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7.3: The "Center of Mass Work"

All the physics I used in order to derive the result (7.2.8) was F' =ma, and the expression vz} —vf = 2aAx, which applies

whenever we have motion with constant acceleration. Now, we know that for an arbitrary system, of total mass M,
Fertnet = Macy, [see Equation (6.1.11)]. That is enough, then, to ensure that, if F;; ¢ is a constant, we will have

Fext,netAxcm - AI{cm (731)

where K., the translational kinetic energy, is, as usual, K., = %M V2, , and Az, is the displacement of the center of mass.
The result (7.3.1) holds for an arbitrary system, as long as Feyt ne: is constant, and can be generalized by means of an integral (as in
Equation (7.2.6)) when it is variable.

So it seems that we could define the left-hand side of Equation (7.3.1) as “the work done on the center of mass,” and take that as
the natural generalization to a system of the result (7.2.8) for a particle. Most physicists would, in fact, be OK with that, but
educators nowadays frown on that idea, for a couple of reasons.

First, it seems that it is essential to the notion of work that one should multiply the force by the displacement of the object on which
it is acting. More precisely, in the definition (7.2.1), we want the displacement of the point of application of the force'. But there
are many examples of systems where there is nothing at the precise location of the center of mass, and certainly no force acting
precisely there.

This is not necessarily a problem in the case of a rigid object which is not doing anything funny, just moving as a whole so that
every part has the same displacement, because then the displacement of the center of mass would simply stand for the displacement
of any point at which an external force might actually be applied. But for many deformable systems, this would not be case. In fact,
for such systems one can usually show that Feyt pet AZcr, is actually not the work done on the system by the net external force. A
simple example of such a system is shown below, in Figure 7.3.1.
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Figure 7.3.1: A system of two blocks connected by a spring. A constant external force, ﬁ2,2’ is applied to the block on the right.

Initially the spring is relaxed, but as soon as block 2 starts to move it stretches, pulling back on block 2 and pulling forward on
block 1. Because of the stretching of the spring, the displacements Az1, Axzcm and Azxz are all different, and the work done by the
external force, Fy, Az2, is different from the “center of mass work” Fy; 5 Azcm.

In this figure, the two blocks are connected by a spring, and the external force is applied to the block on the right (block 2). If the
blocks have the same mass, the center of mass of the system is a point exactly halfway between them. If the spring starts in its
relaxed state, it will stretch at first, so that the center of mass will lag behind block 2, and Fhc 2A:::2, which is the quantity that we
should properly call the “work done by the net external force” will not be equal to ic G Ao

We find ourselves, therefore, with a very general and potentially rather useful result, Equation (7.3.1), that looks a lot like it should
be “the work done on the system by the net external force” but, in fact, is that only sometimes. On the other hand, the result is so
useful that simply referring to it all the time by “Equation (7.3.1)” will not do. I propose, therefore, to call it the “center of mass
work,” in between quotation marks, just so we all know what we are talking about, and remember the caveats that go with it.

We can now move to the real theorem relating the work of the external forces on a system to the change in its energy. What we
have seen so far are really just straightforward applications of Newton’s second law. The main result coming up is deeper than that,
since it involves also, ultimately, the principle of conservation of energy.
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!As the name implies, this is the precise point at which the force is applied. For contact forces (other than friction; see later), this is
easily identified. For gravity, a sum over all the forces exerted on all the particles that make up the object may be shown to be
equivalent to a single resultant force acting at a point called the center of gravity, which, for our purposes (objects in uniform or
near-uniform gravitational fields) will be the same as the center of mass.

This page titled 7.3: The "Center of Mass Work" is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Julio Gea-
Banacloche (University of Arkansas Libraries) via source content that was edited to the style and standards of the LibreTexts platform.

https://phys.libretexts.org/@go/page/22241


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://phys.libretexts.org/@go/page/22241?pdf
https://phys.libretexts.org/Bookshelves/University_Physics/University_Physics_I_-_Classical_Mechanics_(Gea-Banacloche)/07%3A_Impulse_Work_and_Power/7.03%3A_The_Center_of_Mass_Work
https://creativecommons.org/licenses/by-sa/4.0
https://fulbright.uark.edu/departments/physics/directory/index/uid/jgeabana/name/Julio-Gea-Banacloche/
https://libraries.uark.edu/
https://scholarworks.uark.edu/oer/3

