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The new approach for the classical mechanics in mordern physical languages
is studied in this article. First of all the Newton's laws of motions are
restated in the terminology of the quantum mechanics.

Bohr’s relation takes a fundamental role in this trial and the concept of
energy is the first thing considered. Then the other physical quantities such
as the velocity, the momentum, mass, and, etc.are the secondary quantities
reduced from the concept of energy.

As for the concept of particle anti—particle the third law of the Newtonian
mechanics needs it and the usual action and reaction are related to the
concept of particle and anti—particle, respectively.

The part I treats the motion in the phase space or the trajectories in the
phase space. If there are the motions of the original particles, then we can

associate it the motions of the antiparticles.

I. Introduction

In this article we mainly study the connections between the classical mechanics
and the modern physics. The essential part of the classical mechanics is now
considered as established branches of physics. A few investigators including the
present author think it to be a subject to be more cultivated.

In the elementary course of physical education we have established educational
material such as vectorial formalism and so on. Vectorial mechanics itself
is introduced into the classical mechanics only in this century. Thus even the
Newtonian mechanics has been gradually changed even in its educational forms.

As typical theories of physics we have now three theories which consist of the
classical mechanics, the quantum mechanics and the elementary particle physics.
The classical mechanics have three laws, namely, the first law of inertia, the
second law of the equation of motion and the third law of the action and reaction.

These materials in the classical mechanics consist of the quantities such as the
momentum, the velocity, accerelation, mass and force. In the next step the
important concept of energy comes into our classical mechanics relating to the
first law of thermodynamics.

While, the quantum mechanics is composed mainly from the concept of the
energy. Therefore, the Hamiltonian takes a principal role in the quantum
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mechanics.
O. Part I

From the times of the ancient Greek the concept of motion has been studied
by many authors. Among them we can consider the famous Zenon’s third argument
about motion as related by Aristotle.  This Zenon’s paradox says that a flying
arrow is at each instant locally equivalent to an arrow at rest.

To resolve this paradox we use the concept of infinitesimal or limit. We can
define to be at rest as

X1=+ + + « » =x,=const. for a finite interval (t:, t:)
or we can write as
x=f (t) =const. for ti<t=t,. (1)
In fact, the motion can be defined as a limit of
X:—x, for t:—t: or t:—t:—0.

The arrow can occupy some space point at the each instant. But the problem is
the durating time for both cases. The answer is that the time interval for rest
is finite, the infinitesimal small for the motion.
This fact can be written as
DX
te—t At
for the case to be at rest.

=0

In the case of motion if the time changes from t. to t., the space point which
the body stays can change from x: to x.. Then we can obtain

—x )

S o (2)

. X
Iim =2 — lim =v
t—t,  t—1t at—~0 At

which is the definition of velocity and we use the notations
X; —X1 =AX, At=t,—t..

The first law of motion or the law of inertia treats these two modes as the
unified one and says that

‘Every body continues in its state of rest or of uniform motion in a right line,
unless it is compelled to change that state by forces impressed upon it.’

From the modern physical point of view we must consider the inertial state to
be an eigen state of some observable (an operator) . Here we identify it as one
of energy eigen states, i.e.,the stationary state of Bohr’s type. Then the constant
energy implies to be at rest or the motion with a constant velocity. For the first
study we restrict the energy to be the kinetic energy, so the relation
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Ek;,,='%'mvz=E (3)
can be used hereafter. As for the potential energy, for examples,
U=mgh or %Kx’,

we must consider the field quantities.
The potential energy is not the energy of bodies themselves. But the energy of
the environment surrounding them, i.e., spaces. When we treat the mechanics of
the material points, we consider only the kinetic energy.

We then think the most fundamental law of the general mechanics to be the
following Bohr’s type relation

AE=E;—E,=the energy change of the inside or the outside.

The type of energy of the right hand side is the essential parts of each mechanics
and they have different forms.

In the case of quantum mechanics the photon h vy with the frequency v takes
a role of it and in the Newtonian mechanics the work F - d3 does it.

If we consider the case of classical mechanics the work done can be written
down as

AE=[2 Fdz (4)

Now we may find that the force is one of mechanism of the energy exchange
between particles or particles and outside world. Therefore, we can now say that
the force is not the essential things, but a convinient concept of energy exchange
or interactions between bodies.

