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Abstract

In this paper we have described the parameters of SMBH 87 and some formulas
concerning Primordial Black Holes in String Theory and Inflation. We described also
new possible mathematical connections with some Ramanujan equations, ¢, {(2)
and Hausdorff dimension values
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Fig. 1. Time-averaged image of a GRMHD simulation of M87. This model has param-
eters chosen to be consistent with the 2017 EHT data and corresponds to the high
rmagnetic flux “magnetically arrested disk” accretion state. [thas M =6.2 x ‘I'CJt"'s"r?.-_.-r
a/M =0.94, Byn: = 163°, fhigh = 10, and mass accretion rate matching the 1.3-mm flux
density (5. The spin axis points left when projectaed onto the image. The time average
was performed over 100 snapshots produced from uniformly spaced GRMHD fluid
samples over a time range of 1000M (approximately 1 year). Although visually
prominent, the thin, bright ring contains only ~20% of the total image flux density.

We have that:

The mass of black hole is M = 6.2 * 10’ solar masses that is equal to
Mgy = 6.2 * 10” * 1.9891 * 10°° = 1.233242 x 10" = 12.33242 * 10°” kg
The black hole spinis: a/M=0.94 and 0, = 163°

With regard the value of 163°, we have that:

Input interpretation:
163®



Unit conversions:
2.84488668 radians

2.84488668

Unit conversions:
163«

180

radians

We note that:
1/[(163P1) / 180]*1/24

Input:
1

Exact result:

12f | 5
6 2
v 163

Decimal approximation:

0.957371780530716092530843002108088740028570823722423132235...

0.9573717895... result very near to the spectral index ny , to the mesonic Regge
slope, to the inflaton value at the end of the inflation 0.9402 (see Appendix) and to
the value of the following Rogers-Ramanujan continued fraction:

e 5

T —pe1 |

From:

-

=~ 0.9568666373

Astronomy & Astrophysics manuscript no. ms ¢ ESO 2019 - September 24, 2019
Planck 2018 results. VI. Cosmological parameters



The primordial fluctuations are consistent with Gaussian purely adiabatic scalar
perturbations characterized by a power spectrum with a spectral index n, = 0.965 +
0.004, consistent with the predictions of slow-roll, single-field, inflation.

We know that o’ is the Regge slope (string tension). With regard the Omega mesons,
the values are:

w | 6| m, g =0— 60 | 0.910 — 0.918
wiws | 543 | myq=255—1390 | 0.988 — 1.18
wiws | 543 | my g =240 — 345 | 0.937 — 1.000

Property:

L ST

lﬁquﬁ

i1s a transcendental number

5
163 7

Alternative representations:

1 1
ool 1637 5[ 20340°
180 180
1 1
| =
24 1631 24 - 163 ;1gg(-1)
180 180
1 1
Il— T —
E{f L b Ed 163 cosl{-1)
180 180

Series representations:

R
E{/ ks *‘1 lk:ﬂ 142k

1 W 2 12 1
= — Jg
163 i{__ B! 1 2 1

24— k
E#IH” Y.ZEQ[JJ hek+1mk+3ﬂk}
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1 | 5 12 1

l 163 2 o (=t 1105 12k 5142k 4, gagl +2K)
180 k=0 142k

Integral representations:

! o 24f s l,ﬁ'? | A
e BT 2 (=gt
g4 1637 Vo 2
180
1 E4I 5 1_\3",'; 1
| N 153 24; "1 2
g4 1637 \i J'EI Ve
‘\II 180
! _aqf 10 1\3/; v
— ~\ 163 B ==t
24 163 \ 7
s Vi1

From r=3M, we obtain: 3*Mpy = 3*12.33242 * 10> kg = 36.99726 * 10°°
r=36.99726 * 10”

a/M=0.94; a/12.33242 * 10 =0.94; a=11.5924748 x 10”
J=aM=14.2963268073016*10"

Mgy = 12.33242 * 10* kg

r=36.99726 * 10>

a=11.5924748 x 10”



Photon shell

The photon shell, illustrated in Fig. 2, is the region of a black hole
spacetime containing bound null geodesics or “bound orbits” that
neither escape to infinity nor fall across the event horizon. For
Schwarzschild, the photon shell is the two-dimensional sphere at
r =3M and any 8, o, and t. For Kerr, this two-dimensional sphere
fattens to a three-dimensional spherical shell. It is best described
using Boyer-Lindquist coordinates, in which the metric of a Kerr
black hole of mass M and angular momentum | = aM (with 0 <

a=M)is

2 & P TR (I pu, 3
ds™ = E(dt asin”Bda) +&dr + XdB

- 2 )
+$[{H+a2}du—udrr (1A)

A=r'-2Mr+a’>, L =r"+acos® (1B)

These coordinates have the special property that each bound or-

bit lies at some fixed value of rin the range

s r= (2A)
o= ?.M[l + COS (%arccns (i %) )] (2B)

Every point in the equatorial annulus ¥ < r < r%, 8 =n/2, has

a unique bound orbit passing through it. On the boundaries r = i,
the orbits reside entirely in the equatorial plane. At generic points,
on the other hand, they oscillate in the 8 direction between polar angles

8, = arccos (Fu;) (3)

where

- r - | W,
ui_m[ rr+3M r—-2a M

izx[Mﬁ(zrf‘—aMr%azM)] (4)

The bound orbit at radius r has the energy-rescaled angular
momentum
M(r*—a*)—rA
( s ) (6)
alr— M)

£ =



For:
J=aM=14.2963268073016%10"
Mgy = 12.33242 * 10* kg
r=36.99726 * 10*
a=11.5924748 x 10”

From:
A= 1P —2Mr+ az,

we obtain:
(36.99726e+39)"2 — 2*(12.33242¢+39)(36.99726e+39) + (11.5924748¢+39)"2

Input interpretation:
(36.99726 - 10 -2 12.33242 - 10°° «36.99726 - 10°° +(11.5924748 - 10°°)

Result:
500651221 157835040 000000 000000000000 000000000 000000000 000000
000 000000 000 000000000

Scientific notation:
5.0065122115783504 ~ 10%°

5.9065122115783504 * 10%° = A

From:

= EM[I + cos (%HWCOS (i%))]

we obtain:



2(12.33242e+39) [1+cos(2/3 acos((11.5924748e+39)/(12.33242¢+39)))]

]]

Input interpretation:
11.5924748 - 10°°

12.33242 - 10%°

2
2x12.33242 x 10%° [1 + cos[g cos'l[
cos I (x1is the inverse cosine function

Result:
4 8668243041274112083724080481805715140868454675861063... » 10%

(resultin radians)

4.86682439412741... %10 = 48.6682439412741...%10* = 1Y

From which:

18((In((((2(12.33242¢+39) [1+cos(2/3
acos((11.5924748e+39)/(12.33242e+39))]))))+Pi))-11-3

Input interpretation:
- 2  ,(11.5924748 - 10%
18 (log|2 - 12.33242 107" |1 + cos 3 Cos +m|-11-3

12.33242 - 10%°

1 i : : :
cos  (x)is the inverse cosine function

logixy is the natural logarithm

Result:
1728.8939...
(resultin radians)

1728.8939...

[18((In((((2(12.33242¢+39) [1+cos(2/3
acos((11.5924748e+39)/(12.33242¢+39)))]))))+Pi))-11-3]*1/15

Input interpretation:
|

| i 2 _,(11.5924748 . 10%
15/ 18 |log|2 - 12.33242 107 |1 +cos| — cos = +m|-11-3
\ 3 12.33242 - 10%

1 3 . : -
cos (a1 is the inverse cosine function

logixy is the natural logarithm



Result:
1.64380850. ..

(resultin radians)

1.64380850...

