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SECTION 4
Projectile Motion: 
Launching Things into the Air
Section Overview

By observing the results of horizontally projected 
objects, students see how vertical motion of 
an object in free fall remains unaffected by the 
horizontal motion of the object and vice versa. In 
the Investigate, students project a coin from across a 
table to hit another coin placed near the table’s edge 
to observe the rate of fall of each coin. They then 
compare the motion of the dropped coin and the 
projected coin to see how they fall relative to each 
other from a raised surface. Students also observe 
the combined vertical and horizontal motions of 
a ball as it is thrown upward at an angle and then 
allowed to fall as they try to duplicate the trajectory. 
The upward path of an object and its vertical 
descent are explained in terms of the rate of change 
of velocity to demonstrate that all objects fall with 
the same acceleration.

Background Information

Free Fall: All objects in a state of free fall, regardless 
of mass, shape, or other characteristics, experience 
a uniform (constant) acceleration of approximately 
10 m/s2 in the downward direction. (Notice that 
free fall does not include objects that experience a 
signifi cant force due to air resistance.) 

Projectile Motion: Inertia (an object in motion 
remains in motion unless a force acts to cause a 
change in motion) causes a projectile to retain any 
horizontal motion that it has at the instant it is 
launched, and it retains that motion in the form of 
constant horizontal speed.

Gravity causes a projectile to exhibit vertical 
acceleration that matches free fall, whether or not 
the projectile has simultaneous horizontal motion. 
This section does not approach projectile motion 
quantitatively, but it clearly demonstrates that a coin 
which simply falls strikes the fl oor after the same 
amount of time as a coin launched horizontally 
from the same height at the same instant. The 
only way this can happen is if both objects fall 
downward with identical motions. The fact that one 
coin simultaneously moves horizontally (at constant 
speed) as it falls affects where it lands, not when. 
This section further demonstrates that a ball thrown 
upward does not have its upward and downward 
motion affected by any horizontal motion which 
it may have at the time of launch. The horizontal 
motion remains one of constant speed and is 
independent of the vertically accelerated motion. 
If a student sitting in a stationary chair throws a 
ball upward, it lands in her hand; if the chair is 
moving at constant speed throughout the vertical 
toss, inertia demands that the ball also land in the 
student’s hand. Quantitative treatment of projectile 
motion, with additional background for the teacher, 
is presented in the next activity.
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Crucial Physics

 Objects in free fall have only the force due to gravity acting on them and move vertically • 
upward or downward with a downward acceleration equal to g = 9.81 m/s2.

 The horizontal motion and the vertical motion of a trajectory are independent of one • 
another.

 Free fall is a special case in which the horizontal velocity is zero. When the horizontal • 
velocity is not zero, the object’s horizontal motion has no acceleration (its velocity is 
constant) and the object’s vertical motion is “free fall” (acceleration equals g). The 
horizontal and vertical motions operate independently of each other.

 The range of a projectile depends on its initial velocity, the angle its initial velocity makes • 
with the horizontal, and the difference in height of its starting and ending locations.

Learning Outcomes Location in the Section Evidence of Understanding

Apply the terms free fall, 
projectile, trajectory, and range.

Investigate
Part B: Step 2.a)
Physics Talk

Students write in their logs what they observed for trials in 
which they varied the speed of the chair and the launching 
speed of the ball to see how the range and trajectory 
are affected. The Physics Talk applies the term projectile 
motion to help students understand how objects move as 
observed in the Investigate.

Provide evidence concerning 
projectiles launched horizontally 
from the same height at 
different launch speeds 
(including zero launch speed).

Investigate
Part A: Steps 1 and 2. 

Students fi rst drop coins from a certain height, then fl ick 
a coin across a desk to hit another coin hanging over the 
edge of a table to observe whether both coins hit the fl oor 
at the same time. 

Explain the relationship 
between the vertical and 
horizontal components of a 
projectile’s motion.

Investigate
Part B: Steps 1 and 2.
Physics Talk

Students observe a ball’s trajectory and range as they 
throw the ball up from a moving chair and try to catch it.
The horizontal and vertical movement of a hit or thrown 
ball is explained in the Physics Talk.

