Harvey Heinz   Mass  Model   - 2001

[image: image1.jpg]Atthe recreational level, they're fun for all ages, says Peter Loly of
the University of Manitoba.

Loly himseff has investigated the "physical” properties of magic
squares—treating the numbers of each such square as physical
quantities

A magic square is a square matrix drawn as a grid filled with
numbers. It consists of a set of integers arranged in the form of

square 5o that the numbers in each row, column, and diagonal
add up to the same total. If the integers are consective numbers
from 1 to n?, the square is said to be of nth order. The magic sum

itselfis given by n(n? + 1)/2

Suppose, for example, you interpret the numbers as masses. You
can then determine a magic square's moment of inertia about a
given axds of rotation. For any specific case, you obtain the
moment of inertia, ,, of a magic square of order n about an axis

atright angles to its center by summing mr? for each cell, where
mis the number centered in a cell and ris the distance of the
center of that cell from the center of the square meastred in units
of the nearest neighbor distance

You find that the mornent of ineftia, {,, abolt the square's certer
(an axis at right angles to the square) is twice the moment of
inertia about an axis of rotation along the center row or colurn

In general, you can show that, for order n, 1, = [2? + (n* — 1})/12

So,forn=3,1,=60;forn=

. 1,=340

"This is the only property of magic squares, aside from the line
surns, which is Solely dependent o the order of the square, n."
Loly and Adam Rogers note in a paper published in 2004 in the
Canadian Undergraduate Physics Journal.
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[image: image20.jpg]‘The idea for this novel magic square was sent to me by Craig
Knecht on Tune 5, 2001

‘This is an order-5 pandiagonal associated magic square
The mimbers in each cell are represented by metal washers
In this picture, the model is suspended from the ceiling to
llustrate the balanced nature of all magic squares

‘The 325 metal washers give this model a weight of almost 2
pounds
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Finding the moment of inertia for the magic square

#1.  the unit distance between the center of two cells on x/y axis  = 1

#2.  the entire mass of the cell is presumed to be located at the exact center of the cell

#3.  the contribution of each cell to the moment of inertia for the square is given by the formula … (distance from center) * (distance from center) * mass of cell

#4.  the distance from the center of the square is of course found by the illustration below

[image: image2.jpg]Pythagorean Theorem.

C=a+b




 #5.  in the above illustration … finding the contribution of cell a1 to the moment of inertia is as follows …     

 a = 2 ,  b = 2  ,  c * c  =  8   ….  

Moment of inertia for cell  a1  =   8 *  (value in cell a1) .
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figure above illustrates the  c *  c values for the inner shell
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figure above  illustrates the  c *  c  values for the outer shell

[image: image5.jpg]Order 5 Magic Square

- Moment of inertia of inner shell = 195 - ( center value * 3 )

- Moment of inertia of outer shell = 1105 + ( centervalue * 3)

The moment of inertia for the inner and outer shells is also a fixed value ...

related to the center value of the square
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- Moment of inertia of inner shell = 195 - ( center value * 3 )

- Moment of inertia of outer shell = 1105 + ( centervalue * 3)

The moment of inertia for the inner and outer shells is also a fixed value ...

related to the center value of the square
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GASPALOU’S PROOF

Theorem : in a 5x5 magic square

· moment of inertia of the inner shell = 195-(center value*3)

· moment of inertia of the outer shell = 1105+(center value*3)

Note : sum = 1300 (cf. Loly)

NOTATIONS

The cells of the magic square are called 

A1 A2 A3 A4 A5

B1 B2 B3 B4 B5

C1 C2 C3 C4 C5

D1 D2 D3 D4 D5

E1 E2 E3 E4 E5

PARAMETERS OF A 5x5 MAGIC SQUARE

We can take for example the 14 parameters A, B, D, E, F, G, H, I, K, M, U, V, X, Y.
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INNER SHELL

Moment of inertia = (B3 + D3 + C2 + C4) + (B2 + B4 + D2 + D4)*2



      = (2*A + 2*E + M + 2*U + 2*Y - 65) + 2*(130 – A – E – 2*M – U – Y)



      = 195 – 3*M

OUTER SHELL

Moment of inertia = (A1 + A5 + E1 + E5)*8 + (A2 + A4 + B1 + B5 + D1 + D5 + E2 + E4)*5 + (A3 + C1 + C5 + E3)*4

= 8*(A + E + U + Y) + 5*(65 + 3*M)

 + 4*(195 – 2*A - 2*E – 2*U – 2*Y - 3*M)

= 1105 + 3*M

Walter Trump  - March 2008

[image: image8.jpg]Notes on the Moment of Inertia I for magic order-5 squares
(Walter Trump, 2008-03-27)
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Loly proved a general formula for all m

C squar

. For order 5 he got 1=1300.
Note 1. Calculation of I without perpendicular axis theorem.

