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Abstract

From Goldbach’s conjecture to Goldbach’s law, the present proof is based
on reflecting the series of the primes over any integer, giving the double den-
sity of occupation of integer positions. The remaining free positions are di-
ads, equidistant primes to the point of reflection. Based on the symmetry
due to the reflection different proofs are given on Goldbach’s conjecture.
One of the proofs requires the asymptotically exact number of primes up to
a growing number of integers. Based on the prime-number-formula a cor-
rection as the best estimating function of the number of primes, the com-
plete-prime-number-formula is evaluated. Similarly to the primes, a diads-
number formula is evaluated. The dispersion of the effective number of
primes and diads around the corresponding best estimation functions allows
us to prove the asymptotic continuity of both functions. The asymptotic con-
tinuity of the best estimate functions the prime-number-formula and the di-
ads-number formula may be proved as low limit functions of the effective
number of primes and diads. This gives the first proof of Goldbach’s conjec-
ture. Two others follow. The theoretical evaluation is followed in annexes by
numerical evaluation, demonstrating the theoretical results. The numerical
evaluation results in different constants and relations, which represent in-
herent properties of the set of primes.

Keywords

Prime-Number-Formula, Complete-Prime-Number-Formula,
Diads-Number-Formula, Goldbach’s Conjecture, Twin Primes

1. Introduction

Goldbach’s conjecture may be formulated stating that any even greater than
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three has at least one pair of equidistant primes around it. To prove this con-
jecture, the following steps are shortly repeated, with references to more detailed
evaluations.

The density of primes over the positive integers as distance is given with the
fundamental identity of Riemann, by the identity of Euler as the Euler product.
The integral of the density gives the number of primes at any distance. A first
approximation of the integral of the density of primes by summation has an error.
This error is compensated by a recursive formula, resulting in the complete-
prime-number-formula (see Ref. [1]). A further simplification of the summation
formula results in the prime-number-formula.

Next the double density of occupation by the straight and over an integer point
reflected union of the series of multiples of the primes is defined (see Ref. [2]).
Applying the same method of the prime-number-formula on the double density
of occupation gives the diads-number-formula. Because of the symmetry of the
double density of occupation, the remaining free positions around the point of
reflection compose diads, equidistant primes to the point of reflection and there
is no error to be compensated by a recursive formula.

The dispersion of the number of primes and of diads around their best estimate
functions is evaluated. Both are proportional to the number of primes present to
the square root of the distance of the point of reflection. Divided by this value, the
standard deviation of the resulting relative values remains constant over the dis-
tance in both cases; by the primes and by the diads. But divided by the distance
both relative dispersions are approaching zero. Thus, both functions are becoming
smooth with growing distance.

The difference between the best estimate number of the primes and the prime-
number-formula is the error of this last function. Similarly, the error of the diads-
number-formula is the difference between the best estimate function of the diads
and the diads-number-formula. Both errors are proportional to the power of
nearly two of the number of primes present up to the square root of the distance,
respectively of the distance of the point of reflection.

Therefore, with the best estimate functions approaching smooth functions, the
prime-number-formula respectively the diads-number-formula are low limit
functions of the number of primes, respectively of the number of diads. The low
limit of the number of primes and of diads rising to infinity is the base of a first
proof of Goldbach’s conjecture. The share of primes at any distance is propor-
tional to the inverse of the logarithm of the distance. This fact follows from the
fundamental identity of Riemann, respectively from the Euler product. But this
law is valid not only for the set of all positive integers but for any arithmetic pro-
gression as a subset of all integers. This is the base of the second proof of Gold-
bach’s conjecture.

The double density of occupation results from the reflection of the union of the
set of multiples of the primes over any integer greater than three. It is not possible

to cover all reflected prime positions of the strait union of the multiples of the
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primes by the reflected union. This is the base of the third proof of Goldbach’s

conjecture.

2. The Best Estimate Number of Primes and of Diads
The series of multiples, arithmetic progression, of any prime covers the share

(i) of all positive integer positions. The share of positions left free by these
(n)

multiples is (1—i ). The share of free positions is multiplicative. For all
Fiy
) primes the density of free positions left is given with the funda-

(s(c)=m

mental identity of Riemann for (S =1), by the identity of Euler as the Euler prod-

uct, with the Mertens constant (¢, =€’ ):

lim| &, i(_c[) 1 ! 1 (1)
im| &, - ——||=
c—>m i P(]) |ﬂ(C)

All components of the Euler product are positive and approach unity with the

distance.
De la Valée Poussin établi 1899, (Ref. [3]), that the number of primes up to the
distance (¢ ) is given by the integral of the logarithmic density, which may be writ-

ten, as part of a first simplification, as sum over all positive integers:

c C
#(0)=Li(e) +0(c)= Inzc) 05 gy (0) 3 Inzn) @)
This summary above may be written as summing up first over all integers
within the sections of the length (+/c) and then summing up over all the (Je)
sections of the length (~/c ). Taking the average value over each section and sum-
ming up over the sections, as part of the first simplification, (see Annex 2) gives

the sum over all sections:

7 = ® >
7 appr (C) Z 4 |:n(j_1)_\/gln(n):| JZ;In(J\/E) ®

The well-proven prime-number-formula PNF results from a second simplifi-
cation of the above approximation by taking for each of the sections the smallest
value of the density at the end of the sections ( j = Jc ):

§ e o
JZ;'”(J"«/E)>PNF(C)_JZ—£In(\/E-\/E)_In(c)_s( ) @)

The systematic error of the sum over all sections may be corrected by recursive
application of a correction algorithm, resulting in the function of the best estimate
values of the number of primes, the complete-prime-number-formula (CPNF)
below, evaluated and demonstrated in ref [1]:
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@ ()

k& ¢

appr(c) — Z ( SeC) ' Z NEER
(c) [ In(] \/—) m=1 Y j=1 |n[j.c(2m+1]:|

This formula converges extremely fast: Two steps with (M = 2) are already suf-

ﬁ

©)

T

N
AN

ficient.

The factor ( y,,, =—0.041663) is an inherent property of the set of primes. Fur-
ther, this formula gives identical results (see Annex 2) as ( Li (C) ):

7(€)=Li(C)+0(C) =Ty (€)+0(C)5 Ay (C) =gy (¢) -7 (C) (6)

Reflecting the series of multiples of any prime over a point at the distance ()
from the origin results the double density of occupation of integer positions
within the interval (0 <C < 2-C) by the series of multiples of the primes, if all the
primes are relative primes to the point of reflection (¢ ) (see left side of Figure 1).
This is, because the positions covered by the straight and the reflected series of
multiples are mutually exclusive for each prime if (¢) is equal to a prime, greater
than two. In the figure, empty circles mark diads and full circles mark positions
covered by multiples of primes.

