FIGURE 11.28 »

A pencil balanced on the
edge of a hand is in unstable
equilibrium. a. The CG of
the pencil is lowered when

it tilts. b. When the ends of
the pencil are stuck into long
potatoes that hang below, it
is stable because its new CG
rises when it is tipped.

FIGURE 11.30 A

The Seattle Space Needle
can no more fall over than
can a floating iceberg.
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POTATOES

Obijects in Stable Equilibrium The horizontally balanced pen-
cil in Figure 11.28a is in unstable equilibrium. Its CG is lowered when
it tilts. But suspend a potato from each end and the pencil becomes
stable, as shown in Figure 11.28b. Why? Because the CG is below the
point of support, and is raised when the pencil is tilted.

Some well-known balancing toys depend on this principle. Their
secret is that they have been weighted so that the CG lies vertically
underneath the point of support while most of the remainder of the
toy is above it. See the example in Figure 11.29. A toy that hangs with
its CG below its point of support is in stable equilibrium because the
CG rises when the toy tilts.

FIGURE 11.29 »
The toy is in stable equi-
librium because the CG

rises when the toy tilts.

The CG of a building is lowered if much of the structure is
below ground level. This is important for tall, narrow structures.
An extreme example is the state of Washington’s tallest freestanding
structure, the Space Needle in Seattle, which is shown in Figure 11.30.
This structure is so “deeply rooted” that its center of mass is actually
below ground level. It cannot fall over intact. Why? Because falling
would not lower its CG at all. If the structure were to tilt intact onto
the ground, its CG would be raised!



< FIGURE 11.31
The CG of an object has
a tendency to take the
lowest position available.
a. A table tennis ball is
placed at the bottom of a
container of dried beans.
b. When the container is
shaken from side to side,
the ball is nudged to the
top.

Lowering the CG of an Object The tendency for the CG to
take the lowest position available is illustrated in Figure 11.31. Place

a very light object, such as a table tennis ball, at the bottom of a box
of dried beans or small stones. Shake the box, and the beans or stones
tend to go to the bottom and force the ball to the top. By this process
the CG of the whole system takes a lower position.

(o "“ < FIGURE 11.32
-q The CG of the glass of
- water is affected by the
_I position of the table tennis
- ball. a. The CG is higher
when the ball is anchored
to the bottom. b. The
a QST b CG is lower when the ball

floats.

As shown in Figure 11.32, the same thing happens in water
when an object rises to the surface and floats. If the object weighs
less than an equal volume of water, the CG of the whole system will
be lowered when the object is forced to the surface. This is because
the heavier (more dense) water can then occupy the available lower
space. If the object is heavier than an equal volume of water, it will
be more dense than water and sink. In either case, the CG of the
whole system is lowered. In the case where the object weighs the
same as an equal volume of water (same density), the CG of the sys-
tem is unchanged whether the object rises or sinks. The object can
be at any level beneath the surface without affecting the CG. You
can see that a fish must weigh the same as an equal volume of water
(have the same density); otherwise it would be unable to remain at
different levels in the water. We will return to these ideas in Chapter
19, where liquids are treated in more detail.

AR
CHAPTER 11/ i I ROTATIONAL EQUILIBRIUM 203



Shake a box of stones of different sizes and observe what hap-
pens. The shaking enables the small stones to slip down into the spaces
between the larger stones and in effect lower the CG. The larger stones
therefore tend to rise to the top. The same thing happens when a tray
of berries is gently shaken—the larger berries tend to come to the top.

You don’t need to take a course in physics to know where to bal-
ance a baseball bat, how to stand a pencil upright on its flat end, or
that you can’t lean over and touch your toes if your heels are against
a wall. With or without physics, everybody knows that it is easier to
hang by your hands below a supporting rope than it is to stand on
your hands above a supporting floor. And you don’t need a formal
study of physics to balance like a gymnast. But maybe it’s nice to know
that physics is at the root of many things you already know about.

Knowing about things is not always the same as understanding
things. Understanding begins with knowledge. So we begin by know-
ing about things, and then progress deeper to an understanding of
things. That’s where a knowledge of physics is very helpful.

The CG of an iceberg
is very far below the
surface of the water it
floats upon.

CONCEPT: What happens to the center of gravity when an
CHECK : object is toppled?

Science and Pseudoscience Science uses a to “prove” his or her case is subjective. Also, in
powerful method of combining logic, observation,  pseudoscience, cause-and-effect relationships may
and experiment to find correlations, sometimes be claimed, but no detailed logical connections can

leading to a cause-and-effect
relationship between things.

be provided.

The danger of pseudoscience

L
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b tvellies sk die el ) Li:_M E ,L\..Dl J is that it can lead us to believe

of questions science can .
handle, and searching for VM
answers via careful, controlled ;
experimentation. Only when
repeated experiments produce
consistent results and objective
evidence is provided, is an idea
scientifically valid. Such ideas
reliably explain and predict
many types of events.

things that aren't true, or make
us think we know things we
don't. Thus, we may make
unwise decisions. Nevertheless,
' pseudosciences appeal to many
R "'_:ﬁ'r N l N F = people. They can excite the
B it s imagination, simplify complex
issues, and soothe anxiety about
the unknown.

Critical Thinking Are horoscopes that are seen
frequently in newspapers and magazines an
example of science or pseudoscience? Explain.
How can you identify pseudoscience?

A pseudoscience is a false science. It claims the
power of science to explain and predict events, but
it is not based on the careful methods of science.
Often, “evidence” cited by a pseudoscientist
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