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Work

Figure 3-1 Work is done by a force
when the object it acts on moves
while the force is applied. No work is
done by pushing against a stationary
wall.Work is done when throwing a
ball because the ball moves while
being pushed during the throw.

Chapter 3 Energy

The word energy has become part of everyday life. We say that an
active person is energetic. We hear a candy bar described as being
full of energy. We complain about the cost of the electric energy that
lights our lamps and turns our motors. We worry about some day
running out of the energy stored in coal and oil. We argue about
whether nuclear energy is a blessing or a curse. Exactly what is meant
by energy?

In general, energy refers to an ability to accomplish change.
When almost anything happens in the physical world, energy is some-
how involved. But “change” is not a very precise notion, and we must be
sure of exactly what we are talking about in order to go further. Our
procedure will be to begin with the simpler idea of work and then use
it to relate change and energy in the orderly way of science.

Changes that take place in the physical world are the result of forces.
Forces are needed to pick things up, to move things from one place to
another, to squeeze things, to stretch things, and so on. However, not
all forces act to produce changes, and it is the distinction between
forces that accomplish change and forces that do not that is central to
the idea of work.

3.1 The Meaning of Work

A Measure of the Change a Force Produces

Suppose we push against a wall. When we stop, nothing has happened
even though we exerted a force on the wall. But if we apply the same
force to a stone, the stone flies through the air when we let it go
(Fig. 3-1). The difference is that the wall did not move during our push
but the stone did. A physicist would say that we have done work on the
stone, and as a result it was accelerated and moved away from our hand.

Or we might try to lift a heavy barbell. If we fail, the world is exactly
the same afterward. If we succeed, though, the barbell is now up in the
air, which represents a change (Fig. 3-2). As before, the difference is
that in the second case an object moved while we exerted a force on it,
which means that work was done on the object.

To make our ideas definite, work is defined in this way:

The work done by a force acting on an object is equal to
the magnitude of the force multiplied by the distance
through which the force acts when both are in the same
direction.

If nothing moves, no work is done, no matter how great the force. And
even if something moves, work is not done on it unless a force is act-
ing on it.

What we usually think of as work agrees with this definition.
However, we must be careful not to confuse becoming tired with the



Work

amount of work done. Pushing against a wall for an afternoon in the
hot sun is certainly tiring, but we have done no work because the wall
didn’t move.

In equation form,

W = Fd Work 3-1
Work done = (applied force)(distance through which force acts)

The direction of the force F is assumed to be the same as the direc-
tion of the displacement d. If not, for example in the case of a child
pulling a wagon with a rope not parallel to the ground, we must use
for F the magnitude F,; of the projection of the applied force F that acts
in the direction of motion (Fig. 3-3).

A force that is perpendicular to the direction of motion of an object
can do no work on the object. Thus gravity, which results in a down-
ward force on everything near the earth, does no work on objects mov-
ing horizontally along the earth’s surface. However, if we drop an object,
work is definitely done on it as it falls to the ground.

The Joule The SI unit of work is the joule (J), where one joule is the
amount of work done by a force of one newton when it acts through a
distance of one meter. That is,

1 joule (J) = 1 newton-meter (N - m)
The joule is named after the English scientist James Joule and is pro-

nounced “jool.” To raise an apple from your waist to your mouth takes
about 1 J of work.

Work Done Against Gravity It is easy to find the work done in lifting an
object against gravity. The force of gravity on the object is its weight of
mg. In order to raise the object to a height 4 above its original position
(Fig. 3-4a), we need to apply an upward force of F = mg. With F = mg
and d = h, Eq. 3-1 becomes

W = mgh Work done against gravity 3-2
Work = (weight)(height)

Only the total height % is involved here: the particular route upward
taken by the object is not significant. Excluding friction, exactly as
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Figure 3-2 Work is done when a
barbell is lifted, but no work is done
while it is being held in the air even
though this can be very tiring.

Figure 3-3 When a force and the
distance through which it acts are
parallel, the work done is equal to the
product of F and d.When they are not
in the same direction, the work done
is equal to the product of d and the
magnitude F, of the projection of F in
the direction of d.
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Figure 3-4 (a) The work a person
does to lift an object to a height h is
mgh. (b) If the object falls through the
same height, the force of gravity does
the work mgh.

Figure 3-5 Neglecting friction, the
work needed to raise a person to a
height h is the same regardless of the
path taken.

Chapter 3 Energy
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much work must be done when you climb a flight of stairs as when you
go up to the same floor in an elevator (Fig. 3-5)—though the source of
the work is not the same, to be sure.

If an object of mass m at the height % falls, the amount of work done
by gravity on it is given by the same formula, W = mgh (Fig. 3-4b).

(a) A horizontal force of 100 N is used to push a 20-kg box across
a level floor for 10 m. How much work is done? (b) How much work
is needed to raise the same box by 10 m?

(a) The work done in pushing the box is

W = Fd = (100 N)(10 m) = 1000 J

The mass of the box does not matter here. What counts is the
applied force, the distance through which it acts, and the relative
directions of the force and the displacement of the box.

(b) Now the work done is

W = mgh = (20 kg)(9.8 m/s?)(10 m) = 1960 J

The work done in this case does depend on the mass of the box.
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3.2 Power
The Rate of Doing Work

The time needed to carry out a job is often as important as the
amount of work needed. If we have enough time, even the tiny motor
of a toy train can lift an elevator as high as we like. However, if
we want the elevator to take us up fairly quickly, we must use a
motor whose output of work is rapid in terms of the total work
needed. Thus the rate at which work is being done is significant. This
rate is called power: The more powerful something is, the faster it
can do work.

If the amount of work W is done in a period of time ¢, the power
involved is

P = w Power 3-3

work done
Power = ——MM—
time interval

The SI unit of power is the watt (W), where
1 watt (W) = 1 joule/second (J/s)

Thus a motor with a power output of 500 W is capable of doing 500 J
of work per second. The same motor can do 250 J of work in 0.5 s,
1000 J of work in 2 s, 5000 J of work in 10 s, and so on. The watt is
quite a small unit, and often the kilowatt (kW) is used instead, where
1 kW = 1000 W.

A person in good physical condition is usually capable of a con-
tinuous power output of about 75 W, which is 0.1 horsepower. A run-
ner or swimmer during a distance event may have a power output
2 or 3 times greater. What limits the power output of a trained ath-
lete is not muscular development but the supply of oxygen from the
lungs through the bloodstream to the muscles, where oxygen is used
in the metabolic processes that enable the muscles to do work.
However, for a period of less than a second, an athlete’s power out-
put may exceed 5 kW, which accounts for the feats of weightlifters
and jumpers.

The Horsepower

The horsepower (hp) is the traditional unit of power half to establish the unit he called the horsepower.
in engineering. The origin of this unit is interesting. Watt’s horsepower therefore represents a rate of doing
In order to sell the steam engines he had perfected work of 746 W:

two centuries ago, James Watt had to compare their 1 horsepower (hp) = 746 W = 0.746 kW
power outputs with that of a horse, a source of work .

his customers were familiar with. After various tests 1 kilowatt (kW) = 1.34 hp

he found that a typical horse could perform work at Few horses can develop this much power for very long.
a rate of 497 W for as much as 10 hours per day. To The early steam engines ranged from 4 to 100 hp, with
avoid any disputes, Watt increased this figure by one the 20-hp model being the most popular.












