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3.3 Projectile Motion

A projectile is any object that 1s given an initial velocity and then follows a path
determined entirely by the effects of gravitational acceleration and air resistance
A batted baseball. a thrown football, and a package dropped from an airplane are
all examples of projectiles. The path followed by a projectile is called its
trajectory.
To analyze this common type of motion, we’ll start with a
We represent the projectile as a single parucle with an acceleration (due to the
~earth’s gravitational pull) that is constant in both magnitude and direction. We'll
~t neglect the effects of air resistance and the curvature and rotanon of the earth.
Like all models, this one has limitations. The curvature of the earth has to be con-
sidered in the flight of long-range ballistic missiles. and air resistance is of crucial
importance to a skydiver. Nevertheless, we can learn s lot by analyzing this sim-
ple mode) —
We first notice that projectile monon is always confined to a vertical plane
determined by the direction of the initial velocity We'll call this plane the x-y
coordinate plane, with the r axis horizontai and the y axis directed vertically
upward. Figure 3.9 shows a view of this plane from the side, along with a typical
trajectory. ood Questiom
The key to analyzing projectile motion ig’the fact that we can treat the x
and y coordinates separately. Why is this so? Anticipating a relation that we'll
study in detail in Chapter 4, we note that the instantaneous acceleration of an
object is proportional to (and in the same direction as) the net force acting on the
object. Because of the assumptions made in our model, the only force acting on
the projectile is the earth’s gravitational attraction; we assume that this is constant
in magnitude and always vertically downward in direction. Thus the vertical
{| component of acceleration is the same as if the projectile moved only in the y
direction, as it did in Section 2 6. Figure 3.0 shows two trajectories; the vertical
displacements of the two objects at any time are the same, even though their hor
izontal displacements are different.
We conclude that the x component of acceleration, a,, is zero and the y com-
ponent a, is constant and equal in magnitude to the acceleration of free fall:

—_ la_‘ = O:I \ a,=—g=—9380 m/sz‘] u\)l}‘t }«LLP pv»
Chaplery
NOoTE » Remember that, by definition, g is always positive (because it is

the magnitude of the acceleration vector due to gravity), but with our

choice of coordinate directions, a, is negative. <

So we can think of projectile motion as a combination of horizontal motion with

constant velocity a&vcnical motion with constant acceleration. We can then

express all the vectdelationships in terms of separate equations for the horizon-

tal and vertical components. The actual motion is a combination of of these sepa-

rate motions. Figure 3.11 shows the horizontal and vertical components of motion

. for a projectile that starts at (or passes through) the origin of coordinates at time
= (). As in Figure 3.10, the projectile 1s shown at equal time intervals.

‘)“'0 '“’dfﬂfﬁ(e‘)‘f motions /

_": The honzontal (x) and vertical (y) components of @ for a projectile are
_4-
& \/au a’f&dy&li a, = 0, a,= —g A
H WL = T :
We'll usually use g = 9.80 m/s®, but occasionally we'll use g = 10 m/s’ for

approximate caleunlations.
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Teacher Notes

Projectile Motion - Kicking or Throwing a Football

R = Range

There are two independent motions to consider
The motion in the x-direction and the motion in the y-direction.

Projectile Motion - A Vector Perspective

no vertical motion Projectile Motion is a

th : =
y stMeicp combination of the two

The Ko-\ motions
vertl Cal slow down as it k\

Motion of goes up sg::;gsug oa; ,;‘t
the ball
g

The acceleration
due to gravity is
causing the ball to

gacny The Horizontal Motion of the ball

There is no force in the x-direction so
there is no acceleration



Student Worksheets

Projectile Motion - Kicking or Throwing a Football

—-——— ———
— —
- -~

Projectile Motion

The trajectory of a kicked football




Teacher notes

MOMOTR @@;\@1 In

dimens i .
rotlon @CluEilons
Rl

e V=V Ta

2 v =v, + 2adx s Vy =V, — &l

E = 2 2

2| Ax = v, 1|+ rar’ % v, = v, — 2g4y

o 2
Ax = (v, + )t L Ay =, t—+gf’

/ x - direction

no acclereation in the x -direction

Vi = Vox — 81
vy =V, — 284y A =v,1

oy

freefall

Ay = v, t —5gt
v, =V sin @

0y

v, =V cosd

N

The trajectory of a kicked footba

Projectile Motion
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diIMERNSION

v, =, +at

v, = v, + 2adx

Ax = v t + sat’
Ax = +(v, + )t

Vi = Vor — &I
2

vy, =V, — 2g4y

oy

Ay = v, t —5gt

Vi = Voy — 81
— 2g4y
Ay = v, t —5gt

2 2
Vi =V

oy

Ax = vt

0




Student Worksheet for Closing Activity

Review: Calculate and draw the components of the velocity vectors given. Use color.

\4
Vo =42 m/s
A
< o =57° >
\/
A
< @ = 45° >
\4
Vo =55 m/s

Physics

Name

Vo = 64 m/s




