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 opposite in direction:

Fap = —Fyy 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 mertia of an object.
Weight refers to the gravitational foree on an object. and
is equal to the product of the object’s mass m and the acceler-
ation of gravity g:
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Foree, which is a vector, can be considered as a push or
pull: or, from Newton’s second law, force can be defined as an

F; = mg.
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action capable of giving rise to acceleration. The net foree on
an object is the vector sum of all forces acting on it.

When two objects slide over one another, the force of
friction that each object exerts on the other can be written
approximately as F, = uy Fy. where Fy is the normal force
(the force each object exerts on the other perpendicular to
their contact surfaces), and gy is the coefficient of kinetic
friction. If the objects are at rest relative to each other, then
Fir is just large enough to hold them at rest and satisfies the
inequality Fy, < pgFy, 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 compo-
nents for each object.

1. Why does a child in a wagon seem to fall backward when
vou 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 the acceleration of an object is zero, are no forces
acting on it? Explain.

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

6. If you walk along a log floating on a lake, why does the log
move in the opposite direction?

7. Why might your foot hurt if you kick a heavy desk or a
wall?

8. When you are running and want to stop quickly, you must

decelerate quickly. (@) What is the origin of the force that

causes you to stop? (b) Estimate (using vour own experi-

ence) the maximum rate of deceleration of a person

running at top speed to come to rest.

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 likelv to break:
below the stone or above it? What if the person gives a
slow and steady pull? Explain your answers.
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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?

1. Would a spring scale carried to the Moon give accurate
results if the scale had been calibrated (a) in pounds, or
(b)) in kilograms?

12. You pull a box with a constant force across a frictionless
table using an attached rope held horizontally. If vou now
pull the rope with the same force at an angle to the hori-
zontal (with the box remaining flat on the table), does the
acceleration of the box (a) remain the same, (b) increase,
or (¢) decrease? Explain.

13. When an object falls freely under the influence of gravity

there is a nel force mg exerted on it by the Earth. Yet by

Newton’s third law the object exerts an equal and oppo-

site force on the Earth. Why doesn’t the Earth move?

Compare the effort (or force) needed to lift a 10-kg object

when vou are on the Moon with the force needed to lift it

on Earth, Compare the force needed to throw a 2-kg object
horizontally with a given speed on the Moon and on Earth.
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