There are 6 sets of cells with equal factors for the moments of inertia,
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Let A=a; B=Zb; C=X

Moment of inertia: 1=0A + 1B + 2(

>1=(B+2C) +4(D +2F) )
With magic sum S = 65 we get

row 2+ row 4 + col 2+ col 4 =4S

SB+2C+ E=48 SB+20=4S - E @)

row | +row 35 +col 1 +col 5=4S

>D+2F+E=4S >D+2F=4S-E 3)
(2)and 3)in (1) =>1=4S —E + 16S —4E + 5E
>1=208=1300




[image: image9.jpg]Note 2. Moment of inertia for the borders (s
L=B+2C and L,=4D+5E+8F=4(D+2F)+ 5E

iz Knecht)
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Moment of Inertia …. Order 7 Magic Square

[image: image10.jpg]Moment of inertia for outer border held constant

m = value in center cell 5-6-08
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Your formulae are good only because the 2 squares you give have the same

sums
A2+ M5+ B +B7 +F1 +F7 + 62 +G6
A3+ A5 +C1+C7 +E1 +E7 +63 +6G5
(in fact they have the same nurbers in all these 16 cells)

Momentofineitla = 340.3%m 1 will send you the demonstration

1 found general formulae
=534+
12=19° +3A 51H
3= 36°5 +H + 47

Moment ofinertin. = 2173+3*m 1=86"3

with § = 175
A=D4

A2+ AB +B1+E7 +F1 +F7 +62+G6
H=A3+A5+C1 +C7 +E1 +E7 + 63 +G5

Moment of inertia fixed at 7287
Best regards
Francis




[image: image11.jpg]Francis Gaspalou 2008-05-09
NOTES ON THE MOMENT OF INERTIA FOR 7x7 MAGIC SQUARES
In March 2008, Walter Trump wrote a paper on the moment of inertia for 5x5 magic

squares.
The same method is applied for 7x7 magie squares.

Peter Loly found a general formula for all orders of m;

squares. For order 7, IM = 9800.

=

Note 1. Calculation of the moment of inertia IM without perpendicular axis theorem

There are 10 sets of cells with equal factors for the moment of inertia:
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LetA=a:B=Xb:C=X 3 Ti;=%j.
Moment ofincrtia = IM— 0A + 1B +2C + 4D + SE + §F + 9G + 10H + 131 + 18]

=> IM = (B +2C) +4(D + 2F) + S(E + 2H) + (G + 2J) + 131 )
With magic sum § = 175, we get:
row 3 +row 5+ col 3+ col 5 =4S

- B+2C+E+H=4S - B+2C=45-E-H @
row 2 +row 6+ col 2 + col 6 =4S

- D+E+2F +1=48 - D+2F=4S-E-1 3)
row 1 +row 7+ col | +col 7=4S
- GH+H+1+20=4S - G+21=4S-H-1 “@

(2).(3)and (4)in(1)=> IM=4S—E-H+4(4S—E—1)+5(E+2H) +9(4S - H- 1) + 131
= IM =568 = 9800





[image: image12.jpg]Note 2. Moments of inertia for the borders (suggested by Craig Knecht)
1 =B +2C and l=4D +5E +8F and 13 =9G + 10H + 131 + 18]
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Conelusion: for order 7, the moments of incrtia of the borders depend on S, A, Hand 1
(for order 5, they depend only on S and A).




[image: image13.jpg]Order 7 Magic Square
General Formula Moment of Inertia
For Borders .....
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Order 7 Magic Square
Moment of Inertia for the borders
Gaspalou 3-8-08
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Moment of Inertia
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*** Additional notes 

[image: image17.jpg]For 5x5 square:

If center cell changes by value of 1
= since center cell is at center of axis
its weight does not count

- if center increases by one, one must assume
that the peripheral wt decreases by 1

- it accomplishes this by decreasing the
3 border by z ... and increasing the
5 border by 1

- I do not find any variation of that change
for the 5x5 magic squares




*** I can’t remember if this came from a subset of order 7 squares . . such as associated/ pandiagonal or such  

[image: image18.jpg]Do you ever see this pattern vary for a 7x7 square...?
= when you increase center cell by 1, the 3 border
decrease by 2.5, the 5 border increases by 2 and

the 7 border decrease by 0.5





Goofing around …
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