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1. [bookmark: _Hlk511407293]When you push an object, that is in contact with a surface [1], the object will experience a force opposing its motion. This force is called friction [2].  On a microscopic scale, frictional forces are caused by surface roughness of the materials in contact [3] and attractive intermolecular forces [4]. 
1.1. See Storyboard

2. There are two types of frictions – static friction and kinetic friction [1]. Imagine you have pushed a box on a table [2]. Now, this is when static friction comes into play, opposing the movement of the box [3]. It could be overcomed by applying an external force [4] that eventually [5] moves the object when it exceeds the maximum static friction [6].
2.1. See Storyboard

3. The magnitude of the static friction force is equal to the product of the coefficient of static friction, or µs (pronounced: mu-s) [1], and the normal force, or Fnorm (pronounced: “F-norm”) that acts to support the box [2] … and is perpendicular to the interface [3]. In this case, since the box is on a level ground [4] the Fnorm is equal to … and opposite the force of gravity [5] which is mg [6]. 
3.1. See Storyboard

4. Another way to overcome the maximum static force is by increasing the slope of the surface [1]. At some angle,  (pronounciation) [2], the force pulling down the slope will exceed the maximum static friction force and the box will begin to slide [3].
4.1. See Storyboard

5. So, when the pulling force which is the force of gravity times the sine (pronunciation) of  [1], equals the maximum static force, which is µS times product of m, g, and cosine (pronunciation) of  [2], you can calculate the coefficient of static friction [3]. 
5.1. See Storyboard

6. Now, imagine when the applied force exceeds the maximum static friction [1], and the box starts sliding [2]. This is when kinetic friction – the other type of friction – comes into play [3]. 
6.1. See Storyboard

7. The formula for the kinetic friction force [1] is the same as the one for the maximum static force [2]. Based on experimental observation it always turns out that the maximum static force is greater than kinetic force [3]. Therefore, by rearranging the equation [4], and canceling out the common factor, Fnorm [5], you can see that the coefficient of static friction is always greater than the coefficient of kinetic friction [6].
7.1. See Storyboard

8. It is extremely important for automobile manufactures to study friction, as it allows tires to gain traction on a road [1]. Therefore, when it rains [2], the water and residual oils on the road [3]… significantly reduce the coefficient of static friction [4], making sliding and accidents much more likely [5]. 
8.1. [bookmark: _GoBack]See Storyboard

Learning Objectives:
What is friction?
What is kinetic friction?
What is static friction?
How do we calculate frictional forces?
What is the coefficient of friction?

	
Take-home points:
· What is friction? Friction is the force opposing motion or attempted motion of a body rubbing past a surface.

· What is kinetic friction? Kinetic friction is the force opposing the motion of one surface already rubbing past another; it’s the force you must apply to keep the object moving at a steady rate.

· What is static friction? Static friction is the opposing force of one surface on another surface, keeping the object at rest in opposition to an applied force that would cause motion. You must overcome this force to get the object moving.

· How do we calculate frictional forces? Frictional forces are proportional to the normal reaction force from the surface on the object, related by the coefficient of friction for static or kinetic friction.

· What is the coefficient of friction? The coefficient of static or kinetic friction is specific to the two surfaces in contact. The coefficient of static friction is almost always larger than the coefficient of kinetic friction.