Recognize the factors that affect 
the range of a projectile.

Physics Talk Students recognize that a change in velocity of 9.8 m/s2 
acts vertically downwards on the coin while the horizontal 
velocity of the coin does not change.

Infer the shape of a projectile’s 
trajectory.

Physics Talk Students study the shape of a projectile’s trajectory in a 
graph that represents the motion of an object through 
different time intervals. 
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Section 4 Materials, Preparation, and Safety
Materials and Equipment

PLAN A
Materials and Equipment

Group 
(4 students)

Class

Launcher, projectile 1 per group

Ball, tennis 1 per class

Coins (pennies, nickels)* 1 per class

Chalkboard* 1 per class

Chalk* 1 per class

Chair (with wheels)* 1 per class

Safety helmet* 1 per class

Pads, knee* 1 per class

Pads, elbow* 1 per class

Stack of books* 1 per class

*Additional items needed not supplied

PLAN B
Materials and Equipment

Group 
(4 students)

Class

Launcher, projectile 1 per class

Ball, tennis 1 per class

Coins (pennies, nickels)* 1 per class

Chalkboard* 1 per class

Chalk* 1 per class

Chair (with wheels)* 1 per class

Safety helmet* 1 per class

Pads, knee* 1 per class

Pads, elbow* 1 per class

Stack of books* 1 per class

*Additional items needed not supplied

Note: Time, Preparation, and Safety requirements 
are based on Plan A, if using Plan B, please adjust 
accordingly.

Time Requirements

Time required is approximately one period or 
40 minutes. 

Teacher Preparation

Part A

 Obtain the coins necessary for the • Investigate. 
Have extra coins on hand in case some are lost. 
If you do not have them, coin launchers may 
be easily built from a piece of scrap metal and 
a wooden block. This will facilitate the student 
launching the coins at the same time.  If you 
choose to do the activity with the students 
“fl icking” the coins, the students should do so 
from a distance of only a few centimeters to 
increase the chance of a hit.

Part B

 Obtain a sturdy offi ce chair on rollers.  It should • 
preferably have fi ve legs, and arms for the student 
to hold onto while pushed. This Investigate should 
be done as a class demonstration, rather than 
in individual groups. Before the chair is pushed, 
have the student who will be sitting in the chair 
practice throwing the ball straight up and down 
so that it lands in the same spot from which it 
was thrown. When the chair is being pushed it is 
very important that the student be traveling with 
constant velocity when the ball is thrown upward, 
and continues with constant velocity while the ball 
is in the air.

Safety Requirements

 If you use the coin launchers, tell the students not • 
to launch at very high speeds, unless under your 
direct supervision. Make certain that the students 
do not leave the coins on the fl oor, to prevent a 
slipping hazard.

 For • Part B, instruct the student pushing the chair 
on how to push with a uniform velocity that will 
not endanger the rider. High speed is not necessary 
to demonstrate the principle. As an extra 
precaution you may choose to have the rider wear 
a safety helmet and elbow and knee pads. Do not 
allow the students to play with the chair, or try 
to push it at very high velocities, as it may pose a 
danger to the rider.
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Meeting the Needs of All Students
Differentiated Instruction: Augmentation and Accommodations

Learning Issue Reference Augmentation and Accommodations

Hearing the coins hit 
the fl oor

Investigate
Part A
Steps 1-4

Augmentation
•  Students with hearing, auditory-processing, attention issues may struggle to 

discriminate the sound of their own coins dropping. Spread groups out as much as 
possible to do this Investigate. 

•  Ask students to set up and practice the procedure for fl icking or launching the 
coins. Then ask one group at a time to fl ick or launch their coins while the other 
groups quietly watch and listen. This repetition may help convince more students 
that both coins hit at the same time and will decrease background noise.

Accommodation
•  Perform the procedure as a demonstration with the entire class watching and 

listening quietly.
•  Use two of the same objects that are larger and will make a louder sound when 

hitting the ground.

Understanding 
vocabulary

Investigate 
Part B 

Physics Essential 
Questions

Augmentation
•  Students may not know the meaning of vertical and horizontal. Ask a student in the 

class to explain the meaning of both words and show examples.

