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PRECESSION, NUTATION, AND WOBBLE
OF THE EARTH

Earth rotation has long been used as a measure of time, together with using the stars as
reference points, to determine travellers’ whereabouts on the globe. However, the rotation
of the Earth is not uniform and its orientation with respect to the sky goes on changing.

Covering both astronomical and geophysical perspectives, this book describes changes
in the Earth’s orientation, specifically precession and nutation, and how they are observed
and computed in terms of tidal forcing and models of the Earth’s interior. Following an
introduction to key concepts and elementary geodetic theory, the book describes how precise
measurements of the Earth’s orientation are made using observations of extragalactic radio
sources by very long baseline interferometry (VLBI) techniques. It demonstrates how
models are used to accurately pinpoint the location and orientation of the Earth with
reference to the stars and how to determine variations in its rotation speed (length-of-day
variations). A theoretical framework is also presented that describes the role played by the
structure and properties of the Earth’s deep interior.

Incorporating suggestions for future developments in nutation theory for the next gen-
eration models, this book is ideal for advanced-level students and researchers in the fields
of solid Earth geophysics, planetary science, and astronomy.

PROFESSOR V. DEHANT is Senior Research Scientist at the Royal Observatory of Belgium,
responsible for the Operational Direction Reference Systems and Planetology, and is a part-
time professor at the Université Catholique de Louvain. Her research is focused on the
interior, rotation, and habitability of the terrestrial objects of our Solar System, mostly in
relation to the evolution of their interiors and atmospheres. Professor Dehant is also Principal
Investigator and Co-Investigator of several instruments in ESA and NASA missions, and
has received several awards including the Descartes Prize of the European Union. She
is involved in several advisory committees such as the ESA Space Science Advisory
Committee (SSAC) and is a member of the Royal Academy of Belgium (Science Class).
She is the author of more than 400 publications.

PROFESSOR P. M. (SONNY) MATHEWS served as Senior Professor of Theoretical Physics
at the University of Madras in India, and is now retired. His main research interests are
in the Earth’s nutation and precession and other concomitant phenomena, as well as the
properties of, and processes in, the Earth’s deep interior. Professor Mathews is the lead
originator of the Mathews—Herring—Buffett (MHB) theory of nutation adopted by the IAU
and IUGG. In recognition of his work on the MHB model of nutation, he was elevated to
the Fellowship of the American Geophysical Union (2004). He was elected a Fellow of the
Indian Academy of Sciences in 1975 and of the Indian National Science Academy in 1983.
He has published 120 papers.
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Preface

For several years (about 20) both authors have been working in the domain of
Earth rotation, and in particular on nutation. The Working Group on nutation,
established by the International Astronomical Union and the International Union
of Geodesy and Geophysics in 1994, was a starting point for bringing together
scientists thinking about what was missing in the nutation series adopted by the
International Astronomical Union. Collaboration between the scientists of the WG
was very successful and, in particular, the authors’ collaboration began at that time.
Recently, it has appeared to us that there were no existing books yet dedicated to
the subject, and the scientific community is looking for a suitable publication. The
literature contains a lot of relevant articles, but many of them rely on previous work
and do not give full details. This book aims at bringing everything together for the
first time. The book is addressed to students or scientists who want to understand
nutations. The aim of this book is to give a reasonably comprehensive introduction
to the fundamental concepts, mathematical formalism, and methodology of the
Earth’s nutation. It is only assumed that the student or reader is familiar with the
elementary principles of calculus, although we might have used in some parts
short-cuts for reasons of simplicity, and with the underlying physical principles in
the foreground. Another important aim of this book is to make a comprehensive
list of the geophysical and astronomical processes involved in nutation, in order to
be able to investigate the “next decimal place.”

The authors wish to take this opportunity to acknowledge all those who have
aided in the preparation of this book.

X1
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