Fonctions en lien avec les nombres premiers
Denise Vella-Chemla

L’empilement des valuations p-adiques.
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Courbe hyperbolique d’équation xy =mnlog(n)



L’empilement des valuations p-adiques en python.

@ rapidement-decroissante.py X - m] x
C: > Users » DENISE_2022 > Desktop > tests-de-fonctions > # rapidement-decroissante.py >

1 import matplotlib.pyplot as plt

2

3 def prime(atester): 1000

a k=2

5 if atester in [@, 1]: return False

6 if atester in [2, 2, 5, 7]: return True

. 800 -

7 while True:

8 if k * k > atester: return True

9 else:

10 if atester % k == 8: return False 600 4

11 else: k =k + 1

12

13 def f(p,n):

14 puiss = 1 4001

15 tempo = n ;

16 while ((tempo/p > @) and ((tempo % p) == @)):

17 tempo = tempo/p 200 -

18 puiss = puiss+l

19 return(puiss-1)

20

21 lesx = [] ; lesy = [] 01

22 nbprem =0 ; nbmax = 1600 0 25 50 75 100 125 150 175
23 for x in range(l, nbmax):

24 if prime(x):
PROBLEMS ~ OUTPUT  DEBUGCONSOLE  TERMINAL  JUPYTER a (i' ’9 "t" Q = )

Testez le nouveau systéme multiplateforme Powershell https://aka.ms/pscore6

PS C:\Users\DENISE_2022\Desktop\tests-de-fonctions> & 'C:\Users\DENISE_2022\AppData\Local\Microsoft\WindowsApps\python3.1@.exe' *c:\Users\DENISE_2022\.vscode\extensions\ms-python.python-2
©22.16.1\pythonFiles\1lib\python\debugpy\adapter/../..\debugpy\launcher® '57136" '--' 'c:\Users\DENISE_2022\Desktop\tests-de-fonctions\rapidement-decroissante.py’

[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 28, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 48, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 6@, 61, 62, 63, 64, 65, 66, 67, 68, 69, 7@, 71, 72, 73, 74, 75, 76, 77, 78, 79, 88, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100, 101, 102, 103, 104, 105, 186, 107, 168, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 1
35, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 16@, 161, 162, 163, 164, 165, 166, 167, 168] [991, 498, 246, 164
, 98, 81, 61, 54, 44, 35, 33, 27, 24, 23, 21, 18, 16, 16, 14, 14, 13, 12, 12, 11, 18, 9, 9, 9, 9, 8, 7, 7, 7, 7, 6, 6, 6, 6, 5, 5, 5, 5, 5,5, 5, 5, 4, 4, 4, 4, 4, 4, 4, 3, 3, 3, 3, 3, 3,
3,3,3,3,3,3,3,3,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1, 1,1, 1,1, 1,1, 1, 1, 1, 1, 1, 1,
1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1, 1,1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1]



Comparaison empilement des valuations p-adiques et somme des "b’;‘f‘” pour

les p qui sont les nombres premiers successifs.

@ rapidement-decroissante-a-comparer.py X 1 O O Launch v
C: > Users > DENISE_2022 > Desktop > tests-de-fonctions > % rapidement-decroissante-a-comparer.py > [ - O %
16 while ((tempo/p > ©) and ((tempo % p) == 8)): | |
17 tempo = tempo/p

18 puiss = puiss+l

19 return(puiss-1) 1000 J

20

21 lesx = [] ; lesy = [] ; lesyp =[]

22 nbprem = @ ; nbmax = 1660

23 for x in range(1, nbmax): 800

24 if prime(x):

25 nbprem = nbprem+1

26 somme = @ 600

27 for k in range(2, nbmax):

28 somme = somme + f(x, k)

29 lesx.append(nbprem)

EL) lesy.append(somme) 4004

31 lesyp.append (nbmax/nbprem)

32 print(lesy,lesyp) |

33 plt.plot(lesx,lesy) 200 4

34 plt.plot(lesx,lesyp)

35 plt.show()
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PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL  JUPYTER @ (n -§ + Q =
on-2022.16.1\pythonFiles\1ib\python\debugpy\adapter/../..\debugpy\launcher' 's9744' "--' 'c:\Users\DENISE_2022\Desktop\tests-de-fonctions\rapidement-decroissante-a-comparer.py"

