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In this paper we suggest to break down natural numbers, P, in two coefficients, i/ and j, reported to
their subscript N which is defined by the equation P=6N * 1; iand j are defined by an other equation,
N=6*|i| * || £ (i £j). N is a natural whole number but i and j are not necessarily natural whole numbers.
They could be irrational. By using such unusual approach of number theory, we would propose a simple re-
lation between two square numbers as a necessary condition for any prime number. We would like to suggest
that such relationship could be looked as a corollary of the last Fermat’s theorem.
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INTRODUCTION

According to A. Maisseu and B. Maisseu [1], for
any number P € Fp, having the form P = 6N % 1, it is
possible to find iand jsuch that N=6 *| * | = (i £/). This
rule implicitly assumes that i and j are natural num-
bers:

i,je Z=1{-3,-2,-1,1,2,3,4,..}.
i and j are called the coefficients of subscript Np, of a
number P:

* When i/ and j are natural numbers, strictly ratio-
nal, Pis a composite number;

* When i/ and; are irrational, P is a prime number.

We have S=i=xj, et IT=i]*|j.

According to the relation between the sum and the
product of the roots of the equation of second degree

N=6I1%S,
i andj are the roots of the second degree equation.
X2 —SX+1I1=0.

With A called the determinant of such second de-
gree equation

A=52—411>0

there comes the condition for P to be a prime number
which is proposed below.

1. THE FUNDAMENTAL EQUATION

All prime numbers, P > 3, can be written in the
form

P=6Nt1

with N, called suscript of the number P, defined by the
equation:

P=(+1)mod 6.

However, not all numbers having this form are prime
numbers. This family of numbers, Fp, hence compris-
es all prime numbers and composite numbers.

2. TWO SUB-SETS %, AND %,

The prime and composites numbers defined by the
equation P=6/N % 1 can be broken down into two sub-
sets.

1. &, for P= 6N — 1, i and j have different signs;
their product is negative, I1(i, j) <0.

2. Fyy for P= 6N + 1, i and j have the same sign;
their product is positive, I1(Z, j) > 0.

Each of the two sub-sets can be broken down into
six sub-families.

2.1. Fy: P= 6N — 1; i andj have different signs;
@G, ) =i*j<0
The six sub-families of %, are:
21.1. Pe Fy[-1] with P=(-1)+ k*36 > P=
= (—1)mod 36 > N=0mod 6

PIN[T| J [A|P=9A—»52|X=6i—1|Y=6j+1
—1{0[Jo|=v0[ 0| 0=0—12 |JOo*6)—1|(O*6)+1
3506 1| —1 (22| 35=62— 12 5 7

TH1212| 2] 8| T1=72—12 |2*6)—1|(v2*6) + 1
107|183 | —/3| 12| 107 =108 — 17 |(/3* 6) — 1| (W3 *6) + 1
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143(241 2 | =2 |16 =122_12 11 13 _
3= 263|44|(1 +/8)|(1 — /8)| 32| 263 = 288 — 5 [L;”/gl] [16;@1]
179130( /5| —/5[20[179=180 — 12 |(N/5*6) — 1| (/5% 6) + 1 . — -
2 4 -2 =182 _ 1 2
215(36 1| -7 [82[a15=242— 197 5 43 99|50 62299 182 52 3 3
335[56 1 —11 (124|335 =36° — 31 5 67
251142|\7 | /7| 28|251 =252 — 12|(\J7 *6) — 1| (/7 *6)+1
ile2| -1 9 |102371=302-233 7 53
287(48| 7 | —1 |82 |287 =242 — 172 7 41
40768 2 —6 82 1407 = 242 _ 132 11 37
323(54| 3| =3 |62]323=182—12 17 19
aso...
359(60 |10|—10[40 [ 359 = 360 — 12 |(+/10 * 6) — 1{(+/10 * 6) + 1
wsleel 1153 [adlhos— o w2l % 214. P € Fy [17] with P=17 + k * 36 —» P=
147395 =42"— 37 =17 mod 36 » N=3 mod 6
431|72 — 481431 =432 — 12 *6) — *6) + : :

V2|12 12*6)—1|(12*6) +1 T i A [Poa 2] X Y

aso...
. 173 3 0 32 | 17=92_82 | 6*8—1 | 0*0+]1
212. P € Fy [5] with P=5+k*36 > P=
=5mod 36 - N=1mod 6 s3fo| O | O fi3=3 s3o g2 | B3| 13-V13]
V13)/2[V13)/2 |+ 4% 1 *3_1 | *3+1
= _ 2 =61 — =6i +
PINE T T AP =9A—o X=6i—11Y=6j+1 solis| OF | O =3 0o o BT 3-VIT)
s 1 0 1| s=52_72 1 5 V17)2|N17) 2|+ 4 %2 3.1 341
_ 125021 1 —4 2 =152 _102 5 25
al,| G a R a+5) | a-+5) 52 |125s=15>-10
V572 | 5)2 *3] *3 4+ ] 161127 4 -1 52 |161=152—§2 23 7
_ _q2 2 _
77 (13| 2 1 |9 77=92_2 7 11 197033 G+ | G 29 | 1972261 _ 82 13+29) | 3 -+29]
a+ | (- NE BV V29)/2(429)/2 *3-1 | *3+1
_ 2| A++13) | 1=+13)
113119 Bl n3=117-2

Y132/ 4132 ol T3l e O ] BT 1 g 233 = 297 — 82 [3++/331 13- 33]

a+ | a= T T V33)2[4/33)2 ¥3_1 | *3+1
14925 17( 149 = 153 — 22| ¢ ) | A—=V17)

N7)/2| 1772 i T3l wolas| CF 1 G 1y 269 = 333 — 82 [3++/371[13-+37]
185(31 1 —6 [21]185=212— 162 5 37 V37)/2|\37)2 *3-1 *3+1
01|37 3 2 |25 01 =152_22 13 7 30551 1 =10 | 112 [305=33%-282 5 61

