Driving the Roads

Section 3

Average Speed: Following Distance
and Models of Motion
What Do You See?

Florida
Next Generation
Sunshine State Standards:
Additional Benchmarks
met in Section 3
SC.912.N.2.4 Explain that scientific knowledge
is both durable and robust and open to change.
Scientific knowledge can change because it is
often examined and re-examined by new
investigations and scientific argumentation.
Because of these frequent examinations,
scientific knowledge becomes stronger, leading
to its durability.
SC.912.P.10.21 Qualitatively describe the
shift in frequency in sound or electromagnetic
waves due to the relative motion of a source or
a receiver.
SC.912.P.12.2 Analyze the motion of an object
in terms of its position, velocity, and acceleration
(with respect to a frame of reference) as
functions of time.
MA.912.S.3.2 Collect, organize, and analyze
data sets, determine the best format for the
data and present visual summaries from the
following: •ba r graphs •line graphs •s tem and
leaf plots •circle graphs •his tograms •bo x and
whisker plots •s catter plots •cum ulative
frequency (ogive) graphs.

What Do You Think?
In a rear-end collision, usually the driver who strikes a vehicle
from behind is legally at fault.

• What is a safe following distance between your automobile and
the vehicle in front of you?

• How do you decide what a safe following distance is?
Record your ideas about these questions in your Active Physical
Science log. Be prepared to discuss your responses with your small
group and the class.

Investigate
In this Investigate, you will use strobe photos to observe constant
motion at different speeds. You will then use a motion detector
to measure velocity and to
generate graphs of motion.
1. A “strobe photo”
is a combination
of photographs taken
at regular time intervals.
A single picture can
then show the position of
the object over equal time
intervals.
448
Active Physical Science

FL_APS_SE_C6.indd 448

12/6/10 3:33:54 PM

Section 3 Average Speed: Following Distance and Models of Motion

The diagram below shows what a strobe
photo of an automobile traveling at
30 mi/h (about 50 km/h) would look like.
The position of the car is shown at the
end of every minute.

a) In which diagram is the automobile
traveling the slowest? In which
diagram is the automobile traveling
the fastest? Explain how you made
your choice.
b) Is each automobile traveling at a
constant speed? How can you tell?
4. A motion detector is a device that
measures the position of an object
over a time interval. It can be connected
to a computer or calculator-based lab
equipment to produce a graph of
the motion.

a) Make a sketch of the diagram
in your log. (You can use rectangles
to show the automobiles.)

2. Think about the difference between
the motion of an automobile traveling
at 30 mi/h (50 km/h) and one traveling
at 45 mi/h (75 km/h).

a) Draw a sketch of a strobe photo, similar
to the one above, of an automobile
traveling at 45 mi/h (75 km/h).
b) Is the automobile the same distance
apart between successive photos?
Were your images farther apart
or closer together than they were
at 30 mi/h (50 km/h)? How far does
each car go in one minute?

Safety is always important in the
laboratory. Appropriate warnings
concerning possible safety hazards are
included where applicable. You need to
be aware of all possible dangers, listen
carefully to your teacher’s instructions, and
behave accordingly.

c) Draw a sketch of an automobile
traveling at 60 mi/h (100 km/h).
Describe how you decided how far
apart to place the automobiles.
3. The following diagrams show an
automobile traveling at different speeds.
Speed is the distance traveled in a given
amount of time.

Make sure the path of motion is clear of any hazards.

Use the motion-detector setup to obtain
the following graphs to print or sketch in
your log. Put the time on the horizontal
axis (x-axis) and the object’s location on
the vertical axis (y-axis).

A

B

a) Sketch the graph of a person walking
toward the motion detector at a
normal steady speed.

