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ABSTRACT

Several aspects of magic square studies fall within the computations all universes.
Experimented computation has reverted patterns, some of which have lead to analytic
insight. With the aid of arithmetic modular and the properties of it, we get magic
squares, also we use the algebraic operations of matrices which are addition,
subtraction, multiplication, transpose, rotation, and reflection, then discuss the results
that we are obtained, the eigenvalues of these magic squares are also computed and we
get some magic squares with the same eigenvalues, the inverse of the magic squares
which are found by using arithmetic modular are also magic squares. An example with
order 3 of magic squareis given to explain our results.

Keywords: Magic Square, Odd Magic.
oailadl) (any aa Baa ) 8B aladiuly dga Al 4 ) ey yall Gl

AadAl)
il Led i aall bl sle 0S8 Leiliban g i amadl il jall e aalia o
ol Jsanll a5 caiiad s uall juaal) 3e i dsade @S ) ol lgiany 3320k
“._U.:A\}‘C).LJ\J‘@g\)aﬁw\@@ﬁg\aw\e\m\gus,@)MQL;‘_UA
8 el aadll Clisa a8 Lgale Jgumall ot Al ilail) LG8l a8 o((ulSai¥) g ¢ saill 5 o giall
oo sSaall a5 3 el ) i Ll (A A janil) ey jal) (s o Ulian 5 & il Sy yall
Lol oo boall lall alasials Ll a3 3l i jaal) ol o sSaa ey yand) cilas yall
AAN A5 1) e (g ma g el Jhey lil) i 55 &5 A pa Clay e

1203

hitps://doi.org/10.30684/et1.30.7.8
2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http:/creativecommons.org/licenses/by/4.0



mailto:Shatha.alnajar@yahoo.com
mailto:Nuha_64@yahoo.com
mailto:FuadHeety@yahoo.com
https://doi.org/10.30684/etj.30.7.8

. & Tech. Journal, Vol.30, No.7, 2012 Computation of Odd Magic Square Using
A New Approach With Some Properties

INTRODUCTION

agic squares have been studied for at least three thousand years, the earliest
M recorded appearance dating to about 2200 B.C., in china. In the 19" century,

Arab astrologers used them in calculating horoscopes, and by 1300 A.D.
magic square had spread to the west. An engraving by the German artist embedded the
date, 1514, in the form of two consecutive numbers in the bottom row, because the
concept of a magic sguare is so easily understood, magic sgquares have been
particularly attractive to puzzlers and a amateur mathematiciang3].

In recreational mathematics, a magic square of order n is an arrangement of n?
numbers, usually distinct integers, in a square, such that the numbers in al rows, all
columns, and both diagonals sum to the same constant.

Many research are discussed the construction of magic squares using different
approaches for example [1],[2]. Some of these methods are given in section 2.

In this paper, we give a new method for constructing magic squares depending on the
proposition of the arithmetic modular together with the operations of addition,
subtraction, multiplication, rotation, and reflection and discussed the results that we
obtained within an example on magic square of order 3. The eigenvalues of these
magic squares are computed, and the inverse of modular magic squareis aso found.

CONSTRUCTING OF ODD MAGIC SQUARE
In this section a method for constructing odd magic are given, which is the base of
our new method of construction. A method for constructing odd magic square are
given which are “The Gamma plus two method (I + 2)” are described as follows [1].
1. Placethe number 1 in the cdl immediatdy to the right of the center cdl. Go up
one cell and then go one to the right and place the number 2
“Up and to the right” is how the upper case Greek Gamma (I') is written, ergo
thefirst part of the name. Continue this “one up and one to the right” process.

2

2. After inserting M numbers, the ““ one cdl up and one cdl to the right” motion
will land you on a cell that already occupied
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3. When this happens, go back to the last entry, move two cells to theright, and
insert the next number.

4. Continueinserting numbersin cells “one cell up and one cell to onetheright”
until, after M numbers, you find the next cell that is occupied. At this point

you are back to step 3.
2 7 6
5 1
4 3

5. Continue the process until every cell of the squareisfilled.

FORMULATION OF THE NEW CONSTRUCTION METHOD

Our constructing of magic square depends on knowing only one magic square and
constructing all others according to it, from section 2 we get thefirst one.

