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Preface

The history of Einstein’s theory of gravity (General Relativity Theory, GRT) can
roughly be divided into three epochs. The first epoch started with Einstein’s classical
papers on the foundation of “General Relativity” (end of 1915), which soon opened
up a vast opportunity for mathematicians and mathematical physicists. It was mainly
a mathematically oriented discipline. The exceptions were related with the very first
experimental tests of GRT. The central problem of celestial mechanics of the 19th century,
namely Mercury’s anomalous perihelion precession of 43" per century, could be explained.

The first measurements of the light deflection by the gravitational field of the Sun
during the British expeditions to Sobral (Brazil) and Principe (Gulf of Guinea), taking
photographic pictures of the solar vicinity during the solar eclipse on the 29th May, 1919,
made Einstein famous.

The situation changed drastically in the second phase of testing, after about 1960. New
technological innovations and techniques (atomic clocks, laser reflectors on dedicated
satellites and on the lunar surface, radio interferometry, microwave techniques, etc.) not
only allowed precise testing of the foundations of any physically reasonable theory of
gravity (equivalence principles, gravitational redshift, etc.) and precise solar system tests
of GRT, but also led to the rapid development of relativistic astrophysics, dealing with
fantastic objects such as quasars, pulsars, black holes, gravitational lenses, and even
the birth of our entire Universe some 14 billion years ago. The discovery of the binary
pulsar PSR 1913416 by Hulse and Taylor in 1974 revealed a new arena where theories
of gravity can be tested. The existence of gravity waves, for the first time in history, was
indirectly demonstrated. In parallel with that progress on the observational side, Kenneth
Nordtvedt and Clifford Will came up with a parametrized post-Newtonian formalism
that covers the post-Newtonian approximation of a great number of alternative theories
of gravity. A certain set of PPN parameters, that can be determined experimentally
together with realistic error bars, distinguishes these various limits. So far Einstein’s
theory of gravity has passed every experimental test with flying colors.

In the third present epoch, Einstein’s theory has to be considered as an integral part
of classical physics; nowadays it is employed to solve technologically oriented problems.
Meanwhile, the stability of atomic clocks is of the order of a few times in 107!, with
revolutionary consequences for the problem of navigation (GPS, GLONASS, etc.). VLBI
measurements, as a basis for our present celestial reference system (ICRS) and the field
of global geodynamics, presently aim at mm accuracies. Laser measurements to selected
satellites (SLR) and retroreflectors on the lunar surface (LLR) have accuracies in the cm
range. Consequently, solar system ephemerides, theories for time dissemination, clock
synchronization, global geodynamics, light propagation, etc. have to be described in the
framework of Einstein’s theory of gravity. GRT has become the basis for astrometry,
celestial mechanics, and metrology.

In the field of astrophysics, objects, that had been considered to be very exotic orig-
inally, such as gravitational lenses, pulsars, neutron stars, or black holes, have become
quite common objects in the sky (though an ultimate proof of the existence of black holes
is still overdue). Pulsars are being investigated as precise clocks that might provide an
independent source of precise and stable time. Soon we might be in a position to test the
theoretical 'no hair theorem’ of black hole physics experimentally. After the first doubly
imaged quasar was discovered in 1979, gravitational lensing became an observational sci-
ence that has contributed significantly new results in areas as different as the cosmological
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distance scale, mass determination of galaxy clusters, physics of quasars, searches for dark
matter, etc. Our present cosmological standard model based on GRT is now supported
by numerous observations, especially those related with the anisotropies of the Cosmic
Microwave Background Radiation. Detailed measurements of these anisotropies (e.g., by
WMAP) lead to an observational determination of the basic cosmological parameters,
including the age of the entire Universe.

Today, Applied General Relativity is a broad interdisciplinary field with various experts
in different niches. Often they come from different branches of physics and astronomy
and experience difficulties to communicate with each other because of their different
languages. For that reason we felt the importance to bring such experts together, and to
modify the various languages a bit in order to simplify communication with each other.
We hope that our Symposium has contributed to this ambitious goal at least a little bit.

