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1 Introduction

A feeling of powerlessness arises when a subject deals with Prime numbers.

Every time one has tried to explain or define a Primo number throughout history, they have
attempted to define it more clearly.

This was a consequence of the lack of a conclusive and universal equation to determine the
Primo number sequences.

Controversy has existed over the number One being or not being a Prime number.

On May/16/2017, at https://en.wikipedia.org/wiki/Prime number, the English definition
stated: “A Prime number (or a Prime) is a Natural number greater than 1 that has no positive
divisors other than 1 and itself. A Natural number greater than I that is not a Prime number is
called a Composite number.”

In Brazilian Portuguese, the wording of the Prime number definition is so different that it
seems the behavior of Primes would change according to the language in use.

On the same day, at https://pt.wikipedia.org/wiki/Numero primo, the Portuguese definition
stated: “A Prime number is a number P whose set of non-invertible divisors is not empty, and all
its elements are products of P by invertible Integers. According to this definition, 0, 1 and -1 are
not Prime numbers.” (“Numero primo, é um numero P cujo conjunto dos divisores ndo
inversiveis ndo é vazio, e todos os seus elementos sdo produtos de P por numeros inteiros
inversiveis. De acordo com esta definigdo, 0, 1 e -1 ndo sdo numeros primos.”).

In contrast, on the same day, at https://es.wikipedia.org/wiki/Numero_ primo, the Spanish
definition of Primes was an almost literal translation of the English version. It also adds that
Composite numbers can be factored and the number 1 is neither a Prime nor a Composite by
convention (“En matemadticas, un numero primo es un numero natural mayor que 1 que tiene
unicamente dos divisores distinctos: él mismo y el 1. Por el contrario, los numeros compuestos
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son los numeros naturales que tienen algun divisor natural aparte de si mismos y del 1 y por lo
tanto, pueden factorizarse. El numero 1, por convenio, no se considera ni primo ni compuesto.”).

To those who may be interested in this question, we suggest the analysis of several definitions
of the Prime number put forward in all languages spoken throughout the world and history.
Comparing the different translations of Pythagoras’ theorem, for instance, maybe funny.

The definitions of a Prime number state either the properties they lack or those, which they
have when we verify two results. Since in all cases we use the word “and” (“1 and itself”) it is
not possible to detect a prime directly in one-step.

The simplest and most objective definition of a Prime number I read was in The Prime Facts:
From Euclid to AKS © 2003 Scott Aaronson: “So what’s a prime number? A whole number with

)

exactly two divisors.’

1.1 Previous conventions:

Because our tables will show vertical sequences where the indexes will be on vertical and because
on vertical, we have Y-axis in the XY-plane, so the sequences integers elements have to appear
in X-axis as a function of the Y-axis.

Because of that, in all these studies we will represent any polynomial equation as being in the
function of y, or just the function Y[y], or x = Y[y].

1.2 Notation for Polynomials In these studies

Generically we will denote any polynomial element as being Y[y]. When we want to draw the

polynomial in the XY-plane, we will make x in the function of y. In the Cartesian plane (square

lattice grid) we can consider x = Y[y]. In different grid other than Cartesian plane x # Y[y].
When we want to distinguish the d"-degree of the polynomial, we will note Yd[y] or x =

Yd[y].
When we want to make a p"-power operation on an d"-degree polynomial, we will

note: (Yd[y])P.

e Constant (polynomial degree 0) will be written as

YO[y] =c
One element determines this polynomial. We will express this as
YO[y] = [x4]

e Linear (polynomial 15-degree) will be written as

Yi[y]=by +c
Two elements determine this polynomial. We will express this as
Yl[y] = [Xl, xZ]

e Quadratic (polynomial 2"-degree) will be written as
Y2[y] = ay?*+ by +c
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Three elements determine this polynomial. We will express this as
Y2[y] = [x1, %, %3]

e Cubic (polynomial 3™-degree) will be written as

Y3[y] = azy® +ay®* + by +c
Four elements determine this polynomial. We will express this as
Y3[y] = [x1, %2, %3, %4]

e Quartic (polynomial 4™-degree) will be written as

Ya[y] = a,y* + asy® + ay? + by + ¢
Five elements determine this polynomial. We will express this as
Y4[}’] = [le X2, X3, Xy, x5]

e Quintic (polynomial 5"-degree) will be written as

Y5[y] = asy® + ayy* + azy® +ay?* + by + ¢
Six elements determine this polynomial. We will express this as
Y5[y] = [x1, x2, X3, X4, X5, Xe]
And so on for Sextic, Septic, Octic, Nonic, Decic, etc.
Generic equation of polynomial d™-degree:
Ydlyl = agy® + ag_1y4 1+ -+ ay* +azy* +ay? + by + ¢

Generically, we will adopt these equalities notation:

Yd[-3] = e

Yd[-2] = f

Yd[-1] =g =x;
Yd[0] =h=x,
Yd[l] =i = x5
Yd[2] =
Yd[3] = k

1.3 Notation for index direction in any polynomial sequence

Any polynomial Integer sequence has 2 directions. This is the reason any polynomial has 2
recurrence equations. So, if the direction is

Ydlyl = (...,e,f,g,h ik, ...) =\(....k,j,i,h, g, f e .)\
then, the reverse direction is

\Ydly\\= (...,k,j,i,h,g,f, e, ..) =\(..,e,f,g,hi,jk, ..\

1.4 Inflection point vs. vertex nomenclature

Because of the definition of the inflection point is in differential calculus “an inflection point,
point of inflection, flex, or inflection (British English: inflexion/citation needed]) is a point on a
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continuous plane curve at which the curve changes from being concave (concave downward) to
convex (concave upward), or vice versa,”.

Because of the definition of the vertex: “In geometry, a vertex (plural: vertices or vertexes) is
a point where two or more curves, lines, or edges meet. As a consequence of this definition, the
point where two lines meet to form an angle and the corners of polygons and polyhedra are
vertices,”.