33
29_/f31 29 431
27
5 8 ”
23 21 23
1921 19
15 17
h3 13 15
911 9 \\
1
7
5 %7 5
3
3
c=17 2¢  integers c=18 2c integers

Figure 1. The double density of occupation in case of the point reflection being a prime
or an even number.

Again, reflecting the union of the series of multiples of all primes over a point
at the distance (¢ ) from the origin results the double density of occupation of
integer positions within the interval (0<C<2-C) by the union of the series of
multiples of the primes ( see left side of Figure 1). This is, because the positions
covered by the straight and by the reflected series of multiples are mutually exclu-
sive for each prime if (¢) is equal to a prime greater than three. The integer posi-
tions remaining free by the double density of occupation represent equidistant
primes to the point of reflection, composing diads (see ref. [2]).

The straight and the reflected series of multiples of any prime covers in this case

the share (i ) of all positive integer positions. The share of positions left free is
(m

(1—i ). The share of free positions is multiplicative. For all (S(C) =L)

) In(c)
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primes, with the constant ( 5, =1.320324 ), the density of free positions left is

given herewith again with the corresponding Euler product:

%3

2
. 1 s(c) 2 ) 1 (c) 1 Seft (=) Pn
!L@[E-qil—P—ﬂzéz(c)-hm =11 1—P— ; 0,=2- O (7)

(n) o n=2 (n) n=2 1 ’
1———
NGy

All components of the Euler product are positive and the product results in

positive values for all distances.

Reflected series of multiples of prime divisors of ( ¢ ) do not change the occupa-
tion of integer positions by such primes: Therefore, the number of remaining free
integer positions has a minimum, if the point of reflection is a prime. This is
shown on the right side of Figure 1 and demonstrated in Annex A2, Figures Al-
3, (see Ref. [2]). The quadrics with empty circles represent diads, with primes in
all corners. Together with the central prime they are triads.

The prime positions within the interval (0<Cc<2-C) reflected over the point
of reflection are independent of the union of the series of multiples of primes cov-
ering positions within the lower half of the interval (0 <C <2-C): They cover the

1
—— )-th part of the integer positions.
( in(c) )-thp gerp
The local density of free positions left by the density of occupation of the
straight series of multiples of primes at the distance (¢—d ) from the point of

reflection with (d, 1<d <C)is(L)

In(d) "
By the reflected series it is ( m

positions, the density of diads, is evaluated in ref. [2], [3] as product of the densi-

). The combined local density of free

ties. The constant (7) has double the value of the twin prime constant (C2), de-
fined by G. H. Hardy and John Littlewood, (see Ref. [4]):

0, %,
Digea (€, ) = In(d)-In(2-c—d) - In(c)’

Similarly to the evaluation of the number of primes as integral of the local log-

(8)

arithmic density of primes in (2), the number of the diads results as integral of the
above density. Again, as part of a first simplification, the integral of the above
density we may replace by the sum over all integers (This same generalization
from the primes to the twins, respectively to the 4tuples made already by G. H.
Hardy and John Littlewood):

X2 1 N Z 3,

- ! In(c—x)~|n(c+x)dx~ iiIn(c—n)-In(c+n)

)

ﬂ-diads_appr (C)

In cases of the diads, similarly to (3) the sum of the diads (9) we may write as
summing up first over all integers within the sections of the length (+/c ) and then
summing up over all the (+/c ) sections. Taking the average value over each sec-

tion, as part of the first simplification, and summing over the sections gives the
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best estimate value of the number of diads, respectively of the complete diads

number formula CDNF and taking account of the density of the prime at the point

of reflection of the complete triads number formula CTNE:

Jooo e 5,

r(i1e In(n)-In(2-c-n)

s, c

In(j~JE)-In(2-c— j -ﬁ)

Jc Z«:ﬁ 5,

Tn(meIn(n)-In(c)-In(2-c—n)
=i In(j-\/E)Jn(c)-ln(Z-c— j «/E)

The dispersion of the effective number of diads around this function is sym-

”diads_appr (C)

J

]
[N

(10)

5

Q

J

Il
iN

ﬂ'triads_appr (C) =

metrical (see Annex 3), there is no correction of this function required, like at
CPNE. The reason for this is the symmetricity of the set of diads.

Similarly, to the second simplification in cases of the primes in (4), the low limit
of the best estimated number of diads results the diads-number-formula (DNF),
if the density is taken for all sections of the length (/c ) at the upper limit of the
sections at ( j = Jc ):

& 5,-c _yc a1

7 diads_appr_low (C) = ; In (\/E\/E) -In (Z-C—\/E'\/E) In (C)Z

3. The Dispersion around the Best Estimate Number of
Primes and Diads

The remaining error of the number of primes is the symmetric dispersion around
the CPNF (see (53) and Figure A4). It is proportional to the number of primes
up to (R(c)), the series of multiples which are covering positions at (¢ ). This is
because each series of multiples of the first (R(c)) primes may contribute just
one uncertainty to the number of primes at the position (c). The dispersion is
additive, therefore the dispersion around the CDNF, in case of the double density
of occupation, is proportional to (R(c) ) as well:

A7T(C) = (¢)—7(C)s Amy(C)= (12)

AT iags (C
Aﬁtriads (C) = Tlitiads (C) - ”diads_appr (C) H A7z-triadsfrel (C) = ﬁ)()

C
The standard deviation of the dispersion relative to ( R(c) =L) is ap-
In(x/E )

proaching a constant value in both cases, see Annex 3, (53) and (58).

i .1
!LTQSDAﬁ_reI (C) =lim |-

C— C

[Z Az, (c)z} = Fep,,, =0.160989 (13)
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. 2
!LrESDAn_triads_rel ( ) - Ilm\/ |:Z Aﬂ-trlads rel (C) :| = FSD_A;r_triads =0.16089

Therefore, the standard deviation of the relative dispersion of the diads ap-
proaches a constant value, similarly to the standard deviation of the dispersion of
the effective number of the primes around the CPNF. The error term is limited

and approaches zero.

