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Abstract

On 1859, the german mathematician Georg Friedrich Bernhard Riemann made one of his most famous
publications “On the Number of Prime Numbers less than a Given Quantity” when he was developing his
explicit formula to give an exact number of primes less than a given number x, in which he conjectured that
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“all non-trivial zeros of the zeta function have a real part equal to 5”. Riemann was sure of his statement,

but he could not prove it, remaining as one of the most important hypotheses unproven for 163 years.
This paper will prove that the Riemann Hypothesis is true., based on the following statements:

e The resulting value of the Euler-Riemann zeta function (k) is the center of a spiral on the complex
plane, where k € C.

e The center of this spiral when ((k) = 0, coincides with the origin of coordinates of the complex plane.

e There exists a function related to this spiral S*,(n), such that the equality is satisfied:

(k) = Jim {Z - S*kw)]

And S”(n) is a spiral with center at the origin of coordinates of the complex plane, and > " _, nik is a

spiral with center at (k).
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Figure 1: Spiral graphics in the complez plane given by the function S*(n) (blue), the series y _| =&
(green) and the point ((k) (red).
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1 Introduction

1.1 Euler product and the sum of inverse powers.

The infinite sum of inverse powers is a series of great interest for mathematics in number theory. Leonhard
Euler [2] managed to relate this series to an infinite product that goes through all the prime numbers:

;ﬁznpk—l

peP

Where k € C A p is the n-th prime number.
This series is convergent for values of Re(k) > 1, however it is divergent for values of Re(k) < 1.

Euler was able to find a closed formula for even powers, 2k when k € N:

— 1 —1)k1(2m)**B
nz_:ln%:( ) 2(;@!) .

Where By are Bernoulli numbers; By = 1, By = —1/2, By = 1/6, etc.

For example for k = 1, (the classic Basel problem) [3] is easily solved with this equality:

Example 1
1 7 (71)171(271_)2*132*1
= n*l 2(2 % 1)!
i 1 (-1)°27)?B,
n2 2090
—n 2(2)!
i 1 1xdn?}
nz  2x2
n=1
$1.7
n? 6

I
—

n

1.2 The Euler-Riemann zeta function ((k).

Riemann introduced the function (k) [4], making it equal to the series of the sum of the inverse of k-th power
inverses in the convergence range Re(k) > 1:

W=

And it manages to give continuity to the function, in the range of the complex plane, where the series diverges
through the functional equation:

C(k) = 2FnFLsin (“2’{) (1 —k)¢(1—k)

Where T' is the gamma function.

If Re(k) < 0, then (k) can be calculated with the functional equation using of the value of the convergence of

the series of the inverse of the powers Y > | nl—l,k = ((1 — k), so for example for k = —1:



Example 2

(-1 =2t 2sin (TEH ) reee)
(D=2 -

1
((-1) = BT

From the functional equation, we deduce that for even negative values of k the function {(k) = 0, at these
“2eros” Riemann called “Trivial zeros”. There also exist values of k that lie within the range 0 < Re(k) < 1
that makes the function (k) = 0, these values of k are called “Nontrivial zeros” of the function (k) and which

Riemann conjectured all lie on the straight line Re(k) = 3.

The conjecture cannot be proved with the Riemann functional equation alone, because the function is redundant
for the so-called critical range: 0 < Re(k) < 1, for example:

Example 3
0.1

€(0.1) = 2% 7 =%9in ( ) 1'(0.9)¢(0.9)

T%0.9

€(0.9) = 297 %1gin ( ) 1'(0.1)¢(0.1)

Neither ¢(0.1), nor (0.9) can be solved. .

To calculate the values of ((k) in the critical range 0 < Re(k) < 1, must to be used numerical methods that
calculate approximate values of {(k), which do not prove the hypothesis despite the fact that all computationally

obtained non-trivial zeros have the value of Re(k) = 3.

2 Complex power of a number and its conjugate.

The complex power of a number is deduced from properties of logarithms and Euler’s identity. This will be
a basic tool for the study of functions in complex variable, to convert a complex number in polar form to its
Cartesian form and vice-versa:

z = noth = paeibln(n) — pa (cos (hInn) + isin (blnn))

And the conjugate:

Z =n"Y = e M) — 19 cos (bInn) — isin (blnn))

3 Bernoulli numbers and the sum of k-th power.

In mathematics, the Bernoulli numbers By, is a set of successive rational numbers with relevant importance in
number theory. They appear in Combinatorics, in the expansion of the tangent functions and the hyperbolic
tangent by Taylor series. As we have already seen, Euler obtained a closed formula for ¢(k) when k is a positive
even number. If we replace Euler’s formula in the Riemann functional equation, we obtain another closed
formula for negative integer values of k:

B
R =5

Where k € N

They are called Bernoulli numbers because Abraham de Moivre named them that way, in honor of Jakob
Bernoulli, the first mathematician who studied them. There are several ways to obtain the values of By, but



they were obtained for the first time by Jakob Bernoulli, using series of sum of k-th power, so, for example,
Jakob managed to deduce that the sum of n consecutive natural numbers can be calculated with the equation:

. 1 1
an:1+2+3-~-:51(n):5n2+5n

n=1

Where k = 1 and Si(n) is a continuous function.

