yet another machine was developed for
training fighter pilots; this was a twin-channel
simulator, providing continuous aircraft noise
and spasmodic machine-gun effects, as and
when required.

At the end of hostilities all this development
activity came to an end. The MSS factory was
handed back to Cecil Watts and all these mat-
ters were effectively forgotten. At this distance
in time nonetheless they form a fascinating
sideline in the history of sound recording and
reproduction.

My thanks go to Peter Copeland of the
National Sound Archive for his assistance in
preparing this article. Some details were taken
from the book ‘BBC Engineering 1922-1972’
by Edward Pawley, and others from an IEE
paper by Amold Lynch entitled ‘Some
Derivatives of the Speaking Clock.’ [ ]

8 CAVANS WAY,

COVENTRY CV3 2SF
Tel: 01203 650705
Fax: 01203 650773
Mobile: 0860 400683

easy access to M1, M6, M40, M42, M45 and M69)

Anritsu ME462B - 0S-3 transmission analyser
Anritsu MG642A - Pulse pattern generator . .
Barr & Stroud - EF3 variable filter (0.1Hz-1001
Danbridge JP30A - 30KV Insulation Tester ... .
Dranetz 626 - AC/DC Multifunction Analyse
Farnell AP70.30 P.S.V. - (0—,70v 0-30A) auto rangmg
Fluke 5100A - Calibrator .
Fluke 51008 - Calibrator ... ...

Fluke 5205A - Precision power am,
Fluke 7105A - Calibration system (As new) . .
Guildline 9152 - T12 Battery standard cell . .. .
Hewlett Packard 331A - Distortion analyser ..............
Hewlett Packard 435A or B - Power Meter {with 8481AI9484A)
Hewlett Packard 1630D - Logic Analyser (43

Logic analyser ..............
Hewlett Packard 16614 - Logic analyser (As new) .
Hewlett Packard 3314A - Function generator ...........
Hewlett Packard 3325A - 21MH:z synthesiser/function gen.
Hewlett Packard 3336A - Synthesised, signal generator {10Hz-21MHz}
Hewlett Packard 3455A - 6% digit multimeter {autoscal) .

Hewlett Packard 3456A - Digital voltmeter . ... .
Hewlett Packard 34784 - Multimeter (5% digit) HP
Hewlett Packard 3488A - HP-IB switch/control unit {varlous plug-ins
available)
Hewlett Packard 35660A — Dual channel dgnamlc sig-analyser .....
Hewlett Packard 3711A/3712A/3791B/37938 - Microwave link
analyser Sensor ...............iiiioias
Hewlett Packard 3776A - PCM Terminal test set .
Hewlett Packard 3779 A/C - Primary mux analvser
Hewlett Packard 4275A - Multi-frequency LCR meter
Hewlett Packard 4278A - 1kHz/IMHz capacitance meter ..
Hewlett Packard 4279A - 1MHz, C-V meter ........
Hewlett Packard 4338A - Milliohmeter {as new)
Hewlett Packard 4342A-Qmeter .................
Hewlett Packard 4348A - transmission impairment measuring set . .
Hewlett Packard 4353A - Protocol analyser
Hewlett Packard 4972A - Lan protocal analyser ..
Hewlett Packard 53144 - {new} 100MHz universal co
Hewlett Packard 5328A - 100MHz universal frequency counter .
Hewlett Packard 5384A - 225MHz frequency counter . .......
Hewlen Packard 5385A ~ Frequency counter 1GHz (HPIB) with
{Jts 001/003/004/005 .
Hewlett Packard 60314 - 1000 Watt auto- ranging P.S.U. (20v-120A)

BINLAY INDUSTRIAL ESTATE,

{Premises situated close to Eastern-by-pass in Coventry with

MISCELLANEOU

channels) 0
Hewlett Packard 16500A - Fitted with 18510N16515N16530N1653|A
- £40

Hewlett Packard 6261B - Power supply 20V-50A . .
DISCOUNT FOR QUANTITIES

Hewlett Packard B011A - Pulse gen. 0.1Hz-20MHz . ... ..
Hewlett Packard 8152A - Optical average power meter ...............
Hewlett Packard B158B — gncal attenuator with opt's 002 + 001

Hewlett Packard 8165A - 50MHz programmable signal sour
Hewlett Packard 8180A - Data generator ..
Hewlett Packard 8182A - Data analyser ...

Hewlett Packard 8620C — Sweep oscillator mainframe .
Hewlett Packard 86568 - Synthesised signal generator

Hewlett Packard 8343B - Microwave broadband Amp {as new) 2-20MHz .£3250
Hewlett Packard 835544 - Millimeter wave source 26.5GHz-40GHz . ... £4000
Hewlett Packard 83555A - Millimeter wave source 33GHz-50GHz . . £4250
Hewlett Packard 8405A — Vector voltmeter ..,....................... £5

TELNET |

Hewlett Packard BY50A - Storage normaliser ...........
Hewlett Packard BY56A - Scalar network analyser . ..
Hewlett Packard 8757A - Scalar network analyser
Hewlett Packard 8901A - Modulation Analyser ..
Hewlett Packard 8303A - Audio analyser {20Hz-1001
Hewlett Packerd 8920A - R/F Comms test set .
Hewlett Packard 8958A - Cellular radio interface .
Hewilett Packard 117298 - Carrier noise test set .. .......
Krohn-Hite 5200 - Sweep function generator .......
Lecroy LW 420 - Arbitrary waveform gen. {New) + 1MH1/CH om
Marcom 2019 - 80KHz-1040MHz synth signal generator .
Marconi 2019A - B0KHz-1040MHz synthesised sig. gen .
Marconl 2022A - 10KHz-1GHz - AM/FM signal genemor
Marconi 2610 - True RMS voftmeter .........
Marconi 2871 - data communications ana|vser
Marconi 2955 - Radio Comms test set

Marconi 29558 - Radio Comms test set. ... ..............
Marconi 2955 + 2958 - Radio Comms test set + tacs adaptor .
Marconi 2960A - Radio Comms test set with cellular adaplor
Marconi 6960 - Power Meter + sensor .......

Marconi 69604 ~ Power Meter + sensor .

Philips PM §167 - 10MHz function gen ..

Philips PM 5190 - LF synthesiser with GPIB .

Philips PM 5716 — 50MHz Pulse generator .

Philips PM 6673 - 120MHz high resolution universal counter £350
Philips PM 6670 - 120MHz high resolution timer/counter . 350
Philips PM 6652 - 1.5 GHz high 900
Racal Dana 1992 - 1300M|-ﬂ frequency coun(ev opts 45;55 = £800
Racal Dana 8081- Synthesised Sig Gen 520MHz ... ... €500
Racal Dana 9084 - Synth. sig. gen. 104MHz .. ... 8000000 £450
Racal Dana 93014 - True RMS RF millivoltmeter - . .£300

Racal Dana 9921 - 3GHz frequency counter

Rohde & Schwarz SMDU - 15Hz-525MHz (FM 500
Schaffner NSG 200E - Mainframe ............... £1000
Schaffner NSG 203A - Line voltage variation simulator . . ... £995
Schatfner NSG 2224 - Interferance simulator o £995
Schaffner NSG 223 - Interferance generator . 2000 . £750
Schaffner NSG 431- Electrostatic discharge simulator . . ... £1250
Schaffner NSG 433 - Electrostatic discharge simulator £1950

Schlumberger 2720 - 1250MHz Freq. Counter . ... .

Schlumberger 7060/7065/7075 - Multimeters from £350
Systron Donner 19808 - Microwave Sweeper {12-18GHz) . . .£2500
Tektronix 577 —Curve Tracer ... ...oooeueeisseisioinessansed £1150

Tektronix - Plug-ins - Many available such as PG508, FG504, SC504,
SW503, SG502 etc
Tekironix TM5003 + AFG5101 - Abritrary Function Gen. ...
Tektronix 1240 - Logic Analaser . ..............c.c.coeiues
Tektronix AM503 + TMS01 + P6302 - current probe amplifier
Tektronix AA5001 + TM5006 - Mainframe programmable
diStOrtion ANalYSer ... .. ... ... cceiiiiis i
Tektronix PG506 + TG501 + SG503 TMS03 - Oscilloscope cahbmor oo
Time 9814 - Voltage calibrator ....................... .
Wandel & Goltermann - PCM4 {with options) . .
Wandel & Goltermann — PRA 1 Frame slmulalorlanalvse
Wavetek 171 - S;ntheslsed function generator ..
Wavetek 172B - Programmabie sig. source (0. 0001Hz-13MHz)
Wavetek 184 ~ Sweep generator . .........
Wayne Kerr B305 - Precuslon LCR meter .
Wayne Kerr 4225 - LCR s
Wayne Kerr 6425 - Premslon componen( analyser ...
Wiltron 6620S - Programmable sweep gen. {3.6-6. 5GH2) .

Beckman 8020 - 20MHz dual channel .....
Cossor 3102 — 60MHz dual ch:

Gould 05245A/250/255/300/3000/3351/4000- From .
Gould 4074 - 100 MH2/D.S.0. 4 channel ... .
Hameg 203/203-4/203 5/203.6 - From .. ...
Hewlett Packard 180A/180C/181A/182C - From .
Hewlett Packard 1740A, 17414, 1744, - 100MH2 dual ch .