SDM_app,(c)=(FSD_MiASD_,,).R(c): Ay, , <0.02; hmA;zappr( )=0(c)=0 (14)

SDA;zftriadsﬁappr (C) (FSD Arz_triads * ASD 3 trlads) ( ) SD _x_triads <0.02 >
!m A72-'[riads_appr (C) = O( ) O

4. The Prime-Number-Formula and the
Diads-Number-Formula as Low Limits

The well-known and proven prime-number-formula PNF as well as the diads-
number-formula DNF results from the sum over all sections formula (3) respec-
tively (9), by replacing the local density of primes respectively diads by the density

at the upper limit of the sections, at ( j = Jc). The error of each section due to
G
In(j-Jc) In(c)
( 5, _52.\/5
In(j-\/g)-ln(z-c—j~\/6) In(c)®
e c & 5,-lc 5,-C
- respectivel 2 -—2
ém(j-\/E) in(c) 7 ’ éln(j-ﬁ).ln(z.c—j-\/E) In(c)’

The difference between the sum over all sections of the number of primes and

this approximation is ( ) respectively

). The total error is:

(15)

the value resulting from the PNF (see Annex 4), is proportional to the power near
two of ( R(c) ), the near square of the number of primes up to the distance (+/c ).
With (4) gives:

e \/E _\E \/E :ﬁ \/E
%ln(j-ﬁ) %ln(ﬁ-ﬁ) %ln(j-ﬁ

From the two parameters (gp ) and (7p ) the first one, the exponent (gp ), is

)—s(c):yp'R(c)g" (16)

evaluated in annex 4 on the condition, that the value of the second one (;/p)
remains, on average, constant over increasing distance. The second one is (7, )
quickly and asymptotically converges with a recursive formula for a constant

value:

L (c)
Vo= \E
j=1 In
(17)
& In(c

~ R ()gpfl ,Z;In( \/E)

N
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The resulting error of the PNF is: ( 7z, (¢) S

y, =0.32073756), &,=19816424.

Thus, the error of the second simplification resulting in the PNF at the distance
(c) is proportional to (R (c)gp ), close to the square of the number of primes pre-
sent up to (o).

The relation between the error of the PNF at (¢ ) and the near square power
of the number of primes up to (+/c) is invariant. The power value (¢,) and
the constant factor of proportionality (,) are inherent proprieties of the
number of primes.

Herewith the difference between the CPNF and the PNF, the error of the PNF,
is growing proportional to (R (C)gp ) while the width of the dispersion around the
CPNF grows proportional to ( R(c)). Therefore, the relation of the width of the
dispersion around the CPNF to the error of the PNF is approaching zero with the
distance (¢) growing to infinity (see Annex 4):

Fooar R F F
lim SDA—(C) =lim| —222 | < lim| — 22 =0 (18)
e RE)”T ) R 7 R(€)

Herewith the PNF represents the low limit of the number of primes. The fact

that the dispersion of the effective number of primes around the CPNF relative to
the PNF approaches zero with increasing distance proves that the PNF represents
the low limit of the number of primes and indicates that the set of primes is ap-

proaching continuity:

P
Iim(FS‘D-A”—R(C)leim M =|im[mj=o (19)

C—0 ﬂappr_low (C) C—0 C C—0 \/E

In(c)

Therefore, PNF represents for each distance a monotonously to infinity grow-
ing low limit function.

Similarly, the difference between the number of diads CDNF and the value re-
sulting from the DNF, is proportional to ( R(c)™ ), the near square power of the
number of primes up to the distance ( Jc ).

Again, from the two parameters (&, ) and (y, ) the first one, the exponent
(&4 =1.8350218 ) is evaluated in Annex 4 on the condition that the value of the
second one remains, on average, constant over increasing distance. This second
one quickly and asymptotically converges with a recursive formula to a constant
value ( y, = 0.04073037 ), as shown in Annex 4.

\/E 52\/E \/E 62\/E

(1) (2.0 1¥6) H[Ve &) n(2-0—Jo 5]

(20)
3 5,e _%C
j:lln(j~\/E)-In<2-c—j~\/E) In(c)2
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Therefore, the error of the DNF is:

9,:C

ﬂ-diadsfappr(c)_W:yd 'R(C)gd (21)

Herewith the difference between the CDNF and the DNF, the error of the DNF,
is growing proportional to ( R(C)gd ). The width of the dispersion around the
CDNF grows proportional to ( R(c) ). Therefore, the relation of the width of the
dispersion around the CDNEF, to the error of the DNF is approaching zero with

growing distance (c):

lim FSD_A;r_diads : R(C) — lim FSD_An_diads -0 (22)
o &d T o g1 [
74 R(c) va-R(c)
As well as the relation of the error of the DNF to the number of diads:

£ 2 2-¢, £
Iin{;q,-R(c)"Jn(c) J:"m 7¢-In(c) “’~2d
0,-C =

C—Hx C—0

1
52 -C 2 (23)

. In c 0.164 . 21.836
:Hm[% (©) =0

c—Hw 52 . CO'OSZ

5. The Infinity of the Number of Diads

First, we must consider the following statement: The best estimate values of the
diads, the dispersion of the effective values around the best estimate values and
the low limit functions evaluated with the same method as the prime-number-
formula. Because of the well proven PNF for the set of primes, the DNF and the
other results for the diads we may consider as proven on the same right.

The infinity of the number of diads around any integer which is rising to infin-
ity proven additionally in the following in diverse ways for integers to rise to in-
finity. First, we formulate the following conjecture:

Conjecture:

Any integer over three has at least one pair of equidistant primes around it.

Proof 1: A first proof is based on the fact, that diads-number-formula is the low
limit of the number of diads, like the prime-number-formula being the low limit
of the number of primes. To prove this, we formulate the following lemma:

Lemma 1: The number of primes and the number of triads are approaching
smooth analytical functions.

Proof: Taking account of the constancy of the relative dispersion of the number
of primes around CPNF (5), the dispersion of the number of primes around CPNF
(5) relative to the PNF approaches zero with growing distances:

F ‘R . 2.F
lim SD_M—(C) =lim FSD_A”'\/E _In(c) =|im{ SD_A”Jzo
2%\ Tappr_low (C) e In (\/E)C co® \/E

Similarly, taking account of the constancy of the relative dispersion of the num-
ber of diads around CDNF (10), the dispersion of the diads around CDNF (10)
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relative to the DNF approaches zero with growing distances:

lim M —liml E ) \/E~In(c)2 _ "m[‘l'FSD_An_diads]_O
- SD_Ax_diads = —_— | =
e ﬂ'diads_appr_low (C) e In (\/E) . 52 -C G 52 -R (C)

This proves that the set of primes and diads is approaching continuity as stated
in the lemma and concluding the proof.