[991, 498, 246, 164, 98, 81, 61, 54, 44, 35, 33, 27, 24, 23, 21, 18, 16, 16, 14, 14, 13, 12, 12, 11, 10, 9, 9, 9, 9, 8, 7, 7, 7, 7, 6, 6, 6, 6, 5, 5, 5, 5, 5, 5, 5, 5, 4, 4, 4, 4, 4, 4
4,3,3,3,3,3,3,3,3,3,3,3,3,3,3,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,1,1,1, 1,1, 1,1, 1,1, 1,1, 1, 1, 1, 1, 1, 1, 1,
1,1,1,1, 1,1, 1,1, 1,1, 1,1, 1,1, 1, 1,1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1] [1000.0, 5¢0.0, 33
3.3333333333333, 250.0, 200.0, 166.66666666666666, 142.85714285714286, 125.0, 111.11111111111111, 100.0, 96.9090999090999, 83.33333333333333, 76.92307692307692, 71.42857142857143, 66.6
6666666666667, 62.5, 58.8235294117647, 55.55555555555556, 52.63157804736842, 50.0, 47.61984761904762, 45.45454545454545, 43.47826086956522, 41.666666666666664, 49.0, 38.46153846153845,
37.63703703703704, 35.714285714285715, 34.48275862068966, 33.333333333333336, 32.25806451612903, 31.25, 30.303030303020305, 29.41176476588235, 28.571428571428573, 27.77777777777778, 2
7.027627027027028, 26.31578947368421, 25.641825641025642, 25.0, 24.398243002433025, 23.80952380052381, 23.25581305348837, 22.727272727272727, 22. 21.73913043478261, 21.2
7650574468085, 20.833333333333332, 20.408163265306122, 20.0, 19.607843137254003, 19.23076923076923, 18.867924528301888, 18.51851851851852, 18.181818181818183, 17.857142857142858, 17.54
385064912281, 17.24137931034483, 16.949152542372882, 16.666666666666668, 16.39344262295682, 16.129032258064516, 15.873015873015873, 15.625, 15.384615384615385, 15.151515151515152, 14.9
25373134328359, 14.705882352941176, 14.492753623188406, 14.285714285714286, 14.084507042253522, 13.88888888888880, 13.698630136986301, 13.513513513513514, 13.333333333333334, 12.157894
736842104, 12.987012987012987, 12.820512820512821, 12.658227848161266, 12.5, 12.345679012345679, 12.195121951219512, 12.048192771084338, 11.984761904761905, 11.764705882352942, 11.6279
86976744185, 11,494252873563218, 11,362636363636363, 11.235055056179776, 11.11111111111111, 10.989910980010989, 10.869565217301205, 10,75268817204301, 10.638297872240425, 10,5263157804

5




Forme de la fonction zeta calculée pour les nombres entiers (images reliées
entre elles).

@ zetareelpy X - O X
C: > Users > DENISE_2022 > Desktop > tests-de-fonctions > @ zetareelpy > ...
1 import scipy
2 from scipy.special import zeta
3 import matplotlib.pyplot as plt
4 1.6
5  def prime(atester):
6 k=2
7 if atester in [, 1]: return False 1.5
8 if atester in [2, 3, 5, 7]: return True
9 while True:
10 if k * k > atester: return True 144
11 else:
12 if atester % k 0: return False
13 else:r k = k + 1 137
14
15 lesx = [] 124
16 lesy = []
17 for x in range(1,101):
18 #if prime(x): 114
19 lesx.append(x)
20 y = zeta(x)
21 lesy.append(y) 1.0 1
22 print(lesx) 0 20 40 60 80 100
23 print(lesy)
24 plt.plot(lesx, lesy)
PROBLEMS ~ OUTPUT ~ DEBUG CONSOLE  TERMINAL  JUPYTER @« é’ “’ 'i" Q = o

PS C:\Users\DENISE 2022\Desktop\tests-de-fonctions> & 'C: \Users\DENISE 2022\AppData\Local\Mltr‘csoft\decwsApps\pythona 10.exe’ 'c: \Users\DENISEizezz\.vscode\extensions\ms—python.python—zezz.lG.l\pyth
onFiles\lib\python\debugpy\adapter/../..\debugpy\launcher' '57096' "¢t \Users\DENISE_2022\Desktop\tests-de-fonctions\zetareel.py'

[1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 2@, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 5
3, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 89, 81, 82, 83, 84, 85, 86, 87, 88, 89, 99, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100]

