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Abstract

We examine the relationships of Bopp’s principles of electromag-
netism to classical mechanics and show that the most important ones
can be reduced to point-mechanical principles as established by New-
ton, Euler and Helmholtz. The microscopic Maxwell equations are as
they are for charged bodies to move according to the laws of classical
mechanics. This is hoped to be a significant step towards the unity of
classical physics.
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1 Introduction

While classical mechanics and classical electromagnetism are often called ’the
two pillars of classical physics’, quantum mechanics and quantum electrody-
namics are not called ’the two pillars of quantum physics’. The reason for
this is, perhaps, that the former two are treated on quite different axiomatic
footings, viz, Newton’s Laws and Maxwell’s equations, respectively. Thus, in
order to bring them as close to each other as their quantum counterparts are,
one has to found Maxwell’s equations on principles compatible with Newton’s
Laws (the reverse seems not to be possible). This has been tackled by Fritz
Bopp half a century ago in his paper ’Principles of Electromagnetism’ [1].

To be definite, let’s recall Newton’s Laws [2].

Law 1 Every body perseveres in its state of being at rest or moving uniformly
straight forward, except insofar as it is compelled to change its state by
forced impressed.

Law 2 A change in motion is proportional to the motive force impressed and
takes place along the straight line in which that force is impressed.
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Law 3 To any action there is always an opposite and equal reaction; in other
words, the actions of two bodies upon each other are always equal and
always opposite in direction.

For our purpose it is crucial to exploit the notion of state used here rather
than the nowadays used Laplacian notion of state. For understanding this
point, it may be helpful to notice that the number of quantum numbers of
a quantum particle or quantum system equals the number of Newtonian, not
Laplacian state variables of the corresponding classical system.

In SI units1, Maxwell’s equations read

∇ �D(�r, t) = ρ(�r, t) (1a)

∇ �B(�r, t) = 0 (1b)

∇× �E(�r, t) = − ∂

∂t
�B(�r, t) (1c)

∇× �H(�r, t) = �j(�r, t) +
∂

∂t
�D(�r, t) (1d)

They have been praised by Boltzmann (slightly varying Goethe’s Faust) as
”Was it a God who wrote these equations?” [3]. Correspondingly, Hertz pos-
tulated, ”Maxwell’s theory is Maxwell’s system of equations” [4]. This pos-
tulate is at the heart of one of the two standard representations of classical
electromagnetism. The other one consists in the derivation of the basic laws
from the electromagnetic phenomena. Both ones enlighten the origin of the
disparity of the historical developments as well as of the enduring gap between
electromagnetism and mechanics.

Most of the difficulties Maxwell had to overcome stem from the blurring
of the fundamental laws in real media. For this, we will concentrate on the
microscopic Maxwell equations for charged bodies in vacuo2, where

�D(�r, t) = ε0
�E(�r, t); �H(�r, t) = �B(�r, t)/μ0 (2)

Thus,

∇ �E(�r, t) =
1

ε0
ρ(�r, t) (3a)

∇ �B(�r, t) = 0 (3b)

∇× �E(�r, t) = − ∂

∂t
�B(�r, t) (3c)

∇× �B(�r, t) = μ0
�j(�r, t) + μ0ε0

∂

∂t
�E(�r, t) (3d)

1From a relativistic viewpoint, Heaviside’s units are preferable, but there is no reference
velocity available within classical non-relativistic point mechanics.

2Newton’s Laws deal with bodies in vacuo, too.
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The initial and boundary conditions as well as the sources ρ(�r, t) and �j(�r, t) be

given such, that the fields �E and �B are uniquely determined by these equations.
Now, for the sake of the unity of (classical) physics, both, mechanics and

electromagnetism, must be put on equal footing. The spirit of Bopp’s princi-
ples of electromagnetism [1] is relatively close to Newton’s [2], Euler’s [5] and
Helmholtz’s [6] principles of mechanics. As a matter if fact, that these au-
thors have formulated the foundations of classical mechanics in such a general
manner, that they apply well beyond their original scope.

There are axiomatic approaches to pure electromagnetism (Maxwell’s equa-
tions) which can discard the potentials, eg, [7]. However, the potentials seem
to inevitably appear in Lagrangians and Hamiltonians, therefore, in action
principles and state descriptions, respectively. A physical reason for this ap-
pearance will be provided by means of generalizing Newton’s state description
along the lines developed by Euler and Helmholtz.