Lemma 2: The prime-number-formula respectively the diads-number-for-
mula are the low limit functions of the number of primes, respectively diads.

Proof: The difference between the CPNF (5) and the PNF gives with (17) the
error of the PNF:

T ()7 =70 RO)”

The difference between the CDNF (10) and the DNF gives with (21) the error
of the DNF:
9,:C

7T diads_appr (C)_ In(c)2 =Ya- R(C)gd

Both errors are growing to infinite with increasing distance. Therefore, PNF is
the lowest function of the number of primes and the DNF is the low limit function
of the number of diads. Because of Lemma 1 the dispersion around the CPNF
respectively around the CDNF does not influence this low limit definition. This
fact proves the lemma, concluding the proof.

With lemma 2 the number of diads has a low limit function growing to infinity.
This function defined for all integers with distances over three, proves Gold-
bach’s conjecture.

Proof 2: Any even greater than three has several equidistant primes around
it that grows with increasing distance.

For the next proof, the following definitions are important:

Definition of subsets of all integers:

With the infinite number of integers (Me Z, Z=0,1,2,---,0) all integers are
part of one of the following infinite subsets:

={a+m-R,-R,,5=0,1,234,5| (24)

Subm.a)

All integers in the subsets for (a=0,2,3,4) are divisible either by ( P(1) ), and/or

by ( P(z) ). Therefore, all primes ( P(n), n=23,4,5,---) are members of one of the in-

finite subsets, of potential primes, corresponding to (a =1) or (a=5), having the
distance (%:l) to the members of the sets corresponding to (a=0).

Members of the subset (@ = 0) with one of their neighboring positions equal to

a prime compose the infinite subsets of the following subsets:

Nugo) = {3+M-Py By s =R, ia=1Ln, € 2 (25)
SUb(m,a‘nz) = {a+ m- P(l) . P(Z)’ S= P(nz)’a :1, n2 S Z}
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The section of the above sets defines an infinite subset of the subsets (a=0)
with potential prime positions around in the subsets (a=1) and (a=5), having
the distance between them equal to ( N =2 ), meaning they are potential twin
primes.

For the distance (¢ ), the center point of the reflection, in the following we use
distance of the diads. Similarly for the distance ( N ) between the potential prime
positions composing the potential diads in the following we use distance of the
components. The distance of the components may be any even number. The only

condition is that the half-distance of any potential diad component must be

smaller than the distance of the potential diad (% <c).

The components of the potential diads are (d,,, (n,m,a)=c(n,a) —%- N(m,a))

and (d;,, (n,m,a)=2-c(n,a)-d,, (n,m,a)).

In the following table we listed, the values, the distance of the components
(N(m,a)), the distance of the potential diads and the components of the poten-
tial diads with the parameters (m,n € Z ), belonging to one of the algebraic pro-
gressions as subsets (a=0,2,3,4,5) may take:

a N(ma) c(na) dy(n,ma)  dyg,(n,ma)

0 m-12+10 0+n-6 (n-m)-6+1  (n+1+m)-6-1 (26)
0 m-12+2 0+n-6
1 m-12+12 1+n-6

6-1  (n+1+m)-6+1 (27)
6+1 (n+1+m)-6+1  (28)
2 m-12+6 2+n-6 6-1 (n+1+m)-6-1  (29)
3 m-12+4 3+n-6
3 m-12+8 3+n-6

4 m-12+6 4+n-6

+1  (n+1+m)-6-1  (30)
-1 (n+1+m)-6+1 (31)
6+1  (n+1+m)-6+1  (32)
5 m-12+12 5+n-6 (n-m)-6-1  (n+1+m).-6-1  (33)

The distances of the potential diads-components for (a=1) and (a=5) are
equal.

The total number of potential diads-positions for both sets, for (a=0) and
(a=3) is double the corresponding numbers for the other sets (a=1, a=2,
a=4, a=5). Therefore, the effective number of diads for these positions must
have double the value as well. This is effectively found in Annex 2 and is demon-
strated in Figures A2-A3.

The center points of potential diads (c(n,a)) includes all integers. The distance
of the components (N (m,a) ) includes all even numbers and grows to infinite
with the distance of the diads ( C(n, a) ). Differently expressed: The number of di-
ads, at growing distance, with the corresponding even number as distance of their
components, is unlimited. With lemma 2 the low limit of the number of diads,
including twin primes, is given by the diads-number-formula and grows to
infinity.
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) and

(dygn ) are algebraic progressions with (m ). The density of the effective primes at

The distances to the origin of the potential components of the diads (d

low

the potential positions of the components of the diads are (L) and

In(d)

! ). With (7) the density of the effective diads is therefore:

(In(2~c—d)
52 — 52 <

In(dy, (n,m,a))-In(2-c-d,, (n,m,a)) In(c—§)~ln(c+§j

% __ (34)

In(c)

Lemma 3: Taking any even greater than three as point of reflection, there
are two subsets of potential diad positions equidistantly placed around the
point of reflection, which are growing to infinity with the distance of the point
of reflection.

Proof: Taking any arbitrary even integer of the sets (¢, =c(n,a),a=0,2,4),
defined in (26), (27), (29) and (32) as points of reflection of the union of the series
of multiples of primes, then to each point of reflection (c(n,a)) belong two sets
algebraic progressions with ( m ) at equidistant distances as components of poten-
tial diads (see Figure A3), as stated in the lemma and concluding the proof.

Lemma 4: The section of two infinite sets of potential diads components
result in an infinite set of effective diads.

Proof: The share of the effective diads with these infinite sets of potential diads is
given by (34). The number of these diads grows to infinity with the distance (c(n,a))
as stated in the lemma and concluding the proof of the lemma and of proof 2.

Proof 3: Any even greater than three has with the distance growing number
of equidistant primes around it.

This same fact is expressed as well by the following lemma leading to the next
proof:

Lemma 5: It is not possible that none of the reflected positions of the primes
up to an arbitrary distance is a prime.

