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What is a magic square?
The sum of the numbers in each row, column and main diagonal is the
same. An n by n magic square is said to be normal if the numbers used
to make the square are 1, 2, 3, ..., n2.

Shown below is a normal 4 x 4 magic square whose magic sum is 34.

16 2 3 13

5 11 10 8

9 7 6 12

4 14 15 1



There are other combinations of 4 numbers that add up to 34. How
many can you find?

16 2 3 13

5 11 10 8

9 7 6 12

4 14 15 1

A B C D

E F G H

I J K L

M N O P



Are there any other combinations?



Make a 3 x 3 magic square using the
numbers 1, 2, 3, ..., 9.



Make a 3 x 3 magic square using the
numbers 1, 2, 3, ..., 9.

Let S be the magic sum.
The sum of the numbers in row 1 is S,
the sum of the numbers in row 2 is S
and the sum of the numbers in row 3 is
S.

3S = 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9
3S = 45
S = 15

This is amazing that we know the magic
sum without making the square yet!



Let's find all the ways of making 15 using
3 of the numbers from 1 to 9.
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Let's find all the ways of making 15 using
3 of the numbers from 1 to 9.
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What do
you notice?



Let's find all the ways of making 15 using
3 of the numbers from 1 to 9.

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

The number 5 is the only
number that can be placed
in the middle of the square.



Let's find all the ways of making 15 using
3 of the numbers from 1 to 9.
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Are there are other 3 x 3
normal magic squares?
How do you know?



Starting at the number 1, move your
finger to the number 2, then to 3, then
to 4, all the way to 9. What patterns do
you see in the movement of your finger?

Use your patterns to make a 5 x 5
magic square.



8 1 6
3 5 7
4 9 2



1
5

4 6
3

2

8 1 6
3 5 7
4 9 2



1 8
5 7

4 6
10 3
11 2 9

8 1 6
3 5 7
4 9 2



17 24 1 8 15
23 5 7 14 16
4 6 13 20 22
10 12 19 21 3
11 18 25 2 9

8 1 6
3 5 7
4 9 2



17 24 1 8 15
23 5 7 14 16
4 6 13 20 22
10 12 19 21 3
11 18 25 2 9

Magic constant for a 5 x 5 normal magic square is 65



17 24 1 8 15
23 5 7 14 16
4 6 13 20 22
10 12 19 21 3
11 18 25 2 9

USE MATH TO MAKE MAGIC SQUARES



Coding project for your students!
Write a TI-Basic or TI-Python program that creates a magic square on
an odd by odd chessboard.



Doubly-even (4 x 4, 8 x 8, 12 x 12) magic squares are more difficult to
make than odd by odd magic squares. Singly-even (6 x 6, 10 x 10, 14 x
14) magic squares are very tough to make.

16 2 3 13

5 11 10 8

9 7 6 12

4 14 15 1

6 32 3 34 35 1

7 11 27 28 8 30

19 14 16 15 23 24

18 20 22 21 17 13

25 29 10 9 26 12

36 5 33 4 2 31

Magic constant is 111
Magic constant is 34



Determine the magic constant for an n x n normal magic square in two
different ways.

n magic constant S
3 15

4 34

5 65

6 211



Determine the magic constant for an n x n normal magic square in two
different ways.

Method 1

𝑆 = 0.5𝑛! + 0.5𝑛



Determine the magic constant for an n x n normal magic square in two
different ways.

Method 2 (same as before)

𝑛𝑆 = 1 + 2 + 3 + … + 𝑛"

𝑛𝑆 =
𝑛" 𝑛" + 1

2

𝑆 =
𝑛 𝑛" + 1

2



Let's think of a magic square as being a matrix. What are some
powerful questions that we can ask about these matrices?



Let's think of a magic square as being a matrix. What are some
powerful questions that we can ask about these matrices?

Is An a magic square where n is a positive integer?
Is A-1 a magic square?
Is the square root of a matrix a magic square?
Is eA a magic square?

There are too many questions to answer in a one-hour webinar. So let's
focus on odd powers of 3 x 3 magic squares/matrices.









If the inverse of a magic square/matrix exists, is it also a magic square?



Creating a new magic square from a magic square



One of Benjamin Franklin's magic squares



Two more powerful and radical questions.

Is it possible to calculate e to the power of a matrix? Is it possible to
calculate the square root of a matrix? If so, are they magic squares?

