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X-Ray Microscopes: From
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u “Scientific Amercan,”

scientists Malcolm Howells,
Janos Kirz and David Sayre
who have collaborated on vari-

ous X-ray imaging projects at

ITUATED in an open
pit mine belween
Ankara and Istanbul, in
the rough terrain of the
Turkish highlands, a magnectic
scparalor is opcraling as a raw
matcrials unit. This
could prove 10 be ol
uc not only for the mining
industry, but also for thce
environment and numerous
other applications. It uscs
state-ol-the-art technology :
superconducting elec-
tromagncts.

This dcvice was recently
awarded the Innovalionspreis
der deutschen Wirtschallt
(Innovation Prize ol German
Industry). Parties recciving
this prize, which is awarded
under the aegis of the
Bundesminister fur Forschung
und Technologie (Fedcral
Ministry for Research and
Technology), must fulfil an im-
portant prerequisile : the in-
novalion musl first be Lesled
by experts. The new product
by the Klockner-Humboldt-
Deutz (K!ID) company in
Cologne has long since over-
come this hurdle. For the last
two years, Lhis prizewinning

)

Dream to Reali

the Brookhaven National

Angstroms thick. X-rays pass-
ing through alternating trans-
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Current research confirms
that as expected, X-ray images
and electron micrographs do
not look alike. X-ray micro-
scopes are sensitive to the
concentration of specific cho-
scn e¢lements, often carbon
dioxide and nitrogen, whereas
electron microscopes map the
distribution of the chemical

Sliper-Cooled Drum W

facllity called Descos has pro-
vided trouble-free operation
for an Austrian mining com-
pany in the Turkish village of
Tutluca. lere, valuable ore is
extracled from a terraced
open-pit minc. Rocks and
stones which have been
blasted ofl are shovelled by
giant [ront loaders onto con-
veyor belts, reduced in size in
a crushing plant and then
transported to Descos — at a
rate of up to 120 lonnes per
hour,

This plant is designed to
separale Lhe chall from the
wheal : in this case, the white
mineral magnesite. It is used
for manufacturing fire-prool
bricks which are employed as
heat insulaling material in en-
ergy lechnology, for example,
in blast furnaces. In order for
these magnesite linings to be
as durablc as possible, they
must be extremely pure.
Traces of iron cause rust to
form, which is undesirable as
it lcads to prematurce decay.

For this rcason, it is important
to separate the chafl, or
ferruginous rock, [rom the
magnesite during the mining
phase. As magnesite, or
magnesium carbonalte, is not
magnetic — in spite of fits
name — this task can be
performed by a powerful
magnel, which simply draws
the [ferruginous, magnelic
material out of the mass of
crushed rock. Such magnetic
scparators have been used in
ore mining for several decades.

A completely new featurc of
the innovation from Cologne is
the f[act that this machine uses
twice as much force to rid the
precious [inal product ol mag-
nctic material. This doubling ol
power was made possible by a
technology which™ nobody had
yet dreamt of applying in this
seclor: superconductors.
Superconductling clectromag-
ncts are the ideal source of ex-
tremely powerful magnetic
fields. The ficld is generaled
by a current flowing through a

TRACING
OZONE
BREAKDOWN

EXACT measurements
which provide a picture of the
structure as well as the
geographic distribution of
trace . such as carbon
dioxide, ozone, methane, ni-
muﬂdﬂ or chlorofluoro-
. are an important pre-
requisite for assessing the
state of the atmosphere. With
the help of a new measuring
instrument, it has become

possible for the first time to
record the concentrations si-

multaneously and continually.

For the determination of
. these atmospheric gases, the
meas instrument MIPAS
(Michelson Interferometer for
Passive Atmospheric Sound-
ing) has been in the
Institute for Meteorology and
Climate Research at the Kern-
forschungszentrum Karlsruhe
(Nuclear Research Center
Karisruhe) with the support of
the Bundesministerium for
Forschung und Technologie

(Federal Ministry for Research

simultaneously and continually
for the first time, from just

ters as well as from satellites,

Their distribution can be de-
termined with a single mea-
surement of infrared radiation,
whereby initially. only a mean
value of the concentrations of
the gases contained in the at-
mos is obtained. With the
help of a computer, the con-
centrations of the individual
trace gases can be calculated.
Just as in computer tomogra-

phy. images of layers are pos-
shle.

