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This paper presents an alternative classical mechanics which establishes
the existence of a new universal force of interaction (called kinetic force)
and which can be applied in any reference frame without the necessity of
introducing fictitious forces.

The Universal Reference Frame
In this paper, the universal reference frafis a reference frame fixed to the universe,

whose origin coincides with the center of mass of the universe.

The universal positiof,, the universal Ve|0Cit)°I§ and the universal acceleratiag of
a particle A relative to the universal reference frafare as follows:

fa = (ra)
Va = d(ra)/dt
8a = d?(ry)/dt?

wherer 4 is the position of particle A relative to the universal reference fréme
The New Dynamics

[1] Aforce is always caused by the interaction between two particles.
[2] The resultant forcé&, acting on a particle A is always ze(6, = 0)

[3] If a particle A exerts a forc€&, on a particle B then particle B exerts on particle A
a force—F, of the same magnitude but opposite directipg = —F3)



The Kinetic Force

The kinetic forceFk g, exerted on a particle A of mass, by another particle B of
massmy, caused by the interaction between particle A and particle B, is given by:

MMy o &
FKab = —T(aa—ab)

whereM is the mass of the universg, is the universal acceleration of particle A adg
is the universal acceleration of particle B.

From the above equation it follows that the resultant kinetic fdfeg acting on a
particle A of massny, is given by:

FKa = — Mada

whered, is the universal acceleration of particle A.

The [2] Principle

The [2] principle of the new dynamics establishes that the resultant Fareeting on
a particle A is always zero.
Fa - O

If the resultant forcd-, is divided into two parts: the resultant non-kinetic fofee,
( gravitational force, electromagnetic force, etc. ) and the resultant kineticFexgehen:

FNa+ FKa = 0
Now, substituting Fk, = — mad,) and rearranging, finally we obtain:
FNa = Mada

This equation ( similar to Newton’s second law ) will be used throughout this paper.

On the other hand, in this paper a system of particles is isolated when the system i
free of external non-kinetic forces.



The Definitions
For a system of N particles, the following definitions are applicable:

Mass M=5m

Linear Momentum P = 3 mv,

Angular Momentum L = SimfixV

Work W =5 [fF-dfj =0

Kinetic Energy AK = 5; — JZFki-dfi = 3; A% my (V)2
Potential Energy AU = ¥; — [? Fnj-dF;

o o o

Lagrangian L=K-U
The Principles of Conservation

If a system of N particles is isolated then the linear momenkuof the system of
particles remains constant.

P — constant [d(lg’)/dt =3im& =3 Fni = 0]

If a system of N particles is isolated then the angular momeritush the system of
particles remains constant.

[ = constant [d(°L)/dt =3yimfix& = 3 fixFn = 0]

If a system of N particles is only subject to conservative forces then the mechanical
energyE of the system of particles remains constant.

E = K+U = constant [AI% = AK+AU = 0]



The Transformations

The universal position,, the universal velocity, and the universal acceleratiég of
a particle A relative to a reference frame S, are given by:

Fa: ra—R
Va == Va_a)x(ra_R)_V
3 = @ —20x(Va—V)+ Ox[®Wx(ra—R)|—x(ra—R)—A

wherer g, V5 anda, are the position, the velocity and the acceleration of particle A relative
to the reference frame &, V andA are the position, the velocity and the acceleration of
the center of mass of the universe relative to the reference frameaB8do are the angular
velocity and the angular acceleration of the universe relative to the reference frame S.

The positionR, the velocityV and the acceleratioA of the center of mass of the
universe relative to the reference frame S, and the angular velaciand the angular
acceleratiortx of the universe relative to the reference frame S, are as follows:

M= 58 m

R = M3 mr,

V=Miziimy

A =M1ty ma

=1L

a = d(w)/dt

I = 5 m{lri—RP1-(r-R)® (ri—R)]

L=5sm@ri—R)x(vi—V)

whereM is the mass of the universkjs the inertia tensor of the universe (relativeRd
andL is the angular momentum of the universe relative to the reference frame S.



General Observations

The alternative classical mechanics of particles presented in this paper is invarian
under transformations between reference frames and can be applied in any reference frar
without the necessity of introducing fictitious forces.

This paper considers that if all non-kinetic forces obey Newton’s third law (in its strong
form) then the universal reference fra@és always inertial. Therefore, a reference frame S
is also inertial wher = 0 andA = 0.

However, if a non-kinetic force does not obey Newton’s third law (in its strong form
or in its weak form) then the universal reference fragis non-inertial and the reference
frame S is also non-inertial wham = 0 andA = 0.

Therefore, if a non-kinetic force does not obey Newton'’s third law (in its strong form
or in its weak form) then the new dynamics and the principles of conservation are false.