_ 341(57| 2 -5 2 =212 _102 11 31
257043 1+ | 29| 257 = 261 _ 22 (1+429) | (1-+29) 77 341 =21"—10

V29)/2429)/2 *3_1 *3+1 377163 5 2 | 2 l377202_g2| 29 13

I+ a- V33 _33 413|69| 10 —1 2 =332_262 59 7

B3)33y2 [P TP e *3+1
329|55| 8 —1 |37(329 =272 _ 202 7 47 etc...

i = * =
ssleil 1 | o latlhesms? s 5 2.1.5. P e Fy 23] with P=23 + k* 36 > P=

ar az = N =23 mod 36 - N=4 mod 6

\/E)/Z\/E)/Z 401 =405 -2 %31 £3+1 P |N 1 ] A P_QA_}!’ X Y

23| 4 4 0 42| 23=122_112 23 1
aso...
213 . Pe F [ with P=11+k*36 o P= 59|10 2445|2520 s0=150_112| C+¥9 [@=V5)%6
*6—1 +1
=11 mod 36 > N=2mod 6
9516 1 -3 (42| 95=122_72 5 19
P[N| i J |AlP=9A—% X Y
_ o @+V7) | @=+7)
a5 0 |2 1o 3 | " 131122| 2447 |2-+/7 |28|131 =252 11 e el
47|81 +42)1-v2)| 8| 47=72-5? [1+321 | 1-421 167(28] 2+ V8 |2— 48 |32|167 = 288 - 12| @+ V8) | @=V8)
*6—1 *6+1 *6— 1 £6+ 1
_ 2 _ 102 2
83 [14|(1+/3)|(1 = V3)| 12| 83 =108 — 52 [i;“/?] [16_;/?] 284 b|eTjp03 =187 1 2 ’
~ _ 2| @++10) | @=+10)
molol 3 2?5 p 7 2391402 + /10 [2 — V10[40[239 = 360 — 11 o] o
155|26 1 =5 62 155 = 182 — 132 5 31 275|46 2 —4 62| 275=182_72 11 25
1911321 + V6)|(1 = v6)| 24| 191 =216 — 52 [iZ:/—?J [ig{?J 3111522 + 412 |2 — V1248|311 =432 — 112 (2*2‘_/?) (2*_6:{?)
227|381 +7)|(1 — 7)| 28 [227 =252 - 57 [igﬁ] [ig;/?] 347|582+ V13 |2 — V13|52 [347 = 468 — 112 (2*2{?) (2*‘62{?)
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383(64 |5 + vId | 14| 56[383 = 504 112 @ V14) | @=14)
*6—1 *6+ 1
41970 |2 + V15 | — V15160419 = 540 — 112 (2;;\@) (2*76:{?)

etc...

21.6. Pe ¥, [29] with P=29 + k* 36 > P=
=29 mod 36 > N= Smod 6

54| —11 | =1 |10%| 325=35%-30? 65 5
361(60| 3 3 10%2| 361=19%—02 19 19
6+ 16— V27 V27|
397/66 10812097 — 272 7% 2¢ | (6 FN27) [(6—+27)|
\/ﬁ \/ﬁ 397 =37 27 * 36 f6+1 641
6+ | 6
433(72 104|433 — 372 _ 2 + 36| 6 + ¥26)* (6 +326)|*
\/% \/% 433 =37 26 * 36 641 641
aso...

PNl i i |Alp=9A—?| X Y 222.P e Fyy [T with P=(7) + k*36 > P=
29 |5 5 0 2 29=152_142 29 1 =7mod 36 - N=1mod 6
65 11| 1 2 [32] ¢5=92_42 5 13 P |N| i J A P=%-9A X Y
G+ | G- V33 ~J33 71| 1 0 | 1| 7=42_9=x 7 1
10117 33| 101 = 297 _ 142| G+ V33) | 5—+33) 7=4-9%1
B3y |33y | T2 s *3+1 s
G+ | G- 5 | 3 #3170 | =7 17 a3 = 42— g v 17| (-3 HVITD (=5 = 17)
7023 37| 27— 2va 2| G+ | 5=37) 17)/ =142 —9x17|15 7 )
NN R REE el A et SN2 3-1 3-1
G+ | G- Jan L val (—5+ ]| (=5— s V015 — V3
173 |29 41 —apg_ 142| G VAL | (5—~41) 79 [13 13 |79 = 142 _ g % 13|(=3 T V13D [(I=5—V13])
Va2 [Vanyp| T [PT3O-1T s *3+1 N Y R ] R S *3-]
209(35 2 -3 |52] 209 = 152 — 42 11 19 1519 —1 —4 32| 5= 142,92 5 23
45141 6 | -1 |7%245=21> 147 35 7 is1as] T 5 g 2 a2 g e | (5 V3D [ (=5 =5)
G+ | G- s+953 | 5_¥53 52| 5)2 *3-1 | *3-1
281 |47 53|281 =477 — 142 )|« ) SR
V353)/2 [33)2 *3_1 | *3+1 18731 =2 | =3 | 1| 187=142—3 11 17
G+ | G- 5 | v 1+ (=11 = 14480011 V5o
317|53 57| 317 = 513 142 | G VI [ G=V5T)  op3037 89 |79 — 192 _ g% go| (11 V8ID|(~11-v89)
V2 |Vanye” [P T g | sy V8928 2| T PP T T sy *3-1
5+ 5— 2 — a2 2
353159 ( ( 610353 — 549 142 +61) | 5—+61) 259143 1 6 521259=222_15 7 37
Je1y/2 |Ve1)/2 *3-1 | *3+1 295(49] —1 | —10 |92 |295=322_272 5 59
G+ | 6= J65) | (565 T ey
389(65 65]389 = 585 — 142| O+ V02 1 5 ~V69) (T 77 g — 12 g 2o|(CITHNTTD|(-11=477)
V63)/2|65)/2 -1 3tl NCEAYe i Yo I A ] R SO B R
95|71 3 —4 |72 425=212_42 17 25 _ ET
s67061] o [T T g g2 32 g s g3l (R HVT3D|G-11=T3)
V73)2[V73) 2 *3_1 *3_1
2.2. Fyy: P=6N + 1; i and j have same sign; 40367 2 5| 32| 403=22"-9? 13 3
I1(G, /) =i*j >0 A4S0