[inf, 1.6449340668482264, 1.2020569031595942, 1.0823232337111381, 1.03692775514337, 1.6173430619844492, 1.008349277381923, 1.6040773561979444, 1.0020083928260821, 1.000994575127818, 1.0004941886041194,
1.000246086553308, 1.0001227133475785, 1.0000612481350588, 1.000030588236307, 1.0000152822594086, 1.0000076371976379, 1.000003817293265, 1.0000019082127165, 1.0000009539620338, 1.0000004769329869, 1.0

©00002384565627, 1.606000119219926, 1.600000053608189, 1.6600000208035034, 1.6000000149615549, 1. 4507118, 1. 725334, 1. 18626598, 1 13275, 1 656628, 1.00000
0000232831, 1 1164155, 1 077, 1. 91638, 1. 14552, 1. 276, 1 8, 1 1819, 1 , 1 547, 1.
02274, 1. 1137, 1. 8, 1. 4, 1 142, 1 7, 1 1 18, 1 , 1

1
002, 1.0000000000000002, 1.0, 1.0, 1.0, 1@ 1.e, 1.0, 1.0, 1.0, 1.6, 1.0, 1.0, 1.0, 1.6, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 10 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1
.8, 1.0, 1.0, 1.0, 1.0, 1.0, 1.8, 1.8, 1.0, 1.0, 1.0, 1.0]



Cumul des inverses des sommes des valuations p-adiques (c’est le graphe de
la fonction 7(x), nombre de nombres premiers inférieurs a z).

@ cumul-inverses-fct-rapidement-decroissante.py X

c>Uu
1
2
3
4
5
6
7
8
9

sers > DENISE_2022 > Desktop > tests-de-fonctions > 2 cumul-inverse

import matplotlib.pyplot as plt
import math

from math import sqrt,floor
import numpy as np

def valpadic(p,x):
exposant = 1
tempo = x ;

while ((tempo/p > @) and ((tempo % p) == @)):

10 tempo = tempo/p

11 exposant = exposant+1

12 return(exposant-1)

13

14 pix = 8.0 ; xmax = 180

15 lesx = [] 3 lesy = []

16 for x in range(2,xmax+1):

17 racx = int(sqrt(x))

18 somme = 1

19 for p in range(2, racx+1):

20 somme = somme + valpadic(p, x)
21 pix = pix+floor(1.0/somme)

22 lesx.append(x) ; lesy.append(pix)
23 print(x, ' --> ', pix)

24 plt.plot(lesx,lesy)

25 plt.show()

PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL  JUPYTER

95 --> 24.0
9% --> 24.0
97 --> 25.8
98 --> 25.0
99 --> 25.0

--> 25.8
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La fonction bleue est m(z).
La fonction orange est la courbe d’équation y = %

@ totopy X i o 0
C: > Users > DENISE_2022 > Desktop > tests-de-fonctions > @ toto.py >
10 wnile Irue: %) Figure 1 - O %
11 if k * k > atester: return True
12 else:
13 if atester % k return False
14 else: k = k + 1
15 100 4
16 def valpadic(p,x):
17 exposant = 1
18 tempo = x ; 80 4
19 while ((tempo/p > @) and ((tempo % p) == 0)):
20 ‘tempo = tempo/p
21 exposant = exposant+1
22 return(exposant-1) 60
23
24 pix = 0.0 ; xmax = 100 ; nbprem = 0
25 lesx = [] 5 lesy = [] ; lesyp = []
26 for x in range(2,xmax+1): 401
27 racx = int(sqrt(x))
28 if prime(x):
29 nbprem = nbprem+1 20
30 somme = 1
31 for p in range(2, racx+l):
32 somme = somme + valpadic(p, x)
33 pix = pix+floor(1l.0/somme) 01
34 lesx.append(x) ; lesy.append(pix) ; lesyp.append(xmax/nbprem) 6 26 4‘0 6b 86 160
35 print(x, " --> ', pix)
36 plt.plot(lesx,lesy)
37 plt.plot(lesx,lesyp) -
38 print(lesx,lesy) Ll 6 -) ..I‘ Q -
39 plt.show()
PROBLEMS ~ QUTPUT  DEBUGCONSOLE  TERMINAL  JUPYTER 18t Python Debug Console +~ ([0 @~ X

