This multiflash photograph of a ping pong ball shows examples

of motion in two dimensions. The arcs of the ping pong ball

are parabolas that represent “projectile motion.” Galileo
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analvzed projectile motion
into its  horizontal and
vertical components: the gold
arrow represents the down-
ward acceleration of gravity,
g We will discuss how to
manipulate vectors and how
to add them. Besides analyzing
projectile motion. we will also
see how to work with relative

velocity.

CHAPTER

Kinematics in Two Dimensions;

n Chapter 2 we dealt with motion along a straight line. We now consider the

description of the motion of objects that move in paths in two (or three)

dimensions. In particular, we discuss an important type of motion known as
projectile motion: objects projected outward near the surface of the Earth, such
as struck baseballs and golf balls, kicked footballs, and other projectiles. Before
beginning our discussion of motion in two dimensions, we first need to present a
new tool—vectors—and how to add them,

m Vectors and Scalars

We mentioned in Chapter 2 that the term velocity refers not only to how fast
something is moving but also to its direction. A quantity such as velocity, which
has direction as well as magnitude, is a vector quantity. Other quantities that are
also vectors are displacement, force, and momentum. However, many quantities
have no direction associated with them, such as mass, time, and temperature.
They are specified completely by a number and units. Such quantities are called
scalar quantities.

Vectors
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