Racal Dana 9303 - True RMS R/F level meter .. £650

OSCILLOSCOPES

... -£200
.from £350

Hewlett Packard 54100A - 1GHz digitizing
Hewlett Packard 54100D - 1GHz di ruzmu
Hewdlett Packard 54200A - 50GHz
Hitachi V152/V212N222/V3025/V3 2FIV353F/VSSOBIV550F From .
Intron 2020 - 120MHz digital storage {as new} ........
Iwatsu 55 5710/65 6702 - From
Meguro MSQ 12704 - 120MHz digital storage s
Kikusui 6100 ~ 100MHz duai channel .
Kikusui COS 6100 - 100MHz 5 channe| 12
Lecroy 94504 - 300MHz/400Ms/s D.S.0. 2ch . ..
Nicolet 310 - LF DSO with twin disc drive .
Nicolet 3091 - Low freq 0.5.0.
Philips 3055~ 50MHZ —2Ch ..............ccciiiiiiiiiiei
Philips PM 3211/PM 3213/PM 3214/PM 3211/PM 3234/PM 3240/PM3243/
PM3244/PM 3261/PM 3262/PM 3263/PM 3540 - From
Philips PM 3295A - 400MHz dual channel .......
Philips PM 3335 - 50MHz/20Ms/s D.S.0. Zch Tooo
Tektronix 434 - 25MHz 2 channel + analogue storage
Tektronix 454 - 150MHz 2 channel ’
Tektronix 455 - 50MHz dual channel
Tektronix 464/466 - 100MHz storage .
Tektronix 465/4658 — 100MHz dual ch. ... from £350
Tektronix 468 - 100MHz D.S.0. S000
Tektronix 475/475A - 200/250 MHz dual channel .
Tektronix 2213 - 60MHz dual ch.
Tektronix 2215 ~ 60MHz dual ch.
Tektronix 2221 - 60MHz digital stora

Tektronix 2235 - 100MHz Dual channel ..
Tektronix 2335 - 5100MHz dual ch. (ponabla)
Tektronix 2440 - 300MHz/500Ms/s D.S.0. 2ch
Tektronix 2445A - 150MHz - 4 channel .
Tektronix 5403 - 60MHz 2 or 4 channel from . .
Tektronix 7313, 7603, 7613, 7623, 7633, - 100MH. dch .
Tektronix 7704 - 250MHz é ch .
Tektronix 7854 - 400MHz Wavefol
Tektronix 7904 — 500MHz 3
Tektronix 7934 - 500MHz with storage .
Tektronix TDS520 - 500MHz/500Ms/s D $0.2h .
Telequipment D83 ~ 50MHz dual channel ...
Telequipment DM63 - 20MHz 4 channe! . .
Trio CS - 1022 - 20MHz dual channel .
Other scopes lv

SPECTRUM ANALYSERS

Advantest 4131 - 10KH;z - 3.5GHz (GIPB} .
Advantest 41318 - 10KHz - 3.5GHz
Advantest 4133B - 10KHz - 2, OGHz {60GHz with external mlxers)
Alitech 757 - 10KHz-22GHz
Ando AC 8211 - Spec analyser 1.7GHz
Hewlett Packard 1417 + 85528 + 85SSA {10MHz-18GHz) -
Hewlett Packard 182T with 85588 - {10MH2-1500MHz)
Hewlett Packard 853A with 8558B - {0.01-1500MHz) ..
Hewlett Packerd 3562A - dynamic signal analyser, dual
Hewlett Packard 3580A - 5H2-50KHz
Hewlett Packard 37038 - Constellation Analyser with 15709A Hugh Impedance
{ITCEREED (EB RG] b o 0 650000460 000050 50860 o000 0 SR oEEBEECCEaEH £4750
Hewlett Packard 8505A - Network analyser {500KHz-1.3GHz) . oo
Hewlett Packard 8591E - 9KHz-1.8GHz (Calibrated)
Hewlett Packard 8754A - Network analyser 1300MHz) .
Meguro MSA 4901 - 1-300MHz {as new) . ..
Meguro MSA 4912 - 1-1000MHz {as new)
Marconi 2370 - 110MHz spec analyser
Takeda Riken 4132 - 1000MHz . .. ..

ocessing oscilioscope

MANY MORE ITEMS AVAILABLE SEND LARGE
S.AE. FOR LIST - ALL EQUIPMENT IS USED - WITH

30 DAYS GUARANTEE, PLEASE CHECK FOR
AVAILABILITY BEFORE ORDERING - CARRIAGE
& VAT TO BE ADDED TO ALL GOODS
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Electronics World readers are eligible for
an exclusive discount on both the SL20
and SL30 soldering stations from Vann
Draper Electronics.

Normally, the SL20 with bar-graph tem-
perature indicator costs £59 while the
SL30 with digital read-out costs £69
excluding VAT and delivery. Electronics
World readers using the coupon along-
side can obtain either of these stations
for the prices above — but without adding
delivery charges and 17.5% VAT.

Designed for servicing and manufac-
ture, these irons feature 24V/48W heat-
ing elements and an iron-coated bit for
long life. The SL20 has a control range of
150 to 420°C while the 30 spans 160 to
480°C. As standard, an 0.8mm diameter
bit is fitted, but 1.6 and 3.2mm alterna-
tives can be obtained by adding £1.65
inclusive to your order for each extra bit
required. Please make enquiries to Vann
Draper on 0116 2771400, fax 2773945.

S Tedige] sl LR [o]d[sk— reader offer

! ' Use this coupon to order your SL20/SL30

Please send me
_SL20(s) at the fully inclusive special offer price of £59 each
__ SL30(s) at the fully inclusive special offer price of £69 each

Name
Company (if any)

Address

Phone number/fax

Total amount ~ €......coooeee..es
Make cheques payable to Vann Draper Electronics Lid
O, please debit my Master, Visa or Access card.

Card No
Expiry date

I Please mail this coupon to Vann Draper Electronics, together with paymen.

l Alternatively fax credit card details with order on 0116 2773945 or telephone

[ 0116 2771400. Address orders and ll correspondence relating to this order to Vann Draper
I Electronics at Unit 5, Premier Works, Canal Street, South Wigston, Leicester, LE18 2PL.

| Overseas readers can also obtain fhi discount but details vary according fo country.

1 Pleose ring, write or fax o Vann Draper Elecironics
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AUDIO

SPEAKERS' S

them. Mostly I compare them with the original sound. Even casu-

al inspection reveals that, with rare exceptions, most of today’s
loudspeakers fall far short of what is desirable — and look awful into the
bargain.

There is no technological reason for this state of affairs; in fact we
have never been better served with advanced materials and the means
to form them.

Looking on the bright side, if the vision exists, it only requires some
good industrial design to have much better sounding and looking loud-
speakers than are generally available. In this series I intend to explore
some possible avenues.

The only fundamental criteria we have for loudspeaker performance
are purely subjective. It follows that a loudspeaker designer must under-
stand psychoacoustics, quantitative as well as qualitative. As human
beings vary, we have also to understand statistics in order to appreciate
that psychoacoustic data are not absolute like classical physics but are
subject to variation.

If psychoacoustics helps us to define what performance our loud-
speaker must have, it does not tell us how to achieve it. We can stir the
air in a variety of ways, but seldom directly. Generally we need to
cause some object to vibrate, and subsequently transmit those vibrations
to the air. The study of what happens next is known as acoustics.

Causing precisely controlled vibration requires a knowledge of how
masses move. Control theory tell us enough about electromagnetic and
electrostatic actuation of diaphragms. To follow what goes on inside
the speaker we need to know thermodynamics because we are com-
pressing a gas, and it matters whether we do that isothermally or adi-
abatically.

As listeners we are primarily interested in what happens outside the
speaker; in the far field to be precise. It is the job of the cabinet to sep-
arate these two results: it must be utterly inert and resist the reactions
from transducers and the internal pressures without any movement or
flexing. Most of today’s loudspeaker cabinets are very poor in that
respect, yet a basic knowledge of structural engineering and materials
science will help to design a suitably rigid structure.

In order to anticipate and control the high frequency sound output of
a loudspeaker, it is important to understand the wave or diffraction the-
ory of acoustics. The concepts of coherence, phase and interference,
even chaos theory, become crucial to stereo imaging, yet are widely
neglected. In fact light and radar behave in exactly the same way as
sound — although on different scales — because they are wave motions.
A knowledge of wave optics is extremely useful in loudspeaker design

Loudspeakers are everywhere. So it’s not hard to study and compare

Reaction to John Watkinson’s iconoclastic view
of loudspeaker design in ‘Loudspeakers
Exposed’, June 1997 issue, revealed how
much interest there is in this topic. In this new
monthly column, John continues his fresh and
often controversial look at loudspeaker
technology and looks forward to exploding a
few myths along the way.

because it allows the diffraction behaviour of cabinets to be predicted.

As passive speakers simply cannot meet modern criteria, the ability
to design electronic systems has become essential. This encompasses
not only amplifier design, but also active filter and analogue comput-
ing implementations. Emc awareness is important too, but knowledge
of speaker cables can be safely set aside as we won’t be using any.

Although I consider the above list of skills to be a minimum for the
development of advanced loudspeakers, such combinations are rare.
Little wonder that the average loudspeaker today is so primitive. Many
are developed using pure empiricism. The mechanism is not understood
but the parameters are changed until it sounds best.