Similarly Jakob Bernoulli was able to obtain a formula for the sum of square powers Sa(n):

- 1 1 1
Zn2:12—1—22—1-32---le(n):§n3+§n2+6n
n=1

In general one can obtain the sum of k-th power Si(n), as a function of: Sk_1(n), Sg—2(n), Sk—3(n),...So(n)

where k € N:
n k—1

m=0

In a posthumous publication by Jakob Bernoulli [1], we can find a listing of the sums of powers up to k = 10.
Because of the relevance of Sg(n) for proving the Riemann hypothesis, in this publication we present the S (n)
functions up to k£ = 11 so that the reader can observe the properties we will state of the Si(n) functions later:

n

Z n* = Sy (n)

n=1
Zno =So(n)=n
n=1
1_ _1 2
Zn =S1(n) = 5" +§n
n=1
En:n = Sy(n) = =n®+ 1712 +-n
— 3 2 6
zn:ng = S3(n) = -n* + 1n?’ + -n?
= 4 2 4
zn:n4 =S4(n) = =n®+ -n* + 1n?’ - in
— 5 2 3 30

1 1 5 1
5_ _ 16 5 4 2
E n fS5(n)f6n Jrin + " T

1 1 1 1 1
Zn6 = Ss(n) = ?n7 + inﬁ + 5715 — 6”3 + 2"

- 1 1 7 7 1
7 _ _to8 17 6 _ 4 2
E n —S7(n)—8n +2n +12n 51" +12n

n=1
- 1 1 2 7 2 1
8 9 8 7 5 3
=05 =—n"4+-n"+-n"——n>+-n"— —
n§:1n s(n) g Ty tgn =+ gnt — e
- 1 7 1 3
9 10 9 8 6 4 2
§ — So(n) — i T4
n:1n 9(n) 10n + 5 + 4n 10 + 2n 20n
- nlO =9 _ 1 11 10 § 9 7 5 3 5
E = Sio(n) = Hn +2n +6n n' +n 271 +766n
n=1
- 1 1 11 11 11 11 5
11 12 11 10 8 6 4 2
Salt=5 — - 2 _ 2
n:1n 11(n) 12n + 2n + 13 3 : 5 + 12n



Note 1 Up to this point, everything presented is public knowledge and available in the bibliography, so it was
not necessary to list the equations presented. From now on, when new concepts are presented, all new equations
presented will be listed.

3.1 Obtaining the Bernoulli numbers by the sum of powers.

It was known that to obtain the Bernoulli numbers it was necessary to derive Si(n) and evaluate it at zero,
however this concept is not entirely correct since for By when applying this concept it is not possible to obtain
the value of By = —1/2, value obtained by other methods. The correct way to obtain the Bernoulli numbers
by the sum of k-th power is with the equation:

B = (—1)*S5.(0) (1)
The equation (1) will be proofed later on

For example, to obtain Bs:

Example 4

Similarly, from the function Si(n) all Bernoulli numbers are obtained: By = 1,B; = —1/2,By = 1/6,B3 =
0,Bs = —1/30, Bs = 0, Bg = 1/42, By = 0, Bs = —1/30, By = 0, B1g = 5/66, B = 0.

It is noted that:
B,=0/k=2m+1,meN

3.2 Simplified formula to find Si(n).
Another way to write the formula for the sum of k-th power is as follows:

k+1

Se(n) = Cylk)n?

Where

And By, is obtained by:

Note 2 This way of finding Si(n), will be very useful for the purpose of this work.

4 Properties of the function S;(n), and its coefficients C,(k).

4.1 Properties of the function Si(n).

In the following, we will enumerate some properties of the function Si(n) that are easy to verify, when k € N:
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Figure 2: Graph of the function Si(n) for values of k from 0 to 5. Common intersection points and the sym-
metry axis.

1. In any function Si(n), or sum of k-th power, the ordered pairs: (1,1);(0,0);(—1,0) € Sk(n) (view Figure

2).

. Any function Si(n) is “even symmetric” when k is odd and ”"odd symmetric” when k is even, always with
respect to the symmetry axis n = f%. (view Figure 2).

. If we integrate Si(n) between [—1,0] or, equivalently, evaluate the integral at n = —1, we obtain ((—k).

0
C(—k) = — / Sy(m)dn 2)

The equation (2) will be proofed later on.

