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Dear ELGRA members, It is very encouraging to see such an enth
Please nd before you the 7th ELGRA Bstic interest of the young generation for dqEayeteW=YelalaWIY/(=t=1lgls]
ennial NewsLetter which now carries its aeloh
ISSN. Since the last issue from the end\®ffor previous ELGRA symposia we exf Opinion
2009 the landscape for microgravity-relatedaae student participation in our next Symp
ence has changed quite signi cantly. At giatm and we shall do our best to support thEESel=ale=
time the main European contribution to thevezue. In addition, we shall organize a conf
search capacity of the International Space f6tathe best student studies in both Physical SN
tion, the Columbus module, was just fullyLdp-Sciences, as we did previously. The
erational. Since then, quite some experinmenss in addition to receiving the ELGRA AWKl t 5 Magnetic levitation
have been performed in Columbus and wiliggresent their work to the plenum during
modules. However, some challenging timegeaesal session. Our Symposium gives us [={Ne]=yE]itle =811 Organization
ahead. The Space Shuttle will be decomagpertunity to award the ELGRA Medals.
sioned soon. This leaves the science coemiwo years, ELGRA honors two scientistg Reports from national delegates
nity with a serious reduction in download lcée and Physical Sciences for their outsta
pacity. All sciences will su er from this sitirag contribution to Microgravity Research. It Topical teams
tion; in particular those studies where growaisle the occasion at which the new manage
based analysis has a major share. ESAcantmittee of ELGRA will be elected during SRY/IYaslel= toa=T=03i[o]0]
others try to relieve this burden by develo@egeral Assembly. | would like to sincerely i
on-board analysis instruments, but surely thi#ggevolunteers interested in serving our AssqEIRSIS=
cannot replace the research capacities andtimat to contact me directly. At the next Geng
pabilities available in ground laboratories.Assembly the management committee will {iefe][F132]e\8tRrz1a10 B ity
solution to this limitation needs be found saaigni cant renewal. At least, a new presidg
At the same time, new American space cangdaa new vice-president need to be elected Award-winning student presentations
nies are developing modules that could be EEERA is an active organization and suppd
to return our samples. | hope European seienimber of national and international scientfi = Nel=¥Wal=e -1
tists are provided means to make use of thes#ings such as the joint meetings with ESA
or other download capacities. with the International Society for Gravitationgef=YalYAWAEI=1aal o] AA0[0]¢)
You will soon receive the printed publicatPimgsiology (ISGP). As ELGRA we are looki
from the last ELGRA Symposium in Bonn (i@&rthe possibility to organize even further jol @] {is T il=
many). Most papers are already online. Gbigerences.
thematic edition of Microgravity Science &hel near future will bring some major chanqE= el WO ol 11
Technology (MST) very well re ects the curregarding gravity-related research in Europe
status of our present research. As ELGRSingerely hope that the various national prief\l=Yale = ae =TIz a1
are pleased to have established rm relatgmasns, ESA through its ELIPS program, but 3
with MST and its publisher Springer. We time European Union through its EC-SPACE/F li={Ke]=¥.\ Corporate Members
investigating the possibility to have MST &&aill provide suitable opportunities for the ug
regular journal for all ELGRA members. community to carry out excellent science. ELGRA Management Committee
Please note that ELGRA organizes its nextt&i- prospect of extending the lifetime of
ennial Symposium the 21st since its foun&s to 2020 (and perhaps 2026) a bright f
tion during September 6 9, 2011 in Antwelpre seems to be ahead, although we Europ
Belgium. Profs. Floris Wuyts and Valenshauld also keep in mind non-ISS microgra:
Shevtsova, from the University Antwerp anpldtferms, not only for the after-ISS era.
Free University of Brussels, respectively, wilMish you an excellent year 2011 and look fi
our local organizers. ward to welcoming you all in Antwerp to ma
| also want to thank the ELGRA membersuonext Symposium a great success!
their support by assisting young researchers on

their path to gravity-related research through

the ELGRA Mentorships. For the past ydagk van Loon
ELGRA has been active to support the ESARHGRA President
cational programs Fly-Your-Thesis (FYT), SPpfaTA, YU-University
Your-Thesis (SYT) and Drop-Your-Thesis (DAMmgterdam, NL
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The Bonn Meeting

The Bonn Meeting Topical Teaffihermophysical Properties

Topical Teaif@omplex Plasmas
The ELGRA Biennial Symposium and General Adgethbly Topical Tea@OLFIN

Footsteps of Columbask place in Bonn (Germany) from Septem-
ber 1 to September 4, 2009 at the University Club of Bolin, a sBElasGRA has invited selected student teams (pre-daoefforal lev
and pleasant conference site a few steps from the rivier Riisgbmit their work to a special Student Session. Thesix tea
the centre of Bonn. The symposium was attended by abseiedfs@d have received a free student membership taBhERA fo
scientists from 22 nations. 89 oral presentations antrS9 ye. In addition, the presented oral communicatiorstesad po
were presented. were considered for a distinction award. The winninggadeas,
Apart from providing a forum for discussions and exchayg@gapofilla Pandol (Life Sciences) and Santiago AridsalPhys
results and ideas among scientists using (micro-) mrendtySciences), have been elected by all participants of dsa&usymp
elds of materials and uid sciences, life sciences aradogeh(see also pag#).
the ELGRA Symposium 2009 focussed on The organizers have encouraged submitting the papers pre-
sented at the symposium to Microgravity Science anddkechnol
The special issue will become available in January 20ifheas vo
23 (1). It will comprise twelve and nine papers from phgisical an
life sciences, respectively.

Columbus and other modules on ISS
Life support systems in space
Living under extreme conditions

Counter-measures/arti cial gravity The ELGRA General Assembly was held from 18:30 to 19:40
Magnetic levitation (compensation of the gravity force)ne minutes of the General Assembly can be found 3@ page
Exploration issues During the symposium ELGRA President Jack van Loon chairet
Soft matter mechanics of living cells a round-table discussion with representatives from &&iAgeg
Plasma and dust the Future of Microgravity Research in Europe. Theodis@ssi
European Chinese relations and projects partly focussed on the limited possibilities for irldéciéntists

Workshop on animal research and related technologyo perform their research in the ISS as was promised &t the sta

. f the ISS. The current trend goes to larger but lessfaaiiti
. The seven plenary lectures presented by Reinhold Ewalcﬁ f?gments. The projects currently being carried sedlisrba
Nikolayev, Laurence R. Young, Klaus Palme, Gregor,EElla/Io[S

. L . ad consensus from a large part of the user commuaity. Such
V. Roisman, and Christoph Lasseur. In addition thtsret:tbend dgep ary

2009 ELGRA Medal Alberto P d Dag Li erroach does not always result in signi cant sciemivations.
: : edal, Alberto Fasserone and bag Linnarson, ggv,e socigl side, the participants enjoyed a receptiom in T
impressive presentations, reviewing their work (segedp PHal

. . . . - | Bonn. The conference dinner on Thursday took plaet on a b
For the rst time in the series of symposia, ESA's Topisal y P

ﬁﬁng a cruise on the river Rhine. Since is has beconrg dark ve

have been invited to organize their TT Meetings as gﬂmtg% y the bu et received even more attention. Duringhéne din

sions next to the symposium. This o er was well receitied 8 Ent Awards were handed over

following teams took chance of this opportunity. The local organizers did an excellent job in preparimg-the sy
Topical TearRsychosocial and Neurobehavioral Aspegssaim including all events and the catering. Imageg from th
Human Space ight symposium can be downloadednvnamickr.com/photos/elgra

Figure 1: Participants of the ELGRA Symposium 2009gattieeigarden of the University Club in Bonn.

Announcement of the
ELGRA Biennial Symposium and General Assembly 2011
Gravity: from to x!

September 6 9 , 2011
Antwerp University, Antwerp, Belgium

for further information, pleasewisit.elgra.org
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Opinion 3
Opinion which lead to a revision of theories for dendritic grogthiand

re nement. In addition, containerless processinghegbvetdliem
Flagship instrumentation for the 1SS of dealing with high-temperatures, and chemically reatalic

melts. Therefore, it allowed to accurately measuretimeir th
Research in materials science provides the basis fodefurthleysical properties. These experiments representtimperta
velopments in most modern technologies, e.g. semsiclomdsetines.
information technology and photo voltaic applicaom®ta@s  The challenge is to transform these experiments into a sys-
for nano- and biotechnology as well as for aerospace -angb@idifc and vivid research program. Compared withlaresent-
motive applications, to name a few. Almost all indusethllesearch projects making use of earth-bound largesitiete fa
materials are molten in some processing step, speticealty {e.g. for neutron and X-ray scattering) the access ® rspaee i
ing. Solidi cation from the melt leaves its ngerprirtte iR t imited and the implementation time from idea to sargéngroc
nal material. Hence, it is of utmost importance to whdeestanrather long. As a matter of fact experimental resulerah ge
properties of the molten state and its solidi cationohefidné not 0n|y answer, but also generate new questions_ Ttexrefore
challenge in further developing processing techniqueseaindopportunity to carry out entire experiment series is ndected
als is to move from a trial-and-error approach to cosmstiet-a|low for a continuous adaption of processing paramhestes an
materials design. However, this is still hampered byman gécenvironment. In addition, a short realization tipgresdre
plete understanding of the basic physical mechanisnuthyatiiresults from microgravity experiments should pave fitre wa
mass transport and solidi cation, as well as by a lackabfeavaéw research elds and trigger new (earth-bound) expetimen
thermophysical property data. this context the materials science laboratory (MSls) fwitiaite
inserts and electromagnetic levitation device (MSLHektd) a
the International Space Station (ISS) is the Europegnamicro
ity platform in the years to come for research devotedais mate
science.

MSL is an experiment facility in the Materials Science Re-
search Rack with a modular design that allows for an in-orbit
exchange of dedicated furnace inserts. Currently eqtlpped
the Low Gradient Furnace (LGF) for investigations iratbe are
ow e ects on directional solidi cation of Aluminiund-bHdegs,

MSL is operational since November 2009. A second insert, the

Solidi cation and Quenching Furnace (SQF) was trangported

the ISS and is awaiting its commissioning. For MSL-EMit the r

experiments were selected. Beginning of operatiorhad&&d t

is foreseen for 2012. Science for the MSL equipmentaifyeventu

centered around proposals of three announcementsrafiepport

(AQO's) of the European Space Agency (ESA) of the years 1999 t

2004. And even more MSL research projects have been selecte

for the pool of potential ight experiments as a resultsoABSA

2009 round. MSL serves numerous and large internatanchl res

teams with in total more than 200 partners of universaashr

institutions, and industry. MSL is operating nominatigg Du

its rst year aboard the ISS twelve solidi cation expisriveza

performed successfully and the sample cartridgedsakedytoe

earth with the space shuttles.

Figure 1: Frank de Winne during commissioning of MSL aboHné processing of the rst batch of MSL experiments marked

the ISS, November 2009 (photograph: NASA). the begin of the ISS utilization in the eld of materiaigescie
However, due to a number of limitations, the design ramanoerfo

With the advent of microgravity platforms a new expefrife@MSL furnaces and of MSL-EML have been downscaled fron
tal tool has become available to study the propertiédsohtiduinitial expectations. Speci cations of state-of-t(eaetti-bound)
their solidi cation behavior under purely di usiveienadin the laboratory equipment outperforms that of the MSL funthéuves a
absence of gravity driven ow and sedimentation e dotd, $ewiation device in many aspects. For example, the &48& furn
microgravity experiments have been performed sirattieg, st er from limited maximum temperature and limited tesxmum
new light onto old problems and, in some cases, rendptid) fetature gradients, and the lifetime of MSL-EML is lyriked b
textbook knowledge erroneous. Recent microgravitgregeriifetime of the levitation coil, which cannot be replackd. in
directional solidi cation under controlled ow cosditian dif- Fortunately enough, additional diagnostics tools,ilabteaira
fusion of mass in liquid alloys have shown, that widedadbeppresent con guration, can be implemented at a latéorstag
physical laws have to be reconsidered. Another impaitanM$L-EML (inductive measurement technique, oxygen sensor)
through was the advent of containerless processingegeahniq In the years to come MSL is envisioned to be the workhorse
the microgravity environment. This technique gavepabeessf the materials science experiments aboard the ISS. New 2nc
measurements of growth velocities as a function oflingdegeoeeration inserts are currently under developmemér VWatiet
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Opinion

EADS Astrium and partners three fully MSL compatibée Inisévgical and medical research. Going from singldaocgll bio
were designed, built, and installed in laboratories aivisity to human physiology requires animal models. To bettmander
of Freiburg and my institute in Cologne. A oat zone futimad¢benadaptations of astronauts to microgravity or the gleante
rotating magnetic eld for crystal growth (Freiburgh geimg conditions requires the use of mammalian models (ricg, rats
perature isothermal furnace, e.g. for di usion experintemt Our current level of knowledge, suite of treatmentsrsityl afive
peratures up to 16@(Cologne), and a X-ray radiography ingearmaceutics is for the most part based on animal @gsearch.
that allows for an in-situ observation of di usion andataid reason for this decision is (lack of) funding. Sureds choi
processes in metallic melts (Cologne) are now opefédteseato be made with a limited budget. But over the years and with
inserts also represent state-of-the-art laboratoryneqtipThe various large entities like space agencies | also seetemathe
use of in-situ techniques aboard the ISS will become eatn i@t policy makers are less and less inclined to sup@brteanim
tractive, since it overcomes the restricted downldtdscaftac search. Large entities tend to be more and more sensiine to a
the end of the space shuttle operation in 2011. small group of persons like animal activists to domipatgi¢he
opinion. Complying to such a forceful and unbiased féew of li
sciences makes large entities hesitant to make impaontass pr
in science and hampers the progress in understanditigrgravit
physiology in this case. | think we all can very well explain t
the general public why we need to make use of mammalian mode
for our research. All colleagues working with animalsi¢hat |
over the last decades underline the principle to use amidittl
mals as possible to provide the answers required foularpartic
study. All animal experiments have to be authorized mahn ani
welfare committee before they can be performed. Onerhas to co
ply with the3 Rs: Replacement (use of non-animal methods such
as cell cultures, human volunteers and computer mstéelthg in
of animalsRe nement (use of methods that alleviate or minimize
potential pain, su ering or distress, and that enharadeasatim
fare for those animals that cannot be replac&s)danction (use
Figure 2: Compact and fully MSL compatible 110 kV X-gay réldipethods that enable researchers to obtain compauakde amo
raphy insert for in-situ monitoring of interdi usionlati¢ation ©f information from fewer animals, or more informatiba from
processes. same number of animals). Actually the 3Rs also comply very we
with space related experiments where in- ight resoareesyar

With an ISS utilization scenario up to the year 2020 arlimied. Space agencies, with there high level of tgclsnaldg
yond, the scene is set for a regular access to space tHatl igheyefore play an important role in developing techmsigport
for systematic research under microgravity conditionake Tof the 3Rs' paradigm. All space- ight related animad stisdie
maximum use of the space station in the eld of matenizds beiee to be reported and be compliant with the recenigphedtabl
the instrumentation aboard the 1SS must comprisetsaariofCOSPAR (International Council for Science, Commit&eeon Sp
and innovative experiment facilities. From a progrpenspatic Research) Panel on the Care and Use of Animals in Space-born
tive, the philosophy of multi-user facilities, maxihd@zimgnberresearch.
of users, but not necessarily the scienti ¢ outcomepr@eds tAnimal (rodent) studies are vital in the preparationréor fut
reconsidered. All-in-one devices suitable for evesg, mumeax-long duration missions to Moon and Mars. Especially the ESA
imum number of scientists, and many research eldsengihdt MIS facility with its advanced life support system amdtelabo
of the day in most cases not lead to the anticipated igiaktt@ntrifuge capability could play a leading role in thisl \vope
results. Consequently, agship instrumentation haglectes she MIS facility is only temporarily delayed and opjpestuilit
at an early stage and if inevitable, at the cost of a diversi be found for European animal physiologists to perfgravibeir
search program. It must be designed and built accorttisy teli&ed research.
speci cations and e ciently implemented aboard the K&8. In See also: Blottner et al., J. Comp. Physi@h B19 533
following continuous access to these facilities hasaotée ¢2009); doi: 10.1007/s00360-008-0330-4.
Only then we have a laboratory in space.

Jack van Lognjanloon@vumc.nl

Andreas Meyenaterialphysik@dlr.de ACTA, VU-University Amsterdam

Director, Institute for Physics of Materials in Space
DLR, Cologne, Germany

A MISsed opportunity

The ESA Mouse In Space (MIS) facility has recently besh stopp
for further development by a decision of the Program &oard. D
pending on whom you ask, this could be a temporary delay or
even a complete cancelation. Animal research is a vital part
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Figure 1: Cuts through the ZARM drop tower facility in @xeamahthe capsule (B) containing the heart of the BE@=axp€ji

The capsule is released from the top of the tower (D) aptli®deafter a free fall of 4.7 s through an evacuatss stwal tube

at the bottom of the tower by a 8-m-deep pool of polystyse(ie).da the process of recapturing the capsule, iheepkpes

to survive decelerations up to 56Qaftisut 50 times the local gravitational acceleratiocdpdiiie contains all of the components
necessary to prepare and observe a BEC, such as theslaseiosysioling the atoms, the ultrahigh-vacuum chhrtireatein
chip, the current drivers and power supplies, a chdegedsuige (CCD) camera, and a control computer. Senr@zmedt, \et

al., Bose-Einstein Condensation in Microgravity, S2i&ridcei0 (2010).

Science to the development of the theory of general relativityav&he w
nature of matter manifests itself in a striking way iniBste@E
Scienceeports on the rst Bose Einstein condensatmwlensates, where millions of atoms lose their idbntity lae
in microgravity described by a single macroscopic wave function. Wéheseabine
two topics and report the preparation and observatiosesf a Bo
T. van ZoeStN. Gaalodi,Y. Singh,H. Ahlers,W. Hert, S. T. Einstein condensate during free fall in a 146-meteadatiteu
Seidef, W. ErtmelrE. Rasél, M. Eckart,E. Kajarf, S. Amold, drop tower. During the expansion over 1 second, theratoms for
G. Nandf,W. P. SchleidR. WalserA. Vogel K. Sengsto¢kS. a giant coherent matter wave that is delocalized on &enillime
Bongs, W. Lewoczko-Adamézlyk, Schieman§Kl. Schuldt,A. scale.
Peter$, T. KdnemarH. MiintingdC. Lammerzat, Dittus, T.
SteinmetzT. W. Hanstland J. Reicfletinstitut fiir Quantenopgy) for the development of the theory of general réBSiyitg].
tik, Leibniz Universitat Hannover, Welfengarten 1, 36!16\7eH|n such an environment, there are locally no gravitatiesal f
Germany)nstitut fiir Quantenphysik, Universitat Ulm, Albertinges that gave birth to the equivalence principle. sWherea
stein Allee 11, 89081 Ulm, Germiamystitut fur Angewandtgsp yjes the macroscopic world, quantum mechanics (QM) dom
Physik, Technische Universitat Darmstadt, HochssbuBAig, 05 the microscopic scales and reveals the wave ratere of m
64289 Darmstadt, Germdystitut fur Laser-Physik, Univegose Finstein condensates (BECS) [2,3] exist on theesorder
sitét Hamburg, 22761 Hamburg, GerfMigfands Ultracoldy e quantum and classical physics; they are govereed by th

Atom Research Centre, Birmingham B15 2T6I'—,|um§0Idt— laws of QM but can take macroscopic dimensions. We took ad-
Universitat zu Berlin, Hausvogteiplatz 5-7, 10117@&miany, antage of the absence of gravity in a freely falling étevato
‘Center of Applied Space Technology and Microgravity, (44

The gedanken experiment of a freely falling elevator was cru

Maximilians-Universitat, Schellingstrasse 4, 8079%N iBer- expansion times up to 1s that are di cult to reach in Eamth-bo
many$Laboratoire Kastler-Brossel de I'Ecole Normale Sepefigil o tories.

