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Abstract

The union of arithmetic progressions of primes reflected over a point at any distance from the origin,
results the double density of occupation of integer positions by the series of multiples of primes. Itis
shown, that the number of free positions left by the double density of occupation has a lower limit function.
These free positions represent equidistant primes satisfying Goldbach's conjecture. Herewith may be
proved as well, that at any distance from the origin, within the section equal to the square root of the
distance, there is a prime. Therefore the series of primes represent a continuum and may be integrated.
Further it may be proved, that the number of any two primes, with a given even number as difference
between them, is unlimited. Thus, the number of twin primes is unlimited as well.

1. The number of free positions left in case of the double density of occupation

The total number of the primes is the integral of the local logarithmic density of free positions evaluated by
Riemann. The first approximation of the integral is the sum of the logarithmic density over all integers, in
the following used as sum over all integers:

T(c)= [C ! de
J In(c)
2

(1.1)

TIn_appr(c) = In(n)

This above sum may be written as summing up first over all integers within the sections of the length (/¢ ) and
then summing up over all the (/¢ ) sections of the length (+/¢). Taking the average value over each section and
summing up over the sections is an approximation, in the following used as sum over all sections.
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The well proven prime-number-formula (PNF) results as simplification of the above approximation
taking for all sections the largest value (j =+/¢):
ceil(\f ) cell(f )
f e © = 13
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The results of the PNF are for all distances smaller, then the best estimate value resulting from the
approximation (1.2), because all terms of the addition are smaller:
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Wi d . wled (14)

The PNF is well proven, therefore the method of addition over sections (1.3) is proven as well, because it
results as low limit the PNF.

The series of multiples (arithmetic progression) of any prime (p (n)) together with the same series reflected

over any point (¢ ) at the distance (¢, mod|:c,P } > 0) from the origin, cover a subset of all integer positions.

(n)
The positions covered by the straight and by the reflected series of multiples of a prime are mutually
exclusive: Together they cover the (2. p (n))-th part of allinteger positions. The union of the first (R(c)=+/c/

1n((c)) series of multiples of primes and of their reflected series results the double density of occupation.
Pairs of the remaining, symmetrically placed free positions - left by the double density of occupation -
compose the set of central triads around the point of reflexion at the distance ( ¢ ). This methode may be
regarded as a special case of the sieve proposed by Chen Ref. [1].
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The share of the integer positions left free by each of the series of multiples of primes is: (1 - Pi). The
(m)

density of free positions left by the series of multiples of the first prime is ( 1, 2). The density of free

positions is multiplicative, therefore the density of free positions left by the double density of occupation of

the first (R(¢)= +/¢/ 1n(y/<)) primes, at the distance ( ¢ ) from the origin is:

1 [R© 2
ST (1_%j (1.5)
n=2

This again under the condition that the distance of the point of reflection ( ¢ ) is relative prime to all (p (n))

primes, meaning ( ¢ ) itis a prime. If the point of reflection ( ¢) is divisible by any of the (x )-th prime with

(P <P, <P ), then the reflected series of multiples of this prime do not cover any additional
(2) " K (R

positions over the number already covered by the single series of multiples of the same prime. The

local density of free positions is in this case:

K-1 R(c) R(c)
1 2 1 2 1 2
i el T e R (19)
n=2 n n=K+1 . n=2 .
Lemma 1.1:

The density of free positions left by the double density of occupation of primes has a minimum

in case the point of reflection is a prime (c= P (n>).
Proof: The series of multiples of any prime (p (n>) - together with its reflected series - occupy the
(2/p (n))-th part of all integer positions, if the point of reflection ( ¢ ) is a relative prime to all primes
(p (ny " R(c)). Otherwise - for the prime dividends of (¢ ) - only a share of (1/p (n)). Therefore the

share of the remaining free positions has a minimum, if the point of reflection is relative prime to all
primes, meaning it is a prime itself, as stated in the lemma and concluding the proof.

Definition of triads and diads

If the point of reflection is a prime, than the positions left free by the double density of occupation represent
primes, which are equidistantly placed around the point of reflection. Two primes equidistantly placed around
the prime at the point of reflexion compose a central triad. The distance of the primes at the center of the
triads is the mean value of the distances of the two other primes from the origin. In case the point of reflection
is not a prime, then the density of free positions at this point is the density of central diads.

