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This book was originally published in 2003 in Japanese as Jiryoku to juryoku no
hakken (Discovering magnetism and gravity). For the English edition, however, I have
updated and substantially rewritten certain sections. To that extent, the present work

represents a revised edition rather a faithful translation of the original.

In this work, I trace the evolution of man’s understanding of action at a distance (also
known as noncontact force) from antiquity to the modern era and consider how this
intellectual evolution shaped the rise of modern science. From ancient times through the
Middle Ages, magnetic force was identified as the primary example of action at a distance.
In modern times, universal gravitation was added to the category of action at a distance, a

step that in many respects marks the birth of modern physics.

My investigation of this theme began almost thirty years ago when I first began
studying the history of science. It struck me as curious that Johannes Kepler frequently
described gravitational force as magnetic. Although I searched a variety of sources,
nowhere could I find a clear, satisfactory answer to the question of why he identified

gravitation with magnetic force.

My curiosity was further piqued by the fact that, whereas it precisely Kepler’s and
Newton’s positing of gravitational force that laid the foundation of modern cosmology,
continental thinkers, particularly Cartesians and other mechanists, emphatically rejected

the Newtonian idea of gravitation on the ground that it was “occult.”

As I pursued answer to such questions, I gradually came to see that the key concept in
the formation of modern physics was force—above all, force in the form of action at a
distance. Histories of physics, and especially histories of mechanics, have mainly traced
the construction and development of the law of motion. I believe, however, that by shifting
the focus to changes and transitions in concept of force, it is possible to gain to new insight
into the birth of modern physics. This conviction is what motivated me to write this book.

Several points are developed in this work that, to the best of my knowledge, have never
before been discussed in scientific histories. Marbode’s discovery in the twelfth century of
the electrostatic force of chalcedony is one example, but others involve more than pointing
out specific facts. My perspective on Thomas Aquinas, for example, no doubt differs from
the mainstream view. Nonetheless, I believe the argument can be made that Thomas’s
theory of astrological causality, according to which celestial bodies exert force on
terrestrial bodies, may have derived from the discovery around that time of the
directionality of the loadstone. As I discuss at the end of Part 1, the first scientific
experiments on magnets were conducted by one of Thomas’s contemporaries, Petrus
Peregrinus. Part 2 opens with an account of Nicolaus Cusanus and his proposal for the
quantitative measurement of magnetic force in the mid-fifteenth century. This
represented a decisive turning point in the development of the concept of physical force. It
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1s also underlined that the Renaissance concept of magic change significantly from the
fifteenth century to the sixteenth century to the sixteenth century. On religious grounds,
Marsilio Ficino and other fifteenth-century thinkers rejected demonic magic (black magic ),
which called upon the power of demons, and differentiated it from natural magic (white
magic ), which made use of natural forces. Yet they did not deny the existence of black
magic. In the sixteenth century, however, Pietro Pomponazzi and some other scholars no
longer believed that demonic magic existed. The main focus of scientific inquiry during the
latter half of the sixteenth century was natural magic. Natural magic, particularly as
practiced by Giambattista della Porta, was essentially experimental, an approach that
opened one of the doors to modern science. Natural magic viewed the natural world as a
network of sympathy and antipathy, that is as occult actions between natural things. The
remarkable properties of magnets—namely, their powers of attraction and repulsion
coupled with their peculiar directionality—were considered typical of these occult actions
and were the central focus of study. Thus, action at s distance was explored mainly from

the perspective of magic.

This brings us to William Gilbert, a figure who plays a leading role in conventional
histories of magnetic science. Studies of Gilbert, however, rarely discuss the connection
between his discovery that the Earth is a large magnet and subsequent changes in the
prevailing view of the universe—specifically, the rise of the heliocentric model. While
Gilbert’s experimental methods and his Earth-magnet discovery are recognized as a
milestone in the history of modern science, his argument that the Earth is a living entity
with a “soul” has generally been either downplayed or entirely overlooked. Yet his view of
the Earth as a living, self-moving entity is precisely what hastened the downfall of
Aristotelian natural physics (which viewed the Earth as inanimate and immovable ) and
opened the way to Keplerian gravitational theory. The main theme of Part 3 is the
development of such theory—specifically, how the magnetic philosophy of Gilbert and
Kepler led to Hooke’s and Newton’s elucidation of the “system of the world.”

In writing this book, I was able to find answer the questions that had troubled me for
so long. The result, I believe, is in its own way a new and original account of the birth of

modern science.

The research necessary for this work required access to a vast amount of literature. I
was able to find more sources at the Japan Diet Library, but to access others I was
assisted by many my friends, colleagues, and students. I am also indebted to many people
for their invaluable assistance in the preparation of the manuscript. I particularly wish to
express my gratitude to Ms. Masae Hayashi, Mr. Shuji Ino, Ms. Satsuki Hayakawa, Ms.
Miho Kanno, Ms. Katsumi Kawanishi, Ms. Keiko Kimura, Mr. Takahiro Miyake, Mr.
Noritoshi Morinaga, Dr. koichi Nakamura, Dr. Masao Nomura, Mr. Yasuhiko Oshima, Ms.
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Ikuko OKai, Dr. Shigeo Sawai, Ms. Mizue Taguchi, Mr. Yoshihiro Takata, Mr. kazuki

Yoshimoto, and my brother, Shigenobu Yamamoto.

With regards to the English translation, I am exceedingly grateful to Mr. Dean Robson,
Ms. Cathy Hirano, and Ms. Esther Sanders. Finally, I wish to thank Misuzu Shobo, the
publisher of the original Japanese edition; Mr. Shogo Morita, Ms. Ayako Ishigami, Ms.
Misako Nakagawa, and Mr. Takeshi Arai of the Misuzu Shobo editorial staff and World
Scientific, the publisher of the present English edition. (Yoshitaka Yamamoto)
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