Unfortunately a speaker designed in this way may only sound good
on a certain type of music. The design may then appear in a cook-
book to be copied parrot fashion with even less understanding of the
principles.

Often the designer is forced by economics to use sub-optimal tech-
niques. Here the home constructor may be at an advantage because he
can fabricate complex shapes which could never be produced eco-
nomically. |
John Watkinson, FAES

The disciplines
required for
advanced
loudspeaker design
are shown here.
Their combination
into a working
product allows so
many possibilities
that the process has
to be described as
an art.
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Genuine Government Surplus

Electronic Test Equipment
i b Racal Dana 9904 universal counter QiR

10Hz-50MHz, 6 digit LED display,

TXO master Oscillator. * No Appointments needed. Callers always

welcome, just pop in and have a chat.

Tested & Verified. £60.00*
* Mail Order a speciality. National &
Racal Dana 9915 digital frequency international fast mail order service.
counter, 10Hz-510MHz, 8 digit LED
display, TXO master Oscillator. * Large showroom. Large stocks of electronic
Tested & Verified. £95.00* & electronic test equipment always on sale.
» * Test facilities available. Try before you buy,
Racal Dana 9918 digital frequency make sure you get the right item.
counter 10Hz-560MHz, 9 digit LED
= display, TXO master Oscillator. . * Open 6 days a week. 9am till 6pm
i [ Tested & Verified. £125.00 weekdays and 8am till 4am on a Saturday.
S i
Racal Dana 9921 digital frequency Oscilloscope special offers
counter 10Hz-3GHz, 9 digit LED TEK 7000 series oscilloscope mainframes
display, TXO master Oscillator. (no plug-ins)
g *
Tested & Verified. £345.00 7603 (100Mhz) £225.00*

£250.00*
£300.00*

7633 (100Mhz)

** Free Catalogue *** 7704 (250Mhz)

*
Send an A4 envelope with 1st class stamp marked ‘High tech catalogue’ to 2684 (400MhZ) £35°.°0*
receive comprehensive data on our entire range of electronic test equipment. 7904 (500Mhz) £450.00
Many other oscilloscopes in stock, phone for details.

a/im
. i And more ... This is just a small sample of the huge

AnChor Su pplles Ltd. ‘&‘-“‘J range of electronic test equipment we stock.
Callers are welcome at our massive showrooms on weekdays from
9am until 6pm and on Saturdays from 8am to 4pm. R' 01 1 5 986 4902
Anchor Supplies Ltd is at the Cattle Market in Nottingham. NG2 3GY Ing nOW,
(opposite Notts. County FC). Unlimited parking adjacent.
Visit our web site: http: //www.anchor-supplies.ltd.uk or fax us on 01 1 5 986 4667

or send email to: sales@anchor-supplies.ltd.uk * Prices exclude VAT & Delivery
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System Components from 1SO9001 Source
Half Size Single Board Computers

386SX to Pentium with ISA and PC/104 Bus

2 Serial Ports, IDE, FDD & Printer Port
Flash/ROM Disc, Cache, SVGA CRT/Flat Panel Controller
PC/104 Modules
386 & 486 CPUs, Solid State Disc, Isolated RS232/485
VGA CRT/Flat Panel Display & SVGA Controllers
PCMCIA types I, 11 & 111

Fast SCSI, Ethernet, Fax/Modem

System Enclosures with Passive Backplanes

System Integration and Support

All-In-One Standard Motherboards & Cases
486/586 to 200MHz Pentium

ri\/i_g? your competitors?
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10MHz

Oscillators with very low
phase noise are crucial in
modern, fast data radio
links with high spectral
efficiency. Relatively
easily achieved in a
crystal oscillator, low
phase noise is a much
more daunting design
task in a wide range vco,
as lan Hickman explains.

D1 BZY
8sceve R2
+15V
,I 100n 330R
c2
C5
100p

el S
o s TO PHASE
1200 P g NOISE
P} 330K DISCRIMINATOR
T ’ cé
BC109 33°PI

Fig. 1. The LC oscillator of Ref. 1 modified for
crystal control.

O

ow do you make a ‘quiet’ — i.e. spec-

trally pure — oscillator? In an earlier

article!, I highlighted the need for
oscillators with very low close-in phase-noise
sidebands. The characteristics of an oscillator
to fill this requirement are well known, and
include the following:

@ a high-Q resonator — tuned circuit, crystal,
SAW resonator or microwave cavity;

@ a low - noise transistor or other active com-
ponent as the maintaining amplifier — espe-
cially with low !/ noise, as this cross modu-
lates onto the output;

@ a high-gain maintaining amplifer stage so
that it can be lightly coupled to the resonator
which thus works at close to its unloaded Q;

@ a buffer stage for the output, again enabling
the resonator to work at close to its unloaded

Q

@ a large amplitude of oscillation to ensure the
stored energy at the desired frequency is great-
ly in excess of circuit noise;

My earlier article showed that when the res-
onator is an LC ‘tank circuit’, with the limited
value of Q thus obtainable, the phase noise is
lower if the design is such that the transistor
maintaining amplifier is not allowed to bot-
tom. I was curious to know if this was still the
case with a much higher Q resonator, such as
a quartz crystal.

To enable a direct comparison to be made, I
used the same oscillator circuit as in Fig. 2 of
the previous article, but modified to incorpo-
rate a 10MHz crystal, Fig. 1. In the earlier cir-
cuit, the junction of the two capacitors tuning
the inductor in a Colpitts oscillator was
grounded directly. In the new circuit of Fig. 1,
it is grounded via a 10MHz crystal.

Given the low equivalent series resistance of

COMMUNICATIONS

the crystal, the circuit operated much as
before, once the tank circuit was retuned from
its previous value of 10.4MHz to the series
resonant frequency of the crystal — a shade
below 10MHz. The series resonant frequency
F,, the equivalent series resistance R; and

other parameters of the crystal were deter-
mined beforehand, as detailed in the panel.

Quartz to the rescue

The output of the oscillator, now crystal con-
trolled, was connected to the phase noise dis-
criminator as shown in Fig. 2 of the earlier
article. The only change made to the phase
noise discriminator was the addition of an
extra 2.7m of coaxial cable to the delay cable.
This was to bring its length back to 15/, at the
lower 10MHz operating frequency.

Incidentally, the length of the cable used for
the earlier 10.4MHz oscillator was quoted in
error in the previous article as 108.4m. That
was in fact the equivalent length in air: the
physical length calculated out as 72.3m. Thus
the cable represented the best part of what was
originally a 100m reel.

I connected the crystal oscillator of Fig. 1 to
the phase noise discriminator. Everthing was
set up and left working for a while to reach
equilibrium. The phase noise out to SkHz off-
set from the oscillator frequency was then
measured using the HP3580A audio frequen-
cy spectrum analyser, and the trace stored in
its digital store.

As in the previous article, a 56k resistor
was then connected in parallel with R, result-
ing in some 10dB increase in output level,
with the oscillator transistor bottoming each
cycle. The phase noise out to SkHz was again
measured and displayed, this trace and the
stored trace both appearing simultaneously on
the HP3580A.

The resulting display was photographed,
Fig. 2a). As you can see, the two traces are
virtually identical. Indeed, it is only the two
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Fig. 2a). Close-in phase noise
of the crystal controlled

10MHz oscillator, out to 5kHz

offset. Span 0-5kHz, reference
level, top of screen, is -60dBV,
10dB/division vertical,

analyser bandwidth 30Hz, post
detector smoothing maximum,
sweep speed 100 seconds per
horizontal division. The two
traces — transistor bottoming
or not bottoming - are
superimposed, being nearly
identical. b) The same
oscillator without crystal
control. Upper trace,
bottoming, lower trace not

bottoming. Spectrum analyser
settings as in a).

odd spikes of mainsborne interference on one
of them, three quarters of the way across the
screen, that show there really are two separate,
superimposed, traces.

Furthermore, both traces show lower phase
noise than the non-bottoming version of the
oscillator without crystal control — at least
above 1kHz offset. This was shown in the pre-

vious article, and is reproduced here as Fig
2b), lower trace.

The conclusion, then, is clear. A resonator
with a Q of 40 000 can make up for the defi-
ciences of a mediocre maintaining oscillator.
But on the other hand, the tuning range of a
crystal controlled oscillator is limited to a few
parts per million, or a few tens of parts per

million at most.

Where a greater tuning range is needed, as is
usually the case in the voltage-controlled
oscillator of a synthesizer, then a non-crystal
controlled LC oscillator is required, and a non-
bottoming maintaining amplifier is much to be
preferred.

Avoiding the noise?

Even when the maintaining transistor of an
oscillator does not bottom, it still operates in a
non-linear mode, cutting off for part of each
cycle. This results in noise — particularly the
device’s !/; noise — cross-modulating onto the
desired sinusoidal output. The lower order
non-linearity of the non-bottoming circuit
results, as has been shown, in lower close-in
phase noise.

Normally, oscillators rely on nonlinearity to
stabilise the amplitude of the oscillation.
Initially, at switch-on, as the amplitude builds
up from nothing, the transistor operates lin-
early. The loop gain at the operating frequen-
cy is in excess of unity. But as the amplitude
increases further, the device is driven into non-
linear operation, and the loop gain at the fun-
damental falls to unity. This is illustrated in
Fig. 3a), which shows the open loop gain of
the stage at the centre frequency of the tuned
circuit,

In principle, this can be plotted by opening
the loop and applying a gradually increasing
external signal at the closed loop frequency of
oscillation. But of course, to be representative,
the signal must be applied from the same
source impedance which the transistor sees in
closed loop operation.

