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 Section 5  Negative Acceleration: Braking Your Automobile

 3. After discussing these questions in your 
group, develop a plan for what your 
group will do. Your teacher may ask 
you to either draw a flowchart or an 
outline showing the steps you will take.

 4. Set up your equipment and perform 
your experiment.

a) Record both numerical data and 
observations in your Active Physics log.

Place the ramp on the floor in a way 
that does not obstruct people’s ability 
to walk around the classroom. Do not 
block the emergency exit.

If you are setting up the ramp on the 
table, provide some means to contain 
the cart and prevent it from falling off 
the table.

 5. Use the data you collected to complete 
the following:

a) Draw a graph showing how the 
braking distance depends on the 
initial speed. Place the initial speed on 
the horizontal axis and the braking 
distance on the vertical axis.

b) How does the braking distance 
change with initial speed?

c) How does your graph compare to the 
graph you sketched in Step 1.a)?

d) Compare your graph with those 
of other groups. What are some 
similarities and some differences?  

e) Does looking at the other groups’ 
graphs make you feel more confident 
or less confident about your data? 
Explain your answer.

 6. Select two values of initial speed 
from your graph, with one value 
approximately twice the value of the 
other. Note the braking distance which 
corresponds to each initial speed.

a) What is the effect of doubling the 
initial speed on the distance traveled 
during braking?

 7. Select two values of initial speed 
from your graph, with one value 
approximately three times as fast as the 
other. Note the braking distance which 
corresponds to each initial speed.

a) What is the effect of tripling the 
initial speed on the distance traveled 
during braking?

b) Predict how going four times faster 
will affect the braking distance.

 8. Use the data on the sports car provided 
at the end of this chapter on pages 116-
117 to answer the following: 

a) Where is the braking data located? 

b) The braking distance is shown for 
two speeds. The ratio of the two 
speeds is 80 mi/h : 60 mi/h. This 
ratio is 80 60 = 1.33. This is an increase 
of 133 percent. Do you expect the 
ratio of the braking distances to also 
be in the ratio of 80 60 = 1.33? What 
is the ratio of the braking distances? 
How does it compare with the ratio 
of the two speeds?

c) How does this data correspond to 
what you found in your experiment?  
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In this example, you can see that a negative acceleration can 
sometimes decrease the speed of an automobile t t= =( )0 3to  or 
increase the speed of an automobile t t= =( )4 5to , but it always 
decreases the velocity of the automobile by exactly 2 ft/s every second 
from to to to to to+ + + − −( )6 4 2 0 2 4 .

Motion 
of Car Time (s) Velocity 

of car (ft/s)
Acceleration of car 

(ft/s2)
Positive or 
Negative

Car moving 
forward and 
slowing down
(Diagram A)

0 +6 v v
t

f i− + − +
Δ

= ( ) ( )4 6
1

= −2

negative 
acceleration

1 +4

Car moving 
forward, 
slowing down 
and car stops

2 +2 v v
t

f i−
= − +

= −
Δ

( ) ( )0 2
1

2

negative 
acceleration

3 0

Car moving  
backward and 
speeding up
(Diagram B)

4 –2 v v
t

f i−
= − − −

= −
Δ

( ) ( )4 2
1

2

negative 
acceleration

5 –4

Car moving 
backward and 
slowing down
(Diagram C)

6 –6 v v
t

f i−
= − − −

= +
Δ

( ) ( )4 6
1

2

positive 
acceleration

7 –4

Car moving 
backward and 
stopping

8 –2 v v
t

f i−
= − −

= +
Δ

( ) ( )0 2
1

2

positive 
acceleration

9 0

Car moving 
forward and 
speeding up
(Diagram D)

9 0 v v
t

f i−
= + −

= +
Δ

( ) ( )2 0
1

2

positive 
acceleration

10 2
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2

2
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=
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m/s or 170 m/s

/
=

Therefore, the acceleration of the softball 
is 170 2m s .

