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Learning Outcomes
In this section, you will

• Recognize the need for 
a centripetal force when 
rounding a curve.

• Predict the effect of an 
inadequate centripetal force.

• Relate speed to 
centripetal force.

What Do You Think?
You are driving along a road at the posted speed limit of 50 mi/h 
(80 km/h). A road sign warns that you are approaching a curve and 
tells you to slow down to 25 mi/h (40 km/h). 

• Why is the sign indicating to slow down?  

• How is the amount you should slow down determined?
Record your ideas about these questions in your Active Physics log. 
Be prepared to discuss your responses with your small group and 
the class.

Investigate 
In this Investigate, you will model some of the problems a driver 
faces when driving around curves. You will investigate how speed 
and the tightness of a curve can affect what happens to a vehicle on 
a curve. 
 1. Driving around a curve produces some unique problems. 

Physics lets you model some of these problems. 
a) Imagine that you have a toy car at the end of a string, and it 

is moving in a circle. If you let go of the string, which way 
would the car travel? The diagrams on the following page 
show several possibilities.

What Do You See?
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For a given road surface, there is a 
maximum frictional force that can 
provide this centripetal force. Hence, 
there is a maximum v

2

r  that a road 
surface can provide. If your speed is too 
fast, or the curve too sharp, then the 
maximum v

2

r
 will be exceeded, and off  

the road you go – perhaps to disaster… 

A curve with a radius of 40 m has 
a warning sign that limits the speed 
to 30 mi/h (14 m/s). Assume that an 
automobile has a mass of 1000 kg. 

a) What is the frictional force of 
an automobile that is driving the 
speed limit? 

b) How much additional frictional 
force does the automobile need if 
the driver decides to exceed the 
speed limit and travel at 20 m/s? 

c) If the frictional force were reduced 
by half due to wet leaves and water 
on the road, what speed would you 
recommend for drivers?

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

You are driving along a road at the posted speed limit of 50 mi/h (80 km/h). 
A road sign warns that you are approaching a curve and tells you to slow down 
to 25 mi/h (40 km/h). 

• Why is the sign indicating to slow down?

• How is the amount you should slow down determined?

After having investigated the effect of speed on centripetal force, why should 
you slow down? Use the results of your investigations to support your answer.

AP_3rdEd_SE_C1.indd   112AP 3rdEd SE C1 indd 112 7/29/10   11:46:54 AM7/29/10 11:46:54 AM





Chapter 1  Driving the Roads

Active Physics
114

 1. A person at the equator travels once around the circumference of Earth 
in 24 h. The radius of Earth is 6400 km. How fast is the person going? 
Compute the speed in kilometers per hour (km/h) and in meters per second 
(m/s). Recall that 1 km is equal to 1000 m.

 2. Earth travels in a circular motion around the Sun. The radius of Earth’s 
motion is about 1.5 × 108 km. What is the speed of Earth around the Sun? 
Compute the speed in km/h and m/s.

 3. A fan turns at a rate of 60 revolutions per second. If the tip of the blade 
is 15 cm from the center, how fast is the tip moving?

 4. Friction can hold an automobile on the road when it is traveling at 20 m/s 
and the radius of the turn is 15 m. What happens if: 

a) the curve is tighter?

b) the road surface becomes slippery? 

c) both the curve is tighter and the road is slippery?

 5. Think about other examples in which objects travel in curved paths, such 
as the clothes in a spin dryer, or the Moon traveling around Earth. For each 
example, explain what produces the force that is constantly being applied to 
the object toward the center of the curve.

 6. Sketch a graph that shows the radial distance and the maximum speed 
at which the block remains on a turntable for one type of surface.

 7. Explain the following statement: “The driver may turn the wheels but it 
is the road that turns the automobile.”

 8.   Active Physics

Plus
 A jet pilot in level flight at a constant speed of 270 m/s (600 mi/h)

                 rolls the airplane on its side and executes a tight circular turn 
that has a radius of 1000 m. What is the pilot’s centripetal acceleration? 
Draw a sketch of the acceleration’s direction relative to the ground. 

 9. Below you will find alternate explanations of the same event given 
by a person who was not wearing a seat belt when an automobile went 
around a sharp curve.

“I was sitting near the middle of the front seat when the automobile turned 
sharply to the left. A force made my body slide across the seat toward the 
right, outward from the center of the curve, and then my right shoulder 
slammed against the door on the passenger side of the automobile.” 

“I was sitting near the middle of the front seat when the automobile turned 
sharply to the left. My body kept going in a straight line while, at the same 
time due to insufficient friction, the seat slid to the left beneath me, until the 
door on the passenger side of the automobile had moved far enough to the 
left to exert a centripetal force against my right shoulder.”

Are both explanations correct? Explain your answer in terms of both explanations.

Physics to Go
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 10. Race cars can make turns at 150 mi/h. What forces act on a race car as it 
moves along a circular path at constant speed on a flat, horizontal surface? 

 11. Why are highway curves that have radii that decrease as you go into them 
especially dangerous? In other words, curves that start out as gentle turns but 
become tighter and tighter as you get into them.

 12. In the United States, vehicles drive on the right-hand side of a two-lane road. 
If the curve bends to the right and you lose traction in the turn, would you 
end up in the ditch on your side of the road, or into the lane of oncoming 
traffic? What if the curve bends to the left?

13. Preparing for the Chapter Challenge

Write a few sentences telling your parents that you know how to apply the 
physics from this section to drive safely around curves. You should include 
information about why you need to slow down around curves in rainy or 
icy weather.

Inquiring Further
 1. Banking a curve 

Design an investigation to determine the effect of banking a curve on 
the speed at which the curve can be safely negotiated. After your teacher 
approves your procedure, conduct your investigation.

 2. Mass and speed on a curve 

Design an investigation to determine if the mass of an automobile has an 
effect on the safe speed around a curve. After your teacher approves your 
procedure, conduct your investigation.
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