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Definition of Franklin Square

1) The entries are: 1, 2, 3, .... nz.-

2) The entries of every row and column add to a common sum called the magic sum:
A — 3
er'.s(nj = (0’ +n)/2
3) The entries in every half-row and half-column add to half the magic sum:
HFC(n) = (n3 +n)/4

4) The entries of the main bent diagonals and all the bent diagonals parallel to them, add
the magic sum:

Bci.:nj = ﬂ-fs.:n:,
5) The adjacent entries of every 2x2 sub-squares add the sum:

EXESSQ',:n) = 2(112 + 1

8x8 Franklin Squares

Daniel Schindel, Matthew Rempel and Peter Loly P determined that the 8x8 Franklin
Squares has 1.105.920 solutions; with 737.280 Semi-Magic (every main diagonal don't add
the magic sum) and 368.640 Magic (every main diagonal add the magic sum). The 368.640
Magic are also Pandiagonal (every secondary diagonal add the magic sum); solutions that I

corroborated in 2006 © -
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16x16 Franklin Squares

For the 16x16 Franklin Squares, also has been obtained Semi-Magic and Magic solutions:

200 217 232 249 d Z5 40 57| 7Z §9 104 121 136 153 1658 185
533 39 Za TOZ50 £231 Z18 199|186 167 154 135 122 103 290 71
198 219 Z30 251 6 27 33 59| VO 91 102 123 134 155 166 137
60 37 Z3 S 252 EE9 220 197|185 165 156 133 124 101 292 g9
201 218 233 245 9 =24 41 56| 73 55 105 120 137 152 165 154
55 42 Z3 10 247 234 215 202 (183 170 151 138 119 108 &7 74
203 214 235 246 11 22 453 54| 75 86 107 118 139 150 171 182
53 44 21 12 245 236 213 204|151 172 145 140 117 103 &5 7a
205 212 237 244 13 20 45 52| 77 &4 109 116 141 145 173 180
531 46 1% 14 243 238 £11 206 (172 174 147 142 115 110 &3 78
£07 210 239 242 15 13 47 50) 79 82 111 114 143 146 175 178
42 485 17 16 241 240 Z09 203 (177 176 145 144 113 112 &1 &80
198 221 228 253 4 =29 36 61| &5 53 100 125 132 157 184 159
g2 35 30 3 254 ZET 222 195(190 1463 155 131 126 95 94 &7
194 223 ZZ26 255 £ 31 34 63| A6 95 98 127 130 159 182 191
64 33 32 1 256 225 224 193192 16l 160 129 128 97 96 &5

Semi-Magic »

1 160 E26 127 Z27 126 4 157|161 224 66 63 67 6& 164 ZZ1
252 101 27 134 26 135 2495 104| 92 37 187 195 156 199 &9 40
29 132 254 99 255 985 32 129189 196 94 35 95 34 192 193
23z 121 7 154 6 155 229 124 72 57 167 218 1lee 219 &9 &0
9 152 234 119 235 118 12 149|169 216 74 55 75 54 172 Z13
244 1092 19 142 15 143 241 112| S84 45 179 Z0e6 173 Z07 J1 485
£1 140 246 107 247 106 24 137 (131 204 86 43 &7 42 154 Z01
£40 113 15 146 14 147 Z37 116 S0 49 175 210 174 211 77 52
17 144 242 111 243 110 =20 141|177 208 ©S& 47 &3 46 130 Z05
236 117 11 150 10 151 233 1z0| Y6 53 171 214 170 215 W3 56
13 145 238 115 239 114 16 145|173 212 78 51 79 50 176 209
248 105 23 138 22 139 245 108| 85 41 183 Z0:Z 182 Z03 85 44
25 13e 250 103 251 102 28 133 (185 200 90 39 91 38 188 197
228 125 3 158 2 159 225 128 68 61 163 =222 162 223 65 64
5 156 230 123 231 1:z:2 g 153|165 Z20 70 59 71 53 185 217
£56 97 31 130 30 131 Z53 100] 96 33 191 194 190 195 93 36

Magic 3

12x12 Franklin Squares

Cor A. J. Hurkens ?* determined experimentally by an exhaustive search in 3.5 hours with
a network of 50 computers in parallel; equivalent in one computer to a total computation
time of approximately 165 hours that the /12x12 Franklin Squares does not exist. No Semi-
Magic, no Magic!

