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Last time

• using the kinematics equations



Overview

• falling objects and g

• varying acceleration

• vectors and components (?)



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

Objects (with mass) near the Earth’s surface accelerate at a
constant rate of g = 9.8 ms−2. (Or, about 10 ms−2) The
kinematics equations for constant acceleration all apply.

Example
You drop a rock off of a 50.0 m tall building. With what velocity
does it strike the ground?

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

Which equation(s) should we use?

#»v = −31.3 m/s ĵ (+y ↑)

What if we threw it upwards with a speed of 10.0 m/s?
Downwards at 10.0 m/s?
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What if we threw it upwards with a speed of 10.0 m/s?
Downwards at 10.0 m/s?



Falling Objects

Example
You drop a rock off of a 50.0 m tall building. With what velocity
does it strike the ground?

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

Which equation(s) should we use?

#»v = −31.3 m/s ĵ (+y ↑)
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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?
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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



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



1-D Kinematics with varying acceleration

If we have a varying acceleration #»a (t), we should use calculus not
the kinematics equations.

In the homework (question 57), there is a situation where the jerk,
J = da

dt is constant, but not zero.

In that case the acceleration is not constant:

∆a =

∫ t
0
J dt ′

so,
a(t) = ai + Jt

The velocity cannot be found by using v(t) = vi + at !

Instead, integrate again.
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1-D Kinematics with varying acceleration

Suppose you have a particle with a varying acceleration, but you
don’t know a as a function of t.

Instead, you know a as a function of position, x : a(x)

Can you use that knowledge to find changes in velocity,
displacement, etc?

Yes!

Consider the integral: ∫
a(x) dx

It’s not immediately obvious what it’s physical meaning is, but let’s
try to investigate...



1-D Kinematics with varying acceleration

∫
a dx =

∫
dv

dt
dx

Using the chain rule: ∫
a dx =

∫
dv

dx

dx

dt
dx

Rearranging: ∫
a dx =

∫
dx

dt

(
dv

dx
dx

)
Chain rule again, and using v = dx

dt :∫
a dx =

∫
v dv
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1-D Kinematics with varying acceleration

∫ xf
xi

a dx =

∫ vf
vi

v dv =
v2

2

∣∣∣∣vf
vi

So, we find that
∫
a(x) dx does mean something physically:

1

2
(v2f − v2i ) =

∫
a dx

IF a is a constant:

1

2
(v2f − v2i ) = a∆x ⇒ v2f = v2i + 2a∆x .

If a varies with x , all we need to do is evaluate the integral∫
a(x) dx.



1-D Kinematics with varying acceleration

An asteroid falls in a straight line toward the Sun, starting from
rest when it is 1.00 million km from the Sun. Its acceleration is
given by, a = − k

x2
where x is the distance from the Sun to the

asteroid, and k = 1.33× 1020 m3/s2 is a constant.

After it has fallen through half-a-million km, what is its speed?



Summary

• falling objects

• varying acceleration

• vectors and components

Assignment due Thursday, Jan 16.

(Uncollected) Homework Serway & Jewett,

• Ch 2, onward from page 49. Probs: 53, 56, 57, 59


