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RESENTLY afrcrall
navigation systems |s
_ based on t source
“‘im the grou but se-
“phistication of airbome

‘tion equ nt ower nxr

forms of navigation.This
mean’s navigating one asd
to another aid stattoned on the
ground will be replaced very
soon or ted by one
based on station with refer-
Area -equq’p-:d.u'.
navigation air-
crall performing on board po-
sition determmation, could
plan and operate along the
most direct route on any de-
sired Night path within the
coverage of station referred
navigation aid er within the
limits of the capability of self
contained gids or a combina-
tion of these aids. In a RNAV
system a computer on board of
an aircrall ts employed to con-
‘vert navigation data inputs into
aircraft position, calculate air-
crafll track and distance and
provide sieering gutdance to
the next way point. This con-
cept Is known as Area
(RNAV),
use of airspace
through RNAV
In the modern air traflic
control system the Right plan
of an aircraft will still define
the intended fMlight path but ef-
fictent use of airspace will be a
factor. The use of RNAV
will allow each aircraft to use
direct, fuel eflicient route to
fly in of track, based on
ground-based navigational aids.
As a result the airs route
structure will ¢ remark-
ably. Providers and operators
utilising RNAV capabilitics in a
particular airspace Is expected
to gain economically in respect
of navigational aids. Under
RNAV concept installation of
navigational aids at each
signilicant point/or acrodrome
would not be necessary thus
cutting the equipment costs
and its installation charges.
Distances along and across the
lrack arc computed to provide
ithe estimated time to a
sClceled way-poinl. togcther
with a econlinuous indication of
steering guidance for the
destination. It permits aircraft
o Cy along any track within
prescribed accuracy tolerance
without the nced to fly directly
over ground-based navigation
[acilities.
The

global Navigation

Satellite Syestem [(GNSS) will
provide navigation coverage for
enroute, terminal areas and
precision and noon-precision
approaches for airc landing.
Twe aspects concerned tLhe
question of separation to be
applied In RNAV equipped air-
craflt. One Is Horizontal
Scparation Minima to be ap-
plied between the flight paths
of atreraft on random routes
and the second aspect is the
control methods to be applied
to such atrcralt.

Horizontal Separation
Minima is primarily depcndent
on the accuracy of navigation
from each pair of aircrafl.

Applying area navigation along

by AT A Ansary

lors:

1) geographical famillarisa-
tion beyond his own scctor ol
airspace,

2] different methods of
identifying conflicts which
could occur any where in the
airspace

3) radio telephoning proce-
dures.

4) new civil/military coor
dination procedure.

As f[ar as Lhe pilots are con-
cerned they must have through
understanding of the RNAV
equipment on board the air
crafl and awareness of its hmi-
tatton and training in the op
erating procedures, Safcguar-
ding it il necessary Lo obtain

accuracies on a continuous ba-
88,

2} Provisions to speeily, in
detail the procedure to be
used for atrcraflt in transition
between an established ATS

" routs network and on RNAV

arca.

These provisions must also
cover cascs of temporary loss
ol the RNAV capability by air-
crafl operating in RNAV area

3] Provistons which cnsure
a continued monitoring of the
navigation performance in the
[KNAV arca in order o ensure
that the condition upen which
RNAYV is based are met

Under RNAV concept

installation of navigational aids at each significant pointior

aerodrome would not be necessary thus cutting the equipment costs and its

installation charges. Distances

along and across the track are computed to provide

the estimated time to a selected way-point together with a continuous indication of
destination.

steering guidance for the

random routes, the outstand-
ing ATC problem being the
presentation of dillerent
routes by individual

flying. Apparently, it will be
difficult to know when and

where two aircraflt will be es-
sential trafflic { e loose mint-
mum required separation. The
other problem will be neces-
sary coordination to be made

between adjacent ATC uniis.