[18((In((((2(12.33242¢+39) [1+cos(2/3
acos((11.5924748e+39)/(12.33242e+39)))]))))+Pi))-11-31"1/15-(29-3)1/10"3

Input interpretation:
I

| i 2 _1(11.5924748 . 10%°
15/ 18 |log|2 - 12.33242 107 |1 +cos| - cos = +m|[-11-3 -
\ 3 12.33242 « 10%

1
(29-3) o
10

1 3 . : -
cos (a1 is the inverse cosine function

logixy is the natural logarithm

Result:
1.617808502725069686070753112705426455072877034214488871802. ..

(resultin radians)

1.617808502725....

The ratio between r and rg is equal to:

(((2(12.33242¢+39) [1+cos(2/3 acos((11.5924748e+39)/(12.33242¢+39)))]))) /
(36.99726 * 10739)

Input interpretation:

e 2 -1{ 1150924748 - 105% 1y
2.12.33242 - 10 [l+cns[§ccs [mm

36.99726 -« 10°°

1 i : : :
cos  (x)is the inverse cosine function

Result:
1.315455350161032816584906030387260628882475477261317832222 .

(resultin radians)

1.315455359....
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From which, we obtain:

((((((2(12.33242e+39) [1+c0s(2/3 acos((11.5924748e+39)/(12.33242e+39)]))) /
(36.99726 * 10739))))"2+2/10"3

Input interpretation:

2x12.33242 < 10% (1 + cos(2 o5} L2244 107 }}}]1 >

gt
36.99726 = 103 10°

1 3 . : -
cos (a1 is the inverse cosine function

Result:
1.732422801945481844128889000385969344062189357662799872396. ..

(resultin radians)

1.7324228.... =3

sqrt[2((((((2(12.33242e+39) [1+cos(2/3 acos((11.5924748e+39)/(12.33242e+39)))])))
/(36.99726 * 10"39))))] - 4/10"3

Input interpretation:

- 2 _-1f11.5924748 - 10%% 1y
21233242 10%° (1 +cos(} cos (L ERER 5 )) 4

3 g
\ 36.99726 - 10°° 10°

1 s : ; :
cos  (x)is the inverse cosine function

Result:
1.6180082362066062065073034304608864127551041132320053132265...

(resultin radians)

1.6180082362.....

(((sqrt[2((((((2(12.33242e+39) [1+cos(2/3
acos((11.5924748e+39)/(12.33242e+39)))]))) / (36.99726 *
10739))))J+(18+4)1/1073))))))))

Input interpretation:

- 2 ~1/11.5924748 1077 )
21233242 - 10%° 1+ cos( cos™! (1 FTRR- 5 ) |
.‘\ . +{1B+4y —

36.99726  10°° 10°

1 i : : :
cos  (x)is the inverse cosine function

11



Result:
1.644008236206606206507303436468864127551041132320053132265...

(resultin radians)

1.6440082362....

and:

sqrt(((((6(((sqrt[2((((((2(12.33242¢+39) [1+cos(2/3
acos((11.5924748¢+39)/(12.33242e+39)))]))) / (36.99726 *
10139))))J+(18+4)1/1073))))))))

Input interpretation:

2.12.33242 - 10%° (1 + cos(2 cos™! (L0247 102 )

9 1
614l 2 . 12.33242 10 TRl e Al
\ \ 36.99726 - 10™ 10°
Cos : (x1is the inverse cosine function
Result:

3.1407084260146845473269067464072863007737520604761358238650. ..
(resultin radians)

3.140708426....=x

We note that:
J=aM=14.2963268073016*10"
From which, we obtain:

In(((1.15924748 x 10°40)(12.33242¢+39)))

Input interpretation:
log(1.15924748 - 10* . 12.33242 . 107

logix is the natural logarithm

Result:
184.56422. .

184.56422. ..
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And:
[In(((1.15924748 x 10740)(12.33242¢+39)))]*1/11+11/10"3

Input interpretation:

11

|
],l\llllng[l.15924?48 10% x12.33242 1|:13‘-"_1+F

log(x) is the natural logarithm

Result:
1.617990876866732558401998003890717677932314114074762681738...

1.61799087686.....

From:

2 )
=r"—2Mr+a-,

(36.99726e+39)"2 — 2*(12.33242¢+39)(36.99726e+39) + (11.5924748e+39)"2
we obtain:

In(((((36.99726e+39)*2 — 2*(12.33242¢+39)(36.99726¢+39) +
(11.5924748e+39)2))))

Input interpretation:
log({36.99726 - 10°°)* - 2.-12.33242 - 107 . 36.99726 - 107 +(11.5924748 - 10°°)*)

log(x) is the natural logarithm

Result:
185.98286...

185.98286...

[In((((36.99726e+39)"2 — 2%(12.33242¢+39)(36.99726e+39) +
(11.5924748e+39)"2)))]*1/11+(8+2)1/10"3

Input interpretation:
log((36.99726 - 10°°)* —2:12.33242 - 10%° . 36.99726 - 10°° +

1
(11.5924748 - 10%°P )~ (1/11)+(8 + 2) —
. J) 2
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logix is the natural logarithm

Result:
1.6181008822603302054473888128530635054678286466368240208A1 ...

1.61810988226.....

el m[—TB+BM2r—ZHEM

+ 23’M&{2 r’—3Mr + .:IEM]]

For:

J=aM=14.2963268073016*10"

Mgy = 12.33242 * 10* kg

r=36.99726 * 10”

a=11.5924748 x 10”

5.9065122115783504 * 10 = A , we obtain:

(36.99726e+39)/(((11.5924748e+39)"2%(36.99726e+39 — 12.33242¢+39)"2))

Input interpretation:
36.99726 - 10%

(11.5924748 - 10°°)* (36.99726 - 10°° - 12.33242 - 107

Result:
4.525438169130080509083642450084820457688824262639469 ... » 107121

4.525438169130080509083642450084820457688824262639469 x 107!

14



1(36.99726+39)"3+3(12.33242e+39)"2(36.99726e+39)-
2(11.5924748e+39)2*(12.33242¢+39)

Input interpretation:
~(36.99726 - 10°°) +3(12.33242 - 10°°) - 36.99726 - 10°° -
2(11.5924748 - 10%°)* . 12.33242 - 107

Result:

~37075761267 139517 863993 600000000000 000000 000000000000 000000 ",
000000000000 000000000 000000000000 000 000000000000000000 000",
000000

Result:
_3.70757612671395178639936 % 10'%!

-3.70757612671395178639936 * 10'*!

2((((12.33242e+39%5.9065122 1e+80)*((2*(36.99726e+39)*3-
3(12.33242¢+39)(36.99726e+39)2+(11.5924748e+39)72%(12.33242e+39))))))* 1 /2

Input interpretation:
2 /((12.33242 - 10%° ~5.90651221 - 10%°)

(2(36.99726 - 10°°)® -3 12.33242 - 10%° (36.99726 - 10°°)° +
(11.5924748 - 10°°)* - 12.33242 - 10°7))

Result:
3.0036114615728486136436160704448817832770129975746765... » 101°!

3.9036114615728486136436169704448817832770129975 x 10'*'

Thence:
I S o SO
Us = uz-(r—M)z[ r’+3M°r-2a"M
i23’Mﬁ('2r3—3Mr2+a21H)]
we obtain:

15



4.5254381691300805090836 x 10"-121 * (-3.7075761267139517863993 * 10*121 +
3.9036114615728486136436 x 10"121)

Input interpretation:
4.5254381691300805090836

1|:|121
(-3.7075761267139517863993 - 10! + 3.9036114615728486136436 - 10'%1)

Result:
0.88714578686864830740117360414732738610632348

Repeating decimal:
0.887145786868648307401173604147327386106323480

0.88714578686...... =uy

And also:

4.5254381691300805090836 x 107121 * (-3.7075761267139517863993 * 10*121 -
3.9036114615728486136436 x 10"121)

Input interpretation:
4.5254381691300805090836

1|:|121
(-3.7075761267139517863993 - 10! - 3.9036114615728486136436 - 10'%1)

Result:
-34.44305882444221100545373361384986056727968644

-34.443958824.... = u.