Maintaining focus 
during a large group 
task

Investigate
Part B

Augmentation
•  Students with attention issues struggle to focus and follow directions during large-

group tasks. Make sure the whole group knows the purpose of the activity and each 
student knows the task she or he is supposed to complete to assist the large group. 

•  Ask students to repeat directions back to the teacher or a partner to ensure that 
they have heard and understand their role.

Accommodation
•  Ask the students with the most severe attention issues to be the ones sitting in the 

chair or pushing the chair.

Understanding 
vocabulary

Physics Words Augmentation
•  Ask students to draw pictures to represent each of the four vocabulary words in this 

section. This section will aid the students in committing these words to their long-
term memories and help the teacher check for understanding.

Understanding 
vocabulary

Physics Talk, 

Physics to Go
Question 4

Augmentation
•  Students may not know the meaning of air resistance. Ask a volunteer to explain 

the meaning of air resistance.
•  Drop a feather and a coin at the same time to show an example of air resistance.
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Point out new vocabulary words in context and 
practice using the words as much as possible 
throughout the section. 

air resistance range

free fall resultant velocity

horizontal shot put

javelin trajectory

launch variable

projectile vertical

ELL students benefi t from writing in English. Have 
students write a summary of what they did in this 
section, using the words in the list above and any 
other vocabulary words they choose. You may wish 
to have students work in pairs. Review and correct 
student work.

Rapid feedback about students’ sentences is 
essential, because the sentences and errors will be 
fresh in students’ minds. A quick and powerful 
method for providing this feedback is to prepare 
a list of examples of sentences containing errors 
from the students’ work. Divide examples into the 
following categories: incorrect science, incorrect 
usage of vocabulary, incorrect sentence structure, 
and incorrect grammar. Choose several examples 
from the collected work to use in each category and 
edit the sentences until they contain only one or two 

Learning Issue Reference Augmentation

Making inferences

Vocabulary 
comprehension

Active Physics Plus
Step 2.d)

To answer the question, students will need to understand the meaning of the word 
“magnitude.” Students may remember that they encountered this word in Chapter 1
 when learning about vectors. Guide students in remembering or inferring the 
meaning here, which is “size.” Be sure students do not think of magnitude in the 
current context as a synonym for speed.

Making inferences

Vocabulary 
comprehension

Physics Essential 
Questions

To answer the question, “What does it mean to say that the horizontal motion of a 
projectile is independent of the vertical motion of the same projectile?” students will 
need to infer the meaning of “independent” in this context. Allow ELL students time 
to think through and write an answer. Then look at the answers and offer additional 
guidance if necessary. You may wish to suggest that students think in terms of 
“separate” or “apart.”

Strategies for Students with Limited English-Language Profi ciency 

obvious errors. At the beginning of class the next 
day, provide each student with a page containing a 
double-spaced, typed list of the incorrect sentences, 
with headings for the four categories. Allow 
students ten minutes to silently make corrections 
to the sentences. Then place a copy of the list on 
the overhead projector and ask students to suggest 
ideas for how to correct the sentences. During the 
exercise, guide students toward correct science and 
correct English usage.
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SECTION 4
Teaching 
Suggestions 
and Sample 
Answers 
What Do You See?

Most students will offer quick 
responses when they see a visual 
set in a classroom. Remind 
students that they will be 
returning to this illustration 
further along in this section. 
Stimulate their interest by asking 
probing questions that connect 
to the Learning Outcomes. 
Emphasize that all answers will 
be considered as a step toward 
understanding future concepts. 
You might also want to point out 
this section provides a backdrop 
for the concepts they are about to 
learn. Once they have read this 
section, they should be able to 
explain the artist’s purpose behind 
the illustration.

Students’ Prior Conceptions

Students should understand that constant acceleration is 
the result of a constant force acting on a projectile; forces 
that act perpendicular to one another act independently 
on an object; and a projectile can exhibit constant motion 
in one direction and constant acceleration in another 
direction, simultaneously. Students should identify what 
happens to the velocity, both its magnitude and its 
direction, of an object that is thrown vertically upward 
in one case and that is projected horizontally in another 
situation.