Unless area navigation con-
ceépt is restricted to within
one control a at a time,
continuous c of transfer
of control points will pose a
difficult task to ATC. These
problems can be resolved by
the avaflability of radar and /or
automation. For these problem
for the time being area naviga-
tion concept is to be confined
to only selected portions of the
airspace and / or specific
groups of users who are pre-
pared to mcet a mutually
agreed upon degree of accu-
racy 1in navigation while
apernling in the portions ol
airspace delined for that
purposc. Arca Navigation
concept can be applicd also in
arcas of high traflic density o
establish parallel ATS roultes to
rclicve airspace congestion.

While considering tralfic
handling in RNAV routes the
afr traffic controllers will have
lo consider the ollowing fac-

optimum eflicicncy and navi-
gatfonal accuracy and fa-
millarisation with RNAV radio
telcphoning phrascologics.

Ai e RNAV
Equipment

RNAV equipments can ac-
cept a variety of navigational
inputs; it is therefore conve-
nient to consider the gencral
characteristics of RNAV air-
borne equipment under the
following headings:

1) VOR/DME;

2] OMRGA/very low fre-
quency (VLF);

3) LORAN-C;

4) inertial navigation sys-
tems (INS);

5) DME/DME; and

6) global navigation satellite
systems (GNSS)

All of the above systems are
cither coupled or capable of
being coupled directly to the
auto-pilot of the aircraft. This
facility may become a prereq-
ufsite of futurc RNAV cquip-
ment.

Factors to be considered

for Area Navigation
B TR

The use of RNAV in a given
arca and the uscr's ability to
comply with hecessary condi-
tions must be based on:

1) Agreement between air-
lines operator and provider au-
thorily to meet navigational

. lacility

4) Provision which relating
lo suspension of RNAV method
and reversal to gonventional
form, in case detertoration of
the situation demands. Pro
vision should also cover the
ciase ol the restoration of

RNAV method.

5) Provisions regarding full
or partial immediatle’ suspen
ston of the use of the essential
upon which RNAV s
based during temporary out of
scrvice of the system.

Advantages of RNAV

1] establishment of more
direet routes [(permitting a re-
duction in flight distances);

2) establishment of dual or
paralicl routes to accommo-
datc a greater flow of en route
traffic;

3) establishment of by-pass
routes during bad wx condition
or for overllying aircraflt in
high density terminal areas;

4)-establishment of alterna-
tive or contlingency roules ci-
ther planned or on ad hoc ba:
sis;

5] establishment ol opti-
mum locations for holding pal-
terns; and

8) a4 reduction in the num-
ber of ground navigation facili-

thes.
Planning for RNAV proce-
dure
Before planning any flight

based one RNAV technique,
pilots must ensure that

I) the aircraft is equipped
with serviceable RNAV equip-
ment which has been ap
by the State of Registry or
State of the Opcrator for the
appropriate level of RNAV op-
crations,

2) they have a through un-
derstanding of the equipment
and its limitations and a cur:
rent knowledge of how to op-
trate the equipment in order
ta achieve the optimum level

ol navigalion accuracy,

3] when wusing RNAV
equipment which depends on
ground aids for tion data
input, there are suflicient scr
viccable aids available (o pro
vide continuous determination
ol the atreraft’'s position for the
planncd operation;

4] whenever ible cross-
checking procedures are em-
ployed at the flight ning
stage In order lo uce the
in-Mlight workload required to
cnsure the safe operation of
RNAV flights, for example:

a) by taking aceount of the
designated opcrational cover
age of VOR/DME factlities 1o
cnsure best usc of avatlable
ads;

b) by plotting check fixes
ot cach leg which show DME
distances/VOR bearings on the
en route chart;

¢) by highlighting track/
distance information between
way - points;

d) by carcful crass-checking
of the flight plan detafls of
waty-points against source ma-

terial;

¢) by checking that, for
cquipment utilizing a data
basc, the materials s current
for the date/time of the

planned flight; and

f) by taking account, espe-
cially for operations in the
lower airspace, of the effect of
terrain and ground aid cover-
age.

