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Friction
 Friction: Why does the ball roll down hill, but the box stays where it is?

Page 2
                        

Friction
 The force of friction always opposes the direction of motion (or of the direction the motion would be in the absence of friction).
 Depending on the circumstances, friction may be desirable or undesirable.
 Friction is a nice thing when walking and driving

Page 3
                        

Friction
 Normal forces are contact forces between objects normal to their surfaces
 a
 Block sliding down an incline
 W is the weight, force from gravity
 F, Friction force, is proportional to the normal force, NFree body diagram

Page 4
                        

Friction
 Types of friction:
 Static friction: when the frictional force is large enough to prevent motion
 Kinetic friction: when two surfaces are sliding along each other
 Rolling friction: when an object is rolling without slipping

Page 5
                        

FrictionThe frictional force is proportional to the normal force. For static friction:
 The constant μs is called the coefficient of static friction.
 The static frictional force may not have its maximum value; its value is such that the object does not move, and depends on the physical circumstances.

Page 6
                        

Friction
 For kinetic friction:
 The constant μk is called the coefficient of kinetic friction, and is usually smaller than μs.

Page 7
                        

Frictionwhat happens as the applied force increases: first, the static frictional force increases; then the kinetic frictional force takes over as the object begins to move.

Page 8
                        

4.6 FrictionThe coefficients of friction depend on both materials involved.

Page 9
                        

Friction
 This form for the frictional force is an approximation; the actual phenomenon is very complicated, involving microscopic and atomic interactions.
 The coefficient of friction may vary somewhat with speed; there may be some dependence on the surface area of the objects.
 Also, remember that these equations are for the magnitude of the frictional force – it is always perpendicular to the normal force (why?)

Page 10
                        

Friction
 Air resistance is another form of friction. It depends on an object’s shape and size, as well as its speed.

Page 11
                        

Friction
 For an object in free fall, as the force of air resistance increases with speed, it eventually equals the downward force of gravity.
 At that point, there is no net force on the object, so no acceleration, and it falls with a constant velocity called the terminal velocity.

Page 12
                        

FrictionThis figure shows the velocity as a function of time for a falling object with air resistance.

Page 13
                        

ReviewA force is capable of changing an object’s state of motion; that state of motion will change if and only if there is a net force on the object.
 Newton’s 1st law: In the absence of unbalanced external forces, an object’s velocity will not change.
 Newton’s 2nd law:

Page 14
                        

Review
 Newton’s 2nd law holds separately for each component of the force and acceleration.
 In our world, there are three dimensions and so there are three components for every vector.
 Very often we can ignore one component because nothing interesting happens in one of the three dimensions, then:

Page 15
                        

Review
 Newton’s 3rd law: For every force, there is an equal and opposite force (reaction force) acting on the other object.
 To analyze and solve mechanics problems, it is generally a good idea to make a free body diagram, showing all forces on an object
 Being clever with your choice of coordinate systems can make problem solving easier

Page 16
                        

Review
 Friction is the resistance to motion that occurs when different surfaces are in contact.
 Static friction:
 Kinetic friction:
 An object falling in air experiences air resistance; this resistance increases until the object reaches its terminal velocity.
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