If the distance of the point of reflexion ( ¢ ) is equal to a prime, than the local density of free positions left by

)- The

the straight series of multiples at the distance (4, 2<d < ¢) from the point of reflexion is ( nte—d)
n(c —

density of the reflected series is ( 1(71(1) )- The combined local density of free positions is:
n

c+

- )
Ddjad(c,d) = (e d)In(c + d) (1.7)

Here the factor of correction ( 5, ) had to be introduced in order to enable the use of the square of the
inverse of the logarithm of the distance for the double density of occupation at the distance (¢):

Ri2-c R(2-¢c 2 2
%. lim (1_[) {1 - PZ} = 52‘(;) - lim (1‘[) {1 - Pl} =8(0) lim Sl(_c[) {1 - Pl} = 522 (1.8)
c—> © no?2 (n) c—)oon:2 (n) c—)oon:1 (n) In(c)

The value of the constant quickly converges to (5, := 1.3203348166 ). It is evaluated in annex A1.

Replacing the distance of the center of reflexion in (1.7) by the distance from the origin (;j-/¢),

respectively from the distance (2.c - j-/¢) gives the density of diads:

)
Ddi ,j) =
diad(¢,]) ln(j ~\/::)~ln(2~c iy \/::)
With lemma 1.1 the the number of triads corresponds to the minimum of the number of diads. Therefor
in the following the minimum, the number of triads will be evaluated.
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Summing up the local density of diads over all (/¢ ) section, multiplied by the density of the prime in the
centrum ( 1/1n(c)) results the best estimate number of triads up to the distance (¢):

ceil(\/::) 5 ceil(\/::)
c 2 \/70 .
- Ve = . Diad(c. 1.9
Tc_appr_(©) (o) .zl ln(j ~\/::)~ln(2~c —j~\/E) (o) .Zl diad(c,]) (1.9)
i= j=
The lower limit of the best estimate number of triads results with the density taken for all sections of the
length (/¢ ) at the distance of the upper limit (j =+/¢), yielding the triads-number-formula (TNF):

1 foorl/o Sfe _ /e foor( 1= b2c _ 5 R(o)°
In(c) Z ln(c)-ln(2~c - c) - 3 z = e INF(9:= 3 B 4 (o)

i=1 In(c) j=1 In(c)
The method replacing the local density in the formula by the density at the upper limit of the distance in the
formula of the best estimate number of triads is the same, which results the prime-number-formula as low
limit of the best estimate number of primes. The fact, that the PNF is well proven, proves the TNF as well.

(1.10)

Tc_appr_low (©) =

Similarly the best estimate number of triads with one component within the first section (+/¢) - equal to the
number of central triads with one component within the last section to ( 2.c) - is evaluated:

Tc_last_appr (€)= \/TCACEH@) 82
_1ast_appr_ In(c) T 1n(j'm)-ln(2-c—m)

The lower limit of the approximating function results - similarly to (1.10) - with the density taken at its upper
limit (j =-/+/< ) for all sections of the length (./\/<), yielding the triads-number-formula-last (TNFL):

e bt o o (0= 1 Aﬂoor(z\/ﬁ:) 52,\/70 - 52.\/70 ﬂoor(z\/TC)
- 2mly/c P ln(ﬁ)dn(lc—ﬁ) 2.|n([c)2-1n(2»c—ﬁ) io1

82+/c 82 R(ﬁ)

> Te TNFL(¢) = ———————— =—
- 2 In{2-
2-111(\/70) ~1n(2-c) 8 n( C)
The effective number of triads (¢ effc)) and (¢ jast_eff)) are evaluated in annex A2.They are compared with the
corresponding best estimate approximations.

(1.11)

1| >

2
(1.12)

The dispersion of the effective values of the number of triads around the approximating functions divided by
the number of primes at the square root of the distance (nappr((c)) results the relative dispersion. The

following properties of the relative dispersion are evaluated in A3:

Itis found, that the standard deviation of the relative dispersion is approaching for the triads up to (¢ ) and for
the triads within the last section up to ( 2.¢) - for large distances - a constant value:

2
1 (c) — ffc)
SDAT el = | (%j ; FSD At rel = SDAT rel(clim) = 0.018035 (1.13)

C

2
1 ATc Jast(c)
SDAT last rel(¢) = " Z (ﬁj » FSD AT last rel = SDAT_last_rel(Clim) =0.0176597
c

C
As illustrated in annex 3, figure (A3.2) the constancy of this factor is only valid for large distances:
there is an initial effect present for smaller distances. This effect is the reason for the slight difference
between the factor for the standard deviation of the dispersion of the number of central triads up to the
distance (<) and of the same factor up to the distance (/¢ ). For distances rising without limit the
standard deviation of the dispersion approaches a value very close to the first value:

lim SDAT_rel(Clast_rel) = lim  SDAT rel(9) = lim SDAT_rel(Clim) =(0.018035 (1.14)
Cc —> 00 Cc —> 00 Cc —> 00
The constancy of the standard deviation of the relative dispersion of the primes over the distance results
from the fact, that the density of primes decreases with the inverse of the logarithmic of the distance.
Therefore the distance between the primes - on the average - increases with the logarithm of the
distance. With the logarithmically increasing distance the dispersion is increasing proportionally to the -
with the distance rising - number of primes (Rr(c)).