From:
B, = arccos (F+u,)

we obtain:
((acos(sqrt(0.88714578686))))

Input interpretation:
cos™(+ 0.88714578686 |

16



1 i : : :
cos  (x)is the inverse cosine function

Result:
0.3426007295 ..

[resultin radians)
0.3426007295...

Conversion from radians to degrees:
19.62957586°

Reference triangle for angle 0.3426007295 radians:
1

width  cos(0.34260072095) = 0.94188416849

height = sin(0.3426007295) = 0.3359378114

Alternative representations:

cos'l[u"l 0.887145786860000 ] e cd"l[v'l 0.887145786860000 ‘ D]

cns‘l[wf 0.887145786860000 ] - cn‘l[wf 0.887145786860000 ‘ '3]

- 1
cos'l[\" 0.887145786860000 ] = sec”|— ]
\ 0.887145786860000

Series representations:

142 k

w0 [;L \ 0.887145786860000
= kt+2kk!
k=0

cns_l[\'ll 0.887145786860000 ] =

BalH

17



arg[x —+ 0.887145786860000

cns'l[wf 0.887145786860000 ] = — mexplin

B | =

2

) arg[x — 0.887145786860000 ]

— EX
2 pleao S I

o k
o 2 * (2, 1118, 37*;xz}[—x+~,l'a.aa?145?aﬁaﬁmm

gtogd 2
2. T

arg[—x ++/ 0.887145786860000

cns'l[\'{ 0.887145786860000 } = — mexp|irT

Ba | =

2

arg[-x ++/ 0.887145786860000 ]

2 -
2
i arg[-x ++ 0.887145786860000 ]
— explim n
2 2

R ) 2 e T B xz}[-x+~,l’u.ss?145?aﬁsﬁumo )k

2!21 1 E! 2 1
Z k!

for (x e R and x |

Integral representations:

1

dt

cus‘l[wf 0.887145786860000 ] = fl

v 0.8B71457868 60000 ‘}' 1 E_z

cns“l[\'ll 0.887145786860000 ] =

m JD.ES?HS?SE:SEDDDD Goody 1 2 1
- - J (——s} F[s}r(—+sJ
2 4irvnr
2%-5
[1—1}“0.88?145?8585[)[)[)[) J ds for 0

—i vy
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Continued fraction representation:

cos_l[\fl 0.887145786860000 ] e

2
JD.EE?I‘E?EEEEDDDD \/1 = \"I 0.887145786860000

2 14k Lk |\ 2

2 i E ~2| % |[-142| 5% ||V 0.88 7145786860000
k=1 1+2k

m 0.31641450617276

2 Jisgies 1.77429157372000

1.77429157372000

3'5_ 10.6457494423200
7_ 10.6457494423200
O+...
ko
lh..l ag /by is a continued fraction
o= 'I
From which:

[4/(((acos(sqrt(0.88714578686)))))]* 1/5-(18-2)1/10°3

Input interpretation:

4 1
—(18 -2y —
10°

i CDS_I[‘\;'II D.SS?HS?SESE]

1 i : : :
cos  (x)is the inverse cosine function

Result:
1.6187612758. ..

(resultin radians)

1.6187612758...

Alternative representations:
4 18 -2
10°

i cos™!(y/ 0.887145786860000 |
16 | 4
-—t
10° i cd”( 0.887145786860000 ‘D]

19



4 18-2

-1[\{ 0.887145786860000 ] 10°

16 4

g
10°  § cn'l[\( 0.887145786860000 ‘D]

| 4 18 -2 16 4
+

S 1

Y 0.887145TRA8A0000

ﬂcas-l[»’u.aa?lﬂfsra'aﬁaﬁmm] 10° 10° Sec'l[

-] . . .
il x | my s the inverse of the Jacobi elpte funcion cd
1 . .
o (x| m) & the inverse of the Jacobieliptic function cn
= (x) & the inverse secant function

Series representations:
4 18-2

3
1y 0.887145786860000 ] 10

. vV 0.887145786860000
s o [1/[exp[z';rlarg[x }”
2

125 2
-l 1 k 3
- N St ab(g, 115, 55

[—X‘+1f 0.887145786860000 ]k]]] "

(1/5) forixe R and x = 1

20



4 18-12

\ cus'l[\'ll D.SE?HS?SE:SE:DDDD] 10°

g e p arg(-x + V0.887145786860000 |
——— +277 |-|1/ |4x - |+
125 / 2
arg[—x ++ 0.887145786860000 ] ]
eXplim
2
I DT k
[—}T+'\GLEE X 3F2[5,5,1,1—5
k=0
k
[-x+ \ 0.887145786860000 ] ] ~
(1;5) for(x = R and x l
4 18 -2

\ cus'l[\'ll D.ES?MS?E&S&DDDD} 10°

arg(-x+ vV (0.88714578A860000 )
2

2 :
e el L I
125 / _

+

arg[—x ++/ 0.887145786860000 ]

EX
Plem Y

il B

m -1 1'>£l~-|:|. k 1k = 1 1 k 3—k
[5—5\5%;21‘ 3Fz[—,—1,1—5 JL'ZJ

k
[-x+ \ 0.887145786860000 ] ] ~

(1;5) for(x = R and x !

Integral representations:
4 18 -2

\ cas-l[v’ D.EE?MS?EEEEDDDD] 10°

2 2.'5 1
-— + 27
125 &) 1

1
‘1] -Jl*u' 0.887145 7868 G0000 112

dt
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4 18-2

5 3
\ car4f4:188?145?aﬁaﬁaaaa] 10
2 (. /(x VO.B87145786860000 [iwsr (1 1
——— #2771 /= - — J (——s F[s}F(—+sJ
125 £z Aisnin

24—8
[1-Jt188?145?8585ﬂ0ﬂﬂ ] dsH'“tl;S} for O

—i a4y

Continued fraction representation:
| 4 18 -2

i cof*fJilBE?l45?8685DDDD] 10°

2 : 1
- -
125 ; -

n _ ¥ 0.887145786860000 V 1-v0.887145786860000
- K 00 _z|ﬁ||:-1+2|ﬁ“«m.swnsmﬁsamnnE
'\i! 1+ K 2 =l
k=1 142k
2 2/5 1
-— 4+ 27
125 T 0.31641450617276
5T 1.7742015 7372000
___1.77439157372000
5| ] 5 10.6457404423200
: 10,645 7494423200
-‘i (= =2 .
Thence, we obtain:
| 1 2
ek ~ — —1.6187612758
_ 0.31641450617276 125

1. 774291 57372000
T

1064574044 23200

7 Q&E EQ&&'?E'?
 Sied 19

=1z

B3 15

1=

3-
5—

"L

Now, we analyze the continued fraction:

-2/125 +27(2/5) (1/(w/2 - 0.31641450617276/(1 -1.77429157372000/(3 -
1.77429157372000/(5 - 10.6457494423200/(7 - 10.6457494423200/(9 +

= D/S)
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Input interpretation:

A i Ll .
125 o 0.21641450617276
2 1- 1. 774201 57372000
a9
5| 3_5_ 1064574044 23200
1064574094423 200
‘1 7 Qees
Result:
22-'5 1 2
M 0.31641450617276 195
2 1- 1. 774201 57372000
%]
c 3_5_ 10645749244 23200
1064574944 22200
?_
Lo
\1 En=19

Alternate forms:

215 5(' 5.658076347645 - 2.127676823962 - ¥2.,9 2
\ 3.449791803414 - 1.0000000000000 ¥3,9 125