The six sub-families of %, are:
221. Pe Fyy [1]with P=1+k*36 > P=

2.2.3. P e Fyy [13] with P=(13) + k* 36 > P=
=13 mod 36 > N=2mod 6

=1 m N=0m .
0od 36 > 0 mod 6 PINI i J |A|P=%—9A X Y
P [N| i J AP 9A +')$ X Y 1312 2 0 22 13:72_62 13 1
_ 12 2
110 0 | 0 |0] 1=12_9%9 1 1 9|8 1 1 |0 49=72_32 7 7
2 _ 102 2
37061 6 | 0 |62]| 37=192—9%6 37 1 85(14) =3 | —1 |22] s5=112—-¢2 7 5
3+ [3-
7o 32| 732192 _ge3e | BTVB) [ 138 201200 =2 | =2 |42| 21=1%-32 1 1
\CBRE AN B 8+ [ (8- J52) 852
FR e 157126 52 —932 _ o= ‘(_8+ 52)| |(_8_ 52)|
109] 18 28 | 1092192 7736 | GV | 1G=T)] 52)2|V52y| |7 BT 0T s *341
o1 |22 — 2 2 19332 48 193 =252 _ g » 4g|(8 TVAB) (=8 —48)|
145024 =5 | -1 [ 42| 45=172-12 29 5 JagyalVagy 2| 1T T st
3+ [3-
3+45) | 16 -5) (-8+ | (-8—
18130 20 | 181=192—5%36 | ¢ 2290 38 441900 2 o4 g4|l—8+~/A4)|[(—8—~/44)
\/g \/5 *6+ 1 *6+ 1 m)/z m)/2 229 =25“—-9*44 %341 ®34 ]
2 _ 102 2
27(36| 5 | 1 | 42| 27=192—12 7 31 265(44| -9 | —1 |g2|265=292_242| 53 5
. _ 2 _ 172 2
253142 —4 | =2 | 22| 253=172—6 23 11 301[50| 7 1162 |301=252-182| 43 7
289(48| =3 | =3 | 02| 289=172—_0? 17 17 et (s
397]36) 7 10 1523372552 - g g8+ 32) -8 -V32)
325054 4 | 2 | 22| 325=192_¢? 25 13 V32)/2|V32)/2 341 3+
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-8+ | (-8— — 372 542

362 ¢ 28 |373— 252 g+ 258+ V28)][-8—/28) 1|9 |8 385=31"-24 7 33
m)ﬂ @)/2 *3+1 *3+1 _2 —6 | 2| 385=23%_ 122 11 35
S —8++24)[(—8—~24 (—4+| (—4—

409 68 24 409 = 752 _ ¢ % 5all8+F V24 [(-8—~24)| o2 ann | (43 [ (—4=13)
V2ayaNaayn| T [OTEITA G T s RO By | 5y [P B-2 T

aso ... aso..

2.24.P e Fyy [19] with P=(19)+ k*36 > P=
=19 mod 36 > N=3mod 6

P(N| i J OJA|P=x2-9A| X Y
193 3 0 [32| 19=10%-92 19 1
5509 -1 -2 | 1| s55=82_32 5 11
91 [15| 1 2 1| 91=10%_32 7 13
O+ | o= 7 s
12721 73 _ 02 _gxa| OFNT3) | (9—~T73)
\/ﬁ)/Z \/ﬁ)/Z 127=28°—-9%*73 341 341
O+ | o= 76 76
16327 69 _ 2 _gxeol OFV69) | (9—69)
V69)2(V69)2| " |13 THE IO s s
Or 1 0- J63 J63
199(33 65 _ a2 _gugs| OFN65) | (9—~65)
\/@)/2 \/%)/2 199 =28“—9*65 £341 £341
3539 —1 | -8 |72|235=26>-21%| 5 47
Or 1 0- J57 J57
271|45 57|71 — 2 gwer| OFNST) | 9=+57)
N NG Y R i Ll I *341
O+ 1 0~ J53 J53
30751 55 207 — 72 gw<z| (9T V53) | (9—+53)
33)2|V53)2 |7 P TN s *34+1
343)571 1 8 |7%]343=282-212 7 49
O+ | o= 735 N
379(63 45 270 — 12 _gx4e| O+ V45) | (9—~45)
asya|Vasyn| TR TS s T | st
415169 —1 | —14 132|415 = 442 — 392 5 83
aso...