Likewise, the loading of the transistor’s out-
put impedance on the tank circuit must also be
representative of closed loop operation. Both
of these conditions could be met by breaking
the loop and embedding the oscilator in a long
chain of identical stages, as shown in Fig. 4.

The highlighted stage sees the appropriate
source and load impedances, and if the chain
is long enough, it will operate at unity gain.
For the earliest stage will selectively amplify
the noise at the centre frequency of the LC
tank circuit, and subsequent stages will further
amplify and band limit the signal, so that the
boxed stage runs in limiting at the same
amplitude as if it were operating closed loop.

If you think such a long chain of identical
circuits is too expensive a proposition, even
conceptually, a much shorter chain — with the
output of the last stage connected back to the
input of the first — will do as well or better.
For by definition, each stage operates at unity
gain and zero phase shift. A ring of just three,
or even two such stages illustrates the idea.

Figure 3a) shows the open loop gain versus
amplitude of a surefire oscillator, one where
the gain at low amplitude is well in excess of
unity. A badly designed oscillator with a char-
acteristic like Fig. 3b) is occasionally encoun-
tered, and infuriating it is, too. It usually starts
up all right, due to the switch-on transient
kicking it into life. But just occasionally it fails
to start — usually just when it’s needed most.

It is tempting to think that an oscillator

Fig. 3. Various Open-loop Open-loop
types of open gain gain
loop gain versus
amplitude
characteristics
which may be \
encountered — x1 x1
see text.  {(0dB) \ (0dB) \
a) b)
Open-loop Open-loop
gain gain
x2 |
(+6dB)
x1 x1
(0dB) {0dB) )
c) d)
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Fig. 4. Colpitts oscillator with the feedback loop broken and opened out, and embedded in a

long chain of similar stages.

a)

|8 +Vce

6 Vo

5 -Vee

b)

Fig. 5a). The CLC5523 conected as a non-
inverting amplifier.

b) Device pin-out. This is the same for both
the DIP and SOIC versions, but note that
when using the DIP version, pin 4 must be
grounded via 25Q rather than directly.

where the transistor runs in a very nearly lin-
ear regime, would show very low close-in
sideband noise. Such an oscillator would show
a very low level of harmonic content, not
merely on account of the filtering effect of a
high-Q tank circuit, but as a result of the
(near) linear operation.

The absence of non-linearity should avoid
cross-modulation of the device’s low fre-
quency noise onto the carrier, as close - in
noise sidebands. The open loop gain versus
amplitude characteristic of such an oscillator is
shown in Fig. 3c).

Unfortunately, the very shallow angle at
which the characteristic crosses the unity gain
line means that the amplitude is not well
defined. Such an oscillator is thus extremely
sensitive to any external influences, such as
signals in the vicinity of the centre frequency.
Adjust the loop gain down a little until the
stage just barely oscillates, loosely couple in a
‘sling-out’ aerial consisting of a few feet of
wire, plus a diode detector, and you have quite
a sensitive radio receiver.

A bright idea tested
In my earlier article, Imentioned the
Comlinear CLC5523 variable-gain amplifier

from National Semiconductor, together with
its possible application as the maintaining
amplifier in an rf oscillator. The scheme pro-
posed was to use the device enclosed in an
automatic level control loop, so that the ampli-
tude of oscillation was controlled without any
non-linear operation on the part of the main-
taining amplifier.

Within the CLC5523 are a closed-loop input
buffer, a voltage controlled gain cell and an
output amplifier. The input buffer is a
transcondugtance stage, whose gain is set by
the gain setting resistor Ry, Fig. 5a). The out-
put amplifiét'is a current feedback op-amp and
is configured as a transimpedance stage whose
gain is set by, and equal to, Ry.

With its 1800V/us slew rate, the CLC5523

COMMUNICATIONSSTRAP

offers a 250MHz bandwidth and adjustable
gdin. Figure 5a) shows the device conected as
a non-inverting amplifier, the maximum volt-
agé gdin — with V,=+2V — being set by the
ratio R¢/R,.

As V is reduced to zero, the gain falls to a
minimum, with up to 80dB of gain reduction
possible, depending on the operating frequen-
cy. In linear terms, i.e. gain measured in V/V,
most of the gain change occurs over the range
0.8V<Vg<1.2V, while in logarithmic terms,
i.e. gain measured in decibels, the gain varia-
tion with V is linear from 10dB below maxi-
mum gain, i.e. +1V, downwards.

Figure 5b) shows the device pin-out. This is
the same for both the DIP and SOIC versions,
but note that when using the DIP version, pin
4 must be grounded via 25Q rather than
directly, Fig. 5a).

After some considerable time and develop-
ment effort, I arrived at the circuit of Fig. 6.
The CLC5523 is set for a maximum gain of
x10y determtined by the ratio R,y/Ry.
Oscillation is mairitained via a two turn feed-
back winding Lj, L; having some 14 or 15
turns.

Considerable care is needed where the auto-
matic level control, or alc, loop is concerned.

ity factor, the slower the decay.

pliance — springiness — of the quartz.

tance esr.

the crystal.

preferably — a vacuum.

Quartz crystals for frequency control
A quartz crystal makes a high-Q resonator, which also exhibits a very high degree of
frequency stability with time and changes in temperature.

When excited at its resonant frequency, the crystal vibrates — rather like a tuning
fotk but usually at a much higher frequency. Like a tuning fork, when the excitation
ceases, the vibration slowly dies away, over many cycles. The higher the ‘Q’ or qual-

In fact, Q is the ratio of the energy stored to the energy lost per radian. Thus if the
Q of a crystal were say 10000 — a very modest figure — then 0.01% of the stored ener-
gy would be lost per radian. After 10 000 radians, or 1592 cycles, the energy left
would be down to '/, or 37% of the original amount.

A high quality crystal resonator would have a Q of 100000 or more; the very best
approaching 500 000. The best raw natural quartz exhibits a bulk Q of over a million,
but adding the electrode arrangements always reduces this.

* The plate of quartz behaves like a series timed resonant circuit, the resonant fre-
quency being determined by the values of: the motional inductance L, and the
motional capacitance Cp,,. These are the electrical equivalents of the mass and com-

Equivalent inductance and capacitance are shown in Fig. A, together with R,. This
represents the lossiness of the vibratory material, determining how quickly the vibra-
tion dies away in the absence of excitation. It is known as the equivalent series resis-

The crystal can be maintained in a steady state of vibration by applying an electrical
signal across it. The piezo-electric effect causes minute changes in the crystal dimen-
sions at the frequency of the applied signal. The amplitude of the vibrations is neg-
ligible except at the natural resonant frequency of the plate of quartz, the resonant fre-
quency being determined mainly by the size and thickness of the plate.

In addition to Ly, Gy and R, Fig. A also shows the
capacitance C,. This represents the capacitance o
between the two areas of metalisation, one on either
side of the plate. These serve two purposes. They cou-
ple the electrical stimulation to the crystal, and there
are also wires bonded to them which serve to support Co

The mounted cystal is usually enclosed in a contain-
er of glass or metal, filled with air, dry nitrogen or —

Cm' Rs

157

Fig. A. Equivalent circuit
of a quartz crystal.
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D1 B2X

Fig. 6. Circuit of a 10.4MHz oscillator with a T L

linear maintaining amplifier, the amplitude of L Cf 1 vaaon
oscillation being controlled by an ALC loop. I g

Any attempt at adding an rf bypass capacitor
following the diode detector D5 resulted in
‘squegging’, i.e. oscillation of the level-control
loop resulting in bursts of rf, each followed by
a recovery dead period. Any low-pass filter,
whatever its time constant, must follow the
loop error amplifier Tr;. Thus the dc level out
of the schottky diode detector D5 still shows:a
considerable level of rf ripple.

Both the ripple and the dc level — the latter

R16 100K

R13
100K

R14
22K

R15
120K

)

[

( |
R21
100R
|| c2 cze
1 330p 2n2

6

adjusted by an offset control R4 — are applied a3 2 2| ) ;‘;g

to the loop error amplifier 7r;. This compares fr:ss fgg 3 Rk G

the adjusted dc level with OV ground and 10n

reduces the gain-control voltage V, applied to T

pin 1 of IC, to maintain the desired level of

oscillation. Note that even if Tr; cuts off com- 2 »

pletely, the potential divider formed by R, 1 e ' W’:*

and Rls prevents Vg exceeding +2V. OUTPUT TO 50R I 100n /f 330
A requirement for proper operation of the (SPECTRUM i =

device is that V,; should not exceed +2.5V. If it S g:cif/):

does, the gain control circuitry may saturate, e

and the gain may actually be reduced. With PHASE

the circuit shown, the loop was very effective.
There was no measurable change in output

DISCRIMINATOR
L1-2p2, S-T-1-03 (COILCRAFT) L2 -2 TURNS CLOSEWOUND ON L1

Crystal manufacture is a specialised busi-
ness, although traditionally amateur radio
enthusiasts used to grind their own, to get
the exact frequency they required.

