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Abstract

During past years author worked with block-wise, bordered and block-bordered magic squares. This work make connection
between block-wise and bordered magic squares. We first constructed bordered magic squares of orders 140 and 126 multiples
of magic square of order 14. Based on these two big magic squares lower order magic squares are obtained. By lower orders we
understand that magic squares of orders 112, 98, 84, etc. The construction of the bordered magic squares multiples of 14 is based
on equal sum blocks of magic squares of order 14. We considered 46 different types of magic square of order 14. The advantage in
studying bordered magic squares is that when we remove external border, still we left with magic squares with sequential entries.
For multiples of order 4, 6, 8, 10 and 12 see author’s work [24, 25, 26, 27, 28]. The further multiples, such as multiples, 16, 18, etc.
shall be done in another works. This work brings examples only up to order 42. Higher orders examples can be seen in Excel files
attached with the work. The total work is up to order 140.
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1 Introduction
During past years author [3, 4, 5, 6, 7, 8, 9] worked with block-wise magic squares from orders 12 to 47. Author [10, 11, 12, 13, 14, 15] also
worked with bordered magic squares. The study on bordered magic squares is extended to block-bordered magic squares [16, 17, 18].
This is specially done for the magic squares of orders p and p, where p is a prime number. This study is still extended to block-wise bordered
magic squares [19, 20, 21, 22]. Some conection with Pythagorean triples and area-representations are also made [24, 25, 26, 27, 28]. The
main property of bordered magic squares is that if we remove external borders, still we get sub-bordered magic squares, i.e., each layer
in itself lead us to magic squares. In many cases, the properties of bordered magic square are seperated by even and odd orders magic
squares. In many cases, we get good properties for the even order bordered magic squares. In many cases, we have to use fractional
numbers entries, specially to reach minimum perfect square sum of entries. For more study on bordered magic squares refer H. White’s [1]
and H. Danielsson’s [2] web-sites.
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1.1 Summary of Bordered Magic Squares

1.1.1 Odd Numbers Multiples
• Single Digit: Bordered magic squares based on single digit [10, 11, 1].

• Three Digits: Bordered magic squares based on magic squares of order 3 [31].

• Five Digits: Bordered magic squares multiples of magic squares of order 5 [32].

• Seven Digits: Bordered magic squares multiples of magic squares of order 7 [33].

• Nine Digits: Bordered magic squares multiples of magic squares of order 9 [34]

• Eleven Digits: Bordered magic squares multiples of magic squares of order 11 [35]

• Thirteen Digits: Bordered magic squares multiples of magic squares of order 13 [36]

• Fifteen Digits: Bordered magic squares multiples of magic squares of order 15 [37]

• Seventeen Digits: Bordered magic squares multiples of magic squares of order 17 [38]

• Nineteen Digits: Bordered magic squares multiples of magic squares of order 19 [39]

1.1.2 Even Numbers Multiples
• Two Digits: Bordered magic squares based on magic rectangles multiples of 2 [79, 80, 68, 69, 69, 70].

• Four Digits: Bordered magic squares multiples of magic squares of order 4 [24].

• Six Digits: Bordered magic squares multiples of magic squares of order 6 [25]

• Eight Digits: Bordered magic squares multiples of magic squares of order 8 [26]

• Ten Digits: Bordered magic squares multiples of magic squares of order 10 [27]

• Ten Digits: Bordered magic squares multiples of magic squares of order 12 [28]

• Fourteen Digits: Bordered magic squares multiples of magic squares of order 14 [29]

• Sixteen Digits: Bordered magic squares multiples of magic squares of order 16 [30] (This work)
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The work on even number multiples is with equal sums blocks of magic squares. The work on odd number multiples is with different sum
magic squares.

This work brings bordered and pandiagonal magic squares multiples of 16. Previous version still remains online at the same place. Here
we have considered 25 different types of magic squares of order 16 including one pandiagonal. The examples are written only for orders 16,
32 and 48. Higher order examples can be seen in an excel files attached with the work.