2.2.5. P € Fyy [25] with P= (25) + k * 36 » P=

=25mod 36 > N=4mod 6

P IN| i J |A| P=»2—9A X Y
25141 0 | 4 |42 25=132 - 12? 1 25

61 (10 i R 521 61=232_9%352 (_4+\/E) (—4—\/E)
Ji3) | V13) *6—1 *6— 1

(—4+|(-4- B N

32 (—4+12) | (=4 =+12)

97 |16 ) | vi2) 48197=23"—9xag | T A
133122 1 30(2%] 133=132—¢? 7 19
169 28| 2 2 |0|169=132-9%0 13 13
205(34| -1 | =7 |6*| 205=23%— 182 5 41

(—4+][(—4— A 7

241 |40 32|94t = 932 _ g 35| (4T V8) | (—4—~8)
% | &) 241=23% -9+ 32| 0 e

(—4+|(-4- NN PN

277 |46 28 — 32 _gxog| (FATNT) [ (=4 =~NT)
9 | ¥ 277 =232 —9%28| 1" e

(4 +|(-4- % %

313 |52 24313 = 932 _ g% 9| (4T VO) [ (=4 —~6)
% | ¥6 313=237—9*24| Y A

(—4+|(-4- NG NG

349 |58 20 (349 = 232 _ g x 20| 4+ V) [ (=4 =+5)
3y | V5) ? ? *6—1 *6- 1
385(64] —1 | —13 [12?| 385 =412 367 5 77
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2.2.6. P e Fy [31] with P=31)+ k*36 - P=
=31 mod 36 - N=5mod 6

P|N| i J |AlP=x%2—9A X Y
35| 5 0 |52[31=16—9%*25 31 1
T 7437 | (7 BT
67 (11 37(67=202—-9%*37 =7+ | I )|
37)/21337),2 *3_1 *3_1
[ B3|l
103(17 33|103 =202 — 9 33| (=7 +V33) | (=7 —=~33)|
V33)/2[433),2 *3_1 *3_1
7+ 7= V29 | [(=7=+29
139|23 291133 =202—-9%29 =7+ || I=7— )|
V29)/2(v29),2 *3_1 *3_1
175)29] -1 -6 [52]175=202—-9%25 5 35
29 1 4 |3P|175=16-9%9 7 25
(74| 7= V21 7-21
21135 21| 211 =202 — 9 %91 | 7 HV2DI | (=7 =~21)|
V21)2N21) 2 *3_1 *3_1
247/41| 2 30|12 247=162—9*1 13 19
A Relie VI3 | (713
283|47 13|283 = 202 g+ 13| =7 VI3 | (=7 =V13)|
V13)/2|N13),2 *3_1 *3_1
319|53] -2 =5 |3%|319=20>—9%9 11 29
35559 —1 | —12 |11%355=382—9* 121 5 71
391165 -3 -4 [12]391 =20%—1%9 17 23
27171 1 10 [92|427=342—9%8] 7 61
aso ...

2.3. Such relations are insufficient for qualifying prime
number

It is easy to check that these relations are insuffi-
cient to check the quality of any number as prime or
composite.

3. SOME RELATIONS: DIFFERENCE
OF TWO SQUARE NUMBERS

Regarding Stirling:

Y -X=(Y-X)+2 [Can — Canls

cn+1D?—nr2=2n+1;

* The difference between two square consecutive
numbers is an odd number; reciprocally, any odd
number is the difference between two square consecu-
tive numbers.

(n+1)2—n?=2n+1

Hence the well-known rule:

“Any number is equal to the difference between two
square numbers if it is the sum of consecutive odd
numbers.”

For example:
40=7"-32=13+11+9+7=[(13+7)/2] *4=40.
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4. PRIME CONDITIONS FOR P-
4.1. Determination of indice u
u=(i+j+2)/6,
i+j=6u—2.
So what:
N=6ij+i+j=6i+6u—2.

4.2. The co-first indice M p

4.2.1.

Here is A, determinant of the second degree equa-
tion describing the relation between the sum and the
product of the coefficients i and j of Np, subscript of P.

So what

A =58 — 411
We have also

N=6I1=xS.

P is a composite number, if A is square number. If not,
P is a prime number; the roots i and j of the second
degree equation, which are the coefficients of Np, are
irrational.

Looking for the prime quality of P, is looking for A
as a square number.

Example:

P=12783, N=464; (i,j)=4,—20].

We are going to use the well known incremental pro-
cess; the dividend, Np (also the subscript o P) et and
the divider (6) stay unchanged.

Example:

s N=464=6%*77+2bar A =22—4(-77) =312
that’s not a square number;

* N=464=06%*78 —4 bar A = 4> — 4(-78) = 328
that’s not a square number;

* N=464=6%*79 — 10 bar A = 10> — 4(-79) =
416 that’s not a square number;

* N=464=06%*80— 16 bar A = 16> — 4(—80) =
576 = 312 + 264 = 242,

It is easy to check 264 = 16C,, + 72C, ,, = L1
withu=3and 312=(-8) + 68C; , + 8C,,) = M} with
i=4 andj =(-20).

That means: A = M, + LI = 312 + 264 = 576 = 242,

4.2.2. Relationships for co-first indice M,

4.2.2.1. For Pe %: P= 6N — 1; i andj have oppo-
site signs, I1 < 0

« Pe Fy[-1]withP=(=1)+k*36

Fori>0,j<0andj > i, that’s to say .S < 0; here
comes for Mp:

(=4 +28Cy ;5 +8Cp

(—8) +52C(1; +8Ca,) |(—12) +76C; ;) +8Ca,) ‘(—16) +100C 5 + 8C(2’i)’ (—20) + 124 Cy  + 8C(2’,~)‘ Etc...

Fori<0,j>0andj > i, that’s to say § > 0; here comes for M.

0+4C(y;+8Cqo, | 4+28C (1, +8Cp, | 8 +52C (1 + 8Cpp) | 12+ 76C; 5+ 8Cp | 16 + 100C; ;, + 8C(p 5 | Etc...

« Pe Fy[5]with P=5+k*36

Fori>0,j<0andj > i, that’s to say S < 0; here comes for M.

(—=3) +24C(1 ;) + 8C(2’,~)| (=7) +48C(1 ;5 + 8C(p) ‘(—11) +72C 5+ 8C(2’,~)| (—15) +96C(; 5 + 8C(,5) ‘(—19) +120C(y 5 + 8C(2’i)‘Etc...

Fori<0,j>0andj > i, that’s to say § > 0; here comes for Mp:

1+ 8C (1 5 + 8C(a | 5+32C1; +8Cqy,

9+56C; + 8Cea) ‘ 13+80C 1, +8C. ’ 17+ 104C(y 5 + 8C3;) | Etc...