A crystal manufacturer has the specialised
equipment to measure all of the parameters
shown in Fig. A, and others — such as tem-
perature coefficient, ageing, etc. Such
equipment is not generally available in the
usual electronics development laboratory.
But if you do want to know the parameters
of a given crystal, as | did in connection
with a 10MHz crystal oscillator described
in this article, it is not a difficult matter to

Measuring crystal parameters

measure them. The usual laboratory rf
instruments, plus a simple jig involving a
little purpose built circuitry, will do the job.

Figure B shows the arrangement | used to
characterise a 10MHz crystal dredged from
my stock. [t was made by an East Anglian
crystal manufacturer which is no longer in
business. It was salvaged in the early sixties
from a naval missile tester. There, it formed
the reference in a purpose-designed digital
voltage/frequency/period/etc. meter that
was the heart of the system. Naturally, in
the circumstances, detailed information on
it is no longer available; only the maker’s

name, the frequency ‘100000’ and a batch
number stamped on the solder-seal metal
can.

| measured the series resonant frequency
F; using the crystal as the shunt leg in a tee-
attenuator pad, the series legs being 100Q
resistors. These resistors should be as small
as possible and certainly not wirewound.
Chip resistors would be fine.

For accurate results it is important that the
impedance seen looking ‘each way’ from
the crystal, should be purely resistive. To
the left, this is ensured by the 10dB pad,
the 50Q splitter and the 50 output

50 OHM 10dB PAD £50r Ay o
100R 100R  10n TO MONITOR-
T = il A (OSCILLOSCOPE
J o OR SPECTRUM
ANALYSER)
D.U.T.
I FOR Fs MART
SIGNAL
GENERATOR Ak OR
RESISTIVI
SPLITTER .—{ q—o D.U.T. FOR Fp
Fig. B. Test set-up used to characterise a
10MHz crystal. For other frequencies, ——a
components might need changing - e.g. for a =
32 768kHz clock crystal, where the esr is much
higher, the 100<) resistors might be 100k, 50 OHM 10dBPAD  FREQUENCY COUNTER
feeding a virtual earth fet-input opamp.

820 ELECTRONICS WORLD October 1997



+15V
o

Cc7
100n

c15
5 -
INPUT FROM R ,I.
OSCILLATOR '—m R2
C16 = 560R
5- 650 2T
|
> cs
10n
ssopI ic1 Ic2
MARY MAR4

level as the frequency was tuned, by means of
the core of L;, over the range 9.5-11.5MHz.
Note the apparent similarity in Figure 3
between a), and d), even though they are in
fact very different. In a) the fall in gain with
increasing amplitude is due to the deviee cut-
ting off and probably also bottoming — it is

R12 10K
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100 p /I

> R9 2[_"3‘
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physically incapable of supplying as much
gain at the larger amplitude. In d) on the other
hand, the gain falls only because the level con-
trol loop causes it to: the device could provide
more gain at that amplitude if asked to.

Thus the characteristic crosses the unity gain
line at a steep angle as in a), resulting in a

COMMUNICATIONS

OUTPUT
T0
SPECTRUM
ANALYSER

Fig. 7. The phase noise
discriminator used is slightly
modified from the earlier
circuit, by the addition of an
active smoothing circuit
associated with Tr,.

closely defined amplitude. And yet the ampli-
fier is working linearly, more so even than the
device ilustrated in c), which exhibits very
poor amplitude control.

The circuit of Fig. 6 was designed to supply
a 50Q output load directly, and this is con-
nected across Cg. The reactance of this capac-

impedance of the signal generator. My sig-
nal generator is a home-brew affair, using
the now discontinued Plessey SP2002
direct digital synthesis chip, providing a
range up to 300MHz with sub-1Hz reso-
lution.

Any signal generator may be used,
though a good slow motion drive is need-
ed. On a cheap non-synthesised generator,
the easiest way to achieve exceedingly fine
tuning resolution, is to slightly tweak the
fine output level control. Note that the
resulting changing load on the oscillator
pulls the frequency slightly.

To the right, the input return loss sq; of
the Mini Circuits MART rf amplifier is
23.1dB, angle 164°, at 100 MHz — the low-
est frequency at which it is listed. Thus at
the frequencies up to which crystals are
readily available, the impedance is very
close to purely resistive, given the added
effect of the 1009 resistor.

With the 10MHz crystal connected, the
resonant frequency F at which the output
dipped to a minimum was found to be
9.996709MHz. The crystal was then
replaced by a resistor, selected to give the
same amplitude as the crystal minimum at
the monitor. This required a 22 and a 75Q
resistor in parallel, giving an equivalent
series resistance of 17€).

Next, the two 100Q resistors were
removed, and the crystal connected in their
place, as indicated in Fig. B. Again, the fre-
quency of the minimum was measured,
giving the parallel resonant - or ‘antireso-
nant’ - frequency F, as 10.010938MHz.

As with the resonant frequency, there
were several much smaller resonances at
slightly higher frequencies, as is common-
ly the case. But it was clearly evident
which was the main resonance.

The series resonant circuit Ly, plus Gy,
looks inductive above resonance, and at
some frequency, this effective inductance
becomes parallel resonant with G,, giving
the antiresonant frequency. The value of C,
was measured on an audio frequency
bridge?, where the motional impedance of
the series circuit is so high as to be out of
sight.

It turned out to be 7.4pF. From this, the
effective inductance of the Ly, C,, branch
to resonate at F,=10.010938MHz with
7.4pF calculates out as 34.15537uH - a
reactance X, of 2148.3925Q. Reactance X,
is the difference between the reactance of
L and of G, at F,.

Now the frequency ratio of the antireso-
nant to the resonant frequency F/F=K is
10.010938/9.996 709=1.00142337. So,

1

27F.KL, A KC. - X, (1)
Using,
1
7 . N
g 47[2P;2Lm

to eliminate G, from equation (1), and
knowing F,, K and X, then Ly, calculates
out to be 12023.687H, or to take a real-
istic view of experimental accuracy, say
12mH. This is a much larger inductance
than could be realised at 10MHz with any

practical coil, and resonates with
Cn=0.02pF. It is the large ratio of C, to G
which accounts for the antiresonant fre-
quency being so close to the series reso-
nant frequency.

The Q of the series resonance is the ratio
of the inductive, or capacitive, reactance
divided by the equivalent series resistance,
or 2nFL, /R

Putting in the figures,

Q=219.996709x0.012/17=44337

and around 40000 is a reasonable figure
for the Q of a metal-can crystal.

Like most crystals for use at frequencies
below 30MHz, the crystal was designed for
use at parallel resonance, with additional
parallel capacitance totalling - including
G, — around 30pF. This would result in the
antiresonant frequency, i.e. the designed
operating frequency, being lower than
10.010938MHz.

In practice, the total shunt loading capac-
itance would be adjusted to give the
desired exact 10.000MHz, with the crystal
operating at the designed 70°C in an oven.

Crystals for use above 30MHz are usual-
ly designed for a total parallel load capac-
itance of 20pF, or alternatively, for use at
series resonance. In the latter case, final
adjustment is by means of a trimmer
capacitor (or inductor) in series with the
crystal. :

The adjustment or ‘pulling’ range avail-
able with series operation is only about a
tenth of that possible with parallel resonant
operation.
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Fig. 8. The spectrum of the
output of the linear rf
oscillator using the CLC5523.
Reference level (top of
screen) 0dBm, 10dB/division
vertical, Span 0 - 100MHz, IF
bandwidth 100kHz, video
(post detector) filter max,
analyser front-end attenuator
set to 20dB.

Fig. 9. The spectrum of the
output of the oscillator using
the CLC5523. Reference level
(top of screen) 0dBm,
10dB/division vertical, centre
frequency 10MHz,
500kHz/division horizontal,
IF bandwidth 10kHz, video
(post detector) filter max,
analyser front-end attenuator
set to 20dB.

Fig. 10. The spectrum of the
output of the linear rf
oscillator using the CLC5523,
with Cy; in circuit in place of
R21,C;. Reference level (top
of screen) 0dBm, other
settings as for Fig. 8 except
analyser front-end attenuator
set to 30dB.

Fig. 11. Lower trace:
spectrum of the output of the
phase noise discriminator
with its input grounded.
Upper trace: spectrum with
the output of the CLC5523
oscillator connected as
shown in Figs 6 and 7. Both
cover 0-5kHz, reference level
~60dB, 10dB/division
vertical, resolution
bandwidth 30Hz, smoothing
maximum, 100s/division
sweep speed.

itor at the operating frequency is around 10€2,
pteventing excessive loading by the output of
the tuned circuit.

The oscillator runs from £5V rails, derived
from the £15 supplies powering the phase
noise discriminator. The spectrum of its rf out-
put, with Ry, Cy; of Fig. 6 in circuit, is as in

- Fig. 8. The second harmonic was over 40dB

down on the fundamental output, with all
other harmonics over 70dB down.

The auto level control loop is a negative-
feedback loop like any other, and must be
properly proportioned to ensure stability. But
in this application, merely ensuring absence of
loop oscillations is not énough.

Way beyond the critical loop unity gain or
“comer” frequency, the loop phase shift will,
at some point become positive. At this fre-
quency there will be an enhancement of the
sideband noise, and this can just be seen in
Fig: 8 as shoulders either side of the funda-
mental output, at something over 70dB down.