C
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This calculation gives you your
average speed in meters per second
(m/s).
d
vav =
t

b) Sketch the graph of a person walking
away from the motion detector at a
normal speed.
c) Sketch the graph of a person walking
away from the motion detector then
toward it at a very slow speed.

d) How could you go about predicting
your position after walking for twice the
time in trial 2? When you extrapolate
data, you make an assumption about
the walker. What is the assumption?
(Extrapolate means to estimate a value
outside the known data points.)

d) Sketch the graph of a person walking
in both directions at a fast speed.
e) Describe the similarities and
differences among the graphs. Explain
how the direction and speed that the
person walked contributed to these
similarities and differences.
5. Predict what the graph will look like if you
walk toward the motion detector at a slow
speed and away from it at a fast speed.

a) Sketch a graph of your prediction.

8. An automobile is traveling at 60 ft/s
(about 40 mi/h or 65 km/h).

a) If the reaction time is 0.5 s, how far
does the automobile travel in this time?
b) How much farther will the automobile
travel if the driver is distracted by
talking on a cell phone or unwrapping
a sandwich, so that the reaction time
increases to 1.5 s?

b) Test your prediction. How accurate
was your prediction?
6. Do two more trials using the motion
detector. In trial 1, walk slowly away
from the detector. In trial 2, walk
quickly away from the detector.

c) Answer the questions in Steps 8.a) and
8.b) for an automobile moving at 50 ft/s
(about 35 mi/h or 56 km/h).

a) Sketch the lines from the two trials
on the same labeled axes. Be sure to
record the endpoints for each line.

d) Repeat the calculation for Step 8.c)
for 70 ft/s (about 48 mi/h or 77 km/h).
e) Imagine a driver in an automobile in
traffic moving at 40 ft/s (about 28 mi/h
or 45 km/h). The driver ahead has
collided with another vehicle and has
stopped suddenly. How far behind the
preceding automobile should a driver
be to avoid hitting it, if the reaction
time is 0.5 s?

b) Suppose someone forgot to label the
two lines. How can you determine
which graph goes with which line?
7. In physics, the total distance traveled
by an object during a given time is the
average speed of the object.

a) From your graph, determine the total
distance you walked in the most
recent trial.

f) An automobile is traveling at 60 ft/s
(about 40 mi/h or 65 km/h). How
many automobile lengths does it travel
per second? A typical automobile
is 15 ft (about 5 m long).

b) How long did it take you to walk
each distance?
c) Divide the distance you walked
(your change in position) (d) by
the time it took for the most recent
trial (t).
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Physics Talk
UNDERSTANDING MOTION
As part of your Chapter Challenge, you need to describe the motion
of a motor vehicle while you are driving. You are expected to explain
what factors affect following distance, braking distance, and the total
stopping distance. One factor that affects all of these is speed. Speed is
the distance traveled per unit time. In the Investigate, you represented
constant speed (speed that does not change over a period of time) by
using strobe photographs, distance-time graphs generated by a motion
detector, and an equation.

Model I: Describing Motion and Speed Using Strobe Photos
As you discovered in the Investigate, there are many different ways to
describe motion. One way to show motion is with the use of strobe photos.
A strobe photo is a multiple-exposure photo in which a moving object
is photographed at regular time intervals. You used diagrams of strobe
photos in the Investigate to represent different speeds.
The illustrations below show constant motion at a slow speed (top) and
constant motion at a fast speed (bottom).

Physics Words
speed: the distance
traveled per unit
time; speed is a scalar
quantity, it has no
direction.
constant speed: speed
that does not change
over a period of time.
motion: the act or
process of changing
position or place.
average speed: the
total distance traveled
divided by the time
it took to travel that
distance.

You saw that when an object is moving at a slow speed, the distance
between the objects is less than when the object is moving at a fast speed.
This makes sense, because at a slow speed, the object travels a shorter
distance during the same time than at a fast speed.