. In the coefficients of the functions Si(n) it is observed that there is a pattern betwenn the coefficients
of the funcién Si(n) and an intimate relationship with the function ((k), and they are function of k in
order of ascending degree starting at:k—', k%, k', k2, k3,...k". For example the first 6 coefficients satisfy
the following functions Cp(k) where p is the position or order of the coefficients of Sk(n):

Ci(k) = Pl (3)
Colk) = 5 (4)

Cs(k) = %k (5)
Cy(k) =0 (6)

(k) = k(k +71§(()k+2) )
Cs(k) =0 (8)



4.2 The coefficients C,(k) of Si(n).

The coefficients C),(k) can be calculated by solving polynomial regressions or systems of linear equations using
the values of the coefficients of the function Si(n). But it is easier to obtain the coefficients by working a little
bit the known formula:

k+1 k+1— k+1
-1 Prk+1 _
Sk(n) = (k‘)Jrl( )Bk+1pnp = ZCP(k)nk+2 p
p=1 p=1
To obtain:
k+1
Sk(n) = Cp(knk+27 (9)
p=1
Where:
C,(k o B

Proof of equation (10):

Factorizing k + 1 and developing the summation and binomial coefficient of Sk (n):

1 [(=D*E&+1) (—D)F 1k +1)! (—1)F2(k +1)! 3
Seln) = 1+k{ W Bt gy B gy Bt
—1)k=3(k 4+ 1)! 4 (=)' (k +1)! (—=1)°(k +1)! N
: 4)!(/@3)! By’ 4o e B 4 (k+1)!(0)!) 0 kﬂ

Rearranging terms and accommodating the factorials in order to simplify:

1 —1)%(k + 1)! L (=DYE+1)! (= D)2Ek+ 1) .
Sem) =17, {( (k)+(1)!0! Bont™™ 4 S Btk ey Bt
—1)F(k +1)!
B
1 —1)%(k +1)! 1 (DR E+1 —1)%(k— 1)k(k+1 1
Sem) =17, {( (k)+(1)!()!) Bon'™* Jr%l(!)&”k+ - (k:—l))!Q(! Dant s
1)k (k +1)!
..+<)1§]€!)Bkn}
Sln) = 1 {(_01!)019071’6+1 + 7(_1)11(!]“ D Bk 4 7(_1)2];]“ D gkt g
—1)*(k +1)!
e

Rewriting as a summation of a product of factors:

k+1 p—1 p—1
Sk(n) = i e H (k+2—m)B,_nFt27?
(k+1)(p—1)!

p=1 m=1
Where the coefficients C, (k) are:
1

oS PR GO, § AP
»( )*mn{:{l( +2—-m)By_1

The ecuations (9) and (10) has been proofed.




With the equation (4.2) it is possible to prove equation (1)

Proof of equation (1):

Deriving the equation (4.2) and evaluating at zero we obtain:

k+1 (71)17*1 p—1
; = k+2—p)———7F——— k+2—m)B,_ ktl-p
Where the only term different from zero is when p = k + 1, so the expression reduces to:
sy~ CDRE+ D!
Si(0) = (k+ 1kl F
(—=1)F(k+1)!
!
=————"0B
S0 = o B
S(0) = (=1)" By
Reordering:
By = (~1)"5,(0)
the ecuation (1) has been proofed
Note that from the function Cp(k) when evaluated at k = —1 we obtain:
Cp(=1) =<¢(2-p) (11)

The equation (11) will be proofed later on.

5 The funtion S;(n).

Knowing that the function Cj(k) allows us to obtain the coefficients of Si(n), then it is possible to propose a
function S} (n), which is the extension of the function Si(n) but this time instead of adding k + 1 terms, the
sum of terms will be infinite.

Formula to calculate the sum of k-th power:

k+1
Si(n) =Y Cy(k)yn* 277
p=1
Proposed function:
Si(n) =Y Cy(k)n" 277 (12)
p=1

Note 3 We will use the symbol * to distinguish the sum of powers Si(n), from the proposed function S} (n).

Now let’s define A_g(n) as the difference between the two functions:

Ay(n) =) n*—Si(n) (13)
n=1

And A_j as the limit when n — oo of A_g(n):

Ay = nhﬁngo lz nk — S;(n)] (14)

n=1

Replacing equation (12) in equation(14) we obtain:
T k k+2—p
Ay = nhﬁn;Q [Z:l n Zl Cp(k)n ] (15)
n— =

10



5.1 Verification of the convergence of the function A_,;.

It is known that the sum of k-th power is convergent for values of k& < —1, therefore it is possible to verify if
convergence exists for A_j in this range:

Let k < —1:

The exponent of n is:
kE<—-1
k+2—-p<—-14+2-p
k+2—-p<l-—p
Since p is always positive it is demonstrated that the power of n will always be negative:

k+2-p<0

Therefore: when n — oo and k < —1 it is satisfied that the value of n*+t2=P = 0. Replacing n*+2~? in equation
(15) gives:

n—oo
n=1

A_p = lim lan—Cl*O—Cg*O—Cg*O—---—Cp*O

Ay = [ink—O—O—O—m}

n=1

Ag =Y n"When k< -1 (16)

n=1
Making a change of variable of k by —k one can write equation (16) as follows:

1
Ak:Zﬁ when k >1 (17)

n=1

Therefore it is concluded that: the value of A, converges, and is equal to the sum of k-th power
inverses when k > 1.

