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Chapter 1  Driving the Roads

Learning Outcomes
In this section, you will 

• Measure a change in 
velocity (acceleration) of 
a cart on a ramp using a 
motion detector.

• Construct graphs of the 
motion of a cart on a ramp.

• Define acceleration using 
words and an equation.

• Calculate speed, distance, 
and time using the equation 
for acceleration.

• Interpret distance-time and 
velocity-time graphs for 
different types of motion.

Section 4  Graphing Motion: Distance, Velocity, 
and Acceleration

What Do You Think?
Some automobiles can accelerate from 0 to 60 mi/h (about 
100 km/h) in 5 s. Other vehicles can take up to 10 s or more to 
reach the same speed.

• An automobile and a bus are stopped at a traffic light. What 
are some differences and similarities of the motion of these two 
vehicles as each goes from a stop to the speed limit of 30 mi/h?

Record your ideas about this question in your Active Physics log. 
Be prepared to discuss your responses with your small group and 
the class.

Investigate
In this Investigate, you will use a motion detector to explore 
motion. You will produce distance-time and velocity-time graphs 
for a cart as it moves down and up an inclined ramp. You will 
also use the defining equation to calculate acceleration.

 1. Set a motion detector at the top of a ramp along with 
a cart. Before collecting the data, you will make 
several predictions.

What Do You See?
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 9. You will now take a closer look at 
acceleration in a straight line. Look at 
the automobile data provided at the 
end of this chapter on pages 116-117. 
The tables contain a lot of information 
including fuel economy, passenger 
accommodations, acceleration, and 
braking. In this section, you will be 
concerned with acceleration. 

a) Record in your log where the 
acceleration information is located 
on the automobile table.

 10. The speed on the table provided by 
automobile manufacturers is given in 
miles per hour (mi/h or mph), but the 
distances are recorded in feet and the 
time in seconds. To analyze this data 
more easily, it is helpful to record the 
speed in feet per second (ft/s). The table at 
right converts miles per hour to feet per 
second. Note that there are 60 min in 1 h 
and 60 s in 1 min. You should also note 
that there are 5280 ft in 1 mi. When you 
convert 60 mi/h to 88 ft/s, the conversion 
looks like the following:
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If you deal with the units in the same 
way that you deal with the numbers, you 
will see that the miles cancel miles, hours 
cancel hours, and minutes cancel minutes.
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You should notice that to convert 
60 mi/h to 88 ft/s, the 60 mi/h was 
multiplied by fractions that always 
equaled 1 (for example, 1 h and 60 min 
are the same value of time). Multiplying 
by 1 1 keeps the value the same.

The following table was constructed 
on a spreadsheet. You can use the 
conversions in this table to give you a 
sense of the different units and to help 
you answer some of the questions in 
this chapter.

 11. The sports car’s acceleration data from 
the table at the end of the chapter 
is shown below with miles per hour 
changed to feet per second.

Acceleration Data of a 
Sports Car in Feet per Second

Final speed (ft/s) Total time (s)

0 0.0

44 2.0

59 2.9

73 4.2

88 5.2

103 6.6

117 8.7

132 10.9

147 13.3

t

v

d d

t t

v

t

A B C D
1 Common Speed Conversions

2 United States Canada
3  mi/h ft/s m/s km/h

4  0  0  0  0

5  10  15  5  16

6  20  29  9  32 

7  30  44  13  49

8  40  59  18  65

9  50  73  23  81

10  60  88  27  97

11  70  103  31  113

12  80  117  36  130

13  90  132  41  146

14  100  147  45  162
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Acceleration Is a Vector Quantity

Acceleration means “how fast the velocity changes.” You will recall 
that the word velocity means “how fast an object is going (speed) and 
in what direction.” Velocity, therefore, is a vector quantity. A vector 
quantity is a quantity that has both magnitude (size) and direction. A 
bus and an automobile can each accelerate by changing speed from 
0 to 60 mi/h (about 100 km/h) and from 60 to 0 mi/h when braking, and 
both can change velocity by driving around curves. But the automobile 
can produce these velocity changes in much less time. The automobile 
can exhibit greater acceleration than the bus.

The distinction between speed and velocity becomes important when 
changes in direction can occur. For example, when driving on curves, you 
can have changes in the direction, and thus a change in velocity, even 
while maintaining a steady speed. For example, a person driving around 
a curve at a steady speed of 15 m/s is accelerating. There is no change 
in speed, but there is a change in direction.

So the ways to change your automobile’s velocity are 

• to speed up (increasing the speed, or magnitude of velocity),

• to slow down (decreasing the speed, or magnitude of velocity), or 

• turn (change the direction of velocity). 

