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Goals for Chapter 5

• To draw free-body diagrams, showing forces on an individual 
object.

• To solve for unknown quantities using Newton's 2nd law on an 
object or objects connected to one another.

• To relate the force of friction acting on an object to the normal 
force exerted on an object in 2nd law problems.

• To use Hooke's law to relate the magnitude of the spring force 
exerted by a spring to the distance from the equilibrium position 
the spring has been stretched or compressed.
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Newton’s first law
Every object continues either at rest or in 
constant motion in a straight line,
unless it is forced to change that state by 
forces acting on it.

SUMMARY (also see page 121)
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5.1 Equilibrium of a particle

5



6

224 kg

Ans = T1 = 2,195 N  , T2 = 1,268 N  , T3 =  2,535 N 
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𝐹𝑥 = 0 = 𝑇3 cos 60 − 𝑇2

𝐹𝑦 = 0 = 𝑇3 sin 60 − 𝑇1

𝐹 = 0 = 𝑇1 − 224 𝑥 9.8

Ans = T1 = 2,195 N  , T2 = 1,268 N  , T3 =  2,535 N 

Draw a free body diagram for the O ring. Since the 
net force is zero write two equations.

Realize you have 3 unknowns.
You need another equation from the free body 
diagram of the engine.

Solve the equations.
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Example 5.6: 
2D 
acceleration
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Contact Force 
and Friction 

• We need to re-examine
problems we formerly did
as "ideal."

• We need to be able to find
frictional forces given the
mass of the object and the
nature of the surfaces in
contact with each other.

• There are two regions of friction:
1) when an object is sliding with respect to a surface → kinetic-friction force
2) when there is no relative motion → static-friction force
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The Microscopic View of Friction 

• A surface will always have 
imperfections, your perception 
of them depends on the 
magnification.

• The coefficient of friction (μ) will 
reveal how much force is 
involved.
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No Dependence on Surface Area 

• The normal force determines friction.
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Friction Changes as Forces Change –
• Forces from static friction increase as force increases while forces from kinetic 

friction are relatively constant.
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A Toboggan on a Steep Hill with 
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Example 5.10: Kinetic friction 

• You try to move a crate full of exercise equipment by pulling 
upward on the rope at an angle of 30° above the horizontal. 
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How hard do you 
have to pull to keep 
the crate moving with 
constant velocity? 
The weight of the 
crate is 500 N and mk = 
0.40 for this crate.

Ans T=188N
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http://phet.colorado.edu/en/simulation/forces-1d
http://phet.colorado.edu/en/simulation/friction

http://phet.colorado.edu/en/simulation/the-ramp
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PhET The ramp

http://phet.colorado.edu/en/simulation/lunar-lander

http://phet.colorado.edu/en/simulation/forces-1d
http://phet.colorado.edu/en/simulation/friction
http://phet.colorado.edu/en/simulation/the-ramp
http://phet.colorado.edu/en/simulation/lunar-lander


Hooke’s Law     5.4 Elastic forces
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k is also sometimes called 
the force constant
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𝐹 = 𝑘𝑥
F α x
F α k
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https://phet.colorado.edu/sims/html/hookes-law/latest/hookes-law_en.html

https://phet.colorado.edu/sims/html/hookes-law/latest/hookes-law_en.html


.
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An elastic problem

• A light spring having a force constant of
125 N/m is used to pull a 9.50 kg sled on a horizontal frictionless ice 
rink. The sled has an acceleration of 2.00 m/ s2.

• By how much does the spring stretch if it pulls on the sled
horizontally.

26Ans x=0.152m
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• This experiment works in your car, a bus, or even an 
amusement park ride!
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• This problem involves two interactive systems in a common lab experiment.
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5.5 
Forces in 
Nature
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