Let’s see what happens to A_; when k£ = —1, in equation (15):

Ar= lim lz n~t = Cin® — Can~t — Con? — 1

n=1

Ay = Zn—l—cl—O—o—--]
n=1
Since the sum of powers when k = —1 is infinite then:
(_1)71+1 :|
A = |oo— B_141—-0—-0—---
' { (—1+ =1+

0= [~ G2

Ay = undetermined (18)

We conclude that A is undetermined, so it has no convergence when k = 1.

11



Now let’s analyze what happens with A_j in equation (15) when &k > 0:

Let us first separate the summation of C,(k)n*+2=P into two, where the first rank of p will be from 1 to
(k + 1) and the second rank, from (k + 2) to (c0):

n k+1 %)
_ k_ k+2—p k+2—p
Ay = lim > ot =" Cylk)n > Colk)n
n=1 p=1 p=k+2
Since:
n k+1
S a2 Y it
n=1 p=1
We obtain:
S k+2—p
A_p = nl;rrgo Z Cp(k)n
p=k+2

Developing the summation:

Ay =— lim [Chga(k)n® + Cras(k)n ™" + Crpa(k)n ™2 + -]

Replacing the limit:
A = —[Crr2(k) + Cry3(k)0 + Crpa(k)0 + - -]

Simplifying:
A_p = —Cria(k) para k<0 (19)

Replacing the value of Cyya(k) gives:

(_1)k+1 k+1

A py=—rr——F—— H (k4+2—m)Bkt1 (20)
(k+ 1) (k+ 1)! o]
Solving the product:
(_1)k+1
N —iB (k4 1)!
N UESUES '
Simplifying terms:
_ (=1)*Bia
Ak =0T 1)

This equation is equivalent to the well-known formula for the function ((—k) when k& € N, and also satisfies
when k = 0.

12



Now let us compare the summation of k-th powers for any real value of k in the function S} (n), giving in-
creasingly larger n values:

Example 5 Let k = %:

To facilitate the calculations without losing much precision, as k < 1, and n will become larger and larger,
we will use the first 3 terms of the function S} (n), since the value of the rest of the terms tends quickly to 0:

Si(n) ~ ——nFt 4 Zpk 4 Lass (25)

Forn=4

1
The difference A_j(n) between > n_, n* and Sj(n) is:
4 1
A_i(4)=) nv— 571(4) ~ —0.32046119
n=1

Forn =20
The sum is:

20

1
Z ni = 34.57500317
n=1

The function S*(n) is :
$3(20) = 34.89545455

13



And A(n):

20
A_3(20) = )" nt - S31(20) ~ —0.32045138
n=1
For n = 1000
The sum is:
1000 .
> ¥ 2 4501.221974
n=1
The function S*(n) is:
S7(1000) = 4501.542425
y A(n):
1000
A_1(1000) Z ni — 1 (1000) &~ —0.320451264

If we compute the value of C(—f) by some numerical method we obtain the approximate value —0.320451264,
and by comparing with the value of A*% = C(—f)

Example 6 Now let’s calculate a second example, but this time when k € C
Let k= —0.4 —7i:

This time we will tabulate the results and compare with (0.4 + 73):

n Do AT S*0.4-7i(n) Ao atri

10 0.57811497 + 0.0191313657 —0.441562086 — 0.398323033: 1.019677056 + 0.417454399¢
100  2.847975959 + 1.7508451667 1.82847357 + 1.3335009164 1.019502389 + 0.417344249:
1000 36.34167952 — 5.123159998% 35.32217705 — 5.5405042617 1.01950247 + 0.4173442631

If we calculate the value of ((0.4+74) by some numerical method we obtain the approzimate value of 1.01950247+
0.417344263i, and comparing with the value of Ag.417; we again verify that Ag 417; = (0.4 + Ti).