Model II: Describing Motion
and Speed Using an Equation
In the Investigate, you also used
an equation to describe speed. The
e
average speed of a vehicle is the
ratio of the total distance traveled
d
to the total elapsed time.
distance traveled
Average speed =
time elapsed

Is There an Equation?
Physicists try as much as possible to describe things
they observe mathematically. They use equations to
express relationships. Equations are precise and give
you a lot of information with few words. Equations
can also help you make numerical predictions
of what will change under new circumstances.
Student physicists, like you, often ask, “Is there
an equation?” Whenever possible, Active Physical
Science will provide you with an equation you can
use. The equations that you use are summarized for
you at the end of each chapter.
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This equation can be written using quantity symbols.
Δd
v av =
Δt
where vav is average speed,
Δd is change in position or total distance traveled,
Δt is change in time or elapsed time.
The Greek letter delta, “Δ,” is often used in science to mean
“a change in.” In this section, you will be dealing only with situations
in which you are given total distance traveled and elapsed time.

Symbols for Physical Quantities
Symbols for SI units are unique and precise. There is only one symbol
for each SI unit. For example, “m” stands for meter and “s” stands for
second. The same SI symbol is used in every language.
When writing equations in science, there is also a need for other
symbols. Symbols are needed for quantities such as distance, time, or
speed. These symbols are not a part of SI. They are also not always
unique. For example, V can stand for volume or voltage. As much as
possible, scientists try to use standard symbols for quantities. However
the SI symbol V only stands for volts.
When writing equations, you should use the same symbols used in
Active Physical Science. To distinguish the two types of symbols in
printed materials, sloping (italic) type is used for quantity symbols and
upright (roman) type is used for SI symbols.

Sample Problem 1
If you drive a distance of 400 mi (about 640 km) in 8 h, what is your
average speed?
Δd
Strategy: You can use the equation for average speed. v av =
Δt
Given: Δd = 400 mi
Solution: v av = Δd
Δt
Δt = 8 h
400 mi
=
8h
mi
= 50
h
Your average speed is 50 mi/h.
The average speed of 50 mi/h (80 km/h) does not tell your fastest speed
or your slowest speed. It only tells you that over a period of time, 8 h,
you traveled a given distance, 400 mi (80 km).
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Before your vehicle started moving, the speed was 0 mi/h. When you
stopped your vehicle at the end of the trip, your speed was again 0 mi/h.
During the trip you probably slowed down and sped up as you drove
along. You may have stopped for a meal. The speedometer reading at
any moment during the trip is your instantaneous speed, which is the
speed at a given moment. The speed measured during an instant is the
instantaneous rate of change of motion.

Using the Equation for Speed to Find Other Quantities
Equations are a powerful mathematical tool. Using the equation for
average speed, you are not limited to just solving for speed. If you know
the average speed and the time it took you to travel that speed, you can
find the distance you traveled in that time. You can also find the time
traveled if you know the distance traveled and the average speed.
distance traveled
Average speed =
time elapsed
Using algebra, it follows that

Physics Words
instantaneous speed:
the speed at a given
moment.
instantaneous rate of
change: the rate of
change at a particular
moment.

Distance = average speed × time
distance
Time =
average speed
Using quantity symbols these equations can be written as
Δd
Δt
Δd = v av × Δt
v av =

Δt =

Δd
v av

You can use the following helpful circle to do your calculations:

By covering up the variable you wish to find, you can see the equation.
Δd
.
To find average speed (v av ) , cover up the (v av ) and you see
Δt
To find distance ( Δd ), cover up ( Δd ) and you see v av × Δt .
Δd
.
To find time ( Δt ), cover up ( Δt ) and you see
v av
It is important to note that there is one equation for average speed, but
you can write it in three equivalent ways.
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Sample Problem 2
You are traveling at 35 mph (about 50 ft/s) and your reaction time is
0.2 s. Calculate the distance you travel during your reaction time.
Strategy: You can rewrite the equation for average speed to solve for
distance traveled.
Δd = v av × Δt
Remember that ft/s means

ft
.
s

Given: Δt = 0.2 s

Solution: Δd = v av × Δt

v av = 50 ft/s

ft
× 0.2 s
s
= 10 ft

Δd = 50

Calculations and Units
In physics, when you do calculations, it is very important to pay
close attention to the units in your answer. Notice how in the
previous calculation the units for seconds (s) in the top and
bottom of the equation cancel out, leaving feet (ft), the unit for
distance that you need for your answer. Checking to see if the
units make sense is a tool that physicists use to ensure that their
calculations make sense and that they have not made a mistake.