It is well known that the microscopic Maxwell equations can also be de-
rived through generalizing Coulomb’s law along to the rules of special rela-
tivity [8]. The isomorphism of Newton’s and Coulomb’s force laws suggests
that Coulomb’s law can be derived similarly to Newton’s one. In turn, an ax-
iomatic derivation of the microscopic Maxwell equations puts them on equal
footing with the gravito-electromagnetic equations. Therefore, if the micro-
scopic Maxwell equations represent a criterion of validity for any non-classical
theory of electromagnetism (to reproduce them as a limit case), then, the
gravito-electromagnetic equations do so for any non-classical theory of gravity.

2 Bopp’s principles

Bopp [1] has introduced the following ten principles as foundation of classical
electromagnetism.

Principle 1 There are electrical charges. In each given volume, the charge
always exhibits a certain value. It equals an integer multiple of an el-
ementary charge; a multiple which can be positive, negative or equal to
zero.

Remark 1 For classical electromagnetism (Maxwell’s theory) being a contin-
uum theory, the existence of the elementary charge plays no role. Hence, for
point-like bodies the charge can be treated as a given property like its mass.

Principle 2 The electrical charge is an extensive quantity. The sum of the
charges in two volumes always equals the charge in the unified volume.

Remark 2 If the charge is a given property of a body (see Remark to Principle
1), this property of charge is guaranteed through the impenetrability of the
bodies.
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Principle 3 For the electrical charge, the following conservation law holds
true. If charge is added to or taken off a given volume, then the space
around this volume losses or gains the same amount of charge.

Remark 3 If the charge is a given property of a body (see Remark to Principle
1), its conservation is guaranteed through the conservation of bodies.3

Principle 4 The force of an electromagnetic field on a charged mass point is
proportional to its charge.

Remark 4 This principle can be traced back to Newton’s ’absolute force’ [2].

Principle 5 The force on moving charges consists of two parts, a velocity-
independent one and a velocity-dependent one. The latter is linear in
the velocity and directed perpendicularly to the velocity. This leads to the
Lorentz force,

�KLorentz = q
(

�E + �v × �B
)

(4)

Remark 5 The velocity-dependent part of the Lorentz force, q�v × �B, has a
clear mechanical meaning. As pointed out by Lipschitz to Helmholtz [9] well
before Lorentz’s papers, any force of the form

�KLipschitz = �v × �K ′(t, �r, �v,�a, . . . ) (5)

does not affect the kinetic energy of a body. Therefore, it is not necessary to
postulate this force; it is sufficient to explore the relationship between force and
energy beyond the scalar-potential forces.

Principle 6 The Lorentz force can be derived from a generalized potential.

�KLorentz = −∂V

∂�r
+

d

dt

∂V

∂�v
(6)

Remark 6 This principle is a special case of the natural generalization of
Newton’s Laws to the case of Lipschitz forces (5), where the role of Newton’s
state variable ’momentum’ is played by the Hamilton function.

Principle 7 The Lorentz force onto a point charge is determined by the charge
and current distributions.

3Although coordinate-free formulations of charge conservation are more general (see the
most elegant formulation in terms of exterior differential forms [7]), I will use coordinates
from the very beginning, in order to stay close to classical point mechanics.
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Remark 7 This principle is a special case of Hertz’s interaction principle
[10]: If system A acts on system B, then, system B acts on system A, too.

Principle 8 The principle of superposition applies.

Remark 8 This principle implies the linearity of the field equations. For de-
riving the microscopic Maxwell equations, it is not necessary. Bopp introduces
it for deducing linear constitutive relations and admits (p.50) that it is less
fundamental than the forgoing principles.

Principle 9 The relationship between the force fields ( �E, �B) and the charge

fields ( �D, �H) is local.

Remark 9 This principle aims at the constitutive relations, too (p.50).

Principle 10 The empty space is isotropic.

Remark 10 This principle – being used by Newton as well – is evoked for sim-
plifying the constitutive relations; finally, �D = ε0

�E and �B = μ0
�H. However,

if these relations apply, then one does not need the general Maxwell equations
(1), because the microscopic Maxwell equations (3) are sufficient.

The main goal of this contribution is to reduce the first 7 principles to
just 3 well founded in classical mechanics ones, as indicated in the Remarks
to them above.