6 The related function S*,(n), the sum series of k-th power inverses,
the function ((k), and its conjugates.

6.1 The related function S*,(n) to the sum series of k-th power inverses.

Since the function S* , (n) is the function appearing in equation (24) it is necessary to rewrite the equation (22):

[e'S) _ -1
S*L(n) = Z i ”1_[ (2—k—m)B,_1n?>~FP (26)
T SR - 1)
p=1 m=1
Developing and rearranging expression:
" 1 _ 1 _ i k(k+1 e k(E+1)(k+2 s
S, (n) = mBonl k_ﬁBln ko QBQH 1 k—%Bgn 2k _ %Bw 3.k
[e%e] —1 oo
* _ By 1 2hp N~ Bp1(k+p=3)! o 4,
St =2 gy o L rm= 2 =) e @
p=1 m=1 p=1

Since k € C, and let a,b € R, it is convenient to use the product operator, to avoid factorials and the Gamma
function, so that: k = a + bi, and introduce it in equation (26):

oo p—1 _
= e L e m 2 e (29
p:l m=1

14



Applying properties of complex numbers:

X (1-a+b)B1 ,-
Sik)(n) :Z ( a+ Z) p—1 H (a+m_2+bi)n2—a—pe—tb1nn

Where Cp(—a — bi) is:

(1l-atb)B,y o

Cp(—a — bi) = (R 1_:[1(a+m—2+bi)

Let u, y v, defined as:
up(—a — bi) = Re [Cp(—a — bi)]
vp(—a — bi) = Im [Cp(—a — bi)]
Then:
Cp(—a — bi) = up + vyt
The function can be written in its polar form:

S*(n) = Z n2=07P [y, + vyile”

p=1

It can also be expressed in its Cartesian form:

S*.(n) = anf“*p [up + vpt] [cos(blnn) —isin(blnn)]

p=1
S*L(n) = i n?= 7P {[u,[cos(blnn) + v, sin(bInn)] + i [v, cos(blnn) — u,sin(blnn)]}

6.2 S*,(n) conjugated.
Applying the conjugate property of the product of two complex numbers:

ZXWkY =Z*W*Y

(29)

(30)

(31)
(32)

(33)

Since we know that Cj,(—a — bi) is a product of complex numbers that have in common the same imaginary

part bi, the following deduction can be made:
B,_1 (
[(1—a)>+b°](p—1)!

Applying the conjugate product property:

Cp(—a—bi) =

Cp(—a —bi) = [(1_a)23i:b21](p_1)!(1a+bi)*(a1+bi)*(aeri)*(a+1+bi)*(a+2+bi)*

Cp(—a —bi) = [(l_a)zbif;;](p_1)!(1—a—bi)*(a—1—bi)>|<(a—bi)(a+1—bi)*(a+2—bi)*~-~
Since:

C(—a+ bi) = By (1—a—bi) s (a—1—bi)x(a—bi)(at1—Dbi)+(at+2—bi)x

[(1—a)?+b?](p—1)!
We infer that:

Cp(—a —bi) = Cp(—a — bi) = up — vpi
Replacing equation (36) in equation (34) and finding its conjugate:

oo
S* o pi(n) = Z N2~ "Plu, + vyi] e~ibnn
p=1
Finally:

S* pi(n) = Sﬁ(”) =5 15 (n)

15

l—a+bi)x(a—1+bi)*(a+bi)(a+1+0bi)*(a+2+bi)*-

(37)



6.3 The series of k-th power inverse Conjugate.
Applying the conjugate property of the sum of complex numbers to the inverse power series:
Z+ytuw=z+ytw

It is inferred that:

(oo} oo

1 1
Z npatbi Z na—bi (38)

n=1 n=1

6.4 Conjugate of the function ((k).
From the conjugates of S;(n) and } " ; - the conjugate of ((k) can be deduced:

x> N L N |
CF) =3 o = Jim St =37 o5~ T S, () = 32— im S”5(n)
n=1 n=1 n=1
k) = ¢(R) (39)

7 Graphical interpretation of the function ((k).

7.1 Logarithmic spirals.

A logarithmic spiral is described in its polar form as follows:

r=ald’

lImaginary

-40

Czne—ﬂ()]n n

-30

k=—-1+10i

-40

Figure 3: Ezample of logarithmic spiral Cpn®~ 2 Pe=®In yhen k= —1 + 10i and p = 2

And the sum of logarithmic spirals is also a logarithmic spiral, although with certain degeneracies, for example,
if one of the spirals converges to its center and another diverges from its center, the resulting spiral will try to
converge to its center, but then it will move away again.