A Partial Demonstration

The algebraic demonstration of the nonexistence of magic solutions for 12x12 Franklin
Squares and in general for the orders n = 8k + 4; is not complicated:
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1) In the Magic Franklin Squares, the quadrants are also magic; with diagonals that add

half of the magic sum:

a\ /b
c \d

/ AN

atb=a+c ; thenb=c
b+a=b+d ; thena=d

For any Franklin Square:

In a Magic Franklin Square:
atd=b+c = MS(n)
then:

a=b=c=d=Msg /2
2) In each main diagonal of a semi-magic or magic square of order n = 2k (k > 2) with the

entries of the 2x2 sub-squares that add a common sum, is verified two sets of alternate
entries that add a common sum:

As examples of this property, it will be demonstrated for the orders 4 and 6:

a) For a square of order n = 4:
Nip N1z Ni13 Nig
Npy1 Npo No3 INog
N31; N3z N33 34
Ngy1 Nap Ng3 Nag
Ni1 + N2 + N31 + Ng1 = Ng1 + Nygp + Ng3 4+ Nyg (1)
By the property of the 2x2 sub-squares:
Npi + N31 = N3 4+ N33 and Ngp + Ng3 = Npp 4+ No3 (2)
Replacing (2) in (1) and simplifying:
N1y + N2z + N33 + Ng1 = Nag + Nop + No3 + Nyg

Then:

Ni; + N33 = Moo 4+ N4y

-3-



For the other diagonal:

Nig + Nog + N3q + Nag

By the property of the 2x2 sub-squares:

Nog + N3g =

Ny + N3z and gy 4+ Ng3 =

Replacing (2) in (1) and simplifying:

Nyg + N22 + N3z + Nggq =

Nig + N3z =

b) For a square of order n = 6:

Niz
N2
Nz
Ny
Nsa
Ne1

Nio
No2
nNsz
Ng2
Ns2
Ne2

= Ng1 + Ng2 + Ng3 + Nyy (1)

Then:

nis
Nzs
nss
Ny3
Ns3
Ne3

Nig
N2y
N34
Ngg
Nsa
Ney

Nis
Nos
nN3s
Nys
Nss
Nes

Ng1 + No3

Nie
Noe
N3e
Nye
Nse
Nee

Ny + No1 + N31 + Ng1 4+ Ns1 4+ Ng1 = Ng1 + N2 + g3

By the property of the 2x2 sub-squares:

No1 + Ns1

Negy + Ngs

Nys + Nss and N3p 4 Ngp =

Ny2 + Nps and Ngz 4+ Ngg =

Replacing (2) in (1) and simplifying:

Ni1 + Nos + N33 + Ng3 + Nss + Ng1 = Ng1 + oo + 143

Ni1 + N33 + g5 =

For the other diagonal:

Then:

Nig + Nog + N3g + Nug + Nse + Ngg =

By the property of the 2x2 sub-squares:

Noe + Nse

Ngz + Ngs

Ng1 + Ng2 + Ne3

Ny2 + Nsp and N3 + Ngg =

Ny + Nps and Ngz + Ngg =
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Noo 4+ No3 (2)

Ng1 + Noo + No3z 4+ Nag

+ Nga + Nes + Neg

N33 + Ng3

Ng3 + Nyyg

+ Ngqa + Nos + Ngg

Noo + Nygg + Ngs

+ Neg + Nes + Neg

N3q + Ngg

Ng3 + Ngg

(1)

(2)

(1)

(2)