Because “In the geometry of planar curves, a vertex is a point of where the first derivative of
curvature is zero,”

And like all studies between polynomials, no feature or phenomenon shows that there is a
difference in behavior between quadratic and other polynomial orders, then there is no reason to
differentiate the inflection point phenomena in quadratics from other polynomials. So, there is no
reason to have different names.

In these studies, we will refer to this phenomenon in our tables, text, and figures as being only
inflection points, even in quadratics which usually has the usual vertex name. The polynomials
of a greater degree than quadratics will have two or more turning points besides the inflection
point. But the common phenomenon among all polynomials is the inflection point.

The definition of a single Inflection Point nomenclature in common to all polynomials
becomes important when we compare the behavior of the offset at all degrees.

In these studies, the coordinates of an inflection point in XY -plane are x;;, and y;,. Also, we

will denote an inflection point as being ip (xip, Yip)-

1.5 Map of colors for all figures and tables

A000004 The Zero number, in red web color #FF0000.

A000012 The One number in blue light web color #3399CC.
A000040 The Prime numbers, in blue web color #336699.

A000290 The Square numbers (except Zero and One), in yellow web color #FFFF0O.

A002378 The Oblong numbers (except Zero and Two), in red-dark web color #993333.

A005563 The Square minus One numbers (except 0 and -1), in Orange-dark web color #FF6600.



2 Reflecting on the numbers Zero and One

The numbers Zero and One confuse us because they share several properties between the
Primes and the Composites.

The first consequence of the need for verification of “1 and itself” brings to the conclusion
that Zero and One cannot be Prime. If they were Prime, then the verification of Zero and One
would consist of two steps, as it occurs in the Prime definition.

Also note that, differently from Primes, both numbers Zero and One are the only two Integers
whose power of them, whatever it may be, results, respectively, in Zero and One.

0"=0
1"=1

Zero and One are the only Integers that cannot generate Composite numbers like any Prime
can when multiplying by itself.

Since we do not know conclusively what happens when Zero divides any number, then we
have to analyze the division of any number by One.

We cannot consider the number One a pure Prime because it has the following properties
among others:

e [t is a Square number, a Cube number, a Perfect n-power number. Therefore, the Unit is
also a Composite number;

e The number One is the n' root of itself V1 = 1;

e The number One is the only number that inverts all numbers in C;

e There is no other inverter of One than itself. The number One is the only number that
inverts itself;

e Repunits are generated only by numbers One’s;

e No other Integer would fit to include only itself indefinitely in the continued fraction (see
Equation of A165900 in offset zero);

Several properties apply only to the Integers Zero and One.
The lack of knowledge of a conclusive mathematical structure that defines the
random/predictable appearance of Primes gives rise to many conjectures that we need to prove.
In contrast, several sieves (filters) show us the behavior of the “sequencing” of Primes.
We show some sieves below:
e Sieve of Eratosthenes,
Divisor Drips and Square Root Waves, Box Factor
Otto Belden blog
Quadratic Sieve
Ulam’s spiral
NumberSpiral

However, it is the same polynomial principle that explains all these sieves.

This is because all the above sieves obey the method of finite differences.

The method of finite differences explains all polynomials.

It is the method of finite differences that explains why the derivative or integral polynomial
results in another polynomial of a lesser or greater degree.

See chapter Polynomial Properties for more details.



3 Reflecting on the numbers Zero, One, and Primes

The characteristic property of Prime numbers is that we cannot factorize them. The Prime
number cannot be Composite, the product of two or more Natural numbers different from Zero
or One. This property explains what a Prime number is not.

The first intriguing issue emerges: are Zero and One Prime numbers, or not?

Zero and One fit into the characteristic property that they cannot result from the product of
two other Natural numbers, since each of them is always the result of a product that includes
itself.

With the number Zero, there are infinitely many products of two Natural numbers which result
in Zero, where at least one factor is Zero in all cases.

With the number one, “two other Integers” are both equal to each other.

Notice that these characteristic properties of Zero and One are unique and do not apply to any
Prime or Composite number.

Based upon the characteristic property of numbers Zero and One, if Prime numbers are all
the numbers that result from only one product of Natural numbers, with only one factor of
that product being equal to number One, then the numbers Zero and One are not Primes and
we cannot factorize the Prime numbers.

Because Prime numbers result from only one product of Natural numbers, this does not allow
the number Zero to be a Prime number.

Because only one factor of that product is equal to One, this does not allow the number One
to be a Prime number.

Although the number One is not a Prime number, it is the only Integer number mentioned
explicitly 3 times to define what Prime numbers are. We can add a fourth use of the number One
when we use the word “all”. Here, we understand “all” as “infinite”, represented by 1 inverting
0 (or 0 dividing 1). Thus, Zero and One are not Primes, but only the numbers Zero and One are
used to defining Prime numbers.

Allowing the mind to flow, before Zero divides all the Natural numbers 1, 2, 3, 4,... to become
a common undetermined result, we conjecture that Zero divides by itself generating the number
One.

3.1 Prime 2

Many are the consequences stemming from this characteristic property that shows what a
Prime is not. As for the decimal base, the first clear finding is that a Prime number cannot be a
multiple of 2.

It is usually said that ‘all Prime numbers are Odd numbers. A Prime number always results
from the sum described as (Even+1) = (2n+1), n € N or Prime Number + n (mod 10) € {0, 2, 4,
6, 8}’. However, since 2 is not an Odd number and 2 (mod 10) € {0, 2, 4, 6, 8}, then the second
intriguing issue of the journey emerges: is the number 2 a Prime or not?

According to the definition stating that Prime numbers are all the numbers that result from
only one product of Natural numbers, with only one factor of that product being equal to
number One, then number 2 is a Prime number, even if it is the oddest Even Prime number.



Prime 2 is the lowest prime number. Any prime number is a divisor in an infinite number of
composite numbers. It will always have its lowest Composite value when multiplied just by the
Prime 2.