2/5

/ : 2.12767682306 —2
g ; =
0.5045424381 ¥ ,9-2.0510476298 5 125
\ ,

1=1

1 2/5 1
— |125x 2¥ -2
125 T 0.31641450617276
2~ 1. L77429157372000
o] 2
; 3‘5_ 10,645 7494423200
1064574944 23200
\ s

L)
Eﬂ:l ;'

Alternate forms assuming n>0:

=

2.659274323050-1.0000000000000 's'“x'_l o

125 . 92/5 2{/1.621389]025?9—0.4699‘9618961?? g

=l

1.6213 890025700 4600001 80A17F7 - T .0
125{/ Sl

2.659274323959-1.0000000000000 En‘}"'=1 Q
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arel e 0.3164145061 7275
g 2 o 1.77429157372000
3_ 1. 774201 57372000
__10.64574944 33200
7_10.6457404433200
2/5 2 Lo 9 1
2% exp|=zinm = s
5 2n 2
2
iy :
125 T 0.21641450617276
o i 1.774201 57372000
3 F7420157372
| _5_ 10.64574244 23200
5l Q447237
\ e
En:l'q
From
22:’5 . 1 <
o 0.31641450617276 195
2 1- 1.77420157372000
3 20 3T
| _5 10.64574244 23200
5| = Q44232
\ R
En:lg

We can write also:

((27NQ2/5) (1/(/2 - 0.31641450617276/(1 - 1.77429157372000/(3 -
1.77429157372000/(5 - 10.6457494423200/(7 - 10.6457494423200))))))(1/5) -
2/125))))*159300326°(1/4)1/n"4

Input interpretation:

213 4 1
2 T 0.31641450617276 = _125 v 159300326 3
2 T 1. 774201 57372000
2 T3

i __10.64574044 23200
7-10.64574944 23200

i
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Result:
1.61876127573432...

1.61876127573432....

Alternative representations:

1
03164145061 72 760000
1.77429]1 573720000000
1. 774201 573720000000
_10.64574944232000000
T-10.64574044 232000000

Y 159300326

o
/
4f 2 2/5 1
159300 326 T 135 2 — 0.3164 145061 72 760000
—_1.774201573720000000
5 4. 1.774291573720000000
'q 1064574044 232000000
3,645 74044 232000000

(180 =y*

1
0.3164145061 72760000
1.77420]1 573720000000
1.774291 573720000000
_ 1064574944 232000000
7-10.64574044 232000000

22_-'5

[XTE]
—

Y 159300326

T 1z

=
{
4|I' 2 205 1
159300326 |- 125 +2 E0)- 0.31641 45061 72 7a0000
___1.774201573720000000
5| 5__1.774291573720000000
14 1064574944 232000000
364574044 232000000
4

(2 E(Qy
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2/5 1 2 |4f
2 0. 3164145061 72 760000 BT 159300326

I_ 125
2 1.77420]1 573720000000

1.774291 573720000000
_ 1064574944 232000000
7-10.64574044 232000000

4 2 2/5 1
v 159300326 |- = +2% 0 3164145061 72760000

22 K- 774201 573720000000
5 o 1.774291573720000000
10,645 74944 232000000
3 64574044 232000000

(2 Kiop?

Eim)
"

15 the complete elliptic integral of the second kind with parameter m = k-

Kim)is the complete elliptic integral of the first kind with parameterm = &~

Series representations:
[

2/5 1 " j\{{—
2 0.3164145061 72760000 - = |+ 159300326

L_ 125
2 q_ 1.774201 573720000000

1. 774201 573720000000

_10.64574944 232000000
7-10.64574044232000000

}1_4

170.2833413876 |-0.010556063286183 + 1.0000000000000

1 /
5
~1.75376570257189184 + * , 47 (-1+3%)c(1 +k) /

P 4
[;4* (-1+3)ca+k)

=1
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2/5 1 2 ;;‘({7
2 0 3164145061 72760000 gl 159300326

1.77429]1 573720000000
1. 774201 573720000000
__10.645749442 32000000
T-10.64574244 23 2000000

ﬂ_4

V79650163 (-2 +125 225 J 1

o L.‘E
-0.876BB28512859450242 Ek:l:l 142k

: 4
16000 23-'4[ e %)

2/5 1 2 |4150300326
2 T___ 03164145061 72760000 — 135 [V 199300326
2, ___ 1.774201573720000000

1.77429] 573720000000
_ 1064574944 232000000
7-10.64574944 232000000

ﬂ_4

: B

1

2% {-6450 k)
Zk_l:l Ekl

1?0.28334138?6 -0.010556063286183 +

1

1.0000000000000
|-6+50 k)

|| ~1.75376570257189184 + 3, 50

Now, from:

The bound orbit at radius r has the energy-rescaled angular
momentum

. Mr(r2 —a 1)—:‘&
- alr — M)

(6)
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For:

Mgy = 12.33242 * 10* kg

r=36.99726 * 10*

a=11.5924748 x 10

5.9065122115783504 * 10 = A , we obtain:

(((((12.33242e+39(((36.99726e+39)2-(11.5924748e+39)*2))-
(36.99726e+39(5.90651221157e+80)))))) / ((11.5924748e+39(36.99726e+39 —
12.33242¢+39)))

Input interpretation:

(12.33242 - 10%° ((36.99726 - 10°°)* - (11.5924748 - 10°°)%) -
36.99726 - 10°° . 5.90651221157 - 10*}/

(11.5924748 - 10°° (36.99726 - 10°° - 12.33242 - 10°%))

Result:
-2.318404050080195050539831822623414285064201535202533. .. = 10%

Repeating decimal:
-2.318494959989195059539831822623414285964201535292533... x 10%

(period 152490)

-2.318494959989195....%10%

In[-(((((12.33242e+39(((36.99726e+39)"2-(11.5924748e+39)"2))-
(36.99726e+39(5.90651221157¢+80))))))) / ((11.5924748e¢+39(36.99726e+39 —
12.33242e+39)))]+47-1/golden ratio

Input interpretation:
log{-((12.33242 - 10°° ((36.99726 - 10°°)* - (11.5924748 - 10°°)) -
36.99726 - 10°° +5.90651221157 - 10%)/

1
(11.5924748 - 107 (36.99726 - 10°° - 12.33242 1D3“’]]]]+4?-;

logix is the natural logarithm

# iz the golden ratio
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Result:
139.3263. ..

139.3263...

In[-(((((12.33242e+39(((36.99726e+39)"2-(11.5924748e+39)2))-
(36.99726e+39(5.90651221157e+80))))))) / ((11.5924748e+39(36.99726e+39 —
12.33242¢+39)))]+(47-11)-Pi-1/golden ratio

Input interpretation:
log{~((12.33242 - 10 ((36.99726 - 10°°)* - (11.5924748 - 10°°)*) -
36.99726 - 10°° +5.90651221157 - 10*°) /(11.5924748 - 10°°

1
(36.99726 - 10°° - 12.33242 - 10°°)))) + (47 - 11) —n - ;

logix is the natural logarithm

# iz the golden ratio

Result:
125.1847. ..

125.1847...

27%172* (((In[-(((((12.33242e+39(((36.99726e+39)"2-(11.59247e+39)"2))-
(36.99726e+39(5.906512e+80))))))) / ((11.59247¢+39(36.99726e+39 —
12.33242e+39)))]+(47-11)-1/golden ratio)))-Pi

Input interpretation:

27 é[lag[—[[12.33242 10°7 ((36.99726 - 10°°) —[11.59247 - 10%7f*) -
36.99726 - 10°° 5.906512 - 10*) /(11.59247 . 10%°
(36.99726 - 10°° - 12.33242 - 10°°))))+ @7 - 11) - i]-n

logixy is the natural logarithm

#is the golden ratio

Result:
1729.263...