Now, we discussed our purposed method using the following steps: For example
n=3, we have the magic square

N
~
(@)]

With sum equal 15

Step 1: Add to each element in the above magic squares the number 3, 6 (means a
multiple of n=3). And then take the modules with respect to n?which is equal to
32 =9, weget S; and S, respectively
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5 [1 |9
51= 3 |8 |4
7 |6 |2

5 9 |1

S= 7 |2 |6

3 |4 |8

Step 2: for each magic squares S, S, S, wetake the greatest number and add oneto it
and subtract from each element in the magic squares, then take the modulation with
respect to three, we get S5, S, and Ss

8 (3 |4
1 5 |9
S5 T 17 12
3 (7 |5
S,= (4 2 |9
8 16 |1
3 [7 |5
Ss= a4 2 |o
8 |6 |1

Step 3: For each of the above magic squares S, S, 5,53, S4, S5 making use of the
transpose for each of them, we get S, S, Sg,Sg, So, S10 and S;; which are

S6= 2 9 4 ,S7=

5 [3 [7

7 [5 |3 118 16

6 |1 |8 9 [4 |2
1206
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8161 8116
_ a1 2709 _ [3[5 7
Sg = Sy =
° 3715 ? 492

5 (7 |3 e 4 19
¢ = ¢ —|6 [8 |1

10 9 |2 |4 "7 3 |5

16 |8

Also taking thereflection (which means fixed the Medill column and change the other
one with each other) for S, S5, ..., S;; to obtain

6 | 7 ]2
S12=. 1] 5|09 Si3= 9| 4 |2
8 | 3|4 1] 8|6
5| 3 |7
41 318 6 | 18
Sia= 9| 5 |1 Sy = 71 53
21 7 1|6 2 1 9|4
Se= [1]9]5 Si7 = [ 181z
6 1 2 17 3]/ 814
s 1 2 12 51109

4 9 |2 S |13 1]7
Sig = 3 5 7 S19 = 1 8 | 6
8 1 6 9 4 | 2
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Sy =

Sy3 =

6 1 8
S$1 = 7 5 3
2 9 4
3 4 8
7 2 6
5 9 1

From the above we get the following general results:
1- Add to each element for the nxn magic square the multiplicity of naren,2n,...,
with the condition that the multiplicity is not greater than n?, or in < n? (for

i=1,2,...,n-1)

2- For each magic squares we take the greatest number and add one to it and subtract
from each elements in the magic squares, then take the modulation with respect to n,
that is (n2-i+1) modular 3 where (i) is the position of theterms.

3- For each of the obtained magic square we take the transpose, which is similar to the
transposition of the matrices, also we take the reflection.

PROPERTIES OF THE OBTAINED MAGIC SQUARES

1- Thenumber of the obtained magic squares is the multiplicative of 8.
Combinatorial speaking, when n=3, the number of magic squareis 24 and when
n=5, the number of magic squares is 40. First we get n-1 of magic square from
step 1 and n magic square from step 2, for the 2n magic squares we compute the
2n transpose, so we have 4n, then after reflection we have 4n, thereforein
general the number of the obtained magic squaresis 8n, where nis odd.

2- The multiplicative of any magic squares came from modular is equal to squares

1 1 1
1 1 1
1 1 1

All others are also magic squares.
All the obtained magic squares have the same magic values, by using a method for
finding eigenvalues and use the properties the magic square we have for n=3,

eigenvalues are 15, -4.899, 4.899.
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3- Theinverse (the same as inverse of matrices) of magic squares comes from the
modular is also magic squares but its value are not integers.
All the abtained computations are done using MATLAB software.
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_[2 77 Ts6 _ 5 |1 |9 _ 8 [4 3
o= 9 5 [1]'™7 3 [8 [4 |27 6 |2 |7
4 [3 |8 7 |6 |2 1 |9 |5
S3= (g 13 12 5 |9 |1 2 [6 [7
1 5 9 S, = 7 2 6 Ss = 4 8 3
6 |7 |2 3 14 |8 9 11 I5
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8 [6 |1
2 |9 |4 5 [3 |7 4 |2 |9
Se= 7 |5 |3 Sy= 1 |8 |6 | Sg= 3 |7 |5
6 |1 |8 9 |4 |2
8 |1 |6 > |7 |3 2 14 19
T 5 7 9 |2 |4 6 |8 |1
So= 4 9 [2 | Sw= [1 |6 [8 | Su= 7 (3 |5
1 5 9 513 -_ 4 8 3 514. - 7 2 6
8 |3 |4 >—T6 17 5 |9 |1
S15 = 4 3 8 S16 = 1 9 5 S17 = 7 6 2
9 |5 |1 6 |2 |7 3 |8 |4
2 |7 |6 8 |4 |3 5 [1 |9
T, . EER s s
Sig = 116 Si9 = 1 18 |6 S0 = 9 |2 |4
9 4 2 5 7 3
S21 = s 1 5 S22 = 3 - 5 S23 = 9 4 2
7 |5 [3 4 12 |9 L 3 10
2 |9 |4 8 |6 |1 > 18 |7
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