‘In combination with Cy;, R, provides the
designer with some control over the position
and amplitude of these noise sidebands. The
smaller C,, the further out they occur. With
the value of C,; shown, they are about 70dB
down and situated at +1.4MHz from the car-
rier as shown at the wider dispersion of
500kHz/division in Fig. 9.

The level of harmonics observed in Fig. 8
would be regarded as excellent in any con-
ventional rf oscillator, but seem perhaps
excessive if the maintaining amplifier really
were running in a purely linear mode. And
indeed this proved to be the case.

They are in fact due to the small residual rf
ripple at the collector of Tr; modulating the
gain of /C; — for the bandwidth of the gain
control input of the CLC5523 is itself equal to
95MHz typical.

Figure 10 shows the 0-100MHz spectrum
of the output when Rj,, Cy, in Fig. 6 were dis-
connected, and Cy; connected in their place.
Such harmonics as were then visible on the
spectrum analyser display turned out to be due
to distortion in the analyser itself. Its front end
attenuation was therefore increased by 10dB
to 30dB, the IF gain being adjusted to retain a
top of screen reference level of 0dBm. This of
course results in the noise floor in Fig. 10
being 10dB higher than in Figure 8.

All harmonics are clearly well over 60dB
down, but the noise peaks mentioned earlier
are not visible in this photo. They were in fact
at —65dBc, at 600kHz either side of the carri-
er. As the value of Cy; is increased, the noise
sideband humps move closer to the carrier and
become more pronounced. Finally, at some
ridiculous value around 1pF, squegging sets
in.

How about the phase noise?
Clearly, as an oscillator with low harmonic
content, the circuit is a great success. But of
course, the whole raison d’ étre of the work
was to seek an oscillator with reduced close-in
phase noise. This was measured using the
phase noise discriminator shown in Fig. 7.
The circuit used was similar to the earlier
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version, but with the addition of an active
smoothing circuit, Ry, C14 and Tr,. The inten-
tion was to reduce the mains related harmon-
ics which can be seen on phase noise mea-
surements taken with the circuit. However, the
improvement proved small.

On investigation, I found that although the
mains related spectral lines are 100Hz apart,
they are not harmonics of power supply full-
wave rectifier ripple, but odd harmonics of
S0Hz. They are therefore doubtless due to the
leakage flux of mains tansformers. The phase-
noise discriminator was surrounded on the
lab bench by various instruments — spectrum
analysers, oscilloscope, freqency counter and
power supplies.

I recorded a run covering 0-5kHz with the
oscillator conected to the phase noise dis-
criminator. Both were powered up, but with
the Cy¢,17 input of the phase noise discrimi-
nator connected to ground.

This set-up is shown as the lower trace in
Fig. 11, which represents the lower limit of
phase noise measurement capability. As such,
it is a more meaningful measurement than the
lower trace in Fig. 4a) of the previous article.
That showed the level with the supplies
switched off. It thus represented the noise
floor of the HP3580A low-frequency spectrum
analyser working from a 4.7kQ resistive
source, representing a noise figure of about
5dB.

The oscillator was then conected to the

phase noise discriminator as indicated in Figs
6 and 7 — with Ry}, Cy in circuit and Cy, dis-
connnected — and another run recorded. Both
traces are shown in Fig. 11.

Did it work?

In a word, no — at least, not as well as hoped.
Compare the linear oscillator performance,
upper trace in Fig. 11, with that of the LC
oscillator covered in the earlier article, repro-
duced here as Fig. 2b). You can see that at
2.5kHz and upwards the former is as noisy as
the bottoming LC oscillator, and worse than
the non-bottoming version.

At low frequencies however, it does not
show such a marked rise in noise. Indeed,
below S00Hz, it is better than the bottoming
LC oscillator and comparable with the non-
bottoming version. This gives me hope that
with some further development, an improved
performance may be achieved.

A difficulty arising from using the CLC5523
in this application, is that it has a low
impedance output. This is quoted as typically
below 30mQ at dc and still not much more
than an ohm at 10MHz. In the circuit of Fig.
6, this has been padded up to 33Q2. But via L,
this still reflects damping across the tuned cir-
cuit, resulting in an estimated working Q of
only 10.

The next task clearly is to achieve a tank cir-
cuit working Q of close to the unloaded Q of
the inductor, resulting — hopefully — in an

COMMUNICATIONS

oscillator with very low close-in sideband
noise. Watch this space. a
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Design

RF DESIGN

wideband
antennas

Richard Formato’s
guidelines for helping
you optimise your
impedance loaded
wideband antennas
include a design
example that gives
continuous coverage
from 6 to 150MHz
without resorting to
tuning and matching.

dding impedance loading - resistance
Aand reactance — to an antenna is one of
the most effective ways to increase its
bandwidth. Since the early 1980s, this approach
has received progressively more attention, and
today it is state of the art for wideband systems.

Choosing a suitable loading profile can main-
tain high radiation efficiency while providing a
remarkable increase in bandwidth. One of the
dipole designs in this article, for example, pro-
vides continuous coverage from 6 to 150MHz
with no tuner or matching network.

The question is, of course, how to select an
optimum loading profile. Selecting the wrong
profile can produce dismal results. Indis-
criminately adding resistance to an antenna
obviously causes performance to deteriorate,
and the reduction can be severe.

This article analyses several key design
parameters for selecting wire antenna loading
profiles. Design guidelines are then developed
to achieve the greatest antenna bandwidth.

Some of the results are rather surprising, but

. Iz(2)
Fig. 1. Elements of the centre-fed

dipole, comprising two wire
radiating elements with half-length
h and radius a.

RF source

Radiating element |
of half length h =0
and radius a

they can lead to substantial performance im-
provements for loaded antennas.

Resistive loading

The simplest loading scheme is to insert a resis-
tor in the antenna. In the early 1960s, Altshuler!
built a centre-fed dipole, or cfd, whose input
impedance was, for practical purposes, flat over
a 2:] frequency range as a result of added resis-
tance. The antenna was loaded with a single
240K resistor in each arm a quarter-wavelength
from the end.

Because resistance reduces the radiated
power, the dipole’s bandwidth was increased at
the expense of radiation efficiency, which was
reduced by about 50%. This is the inevitable
trade-off in designing impedance-loaded wire
antennas.

Bandwidth is best in heavily loaded antennas,
but the resulting penalty in radiation efficiency
may be too high to provide acceptable power
gain — i.e. the product of directive gain and effi-
ciency.

Current

profile, I
_\N
\
/ ( ) ;—e;xis
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Table 1. Resistance-only profile for the
centre-fed dipole example.
Distance (m) Reslstance (£2)
0.00 0.00
0.76 3.86
1.52 4.36
2.28 4.98
3.03 5.76
3.79 6.75
4.55 8.05
5.31 9.82
6.07 12.30
6.83 15.99
7.59 21.89
8.34 32.31
9.10 53.90
9.86 113.47
10.62 438.06
80, qv, \.,\’ e w—r7< 7XT/'\ AV
| 008 V v '
- 0.2 7
g | —
§4ol" VA% \ " o'.a//m— -
a il A1 06
20f] - 04
O "3 ""80 % 120150

Frequency (MHz)

Fig. 2. Demonstration of how radiation
efficiency varies with different values of v for
the centre-fed dipole design example.

A few years after Altshuler’s work, Wu and
King? published a theoretical model of the load-
ed centre-fed dipole. Unlike the discrete resistor
approach, the Wu and King loading profile var-
ied continuously along the antenna and could be
implemented with a conductive surface layer of
different materials — aluminium and carbon, for
example - of varying thickness. Profiles based
on the Wu-King theory, which requires a trav-
elling wave current mode with a linear ampli-
tude decay, provide good bandwidth but rela-
tively poor radiation efficiency because the
antenna is heavily loaded.

An example of what can be achieved is the
wideband field probe for sampling impulsive
electromagnetic fields, built by Kanda3. A cen-
tre-fed dipole probe was designed using the Wu-
King profile. It was resistively and capacitively
loaded by depositing on a glass rod substrate a
segmented, conductive thin-film of varying
thickness.

Narrow rings were burned away using an
argon laser to separate the conductive segments,
thereby providing the reactive component of the
loading profile. Although the loaded centre-fed
dipole was useful as a field probe, it was not
useful as a transmitting antenna because it was
so inefficient. Its transfer function was typical-
ly below —22dB.

Attempts have been made to increase the effi-
ciency of impedance-loaded antennas. Rama
Rao and Debroux?", for example, developed a
more efficient hf monopole antenna by using a
‘fractional’ Wu-King profile. Efficiencies of 15-
36% with a standing-wave ratio of two or less
were achieved from 5-30MHz in a 35ft-high
antenna. The monopole was continuously load-
ed with a profile equal to 30% of the Wu-King
profile, and a fixed, lumped-element matching
network was inserted at the antenna feed point.

Still better bandwidth and efficiency can be
achieved by using an improved loading profile
derived from a travelling-wave current mode
with a power law amplitude decay, instead of
the linear decay required by the Wu-King pro-
file. The derivation of the improved profile and
its relationship to the Wu-King profile have
been developed in the March 1997 issue®.

The nonlinear amplitude decrease of the cur-
rent along the antenna results in a higher aver-
age antenna current. In turn, this increases the
radiated fields and total radiated power. The
antenna’s radiation efficiency is higher because
it radiates more of the input power.