24 rue Lhomond, 75231 Paris, F @iqo.uni-hannover.de The extended time of free fall allows us to observe the ultra-

Albert Einstein's insight that it is impossible to distirgglocal slow expansion of the released BEC to a macroscopi@veatter-w
experiment in faeely falling elevatdrom one in free space Ig@cket, which provides us with a probe that is highlyesensiti
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Science

magnetic and gravitational elds and represents a tesiimd) g. A. Peters, K. Y. Chung, S. Chu, Mami@49 (1999).
for physics at ultralow energy scales. We have perfariethn®rW. P. Schleich, M. O. Scully, in New Trends in Atomg; Physic
180 experiments to demonstrate the feasibility of coateentProceedings of the Les Houches Summer School 1982, Sessio
wave experiments in microgravity [4], thus opening ueauevéXVIll, G. Grynberg, R. Stora, Eds. (North-Hollandjatmste
for high-precision measurements in space [5]. Theldrge f884), pp. 995-1124.
expansion times of a BEC is motivated by the increasévin €n8§l. Fray, C. Alvarez Diez, T. W. Hansch, M. Weitz, Phys. Re\
ity of an inertial sensor based on an atom interferorhetes Wiett.93 240404 (2004).
square of the time [6] the atoms spend in the interfedsnaetéd. S. Dimopoulos, P. W. Graham, J. M. Hogan, M. A. Kasevicl
result, cold atom-based sensors, such as gyroscoppetargrahys. Rev. Le®8 111102 (2007).
[7], might reach an unprecedented sensitivity thatsasrynéce$l. T. A. Pasquini et al., Phys. RevAT,e093201 (2006).
perform tests [8] of GR. Moreover, recent advancespiicatd-al. Billy et al., Natu4&3 891 (2008).
technology have led to the preparation of tests of tHenequild. G. Roati et al., Natds3 895 (2008).
principle with matter waves [9, 10] rather than maaysisopss 14. T. van Zoest et al., Sci@28:1540 (2010).
In g. 2, we display the long-time evolution of a BEC during
the extended free fall in the drop tower. Three absoagisn im
corresponding to expansion times of 30 ms (g. 3a), 5@&hs (g
and 1000 ms (Fig. 3C) are shown. This limit is di cult to reach
in standard BEC experiments but is relevant for theiafservat
of quantum re ection [11] or Anderson localization FL248]
atom interferometers in space will probe the boundany G&we
and QM. Details of the experiment, the technology andtthe res
can be found in [14].

This project is supported by the German Space Agency withidieads prov
by the Federal Ministry of Economics and Technology (BMWi) under grant
number DLR 50 WM 0346.

0.7 1.7 27
x [mm]

Figure 2. Gallery of absorption images of BECs created and ob
served in free fall (A to C). The series starts with a tghe af i

30 ms (A), which is typical for Earth-bound laboratomeniger

The following two gures correspond to expansion tindeasof 50

(B) and 1s (C). In the latter case, the BEC extends ovecen dista
of more than 2 mm in the z direction. Source: T. van Zgest, et al
Bose-Einstein Condensation in Microgravity, S8&hdb40

(2010).
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Please note that all ELGRA members are invited and ehcourag
to submit material including meeting announcementewasad rev
reports or summaries, books announcement and refiews, brie
search highlights, member news and editorials. Plegseirsend
contributions to the ELGRA Publications Editor (seeageyer p



News V4

News Nobel Prize for Physics 2010

ol : PR ort by J. W. A. van Lanrich Experiment Support Center,
The rst partial-gravity research campaign in Eur@ﬁ%ersity of Amsterdam, van der Boechorststraat 7AMS1BT
S. J. de Vet, M. G. Kleinhans, H. Markies, A. C. in 't Vel ater@iam, The Netherlarjdgnloon@vumc.nl

Postemdnstitute for Biodiversity and Ecosystem Dynamics, /E’r\]'é{‘r’é Geim received the 2010 Nobel prize for physicajithared

University of Amsterdam, Postbus 94214, 1090 GE Amberﬂ%mcmleague Konstantin Novoselov. He received tloe Ipisze f
Netherlands.j.deVet@uva.nl

initial work on graphene, the two-dimensional formrof Gaibo

A Dutch team of scientists from the University of Amdterdaimis a remarkable mind. He is also active in the developevent of n
University and the Technical University of Delft tookskiethe@dhesive materials based on natural structures, swuoateet-b

in September 2009 to carry out the very rst partial-geavitigs. However, more interesting for our society is thetg@#ier,
search campaign in Europe. The Netherlands Space @deBeny, also received the 2000 Ig Nobel Prize in physics. The re
ights logged 46 parabolas during the rst campaign addgiroeived thialternativéNobel prize based on their experiments with
studying the avalanching behaviour of granular sedirot@s a levitating frog (actually a toad) while he was workimdfagtth
planetary bodies. Magnetic Field Laboratory in Nijmegen, NL. The Ig Nolsl awar
ceremony is traditionally closed with the wbrdsi didn't win

a prize - and especially if you did - better luck next feaoin-

ment in an article in The National, tiletbble side to Ig Nohels
says that although the Ig Nobel Awards are veiled cfitiidism o

ial research, history shows that trivial research seieeti¢o
important breakthroughs". This statement surely h@dsifpr

inal work on levitating biological samples. This aleefoatieal
microgravity / near weightlessness experiments hasjujned
some attention in the last decade. Seénalsous: Magnetic
levitationon pages in this ELGRA NewsLetter.

Figure 1: Flight crew and scientists with their Cessita litat
laboratory aircraft in the background (courtesy F. vgn Olde

Up until now avalanching processes have been assumed to be
independent of gravity. It in uences the angle of repdsa fou
piles of grains such as rice, sand, diamonds or orangesuand is
ally assumed be constant around 30 degrees. E ects @f reduce
gravity on avalanching may be especially relevant iapksdsc Figure 1: Nobel price winner 2010 Andre Geim.
for the interpretation of hillslope processes, wind dtines o
lee side of river deltas. Such landscape features asmtimport
for determining the present morphodynamics and peléactima
the geomorphology observed on rocky planetary bodiss such a
Mars. Experiments from the University of Amsterdamchnd Utre
University, therefore, employed rotating drums analdhthav
aquariums (hele-shaw cells) to record the changes ileshefang
repose during avalanching in reduced gravity and to tstudy au
organisation (sorting) processes in sediment mixiuasyini
grain sizes and angularities.

The ights were carried out using a specially develoja¢d part
gravity ight director onboard the Cessna Citation Ithejgta
maintained by the TU Delft and NLR. Meanwhile a new research
campaign with the Citation is in the making. Partial-geavit
search is moving to the forefront with the European Space Age

recently announcing their own partial-gravity paragaiicam- Figure 2: Levitated frog.
paign.
wo KKK
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In focus: Magnetic levitation

In focus: Magnetic levitation each point of the uid. Note that the proportionality men-
tioned above means thaancels from the compensation criterium

which can be rewritten as

Vadim S. Nikolayeervice des Basses Températures, CEA- @? 2.9
Grenoble and PMMH-ESPCI-P6-P7, 10, rue Vauquelin, 75231 @z ’
Paris Cedex 5, Franeadim.nikolayev@espci.fr

Magnetic gravity compensation in uids

wherez is he vertical axis. One notices that the quantity
The opportunities of space experimentation are rare wad-thes = 2 (g= is substance dependent. It de nes a value of the
ing time is often very long. For this reason, other waigviolgag? gradient necessary to compensate the gravity in arparticula
reduced gravity (or simulated reduced gravity) areeoftas aissubstance. This parameter is presented in the g. lu®diario
replacement. Magnetic gravity compensation in uideais- infiagnetic substances. Several important conclusionmsazin be
ingly popular as a means to achieve low-gravity for jimgsigadm the above compensation criterium. First, onehaotites t
life sciences studies. Comparing to other approachemnisontains neither the mass nor the density. The massenvarian
has several undeniable advantages. means that if the sample consists of several pieces af the sam

substance but of di erent masses, the gravity is cothpensate

It is performed in a groun_d—based facility With N0 MPYUMFof them. The density invariance enables the gramity com
parts so that a good security level can be achieved

i o o ' sation in the samples consisting of gas, liquid or sail gfhas
the low gravity duration is unlimited, the same substance, which is helpful to study e.gzatipstali
in principle, no waiting time is required,

evaporation.
reasonable cost,
possibility of a constant controlled gravity level (that of :
Moon, Mars etc.), 3500 [
possibility of controlled time variation of gravityafsigul :
acceleration of space vessels).

4000

3000 |

2500
However, there are some important limitations; theyewill be
plained below. :
Magnetic gravity compensation means (total or partial) con ~ 1s00 |
trolled reduction of the gravity fatceach point of the ohject '
This de nition is not equivalent to that of magneti¢devitdie

G (T?/m)

2000 F

1000 F

latter requires that the object be suspended, which deessaot 500
sarily means that the gravity is compemssitieihe object when of ]
it is rigid or is inside a rigid container. An example atiolevit H, D, CH, CH HO CH,

without compensation is a transparent bowl placed ocom-super

ductive disk [1]. The bowl contains water with a gold sh,:ig'mg 1: The valuesjgfadB2)j required for gravity compensa-
whole system is levitated. The photo published in [1hahoy, tior di erent diamagnetic uids.

the meniscus of the water is at, which means that bothdvater a

sh still experience the strong gravity. One notices that there is a strong variati®rfrom one to

The substances of practical interest for micrograiaty atusther substance. It means that if a mixture is usedtytvagra
seem to be non-magnetic, which means that they do notossgspensated exactly only for one of its componemist This f
their own magnetic eld or develop it when put into anl exieseants one of the limitations of the magnetic graeitsatiomp
eld. However this is not entirely true. Their inducedistsl ®ecause the other components are still subjected toctivee e e
but it is times smaller than the external eld. Thelue is gravity acceleration that should be carefully estiraegplies
much smaller than unity. e.g. to multi-component biological tissues.

One can distinguish two classes of substances: para- and Bi@bably the most restrictive limitation of the magnatyc gr
magnetic. For paramagnetic substarce® which means thatompensation method concerns the magnetic forceog&hbeter
their own eld has the same direction as the external eldityTht turns out that the ideal compensation cannot bedaichie
direction of the own eld of diamagnetics is oppositextetheaegiven volume, even if the uid is homogeneous [2]. sespost ca
nal eld (i.e. < 0). Itis important to note thas proportionalit can be achieved in only one isolated point. Howevey one ma
to the density of the substance, so that the speci c magagpmach the ideal compensation conditions with a graey acc
susceptibility = = can be introduced. in any volume.

The force that acts on the unit volume of a substance in the mtag compensation quality can be characterized by the spa-
netic eldB (measured in Teslafis= ( =2 ¢)gradB?), where tial distribution of the e ective gravity accelergtior §+

0o=4 107 [Tm/A] is a universal constant. This expregsign)gradB?) or with the non-dimensional acceleration hetero-
means that the magnetic force is not created in the hasogeneity* = g.r=g These quantities are de ned by the design
eld (where the gradient is zero). The general idea ofomagnat superconductive solenoids used to create the mlaigneti
gravity compensation consists in counterbalancingtthtbogr@ and are speci ¢ to each of them.

per unit volunf& = g (wheregis the gravity acceleration) with Note that these quantities are vectorial and for most instal
the magnetic forEg, so that their vectorial sBigt+ Fy = 0 at lations the magnitude of the radially directed conmipdeeatt
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In focus: Magnetic levitation o]

least one order of value larger that the axial coniporiém corrosion capability. In particular, OLGA allows theresgsmte
terms radial and axial are relative to the verticaloattie acceleration (or deceleration) to be simulated by fgstoftibea
cylindrically symmetric solenoid. The maps for thedsgigtialmagnetic eld [4]. Both OLGA and HYLDE are the ground-based
butions of, and"; are very important parameters and are spkdiilities of the ESA and are available to the scienti oréigmm

to the installatioandto the levitated substance.

It turns out that one may estirhatéth precision even withgeferences
out these maps [2]. For a spherical volume oRyddeisalue
of the constar® specic to the given substance, the requitk&h. Ball, Superconducting boost for gold sh, Negu3d7
eld B created by the installation gnd the heterogeneity ate (H2R0).
by the following expressi@h:= % 3GR&' + ",). For in- [2] L. Quettier, H. Felice, A. Mailfert, D. Chatain, arysdnsBe
stance, to provide the gravity heterogépeity, = 1% inside Magnetic compensation of gravity forces in liquidigas met-

a sphere of 50 mm diameter for water, the magneticomsgaigging intrinsic limitations of a superconducting loyagsiag

should create the eRi= 41T. This value is close to the wofdromagnetic inserts, Eur. Phys. J. AppBPHg. 175 (2005).

eld record obtained with the hybrid (superconduciistasgpd3] V. Nikolayev, D. Chatain, D. Beysens, and G. Picla@vant, M
installations. Such a gravity compensation instaltaiidnbes netic gravity compensation, Microgravity Sci. Techmmheér
extremely expensive. For the Beld 16:5T (maximum eld 02010). DOI: 10.1007/s12217-010-9217-6.

the existing magnetic compensation installationsps@ethel[4] G. Pichavant, D. Beysens, D. Chatain, D. Commuimal, C. Lor
estimation results in the heterogeheityl :2 % attained withirand A. Mailfert, Using superconducting magnet to reprioétuce

10 mm diameter sphere. variations of gravity in liquid oxygen, MicrogravitgcBaiolT (to

Some precautions need to be taken in order to avoid a @peas-2010). DOI: 10.1007/s12217-010-9232-7.
induced additional magnetic force heterogeneity [Bhpipeaa
if the cell contains the magnetic atoms (Fe, Co, Ni,retggdmFo
ple, the stainless steel as a material for the contageuppatrt
needs to be avoided and replaced by diamagnetic metals
alloys (titan, brass, etc.).

The available magnetic gravity compensation instalRgi@n C. M. Christianéfigh Field Magnet Laboratory (HFML),
worldwide are shown in the table below with their mainguardmstitute for Molecules and Materials (IMM), Radbouitynive
such as the maximum allowed vallBsral G and the maxi- Nijmegen, Toernooiveld 7, 6525 ED Nijmegen, The Ngtherland
mum diameter of the experimental cell that can be usgfb(seecBistianen@science.ru.nl

Ril&ble gravity using strong gradient magnetic elds

references.). Magnetic levitation is now well established as an attrettiod
Location B.T G T/m @ mm to realize microgravity conditions, as one of the Ezdtfalbas
Nottingham, UK 16.5 2940 50 ternatives for experiments in space. Over the yearslé#uis has
Nijmegen, NL 17 3000 40 to the worldwide installation of many superconductieigsysgn
Gainesville FL, USA 15 3000 66 tems dedicated to achieve magnetic levitation in redaayeabl
760 195 volumes for extended periods of time. An importantgetsfgn ta
Providence RI, USA 95 3200 11 such magnets is the capability to, at least, levitateeqaieng
Xi'an, China 16.12 3026 51 a magnetic eld gradient equal to 1380, Twhich is important in
Hiroshima, Japan 15 3000 50 view of applications in uid dynamics and biology. As aloawn b
Tohoku, Japan 4000 52 it is, however, often desirable to have even higher ietdgead
Tsukuba, Japan 8.5 448 50 your disposal. These high eld gradients can be readlilgdobta
17 1600 by using the large water-cooled electromagnets thailavke ava
Grenoble, France 10 1000 50 at some large installations around the world, speciatizdéihg
2 10 180 the highest possible static magnetic elds. This dontshotvs

_ _ _ how these strong magnets can be used to produce largje gradier
More powerful installations that can pr@ide2900 f/m magnetic elds, what are the precise speci cations ajtieéi-ma

can levitate water (see g. 1). They are constructed invayclt&lly tuneable gravity and how this can be applied ingtinee di
that the slot (called bore) where the cell is placed is eattamypies of magnetic levitation.

atmosphere and temperature. They can be used for tbatexperim

with the biological tissues described in the next attiiteiof o - ;

sue. Some installations are suitable for the experithetis vl\\I/IJaX|m|zmg the gradient magnetic elds
cryogenic uids. This is the case of two last installediatesi én An obvious approach to maximize the magnetic forcasigéo max
our group, HYLDE (Hydrogen Levitation DEvice) and OLGAhExpgnetic eld strength. At present, the highesetdatiare

gen Low Gravity Apparatus). Important results on thesdgeararated using powerful electromagnets, operategh &088 (

of phase transitions (phase separation under vibegt@atien T) or in combination with a superconducting magnet @grid m
and boiling dynamics, etc.) have been obtained in HYLDE{, ageto 45T). Figure 1 shows a picture of a 33T poly-Bitter
[3] for their review. OLGA is helpful in simulating tHerbethawmagnet at the High Field Magnet Laboratory (HFML) in Nijmege
the liquid oxygen in the fuel tanks and cryogenic engines[Df. AComparable systems are available at the LNCMI in Greno-
iane rocket. The magnetic gravity compensation renoalys ke (France), the NHMFL in Tallahassee (USA) and the TML in
way of low gravity experimentation with oxygen becausglofTsukuba (Japan).
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10 In focus: Magnetic levitation

the density) anglithe gravitational acceleration. Levitation occurs
whenFy, = Fg, leading to the following condition:

B(2BY2) = — o9 ()

which only depends on the ratioafd and is independent of
the volume of the object. Given the usual pro le of mgg2a}s (
this leads to magnetic levitation that is stable for diticniangn

terial ( < 0), in both horizontal and vertical directions [2]. Filling
in the parameters of water gives a vaB@@Bz) = -1360 #/m,

which typically occurs aroBd- 15T. It is convenient to de ne

a dimensionless e ective gravity according to:

G =1 —B@BY (3)
od

Figure 1: A picture of a 33T poly-Bitter magnet. The magnet
consists of 4 electrical coils, mounted inside a 1 m,dlameter
high cylindrical housing. At maximum eld the electrieat cu

is about 37000 A using a power of 17 MW. The magnet is cooled
by cold water (1£) at a ow of 145I/s. Access for samples and
in-situ measurement equipment is possible from abol@vand be
the magnet, inside a 32 or 50 mm diameter vertical bore.

77

W\

The pro le of the magnetic @&¢) within this 33 T magnet
is shown by the solid line in g. 2a. The eld is maximaicat vert
positionz = 0 and decreases in either direction. An object with
volumev and magnetic susceptibilitexperiences a magnetic
forceFn given by:

N\
N
A
L
S
.