From the constancy of the standard deviation of the relative dispersion follows the congruency of the
relative dispersion of the effective number of primes around their best estimate value, over the distance.
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Further itis found, that the difference between the best estimate value and the value resulting from the TNF
is proportional to the TNF, divided by the logarithm of the distance. The factor of proportionality is:

In(c) = (1 _ TC—TNF(C)j.ln(C) = FAT_TNF = 0.697952 (1 N 5)

FAT TNF = (Tc_appr( ©) — Tc_ TNF (C)) : Tir(c)
c_app!

Tc_appr(©)

The TNF from (1.10) corrected correspondingly to the difference between the best estimate number of
primes and the TNF gives the corrected value:
d2-¢c do-c do-c do-c 1
= +FAT TNF- =T TNE corr(¢) = ——| 1 + FAT TNE- "
In(c) In(c) In(c) In(c)

Tc TNF corr(©) = T¢ TNF(c) + FAT TNF-

Both above constant factors (1.14) and (1.15) represents inherent properties of the double density
of occupation, respectively of the prime numbers.

2. The low limit of the number of triads

Up to now basically the phenomenology of the double density of occupation by the union of the series
of multiples of primes was analyzed. Now the consequences will be summarized. First the following
lemmas may be formulated:

Lemma 2.1:

The difference between the best estimate value of the number of triads and the value of the
TNF over the distance is always greater then the local value of the dispersion of the effective
number of triads around the best estimate value: The TNF represents the low limit of the
effective number of triads.

Proof: The difference between the value of the best estimate of the effective number of triads and the value of

R(c:)2 - ¢

the (TNF) is with (1.15) growing proportional to ( ). The standard deviation and therefore the width
4v1n(c)2 In(c)
of the dispersion of the number of triads is growing proportionally to the number of the series of multiples (r(c)),

which are covering integer positions at the distance (c), (illustrated in annex 3, figure (A3.2).

For any sufficiently large distance ( ciimit(K) < ¢ ) the difference between the value of the effective number of
triads and the value of the (TNF) outgrows the width of the dispersion (kag-R(¢)), in case of any value of
the constant (kag ):

T(c)
In(¢) FATc T.c TNF R(c)

F .
Tc_appr(©) — Te TNF (¢) — ATc TNF(0) - At T.c TNF

KAB R(0) KAB-R(¢) KAB-R(¢) 4.KAB . In(c)
, (FAT.C_T.C R(c)j _
lim — | T
o | Takap M

From this follows, that the effective number of central triads has a lower limit function, the TNF divided by the
logarithm of the distance, which is growing to infinity, as stated in the lemma and concluding the proof.

Lemma 2.2:

The number of free positions left by the double density of occupation by the series of multiples of
(r(2-¢)) primes, within the first and last sections of the length (/<) up to (2.c) is proportional to the
number of the series of multiples of primes, which cover positions at (¢ ), multiplied by the density
of primes at the distance (), is growing without limit with the distance.

Proof: The triads-number-formula-last (1.12) - gives the low limit of the approximation of the number of triads
at(c), evaluated up to (\/c) and equal to the same number evaluated over the last section up to (2.¢):

ﬂoor(\/ﬁ) 52.\/70 S 52-\/70 ) ) R(\/::)z

Tc_last_appr_low_(¢) = 2.1ni\f054 jzl ln(\ﬂ:).ln(ZC—\ﬂ:) 2-ln(\fc)2-ln(2»c) 8 ln(2-c)

The prime-number-formula PNF for the distance from the origin (/<) gives the number of primes up to
(r(/0). Itis growing without limit. Its square, divided by ( 1n(2.¢)) is growing monotonously, without limit
as well, as stated in the lemma and concluding the proof.

The congruency of the relative dispersion - the dispersion of the number of central triads around its best
estimate value, divided by the number of the series of multiples (r(c)), which are covering integer positions
at the distance (¢) - over the distance is an important property of the set of primes.
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The number of central triads up to the distance (¢ ) grows with the distance to infinity, since it has a
monotonously and continuously to infinity growing lower limit function.