Replacing (2) in (1) and simplifying:
Nie + N22 + N3g + Ngg + N5z + Ngg = Ne1 + No2 + Ny3 + Ngg + Nos 4+ INge
Then:
Nie + N3g + Ns2 = Ne1 + Ng3 + T2s

3) For the hypothetical Magic Franklin Squares of order n = 8k + 4, the diagonals of the
quadrants add an odd number:

k n=238k+4 MS(H) MS(H)/z
0 4 34 17
1 12 870 435
2 20 4010 2005
3 28 10990 5495

4) For these orders, dividing the diagonal of the quadrants in two for to obtain the value of
the sets that add a common sum is obtained a fractional number, in consequence there is
not solution.-

For any 8x8 Franklin Squares is possible the following transformation ”:

Magic < Operation < Semi-Magic

For the /12x12 Franklin Squares: of the nonexistence of Magic solutions, can be inferred
the nonexistence of Semi-Magic solutions? Based in the following result, the answer is
negative:

20x20 Franklin Squares

The 20x20 Franklin Squares don't have magic solution however has been obtained Semi-
Magic:

1 398 £ 397 11 396 1z 388 14 38e| 15 387 13 389 5 390 4 3949 3 400
395 g 354 9 3585 10 3584 1§ 332 Z0|381 192 3583 17 391 16 392 T 393 &
6l 338 62 337 71 336 T2 328 74 326 | 75 327 73 3289 65 330 &4 339 63 340
335 65 334 69 325 70 324 78 322 80321 79 323 7T 331 76 332 67 333 66
gl 313 &2 317 91 316 92 308 94 306| 95 307 93 308 §5 310 &4 319 83 320
315 &5 314 &9 305 90 304 95 302 100301 9% 303 97 311 96 312 87 313 S6
221 178 222 177 231 176 232 168 234 lec 235 167 233 169 225 170 224 179 223 150
200 203 199 204 190 205 189 Z13 187 215|186 214 133 212 196 =211 197 Z02 195 Z0l
121 278 122 277 131 276 132 268 134 Zeo | 135 267 133 269 125 270 124 279 123 Z80
275 128 274 129 265 130 264 135 Z62 140|261 139 263 137 271 136 272 127 273 126
141 258 142 257 151 256 152 243 154 246|155 247 153 249 145 =250 144 259 143 Z60
£55 145 254 149 245 150 Z44 153 Z42 le0 | 241 159 243 157 251 156 Z52 147 Z53 146
181 218 182 217 151 216 192 205 194 206|195 207 193 209 1585 =210 154 219 183 220
240 163 239 1led 230 165 229 173 227 175|226 174 228 172 236 171 237 le2 2358 1el
101 295 102 297 111 296 112 Z83 114 286|115 Z37 113 =28% 105 =290 104 299 103 300
295 108 294 109 285 110 284 118 282 120|231 119 233 117 291 1le 2922 107 293 106
41 358 42 357 5l 356 52 345 54 346 | 55 347 53 348 45 350 44 359 43 360
355 45 354 49 345 50 344 53 342 o0 (341 59 343 5T 351 56 352 47 353 46
g1 373 22 377 31 376 32 368 34 366 | 35 367 33 368 Z5 370 24 379 Z3 330
375 28 374 29 365 30 364 38 362 40361 39 363 3V 371 36 372 27 3Y3 26

3)5)

20x20 Semi-Magic Franklin Square obtained by Huub Reijnders
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Conclusion
The magic squares of order n = 4k + 2 with 2x2 sub-squares = 2 (n° + 1) and
the Magic Franklin Squares of order n = 8k + 4, does not exist.
Question

The nonexistence of the 4x4 Franklin Squares is easily demonstrated ¥; now we have the
algebraic demonstration for the nonexistence of the Magic Franklin Squares of order
n = 8k + 4; then:

s possible an algebraic demonstration for the nonexistence of 12x12 Semi-Magic
Jranklin Sguares...?
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