Principle (1,2,3)’ Beside contact interactions (collision, friction), bodies may
exert ’field forces’ onto each other which are proportional to certain per-
sistent properties of them (’charges’).

Principle (4,7)’ Hertz’s interaction principle [10] applies: If system S1 acts
upon system S2, then, in turn, system S2 also acts upon system S1.

Remark 11 Hertz’s principle is weaker than Newton’s Law 3 and Euler’s
derivation of it. It means, in particular, that if body 1 acts on body 2 with
a force proportional to its own ’charge’, then, body 2 acts on body 1 with a
force proportional to the ’charge’ of body 1, too.

Principle (5,6)’ The forces between the bodies caused by the charges are such,
that, if they are ’switched on’, an otherwise conservative system still ex-
hibits a Newtonian state function.

Remark 12 An exact definition of such a function will be given below.

These principles are not new, for they are, obviously, in use within classical
mechanics.
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3 Mass and charge conservation and the inho-

mogeneous Maxwell equations

Following Newton and Euler, respectively, we consider mechanical bodies to
be impenetrable and quasi-continuous. Intrinsic extensive properties like (in-
ertial and gravitating) mass, m, and (electrical) charge, q, are distributed
quasi-uniformly over its volume. This justifies to introduce mass and charge
densities, ρm(�x, t) and ρq(�x, t).

Since these densities are spatially piece-wise continuous, there are vector
fields, say, �Dm,q, the sources of which they are [11].

∇ �Dm,q(�x, t) = ρm,q(�x, t) (7)

Maxwell’s first equation (1a) thus states that the vector field �Dq(�x, t) exhibits
a certain physical meaning, viz, as dielectric displacement.

For a given body, mass and charge are constant properties. As a conse-
quence, for both the continuity equation holds true.

∇�jm,q(�x, t) +
∂

∂t
ρm,q(�x, t) = 0 (8)

Combining it with eq.(7) yields

∇
[
�jm,q(�x, t) +

∂

∂t
�Dm,q(�x, t)

]
= ∇

[
�jT

m,q(�x, t) +
∂

∂t
�DT

m,q(�x, t)

]
= 0 (9)

(Helmholtz decomposition [12]). Consequently, there are vector fields, say,
�Hm,q, the vortices of which are the transverse total currents, �JT

m,q ≡ �jT
m,q +

∂
∂t

�DT
m,q.

�jT
m,q(�x, t) +

∂

∂t
�DT

m,q(�x, t) = ∇× �Hm,q(�x, t) (10)

Maxwell’s fourth equation (1d) thus states that the vector field �Hq(�x, t) ex-
hibits a certain physical meaning, viz, as magnetic field strength.

We will exploit these equations as guidelines for deriving the microscopic
Maxwell equations.

4 The Lipschitz force

The mechanical energy conservation law, E = T + V = const, can be derived
most simply through multiplying both sides of the equation of state change,

d�v =
1

m
�Kdt (11)
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with �v = d�x
dt

and integrating them.∫
�v · d�v =

1

m

∫
�K · �vdt =

1

m

∫
�K · d�x (12)

Now, the Eulerian state variable �v2 is unchanged (�v · d�v vanishes), if the

force, �K, acts always perpendicularly to the current direction of motion, �v/v.
Such an action is guaranteed, if the force is of the form (5). This ’Lipschitz
force’ deflects a body without changing its kinetic energy, independently of
the actual trajectory of this body. The best known example is the (Maxwell-
)Lorentz force of a magnetic field onto a point-like charge [13] [14].

In other words, Helmholtz’s fundamental question, which forces are com-
patible with the mechanical energy law [15], consists of two parts.

1. Which forces leave the kinetic energy of a body unchanged?

2. Which forces constitute – together with the body(ies) they act upon – a
conservative system?

The answer to the first question is given by the Lipschitz forces (5). For
a system of bodies, the second question is answered by the time-independent
central forces [15], for a single body in an external force field – by the time-

independent gradient fields, �K = −∇V (�x) [6].
In other words, although the (Maxwell-)Lorentz force (4) originated from

rather different problems, it can be traced back to and even be derived through
purely mechanical reasoning.

5 The Hamilton function as Newton-Eulerian

state function

Definition 1 A Newton-Eulerian state function of a mechanical body or sys-
tem is a function of the dynamic variables of the body or system,
(i), which is time-independent as long as the body or system is free of external
influences,
(ii), the change of which depends only on the external influences, not on its
own current value.