V Figure 2: a) The magnetic eld prB(g) of a poly-Bitter magnet
Fn= —B(@@)B%2); (1) at the maximum eld of 33T (solid line, bottom scale)ulFhe res

0 ing magnetic force is proportion&®BYz) (dashed line, top

which depends on both the magnetic eld stB{mpeind the scale). b) The e ective gravity, calculated for watermitia f

eld gradientBYz) = dB=dz( o =4 10 "H/m is the mag-(3), as a function of position at di erent center magnstty. eld

netic constantfs, thus strongly depends on the position in@ldene e ective gravity for water around the levitatt@n fosi

the magnet and is equal to zero at the eld certed)(and several valuesif. In a region of several millimeters milligravity

maximal at some positions above andzel@v(dashed line can be reached.

g. 2a). The precise pro le of the magnetic force is gihen by t

geometry of the magnet and thus varies from magnet to Thiggegtiation reveals tiat can be varied continuously within

For the case of the 33T magnets at HFML the maximum raagragitet by varying position and eld strength (g. 2bg In th

force is situated at 60.7 mm from the eld center withrat gfadid center, wherBY0) = 0, the e ective gravity is equal to 1

B(2BY2) = 6.058Z and a eld strength 8f=0.78@,. The (normal gravity), irrespectivBoofAbove (below)= 0 the ef-

dashed line in g. 2a illustrates that with centeBgkd 33T fective gravity is reduced (enhanced). Bgpurkb T the eld

the maximum gradient is equal to 6680 At that position thg@radient is su ciently strong to re&h = 0 for water atz =

eld strength is 26 T. These strong gradient magnetiarets 60.7 mm, simultaneously Bith= 2 below the eld center at

used for several distinct types of magnetic levitationeexpe z = -60.7 mm. This situation can be used conveniently to study

the e ect of gravity by positioning three samplesGt thed

z=60.7TmmM)& =1(z=0)andG = 2 (z= -60.7mm)

points within the magnet. In this case th@ position is also

The magnetic force can be used to counterbalance tiengtauitgportant as a control to verify whether the magnetiseléld it

forceFy = mg withm the mass of an objettX V, with  has any inuence on the experiment. Increasing the tnter e

1. Regular magnetic levitation
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In focus: Magnetic levitation 11

strength leads to much higher values of the e ectivefgr8yity
= 33T itis possible to continuously @ryfrom -4 to 6 ( g. 2b).
In order words magnets can be udadddhe e ective gravity
including normal gravity, inverted gravity and migroasavell °
as Lunar and Mars gravity.

The tuneability dB within a magnet is a powerful tool.
However, a disadvantage of this e ect is that it is vedy dicu d) Nickel Sulfate

to realize true micrograviBs (< 10 %) in extended regions of B, =0 B, =1.6T B, =35T
space. Figure 2c illustrates this point. Within a regémeraf s BB'=0 BB'=37.5T/m  BB=1755Tm
Gy,=1 G,=0 G,=-35

millimeters milligravit@( < 10 3) can be reached. Expansion of
this region would require magnets that are optimizeer&ingen

a maximum, homogeneous eld graB{@®Big)), rather than a
maximum eld strendgh

e) Henn egg-white lysozyme
2. Magneto-Archimedes levitation

So far we have neglected the in uence on the medium irewhich th

levitation occurs, as if considering levitation in vatuuany

experiments the levitating object is situated in a mediam wi == o) e wm b

density megand a magnetic susceptibilifyqthat are di erent 0 260T 270T 275T 29.0

from those of the object. In normal gravity (and withetit magn 0  -4130 ¥m -4450 T/m -4630 T/m -5140 T/m

forces) this leads to buoyancy forces given by the dnetenee 1 0.07 0 -0.04 -0.15

sity (as rst described by Archimedes). In the presempeté ma

eld gradients this leads to a "magnetic buoyancy" thes @epgigure 3: a) A growing crystal depletes its surroundiiag solu
the di erence in magnetic susceptibility. The conditiagfietic leading to a depletion zone (1), a growth plume (2) anctigeconve
leviation now relies on balancing buoyancy rather thaiogiv ow (3). b) At zero e ective gravity convection is candelied a

El

O B

forces, leading to the expression: di usion eld expands. c) In inverted gravity the buosigeny d
convection is reversed and a downward growth plume.is formec
B(2)BY2) = med o; (4) d) False-color Schlieren images of a growing nicketsysfate
med corresponding to normal, zero and inverted gravith§élowyS

which in general leads to a di erent value of the maguetif2Rl]y images of a growing lysozyme crystal (dashedmitefes)
gradient, as compared to that given by eq@ationspme case¥a'0US conditions of e ective gravity [7]. Scale lemysoookto
levitation is facilitated by this magneto-Archimedes/barcthe 0-> MM
object is positioned in a paramagnetic @) medium, such as o . . _ _
pressurized [3] or liquid [4] oxygen. In other casesdlyefspeci .The. criterion for damping convection during crystahggrqwth
diamagnetic media, it is more di cult to reach levitatiam- Aduite di erent from that for both regular and magnetoedeshi
portant biological example is the magnetic levitati@mafopem levitation. .Th|s follows from the fact that .for smalbnatiiat _
in water that requires much higher eld gradients than legulconcentratioo c_)f the solute, both th_e density and the suscepti-
itation [5]. Similar e ects can be expected for balameitygogrPility depend linearly on concentration, g~ ¢ + o and
the di erent components within biological cells. Inabesehe (€)= € + o. This means that equatijrchanges into:
ability to apply the highest possible eld gradients i@l.cruc

1o apply fhe highest p ° B@BY) = — o0 ©)

3. Suppression of buoyancy-driven convection: appiicayi®-

tal growth The suppression of buoyancy depends therefore on tie concen

tion dependence of the density and susceptibdlitg (), and
In the past many studies have been performed to ap@yitgicnagron the density and susceptibility themselves, andbamdr
conditions during crystal growth to improve the quajisgaté.cmagneto-Archimedes levitation. The buoyancy forcesbeeed t
A growing crystal extracts solute from the solution dochtiyusbalanced in a liquid withcantinuousange of concentration de-
reduces the mass density of the solution. Under the if upecelentiamagnetisusceptibilities and densities, requiring very
gravity the diluted liquid close to the crystal surfacsendle di erent values of the eld gradient.
to buoyancy, which leads to a convection pattern, gatpiisin  The suppression of buoyancy-driven convection by gradient
(typically 0.1-0.3 mm) laminar ow boundary layer ¢(hepdete) magnetic elds has recently been demonstrated for thesfgrowt
and a so-called growth plume on top of the crystal ( g.iS8apolthparamagnetic [6] and diamagnetic [7] crystalSdSigoves
buoyancy-driven convection maintains a high growtth cate afalse-color Schlieren images of a growing paramagkedtisulic
tinuously supplies impurities to the surface of the emydta, fate crystal positioned in the maximum eld gtzel@nthe eld
therefore, detrimental for the crystal quality. Witheettiom, center. Without applied magnetic eld (normal gravitgagee
as under microgravity conditions, this plume disappeas; dhows a narrow depletion zone and a clear upwards grewth plum
remains the sole means of mass transport, and the depmetiirazeld gradienB(z)BYz) = 37.5 #/m the growth plume disap-
expands to in nity ( g. 3b). pears, leading to an expanded depletion zone. For avetdhighe
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12 In focus: Magnetic levitation

gradients the growth plume is directed downwards asd rpsedtsion of convection using gradient magnetic etfsrgsiéh
the inverted e ective gravity [6]. Figure 3e shows kaditavgs growth of NiSO6H,O, Appl. Phys. Leiz, 214105 (2005).
raphy images for a diamagnetic hen egg-white lysozyme (MEM/LC. R. Heijna, P. W. G. Poodt, K. Tsukamoto, W. J. de Gri
crystal, positioned at the maximum eld gratievethe eld P. C. M. Christianen, J. C. Maan, J. L. A. Hendrix, W. J. P. va
center. At zero eld and eld gradient the convection pluBrekevort and E. Vlieg, Magnetically controlled grawitgeim
clearly visible as a white streak rising upward from tdle krysrystal growth, Appl. Phys. 19€t264105 (2007).
the picture the crystal itself is blurred because forgghptgw
out-of-focus images have to be taken. Most strikingigwthe g
plume disappears, and thus convection is suppressadieat a gr
magnetic eld of -4456/m ( g. 3e middle panel), whereas higher
eld gradients lead to inverted gravity and a downwartts gedable diamagnetic levitation of water droplets and bi-
plume. Note, once more, that the eld gradient requiesdpforalogical organisms
ening the buoyancy-driven convection is much higheait flean th ) )
regular magnetic levitation. Both for Nickel Sulfate \whdtktg Richard J. A. Hill,  School of Physics and Astron-
experimentally determined valueB(@#B%z) compare favorablyMmy University of Nottingham, Nottingham NG7 2RD, UK,
well with the measured values famd  [6,7]. richard.hill@nottingham.ac.uk

Especially the last example involving diamagneticpystein
tals is of particular interest, because high quality prgttals
are essential for accurate structure determinationybgryéra

tallography, and knowing their structure is of grealo§ichhop |evitated droplet of a homogeneous liquid such as puoe wate
importance. Space based protein crystal growth in #§ro .gig@y||-mixed solution, behaves in very nearly the sameway as
has therefore been actively pursued. To show that insleed Higpet in orbit: just as the centrifugal force balangesvtte
pression of convection a ects crystal growth, the deoeithwa (o4 force on an orbiting spacecratft, the diamagestigfoses
lysozyme crystals@t =1 and 0 has been measured, at otherjgerorce of gravity on the levitating ligoiain to the molecu-
identical conditions. It was found that the growth rateydeoRsr |evel However, there are some subtle e etitialdbrees
factor of fteen, from 3@ to 2 2 m per hour when convectigp 5 |evitated droplet forces due to non-uniformity ofetire e

is stopped and the depletion zone is expanded [7], s&ilis t§ye gravity as Vadim Nikolayev outlined in his paper eBpag

1. Introduction

obtained under space-based microgravity. For biological (and all non-homogeneous) materialjati@nsit
is made a little more complicated by magnetic alignnient e ec
Conclusion and stresses induced by the di ering magnetic susiesptbili

biological tissues. We can, however, control for theby euee
Gradient magnetic elds o er a powerful way to tune tieee gf{g identical experiments at di erent positions wétljrmthent
gravity under Earth-based conditions, with relatiyelgceass magnetic eld, as we shall discuss below.
and availability. This paves the way for many intergsting ex
ments in a wide variety of research disciplines. Watkpolysl L
Bitter magnets provide a very useful tool to generatbebe ?ligStable levitation of water droplets

possible magnetic eld gradients that can be used foramgjula 1991, Beaugnon and Tournier succeeded in levitdétsy drop
magneto-Archimedes levitation, as well as to manipuateonof water and organic liquids inside the vertical borelofedchig
submission of a proposal for magnet-time within the B&DMagetic Field Laboratory [1,2]. The levitatiostatss if displaced

consortium (www.euromagnet2.eu). slightly, a combination of magnetic and gravitatiesaiefomed
the droplet to its equilibrium position [3,4]. Droplelisirof &nd
References hydrogen at cryogenic temperatures have since besh teuvitat

see [5,6] and references cited within, and [7].
[1] S. A. J. Wiegers, P. C. M. Christianen, H. Engelkamp, Ajfdgspherical water droplet is “plucked’, say by a puitof air,
Ouden, J. A. A. J. Perenboom, U. Zeitler, J. C. Maan, itte lyjghilfates, ringing like a bell at several di erent foiepiefthe
Magnet Laboratory at Radboud University Nijmegen,eimpoyeduencies depend only on the liquid's surface tensien-and

Phys.159 389 393 (2010). sity, and the radius of the spherical drop at rest (thissabstim

[2] M. V. Berry, A. K. Geim, Of ying frogs and levitrods, \B&&ous e ects are negligible, which is the case for oyaés dr
Phys.18 307 313 (1997). larger than a few micrometres in diameter). Lord Raideigh de
[3] Y. Ikezoe, N. Hirota, J. Nakagawa, K. Kitazawa, Mekingined the dependence of the frequencies on these duantities
levitate, Naturg93 749 (1998). 1879. Hence, by measuring the oscillation frequencissiyof a f

[4] A. T. Catherall, L. Eaves, P. J. King, R. Booth, Bldaiingsgspended droplet, we can determine the surface telsion of t
cryogenic oxygen, Natd2 579 (2003). liquid, without requiring any mechanical contact witfuithe |

[5] K. Guevorkian, J. M. Valles, Jr., Swimming Parammegum inWe can levitate cm-sized droplets diamagnetically te measu
netically simulated enhanced, reduced, and invetie@miavithe Rayleigh frequencies, but there is a caveat: they festes'
ronments, PNAS®3 13051 13056 (2006). that push the droplet back toward its stable equilibrntnagioi

[6] P. W. G. Poodt, M. C. R. Heijna, K. Tsukamoto, W. P. deszaiiditional cohesive forces on the drop, perturb@ugritenspf

C. M. Christianen, J. C. Maan, W. J. P. van EnckevortStpVlasgillation frequencies slightly [8,9]. We can thirdedbthes
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In focus: Magnetic levitation 13

as tidal forces: spatial variation in the gravitatiodals e¢- surface tension, holding the drop together, could naxterthe
sponsible for the sea tides (and also for the “spagbetto€abf gravity holding a planet together. Despite the attohdto
an unfortunate astronaut falling into a black hole!giAlduoh simplicity, Plateau's technique su ers from the viscpos ttie
forces shift the frequencies by only a few percent, io wsdestirrounding uid on the spinning oil drop. By using dienagne
the oscillation frequencies to determine surface nsmely, levitation, we can sidestep the problem of the drag forces.
one must be able to account for this shift. We can spin a diamagnetically-levitated water dropjet easi
The magnetic and gravitational forces acting on thés digpltitecting a jet of air at it [9], or by spinning the aimslimgp
surface are given by the gradient of the magnetogshyitadon the drop (by a fan, say). An alternative method is to pdiss a sma
tialU= gz B 242 ) at the surface of the drop; the de nitiefectric current through a droplet with a little salvdibsolit. If
of these symbols are given in Peter Christianen and Madirth&ligurrent ow is perpendicular to the magnetic elbdire
layev's articles. The equilibrium shape of a liquid wittfiae $orentz force on the current-carrying ions in the licgrategen
tension follows the contoutd ioé. the surface of the drop is aa torque which can be used to spin-up the droplet: 1mAina 12T
equipotential as demonstrated recently by Lorin et alhave magnetic eld is enough to spin up a 1cm water drop to several
levitated liquid Hclose to its critical point [6]. For small tensfemelutions per second within a few seconds. The cppked is a
less drops at the stable levitation point, this shaped&lapi®it by inserting two thin wires just below the surface ofithatidu
as the drop becomes larger, it assumes an inverted apaicapplying a voltage between them. This method allowsqgorecise
However, for water droplets with diameter of, roughimedreetrol over the torque applied to the droplet, and altexatioes
or less, the surface tension dominates the magnetidtand appiied torque can be achieved instantaneously. Rgaesitly,
tional forces on the drop, so that its equilibrium shagsyis this technique, we were able to observe a three-lobedueguili
spherical. In this case, however, the pdteigialot constantshape of a spinning liquid droplet, predicted thegydtidatiot
over the droplet's surface. clearly observed before [10] (g. 2). One can also usthdlis me
to excite waves that travel equatorially around the diopdet
waves distort the droplet into curious-looking triarsgjuiare
and pentagonal shapes that are static in the referencttframe
laboratory [10].

Figure 1: The colours show the magnitude of e ectivatgravity
surface of a levitating 7.5 mm water droplet: blue, QoW g; ye
0.03g; red, 0.05g. The e ective gravity points towateritre in
of the droplet; radiating lines show its direction, abphet'slr
surface [8].

The forces normal to the surface of the droplet are well 'cllzpé)ro _ L )
imated by a spherically-symmetric parti.e. a force thairie igure 2: _A_Iewtatmg 1.5ml water droplet, with a trede-lob
formly over the drop's surface plus a quadrupole andpmeoc?gape’ spinning at 3.3rps [10].
component forces that depend on the location on the (sgrface
1_). For measuring dr_oplet oscillation_s, one tri_es tdfmtm 3. Biological Organisms
tidal forces act as uniformly as possible over its syrtacéndB
the current in the solenoid, we can reduce the quadrygmeleloch®97, Andre Geim (this year's Nobel Prize Winner is)Physic
nent to zero. The octopole component cannot be remalyed alwe@svith researchers from the Universities of Nijrdegets an
however: it is a feature of the magnetogravitationgll pwegit tingham, succeeded in levitating a live frog (and anyaether d
produced by a vertical-bore solenoid and is resportsibla@iter magnetic objects to hand, such as their lunch!) at thesldigh Fi
size of the trap. The variation in e ective gravity overfahe $1agnet Laboratory, Nijmegen. In the same year, JanmeslValles
of the droplet shown in g. 1 is due to the octopole. Hgrtunateorkers at Brown University demonstrated levitétog's of
the e ect of the octopole on the oscillations is not sigragaeggs and, later, yeast and swimming paramecia. Moygaecentl
long as the vibration amplitude is small, and the enuiitmju mouse has been levitated at the JPL in the US, and liqiadl bacte
shape is nearly spherical [8]. The perturbation of Ewgonscilltures in our superconducting magnet in Nottinghahh, WK [1
frequencies owing to the spherically-symmetric cowfptireerat forthcoming paper, we show how fruit ies respondtitnlevita
tidal force is relatively simple to account for [8]. in the same magnet.

In 1863, Plateau was inspired to experiment on a spinnigce the majority of an organism is composed of water, it lev
droplet of oil, neutrally buoyant in a water/alcohoéntixtuodelitates at approximately the same position in the magthetic e
the shape of the spinning Earth. He recognised thatdise #iquater droplet. As a rst approximation, we can assuhee that t
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14 'n focus: Magnetic levitation

e ective gravity acting on the organism is the same atntipatteecells of the roots, supposed to be involved in grg\isgasi
on water. a signi cantly smaller than water, and thus VAR is signi cant.
For convenience, we label the levitation point of wzler* théis suggests that to interrupt the seedlings’ gravity sens
point' (to be precise, there are two levitation pointsbametheeeds &r B large enough to oat starch in water, signi cantly
axis, within approximately 2 cm of each other, depenagmgorgfaater than that required to levitate the plant.
geometry and magnet current: one is stable, the ott®]r iieot [ Additional stresses can be introduced through magnetic ali
shall not distinguish between them here). Typicallygrleticm@ent. Many biological structures contain long sequences of
eldis 10T at this point, for a magnet with a bore a few tggutarly-oriented peptide bonds a planar bond or aramat
diameter, depending on the geometry of the magnet it ia 12Mgy$ [16]. There is a torque on such structures in a magnetic
our 5cm-bore magnet in Nottingham. Below this point 8 cnelsk-due to the diamagnetiusotropyf the peptide bond (and
low, in our magnet at the geometric centre of the soldmariel, @omatic ring); the diamagnetic susceptibility is gteatethe
the eld-gradient is zero (see Peter's article) the e getinty is direction perpendicular to the bond plane. Some catestruct
g, and the eldis 15 T. We label this the 1g* point to disting@ightain enough such sequences that the magnetic torgue on th
it from the 1g environment outside the magnetic eld.| diseqgatiucture in 1 T can overcome the randomising e ect of ther-
tance below the centre of the magnet, where the diamagnetialfmotion, resulting in some degree of magnetic aligiiment [
and gravitational force are additive, there isrrnal grav- The cleavage planes of developing frogs eggs have béen shown
ity point (2 g*). By comparing the response of the orgérésralign strongly with magnetic eld direction &fT, owing to the
three e ective gravities, and to 1g outside the magpessibie, magnetic alignment of microtubules in the mitotic ajfatau
experimentally, to control for the e ects of the stroetianelgn cells [18]. We can control for the e ects of magnetiaa(@mine
[11,12]. Note that, since the e ective gravity variasooshtias other, more subtle magneto-chemical e ects, includieiicimag
one ascends the magnet bore, one can identify pointDlggtvassnse perception), by comparing results from 1g* with those
and 1g* that simulate the gravity on Mars, or the Moori, sdygj12
On Earth, the weight of a biological organism is supported TH}¢ € ective gravity varies spatially, even for a puaacibst
mechanical stresses within it. In orbit or in deep-spheet like water, as we have discussed above. In our magnet at Not-
are no such gravitationally-induced stresses. Bydpeitati tingham, the e ective gravity rises to approximatelgetl per
mogeneousaterial, we can reduce these gravitational stresged@émm from the 0g* point. By con ning the organism inside a
(nearly) zero, simulating a weightless environment. container, we can control the range of e ective grawitiies tio
Variations in magnetic mass susceptibilitpetween thelS €xposed. The spatial variation in gravity generasisetdes,
biological structures within an organism causes tive gresti JUSt @s it does in a droplet. The relatively small shifostithe
ity to vary from point to point within the organism, asdod@ifiPn frequency of a cm-sized water droplet the tides fare
by Vadim Nikolayev. This inhomogeneity in the e ective@ly compared to the surface tension of water suggesishihat
ity generates additional internal stresses within thismrgdo tidal forces should have little e ect on similarly-sitegical or-
compare the stresses induced by the gradient magneiic &Jg"J$ms- Even so, we could experimentally test for fioe in ue
gravitationally-induced stresses, it is useful to ttiekinduced ©f the tidal forces. At the 1g* point, the tidal stressagene |
stresses as originating from two sources: i) stressislugAPY @ factor of order 10 compared to 2g* and 0g*, owing to the
in the organism by a homogeneous e ective gravity apmm(ir!ﬁrger _spatlal variation of the d@magnetlc force thece, &fe
the e ective gravity on water; and ii) additional sté&Begw- |nd|cat|9n of the importance of tidal stresses ppuldr@j diyta
ing to inhomogeneity in the e ective gravity. If we onGRavEOMPaNng results from the 0g* and 2 g* positions witrthose f
stresses, as in a homogeneous substance, the dianwnéﬁ-fo
simulates the gravitational force closely. VAR stiedsesara
sidered artifacts of the levitation technique in thig.c@uth
GRA and VAR depend on the eld-gradient product of the mag-
netic eldBr B; i.e. they depend on the position in the magnetic
eld. Note that, at the 1 g* point, VAR=0 sinBe= 0. In 19,
VAR=0 since there is no magnetic eld. At the 0g* point, on the
other hand, GRA=0, but V&R for a biological organism.