Sample Problem 3
In an automobile collision, it was determined that a car traveled 150 ft
before the brakes were applied.
a)

If the car had been traveling at the speed limit of 40 mph
(60 ft/s), what was the driver’s reaction-time (time it took
to apply the brakes)?

b)

Witnesses say that the driver appeared to be under the
influence of alcohol. Does your reaction-time data support
the witnesses’ testimony?

Strategy:
a)

You can rewrite the equation for average speed to solve for
time elapsed.
Δd
Δt =
v av
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Solution: Δt =

Given: Δd = 150 ft
v av = 60 ft/s or 60

ft
s

Δd
v av

150 ft
ft
60
s
= 2.5 s

Δt =

Note, mathematically, ft = ft × s = s
ft
ft
s
b)

Reaction time with distractions was measured in Section 1. The
reaction time of 2.5 s seems very slow. The driver has the reaction
time of someone who could be under the influence of alcohol.

Speed and Velocity
In Active Physical Science, you will often explore the same
topic several times. Being exposed to the same topic at
different times and in different situations helps you learn and
understand the topic better. The difference between speed
and velocity will be explored at different times in this book.
Velocity will also be explored in greater depth in later chapters.

A term you often hear used when talking about speed is velocity.
Velocity is speed in a given direction. Velocity always includes both speed
and direction.

Model III: Describing Motion and Speed
Using a Distance-Time Graph

Notice that time is on the x-axis and distance is
on the y-axis. By reading the coordinates on the
graph, you can see that the automobile reached
the 50 mi position at the end of 1 h; the 100 mi
position at the end of 2 h; and the 150 mi position
at the end of 3 h.

velocity: the speed
in a given direction.

Distance vs. Time
200

distance (miles)

You investigated how to represent motion with
strobe photos and with a mathematical equation.
A third way to represent motion is with graphs.
Graphs are a visual way to represent data. The
graph at right shows an automobile traveling at
a constant speed of 50 mi/h.

Physics Words

150

100

50

1

2
3
time (hours)

4
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It is quite unrealistic to assume that an automobile could keep this speed
of 50 mi/h for a full 3 h. If it did, however, you can see that the distancetime graph forms a straight line. Anytime an object moves at a constant
speed, the distance-time graph is a straight line.
In the Investigate, you used a motion detector to generate graphs to
represent your motion. You can determine the general motion of a person
(a vehicle or any object) by reviewing a distance-time graph. Look at the
following graphs. All graphs have the same time and distance scales.

Graph A: A person is at
rest. As time
increases, there
is no change
in the position
of the person.
The person is
standing still.

Distance-Time Graphs
A

B

C

d

d

d

Graph B: A person is
traveling at a slow
speed. As time
increases, there is
a small change in
the position.
Graph C: A person is
traveling at a fast
speed. As time
increases, there is
a greater change
in the position.

t

t

t

D

E

d

d

t

t

Notice that the slope of the graph indicates the speed of the person.
A slow speed has a gradual slope. A fast speed has a steep slope. No
motion has zero slope. The graph of a person at rest is a horizontal line
with a slope of zero—representing a speed of zero.