1729.263...
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With regard 27 (From Wikipedia):

“The fundamental group of the complex form, compact real form, or any algebraic
version of Eg is the cyclic group Z/3Z, and its outer automorphism group is the cyclic
group Z/2Z. Its fundamental representation is 27-dimensional (complex), and a basis
is given by the 27 lines on a cubic surface. The dual representation, which is
inequivalent, is also 27-dimensional. In particle physics, Egsplays a role in
some grand unified theories”.

and:

[-(((((12.33242e+39(((36.99726e+39)"2-(11.5924748e+39)2))-
(36.99726e+39(5.90651221157e+80)))))) / ((11.5924748e+39(36.99726e+39 —
12.33242e+39)))]71/192-4/10"3

Input interpretation:
(-((12.33242 - 1077 ((36.99726 - 10°°)* - (11.5924748 . 10°°)) -

36.99726 - 10°° +5.90651221157 - 10%°)/(11.5924748 - 10°°
4
(36.99726 - 10°° - 12.33242 - 10°)))) ~ (1/192) - e

Result:
1.618689585059880515274137379893817295787262138045683060201...

1.61868958505...

Now, we have that:

= g\]rz —_MrA (! dt
For:
-34.443958824....=u.  0.88714578686...... =u

Mgy = 12.33242 % 10¥ kg r=236.99726 * 10° a=11.5924748 x 10*

5.9065122115783504 * 10¥ = A |

30



we obtain:

integrate (1/sqrt((1-x"2)(0.88714578686*x"2+34.443958824)))dx, x = 0..1

Definite integral:

1
['- dx = 0.265949
"0y (1 -x%)(34.443958824 + 0.88714578686 x* |

0.265949

Visual representation of the integral:

[].-I-: .l'|l

0.1

0.2 0.4 0.6 08 1.0

Thence:

4/(11.5924748¢+39) * sqrt(((36.99726e+39)"2-
(12.33242¢+39%36.99726e+39%5.9065122115¢+80)/(36.99726¢+39-
12.33242¢+39)"2)) * 0.265949

Input interpretation:
4

11.5924748  10%°
|

‘ull (36.99726 - 10°°

12.33242 - 10%° « 36.99726 - 10°° «5.9065122115 - 10%
(36.99726 - 10°° - 12.33242 - 10°°)?

0.265949
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Result:
2.792176400062418653613725817206220636069224175698030603886 ..

2.792176400962....

From which:

((((4/(11.59247e+39) sqrt(((36.99726e+39)"2-
(12.33242¢+39%36.99726e+39%5.906512¢+80)/(36.99726+39-12.33242¢+39)2))
0.265949))))1/2-(21+5)1/10"3

Input interpretation:

|
| 4
|
\ | 11.59247 1

|
[ (36.99726 - 10772 -

12.33242 - 10°° »36.99726 - 10°° »5.906512 - 10%
(36.99726 - 10°° - 12.33242 - 10%°)?

1
21 +5)y- —

0.265040
10°

Result:
1.644081023535685486460792422005041162228569049019211931939...

1.6449810235....

((((4/(11.59247¢+39) sqrt(((36.99726e+39)"2-
(12.33242e+39%36.99726e+39%5.906512e+80)/(36.99726e+39-12.33242e+39)72))
0.265949))))1/2-(55-2)1/10"3

Input interpretation:

|
| 4
|
\ | 11.59247 102

|
[ (36.99726 - 1072 -

12.33242 - 10%° »36.99726 - 10°° »5.906512 - 10%°
(36.99726 - 10°° - 12.33242 - 10%°)?

1
-5 -x—

0.265040
10°
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Result:
1.617981023535685486460792422095041162228569049019211931939_ .

1.617981023535......

From

Mechanisms for Primordial Black Hole Production in String Theory
Ogan Ozsoy, Susha Parameswaran , Gianmassimo Tasinato , Ivonne Zavala

arXiv:1803.07626v2 [hep-th] 2 Jul 2018

Now, we have that:

B.ox10r®fT
1, =10-%} ; !
Boaxl0rTTE ! !
| 1. 10-16 !
—~17 I =
bnll of L 5.0 l
ﬂﬂ‘-:‘ DX IV T iI= Dol Mpr* b | ]
e Ak | k= 1.11xL0% Mpe*
- "
Lax10-%¢ : 1,177 !
S [ ! B 107 !
I ]
|
Lx1®p i . . . ; L ; :
4w 1078 & w10 B 10MY  1w10M 8.0% 100 1.0x10M 12x10™ 1.4x1016x10™
k PMpe] Ik Mpe!)

Figure 11. § as a function of the smoothing scale k. The values of &k where 3(k) has a peak is
also shown with dashed vertical lines.

Cases O, My ea /M O/ 2om
My/f =16 0.3 Sx 101 0.113
Ma/f=1T1 0.5 2 % 1016 0.514

Table 3. The two different choices of the eritical threshold overdensity 4. and the corresponding
total abundance of PBHs for the models considered in Table 1. The peak value of the mass of
the relevant PBHs which are obtained from the equation (3.14), is also shown.

(see equation (3.16)). In the following, to estimate the total PBH abundance with respect
to Dark Matter abundance today, we will take values of 4. within the range 6, — 0.3 —0.5
as suggested in [56, 72, 73. Tor these values of 4§, one requires o?(M) ~ 1072 — 1072 to
reach the required level G(M) on the relevans scale & (or M). This in turn arises from a
power spectrum in equation (3.17) that is also of the order of 1072,
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From

"j(-n"{“"n = e =2 [xl _d—ﬁt‘KD (‘_HL .
o Js. V2na(M(k)) \ 20%(M(k))/
[2 a(Mik)) 42 o
= {2 i (——QJQ{M(H)) (3.16)

For 6°(M(k)) = 1/12 and §.=0.5, we obtain:

((sqrt(2/P1) * sqrt(1/12)*1/(0.5))) * ((exp((-0.572)/(2*1/12))))
Input:

fa” F1- a 0.52
{35 a5t
~ N12 05 g L

12

Result:
0.102786886535846184540813705187595764203439671797015705771...

0.102786886535...

Series representations:

MR
12 _
0.5 a : :
117 ALY 1 1
Al e & e i o

o
2 exp(-1.5) Z z
k]_:EIkE:l:I k]_‘kz‘

P

0.5

2
exp[— 0.5
1

2
2

2exp[—1.5}\{'z_.;.2 i Z

k1 +k 1 1Y 1 ky g2 ko —ky-kn
-1y 3[—— [—— [——z [——z :f
i 2}k1 2}.!:3 12 ':'} n ':'} 0

kqlks!
kq=0kg=0 1 =

ror|not |Zge =1a] i =
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1
- 0.5 exp(-1.5)
Vit

05

ii[ﬂ ol s R PO | Y TP Y (LB P
esemiy [——J (———SJ s][ €8s, [- +—] (———SJ 5]

Lt 12 2 % 2

From which:
1/(((sqrt(2/P1) * sqrt(1/12)*1/(0.5) * exp((-0.572)/(2*1/12)))))

Input:

e %[ii;]

Result:
9.72887...

9.72887...

Series representations:

1 0.5
e 2
Iz I'L:x'p[—ll"Lz] (-1} I: '7'J-: -:lilkl: 1+= '[kl:—
12 2 expi-1.5) —i 2R
Vi = P Zk_n Zk_n k!
0.5
1
[2 'T 0,52 )
Y y12 " 2 ]
12
0.5
0.5
ol B —zc.f‘ -1F (-2, (320 =5
exp(-1.5) ZDZ[ZL:. Fl- ‘kl: 2 o Lk_n ': E-k:.!:r | To
for (not (zpeR and -« '
1
Iz | 052
Yooy 12 ﬂp[_ 2 ]
1z
0.5 .
2V

EXpi— 1.5}[2:?;3 Ress_ | [— —} [_El = s}r[s}}z Ress- ;i [ [ f}_s r[—El —s}r[s}

35



1/6* 1/(((sqre(2/Pi) * sqrt(1/12)*1/(0.5) * exp((-0.5°2)/(2*1/12)))))-Pi/ 103

Input:
: L.
y - 107
SN Y
12
Result:

1.618336324264760195190823030879800668398350507494414128825...