3.2 Prime S5

Since we carry this work out in the decimal base, we must point to the function of 2 in the
decimal base. In the decimal base, 2 plays an important role to be one of the two factors of 10.
The other factor is number 5. So, the second consequence is that the Prime number in the decimal
base cannot be a multiple of 5. It is usually said that ‘all Prime numbers are Odd numbers that
never have unit digit the numbers 0 or 5. Alternatively, Prime number # n (mod 10) € {0, 5} .
The third intriguing issue is whether 5 is a Prime number.

By definition, Prime numbers are all the numbers that result from only one product of
Natural numbers, with only one factor of that product being equal to number One, the
number 5 is thus a Prime, even though it is the oddest Odd Prime number that ends in 5.

Also, it is important to highlight that, in base 10 (and 10=2*5), modular arithmetic (mod 10)
determine any Composite multiple of 2 and/or 5:

Prime Number # nmod 10 € {0,2,4,5,6,8}, except Primes 2 and 5.

Modular operations n mod 10 will identify all Composites multiple of 2 and/or 5 by taking
into account just the unit digit.

3.3 Prime3

The digit set of the decimal base comprises {0,1,2,3,4,5,6,7,8,9}. If we factorize all digits, we
get the following data: {0,1,2,3,(2 * 2),5,(2%3),7, (2 * 2 * 2),(3 * 3)}. So, the set of primary
factors is {0, 1, 2, 3, 5, 7}. According to the definition that Prime numbers are all the numbers
that result from only one product of Natural numbers, with only one factor of that product
being equal to number One, the Integers Zero and One are not Primes. The conclusion that
follows is that the Prime numbers among the primary factors of base 10 are the set {2, 3, 5, 7}.
Remain to analyze deeper the digits 3 and 7.

It is usually said that ‘no multiple of 3 can be Prime, no Prime number can have digital root
(repeated digit sum, or casting out nines) with values {3, 6, 9} or Prime number + n mod 9 € {0,
3, 62°. The fourth intriguing issue is whether 3 is a Prime number. By definition Primes are all
numbers that result from only one product of Natural numbers, with only one factor of that
product being equal to number One, 3 is a Prime number, even though it is the oddest Odd
Prime number with digit sum of value 3.

3.4 Prime 7

The adopted definition that Prime numbers are all the numbers that result from only one
product of Natural numbers, with only one factor of that product being equal to the number
One also applies to 7.

It would seem that 7 is the first Prime, number not associated with any intriguing issue.
However, Integer 7 brings a powerful message on Prime numbers.



Every time we perform an Integer number factorization, we use the division operation.

Every time we use the division operation we use the concept of the reciprocal.

At base 10, it is usually said that ‘Primes 2 or 5 are invertible without repeating decimal
digits’, whereas reciprocals of 3 or 7 result in repeating decimal digits.

° % =1 and% =10 because? = 10.0;
o =0.5and 12—0 = 5 because 2%5 =5.0;

o 1=02and 2 =2 because 2> = 2.0;
5 5 5

See the properties of the repeating decimal digits of the reciprocals of 3 and 7 below:

1=0.3and 13—0 = % = 3.3 because (2, 5, 3) are coprime.

= 0.142857 and = 142857.142857 because (2, 5, 7) are coprime.

1000000 _ 2°%*5°
7

N wl

In conclusion, Prime 7 is the lowest Prime where its reciprocal generates a repeating digit

different from 0.
Because of the Repetend Theorem, all reciprocal generates a repeating digit mod 9 = 0.

3.4.1 Repetend Theorem

Let's work on the basel0.

Be the number prime P different of 2 and 5 and its reversal given by %.

1
F = 0Qp, 10,030, ...Ay

1 aazazay..ay

P 9999..9
Where the repeating decimal (repetend) is composed of the elements a;a,asa, ... a,, with

period n. So,
1 r
P=17p
In the first division iteration, we get
1 1
p=0tp

Note that 0 is the g quotient of the % division. Then, it is the first digit a, before the decimal

. : 1
separator, and 1 is the first remainder r from '

Because of the prime P>5, then always
a, =0
=1
Now

10*x7r, 10x1 10
P = P == ? - al. a2a3a4 e ana1a2a3a4 e an e

10+, _ 10 r . . . . 10
TO =5 =a+ ;1 , where a; is the quotient, r; is the remainder from "
107 T . . . . 10*r

5 t=a,+ ;2 , where a, is the quotient, r, is the remainder from ——
107 T . . . . 10*r
> 2=a5;+ ;3 , where a5 is the quotient, 5 is the remainder from —=
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10*1rn—1
p

See that r;, = 1, otherwise repeating decimal (repetend) would not have period n.

Also note that the remainders 7;, are nothing more than the value of the power of 10 mod P.
That is, to calculate the repeating decimal (repetend) digits of a prime number reversal, it is also
calculated 10™ = n,, (mod P).

For 10" = 1 (mod P) means that repeating decimal (repetend) has come to an end and it will
start over.

Therefore, to calculate the value of the Digital Root (DR) of a repeating decimal (repetend)

produced by %z

e . . . . 10*rp—
=a, + Fn , where a,, is the quotient, 7;, is the remainder from Tnl

DR(ay,aiaya;3 ...a,) = DR(ay +a, +a, +az +--+ay,)
ag = 0
_10xr, nn 10 n

MUETp  TPTP TP
10x7r, ny
L2="p TP
101, 1y
B=ETp TP

10*7r,_; 1 10*71,_, 1

m=Tp TPT P P
10 nn 10*xr;, 1nr, 10x1r, 715 10*x7r,_; 1
DR(ao,a1a2a3...an)=DR<O+?—F+ P _F+ P —F+'”+T—F)
DR(ay, a,a,0a3 ...ay)
_ DR <10 - T‘1 + 107”1 - rz + 107’2 - T'3 + 107'3 — T'n_l + 10Tn_1 - 1)
B P
9 + 97‘1 + 97‘2 + 97‘3 + cee + 9Tn_1
DR(ay,a,a50a5 ...a,) = DR( 2 )

