Alternate Solution Instead of dividing the solution into two parts, we can do
it all at once. After all, we get to choose what two points are used on the left
and right of the energy equation. Let us write the energy equation for points |
and 3 (Fig. 6-24). Point | is the initial point just before the ball starts to fall
(Fig. 6-24a), so »; = 0,y = h = 0.550m; and point 3 is when the spring is
fully compressed (Fig. 6-24c),s0 », = 0, vy = =Y = —0.150 m. The forces on
the ball in this process are gravity and (at least part of the time) the spring. So
conservation of energy tells us

Ymol + mgy, + 1k(0)? = tmol + mgy, + 1ky3
0 +mgh+ 0 = 0 — mgV +4ikY?
where we have set v = 0 for the spring at point | because it is not acting and
is not compressed or stretched at point 1. We solve for k:
o 2mg(h +Y) ~ 2(2.60 kg)(9.80 m/s*)(0.550 m + 0.150 m)
V? (0.150 m)?
just as in our first method of solution.

= 1590 N/m

Other Forms of Energy; Energy Transformations
and the Law of Conservation of Energy

Besides the kinetic energy and potential energy of ordinary objects, other forms
of energy can be defined as well. These include electric energy, nuclear energy,
thermal energy, and the chemical energy stored in food and fuels. With the advent
of the atomic theory, these other forms of energy have come to be considered as
kinetic or potential energy at the atomic or molecular level. For example,
according to the atomic theory, thermal energy is the kinetic energy of rapidly
moving molecules—when an object is heated, the molecules that make up the
object move faster. On the other hand, the energy stored in food and fuel such as
gasoline is potential energy stored by virtue of the relative positions of the atoms
within a molecule due to electric forces between the atoms (referred to as chem-
ical bonds). For the energy in chemical bonds to be used to do work, it must be
released. usually through chemical reactions. This is analogous to a compressed
spring which, when released, can do work. Electric, magnetic, and nuclear energies
also can be considered examples of kinetic and potential (or stored) energies. We
will deal with these other forms of energy in detail in later Chapters.

Energy can be transformed from one form to another, and we have already
encountered several examples of this. A rock held high in the air has potential
energy; as it falls, it loses potential energy, since its height above the ground
decreases. At the same time, it gains in kinetic energy, since its velocity is
increasing. Potential energy is being transformed into kinetic energy.

Often the transformation of energy involves a transfer of energy from one
object to another. The potential energy stored in the spring of Fig. 6-13b is
transformed into the kinetic energy of the ball, Fig. 6-13c. Water at the top of a
dam has potential energy, which is transformed into kinetic energy as the water
falls. At the base of the dam, the kinetic energy of the water can be transferred
to turbine blades and further transformed into electric energy, as we shall see in
a later Chapter. The potential energy stored in a bent bow can be transformed
into kinetic energy of the arrow (Fig. 6-25).

In each of these examples, the transfer of energy is accompanied by the
performance of work. The spring of Fig. 6-13 does work on the ball. Water does
work on turbine blades. A bow does work on an arrow, This observation gives us
a further insight into the relation between work and energy: work is done when
energy is transferred from one object to another.” A person throwing a ball or
pushing a grocery cart provides another example. The work done is a manifesta-
tion of energy being transferred from the person (ultimately derived from the
chemical energy of food) to the ball or cart.

“1f the objects are at different temperatures, heat can flow between them instead, or in addition. See
Chapters 14 and 15.
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FIGURE 6-25 Potential energy of
a bent bow about to be transformed
into kinetic energy of an arrow.

Work is done when energy is
transferred from one object to another
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