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massive expansion in

radioc communications

over recent years has

ted an ever-increasing
demand for more channels,
and those channels are having
to carry more and more
information, be (it voice,
television or other kinds of
data. The net result is that the
radio spectrum, a restricted
resource, is fast becoming
overcrowded. This creates
Lrnbleml of iInterference
tween adjacent channels (as
anyone who listens to short-

wave radio, enﬁechl at night,
will know we wﬂz reduced
reliability. There is an
addit side-effect of such
overcrowding: the bandwidth
available to each channel,
which determines the amount
of Information that can be
transmitted, is scverely lim-
ited. That in itself restricts
both the capacity and the reli-
ability of communications sys-
tems.

~ Millimetre Waves
A remedy for these prob-
Jems is to be found in exploit-
ing higher and higher [re-
uencies, made possible
] the development and
availability of new technologies.
Communications now extend
well into the microwave region
ol the electromagnetic spec-
trum (frequencies up to 30
GHz) and even beyond into the
millimetre-wavelength region
(frequencies from 30 to 300
GHz). This of the spec-
trum are still relatively un-

EOLOGISTS all over the

world are eagerly foll-

owing the progress of
the research bore with which
German geoscientists have
initiated a milestone project:
the exploration of the
mysterious depths of the
earth's continental crust and
the upper mantle of our planet.
it is the Kontinentales
Tiefbohrprogramm der
Bundesrepublik Deutschland
{Continental Deep Drillin
Program of the  Federa
Republic of Germany) of KTB,
three kilometers west of the
town of Windischeschenbach
in the "Oberpialz” region of
Bavana

: The project is being carried
out by the Niedersachsisches
Landesamt fur Bodenforschung

Radio Communications

by Dr Chris Gibbins

for the Future

Overcrowding of the radio spectrum is severely restricting the reliability and
information-carrying capacity of existing communications systems. But moving to

higher

do with the atmosphere and weather.

where there is more room, brings a different set of problems to

crowded, particularly at the
higher [requencies, and the
bandwidths available are so
large that they open up the

of new communica-

possi
tions channels with a capacity

for carrying huge amounts of
information.

But use of the microwave
and millimetre wave regions of
the spectrum for communica-
tion brings an additional set of
problems not met with at
lower frequencies. The Earth's
atmosphere starts to interact
with the radio waves, resulting
in attenuation of the signals
which must be taken into ac-

count in the design of systems.
There are tmm:ihtm and

quite different effects, which
are shown in the first diagram.
First, the molecules of oxygen
and water vapour in the atmo-
sphere absorb rediowaves at
certain characteristic fre-
quencies. This is known as
resonant absorption. They re-

(Lower Saxony State Office for
Geological Research]) iIn

Hanover; the project manage-
ment team, consis of a
chairperson and four scientific
directors, belong to this office.
The Deutsche Forschungsge-
meinschaft (German Research
Association) is responsible for
the scientific supervision of
the project, and has estab-
lished a concentrated program
for this purpose. The ting
costs are from a
special fund of the Bundesmin-
isterium fur Forschung and
Technologie (Federal Ministry
for Research and Technology).

Upon completion of the
bore to a depth of precisely
4,000.]1 meters in April 1989,
this first German large-scale
project in the area of basic
geoscientific research entered

radiate them isotopically, that
is, ally in all directions, a
fraction of a second later; this
means that the is atten-
uated through the loss of di-
rectivity and coherency. The
second effect is that raindrops,
hail and snow scatter the sig-
nals, thereby attenuating it still
more. This effect is non-reso-
nant and increases with in-
creasing frequency, as the
wavelength decreases and be-
com
sizes of raindrops; at that poini
the scattering process is most
efficient and signal attenuation
is greatest. The first effect,
molecular absorption, is pre-
sent all the time, and changes
only slowly with varying tem-
perature, pressure and humid-
ity. A great deal of réesearch has
been undertaken into this
phenoemenon and the eflects of
molecular absorption can now
be predicted fairly accurately.
So the designer of communica-

tions systems can take reason-
ably accurate account of atten-
uation by oxygen and water
vapour when assessing the
overall performance of mi-
crowave and millimetre-wave

links.
Fade Margin

Signal attenuation by rain
and other forms of precipita-
tion, however, presents a quite
different problem. Precipita-
tion is a highly variable phe-
nomenon, changing both in
time, space (that is, geo-
graphic location) and intensity.
This makes it much more dif-
ficult to take account of rain
attenuation in designing sys-

tems. The probiem is generally
treated statistically instead of
by the short of exact calcula-
tion that can the used for
molecular attenuation. The sys-
tems designer specifics a level
of reliability for a particular
communications link - for ex-
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Schematic diagram of the 500 m experimental range at Chilbolion,

ample, the link might be re-
quired to provide acceptable
voice communication for. 99.9

cent of the time, or ac-
ceptable television transmis-
sion for 95 per cent.

That means the users can
tolerate the service being
unavailable for 0.1 per cent or
5 per cent of the time respec-
tively. The designer then
needs to know what levé® of
signal atltcnuation will be ex-
ceeded on the link for these
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PROBING THE SECRETS OF THE

a decisive phase: the main
bore, begun in September,
1990, is the giant step into the
depths. How far down it is to
go will be decided sometime
in 1993.

At that point scientists
must determine whether they
can drill beyond the depth of

10,000 to 12,000 meters
which they e to reach by
then, and whether the re-

quired means "will be in a rea-
sonable relation to the ex-
Eectcd gain in scientific

ge". That, at least, is
how Professor Rolf Emmer-
mann of the Institute for Geo-
sciences and Lithosphere Re-
search at the University of
Giessen puts it. Professor
Emmermann is also Chief Co-
ordinator of KTB and Director
for Geosciences in the KTB

project management.

The temperature measured
as the depth increases will
play an important role in this
decision. According to the
geoscientist from.Giessen, the
aim of the project is not to set
an "absolute depth record”,
which, in any event , is held by
the Soviet Union in a bore over
12 kilometers deep on the
Kola Peninsula, which has a
much different type of base-
ment. The goal here is to pen-
etrate a temperature range of
about 300 degrees Celsius at as
great a depth as possible.
There, acco to the results
of labora experiments, the
behavior of the rock in re-
s to forces acting on it
should change from brittle
fracture to plastic-flow type.

This boundary region is very

important for geosclentists, as
it is also believed to be the
lower limit of earthquake
activity. )

However, this temperature
region is also of interest for
petrology and geochemistry.
Here, processes are initiated
which provide an opportunity
for observing the interactions
between rocks and the aque-
ous solutions and gases, or flu-
ids, trapped in them. Fluids af-
fect the chemical reactions
and transport of matter and
heal in the earth's crust, and,
in particular, the shaping be-
havior of the rocks which oc-

curs at these pressures and.

temperatures.

That is why geoscientists all
over the world regard this

small percentages of time.
This is known as the 'fade
magn‘ which the link must
be able to overcome when pro-
viding an acceptable signal-to-
noise ratio, to achieve the
specified level of reliability
This turn, has an impact on
the transmitter power, re-
ceiver sensitivity and the size
of the antennas, which in the
end affects the overall cost of
the system. It is therefore of
paramount importance that

the systems d€signer should
have available the most accu-
rate information from which to
derive the necessary f[ade
margins, to achieve the most
reliable and cost-effective de-
sign.

Fade margins are not casily
calculable and in géneral tend
to be empirically derived from
transmission measurements
carried out over long periods.
A great deal of work has al-
ready been done at [requencies

TH'S CRUST

project as a unique experiment
for gathering first-hand
knowledge of conditions and
processes in the continental
crust, and to view the lower
crust and upper mantle as if

through a telescope.
More than

300 scientists from Germany
and abroad are already working
on the over 140 individual
projects which comprise the
research topics.

The spectrum
ranges from geophysies and
tectonics to earthquake re-
search, utilization of the
carth's heat and the study of
geological deposits, and even
includes problems of precision
engincering and underground
mining.

— Franziska Becher.
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(SPARRSO) building at Agargaon,Sher-e-Bangla Nagar,

Soviet Space Pr(;grammes: An Update

. s s R T
Sensing Organisation

Stepnoi, co-author of
shipborne nuclear power

ity. Now the cluster
four 20-ton sections — the sta-
tion proper and jotned

it this year. French
German researchers are in the
:I_l‘*mmw-

mission invoves sert
ous rescarch. On the agenda
Row are and com-
mercial (lights, as the one
with a Japanese newsman late
st year

CHRISTCHURCH (New Zea-
land) : Little balls of wool inte-
nded for filling pillows and

lightweight bed coverlets may
have -pm future in mopping
up ol :

The first major testing
ground is the Persian Gulf into
which millions of barrels of
heavy crude oil were spilled
during the recent briefl war.

The small spheres of
wool are called knops. They

are made from crossbred
wools, a patented process
New Zind scientists discov-
ered five years ago.

Their secret is that in their
raw state, wool knops are able

to absorb up to 40 times their
own weight in crude oil. And

they can be wrung out and
used

The fingernail-size are cre-
ated by holding lower-grade
and second-shear (shori)
sheep's fleece In a series of
machine rollers to break up
and curl the fibres.