𝑒

! " #
$ % &
' ( )

8 1 6
4 9 2
3 5 7



A semi-magic knight's tour on an 8 x 8 chessboard

38 35 62 25 60 23 10 7

63 26 37 34 11 8 59 22

36 39 28 61 24 57 6 9

27 64 33 40 5 12 21 58

50 29 4 13 48 41 56 19

1 14 49 32 53 20 47 44

30 51 16 3 42 45 18 55

15 2 31 52 17 54 43 46



For over 150 years no one was able to find a magic knight's tour and no
one knew if it was possible.

The issue was settled on August 6, 2003 after an international team
determined that the answer is

NO



Coding project for your students!
Write a TI-Basic or TI-Python program that can be used by an individual
to record, save and edit attempts to make a knight's tour on
chessboards of different sizes.



This program was created by Ron Lancaster during two
connecting flights from Toronto to Singapore in 2001.

It was written entirely in the air on a TI-83 Plus. Revisions
were recently done for the TI-84 Plus CE to ensure the
text is displayed properly on the larger screen.















This is what the output looked like when the original 
program for the TI-83 Plus was run on the new TI-84 
Plus CE.  All the numbers appeared out of place and
were in the upper left corner.  The code in lines 224
and 225 adjusts the coordinates for the text so that 
the numbers are displayed in their correct cells.









Magic squares that will take your breath away...



17 171 126 54 230 100 93 264 145

124 66 290 85 57 168 162 23 225

216 115 75 279 198 29 170 76 42

261 186 33 210 68 38 200 135 69

50 270 92 87 248 165 21 153 114

105 51 152 150 27 207 116 62 330

138 25 243 132 58 310 95 63 136

190 84 34 184 125 81 297 174 31

99 232 155 19 189 102 46 250 108

This 9 x 9 square is additive and
multiplicative. The sum of the 9
numbers in every row, column and
main diagonal is the same. The
product of the 9 numbers in every
row, column and main diagonal is
the same.

What strategies would you use to
make another one of these additive
and multiplicative squares?

magic sum = 1,200
magic product = 1,619,541,385,529,760,000

Created by Gakuho Abe from Akita-ken, Japan in 1962.
Source: Mathematics on Vacation, Joseph Madachy 
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Bordered magic square created by Antoine Arnaud (1616 – 1698)
10 x 10, 8 x 8, 6 x 6, 4 x 4 magic squares!



5 22 18
28 15 2
12 8 25

The magic of Lee Sallows



five twenty-two eighteen
twenty-eight fifteen two

twelve eight twenty-five

5 22 18
28 15 2
12 8 25

The magic of Lee Sallows



five twenty-two eighteen
twenty-eight fifteen two

twelve eight twenty-five

5 22 18
28 15 2
12 8 25

4 9 8
11 7 3
6 5 10

The magic of Lee Sallows



Geometric magic squares created by Lee Sallows
https://en.wikipedia.org/wiki/Geometric_magic_square



Stamps issued by the People's Republic of China
https://www.theguardian.com/science/alexs-adventures-in-numberland/2014/nov/04/
macaus-magic-square-stamps-just-made-philately-even-more-nerdy



To download files from this presentation, go to
bit.ly/MAGICOFTI



Books

Benjamin Franklin's Numbers: An Unsung Mathematical Odyssey by Paul C. Pasles

Geometric Magic Squares: A Challenging New Twist Using Colored Shapes Instead of Numbers by Lee Sallows

Magic Squares and Cubes by W. S. Andrews

New Recreations with Magic Squares by William H. Benson & Oswald Jacoby

The Wonders of Magic Squares by Jim Moran

The Zen of Magic Squares, Circles, and Stars by Clifford Pickover



Websites

Magic Squares, Magic Stars & Other Patterns
http://recmath.org/Magic Squares/

Magic Square Lexicon by H. D. Heinz & J. R. Hendricks
http://recmath.org/Magic Squares/Downloads/Lexicon_Sample.pdf



Articles

Discovering the Magic of Magic Squares
Ingrid Semanišinová and Marián Trenkler
Mathematics Teacher, 101(1), 32-39.

Magic Squares: Discovering Their History and Their Magic
Dawn L. Anderson
Mathematics Teaching in the Middle School, 6(8), 466-471

The Magic of Balanced Groups: Educational Applications of Magic Squares
Michael J. Bosse, N. R. Nandakumar and Melanie L. Ore
Mathematics Teacher, 100(5) 329-337

The Most Magical of All Magic Squares
Frank J. Swetz
Mathematics Teacher, 94(6), 458-63

The Versatile Magic Square
Gale A. Watson, Gale A.
Mathematics Teaching in the Middle School, 8(5), 252-55


