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Abstract.In this work a new dynamics is developed which can be formulated for all reference frames,
inertial and non-inertial, and which establishes the existence of a new force of Nature.
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Introduction

It is known that in classical mechanics Newton’s dynamics cannot be formulated for
all reference frames, since it does not conserve its form when passing from one reference
frame to another. For instance, if we admit that Newton’s dynamics is valid for a chosen
reference frame, then we cannot admit it to be valid for a reference frame which is
accelerated relative to the first one, for the description of the behavior of a body from the
accelerated reference frame differs from the description given by Newton’s dynamics.

Classical mechanics solves this difficulty by separating reference frames into two
classes: inertial reference frames, for which Newton’s dynamics applies, and non-
inertial reference frames, where Newton’s dynamics does not apply.

However, this work puts forward a different solution to the difficulty from classical
mechanics mentioned above, starting from Newton’s dynamics and the transformations
of kinematics and developing a new dynamics which can be formulated for all reference
frames, inertial and non-inertial, since it conserves its form when passing from one
reference frame to another.

The development of the new dynamics will be made in two parts: in the first part,
which deals with the classical mechanics of particles, the new dynamics of particles will
be developed, starting from Newton’s dynamics of particles and the transformations of
the kinematics of particles; in the second part, which deals with the classical mechan-
ics of rigid bodies, the new dynamics of rigid bodies will be developed, starting from
Newton’s dynamics of rigid bodies and the transformations of the kinematics of rigid
bodies.

In this work only the first part will be formulated.
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Classical Mechanics of Particles
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1 Mechanics of Particles

In the classical mechanics of particles, it will be considered that the only kind of bod-
ies found in the Universe are particles, and in order to facilitate a better understanding
of the present work it will be assumed that reference frames are not rotating.

2 Kinematics of Particles

2.1 Reference Frames

If reference frames are not rotating, then each coordinate axis of a reference frame S
will remain at a fixed angle to the corresponding coordinate axis of another reference
frame S’. Therefore, to simplify calculations it will be assumed that each axis of S is
parallel to the corresponding axis of S’, as shown in Figure 1.
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2.2 Transformations of Kinematics

If a reference frame S of axesO(x,y,z) determines an event by means of three space
coordinatesx, y, z and one time coordinatet, then another reference frame S’ of axes
O′(x′,y′,z′) determines the same event by means of three space coordinatesx′, y′, z′ and
one time coordinatet ′.

A change of coordinatesx, y, z, t from reference frame S to coordinatesx′, y′, z′, t ′

from reference frame S’ whose originO′ has coordinatesxo′, yo′, zo′ measured from S,
can be carried out by means of the following equations:

x′ = x−xo′

y′ = y−yo′

z′ = z−zo′

t ′ = t

From these equations, the transformation of velocity and acceleration from reference
frame S to reference frame S’ may be carried out, and expressed in vector form as
follows:

v′ = v−vo′

a′ = a−ao′

wherevo′ andao′ are the velocity and acceleration respectively, of reference frame S’
relative to S.

3 Dynamics of Particles

3.1 Newton’s Dynamics

Newton’s first law: Any particle in a state of rest or of uniform linear motion tends
to remain in such a state unless acted upon by an unbalanced external force.

Newton’s second law: The sum of all forces acting on a particle A produces an
acceleration in the direction of the force, and directly proportional to that force.

∑Fa = maaa

wherema is the mass of particle A.
Newton’s third law: If a particle A exerts a forceF on a particle B, then particle B

exerts on particle A a force−F of the same magnitude but opposite direction.

Fa = −Fb
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3.2 Dynamical Behavior of Particles

Let us consider a Universe composed of three particles A, B, and C which follow
Newton’s dynamics from reference frame S (inertial frame). Therefore, the behavior of
such particles will be given (from S) by the equations

∑Fa = maaa

∑Fb = mbab (1)

∑Fc = mcac

From the equations (1) and by means of the transformations of kinematics, it can be
shown that the behavior of particles A, B, and C will be determined from a reference
frame S’ by the equations

∑Fa = ma(a′a−a′o)

∑Fb = mb(a′b−a′o) (2)

∑Fc = mc(a′c−a′o)

wherea′o is the acceleration of reference frame S relative to S’, which is equal and
opposite to the acceleration−ao′ of reference frame S’ relative to S.

As the equations (2) are the same as the equations (1) only if the accelerationa′o of
reference frame S relative to S’ is equal to zero, then the behavior of particles A, B, and
C cannot be determined from any (accelerated) reference frame by the equations (1).

Now, if the equations (2) are added together, it yields

∑Fa +∑Fb +∑Fc = ma(a′a−a′o)+mb(a′b−a′o)+mc(a′c−a′o) (3)

It follows from Newton’s third law that∑Fa + ∑Fb + ∑Fc = 0, and from (3), a′o
may be expressed as

a′o =
maa′a +mba′b +mca′c

ma +mb +mc
(4)

As the right-hand side of (4) is the accelerationa′cm of the center of mass of the
Universe relative to the reference frame S’, then

a′o = a′cm (5)

Substituting into the equations (2) yields the following equations:

∑Fa = ma(a′a−a′cm)

∑Fb = mb(a′b−a′cm) (6)

∑Fc = mc(a′c−a′cm)

Therefore, the behavior of particles A, B, and C is now determined from the refer-
ence frame S’ by the equations (6), which are equivalent to the equations (2).
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Now, if the equations (6) are transformed from reference frame S’ to S using the
transformations of kinematics, the resulting equations become