Proof: Taking the arbitrary integer (c, ) as distance of the point of reflection
of the union of the series of multiples of primes, then in the impossible case, all

reflected positions of the primes within the interval (C; ---2-C ):

...,s(cref); S(c) ¢

- In(c)
must be divisible by at least one of the primes:

-, R(c); R(c):lnz/jz)

ref *

s 0=Ry 12 [on Ry J=200 Ry oy <020

; mod [c, P(m)] =0

In this case, the product of the mod-values results zero, for all reflected prime-

positions ( P(n) ), called the zero configuration:

R(c

=0; >

n=l m=1

J R(Rn)) R(c)

)mOd[C’ F’(m)J:i(_C[)mOd[(Z'C‘F’(m)'P(m mOd[(z'c‘F?n))’F?m)J:O
m=1

m=1
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4-(1+ o )2 4- [0

To prove that this configuration is possible, some way should be found to re-
duce the number of diads over the distance. Considering the primes ( P(n) < /Cret )

it is known that at (¢, ) all composites have as dividend one of the primes

( P(n) <\/C ). Taking the next prime ( P(n+l)) it will cover positions up to

n+l

([2+ P(”)]Z < P(iu) ). Equality is reached only when ( P(n) ) and ( P( )) are twin

primes. In this case, the new prime as points of reflection will be the next smaller

2

prime to ( Cres ey < Ry

) ). The new upper half of the interval of double occupation

will be larger by:

2 P(r21+1) ref ref T Cret =C, (35)

-p? <@+ c

(n+1) =

f=4+4-c

ref_new

C C >4~(1+ cref)zAc >0

ref new ~ “ref = ref
With the PNF the number of additional primes within the enlargement are:

ref_new ref_new

2.¢c C 2-Cpy Cret
~ - =azx(c, (36)
In(z'creffnew) In (Creffnew) g |I’I(2~Cref ) In (Cmf ) 7T< f )

The number of additional diads within the enlargement will be with the DNF
and with (35):

S.-4. [c 0, -Ac
2 e _ 72 et _new >0; A7Z'diads<cref)20 (37)

"W*JE;Y IN(ACu o)

With lemma 1 this result is not influenced by the dispersion of the number of

>0;

ref

diads around its best estimate values: With (15) and (16) the dispersion is ap-
proaching zero with reference to the function-value, or to its low limits.

In case in (35) the first prime over ( P(n) <\/C ) is larger than a twin prime, the
rise in (37) is larger than two ( A7y, (Cref ) >0 ). Since this is the average case with

<P

(n+1) 2

P

( P(n) <.Jc (n+1) —P(n) >2 ), the number of diads rises on average.

ref
Herewith the remaining free positions composing diads may remain un-
changed, or will rise and never sink, in case the number of the series of multi-
ples of primes covering positions at ( ¢, ) is rising by unity.

That the number of diads will rise is proven the following way: It is known that
) there are at least CDNF diads present. Then be-

cause of symmetry within the last section of the length (¢

up to any known distance (c,,

o ) within the distance

2

- ) the double number.

(2, ) there will be the same number of diads. Total up to (¢
Thus, squaring the distance the number of diads at least doubles.

Thus, the zero configuration can never be reached, as stated in the lemma
and concluding the proof.

From the symmetry of the set of diads follows the continuity of the set of
primes and allows us to evaluate the integral of the inverse of the primes (see

Ref. [5]).
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6. Conclusion

The fact that the dispersion of the number of the primes at any distance is pro-

portional to the number of the primes at the square root of the distance represents

an art of congruency.
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Appendix

Annex 1: Definition of vectors and variables for the numeric evaluation

First some general functions and values are defined: Based on the requirement
of the constraint of non-divisibility by all smaller primes up to the square root, a
set of consecutive primes is evaluated and written to a file. From this file they are
read: (P = READPRN ("Primes_large.prn”) ). The number of the primes in the set
and their numbering are: (N, =lenght(P)-1=5003713, n=12,---,N;).

The complete-prime-number-formula CPNF, (5) is evaluated with the follow-

ing routine (floor and ceil stand for round down and round up):
1
exp_(x)=e"; y,, =-0.036765; c_exp(c,m)=exp_ (Wj (38)

TEappr_(C) =m<«1 *

ﬂoor(w/_c) \/E
S « .Zl 7—”1_%
j=
while m <\/T:

floor (c_exp(c, m))
o

m c_exp(c,m)
A(m) « (Ysec.) ’ Z or In(j -c_exp(c,m)))
j=1

break if A <1

(m)

S<—S—A(m)

mem+1

S « ceil(S)

For the evaluation of the number of the next smaller prime to the distance (¢)
the routine (n,, (c,N,)) resulting in the index (n) of the prime next to any
integer is needed (B, <c<FR,,,).

The evaluation starts either at the last evaluated index (n, ), or at the index
resulting from the prime-number-formula. This is to shorten the evaluation pro-
cess. In case ( P(n) ) is greater than the distance, the index is lowered. In case it is
smaller, the index rises until the corresponding prime is just smaller, or equal to

the distance:
nnext_P(C,nIast) = [ifc>0 *

c 1 —
In(c)) if nast =1

n eﬂoor(

n < njast otherwise
(39)

while P <c
(n)

nen+1

Res «~n—-1

Res « O otherwise

Res

Further functions are the formula evaluating the index of the next smaller prime

to any distance and to the square root of any distance:
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_ Ve
| )

For the visualization of the results of the analysis the functions will be taken at

(40)

Ser (€) =N (61);5 Ry (c):nnext_P(\/E,l); S(c)=——

sparse values, at distances correspond to multiples of the square root of the largest
prime considered. The index ( kk ) of the sparse values for the diads is limited to

half the number of the index ( k ) in case of the primes.

P
(Ne)
Acg, :\/P(Np) s K = ﬂoor[AcP }_129277; k=12 Kinics Cp, =k-Acy, (41)

sp

! limit

KK = roor(%) =4637; kk=1,2,---,kk

The vector of the indexes of the primes next smaller to these sparse distances

(P <Cy < [>] ) is evaluated as ( 7z, (c)). It is evaluated once and writ-
b%w} h%mn}
ten in a file. It is read from this file:
ey = G 1 (42)
WRITEPRN (“index_distance_sp.pr") =7, ;

7, = READPRN (“index_distance_sp.prn*")

Annex 2: Evaluation of the best estimate number of primes and diads as sum
over sections and of the factor of correction of the sum over all sections
The number of primes as sum over sections is evaluated with (3) as a first sim-

plification:

~ floor JE) \/E
7 sec_appr_ (C) - j=1 m

The approximating function is evaluated at sparse distances, respectively at the
) with (3). The eval-

(43)

next smaller prime to these distances ( P <Cgp, <P
(o) 9 (o)

uation at the next smaller prime corresponding to each distance assures that the
evaluated numbers of the primes correspond exactly to the distances considered:

ﬂ'sec_appr(k) = ”sec_appr_ |:P(ﬂ_ " )):| (44)
SP(k

They are evaluated once and written in files. They are read from these files:

WRITEPRN ("pr_sec_appr_sp_t.pm") =7

sec_appr

T = READPRN ("pr_sec_appr_sp_t.prn*")

sec_appr

The result of the first simplification (3) giving the sum over the sections of the
density of primes has an error. This error is proportional to the number of primes
up to (\/E ). The error relative to (7[(\/6 )) results in the factor of correction.
Assuming the factor of correction ( y, ) is constant over the distance ( ¢ ), it may

be evaluated as relation of the average error to the effective number of primes
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(n(«/g):R{P

(”SP(k)

AT =T

sec() sec_appry) -

sp(k) sec av(k =

J ). The average error is:

xll—\

The value of the factor of correction is herewith:

7se0(C):

A7Z.sec_av (C) .

\/E : Aﬂ'sec_av(k)
—} b Vo =Ty, = ~0.040242 (46)

R S ey =
”(\/E) (k) R{

P

(”Sp(k))

k
z sec ()

(45)

Figure Al shows the independence of the factor of correction (. ) from the dis-

tance. The averaging process (A2.3) to evaluate the factor of correction is therefore

justified. This factor ( y,,, =—0.040242) is invariant, an inherent property of the

prime numbers. It is important because it is applied in the recursive formula (7) of

the complete-prime-number-formula CPNF, like the Euler-constant ( ).

1
0.5k
Am se(k)
—— 7 V¥sec. O
Rlespgy |
-1
0

2x107 4x107 6x107 8x10”

SP(k)

o —02F

0.4
'Yseci(k)—'Ysec_ 0.2

-04C

0

24107 4x107 6x107 8x10”

SP(k)

Figure Al. Convergence of the relation of the average relative error of the sum over all sections.

The results of the CPNF, (5) are evaluated with (38) once, at sparse values of

the distance:

V4 =7 P

They are written in a file and are read from this file:

WRITEPRN ("pr_sec_appr_sp_t.pr") =z,

(47)

sec ._appr >

z = READPRN ("pr_sec_appr_sp_t.prn")

sec_appr

The approximate values of the number of diads (14) are evaluated once with

(6, =1.320324) for sparse distances (C = P[

”Sp(kk)J

>C,. ), with the center of the
SP(kk)

diads being primes, meaning triads. Additionally at integers next to primes, just

below the sparse distances.

”diads_appr_ (C)

_c.

ceil(x/E) 5

ﬂ-triads_appr_ (C) =

; In (J J_) In(2 c—j- «/_) P diads_appria ”diadsappr{

ceiI(JE) 52

P

(48)
o)

In(j-\/E)-In(c)Jn

o3
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Ttriads_(C) =

P

(a0 J

The results are written in files and are read from these files:

WRITEPRN (“diads_appr.prn™) = Z g4 apor ;

”triads_appr(kk) = ﬂtriads_appr_ |:

= READPRN (“diads_appr.prn*)

T diads_appr

WRITEPRN (" triads_appr.prn™) = 7ia aopr 5

= READPRN ("triads_appr.prn™)

T triads_appr

The number of diads, respectively triads as sum of all diads and triads around
the center point of the reflection being primes or other integers, at the limits of
sparse distances, is evaluated as follows:

The routine evaluating the effective number of diads at (¢) checks for each
prime (F, <Ry, <c), if the integer at de distance (d =2-c—F,, ) were a prime
too. If it is a prime, then the sum of the diads around the point of reflection raised
by one. The checking is made by controlling the equality of the prime next to the
distance (d ) to the distance (d ). For the evaluation of the index of the next
smaller prime to a given distance the routine (39) is used. The routine below eval-
uates the number of triads corresponding to (28) and (33), or other odd numbers
(30), (31) and diads at even numbers of points of reflection corresponding to (26),
(27), (29) and (32).

The comparison of the number of diads in case of the points of reflection are a
prime and multiple of three at (6-Nn+3), is demonstrated in Figure A2: The num-
ber of diads in case of the point of reflection is a prime represents the low limit of
all other points of reflection. Because the evaluation is time consuming, the results

are written to files and read from these files.

50 , Tidiads 3 (0):= [S <0
e 1 zeP(C)-v-Z if mod[P(c)—l,6J<1
Kiast < 1 2Py -2 if mod[P(C) +1,6J <1
while n >2 ne2
Nlimit < c-1
de2P, -P
(© (n while n <njimit (49)
k < nnext_P(d,kIast) de 2z Py
n
k k
fast < K« nnext_P(dvl)
S<—S+1|fd:P(k) S<—S+1ifd:P(k)
nen-1 nen+1
S S
ﬂtriads(kk) = ﬂtriads_ |:ﬂsp(m :| ﬂdiads_3(kk) = ”diads_?,_ |:ﬂsp(kk) :| (50)

WRITEPRN ("triads.pm") = 7., WRITEPRN ("diads_3.pm") = 7y, 5
Tiriads = READPRN ("triads.prn") ﬂdiads} = READPRN ("diads_3-prn")

Next the number of diads around points of reflection being even numbers at
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Ttriads p
o 5 (kk)

1.5x10°F
1x10°1

54107

0
0 1x107 2x107 3x10° 4x10’

SP(kk)

- 4'75triads(kk) 6><105_
X
] Tdiads 31y 4x10°1

2 Teriads gy 2,107
X

0
0 1x107 2x107 3x107 4x10”

SP(kk)

Figure A2. Distribution of the diads for points of reflection being even numbers or primes.

the distances (n-6) and (n-6+2) corresponding to (26), (27), (29) and (32) are

evaluated:
Tdiads_0_(¢) == [S « O Tdiads_2_(6):== |[S « 0 *
2P -1if mod[P(c) - 1,6] <1 2P 1 if mod|:P(C) - 1,6] <1
z< P+ 1 if mod[P(C) + 1,6] <1 Z« P(c) -1 if mod[P(c) + l,GJ <1
nec-1 n«c-1
Nlimit < 2 Nlimit < 2
k 1 Klast « 1
oot ® (51)
while n < njimit while n > njimit
deZz—P(n) d<—2-z—P(n)
kK« nnext_P(dakIast) k < nnext_P(dyl)
Klast <« k Klast < k
SeS+1ifd:P(k) S<—S+lifd=P(k)
nen-1 nen-1
S S
7 diads_0(q,) — 7Fdiads_0_ |:7zsp(kk) J 7 diads 24y — "Fdliads_2_ [”sp(kk) J (52)

WRITEPRN ("diads_O.prn ") = Tiads 0
T giags o = READPRN ("diads_0.prn")

WRITEPRN ("diads_2.prn") = 7y,

Tiags » = READPRN ("diads_2.prn")

4 'ntl'iadS(kk) 6x1 05 B

ndiadS_O(kk) 4x1 05 -

2 Mriads ey 9,10°1-
X

2 'ntriads(kk) 6)(105 B

Tdiads 21y 4x10°

1 Tiriads ) 2,10°
X

| | | 1 0

0

Figure A3. Distribution of the diads for points of reflection being even numbers.