It all began in the early
1980s, when the Wool Re-
search Organisation of New
Zealand (WRONZ) was casting
around for a new fill for bed-
ding. For many rs about
one-fifth of the New Zealand
crossbred wool clip went into
blankets, rugs and other cover-

ings.
Then in the 1960s, light-
weight synthetics with

improved heat-retaining prop-
erties appeared on the scene

and began taking over markets
which were once the preroga-

tve of wool.
The WRONZ research cen-

'Knops' See Action

In Gulf Oil Spill

The first trial shipment was airfreighted to Saudi
Arabia when the war was entering its final stages.

by Ian Mc Crone

tre at Lincoin. near the South
Island city of Christchurch. has
a name for doing practical
work and coming up with a
string ol useful inventions.

As a nonprofit- inst-
tution funded by government
and the wool industry, it aims
for better processes and prod-
ucts, assistance for New Zea-
land wool through new techn-
ology and collaboration with
research laboratories overseas

But it does not develop its
discoveries commercially. It
may patent them and then

turn them over under licence
to companies in the wool trade
for manufacturing or more re
search.

In the case of knops. the
small firm Woolfill Corpora
tion, owned mainly by the New
Zealand Wool Board and a pri-
vale investor, was granted
rights to the WRONZ process
to make bedding

The absorbency of wool and
its aﬂ’ln!ﬁy'hr grease are well
known. possibility of using
wool knops to blet up oil
spilled on the sea was recog
nised. It took the Gulf war to

Work aboard the Mir con-
tinues. The eighth ecrew of

Victor Af and Musa
Manarov h.ndmzﬂmuc re-
scarch, what's called "cost-ac-

counting work”™. The Mir is

bring the possibility into fo-

cus.

Another South Island com-

ny. Donaghys, which has
ong experience in cordage
and rope-making. had its tex-
tiles division working on fine-
mesh netting bags to hold the
wool knops.

The idea was to link up a
series of three-metre seg
ments to construct flexible
booms strong enough to con-
tain floating oil slicks.

The first trial shipment was
airireighted to Saudi Arabia in
February, while the war was
cntering its final stages. [t
went “with complements” to
Olayan Trading, the company
coordinating the Gull clean-up
plans

A delighted spokesman for
Donaghys said his firm was
getiing what amounted to a
"dhrhy stand” for product. A
lotal consignment ufahﬂut 150
booms had been landed in
Bahrain by early March.

The fAirm announced that
production was being in-
creased Lo meet expected
market growth at home and

overseas. Obvious target coun-
tries are much of Europe and
the United States which are
big users of other organic ab-
sorbents., like sawdust and
cork granules.

Ol ucing nations in the
Middle East are expected to
show particular interest in
how the new product performs
in protecting Saudi Arabian
desalination plants and clean-

ing up the outflow from the
wells in Kuwait

One claim for the wool
knops is that they work best
on heavier olils, the cause of
the worst polhation when re-
leased on the ocean. Unlike
most synthetics. wool products
are biodegradable and will de-
compose when buried.

The new opportunities
could not have come at a bet-
ter time for the New Zealand
Wool Board, a grower-funded
organisation which contributes
heavily to the WRONZ research

budget

For the last two years, it has
been subsidising auction prices
to ensure New Zealand wool-
growers got a guaranteed min-
imum return — from a fund
they themselves built up by a
board levy on their sales in
better times.

With China, Japan and the
Soviet Union slashing their
purchases in the last two sea-
sons, the wool board has had
to buy in huge amounts of wool
to the point where it now has a
stockpile of 650,000 bales.

Mir station — scientific and production modules cluster

launching the IRS-I1C landsat
a Soviet booster and is the
such contract. The first
landsat, IRS- 1A, was put into
orbit in 1988 and is still in op-
cration, on forests,
plantations a waler re-
sources, The second satellite,

IRS- 1B, will go up In June
from the Batkonur space cen-
tre, where the preparations
are under way. Under the new
contract, the IRS-IC will be
orbited in 1904,

