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Prime numbers; open problems

I Goldbach's Conjecture: Every even n > 2 is the sum of two primes.

II Twin Prime Conjecture: There are infinitely many twin primes.

III Is there always a prime between n2 and (n+1)2?

IV Riemann hypothesis

V …



Prime numbers in 2d. 



Prime numbers in 2d. Ulam spiral



Stein, M. L.; Ulam, S. M.; Wells, M. B. (1964), "A Visual Display of Some Properties of the Distribution of Primes", 
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Prime numbers in 2d









??



Mertens conjecture

μ(n) = +1 if n is a square-free positive integer with an even number of prime factors. (6, 10,..)

μ(n) = −1 if n is a square-free positive integer with an odd number of prime factors. (2, 3, …)

μ(n) = 0 if n has a squared prime factor. (4, 9, …)

Mertens function:

μ(k) is the Möbius function; 



Mertens conjecture

… for all n > 1,

??



Odlyzko, A. M.; Riele, H. J. J. Disproof of the Mertens conjecture, Journal für die reine und angewandte Mathematik. (1985)



Conjectures

I. The number of cuts (zeroes) in the x axis tends to infinity. i.e, being
Z(n) the number of zeroes in the Ladder

II. The slope, ε(n), of the Ladder is zero in the limit when n goes to
infinity.

III. Envelope function?



~200,000 zeroes in 8x1012
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Results II. Prime numbers



Results III. Gaps



Benford Law

Examples

Fibonacci numbers
Factorials n!
Powers nm

Binomial coefs 𝑛
𝑚

Etc..

Length of rivers…

P(d) = log10(1+1/d)



Benford Law



Determinants

2 3
5 7

D1 =            = -1

11 13
17 19

D2 =               =   -12

23 29
31 37

D3 =               =   -48

…

Prime numbers sequence: 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, …



Determinants

1 3
7 35

D1 =            = 14

39 43
51 55

D2 =               =   -48

79 87
91 107

D3 =                 =   538

…

Jacob´s Ladder Zeroes sequence: 1, 3, 7, 35, 39, 43, 51, 55, 79, 87, 91, 107  …



Determinants

1 3
7 35

D1 =            = 14    1

39 43
51 55

D2 =               =   -48  4

79 87
91 107

D3 =                 =   538  5

…

Jacob´s Ladder Zeros sequence: 1, 3, 7, 35, 39, 43, 51…
Leading digit



Determinants
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Prime numbers and random 
walks in a square grid



Original PW. (Let´s call it A1)
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Posible “nonequivalent” algorithms?

1

3

9 7

A2

A3

A5

A4

Yellow arrow means changing
3 for 7 in algorithm A1
(leaving other numbers untouched)

 This creates Algorithm A2

Same for the rest.

The rest are symmetries
or rotations.



Posible “nonequivalent” algorithms: 5?
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# Nonequivalent” algorithms: 5? NO. Just 3
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A2 = A4                                                                    & A3 = A5



(246) Prime numbers and random walks in a square grid – YouTube

https://www.youtube.com/watch?v=DTImOesprL8


A1 A2 A3

A = 245970 A2 = 271026 A3 = 209327

N=10E8



A1 A2 A3

A = 245970 A2 = 271026 A3 = 209327
ZM = 3126 ZM = 2646 ZM = 4088

V = 768,902,220 V = 717,134,796 V = 855,728,776 

N=10E8
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Z Max

PW  Unlimited

2 dif. pRWs



PW vs pseudoRW

lim = 2.0 ? 



Area vs Number of primes

lim = 10.0 ? 



Why?

Chebyshev's bias ?





2 Big Open Questions

I ApRW/APW = 2.0 when N ∞

II π(N)/APW = 10.0 when N ∞

III …



To think 

“Simple” algorithm 

+

sequence of “random” numbers

=

“order” ??



Alberto Fraile: 
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Conclusions



Conjecture II
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