Forensic Physics
Semester 1, 2019
Case Study: Crash Investigation Analysis


Value:  10%
Due Date:  Friday 24th May

· In this assessment your task is to use the laws of physics to analyse a car crash. 
· You will each be given a different crash scenario.  
· The rubric below will be used to grade your submissions. 



	Aspect
(weighting)
	Level 4
(max mark: 4)
	Level 3
(max mark: 3)
	Level 2
(max mark: 2)
	Level 1
(max mark: 1)

	Interpretation (5%)
	All aspects of the case study are interpreted correctly.  
	Nearly all aspects are interpreted correctly.
	A few aspects are not interpreted correctly.  
	The case study is substantially misinterpreted. 

	Variables (10%)
	All variables are clearly defined, and values are correctly assigned to them.  
	Nearly all variables are clearly defined with values correctly assigned.
	Some variables are not clearly defined and/or some values are not correctly assigned.
	Many variables not clearly defined and/or many values not correctly assigned. 

	Equations and Laws
(10%)
	All equations and laws are stated correctly.   
	Minor errors or omissions in statements of equations and laws.  
	Significant errors or omissions in statements of equations and laws.
	Major errors and/or omissions in statements of equations and laws.

	Diagrams (10%)
	Diagrams are clear and correct in all respects. 
	Diagrams are clear and correct in all but one respect.
	Diagrams are mostly clear and correct.
	Diagrams contain major errors and/or omissions.    

	Assumptions (10%)
	All assumptions clearly stated and applied correctly.  
	Minor errors or omissions in statement and/or application of assumptions.
	Significant errors or omissions in statement and/or application of assumptions.
	Major errors or omissions in statement and application of assumptions.   

	Calculations (30%)
	All calculations are correct and stated with correct units.  
	A few minor errors in the calculations and/or units. 
	Significant errors in the calculations and/or units.
	Major errors in the calculations and/or units.    

	Explanations (20%)
	All solution steps are clearly and correctly explained. 
	Nearly all solution steps are clearly and correctly explained.
	Some solution steps are clearly and correctly explained. 
	Major errors and/or omissions in explanations. 

	Conclusion (5%)
	Conclusion is stated clearly, concisely, and correctly. 
	Conclusion is mostly stated clearly, concisely, and correctly.
	Conclusion is stated somewhat clearly, concisely, and correctly.
	Conclusion is substantially lacking in clarity and correctness.   








Checklist for Crash Investigation Case Study

· The information provided is listed at the beginning of the case study.
· All variable symbols are defined.
· All assumptions are stated.
· All assumptions are assessed for reasonableness. Masses of vehicle occupants are estimated. 
· The Conservation of Momentum Principle is clearly stated in both word and equation form.  
· Subheadings are used for reading clarity.
· Intermediate calculations are recorded with many decimal places to avoid rounding errors. 
· Final numerical answers are stated to the appropriate number of significant figures. 
· Final numerical answers are converted back to km/h. 
· Summary sentences are included after each final answer. 
· Explanations are included throughout the analysis to guide the reader. 
· Case study ends with a concluding statement summing up the findings. 





The Skidmark Equation

Scenario
1. Suppose a car is travelling along a road at an unknown speed. The driver hits the brakes and the car skids. 
1. 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. 
1. 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
1. First, let’s draw a FBD for the skid situation. 
1. Assume the car is moving to the right, which we will take to be the positive direction. 
FN(floor)
Fg(Earth)
Ffk(road)





1. Clearly the net force in the vertical direction is zero. 
1. 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
1. Our goal is find a formula for vi. 
1. We are given that vf = 0. 
1. 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)
[bookmark: _GoBack]
1. x is found by measuring the length of the skid mark. 
1. ‘a’ represents the acceleration (in this case, the deceleration) of the car during the skid. 
1. We need to find a formula for ‘a’ to substitute into (1). 
1. Note: ‘a’ will be a negative number because the car is slowing down. This will cancel out the negative sign in (1). 




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:



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