In case the central element of a triad is not a prime, but any positive even number between neighboring
primes, than with lemma 1.1 the number of equidistant primes is a greater number, then in case of any of
the neighboring primes. Thus the number of diads grows to infinity as well. The monotonously growing low
82:R(¢)
2-In(c)

limit of the number of the diads is with lemma 2.1 equal to ( ), proving Goldbach's conjecture.
Lemma 2.3:

Within the last section (/c) at the distance ( ¢ ), the low limit of free positions left by the union of the

. 2.5241{;]2)

series of muItipIes of the first ( R( j ) primes is - for Iarge distances - equal tO(
2 ln(fcj
2

Proof: With lemma 2.1 and 2.2, in case of the double density of occupation, at the distance (¢ ), within the

2
2452-R(£j
last section of the length (/¢ ), the low limit of the number of free positions leftis equalto (———~<7-).
c
1 —
“(2j
But this is certainly the case within the section of the same length, at the same distance, in case of

the single density of occupation by the straight series of multiples alone, as stated in the lemma
and concluding the proof.

Lemma 2.4:

In case of the union of the series of multiples of the first ( RGJ ) primes the low limit of free positions
2
2.8 R| =
3)
Cc ).
In| —
5

Proof: With lemma 2.3 within the interval of the length (/¢ ) at the distance ( ¢ ), the low limit of free

left within the section of the length (/) following any distance (c) is (

2
2-52<R(§j
positions left by the union of the series of multiples of ( R[ /Ej) primes is (———<7—). But this is the case
ln(ij
2

within the next section of the same size following ( ¢ ) as well, because the first free position covered by the

series of multiples of the smallest possible prime greater then (p )-equalto (p ) - is already
(R(0)) (R(9)+1)
greater then (¢ + +/c), as shown below:
The smallest prime, the series of which is covering positions following (¢ ) is (P =p +2),in case
(R(o)+1) ~ (R
(P(R(C))) and ( P(R(C)+1)) are twin primes. In this case is ( PR(e)) 2 JJc- 1) and the square of this smallest prime
is already outside of (¢ ++/¢):

2

2. 2 > 2 -
[P(reer+1)] Preon "2 = [ren] * 4Preey 42 Wer 1) +4(/e-1) 44

=c-2ferl+a(Jem1)+4=cs24/c+1>ct4c

Herewith the low limit of free positions left within the section (/¢ ) following ( ¢ ) is the same, as within the
last section just below (¢ ), as stated in the lemma and concluding the proof.
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3. Consequences of the double density of occupation
Based on the lemmas 2.3 and 2.4, the following law may be formulated:
Prime distance law:
Taking the arbitrary integer (m, 4< m), than the series of multiples of all primes up to

(P Rem)
remain at least one position free, representing a prime number.

2
) are not able to occupy all integer positions within the interval (m” . (m + 1) ): there

Proof: Within the interval of the length ((m + 1)2 - m2) there is one section of the length (m + 1):
2

(m+1) -m®_2m+l _

1+

m+ 1 m+ 1 m+ 1

>1

With lemma 2.4 within this section there is a position free from coverage by the union of the series of
. . . . - 2
multiples of the first ( P (ko 1) < m + 1) primes, which are covering positions up to ((m + 1)) as
m

stated in the prime distance law and concluding the proof.

With lemma 2.4 within each of the sections of the length (/n) up to (n +4/n) there is a position free from
the double coverage of the union of the series of multiples of the first ( R(n)) primes. This is valid for the
larger distance of the length ( 2.,/n) above (n) too. This has far reaching consequences: The set of the

series of multiples of all primes up to (P R (C))), normed with the size of this last prime, represents - as

limit - a continuum, since for any prime within the set, the following limit is valid:

P(p+1>_P(p) < [P(p) +2 (pJ ® _ \/TP JT 2 0 (3.1)

o) (p+1) o) o) e P(ps1)

4: Density of occupation of subsets of all integers by the union of the
series of multiples of primes

There is an other interesting consequence of the double density of occupation by the reflected series of
multiples of the primes: It is the proof of the infinity of the number of diads with any given even number
as distance between their components.

