FIGURE 4-3 F represents the force applied
by the person and Fy, represents the force of

friction.
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Isaac Newton (1642-1727).
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To push an object across a table at constant speed requires a force from
yvour hand that can balance out the force of friction (Fig, 4-3). When the object
moves at constant speed, your pushing force is equal in magnitude to the fric-
tion force, but these two forces are in opposite directions, so the net force on the
object (the vector sum of the two forces) is zero. This is consistent with Galileo’s
viewpoint, for the object moves with constant speed when no net force is
exerted on it.

Upon this foundation laid by Galileo, Tsaac Newton (Fig. 4-4) built his
great theory of motion. Newton’s analysis of maotion is summarized in his
famous “three laws of motion.” In his great work, the Principia (published in
1687), Newton readily acknowledged his debt to Galileo. Tn fact, Newton’s first
law of motion is close to Galileo’s conclusions. Tt states that

Every object continues in its state of rest, or of uniform velocity in a straight
line, as long as no net foree acts on it

The tendency of an object to maintain its state of rest or of uniform motion in a
straight line is called inertia. As a result, Newton’s first law is often called the
law of inertia.

CONCEPTUAL EXAMPLE 4-1 | Newton'’s first law. A school bus comes
to a sudden stop, and all of the backpacks on the floor start to slide forward.
What force causes them to do that?

RESPONSE It isn't “force” that does it. The backpacks continue their state of
motion, maintaining their velocity (friction may slow them down), as the
velocity of the bus decreases.

Inertial Reference Frames

Newton’s first law does not hold in every reference frame. For example, if your
reference frame is fixed in an accelerating car, an object such as a cup resting on
the dashboard may begin to move toward you (it stayed at rest as long as the car’s
velocity remained constant). The cup accelerated toward you, but neither you nor
anything else exerted a force on it in that direction. Similarly, in the reference
frame of the bus in Example 4-1, there was no force pushing the backpacks
forward. In accelerating reference frames, Newton's first law does not hold. Refer-
ence frames in which Newton's first law does hold are called inertial reference
frames (the law of inertia is valid in them). For most purposes, we can usually
assume that reference frames fixed on the Earth are inertial frames. (This is not
precisely true, due to the Earth’s rotation, but usually it is close enough.) Any
reference frame that moves with constant velocity (say, a car or an airplane) relative
to an inertial frame is also an inertial reference frame. Reference frames where the
law ol inertia does not hold, such as the accelerating reference frames discussed
above, are called noninertial reference frames. How can we be sure a reference
frame is inertial or not? By checking to see if Newton’s first law holds. Thus
Newton’s first law serves as the definition of inertial reference frames,
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