1.  The motion of an object is always in the direction of 
the net force applied to the object. Measuring and 
analyzing the velocity of a ball thrown directly upward 
as a result of the constant downward pull of gravity 
enables the student to recognize that the ball moves 
upward until the instantaneous velocity at the top 

of the trajectory is zero then moves downward with 
increasing speed; both motions are infl uenced by the 
same force of gravity and the same acceleration.

2.  Students may not understand that gravity is a force, 
believing that the motion of a falling body is natural, 
therefore needing no further explanation. Through 
examining the vertical motions of objects, students 
learn to recognize that falling is not due to the internal 
effort of the falling object.

3.  Objects fall with a constant velocity. Measuring 
the speed of falling objects at different points in a 
trajectory is vital for students to align their thinking 
with the laws governing freely falling objects; the speed 
of a falling object is directly proportional to the time of 
fall in the absence of air resistance.
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4.  Gravity only operates when an object falls. Measuring 
the velocity at various points along the trajectory of the 
path of a ball that is thrown straight up and allowed 
to return to its origin enables students to see that the 
acceleration due to gravity slows down the ball in a 
regular way as the ball travels to the top of its path 
and speeds up the ball in a similar manner as it falls 
down again.

5.  An object traveling fast enough in the horizontal 
direction can defy gravity. Students may exhibit 
confusion on this concept as they explore ideas 
associated with rockets and space travel; they may not 
recognize that the force of gravity decreases according 
to the inverse square law as an object moves further 
away from Earth.  They liken breaking away from 

Earth’s pull in the vertical direction with avoiding 
Earth’s pull in the horizontal direction by moving 
fast enough.

6.  The faster something travels horizontally, the slower 
it falls. Propelling two coins or two tennis balls from 
the same height simultaneously, one vertically and 
the other horizontally, encourages students to hear 
and to recognize that the two objects hit the fl oor 
simultaneously, regardless of the horizontal speed.  
Instructional material provides evidence that all 
projectiles launched horizontally from the same height 
strike a level surface in equal times, regardless of the 
launch speed, including a zero launch speed.

What Do You Think?

A Physicist’s Response

The trajectory of an object is 
determined by its initial vertical 
speed and initial horizontal speed, 
its position at the beginning 
of the trajectory, and any extra 
factors (such as friction or fl uid 
speed) that may be important 
to the specifi c situation. The 
initial velocity (speed and 
direction) determines the range 
of a projectile; a difference in 
the elevations of the launch and 
landing points would also affect 
the range. A ball with a 100-mph
pitch thrown horizontally by a 
major league player will hit the 
ground in the same amount of 
time as a ball with a 10-mph 
pitch thrown horizontally from 
the same height by a child. It 
is a near certainty that many 
students will not believe this type 
of fact without some personal 
experience. The work with coins 
should present a discrepancy 
for them which, hopefully, will 
cause them to confront their 
misconceptions about projectiles.

What Do You Think?

You might want to ask your 
students what happens when they 
play sports in which they launch 
things into the air. Invite them 
to share their answers in class, 
so that a discussion is started 
where everybody is encouraged 
to participate. Your task is to 
skillfully guide them toward the 
main question. Make sure they 
record their answers for another 
discussion after they have studied 
this section in more detail.

Investigate

Part A

1.a)

Both coins will hit the ground at 
the same time if released at the 
same time. 
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NOTES

2.a)  

The coins hit the fl oor at the same 
time.

Teaching Tip

Having the students make a 
glancing collision between the 
two coins at the edge of the table 
in the fi rst part of the activity 
may prove frustrating for some 
students. A device to launch a coin 
horizontally while simultaneously 
dropping a second coin may 
be made from a wood stand, a 
metal strip like a hacksaw blade, 
and a folded piece of fi le folder 
to hold the coins before they 
are “launched” as shown in the 
diagram to the right.

flexible metal 
strip

base

coin holder

coin launcher

The two coins are placed on 
opposite sides of the folded fi le 
folder at the end of the metal 
strip. When the strip is then 
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pulled back horizontally and 
released, one coin is propelled 
horizontally, and the second coin 
slides off the folder and falls 
almost vertically to the fl oor. 