Definition of subsets of all integers:

With the infinite number of integers ( m € Z, Z=1,2..« ) all integers are part of one of the following
infinite subsets:

Nsub (1 4y = {a~+ m«P(l)P(z) ;a=-101,23,4} 4.1)
Allintegers in the subsets for ( a=0,2, 3,4 ) are divisible either by ( P(l) ), and/or by ( P<2) )- Therefore all
primes (p (ny {n=3,4,5, ... }) are members of one of the infinite subsets (a=-1)or (a=1), having the
distance ( % = 1) to the members of the set (a=0).
Members of the subset (a = 0) with one of their neighboring positions equal to a prime compose the
infinite subsets of these subsets:
Nsub (i, 1 ) T {a+ () P() = ) a=-1}; Nsub(p 1 ) = {a+ (1) P(5) = Pay) 2 1} 4.2)

The section of the above sets define an infinite subset of the subset (a = 0), with primes at both neighboring
positions having the distance between them equal to (N =2 ), meaning they are twin primes:

Ntw(m,nl,nz) =1 Nsub(m,fl,nl) M Nsub(m,l,nz)} (4.3)

25/10/2021 6 Doroszlai The double density



The distance of the center point of the diads to the origin is named in the following the distance of the
diads. The distance between the primes composing the diads is named in the following the distance of the
components. The distance of the components may be any even number. The only condition is, that the
half-distance of the components has to be smaller, then the distance of the diad (n/2<¢). With (1.9) and

(1.0) the number of diads and their low limit - given by the diads-number-formula are - the following:

ceil(\/?:) 8y \/70

- . ) 2
Tdiad_appr(c) = .Zl ln(j -\/?:)~ln(2-c Y \/::) » Tdiad_appr_low_(¢) = Z ‘R(0) (44)
J =

In the following it is listed, which values may take the distances of the components (~ ) of the diads
to any given distances of the diads, belonging to each of the subsets ( a= 0.1,2,3,4,5 ).
In case of the distance of the diads () member of the set (a = 0), the following distances of the
components are possible:
% = 1,713 19 .. ; No,m)=(m—1)-6+1; %< n,0)=n6 ;m=123,4 .. ;n=1234,.. (4.5)
% =5 11, 17 . ;N(0,m)= (m-1)-6+5; % <dn0)=(n+1)6;m=1,234..;n=1234 (4.6)
In case of the distance of the diads member of the set (a = 1), the following distances of the components
are possible:
% =612 18 .. ; N(1,m)=m6 ; % <dn1)=1+(n+1)06 ;m=123.4..;n=1234,.. @4.7)
In case of the distance of the diads member of the set (a = 2), the following distances of the components
are possible:
% =39 15, .. ; N(2m)=m6+3; %< dn2)=2+(+1)6;m=1,234 .. ;n=123,4.. (4.8)
In case of the distance of the diads member of the set (a = 3 ), the following distances of the components
are possible:
% = 4,10, 16 .. ;N(3,m)= m:6+4 ; % <dn3)=3+(n+1)06;m=123,4..;n=1234.. 4.9)
% =28 14 .. ;N(3m)=m6+2; % <dn3)=3+(+1)06;m=1234..;n=1234.. (4.10)
In case of the distance of the diads member of the set (a =4 ), the set of the possible distances correspond
to the distances in case of (a=2).
Similarly, in case of the distance of the diads member of the set (a = 5), the set of the possible distances
correspond to the distances in case of (a=1).
The union of all half distances of the components ( %) listed in (4.5) through (4.10), as well as the distances
of the diads (¢ ) include all integers.
Therefore the set of distances between primes composing diads (N ) includes all even numbers and grows
to infinity with the distance of the center point of the diads ( ¢ ). Differently expressed: The number of
diads - at any distance, with the corresponding even number as distance of their components - is
unlimited. With (4.4) the low limit of the number of diads - including twin primes - is given by the
diads-number-formula and grows to infinity.

. ey = ceil(\/ C(l’l,a)) 82/ ¢(n,a) ST (n,a) = Q-R(C(n a))Z (4 11)

diad_appr(n, .zl ln(j ~\m)~ln(2~c(n,a) i m) » Tdiad_appr_low_(n, 4 > .
]=

As an example for the diads the twin primes are evaluated as a special case of (4.5), with ( % =1).
For ( ¢(n) = n-6) the density of occupation of twins is:

Do frede.)) = 2 (4.12)

MRS (oo Do+ 1) '
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The approximating function of the total number of twins up to (¢ ), with density in case of the double
occupation by the union of the series of multiples of the primes and with the factor of correction
gives the twin-number-formula as well:

ﬂoor(\fc) ﬂoor(\/;) [

TWappr_(0) = 52‘\/70‘ Z Dtw_fred¢,j) = 52'\/70' Z (41 3)
i=1 i=1 Unlj/o

The evaluation and the comparison with the effective number twins are carried out in Annex 4.