According to Newton’s Laws, the momentum vector, �p(t), of a single body
is such a state function. It is constant in case of no external forces (First Law;
the mass is constant), and the amount of its change, Δ�p, is proportional to the
external force (Second Law), but independent of its current value, �p(t). Here,
the force is understood to be a contact force as in ideal collisions or to depend
only on the location of the body, as in the law of gravitation.
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Treating the mass of a given body as a constant property of it, the kinetic
energy of a body (half of the ’living energy’ used by Leibniz [16]) and its veloc-
ity (used by Euler, cf [17], Lettres LXXI-LXXIV; [18], §1) are such functions,
too.

For conservative systems, the Hamilton function, H(�p, �x, t), is a Newton-
Eulerian state function, because

• it is constant for isolated systems, where H(�p, �x, t) = H0(�p, �x);

• its rate of change, dH/dt, equals the ’power of the external causes’,
∂Hext/∂t, and thus is independent of the current value of H(�p, �x, t) =
H0(�p, �x) + Hext(�p, �x, t); (all time-independent terms belong to H0 and
constitute the very system).

Interestingly enough, the existence of such a function and even Hamilton’s
equation of motion can be derived by means of the Newton-Eulerian principles
of state conservation and state change [19] [20].

Note that I base my derivation entirely on the state description rather
than on the principle of last action. Despite of the power of that principle, the
state description roots in the fundamental principles of mechanics laid down
by Newton, Euler and Helmholtz and includes the energy law. The Eulerian
principles of state conservation and state change apply to non-relativistic quan-
tum mechanics as well [20], while the principle of last action can be questioned
in quantum theory, because the least quantum of action is given by Planck’s
constant, h. Moreover, the absolute value of the Hamilton function is fixed by
the energy law as developed by Helmholtz [6] [15]4, while that of the Lagrange
function is not.

6 Hamilton’s function reduces the Lipschitz

force to the (Maxwell-)Lorentz force

The next step is to find the most general functional form of V (�p, �x, t) such,
that Hamilton’s equations of motion are equivalent with Newton’s equation of
motion with the Lipschitz force as external force.

m
d2�x

dt2
= �v × �K ′(t, �x,�v,�a, . . . ) (13)

4The absence of perpetua mobile implies the existence of a ground state for each system.
A system can deliver energy to its environment only until it reaches the ground state, and
only that amount is physically relevant.
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Now, since the Lipschitz force is given in terms of �v rather than �p, it is conve-
nient to go over from the Hamilton function H(�p, �x, t) to the Lagrange function
L(�v, �x, t) by means of a Legendre transformation.

L(�v, �x, t) = �p · �v − H(�p, �x, t); �v =
∂H

∂�p
; �p = �p(�v, �x, t) (14)

For the case considered here, the Lagrange function can be written as

L(�v, �x, t) =
m

2
�v2 − U(�v, �x, t) (15)

where the generalized potential, U(�v, �x, t), is determined through the equation

�v × �K ′(t, �x,�v, . . . ) = −∂U(�v, �x, t)

∂�x
+

d

dt

∂U(�v, �x, t)

∂�v
≡ −δU(�v, �x, t)

δ�x
(16)

Expanding the potential U(�v, �x, t) in powers of �v, it turns out that only the
explicitly time-independent minimal-coupling Lagrange function is compatible
with the Lipschitz force.

L(�v, �x) =
m

2
�v2 − �v · �U1(�x) (17)

In turn, only Lipschitz forces with a static curl field, �K ′ = −∇ × �U1(�x), are
compatible with the Lagrangian description supposed.

�KLipschitz = −�v ×∇× �U1(�x) (18)

This reflects the well-known fact that a magnetic field without electrical field
is a static field.

