FIGURE 3-17 This strobe photo-
graph of a ball making a series of
bounces shows the characteristic

“parabolic” path of projectile motion.

m Projectile Motion

In Chapter 2, we studied the motion of objects in one dimension in terms of
displacement, velocity, and acceleration, including purely vertical motion of
falling bodies undergoing acceleration due to gravity. Now we examine the more
general motion of objects moving through the air in two dimensions near the
Earth’s surface, such as a golf ball, a thrown or batted baseball, kicked footballs,
and speeding bullets. These are all examples of projectile motion (sce Fig. 3-17),
which we can describe as taking place in two dimensions. Although air resistance
is often important, in many cases its effect can be ignored, and we will ignore it
in the following analysis. We will not be concerned now with the process by
which the object is thrown or projected. We consider only its motion affer it has
been projected, and before it lands or is caught—that is, we analyze our
projected object only when it is moving freely through the air under the action
of gravity alone. Then the acceleration of the object is that due to gravity, which
acts downward with magnitude g = 9.80 m/s’, and we assume it is constant,’

Galileo was the first to describe projectile motion accurately. He showed
that it could be understood by analyzing the horizontal and vertical components
of the motion separately. For convenience, we assume that the motion begins at
time 7 = 0 at the origin of an xv coordinate system (so x, = », = 0).
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FIGURE 3-18 Projectile motion of a small ball =V
projected horizontally. The dashed black line : Projectile
represents the path of the object. The velocity vector ¥ - \\i' molion
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at each point is in the direction of motion and thus : =

is tangent to the path. The velocity vectors are green
arrows, and velocity components are dashed.

(A vertically falling object starting at the same point
is shown at the left for comparison; v, is the same for
the falling object and the projectile.) Vertical

fall

Let us look at a (tiny) ball rolling off the end ol a horizontal table with an
initial velocity in the horizontal (x) direction, v, See Fig. 3—18, where an object
falling vertically is also shown for comparison. The velocity vector v at each
instant points in the direction of the ball’s motion at that instant and is always
tangent to the path. Following Galileo’s ideas, we treat the horizontal and vertical
components of the velocity, v, and v, , separately, and we can apply the kinematic
equations (Egs. 2—11a through 2—11c) to the x and v components of the motion.

First we examine the vertical (v) component of the motion. At the instant
the ball leaves the table’s top (r = 0). it has only an x component of velocity.
Once the ball leaves the table (at 1 = 0), it experiences a vertically downward
acceleration g, the acceleration due to gravity. Thus v, is initially zero (v,q = 0)
but increases continually in the downward direction (until the ball hits the

ground). Let us take y to be positive upward. Then a, = —g, and from
Eq. 2-11la we can write v, = —gt since we set v, = 0. The vertical displace-
ment is given by v = —igi’.

“This restricts us to objects whose distance traveled and maximum height above the Earth are small
compared to the Earth’s radius (6400 km ).
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