8¢
>TW(c) =
ZJ ln(c)2

Annexes

All above formula are checked in the following annexes with numeric results. The annexes together
compose executable files in MATHCAD from PTC. The syntax corresponds to the MATHCAD syntax.

AO0: General data, vectors and functions

The set of primes and the listed known formula below is used for this checking. Some vectors of the results
with time consuming evaluation are evaluated once and the results are saved reading later.

The set of primes is read from a file: (p = READPRN("Primes_large.prn" )). The number of primes in the set and
their numbering are: (Np := rows(P) - 1 = 5003713, n:= 1,24.Np).

The number of primes up to (¢ ) is approximated with the prime-number-formula. At ( ¢ ) only the multiples of the
primes up to (+/c) are covering free integral positions. The numbers of these primes are:

; P(R(C))<ﬁ<P( (A0.1)

P(S(c)+l) R(c)+1)

ln?c)j o > o ﬂom( hﬁ’c j ~ H%

For the evaluation of the number of free positions up to the distance ( ¢ ) the routine ( nyext(c. niast)) resulting

the index (n) of the prime next to any integer is needed (p @ < c< p( +1)). The evaluation starts either at
n

the last evaluated index ( ni5), Or at the index resulting from the prime-number-formula. This, in order to
shorten some of the evaluation processes.

Pisn es

Te(c) > A%\c) = ﬂoor(

Further functions are the formula evaluating the index of the next smaller prime and of the next smaller
twin prime to any distance as well as the effective number of primes up to any distance:

nnextﬁPf(C,Hlast) = |if c=0 " npext TW_(¢,TW) := [if ¢>0 (A0.2)

n « S(c) if npagt =1
n < njggt otherwise

while P, <c¢

()

n<n+1

Res <~ n— 1

Res < 0 otherwise

Seff(c) = nnext p (¢, 1)

Reff(©) = nnext p (+/e 1)

nn <« floor] 5
In(c)

while TW <c
(nn)

nn < nn + 1
Res < 0 otherwise

Res <~ nn — 1

In the following all functions, which are evaluated for illustration, are evaluated at sparse distances,
equal to multiples of the square root of the largest distance considered ( c, ® =k /P(NP) ), resp. at

the next smaller prime ( P|:n
SP(k),

"(np)

Csp

Acgp = P(NP) y Klimit == ﬂoor|:

CNC

Sp(k+1):| ):

}— 1=9277 ; k:=1,2. . Kimit ; esp(e) = k- Acsp

(A0.3)

i
O T Sefl®) 3 ey = Seffesp [ 5 Kelimit = ﬂoor( ‘;““j-l D kki= 1.2 Kkjimit | Kkgimic = 4637

The values are evaluated once at sparse distelmces and written to a file. They are read from this file:
( WRITEPRN ("index_sparse_primes.prn" ) =ngp ) (ngpi= READPRN("index_sparse _primes.prn" )
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A1: Evaluation of the constant of the density of diads

The constant in (1.4) is evaluated the following way: The factor ( 5,(¢)) expressed from (1.4), the relation below

quickly converges to a constant value as limit, resulting the factor of correction. Its graphical representation
for the sparse values (n (k)) is shown below:

oo h2 5
-5 I1|'7 1- =
s (1) n-2 R P S Py | -
6= lim . =28=2 lim H ————| =87=1.3203348166
S > o0 1 2 1 2 S - o0 B 1 2
I W] [, m] || (n)
2
m=2.3.N 5 o=1 b5 =5 o2 5. -0.6601618 (A1)
-2 +
nn,

=20, = 1.3203236325

4

1x10 T T T T
25 b Ix107]
SP (k) 1
5 1x10” 10

— 13 | | | |

1x10
0 2410’ 410 6x10 810’
“SP(k)

Figure A1.1: Evolution of the factor of correction ( 5, ), approaching the final constant value

A2: Evaluation of the effective number of central triads and of their approximation

),

The approximate values of the number of triads (1.9) is evaluated once for sparse distances ( P[“SP(kkﬂ < S

with the center of the triads being equal to the next smaller prime to the sparse distances - and the results
are written to a file. They are read from this file :
. , ]
Te_appr_sp(i) = Tciappr{P[nsp(kkiH WRITEPRN("trlades_appr_sp.prn' )= Te_appr_sp (A2.1)

T appr sp = READPRN("triades_appr_sp.prn " )

The total number of triads around the center point at (¢ ) and within the last section before (2.c) is given

by (1.8). Itis evaluated once for sparse distances ( P[nsp(kkﬂ < cgp (kk)) - with the center of the triads being

equal to the next smaller prime to the sparse distances - and the results are written to a file. They are
read from this file:

. [ |
Te_last_appr_sp(y) = TC*IaSt*appr{P[nsp(kk)ﬂ WRITEPRN("trlades_last_appr_sp.prn" ) = Tc_last_appr_sp
(A2.2)
Te last_appr_sp = READPRN("triades_last_appr_sp.prn ")
The routine evaluating the effective number of triads at ( ¢ ) checks for each prime ( P( 2)< P (kk)< c), ifthe

integer at de distance (4= 2.c- were a prime too. Ifitis a prime, than the sum of the diads around

P k)
the central point is risen by one. The checking is made by control of the equality of the prime next to the
distance ( d) to the distance itself. Similarly the diads within the last section are evaluated. For the
evaluation of the index of the next smaller prime to a given distance the routine (0.2) is used. The results
are written to files and are read from these files:
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Tc eff (¢) = |S « 0 * Tc_last eff sp (0= |S « 0 * (A22)
Kjast « 1 Klagt < 1
n<« nnextﬁPi(C,klast) -1 n<« “nextﬁPi(ﬁ,klaSJ -1
while n> 1 while n> 1
de2:c-P de2:c-P
(n) (n)
k « nnext_P_((L klast) k « nnext_P_(d, klast)
S«<S+1 ifd=p S«S+1 ifd=p
! (k) ! (k)
klast < k kjast < k
nen-1 nen-1
S
“«— S «
In(c) In(c)
Tc_eff =Tc eff | P ' Tc_last_eff =Tc last_eff p n
c eff sp = Te eff | * c_last_eff sp = Tc_last eff sp | *
5 [ [“Sp(kk)ﬂ (5 [ [“Sp<kk>ﬂ
. | . [
WRITEPRN("trlades_c_eff_sp_.prn" ) = Tc_eff sp WRITEPRN("trlades_last_eff_sp.prn" ) = Tc_last_eff sp
Te eff sp = READPRN("triades_c_eff_sp_.prn" ) T last_eff sp = READPRN("triades_last_eff_sp.prn" )

A3: Evaluation of the properties of the dispersion of triads and of diads

The dispersion of both, of the free positions left by both, by the straight and by the reflected series of
multiples of primes are proportional to the number of primes (R(c)), the series of multiples of primes, which
are covering free positions at ( ¢ ). Therefore this is the case by the dispersion of the number of triads around
its best estimate approximation as well. In case of the number of diads within the last section the width of
the dispersion is proportional to the number of primes up to the square root of the distance.

The relative dispersion with reference to ( r(c)) respectively ( R(4/0) ) are evaluated and shown in the figure below.
The dispersion is equal in both cases, how it was expected:

ATe sp Kk
A“'cisp(kk) = Tcieffisp(kk) - Tciapprisp(kk) ATe rel Sp(kk) % (A3-1 )
) '{ [“SP(kk)ﬂ
ATe Jast _SP(kk)
A“'cilastisp(kk) = Tcﬁlastieffisp(kk) - Tcilastiapprisp(kk) AT Jast_rel Sp(kk) Re
ff& “SP(kk)ﬂ
A"'c_rel_sp(kk)
-0.1
-0.2
Figure A3.1: The reltive dispersion of the number of triads and of triads in the last section,
around their approximation
The width of the dispersion of the triads is therefore estimated as ( AB(c) = KapR(¢) ; Kagp=0.1) (A3.2)
The standard deviation SD from of the dispersion (A3.1) - relative to (R(c)) - has to be constant for large
distances. Itis evaluated and illustrated below:
kk (A3.3)

_ Ate(o) : ! 2
SDAT rel(¢)= | — {Ref{ ]ﬂ 5 SDAT rel = | Z [ATc_rel_sp(j>:|
[nSp(kk) i=1

1 ATe Jast(c) 1 XK 2
et Z [ATC_last_rel_sp(jﬂ

SDAT last rel(©) = | — » SDAT last rel sp =
- Ref n =P (kk) kk .
[Pk i=1
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The factor of proportionality for the standard deviation of the triads and of the triads in the last section

are constants and about equal:

FSp A= SDAT*rel(kklimit—l) =0.01805

FSD At last rel = SDA'rilastirelisp(kk

0.04~
SDAT_rel(kk)

Fsp_ ar 002

0
kk

limit—1

)= 0.0176596

0.04
SDAT last rel sp (kk)

FSD AT last rel

0.02

0

kk

(A3.4)

Figure A3.2: Standard deviation of the dispersion of the number of triads and of the
number of triads in the last section, around their approximating functions

The difference between the best estimate approximation of the number triads and the value resulting from the
triads-number-formula defined in (1.10) is proportional to the best estimate value, divided by the logarithm of
the distance ( n(¢)). The factor of proportionality is evaluated below and illustrated in the figure below.

