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What Is Friction?

• Force between contacting 
surfaces

• Opposes motion or tendency 
to move

• Always present in machines 
and daily life

• Can cause energy loss as 
heat

• Needed for walking, driving, 
braking
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Why Study Friction?

• Many machine parts rely on 
friction (brakes, clutches, 
screws)

• Must be considered when 
accuracy and safety matter

• Lubrication reduces friction 
and wear

• Situations when friction can 
be neglected: ideal

• Situations when friction must 
be considered: real
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Types of Friction

• Dry Friction

◼ Contact between unlubricated solids

◼ Caused by microscopic surface 
roughness

◼ Friction increases with applied load

• Fluid Friction

◼ Surfaces separated by a fluid film

◼ Depends on viscosity and relative 
speed

• Internal Friction

◼ Resistance inside materials during 
deformation

◼ Not the focus of this chapter 4



Dry Friction Basics

Friction Behavior

• Applied force increases → 
friction increases

• Motion begins at the 
limiting friction

• Before sliding:
𝐹 = applied force

• At impending motion: 
𝐹 = 𝐹𝑚𝑎𝑥
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Dry Friction Basics

Friction Behavior (cont.)

1. P = 0 → F = 0

2. P = F (𝐹 < 𝜇𝑠​𝑁)

3. Impending motion:
𝑭 = 𝑭𝒎𝒂𝒙 = 𝝁𝒔​𝑵
𝜇𝑠: coefficient of static friction

4. Motion starts:
𝑭 = 𝑭𝒌 = 𝝁𝒌​𝑵
𝜇𝑘: coefficient of kinetic friction
𝜇𝑘 < 𝜇𝑠

5. Velocity increases →
F decreases (slightly) 
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Dry Friction Basics
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Dry Friction Basics

Friction Angle

• At impending motion:
𝑭 = 𝑭𝒎𝒂𝒙 = 𝝁𝒔​𝑵

tan 𝑠 =
𝑭

𝑵
= 𝝁𝒔

𝑠: angle of static friction

• When motion occurs:
𝑭 = 𝑭𝒌 = 𝝁𝒌​𝑵

tan 𝑘 =
𝑭

𝑵
= 𝝁𝒌

𝑘: angle of kinetic friction 8



Types of Friction Problems

Category 1 – Limiting Static Friction (𝑭𝒎𝒂𝒙):

• Object is about to move (i.e. impending motion)

• Equilibrium conditions apply

• Use 𝑭 = 𝑭𝒎𝒂𝒙 = 𝝁𝒔​𝑵
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Types of Friction Problems

Category 2 – Condition unknown:

• Motion or no motion? We don’t know (at first)

• So what to do?

• First: assume equilibrium

• Second: find 𝐹 and compare: 𝑭 vs. 𝑭𝒎𝒂𝒙 = 𝝁𝒔​𝑵

a) If 𝑭 < (𝑭𝒎𝒂𝒙 = 𝝁𝒔​𝑵) → body is in static equilibrium ✔️
→ determine 𝑭 using eqns. of equilibrium (only)

b) If 𝑭 = (𝑭𝒎𝒂𝒙 = 𝝁𝒔​𝑵) → body is in static equilibrium ✔️
→ motion is impending → use equilibrium + 𝑭𝒎𝒂𝒙

c) If 𝑭 > (𝑭𝒎𝒂𝒙 = 𝝁𝒔​𝑵) → impossible condition! → body is 
not in static equilibrium → use: 𝑭 = 𝑭𝒌 = 𝝁𝒌​𝑵
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Types of Friction Problems

Category 3 – Kinetic Motion:

• Surfaces already sliding

• Use: 𝑭 = 𝑭𝒌 = 𝝁𝒌​𝑵
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Example: Impending Motion at All Points (W = 100 N)
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AA N3.0F =

BB N4.0F =
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NA



FA

FB

NB

100 N

BB

AA

N4.0F

N3.0F

=

=

FBD:

5 Unknowns

3 Equilibrium Equation

Plus:
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3 unknowns - NC , F, and x

3 equilibrium equations
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Neither sliding or tipping occurs. 

Crate remains in equilibrium.
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