And, of course, you can change speed and direction 
simultaneously, as when you drive on mountain roads 
with curves. 

All of these motions involve accelerations, because 
the velocity changes as time elapses. In this section, 
acceleration for an automobile moving along a 
straight line (no curves or turns) is discussed. You will 
investigate changing directions later in this chapter. 
For now, consider motion in a straight line. 

In one part of the Investigate, you observed a cart 
going up a ramp. In this case, the final velocity (at the 
top of the incline) was less than the initial velocity. 
This is a negative acceleration. You may have heard 
the word deceleration used to describe something 
that is slowing down. However, in physics, that term 
is not used. The vocabulary used to describe a change 
in velocity with respect to time is positive acceleration 
and negative acceleration. The precision of these terms 
avoids confusion that may arise when the common 
word, deceleration, is used. 

Section 4  Graphing Motion: Distance, Velocity, and Acceleration

Physics Words
vector: a quantity that 
has both magnitude 
and direction.

negative acceleration: 
a decrease in velocity 
with respect to time. 
The object can slow 
down (20 m/s to 
10 m/s) or speed up 
(-20 m/s to -30 m/s).

positive acceleration: 
an increase in velocity 
with respect to time. 
The object can speed 
up (20 m/s to 30 m/s) 
or slow down (-20 m/s 
to -10 m/s).
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Section 4  Graphing Motion: Distance, Velocity, and Acceleration 

Describing Acceleration Using Graphs
A third way to represent acceleration is with graphs. If distance is 
represented on the y-axis and the time is represented on the x-axis, then 
the graph showing constant acceleration is a curve. The slope of the 
tangent line to the curve at any point gives the instantaneous speed 
at that point. One such tangent is shown on the graph below. If you 
imagine tangents at different points, you can see that the slopes of the 
tangents increase as time increases. Thus, the speed is increasing during 
this time. An increasing speed during a time 
interval is an acceleration.

If the velocity is represented on the y-axis 
and the time is represented on the x-axis, 
then the slope of the graph will be equal to 
the change in velocity with respect to time. 
The acceleration is equal to the value of the 
slope of the velocity-time graph. Notice that 
the slope has the same value at all points. 
You can conclude that since the slope of 
the v-t graph is constant, the acceleration is 
constant.

Describing Types of Motion Using 
Graphs

You can determine the general motion of an 
automobile by reviewing the distance vs. time 
graph, the corresponding velocity vs. time 
graph, and the corresponding acceleration vs. 
time graph. Each column in the table on the 
following page provides a way to describe the 
motion of an automobile.

Note: When interpreting graphs, you must 
always check to see if the y-axis represents 
distance, velocity, or acceleration. A 
horizontal line on a graph has very different 
meanings if the graph is a d-t graph, a v-t 
graph, or an a-t graph.

Use the Comparing Motion Graphs table 
on the next page to determine the general 
motion of an automobile. All of the three 
graphs in a column represent the same 
motion of the same car. One column gives 
the information in terms of changes in 
distance, another represents velocity, and 
the third acceleration over time.

Velocity-Time Graph for 
Constant Acceleration

time (t)
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Physics Words
tangent line: a 
straight line that 
touches a curve in 
only one point.

Distance-Time Graph for 
Constant Acceleration
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Section 4  Graphing Motion: Distance, Velocity, and Acceleration

Determining Distance 
Using the Acceleration Equation
The definition of acceleration provides the 
relationship between velocity, acceleration, 
and time. If you know the acceleration, 
you can determine the change in velocity 
after a given time has elapsed by using the 
following equation:

If an automobile has a constant acceleration, 
you can also determine the distance traveled 
after a given time has elapsed.

Knowing the initial and final velocity, you 
can now determine the average velocity (v). 
For a constant acceleration, the average 
velocity is determined the same way the 
average of any two numbers is determined.

Once you know the average velocity, you 
can use the definition of average velocity 
to determine the distance traveled.

Using some algebra, you can also determine 
the distance traveled in one step with a 
newly derived equation.

You can now determine how an object’s 
position and velocity depend on the 
elapsed time from the definition of velocity 
and acceleration.

Sample Problem

An automobile accelerates from rest at 
5.0 m/s every second (5.0 m/s2). How far 
does it travel after 3.0 s?

Given:

Initial velocity 0 m/s

Acceleration 5
iv

a

( ) =

( ) = ..0 m/s

Time 3.0 s

2

Δt( ) =

Strategy 1:

Find the final velocity using the definition of 
acceleration; then find the average velocity; 
and then use the relationship between 
distance, average velocity, and time.