100 --> 25.0

[2, 3, 4,5 6, 7, 8 9, 18, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 6@, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 89, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 9, 97, 98, 99, 100] [1.0, 2.0, 2
.0, 3.0, 3.0, 4.0, 4.0, 4.0, 4.0, 5.0, 5.0, 6.0, 6.9, 6.0, 6.0, 7.0, 7.0, 8.0, 8.0, 8.0, 8.0, 9.0, 9.0, 9.0, 9.6, 9.0, 9.0, 10.0, 10.0, 11.0, 11.0, 11.0, 11.0, 11.0, 11.0, 12.0, 12.0, 12.0, 12.0, 13.0,
13.0, 14.0, 14.0, 14.0, 14.0, 15.0, 15.0, 15.0, 15.0, 15.9, 15.0, 16.0, 16.0, 16.8, 16.0, 16.0, 16.0, 17.0, 17.0, 18.6, 18.0, 18.0, 18.0, 18.0, 18.0, 19.0, 19.0, 19.0, 19.0, 20.0, 20.0, 21.0, 21.0, 21
.0, 21.0, 21.0, 21.8, 22.0, 22.0, 22.0, 22.9, 23.0, 23.0, 23.0, 23.0, 23.0, 23.0, 24.0, 24.0, 24.0, 24.0, 24.0, 24.0, 24.0, 24.0, 25.0, 25.0, 25.0, 25.0]




La fonction bleue est m(z).

. , .
La fonction orange est la courbe d’équation 3 | —L— | avec somme = Y 204z
somme 7 (x)
2 totopy X 1l © 0
C: > Users > DENISE_2022 > Desktop > tests-de-fonctions > @ toto.py > ...
LU USI vaipauicipsage
17 exposant = 1 ) Figure 1 — [m] X
18 tempo = x
19 while ((tempo/p > @) and ((tempo % p) == @)):
20 tempo = tempo/p
21 exposant = exposant+l
22 return(exposant-1)
23 70
24 pix = 0.0 ; pix2 = ©.0 ; xmax = 100 ; nbprem = @
25 lesx =[] ; lesy = [] ; lesyp = [] 60
26 for x in range(2,xmax+1):
27 racx = int(sqrt(x))
28 somme = 1 50 1
29 somme2 = 1
30 if prime(x): 40
31 nbprem = nbprem+l
32 somme2 = somme2 + (xmax/nbprem)
33 for p in range(2, racx+l): 301
34 somme = somme + valpadic(p, x)
35 pix = pix + floor(1.8/somme) 20 A
36 pix2 = pix2 + floer(1.0/somme2)
37 lesx.append(x) ; lesy.append(pix) ; lesyp.append(pix2) 10 4
38 print(x, ' --> ', pix)
39 plt.plot(lesx,lesy)
40 plt.plot(lesx,lesyp) 01

41 print(lesx,lesy,lesyp) 0 20 40 60 80 160
42 plt.show()

At Q=

PROBLEMS QUTPUT DEBUG CONSOLE TERMINAL JUPYTER

.0, 11.0, 11.0, 11.0, 12,0, 12.0, 12.0, 12.8, 13.0, 13.0, 14.0, 14.8, 14.0, 14.0, 15.9, 15.0, 15.8, 15.@, 15.0, 15.8, 16.0, 16.0, 16.0, 16.8, 16.0, 16.0, 17.9, 17.0, 18.0, 18.0, 18.0,
18.0, 18.0, 18.9, 19.9, 19.9, 19.0, 19.0, 20,0, 20.0, 21.0, 21.0, 21.0, 21.0, 21.0, 21.0, 22.0, 22.0, 22,0, 22.0, 23.0, 23.0, 23.0, 23.0, 23.0, 23.0, 24.0, 24.0, 24.0, 24.0, 24,0, 24.0
, 24.0, 24.9, 25.0, 25.08, 25.0, 25.0] [€.0, 0.0, 1.0, 1.8, 2.0, 2.0, 3.0, 4.0, 5.0, 5.0, 6.0, 6.0, 7.0, 8.0, 9.8, 9.0, 10.0, 16.0, 11.8, 12.0, 13.0, 13.0, 14.0, 15.0, 16.0, 17.0, 18.9,
18.0, 19.0, 19.0, 20.0, 21.9, 22.@, 23.0, 24.0, 24.0, 25.0, 26.0, 27.0, 27.0, 28.0, 28.0, 29.0, 30.0, 31,0, 31.0, 32.0, 33.9, 34.0, 35.0, 36.0, 36.0, 37.0, 38.0, 39.0, 4.0, 41,0, 41,
0, 42.0, 42.0, 43.0, 44.0, 45.0, 46.0, 47.6, 47.0, 48.0, 49.8, 50.0, 50.0, 51.0, 51.0, 52.0, 53.8, 54.0, 55.0, 56.8, 56.0, 57.0, 58.8, 59.0, 59.0, 60.0, 61.0, 62.0, 63.8, 64.0, 64.0, 6
5.0, 66.0, 67.0, 68.0, 69.0, 70.8, 71.0, 71.0, 72.0, 73.0, 74.0]