1x107 2107 3x107 4x10’

SP(kk)

0

1x107 2107 3x107 4x10’

SP(kk)

ANNEX 3: Dispersion of the effective number of primes and diads around
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the CPNF respectively around the CDNF
The standard deviation SD of the relative dispersion of the primes around their

best approximation (5) is evaluated as follows:

Ar fl k 2

_ . _ k) _

A72-(1() - ﬂappr(k) _ﬂ-sp(k) > A7Z-rel(k) - > SDAn_reI(k) - EZ_lI:Aﬂrel(j)J (53)

R|:P } "
(”ﬂ’(k))

The results are written in a file and are read from this file:

WRITEPRN ("SD_A_pi_reI.prn ) =SD

Ar_rel 2

SD =READPRN("SD_A_pi_rel.prn")

Az _rel

The average relation of the standard deviation converges to a final value, to the
factor of proportionality ( Fyp, ,, ). This factor is evaluated as follows:

Kk
SD DI N, (54)
=1

x|

A;rireliav(k) =

The results are written and read to and from a file:

WRITEPRN ("SD_A_pi_rel_av.prn")=SD

Ar_rel_av?

SD =READPRN ("SD_A_pi_rel_av.prn")

Ar_rel_av

The constant factor is equal to the final average value of the standard deviation
at large distances. Figure A4 illustrates that the standard deviation is about con-
stant over the distance. This fact rectifies taking the average over the whole dis-
tance for the evaluation:

Fyp_a, = SD , =0.162006; Ag, , =0.02 (55)

A/r_rel_av( Kiimit

Figure A4 indicates that the standard deviation of the dispersion of the effective
number of primes around its approximation is rising proportionally to (R(c)),
the number of the series of multiples of primes, which are covering integer posi-
tions at this distance (c). The factor of proportionality ( F, , ) is again an in-
herent property of the prime numbers, like the Euler-constant ( ).

1 T T T T

FSD An +ASD =

0.5
0.2r- 7

An ® SDAz_rel (k) U —
—_ 8 7 0 -
Reff Csp | Z8D_n 0.1F .
05 @7An -ASD n ’
_1 0 | |
7 7 2107 6x10
0 4x10 8x10 x x
Cg

Figure A4. Dispersion of the standard deviation of the dispersion of the number of primes
around its average, the resulting constant value ( Fg; 4, ).
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The dispersion of the number of triads around their best estimate approxima-

tion and the dispersion relative to the number of primes at the square root of the

distance are (see Figure A5):

Aﬂ'triads(kk)
Aﬂ-triads(kk) = ”triads(kk) _ﬂdiads_appr(kk) > Aﬂ'triadsirel(kk) = P Bl (56)
(”sp(kk))_
. 1x10° 1.92x10°F T |
sl a
1.5x10 rads
Tiriads ) 1x10° 4 Arwiadsggy 0 = 1.9x10°C .
- — T diads_appr,
5x10%F = —APPI(id)
0 ' ~1x10° 1.88x10°— '
0 3x10 2407 4x10 426x10 43x10”
SP(kk) SP(kk) °sP(kk)

Figure A5. The number of triads evaluated for points of reflection being primes and their dispersion around

the best estimate approximation.

The standard deviation SD of the relative dispersion of the diads around their

best approximation (56) is evaluated as follows:

1 kk 2
SDAzrftriadsﬁreI(kk) = WZ(Aﬁtriadsirel(j)) (57)

=

The results are written in a file and read from this file:

WRITEPRN ("SD_A _triads_rel.pm")=SD,_ i e
=READPRN ("SD_A_triads_reI.prn )

S DAn_triads_reI

The constant factor is equal to the final average value of the standard deviation
at large distances. Figure A6 illustrates that the standard deviation is about con-

stant over the distance.

FSD_A;r_triads = SDAzr_triads_rel(kk"mn72) = 0293491’ ASDﬁtriads =0.04 (58)
2 T T T |
FSD An_triads +A SD_triads,) 41 _
4.F . —_— .
_SD*An*madS SDAr_triads_rel (Kk) L-v
0.3F =

Am tn'ads_rel(kk) 0

FSD An_triads

FSD An triads ~ASD triads0.2[~

—~4-FSD An_triads ,

| | 0.1
-2 1x107  3x10’

0 2x107  4x10’
SP(kk)

SP(i)
Figure A6. Standard deviation of the dispersion of the number of triads around the best estimate value, resulting

in the constant value ( Fyp , yriags )-
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Figure A6 indicates that the standard deviation of the dispersion of the effective
number of primes around its approximation is rising proportionally to (R(c)),
the number of the series of multiples of primes, which are covering integer posi-
tions at this distance (¢ ). The factor of proportionality ( Fy , . ) 1S 2gain an
inherent property of the prime numbers, like the Euler-constant ( y ).

Annex 4: The error of the prime-number-formula and of the diads-number-
formula

The number of primes resulting from the second simplification (4) results in
the PNF. The difference between the CPNF and the PNF results in the error of

the PNF:
A”appf (C) = ”appr_c_ (C) - S (C) ; A”appf(k) = ﬂ-appr“() - S (Csp(k) ) (59)

At the distance ( ¢) it is proportional to the near square of the number of primes

covering positions at the distance ( Je):
A”appr(c):7p (c)- R(C)SP(C) (60)

The exponent (¢, (c)) and the factor of proportionality ( 7, ) are variable over
the distance. However, the exponent evaluated further down (¢, (C) =1.9816428)
is about constant over the distance. Herewith the resulting relative error of the
PNF about constant as well, as illustrated in Figure A7:

I I

AT appl'(k) 0.341~ 7]

0.331 ]
R_I:csp(k):lsp().f}zh
Tp

e 031 7]
1 1

0.3
0 4x107 8x10’

SP(k)
Figure A7. Relation of the difference between the best esti-
mate number of primes (CPNF) and its value evaluated with

the prime-number-formula (PNF) to ( R (C)gp(c) ).