1.618336324....

Possible closed forms:

¢ = 161803308
373 _

Eavel = 1.61844562
17

— = 1.618396215
33

[ 55 -
\( — «1.618347187
21

300

T

~ 1.61852484

Series representations:

1 T
e 3 1|:|3 e
4 (1 Il
1IIII o 1IIII 17 =XP|- E [
\ 12
0.5 .
= 1#1*1': Tkl': 1+ TkE':_':-k '?-k':u
0.001 |-83.3333 + 7 exp(-1.5) 5 o I}, o s ;
F 1 E

) -1 (- 1+ H—

exp[—l.S}[Zz’_DH (o) 2k il =
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1 T 2
- = —[[CI.DDI [—83.3333 +mexp(—-1.5)y =z

2 10
“>=1ls

F4

12

|2 Il'l—v:xp—

Vv iz

0.5
e }kl [__}kz [z z':'} ;-2 g

o o
22 ks
1 =0kg=0

k=0 ki
- k
5 (1) G nf
e k1
1 T I
1 m
I T 2 1|:|3 e
lz |1 052
[‘I,Ilrr iz @F~ 2 |[|®
12
0.5
2 oo e 11y-s 1
_[[D.DDI[—BBB.BBB n +rexp-15) ) ) [Ressz_jl [_E] r[-i-erm]
J1=09=0
[R [1 2]_Sr[ - ]r[ }] /Nexp-1.5
EBs=-j + - —— —5|I(s [ lexpi-1.
2 2 2 .l'|l P )
11y 1 e 2 1
Ress__ [— J r[———er[s} RE55=_,:[—1+—J r[———er[s}
2 k : m 2
=0
From

Primordial Black Holes from String Inflation
Michele Cicoli, Victor A. Diaz, Francisco G. Pedro - arXiv:1803.02837v2 [hep-th]

16 Mar 2018

We have that:

, vmaHin H
o i () )

M
— 184 — —lu —111”% ln 3.10
> (Q’*n) (u) (3.10)
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Setting again v = 1, g.0 = 3.36 and g, = 106.75 as in the SM case, the formation of
PBHs with masses in the [107'%,1071%] M, range implies that PBH scales leave the
horizon approximately 34.2 to 36.5 efoldings after the CMB scales.

ForM=2*10"%*1,9891 * 10*

18.4-1/12 In(106.75/3.36)+1/2In1-1/2 In((2e-16*1.9891e+30)/(1.9891e+30))

Input interpretation:

1 106.75y 1 1. (2-107'%.1.9891 - 10%°
184 - — lug( J+ — log(l) - = log
12 3.36 / 2 2 1.9891 - 10*°
logix is the natural logarithm
Result:
36.1859...
36.1859...

From which:

48(((18.4-1/12 In(106.75/3.36)+1/2In1-1/2 In((2e-16*1.9891e+30)/(1.9891e+30)))))-
8

Input interpretation:
{ 106.75 }

3.36

1
48 [18.4 - — log

2 10718 1.9891 » 103 g
12

1 1
+ = log(l)- = log
2 1.9891 - 10%°

2

log(x) is the natural logarithm

Result:
1728.92...

1728.92...

[48(((18.4-1/12 In(106.75/3.36)+1/2In1-1/2 In((2e-16*1.989 1e+30)/(1.989 1e+30)))))-
81 1/15

Input interpretation:

|I 1 1(15.?5]

1548 |18.4 - — log|
\ [ 12 = 5736

210716 4 1.9891 153'3]] g

1 1
+—logily- - lo
A 5 1.9891 - 10%°

2
logixy is the natural logarithm
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Result:
1.643810...

1.643810...

[48(((18.4-1/12 In(106.75/3.36)+1/2In1-1/2 In((2e-16*1.9891e+30)/(1.989 1e+30)))))-
817 1/15 - (21+5)1/10°3

Input interpretation:

| 1 (106.75y 1 1. (2x10716%1.9891 % 10%
1548|184 - — lug[ ]+ = log(l)- - log -8 -
\ 12 3.36 2 2 1.9891 - 10%

1
21 +5)» —
10°
logixy is the natural logarithm

Result:

1.617810344970279259368115858655323545978877577043640065550...
1.617810344970279....

sqrt(((6*[48(((18.4-1/12 In(106.75/3.36)+1/2In1-1/2 In((2e-
16%1.9891e+30)/(1.9891e+30)))))-8]171/15)))

Input interpretation:

[
1
6 15|| 481184 - — log
'\J 12

['lDIS.?S

25 1016 . 1.9801 » 103 g
3.36

1 1
+ = log(l)- = log
J 2 2 1.9891 - 10°°

logix is the natural logarithm

Result:
3.140519. ..

3.140519... ==

From:

EVALUATIONS OF RAMANUJAN-WEBER

CLASS INVARIANT g,

S.Bhargava, K. R. Vasuki and B. R. Srivatsa Kumar - Journal of the Indian
Mathematical Society - January 2005
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Theorem 3.13. We lhave

A+ VAR, : 1/6
(¢) Gagn = ( ‘»‘2 ) [*’1” 21 VAL 42 5] = 92701
/
and
) V2 [A2—2+ VAR —dA2 15
(#4) G10/49 = (A+ \/_.427—:1]”2 ] = Sog /5
where
1 1/3 505
A = z|(14525+105v30)  + — +2{:} .
3 (14525 + 105+/30)
From:

595
—E 201 -
(14525 + 105+/30)

1 1/3
A = 5{(14525@05»/370) +

we obtain:

1/3[(14525+105sqrt30)~(1/3) + 595/(14525+105sqrt30)*1/3 +20]

Input:

1{.f — 505
= {114525+10543ﬂ + +20

{14525 + 105 V30

Decimal approximation:
22.92983238245319802791118792747045447888988816048964726921...

22.929832382...

Alternate forms:

f
20V 415 +3v30 +523 {( 7(34499 + 49830 ) + 17 - 3523

34 415+3 30
root of x® —20x% —65x-50 near x = 22.9298
40




20 505 1. —
e Y +—{|'l4525+105~.,"30

3 Ef 14525 + 105 +/30

Minimal polynomial:
x* -20x% - 65x -50

From:
A+ A2 14 e 1/6
Gaon = ( 2 ) [}12 — 24 VAt — 442 4 5} = 92_1213
We obtain:

(1/2(22.9298+sqrt(22.9298"2-4)))"0.5 [22.9298"2-2-+sqrt(22.9298"4-
4%22.9298"2+5)]17(1/6)

Input interpretation:

.-
1 ' '
V5 (22:9298+ V229208 -4 |  22.92987 -2+ V 22.9298% - 422.9298" + 5

Result:
15.2457 ...

15.2457...

From:

V2 [A? — 24 AT—4A2 +5] i 4
o = (A4 \rr’;m)l.fﬂ = Ygg/51

we obtain:

SqQrt2[22.929872-2+sqrt(22.9298"4-4*22.9298/2+5)]7(1/6) /
(22.9298+sqrt(22.9298"2-4))10.5

Input interpretation:

|
T {( 22.9298% - 2 +V 22.9298* -4..22.9298% + 5
2

|
\ 22,9298 +22.9298% -4

41



Result:
0.666157...

0.666157...

From the two results, we obtain:

(1/0.6661571294615327)"2(1/2(22.9298+sqrt(22.9298"2-4)))*0.5 [22.9298"2-
2-+sqrt(22.9298"4-4%22.9298"2+5)]7(1/6)

Input interpretation:

: ]2 fli 22.9298 + V 22.9208° 4]
[D.55515?129461532? ‘\2[ RS e Z

.-
U 22.92982 -2+ v/22.9298* - 4.22.9298% + 5

Result:
34.3554.