The high-precision, shock-
resistant measuring Iinstru-
ment has already been used
successfully in Kiruna, North
Sweden to study the ozone
hole over the Arctic. Further-
more, the American space
agency NASA would like to
employ the Karlsruhe instru-
ment on Space Shuttle mis-
sions. Definite plans exist for
its use on the polar platform of
the European Space Agency
ESA as well as in the Atmo-
spheric and Oceanographic
Research Satellite ATMOS,
which is to be put into orbit
around the earth in 1996.
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gnetic poles, "through
which it can exercise influence
over distances and develop all
of the features of the t."
as the German doctor and
"miracle healer” Franz Anton
Mesmer speculated at the
close of the 18th Century. was
not al r false. For it has
been established that
biomagnetism really does exist.

Furthermore, it has even
shown the way to a new

diagnostic method.

Magnetic fields arise wher-
ever electric currents flow.
And as every organ of the hu-
man body, as well as the entire
musculature, is crisscrossed by
a fine neural network through
which electrical pulses propa-
gate, every person is an emit-
ter of magnetic fields.
Naturally, these emissions are
extremely weak in comparison
with the tic "noise” of

. the environment. The mag-

netic field of the earth alone,
whith aligns the compass nee-

dle. is 100 million times
stronger than the fine mag-
netic signals generated by, for
example, a beating heart. Even
worse are the magnetic distur-
bances brought about by every
electrical device. Filtering the
body's own signals out of all
this "noise” is thus a measuring
problem, which entails an
unimaginable degree of diffi-
culty.

Nevertheless, the impossi-
ble is no longer an insur-
mountable hurdle for modern
medical technology
one hand, medical technology
has had access to ultra-sensi-
tive magnetic field sensors in
superconductor technology,
the so-called SQUIDS, since
the seventies. On the other
hand, s state-of-the-art
technology provides shielded
measurement chambers with
meter-thick walls which can
suppress the finest external

tic disturbances. From
the shielded chamber to the
SQUIDS and including the en-
tire biomagnetic measurement

Tracing Ozone

Breakdown

XACT measurcments

which a picture

of the layer structure as
well as the geographic dist-
ribution of trace gascs such as
carbon dioxide, ozone, me-
thane, nitrogen oxides or
chlorofluorocarbons, are an
important prerequisite for
assessing the state of the
atmosphere. With the help of a
new measuring instrument, it
has become possible for the
first lime to record the con-
centrations simultaneously and
continually.

For the determination of
these atmospheric gases, the
measuring instrument MIPAS
(Michelson Interferometer for
Passive Atmospheric Sounding
) has becn developed in the
Institute for Meteorology and
Climate Research at the
Kernforschu trum
Karlsruhe (Nuclear Rescarch
Centre Karlsruhe) with the
support of the Bundesm-
infsterium fur Forschung und
Tec (Federal Ministry
for Research and Technology):
this enables all trace to
be recorded simultancously
and conlinually for the first
time, from just above the
carth’'s surface to 5 of
several 10,000 metres as well

as [rom satellites. Their
distribution can be delermined
with a single mcasurcment of
infrarcd radiation and also

from flirr:ral'l by meansg of
several measuréments from

differcnt angles to the horizon.
Justi as in computer tomogra-

phy, images of layers are pos-

very gas absorbs or emils
radiation in its own unique
way. consequently, characteris-
tic radiation patterns or spec-
tra arc obtained, for example,
for pure gases. The degree of
absorption or emission of in-
frared radiation is determined
with the Karlsruhe interfer-
omeler, whereby initially, only
a mcans value of the concen-
trations of the gases contained
in the atmosphere is obtained.
With the help of a computer,
the concentrations of the indi-
vidual trace gases can be calcu-
lated.