3.a)  

The initial speed of the coin 
being “fl icked” or launched has 
no effect on the amount of time 
it takes for either coin to fall 
to the fl oor. Ask the students 
to go through their reasoning 

when answering the question. 
The only way to compare trials 
with different speeds is to always 
impart very little velocity to the 
stationary coin. In other words, a 
coin falling straight down is the 
common element in all trials and 
the basis for comparison.

3.b)  

The coin with the greater initial 
velocity will have a greater range; 
it will travel further across the 

fl oor. Ask the students if this 
makes sense in light of their 
answer to Step 3.a). The coin that 
had the highest initial horizontal 
speed will maintain that speed 
as it falls, allowing it to travel 
farther. The faster the coin is 
moving, the further it will move.

3.c)  

The student’s sketch should look 
similar to the diagram in Step 2 
in the text. Coins labeled with 
the same time should be the same 
height from the fl oor.

4.a)  

When the two coins start from a 
lower elevation, they still hit at 
the same time. Ask the students 
what does change as the height 
decreases.

4.b)

With the decreased starting 
height, the projected coin travels 
a shorter distance horizontally 
than it did from a higher starting 
position. Ask the students if 
this makes sense, given their 
observations from the previous 
parts.
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Teaching Tip

This activity may be done by 
either increasing the time of fall 
from that of the initial position 
or decreasing the time of fall. If 
you are using the coin launcher, 
increasing the time of fall to 
the fl oor is probably easier than 
trying to have the coins land on 
a specifi ed target. To do this, 
just place the coin launcher on a 
stack of books on the table. The 
students should make certain 
they pull the coin launcher back 
an equal distance for both trials 
at the different heights to ensure 
that the difference in range is due 
to different time of fl ight, and not 
a different horizontal velocity.

Part B

1.a)  

It is important that students 
record their predictions before 
the activity is completed. This 
permits them to confront their 
misconceptions, if there are any. 
If students are not encouraged 
to commit to a prediction, they 
will often predict the “right 
answer” after the fact. Although 
students may learn to respond 
with the correct answer, they may 
still not have confronted their 
misconceptions.

2. 

The ball should land in the 
student’s hands as if the chair 
were not moving when thrown 
straight upward because, due 
to inertia, the ball retains 
its horizontal speed as it 
independently fl ies up and down 
with accelerated vertical motion 
due to gravity.

2.a)

Students may see that the ball 
follows a curved path. Hopefully 

they will measure and record 
that increased horizontal speed 
increases range. Increased vertical 
speed also increases range. 

2.b)

Two factors that affect the range 
of the ball are the vertical speed 
at which the ball is launched, 
and the horizontal speed of the 
chair (and ball) when the ball is 
launched.

APTE_Ch2.indd   342APTE_Ch2.indd   342 7/27/09   9:15:57 AM7/27/09   9:15:57 AM



Active Physics
343

CH
A

PTER
 2

Section 4  Projectile Motion: Launching Things into the Air

Physics Talk

Few students have thought much 
about trajectories. Emphasize that 
a projectile aimed horizontally 
will always hit the ground below 
the point of aim by some amount. 
In order to hit a target at the 
same elevation, but at a distance, 
a projectile must rise fi rst, and 
then fall. Students who have 
tried archery might know that 
they have to aim upward to get 
an arrow to hit a distant target. 
Good fi eld and woods archers 
may even check for obstructions 
above their line of sight to be 
sure that the arrow can get to the 
target without hitting a branch on 
the way.

Students may take a while to 
believe that the horizontal 
motion of an object does not 
affect its vertical motion, and 
that the horizontal velocity 
remains constant throughout the 
fall. Point out that the value of 
acceleration of an object thrown 
upward will be the same as the 
value of acceleration of that 
object falling down. However, 
the object’s velocity on its way 
down will carry a negative 
sign. Quizzing students on the 
investigations they made earlier 
would help them to understand 
this phenomenon. At the same 
time, reading the Physics Talk 
should provide focus and explain 
the Investigate. 

2-4a Blackline Master
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Checking Up

1. 