Because no Prime is divisible by 3, then DR(P) # 3,6,9. So,
1+n+5+@+m+mﬂ»
P

DR(ay, a,a,a; ...a,) = DR <9 * DR (

DR(ay,a,a,a; ...a,) = DR(9)
DR(ay, aja,a;5 ...a,) =9
In conclusion, the Digital Root of all the repeating decimal (repetend) generated by the
reversal of prime numbers is always 9.
Remember that
1 aa,a3a4...a,

P 9999 ...9

So,

1 a,0,03Q, ... Ay,
DR(F)_IHQ( 9999 .9 )

As
DR(ay, a a,a;5 ...a,) =9
9



So, the DR (%) will depend on n. For each n value, there will be a different factoring of the

denominator
10~ —1 =999 .9

R 1\ DR 142857

(7) B (999999)

DR 1 R 373 %11 %13 = 37
(7) B <3A3*7*11*13*37)

Let's eliminate the threes. In the field of Digital Root arithmetic, 3 in denominator destabilizes

For example,

our mathematics, in the same way as division by zero.
Thus, the first thing to do is to eliminate the 3’s in common between the numerator and

DR1 DR 11*13*37)
(7)_ (7*11*13*37
DR 1 DR 11 %13 =37
(7)_ (7*2*4*1)
DR 1 —DR<5291)
(7)_ 56

on () - 0n(3)

That is, to calculate the value of the Digital Root of the Prime Numbers reversal, we have to

denominator:

factorize the repeating decimal (repetend) and divide it by the (10®~1 — 1) factorized.

3.5 Prime digits summary

A summary of the study findings is shown below:

e Number 0 is not Prime, because there are infinitely many Integer products that result in
Zero.

e Number 1 is not Prime, because the only product that results in One comprises both
factors of the same value.

e Number 2 is Prime and gives rise to the decimal digits {2, 4, 6, 8}, and both 2 and 5
give rise to the decimal digit {0}. Modular arithmetic (mod 10) detects multiples of 2.

e Number 3 is Prime and gives rise to the decimal digits {3, 6, 9}. Modular arithmetic
mod 9 = (3,6,9) detects multiples of 3.

e Number 4 is not Prime, because it is multiple of Prime 2. It is the lowest Composite.

e Number 5 is Prime and gives rise to the digit {5}, and both 2 and 5 give rise to the
decimal digit {0}. Modular arithmetic (mod 10) detects multiples of 5.

e Number 6 is not Prime, because it is multiple of 2. Notice the if we consider only the
lower Prime factor, then we can reduce any Composite to only 2 terms product.

e Number 7 is Prime and gives rise to the decimal digit {7}. Modular arithmetic (mod 7)
detects multiples of 7.

e Number 8 is not Prime, because it is a multiple of 2.

e Number 9 is not Prime, because it is a multiple of 3.

It is worth a note about the first 4 Prime numbers:
e Number 2 is the first Prime number of all Prime numbers.
10



e Number 3 is the first Prime number of all Odd Prime numbers.

e Number 5 is the first Prime number after the first Composite number.

e The number 7 is the first Prime number in which its reciprocal results in a periodic
repetend such as (repetend) mod 9 = 0. Or the Digital Root (repetend) = 9.
All Prime numbers greater than 7 will have the reciprocal generating repetend in which
(repetend) mod 9 = 0. Or the Digital Root (repetend) = 9.

3.6 Intriguing issues?

These findings show us that Primes 2, 3, 5 are as odd as Prime 7. Also, the intriguing issues
related to 2, 3, 5 are not, in fact, “intriguing issues”. The “intriguing issue” related to 2, 3, 5,
described earlier, also applies to all Primes following them, as shown for the Prime 7.

The "intriguing issue" is the intrinsic property: Prime numbers are all the numbers that
result from only one product of Natural numbers, with only one factor of that product being
equal to number One.

Paulo Ribenboim writes in The Little Book of Bigger Primes on page 2: “Which is the oddest
Prime number? It is 2 because it is the only Even Prime number!”. Inspired by his intriguing
question, a subject can indefinitely repeat that same question and give infinite different answers,
one for each Prime number we can know:

Which is the oddest Prime number? It is 3 because it is the only triple Prime number!
Which is the oddest Prime number? It is 5 because it is the only quintuple Prime number!
Which is the oddest Prime number? It is 7 because it is the only septuple Prime number!

Which is the oddest Prime number? It is 11 because it is the only undecuple Prime
number!

e Which is the oddest Prime number? It is 13 because it is the only tredecuple Prime
number!

e Which is the oddest Prime number? It is Prime because it is the only Prime-tuple Prime
number!
And so on.
All Primes have the same intrinsic equivalent of oddest property, with no exception to the rule:
Prime numbers are all the numbers that result from only one product of Natural numbers,
with only one factor of that product being equal to number One.

3.7 Modular arithmetic

When we use (mod 10), we use simultaneously (mod 2) and (mod 5) because (mod 10) detects
multiples of both 2 and 5. (mod 9) detects multiples of 3, 6, and 9 at the same time.

When the modular arithmetic (mod 7) is used to analyze all the Natural numbers already
analyzed with (mod 10) and (mod 9), then we show that the only Prime number divisible by 7 is
the number 7.

This is an intriguing question not seen before because we can only verify it when we apply
(mod 7).
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The 10 decimal digits set {0, 1, 2, 3,4, 5, 6, 7, 8, 9} contain Composites made only by Primes
factors 2, 3, and 5. The smallest Composites are {2*2, 2*3, 2*2%2_3*3} all of them contained
within the 10 decimal digits {0, 1, 2, 3,4, 5,6, 7, 8, 9}.

Prime 7, (mod 7) identifies the number 14 as the smallest multiple composed by 7. The number
14 does not belong to the 10 decimal digits {0, 1, 2, 3,4, 5, 6,7, 8,9}. Thus, only (mod 9) and
(mod 10) can detect the composites of the 10 decimal digits {0, 1, 2, 3,4, 5,6, 7, 8, 9}.

