How to Determine Initial Speed From a Skid Mark
Scenario
· Suppose a car is travelling along a road at an unknown speed. The driver hits the brakes and the car skids. 
· It is possible to estimate the initial speed of car by measuring the length of the skid mark and determining the coefficient of friction between the tyre and the road. 
· We will assume that the car skids in a straight line and that it comes to a halt at the end of the skid. 

Free Body Diagram
· First, let’s draw a FBD for the skid situation. 
· Assume the car is moving to the right, which we will take to be the positive direction. 
FN(floor)
Fg(Earth)
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· Clearly the net force in the vertical direction is zero. 
· In the horizontal direction the only force acting during the skid is the friction force. It points in the opposite direction to the motion of the car, slowing it down. 


Deriving the Equation
· Our goal is find a formula for vi. 
· We are given that vf = 0. 
· Since we know nothing about the time taken for the skid, we start with kinematic equation 3:


Setting vf equal to zero, taking 2ax over to the other side, and then square rooting both sides gives:
                 (1)

· x is found by measuring the length of the skid mark. 
· ‘a’ represents the acceleration (in this case, the deceleration) of the car during the skid. 
· We need to find a formula for ‘a’ to substitute into (1). 
· Note: ‘a’ will be a negative number because the car is slowing down. This will cancel out the negative sign in (1). 
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From Newton’s Second Law we know that:


Now, our free body diagram tells that the net force (in the horizontal direction) is equal to the kinetic friction force. (The negative sign is because the friction force is pointing in the negative direction.)


But we know that, for a horizontal surface, the kinetic friction force is:


Substituting (4) into (3), and then into (2) gives:


· Notice that mass cancels out. This is interesting! It tells us that once a car starts skidding, its mass is irrelevant. Only the coefficient of friction matters.

Now substitute (5) into (1):
  

· Equation (6) is the final formula. 
· In practice the coefficient of kinetic friction, k, is determined experimentally by dragging a tyre along the road. 
· This video shows how to do this (starting at 6:25): https://www.youtube.com/watch?v=dKCw0cfrvD8