Fortuitously, for most biological tisseesli ers by only up Figure 3: Samples of uorescing E.coli bacteria in a éditichm

to 10 percent from the susceptibility of water [13]. Hergfwiihg that sedimentation is inhibited in 0 g* [11].
many organisms, we can expect the in uence of VAR to be small

compared to GRA. Valles et al. estimated the intereal istress Diamagnetic levitation studies of organisms in liquidssreq
duced in a levitated frogs egg, from the measured $tissetdiitional care. Bacteria in liqguid media grow slightigpim4

of a few major cellular constituents [14]. They conalutted thucibly, quicker in O g* than in the other positions, dueaseid
stresses VAR induced in levitating eggs were consicelily @2 availability [11]. One reason for this could be thdintense
by order 10 times, than the gravitationally-inducedsst@&R#\, tation rate of the bacteria is signi cantly reduced ind ¢),(

in 1g. Thus, in this case, levitation approximateswigrargras in space. However, when the bacteria are respiricallgerobi
the sense that GRA is reduced to zero and VAR is small.tl@ngredient magnetic eld can cause convection of dhia liqui
other handirabidopsiseedlings grown at 0 g* maintain a sensleeo0 g* position, transportingat@und the culture. Essentially,
“down": roots grow toward the ground in 0 g*, even in [da&kntbsés e ect is caused by the attraction of the paramagetic ox
Probably, this is because the statoliths starch-ricinatga in molecules, dissolved in the liquid, to the magnetic igldf- Th
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In focus: Magnetic levitation 15

fect is, of courseot present in orbit, because there is no stfd@Bp John F. Schenck, Health and physiological e ectanof hum

magnetic eld there. exposure to whole-body four-tesla magnetic elds durdugnmr

NY Acad. S®49 285 (1992).

[14] J. M. Valles, K. Lin, J. M. Denegre, and K. L. Mowry, Sta-

ble magnetic eld gradient levitation of xenopus laevésd To

Diamagnetic levitation has many attractive propertigswasda low-gravity simulation, Biophy33J1130 1133 (1997).

based “zero-gravity simulator’, as outlined alreadynbyN\ad [15] A. I. Manzano, |. Matia, F. Gonzalez-Camacho, d&. Carner

layev. By using a superconducting magnet, we can maint&iiate J. J. W. A. van Loon, C. E. Dijkstra, O. J. LarkomyP. Anth

tation practically inde nitely: our 17 T Oxford Instsustemim- M. R. Davey, R. Marco, and F. J. Medina, Germination of ara-

bore superconducting magnet in Nottingham runs fonagprokidopsis seed in space and in simulated microgra\yonalter

18 months, continuously, at high eld, between seriimitsg pein root cell growth and proliferation, Microgravity (heioll,

new 60 mm-bore magnet, currently being built at Nottivilha?83 297 (2009).

have similar capabilities. As with all ground-basedueshane[16] R. J. A. Hill, V. L. Sedman, S. Allen, P. M. Willianog, M. Pa

should be alert to artifacts caused by the method ofoisimiuladler-Abramovich, E. Gazit, L. Eaves, and S. J. BAligmdler

For biological organisms, we should take care to camstflerntient of aromatic peptide tubes in strong magnetic elst.Adv

fect of additional stresses induced by the strong malgheltic 19, 4474 (2007).

uids, there can be subtle e ects caused by the spatiahviarid17] G. Maret and K. Drans eld, Biomolecules and polymers in

e ective gravity, and spatial variations in the liqeickpshility. high steady magnetic elds, In F. Herlach, &dpms in Applied

Once these caveats are taken into account, diamagatédit IBhysics Vol. 57: Strong and Ultrastrong magnetic eltisiand t

can be a powerful technique to complement existingagedinapblicationgpages 143 204. Springer, NY (1985).

methods for simulating zero-g, such as clinorotatiomdand f4.8] J. M. Denegre, J. M. Valles Jr., K. Lin, W. B. Jorddn, and K

positioning. Mowry, Cleavage planes in frog eggs are altered by stmetig mag
elds, Proc. Natl. Acad. Sci. 88A14729 14732 (1998).

4. Conclusion
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ELGRA Student Organization following activities.
The participation of students in di erent ight oppiesuaitd Provide information about existing opportunities &t the di
other activities related to altered gravity has siggiicareased ferent European countries,

during the last years as a consequence of a growing student iestablish links among students, scientists, and @ganizat
terest in this research eld. Along this line the ESA Bdalcati  which can provide technical and nancial support tesstudent
Programs Drop (DyT), Spin (SyT)and Fly your Thesis (FyT) anéngaged in altered-gravity projects, and
the ELGRA Student Contest continue to encourage themext genorganize workshops to give visibility to the resultsdbtain
ation of scientists and engineers to inquire in the eatsedf by the students and to act as meeting points for European
gravity. students in the altered-gravity eld.
Nevertheless, there is no dedicated platform for students t
meet and exchange their ideas which would facilitatey s e The network envisaged will be open to all students éhtereste
ment in this eld of science. On this background, andtaé rés@ltered gravity. They will be eligible to serve as fpeal re
the initiative of students who have taken part in di érétiesac’esentatives in their respective countries, constieutiogrd of
related to altered-gravity research, the idea of dsiglaisiet- directors of the organization and acting as points bbetwesn
work among students involved or interested in thiseliseiglistudents and third parties.
born. The rst steps towards the activities mentioned willdbednit
ELGRA and LEEM (Laboratory for Space and Microgravtyrig- the next months. For that reason, all studerstechtere
searchyww.leem)esave endorsedstudent Initiative on Alterel@ining or motivated in developing this network aregeutctura
Gravitywhose mission will be the promotion of di erent reseidet the representative for this initiative Mr. Amdionv
opportunities in the eld of altered gravity among sindeéats ~ This initiative will provide a good opportunity for statent
rope, the support towards a development of studentgrdjedeund Europe to get introduced into this eld as well as will
actions to bringing together students with expertistscand bringing altered gravity closer to the next generation.
organizations in the sector.
Under the auspices of ELGRA, as reference society infatiaiedMonzdn
gravity, and with the collaboration of LEEM, which id fatuBeesident of LEEM
the support of space related projects for students armmtoroumgw.leem.es
fessionals, this international non-pro t network abligistthe amalio.monzon@leem.es

Figure 1: Students from the Polytechnic University afi€d&pain) assembling their experiment ABCtr Micr&B a1t
Parabolic Flight Campaign in October 2009. From left tS8efgh Varquer, Alberto Gonzéalez and Arnau Rabadandeftis st
project has successfully been submitted to the Flyeg@mipfdgram in 2009. The aim of the project is to recondvioe bk
enzymes that modify the assimilation of drugs by the dym@hebphotograph is copyright by ESA.
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Reports from national delegates CNES premises in Toulouse. CADMOS is in particular tige leadi
European center for physiology.

" | France Last but not least, France provides parabolic ightsge Euro

- thanks to the NOVESPACE company. Experiments on board the
physical sciences in space for several decades. Oves,thggea
France has developed an expertise in many areas, wittna focys summary, CNES has a variety of activities in life and phys-
human physiology, uid physics, fundamental physgg,aidlica| sciences in space, mostly done in European oroimérnati

exobiology. cooperation.
More speci cally, in physiology, CNES, in cooperation with

DLR, has developed the instrument CARDIOLAB for ctadiovaswois Spiero, Phftancois.spiero@cnes.fr

research on board the ISS. There is also a cooperatios-withaR&iger, Human Space ight and Exploration

sia on CARDIOMED, an equipment for medical operation€MB&hParis

has been on the Station since 2010. Besides, new psgrispective

cardioyasculqr research with Ch_ina are initiateq._@berfan— I The Czech Republic

terest in physiology are neurosciences and nutritioichfaramy

experiments are performed on the ISS in cooperatiorraithTéevCzech Republic has a long tradition in the eld ofamicrogr

space agencies around the world. One has also to mentiynithparticular in biology, physiology, psycholdgiogoand

in MEDES, a CNES subsidiary, many bed-rest campaignsdiavials research. Czech scientists primarily aboptrage-

been performed (some of them including arti cial grawgl th cialists from the former Soviet Union within the framiatef-the

short-arm centrifuge) to simulate the e ects of weighlems cosmos Programme. A large number of experiments veere prepar

the human body. for the space ight of the rst Czech astronaut Viadink: Reme
the next Czech achievement, four high-temperatusefdumace
terials research have been installed and operated byshmicre
the Salyut and Mir orbital stations.

Figure 1: The DECLIC instrument is prepared at the Toulouse
Space Centre in 2006. Credits: P. Jalby.

As far as uid physics is concerned, the highlight is DEGLIC, 5. The container for the BASE-B/C experiment with de-
an instrument operational on the ISS since 2009. DESdl(s \which was exposed onboard ISS in the framework of the

which stands fdbBvice for the study @fitical Liquids and o S project. Credits: Nuclear Physics Institute ASCR.
Crystallization, has been realized in cooperation withMINESA

is also developing research in granular matter. Today, most of the Czech microgravity activities are real-
PHARAO, an atomic clock with a very high precision, iszatdeétrough ESA. The rst project along this line was DOBIES
development at CNES and is to be integrated in the At&mi(D@kimetry on Biological Experiments in Space). It Wwad nis
Ensemble in Space (ACES) project of ESA, which is supposgd0O®. The objective of this project was to develop a stan-
be attached to an external pallet of COLUMBUS in a few yelarsl dosimetric method as a combination of di erentigschniq
will provide a very high precision of time and may leadato seestimate the absorbed dose, the dose equivalent aealrthe li
terrestrial applications. energy-transfer spectrum in biological samples drad&ace.
France has been active for years in biology. CNES is noiheusroject's indirect continuation is being prepatieelr tagth
suing the development of an advanced incubator, called RktEMational partners for an implementation in terA's ¢fiteés
with a uorescence capability. In exobiology, many Kpamehnational Life Science Research Announcement. Twoofadiser p
iments are performed on the ISS (EXPOSE instrument) ahaveléemen selected by ESA and are scheduled for implementati
on the Russian platform FOTON. These projects focus on metabolic and cardio-vasaudis ateima
Most of the experiments in the elds mentioned befomm &rects of in- ight exercise countermeasures, e eaesenf d
operated from CADMOS, the French center of the COLWMEBLISe intensities and modes of the kinetics of gageexatia
ground segment, co-funded by ESA and CNES and locatethéndasdio-vascular system. Both projects will be jealied
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with German colleagues. Within ESA's European Progrardnpeis’ mission in 2011 is supported through a natignaah pro
Life and Physical Sciences, the European Laser Tinmimgrexpeainly for educational and PR activities.
is being fully realized in the Czech Republic. Its mamnttask i The Dutch national microgravity sciences activitiep-are su
synchronize, via an optical link, the atomic clock inGRa&cedtted via a combined grant program also including Earth obs
(Atomic Clock Ensemble in Space) with others clockoandhergtion and planetary sciences. This program is evatugted ev

During the last two years the Czech space community hag sgars. Since the last evaluation in 2005 microgravity wa
cessfully rebuilt its activities. It is hoped that the Rezmablic ranked as lowest priority. This resulted in reduced mpedgram
will be able to increase its contribution to the eld ofnaityo support. Especially national support for technolsgydindc-
research. tivities regarding microgravity payloads was strongigdred

even stopped. The next evaluation of the program isl$ohedule

Michal Vaclavikaclavik@czechspace.cz spring 2011. We truly hope that the limited support fgramicro

Head, Human Space ight, Microgravity and Exploration Unffy activities within the Netherlands and support for dgédnps
Czech Space O ce, Prague will be increased or at least be continued. However, rhle gene

current tendency is towards stopping speci ¢ suppertsfir th

ence community which would virtually cut o Dutch reseaarche
' | The Netherlands make use of the ISS and other platforms for their science. Thi

is certainly not in line with increasing the ISS operatiasal
Several Dutch microgravity experiments were prepafeunadg) 2020 or maybe even 2026. It is also not in line with the level
successfully within the ESA ELIPS program in recent giearsi ddpport for this research in other European coustig¢ise Al
fortunately, some experiments were also de-seleatediiéntpause of the promising commercial platforms such as DemgonLab
e.g., the inability of the hardware manufacturers tovioyger \/irgin Galactic will be nearly impossible for Dutch mesgarc
ment the required science. Also, some experimentsistidmaalfte are looking forward to outcome of the review and ané con de
during ight. The SODI-Colloid experiment (PI Prof. \Welgdanthat the evaluation committee values the past episocte-in (mi

Amsterdam) is launched to the ISS and will be executed gspgvity/research positive in order to continue natipoal fp
cell biological experiment from Prof. PeppelenbosdRoti#UR this program.

dam) is in preparation for the MASER 12 sounding rocket ight

The experiment will be housed in the BIM module and pJuBrREr. W. A. van Laganloon@vumc.nl
boxes, developed by Dutch Space and CCM. Launch is @tiegfilan, Dutch Microgravity Platform
scheduled for November 2011 (see g. 3). The Netherlands

Figure 3: The BIM module for cell biological experimemtslin s
ing rockets. Photograph: Dutch Space.

Dutch scientists were also quite successful duringgEBé last
AO in 2009. Out of the 79 experiments that were selegfiet for i
15 included Dutch investigators, either as study arsrpor riq,re 4: André Kuipers will be staying in ISS for 6 matitigs sta
as Co-l. So, there is a nearly 20% participation of DOSSSGIf, -ember 2011, Photograph: ESA.
within this ESA program.
The Dutch born ESA astronaut André Kuipers ( g. 4) is sched-
uled to be launched to the ISS via Soyuz for six months stay
starting December 2011. Kuipers visited ISS for thee cifitim
ing the very successful Dutch Soyuz mission, DELTA2004pril
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Topical teams Measurement of di usion coe cients by shear cell and XRR
techniques

Physical sciences _ _ o :
This new (July 2010) Topical Team is aiming to help miaaaging t

VIP-GRAN overall project in order to link the individual spacenexperi

VIP-GRAN is the acronym Y¥éisrationInduced®henomena inContactThierry Du arthierry.du ar@inpg.fr

Gramlar media. The TT aim is to support the development of an

experimental apparatus, which is now in phase B, in thaspace

tion in order to study the dynamics and the statisticalicsedhe-AS Atomic transport in liquids and semiconductors

of an ensemble of real particles that dissipates duesitm,cc]JHe ATLAS kick-o meeting took place in April 2008 attlne Inst

€. b‘."‘” wall CQ”'S'OH and ball ball co_llls_lon, and id ?mt'on'.for Materials Physics in Space of the German Aerospade Cente
Special care is taken to study the limits of weak mtebaetl%polo ne. Twenty participants from nine countriesgipdin

tween th_e _baIIs becaqse of their small number (Knudsgn dfid"Canada, a mixture of experimentalists, theoreticgnms a
?ch :)ha(TI “crglllt qzitrqn%me{s;ziﬂgzgl? theemean fretyesth tEﬁation experts, started a fruitful collaboration. ivAleactvere
ISIons 1S 1€ss siz€. lanned straightforward in splinter meetings held\eaydinijk,

Di erent ball sizes will be investigated, as well as di j%ﬁfhtreal and Grenoble. As a result of these activitissprario

cell shapes and cell sizes and the e ect of parameter o AR as answers to the ESA AO call in 2009 were sulgnitted, e.