Several parameters influence how well a par-
ticular loading profile performs. There is no one
‘best’ profile. Important design parameters
include: value of the power law exponent;
design frequency; wire length-to-diameter ratio;
and number of antenna segments, i.e. the num-
ber of discrete resistors. Certain parameters are
more important than others — in the sense of
having a relatively greater impact on perfor-
mance — and for some parameters the results are
unexpected.

These four design parameters are discussed
below for typical hffvhf centre-fed dipole anten-
na designs. Radiation efficiency and standing-
wave ratio, or swr, are examined for rf sources
between 2 and 150MHz — the upper limit of the
computer model. There are, of course, other
important measures of antenna performance,
including power gain and pattern. But these are
not examined in detail because they are usually
acceptable in an impedance-loaded antenna with
a good loading profile.

Continuous loading profiles
Figure 1 shows the centre-fed dipole antenna. It
consists of two wire radiating elements with

Expansion parameter equations
y= Z{Sin h-n(ﬁ) — C(2k,a,2k h)— jS(2k,,a,2kah)] + ﬁ[l —exp(—j2k,n)] (2
a n
C and S are the generalised sine and cosine integrals?7 given by,

S(b)j

1 —cosW

C(b,x) = j——d (3a)

SIW 0 3b) where W = (i +b2)"

half-length # and radius a. The total dipole
length is L=2h, and its diameter is D=2a.

Amplitude of the current profile is plotted
schematically along one element’s length.
Maximum current occurs at the rf source at the
feed point, and it decreases along each arm until
reaching zero at the end.

The centre-fed dipole’s bandwidth is
increased by symmetrically loading it with an
internal impedance profile, i.e. resistance and
reactance. The profile is given by:

Z/(121)=Ri(Izl)y+jX(zl), lzI<h

where Z' is the complex internal impedance per
unit length, in Q/m, consisting of lineal resis-
tar\xjce R and reactance X', and where
=V-1.

The resistance and reactance per unit length
for the improved power-law impedance profile
are given by:

A=)y,
2k, (-2 |)} (o

(1-vy, |
SETRT —|z|)} (16)

where k,=2m/A, is the wave number and 4, is
the free-space wavelength corresponding to the
design frequency, which is designated f,,. vis the
power-law exponent (‘profile exponent’) for a
travelling-wave current distribution that min-
imises resonance effects.

The first equation recovers the 100%
Wu-King profile when v=1. The general case
corresponds to v<I. The derivation of equation
1 and its relationship to previous work are dis-
cussed in Formato®.

The reactance computed from equation (1b)
can be positive, i.e. inductive, or negative, i.e.
capacitive. The lineal inductance in H/m and
lineal capacitance in F/m are given by
L'=X'2nf, and C'=(2nf, X'y for X' >0 and X'<0,
respectively, where the design frequency f, is in
hertz.

In equation 1, y=yg+jy;is a complex quanti-
ty known as the expansion parameter, ' its real
and imaginary parts being subscripted R and /,
respectively. Symbol y represents the ratio of
the centre-fed dipole’s vector potential to cur-
rent, which is approximately constant along its
length. The expansion parameter is defined? in
the panel headed ‘Expansion parameter equa-
tions’.

Because yis frequency dependent, it is usual-
ly evaluated at the antenna’s fundamental half-
wave resonance, that is, A,=4h (see Wu and
King? for details). As discussed below, howev-
er, this choice does not necessarily provide the
best antenna performance. The design frequen-
cy f,» in hertz, and the wavelength 4, (in metres)
are related by f,A,=c, where ¢=2.998x10%my/s is
the free-space velocity of light.

The improved loading profile specified by
equation 1 in general contains both resistance
and reactance. But adding reactance to a wire
antenna — especially capacitive reactance — can
complicate construction.

As a consequence, many practical designs

R'(2) = 60v(h —lz|)"'2{v/R

X'(2) = 60v(h - |z|)""{ v,
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Fig. 3. Standing-wave ratio curves for various values of v. Significantly, in a), swr is generally lower with decreasing v.

employ only resistive loading, because excellent
results are often achieved even without the load-
ing profile’s reactive component (see Rama Rao
and Debroux* and Rama Rao®, for example). In
the centre-fed dipole designs discussed below,
only resistive loading is considered.

Discrete loading

Building a continuously loaded antenna can be
a formidable task. This is especially so if some
exotic technique is required — like vapour depo-
sition of a conductive thin-film layer — or if
reactive loading is included. An effective alter-
native is to construct an approximation to the
continuous loading profile using discrete resis-
tors at intervals along the antenna.

The antenna is constructed of highly con-
ducting — for practical purposes, perfectly con-
ducting — cylindrical wire segments that are con-
nected together by resistors. Single resistors can
be used or, for large-diameter radiators, multiple
resistors may be used.

This type of discrete loading profile can pro-
vide excellent bandwidth and efficiency, better
even than a continuous profile, and it does so
without the problems associated with continu-
ous profiles or reactive loading. Because of
these advantages, only discrete loading profiles
are considered in this article.

A discrete profile may be determined by first
dividing the centre-fed dipole into an odd num-
ber of equal length segments, N. The centre seg-
ment, which contains the rf source, is not load-
ed. All other segments are loaded with a lumped
resistance placed at the segment centre.

The value of the resistor is computed as the
product of the segment length — in metres — and
the value of the continuous loading profile eval-
uated at the segment centre, R’ in Q/m from
equation (1a). This approach provides a piece-
wise linear, or step, approximation to the con-
tinuous loading profile. There is, of course, any
number of other discrete approximations, but
only this uniform step approximation is consid-
ered here.

As an example of a typical discrete profile,
consider a centre-fed dipole with the following
design parameters:

L=22m
D=10cm
f,=TMHz

v=0.4

N=29
y=8.822-2.464.

There is no reactive loading or feed-point

loading, and the full 100% profile is used. The
discrete resistance-only profile, computed as
described above for z>0, appears in Table 1.
Distance is measured from the origin, and the
loading is symmetrical in each arm of the cen-
tre-fed dipole.

The loading resistance increases slowly. It
rises from 3.86€2 on either side of the rf source,
+0.76m from the centre, to just over 438Q2 in the
last segment, located +£10.62m from the source.
This very gradual increase in resistance is typi-
cal of more efficient loading profiles.

In the sections that follow, several antenna
design parameters are investigated by examin-
ing the computer-modelled performance of a
typical 22m-long centre-fed dipole using dis-
crete resistance-only loading.

Power law exponent

Probably the most important design parameter
in determining radiation efficiency is the value
of the profile exponent, v, which determines
how quickly the current amplitude decays along
the dipole.

Slower decay, i.e. lower vresults in a higher
average antenna current. This increases the radi-
ated fields and consequently the efficiency. The
improvement in efficiency can be quite dra-
matic. The trade-off is that decreasing vin-
creases the peak standing-wave ratio, or swr,
and causes it to fluctuate more with frequency.

The influence that vhas on radiation efficien-
cy and swr is illustrated in Figs 2 and 3. These
plots are based on computer-modelled data for a
10cm diameter, 22m-long centre-fed dipole with
N=29 and a 100% resistance-only loading pro-
file computed at a design frequency of 7MHz,
which is approximately the fundamental reso-
nance. Efficiency and swr are plotted as a func-
tion of the rf source frequency from 2 to
150MHz. Calculations were made every 1MHz.

The profile exponent v has a very significant
effect on radiation efficiency, with lower values
resulting in higher efficiencies. The curve in Fig.
2 for v=1, which corresponds to the 100% Wu-
King loading profile, shows that the efficiency
increases from about 1% at 2MHz to about 54%
at I50MHz.

The variation with frequency is smooth and
monotonic. But as vdecreases, the efficiency
increases progressively more rapidly, especial-
ly at lower frequencies. When v=0.2, the effi-
ciency increases from about 14% at 2MHz to
more than 65% at |0MHz, a 51% increase in a
span of only SMHz.

Beyond 10MHz, the efficiency fluctuates

more or less periodically, with a gradually
increasing trend until it reaches a maximum
above 75% at 150MHz. For v=0.05, the effi-
ciency exhibits a pronounced quasi-periodic
fluctuation, but its minimum value is more than
68%, and the maximum is well above 80%.

Figure 3 plots swr parametric in v for an rf
source characteristic impedance of 375Q. If a
different feed system impedance is used, an
appropriate broadband transformer would be
required. For v=1.0, the swr varies smoothly
from a maximum of greater than 2:1 at 12MHz
to a minimum of about 1.45 near 67MHz. It
then increases gradually above 67MHz, with a
slight dip near 150MHz. The curves for v=0.8
and v=0.6 show the same general trend. But,
significantly, the swr is generally lower with
decreasing v, even though it fluctuates more at
lower frequencies.

Figure 3(b) plots swr for v=0.4 and
v=0.2. The swr is generally lower for v=0.4 than
it is for v=0.6, but the variability with frequen-
cy is much greater, and the peak values are
higher at some frequencies.

For v=0.4, the swr exceeds 2:1 between about
[2 and |6MHz, but it is below 2 for v=0.6. As
wdecreases to 0.2 and then to 0.05, Fig. 3(c), the
swr fluctuation becomes more pronounced, and
the peak values are higher. The minimum swr
values, however, are generally lower, and, on
the average, the swr is still well below 2:1.

The best choice for v is evidently the lowest
value that provides acceptable swr at frequen-
cies of interest. Choosing v in this way ensures
the highest possible radiation efficiency, and the
improvement is usually very substantial.

