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FIGURE 6-28 Example 6-14.

Problem solving is not a process that can be done by following a set of
rules. The Problem Solving Box on page 157 is thus not a prescription, but is a
summary of steps to help you get started in solving problems involving energy.

1) Power

Power is defined as the rate at which work is done. Average power equals the
work done divided by the time to do it. Power can also be defined as the rate at
which energy is transformed. Thus

— work  energy transformed
P = average power = — = - 5
time tme

(6-16)

The power ol a horse refers to how much work it can do per unit time. The
power rating ol an engine refers to how much chemical or electrical energy can
be transformed into mechanical energy per unit time. In ST units, power is
measured in joules per second, and this unit is given a special name, the watt
(W) 1 W = 1J/s. We are most familiar with the watt for electrical devices: the
rate at which an electric lightbulb or heater changes electric energy into light or
thermal energy; but the watt is used for other types of energy transformations
as well. In the British system, the unit of power is the foot-pound per second
(ft-1b/s). For practical purposes, a larger unit is often used, the horsepower.
One horsepower’ (hp) is defined as 550 ft-1b/s, which equals 746 W,

To see the distinction between energy and power, consider the following
example. A person is limited in the work he or she can do, not only by the total
energy required, but also by how fast this energy is transformed: that is, by power.
For example, a person may be able to walk a long distance or climb many flights
of stairs before having to stop because so much energy has been expended. On
the other hand, a person who runs very quickly upstairs may fall exhausted after
only a flight or two. He or she is limited in this case by power, the rate at which
his or her body can transform chemical energy into mechanical energy.

DOV EN Stair-climbing power. A 60-kg jogger runs up a long
flight of stairs in 4.0s (Fig, 6-28). The vertical height of the stairs is 4.5m.
(a) Estimate the jogger's power oulput in walts and horsepower. (b) How
much energy did this require?

APPROACH The work done by the jogger is against gravity, and equals
W = mgy. To get her power output we divide W by the time it took,
SOLUTION (a) The average power output was

W mgy (60kg)(9.8m/s*)(4.5m)

P=—=—"= Tiis = 660 W.

Since there are 746 W in | hp, the jogger is doing work at a rate of just under | hp.
A human cannot do work at this rate for very long.

(b) The energy required is E = Pt (Eq. 6-16). Since P = 660 W = 660 1]/s,
then E = (6601J1/s)(4.0s) = 2600 J. This result equals W = mgy.

NOTE The person had to transform more energy than this 2600 J. The total
energy transformed by a person or an engine always includes some thermal
energy (recall how hot you get running up stairs).

"The unit was chosen by James Watt (1736-1819), who needed a way to specify the power of his
newly developed steam engines. He found by experiment that a good horse can work all day at an
average rate of about 360 ft-1b/s. So as not to be accused of exaggeration in the sale of his steam
engines, he multiplied this by 15 when he defined the hp.
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