Sergei A. Klioner, P. Kenneth Seidelmann and Michael H. Soffel (Proceedings Editors)

https://doi.org/10.1017/51743921309990020 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921309990020

xii

THE ORGANIZING COMMITTEE

Scientific

Sergei A. Klioner (co-chair, Germany) P. Kenneth Seidelmann (co-chair, USA)
Nicole Capitaine (France) Antonio Elipe (Spain)
Sylvio Ferraz Mello (Brasil) William M. Folkner (USA)
Toshio Fukushima (Japan) Kenneth Johnston (USA)
Michael Kramer (UK) Frangois Mignard (France)
Andrea Milani (Italy) Wei-Tou Ni (China)
Gérard Petit (France) Michael Soffel (Germany)
David Vokrouhlicky (Czech Republic) Clifford Will (USA)

Local

M. Efroimsky (chair) J. Bangert

G. Kaplan B. Luzum

K. Marvel D. Matsakis

A. Monet S. Urban

W. Wooden N. Zacharias
Acknowledgements

The symposium was sponsored and supported by the IAU Divisions I (Funda-
mental Astronomy) and X (Radio Astronomy); and by the IAU Commissions
No. 4 (Ephemerides), No. 7 (Celestial Mechanics), No. 8 (Astrometry), No. 19
(Rotation of the Earth), No. 31 (Time), No. 33 (Structure and Dynamics of the
Galactic Dynamics), and No. 52 (Relativity in Fundamental Astronomy); and by
WG (Numerical Standards in Fundamental Astronomy), WG (Second Realization
of International Celestial Reference Frame).

The Local Organizing Committee operated under the auspices of the
United States Naval Observatory.

Funding by the International Astronomical Union
and
National Science Foundation of USA
is gratefully acknowledged.

Administrative support was provided by
the American Astronomical Society and its staff.

https://doi.org/10.1017/51743921309990020 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921309990020

Participants

John D. Anderson, Jet Propulsion Laboratory, Pasadena, CA, USA

Guillem Anglada-Escudé, Carnegie Institution for Science, Washington D.C., USA
E. Felicitas Arias, International Bureau of Weights and Measures, Sevres, France
Neil Ashby, University of Colorado, Boulder, CO, USA

Matthew Bailes, Swinburne University of Technology, Hawthorn, Australia

Quentin G. Bailey, Embry Riddle Aeronautical University, Prescott, AZ, USA
Ronald Beard, U.S. Naval Research Laboratory, Washington, D.C., USA

Steven Bell, HM Nautical Almanac Office, Taunton, UK

Peter Bender, JILA, University of Colorado and NIST, Boulder, CO, USA

Luc Blanchet, Institut d’Astrophysique de Paris, France

Stefanie Bremer, ZARM, University of Bremen, Germany

Nicoleta Brinzei, Transilvania University, Brasov, Romania

Nicole Capitaine, SYRTE, Observatoire de Paris, France

Ratana Chhun, ONERA, Chatillon, France

Luis Filipe P. O. Costa, Centro de Fisica do Porto, Universidade do Porto, Portugal
Mariateresa Crosta, Osservatorio Astronomico di Torino-INAF, Turin, Italy
Ignazio Cuifolini, University of Salento and INFN Sexione di Lecce, Lecce, Italy
Jos De Bruijne, European Space Agency, Noordwijk, The Netherlands

Michael Efroimsky, U.S. Naval Observatory, Washington D.C., USA

Frank Eisenhauer, Max-Planck-Institut fiir extraterrestrische Physik, Garching, Germany

Thomas Marshall Eubanks, AMERICAFREE.TV, USA

Fernando Fandino, Universidad Nacional de Colombia, Bogotd, Colombia

Vincent Fish, MIT Haystack Observatory, Westford, MA, USA

Willliam Folkner, Jet Propulsion Laboratory, Pasadena, CA, USA

Edward Fomalont, National Radio Astronomy Observatory, Charlottesville, VA, USA
Toshio Fukushima, National Astronomical Observatory of Japan, Tokyo, Japan
Bernard Guinot, SYRTE, Observatoire de Paris, France

Christine Hackman, U.S. Naval Observatory, Washington D.C., USA
Aur/’elien Hees, Royal Observatory of Belgium, Bruxelles, Belgium