Graph D: A person is traveling in the opposite direction of the person in the
previous graphs. As time passes, the change in position is in the
opposite direction.
Graph E: A person is changing speed. As time passes, the change in
position is increasing for each second. Notice that a changing
speed is a curve on a distance-time graph.
In the Investigate, you noticed that walking toward the motion detector
produced a slope in one direction. Walking away from the motion
detector produced a slope in the opposite direction. The slope was zero,
or close to zero, when standing still.
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Speed and the Slope of a Distance-Time Graph
You compared speeds by looking at the slope of lines on distance-time
graphs. You can also use the slopes of distance-time graphs to obtain
a quantitative (number) value for speed. The slope of a line is the rise
(change along the y dimension) divided by the run (change along the
x dimension). If you look at a distance-time graph, the rise is the distance
covered and the run is time taken. Distance divided by time is the
equation you used to calculate speed.
slope =

rise
run

v av =

Δd
Δt

The measure of the slope of a d vs. t graph is equal to the speed of the object.

More about the SI System:
Units for Measuring Speed and Velocity
In Active Physical Science, speed and velocity (speed in the direction of
motion) in the classroom is measured in meters per second (m/s). Notice
that the unit for speed or velocity is made up of a combination of two
of the SI base units, meters (m) and seconds (s). These are called derived
SI units.
Other units can also be used for speed. For example, highway speeds
could be measured in kilometers per hour (km/h). The movement of
Earth’s crust could be measured in centimeters per year (cm/yr).

Kilometers and Miles
Highway signs and speed limits in the United States of America are given
in miles per hour (mi/h or mph). Almost every other country in the world
uses kilometers to measure long distances. A kilometer is a little less
than two-thirds of a mile (1.0 km ≈ 0.6 mi). Kilometers per hour (km/h)
is used to measure highway driving speed. For shorter distances, such
as stopping distances and experiments
in a science class, speed is measured in
Speed-Limit Conversion Table
meters per second, m/s.
You will use miles per hour when
working with driving speeds, but meters
per second for data you collect in class.
It is important to be able to understand
and compare measurements.

United States (Imperial)

Canada (Metric)

mi/h

ft/s

km/h

m/s

20

29

30

8

30

44

50

14

80

22

100

28

There are mathematical conversions that
50
73
can help you convert from miles per hour
70
102
to kilometers per hour and meters per
second. To help you relate the speed with
which you are comfortable to the data you collect in class, the chart
at the right gives approximate comparisons. It shows standard
speed limits for the United States and Canada.
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Speed and the Doppler Effect
Driving safely is everybody’s responsibility. Part of safe driving is obeying
the speed limit. All roads have a speed limit. This speed limit is posted
for some roads but not for all. As a driver, you must know the speed
limit of roads without a posting. Most people are aware that going too
fast is dangerous. An accident at a high speed results in much greater
damage than at slower speeds. However, traveling too slowly can also be
dangerous and can result in accidents.

Physics Words
Doppler effect:
the change in the
pitch, or frequency
of a sound (or the
frequency of a wave)
for an observer that
is moving relative
to the source of the
sound (or source of
the wave).

You can find out if you are speeding by reading the speedometer in the
car. You can also calculate the speed by using posted mile markers on
some roads. If you measure the time it takes your vehicle to travel
between two mile-markers, you can find the speed of the vehicle by
Δd
using the equation for average speed, v =
.
Δt
You can also get a sense of the speed of a passing
vehicle by listening carefully to the sound of the engine
and the tires on the road. Sound travels in waves.
The shorter the wavelength, the higher the pitch
(frequency). The longer the wavelength, the lower the
pitch. As you stand on the side of a street, you can hear
the change in pitch of a vehicle as it moves past you.
In auto racing, the shift in pitch is quite noticeable. As
the race car approaches, you hear a high pitch, and as
the car departs, you hear a low pitch. The change in
pitch of the sound is indicative of the speed of the car.
The driver of the vehicle would not notice any change
in pitch, because the driver is traveling along with the
source of the sound.
The change in pitch is called the Doppler effect. It is named in honor of
Christian Doppler, an Austrian physicist and mathematician, who was
one of the first to analyze this phenomenon. He noticed that the pitch
(frequency) of a train whistle was higher as the train approached and
lower as the train departed.
To help you understand why this effect occurs, look at the diagrams on
the following page of a stationary source of sound and a moving source.
In the first diagram, the sound source is stationary. A person standing
at position X and one standing at position Y would hear the same
frequency of sound. In the second diagram, the sound source is moving
to the right. As the sound waves approach position Y, they are closer
together than if the source were stationary. A person at this position
would hear a higher frequency sound. The source is moving away from
position X. As the sound waves approach that position, they are farther
apart. A person standing at X would hear a lower frequency sound. You
will learn more about sound waves in a later chapter.
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source of
sound waves