Considering the continued
development of aviation and
increasing demands for opti-
mum utilisatien of airspace,
Future, Air Navigation System
[FAN]) is based on RNAV in
diffcrent typds of airspaces be-
ing used by the aircraft
throughout the world.
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Corporation is using

Australian technology to
turf™~a huge deposit of
magnesite into value-added
products aimed mainly at the
cxport market,

QMC s working on using
magnesia for effluent treat-
ment. lighter metal ts in
cars, belter Hnings steel
furnaces, and magnesfum ce-
mcnis and building products.
"All of these projects are on
the basis of having suflicient
riaw matcrials te run between
40 and 50 years at world
scal,” says QMC managing di-
recior lan Howard -Smith.

Magnesia, the oxide pro-
duced by heating magnesite,
.41 be recovered [rom scawa-

PMC's Rockhampton laboraiory

ter, but the process is costly.
The discovery of 800 million
tonnes  of nesite at
Kunwarara fn central
Quecnsland in late 1985 has
misde large-scale commercial
applications possible.

A 13-year research and de-
velopment t has been
gigned with CSIRO, and Dr
Malcolm Frost is coordinating
a range of magnesia-based pro-
jeets at the Division of Mineral
Products in Port Melbourne.

Mr lHoward-Smith de-

scribes the CSIRO invwolvement |

as “absolutely eritical.”

"CSIRO had been weorkin
on magnesile for about |
years, but there wasn't a lot
arvund that was commercial.

When we found the Kunwarara
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deposit in late 1985 there was
a mee of the minds, a real-
isation that both sides would
benefit from the trwolvement.”

A project called
ENVIROMAG, a joint venture
with ICIL, is wo on the use
of in e treat-
ment. Dr Frost says that mag-
nesia s suitable for kinds
ol waste streams, fnc -
dustrial acidic effluents and
sewage., where it can reduce
siudge volumes. It is also used
in Japan and elsewhere for

ml such as sul-

M-pmm oxide is a gentle
alkali, so the rate of neutralisa-
tlion is slower than with

sodium hydroxide or a lime.
The heavy metals precipitate

GMAQ, a joint venture with
Pancontinental Mining and

Radex of Austria, will make
deadburni for indus-
trial refractories o line stecl
furnaces. Produced by heating
magnesite to extremely high
temperatures, deadburnt mag-
nesia is chemically inert and a
good thermal insulator.,
Worldwide demand to re-
duce motorvehicle emissions
has focused attention on the
use of a magnestum alloy to
produce lighter metal part for
cars. A QMC project called
MAGMETAL is researching the
possibilities. The United Stales

and Japan have legislated to
require vehicle emissions to be
reduced and fucl to

be improved. Making smaller
cars is seen as commercially

unacceptable, so the answer is
o make them lighter — a 1%

weight reduction gives roughly
a 1% reduction n fuel con-
sumption.

Japan has a programme 1o
reduce the weight of an awver-
age car from 1300 kg to 850
kg by the year 2000. |t is

that cars be made of

much less steel and much
more alumirdum, plastic and
magnesium. “Instead of about |
kg of magnestum they are sug-
g:h' about 40 kg" says Dr
t, adding that magncsium

in very well-sufied for die-cast

parts, which could weigh lcss
than a third of the present
alumintum parts.

Mr Howard-Smith belicves
magnesfum metal will become
a big export industry, and says
it could be used for parts such
as steering columns, dash-
boards and seat supports.

GMC's fourth project,
CEMAG, fs a joint venturc with
Queensiand Cement to do
magnesfum cements and build-
ing products. Dr Frost's re-
scarch programme is also ex-
amining the use ol magnesium
:ﬁ‘nrund: as a fire retardant in

Dr Frost says the Kunwarara

ite will be the highest-

natural magnesia on the
muarket.