Design frequency

The design frequency f;, is another important
parameter in determining a good loading profile.
Although it appears to be accepted practice to
choose f, close to the centre-fed dipole half-
wave resonance frequency (see Wu and King?
for example), this choice is not necessarily the
best.

Because the expansion parameter,, which
plays a major role in determining the loading
profile, is frequency-dependent, the actual
choice of design frequency must be based on
how much a given loading profile improves
bandwidth while still providing good radiation
efficiency.

There is no other sensible scheme for deter-
mining f, because there is no theoretical basis
for choosing one value over another. The best
approach is therefore empirical, which is the
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Fig. 4. Radiation efficiency against two values
of v at three important frequencies for a 22m
long 10cm diameter centre-fed dipole with
N=29.

approach adopted here.

Radiation efficiency and swr plots for three
design frequencies and two values of the profile
exponent v are shown in Figs 4 and 5. These
plots are for a 22m-long, 10cm diameter centre-
fed dipole with N=29 and a 100% resistance-
only loading profile.

Values of 7MHz, which is approximately the
half-wave frequency, and 35MHz, and 70MHz
were used for f,, with v=1.0 and v=0.4 at each
frequency. Except for the fundamental reso-
nance, f,, was chosen arbitrarily. Other choices
would yield different results, but the observa-
tions made here are still generally applicable.

As expected, the lowest efficiencies in Fig. 4
result from the most heavily loaded profile, at
v=1.0. The efficiency increases with frequency
and shows slightly more variability at the high-
er design frequencies. The less heavily loaded
profile (v=0.4) is much better — especially
between 2 and 10MHz. The higher values of f,
increase the fluctuation in the efficiency, but the
variability is not great.

The most important feature of the efficiency
data is that higher design frequencies result in
substantial improvements. Frequency f, has a
major impact on radiation efficiency, and its
influence is greater for profiles with lower val-
ues of v. Because the efficiency increases with
decreasing v, the influence that £, has becomes
even more important.

Thus, even though the 22m centre-fed dipole
has a fundamental resonance near 7MHz,
choosing a design frequency that is ten times
greater provides better performance.

For example, as the curve for v=0.4 shows,
the radiation efficiency at 10MHz is about 45%
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when f,=7MHz, but it increases to 67% when f,
is increased to 70MHz. Choosing a higher
design frequency thus results in a much better
antenna.

The advantage of a higher design frequency is
also evident in the swr plots of Fig. 5. It is quite
significant that selecting f,=70MHz when
v=1.0, Fig. 5(a), resuits in generally the lowest
swr across the entire 2 to 150MHz band.

When v=0.4, Fig. 5(b), choosing f,=70MHz
results in swr < 2 across most of the band. The
variability is greater, and the swr is not consis-
tently lower with increasing f,, as it is when
v=1.0. These effects are minor, however, and
better overall performance usually results from
higher values of f,,.

Radiator length-to-diameter ratio
Increasing the element diameter is a standard
broadbanding technique for wire radiators. It is
therefore not surprising that a larger diameter,
impedance-loaded centre-fed dipole exhibits bet-
ter overall performance than its thin counterpart.

In order to investigate the effect of L/D, I
computed the radiation efficiency and swr from
2-150MHz for radiating element diameters of
0.1cm, 1cm, and 10cm. A 22m long centre-fed
dipole was modelled, yielding L/D ratios of
22000, 2200 and 220, respectively, which rep-
resent antennas ranging from ‘extremely thin’ to
‘thin’. Profile exponents of v=1.0 and 0.4 were
used with 29 segments and a 100% resistance-
only loading profile computed at a design fre-
quency of f;=7TMHz.

The larger diameter centre-fed dipoles have
better radiation efficiency at all frequencies for
both-values of v. The improvement in efficiency
becomes progressively greater at higher fre-
quencies, and it approaches a factor of two at
the high end of the band. For the profiles with
v=04, increasing the element diameter also

reduces fluctuations in the radiation efficiency, .

but this effect is not evident in the heavily load-
ed profiles when v=1.0.

The largest diameter element provides the best
standing-wave ratio performance, especially at
lower frequencies. Its swr is below 2.5 at all fre-
quencies above 6.5MHz, and below two above
approximately 12MHz. The swr decreases
quickly up to about 30MHz and flattens out at
less than 1.5 for most of the rest of the band.

By contrast, the standing-wave ratio for the
very thin element with D=0.1cm, is high, being
above two throughout the band, and above 2.5
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Fig. 5. Standing-wave ratios at three frequencies for v=1 and v=0.4. Lowest swr across the
entire 2-150MHz band is achieved for f,=70MHz when v=1, curve a). Antenna dimensions are

as in Fig. 4.

below 30 MHz. The very thin radiator thus fails
to provide acceptable standing-wave ratio even
though it is very heavily loaded.

Similar standing-wave ratiobehavior is evident
when v=0.4. The fattest element provides the
best performance. Its standing-wave ratiois
below 1.5 over most of the band, and below
2.15 at all frequencies above 6MHz.

Decreasing the diameter to 0.1cm increases
the standing-wave ratio, but not as much as it
did for the more heavily loaded profile with
v=1.0. When v=04, however, the standing-wave
ratio variability becomes much more pro-
nounced for smaller element diameters.

Building an antenna with a low L/D ratio, that
is, making it ‘fatter’, may be difficult if too large
a diameter conductor is required. A continuous
cylindrical surface can sometimes be approxi-
mated by a sufficient number of parallei wires
uniformly spaced around the cylinder’s cir-
cumference. A large number of wires may be
required, however, depending on how good the
approximation must be.

Such a dipole structure, sometimes called a
‘cage dipole’ because of its resemblance to a
bird cage, can offer a convenient and effective
alternative to large diameter cylinders for low
L/D designs.

Segmentation

The segmentation used, that is, the value of N,
also influences how well the loaded centre-fed
dipole performs. I studied its effect by comput-
ing radiation efficiency and standing-wave ratio
for three segmentations. The results were
somewhat unexpected. A 22m long, 1cm diam-
eter centre-fed dipole was modelled with N=29,
59, and 119 segments. A 100% resistance-only
loading profile with v=1.0 and 0.4 was com-
puted at f,=7TMHz.

The efficiency data show that the least seg-
mented antenna, N=29, provides the best overall
performance. As segmentation increases, radia-
tion efficiency generally decreases, although the
change is not great from N=59 to 119. This
result is somewhat surprising, since increasing
segmentation presumably provides a better
approximation to the continuous loading profile.

However, the data show quite convincingly
that the net effect of adding more discrete resis-
tance is to increase the i2R — Joule heating —
losses more than the radiated power, resulting in
lowered efficiency.

This effect occurs for both values of the pro-
file exponent. As is typically the case, the effi-
ciency fluctuates more with frequency as v
decreases, and the variability is greatest at the
low end of the band. One effect of increasing N
is to reduce the fluctuation somewhat, but the
change is not pronounced, and it occurs only
when v=0.4.

The standing-wave ratio data are not as clear
cut, but the general conclusion is still that the
lowest segmentation probably provides the best
overall performance.For v=1.0, the ratio is low-
est for N=29 at frequencies below approxi-
mately 90MHz — about a factor of 12 greater
than the fundamental resonance. In the same fre-
quency range, it is not significantly different
from the N=59 or 119 values even when v=0.4.
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Above 90MHz, the antenna with N=59 per-
forms best for both values of v, but the 119-seg-
ment design is very close.Nevertheless, in that
same frequency range, ‘eyeball average’ stand-
ing-wave ratios for N=29 are about 1.6 for v=1.0
and 1.65 for v=0.4, which are very good indeed.

Thus, the least segmented antenna provides
very robust swr performance at all frequencies
from 2-150 MHz.

In summary

This article has investigated four design para-
meters for impedance-loaded wideband wire
antennas. Using the following guidelines to
select these parameters when designing an
impedance loading profile should provide a
near-optimum wideband antenna.

First, the profile exponent v is very important
in determining radiation efficiency. Lower val-
ues of v result in higher efficiencies, and the
improvement is very significant. The optimum
value for v is the smallest value that provides
acceptable swr at frequencies of interest.

Secondly, because the design frequency f, is
usually chosen close to the fundamental centre-
fed dipole resonance, it is somewhat surprising
that higher frequencies generally result in much
better radiation efficiency, especially for loading
profiles with smaller values of v . Higher values
of f, also usually give better overall swr perfor-
mance. The optimum value for f, is the highest
value that provides acceptable swr at frequen-
cies of interest.

Thirdly, the lower the L/D ratio, the better.

Software on disk
Richard’s PC software relating to this
article, for computing loading profiles,
is available on a 3.5in disk. Send a
postal order or cheque for £10,
payable to Reed Business Information
Group, to Wideband Disk, Electronics
World Editorial Offices, Quadrant
House, The Quadrant, Sutton, Surrey
SM2 5AS.

Please don’t forget to mention your
name and address - some dol

Large diameter radiating elements provide much
more bandwidth than thin ones, even without
impedance loading. A large diameter radiator
makes it easier for a loading profile to provide
the greatest possible bandwidth. If necessary,
large diameter conductors can be approximated
by multiple parallel wires.

Finally, reducing the segmentation, that is, the
number of discrete resistors used to approximate
the theoretical continuous loading profile, 