X

YX

source of
sound waves

Y

longer wavelength
lower frequency

shorter wavelength
higher frequency

Is there an equation for the Doppler effect? The equation relating the
increased frequency and the speed of the train is given by
fis
f= 0
s−v
where f is the observed frequency when the train is moving;
f0 is the frequency when the train is at rest;
v is the speed of the train; and
s is the speed of sound, about 340 m/s.
Using the Doppler effect for sound waves is not an
effective way of measuring a precise speed of a moving
vehicle. Police use radar guns that use the Doppler
effect for microwaves. The police radar sends out
microwaves of a certain frequency. These microwaves
reflect off the vehicle. If the vehicle is stationary, the
reflected microwaves have the same frequency as the
emitted microwaves.
If the vehicle is moving toward the radar gun, the
reflected microwaves have a higher frequency. If the vehicle is moving
away from the radar gun, the reflected microwaves have a lower
frequency. The emitted frequency and the reflected frequency are
compared electronically and the radar gun determines the speed.
The Doppler effect is also used to measure the speed of galaxies at
huge distances from Earth. The frequency of the light from the galaxies
is shifted to lower frequencies. Astronomers interpret this to mean that
the galaxies are moving away from Earth. By calculating the speed of
many galaxies, astronomers form theories about the birth and structure
of the universe.
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The Physics Talk may also include the Elaborate phase of the
7E learning cycle. The Elaborate phase provides an opportunity
for you to further your knowledge to new areas.

Reaction Distance

Physics Words
reaction distance:
the distance that
a vehicle travels in
the time it takes
the driver to react.

While you are deciding what to do in any given situation, your
automobile in the meantime is traveling over the ground, possibly
approaching traffic or pedestrians. At a given speed, the time it takes
you to respond to a situation corresponds to the distance that the
automobile travels. This distance that your automobile travels until
you respond is known as the reaction distance.
In Sample Problem 2, you saw that for a reaction time of 0.2 s, your
automobile would move 10 ft if the automobile were traveling at
35 mph (about 50 ft/s). A longer reaction time increases the distance you
travel before you even begin to brake or turn. The longer your reaction
time, the greater the distance the automobile moves before you begin
stopping, swerving, or taking other appropriate action. Your reaction
time therefore has a direct effect on the distance your vehicle travels and
the possibility of being involved in an accident.

Checking Up
1. Explain how the
average speed of a
vehicle is different
from instantaneous
speed.
2. How are the speed
and velocity of an
object different?
3. If the distance-time
graph shows a
straight, inclined
line, what does the
line represent?
4. How does reaction
time affect reaction
distance?
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Active Physics
+Math

+Depth

+Concepts

An automobile travels the first half of an
80.0 mi trip at 20.0 mi/h and the second
half of the trip at 40.0 mi/h. What is the
average speed for the entire trip?

To better understand this situation, look
at a more extreme case. Imagine an
automobile that travels 100 mi. The first
50 mi, the automobile travels at 1 mi/h.
The first 50 mi will take 50 h (more than
two days of driving). During the last
50 mi, the automobile travels at 50 mi/h.
The last half of the trip only requires
1 h. The average speed would not be
25.5 mi/h (the average of 1 mi/h and
50 mi/h). The average would be very
close to 1 mi/h because this driver drove
at only 1 mi/h for many hours and only
got a chance to drive at 50 mi/h for 1 h.
Average speed is about distance and time.