However, this paper considers, on one hand, that all non-kinetic forces obey Newton'
third law (in its strong form) and, on the other hand, that all forces are invariant under
transformations between reference frartfes= F)
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Appendix

For a system of N patrticles, the following definitions are also applicable:
Angular Momentum U= Sim (i —Fem) x (Vi — Vem)

Work W = 5 J2Fi-d(fi—Fcm) = O

Kinetic Energy AK' = = S — J2FKi-d(fi —Fem) = 3 AYomy (Vi —Vem)?

Potential Energy AU = = 5i — JZ Fni-d(Fi — Fem)

Co

Lagrangian =K -

wheref ., andveny, are the universal position and the universal velocity of the center of mass
of the system of particle, [Zm & -d(fi —Fcm) = 3 JZm (& — &em) - d(Fi —Fem) = 33 A Yo My (Vi — Vem)?

If a system of N particles is isolated then the angular momerituar the system of
particles remains constant.

[/ = constant
d(L)/dt = 5 m (Fi — Fem) X (& — 8m) = i My (i —Tem) X & = 3 i x FNy =0
L= >im (FI *ch) X (\O/i *\olcm) =35 m (ri —rem) X [Vi— OX(ri —rem) — Vem)

If a system of N particles is isolated and is only subject to conservative forces then the
mechanical energ&’ of the system of particles remains constant.

E' = K’+U’ = constant

AE' = AR'+AU =0

AK' = ZiAl/Zm(\o/i*f/cm)z = Y AY2m [V — @x(ri —rem) —Vem)?

AU = 35— [2FNi-d(fi —Fem) = 35— JZFNi-d(ri —Tem) = 3 — 2 FNi-dr

whererm andveny, are the position and the velocity of the center of mass of the system
of particles relative to a reference frame S, ands the angular velocity of the universe
relative to the reference frame S.
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All non-kinetic forces obey Newton'’s third law (in its strong form)

The universal reference frant is a reference frame fixed to the universe, whose
origin coincides with the center of mass of the universe.

Therefore, the universal reference fraBiis always inertial and a reference frame S
is also inertial wher® = 0 andA = 0.

- version 2 -

All forces obey Newton’s third law (in its strong form or in its weak form)

The universal reference fran®is a non-rotating reference frami@g = 0) whose
origin coincides with the center of mass of the universe.

Therefore, the universal reference fraBiés always inertial and a reference frame S
is also inertial wheriog = 0 andA = 0.
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This paper presents an alternative classical mechanics which establishes
the existence of a new universal force of interaction (called kinetic force)
and which can be applied in any reference frame without the necessity of
introducing fictitious forces.

The Universal Reference Frame
In this paper, the universal reference frafis a non-rotating reference frarfig; = 0)

whose origin coincides with the center of mass of the universe.

The universal positiof,, the universal Ve|0Cit)°I§ and the universal acceleratidg of
a particle A relative to the universal reference frafare as follows:

fa = (ra)
Va = d(ra)/dt
8a = d?(ry)/dt?

wherer 4 is the position of particle A relative to the universal reference fréme
The New Dynamics

[1] A force is always caused by the interaction between two particles.
[2] The resultant forcé&, acting on a particle A is always ze(6, = 0)

[3] If a particle A exerts a forc€&, on a particle B then particle B exerts on particle A
a force—F, of the same magnitude but opposite directipg = —F3)



The Kinetic Force

The kinetic forceFk g, exerted on a particle A of mass, by another particle B of
massmy, caused by the interaction between particle A and particle B, is given by:

MMy o &
FKab = —T(aa—ab)

whereM is the mass of the universg, is the universal acceleration of particle A adg
is the universal acceleration of particle B.

From the above equation it follows that the resultant kinetic fdfeg acting on a
particle A of massny, is given by:

FKa = — Mada

whered, is the universal acceleration of particle A.

The [2] Principle

The [2] principle of the new dynamics establishes that the resultant Fareeting on
a particle A is always zero.
Fa - O

If the resultant forcd-, is divided into two parts: the resultant non-kinetic fofee,
( gravitational force, electromagnetic force, etc. ) and the resultant kineticFexgehen:

FNa+ FKa = 0
Now, substituting Fk, = — mad,) and rearranging, finally we obtain:
FNa = Mada

This equation ( similar to Newton’s second law ) will be used throughout this paper.

On the other hand, in this paper a system of particles is isolated when the system i
free of external non-kinetic forces.