34.3554...

and:

(1/0.6661571294615327)"2(1/2(22.9298+sqrt(22.9298"2-4)))*0.5 [22.9298"2-
2+sqrt(22.9298"4-4%22.9298"2+5)](1/6)+Pi-sqrt2

Input interpretation:

- ; f'l 22.9298 + ¥ 22.9298% -4
[a.55515?129451532?] \ 2[ ’ = ' - ]

.-
¥ 22.9208% 24V 22.9298* - 4.22.0298? +5 +1-2

Result:
36.0828...

36.0828...
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Series representations:

1 1 \/—2
[G.55515?129451532?DDDD]2 \/ 2 [22'9298 S ‘4]

{/22.92982 ~2+v22.9298% -4 22.9298? +5 +
m—+ 2 =1.5934250548963727128

0.6275789356563332705 r - 0.6275789356563332705 v =g

w (=1 ["El}k 2~z "

* + 1.0000000000000000000
k=0 i

w (=1 {‘El}k (521.776 — 201" z*

22.9298 +y 70 5
k=0

k!

o (1) (- ; J, (274342. ~ g 25

523.776 + 7o 3
k=0

e T

k!

for (not (zgeR and —os < 2 < 0)

1 1
= |22.9208 + v 22.9208% _4
[0.55515?129451532?0000J2\/2( i o ]

{/22.92982 ~2+v22.9298* _4 . 22.92987 +5 +
n-+y 2 =1.5934250548963727128

arg(2 - x
[D.52?5?89355553332?D5 x-0.6275789356563332705 Exp(l T {EE—}J]
T

= -1 @-0fx*(-2)
Vx ¥ = +1.0000000000000000000 | |22.9298 +
k=0 ’

k k k[ 1
arg(521.776 — x) w0 (=1)° (521.776 - x)* x [_E}k
exp(ur{ J]..‘x Z

2 o k!

274342, -
[523.??5 " Exp[ur { =5 I}J]\E

2

w (-1 (274342, - x0f x* (- 7),

2‘ ~1/6&| for(x = R and 0
k!

ke=0)
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[ 1 ]Z \(II é [22.9293 . Jm]

0.66615712946153270000

f
{J 22.9208% — 2+ 22.9298% —4 . 22.02087 +5 +1-+/2 =
1.5034250548963727128 [D.52?5?89355553332?D5n ~ 0.6275789356563332705

ki 1 ok ok
1 VU2 las2-2oN@ M) 124102 |mg2—2g 2 m)] T i—1y [—z}k[E za)* 2
et % L

+
aty) 72 k!
' 1 41/2 |sugl521. 776z Y2 7))
1.0000000000000000000 1Ih|’ 22.9298 + [—}
ey

G212 (52 1776z )/ (2 )] 2‘
0

o (-1 (-1) (521.776 - z0)* 25"
k!

k=0

~zg N2 m] U212 laigi274342 -z (2 m)]

1 Jll.'z larg(274 342
0

[523.??5+(—
Zo
k(-1 gk gk

o (-1 (-7 ), (274342, - z0)* 35

k!

"‘[1;5}]

k=0

48((((1/0.6661571294615327)72(1/2(22.9298+sqrt(22.92982-4)))*0.5 [22.92982-
2-+sqrt(22.9298"4-4%22.9298"2+5)](1/6)+Pi-sqrt2)))-3

Input interpretation:

48 [( - ]Z \/% [22.9298 +V 22,9208 -4]

0.6661571294615327

f
Y 22.92982 -2+ v 22.9298* - 422.92987 +5 41~ \E]- 3

Result:
1728.97...

1728.97...
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Series representations:

48 [[ 1 ]2 \/é [22.9298 + v 22.9298 -4]

0.66615712946153270000

6\/22.92982 ~2+22.0298% -4 22.9208? +5 +x-y2 |-3=

76.48440263502589022 |-0.03922368347852082940 +

0.62757809356563332705 r - 0.62757809356563332705 =g
o |- 1]-k {— El }k (2 - 2.'.;.]\k zak

et + 1.0000000000000000000

k=0

o =TI {_El}k (521.776 - za ) z5*

22.9298 +v 30 ) -
k=0 ;

o (1) [_El}k (274 342. - o) z3*

6| 523.776 +4 =z Z
'-,, i k!
for (not (zpeR and —m < zg = 0)
48 [ L JZ\/E(229298+¢2292932-4]
0.66615712946153270000 207 '

6\/22.92982 ~2+122.9298* -4 22.92987 +5 +n-/2 |-3=

76.48440263502589022 [—0.0392236834?852082940 +

0.6275789356563332705 r - 0.6275789356563332705
cxpfon| 2222 /5 §

2
’T k=0

_é}k
5

k!

1.0000000000000000000 /[22.9298 +

s (=1 (521.776 - x)F x* [—

Exp(ur Frg[SEl.?'?f: —x}”“/; Z

2x i k!
argi274342. - x
[523.??5+exp[1ﬂ 2 }J]\E
2
k k& 1
= (-1 (274342, —xf x™ (-5), ) _ -
(1, 6y for R and
k1
k=0

45
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48 [[ L ]Z \/é [22.9298 +v 22.92982 -4]

0.66615712946153270000

f
{ 22.02082 - 2.4+v/22.9208% -4 22.9208% +5 +n-ﬁ] T

76.48440263502589022 [—0.0392235834?852082940 +

0.6275789356563332705 r - 0.6275789356563332705
=1 [— é }k 2 -z) z.g"‘

k!

[ i ]1.-'2 [argl2—=p W2 )] zé_-'zu_-'z |mrg{2—zg W2 m)) i 5

%0 k=0
|' 1 412 |augi521. 776z (2 m)]

1.0000000000000000000 "\Il 22,9298 + [—]

En

R ok
1/241/2 |arg(521. 776 -2g W2 m)] % =t [_z}k 521776 ~20) %

by

k!

k=0

—zg iz SL/241/2 arg(274342. 202 )]

]1.-'2 |larg(274 342,
o)

[523.??5 + (—
En

ki 1 PR
@ (-1 (- 2) 274342, - z0)* 55 ]A[ljﬁ}]

k=0 K

((48((((1/0.66615712)72(1/2(22.9298+sqrt(22.92982-4)))10.5 [22.92982-
2+sqrt(22.9298"4-4%22.9298"2+5)]A(1/6)+Pi-sqrt2)))-3)) /15

Input interpretation:

48 [;]2 ri[zz 9208 + 4 22.9208° 4}
0.66615712 \Iz it

’{/22.92982 _2+22.9298* —4.22.9208% +5 +

- 2]—3]"[1;‘15]'

Result:
1.643814. ..

1.643814....
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((48((((1/0.66615712)72(1/2(22.929+sqrt(22.929/2-4)))*0.5 [22.929/2-
2+sqrt(22.929M4-4%22.929/2+5) N (1/6)+Pi-sqrt2)))-3)) 1/15-(21+5)1/10°3

Input interpretation:

1 1 T —
8 [0.55515?12]2 \I 2 [Elggg* 22.929 '4J

[
\ 22.9297 -2+ 22.920% - 4.22.9207 +5 +

r-y2

1
-3|71/15)-(21 +5)» —
10°

Result:
1.617810543890655186922408404182084630736273114381230037340. ..

1.61781054389965....