The high-precision, shock-
rcsislant measuring instru-
ment has al been used
successfully in Kiruna, North
Sweden to study the ozone
hole over the Arctic. Fur-
thermore, the American space
agcncy NASA would like to
employ the Karlsruhe in-
strument on Space shuttle
missions.
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oxygen,

ter, which makes up about

cofl, and according to the laws
of physics, the intensity of the
magnetic field is proportional
to the current, Materials used
for making conventional coils,
like copper, are restricted In
their ability to produce
stronger magnetic fields by the
following technical limitation :
the [rictional heat, generated
in the wire by the passage ol
the current, reaches a level
where il can no longer be dis-
sipaled; in addition, the cn-
ergy losscs resulting from the
waste heal are extremely high,
and thereby uneconomical.
Matcrials like superconduc-
tors, through which electrical
current can flow without in-
curring any losses due to [ric-
tion, prove to be of help here.
The maximum magnetic flux
densily obtainable with con-
ventional technology is roughly
two teslas — 40,000 times that
of the earth’'s magnetic ficld —
whercas coils wound from su-
perconducting wire are ca-
pable of producing about twice

and evaluation system, the
world's best system of this
kind was developed and real-
ized by experts from the
Physikalisch-Technische
Burndesanstalt PTB (Federal
Physical-Technical Institute)
in Berlin.

The latest version of the
system contains 37 SQUIDS
arranged in a circular configu-
ration, which allows their sig-
nals to be evaluated indepen-
dently of each other. Thus the
magnetic fields of entire body
parts like the head or the ch-
est cavity can be recorded in a
single measurement and trans-
lated into coloured contour
images for improved evalua-

tion.

"It s actually the time
characteristics of the magnetic
fields. the changes in the
magnetic polarity, which are
interesting”, explains Dr.
Sergio Eme, Director of the
PTB Department of Medical
Technology., as only they pro-
vide co sive results.

that value.

However, superconductor
ltechnology has its price Wwo.
Su rm:ducuq materials can
crn;:[umum at very low lem-
peratures, like those prevafling
in outer space. The colls of su-
perconducting electromagnets
musl be cooled lo a tempera-
ture absolute zero.
Such temperatures of around
minus 269 degrees Celsius can
only be maintained il liquid
heltum ts used as the coolant.

This is preciscly what has'

made superconductor technol-
ogy not only claborate and cx-
pensive bul also given it a rep-
utation of extreme susceptibil-
ity lo malfunctions. In fact, u
to now, these -upcr-cnulccr
electro ts have only been
found at h-tech establish-
ments dealing with high-en-
crgy physics or in the clinical,
sterile environment of medical
diagnosis centres, where they
scrve as magnctic ficld sources
in nuclcar spin tomography.
The [irst person bold

IQUID manure contai-

ners at animal husband-

ries are overflowing. In
Germany, 340 million tonnes
of liquid excrement flow out of
cow barns and pig-sties every
year — much more than what
farm-land can absorb in the
way ol fertilizer. So [ar, there
have hardly been any other
applications or disposal
possibilities. Now a large-scale
experiment involving the use
of liquid manure to rid exhaust
gases [rom power plants of
nitrogen, thus solving two
environmental problems at
once, has attracted attention.

Actually, liquid manure is

an economical natural fertil-
izer, highly valued by farmers.

According to conservative
estimates though, the amount
of manure produced in the
Federal Republic exceeds the
agricultural sector's demand by
ten to 20 per cent. Overfer-
tilising the soil is not only
harmful to plants, but also
leads to major environmental
problems. .

Resecarchers from the
Institute for Environmental

| Process Technology at the
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enough (o consider applying
this technology In a "messy”

arca such as orc mining was
Dr. Karl-Heinz Unkelbach, a
physicist and projcct manager
at KHD Humboldi Wedag AG.
Despite all sceptictsm, he has
now been able to successlully
rcalize his idca, which Arsl oc-
curred o him as as the
sevenlics. The coll of the de-
vice he concetved 1s wound
[rom nearly onc tonne of wirce
no thicker than a hair. This
wirc consists of a copper
plated alloy of ntobfum and ti-
tanfum, the actual supecrcon-
ductor. The coll has a maxi-
mum current capacity ol 500
amperes, and is thus capable of
producing a magnetic field
with an intensity of 3.2 teslas.
The cofl is imgwrsed In he-
llum, in a tank made of non-
magnetic special steel. This
unit is surrounded by a rotat-
ing, car-sized roll made of Ni-
bre-reinforced plastic. It is
only this part of the device
which conws inlo contlact with