Logarithmic spirals appear very often in nature, as for example in the snail shell, the shape of galaxies, the
spider web, or the turbulence of a fluid in the form of a tornado. It is not surprising that it also appeared in
the study of the sum of power series and the function {(k).
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Imaginary
40
30
20
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Real
-40 -30 -20 -10 Q 10 20 30 40 50 60
-10
20
Cl,ne—il() Inn
-30
k=—-1+10i
-40

Figure 4: Example of logarithmic spiral Can*“*pe’ibln” when k=—-14+10i andp =1

Considering that k = a+ bi, equation (34) shows us that the function S*, (n) is a sum of functions of the family
of logarithmic spirals within the complex plane, and that it results in another spiral of the family of logarithmic
spirals, and the center of this spiral is at the origin. SpiralCenter = (04 0i) = 0:

oo
S*.(n) = Zn2_“_p [up + Upi]e_“’hm
p=1

If you would like to move the center of the function S*,(n) you just have to add a complex number to the
function z:

o0
S*p(n) = Z n?=7P [u, + vyile P 4 2
p=1

Then the graph of the spiral would shift and its new center would be: Re(z)+Im(z). That is just what happens
in the limit of the of Eq.(24) when the inverse k-th power sum series is cleared:

n n—o00
n=1

This shows us that the series: sum of k-th power inverses is graphed as a sequence of points that are part of a
function of the family of logarithmic spirals whose center has coordinates (k) in the complex plane.
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Figure 5: Ezample of logarithmic spiral Cyn?>=% Pe~Inn 4 Cyp2=a=pe=iblnn yhen ko = —1 + 10i

K
Imaginary p
0.1965 1 -
0196 <
» o o
.
01955 8
.
;
0195 ‘ ;
:‘ .
. T

01945 S

. i
0.194 * + :

.
H 3 y .
01935 Z 1 g .. Sid - -
a n2t2Ti . e e
n=1 :

0.193 - S T

" Real
0.1925

~d 13055 1.306 13065 1307 13075 1.308 13085 1309 13095 131 13105 1311

Figure 6: Ezample of a logarithmic spiral of the series Y -, ,%k for k = 2 4 27i where ((k) is the center of
the spiral.

Now we understand that for values of Re(k) > 1 the spiral of the series Y | % converges to its center,
that is why it coincides with the Riemann Zeta function ((k), but when Re(k) < 1 the spiral diverges from its
center, so it is necessary to calculate it with equation (24).

When: Re(k) = 1 the spiral becomes a quasi-circumference:

St _pi(n) = bg—g' [cos (bInn) — isin (bInn)]n°
S* 1 _pi(n) = ﬁ [cos (blnn) —isin (bInn)]
S* 1 _pi(n) = % [sin (blnn) + icos (blnn)] (40)

Graphing the series Y | —4 yields a quasi-circumference spiral with center at ((1 + bi).

If we plot the functions of S*,(n) and > 7, ,le in the space R — C we observe two similar helices, but the

first with its axis at n and the second shifted where (k) is its axis. The domino of the functions is: D =)0, oo|
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Figure 7: Ezample of a quasi-circumferential logarithmic spiral of the series Y .-, ﬁ where (1 + 5i) is the

center of the spiral.
When n — oo and Re(k) > 1, the helices converge to their axis (Figure 8), if Re(k) = 1 the helices tend to be

circular (Figure 9), and if Re(k) < 1 the helices diverge from their axis (Figure 10).

When k is a “Nontrivial zero”, both helixs coincide and their axis coincides with the axis n (Figure 11).

Figure 8: Ezample of logarithmic helizs in the space C — R of Y | nl—k (Series of points in light blue) and

the related function S*, (n) ( purple) for Re(k) > 1.
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Imaginary

Figure 9: Ezample of logarithmic heliz in the space C — R of Y07, nik (Series of points in light blue) and the
related function S* . (n) (purple) for Re(k) = 1.

Imaginary

C(03+17) f 21241

oo
Shapn(n) = Z Cyn? 03 P 1Tl
p=1

/
Figure 10: Ezample of logarithmic helizs in the space C — R of 3.7, glk- (Series of points in light blue) and
the related function S*, (n) (purple) for Re(k) < 1.

8 Period and variable amplitude curves.

Now that it is known that the function (k) is the center of a spiral in the complex plane, we can also plot
separately the sum of powers in both the real part and the imaginary part:

Re[¢(k)] = nlgl;o {i % cos(blnn) — i [up cos(blnn) + v, sin(blnn)) nz_p_“} (41)
n=1 n=1
Im[((k)] = nli)n;o {Z % sin(—blnn) — Z [vp cos(bInn) — u, sin(blnn)) nz_p_“} (42)
n=1 n=1
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Imaginary

2-05—p,—14.13ilnn
Sisp1a1s(n) = ZC" €
p=1

Figure 11: Ezample of logarithmic heliz in the space C — R of >~ ;1,; (Series of points in light blue) and
the related function S*, (n) (purple) for k = 0.5+ 14.13 first non-trivial zero. The spirals coincide.