; - and. ; _ a ye
t!on. Attentlon_ will b_e pa!d to pr(_)p(_arnes of MIXING aegaseyl project proposals SiSSi, LIPIDIS, DIFFSOL and GRADECET
tion. Comparison with di erent limit cases will be achiev

L .- ) o ) e projects cover materials like molten Silicon, nficlien Si
with d|SS|pat|ye _b||||ard models and with the StaUSHNTS e maniym alloys, molten Al-based and Ti-based allojfs as we
of gases or liquids. . . . . ... as transparent model systems. The scienti c objectlesedre

A Iong-t_|me low-gravity enV|ror_1ment IS nee(_ded n thn_z_s, d lass transport problems, which occur mostly duratigpriabri
hecause it is the only way to realize the experlmentahsmua&r during use as technical alloys for applications. niilcsexe

wh|tc r:.lr:_elalstlc C(;”IS!OHS a_retth;—:- qnly mf raftlon IS"mcH_’;.‘;u;rntperiments are accompanied by theoretical investigatielhas
?_s?r:s :fa {pec anics ]f)t%m ,0 Y'ev‘r’]' Vi ratlgns aem ._humerical simulations. Currently, ESA investigatesibiigyfef
ain the kinetic energy of the 'gas; whereas the grassiareyis e proposed space experiments. The experiment teshgeques

mheasulreq by fsirr?ple pr_elssure Zer;]sors, the tempheralnaﬁw m classical methods to advanced methods like Xgraphgdio
the velocity of the particles and the mean ow througm@verggin iy, observation. A second period for the topiceliltea

An intensive study of the dissipative collapse is onabf gy, 4, keep the network alive and will allow to bridgmehe ti

ural goals of the research program in order to build upian DY unti : :
. Lo until the successfully peer-reviewed projectst.can sta
mental phase diagram of granular matter under vibnaobibres. gAf)< yp pro)

subject of interest is the segregation mechanism ofiimasy, frONtactAxel Grieschaxel.griesche@bam.de
A third topic is the generation and control of convective ow
dense granular media in a vibrated container and inawityro-gr

ContactPierre Evesqupierre.evesque@ecp.fr
www.mssmat.ecp.fr/-TT-VIP-Gran,601-

Photovoltaic Silicon

Following ESA's announcement of ight opportunitiesmiar sum
2009, 25 laboratories, with the support of 15 indusiwal com
nies, proposed a large research project aiming to usgvityicrog
conditions in order to better understand the physicaigbieeni Figure 1: Participants of the ATLAS kick-o meeting.
nomena involved during the industrial solidi catiok eflibah
ingots. These ingots are later cut in wgfers for solar cel!s. Cr(ijtical point studies in complex plasmas
Due to the shortage of ultra pure silicon, feed matesial indu
trials are using more and more polluted silicon. Thistihen€el® transition between the vapour and liquid phases afid pure
interest in studies of silicon solidi cation, focusihg battavioris one of the most fundamental in nature. The refererfoenpoint
of impurities. Twelve di erent space experiments, someirig svhich all of the transition properties of such a uid caivbd,de
rockets, others in the ISS, have been proposed in ting fadlawailed thecritical point In a wide domain around the critical
elds point, important parameters such as isothermal cdityprinssib
_ i _ _density of the gas and liquid phases, and the surfaceoteggion
E ect_ of convect!(_)n on the dissolution rate of crucible [n&f&rsal laws. The highly variable properties of tizzaraids
rials in molten silicon make them very appealing for studying many interesting phen

In situ X-ray observation of the solid-liquid interface ena that, because of the universality of the power laatidl are
Precipitation, pushing and engulfment of @\, a®id for all uids

other particles In this research programme we plan to investigate ahe critic
Segregation at grain boundaries point phenomenon at the most fundamental, the kihelibeleve
Segregation and inclusions in Si-metal alloys recent discovery of crystalline and uid states in sbeoatiglex
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plasmasias made such an attempt possible for the rst timdth lhe tasks of experimental preparation and numauleal si
liquid complex plasmas have a critical point, then sliaintien, interferogram evaluation, development of 3RxIncodesc
tions will provide a major leap forward in our understéickndifurcation analysis methods as well as nonlinear pralysss a
origins of the self-organization, ordering and SCdéﬂ}@SahatContactChristoph Egbersgbers@tu-cottbus.de
take place in these systems. Also, if the universaigptiotd

a fundamental hypothesis that also needs to be tested th
the results obtained from liquid complex plasma studtielses

transferable to all other systems. Many electrochemical processes are accompanied lyonatural
Path- nding experiments have been performed with PK-3etitsh due to the species consumption or dissoluormwEhes
aboard of the ISS in the last two years and the results afig MBRAte the current distribution and determine thecy cién
promising. They show, although the lab is not perfectifosuiidustrial electrochemical reactors. A rst aspectittealsclei
such research, that it is capable to investigate all Knraseofsize of crystals during electrodeposition, with bubldarsig
transitions in great detail. The next complex plasnmariabgfis-phase electrolysis or with pit size during cornotsioesting
PK-4, will be launched in 2013 and is perfectly adaptetlytoegféiétrochemical systems include not only electrodesnaties.
the uid phase, so we are expecting great progress wemucefquid electrolytes like aqueous solutions but also soeenits,
ContactHubertus Thomaspmas@mpe.mpg.de molten salt and ionic liquids are also interesting. Theleswli
trolytes (SOFC, PEMFC) or gaseous electrolytes (watargapo
also explored electrochemical systems. The studyngicseeri
factors on electrochemical systems is also of intesasse dhe
Overall driving mechanism of ow in inner Earth is corimectiddition of a forced convective ow (in open electréastimica
its gravitational buoyancy eld. A lot of e ort has bedreinvar due to mixing) lead to a mixed ow.
in theoretical prediction and numerical simulation thehglo- But the use of external acoustics or electro-magnetics exci
dynamo, which is maintained by convection, and mantle tetinmeshould lead to interesting results. Fundamedies stu
tion which is the main cause for plate tectonics. To stucly epenucleation-growth in electrochemical interfac@hpharare
phenomena experimentally di erent approaches haseneem, @ssential for mastering nano-structured deviceg tdikcause
against the background of magneto-hydrodynamic buthasmamo-technology processing basically requires tesepansl
pure hydrodynamic physics of uids. With the exp&ewigiowv the growth process and nucleation phenomena.
(Geophysical Flow Simulation) instability and tramsitemm- Ambient conditions are to be controlled to ensure no macro-
vection in spherical shells under the in uence of gentradtsy scopic scale disturbances of nano-scale processes.vitfhe gra
buoyancy force eld are traced for a wide range of rogaties reld, because of natural convection induced duringheledtal
within the limits between non-rotating and rapid roftargs processes, is one of the key origin of these disturbanges: Th
The special set-up of high voltage potential betweeméngibitity to eliminate the phenomena related to graveymssh
outer sphere and use of a dielectric uid as working uid iedtient way to practice and study nano-scale processes.
an electro-hydrodynamic force, which is comparabtatiomghv  In all these applications it is crucial to estimate inguon- par
buoyancy force inside Earth. To reduce overall gravélyoin aters such as intrinsic reaction kinetics or materlasbuéb
ratory this technique requires microgravity conditions. tability, in a pure di usive context. Zero-gravity exusrorer
this possibility. Parabolic ights or drop tower facditigble to
perform such experiments. However, they cannot gigdaugess
time experiments which are important for electroclystaeical s
like batteries, fuel cells or corrosion.

ContactPhilippe Mandimphilippe.mandin@univ-ubs.fr

n _ .
ectrochemical nucleation and growth

Geophysical ow simulation

Atmosphere-space interactions monitor

The ASIM Topical Team is the scientic framework of the
Figure 2: The TT GeoFlow. Atmosphere-Space Interactions Monitor, which is amemistru
suite for one of the external platforms of ESA's labardtdey m
TheGeoFlow Experiment was accomplished on the Int@wlambus. To be launched in 2014, ASIM will study thomersto
tional Space Station's module COLUMBUS inside the FluidnGctheir interaction with the atmosphere above. Thé focus o
ence Laboratory FSL from August 2008 through Januaor 2808 nfssion is two surprising phenomena that have bespdlisco
the planned second mis&ienFlow I{on orbit 2010) the workingithin the last 10-20 years. One is bursts of gamma-eaysdobs
uid shall be nonanol which has a temperature-depemdent se&gendipitously from solar and astrophysics sateditetheg®
ity. Herewith, experimental modeling of mantle coisvgotian are above thunderstorm regions, the so-called TeBasinie-
to spotlight. ray Flashes (TGFs); the other is electric dischargedrafdahe s
Topical Team is set-up by Pascal Chossat (CNRS-UNSApbaie and mesosphere (red sprites, blue jets, andeba®da
versité Nice), Rainer Hollerbach (University of Leedst}e LEransient Luminous Events (TLEs). The primary objs$tMe of
Tuckerman (PMMH-ESPCI, University of Paris), Inno@entistiotstudy the relationship between these indepensiemikred
bazi (University of Le Havre), Philippe Beltrame (tyroveygi- processes, to understand their physics, and to ckatasitanz
gnon), Fred Feudel (University of Potsdam) and DoriCRfeueuence on the atmosphere. The instruments include gnXimagin
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and Gamma-ray instrument and optical cameras and photométe categories of experiments are currently idented, eit
measuring emissions in narrow spectral bands. The A&tM ysipg moderate (near ambient) temperature withh SCSED

for the ISS is the rst space mission with dedicated imstriondnigh temperature (above @)@vith SC water. A dedicated
for simultaneous studies of TGFs and TLEs. ASIM is diparfaeitity (DECLIC, a CNES-NASA collaboration) is cunrerktly
between companies and research organizations in Deadjiaimkg(lin the 1SS, studying boiling in SF6 and measuringewopert
Spain, Norway, Italy and Poland. The scienti c teamlatdesinaf SC water (the critical temperature has been receatlytae n
many partners outside of ESA countries. More than 80 seighih 1 mK thanks to this study). The investigation op®il dr
groups from 30 countries participate in the larger ASibé Stiiesing in SC CQOis in progress for a parabolic ight. Other
Team. studies are under examination concerning jets of SCheids. T
universal behavior of the parameters, afithd a few K from

its critical point and the phenomenon of enhanced séilbrdepos
in SC water are planned with JPL and NASA. Japanese teams ar
interested by performing experiments of boiling.

ContactDaniel Beysendaniel.beysens@espci.fr

ContactTorsten Neuberteubert@space.dtu.dk

JEREMI

The TT JEREMIRpaneseEuropeanResearchExperiment on
Marangoninstabilities) was founded in 2007 as a collaboration be-
tween Japanese and European scientist who previoustidthve w
in the TTMarangoni instabilities in systems with a cylindrical sym-
metry

Figure 3: Giant jet extending from the top of a thundéwatbrm c
to the ionosphere. Adapted from, and courtesy of, Satienal., N

Cheng Kung University, Taiwan. Figure 4: The JEREMI team.

The scienti ¢ objectives of the TT are twofold. One aim is the
understanding of interfacial heat transfer across afouingbde
The objective of the topical team is to foster intermatigraboundaries and the associated hydrodynamic oscifetoity in
eration in the study of uids near their critical point aheiinities. To that end the in uence of the ambient conditibes on t
supercritical region. The critical point vicinity exinybjitarticular behavior of ows at interfaces in systems with a cylsydrieal
properties (divergence of thermodynamic parametansgord fRetry will be investigated. Such systems are importaat for t
properties, the so-calledtical slowing doyvand universalityproduction of highest-quality crystals, semi-condbetsrand
features: all results can be put on universal, scaledunassemicro- bers (for textiles and optics), micro-jets, endchjuhi-
one uid is representative of all uids. cations. The second aim is the understanding of the fofmatio

The large compressibility of the uid near their critioal particle-accumulation structures (PAS), a processpvagents
allowed a new means to transport heat to be discovered i i@gid and complete separation of the solid and liquidirphase
gravity, the so-call@iston e ectThe di usive thermal bounda#ych systems. The mechanisms and the e ect of weiglitfessnes
layers at the walls compress and heat the bulk uid thatact§ig unique phenomenon will be studied. A di erentigdly hea
thermal short circuit. liquid bridge exposed to an external coaxial gas streszmvevill

In the supercritical region uids, called supercri@jalus as @ prototype system. The external conditions willdbéovarie
ids, acquire very unusual properties. For instance eCo@@sCcoNntrol the ow and the particle accumulation. _ _
an excellent (and non polluting) solvent of organidsmeatdria 10 reach these goals a joint experiment will be carried out in
SC water authorizes very e cient chemical reactiondatisrox” EPF module of KIBO supported both by ESA and JAXA. The
Suchcold combustion is very e cient to recycle organic matgparation phase includes ground based experimergs-and th
als and dangerous wastes like ammunitions that areednsféetical studies in Europe (Belgium, Austria, Germany asgpai
mere COand water. It is likely to be the only way to authd®@¥ and in Japan.
human long term exploration travels in space. ContactValentina Shevtsovahev@ulb.ac.be

Near- and Supercritical Fluids
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Di usion in non-metallic liquids ContactMarco Durante).durante@gsi.de

) o www.gsi.de/forschung/bio/tteam_e.htm
SODI was kicked-o at a meeting in February 2010 at ESTEC.

Fourteen participants from seven countries particthatd Th
which resulted from two projects submitted to AO-2009.
The scienti ¢ objectives are related to mass transpemgrob
and, especially, diusion and thermodi usion in mpitireoh
systems which are still not fully understood theoretisallgx-
perimental data for ternary and higher mixtures ardy auotent
available. The prediction of heat and mass transferyistsoch s
greatly relies on the knowledge of di usion and therrsiaindi u
coe cients, which appear in the equations describinghbese
nomena. The DCMIX project aims to elucidate the medhanisms o
di usion and inter-di usion in multi-constituent ngxdnck even-
tually, develop predictive tools validated with thebeziptohark
experimental data.
The experiment DCMIX will be performed in the facility SODI,
which is already onboard the ISS. It will incorporatet cft $égure 6: The experimental station at the GSI high-enefgy ac
measurements planned in the context of the original &$Cgsedpr where galactic cosmic radiation can be simutattid-for
Currently, the TT investigates the range of ternary ikturiesnbiology experiments.
that can be suitably further studied in SODI's interfegetiap

for measurements of transport coe cients. . . )
) Psychosocial and neuro-behavioral aspects of humaghspace
ContactValentina Shevtsovahev@ulb.ac.be

Our ESA Research Topical Team's members are: Fabio Ferlazz
(University of Rome), Karine Weiss (University of Némmes), B
van Baarsen (VU Medical Center in Amsterdam), StefdarSchnei
(University of Cologne), Nick Kanas (UCSF), lya Whi@y (I

and Gabriel G. De la Torre (University of Cadiz). We started i
2008 and our Team members have strong presence imahternatio
forums on the eld such as THESEUS (ESF), ELGRA, IAA. The
team members are participating in major current picijeats su
Mars-500. We are interested in a wide range of subtopims: Env
mental issues, existential and neuro-cognitive prptassesl

and mental well-being, psychosocial aspects, adaptatiew a
technologies in psychological assessment, treatmeunntand c
measures represent areas of research of current teassn member

Figure 5. SODI instrument with experiment IVIDIL oneoard i ctGabriel G. De la Torggbriel.delatorre@uca.es
ISS.

Life sciences
Space radiation research

Space radiation is recognized as a limiting factor tdasard so
system exploration by human beings. A large reseamch progra
in the eld of space radiation biology has been implenyented b
NASA in recent years and exploits a high-energy accalerator _ L

the Brookhaven National Laboratory to simulate spam.rag%égure 7: Some TT members during a meeting in London, 2009.
Similarly, ESA acknowledges the relevance of ground-based

diat_ion_ research for human space exploration and EGWEPRH; cial gravity

radiobiology program (IBER) based at GSI (Darmstadty)Germa

Besides, ESA is currently supporting di erent detectaes aArti cial gravity has the potential to fully mitigate tsobdgi-

lated dosimetry activities on the International Spaéme. Jthis cal de-conditioning that results from long-term expogeight-

Topical Team deals with space-radiation biology andrylodeseness. Today's approach to countering the deletmtsus e
proposes research topics for future activities, andatesoret of microgravity is piece-meal, whereas arti cial gravityep

search projects in the eld of space-radiation biologysemneltd; an integrated countermeasure a ecting multiple picgsisycg

in response to ESA announcements of opportunities. Thet&mso Mars mission designs in the early days of the space pro-
ers both biology and physics, and both ground-based tangraighrecommended replacing terrestrial gravity vialhfoness
activities. generated by centrifugation. Most concepts called $er ahe u
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spinning transit vehicles, which were not implementeigclue t G. Clément & M. F. Reschke (2008) Neuroscience in Space
nical issues associated with system complexity and asst 8primger, New York.

and energy. Recent studies suggest that humans canigaptéafictGilles Clémentlement@isunet.edu

rates of rotation at short radius. Therefore, an adteoneattat-

ing the entire habitat is to provide a short-radius gendritioin

the habitat and deliver therapeutic doses of arti cigl. grais

would result in an overall simpler and more a ordable design

There remain many unknowns as to how humans can adapt
to a rotating environment and then re-adapt to a nog-rotatin
environment (e.g., when they arrive on Mars). These-human as
pects were the primary focus of this Topical Team. Ttie resear
needed to assess whether continuous or intermittethtogetv¢
ity prescriptions (mostly centrifugation) can limitdigeting of
sensory-motor, cardio-vascular, and musculo-sketkated bas
been identi ed. However, space research has revealad-that p

tic changes are induced in multiple physiological systenmgf Figure 8. One of the options for a large centrifuge is @ oatin

exposure to weightlessness. These systems interat mmb'e?jesign. Pictured here is a 150 m diameter centrifuge -with sup

resulting in combined e ects. Developing counternﬁelaeutesply bridge and living modules on the rim and more to the center

igating the deleterious e ects of weightlessnessighsrgtores (Graphics courtesy of BERTE bvba, BETAQUA, and IFB GmbH).
an integrative focus. Consequently, special attentiorenvés ’ '

the interdependencies between physiological sydteting the
autonomic and immune systems as well as nutritionahcohgitge Radius Human Centrifuge: The Human Hypergrasity Habi
tions, and to the medical, psychological, and safetglistdedi3

to art ma[ gravity implementation. o ) Over the last decades a signi cant amount of knowledgs has be
G. Clément & A. P. Bukley (2007) Articial Gravity. Sp3feq on the adaptation of the human body going intaghear wei
Technology Library. Springer, New York. lessness conditions as well as for the re-adaptation tahlg Ea
ContactGilles Clémentlement@isunet.edu after an orbital space ight. In ground-based paradigms for
crogravity simulation such as head down tilted bed rgst or dr
immersion studies are used. In such systems adaptagons of t
Space neuroscience human body to long term immobilization and increaséddypper-
_ ) o ) uid shifts have been studied.
Discussions in this Topical Team focus on the dele®ecisusie Byt could we learn something on human body adaptations to
space ight on perception, sensory-motor coordinaboegrandyitered gravity using centrifuges? How does the bodg adapt t
tive performance. The team also tries to identify re@&mhqong duration (days, weeks or longer) exposure to avitypergra
questions in space neuroscience as they relate to thegregironment? And, once the body has fully adapted toarhyperg
duration ISS missions and to the future human explmsiﬁnsmy environment, how does it re-adapt going back to eyrelativ
It is also taken as a given that understanding the e etiisexd "Bypo-gravity condition of 1g, or even going from a hpergrav
gravity on the human organism is predicated on an uirdpestagitironment into a bed-rest setting? Can such traesitions |
normal physiological functioning in a one-g envirotrerstard, something about the gravity transitions as a crew vidhegper
we also examine ground-based studies of the relevalannderg@ng to Moon or Mars. Is hypergravity, therefore, a gbta mod
peripheral systems that are compromised by exposucedo diggy the e ect of re-entry in gravitational environfitentsray
gravity. duration space ight?
Critical questions that should be investigated bothah normh this TT we will address these question and de ne a pos-
and altered gravity were identi ed for each of the foigaprigigle large radius (150 300 m) centrifuge for long dbratian
areas of research: gravity-sensing receptors, matsy spatéal studies. The nal outcome of the TT will be a clear answer abou
orientation, and cognition. Neuroscience researchraidggahe feasibility of hypergravity, and if and how hypeistat
priorities for addressing the risks to astronaut pedore@ati- jes can provide useful knowledge to support future Spare ig
ness during each of the key phases of a Mars explorationtAdsghe hand and the medical issues in, e.g., the ageing popul
include the following issues: (a) motion sickness ddingda tion and on the other hand our contemporary lifestyer@sitso
Mars and upon return to Earth; (b) dynamic range of setworyafgliovascular diseases, obesity, etc.).
responses to various gravitational environmentsh@dgreab  The team consists of about 25 members from both the scienti ¢
or structural changes in CNS and neuromuscular fuattioag #hd engineering community. Members from the USA anel Japan al
result from the decrease in a erent input to the vegiibplar, supported by NASA and JAXA, respectively.

oceptive and somatosensory systems associated mmbslmmg@ ntactdack van Lodrvanloon@vume.nl
to 0g or 0.38 g; and (d) the procedures that produce rapid angc an @ '

plete adaptation to Mars gravity and Earth gravity afigurexp

to microgravity must be validated. This may be accoustighed
Mars gravity simulation by executing parabolic ightverarau
Earth, or using a centrifuge on board the ISS or in a M@bn habit
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Members' section EXPOSE

Kayser-Threde GmbH (KT) EXPOSE is an external payload facility on the Interraiaceal
Station. Exchangeable experiments in the elds of ggkotaiolo

Kurt Kemmerl&ayser-Threde GmbH, Perchtingerstr. 5, D-8dzif®n biology, and chemical evolution can take placdeahde
Minchen, Germakyrt.kemmerle @kayser-threde.com orbit conditions. Two units, EXP-E (ESA) and EXP-R (Russian

Over the last year, KT was active in many elds of miyroB@é(ﬁt already been developed and successfully own on ISS. Cu
research. rently a third issue of the instrument for ISS is undegativast

PK-3 Plus

This version of the plasma crystal facility is succepsfaliypnal

on ISS in the fth year now. In July 2010, the thirteentimexper
series was performed for French and Japanese scieptisth Re
topics were crystallization, melting, dischargingglanteaation.