The physicists provide doc-
tors at the Heart Centre of the
Free University of Berlin with
so-called magneto-cardio-

grams(MCG), the magnetic
counterpart to the ECG, the
diagram con the charac-

teristic curve of the heart
muscle currents. The MCG has
proven very uSeful for heart pa-
tients with a very special dis-
order of the conductive sys-
tem. the so-called WPW syn-
drome. In this heart disorder,
a group of nerve fibres are in
the wrong location. There they
function as an "interference
transmitter”, which, however,
can be localized with the aid of
an MCG.

This, in turn. s 3
fies the operation which this
disorder frequently requires.

In the opinion of Dr. Eme
and his associates, the MCG
will be capable of even greater
applications, for example in
post-operative care of heart
transplant patients. Up to now,
tissue samples have had to be

Universily of Essen believe
that they have now found a
possibility of utilizing liquid
manure. In co-opecration with
VEBA Kraltwerke Ruhr AG, a
power supply company, they
have converted the denitrify-
ing equipment at the
Dampfwerk Zweckel, a steam
power plant near Gladbeck, to
"run” on liguid manure. The
fact that the foul-smelling liqg-
uid manure is to contribute
toward air purification only
appears paradoxical. After all,
the agent used to reduce
nitrogen emissions at power
plants is a constituent of liquid
manure.

In order to neutralize
the nitrogen oxides (NOx)
which are generated during
combustion and are responsi-
ble for ozone smog in summer,
as well as being a contributing
factor toward acid rain, the hot
stream ol exhaust air is in-
jected with ammonia (NHg,),
which reacts with NOx to form
water vapour and molecular

nitrogen (N,).

At Zweckel, this expensive
ammonia solution has becn
replaced by liquid manure
which, depending on fits

L
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the rubble from the sionc
crusher. The magnetic content

remains o the rolal-
ing drum, the
te falls down. This

ing equipment is well pro-
lecled in fis container.

The soriing process using
this new generalion of mag-
nelic separalors provides such
high yiclds that even the tafl-
ings are now being scoured
again. Morcover — and this in
naturally the main argument —
the separator can be used o
exploit ore dcposits which
were hitherto considered to be
unprofitable. The ice-cold sep-
arator in Tutluca reduces the
content of fron oxtde by a lac-
tor of roughly 13. Lumps hav-
ing a diameter of up to len
centimetres, which carlier had
to be scparated manually, are
now scparated form the mag-
nesite by Descos.

However, KIID is alrcady
looking to the luture. Other,
environmentally less friendly

ugh Biomagnetism

taken as a consequence of this
operation. in order to achieve

early recognition of the onset
of organ rejection. However,
the reséarchers now believe it

possible to recognize this fro
MCG data. o

The new sensors ap to
be an indispensable aid in pre-
ventative medicine as well—
that is , if results which until
now have only been demon-
strated on a very small group
of patients are confirmed: i.e.

that the magnetic signals emijt-
ted from the heart indicate
certain life-threatening ab-

normalities well in advance of
disease and before they can be

recognized using other meth-
ods.

Furthermore, the tic
activity of the brain is ﬁnu to
be evaluated using the mea-
surement system Krenikon de-

veloped by Siemens AG in the
newly erected biomagnetic di-
agnosis centre at the

Manure to Combat
Smog and Acid Rain ?

"grade”, contains from two to
ninc per cent of nitrogen
compounds like urea or am-
monium: up to four tonnes of
excrement are propelled
through thc jets every hour. In
this process, the water, the
main constituent of liquid
manure, evaporates and the
organic constituents are
burned; what remains are the
mineral contents, which are
retaincd by dust filters in the
form of ash. The nitrogen
compounds in the liquid
manure purify 60 per cent of
the flue gases emitted.

However, that is not enough
to achicve the limit of 150
milligrams of nitrogen oxides
per cubic metre ol waste gas,
specified by the Large Furnace
Ordinance for oil-fired power
plants with an output of over
300 megawatts (MW). For this
reason, large power plants
must stick to the conventional
method of purification, which
neutralizes more than 90 per
cent of the nitrogen oxides.