Sample Problem 2

During an auto race, a car with a speed of 
75 m/s accelerates past another car at a rate 
of 3.0 m/s2 for 4.0 s. How far does the car 
travel during this time?

Strategy:

Knowing the car’s initial velocity, time, and 
acceleration you can use the fourth equation

           d at v t= +1
2

2
i  to determine

distance traveled without the need for 
first finding the final velocity.

Given: v

a

t

i =
=
=

75 m/s

3.0 m/s2

4.0 s

Solution: 
Using    d at v t= +1

2
2

i  and solving for 
d gives 
             

d at v t

d

d

= +

= +

=

1
2
1
2

3 0 4 0 75 4 0

2
i

2
2m

s
s)

m
s

s)( . )( . ( )( .

3324 m or 320 m

Therefore, the car travels 320 m, or 
almost one quarter of a mi.

 1. When a jet lands on an aircraft carrier, 
its speed goes from 90.0 m/s to zero in 
1.5 s as it is stopped by a cable running 
across the aircraft carrier’s deck.

     a)   If the direction the jet is traveling is 
positive, was the jet’s acceleration 
positive or negative?  

    b) What is the jet’s acceleration during 
the stopping process?

    c) If the jet undergoes a constant 
acceleration while stopping, what is 
the jet’s average speed?

    d) How far does the jet travel along 
the carrier’s deck while it is being 
brought to a stop?

 2. A race is held between a sports car 
and a motorcycle. The sports car 
can accelerate at 5.0 m/s2 and the 
motorcycle can accelerate at 8.0 m/s2. 
The two vehicles start the race at the 
same time and accelerate from rest.

    a) After 5.0 s, how fast is the sports 
car going?

    b) After 6.0 s, what distance will the 
motorcycle have gone?

    c) To make the race fair, the sports 
car starts 50.0 m ahead of the 
motorcycle. If the course is 200.0 m 
long, which vehicle wins the race? 
(Hint: The vehicle that covers its 
distance in the least time wins.)

 3. A student on a skateboard pushes off 
from the top of a small hill with a speed 
of 2.0 m/s, and then goes down the hill 
with a constant acceleration of 0.5 m/s2. 

    a) After traveling a distance 12.0 m, 
how fast is the student going? 

    b) How much time does it take the 
student to move a distance of 21.0 m 
while accelerating at this rate?
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 1. A student measured the braking distance of her automobile and recorded the 
data in the table. Plot the data on a graph and describe the relationship that 
exists between initial speed and braking distance.

Initial speed Braking distance

5 m/s 4 m

10 m/s 15 m

15 m/s 35 m

20 m/s 62 m

25 m/s 98 m

30 m/s 140 m

 2. Below is a graph of the braking distances in relation to initial speed for two 
automobiles. Compare qualitatively (without using numbers) the braking 
distances when each automobile is going at a slow speed and then again at a 
higher speed. Which automobile is safer? Why? How did you determine what 
“safer” means in this question?

 3. An automobile is able to stop in 20 m when traveling at 30 mi/h. 
How much distance will it require to stop when traveling at the following:

a) 15 mi/h? (half of 30 mi/h)   b) 60 mi/h? (twice 30 mi/h)

c) 45 mi/h? (three times 15 mi/h)  d) 75 mi/h? (five times 15 mi/h)
 4. An automobile traveling at 10 m/s requires a braking distance of 30 m. 

If the driver requires 0.9 s reaction time, what additional distance will the 
automobile travel before stopping? What is the total stopping distance, including 
both the reaction distance and the braking distance?

 5. Consult the information for the sports car at the end of this chapter. 
This shows the stopping distance. How far would you expect this automobile to 
travel until coming to rest when brakes are applied at a speed of 30 mi/h?

 6. Use the information for the sedan at the end of this chapter. Find the braking 
distances for 50 mi/h and 25 mi/h. Draw a graph using the different braking 
distances. Plot the speeds on the horizontal axis and the braking distances on the 
vertical axis.

Physics to Go

automobile  B

automobile Ad
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