They will reach the ground at 
the same time because all objects 
fall to the ground with the same 
acceleration, at the rate of 
9.8 m/s2.

2. 

As an object falls, its vertical 
velocity is constantly increasing 
because it is accelerating due to 
the unbalanced force of gravity.

3.

At the ball’s point of highest rise, 
the velocity momentarily goes 
to zero as the ball is changing 
directions from up to down, and 
the acceleration is the acceleration 
of gravity, or 9.8 m/s2 downward.

2-4b Blackline Master
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Active Physics Plus

As this Active Physics Plus 
focuses mainly on understanding 
velocity vectors through solving 
problems, encourage students to 
draw vectors representing speed 
and direction to understand the 
direction of the resultant vector. 
The students should be able to 
explain each step of the problem’s 
solution, as vectors can sometimes 
be confusing. They should also be 
able to tell when velocity carries a 
negative sign. 
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1.a)    

The time an object spends in 
the air depends upon its initial 
vertical velocity. The force of 
gravity will provide a downward 
acceleration of �9.81 m/s2 
(approximated as �10 m/s2) for 
each second the object is in the 
air. The acceleration is negative as 
it is downward compared to the 
positive upward initial velocity 
of the ball. When the football is 
kicked with a vertical velocity 
of 30 m/s, its vertical speed will 
change 10 m/s for each second 
of fl ight. For an object that is 
thrown upward and returns to 
the same elevation, the rise time is 
equal to the fall time. This can be 
shown by using the equation for 
accelerated motion developed in 
Chapter 1, Section 5.

s v t at= +i
21

2

Because the ball is coming back to 
the same height, the fi nal position 
is zero. This gives 

0 30 101
2

2= ( ) + −( )m/s m/s2t t .

Solving for t we have

t = =30
5

6
m/s

m/s
s2  for the time to 

return to the ground.

The vertical speed of the ball then 
will be 

t = 0 v = 30 m/s
t = 1 v = 20 m/s
t = 2 v = 10 m/s
t = 3 v = 0 m/s
t = 4 v = −10 m/s
t = 5  v = −20 m/s
t = 6 v = −30 m/s

The horizontal speed of the ball is 
always the same while in the air, 
10 m/s, and does not change with 
the changing vertical velocity.

1.b) 

The students would not be 
expected to go through the 
solution below, but only to 
provide the sketch shown. The 
solution below is for the teacher 
who may wish to share this with 
the more interested students.

The vertical position of the ball 
may be obtained from the same 
equation as above

s v t at= +i
1
2

2

and substituting times of 1-6 s 
into the equation. The vertical and 
horizontal positions at the various 
times would be as follows:

Time 
(t) in 

seconds

Vertical 
distance 

in meters

Horizontal 
distance 

in meters

0 0 0

1 25 10

2 40 20

3 45 30

4 40 40

5 25 50

6 0 60
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Plotting the points will give a 
parabola with a trajectory similar 
to the sketch below.

peak at t = 3 s

ground level

2.a)

To fi nd the vertical and horizontal 

components of the ball’s initial 
velocity

v vvertical = =(sin )θ

( )(sin )50 30 25m/s m/s� =

v vhorizontal = =(cos )θ

( )(cos ) .50 30 43 3m/s m/s� =

2.b) 

vvertical m/s= 15

vhorizontal m/s= 43

2.c)

vvertical m/s= −24

vhorizontal m/s= 43

2.d) 

50 m/s at an angle of 30˚ below 
the horizontal (found from using 
the Pythagorean theorem).

NOTES
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NOTES

What Do You 
Think Now?

At this point, the students should 
know that the horizontal velocity 
of a projectile determines the 

range. It should be clear to them 
that the vertical velocity does not 
determine how far an object will 
travel. You might want to share 
the answers in the Physicist’s 
Response with your class.