- UCLEAR techniques —
sometimes in combina-
tion with other biote-

irradiated populations in

characteristics are. then used
after rigid field trials, iIn

mutation:

ies such ..ufm
yielded hundreds of new
varieties of many different

crop species, such as rice,

tion. Scientific methods,
mainly the use of radiation, can
increase by a hundred to a
thousand times, the likelthood

States. in the -
tion of nuclear techniques to
induce plant mutations. '

In 1964, the Joint Division

was [aced with a number of un-
resolved questions of proce-
dures and methods, choice of
terms, eflective treatment
.conditions, and screening and
- selection for effective applica-

plant geneticists were work
“in the field, mostly with I'nll::‘!
est in radiation biology.
tTherefore, improved crop va-
rieties usually came-out as a by-
product. The "mutation breed-
ers” were few and far apart and
there was no co-operation

; between them.,
In the spring of 1964, the
FAO and JAEA jointly spon-
sored a major international
_;:::ﬂl:ﬁrgme :nhthmutlunn
one power to
‘be a milestone. During the
‘conference, many active
workers in the ficld discussed
" the of co-operation
~in approaching the many
‘outstanding problems in
: mutation breeding.
*number of known relcased
mutant varietics at that time

was less than a dozen.:

A spin-off of that confer-
“ence was the Initiation of a
‘Joint Division programme in
_Southeast Asia to stimulate co-
- operation among rice breeders
! using induced mutafions. The
“initial meeting In Banghkok in
1966 was the first time these

rice breeders in
Asia had ever met

-tion of radiation to plant

The

Southeast
to discuss

common breedi ms.
Partly as a by-product of the
success of this programme,
the Society for Advancement of
Breeding Research in Asia in
Oceania (SABRAO) was estab-
lished in 19886.
The main result, however,
was a h number of im-
rice varieties bred with
the help of induced mutations.

Before the programme began,

' there were four mutant vari-

eties of rice on the market.
Now the number of mutant
derived rice varieties is 190
and the area under mutant rice

varietics is counted millions of
hectares.

In the early days of the de-
velopment of this technology,
there was a lack of knowledge
of how to initiate a mutation
breeding programmie to incor-

a destrable traft into the
existing varicties.

Therefore, one of the Joint
Division's early programmes
was to compile a manual on
mutation breeding. It was im-

tant to solve the problem of

‘fnduced mutations could
fit into the regular plant
brecder's way of doing busi-
ness in a way. A num-
ber of technical problems and
scientific conflicts were re-
solved and eement was

ropriate methods
were not available, solutions
had to be nd experimen-
. Thus, since there was no

£

Plant B

reeding for Better Crops

existing facility to make fast
neutrons avaflable to plant
breeders, a SNIF (Standard
Neutron Irradiation Facility)
was designed and tested.

This funnel-like contraption
shielded with lead and boron,
when lowered into a pool-type
reactor, became an almost
pure source-of fast neutrons.

Another ecarly programme
focussed on the testing of mu-
tant durum wheat varjctics in
the Mediterranean region and
the Near East. Mutant durum
wheat varietics are now
the most successful durum cul-

mnngrmhyﬁrml

A change in emphasis

In the following decade, the
Joint Divisfon turned fts atten-
tion to other problems, such as
resistance to diseases and ce-
real grain protein content.
From annual self-pollinatin
cereals, like barley, rice, an
wheat, with well estab-
lished mutation breeding
techniques, technology re-
scarch moved to grain legu-
mes, fruits, and root and tuber
crops, many of which are
particularly relevant to devel-
oping countries.

'~ The international co-opera-
tive programmes on_ grain
legume improvement proved
to be quite effective and pro-
duced more than 100 im-
proved cultivars. However,
considerable problems were

- encountered in vegetatively

* propagated crop plants.