A first guess may be 30.0 mi/h because
this is the average of the two speeds.
However, this is not correct. To find the
average speed, you must use the definition
of average speed. Average speed is equal
to the total distance traveled divided by
the total time.
In this problem, you can set up a table
like the one below to help you find the
average speed.
Time

1st half of
the trip at
20 mi/h

40.0 mi

2.0 h

2nd half of
the trip at
40 mi/h

40.0 mi

1.0 h

Total trip

80.0 mi

3.0 h
(1.0 h + 2.0 h)

Plus

Does this answer make sense? Why
should the average speed be 27 mi/h
instead of 30 mi/h?

More About Average Speed

Distance

+Exploration

1. Draw a distance versus time graph for
both situations described above (the
80 mi trip and the 100 mi trip).
2. Draw a strobe sketch for both
situations described above
(the 80 mi trip and the 100 mi trip).
3. Suppose someone travels 50 mi at
50 mi/h, then travels 50 mi at 25 mi/h,
then travels 50 mi at 10 mi/h.

The average speed of the entire trip is the
total distance covered divided by the total
time taken.

a) Estimate their average speed.
b) Calculate the average speed. How
close was it to your estimate?

Δd
Δt
80.0 mi
=
3.0 h
= 27 mi/h

vav =

4. If you travel the first half of a trip at
20 mi/h, how fast must you travel the
second half of the trip so that your
average speed will be 40 mi/h?
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What Do You Think Now?
At the beginning of this section, you were asked the following:

• What is a safe following distance between your automobile and the vehicle
in front of you?

• How do you decide what a safe following distance is?
How would you answer these questions now? Now that you know how speed is
related to distance and time, why is it important to pay attention to speed while
driving? How does speed impact the distance covered when the driver is trying to
avoid a rear-end collision?

Physics

Essential Questions
What does it mean?
What does it mean to say that the speed of a vehicle is 40 mi/h?

How do you know?
How would you go about measuring the speed of a vehicle? What measurements
would you have to take? What calculations would you have to perform?
Why do you believe?
Connects with Other Physics Content
Forces and motion

Fits with Big Ideas in Science

Meets Physics Requirements
Experimental evidence is consistent
with models and theories

Models

Physicists use models to better understand the world. Speed can be
modeled with a strobe photo, an equation, or a graph. How can all
three models represent a car moving at 20 m/s?

Why should you care?
Safe driving includes an understanding of speed, reaction time, and reaction
distance. Some collisions are difficult to avoid, but any collision would be less
severe, if the speed of the vehicles were less. Many highway accidents occur
because of tailgating—the practice of leaving very little room between your
automobile and the automobile in front of you. Explain how the reaction
distance depends on your reaction time and your speed.
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Section 3 Average Speed: Following Distance and Models of Motion

Reflecting on the Section and the Challenge
When you drive an automobile, you are controlling its velocity. You change
the automobile’s velocity by changing its speed (stepping on the gas pedal or
brake pedal), and/or by changing its direction of motion (by turning the steering
wheel). As you drive, you are continuously monitoring the automobile’s velocity
(speed and direction). You adjust both speed and direction as necessary.
Based on all the information you have just read, you now have ways to
symbolically represent motion. You can use a strobe sketch or a distance–time
graph. Also, you can calculate the reaction distance by knowing the speed of the
automobile and the driver’s reaction time.
You should be able to make a good argument against tailgating as a result of
learning about reaction distance as part of the Chapter Challenge. Tailgating
is when a driver leaves little space between his or her automobile and the
automobile in front. You also should be able to make a good argument against
excessive speed in any driving situation, especially when approaching an
intersection or places where there may be pedestrians.

