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Directions of gravity and
the normal force

In Problems involving a slope or an “inclined plane,” avoid making errors in
the directions of the normal force and gravity. The normal force on an incline is
not vertical: it is perpendicular to the slope or plane. And gravity is not perpendic-

ular to the slope—gravity acts vertically downward toward the center of the Earth.

| Summary

Newton’s three laws of motion are the basic classical laws
describing motion.

Newton’s first law (the law of inertia) states that if the net
force on an object is zero, an object originally at rest remains
at rest, and an object in motion remains in motion in a straight
line with constant velocity.

Newton’s second law states that the acceleration of an
object is directly proportional to the net force acting on it, and
inversely proportional to its mass:

SF = ma. -1
Newton’s second law is one of the most important and funda-
mental laws in classical physics.

Newton’s third law states that whenever one object exerts
a force on a second object, the second object always exerts a
force on the first object which is equal in magnitude but oppo-

site in direction:
Fap = —Fpa 4-2)

where Fy is the force on object B exerted by object A.
The tendency of an object to resist a change in its motion
is called inertia. Mass is a measure of the inertia of an object.

| Questions

Weight refers to the gravitational force on an object, and is
equal to the product of the object’s mass m and the acceleration
of gravity g:

Fg = mg. 4-3)

Force, which is a vector, can be considered as a push or pull;
or, from Newton’s second law, force can be defined as an action
capable of giving rise to acceleration. The net force on an object
is the vector sum of all forces acting on that object.

When two objects slide over one another, the force of
friction that each object exerts on the other can be written
approximately as Fj = uy Fy, where Fy is the normal force
(the force each object exerts on the other perpendicular to their
contact surfaces), and py is the coefficient of kinetic friction. If
the objects are at rest relative to each other, then Fj; is just
large enough to hold them at rest and satisfies the inequality
Fi < ug Fy, where g is the coefficient of static friction.

For solving problems involving the forces on one or more
objects, it is essential to draw a free-body diagram for each
object, showing all the forces acting on only that object.
Newton’s second law can be applied to the vector components
for each object.

1. Why does a child in a wagon seem to fall backward when
you give the wagon a sharp pull forward?

2. A box rests on the (frictionless) bed of a truck. The truck
driver starts the truck and accelerates forward. The box
immediately starts to slide toward the rear of the truck bed.
Discuss the motion of the box, in terms of Newton’s laws, as
seen (a) by Mary standing on the ground beside the truck,
and (b) by Chris who is riding on the truck (Fig. 4-35).

FIGURE 4-35
Question 2.

3. If an object is moving, is it possible for the net force acting
on it to be zero? Explain.

4. If the acceleration of an object is zero, are no forces acting
on it? Explain.

5. Only one force acts on an object. Can the object have zero
acceleration? Can it have zero velocity? Explain.

6. When a golf ball is dropped to the pavement, it bounces
back up. (a) Is a force needed to make it bounce back up?
(b) If so, what exerts the force?
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7. If you walk along a log floating on a lake, why does the log
move in the opposite direction?

8. (a) Why do you push down harder on the pedals of a bicy-
cle when first starting out than when moving at constant
speed? (b) Why do you need to pedal at all when cycling at
constant speed?

9. A stone hangs by a fine thread from the ceiling, and a
section of the same thread dangles from the bottom of
the stone (Fig. 4-36). If a person gives a sharp pull on the
dangling thread, where is the thread likely to break:
below the stone or above it? What if the person gives a
slow and steady pull? Explain your answers.

FIGURE 4-36
Question 9.

10. The force of gravity on a 2-kg rock is twice as great as that
on a 1-kg rock. Why then doesn’t the heavier rock fall
faster?



