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LAW OF
CONSERVATION
OF ENERGY

Dissipative forces

Conservation of energy
with gravity and friction

CHAPTER 6

One of the great results of physics is that whenever energy is transferred or
transformed, it is found that no energy is gained or lost in the process.

This is the law of conservation of energy, one ol the most important princi-
ples in physics; it can be stated as:

The total energy is neither increased nor decreased in any process. Energy
can be transformed from one form to another, and transferred from one
object to another, but the total amount remains constant.

We have already discussed the conservation of energy for mechanical systems
involving conservative forces, and we saw how it could be derived from
Newton’s laws and thus is equivalent to them. But in its full generality, the
validity of the law of conservation of energy, encompassing all forms of energy
including those associated with nonconservative forces like friction, rests on
experimental observation. Even though Newton's laws are found to fail in the
submicroscopic world of the atom, the law of conservation of energy has been
found to hold in every experimental situation so far tested.

Energy Conservation with
Dissipative Forces: Solving Problems

In our applications of energy conservation in Section 6-7, we neglected friction,
a nonconservative force. But in many situations it cannot be ignored. In a real
situation, the roller-coaster car in Fig. 619, for example, will not in fact reach
the same height on the second hill as it had on the first hill because of friction.
In this, and in other natural processes, the mechanical energy (sum of the
kinetic and potential energies) does not remain constant but decreases. Because
frictional forces reduce the mechanical energy (but not the total energy), they
are called dissipative forces. Historically, the presence of dissipative forces
hindered the formulation of a comprehensive conservation of energy law until
well into the nineteenth century. It was only then that heat, which is always
produced when there is friction (try rubbing vour hands together), was inter-
preted in terms of energy. Quantitative studies by nineteenth-century scientists
(discussed in Chapters 14 and 15) demonstrated that if heat is considered as a
transfer of energy (thermal energy), then the total energy is conserved in any
process. For example, if the roller-coaster car in Fig. 6-19 is subject to frictional
forces, then the initial total energy of the car will be equal to the kinetic plus
potential energy of the car at any subsequent point along its path plus the
amount of thermal energy produced in the process. The thermal energy
produced by a constant friction force Fj; is equal to the work done by friction.
We now apply the general form of the work-energy principle, Eq. 6-10:

Wye = AKE + APE.

We can write Wye = —F,d, where d is the distance over which the friction
force acts. (F and d are in opposite directions, hence the minus sign.) Thus,
with Ke = $me® and pE = mgy, we have

—Fyd = tmvl — mo} + mgyv, — mgy,
or )

%rm-‘f + mgy = %rm-‘% + mgy, + F.d, [rr%zﬁr:r:vd?,:igJ 6-15)
where d is the distance along the path traveled by the object in going from
point 1 to point 2. Equation 6-15 can be seen to be Eq. 6-13 modified to
include friction. Tt can be interpreted in a simple way: the initial mechanical
energy of the car (point 1) equals the (reduced) final mechanical energy of the
car plus the energy transformed by friction into thermal energy.

When other forms of energy are involved, such as chemical or electrical
energy, the total amount of energy is always found to be conserved. Hence the
law of conservation of energy is believed to be universally valid.



