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Der menschliche Geist ist das Dreieinige, das in der Tiefe des Gedéchtnisses immer
sich weil3 und sich liebt. In dieser Trinitidt, das heiB3t in der Trinitit von Selbst-
gedichtnis, Selbstwissen und Selbstliebe findet Augustin das Ebenbild des
dreieinigen Gottes. Diese Trinitit liegt in der Tiefe des menschlichen Geistes und
wenn man bewuBt Cogito vollzieht, hat man die Einsicht in diese trinitdrische
Selbstheit, die seit dem Geburt des Menschen titig gewesen ist.

Die Trinitdt des Geistes ist, wenn der Geist sich seiner erinnert und sich weifl und
sich liebt, als das Ebenbild des dreieinigen Gottes noch nicht vollstdndig. Wenn er
sich Gottes erinnert und den Gott weill und ihn liebt, wird er das vollstindige
Ebenbild Gottes. Augustin sieht doch die Moglichkeit des Gottesverh#ltnisses des
Menschen darin, daBB Gott dem Menschen sein Licht immer strahlt, der am fernsten

dem Gott gegeniiber steht und sich vollig Gottes vergif3t.

Historical Perspective on the Laws of Motion
in Classical Mechanics

by
Kazuyuki ITO

Associate Professor of Philosophy and History of Science
Graduate School of Letters
Kyoto University

Now we understand that Newton’s laws of motion — the law of inertia, the
equation of motion ‘F = ma,” and the law of ‘action = reaction’ — are the basic
principles of classical mechanics. But the recent study of history of mechanics has
revealed that the contents of the laws of motion which Isaac Newton articulated in
Principia are different with those which we recognize as them. In this study, I
examine historically the developments of the laws of motion and the evaluation of
Newton’s work from Newton’s Principia to Mach’s Die Mechanik.

In Principia, Newton proposed his second law of motion in a less evident form.

When he sought for the pursuits of the body attracted by a central force, he didn’t

4



solve the problem analytically by integrating differential equations, but he did it
geometrically by using ‘the ultimate ratio’ and the properties of conic sections.
After him, the mathematicians like Leibniz, Varignon, Hermann, and the Bernoul-
lis tried to formulate analytically the equation of motion. Colin Maclaurin succeed-
ed in it by deriving differential equations on the orthogonal coordinate system.
Leonhard Euler formulated them in a more general way and transformed them onto
the polar one. Thus we can think that the equation of motion F=ma has been
formulated at first half of the eighteenth century.

Euler further insisted that his formula of the second law was the fundamental and
general principle of the entire mechanics, which can apply to all kinds of mechani-
cal systems like those of mass points, rigid bodies, elastic bodies, and fluid bodies.
For him it includes all principles of mechanics and the first law i. e. the law of
inertia is its particular case when F =0. But this assertion was objected by Jean le
Rond &’Alembert who didn’t recognize the second law as a principle of mechanics,
but as the definition of motive force. As the principles of mechanics, he alternative-
ly proposed the conservation of force of inertia, the composition of motion, and the
equilibrium of bodies having same momentum. During the eighteenth century, the
mathematicians neither recognized the significance of the second law as the basis
of mechanical theory, nor attributed the discovery of the second law of motion to
Newton. I’Alembert wrote that we owed the theory of acceleration to Galilei, the
law of central force to Huygens, and only the expansion of this law to other curves
and the world system to Newton. Joseph Louis Lagrange stated likewise that
Newton’s contribution was only the extension of the measure theory of accelerat-
ing force which Galilei had founded in treating the projectile and which Huygens
had developed as the theory of centrifugal force. In Principia, Newton himself
stated that the first two laws of motion - the law of inertia and the equation of
motion - had been found by Galilei.