∑Fa = ma(aa−acm)

∑Fb = mb(ab−acm) (7)

∑Fc = mc(ac−acm)

It follows that the behavior of particles A, B, and C will now be determined from
reference frame S by the equations (7), which are equivalent to the equations (1) only
if the accelerationacm of the center of mass of the Universe relative to the reference
frame S equals zero, a fact that may be verified by adding together the equations (1):

∑Fa +∑Fb +∑Fc = maaa +mbab +mcac (8)

Dividing both sides of (8) by ma + mb + mc and using the fact that∑Fa + ∑Fb +
∑Fc = 0 from Newton’s third law, (8) yields

acm =
maaa +mbab +mcac

ma +mb +mc
= 0 (9)

Considering that the equations (7) have the same form as the equations (6), then the
behavior of particles A, B, and C will be determined from any reference frame by the
equations (7), and will be determined by the equations (1) only if the acceleration of the
center of mass of the Universe relative to that reference frame is zero.

Now, the equations (7) can be arranged as follows:

∑Fa +ma(acm−aa) = 0

∑Fb +mb(acm−ab) = 0 (10)

∑Fc +mc(acm−ac) = 0

Substituting (9) into (10) and factoring

∑Fa +
mamb(ab−aa)
ma +mb +mc

+
mamc(ac−aa)
ma +mb +mc

= 0

∑Fb +
mbma(aa−ab)
ma +mb +mc

+
mbmc(ac−ab)
ma +mb +mc

= 0 (11)

∑Fc +
mcma(aa−ac)
ma +mb +mc

+
mcmb(ab−ac)
ma +mb +mc

= 0

If the second and third terms of the left-hand sides of each one of the equations (11)
is taken as a new forceF◦ acting on the corresponding particle, and exerted by the
remaining particles, then it can be seen thatF◦ conserves its form when passing from
one reference frame to another; in addition, if a particle exerts a forceF◦ on another
particle, the latter exerts on the first particle a force−F◦ of equal magnitude and opposite
direction.
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Therefore, as the second and third terms of the left-hand sides of each one of the
equations (11) represent the sum of the new forces∑F◦ acting on the particles, then

∑Fa +∑F◦
a = 0

∑Fb +∑F◦
b = 0 (12)

∑Fc +∑F◦
c = 0

And adding the second term to the first yields

∑Fa = 0

∑Fb = 0 (13)

∑Fc = 0

Consequently, it can be established that the behavior of particles A, B, and C will
be determined from any reference frame by the equations (13), which may be stated as
follows: if the new force is added to the sum of real forces, the resulting force will be
zero, yielding a system in equilibrium.

Consequently, it is possible to conceive a new dynamics, which can be formulated
for all reference frames, inertial and non-inertial.

From now on, the new force will be called kinetic force, since the value of this force
depends on the motion of particles.

3.3 The New Dynamics

First principle: A particle can have any state of motion.
Second principle: The forces acting upon a particle A always remain balanced.

∑Fa = 0

Third principle: If a particle A exerts a forceF on a particle B, then particle B exerts
on particle A a force−F of the same magnitude but opposite direction.

Fa = −Fb

The kinetic forceFKab exerted on a particle A by another particle B, caused by the
interaction between particle A and particle B, is given by the following equation:

FKab =
mamb

MT
(ab−aa)

wherema is the mass of particle A,mb is the mass of particle B,ab is the acceleration of
particle B,aa is the acceleration of particle A, andMT is the total mass of the Universe.

From the previous statements it follows that the sum of kinetic forces∑FKa acting
on a particle A is given by

∑FKa = ma(acm−aa)

wherema is the mass of particle A,acm is the acceleration of the center of mass of the
Universe andaa is the acceleration of particle A.
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3.4 Determination of the Motion of Particles

If it is assumed that a reference frame S is fixed to a particle S, then an equation
determining the accelerationaa of a particle A relative to reference frame S may be
calculated as follows: the sum of the kinetic forces∑FKa acting on particle A and the
sum of the kinetic forces∑FKs acting on particle S, are given by the following equations:

∑FKa = ma(acm−aa)

∑FKs = ms(acm−as)

Combining both equations yields

∑FKa

ma
+aa = ∑FKs

ms
+as

Since the accelerationas of particle S relative to the reference frame S equals zero
always,aa may be obtained from the last equation as

aa = ∑FKs

ms
− ∑FKa

ma

Since from the second principle of the new dynamics the sum of the kinetic forces
(∑FK) acting on a particle equals the opposite of the sum of the non-kinetic forces
(−∑FN) acting on the particle, we have

aa = ∑FNa

ma
− ∑FNs

ms

Therefore, the accelerationaa of a particle A relative to a reference frame S fixed
to a particle S can be determined by the last equation, where∑FNa is the sum of the
non-kinetic forces acting on particle A,ma is the mass of particle A,∑FNs is the sum of
the non-kinetic forces acting on particle S, andms is the mass of particle S.

4 General Observations

It is currently known that in order to describe the behavior (motion) of a body from a
non-inertial reference frame in classical mechanics, it is necessary to introduce apparent
forces called fictitious forces (also called pseudo-forces, inertial forces or non-inertial
forces). Unlike real forces, fictitious forces are not caused by the interaction between
bodies.

However, in the classical mechanics of particles, through the new dynamics the be-
havior (motion) of a body can be described exactly in the same way from any reference
frame, inertial or non-inertial, and without the necessity of introducing fictitious forces.
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