The word ‘Rikigaku’ (in Japanese) is the inappropriate word which leads to
-misunderstanding. In the word ‘Dynamics’ and ‘Mechanics’ there is not the
word which means the ‘Force’. In mechanics the ‘Force’ is not ‘Primo attore’.

If we can find other mechanism of energy exchange, then we can have the other
mechanics of new type which until now is not known.

In the classical case because of appearance of the works or force we must
describe the motion in the term of evolution of the momentum -

4P =p, (5)
this is the famous Newton’s law of the motion or the second law of classical
mechanics.

The several procedures are needed as follows:

aE= [ p.d3 ' (6)
%mvf—%mwz: f F-d3 (7)
d (%mvz) =Fds (8)
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dv. _n ds _

mv—g— =F—— =Fv (9)
£ v 0, m—g- =p 1
If we define PP=m7V,

dp”
—— =F 13

which is called the equation of motion and the same as (5).
In the relativistic terminology we rewrite these procedures as

AP=Fiat (=1, 2, 3) 12
A= . AOS _pe

AE=F - AT =F - FiAt

where’

Fi=p -3 @3

Lastly as for the third law of the Newtonian mechanics in the appropriate case
the absorbtion of energy or emmision of energy corresponds to the action or rea
ction, respectively. In other words, if a body absorbs an amount of energy then
the other body necessarily loses the same energy for the sake of the conservation
of energy. It will be clear that in the case of linkaged bodies A and B, the work
done W,z which is the work done to A by B is the opposite of the work Wia
which is the work done to B by A, i.e.,

Wea=—Was (14>
Then by the condition of linkage
dsa=dss

we must conclude
FAB +F5A= O . (15)

which is the third law.
O. Part 1

In this part I we study the particle anti—particle relation in the classical
motion especially in the circle. In particular, the Poincaré section is studied.

A Poincaré section is constructed by viewing the phase space diagram
stroboscopically in such a way that the motion is observed periodically. The
Poincaré method consists of cutting or sectioning the phase space at regular
intervals,

As the simplest example we consider the motion of one particle on the unit
circle. The particle moves counterclockwise (positive direction) on the circle. Then
we view this motion stroboscopically we obtain -several points on the circle.
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We can also this same picture as the motion of antiparticle which moves clockwise
(negative direction) on the circle. The location of the several points is the same
as the above particle motion.

The word “particle and antiparticle’ is here used as the meaning of the opposite
direction. Namely the antiparticle has the opposite sign of velocity. If the figures
which some particle figures by its motion are given, then we can interprete it the
figures by the antiparticles.

The motions on the circle can have two directions of motion.

Detailed discussion of this motion will be appeared elsewhere with my students.
Here we will try to progress further to the motion in the higher dimensional phase
space.

In the statistical mechanics we adopt the concept of the trajectories in the phase
space. The phase points (P) consist of (q;, @, * * *, Py, Pz, ) and as time
passes the trajectories take such a phase points (P:) successively.

A motion of a point on the phase space is not the real motion but the concept
ual motion. If T.:T:, Tz, * ¢ - are the particle motions then T-, ;: T-;,T-2, * - -
are the anti particle’s motion .

For a well-used motion on the Torus, if the motions are periodic we assume
the motion of particles as antiparticle motions which are all reverse of the original
motions. In details, if the periodic points are Po, P:, + *+ P ,.1=P,, the original
particles take the points Po, Py, + « +. Then the antiparticles take the points P,
P, Pocyy, =000 o , Pii.e., the following is true.

(The motion of the original motion) — (the motion of the antiparticle) =0

The trajectories in phase space accompany the famous Zermero's paradox. In
this particle antiparticle description we can rewrite Loschmit's paradox.
This paradox restates as the following words.

Loschmidt’s Umkehreinwand:
If the original motion in phase space P., P,, « + + « « P, -«-exist, then the
inverse motion of antiparticle in phase space P,, ««:-- P., P1, can also exist.

The above statement means that the time reversal is reconsidered as the motion
of the antiparticles. These detailed discussions also appear in other papers.
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