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CHAPTER 8 Potential Energy and Conservation of Energy

ground state of the atom. The ground state corresponds to the state that an isolated
atom usually occupies. The atom can move to higher energy states by absorbing
energy from some external source or by colliding with other atoms. The highest
energy on the scale shown in Figure 8.18a, L., corresponds to the energy of the
atom when the electron is completely removed from the proton. The energy dif-
ference FE, — E; is called the ionization energy. Note that the energy levels get
closer together at the high end of the scale.

Next, consider a satellite in orbit about the Earth. If you were asked to de-
scribe the possible energies that the satellite could have, it would be reasonable
(but incorrect) to say that it could have any arbitrary energy value. Just like that of
the hydrogen atom, however, the energy of the satellite is quantized. If you
were to construct an energy level diagram for the satellite showing its allowed en-
ergies, the levels would be so close to one another, as shown in Figure 8.18b, that it
would be difficult to discern that they were not continuous. In other words, we
have no way of experiencing quantization of energy in the macroscopic world;
hence, we can ignore it in describing everyday experiences.

SUMMARY

If a particle of mass m is at a distance y above the Earth’s surface, the gravita-
tional potential energy of the particle—Earth system is

U, = mgy (8.1)
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The elastic potential energy stored in a spring of force constant k is
U, = 3k (8.4)

You should be able to apply these two equations in a variety of situations to deter-
mine the potential an object has to perform work.

A force is conservative if the work it does on a particle moving between two
points is independent of the path the particle takes between the two points. Fur-
thermore, a force is conservative if the work it does on a particle is zero when the
particle moves through an arbitrary closed path and returns to its initial position.
A force that does not meet these criteria is said to be nonconservative.

A potential energy function U can be associated only with a conservative
force. If a conservative force F acts on a particle that moves along the x axis from
x; to x7, then the change in the potential energy of the system equals the negative
of the work done by that force:

X
Up—~ &= —j fo dx (8.7)
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You should be able to use calculus to find the potential energy associated with a
conservative force and vice versa.,

The total mechanical energy of a system is defined as the sum of the ki-
netic energy and the potential energy:

E=K+ U (8.9)

If no external forces do work on a system and if no nonconservative forces are
acting on objects inside the system, then the total mechanical energy of the system
is constant:



