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Last time

• the kinematics equations (constant acceleration)

• examples

• a harder kinematics example



Overview

• falling objects



Free-Falling Objects

One common scenario of interest where acceleration is constant is
objects freely falling.

When we refer to free fall, we mean objects moving under the
influence of gravity, and where we are ignoring resistive forces,
eg. air resistance.



Galileo and the Leaning Tower of Pisa

Aristotle, an early Greek natural philosopher, said that heavier
objects fall faster than lighter ones.

Galileo tested this idea and found it was wrong. Any two massive
objects accelerate at the same rate.

Galileo studied the motion of objects by experiment, as well as by
abstract reasoning.



Free-Falling Objects

The important point is that at the surface of the Earth, all objects
experience this same acceleration due to gravity: g = 9.8 m s−2.

In the absence of air resistance, the acceleration does not depend
on an object’s mass!38 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

move with constant acceleration. His conclusions were based on experiments
done by rolling balls down inclines of various steepness. By using an incline,
Galileo was able to reduce the acceleration of the balls, thus producing motion
slow enough to be timed with the rather crude instruments available.

Galileo also pointed out that objects of different weight fall with the same con-
stant acceleration—provided air resistance is small enough to be ignored.
Whether he dropped objects from the Leaning Tower of Pisa to demonstrate this
fact, as legend has it, will probably never be known for certain, but we do know
that he performed extensive experiments to support his claim.

Today it is easy to verify Galileo’s assertion by dropping objects in a vacuum
chamber, where the effects of air resistance are essentially removed. In a standard
classroom demonstration, a feather and a coin are dropped in a vacuum, and both
fall at the same rate. In 1971, a novel version of this experiment was carried out on
the Moon by astronaut David Scott. In the near perfect vacuum on the Moon’s
surface he dropped a feather and a hammer and showed a worldwide television
audience that they fell to the ground in the same time.

To illustrate the effect of air resistance in everyday terms, consider dropping a
sheet of paper and a rubber ball (Figure 2–17). The paper drifts slowly to the
ground, taking much longer to fall than the ball. Now, wad the sheet of paper into
a tight ball and repeat the experiment. This time the ball of paper and the rubber
ball reach the ground in nearly the same time. What was different in the two ex-
periments? Clearly, when the sheet of paper was wadded into a ball, the effect of
air resistance on it was greatly reduced, so that both objects fell almost as they
would in a vacuum.

Before considering a few examples, let’s first discuss exactly what is meant by
“free fall.” To begin, the word free in free fall means free from any effects other
than gravity. For example, in free fall we assume that an object’s motion is not
influenced by any form of friction or air resistance.

• Free fall is the motion of an object subject only to the influence of gravity.

Though free fall is an idealization—which does not apply to many real-world
situations—it is still a useful approximation in many other cases. In the following
examples we assume that the motion may be considered as free fall.

Next, it should be realized that the word fall in free fall does not mean the
object is necessarily moving downward. By free fall, we mean any motion under
the influence of gravity alone. If you drop a ball, it is in free fall. If you throw a ball
upward or downward, it is in free fall as soon as it leaves your hand.

• An object is in free fall as soon as it is released, whether it is dropped from
rest, thrown downward, or thrown upward.

Finally, the acceleration produced by gravity on the Earth’s surface (sometimes
called the gravitational strength) is denoted with the symbol g. As a shorthand
name, we will frequently refer to g simply as “the acceleration due to gravity.” In
fact, as we shall see in Chapter 12, the value of g varies according to one’s location
on the surface of the earth, as well as one’s altitude above it. Table 2–5 shows how
g varies with latitude.

▲ Whether she is on the way
up, at the peak of her flight, or
on the way down, this girl is in
free fall, accelerating downward
with the acceleration of gravity.
Only when she is in contact with
the blanket does her acceleration
change.

(a) (b)

FIGURE 2–17 Free fall and air
resistance
(a) Dropping a sheet of paper and a rub-
ber ball compared with (b) dropping a
wadded-up sheet of paper and a ball.

▲

TABLE 2–5 Values of g at Different
Locations on Earth 

Location Latitude g

North Pole 90° N 9.832
Oslo, Norway 60° N 9.819
Hong Kong 30° N 9.793
Quito, Ecuador 0° 9.780

1m>s22

▲ In the absence of air resistance, all
bodies fall with the same acceleration,
regardless of their mass.

WALKMC02_0131536311.QXD  12/9/05  3:27  Page 38

The fact that acceleration due to gravity is independent of mass
can be seen in airless environments...