Providing a platform for recalling 
previously learned concepts that 
will strengthen their confi dence 
and problem-solving skills. 
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Refl ecting on the 
Section and the 
Challenge

Have your students list sporting 
events that involve projectile 
motion (long jump, high jump, 
hurdles, shot put, discus, javelin, 
hammer throw, baseball, tennis, 
golf, badminton). Ask them to 
consider if some of these events 
have greater dependence on 
knowledge and technique and 
less dependence on physical 
ability than other events. Events 
involving projectile motion may 
have high potential to be improved 
through physics-based help. You 
may wish to point out that Carl 
Lewis, one of the fastest men in 
the world, is one of the world’s 
greatest long jumpers. Jesse Owens’ 
1936 Olympics performance in 
the sprints and the long jump also 
makes a very good story.

Physics Essential Questions

What does it mean?

All objects dropped from a certain height will hit the 
ground at the same time. This happens regardless of 
whether the object has a horizontal speed.

How do you know?

When the two coins left the table, the dropped coin 
and the forward-moving coin hit the ground at the 
same time. The conclusion is that the forward motion 
did not affect the vertical motion.

Why do you believe?

A bullet can travel much faster than the coin, but the 
horizontal motion is still independent of the vertical 
motion.

Why should you care?

A fast sprinter is also a good broad jumper. The 
jumper tries to gain maximum height so that the 
horizontal speed can allow him to travel as far as 
possible for as long a time as possible.
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Physics to Go

1. 

Students provide a sketch that 
should show one coin dropping 
nearly vertically and the other 
arcing outward.

2. 

Students provide a sketch that 
should be similar to the fi rst one 
but with a longer range for the 
projected coin.

3. 

Students provide sketch, similar 
to the others but with a very long 
range for the projected bullet. 
Some students may invoke the 
curvature of Earth’s surface. 

Note: Aiming a rifl e horizontally 
is not the same as actually 
shooting horizontally. Actually 
shooting horizontally would 
involve bore sighting, or using a 
level on the barrel instead of the 
sight posts.

4.

Answers will vary, but most 
people would not believe a 
bullet fi red horizontally and one 
dropped would strike the ground 
simultaneously on level ground. 
Encourage students to confront 
their own misconceptions when 
answering this question. Flying 
discs or other airfoil devices 
contribute to the misconception, 
but the largest factor is probably 
that the bullet lands so far away 
that it is not perceived to have hit 
the ground until signifi cantly after 
the dropped bullet

5. 

The students should compare the 
coins that are fl icked at different 
speeds hitting the ground at the 
same time as the dropped coin to 
the baseballs thrown at different 
speeds. They should make the 
logical jump that not only would 
a 100-mi/h and a 10-mi/h ball 
thrown horizontally hit the 
ground at the same time when 
released from the same height, but 
a dropped ball would also strike 
the ground at the same time.

6. 

The ball would not have returned 
to the hands of the student riding 
in the chair if the horizontal 
and vertical motions were not 
independent of one another.

7. 

The times are equal. The dropped 
arrow and the shot arrow hit the 
ground at the same time. The 
vertical motion is independent of 
the horizontal motion.
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8. 

Application of the Pythagorean 
theorem yields:

(3 km/h) 2 km/h2. ( . )0 0 2 2+ = v

Therefore, v = 3 6 km/h.

Therefore, using the tangent 
button on the calculator or a 
vector diagram, the angle is 34º, 
relative to the shoreline.

9.a)

To fi nd the x-direction 
component of the velocity, make 
a scale diagram and measure the 
x-component. You can also use 
the cosine function:

vx = =( cos .15 37 12 0m/s)( ) m/s�

9.b) 

If it travels horizontally 
at 12.0 m/s for 2.0 s, 
the distance traveled is 
v t dx = = =( . )( . )12 0 2 0 24m/s s m

10.a)

To fi nd the x-direction 
component of the velocity, make 
a scale diagram and measure the 
x-component. You can also use 
the cosine function:

vx = =( )( ) .12 8 5m/s cos 45 m/s�

10.b)

If it travels horizontally at 8.5 m/s 
for 0.5 s, the distance traveled is:

d v tx= = =( . )( . ) .8 5 0 5 4 25m/s s m

Preparing for the 
Chapter Challenge

11. 