This fact allows us to take the average of the factor of proportionality over the

max )

whole distance (y,(c); c=c¢

1 Kimit Aﬂappr(j)

(61)

A/Zappr(C)
VoaCra )= 2o 55 Toav = !
oa ( ma ) % R(C) o p_a (Kiimit ) klimit j=1 R(Csp(j>) p

and express the exponent ( ¢, ) as function of this average:

In (Aﬂappf (Cmax )) -In (7/P_3V (cmax )) _ In (A”appr(knmn) )_ In (j/p—av—(klimit) ) (62)

&y (Come ) = N (R(Cpey)) ' rtam '”(R(Csp(kl.mn) ))
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This way the following routine results with an assumed value of the exponent a

new value:
Klimit 1t .. — Slcgp,:
B 1 aprj) [SP(J)]
ép_new! &p_old) := YP__(kjimit) < Knimic Z R €p_old
i=1  Reeg))]
" a0 (kgimie) ~ S P (ktimie) |} "1 TP (it

" RSP timi)

Multiple calls of the same routine strongly converge for a final value of the ex-

(63)

ponent, as illustrated in Figure A8:

£,,=6,, (200) (64)

pp

With the final value of the exponent (¢, ;) the final value of the factor of pro-

portionality is evaluated. The results are evaluated once and written in files, for
reading each time the annex is opened:

WRITEPRN (“epsilon_p_p.pr*)=¢

p_p’>

¢, , = READPRN("epsilon_p_p.prm")

pp=1--,length(s, ,); length(s, ,)=200; &,=¢, =1.9816428 (65)

—p(length(gpip )71)

Aﬂ'appr( o 1 & Aﬂappr
Vo o = 5> Vpav ) = E Z
j=1

—(k) p
R (csp(k) ) R (Csp(J )

WRITEPRN ("gamma_p_av.prn") =y . ;

7p.a. = READPRN("gamma_p_av.prn")

— T T T ] 0.33 T T T T

’ g
DO NN
|

gI’J’(pp) ¥pav_ (9032 }

—_—

_ | | L - 031 I L | 1
0 50 100 150

pp

0 2x10" 4x10" 6x10’ 810’
P (k)

Figure A8. Relation of the difference between the best estimate number of primes (CPNF) and its value evaluated
with the prime-number-formula (PNF) to (R(c) ).

Therefore, the error of the PNF is:

c £
| = 032073756 7, (c)—mz ¥, R(¢)™; &,=1.9816428 (66)
Similarly, the number of diads resulting from the second simplification (11)
results in the DNF. The difference between the CDNF, (5) and the DNF, (11)
results in the error of the DNF. At the distance (¢ ) it is again proportional to

the near square of the number of primes covering positions at the distance

(Ve ):
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S.-C o,-C
Aﬂdiadsfappr (C) = T diads (C)_ |n2(C)2 ; A”diads(kk) = T diads (C)_ Inzc)z

(67)

A7z-diads_appr (C) = yd ' R (C)gd
The exponent (&, (¢)) and the factor of proportionality ( 7, (c)) are again var-
iables over the distance. However, for an assumed value of the exponent
(&4 =1.836 ) the factor of proportionality ( y, = 0.04 ) is about constant over the

distance, as illustrated in Figure A9:

AT diads
LY

R_["Sp(kk)]gd

Yd

004" i

0.03
210" 4x10”

(=)

SP(kk)

Figure A9. Relation of the difference between the best estimate
number of diads (CDNF) and its value evaluated with the
diads-number-formula (DNF) to ( R(c)).

This fact allows us to take the average of the factor of proportionality over the
whole distance ( 7, (C) , C=Cpp )t
Aﬂdhalds ( ) 1 oy Aﬂ'diadsH

Vdav\Crax ) =T 5 Vd_av,, = : jg (68)
d_a ( b ) Cmax %( R( ) d_a ~(kiimit) klimit ; R(Csp(”) d

and express the exponent ( ¢, ) as function of this average:

In (Aﬂ'diads (Cmax )) —In (7d_av (Cmax )) .

&4 (Coax ) = In(R(Cmax)) ’

B In (Aﬂ'diads(kk"mn) )_ In (j/d_av_ (Kiimit) )

gd*(kklimit) B in(R(c
SP(KKjimit)

This way the following routine results with an assumed value of the exponent a
new value, Multiple calls of the same routine strongly converge for a final value of

the exponent, as illustrated in Figure A10:
& d_(M):= |&d old « 2 .

m«1
while m <M

Sd_d(m)egd_old 1 Kiimit Andiads(j) (69)

Sd_new(gd_old) =V av_ (i) e
€d_old < Sd_new(sd_old) (kimit) o ! R[csp(j)fd—"'d
me«m+1 I At i) = T (i)
&d_d | In[RI:CSp(kklimit)II
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£44 =44 (200)

With the final value of the exponent (&, ) the final value of the factor of pro-
portionality is evaluated. The results are evaluated once and written in files, for

reading each time the annex is opened:

WRITEPRN (“epsilon_d_d.prn") =&, 4
&y, = READPRN (“epsilon_d_d.prn")

pp=1---,length(s, ;) length(s, ,)=200; &, =&, v =1.8350218 (70)

- (Iength(gdid -1

ATL giags ke ATl ging

_ (%) | ¥ :i. (i)

_(kk) a0 TAA g 4 &
j=1

R (csp(kk) ) R (csp(j) )

WRITEPRN ("gamma_d_av.prm"”) =y, ,, s

yd > 7d=7/d_av_(

Kklimit )

742 = READPRN("gamma_d_av.prn")
Therefore, the error of the DNF is:

9,C P
ﬂdiads_appr (C)_ Inzc)z =Va- R(C) ’ (71)

Va =V av ) = 0-04073037;5 &, =1.8350218

| [ [ [ ] | | | |
%:‘2‘_ _ 0.08[~ .
&d_d 2 N Yd a
e, S o g pap—
1.6 | ] ] | | | |
0 50 100 150 0

op 0 1x107 2x107 3x10 4x10’

P (kk)

Figure A10. Relation of the difference between the best estimate number of diads (CDNF) and its value evalu-
ated with the diads-number-formula (PDF) to (R(c) ).
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