1Figure from Walker, “Physics”, 4th ed, page 39.
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Free-Falling Objects

Objects near the Earth’s surface have a constant acceleration of
g = 9.8 ms−2. (Or, about 10 ms−2)

The kinematics equations for constant acceleration all apply.



Free-Falling Objects

Example You drop a rock off of a 50 m tall building.
(a) With what velocity does it strike the ground?
(b) How long does it take to fall to the ground?

Draw a sketch.

What quantities do we know? Which ones do we want to predict?

Which equation(s) should we use?

v = −31.3 m/s j t = 3.19 s
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Falling Objects

Figure 2.40 Vertical position, vertical velocity, and vertical acceleration vs. time for a rock thrown vertically up at the edge of a cliff. Notice that velocity changes linearly
with time and that acceleration is constant. Misconception Alert! Notice that the position vs. time graph shows vertical position only. It is easy to get the impression that
the graph shows some horizontal motion—the shape of the graph looks like the path of a projectile. But this is not the case; the horizontal axis is time, not space. The
actual path of the rock in space is straight up, and straight down.

Discussion

The interpretation of these results is important. At 1.00 s the rock is above its starting point and heading upward, since and are both

positive. At 2.00 s, the rock is still above its starting point, but the negative velocity means it is moving downward. At 3.00 s, both and

are negative, meaning the rock is below its starting point and continuing to move downward. Notice that when the rock is at its highest point (at

1.5 s), its velocity is zero, but its acceleration is still . Its acceleration is for the whole trip—while it is moving up and
while it is moving down. Note that the values for are the positions (or displacements) of the rock, not the total distances traveled. Finally, note

that free-fall applies to upward motion as well as downward. Both have the same acceleration—the acceleration due to gravity, which remains
constant the entire time. Astronauts training in the famous Vomit Comet, for example, experience free-fall while arcing up as well as down, as we
will discuss in more detail later.

Making Connections: Take-Home Experiment—Reaction Time

A simple experiment can be done to determine your reaction time. Have a friend hold a ruler between your thumb and index finger, separated by
about 1 cm. Note the mark on the ruler that is right between your fingers. Have your friend drop the ruler unexpectedly, and try to catch it
between your two fingers. Note the new reading on the ruler. Assuming acceleration is that due to gravity, calculate your reaction time. How far
would you travel in a car (moving at 30 m/s) if the time it took your foot to go from the gas pedal to the brake was twice this reaction time?

CHAPTER 2 | KINEMATICS 65

1OpenStax Physics



Ex: Free-Fall with Upward Motion

You throw a ball up into the air with an initial upward velocity of
5.00 m/s from a height of 1.5 m. At what time does it hit the
ground?

SKETCH. Let the y -axis run vertically.

Know: v0, a, ∆y (displacement in y -direction).
Want: t.
Don’t know / care about: v. ⇒ Strategy: Use ∆y = v0t +

1
2at

2
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Ex: Free-Fall with Upward Motion

∆y = v0t +
1

2
at2

∆y = v0t −
1

2
gt2

0 =
1

2
gt2 − v0t + ∆y

t =
v0 ±

√
v20 − 4(g/2)(∆y)

g

t =
5 m/s±

√
(5 m/s)2 − 4(9.8/2 m/s2)(−1.5 m)

9.8 m/s2

t = 1.26 s (or t = −0.24 s unphysical solution, rejected)

t = 1.26 s



Acceleration in terms of g

Because g is a constant, and because we have a good intuition for
it, we can use it as a “unit” of acceleration.

(“How many times g is this acceleration?”)

Consider the drag race car in the earlier example. For the car the
maximum acceleration was a = 26.0 m s−2. How many gs is that?

A 0

B roughly 1

C roughly 2 and a half

D 26
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Acceleration of a Falling Object

Question

A baseball is thrown straight up. It reaches a peak height of 15 m,
measured from the ground, in a time 1.7 s. Treating “up” as the
positive direction, what is the acceleration of the ball when it
reached its peak height?

A 0 m/s2

B −8.8 m/s2

C +8.8 m/s2

D −9.8 m/s2

1Princeton Review: Cracking the AP Physics Exam
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Summary

• free fall

Quiz tomorrow.

Homework
• Ch 2 Problems: 45, 49, 63, 89 (free fall - listed last lecture)

• Ch 3 Questions: 1, 4, 7; Problems: 1, 3, 5. (will not be on
tomorrow’s quiz)