Based on previous questions and answers, the following conclusions result:

e Modular Arithmetic detects all Composite numbers.

e Modular Arithmetic is useful to explain why 0 and 1 cannot be Primes: there is no (mod
0) or (mod 1). They do not apply to differentiate Primes from Composites.

e Because we are in base 10, then (mod 9) operations are equivalent to the Digital Root
operation of any Integer. To get digital root value, we change nmod 9 =0 by
nmod 9 = 9. In fact: 0 mod 9 = 9 mod 9.

e Because we are in base 10, (mod 10) gives us the Unit digit of any Integer.

o The (mod 9) looks for the "Zero" in each Integer. The (mod 10) looks for the
"Unit" in each Integer.

o The (mod 9) and (mod 10) have only a single-digit as results. They cover all base
10 digits.

3.8 The Game Played by Zero, One, Primes, and Composites

This is the great game Natural numbers play:

e Composites are always the result of the multiplication of two Integers different from 0
and 1.
o Composite=N*M, where {N,M}+#{0,1}.
o Composites are multiplications without Unit or Zero.
e Prime numbers are always the result of the addition of either two Units or a Unit plus an
Even Natural number other than Zero.
o Prime=1+1 or Prime=(2n+1), n>0.
o Primes are the addition of the Unit.
e The number Zero cannot be a composite number because there are no two Natural
numbers, both different from Zero, which multiplied each other results in 0.
e The number Zero cannot be a Prime number because there are no two Natural numbers,
both different from Zero, that added together result in 0.

e The number One cannot be a composite number because there are no two different Natural
numbers which multiplied among themselves results in 1.

e The number One cannot be a prime number because there are not two Natural numbers,
both different from Zero, or both different from One, which added together result in 1.

The above rules, used throughout these studies, give rise to unexpected discoveries.

3.9 Conclusions from Prime Numbers

When we analyze the sequence of Natural numbers, first we study numbers Zero and One.
The conclusion is that both are not Primes, neither Composites.

Next, we analyze number 2 established as the first Prime, of the sequence of Natural numbers.
Thus, we identify all composite numbers which are a multiple of 2. The number 4 is the first
composite number because it is the product of the first Prime by itself: 4=2%2=2"2.
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The Square number is the first Composite number generated by a newly identified Prime
number without the presence of the Prime 2 as a factor. For example:

e The next number is Prime 3. The Prime 3, multiplied by itself, gives rise to composite 9.
And the next composite is 6 because it is the product of primes 2 and 3.

e Primes 2 and 3 do not cover number 5. So, the next Prime is 5. The Prime 5 multiplied
itself, gives rise to composite 25. Prime 2 generates numbers 10 and 20 and Prime 3
generates the number 15.

e andsoon...

Consider that every Prime number P possesses an image of all Natural numbers greater than
itself. The Prime number P immediately generates the infinite Composites multiple of P, thus
giving rise to the following sequence of new Composites: {P * P,P x (P +1),P * (P + 2),P *
(P +3),..}.

As a result, we can foresee the generation of all Composite numbers that are multiples of P
from P, the first of them is the Square number of P.

The finding of 8 =2%4 =42 =2%2x2 =23 shows that, after finding the Square
numbers and the product of the Prime number P by all Natural numbers greater than P, there are
the perfect cube numbers.

The latter is followed by the Composite numbers generated by the Prime number P multiplied
by two Primes that can be equal to each other or not. We present the example below for the first
Prime number:

2

2%2

2*(Prime>2)

2%2%2

2*(Prime>2)*(Prime >2)

2%2%2%2

2*(Prime >2)*(Prime >2)*(Prime >2)
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4. There is no last digit

Once multiplication and division can detect Prime numbers, it is important to analyze the
reciprocal of the 10 decimal digits {1, 2, 3,4, 5,6, 7, 8, 9, 0} precisely.

The correct way to study the reciprocal of the 10 decimal digits is to consider that there is no
difference between Primes 2, 3, 5, and 7 regarding an "intriguing question". The intrinsic
properties of the Primes 2, 3, 5, and 7 have to be strictly the same, with no difference. The equality
of properties also applies when we do multiplications or their reciprocal. How does it happen?

Both § and % suggest a good tip. Both reciprocals have visible repetends. This means that all

other Primes have repetends. Reciprocals should be like:

1 _
L =0.10
1 -_ .
1—16
1_ .
1—056
2_ .
1—0§
3_ .
1—0250
4_ .
1—026
5_ .
1—016
6_ .
1——o 142857
7_ .
1——01256
8_ .
1—0T
9_ .

and so on ...

The reciprocal of Prime numbers show us that any number has infinitely many digits
(repeating digits).

The last digit does not exist.

Any reciprocal of an Integer has repetends.

Even a Natural or an Integer number does not have a “last” digit.

All of them have infinitely many decimal digits, like any sequence generated by a polynomial
with infinite many indexes.

When the finite string of significant digits finishes an Integer number, the zero strings to the
left and the right side of the decimal point will fill all the infinite many digit places.
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Any number has a unit digit, a hundred digits, and so on up to infinity.

All Integers have decimal digit up to infinity.

Do not exist one last digit.

Any (Integer (mod 10)) cannot represent the “last” digit since it represents the unit digit.

This is very important in this work because the unit digits of the numbers form a sequence of
aligned (synchronized) digits.

Decimal digits alignment and synchronization occur in the same way that the Integer elements
of polynomial sequences occur.

After understanding what this work is, maybe a subject can consider the Unit digit to be the
first digit (as a subject can consider the first Integer elements in a polynomial sequence), but
never the last one!

We use this concept when we study the modular arithmetic table in polynomial sequences,
repeated modularity strings, and repeated modularity value results.

It is a concept similar to the concept of repeating decimals.