Robert Heinkelmann, Deutsches Geodaetisches Forschungsinstitut, Munich, Germany

Gregory Hennessy, U.S. Naval Observatory, Washington D.C., USA

Daniel Hestroffer, IMCCE, Observatoire de Paris, France

David Hobbs, Lund Observatory, Lund University, Lund, Sweden

George Hobbs, Australia Telescope National Facility, Epping, NSW, Australia
Catherine Hohenkerk, HM Nautical Almanac Office, Taunton, UK

Berry Holl, Lund Observatory, Lund University, Lund, Sweden

Luciano Iess, Universit‘a La Sapienza, Rome, Italy

Robert Jacobson, Jet Propulsion Laboratory, Pasadena, CA, USA

George Kaplan, U.S. Naval Observatory (Ret.), Washington D.C., USA

Ramon Khanna, Springer, Germany

Sergei Klioner, Lohrmann-Observatorium, Dresden Technical University, Germany
Sergei Kopeikin, Univeristy of Missouri-Columbia, Columbia, MO, USA
Michael Kramer, Jodrell Bank Centre for Astophysics, Manchester, UK
Vladik Kreinovich, University of Texas at El Paso, E1 Paso, TX, USA
Jacques Laskar, IMCCE, Observatoire de Paris, France

Mario Lattanzi, Osservatorio Astronomico di Torino-INAF, Turin, Italy
Christophe Le Poncin-Lafitte, SYRTE, Observatoire de Paris, France
Lennart Lindergren, Lund Observatory, Lund University, Lund, Sweden
Meike List, ZARM, University of Bremen, Bremen, Germany

Jiacheng Liu, Nanjing University, P.R.China

Brian Luzum, U.S. Naval Observatory, Washington D.C., USA

Valeri Makarov, NASA Exoplanet Science Institut, Caltech, Pasadena, CA, USA
Jean-Luc Margot, University of California, Los Angeles, CA, USA

Dennis McCarthy, U.S. Naval Observatory, Washington D.C., USA

Francois Mignard, Observatoire de la Cote d’Azur, Nice, France

Andrea Milani, University of Pisa, Pisa, Italy

Thomas Murphy, University of California, San Diego, CA, USA

Robert Nelson, Satellite Engineering Research Corporation, Bethesda, MD, USA
Anna Nobili, University of Pisa, Pisa, Italy

Xiaopei Pan, Jet Propulsion Laboratory, Pasadena, CA, USA

Erricos Pavlis, JCET/UMBC - NASA Goddard Space Flight Center, Baltimore, MD, USA

Gérard Petit, International Bureau of Weights and Measures, Seévres, France
Sophie Pireaux, Royal Observatory of Belgium, Bruxelles, Belgium

Elena Pitjeva, Institute of Applied Astronomy RAS, St.Petersburg, Russia
Dimitrios Psaltis, University of Arizona, Tucson, AZ, USA

Andreas Quirrenbach, ZAH, University of Heidelberg, Germany

John Ries, University of Texas, Austin, TX, USA

Benny Rievers, ZARM, University of Bremen, Bremen, Germany

Harald Schuh, Vienna University of Technology, Vienna, Austria

Bernard Schutz, Max Planck Institute for Gravitational Physics, Golm, Germany
P. Kenneth Seidelmann, University of Virginia, Charlottesville, VA, USA
Kun Shang, Shanghai Astronomical Observatory, Shanghai, P.R.China
Michael Shao, Jet Propulsion Laboratory, Pasadena, CA, USA

Sergey Siparov, State University of Civil Aviation, St.Petersburg, Russia
Michael Soffel, Lohrmann-Observatorium, Dresden Technical University, Germany
Ingrid Stairs, University of British Columbia, Vancouver, Canada

E. Myles Standish, Jet Propulsion Laboratory, Pasadena, CA, USA
Edilberto Suarez, Universidad Distrital, Bogotd, Colombia

