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Abstract

In classical mechanics, this paper presents the universal reference frame.
Universal Reference Frame

The universal reference frame is a reference frame fixed to the center of mass of tht
universe.

The positiorf 5, the velocityVa, and the acceleratidi, of a particle A of massn, relative
to the universal reference franSe are given by:

fa= [ [ (Fa/ma) dt dt
Va= [ (Fa/ma) dt
8a = (Fa/ma)

whereF, is the net force acting on particle A.

From the above equations the following equations are obtained:

Mafa— [ [ Fadtdt=0 — | YomefZ — 1 ([ [ Fadtdt)2=0
! !
MaVa — [ Fadt=0 — omaVZ — [Fadfa =0
! /! !
Mada—Fa=0 — Yrmad3 — 1> (F4/ma) = 0




Reference Frame

The positiort 5, the velocityv,, and the acceleratidi, of a particle A of masa, relative
to a reference frame S, are given by:

Fa:ra+FS
\"/a:Va+&)s><ra+\°/S
8a = aa+2MsX Va+ Ds X (Ds X Ia) + As X I3+ 8s

wherer 4, V4, anda, are the position, the velocity, and the acceleration of particle A relative to
the reference frame $, Vs, &s, ®s, andds are the position, the velocity, the acceleration,
the angular velocity, and the angular acceleration of the reference frame S relative to thi
universal reference frante

The positionfs, the velocityvs, the acceleratiors, the angular velocityos, and the
angular acceleroatio&s of a reference frame S fixed to a particle S relative to the universal
reference framé&, are given by:

Fs— J J (Fo/ms) dt dt
Us = J (Fo/m) dt
as = (Fo/ms)

(s = |(F1/ms— Fo/ms) /(r1 —ro)| 2

o

os = d((l’)s)/dt

whereFg is the net force acting on the reference frame S in a poiit;Qs the net force
acting on the reference frame S in a pointrd,is the position of the point O relative to

the reference frame S (the point 0 is the center of mass of particle S and the origin of the
reference frame ), is the position of the point 1 relative to the reference frame S (the point
1 does not belong to the axis of rotation) anglis the mass of particle S (the veciog is

along the axis of rotation)

On the other hand, the positidg, the velocoityx"/s, and the acceleraticiy of a reference
frame S relative to the universal reference fra®rare related to the positiogy, the velocity
Vem, and the acceleratiomy, of the center of mass of the universe relative to the reference
frame S.



Kinetic Force

The kinetic forceK 5 exerted on a particle A of mass, by another particle B of mass
my, caused by the interaction between particle A and particle B, is given by:

MMy

m

Kab: (éa*éb)

wheremgm, is the mass of the center of mass of the univem:§andéb are the accelerations
of particles A and B relative to the universal reference fr&ne

From the above equation it follows that the net kinetic fdfggacting on a particle A of
massm, is given by:

Ka=Mada

whered, is the acceleration of particle A relative to the universal reference fime

From page [1], we have:
Mada —Fa=0
That is:
Ka—Fa=0

Therefore, the total forcéK ; — F3) acting on a particle A is always in equilibrium.
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