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Abstract

In classical mechanics, this paper presents a system of equations of conservation.

Equations of Conservation

If we consider a system of N particles then the equations of conservation are as follows:

(1) ∑N
i=1 (mi ai − Fi ) = 0

(2) ∑N
i=1 (mi āi · r̄ i − Fi · r̄ i ) = 0

(3) ∑N
i=1 (mi āi · v̄i − Fi · v̄i ) = 0

(4) ∑N
i=1 (mi āi · āi − Fi · āi ) = 0

(5) ∑N
i=1 (mi āi × r̄ i − Fi × r̄ i ) = 0

(6) ∑N
i=1 (mi āi × v̄i − Fi × v̄i ) = 0

(7) ∑N
i=1

(
∆ 1/2 mi v̄i · v̄i −

∫ 2
1 Fi ·dr̄ i

)
= 0

(8) ∑N
i=1

(
∆ 1/2 mi v̄i · v̄i + ∆ 1/2 mi āi · r̄ i −

∫ 2
1 Fi ·dr̄ i − ∆ 1/2 Fi · r̄ i

)
= 0

wherer̄ i = r i − r cm, v̄i = vi −vcm, āi = ai −acm, r i , vi andai are the position, the velocity
and the acceleration of thei-th particle,rcm, vcm andacm are the position, the velocity and
the acceleration of the center of mass of the system of particles,mi is the mass of thei-th
particle, andFi is the net force acting on thei-th particle.
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Now, if the system of particles is isolated and if Newton’s third law of motion is valid
then the equations of conservation are as follows:

(1) ∑N
i=1 (mi ai ) = 0

(2) ∑N
i=1 (mi āi · r̄ i − Fi · r i ) = 0

(3) ∑N
i=1 (mi āi · v̄i − Fi ·vi ) = 0

(4) ∑N
i=1 (mi āi · āi − Fi ·ai ) = 0

(5) ∑N
i=1 (mi āi × r̄ i − Fi × r i ) = 0

(6) ∑N
i=1 (mi āi × v̄i − Fi ×vi ) = 0

(7) ∑N
i=1

(
∆ 1/2 mi v̄i · v̄i −

∫ 2
1 Fi ·dr i

)
= 0

(8) ∑N
i=1

(
∆ 1/2 mi v̄i · v̄i + ∆ 1/2 mi āi · r̄ i −

∫ 2
1 Fi ·dr i − ∆ 1/2 Fi · r i

)
= 0

Observations

Equation (1) can be applied in any inertial reference frame without the necessity of
introducing fictitious forces, and it is invariant under transformations between inertial
reference frames.

Equations (2), (3), (4), (5), (6) and (7) can be applied in any non-rotating reference
frame (inertial or non-inertial) without the necessity of introducing fictitious forces, and
they are invariant under transformations between non-rotating reference frames.

Equation (8) can be applied in any reference frame (rotating or non-rotating) (inertial
or non-inertial) without the necessity of introducing fictitious forces, and it is invariant
under transformations between reference frames.
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