Consider now a body subject to both a Newtonian force, �K1 = q1
�F1(�x, t),

and a Lipschitz force, �K2 = q2�v× �F2(t, �x,�v, ...). Here, q1,2 describe the empirical
observation, that the forces between gravitating bodies and between charged
bodies depend both on body-specific (’charges’ q1,2) and on geometric factors

(’fields’ �F1,2). Again, we require that there is a Hamilton function such, that
the Hamiltonian equations of motion are equivalent to the Newtonian equation
of motion,

m
d2�x

dt2
= �K1 + �K2 = q1

�F1(�x, t) + q2�v × �F2(t, �x,�v, ...) (19)

Proceeding analogously to above, we obtain the existence conditions, (i),
that both ’charges’ are equal

q1 = q2 (20)
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and, (ii), that the fields are of the form

�F1(�x, t) = − ∂

∂t
�A(�x, t) −∇Φ(�x, t) (21a)

�F2(t, �x,�v, ...) = ∇× �A(�x, t) (21b)

Here, �A(�x, t) and Φ(�x, t) are two new fields – known as vector and scalar po-

tentials, respectively – which represent the fields �F1,2 in the Hamilton function
as

H(�p, �x, t) =
1

2m

(
�p − q �A(�x, t)

)2

+ qΦ(�x, t) (22)

In other words, the structure of the magnetic (Maxwell-)Lorentz force is
completely predetermined by point-mechanical principles. The ’minimal cou-
pling’ is the only possible step from velocity-independent to velocity-dependent
potential functions, if the complete sets of independent dynamic variables are
not to be enlarged, so that a Hamiltonian description still exists.

7 The homogeneous Maxwell equations as ex-

istence conditions of a Hamilton function

The representation (21) of the fields in terms of the potentials immediately
implies

∇�F2(�x, t) = 0 (23)

∂

∂t
�F2(�x, t) = −∇× �F1(�x, t) (24)

Indeed, the fact that the six components of �F1,2 are represented through the

only four components of �A(�x, t) and Φ(�x, t) means that those six ones are not

independent one of another. In particular, �F2 is solenoidal.

When �F1,2 are interpreted as electrical field strength, �E, and magnetic

induction, �B, respectively, these are the two homogeneous Maxwell equations.

For describing the field interaction between a set of N charged bodies, we
need to express the force acting upon one body in terms of the charges and
currents of all other bodies. Since ∇�F2and ∇× �F1 have been fixed above, this
means

∇�F1(�xa(t), t) = g1[{qb,�jb|b �= a}]; a, b = 1...N (25)

∇× �F2(�xa(t), t) = �g2[{qb,�jb|b �= a}]; a, b = 1...N (26)
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8 Symmetries of the fields �F1 and �F2

In order to determine g1 and �g2 , we begin with the TPC symmetry properties
of all involved variables (T = Time reversal: t → −t, P = Parity: �x → −�x,
C = Charge conjugation: q → −q). These can be read off from equation of
motion5,

m
d2�x

dt2
= �K = q �F1(�x, t) + q�v × �F2(�x, t) (27)

as listed in Table 1 (cf. [22]).

Variable Relation to �x, t, q T P C
Position �x + - +
Time t - + +
Velocity �v = d�x/dt - - +

Force �K = md2�x
dt2

+ - +
Charge q + + -
Charge q + + -

Current density [�j] = [q] [v] - - -

Field 1 [�F1] = [ �K]/ [q] + - -

Scalar potential [Φ] = [�F1][�x] + + -

Source, field 1 [g1] = [�x][�F1] + + -

Field 2 [�F2] = [ �K]/ [q] [v] - + -

Vector potential [ �A] = [�F2]/ [�x] = [�F1][t] - - -

Curl, field 2 [�g2] = [�x] [�F2] - - -
Table 1 : Symmetry properties of the point-mechanical variables and of the

field variables in eq.(27). Note that there is no one variable with
TPC = + + +.

It is understood that the motion of a system of N bodies does not change
if the time or the space coordinates or the charges are reversed. For the mean-
ing of the notion interaction of two equal bodies implies that their locations
and charges enter the formulae describing the interactions between them in a
symmetrical manner.

5As well known, the l.h.s. of eq.(27) needs to be corrected, since the r.h.s. is not Galileo
invariant. This correction, ie, the Lorentz factor, γ =

√
1 − v2/c2, has been axiomatically

derived through relaxing the Newtonian-Eulerian assumption that the change of state de-
pends only on the external force, but not on the current state (cf. Law 2) [21]. The low-speed
approximation (27) leads to the correct result, because the CPT symmetry of the l.h.s. is
not changed by the introduction of γ. Thus, there is no gap here in our approach.
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9 The inhomogeneous Maxwell equations

According to Table 1, there is only one scalar source variable exhibiting the
same symmetry TPC = + + − as g1, viz, q. Therefore, g1 depends only on
the charge distribution,

g1 = ∇�F1(�x, t) = κ1

∑
b�=a

qbδ(�x − �xb(t)); �x = �xa (28)

Here, the δ-function is a short-hand description of the loci of the point-like
bodies such that their impenetrability is not violated. κ1 is a universal constant
connecting the mechanical and electromagnetic units of measurement: It does
not depend on space and time, because these were assumed to be independent
of matter, and also not on the bodies, because their interaction properties are
– by definition – given by their charges. The r.h.s. is linear in the charges, qb,
because the forces between charged bodies in are by definition bilinear in their
charges, cf. eq.(27).