Reordering:

ni cos(blnn) — Re [¢(k)] (43)

n—oo

lim {Z up cos(blnn) + vy, sin(blnn)) 2_1’_‘1} =

||M8

n—oo

lim {Z vpcos(blnn) — u,sin(blnn) n? P~ a} Z—sm —blnn) — Im[¢(k)] (44)

From equations (43) and (44), it is observed that the functions Re [S*, (n)] and I'm [S*,(n)] oscillate about
the horizontal n-coordinate axis, on the other hand the series Y,° | - cos(blnn) and > - | - sin(—bInn)
oscillate about their mean value —Re [((k)] and —Im [¢(k)] respectively:

1 .d'.'!‘
0-3+1T) 2% .
i $ o ;
d o $ L] ']
,/ \' [ b‘ e
Re[(0.3 + 17i)] = 2.1183 + 1.0808i ! ‘_’
L4 N 4 \ /
% * ¢ Q §
* l“_(' / ot / //\
5\/0/\‘5\{/57/6 65 \\ 75 ao//as
Re[S)3417i](n) S
Figure 12: Graphical representation of functions: Re [S*,(n)] (purple) and serie Y, | -1 cos(blnn) (Series

of points in light blue) that oscillates with respect to its mean value —Re [((k)]
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Figure 13: Graphical representation of functions: Im [S*, (n)] (purple)y la serie> | -1 sin(—bInn) (Series
of points in light blue) that oscillates with respect to its mean value —Im [((k)]

o

By the mean value theorem it can be written:

L /d k+1 )

Where d — ¢ is the period of the series.
Equation (46) is the general form of equation (2) which will be demonstrated below:

Demonstration of equation (2) If we integrate the function Si(n) on the interval [—1,0] we obtain:

0 k+1

o _
—/_lSk(n)d / Z k+1 H (k+2 —m)n"2"Pdn

k+1

_/O Z/ k+1 1:[ k2 — m)nf 2 Pdn

" Sk(n)d S (-1)P7'B, et k42 k+3—p ’
7/,1 k(1) n—*pZ: (k+1)(p—1)!(k+3_p)£1( +2-m)n B

Sy (n)dn — « (=1)P"'By = k49 1)k 3P
~ ), Skmdn = ;(kJrl)(p—l)!(kJrSfp) [T (k+2=m=)

0 k+1 k+2 -
_ (=1)**"*B,_
/1Sk(n)dn_LZ_l(k+1)( k+3 ?) 1_:[ (k+2- m]
0 k+1 k+2
B (—1)k+2B, (k +1)!
*/,1‘%(”””_ - Lz_l k+Dp-Dk+3-p) (k—&—?—p)!]

0 R R B (k4 1)
- [ sutman =~ F+1) |2 DIk T3 p)

(47)
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On the other hand, if from the known equation to find the Bernoulli numbers

k—1
1 k41
By =——— Bm
F k+1mz_0( m )

we can find Byy1:
k+1

1 k+2
Bpy1 = ——— B,_
. k+2z(p1>p1
p=1

k+1
1 (k+2)!
B = — B,_
h k+22(p—1)!(k+3fp)!p1

p=1

k+1

- (k +1)!
Brt == 2 G 3

Substituting equation (48) into (47):

0 1 Bk' 1
—[1 Sp(n)dn = (—1)kF 7“{ _:1)

And the second term is: —((—k) :
k)=~ [ Sutman
Finally:
c-h=[ Si(n)dn

Equation (2) has been proved

9 Proof of the Riemann Hypothesis.

Let k be a complex number such that k = a + bi where a,b € R A ((k) =0.
From the Riemann functional equation:

. . bi
Cla+ bi) = 20Fbigathbi=lgy (W) (1 —a—bi)¢(1 — a— bi)
It is known that for the critical band range 0 < a < 1, the terms:

. ) bi
gutbigatbi=l gy (W) (1 —a—0bi)#0

Therefore, it must comply:
Cla+bi)=C1—a—bi)=0

On another hand, from the property of conjugates of {(k), it must be fulfilled:

C(a+bi) = C(a+bi)=Cla—bi)=0

Therefore it can be written:
Cla—bi)=((1—a+bi)=0

Replacing (24) in (50) and (52) the following 4 equations can be written:

RN \
Jim [Z i S—a—bi(n)] =0

n=1

n=1

RO \
nh—>r20 [Z na—bi Sa+bi(n)‘| =0
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n=1
li ; Lt . 0
Jm ) — Sam1-ni(m)| =
n=1
If we make a change of variable from a = % + § we can rewrite the four equations:
1. - 1 S* 0
Jm |2 e Sty =
n—

~ 1
lim E _ 5 (n)l =0
n—00 1 n%+6—bi _%_‘H'b"( )

s~ 1 \
lim 1>~ = S s =0

n— oo

= 1
lim E R ()| =0
n—00 n%—é-i-bi _%""5_[”( )
Ln=1 i
I i
Im | |
I |
I I
Llo4bi 1 | 2ishbi |
I RUEEL mimat pusauniay
® ! ® |
! 1
: I
| |
| 1
| |
" I
' 1
I I
P : : Re
I ]
I |
1

1 =1 |
| Re(k) 5 |
! 1
d 1
! |
: |
| |
° I ° !
| I
1 P I —4

E—E—bz: E-ﬂ—é—bz: B

Iman I | Re(=t
I |
I |

Figure 14: Graphical representation in the complex plane of values of k for which the function (k) = 0.