5. Integer number

The Integer number results from the Floor function applied in infinitely many Real numbers.
Integer = |Real |
We can see the floor function as resetting any decimal digit after the decimal separator.
Integer = |Real| = (Integer digits )(decimal point)( 6)
Any Integer is the application of Zeros in all infinitely many decimal positions of infinitely
many real numbers.
That’s why it is possible to exist a Prime number.
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6. The form of all Primes Numbers

Because of the first Prime number 2, all Prime numbers are in the form (1+1) for Prime 2 and
the form (2n+1) for all Primes > 2.

Because of the Prime number 3, all Prime numbers are in the form (1+1) for Prime 2, (2+1)
for Prime 3 and the form ((2n+1) and (3n+-1)) for all Primes > 3. When the data are combined,
all Prime numbers can be represented by the form (1+1) for Prime 2, (2+1) for Prime 3, and the
form (6n+-1) for all Primes > 3.

Because of the Prime number 5, all Prime numbers are in the form (1+1) for Prime 2, (2+1)
for Prime 3, (6-1) for Prime 5, and the form ((6n+-1) unit digit different from 5) for all Primes >
5.

Because of the Prime number 7, all Prime numbers are in the form (1+1) for Prime 2, (2+1)
for Prime 3, (6-1) for Prime 5, (6+1) for Prime 7, and the form (((6n+-1) unit digit different from
5) not divisible by 7) for all Primes > 7.

Because of the Prime number 11, all Prime numbers are in the form (1+1) for Prime 2, (2+1)
for Prime 3, (6-1) for Prime 5, (6+1) for Prime 7, (6*2-1) for Prime 11, and the form (((6n+-1)
unit digit different from 5) not divisible by (7 nor 11)) for all Primes > 11.

Because of the Prime number 13, all Prime numbers are in the form (1+1) for Prime 2, (2+1)
for Prime 3, (6-1) for Prime 5, (6+1) for Prime 7, (6*2-1) for Prime 11, (6*2+1) for Prime 13,
and the form (((6n+-1) unit digit different from 5) not divisible by (7, 11 nor 13)) for all Primes
> 13.

Because of the Prime number 17, all Prime numbers are in the form (1+1) for Prime 2, (2+1)
for Prime 3, (6-1) for Prime 5, (6+1) for Prime 7, (6*2-1) for Prime 11, (6*2+1) for Prime 13,
(6*3-1) for Prime 17 and the form (((6n+-1) unit digit different from 5) not divisible by (7, 11,
13 nor 17)) for all Primes > 17.

Because of the Prime number P, all Prime numbers are in the form (1+1) for Prime 2, (2+1)
for Prime 3, (6-1) for Prime 5 and the form (((6n+-1) unit digit different from 5) not divisible by
any (7 <= Prime <= P)) for all others Primes > P.

6.1 Factor properties in Primes Numbers

Integer 2 is the first Prime, which is not a factor of Unit’s product (1 * 1). Prime 2 is the first
Prime of all Primes. All Primes bigger than 2 have this property.

Integer 3 is the first Prime, which is not a factor of Composites of the form (2n). Prime 3 is
the first Odd Prime. All Primes bigger than 3 have this property.

Integer 5 is the first Prime, which is not a factor of Composites of the form (2n) and (3n).
All Primes bigger than 5 have this property.

Integer 7 is the first Prime, which is not a factor of Composites of the form (2n) and (3n) and
(5n). All Primes bigger than 7 have this property.

Integer 11 is the first Prime, which is not a factor of Composites of the form (2n) and (3n)
and (5n) and (7n). All Primes bigger than 11 have this property.

Integer 13 is the first Prime, which is not a factor of Composites of the form (2n) and (3n)
and (5n) and (7n) and (11n). All Primes bigger than 13 have this property.
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Integer P is the first Prime, which is not a factor of Composites of the form (2n) and (3n) and
(5n) and (7n) and (11n) and ((any prime < P) *n). All Primes bigger than P have this
property.

Conclusion: there is not a single form for any two Prime numbers. We describe each Prime
number differently from other Primes. Each Prime has its oddest characteristic that applies only
to itself.

There is not any single form to describe two Prime numbers, whatever they may be.

This is a striking difference, as compared to the forms (or mathematical properties) describing
the elements of a number sequence generated by a polynomial.

The form or the mathematical properties of a polynomial sequence element repeat periodically
along with other elements.

Similarly, it occurs in repeating decimals of Prime reciprocals or exponential sequences.

But the form or mathematical properties of Primes never repeat themselves.

The form of repetition cycle and the mathematical properties of a polynomial sequence has a
finite size like repeating decimals of Prime reciprocals.

The form of repetition cycle and the mathematical properties of the sequence of Prime
numbers has an infinite size, as infinite as the number of elements in a polynomial sequence.

6.2 Conjecture

Considering that any polynomial sequence has infinitely many indexes and, therefore,
infinitely many elements;

Considering that any mathematical operation will occur repeatedly all along with its
polynomial elements; and

Considering the form of all Prime numbers never repeat.

So, it is not possible to find any polynomial with infinite many Primes elements in a sequence
of Primes, but at most a finite sequence of Primes with a maximum size for that polynomial.

6.3 Conjecture

Considering that all prime numbers have the same basic characteristic of being the only
divisors of themselves different from 1, then if a polynomial sequence can generate at least a
few prime numbers, then it can generate infinitely many others.

This is because if a polynomial sequence that is irreducible and has no variable in common
could only generate Composites, then there would be some other polynomial that would only
generate prime numbers.

But since all polynomials obey the method of finite differences, then no polynomial can
generate an infinite sequence of many prime numbers.

It is also an observation of the covering system.
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6.4 Conjecture

Because the law of formation of Composites is straightforward without alternatives or
variations, it is possible to determine one or more equations that generate all the Composite
numbers of a polynomial sequence.

The Prime numbers will be all those that belong to the polynomial sequence, but not to the
elements of the Composite generator equation. Since the law of formation of Primes is not
straightforward and has alternatives or variations, it is not possible to determine an equation that
generates all the Primes of a polynomial sequence.