The second commercial
agreement involves pultting

into geosta rbi
WW';:‘-

into geostationary orbit 36,000
kilometres above the ecarth

FLEX!BLE DIAMOND
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up to about 40 GHz, and there
are exiensive data banks from
which the statistical
information and service pre-
dictions can be derived. For
example, the International Ra-
dio Consultative Committee
'K:CIN at mllﬂl tdhlﬂi d“
tils and publishes information

of this kind. At higher fre-

quencies, however, there Is a
marked

paucity of data,

Foundation for Systems
To provide the necessary

information on terrestrial ra-
diowave propagation,
Rutherford Appleton Labora-
tory has sct up an experimen-
lal transmission range al (ts
Chilbolton Observatory ncar
and over, in southern En

the

This [facility, represented
schcmatically in the seeond
diagram, works on a number of
links transmitting over dis-
tance of 0.5 km at frequencies
of 37, 67, 97, 137 and 210
GHz in the millimetre-wave-
length region of the electro-
magnelic spectrum and at
wavelengths of 10.6 km in the
infra-red and 0.63 km in the
visible region. Frequencics of
37, 97, 137 and 210 GHz werc
chosen as representative of
those parts of the spectrum
where atmospheric atlenua-
tions duc to oxygen and water
vapour are low; such parts are
know as atmospheric
‘windows' and hold out the op-
portunity for cost-ellective,

wide-bandwidth communica-

— Spectrum

tions.
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Technology
Briefs

COATING

A researcher at Northwest-
ern University is perfecting a
flexible diamond coating —
something that will bend un-
der stress rather than crack
and that could be the most

. damage-resistant protective

coating yet, reports the journal
Futuretech.

With all their outstanding
advantage — hardness, heat
conductivly, electrical resis-
tance and tmnsperency — arti-
ficial diamond coatings are stifl
and brittle. This limits their
value when applied to more
flexible surfaces. A diamond
coating sheet would crack
when the metal bends, expos-
ing the metal to rust and cor-
rosion.

The researcher R P H
Chang, prolessor of materials
science and enginecering. has
crealed a composit off dia-
mond palrticles in a matrix of
amorphous films and has suc-
cessfully applied this compos-
fte to sheet metal surfaces,
the journal said In its
TechTips section.

The composite film con-
tains diamond crystallites in a
plastic like base, a hydro-
genated amorphous carbon

and/or a fMluorocarbon
polymar. With the diamond
crystela resting in a pliable
substance the coating can
bend.

The crystals are packed
densely enough for the film to
retain all the ies of the
stiffer coatings. C s film is
capable of bending about 10

degrees. The fllm is applied as
a vapor and can be in
thicknesses nn,ﬁngg:mlnu

hope to have quality flexible
diamond films within two

years, the journal said.

TECHNOLOGY FOR
CHEAPER CLEANER

—COAL

Ultra clean coal with poten-
tial for far wider use than the

present product is being pro-
cessed at an Australian pilot

Tech Newslictter.
The nt, the frst of its
in Australia, takes re-

nology.

Using a relatively simple
cleaning technique, the basic
ash levels of a typical black

L]

The technology was devel
the Commonwealth

con, present in Lhe coal as clay
or shale, inlo hydroxysodalite
when then can dissclved In
acid. The process can produce
coal with an ash content of
between one and 0.2 per centl.

There is also a strong envi-
ronmental benefit in the end
product. With an ash yield of
less than one per cent com-
pared with conventionally
cleaned Australian coals’ 10 to
20 per cent yleld. Less ash
emission equates with reduced
collection and disposal prob-
lems. The combustion of ultra
clean coal is more efficient
than the conventional varicty
because Is not wasted
heating unwanted ash. Trans-
port and fuel costs are also
lowered because the coal's
mineral content s not being
carried.

All these [actlors lead to
lower emissions of carbon
dioxide, a greenhouse gas. Cost
estimates indicate that chemi-
cally demineralised coal would
be less than hall the cost of
heavy fuel oil, on an energy
basis, providing an economic
source of low ash pscudoliguid
fuels of the coal-oll and coal
watermixtures. Suchmixtures
have attracted much interest
as fluid fuels specially when

the coal component Is clcaned

by physical methods down o

about 3 per cent ash,

Chemically clcaned coals
with typically 0.3 per cent ash
provide additional scope for
the development of a new class
it possible to
contemplate applications in
perhaps slow |
speed diesel engines as well as

of fuels, making
gasturbines and

a widen range of industrial
combustion equipment.

In a El.rnlltl dcwh'upnr.::_ a
en

rescarch group has
formed to produce carbon an
odes from ultra clean coal for
use in the production of alu-
minum in Australia and owver-
SRS,

NOVEL AIRCRAFT
RESTORATION METHOD

Boron patching. a un .

fast and chcap Australian

method of restoring stressed

alrcrafl fusclages and parts, is

soon to go on to the world

market, reports the Australian

Science and Technology
Newsletter.

Helitech Industries Pty Lid.
a wholy owned Australian
company specialising in afr-
craflt repair has been awarded
a 10-year agreement by the

Australian government to mar-
ket the technology. The com-

pany has lacilitics in lour over-

scas countries and is a con
tractor to the US department
ol defence.

way while technology tcams
have visited the Bocing com-
pany in Seattle in the US o

new