La fonction bleue est m(z).

La fonction orange est la courbe qui cumule les 7(x) avec les Z 1—

@ toto.py X

C: > Users > DENISE_2022 > Desktop > tests-de-fonctions > @ toto.py > ...

17
18
19
20
21
22
23
24
25
26
27
28
29
El)
31
32
33
34
35
36
37
38
39
49
1
42

USI vaipauicipsag e
exposant = 1
tempo = x
while ((tempo/p > @) and ((tempo % p) == @)):
tempo = tempo/p
exposant = exposant+l
return(exposant-1)

pix = 0.2 ; pix2 = 0.0 ; xmax = 100 ; nbprem = 0
lesx = [] ; lesy = [1 ; lesyp = []
for x in range(2,xmax+1)
racx = int(sqgrt(x))
somme = 1
somme2 = 1
if prime(x):
nbprem = nbprem+1
somme2 = somme2 + (xmax/nbprem)
for p in range(2, racx+l):
somme = somme + valpadic(p, x)
pix = pix + floor(1.e/somme)
pix2 = pix2 + (1.e-floor(1.6/somme2))
lesx.append(x) ; lesy.append(pix) ; lesyp.append(pix2)
print(x, * --> ', pix)
plt.plot(lesx,lesy)
plt.plot(lesx,lesyp)
print(lesx,lesy,lesyp)
plt.show()

PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL JUPYTER

Tmaz
nbprem *
o - o X
25
20
15 -
10
5
0L, . : ‘ . ‘
0 20 40 60 80 100

.0, 11.0, 11,0, 11,0, 12,0, 12.8, 12.8, 12., 13.0, 13.0, 14.0, 14.0, 14.0, 14,0, 15.0, 15.0, 15.8, 15.0, 15.0, 15.0, 16.0, 16.0, 16.0, 16.0, 16.0, 16.0, 17.0, 17.0, 18.0, 18.0, 18.9,
18.0, 18.6, 18.0, 19.0, 19.8, 19.0, 19.0, 20.6, 20.0, 21.0, 21.8, 21.0, 21.0, 21.8, 21.0, 22.0, 22.0, 22.0, 22.0, 23.8, 23.0, 23.0, 23.0, 23.0, 23.0, 24.0, 24.0, 24.0, 24.0, 24.0, 24.0
, 24.0, 24,8, 25.0, 25.0, 25.0, 25.0] [1.0, 2.0, 2.0, 3.8, 3.0, 4.0, 4.9, 4.0, 4.9, 5.8, 5.0, 6.0, 6.0, 6.0, 6.0, 7.0, 7.0, 8.9, 8.0, 8.0, 8.9, 9.0, 9.0, 9.0, 9.0, 9.0, 9.0, 10.0, 10.0
, 11.0, 11.8, 11.0, 11.0, 11.8, 11.0, 12.8, 12.6, 12.0, 12.0, 13.0, 13.0, 14.0, 14.0, 14.0, 14.8, 15.0, 15.0, 15.0, 15.0, 15.0, 15.0, 16.0, 16.0, 16.8, 16.0, 16.0, 16.0, 17.0, 17.0, 18
.0, 18.0, 18.0, 18.0, 18.0, 18.0, 19.0, 19.0, 19.0, 19.0, 20.0, 20.0, 21,0, 21,0, 21.0, 21.0, 21.0, 21.0, 22.0, 22.0, 22.0, 22.0, 23.0, 23.0, 23.0, 23.0, 23.0, 23.0, 24.0, 24.0, 24.9,

24.0, 24.8, 24.0, 24.0, 24.8, 25.0, 25.09, 25.0, 25.0]



