Activity 7:  Magic Squares



A magic square of order n is defined as an  n� EMBED Equation.2  ���n  array of integers from 1 to n2 such that the sum in each row , column, and main diagonal is constant.  The value of n determines the order of the magic square.  They are even�celled squares if n is even, odd�celled if n is odd.  Magic squares are used in the design of experiments in agriculture.



The sum of the rows, columns, and diagonals is called the magic constant



1.	Shown below are two odd�celled magic squares.  Determine a pattern for placing the numbers in the cells.  Note the positions of 1 and 2 in both and the relative positions of consecutive numbers thereafter.





	a.		8 	1	6			b.		X	X	1	X	X



			3	5	7					X	5	7	X	X



			4	9	2					4	6	X	X	X



										X	X	X	X	3

			Magic constant = 15

										X	X	X	2	X





	The Arule@ for completing a simple odd�celled magic square is Y



Place a 1 in the center box of the first row.

Move diagonally one box to the right and one box above.  This results in leaving the square; therefore move down that column and place a 2 in the last box in the column.

Move diagonally to the right and up and place a 3 in that box.

Since the next move diagonally to the right and up results in leaving the square, move to the left and place the 4 in the last box in that row.

Move diagonally to the right and up and place a 5 in that box.  This completes the first group of 5.

Since the next box on the diagonal is filled, move down to the box below the 5 and place the 6 to begin the next group of 5.  Notice that after completing each group of 5 (because this is a  5� EMBED Equation.2  ���5  square), it is necessary to move down and start the process over.

Continue the pattern until all boxes are filled.

Complete magic square (b) and find its magic constant.













2.	Shown below are two incomplete versions of the same even�celled magic square. 



			X	2	3	X					16	X	X	13



			5	X	X	8					X	11	10	X



			9	X	X	12					X	7	6	X



			X	14	15	X					4	X	X	1



	The boxes are numbered consecutively in the square on the left starting at the upper left-hand corner moving from left to right on the rows, and then eliminating the main diagonals of the square.  In the square on the left, the boxes are numbered consecutively starting at the lower right-hand corner and moving from right to left on the rows, and then eliminating the boxes not on the main diagonals of the square.



	a.	Combine the two versions to complete the magic square and find magic constant.



















	b.	What pattern exists for the elements on the main diagonals?







	c.	An 8� EMBED Equation.2  ���8 magic square follows the pattern for a 4� EMBED Equation.2  ���4 magic square 4 times over.  Divide the  8� EMBED Equation.2  ���8  square into four  4� EMBED Equation.2  ���4  quadrants; eliminate the diagonals of each of the four quadrants; apply the counting scheme described above to the entire  8� EMBED Equation.2  ���8  square.



		From the topY



				X	2	3	X	X	6	7	X

				

				9	X	X	12	13	X	X	16



				17	X	X	20     ��	X	X	��



				X	26	27	X  	X	��	��	X



			       (and so on downward until 8 rows are complete)



		From the bottomY



				X	��	��	X	X	��	��	X



				X	15	14	X	X	11	10	X



				8	X	X	5	4	X	X	1



				(and so on upward until 8 rows are complete)





Complete the 8 by 8 magic square if you wish.  If you do, notice that while the four  4 by 4 quadrants are not magic squares themselves, they do have some interesting patterns to investigate.











Page � PAGE �1�







Sequences