Physics to Go
1. Describe the motion of each automobile below. The diagrams of strobe photos
were taken every 3 s (seconds).

2. Sketch diagrams of strobe photos of the following:

a) An automobile starting from rest and reaching a final constant speed.
b) An automobile traveling at a constant speed then coming to a stop.
3. A race car driver travels at 350 ft/s (that’s almost 250 mi/h) for 20 s.
How far has the driver traveled during this time?
4. A salesperson drives the 215 mi from New York City to Washington, DC,
in 4.5 h.

a) What was her average speed?
b) Do you know how fast she was going when she passed through Baltimore?
Explain your answer.
5. If you planned to bike to a park that was five miles away, what average speed
would you have to maintain to arrive in about 15 min? (Hint: To compute your
speed in miles per hour, consider this: What fraction of an hour is 15 min?)
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Driving the Roads

6. For each graph below, describe the motion of the automobile. The vertical
axes are labeled with the distance the automobile traveled, denoted d.

b)

a)
d

d

t

t

c)

d)
d

d

t

t

7. Use your average reaction time from Section 1 to answer the following:

a) How far does your automobile travel in meters during your reaction time if
you are moving at 55 mi/h (25 m/s)?
b) How far does your automobile travel during your reaction time if you
are moving at 35 mi/h (16 m/s)? How does the distance compare with the
distance at 55 mi/h?
c) Suppose you are very tired and your reaction time is doubled. How far would
you travel at 55 mi/h during your reaction time?
8. According to traffic experts, the following distance between your automobile
and the vehicle in front of you should be three seconds. As the vehicle in
front of you passes a fixed point, say to yourself “one thousand one, one
thousand two, one thousand three.” Your automobile should not reach that
point before you complete the phrase.

a) A second is a unit of time. How can traffic experts be sure this is a safe
following distance?
b) Will three seconds following “distance” be equally as safe on an interstate
highway as on a rural road? Explain your answer.
9. A sneeze requires you to close your eyes for one third of a second.

a) If you are driving at 70 mi/h (100 ft/s), how far will you travel with your
eyes closed during a sneeze?
b) Is this longer than the length of your classroom?
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Section 3 Average Speed: Following Distance and Models of Motion

10. Imagine you are driving your automobile at 60 mi/h (88 ft/s) moving in a
straight line and your reaction time is 0.5 s.

a) How far does your automobile travel in this time?
b) How many automobile spaces is this for an automobile that is 15 ft long?
c) Answer Questions a) and b) when you travel 30 mi/h.
d) Answer Questions a) and b) when you travel 90 mi/h. What fraction
of a football field is this distance?
e) If talking on the cell phone while driving at this speed doubles your
reaction time, how do these distance numbers change at 30 mi/h,
60 mi/h, and 90 mi/h?
11. Consider an automobile traveling at 60 mi/h. Sketch a graph showing distance
traveled versus reaction time, with reaction times of 0.25 s, 0.50 s, 0.75 s,
and 1.00 s.
12. Preparing for the Chapter Challenge

Apply what you learned in this section to write a convincing argument that
describes why tailgating (following an automobile too closely) is dangerous. Include
the factors you would use to decide how following too closely counts as tailgating.

Inquiring Further
1. Calculating speed over a longer distance

Measure a distance of about 100 m. You can use a football field or get a long
tape measure or trundle wheel to measure a similar distance. You also need a
watch capable of measuring seconds. Determine your average speed traveling
that distance for each of the following:
a) a slow walk
b) a fast walk
c) running
d) another method of your choice
2. Other models for motion

In this section, you learned three models that physicists use to describe
motion—the strobe photo, the mathematical equation, and the motion graph.
Painters, writers, poets, and photographers have also found ways to describe
motion. Many people have heard the description of Superman’s speed—
“faster than a speeding bullet.” Investigate and record descriptions of motion
by people in the arts. How do artists and writers depict motion? How does
one compare the physicist’s model with that of the artist?
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