discuss in Chapter 5, and the force acts vertically’ downward, toward the center of
the Earth, Let us apply Newton's second law to an object of mass m falling due to
gravity; for the acceleration, a, we use the downward acceleration due to gravity, g.
Thus, the gravitational force on an object, Fy; , can be written as

B= mg. (4-3)
The direction of this force is down toward the center of the Earth. The magni-
tude of the force of gravity on an object is commonly called the object’s weight.

In ST units, g = 9.80m/s* = 9.80 N/kg,* so the weight of a 1.00-kg mass on
Earth is 1.00kg % 9.80 m/s* = 9.80N. We will mainly be concerned with the
weight of objects on Earth, but we note that on the Moon, on other planets, or
in space, the weight of a given mass will be different than it is on Earth, For
example, on the Moon the acceleration due to gravity is about one-sixth what it
is on Earth, and a 1.0-kg mass weighs only 1.7N. Although we will not use
British units, we note that for practical purposes on the Earth, a mass of 1kg
weighs about 2.2 1b. (On the Moon, | kg weighs only about 0.4 Ib.)

The force of gravity acts on an object when it is falling. When an object is at
rest on the Earth, the gravitational force on it does not disappear, as we know if
we weigh it on a spring scale. The same force, given by Eg. 4-3, continues to act.
Why, then, doesn’t the object move? From Newton’s second law, the net force
on an object that remains at rest is zero. There must be another force on the
object to balance the gravitational force. For an object resting on a table, the
table exerts this upward force; see Fig. 4-14a. The table is compressed slightly
beneath the object, and due to its elasticity, it pushes up on the object as shown.
The force exerted by the table is often called a contact force, since it occurs
when two objects are in contact. (The force of your hand pushing on a cart is
also a contact force.) When a contact force acts perpendicular to the common
surface of contact, it is referred to as the normal foree (“normal™ means perpen-
dicular); hence it is labeled Fy in Fig. 4-14a.

(a)

The two forces shown in Fig. 4—14a are both acting on the statue, which
remains at rest, so the vector sum of these two forces must be zero (Newton’s
second law). Hence F; and Fy must be of equal magnitude and in opposite
directions. But they are not the equal and opposite forces spoken of in Newton's
third law. The action and reaction forces of Newton’s third law act on different
objects, whereas the two forces shown in Fig. 4-14a act on the same object. For
each of the forces shown in Fig. 4-14a, we can ask, “What is the reaction force?”
The upward force, F‘N, on the statue is exerted by the table. The reaction to this
force is a force exerted by the statue downward on the table. It is shown in
Fig. 4-14b, where it is labeled F%. This force, Ff, exerted on the table by the
statue, is the reaction force to F’N in accord with Newton’s third law. What about
the other force on the statue, the force of gravity F; exerted by the Earth? Can
you guess what the reaction is to this force? We will see in Chapter 5 that the
reaction force is also a gravitational force, exerted on the Earth by the statue.
"The concept of “vertical” is tied to gravity. The best definition of vertical is that it is the direction in
which objects fall. A surface that is “horizontal,” on the other hand, is a surface on which a round
object won't start rolling: gravity has no effect. Horizontal is perpendicular to vertical.
tSince IN = Lkg-m/s’ (Section 4-4), I m/s" = | N/ke.
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Weight = gravitational force

@ cauTion
Mass vs. weight

Contact force

Normal force

FIGURE 4-14 (a) The net force on an
object at rest is zero according to Newton's
second law. Therefore the downward force of
gravity {f.;,) on an object must be balanced
by an upward force (the normal force Fy)
exerted by the table in this case. (b) Ff is the
force exerted on the table by the statue and
is the reaction force to Fy per Newton's third
law. (F% is shown in a different color to
remind us it acts on a different object.) The
reaction to Fg is not shown.
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Weight and normal force are not
action—reaction pairs



