Problems and Investigations
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The Painted Cube
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A cube painted red on all sides.  The cube is then cut into smaller cubes as shown, forming a 3 x 3 x 3 set of smaller cubes.  How many of these cubes have no red faces? How many have 1 red face? 2 red faces? 3 red faces? 4 red faces? 5 red faces? 6 red faces?  Investigate further with 4 x 4 x 4 and other cubes (n x n x n).  
Reptiles(Adapted from Points of Departure 1)
[image: image7.emf][image: image8.emf][image: image9.emf]Squares can be fitted together to make larger similar shapes, so can trapezoids and other shapes as seen below.  These shapes are called reptiles.  Find other shapes that could be called reptiles.

Diagonal through a Rectangle

Find out how many squares the diagonal of a rectangle passes through.
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3 by 5 diagonal passes through 7 squares

4 by 3 diagonal passes through 6 squares

4 by 2 diagonal passes through 4 squares

Find a way to determine the number of squares that the diagonal passes through in any given rectangle.
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Extend to find the number of cubes passed through by the diagonal of a rectangular solid. 
Skewed Partition (Adapted from Points of Departure 1)
Take any number, for example 7.
Partition the number in all its possible ways (i.e. write all the addition expressions that add to 7).

Change the addition signs to multiplication signs and find the product.  Which is the greatest product?

	Partition of 7
	Multiplication
	Product

	1 + 6
	1 x 6
	6

	2 + 5
	2 x 5
	10

	3 + 4
	3 x 4
	12

	1 + 1 + 5
	1 x 1 x 5
	5

	1 + 2 + 4
	1 x 2 x 4
	8

	1 + 3 + 3
	1 x 3 x 3
	9

	2 + 2 + 3
	2 x 2 x 3
	12

	1 + 1 + 1 + 4
	1 x 1 x 1 x 4
	4

	1 + 1 + 1 + 1 + 3
	1 x 1 x 1 x 1 x 3
	3

	1 + 1 + 1 + 1 + 1 + 2
	1 x 1 x 1 x 1 x 1 x 2
	2

	1 + 1 + 1 + 1 + 1 + 1 + 1
	1 x 1 x 1 x 1 x 1 x 1 x 1
	1

	
	Greatest Product
	12


Try this for other numbers.

Can you find a general way of determining the greatest product without having to make the whole list of partitions?

Watch Out (Adapted from Points of Departure 1)
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Imagine a city whose streets form a square grid, the sides of each square being 100 m long like this.  New York City is somewhat like this.  Suppose that a police officer is standing at a street corner and that he can spot a suspicious person at 100 m.  so he can cover a maximum of 400 m of street length like this. 
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[image: image14.emf]If we have a single block with 4 corners we need 2 police officers to cover it. Two blocks in a row will need 3 officers.  

How many officers are needed for 3 blocks? 4 blocks? 5 blocks? (Remember to check all possible combinations.) Can you make general conclusions about blocks in squares? In rectangles? 
Investigate to see if you can find some rules.

Four Fours 

What numbers can you make using four fours and mathematical symbols? For example:
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Can you make all the numbers to 10?  Try using other start numbers.

Discs (Adapted from Points of Departure 1)
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Three circular discs have the numbers 6, 7, and 8 written on their respective tops.  There is also a number on the other side of each disc (not necessarily the same).

By throwing the discs in the air and adding the numbers on the faces that come up you can make the following eight totals:

15, 16, 17, 18, 20, 21, 22, 23

Can you work out what numbers are written on the other side of each disc?

Investigate totals produced by differently numbered discs.  Can you produce 8 consecutive numbers as totals? 
Explore combinations with 2 discs, 4 discs, etc.

Bracelets (Adapted from Points of Departure 1)

Start with two numbers less than 10 such as 1 and 5.  Make a bracelet of numbers like this:

1 -> 5 -> 6 -> 1 -> 7 -> 8 -> 5 ->

Can you see how the chain is made?  Continue the chain - what happens?

Choose different starting numbers and investigate what happens.

How many different chains can you make?

What happens if you use numbers in different bases? (base 4, base 7, etc.)