In the nineteenth century, two great philosophers of science, William Whewell
and Ernst Mach, treated Newton’s laws of motion in their histories of mechanics.
In History of the Inductive Sciences, Whewell reconstructed the historical processes
of scientific discoveries by three stages of ‘Epoch,” ‘Prelude,” and ‘Sequel.” For
history of mechanics, he attributed its ’Epoch’ to Galilei, not to Newton. Galilei

firstly discovered the laws of motion for simple cases, which Huygens, Newton, and



the eighteenth century mathematicians generalized. Whewell proposed his own
laws of motion. The first law is that of inertia, but the other two are different from
Newton’s and similar to d’Alembert’s. The second law is the composition of motion
which Galilei established in treating the projectile motion. The third law is ‘the
concept of momentum’ which relates statistic force to dynamic one by the mass of
a body. How did Whewell think of Newton’s second law and third law? In The
Philosophy of the Inductive Sciences, he likewise explained his own laws as ‘the
principles of dynamics,” while he reduced Newton’s laws of motion to ’the axioms
which relate to the idea of cause.” The law of inertia is an example of the first
axiom: Nothing can take place without a cause. The equation of motion is that of
the second axiom: Effects are proportional to their causes, and causes are measured
by their effects. And the law of action = reaction is that of the third axiom: Reaction
is equal and opposite to action. When Whewell treated the relation between
external force and change of motion, he didn't take into consideration the mass of
a body, but he did only in treating the third law. During the eighteenth century, this
disregard of mass in arguing the relation between force and acceleration has been
general. D’Alembert defined the acceleration force j = du/dt (u is velocity), from
which Lagrange developed his dynamic theory. Thus Whewell’s views of the laws
of motion followed those of the eighteenth century mathematicians who mostly
neither considered Newton's laws as the real principles of mechanics nor regarded
him as the founder of mechanical theory.

C. Truesdell, the pioneer historian of analytic mechanics, claimed that Ernst
Mach had firstly conceived of Newton as the father of classical mechanics. In
Mechanik in ihrer Entwickelung historisch-kritisch dargestellt, Mach insisted that
Newton had completed the principles of mechanics and that after him no new
principle had been proposed. He indicated four achievements of Newton : generali-
zation of the concept of force, proposal of the concept of mass, precise and general
formulation of the law of parallelogram of force, and proposal of the principle of
equality between action and reaction. Mach reduced the first two laws to the
definition of force, while he emphasized the significance of the third law, by which
he defined the obscure physical quantities like mass and force. He recognized that
Newton had established the fundamental concepts of mechanics, but he denied the

laws of motion as the principles of mechanics.
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It is no doubt for us that Newton’s second law defines the relation between force
and acceleration, which the eighteenth century’s mathematicians didn’t admit.
Since force was the obscure concept indicating pressure, gravity, impulse, energy
and so on, they regarded the second law as a definition of force. To recognize the
second law as the basis of mechanics, the concept of force had to be defined more
precisely. It is only at the second half of the nineteenth century that Newton’s laws
of motion were understood as the basis of mechanics and that Newton was recog-

nized as the founder of mechanics.

Perception of Reproduction
A Sliding View on Slide-Viewing

by
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Photographic slides reproducing works of art are often still used in lectures on
art history. The apparatus is, in fact, essential for art history; one might say that
the slide has become a kind of artificial eye for the discipline. However, as the slide
has always been regarded as nothing more than a self-evident and transparent
medium, it has not been treated very seriously; indeed, its existence is rarely
noticed at all. The slide itself is materially and figuratively “opaque” and it is only
when this opaque slide is illuminated, that images become visible, letting one look
through the slide at something. In this article, I would like to focus on this process
specific to slide-projection and to utilize the same process, in a figurative sense -
that is, by throwing a light on the slide itself, to make visible the problems
contained within the medium. Through this process, I intend to make clear what
transformations of perception were caused by slides and what relation this medium
had to the human body. More concretely, I will reveal the following issues pertain-

ing to early years of slide-viewing: the sense of abnormality that was experienced