« Pe Fy[ll]avec P=11+k*36

Fori>0,j<0andj > i, that’s to say S < 0; here comes for M }:

0+20C;; +8Cq, |(_4) +44C(; +8C() ’ (—8) + 68C (1 5+ 8C(a |(—12) +92C( ;) + 8C(2,,~)|(—16) +116C(y ;) + sc(z,,-)’ Etc...

For i< 0,/ >0andj > i, that’s to say S > 0; here comes for M p:

4+12C(; +8C( | 8+36C(; ;) *+ 8C(, | 12+60C(; ; +8C(p.) | 16 + 84C;  + 8Cy ;) | 20+ 108C(y 5 + 8C(3) | Etc...

« Pe &Fy[17]avec P=17 + k * 36

Fori>0,j<0andj > i, that’s to say S < 0; here comes for M}:

5+16C,) +8Cq, [1+40C, +8C0,) [(-3) T 64C ) +8C [ (-7) +88C( ) + 8Cp [(-1D) + 112C;  + 8Cp | Ete..
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Fori<0,j>0andj > i, that’s to say S > 0; here comes for M p:

9+16C(1,) + 8Ca, [ 13+40C ) +8Cq, [ 17+64C(1 +8C, [ 21 +88C(1,) T 8Co, | 25+ 112C1 +8Co, [ Ete..

« Pe %y [23]avec P=23+ k* 36
Fori>0,j<0andj > i, that’s to say S < 0; here comes for Mp:

4+12C ;) + 8C(2’,-)‘ 0+36C(;; +8Cp ‘ (—4) + 60C(; ; + 8C3 ;) ‘(_8) +84C ;) + sc(z,,»)’ (—12) + 108Cy ; + 8C(3 ;) ’ Etc...

Fori<0,j>0and; > i, that’s to say S > 0; here comes for M p:

8 +20C(1 5+ 8Cp; | 12 +44C(y ;) +8C( | 16 + 68C(;; + 8C(p.)

20 +92C(; 5 +8Ca,) ‘ 24+ 116C; ; + 8C(p) | Etc...

« Pe Fy[29]avec P=29 + k * 36
Fori>0,j<0andj > i, that’s to say S < 0; here comes for Mp:

1+8C ;) + sc(z,,-)‘ (=3)+32Cy 5+ sc(z,,-)|(—7) +56C; ;) + sc(z,,-)‘ (—11) + 80C(y 5 + 8C(3,) ‘(—15) +104C(; + sc(z,,-)| Etc...

Fori<0,j>0and; > i, that’s to say S > 0; here comes for M p:

5+24C 5 +8Cn; | 9+48C ;) +8C

13+72C(;; + 8C(p) ‘ 17+ 96C 1 ; + 8C(y.) ‘ 21+ 120C(; 5 + 8C(a ;) ‘ Etc...

4.2.2.2. For P € Fy: P= 6N +1 1; i and j have same sign, I1 > 0
*Pe &y [llavec P=1+k*36
Fori >0,/ > 0; that’s to say S > 0, here comes for M p:

(—4)—20C(y 5 + 8C,) | (—8)—44C(1 ; +8C(p) ‘ (—12)—68C; ; + 8C 5 | (—16)—92C; 5, +8Ca | (—20)—116C(; 5+ 8C(2 | Etc...

For i <0,/ < 0; that’s to say S < 0, here comes for Mp:

4-20C;; + 8Cy ’ 8—44C(1,i)+8C(2’,-)’ 12-68C; ;) + 8C(p.i) | 16-92C(; ; + 8C(p) ‘ 20—116C(; ; + 8C(p) ‘ Etc...

« Pe Fyy 7] avec P=7 +k*36
Fori >0,/ > 0; that’s to say S > 0, here comes for M p:

(—=3)—24C(y ;5 + 8C(y,) |(—7)—48C(1),-) +8Cp ‘(—11)—72C(U) + 8C(2’,-)|(—15)—96C(1’,) + sc(z,,.)| (—19)—120C(y ; + scm)l Etc...

For i <0,/ < 0; that’s to say S < 0, here comes for Mp:

5-16C(; ;) + 8Ca.) ’ 9—40C(1’[)+8C(2,I-)’ 13—64C(; ; + 8C(p) | 17-88C 1 + 8C(2s) ‘ 21-112C; ; + 8Ca ‘ Etc...

« Pe Fy[13] avec P=13 + k * 36
Fori >0,/ > 0; that’s to say S > 0, here comes for Mp:

0-28C(; 5+ 8C(2,,-)‘ (=H—-52C(; ; 1+ 8Cp

(—8)—76C(y 5 + SC(Z,,-)‘(—IZ)—IOOC(U) + sc(z,,.)‘ (—16)—124C(; ; + 8C(p ;) | Etc...

For i <0,/ < 0; that’s to say S < 0, here comes for Mp:

8—12C(1.5 + 8Ca)

12-36C(; ; + 8C(p) ‘ 16—60C; ;, + 8C(p.,) ’ 20—84C(; ;) + 8C ’ 24-108C;  + 8C(p.;) ‘ Etc...

* Pe Fy,;[19] avec P=19 + k * 36
For i > 0,/ > 0; that’s to say S > 0, here comes for M p:

5-32C15 +8Cp,)[1-56C1, + 8C p (=3)=80C1 ¥ 8Cpo,y | (“7)=104C,  +8C [ (F1D-128C; +8C | Ete..

BECTHUK HALIMOHAJIBHOTO UCCIENJOBATEJIbCKOTO SAEPHOI'O YHUBEPCUTETA “MUOU” TomM 9 Ne 3 2020



PRIME CONDITIONS FOR INTEGERS 251

For i <0,/ < 0; that’s to say S < 0, here comes for M p:

13—8C 1 5 + 8Cpa

17-32C (1 5 + 8C(p) | 21-56C 1 5 + 8Ca 5 | 25-80C; ;) +8C(a,) | 29—-104C(; 5 + 8C(2,) | Etc...