Answers will vary. A good answer 
will include the pitcher throwing 
the ball with an initial horizontal 
velocity that is immediately acted 
upon by gravity as it begins 
to fall in the vertical direction 
while maintaining its horizontal 
velocity. When the ball meets 
the bat, the force of the bat 
changes the ball’s direction, 
accelerating it to a new velocity 
directed upward and horizontally 
toward the outfi eld. As the ball 
rises, it immediately begins to 
lose its vertical velocity because 
it is always being accelerated 
downward by the force of gravity. 
At the peak of the parabolic 
trajectory the vertical velocity is 
zero, after which the downward 
acceleration of the force of 
gravity causes the ball to reverse 
direction, and it begins to fall, 
gaining vertical speed. All along, 
the horizontal velocity of the ball 
has been the same until the ball 
reaches the level of the bat in the 
outfi eld where it will have the 
same velocity as when it left the 
bat. (Note: The above description 
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is not descriptive of what occurs 
to a real baseball in air. The force 
of air resistance has a tremendous 
effect on both the ball’s speed and 
its trajectory. For a more detailed 
description of the ball’s true path, 
a student may want to read The 
Physics of Baseball by Robert 
Adair.)

Inquiring Further

When doing this section, students 
will fi nd that they cannot change 
the x component of the marble’s 
speed with a force applied in the 
y direction. This is the same as 
the vertical force of gravity not 

having an effect on the horizontal 
motion of a projectile.

NOTES
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SECTION 4 QUIZ

2-4c Blackline Master

Base your answers to Questions 1 and 2 on the diagram, which shows a ball projected 
horizontally with an initial velocity of 20 m/s off a cliff 100-m high (neglect air resistance).

v = 20 m/s

100 m

1.  Which of the following has no effect on how far the ball travels horizontally before it 
strikes the ground?

a) the mass of the ball

b) the height of the cliff

c) the speed with which the ball is thrown

d) the angle at which the ball is thrown

2.  During the fl ight of the ball, what is the direction of its acceleration?

a) downward b) upward

c) westward d) eastward

3.  A physics student is doing an experiment at the top of the school football bleachers, where 
she is going to throw an egg horizontally with a speed of 10 m/s. At the instant she throws 
the egg, she accidentally knocks over another egg which falls an equal distance to the 
ground. Which egg will hit the ground fi rst?

a) the dropped egg

b) the thrown egg 

c) Both will hit the ground at the same time.

4.  A ball is thrown horizontally at a speed of 20 m/s from the top of a cliff. As the speed of 
the ball is decreased, the time required for the ball to fall 30 m will

a) decrease.

b) increase.

c) remain the same.

APTE_Ch2.indd   353APTE_Ch2.indd   353 7/27/09   9:16:02 AM7/27/09   9:16:02 AM



Chapter 2  Physics in Action

Active Physics
354

5.  A ball is tossed straight upward in an airplane doing 500 mi/h in a straight line at constant 
altitude. When the ball lands in the cabin its position relative to the person who tossed it 
will be

a) farther toward the back of the cabin depending upon the plane’s speed.

b) farther toward the front of the cabin depending on the plane’s speed.

c) right back down on the person who tossed it straight upward.

d)  farther toward the back of the plane if the ball is light, but farther toward the front if the 
ball is heavy.

SECTION 4 QUIZ ANSWERS

1  a)  Disregarding air resistance, the acceleration due to gravity is independent of the 
object’s mass for objects that are much smaller than Earth.

2  a)  The only force acting on the object is the force of gravity which will cause the 
object to accelerate downward.

3  c)  Both eggs will strike the ground at the same time. The independence of right-
angle motions indicates that the horizontal velocity now has an effect on the 
fall time.

4  c)  The horizontal velocity does not affect the time it takes an object to fall a 
certain distance.

5   c)  The ball will land right back in the person’s hands. The initial forward motion of 
the ball was the same as the airplane before it was tossed. The ball retains that 
initial velocity as it is tossed, and matches the forward motion of the passenger 
and the plane as it rises and falls to land back in the passenger’s hands. Mass has 
no effect because the ball, regardless of its mass, would have the same velocity 
as the plane. If this were done in an open convertible where wind resistance was 
a factor, a light object would be expected to land farther back due to the extra 
horizontal force of the wind.
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NOTES
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