6.5 Conjecture

Considering that any polynomial sequence has infinitely many indexes and, therefore,
infinitely many elements, then all finite subsets of its elements will result from the equality
between the polynomial sequence equation and another function. All finite sequences are thus of
the form function 1 equal to function 2.

7. Reflecting on Prime Number Sequencing

Many are the equations and algorithms that try to generate a big sequence of Prime numbers.
However, all of them have some sort of disadvantage and/or limitation.

Let’s make a trial in the practice.

Let’s start our reasoning by thinking all Prime numbers are of the form (6n+1), except
Primes 2 and 3.

Because of this exception, we have already started imperfect.

But let’s neglect because we have the feeling that this imperfection is “tiny”.

They are only two Primes of infinitely many Prime numbers.

Since a Prime number cannot result from a multiplication of two integers different from the
number One and the Prime itself, then the first idea that comes to mind is that no Square or Cube
number, nor any other power can be Prime:

Prime +#nmn+1m=*1
Broadly, a Prime cannot result from multiplying different Integers, i.e.:
Prime # n(n £+ m)
Prime #n(nxm)(nxl)..(nx o)

nor can it be a combination of all forms:

Prime # nP(n+ m)!(n + )7 ...(n %+ 0)9
Prime # sn"P(n+m)!(n+ 1)’/ ...(n +0)9

The following equation presents a generic notation:

Prime # n(n x k), wheren # kand (n, k) € Z

Notice that we can factorize every Composite into only two factors since each factor can also
be a Composite or a Prime and the difference between the two factors can be any Integer k.

Therefore, to denote what a Prime cannot be, the expression above Prime # n(n * k) is fully
complete and unique.
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Notice that this also applies to Prime # snP?(n + m)!(n £ 1)/ ... (n % 0)9, which we reduce
to the multiplication of only two terms in all cases.
In conclusion, this is what a Prime number is not: Prime # n(n * k).

7.1 First trial to find sequences of Primes

Where are the Primes?

As the prime numbers are infinite, so whatever the composite number, there is always an
integer number C such that:

Prime=n(ntk)+C
Except for the first prime, all Primes are Odd numbers.
Thus, an "almost" general equation for all prime numbers is
Prime Number = (bmx 1) =n*n+k)+C#nx*x(n+k)

wheren # 1; k # —n and (m,n, k,C) € Z.

The equation is almost general because it rules out Primes 2 and 3. A single detail that
embedded all meanings of Prime numbers.

If we consider that in our sequence of prime numbers all are Odd, then the difference between
two consecutive elements will be an Even number.

Thus, being our sequence composed of 3 consecutive prime numbers P1, P2, P3, such that
2 < P1 < P2 < P3, then

P2>P1+2and P3>P2+2

Therefore,
P3>P1+4
Next, consider a fourth Prime number P4 greater than P3:
P4>P1+6

This means that, if there is a sequence of Odd numbers where each number is a Prime and the
difference between two sequential numbers is 2, then the following property would apply:

P1=P1+0
P2=P1+2
P3=P1+4
P4 =P1+6
P5=P1+38

If this reasoning were correct, then we could state that "every even number is the result of the
difference of two prime numbers, where one of them is fixed".

Based upon this reasoning, a table starting with the positive Integers can see where the
sequences of Prime numbers appear:
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Figure 1. The sequences of Primes in blue color. They were obtained by adding the Even
numbers (0,2,4,6,8,10,12,14,...) to the Natural numbers from Zero to 41.

The only sequence larger than twin Primes is a 3-element sequence {3,5,7}. All the other
Prime sequences are twin Prime numbers.

We can explain the lack of Prime sequences greater than twin Primes except for the sequences
{l - 7|! I - 5|, | - 3|} and {3,5,7}

Since we are creating sequences with consecutive elements that have constant difference 2
between them, so we create two types of sequences. If the sequence starts with an Even number,
we create the sequence Even numbers (2n). If the sequence starts with an Odd number, we create
the sequence Odd numbers (2n-1).

If we could apply this property to Prime numbers, then either all even numbers or all odd
numbers would be Prime.

The “almost” general equation Prime Number = (6m =+ 1) says that Primes have to be Odd.
However, there are Odd Composite numbers written as n(n — k), where 1 # n # k. Therefore,
not all Odd numbers are Prime.

Secondly, according to the “almost” general equation of Prime numbers, Prime Number =
(bm £ 1), if P2 =P1+ 2, then, P1 =(6n—1) and P2 = (6n+ 1). If P3 = P2+ 2, then
P3 = (6n+ 1)+ 2 = (6n + 3), which cannot be a Prime because it is a multiple of 3.
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7.2 A second trial to find sequences of Primes

Sharpening the first reasoning above, while checking for sequences of Primes only separated
by Even numbers, then the task now is to figure out which sequences of Even numbers may
separate Prime numbers into sequences.

According to the previously stated conclusion, there is not P2 = P1 + 2 so that P3 = P2 + 2.
Taking into consideration the equation (6n + 1), if P1 = (én — 1) is a Prime, then P2 = P1 +
2 = (6n + 1) may be Prime.

Now, let’s consider the following possibilities for P3:

P3=P2+2=P1+4=(6n-—1)+4 = (6n+ 3) cannot be Prime.

P3=P2+4=P1+6=(6n—1)+6 =(6n+5) = (6m — 1) may be Prime.

Therefore, P2 = P1 + 2and P3 = P2 + 4 = P1 + 6, may form a sequence of Primes
P1,P2,P3.

