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Goals for Chapter 5

• To use and apply Newton’s First Law

• To use and apply Newton’s Second Law

• To study friction and fluid resistance

• To consider forces in circular motion
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Introduction

• It’s not hard to state Newton’s 
laws well; how should we apply 
them to everyday situations?

• We can start with forces 
balanced, nothing moving 
(statics).

• Next, we’ll study unbalanced 
forces causing motion 
(dynamics).

• We’ll end Chapter 5 considering 
the role of forces in circular 
motion.
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Using Newton’s First Law when forces are in equilibrium
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1-D equilibrium—Figure 5.1

• Consider an athlete hanging on a massless rope.

• Follow Example 5.1.
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1-D equilibrium considering the rope—Figure 5.2

• If we re-did the previous example in a less ideal 
world?

• Refer to Example 5.2.



Copyright © 2008 Pearson Education Inc., publishing as Pearson Addison-Wesley

A crate on an inclined plane—Figure 5.4

• An object on an inclined plane will have 
components of force in x and y space. 

• Refer to Example 5.4.
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Consider a mass on a plane tied to a cord over a pulley

• You must draw two-free body diagrams.  The 
tension from the mass hanging is the same force 
that draws the cart up the ramp.

• Refer to Example 5.5.
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Beware incorrect free-body diagrams—Figure 5.6

• Only gravity acts on 
the apple.

• Refer to Figure 5.6 and 
Problem-Solving 
Strategy 5.2
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Straight-line motion with constant force—Figure 5.7

• Consider the sailboat mounted on an ice skate.

• Refer to Example 5.6.
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Consider motion against friction—Figure 5.8

• Earlier, we considered the effect of using “real” rope in 
a tension calculation.  How about friction at work in a 
problem that slides an object?

• Consider Example 5.7.
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Calculation of tension in an elevator cable—Figure 5.9

• The elevator mass is balanced by tension in the cable 
(that’s why they have that “maximum capacity” sign on 
the wall).

• Refer to Example 5.8.
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More adventures in the elevator—Figure 5.10

• The elevator allows riders to experience different weights 
(without dieting).

• Refer to Example 5.9.
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Acceleration down a hill—Figure 5.12

• If you grew up in the northeast, you could often ride on 
snow and ice in the winter using sleds, toboggans, even 
inner tubes and plastic sheets. 
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Watch for this common error—Figure 5.13

• A good “road sign” is to be sure that the normal 
force comes out perpendicular to the surface. 
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Multiple items in motion—Figure 5.14

• The same acceleration acts on every surface of your 
lunch tray (be careful to keep your food in place).

• Refer to Example 5.11.
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Two bodies with the same magnitude of acceleration

• A glider on the air track connected over a pulley to a 
falling mass.

• Refer to Example 5.12 using Figure 5.15.
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Frictional forces, kinetic and static—Figures 5.17 and 5.18

• Friction can keep an 
object from moving or 
slow its motion from 
what we last 
calculated on an ideal, 
frictionless surface.

• Microscopic 
imperfections cause 
nonideal motion.
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Coefficients of friction 
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Applied force is proportional until the object moves—Figure 5.19

• Notice the transition between static and kinetic friction.  
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Notice the effect of friction in horizontal motion—Figure 5.20

• Moving a 500 N crate has two parts: getting the 
motion to begin and then the effect of friction on 
constant velocity motion.

• Refer to Examples 5.13 and 5.14.
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The angle at which tension is applied matters

• As one varies the angle at which tension is applied, 
force spent overcoming friction and force lifting the 
object are interplayed. These components affect 
each other.

• Refer to Example 5.21.



Copyright © 2008 Pearson Education Inc., publishing as Pearson Addison-Wesley

Consider the toboggan ride two more times—Figures 5.22 and 5.23

• Consider the toboggan 
from Example 5.10 
with the ski wax worn 
off (nonzero friction).  
Refer to Example 5.16.

• Finally, consider the 
toboggan on a much 
steeper hill, 
accelerating.  Refer to 
Example 5.17.
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For the sport of skydiving, terminal speed is vital

• Figures 5.26 and 
5.27 illustrate the 
changes resulting 
from air resistance.

• Example 5.19 
leads us through an 
example of a 
falling body 
(literally).
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The dynamics of uniform circular motion

• In uniform circular 
motion, both the 
acceleration and force 
are centripetal.

• Cut the cord 
restraining an object in 
such motion and 
observe the object’s 
behavior without the 
inward force.
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Examining a misnomer—Figure 5.30

• People have adopted 
the pop-culture use of 
“centrifugal force” but 
it really results from 
reference frames.

• It is fictional and 
results from a car 
turning while a person 
continues in straight-
line motion (for 
example).


