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Abstract

This paper presents a universal classical mechanics, which can be applied
in any reference frame (rotating or non-rotating) (inertial or non-inertial)
without the necessity of introducing fictitious forces.

Introduction

The positionr , the velocityv, and the accelerationa of a single particle of massm, are given by:

r = (r)

v = d(r)/dt

a = d2(r)/dt2

wherer is the position vector of the particle.

And the dynamic position̆r , the dynamic velocity̆v, and the dynamic accelerationă, are given by:

r̆ =
∫ ∫

(F/m) dt dt

v̆ =
∫

(F/m) dt

ă = (F/m)

whereF is the net force acting on the particle.
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Equations of Motion

If we consider two particles i and j then the equations of motion are given by:

1/2 mi mj
[
r ij · r ij − r̆ ij · r̆ ij

]
= 0

1/2 mi mj
[
r ij ·vij − r̆ ij · v̆ij

]
= 0

1/2 mi mj
[
vij ·vij +aij · r ij − v̆ij · v̆ij − ăij · r̆ ij

]
= 0

Now, sincev̆ij =
∫

ăij dt, andv̆ij · v̆ij = 2
∫

ăij ·dr̆ ij , then we obtain:

1/2 mi mj
[
r ij · r ij − r̆ ij · r̆ ij

]
= 0

1/2 mi mj
[
r ij ·vij − r̆ ij ·

∫
ăij dt

]
= 0

1/2 mi mj
[
vij ·vij +aij · r ij −2

∫
ăij ·dr̆ ij − ăij · r̆ ij

]
= 0

And sincer ij = r̆ ij in any reference frame, finally yields:

1/2 mi mj
[
r ij · r ij − r ij · r ij

]
= 0

1/2 mi mj
[
r ij ·vij − r ij ·

∫
ăij dt

]
= 0

1/2 mi mj
[
vij ·vij +aij · r ij −2

∫
ăij ·dr ij − ăij · r ij

]
= 0

wherer ij = r i − r j , vij = vi −vj , aij = ai −aj , r̆ ij = r̆ i − r̆ j , v̆ij = v̆i − v̆j , ăij = ăi − ăj , mi andmj are the
masses of particles i and j,r i , r j , vi , vj , ai andaj are the positions, the velocities and the accelerations
of particles i and j, and̆r i , r̆ j , v̆i , v̆j , ăi andăj are the dynamic positions, the dynamic velocities and the
dynamic accelerations of particles i and j.
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Reference Frames

The magnitudes̆r , v̆ andă are invariant under transformations between reference frames.

In any reference framer ij = r̆ ij . Therefore,r ij is invariant under transformations between reference
frames.

In any non-rotating reference framevij = v̆ij andaij = ăij . Therefore,vij andaij are invariant under
transformations between non-rotating reference frames.

In any inertial reference framea= ă. Therefore,a is invariant under transformations between inertial
reference frames. Any inertial reference frame is a non-rotating reference frame.

In the universal reference framer = r̆ , v = v̆ anda = ă. Therefore, the universal reference frame is
an inertial reference frame.

The universal reference frame is a reference frame fixed to the center of mass of the universe (if the
net force acting on the center of mass of the universe is always zero)

Observations

The equations of motion are invariant under transformations between reference frames.

The equations of motion can be applied in any reference frame (rotating or non-rotating) (inertial or
non-inertial) without the necessity of introducing fictitious forces.

The equations of motion would be valid even if Newton’s third law of motion were false in an inertial
reference frame.

The equations of motion would be valid even if Newton’s three laws of motion were false in a non-
inertial reference frame.

The equations of motion are transformation equations between reference frames, and they can be
obtained from the general equation of motion (A. Torassa, General Equation of Motion)
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