2 Bordered Magic Squares Multiples of 16
Let’s consider following 24 magic squares of order 16.
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2.1 Bordered Magic Squares of Orders 144 and 128
Let’s consider following distributions of numbers 64 and 81:

Table: 9× 9 - 64 numbers Table: 10× 10 - 81 numbers
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2.2 Equal Sums Distribution for 8 × 8

It has total 64 numbers. Let’s consider following distribution of equal sums:

D1 := {1, 2, . . . , 128, 16257, 16258, . . . , 16384}; Total Sum D1 := 2097280
D2 := {129, 130, . . . , 256, 16129, 16130, . . . , 16256}; Total Sum D2 := 2097280
. . . . . . . . . . . .

. . . . . . . . . . . .

D63 := {7937, 7938, . . . , 8064, 8321, 8322, . . . , 8448}; Total Sum D63 := 2097280
D64 := {8065, 8066, . . . , 8192, 8193, 8194, . . . , 8320}; Total Sum D64 := 2097280

In a Table of order 8×8, total we have 64 numbers. Replacing numbers by magic squares of order 16 made from their respective distributions
as given above. This given us 64 magic squares of order 16 of equal magic sums. Replacing them according to above Table of order 9× 9, we
get magic square of order 128 multiples of magic squares of order 16. Since there are 24 magic squares of order 16, thus, we get 24 magic
squares of order 128. See the attached excel files for details.

2.3 Equal Sums Distribution for 9 × 9

It has total 81 numbers. Let’s consider following distribution of equal sums:

D1 := {1, 2, . . . , 128, 20609, 20610, . . . , 20736}; Total Sum D1 := 2654336
D2 := {129, 130, . . . , 256, 19405, 19406, . . . , 20608}; Total Sum D2 := 2654336
. . . . . . . . . . . .

. . . . . . . . . . . .

D80 := {10113, 10114, . . . , 10240, 10497, 10498, . . . , 10624}; Total Sum D80 := 2654336
D81 := {10241, 10242, . . . , 10368, 10369, 10370, . . . , 10496}; Total Sum D81 := 2654336

In a Table of order 9×9, total we have 81 numbers. Replacing numbers by magic squares of order 16 made from their respective distributions
as given above. This given us magic 81 magic squares of order 16 of equal magic sums. Replacing them according to above Table of order
9 × 9, we get magic square of order 144 multiples of magic squares of order 16. Since there are 24 magic squares of order 16, thus, we get
24 magic squares of order 144. See the attached excel files for details.
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In the magic squares orders 144 and 128, the distribution is considered in such a way that removing the external borders of order 16,
still we are left with magic squares of lower orders. Based on this idea, we shall give below some examples of magic squares up to order 48
derived from the above two big magic squares. For complete work see the attached excel files.

2.4 Magic Squares of Order 48
Below are three examples of magic squares of order 48 obtained from the magic squares of order 144. It is obtained by the application of
the formula a2 − b2

2 , a > b, i.e., subtract 1442 − 482

2 := 9216 from each entry, we get the following three magic squares of order 48:
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There are total 24 magic squares of order 48. The other can be seen in excel files attached with the work.

2.5 Magic Squares of Order 32
Below are two examples of magic squares of order 32 obtained from the magic squares of order 128. It is obtained by the application of the
formula a2 − b2

2 , a > b, i.e., subtract 1282 − 322

2 := 7680 from each entry, we get the following three magic squares of order 32:
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There are total 24 magic squares of order 32. The other can be seen in excel files attached with the work.

3 Pandiagonal Magic Squares Multiples of 16
The procedure to calculate pandiagonal magic squares is totally different from the one given above for bordered magic squares multiples
of 16. In this case we have to make separate distribution for each order of magic square. Reader can see this procedure in author’s previous
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works on orders multiples of 4, 8 and 12 [24, 26, 28].

In the beginning of previous Section 2, we have given 24 magic squares of order 16. But there is one pandiagonal magic square of order
16 not written there. Below is this magic square.

3.1 Pandiagonal Magic Square of Order 16
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3.2 Pandiagonal Magic Square of Order 32
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3.3 Pandiagonal Magic Square of Order 48

More pandiagonal magic squares of multiples of 16 are given in an excel file attached with the work.
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4 Author’s Contribution to Magic Squares and Recreation Numbers
For author’s contribution to magic squares and recreation numbers please see the links below:

• Inder J. Taneja, Magic Squares, https://inderjtaneja.com/2019/06/27/publications-magic-squares/

• Inder J. Taneja, Recreation of Numbers, https://inderjtaneja.com/2019/06/27/publications-recreation-of-numbers/
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