With κ1 = 1/ε0 (SI units), �F1 = �E and the r.h.s. written as charge density,

this is Gauss’ law for the electrical field strength, �E.
Further, there are only three expressions complying with the symmetry

’−−−’ of �g2, therefore,

�g2 = ∇× �F2 = κ2
�j + κ3

∂ �F1

∂t
+ κ4

�A (29)

κ2,3,4 are universal constants for the same reasons as κ1 is one. Now, due to
charge conservation and eq.(28), κ3 = κ2/κ1 and

∇�g2 = ∇
(

κ2
�j + κ3

∂ �F1

∂t

)
+ κ4∇ �A (30)

= κ4∇ �A = 0 ⇒ κ4 = 0 (31)

[otherwise, Φ = ρ(κ3 − κ2)κ1/κ4 + const], therefore,

∇× �F2 = κ2
�j +

κ2

κ1

∂ �F1

∂t
(32)

With κ2 = μ0 and �F2 = �B, this is known as the microscopic form of the
Ampère-Maxwell flux law.

10 Summary and Discussion

We have examined Bopp’s principles of Electromagnetism w.r.t. to their rela-
tionship to classical mechanics and found, that they can be traced back to the
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principles used by Newton, Euler, Helmholtz and Hertz. This brings them as
close each to another as it is necessary for the understanding of the relationship
of electromagnetism and mechanics within quantum theory and is believed to
represent a significant step toward the unity of classical physics. It does not
make Bopp’s principles superfluous, because the show the direction into which
those principles of mechanics have to be extended or generalized.

The (Maxwell-)Lorentz force evolves out of Helmholtz’s investigations of
the relationship between classical forces and energy. For the Maxwell equa-
tions, it plays no role that there are positive and negative charges, nor that
there is an elementary quantum of it. For this, the charge of a classical body
can be dealt with like the gravitating mass in Newton’s treatment of gravi-
tation. In turn, the gravito-electromagnetic equations are derived in parallel
with the microscopic Maxwell equations. The two homogeneous ones emerge
as existence conditions for a system of charged bodies subject to such forces to
have got a Hamilton function, H(�p, �x, t). The two inhomogeneous ones result
from CPT symmetry and Hertz’s interaction principle.

As expressed clearly in his 3rd letter to Bentley [23] and more indirectly
in the explanations to Definition 8 of the Principia [2] and in Query 31 of
the Opticks [24], an action between distant bodies without any medium trans-
ferring the action between them was for Newton an ”absurdity” (cf. also
[25], pp.61f.). Within (gravito-)electromagnetism, this role is played by the
(gravito-)electromagnetic fields [26].

The full Maxwell equations state that there are four different fields, ie, that
the fields created by the charges and currents ( �D, �H) are physically different

from the fields acting back onto them ( �E, �B). This implies that the coefficients
ε0 and μ0 are not merely conversion factors of units of measurement. Then,
what transforms �D and �H into �E and �B? The open task is thus to calculate
ε0 and μ0 from its properties. A modern variant of such thoughts is Hehl &
Obukhov’s premetric treatment of the full Maxwell equations [7], where the
metric evolves out off the constitutive relations. It is not clear to us whether
this goal can be tackled along the paths exploited here. The purely dynamic
derivation of the Lorentz factor and, thus, of special-relativistic mechanics
through a natural generalization of Euler’s treatment of Newton’s Law 2 [21]
demonstrates, however, that such an approach is principally capable to make
statements about the structure of space-time. For it starts from the properties
of the bodies, in agreement with general relativity, that the space-time is de-
termined by the matter. The axiomatic derivation of the Schrödinger equation
[19] [20] [27] as well as the dynamic foundation [28] of classical statistical me-
chanics of indistinguishable particles [29] using – like Einstein [30] – Newton’s
and Euler’s notions of state underlines the power of this approach, too.
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