
Preface

Writing a popular account of the three-body problem is a special challenge. The

problem is as old as science in general, and contributions towards its solution have

been made by an untold number of scientists. Yet we are not yet at the stage where

we could declare that the problem has been solved. Another challenge is to try to

convey some of the excitement of this problem to the general reader without the use

of mathematics. For a problem which is studied in mathematics departments of

many universities, it means, by necessity, major simplifications and often appealing

to applications in the field of astronomy. Astronomical systems may be easier to

visualize than purely mathematical constructions.

We have taken the historical approach. The three-body problem, the description

of the motion of three celestial bodies under the action of their mutual gravitational

pull, was first studied by Isaac Newton. In Chap. 1, we give a brief history of the

problem prior to Newton and only to the extent that is relevant to Newton’s work.
There is much astronomical and mathematical science before Newton that we are

not able to describe here. Some additions to the historical background come in

Chap. 7 after we have learnt concepts that are important to the problem, such as the

idea of chaos.

Newton’s law of gravity is accurate enough for most astronomical calculations.

However, the more accurate Einstein’s law of gravity is necessary in many modern

applications. In fact, the need to improve Newton’s law became apparent only in the

late nineteenth century, when it was realized that planet Mercury did not behave as

expected by the solution of the three-body problem in Newton’s theory. The last

chapter describes more drastic changes to Newton’s law, such as the laws governing
black holes. They cannot be understood without Einstein’s General Relativity, as
his law of gravity is called.

Chapter 3 follows some steps in the evolution of the three-body problem. It

includes, among others, the famous pre-Nobel competition for finding the answer

and describes Poincaré and Sundman as leaders of two schools of thought on the

nature of the solution. For Poincaré it was statistical at best, while Sundman

claimed a fully deterministic solution. Both lines of enquiry have correspondence
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in the current work. Poincaré’s solution leads to chaos theory, and further to

enquiries about the nature of time, the subject of the fourth chapter.

In the next two chapters, wemeet astronomical applications on two different scales,

the Solar System and galaxies. Both of these systems have more than three bodies,

more than three by far. However, it is possible to get first-order estimates of many

processes using just three bodies in the calculations, as numerous scientists have

demonstrated over the years. For example, two galaxies may be understood as two

rigid bodies which provide the variable gravitational field for the study of themotion of

a third body, such as a star. Repeating the process for many stars gives us an overview

of how galaxies made of billions of stars may change their shape and other properties.

After the first round review, we take a more detailed look at the steps involved in

the history of the three-body problem. It includes new frontiers and some of the

recent results. Among frontiers are the systems involving black holes which are

found in the final chapter. It takes us straight to the current efforts to prove black

hole theorems. That is, we try to verify the concept of black holes that is derived

from General Relativity.

It is not clear where one should start the history of the three-body problem.

Pythagoras probably understood that Earth, Moon, and the Sun are three spherical

celestial bodies whose exact alignments produce eclipses, lunar and solar. But only

after the introduction of the force law between them did the three-body problem in

the modern sense emerge. Newton’s attempts to solve the three-body problem filled

a good part of his famous work Principia. The three-body problem of today, with

Einstein’s law of gravity, may be used to test the so-called no-hair theorem of black

holes. The no-hair theorem was first formulated by Israel, Carter, and Hawking, and

a distant quasar composed of two black holes and a cloud of gas is the system

currently under study. This represents an enormous range of scale. At the lower end

we have the mass of the Sun and at the upper end more than ten billion suns. The

objects of study can be near to us, like the Sun about 8 light minutes away, or 3.5

billion light years away in the case of the binary black hole system OJ287.

Vladimir Titov from St. Petersburg State University (Russia) has prepared

animations illustrating choreographies in the three-body systems. These animations

and other add-on materials can be found on the book web page http://extras.

springer.com.
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transform, or build upon this figure or a part thereof, you must distribute your work

under the same license as the original. Figure captions give bibliographic data of the

source with name(s) of the originator(s); it may also be an http address.

We hope that this small review will stimulate interest in the reader, and for those

with mathematical knowledge, further enquiries to the mysteries of the three-body

problem.
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