« Pe Fyy [25] avec P=25+k* 36

Fori >0,/ > 0; that’s to say S > 0, here comes for M p:

12-36C(; ;) + 8C(a.) ‘ 8—60C; ; +8C(p.) ‘ 4—84C(1; +8Cy ‘ 0—108C(; 5+ 8C(a.) ‘ (—4)—132C(; ; + 8Cp) | Etc...

For i <0,/ < 0; that’s to say S < 0, here comes for Mp:

24-28C(;; + 8Cp) | 28—52C(;; + 8Cp) | 32-76C(1; + 8Cp) | 36—100C 1 ; +8C (2.5 ’ 40—124C (1 +8C(p) ‘ Etc...

- Pe Ty, [31]avec P=31+k*36

For i > 0,/ > 0; that’s to say S > 0, here comes for M p:

21-40C; ; + 8Cp 5 | 17—-64C 1 ; + 8C(a ;) ‘ 13—88Cy ; + 8C(n ;) ‘ 9—112C(y 5 + 8Ca 5 | 5—136C(1 ; + 8C(2,) ‘ Etc...
For i <0,/ <0; that’s to say S < 0, here comes for M p:
29—-0C(1 ; +8Cpap ‘ 33—24C(; ; +8C(p) ‘ 37—48C(1 5+ 8C(ay) | 41-72C(; ;5 +8C(ap) ‘ 45-96C 1 ; + 8C( ;) ‘ Etc...

4.2.3. The co-second indice M,

M, co-first indice of P, is composed with two ele-
ments, one of them is the sum of binomial coefficients.

We will call y,, the fisrt part and C,, the second part.

It comes:

Mp=yy+Cy

example for &, [11], with 5§ <0:

* foru =1, it comes: M}, =0+ 20C; , + 8C, ), s0
y=0;

* foru=2itcomes: Mp = (—4) + 44C , + 8C(y,
soy = —4;

* foru =3, itcomes: M = (—8) + 68C;; + 8C,
so Yy = —8;

* for u = 4, it comes: M, = (—12) + 92C, +
8C(2J), SO \lf = —12,

* foru =15, it comes: M, = (—16) + 116C , + 8C, ),
soy =—16.

i=1{i=2|i=3|i=4|i=5

u=1 Mp=0+ 20C 15 +8Ca 20 | 48 | 84 | 128 | 180
2AMp=(—4)+ 44C(1 5+ 8C, 40 | 92 | 152|220 | 296
3IMp=(-8)+ 68C(1;) +8C(2.) 60 | 136 | 220 | 312 | 412

u=4Mp,=(—12)+ 92C(15 +8Cp 80 | 180 | 288 | 404 | 528
5\Mp=(—16)+ 116C ;1 ; +8Cpp ) 100 | 224 | 356 | 496 | 644

+

u=1llu=2u=3u=4u=>5
I =16 Ca,ut72 C(zy 1) 16 | 104 | 264 | 496 | 800

=A

Example:

for P = 2783 € %y [11] with N, g3 = 464; Mg, =
312, here is

A =264 + 312 =242,
M, could also be described as a function of indice u.

For example with %, [11], it comes

Mp=(—4H(u—1)+46u—1)Cy,; +8Cpu,.

We will call M, co-second indice:

Mp=Mp—y.

By first, here comes the table of coefficients of v,
u=1llu=2\u=3lu=4\u=5|Etc..
Pe JFy[—11S<0:| (=4 | (=8) [(—12)|(~16)|(—20)| Etc ..
Pe Fy[-11S>0]| O 4 8 | 12 | 16 |Etc...
Pe 9‘7\, [5]1S<0: [(=3)|(=7) |(=11)|{(—=15)|(—19)|Etc...
Pe Fy[51S>0 1 5 9 | 13 | 17 |Etc...
Pe JFy[111S<0: (—4) | (—8) [(—12)|(—16)|Etc...
Pe JFy[111S>0 8 | 12 | 16 | 20 |Etc...
Pe %V [17]1S<0 1 | (=3)|(=7) [(—11)|Etc...
Pe %,[17]S>0 13| 17 | 21 | 25 |Etc...
Pe Fy[23]5<0 0 |(—4)|(=8) |(~12)|Ete...
Pe %,[23]1S>0 12 | 16 | 20 | 24 |Etc...
Pe Fy[291S<0 (=3) | (=) [(=1D)|(=15)|Etc...
Pe %,[29]1S>0 9 | 13 | 17 | 21 |Etc...
Pe Fy; [[11]S >0 (—4) | (—8) |(—12)|(—16)|(—20)| Etc...

Wh = oo H~ O N b~ O
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Pe JFy,[11S<0 | 4 8 [ 12 ] 16 | 20 [Etc... F 116+ 2*16+[3*16+[4*16+]5*16+6* 16 +
\% * ES %k S sk *

Pe Fy (718 >0 | (=3) | (=7) [(=1D)|(~15)|(~19)| Ete... (1) 0%72 | 1*72 | 3*72 | 6*72 |10*72 | 15*72
o 5 S T R IV 16 104 264 496 800 1176
PeFul718 <0 N R F R e N R E e B E s
Pe %Vn [131S>0] 0 [(=4)|(=8)|(—12)|(—16)|Etc... Vio*2 | 1*72 | 3*72 | 672 | 10*72 | 15% 72
Pe Py [131S<0[ 8 12 | 16 | 20 | 24 |Etc... (171 4 80 228 448 740 1104
Pe Fy[19]1S>0| 5 I [(3) D |1D)|Ee... g 164+ (2% 64+[3%64+[4*64+[5%64+ 6% 64+
3l ol e VIO*72 | 1%72 | 372 | 6%72 [ 10*72 | 15* 72
Pe Fyy [19]1S<0 e I8l g 200 | 408 | 688 | 1040 | 1464
PEO‘;PVII[ZS]S>O 12 8 4 0 (—4) | Etc... F 1*52+2*52+1[3*52+[4*52+ 552+ |6*52 +
Pe Fy; [251S<0| 24 | 28 | 32 | 36 | 40 |Etc... [29V] 0%72 | 1*72 | 3*72 | 6*72 | 10*72 | 15*72
Pe Fyy(311s>0[ 21 | 17 | 3] 9 5 |Etc... 52 176 372 640 980 1392