However, Lhere is another dif-
ficulty which restricts the
application of iquid manure to
small plants. "The main prob-
lem arising from this process

University Clinic Erlangen.
Unlike an EEG, which pro-
vides information about the
electrical currents at the sur-
face of the skull, the MEG or

magneto-encephalogram,

permits insight into deeper
areas of the brain. The MEG is
especially useful for the locali-
sation of diseased excitation
centres where epileptic dis-
turbances originate.

Moreover, studies at the
Institute for Experimental
Audiology of the University of
Munster have impressively
demonstrated that the MEG is
also very suitable for tracing
certain dysfunctions in the
brain.

This is how the reseach-
ers around Professor Manfred
Hoke were able to obtain a
kind of "linger print” of
susurrus aurium, a ringing in
the ears.

— Dr. Bernd Schuh

in onc of logistics”, says Dr
Peter Gillmann from the
Institute.

Even the two to four
tonnes of liquid manure re-
quired every hour by the small
Zweckel power plant — about
equal to the oil needed for
combustion — constitute a
substantial transport and stor-
age difficulty. Considering that
the problem posed by liquid
manure is largely one of distri-
bution anyway, transportling
such quantities appears
impractical.

The Bundcsminis-
tertum fur Forschung und
Technologie (Federal Ministry
for Rescarch and Technology),
which aided the development
of this process with 1.1 million
DM, recently estimated that
20 million tonnes of liquid
manure could be "burned ofl"
every year, if all 5000 plants
under the 300 MW limit used
manure for nitrogen removal.

— Martin Schneider

vE

l

and gas.
equipped

|
?

i
i
:

B |
sia ity

i

4

!
g

1

1

:
p

il

J:
li
i

il
l
L

!
|

:
]

|

:
:

l.I
78

i
i

magnetic
tion. In fact, the devclopers
sce promising applications
even in the fleld of environ-
m nital

plants could t !
with, alt it would allow
much smaller and cheaper
designs. The engineers at KHD
scc possibilities of utilizing
this technology for sewage
trcatment. Certain con-
stituents of water read-
lly adhere to fron salt particles.
These salts could be removed
with the help of appropriate
equipment, thus causing a de-
crease in water pollution.

The field of microelectron-
ics offers particularly far-
rcaching perspectives.

— Dr. Bernd Schuh

AUTOMATIC

RESEARCH
STATION -

FOR climate and environ-
ment researchers, measure-
ment data from the Antarctic
is of great importance, but in-
vestigations are particularly
tedious because the transport
of supplies for the manned re-
search stations in rough ter-
rain is expensive and very ar-
duous.

In the near future, how-
ever, an automatic measure-
ment station, developed by
scientists at the Alfred-We-
gener Institute for Polar and
Marine Research AWI in Bre-
merhaven, will offer assistance.

In is currently being tested in
North Sweden and is to be
employed without personnel in
the Filchner Ice Shelf in the
Antarctic at the end of 1991.

As a precaution, the most
important instruments are
present in duplicate so that
this fully-automatic station,
which is to provide continuous
information regarding the be-
havior of the ice as well as of
the ocean currents un-
derneath, can operate trouble-
free and maintenance-free for
a whole year. The energy sup-
ply. which also encompasses
an emergency power unit, is
provided by two diesel genera-
tors, for which a total of 18
tons of fuel are available. The
probes, sensors and data
gathering systems necessary
for the measurement pro-
cesses are housed in a central
measurement container and
the temperature of each can be

regulated separately by means
of an air conditioning system.

A small-scale satellite for
the direct and constant
transmission of the measure-
ment data was developed by

student*s of the Technical Uni-

versity of Berlin and provides

the opportunity for the scien-
tists in Bremerhaven to moni-

tor and control the instru-

ments in the Antarctic from a

distance.

A further advantage

of this automatic measurement
station, which is also more en-
vironmentally-friendly, will be
that fits equipment ecorre-
sponds to just one pereent of
the supplies
manned AWI research station
Geory
total weight of approximately
2,000 tons.

required for the
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