P1=P1+0
P2=P1+2
P3=P1+6

This sequence overcomes the obstacles encountered in the first reasoning. Let's continue the
sequence looking for P4.
The inclusion of a fourth Prime number into this sequence requires the identification of an
Even number that separates the fourth Prime from the third one.
P1 = (6n — 1) may be prime
P2 =P1+ 2 = (6n+ 1) may be prime
P3=P2+4 = (6n+5) = (6m— 1) may be prime
Therefore, the possibilities for P4:
P4=P3+2=(6m—1)+2=(6m+ 1) may be prime
P4 =P3+4=(6m—1)+4 = (6m+ 3) cannot be prime
P4 =P3+6=(6m—1)+ 6 = (6t —1) may be prime
The remaining possibilities are:

P4 =P3+2
P4=P3+6
If we write our sequence from P1 and consider P4 = P3 + 2, we have:
P1=P1+0
P2=P1+2
P3=P1+6
P4 =P1+8
If we write our sequence from P1 and consider P4 = P3 + 6, we have:
P1=P1+0
P2=P1+2
P3=P1+6
P4 =P1+12

Which of the two possibilities is to be chosen now?

The possible sums of even numbers to the initial Prime number of type P1=(6n-1) are shown
here where the result of P4 will never be a multiple of 2 or 3. Therefore, in terms of Primes 2 and
3, either P4=P1+8 or P4=P1+12 are appropriate.
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But what would be the behavior of this sequence in terms of the Prime 5?
If P1 = (6n-1), then (6n-1) is always an Odd number with unit digit 1,3,5,7 or 9. We discard

the numbers with the unit digit 5 for Primes >5.

As we write the Prime number in the forms (6n-1) or (6n+1), we must investigate all
possibilities of a unit digit for each possible Prime:

P1 = (6n-1) [ n| P1=(6n+1) |
1 1 7
2 11 2 13
3 17 3 19
4 23 4
5 29 5 31
6 6 37
7 41 7 43
8 47 8 49
9 53 9
10 59 10 61
1 1 67
12 71 12 73
13 77 13 79
14 83 14 I
15 89 15 91
16 IEE 16 97
17 101 17 103
18 107 18 109
19 13 19 I
20 119 20 121

21 21 127
Table 1. The Prime numbers forms (6n-1) or (6n+1)

All Prime numbers, except Primes 2 and 5, have the unit digits {1, 3, 7, 9}.
Now let’s add each of the even number sequences we find in each digit unit of P1=(6n-1).

Possibles sequences with (P4 = P1+8) mod 10

(P1 = P1+0) mod 10 1 3 7 9
P2 = P1+2) mod 10 3 9 1
(P3 = P1+6) mod 10 7 9 3
4 = P1+8) mod 10 9 1 7
good bad bad bad

Table 1. The sum of the Even sequence (0,2,6,8) in each of the four unit digits of P1.

Possibles sequences with (P4 = P1+12) mod 10

1 3 7 9
P2 = P1+2) mod 10 3 9 1
P3 = P1+6) mod 10 7 9 3
P4 = P1+12) mod 10 3 9 1
good bad good bad

Table 1. The sum of the Even sequence (0,2,6,12) in each of the four unit digits of P1.

If we use P4=P1+8, then we can only get prime number sequences from P1 with unit digits
{1}.
However, if we use P4=P1+12, then we can get prime number sequences from P1 with unit
digits {1 and 7}.
This means we should choose P4=P1+12 to cover more Prime number sequences.
So, our choice is:
P1=P1+0
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P2=P1+2
P3=P1+6
P4 =P1+12
Now that we have determined four possible Prime elements of our sequence, what should the
next Prime elements be like?
The most intuitive answer is to verify the mechanism that exists between the differences of
the sums to extrapolate ahead.
We are adding (0,2,6,12). The difference between them is (2,4,6). We are increasing by 2

each of the differences:
Possible Prime Sequences at P1 mod 10 = (1 or 7)
P2=P1+|2 2 2
P3=P1+ 4
P4=P1+|12 6
P5=P1+|20 8
P6=P1+|30 10
P7=P1+|42 12
P8=P1+|56 14
P9=P1+|72 16

N NNDNNNDN

Table 1. To get the greatest success of Prime number sequences we need to add to an initial
Prime number of form P1 = (6n * 1) the even number sequence
(0,2,6,12,20,30,42,56,72, ...). With this procedure, we avoid finding multiples of 2, 3, and 5.

Let's test this theory in practice.
Let’s a row of all Natural numbers including Zero and One.
e For each Natural number from this first row, we create a second row below where each
element will be the elements from the first row by adding 2.
e For each Natural number from this second row, we create a third row below where each
element will be the elements from the second row by adding 4.
e For each Natural number from this third row, we create a fourth row below where each
element will be the elements from the third row by adding 6.
e For each Natural number from this fourth row, we create a fifth row below where each
element will be the elements from the fourth row by adding 8. And so on...

So,
e The first row will be the Natural numbers.
e The second row will be the first row of Natural numbers added by 2.
e The third row will be the first row of Natural numbers added by 6.
e The fourth row will be the first row of Natural numbers added by 12.
e The fifth row will be the first row of Natural numbers added by 20. And so on...
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See what a beautiful and intriguing table we get:

311415 323 6137[38[39]40]41 |
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Figure 1. The sequences of Primes in blue color. They were obtained by adding the Even
numbers (0,2,6,12,20,30,42,56,72,...) to the Natural numbers from Zero to 41.

When we look at this table, several questions arose.

e What does it mean? What are the Prime number sequences talking about here? What
do they want to show?

e How far do sequences appear? Why do they appear in this way?

e Where are the sequences of different initial Prime numbers? Beautiful Prime sequences
are seen for columns 5, 11, 17, and 41, but where are the sequences of 7, 13, 19, and
43?7 And those of other Primes?

e Why do Prime sequences stop?

e Are there infinite sequences of Primes? If we continue expanding the table, do we find
a sequence with infinite many Primes? Can we find a sequence with as many Primes
as we wish?

e What happens if the table is extended to the other 3 quadrants using the negative
columns and negative rows? Is it possible?

e Are there more sequences of "hidden" Primes sequences other than the obvious vertical
sequences?

¢  Why do some Primes appear in more than one sequence?

e Why are they aligned? What are the rules for this alignment?

e Is it possible to produce new tables and get new sequences?

Here we start all our studies.
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