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This paper presents an alternative classical mechanics which is invariant

under transformations between reference frames and which can be applied
in any reference frame without the necessity of introducing fictitious forces.

The Inertial Reference Frame

The inertial reference franfeis a reference frame fixed to a system of particles, whose
origin coincides with the center of mass of the system of particles. This system of particles
(referred from now on as the free-system) is always free of external and internal forces.

The inertial positiorf,, the inertial velocity\“/a and the inertial acceleratiofy of a
particle A relative to the inertial reference frai8eare as follows:

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

wherer , is the position of particle A relative to the inertial reference frane
The New Dynamics

[1] A force is always caused by the interaction between two particles.

[2] The resultant forcd=, acting on a particle A of massy produces an inertial
acceleratiord, according to the following equationd; = Fa/my

[3] In this paper, not all forces obey Newton’s third law (in its strong form or in its
weak form)



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

Mass M=5m

Linear Momentum P = Si m Vi

Angular Momentum L = ¥ mf; x ¥;

Work W = 5 [P Fi-dfi = 5;4%2m (%)
Kinetic Energy AK = 5, A% m (%)?

Potential Energy AU = ¥; — [2 F;-dFf;

Lagrangian L=K-U
The Principles of Conservation

The linear momentun® of an isolated system of N particles remains constant if the
internal forces obey Newton'’s third law in its weak form.

P = constant [d(P)/dt = 5im& = 3 F = 0]

The angular momentutn of an isolated system of N particles remains constant if the
internal forces obey Newton'’s third law in its strong form.

L = constant [d(L)/dt = 3imfix& = 3ifixF = 0]

The mechanical enerdy of a system of N particles remains constant if the system is
only subject to conservative forces.

E = K+U = constant [AE = AK+AU = 0]



The Transformations

The inertial positiorf, the inertial velocityV,; and the inertial acceleratiof, of a
particle A relative to a reference frame S, are given by:

fa=ra—R
Va = Va— OXx(ra—R)—V
3 = a@—20x(Va—V)+ Ox[Wx(ra—R)|—ax(ra—R)—A
wherer 4, V4 anda, are the position, the velocity and the acceleration of particle A relative
to the reference frame B, V andA are the position, the velocity and the acceleration of the

center of mass of the free-system relative to the reference framea8da are the angular
velocity and the angular acceleration of the free-system relative to the reference frame S.

The positionR, the velocityV and the acceleratioA of the center of mass of the
free-system relative to the reference frame S, and the angular vetoaityd the angular
acceleratiorx of the free-system relative to the reference frame S, are as follows:

M =3'm

R=M"*yimr

V =M13¥my

A=M?'y"ma

=1L

o = d(w)/dt

I = s¥m[lri—RP1-(ri—R)®(ri —R)]
L = 5'm(ri—R)x(vi—V)

whereM is the mass of the free-systeimis the inertia tensor of the free-system (relative
to R) andL is the angular momentum of the free-system relative to the reference frame S.



The Equation of Motion

From the third transformation it follows that the acceleratimnof a particle A of
massm, relative to a reference frame S, is given by:

8a = Fa/Ma+20x(Va—V) - Ox[0x(ra—R)]+ ax(ra—R)+A

whereF; is the resultant force acting on particle A.
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, on one hand, that not 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 frartfes= F)

Additionally, from the above equation it follows that a reference frame S is inertial
when® = 0 andA = 0 but the reference frame S is non-inertial whanZ 0 or A £ 0.
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Appendix

For a system of N patrticles, the following definitions are also applicable:
Angular Momentum L' = S;m (fi — fem) X (% — Vem)

Work W = 5 [2Fi-d(fi —Ffem) = 3i A Yo m (i —Uem)?
Kinetic Energy AK’ = 5 AYomy (% — Vem)?

Potential Energy AU’ = 5; — [ F-d(fi — fcm)

Lagrangian =K -U

wheref .m andV¢, are the inertial position and the inertial velocity of the center of mass of
the system of particles: J7m & -d(fi —Fem) = 3i JZM (& — &cm) - d(fi —Fem) = 3 A Y2 M (U — Vem)?

The angular momenturd of an isolated system of N particles remains constant if the
internal forces obey Newton’s third law in its strong form.

I = constant
dl)/dt = 5 m (Fi —Fem) X (& —8em) = 3 M (i —Tem) x& = YirixFi =0
U= Sim (fi —Fem) X (Vi —Vem) = S5 mi (ri —rem) X [Vi — @ % (i —Fcm) — Vem)

The mechanical enerdy’ of a system of N particles remains constant if the system is
only subject to conservative forces.

E' = K'+U’ = constant

AE' = AK'+AU’ =0

AR = 5 Aoy (G —Vem)? = 3 AY2 My [Vi — @O (i —Tem) — Vem) 2
AU’ = 5~ [ZFi-d(fi—Fem) = 3i — J7 Fi-d(ri —rem)

wherer .y andvem are the position and the velocity of the center of mass of the system of
particles relative to a reference frame S, @nds the angular velocity of the free-system
relative to the reference frame S. If the system of particles is isolated and if the interna
forces obey Newton's third law in its weak form thex:— J;° Fi-d(ri —rem) = 3 — J;° Fi -dri