Solution:       

Active Physics
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Knowing that the final velocity is 15 m/s 
and the initial velocity equals 0, you can 
calculate the average velocity.

Using the definition of average velocity, the 
distance can be computed:

Strategy 2:

Because acceleration, time, and initial 
velocity are provided, use the derived 
relationship of distance, acceleration, 
and time. There is no need to find the 
final velocity.

Solution:

v
v v

=
+

=

=

f i

15 m/s + 0 m/s
2

7.5 m/s

2

d vt=

= ×

=

7.5
m
s

3.0 s

22.5 m

d at v t= +

= ⎛
⎝⎜

⎞
⎠⎟

+

=

1
2

1
2

5 3 3 0

22 5

2
i

2

m
s

s s

m

( )( )

.

What Do You Think Now?
At the beginning of this section, you were asked the following:

• An automobile and a bus are stopped at a traffic light. What are some 
differences and similarities of the motion of these two vehicles as each goes 
from a stop to the speed limit of 30 mi/h?

How would you answer this question now? Now that you have investigated 
change in velocity over time, compare and contrast the motion of the vehicles 
using the term acceleration. Sketch a velocity-time graph for each vehicle.
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 12.  An automobile magazine runs a performance test on a new model car, and 
records the graph of distance versus time as the car goes around a track. 
During which segment or segments of the graph is the car

    a) traveling with constant speed? 

    b) increasing speed?

    c) at rest?

    d) decreasing speed?

    e) How far did the car travel during the total test?

    f) According to the graph, where was the car when the test was completed?

13. A jet taking off from an aircraft carrier goes from 0 to 250 mi/h in 30 s. 

    a) What is the jet’s acceleration?

    b) If after take-off, the jet continues to accelerate at the same rate for another 
15 s, how fast will it be going at that time?

    c) How much time does it take for the jet to reach 500 mi/h?

    d) How much distance would it take for that same jet to reach 500 mi/h?

 14. Whenever air resistance can be neglected or eliminated, an object in free-
fall near Earth’s surface accelerates vertically downward at 9.8 m/s2 due to 
Earth’s gravity. This acceleration is also called 1 g.

    a) If the object falls for 100 m, how fast is it traveling?

    b) How much time is required for it to fall this 100 m?

    c) If the object falls for 10 s, how fast is it traveling?

    d) How far has it fallen in this 10 s?

    e) How would your answers to these questions change for an object falling 
above the Moon, where the acceleration is about 1 6 g (1.6 m/s2)?

 15. In 1954, in a study of human endurance prior to the manned space program, 
Colonel John Paul Stapp rode a rocket-powered sled that was boosted to a 
speed of 632 mi/h (1017 km/h). The sled and he were then decelerated to a 
stop in 1.4 s. 

    a) What was the acceleration of this stop?

    b) What is this acceleration in terms of g’s?

    c) In what distance did the speed of the sled travel as its speed changed from 
1017 km/h to 0?

ta

b

c
d

e

f

g

d

500 m
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Section 4  Graphing Motion: Distance, Velocity, and Acceleration

 16. Active Physics

Plus
  An automobile accelerates from rest at 4.0 m/s every second 
(4.0 m/s2). 

a) How far does it travel after 1.0 s?

b) How far does it travel after 2.0 s?

c) How far does it travel after 3.0 s?

d) How far does it travel after 4.0 s?

e) Complete a d-t graph for this automobile.

f) Complete a v-t graph for this automobile.

g) How does the motion of this automobile compare with the motion of a 
real automobile (as you investigated previously)?

 17. Preparing for the Chapter Challenge

On highways, you can pass slower-moving vehicles by moving into the left 
lane and driving past them. You can then return to the right lane, all the 
while traveling at the speed limit. On a rural road, you must do this by 
entering the oncoming traffic lane. This can be very dangerous. To pass the 
vehicle safely and quickly, you may have to accelerate until you get back 
into your lane. You can describe the motion of both vehicles by creating 
graphs with two lines on each one—one depicting your vehicle and the other 
depicting the slower-moving vehicle. Describe how you can safely pass a 
slower-moving vehicle using d-t, v-t, and a-t graphs to convince the driving 
academy that you understand safe driving.

Inquiring Further
Speed conversions

Using a spreadsheet program, complete a table like the one below that converts 
mph to ft/s to m/s to km/h.

A B C D
1  mi/h ft/s m/s km/h

2  0

3  5

4  10  

5  15

6  20

7  25

8  30

9  35

10  40

11  45

12  50
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