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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) 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?

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.

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. 

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

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

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.

A
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C

AP_3rdEd_SE_C1.indd   35AP 3rdEd SE C1 indd 35 7/29/10   11:46:28 AM7/29/10 11:46:28 AM



Chapter 1  Driving the Roads

Active Physics
36

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) 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.  

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.

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

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.

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). 

This calculation gives you your 
average speed in meters per second 
(m/s).

v
d
tav =

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.)

 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?

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). 

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?

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). 
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Sample Problem 2

You are traveling at 35 mi/h (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.

 Δ Δd = tvav ×

Remember that ft/s means
 

ft
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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 mi/h 
(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.

   

 

Δ Δt = d
v av

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.
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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 distance-
time 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. 

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.

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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Distance-Time Graphs
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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 d
tav = Δ

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

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 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. 

There are mathematical conversions that 
can help you convert from miles per hour 
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-Limit Conversion Table

United States (Imperial) Canada (Metric)

mi/h ft/s km/h m/s

20 29 30 8

30 44 50 14

50 73 80 22

70 102 100 28

More about the SI System: 
Units for Measuring Speed and Velocity

In Active Physics, 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/year).
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Reaction Distance

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 mi/h (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.

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

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. 

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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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. 

 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?)

Physics to Go

Section 3  Average Speed: Following Distance and Models of Motion
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