AT T T AT A i espiig
= - c = .
ciTNFisp(kk) C_appr_sp i) ¢ TN sP(kk):| ciTNFirelisp(kk) ciTNFisp(kk) Tciapprisp( )

T, 8y
Te_apprt®) >FArc TNF‘*C_TNF(C) = FArc TNF (A3.5)
In(c) - In(c) -

ATte TNF(¢) =FAT.c TNF*
In(c)
)= 0.6980952

The factor of proportionality is: Far.c TNF = ATC_TNF_rel_Sp(kkﬁmir1

0.8 __
A’l'c_TNF_rel_sp(kk) 0.6F |

FAT.c TNF 0.4~ ]
0.2 N

0

Kk
Figure A3.3: Factor of proportionality of the difference between the best estimate number of
triads and the value of the triads-number-formula, to the best estimate
number of triads, divided by the logarithm of the distance

A4: The effective number of twin primes and its dispersion

The evaluation procedure of the best estimate number of twin primes corresponding to (4.12) is given
below. The routine returns the value of the best estimate value:
|

TWappr (¢) = [sar < /¢ . (A4.1)
S« 0
je1
while j < sqr
S« S+ !
(/e 1)n(j/c+ 1)
jej+1
S « S-82-sqr
The approximate number of twins at sparse distances are evaluated once and the results are written to a
file and they are read from it. The vector of the effective number of twin primes is evaluated elsewhere and
the results are written to a file. They are read from this file:
TWappr_spj = TWappri[csp (kﬂ : WRITEPRN("tw_appr_sp.prn" ) := TWapprisp. (Ad.2)

TWappr_sp = READPRN("tw_appr_sp.prn" ) W= READPRN("number_TW_eff_sp.prn" )
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In order to evaluate the variables at sparse distances, first the indexes of the next smaller twins to the
sparse distances are evaluated and written to a file for later reading:

i
TW_sp ®) ‘= Npext TW_| Csp ®) ,TW:| . ( A4.3)
WRITEPRN("k_TW_eff_sp.prn" ) =TW_sp 4 TW sp = READPRN("k_TW_eff_sp.prn" )
The difference between the effective number of twins and their approximating function is:
limit := length( TWappr sp) — 1 ki= 1. limit— 1 (A4.4)

ATW (¢) = TW(¢) = TWappr(c) ATWSp(k) = TW_sp(k) - Twapprisp(k)

Because of the larger initial deviation of the relative dispersion around the approximating function at small

. . L . . 7
distances the dispersion is evaluated starting from the distance ( kgart:= 5415; P ketar) = 5.024x 10 )
Stal
ATW.
_ ATW (0 SP(k)
ATWrel(0) = ATWre] = (A45)
R(c) P T Regf cgp (kﬂ
2] T T T
1 1
ATWrel_sp(k> ()WW"W
-1 1
) 1 1 1
SP(k)
Figure A4.1: Dispersion of the effective number of twins around its approximating function
and its limiting boundaries at sparse distances
The standard deviation of the relative dispersion of the number of twin primes around its approximating
function is:
k= Kgtart + 1 .. kijmit — 1
2 k
= [l o(awE). _ 1 2 (A4.6)
SDATW_ el = |3 ( Refi(©) ) PSPATW el gy = [T D [TV
c J =Kstart
The factor of proportionality for the standard deviation of the twin primes are approaching a constant value:
FSD_ATW = SDATW rel(j . . 1) = 0.0511355 (A47)

0.2 T T T

SDATW_rel(k) 0.15
— 0.1 .

FSp ATW
= 0.05f~——

0

Figure A4.2: Standard deviation of the relative dispersion of the effective number of twins
around its approximating function

The standard deviation of the dispersion of the number of twins is therefore about 5% of the value of the
approximating function.

Conjectures:
Reflecting the union of the series of multiples of the primes additionally over the ails of triads define five
equidistant primes, pentides. Continuing this way, septides and so on may be defined. The number of all these
multiple equidistant primes is unlimited.
The primes are defined on the non divisibility condition by all smaller integers. Similar infinite subsets of
the integers may be defined on similar conditions. If the density of the instances of such subsets is
decreasing with the inverse of the logarithm of the distance, or powers of the inverse of the logarithm, than
congruent relative dispersion may be defined and the subsets may be regarded as continuums.
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