Pe JFy, [311S<0| 29 | 33 | 37 | 41 | 45 |Etc...
1 u=1;|u=2; |u=3|u=4;,|u=5; | u=6;
S>0 | S>>0 | S>>0 | S>>0 | $>0 | $>0
4.3. Calculation of 111, F 1540+ |2%40+|3*40+|4*40 + |5%40 + |6 * 40 +

“ Vil

0*72 | 1*72 | 3*72 | 6*72 | 10*72|15*72

(let remind about 111, its definition via A = M p + III) 1 %o 52 336 592 920 1320

1 u=1 |u=2; |u=3; |u=4 | u=5 | u=6; F 1#52+(2%52+[3*%52+[4*52+[5%52+(6%52+
S$>0 | $>0 | $>0 | §>0 | >0 | §>0 i ox72 | 1*72 | 3*72 | 6%72 [10%72| 15% 72

* * * * * *
g;v 1*¥40+(2%40+(3*40+(|4*40+|5%40+|6*40 + [7] 5 176 373 640 980 1392

O 0%72 | 1%72 | 3*72 | 6%72 | 10%72 | 15% 72 g |T764F 2764+ 3764+ 4764+ 5% 64+ 6764+
40 152 1 336 | 592 | 920 | 1320 Il gx72 | 172 | 3*72 | 6*72 | 10* 72| 15% 72

9;V1*44+2*44+3*44+4*44+5*44+6*44+ [13] 64 200 408 633 1040 | 1464

s [O7T2 | 1772|3772 652 [ 1052 1S*T2 [N TG+ 2576+ (3% 76 + 4776+ (5% T6 + |65 76 +

oz
;"1\; 0*72 | 1*72 | 3*72 | 6*72 | 10*72 | 15*72 F 1%88+[2*88+(3*88+|4*88+(5*88+|6*88 +
56 184 384 656 1000 1416 VI gx70 [ 1%72 | 3*72 | 672 | 10*72 | 15% 72
F, 1%68+|2*68+|3*68+[4*68+[5%68+|6*68+ [25] 88 248 480 784 1160 1608
7] 0*72 | 1*72 | 3*72 | 6*72 | 10*72|15*72 F 1*100|{2*100|3*100|4*100 [5*100+|6* 100+
[ 68 208 420 704 1060 1488 [3\1/31 +O0*72|+ 1*72|+3*72|1+6*72| 10*72 | 15*%72
9‘7\/ 18+ [2*8+[3*8+[4*8+|5*8+|6*8+ 100 272 516 832 1220 1680
0*72 | 1*72 | 3*%72 | 6*72 | 10*72 | 15%72
(23] 8 88 240 464 760 1128 u=1, |u=2; |u=3, |u=4; |u=5, | u=6;
F, 1*%20+|2*20+|3*20+(4*20+[5*20+[6*20 + m §<0 | §<0 | <0 | <0 | §<0 | §<0
9] 0*72 | 1*72 | 3*72 | 6*72 |10*72|15*72 %\ml*32+ 2%32+|3*32+|4*32+(5%32+(6%32+
20 112 276 512 820 1200 0*72 | 1*72 | 3*72 | 6*%72 | 10*72 | 15*72

o 32 136 312 560 880 1272

1#20+(2*20+|3*20+(4*20+|5*20+[6*20 +

u=1,|u=2|u=3|u=4 | u=5 | u=6 Fu 0%72 | 1%72 | 3*72 | 6%72 [10*72| 15% 72
S<0 | <0 | <0 | <0 | <0 | §$<0 [7] 20 112 276 512 820 1200
% 1*#32+(2*%32+(3*32+(|4*32+|5*%32+|6*32+ o= 1*8+|2*8+|3*8+ |4*8+|5*8+|6*8+
VIo*72 | 1*72 | 3*72 | 6*72 | 10*72 | 15%72 Fvi 0*72 | 1*72 | 3*72 | 6*72 | 10*72|15*72
EU 351136 | 312 | 560 | sso | 2;2 31— 88 | 240 | 464 | 760 | 1128
F 1#28+[2%28+(3*28 +[4%28+[5*%28+(6%28+ F 1¥(—=4)[2*% (—4) 3% (—=4) [4* (—4)|5* (—4) |6 * (—4)
V9io*72 | 1*72 [ 3*72 | 6*72 [10*72| 15* 72 VI 0 * 72|+ 1% 72|+ 3 * 72|+ 6 * 72|+ 10 * 72|+ 15* 72
13T 7753 128 300 544 860 1248 [19]

—4 64 204 416 700 1056
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1*(—16)[2* (—16)[3* (—16) [4* (—16) [S* (—16) |6 * (—16)
FO*T2|+1*72| +3%72| +6* 72 |+ 10* 72|+ 15* 72
—16 | 40 168 | 368 | 640 | 984
1%(—28) [2* (—28) [3* (—28) [4* (—28) [5* (—28)[6* (—28)
FO*T2 |+ 1% 72| +3* 72| +6* 72|+ 10% 72|+ 15% 72
28 16 132 | 320 | 580 | 912

4.4. Calculation of I

Indice u could be also defined as the iteration rank
(see 4.2.1).