Kai Tang, Shanghai Astronomical Observatory, Shanghai, P.R.China

Pierre Teyssandier, SYRTE, Observatoire de Paris, France

Slava Turyshev, Jet Propulsion Laboratory, Pasadena, CA, USA

Mauri Valtonen, Tuorla Observatory, University of Turku, Finland

https://doi.org/10.1017/51743921309990020 Published online by Cambridge University Press

xiii

jdandy@earthlink.net
guillem.anglada@gmail.com
farias@bipm.org
ashby@boulder.nist.gov
matthew.bailes@gmail.com
baileyq@erau.edu
ronald.beard@nrl.navy.mil
steve.bell@ukhc.gov.uk
pbender@jila.colorado.edu
blanchet@iap.fr
bremer@zarm.uni-bremen.de
nico.brinzei@rdslink.ro
n.capitaine@obspm.fr
ratana.chhun@onera.fr
filipezola@hotmail.com
crosta@oato.inaf.it
ignazio.ciufolini@unile.it
jdbruijn@rssd.esa.int
me@usno.navy.mil
eisenhau@mpe.mpg.de
tme@multicasttech.com
jffandilloc@unal.edu.co
vfish@haystack.mit.edu
william.folkner@jpl.nasa.gov
efomalon@nrao.edu
Toshio.Fukushima@nao.ac.jp
guinot.bernard@wanadoo.fr

hackman.christine@usno.navy.mil

aurelien.hees@oma.be
heinkelmann@dgfi.badw.de
gsh@usno.navy.mil
hestro@imcce.fr
david@astro.lu.ed
george.hobbs@csiro.au

catherine.hohenkerk@ukho.gov.uk

berry@astro.lu.se
luciano.iess@uniromal.it

robert.a.jacobson@jpl.nasa.gov

gk@gkaplan.us
Ramon.Khanna@springer.com
Sergei.Klioner@tu-dresden.de
kopeikins@missouri.edu

Michael. Kramer@manchester.ac.uk

vladik@utep.edu
laskar@imcce.fr
lattanzi@oato.inaf.it

Christophe.Leponcin-Lafitte@obspm.fr

lennart@astro.le.se
list@zarm.uni-bremen.de
njuliujiacheng@gmail.com
bjl@maia.usno.navy.mil
valeri.makarov@jpl.nasa.gov
jlm@ess.ucla.edu
dmc@maija.usno.navy.mil
francois.mignard@obs-nice.fr
milani@dm.unipi.it
tmurphy@physics.ucsd.edu
robtnelson@aol.com
nobili@dm .unipi.it
xiaopei.pan@jpl.nasa.gov
umbc.edu
gpetit@bipm.org
Sophie.Pireaux@oma.be
evp@ipa.nw.ru
dpsaltis@physics.arizona.edu

a.quirrenbach@lsw.uni-heidelberg.de

ries@csr.utexas.edu

Benny.Rievers@zarm.uni-bremen.de

harald.schuh@tuwien.ac.at
ute.schlichting@aei.mpg.de
pks6n@virginia.edu
shangkun@shao.ac.cn
mshao@huey.jpl.nasa.gov
sergey@siparov.ru
michael.soffel@tu-dresden.de
stairs@astro.ubc.ca
ems@smyles.jpl.nasa.gov

tangkai@shao.ac.cn
pierre.teyssandier@obspm.fr
turyshev@jpl.nasa.gov
mvaltonen2001@yahoo.com


https://doi.org/10.1017/S1743921309990020

xiv Participants

Alberto Vecchiato, Osservatorio Astronomico di Torino-INAF, Turin, Italy vecchiato@oato.inaf.it
Patrick Wallace, Rutherford Appleton Laboratory, Didcot, UK ptw@star.rl.ac.uk
Joachim Wambsganss, ZAH, University of Heidelberg, Germany jkw@ari.uni-heidelberg.de
Clifford Will, Washington University, St. Louis, MO, USA cmw@wuphys.wustl.edu
Carol Williams, University of South Florida (retired), Tampa, FL, USA cw@math.usf.edu
Peter Wolf, SYRTE, Observatoire de Paris, France peter.wolf@obspm.fr
Yi Xie, Univeristy of Missouri-Columbia, Columbia, MO, USA xiyi@missouri.edu
Chongming Xu, Shanghai Astronomical Observatory, Shanghai, P.R.China chongmingxu@hotmail.com
Vladimir Zharov, Sternberg State Astronomical Institute, Moscow, Russia zharov@sai.msu.ru
Shay Zucker, Tel Aviv University, Tel Aviv, Israel shayz@post.tau.ac.il

https://doi.org/10.1017/51743921309990020 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921309990020