Figure 2: EXPOSE-E in ight con guration.

TRAC

TRAC was an experiment set-up designed for measurement of a
Figure 1: Cosmonaut Alexander Skvortsov with the PK-BOPaus' reaction times and adaptation capabilitissGerhi
Telescience Unit. man/Canadian experiment was rst own on the Shuttlenand the
conducted on board the ISS by Russian and US crew member
in 2008. German experimenter was the Deutsche Spatéhochsch
Kéln.
The most recent European-Russian development is PK-4. From
a technical and programmatic point of view, this is qeite
ent apparatus. Technically, PK-4 mainly uses high vGltame
plasma control and possesses a rather large experianenéal Thermolab is the most recent experiment which has bedn modi
with wide gas parameter variations, particle manipslatels quali ed and brought to the ISS by Kayser-Threde. Thermolab

PK-4

i
ermolab

as a sophisticated video observation system. measures the subject's body core temperature with asiven-inv
sensor system. The rst experimental sessions haviellsuccess
IPE been performed in mid 2009. Principal investigator aritiée Ch

. . . . . in Berlin, Prof. Gunga.
With the International Plasma Experiments Facility,[E&#ais

ing already the after next generation of plasma res#itiesh fac
Together with Verhaert (now QinetiQ), Kayser-Thre@ariimg)chMTC

the phase B de nition study. The two biotechnological mammalian tissue cultureggroamd d

strators have passed the Test Readiness and Safety dRakgew an
MSL now undergoing the technical veri cation process rdstehas

The Materials Science Laboratory has passed its in onhsit cBill be delivered to the Universities of Basle and Ste Etienn
sioning phase without any problems and all subsystenis from K

worked perfectly. OMEGAHAB

OMEGAHAB is a German/Russian cooperation between the Uni-
versities of Erlangen and Hohenheim, and Moscow and St. Pe-
The Eye Tracking Device for ISS is the latest one of a @ssy stecsburg. It will y on the Bion M1 re-entry capsule. It is an
ful development line from Kayser-Threde in the areaiehtitsssupgraded version of the successful AQUAHAB. It wik @mpris
ETD allows online evaluation of the eye movement. This projgti-chamber aquarium with sh swimming chamber,bfey, cham
conducted under contract to DLR. ETD is in successioih op&gaé reactor, plants, and cray sh areas. The moveheerstis of t

on board the ISS since spring 2004 and has very sucasssfuilyl be recorded by a video camera, the growth of the algae by a
used during each mission increment and during mansioasi-migcroscope with camera set.

ETD
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Swedish Space Corporation (SSC) The next experiment on MASER 12, XRMON-GF, is a direc-

- . . tional solidi cation experiment with Al-Cu samples bgridr. H
Christian Lockowariyedish Space Corporation, Solna stran’qp a ; : . .
- en-Thi at UniveR#ul Ctanne, Marseille, France, see g. 3.
86, 17104 Solna, Swedsdmistian.lockowandt@ssc.se }‘S 9 ! v u S¢! see ¢

It is interesting to notice that this type of experimemoras a
The next major upcoming microgravity event for the $aeeishes rst experiments we worked with in the seventies t@sl eigh
Corporation (SSC) is the launch of the sounding rocketlIASER introduction of the in-situ X-ray diagnostics andysef, co
(for MASER 11, see g. 1). Itis scheduled for launch ineNowembscienti ¢ theories and ideas have brought theseeekperim
2011 from our launch site Esrange Space Centre. back again to utilizing microgravity.

Figure 3: X-ray image of dendrite growth in Al-Cu samme duri
ground tests with XRMON-GF experiment to be own on MASER
12 in November 2011.

The Swedish Space Corporation has been working in close co-
operation with microgravity scientists since 1976 elitpidgy
launching and operating experiment payloads, foreoast-on s
ing rockets. Since 1987 SSC is running the micrograstity rock
program MASER o ering 6 7 minutes of microgravity. The die
ent experiment modules in the payload are developed iy SSC an
other companies in Europe.

Figure 1: Launch of MASER 11, 15 May 2008.

The development of the four di erent experiment mddules tha
will y on MASER 12 is in full progress. One of the expeisments
a continuation of a series of materials science expetilineigts
the in-situ X-ray diagnostic facility XRMON (for an exae®le
g. 2).

Figure 2: X-ray images of Al alloy foam generation inawitgrogr
on sounding rocket MASER 11.

It is capable of continued X-ray imaging of samples during th
experiment execution in microgravity. Images can algo be do
linked in real time for interactive control of experiynsaisnb
tists during ight. This facility has been developed by&8&sa
been used on parabolic ights and sounding rockets dot di er
materials science experiments with great success.
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ULISSE data from the ISS in the elds of the space environment, space
medicine and physiology will prove fundamental intec@ntabu
our understanding of how to design and perform futuredunmann
and manned space exploration missions. The knowlatige gaine
will be useful in understanding how the human body bédhaves, w
improve the care o ered to our aging population as wethas imp
our understanding of the terrestrial environment.

The integration e ort will generate and contribute tarthe st
dardization of knowledge representation for spacedatéease
well as dissemination services. ULISSE will then pumsxie the
ploitation and valorization of scienti ¢ data from peavicuture
space science experiments on ISS as well as data froactether sp
platforms, promoting the involvement of specializadiesrantu
the awareness of the general public.

ELGRA has been involved so far in collaborating to produce a
questionnaire to users and sending it to representabimes.mem
dedicated session of the next ELGRA meeting will beddedicate
the ULISSE project and to a web portal demonstrator gggsg ac

. . . .. tothe various services developed within the projedtioim add
USOCs _Kndwdgelntegratlc_)n and dissemination $gkciai book will be published by Springer Verlag (edided by
SpaceScienceExperimentation Beysens, L. Carotenuto, J. van Loon and M. Zell) withi-the cont
éigpir%)f many re_nowned spientist and experts. _The_ h_nok aims
(Pmetp anybody interested in space research (sciemtigigom
pace agencies, space companies, etc.) what are thdsrimain el
ife and physical science, the space infrastructuresi$ 8
project to obtain the data. It will be available by mid-2011.

ELGRA has been involved for two years in a European p
the framework of FP7 called ULISSE for USOCs Knowled
gration and dissemination for Space Science Expenméinitat
a three-year project that involves 18 partners, theatoonrdin
which is ensured by Telespazio/Mars (L. Carotenuto).

The ULISSE project is aimed at ensuring an e ective- explii@l Beysendaniel.beysens@espci.fr
tion of space data from physical and life science, inlckiding
archived data from previous experiments on the ISS plad-other
formsl, as Space Shuttl_e ' S.pacelab_an(_j soun_ding ro.cket,?o rggfster for ULISSE please wisitv.ulisse-space.eu/
exploitation, although primarily for scienti ¢ purpbsgsonin-
clude dissemination of scienti ¢ and technical knowlédte a
transfer to scientists, space agencies, industees, aitiz edu-
cational entities.

It is a matter of fact that presently an additional erploitat
of the data from space experiments is di cult, if notbrapassi
be performed. The main reason is that data are mosthyeaccessi
only to the Principal Investigators, i.e., to the sdiartig who
submitted the experiment proposals that were selaatedhépr f
It is, therefore, dicult to get access to a whole spectlim of
the data provided from the range of space experimeitits- which
its possible additional exploitation of these data. sThkse &
lack of exchange of data and information between deeeent sp
research disciplines, limiting multidisciplinaryclteseat mak-
ing it di cult to correlate data obtained from di erentinkama
It follows that there is a lack of visibility of space hefmarc
researchers outside the space eld and a lack of visilHity f
ropean researchers from countries which are not meheers of t
European Space Agency, in particular eastern Eurofgeas. coun

In order to overcome these di culties, the ULISSE pmagect ai
to go beyond the centralized knowledge managementtapproach
establishing, with the support of new technologiesb@aeolla
tive open network able to enhance information exchange and e
able knowledge exchange. The methodology, an increinental a
modular approach, is based on a semantic integratioarf data
applications. The implementation is based on web bésessinte

These data could be then useful to a larger audience and it
is anticipated that new knowledge will be gained fronethese r
consideration. For example, the coherent availakilgyntot s
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Columbus and European Research with @o&Xarabidopsis plant: Waving and Coiling of AraBidofssis
(WAICO) in Biolab in Spring 2010 and GENARA-A in the Euro-
member ISS Crew pean Modular Cultivation System in Columbus in July 2010. Th

More than two and a half years after the installation of thVAGO samples are currently undergoing analysis lapkieg in

ropean Space Agency's Columbus Laboratory on thenateﬁ]?hﬁt of grawty_on root spiralling, while the Gengr_a%ssamp

Space Station (ISS), the research facilities of Coluratheeha! preserved in a frozen state on the_ IS.S awaiting return.

providing the European research community with vadundibde sc ESA ha_s also recent_ly extended its |mmune_syster_n (T-cell)

data. research with the execution of the PADIAC experiment-in the E
Columbus was out tted from the beginning with the foulPREA Drawer Rack.

rack facilities: Biolab, the European Physiology M&RN&s (

the Fluid Science Laboratory (FSL) and the European Beaw&adiation Dosimetry

(EDR). In addition the two large external payloads SOL#R gnd

European Technology Exposure Facility (EUTEF) wetteadlauﬁ?fﬁral experiments have been carried out in the dodiain of ra

together with Columbus. During 2008 NASA moved 4 ré'o arr%ﬁearlch, V\:jh'Cht.'S of partlc_ulﬁr '?Eort,\jzt%%ggmp?b
facilities from the US Destiny lab into Columbus and alkeai nfoyUMan 'ong-duration space ight. 1he “100 ex-

the MISSE payload on the Columbus External Payload Fgaecg'lgym’ has been acquiring data about the accumiditerd rad

(CEPF). With the delivery of ESAS Materials Scienceorabfiec> INSId the Japanese Kibo Laboratory since Mapg@o usi
to the ISS in September 2009, and the installation of the ng ?te uESaA .0;00 cearr in gatSZreea riaa 'on aoanibe ?ad'
cle Atrophy Research and Exercise System (MARES) irs colgabg"es: IS s ying ou ppIng '

in April 2010, Europe's ISS laboratory is now fully ecar eed*nvwonment in the Columbus laboratory using 11 passoe rad

ESA has a full spectrum of facilities on the Space StatiofAZRICS distributed in Columbus (now returned fa) doalysi

committed teams of experts on ground. Add to this the r?r%tsieﬁ with active radiation sensors as part of the DuBdiDist

of a permanent 6-member ISS crew since May 2009 and £i1SS (DOSIS) experiment. This has been supplemented r

iS™ . : R
now in a position to undertake more extensive scieties mti%ntly with the start of ESAS ALTEA-Shield experiméniswhic

the ISS and achieve the majority of its Human Space égbh n%%gkmg into the I'g.ht' ash phen_omenon n a_stronauts_tlcmadd
objectives. 0 testing the e ectiveness of di erent shielding material

The past 18 months have been a very exciting and busy period
on the ISS with increased scienti ¢ return for ESA witlethe ex
cution of more than 70 experiments across many reséasch doma

Human Physiology

The suite of European and partner facilities in Columbnos and
the ISS provide an extensive range of diagnostic an@sigoplem
tools for undertaking a wealth of physiology researchaddys
mented by the increase to a six-member ISS crew extersging acc
to test human subjects as well as an additional diveasenpeogr
of ESA pre- and post- ight experiments.
Cardiovascular research is undoubtedly a major areecbf rese
for ESA on the ISS due to the physiological e ects of sgightle
ness on the body and in light of future Exploration sactiritie
the past 18 months ESA has undertaken numerous experiments i
this area looking into blood vessel wall propertiesi(Wagss),
thermoregulatory and cardiovascular adaptationsigiheantb
cardiac output and lowered blood pressure in the faeasafdncr
activity in the sympathetic nervous system (Card). ESA has a
undertaken a number of neurological/cognitive exp@\iEient
ROSPAT, PASSAGES, 3D-SPACE), and is continuing to look into
salt retention and physiological e ects with the SOLherper
Many additional pre-/post- ight experiments investigatéety
of medical changes for short-duration (Shuttle) andrédiog-d
(6-months increment) crew members. Figure 1: ESA astronaut and ISS Expedition 21 Commakder Fran
De Winne during Material Science Laboratory sampleeexchang
Biology activities in November 2009.
In biology, following the successful conclusion of the3Yd&xA : ;
periment in ESA's Biolab facility in October 2009 (crftimesrglwd Sclence
fundamental science, industry and the medical eld)I&8PkrESA's foam research activities commenced with the Fddam-S an
two experiments looking into plant gravitropism praiagste FOCUS experiments which could have applications iruthe prod
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tion of ultra-light and strong metallic foams in the @herenajor

focus for ESA's research in uid physics in the past 18ha®nths
been the Selectable Optical Diagnostic Instrument (gbé) a

three associated experiments IVIDIL, COLLOID and DSC which
take place in the ESA-developed Microgravity ScienbexGiove
Columbus.

IVIDIL (Inuence of Vibrations on Diusion in Liquids) had
an exhaustive set of experiment runs from October 2009 to Jan
uary 2010 with varying frequency/amplitude of vibratidn st
and varying imposed temperature gradients. The we#dth of da
from IVIDIL is still undergoing detailed analysis. Th@IBOLL
experiment provided innovative research into cdlitiolas sath
promising applications in advanced optical compoteettits whi Figure 2: Plot from the Vessel identi cation System.
nal SODI experiment DSC, related to improved crudesojl, recov
is due to be carried out around mid 2011.

The GeoFlow-2 experiment for FSL, which will be stu-E?%nObQV Demonstrations

geophysical phenomena is manifested to be launchedan Epémmogy research is becoming an extremely imporgmt and
second Automated Transfer Vehicle in February 2011.  gple area for ESA with respect to resources. One imporfaet ex
is the Vessel Identi cation System (commonly known &s-the Au
. . matic Identi cation System, AIS) which is very sugcessiiog
Materials Science the means to track global maritime tra ¢ from space loyygickin

. . . ) . signals from standard AIS transponders carried bynationizr
The delivery of ESA's Material Science Laboratory (i8 NAS/Aihs over 300 tonnes, cargo vessels over 500 tonnemead all t

terials Science Research Rack) was a major stimulusdisr igale,ssenger carriers. The Vessel Identi cation Systro- has
research on the ISS. Scientists from the CETSOL and M -ﬁy tested all of modes of operation with more0®@n 90,

projects have already presented very promising prediohingiassages having been received from ships during theurst 14 h
enti ¢ results stemming from analysis of the rst samp&asoipo eration.

processed in the Material Science Laboratory. CETSOLMICRgps research in technology has been augmented in the pas

are applied research projects which carry out rese#leomoy o 41 ith a test of a hands-free technology for assisiimaust

mation of microstructures during the solidi cationlii alfetys, \\hije performing on-board tasks and a high-de nitione®D vid

which will help to optimise industrial casting processes.  .omera.

ESA also completed a succes}iubaths of experimentation

with the Protein Crystallization Diagnostic Facility5Ais Eu- e

ropean Drawer Rack facility) in July 2009 with the airalinevigl}nure Outlook of European Utilisation on the 1SS

in-situ the nucleation and crystal growth environment. For future increments ESA will continue to exploit thepemad
trum of research capabilities and resources made avd&lable
ropean researchers on the ISS, and collaboration witiniSS Pa

External Payloads is allowing an augmentation of the European ISS restarces. T

) o ) strategic research planning has now been extended d&yond 20
On the external locations Columbus was originally witie \yith clear perspectives for ISS extension until the 2626n8m

SOLAR facility and European Technology Exposure Eae€ilityhg |atest ELIPS research project selections (68) fronsdhe A
TEF). For SOLAR an additional extension of more than® YR#ibns will make full use of ESAS ISS utilisatiamaesdor
the payload's originally planned time in orbit couldese#<h he next 5-7 years (depending on the discipline).
activities extend up to 2013 and beyond in order to cath the ps a prief overview of some future ISS utilisation kighlight
gressive increase of 11-year Sun activity cycle. Thackug-ti the near-term: further to the CETSOL/MICAST and also SETA
platform has been providing excellent scienti ¢ higlyaows- hojects, materials research will bene t in the fututtesftaumch
surements of the solar iradiance in a very large wabeletgtgf the Electromagnetic Levitator (EML) for contaipevdessing
width. while Fluid Science activities will see the launch of 88 EAS
The EUTEF platform with its 13 active and passive expepgghént for the Fluid Science Laboratory (emulsioASHER F
was returned to ground in September 2009 after a sutsessfidbdtiment for sophisticated applied research in Squitic
sion of 1.5 years in open space since its launch with Coawaltisr important areas of interest is Complex Plasmia resea
These experiments covered a range of disciplines imeluding Cardiovascular studies, neuroscience and metalesliwifitudi
terial science, space physics, astrobiology, astrodospace be predominant medical research topics, complememéerby co
technology. measure studies. Advanced plant biology and additiand! cel
ESA's astrobiology research was further increased in ivtdedular biology research will continue in the Bidigh faei
2009 with the deployment of the EXPOSE-R unit, which issopepean Modular Cultivation System and ESA's Kubikrscuba
ated outside the Russian ISS segment with its nine dk@rent eESA's current radiation dosimetry research will be éxpande
biology experiments, which are complementary to éxpleaimsuapport the assessment of radiation risk of crews on tite ISS a
took place on EUTEF and which contribute to Exploradiah.rehering human exploration missions beyond low-Eartthiebit,
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Columbus and ISS

the phasing-out of the Space Shuttle is leading to the-develo
ment by ESA of on-orbit analysis techniques to reducaddownlo
requirements, which also has exploration impacts.

Will see the launch of di erent major external payloagls in th
future including ASIM (study of high-altitude lightrdnits aef-
fect on Earth's climate), ACES (ultra-precise atonsic aridck
Expose-R2 (astrobiology). ESA will further expandgatontil
of ISS with climate change studies and technology research f
Exploration.

Figure 3: ESA's Solar Facility on the external surfac€alfithe
bus laboratory in November 2009.

After % years of Columbus operations the number of ESA ex-
periments, their scope and complexity, have signncesaked
and the achievements of the last 18 months are signieant. Th
international collaboration between the agencies ily stead
creasing which simultaneously promotes joint expeyimearts
national science teams and best use of the valuable & resou
An exciting era for ESA and the European scienti ¢ and indus-
trial user community is continuing, and bodes well fdsiagprom
long-term scienti ¢ future of the ISS programme.