Applying power properties:

nz22

: = 1 —iblnn *
i [ s o] o
n=1

. = 1 iblnn *
i [Z T¢ T 5—;—a+m-<")] =0

n 1
: iblnn *
nhm E T ,¢ -5 146 pi (1)

n=1 nz

: = 1 —iblnn *
T}E{; [Z ¢ - S;Jr&bi(n)] =0
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Transforming the equations to Cartesian mode:

-t . )
nh_)n;o {Z e [cos(blnn) — isin(blnn)] — S_%_(S_bi(n)

n=1

n—00 nz +4é

n 1
lim {Z — [cos(blnn) +isin(blnn)] — Si%_(ﬂ_bi(n)

n=1

lim {Z 11_6 [cos(blnn) +isin(blnn)] — Si;+6+bi(n)} =0

- [ 1
nlgr;o Z s cos(blnn) — Re _Siéﬂwbi(n)_

1 =0
n=1 n§+
n 1 -
nh_}rrgo 55 sin(blnn) — I'm _Si%_5+bi(n)_ =0

I
o

— sin(blnn) — I'm _Si%JrMbi(”)_

I
o

—— cos(blnn) — Re >Si%+5_bi(n)

lim {Z 1_6 cos(blnn) — Re :Si%+5+bi(n):

— —— —— —(— ——
|
S

(69) = (71)
(70) = (72)
(73) = (75)
(74) = (76)

If we add the equations (69) with (75) and factoring:

nh_)ngo{i T 5 cos(blnn) —|—Z s cos(blnn) — Re [S’ 1 s i )} Re [S 1sp(n )}}:0

n=1 2t

nlLH;@{iCOS blnn) {nla"'nla] Re [S 1 spi(n )} Re [S 1spi(n )]}:O
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(67)

(74)

(75)

(77)



And similarly we add (70) with (76):

lim {— i %sin(blnn) - i %Sin(blnn) —Im [Si%_é_bi(n)] —Im {Si;H_bi(n)]} =0

nree n=1 n= n=1 nz
. - 1 1 . .
nh_}n;o Z % n(blnn) v + | Im [S_%_é_bi(n)} —Im [S_%_Hs_bi(n)] = (78)
Now let us consider § = 0 in equation (77):
HILH;O{QTLZIn_zCOS blnn) — 2 Re [S 1 bz(n)]} =0 (79)
Let us similarly consider § = 0 in equation (78):
lim 2}2-1 an,—ZImi?1 (m] —0 (80)
n—o0 ’I’L% —5—bi
Adding (79) with (80) and then simplifying we obtain the following expression:
. ~ 1
nh—{go{ Z_:IE cos(blnn) —isin(blnn)] —2 S* 1 pi(m )}—O (81)
. ~ 1 \
2 lim z_:l () =0 (82)

S .

And by properties of conjugates in complex numbers, the equation is also obtained:

Therefore, for all b that satisfy the equality:
Cla+bi)=0 (85)

There exists a number a € R such that a = %, and it satisfies the equality:

e

5 £0i)=0 (86)

Theorem 2 has been demonstrated:

Therefore, the Riemann Hypothesis is true.
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10 Conclusion and final comments.

There remained several findings to be shown, around the Euler-Riemann zeta function {(k), but these were far
from the objective of this work, which is to prove the Riemann Hypothesis. However, the proof of equation (11)

remained pending, which is achieved by making k = —1 in equation (9), from which we obtain:
By
C(—=1)=-=2P—
(1) = - 2ot

With a change of variable of —k = 2 — p, equation (11) is proved.

Cp(=1) =¢(2—p)

This demonstrates that the values of ((k), By and Cp(k) are interdependent, so for example as By can be
calculated from a summation that depends on the Bernoulli numbers, similarly C}, can be written as a function
of ¢(k), By and the same function (k) can be expressed as an infinite sum of values depending on {(—m) where
N.

Is interesting to know that equation (9) can also be expressed as a summation of higher order derivatives,
although we do not use it in this paper:

1 -1
1)P~ Bp 1 P

k+2—p
k ¥ 1 ) et (n™77) (87)

p:l
Finally, this research work gives us insights to make the following two conjectures about the zeta function:

e If the amplitude and period of the function S*, (n) could be computed, {(k) could be computed exactly
with the mean value integral.

e One can write By as a continuous function in the complex plane, which depends on (k). This function
has “trivial zeros” when K is an odd integer greater than 1, and has “nontrivial zeros” that coincide with
the “nontrivial zeros” of ¢(k).
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