The Definitions
For a system of N particles, the following definitions are applicable:

Mass M=5m

Linear Momentum P = 3 mv,

Angular Momentum L = SimfixV

Work W =5 [fF-dfj =0

Kinetic Energy AK = 5; — JZFki-dfi = 3; A% my (V)2
Potential Energy AU = ¥; — [? Fnj-dF;

o o o

Lagrangian L=K-U
The Principles of Conservation

If a system of N particles is isolated then the linear momenkuof the system of
particles remains constant.

P — constant [d(lg’)/dt =3im& =3 Fni = 0]

If a system of N particles is isolated then the angular momeritush the system of
particles remains constant.

[ = constant [d(°L)/dt =3yimfix& = 3 fixFn = 0]

If a system of N particles is only subject to conservative forces then the mechanical
energyE of the system of particles remains constant.

E = K+U = constant [AI% = AK+AU = 0]



The Transformations

The universal position,, the universal velocity, and the universal acceleratiég of
a particle A relative to a reference frame S fixed to a particle S, are given by:

?a - ra_R

Va - Va+6)sx (ra_R)_v

8a = A3 +20sx (Va—V)+dsx [0dsx (ra—R)]+dasx (ra—R) —A

wherer 4, V5 anda, are the position, the velocity and the acceleration of particle A relative
to the reference frame R, V andA are the position, the velocity and the acceleration
of the center of mass of the universe relative to the reference frame &d &s are the
dynamic angular velocity and the dynamic angular acceleration of the reference frame S.

The positionR, the velocityV and the acceleratioA of the center of mass of the
universe relative to the reference frame S, and the dynamic angular velecind the
dynamic angular acceleratia@n; of the reference frame S, are as follows:

M =33 m
R =M1y mr
V = M! ziall M, Vi

A = M—12?|| m a;

s = = |(Frua/ms— Fng/me) - (12 — 1) /(1 — ro)2|"?

s = d(ds)/dt

whereFnN, andFnN; are the resultant non-kinetic forces acting on the reference frame S in
the points 0 and I, andr, are the positions of the points 0 and 1 relative to the reference
frame S andrs is the mass of particle S (the point 0 is the origin of the reference frame S
and the center of mass of particle S) (the point 0 belongs to the axis of dynamic rotation,
and the segment 01 is perpendicular to the axis of dynamic rotation) (the viegsalong

the axis of dynamic rotationMM is the mass of the universe)



General Observations

The alternative classical mechanics of particles presented in this paper is invarian
under transformations between reference frames and can be applied in any reference frar
without the necessity of introducing fictitious forces.

This paper considers that if all forces obey Newton’s third law (in its strong form
or in its weak form) then the universal reference fraghe always inertial. Therefore,
areference frame S is also inertial whdg= 0 andA = 0.

However, if a force does not obey Newton’s third law (in its weak form) then the
universal reference fram® is non-inertial and the reference frame S is also non-inertial
whenas = 0 andA = 0.

Therefore, if a force does not obey Newton'’s third law (in its weak form) then the new
dynamics and the principles of conservation are false.

However, this paper considers, on one hand, that all forces obey Newton'’s third law

(in its strong form or in its weak form) and, on the other hand, that all forces are invariant
under transformations between reference fraffés- F)
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Appendix

For a system of N patrticles, the following definitions are also applicable:
Angular Momentum U= Sim (i —Fem) x (Vi — Vem)

Work W = 5 J2Fi-d(fi—Fcm) = O

Kinetic Energy AK' = = S — J2FKi-d(fi —Fem) = 3 AYomy (Vi —Vem)?

Potential Energy AU = = 5i — JZ Fni-d(Fi — Fem)

Co

Lagrangian =K -

wheref ., andveny, are the universal position and the universal velocity of the center of mass
of the system of particle, [Zm & -d(fi —Fcm) = 3 JZm (& — &em) - d(Fi —Fem) = 33 A Yo My (Vi — Vem)?

If a system of N particles is isolated then the angular momerituar the system of
particles remains constant.

[/ = constant
d(L)/dt = 5 m (Fi —Fem) * (B —8cm) = $i M (Fi —Tom) x& = 3; 1 xFNj = 0
U= 2im (FI *ch) X (\O/I *\olcm) =35 m (ri *rcm) [V| + s X ( rcm) ch}

If a system of N particles is isolated and is only subject to conservative forces then the
mechanical energ&’ of the system of particles remains constant.

E/ = K'+U’ = constant

AE' = AR'+AU =0

AR’ = ZiAl/Zm(\o/i*f/cm)z = 3 AY2my [Vi+ @s x (ri —Fem) —Vem)?

AU = 35— [2FNi-d(fi —Fem) = 35— JZFNi-d(ri —Tem) = 3 — 2 FNi-dr

whererm andveny, are the position and the velocity of the center of mass of the system
of particles relative to a reference frame S, amgis the dynamic angular velocity of the
reference frame S.