Dr. Martin Zellmartin.zell@esa.int
Head, ISS Utilisation Department, Directorate of Huroen Spa
ight, ESA/ESTEC
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Award-winning student presentations

During the ELGRA Biennial Symposium 2009 in Bonn, ELGRA in-

vited student teams (undergraduates and postgradsiabesit to

their work to a special Student Session and participatstin th

dent ContestAll teams pre-selected by the ELGRA Management

Committee received a free student ELGRA membershgafor one y

and nancial support provided by the ESA Education O ce

to enable their participation in the conference. A téegkpf e

contributions were selected, ve from Life Sciencesfend six

Physical Sciences. Six presentation were given in tié Stude

Oral Session (three from each of the two discipline®)ntFive c

butions were presented as posters. All participatisgwgmip

candidates for the student award. All participants ghploe sy

sium were entitled to vote for the best student paper.ulis a res

of the election the awards (one per discipline) weretgrdrgeéigure 3: Jack von Loon (middle) with the winners Cadalla Pan
coordinators of the winning teams Camilla Pandol {tyra¥e($eft) and Santiago Arias (right).

Florence, Italy) in Life Sciences, and Santiago Ariteclifaly

University of Catalonia, Spain) in Physical Sciencesniing . . . .
teams were honored during the conference dinner by an}xiz)rﬁyé_'qbg'cal response to temporary changes in gravity
the award certi cates. The awardees were invited to pu§@Rditions on plants

summary of their paper this Newsletter. C. Pandol, E. Masi, S. Mugnai, E. Azzarello, L. Renna, G. Stefano

and S. Mancuddepartment of Horticulture, University of Florence,
viale delle idee 30, Sesto F. no (FI), Italyilla.pandol @uni .it

Gravity is the main factor that in uences the directiowtbf gjr
plant organs, and has also a direct e ect on the plantisnetabol
When an organ, mainly roots, is turned by betwgentital)
and 90 (horizontal), the change of orientation is perceived by its
organs producing the so-called gravitropic reactia éRdrb
Driss-Ecole, 2003), which involves a strong metalmigeresp
In order to study these reaction in real microgravity condi-
tions, some experiments have been set up during six B®A parab
ight campaign. Oxygen concentration in the solutiomoatsere
of Zea mays were placed have been constantly monitored dur
ing normal, hyper- and microgravity conditions. An leuistent
in oxygen uxes started judd 2 0:5s after the imposition of
microgravity conditions. No signi cant changes wexg meitic
Figure 1: Ruth Hemmersbach and Jack van Loon dUrlng’lthq@Hq@ normal nor in hyper-gravity conditions. Morgwen o)
Award Ceremony. bursts were detected only in the root apex zone The si&gaf can
these results is dramatic on the nature and location afithe gr
perception. This spike-like activation/deactivatigigeri avhen
growing roots were exposed to microgravity situatiordean be
tected at each parabola with the same results, whergasrthe hy
gravity situations, which are imposed in between, derfect int
with the microgravity-induced bursts.
Concerning the di erent location of the selective oxygen mi
electrodes, oxygen bursts happened only in the rooteapas, wh
no changes in the physiological activity was neverddienti e
the mature zone of the root, showing a clear role of thexroot ap
region in detecting environmental changes, which ig thie cas
microgravity conditions. Moreover, control treatthentsradts
showed no responses in both the micro-electrodes ptaated at r
apex and mature region levels con rming the real anel ®lectiv
of root apex. Concurrently measurements of oxygerioconsumpt
of root apex were done using oxymeters, a di erence in oxyger
. o ) consumption was expected during the di erent grauvitynspndi
Figure 2: Students who participated in the Student @mpeji; measurements revealed the onset of long lastinguostggen b
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appearing only during microgravity, demonstratingagm¢leeagious monitoring of root electrical activity. Resultd ahciesr

result obtained with the oxygen electrodes. overall root electrical activity, with di erences inalagsesved
Although the chemical nature of these oxygen bursis-is Isfithy during the same ight and among di erent ones. Moreover

known, they may implicate a strong generation of reaygivetlog electrical activity (namely spike rate) tended toiloarsig

species as they exactly match the microgravity sithapoufflower in microgravity in comparison with the normabrenditi

data strongly suggest that the sensing mechanism iseddbrephile hyper-gravity conditions seemed to be less eredtve i

a general mechanic stress, which was imposed also dwingrégping the spike rate. As a conclusion, the trial wss succe

gravity, but is very speci ¢ of the microgravity sitivti@aver, ful, with gravity changes proving to a ect spike rataegebgra

it is well-known that stress rapidly induces reactiva buysfs maize root tips. Further analysis will be conductedtigatieves

which are associated with oxygen in ux and reactive arygethe correlations between the changes in gravity ccanutitithes

from stressed plant tissues. Thus, our data indicatedbetwity appearance of synchronous phenomena.

represents a stress situation for plants, especialpicemtad

these bursts, probably ROS, are initiating and integdaiing

tive responses of plant roots which resemble othed watretste

situations.
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Figure 3: Scheme of oxygen electrodes positioning inathe api

. , ) i .and mature zone of maize seedlings.
Figure 1: Oxygen spikes are detected during a microgmawity e

only in the apical region, whereas in the mature zoneanygen ¢
centration remains constant.
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Figure 2: Oxygen consumption of six root apex in a salime Fi@¢dfe 4: Average electrical activity per second (Heh&oets

has been measured in a close chamber, and signi cant &gRhand detectable overall electrical activity caoinge

bursts are recorded only during the microgravity condition Periment. Di erences in rates were observed both diwamgethe
ight and among di erent ones. Inthe rst case, di erepossds

A parallel experiment has been done using the MEA (f1i§-related to the changes in gr_avity conditions _whdr!eas in
Electrode Array) System in order to examine synchrectized'@it€r one were probably due to di erent sample biolpgreal s
cal activities under temporary changes of gravitynsonifitino {@neous activities. Correlations between spikes ardtiaccel
previous data on the use of MEA system in micrograviapsofgie analyzed. Results showed that the electrical(aathety
have been ever reported in literature, one of the mairago8iikg rate) tended to be signi cant loweg in comparison with

to check the capability of the system to optimally perfiorm & normal gravity conditions.
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Figure 5: Root apex electrical activity detected in sfewi c

trodes of the MEA System.

Experimental analysis of the bubble-slug transition in
a mini-channel in micro-gravity conditions

Santiago Ariaglniversitat Politécnica de Catalunya, Castelldefels
(Barcelona), Spasantiago.arias@upc.edu

Three main di erent ow patterns were found for two-phase ga
liquid ow in microgravity conditions: bubble, slug aal amw

[1,3]. Each of these patterns presents unique featunagethat

it interesting for variety both scienti ¢ and technblygitiaa-

tions. And even if several method have been proposedtin the pa
to de ne the two-phase ow patterns [4,7], a better undilegsta

of it is still required. To such end, further studiesngdbedi
mechanisms of transition between regimes are essential.

lg

1mm

1

water
a)

Figure 1: Representative photographs of ow patterrisrimthe
circular diameter tube: a) slug ow; b) bubbly ow.

34

24

U, (m/s)

Ug+tUg (m/s)

Figure 2. Gas velocity vs. mixture velocity.
results, line: linear t.

Symbadlsertgier

This work is focused in the experimental study of the bubble-
slug transition in mini-tubes on ground and in micragradity
tions. A previously presented injector [8], where waiear@nd
injected in a 1 mm capillary T-junction, was used. Thi@ogenera
and detachment of the mini-bubbles is provided by tleeoléguid
ow (g. 1a). In nominal conditions small Bond number land sma
Weber number are achieved for an air/water mixture ew. Ther
fore, capillary forces dominate over buoyancy andfonezgal

[9].
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We performed experiments at several water volumetes awita dependence on the mixture velocity and thereforexa dri
values ranging fr@n= 2 up to 80 ml/min. For each valug ofrelationship can be assumed [3]:
a large number of values of air volumetric owgatesging
typically from 0.25 to 80 ml/min, were employed. Forssth cho Gs = G(Usg+ Us)) 1)
couple of valu€y, Q; images were taken by the high velocity o )
camera. Analysis of the Ims permitted to measure thecga¥/0g/€Co, the distribution coe cient, ts to the value 1.22. A con-
ity, Us, and additionally to classify the obtained ows in biieence of the previous conclusion is that the traagitien m
or slug type. Churn and annular ows were also observed, BiRrgssed as 1
not considered here. Us. = Usg S 2)
The bubble-slug transition is very susceptible to tliganves G e
tor subjectivity. In order to overcome this di culty, sidecen being . the required critical value of the void fraction for the
that the bubble-slug transition occurs when the migi-thubtiiubble-slug transition to occur. A two-phase ow bulghpets|
ameter is larger than 1 capillary diameters, accorditigewittins map based on the gas/liquid super cial velocittteds p
classi cation proposed by Dukler et al [1]. Figure l1a dmivllinsFig. 3 by using our experimental data. As shown, the data t
representative photographs of slug and bubbly ows.eo watt for the bubbly and slug regions of the map=for.2.
with simultaneously the characteristics of bubbly ao@stag ~ Finally, withUsg andUg known, the mean void fraction can

observed in our experiments in any case. be determined as follows:
2 USG
= —= 3
0 3)
e ettty R R Figure 4 shows the void fraction calculated 3Jyitrs. (the
e e e oo L A a gas/liquid super cial velocities raltlgs=\4,. Again, the data
A " 5 corresponding to the bubble and slug ow t well to thel plotte
Eqfee syt o > > 0.2 void fraction line.
37’ o o NN N N N
A . . Acknowledgementg/e acknowledge nancial support by Minis-
bobe 2 s R terio de Educacion y Ciencia (Projects number ESP2006-2845
A A A A N N e Bubble E, FIS2006-03525 and FI1S2006-11452-C03-02, Spaln)
piii s o1 LTS
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ELGRA medals or coordinator in many European and national reseaachsprogr
many of them dealing with research in microgravitynsoolitio
Alberto Passerone satellites or on space stations.

Dr.-Ing. Alberto Passerone (Institute for Energetingeand |
Alberto Passerone obtained the "Laurea" in Chemicaiigngiigées - IENI CNR, Genova) has been awarded with the ELGRA
with honors from University of Genova in 1967. He rec@iéethlaz009 for his scienti ¢ achievements in the eld io§ phys
PhD "Docteur es Sciences" with honours from the Indy-Nagn&@hemistry of uid interfaces.
tech. Univ. in Grenoble in 1981. Currently, and sincee 1991, h
is Director of Research of the Italian National Research Cou | .
working at IENI Department of Genova Institute for iEse‘g)&g Linnarsson

and Interphases. Dag Linnarsson nished his medical studies at the Kadolinsk
Alberto Passerone, has a recognized expertise in pbigi®in Stockholm, Sweden, in 1970. Four years latnkd ob
chemical characterization of interfaces, with a pagfierdace tohis PhD in physiology from the same institute. After his PhD h
the measurement of surface and interfacial tensidds/iad@mu, became assistant professor. After working as an ais#imipte v
liquid-liquid and solid-liquid interfaces, both at rooperature professor at the Department of Physiology at the Stat#tynive
and in the high temperature range. He made speci cioostristiNew York (SUNY) in Bu alo he returned to the Karolinska In-
to the understanding of faceting transitions in ligaidistdl- stitute and became acting professor at the Departmeitabf Med
lic systems and to the calculation of their interfadiah,ténsEngineering. In 1986 he was promoted Professor for @&aeomedi
the dependence of surface tension on oxygen partial pressid became the head of the Section of Environmentaj®hysiolo
setting up new techniques and upgrading existing ngésodnloing his career Dag Linnarsson has been in varioughtpace i
for surface tension and contact angle measurementtutty thelased advisory boards such as the ESA Life Sciencaes Workin
of liquid-vapour and solid-liquid interactions. Wsttahild- Group, Swedish Astronaut Selection Committee, the ESA High
ies are particularly devoted to the high temperatuctiomgia Level Advisory Committee on Hermes Safety, the Space Statio
metal-ceramic systems, both from the basic point of YeewUtilidation Panel and the ESF - European Space Sciende Commi
application purposes, e.g. for the optimization ofgoimiitgies.tee. He is also member of the Board of Trustees of thenaternat
He is authored and co-authored numerous papers publishademy of Astronautics and member of the ESA topical teams ¢
journals and books. He served as the Director of the CKRi & Gravity and the Human Hypergravity HabitagniGurr
FAM institute from 1994 to 2002, and as the Deputy Direbmiisofhe Group Leader of the Environmental Physiology group
the Genoa IENI Unit from 2002 to 2009. He was presidenthaf Bepartment of Physiology and Pharmacology.
Microgravity Advisory Committee of the European Spege Agemof. Dr. Dag Linnarsson (Department of Physiology and Phar
and member of the Scienti ¢ Council of the Italian Spage Agacology of the Karolinska Institute in Stockholm) has been
Dr. Passerone has served as the ELGRA General SecrétargB8ed with the ELGRA Medal 2009 for his fundamensal studie
1992) and as the ELGRA vice-president (1993 1996). Hmnwasy physiology under weightlessness. His currech liesea
and still is engaged in the organization of Internatiofext Gievoted to the function of pulmonary systems underedi-erent
ences (High Temperature Capillarity series) and as waarChimbnmental conditions such as altered gravity, hypypend
of many international symposia. Dr. Passerone wasogisiblesgravity.

Figure 1: Alberto Passerone (left) and Dag Linnarspar{tilgatoccasion of the ELGRA Medal Award during the ELgaRi&rSym
2009 in Bonn.
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ELGRA General Assembly 2009 Further members:
_ Daniel Beysens
Minutes of the General Assembly Bob Bingham
Hans Fecht
The 2009 ELGRA General Assembly starts on Septembé& 2nd, 200  j5vier Medina
at 18:30 at the University Club of the University of BomaniGer llia Roisman
Floris Wuyts
Agenda . .
The evaluation of the votes (total of 43 voting ballets), per
1. Opening by the president / Adoption of the agenda formed by Hendrik Kuhimann and Thodoris Karapantsthe, gave
2. Approval of the minutes of the previous General AssifiiMing result:
3. President's report i _
4. Election of new Management Committee members ~ resident: Jack van Loon (42 votes, elected)
. Vice-President: Hendrik Kuhlmann (42 votes, elected)
5. Treasurer's report . -
6. Auditor's report General Secretary: Monica Monici (42 votes, elected)
' u Itor's rep Treasurer: Kurt Kemmerle (41 votes, elected)
7. Discharge of the treasurer Members: Daniel Beysens (25 votes, elected)
8. Acceptance of new members Bob Bingham (21 votes)
9. Election of two Auditors Hans Fecht (28 votes, elected)
10. Any other business Javier Medina (35 votes, elected)
llia Roisman (7 votes)
1. Opening by the President / Adoption of the Agenda Florian Wuyts (30 votes, elected)

The President gratefully acknowledges the signi camtgand |
m’u%%rk and contributions of Thodoris Karapantsics/eso le
nagement Committee.

The ELGRA President, Jack van Loon, opens the Assemttél
proximately 40 members are present, plus several guest[sF1
the required quorum for elections is ful lled. Upon idgihest

President the Assembly adopts the above Agenda.
5. Treasurer report

2. Approval of the minutes of the previous GenerttieABeasurer, K. Kemmerle, reports on the nanciaf $ketus o
sembly Association and shows the balance of the period Jandaty 2007

2009. The new members were accepted by the general assembly
The minutes have been approved.

6. Auditor report

3. President's report , _ ,
As only one elected auditor, H. Dittus, is present Petanpen K

The President gave an activity report highlighting titg attivolunteered to help checking the treasurers accoumts.AThe t
the management committee: the communications withAheditdr&Bon rm the correct nancial administration obtaeation
members, the meetings of the Management Committee; argy ttiee O'reasurer during the aforementioned period.
ganisation of the 2009 ELGRA Biennial Symposium and General
Assembly in Bonn. Moreover, the activities in the frafeyior
courses held (e.g. in Banyuls), and the ULISSE Proqma(cok7 Discharge of the treasurer
of the project is Luigi Carotenuto). The treasurer was discharged.

Regarding the future perspectives, he explained the planne
activities of the Management Committee towards a ﬁ‘*“teétLElectlon of the Auditors
society. Another issue was the option of uniting the EhGRA Sy
posium with other ESA conferences. The president alsedad®dter von Kampen (ZARM, Universitat Bremen) was elected as «
the o er of the journal Microgravity Science and Techm&bgynew auditor.
GRA members to subscribe to the journal at a substanirdl disc

rate. 10. Any other business

. . No other issue was brought up.

4. Election of Management Committee Members ™ . "o ciont closes the Assembly at 19:30

The election for the Management Committee has beew perfofii@e ELGRA President, The ELGRA General Secretary,
using a single ballot. The following candidates werg runnin Jack van Loon Hendrik Kuhimann

Jack van Loon (president)
Hendrik Kuhlmann (vice-president)
Monica Monici (general secretary)
Kurt Kemmerle (treasurer)
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Obituaries ular Space Biology. He has been the coordinator of maaly natio
and international research projects and in Space rhsdrdi t
many experiments selected by ESA, NASA and ASI: the ongoing
space ight simulation MARS 500 and ights with di eréarsyec
such as stratospheric balloons (1999 2001), Space(3batle
and 2009), Russian Foton satellite (2007). He has beeara memb
of ELGRA since 2003 and was very active in micrograngty resea
related to animal development and cell biology. Histaherat
one of the few in Italy being equipped with a regular R for li
science experiments.