Here comes:

=i+
Example for Fy, [11], <0
I[=(-2) + 6u.
Rank =u 0 1 2 3 4 Etc...
i+j 0 4 10 | 16 | 22 Etc...

4.5. Prime condition for P

If we refer to A calculation process (§ 4.2.1.), it
comes:

A=+ M = I+ M,.
Which give the prime condition for P:

* Pis a composite number if M}, is egal to a differ-
ence between two square numbers (which, of course,
must not be consecutive odd numbers):

Mp=N—1IP,
that could be looked as a premise of the Fermat’s Last
Theorem.

* Pis a prime number if M} is not egal to a differ-
ence between two square numbers.

Regarding above example:
for P = 2783 € F, [11] with Ny,5; = 464; M5.e; =
312, u =3, S0 Yyyg3 = (—8), it comes:
M3 = Myzq, — (—8) = 320
A =264+ 312 =162 + 320 = 24%

Generalization:

1° Due to the remainder, R, in the division of P
with 36 as divisor, we know F, the P sub-family

P=36*k+ R
For F, R={(—1) ou 35, 5, 11, 17, 23, 29, 35}.
For Fy;;, R=1{1,7, 13, 19, 25, 31}.

It comes M}, then y, and so M, , [ et 1.
Example:

for Fy [11], S <0, the formula giving M, is:
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M}) =(-4)(u—-1)+ 4(6u — l)C(l,,') + 8C(2,i)=
and
M, =4(6u — DCqy +8Ca,

which is egal to the difference between two square
numbers, and, so to the sum of consecutive odd num-
bers. As I]' is the last element of this sum, we could
check — or not —.

QU+ nhH+Q@U+3)+QQU+5)+.+QU -1,
M,=N—IP.
— Ifyes, Pis a composite number;
— if not, Pis a prime number.

5. EXAMPLES
5.1

P = 4439,
P=11+k*36,it comes P F[11]; k= 123.
Nyq39 = 740;
Miyz9 = [(27* (Nya30 — 2)/3] + 4 = 496.
M 3 get the general form: (—16) +116C, ; +8C ;.
It comes iyy39 = 4 and uyy39 = 5.
So:

V= (-16),
M9 = Migse +y =496 + 16 = 512,
[=5*16+ 10 * 72 = 800
and
17=128,
My =57+ 59+ 61 + 63+ 65+ 67+ 69+ 71 =512
=362 — 282,
P39 is composite number.
1" = 36,
A = I+ My = [P+ M}, = 800 + 496 = 282 + 512
= 1296 = 362,
i=4and j=(-32),
P=23*193.

5.2
P=12363;
P=23+k*36,itcomes P F, [23] et k = 65.
Nyses = 394;
Mg = 1(2* (Nyzg3 — 4)/3] +8 = 268.
M 5 get the general form: (—8) + 84C; ; +8C, ;).
It comes iy35; = 3 and #5363 = 3.
So:

\II = (_8)3
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Myys = Myyes + =268 + 8 = 276,
I =3%64+3*72=408
and
=120,
My, =41 +43 + 45+ 47 + 49 + 51 =276 = 262 — 20°.
Py343 1s a composite number.
=26,

A= LI+ My = L + M5 =408 + 268 = 202 + 276
=676 = 262,
i=3andj=(-23),

P=17 * 139.

5.3

P=1969;
P =25+ k*36,it comes Pe Fy, [25] et k = 54.
Nygg9 = 328;
Migg9 = 16 — (2 * (Ny365 — 4)/3] = (—200).
M4 get the general form: 40—124C; , + 8C, .
It comes |ijg59| = 2 and u 959 = 5.
So:

y =40,

M se9 = Mige9 + Y = (=200) + (—40) = (—240),
H[=6%*(—16) + 15* 72 =984
and
17=128,
Moo =41 +43 + 45+ 47 + 49 +51 =276 = 322 — 282,
Pis a composite number.
1 =32,

A=+ Migeo = LI* + M350 = 984 + (=200) = 32% —
240 = 676 = 282,
i=(=2)etj=(-30),

P=11*179.

5.4.

P =1493;

P= 17+ k*36,itcomes Pe F[17] et k = 41.

Nig3 = 249;

M5 =2(N—3)/3) +9=173.

If P would be a composite number, M|,y; must get
one of the below general form:

Fori>0,j<0etj>i, which means S <0, it would
come for M/,o;:

5+ 16C(1,7) + 8C(2,)[1+40C(1,i) + 8C(2,1)

(=3) + 64C(1,0) + 8C(2,0)

Etc...

(=7) +88C(1,) + 8C2,D[(—11) + 112C(1,) +8C(2,0)

aso...

Or, fori <0, > 0etj > i, which means .S > 0, it would come for M p:

9+16C(1,i) + 8C(2,i)| 13 + 40C(1,i) + 8C(2,i) | 17 + 64C(1,i) + 8C(2,i)| 21+ 88C(1,i) + 8C(2,i) | 25 + 112C(1,i) + 8C(2,i) | Ftc...

aso ...

There are no (i, u) pair which could fit with above
statement.

P =1493 is prime.
Due to § 2 and following

(i.j) = (3 £173)/2
it comes:
6(i * )| + (i +7) =249 = Ny,
X=6*i—1=6*3+173)/2 1,
Y=6%j+1=6%*3-+173)/2 +1,

X*Y={[6*(3+173)/2] - 1} *{[6* 3 —173)/2] +
1} = 1493.
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CONCLUSION

Prime rule for integers. An integer is prime when
its co-second indice is not egal to the difference of
two square numbers, X? and Y2, VXet Ye N*, Xor ¥
not odd consecutive numbers, and X, ¥ # 1. P is

prime if: M # ¥Y? — X?. Also, regarding Stirling’s for-
mula:

M}; = C(l,Y) — C(l,X) + 2[C(2’y) - C(z’x)].
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