                     Chris Budd, University of Bath            

[image: image1.wmf]F

V

D

2

/

2

=


               Forensic Maths
                        A. Tomography and shadows
A1.   Solving a forensic problem is often like finding a shape knowing only its shadow. The problem with this is that the same shape can cast many different shadows from different directions.  Can you think of a shape which from three different directions casts the shape of a square, a circle and a triangle. Now find two different shapes each of which casts a square shadow.
A2.  Find out about tomography which uses the principle of casting shadows using X-Rays in medical imaging.  Investigate more about how CAT scans solved the murder of Tutenkhamun. 
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A3.  If you want to be advanced you can also find out about the Radon Transform, the Fourier Transform and how maths is used to deblur a photograph and in image processing. Try using PHOTOSHOP or similar to try blurring or deblurring your own photo.
                             B. Sudoku and similar problems
B1.   Find out about Latin Squares. How are they linked to Sudoku and who invented them?
[image: image5.jpg]



B2.  Try the Sudoku problems. Can you work out some strategies for solving a Sudoku problem?
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B3.  A milk deliverer delivers milk in trays which have 9 compartments arranged in a 3x3 grid. Each compartment can contain a milk bottle, a juice bottle, an empty bottle. These absorb respectively, 3,2 and 1  units of light. The deliverer can measure the total amount of light absorbed in each row and column of the tray and also along the diagonals. In a tray the rows absorb (respectively) 5,6 and 4 units, the columns 6,3 and 6 units, the top left-bottom right diagonal 6 units and the other diagonal 3 units. What bottles are in what compartments? 
Make up some similar problems of your own.
C.  Accident reconstruction
C1.    The stopping distance D of a car moving at speed V is given by
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   where F is the force applied by the brakes. Draw the graph of the stopping distance against speed for a given braking force. What happens to the stopping distance as the speed increases? If you double your speed, and don’t change your braking force, what happens to the stopping distance?


C2.   Draw a graph of the stopping distance against braking force for a given speed.  What happens to the stopping distance as the braking force increases? What happens to the stopping distance if you double the braking force?

C3.  The skid marks left by a car at an accident on a wet day are 100m long. The police know that on a dry day (when the brakes of the car apply twice as much force) a car travelling at 50km per hour stops in 30m. How fast was the car in the accident going?

D. The path of a bullet

D1.  As it is a bit dangerous to fire a bullet, experiment with throwing small balls into a waste paper bin. What shape is the path they travel on? Draw what you observe.  How does the shape depend on how hard you throw the ball and what angle you throw it at?
D2. Measure heights of 0.5, 1, 1.5, 2, 2.5, 3  metres above the bin. Drop the balls from these heights into the bin and time the fall. Plot the graph of the time of the fall against the height. The formula linking the time t to the height h is  
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 where g is the acceleration due to gravity. Work out g from your graph and compare it to the actual value of g = 9.8.

D3. A bullet is shot at a crime scene. Its path is a parabola. If x is the horizontal distance that the bullet is fired and y is its height,  the forensic scientists have worked out that 
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. Draw a graph of the path of the bullet. The bullet is shot from ground level when x=0 and y=0 and hits a wall 30m away.  Two bullets are found at the crime scene, one is 3m high and the other 7.5m high. Which one came from the gun?
E. Fingerprints and DNA

E1.   Fingerprints and DNA are widely used in forensic work. Do some research to find when fingerprints were first used in crime detection? How many fingerprints are held in the UK data base? How many points in common do two prints have to have for the police to think that they came from the same person?

E2.  Do some more research to find out when was DNA first used? What famous crimes have been cracked using DNA evidence? How likely is it that two different people have the same DNA profile? What is more reliable DNA or finger prints.
E3. The chance of a coin coming down heads is ½. What is the chance of a coin being tossed twice coming down heads both times? What about tossing a coin three times and getting heads each time? How many times would you have to toss a coin for the chance of it coming down heads every time to be the same as the chance that two people have the same DNA profile?
                F.  Forensic poison detection

	
	
	

	
	
	

	
	
	


F1. The water pipes in a town are laid out in a grid like the one above. The water starts flowing from a reservoir in the top left corner and always flows down and to the right. Each ‘corner’ in the grid represents point where the pipes meet. It takes water an hour to flow from one corner to the next. Plot arrows showing where the water is flowing in the pipes and work out how long it takes to get to each corner.

F2.  Poison has been released at some corner point in the grid, we know when it was released but we don’t know where.  The job of the forensic investigator is to find out. They do this by measuring the poison levels at the bottom right corner. Exactly 3 hours after they think the poison was released they detect it at this corner. Which points could it have been released from given this information? What other measurements could you make to exactly locate the source of the poison.
F3.  Use the Internet to investigate some cases where poisons or pollutants have been released and science has been used to trace their source. See also the Hollywood Movie ‘Civil Action’ starring John Travolta.
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