We all have many vivid recollections of Berra as a person and
as a scientist. He was primed with a source of energy ithat perm
ted him to work at a vigorous pace seven days a week, and trave
tirelessly from one side to the other of the world. Asidis from
scienti ¢ pursuits, until few years ago he harbouredoa fassi
skiing and he was also a gourmet. It was always good to talk to
him, but he was at his best at social gatherings. It waara pleas
to listen anecdotes from his student times or from egpeitienc
people from all walks of life. We all owe a debt of grafrae to
fessor Berra, to the colleague and to the friend. We dtlaknow t

Bruno Berrg he would have given much more to Space science and fiochemist

Dear colleagues and friends, with deep sadness we \Mnul&"ﬁﬂéo us if he had not suddenly and unexpectedly passed away.

brie y remember Professor Bruno Berra, who passed dwayn§elk Maria Rizzo

21, 2010. University of Milano
Professor Berra was born in Magenta in 1937. He completed

his studies at the University of Pavia where he earned a Chem-

istry degree in 1961. Then he joined the Biochemistig Instit

of the Faculty of Medicine of the University of Milaneddatct

that time by Professor Vittorio Zambotti, where he wdabked as

dinary Assistant of Biochemistry until 1977. Then Beddanov

the newly formed Faculty of Pharmacy of the Universapof Mil

where he became full Professor of Biochemistry in 1986. He he

di erent courses of Biochemistry (General BiochemoistrgmB

istry of Nutrition, Molecular Biology, BiochemistrySKitt)eor

about four decades, until few days before his death. e aas be

founder of the Institute of General Physiology and Biogloémi

whom he was the chairman from 1989 to 2000. He had a key role

in the scienti c development of the Institute and in itlsemove

in 1994 to the new building of via Trentacoste. Berra was

e ective leader because of his personal qualities amdach@hie Helfis Ahlbory

success of our department owed much to these qualities. The sad news has reached us that our colleague Profngm. Dr.-I
His strong sense of community responsibility was re edtedis Ahlborn has passed away on August 11, 2010. Hans Ahlbor

the numerous professional activities throughout the saen was born in northern German in Katefeld. He becameepprentic

munity. From 1984 to 1995 he was President of the CodimcMaodelingand nished as a journeyman in 1950. Thereafter,

Corso di Laurea in Chemical and Pharmaceutical Technélegstualied vocational pedagogy nishing in 1954 with-the sec

the Faculty of Pharmacy, from 1988-1995 Member of thedBrps&dte examination. During his work as vocatiocbriretru

Committee for Biochemistry and Molecular Biology diathedtiadied metallurgy at the Bergakademie Freiberg (latgcalec

Pharmacopeia, from 1997 to 2006 member of the Consultibgi@ensity of Clausthal Zellerfeld) and nished witHaendipn

mission of the Department of Health for alimentary epeecas 1957. Thereafter, he became assistant of Professoandasserm

targeted to diseases. Among the large number of pitdpeots tiad received his Ph.D. in 1961 and, in 1965, he obtaingd the ve

fessor Berra was working on, in the last ve years heapgrtitedendi for materials science. In 1969 he became prdfessor a

cared about the foundation and development of theyWuogerdtlausthal. During the same year he took over the posidon of t

tra Signora del Buon Consiglidlirana. head of the divisionaterialsof Battelle Frankfurt. There, Hans
Professor Berra's career in science spanned more than Bleain was concerned with ber-reinforced compasiteis, ce

His scienti ¢ interests were broad and he did wide-raggirgpne substitutes and surface coatings. He also workesd on mon

search in biochemistry: from the study of glicoconpeygtes aectic alloy characterization and on their use in fristianags

gliosides in physiological and pathological condiorg,giit by rapid solidi cation.

cosphingolipidoses, to the eld of nutrition and nitsgaaiuel- At Battelle Hans Ahlborn also became interested ingnaterial

opmental biochemistry, cancer research, cosmetolgugriéanrd science under zero gravity conditions. In particulagskedfo

wo KKK
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his attention on monotectic Aluminum Led alloys whdtye desesarchers from around the world in areas such asityicrograv
di erences could be compensated under reduced gravigy. olust instability, and buoyancy-driven ows. He was @& Fello
eld he became a well-known scientist, working as a rencewdrAPS, a distinction bestowed on only a select few. As an aca-
advisor for materials-science experiments under ggroHgademic, Professor Zebib wrote and lectured extensiveigiede g
served for various organization from government forstiehcéhe research of a large number of doctoral students. sébdel al
ing the Deutsche Forschungsgemeinschaft, DLR, ESAAanseN&S extensively in administration. He was the CHainman o
Since 1986 and up to his retirement professor Ahlborm hasDegrartment from 1989 to 2000, and was the Deputy Dean of the
member of ELGRA. School of Engineering from 2000-2008. In November 2009, the
In 1973 Hans Ahlborn became professor at the Univedsipaidinent dedicated the MAE Computer Laboratory s Analy
Hamburg. The chair for Engineering Science had an emphasisDesign (CoLAD) to Professor Abdel Zebib, in reaafgnition
the education of vocational teachers (didactics of #reiabminis outstanding contributions to the department andenghipa
technical sciences for the education of teachers).cétfiergbend vision over many years.
emeritus in 1994 he founded a company concerned with recysldel Zebib was well known in the microgravity uid nsechanic
of carbon- ber materials. community. During his later years, in particular, heittasdenr
Hans Ahlborn participated with several experiments Varits microgravity conferences with his expertise FAIGRA
TEXUS program from 1977 to 2007. He was also a keySsgigbosium in Florence in 2007. He was widely appreciated for
tist during the D1 mission in 1965 (Separation of ImMisktslenis excellent scienti c work and A++ sense of humor. We shall
experiment WI-IHF-01) and Euromir 95 in 1996. He alsmiBachim very much.
an experiment in 1993 during D2 Mission (SeparationrBéhavia\ote that Department of Mechanical and Aerospace Engineer-
Monotectic Alloys, experiment WL-IHF-MONO). ing of Rutgers University has established the Abdel ZediaMe
Professor Ahlborn enjoyed a high reputation among hisi@l-which will support activities relating to Abdelesigdh-
leagues which, apart from his personal charisma, was Hiasggk@sts, particularly seminars and student researdfon®ema
participation in microgravity experiment. He was kmeuk aje Memorial Fund can be made through the Dean's O cs, Rutger
ated, and dreaded for is strict rationale. He was abl®ittt p&§¢hool of Engineering.
things and clearly present a position. Those who hadebe priv Apridged and modi ed version adopted from the web site of
to know and experience him will certainly and thankfully kRgtgers University.
mind his personality.
Hendrik Kuhlmann
Vienna University of Technology

Hendrik Kuhlmann
Vienna University of Technology

H. K. gratefully acknowledges the support of W. Seyditfuniver
of Hamburg) and I. Ahlborn, daughter of professor Ahlborn.

Abdelfattah Zebip

With sadness we learned that Abdelfattah Zebib passed away o
December 10, 2009 at the age of 63. He is survived by hgjriea Maria Uwa
sons, Adam, Neil and Tarik.

After his doctoral and post-doctoral work at the UnoferBitgfessor Bianca Maria Uva, born on June 22, 1934 inrFiume (fo
Colorado, Boulder, Colorado, Professor Zebib joinsdlRitgener Jugoslavia), passed away in Zoagli (Genua) on Sgptember
versity in January 1977. He was a distinguished respar2f@8.i First of all, | would like to thank ELGRA for letting me
uid mechanics, a eld to which he made many seminat comtiteudown these few lines in memory of Professor Bisaca Mari
tions. He was a true scholar and had extensive collavaithtidiva who was my scienti cally sound mentor, but throughsthe ye
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became a more and more caring friend for me and a kind of te3aenti cally speaking she could boast more than 100 papers
grandmother for my daughters. published on national and international journals, kattjast
Bianca Maria Uva graduated in Biology in 1961 and livedid# her professional skills, |1 need to remind all who ohet he
her scienti c life in the University of Genua where slyebaallher human qualities, especially her warm-heartednestp-and h
came a full professor of Comparative Anatomy and Cli@Bsgyfufness perfectly harmonized with her resolution asdvhiies
and head of the Institute devoted to that discipline.vBteasgperforming the demanding institutional tasks expdbtedaier
the President of the Course of Biological Sciences fram $8@4had in the faculty.
2000 and thence as the Director of the Department of Biol6ygfessor Bianca Maria Uva, you still are unique, a kind of
until 2006. loving mother or a fascinating source of enthusiasm &r some
Her rst publication represented the practical applisbgio us. You have been a wonderful mind as well as a cheistful, altru
idea of Professor Ettore Remotti, the former Directlstifutee open-minded and generous soul. We always remembeauyour eleg
of Comparative Anatomy, who opened a new window in stglegl@lespite your great learning you never indulgedhin hau
by investigating the in uence of organ extracts frormiacils diness or condescension while providing students agdesolle
on organ development in chick embryos. Immediatetgerftavjtiu your pieces of information or advice. You actuedigntepr
the guidance of Professor Ghiani, who would get married te heiman masterpiece, the nice result of an inborn determinat
1967, she began to investigate upon the functionaépafitbgito overcome su erings caused by war, by an early departure fr
sub-commissural organ and from then on she kept beidg yusiand of birth and by your premature widowhood.
in neuroscience research. That's why, dear Mabi (the endearing nickname chosen by your
Bianca Maria Uva actively participated in several me#ii@s and us), we all miss you as a person, we miss tige smile w
and skilfully organized some of them (e.g. two Italiasldgmb#gw on your face when we referred saying nonsense to you fror
Meetings in 1992 and 1998, and the ltalian Conferenae oftMigither side of the desk. Despite being rm, you nowished y
chemistry in 2003). She also greatly contributed to ¢ss gigeply kind-hearted air and allowed everybody a secw®l cha
of the 24th Meeting of the European Comparative Erglstsin@folooking for his praises, which you expected to be hidden by
(CECE) in Genua in 2008. | myself entered Professor GB@islefensive curtains, because you knew from ekgerience
group to prepare my thesis in 1981 and thus, under the glifélanithout love is sad, empty and distressing. Thusghibu tau
of Professor Uva, | had the honor of performing stucteseith 4s to approach life appropriately, to accept people as, ttey a
cerning vertebrate adaptation to extreme environmeptisit better ourselves. All that explains why we miss you | gueamal

reference to woman!
Despite all sorrows, anyway, | prefer to think of Mapi's funn

skin and kidney osmoregulation in salt or fresh water @gploits: does anybody remember when she played theusischie
angiotensin and bradykinin-kinin systems, as well ras|i#égirl during a break in a space meeting in San Arerag, T
water-electrolyte regulating peptides), by fading away from her friends/colleagues and beingdiit imm
ately after that by a bicycle driving through a red lightt?afshd
cardiovascular and cardiorespiratory adaption obdedsdg why, rather than an obvious identity card pictuse,dreho
teleosts and ice sh, and | took of her in the lab where her eyes and her attitude clearly

. . . . d%how, all | described here better than any words in the world.
skin and gill changes in teleosts coming from polluted envi-

ronments. Maria Angela Masini
University of Genua

Bianca Maria Uva also led a large operating unit of the Antarc
tica Project as a Co/PI of Professor Luporini from thex@amer
University involving many researchers of the Biologyreapa
of Genua University. In those years she collaborated-with se
eral internationally celebrated scientists includfegg@roChie
(Naples University) and Professor lan Henderson (She-eld U
versity) with whom she got progressively tied by a cldskifrie
It looked like a sign of destiny when in the 90ies she rst met
Professor Aristide Scano and his close collaboratspiPFafes
lice Strollo; in fact, until that moment her innate ifdergsice
had been just smouldering under the ashes after beety foster
during her childhood by her father, a Physics teacheromith wh
she watched the stars as often as possible.

From that moment on she got committed to microgravity re-
search: she took advantage of her far-sighted attitugléréo ac
dedicated pieces of equipment, including the 3D raraorimgosi
machine, and of her scienti ¢ thrust to publish a numperf pa
concerning time-dependent cytoskeletal adaptatiosleéd mad
crogravity of glial and nervous cells. Soon after steastaries
of cytology studies which represent a scienti ¢ inketitnmy
collaborators and | feel deeply committed to respect.
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ELGRA guestionnaire for space research satisfaction

The ELGRA Management Committee (MC) has developedretuiquest questionnaires we would greatly appreciatéakeyou

tionnaire on your experience regarding the reviewnsetatta few minutes to Il the form below. The questionnairsowill al

de-selection for and execution of space research. ¥he shbevdistributed by email in an electronic form in ordditatefaci

intended to help ELGRA improving its services by an e-cielting and sending. You may |l this printed version andt send

teraction with the decision-making institutions. to Dr. Jack van Loon (address seetpadpefore the deadline of
Since the impact will strongly rest with a number of lledamgary 31, 2011.

1. How would you describe your contact with your natmalgepay or representatives? Satisfying
Unsatisfying
2. The frequency of Announcements of Opportunitiess @@y ispace agencies is Appropriate

Not frequent enough
Too frequent
3. Is the review process of the proposals submittedsa teghenAQO's transparent? Yes
No
4. Are you satis ed with the reviewing process of thelppmaited in response to the AO's? Yes

If the answer is 'No": Why? What could be done to imprad@ese Pr. ... ..ottt i

5. Should the proposals submitted in response to the é\@svbd by
ESA/ESF only
ESA/ESF as well as by the national space agency
6. What can be done to improve the re-selection/dergBIBOHES? . . . . . .. ... .
7. The time between experiment selection and impleferetation is Appropriate
Too short
Too long
If "Too long": What can be done to shorten the delay? .. ... . e i e e
8. An ESA Topical Team (TT) consists of a group of expestmuld Tive the following objectives:
a) co-ordinate the activities of di erent research gookipg \wn the same topic, bringing together complexetisyg e
b) identify scienti ¢ problems for which series of wedHd®microgravity/space experiments can generateataucial d
c¢) identify industries speci cally interested in theaegganned by the team
d) agree on the best strategy to accomplish a given reakarch g
e) de ne the required experimental programme, incturdirgvity/space experiments, and to adequately usesthe di
microgravity/space platforms ESA can provide access to
f) select and de ne, in close co-operation with ESA, tireemtdacilities needed to conduct these ight exgeriment
g) set up a Virtual Institute (within ESA's Virtual Camgressang the Topical Team's planned research

Are you su ciently informed about ESA's topical teamadoF )tleeir activities? Yes
No
9. Do you think the ESA Topical Teams do a good job? Yes
No
10. What is your eld of research? Life Sci.
Phys. Sci.
Other
11. What is you level of experience in the space research eld < 5 years
> 5 years
12. Have your experiments own on the ISS or equivalemalfiodt pight)? Yes
No, but scheduled
No

13. In which country do you perform your research (totiwh@tspace agency do you submit proposals)? ... ..weu. ..
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Calender of Events

European Autonomy in Space
January 17 18, 2011
Vienna, Austria
web:www.espi.or.at
contact: ESPI

0 ce@espi.or.at

15th ISU Annual International Symposium
February 1517, 2011

Strasbourg, France

web:www.isunet.edu

contact: Walter Peeters

abstract deadline: October 8, 2010

ISSOL- The International Astrobiology Society and @ioasyr
(IAU C51)
July 3 8, 2011
Montpellier, France
web:www.origins2011.univ-montp2.fr
contact: Reine Bedos
origins2011@exobiologie.fr
abstract deadline: February 19, 2011

4th International Symposium on Physical Sciences in Space
July 11 15 2011

Bonn, Germany

web:www.congrex.nl/11A02

contact: ESA Conference Bureau

ELGRA Biennial Symposium and General Assembly 2011

2011 Next-Generation Suborbital Researchers ConferenceGravity: from to x!

February 28 March 2, 2011

The University of Central Florida in Orlando, Florida.
web:www.swri.org/9what/events/confer/nsrc/2011/

contact: Cindy Conrad
cc@boulder.swri.edu
abstract deadline: November 23, 2010

September 6 9, 2011
Antwerp University (Campus Drie Eiken), Antwerp, Belgium
web:www.ua.ac.be/elgra
contact: Floris Wuyts
oris.wuyts@ua.ac.be
abstract deadline: April 19, 2011

20th ESA Symposium on European Rocket and Balloo2nErtnternational Conference on Space Technology

grammes and Related Research
May 22 26, 2011
Hyéres, France

web:space ight.esa.int/pac-symposium2011

contact: Marie-Pierre Havinga
pac@esa.int
abstract deadline: January 17, 2011

September 15 17, 2011
Royal Olympic Hotel, Athens, Greece
web:www.icspacetechnology.com
contact: Maria Petrou

petrou@iti.gr
abstract deadline: Janurary 30, 2011

Two-Phase Systems for Ground and Space Applications

28th International symposium on Space Technology arel §8i@ﬁmber 2528, 2011

(ISTS)

June 512, 2011

Okinawa, Japan
web:www.ists.or.jp/2011

abstract deadline: November 15, 2010

Cava de' Tirreni, Italy
web:hti.ulb.ac.be
abstract deadline: February 1, 2011

AIAA SPACE 2011 Conference and Exposition
September 26 29, 2011
Long Beach Convention Center / Hyatt Regency Long Reach, Lon

5th International Conference on Recent Advances in 8paggelh, California

nologies

June 911, 2011

Istambul, Turkey

web:www.rast.org.tr

contact: Sefer Kurnaz
rast2011@rast.org.tr

abstract deadline: December 30, 2010

web:www.aiaa.org
abstract deadline: January 25, 2011

62nd International Astronautical Congress
October 37, 2011
Cape Town International Convention Centre, Cape Tbwn, Sout

kK Sy
I *

* & K



ELGRA Corporate Members

Africa

web:www.iac2011.com

contact: IAF
enquiries@iac2011.com

abstract deadline: March 2, 2011

ASGSB combined meeting with ISGP
November 3 6, 2011

St. Claire Hotel in San Jose
web:www.asgsb.org

ELGRA Corporate Members

ASTRIUM GmbH

Space Transportation

88039 Friedrichshafen
Germany

contact: Dr. Peter Kern
Senior Expettife Sciences
peter.kern@astrium.eads.net
www.astrium.eads.net

KAYSER-THREDE GmbH
Perchtingerstr. 5

81379 Munchen

Germany

contact: Dr. Kurt Kemmerle
kurt.kemmerle@kayser-threde.com
www.kayser-threde.de

OHB-System AG
Universitatsallee 27 29

28359 Bremen

Germany

contact: Dr. Klaus Slenska
Head Life Science Department
slenzka@ohb-system.de
www.ohb-system.de/

39th COSPAR Scienti ¢ Assembly

July 14 22, 2012

Mysore, India

web:www.cospar2012india.org

contact: COSPAR
cospar@cosparhg.cnes.fr

Swedish Space Corporation
P.O. Box 4207

17104 Solna

Sweden

contact: Christian Lockowandt
Payloads and Rockets
mailto:clo@ssc.se

WWW.SSC.Se
// ZARM Drop Tower
4 Operation and Service Comany

Z/A\RM Am Fallturm

28359 Bremen

Germany

contact: Prof. Dr.-Ing. Hans J. Rath
Director General
hans.rath@zarm.uni-bremen.de
www.zarm.uni-bremen.de
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ELGRA Management Committee

Dr. Ing. Jack W. A. van Loon (President)

Dutch Experiment Support Center

ACTA - University of Amsterdam and VU-
University, Department of Oral Cell Biology

van der Boechorststraat 7, 1081BT Amsterdam,
The Netherlands

Phone: +31 20 444 8686 8664

Fax: +31 20 4448683

Mobile: +31 6 5370 0944

j-vanloon@vumc.nl

www.descsite.nl

Discipline: ~ Gravitational and space biol-
ogy/physiology, ground-based facilities, user sup-
port, ELGRA web master

Prof. Dr. Hendrik Kuhlmann (Vice-President)
Institute of Fluid Dynamics and Heat Transfer
Technical University of Vienna

Resselgasse 3/1/2, A-1040, Vienna, Austria
Phone: +43 1 58801-32212

Fax: +43 1 58801 32298
h.kuhimann@tuwien.ac.at

www. uid.tuwien.ac.at

Discipline: Fluid mechanics

Dr. Monica Monici (General Secretary)
ASAcampus Joint Laboratory

ASA Research Division

Department of Clinical Physiopathology
University of Florence

Viale Pieraccini 6, 50139 Florence, lItaly
Phone: +39 055 427 1217

Mobile: +39 335 467 310
monica.monici@uni .it
www.asalaser.com

Discipline: Gravitational and space biology, pho-
tobiology, uorescence microscopy

Dr. Kurt Kemmerle (Treasurer)
Kayser-Threde GmbH

Perchtingerstr. 5, 81379 Munchen, Germany
Phone: +49 89 72495 210

Fax: +49 89 72495 398
kurt.kemmerle@kayser-threde.com
www.kayser-threde.de

Discipline: Space science instrumentation

Prof. Dr. Daniel Beysens (Member)
CEA-ESEME, ESPCI

10, rue Vauquelin, 75231 Paris Cedex 05, France
Phone: +33 1 40 79 5806

Fax: +33 1 40 79 4523

daniel.beysens@espci.fr
www-drfmc.cea.fr/fSBT/ESEME

Discipline: Fluid phase transition

Prof. Dr. Hans Fecht (Member)

Institute of Micro and Nanomaterials
University of Ulm

Albert-Einstein-Allee 47, 89081 Ulm, Germany
Phone: +49 731 502 5490(1)

Fax: +49 731 502 5488
hans.fecht@uni-ulm.de
www.uni-ulm.de/in/nano

Discipline: Materials science

Dr. F. Javier Medina (Member)

Centro de Investigaciones Bioldgicas (CSIC)
Ramiro de Maeztu 9, E-28040 Madrid, Spain
Phone: +34 91 837 31 12 4261

Fax: +34 91 536 04 32
fimedina@cib.csic.es
www.cib.csic.es/en/grupo.php?idgrupo=32
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