There was remarkable eco-
nomic success in applying the
tec of mutation breed-
ing to vegetatively propagated
annual ornamental plants. This

encouraged researchers lo
look for improvements in the
methodology. Ultimately, the
sue of in vitro culture tech-
nigques appeared to be success-
ful. Thus, in vitro culture tech-
niques have been used in the
Joint Division's programme
since 1982 and problems that
were considered taboo in the
1960s, such as improving dis-
ecasc resistance in the apomic-
tic and triplojd banana are now
being atiacked. -

In Hine with the needs of
Member States, the develop-
ment and transfer of technol-

P
......

A combination of field and labora

ogy now also includes various
oil seed and industrial crops,
such as sesame, rape, and cot-
ton.

Recognizing how crop
species used for human food
are impoverished thr::Fh the
intensification of productive
agriculture, the Joint Division
also looked into the possibility
of "up-grading” traditional, but
now neglected, crops to levels
of profitability for today’s farm-
ers.

It appears that induced mu-
tations are an appropriate tool
for such "second cycle domes-
tication® and also could be
promising in attempts to do-
mesticate new crop plants of

interest for food, feed, or as
raw material for industrial

purposes. |
Hands on experience
Under 32 country projects
and two regional projects, the
Joint Division is assisting de-
veloping countries in the
roper application of mutation
eeding techniques in highly
diversified plant breeding pro-
grammes.
Research contracts and

agreements in recent years
have focused on advancement

S,
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of mutation breeding technol-
ogy to improve root and tuber
crops, and cereals, and on de-
veloping the technique for
“"test tube selection” of mutants
with better discase resistance.

Kn and skills in the
use of nuclear technigques in
modern plant genetics and

breeding are shared with sci-

entists from developed and
developing countries during
scientific and technical con-
ferences and workshops.
Scientific publications. in-

cluding proceedings ol confer-

ences, technical documents

a4 e

5" i | X .:
tory work

and manuals contribute to the
dissemination of scientific re-
sults obtained in Joint Division

pru:]l%ctn.
¢ Joint Division empha-
sizes support for mutation
breeding in developing coun-
tries. New unconventional
breeding methods are begin
developed for improvement of
tropical crops. Palms, tropical
fruits, cassava, yam, and cocoa
are among the tropical crops
being studied at the
Seibersdorf Laboratory. Tissue
cultures of these crops are
prepared for mutagenic treat-
ment and plant tion.
Bananas and plantains are

- staple food crops for millions

of people in developing coun-
tries. Because they are asexual
plants, the classical corss
breeding approach cannot be

used to solve discase )
Cultures of banana mpmblum

cells significantly enhance the
elfective use of irradiation and
chemical mutagenesis for in-
duction of new genetic varia-
tion.
Plants regenerated in vitro
are evaluated under tropical
conditions. The new breeding
methods developed at
Scibersdorf are transferred to

assures the success of mutation

tropical countries where they
are most needed.

The most effective way 1o
transfer new techneologies to
developing countries is by
training young scientist. Every
ycar, Joint Division orga-
nizes an international training
course on the use of induced

mutations in plant brecding at
the Seibersdorf Laboratory.

Future directions

Progress in modern scien-
tific disciplines, primartly
molecular

new hﬂrhmﬁr T i:'lp-

provement of crops
mutation Pmm

rescarch areas are DNA tech-
nology and genctic transfor-
mation. Methods for specific

£l

site directed mutagenesis in
crop plants are being devel-
oped. | *

Selection of superior mu-
tants at the cell level could
revolutionize plant breeding. It
is a new chal for the Join
Division to introduce molecu-
lar genetics and gene engi-
neering in its programmes,
aimed at lpeedm: up the tm-
provement of cultivars in de-

veloping and developed coun-
tries.

By 1960, 15 induced mu-
tant crop varicties had been
relecased to growers. Now, al-
most 30 years later, more than
1200 mutant cultivars of crop
E:n“ and ornamentals have

n released.

Many of these mutant culti-
vars have significantly iIn-
creased yield, higher market
value, im guality, In-

creased disecase resistance,
and stress tolerance. Biote-
chnology and genetic engin-
eering, combd with the use
of induced mutation, have a

' great potential in the hands of

the plant breeder to mmise
levels of human nutrition and
standards of living through

e £ o SRR
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| Technology Scaled Down to

A Hair's Breadth

HE continuous down-

scaling of clectronic

components has become
st common that it now seems
perfectly normal to pack a
pcrsonal computer under one's
arm and carry it eve
likc a briclcase — in the form
of a laptop. However, the fact
that this device still has
gigantic proportions compared
with other dewvelo is is

shown by the field of
microtechnology, where Lhe
moslt recent ments

include a tiny motor, whose

tures themsclves, or just the
corresponding mctal forms at
first, which can then be used
for an economical mass pro-
duction involving plastic
moulding.

As thce synchrotron radia-
tion is very concentrated, thus
outlining images very sharply,
it is also capable of providing
great structural depth.
Consequently, it has allowed,
for the first time, the produc-
tion of structures having ex-
tremely small horizontal di-

However, the fact that this device still has gigan-
tic proportions compared with other develop-
ments is shown by the field of microtechnology,
where the most recent accomplishments include
a tiny motor, whose rotor is not much thicker

than a human hair.

rotor is not much thicker than
a human hair. '

Such extreme miniaturiza-
tions became sible once
sufitable tools could be devel-
oped to f[ashion structures
whose dimensfons lie in the
range of just a few hairs’
breadths, thus rendering them

| invistble to the naked eye. The

Kernforschungszentrum

Karlsruhe (Nuclear Rescarch
Centre Karlsruhe) is the
world's leading producer of
such micromechanical compo-
nents made from a wide

ol materials, As opposed to
conventional processes which
give rise to seemingly two-di-
mensional structures, the LIGA
process developed at the
Nuclear Research Center's
Institute for Microstructure
Technology is the first one
ever to allow the production of
three- dimensional mechanical
components ltke gearwheels,
turbines and filters a high de-
gree of precision and, above
all, so that they can be repro-
duced.

In the LIGA process, the re-
scarchers from Karlsruhe
combined the methods of
lithography and electroplating
with plastic forming tech-
niques. In the first stage,
Hthography, the extremely
minute “blueprint® of the
planned component is [irst

projected on to a layer of ra-
dio-sensitive plastic, using

penetrative and extremely
parallel X-rays from a syn-
chrotron. After that, the ex

posed areas are dissolved out
with a developing fuid. In the
scoond stage, the resulting is
filled out with metal which is
applied galvanically, Le. elec-
trechemically. With the help of
this , it ta then

to w"?;m desired struc-

mensions of a few microme-
ters, but nevertheless, having a
height of several hundred mi-
crometers. In this manner, the
institute at Karlsruhe has been
able to produce micrestruc-
tures from metals, metal al-
loys, various plastics, and even
ceramics.

By combining the steps of
the LIGA process, it is also
possible to produce compo-
nents for very tiny machines,
an exampie ol which is pro-
vided by an electromotor de-
signed at the laboratories in
Karlsruhe. It consists of a rotor
with a radius of 200 microme-
ters, rotating on an axis having
a radius of 115 micrometers.

With a height of roughly 100
micrometers, which {s consid-
crable, the rotor {s surrounded
by six stators where the rotat-
ing electromagnetic field,
which makes the rotor turn, is
generated at approximately
100 volts, The speed of the
motor can be varied from
stepping operation up to 3,400
rotations per minulte.

Suitable material develop-
ments and the combination of
data processing, process con-
trol and robotics technology
will open up a completely new
range ol application for this
process. According to Dr.
Peter Bley from the Institute
for Micro-strueture Techno-
logy, a new technical
revolution is in the maki
here— future applications will

. not only include measurement

and automaltic conltrol technol-
oy aa well as communicatfons
systems but, above all, indus-
trial production techniques as
well as medical and environ-
mental technology

(German Research Service)
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