Series representations:

[48 [( : T \’r - (22929 + V229297 -4

0.666157 2

:
¥ 220207 -24v22.929% -4 229297 +5 -

2145
-2 [-3|™(1;15)- —
“/_ ] 10°
k 1] k _~k
1 o -1y [_E]k (2 —zn) 2
= [-13+5|:m ~3+48r-48 4[5 L o +
k=0
| w (-1 (-2} (521.739 — o) 25
76.4844 |22.929 + 'z ). C2k -
\'!' k=0 i
! = (-1F [‘El}k (274 304. — z0) z5*
g\;sza.:-*a%ﬂn 3 ” ~(1/15)
\ k=0 ;

47



1 1
[48 [(mf HEER e

{/22.9292 2+v22.929% -4 22,9207 +5 +

21+5
woalZ leglra s 2

o [—1}"‘ 2 —x}"‘ x* [——l}k

_3+4E[n_exp(,-ﬂw”ﬁz ik,

2r (e [l

1
— |-13 +500
500 [

arg(521.739 - x}“

1.59343 / 22,92 [
9 '\J[ 9 9+Exp1;r{ —

k kok(_1
‘Ei[—u (521.739 —x)* x™* (- 7),
k!
k=0
(274304, -
[523.?39 +Exp[urrrg = X}J]ﬁ
i

k k ki 1
w (-1)° (274304, - x)* x [_2}k]A

o k!

[1,.-'5}]]’“[1,"15}] forixe Randx =0

48



[48 [( 215?]2 ,jé [22.929 +v 22.929 —4]

0.66

.-
ﬁ\f 22.920% 2+ 22.920% _4 229202 +5
9145

}T—-\.,"'E]—3]A[1,"15}— =

|:|3

0

1
— |-13 +500|-3 +48
EDD[ [

—

1 312 [argf2—=g {2 m)] /2412 |mugi2-zg (2 7))
Tr—|— et

0

3

@ (-1 (-7), @-20) 7" '
P +1.59343 ' 22.929 +
k=0 b
[ 1 ]1,-'2 [arg{521. 739 -z W2 m)] 1/2+1/2 |arg(521.739 -z }/(2 7))
— 5
oty o
o (-1f [_El}k (521.739 — 21" =g~
523.739 +
K1
k=0
[ 1 ]1-"2 largl274 304. —zg (2 )] 1124112 (2181274304, 20 (2 m)]
T o
2p

w (-1 (-1), 274304, - 20)" 5"

k1 A/

k=0

5}]] (L4 15}]

Note that:

sqrt(((288((((1/2(22.9298+sqrt(22.9298°2-4)))"0.5 [22.9298"2-2+sqrt(22.9298"4-
4%22.9298"2+5)]7(1/6)-0.6661571294615327)))-89-13-1)))

Input interpretation:

(22.9293 A JW}

| [288 ["

1
2

.-
V22.92982 -2+ v22.9298* -4 22.92987 +5 -

0.66615712946 1532?] -89-13- 1]

Result:
£3.9004

63.9994...

u

64
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27sqrt(((288((((1/2(22.9298+sqrt(22.92982-4)))10.5 [22.9298"2-2+sqrt(22.9298"4-
4%22.92982+5)]7(1/6)-0.6661571294615327)))-89-13-1)))+1

Input interpretation:

1 2
27 (|288 5[22.929&# 22.0208 -4]

‘{/22.92982 ~2+4/22.9208% ~4.22.9208% +5 -

&55515?129451532?]—89-—13-—1]+1

Result:
1728.98...

1728.98... = 1729

From Manuscript Book 2 of Srinivasa Ramanujan

Page 298

1/64 (1/2(sqrt13-3))4 [(((1/8(5+sqrt13))"0.5+(1/8(sqrt13-3))10.5))]"24

2 (4 o [T [T )|

Exact result:

4
(V13 -3* (2 [L1(V13 -3) +1 [ 2(5+V13)
2 2 2 2

1024

Decimal approximation:
0.089321319219383532717820532693319698548662535994269836508...

0.089321319219.....
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Alternate forms:

{

f
1
— |-70+21+4 13 +3\15451,.' 13 —l?ﬁS]

r
57+ 13 17685

|
|24
~70+21+/ 13 +64 .
\ 2048 4096

128

(V13 -3)* [\f V13 -3 +V5+V13 ]24

70368744 177664

Minimal polynomial:
16777216 x* + 36 700160 x° + 54583296 x> 5180224 x + 1

Possible closed forms:

B

—— = 0.0893213184149
141 ++/ 19705

13 77 G5=r o

— _ — 4+ 20.08932131982546

47 47n 47

1+8vr -8r-5272 +4,°
B

m rootof 24x*+36x° +5x* +35x-1 near x =0.0284319 = 0.0893213187946

= 0.08932131906623

1
1ag(ﬁ [? ~Y2 -Be-4¢” +10m+3 ;F]J ~0.0893213182542

| . .
4{‘ E log™3(2) log?%(3)
= 0.08932131987710

3é°

554/ logim
22N OB 0.089321322050

147 &3/2

2 (68 +n7)
——— =~ 0.0893213150057
555

51



From which:

Pi*1/(((1/64 (1/2(sqrt13-3))4 [(((1/8(5+sqrt13))"0.5+(1/8(sqrt13-3))"0.5))]"24)))-
1/golden ratio

Input:
1

T . = AR
|

T — 4
6—;[5[@-3”‘*[\/5[5”13} +\(§[»«T-3}]Z

# iz the golden ratio

Exact result:

1024 7 L
f f - 4
(V13 -3)? El\ji[ﬂa =) +§,JEI[5+~.=13}]Z

Decimal approximation:
34.55377808305433874201975958993199002884292745345582013896...

34.553778083.....

Property:
1 1024 n

_;+ r— .
[_3+m}4[§\(51[_3+m}+51451[5+m}]

I1s a transcendental number

Alternate forms:

1
m root of ¥*-5180224 x® +54583296 x° + 36 700160 x + 16 777216 - —
near x = 11.1655 g

70368744 177664

V13 -3 (VI3 -3 +V5+vTs | @

% (1- JE] +16 [su 941 +22449 /13 -3 \/5 (242644093 + 67297363 w,fﬁ] ]n
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Series representations:

T 1 1
24 55 57
LT3 ({16 vI) + 1T -9)
1024 x

4

242 242

[ 1 [ 1

1 \Jl a1z ZEJ:D 12*[5] 1|'||5+1.-"E Zf:n 12-":[5]

[-3+412 Zk‘”ﬂalz*[z]] +
k

T 1
24 4
1 (113 -3) [J 5+VTE) + ! VT3 -3)|
|
1 / N[_lek[_il}k4
-~ +(1024m) 34412 3122 2%
¢ k=0 k|
24
,_J-3+FLM 12ka ’5 V12 3> “*ka
242 + 2T

53



i

|-

[ i 24
[é[vﬁq}r[‘ﬁ[mv’ﬁ] +\(§[fﬁ-3}]

25
B4

/

29

1\A:I . 1 - 4
1 II'I 2‘_.;:I:I R-Essz_%_hl: 12 r[_E g .Sl' I_[S}
—;+[1D24}T}- _3+ 2

| PogRs 1, 1275 1-2-s|rs)
B __E o -
+

| -3
1"‘ 240
242

l % R 12-5 -1 =s| i) i
| s, 1,127 -

1q|5+

v

242

We have also:
5*colog(((1/64 (1/2(sqrt13-3))"4 [(((1/8(5+sqrt13))"0.5+(1/8(sqrt13-3))"0.5))]"24)))

Input:

g 5 (V55 9 ({3 5-955) + 3 -9)] |

5

logixy is the natural logarithm

Exact result:

[ i i 4
[vﬁ-ar‘[il \(i[v13 -3) +§\(51[5+~.=13]]z

1024

-5 log

Decimal approximation:
12.07757541266837237119739617697308420989764030770949079356...

12.07757541266.... result very near to the black hole entropy 12.1904, that is equal
to In(196884)
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Property:

[3+~.f13‘4[1\/ (-3+v13) \f (5+vV13 ]Z

-51
n& 1024

is a transcendental number

Alternate forms:

1
_5]_ e
%%l 128

’ 2457413 17685
-70+214 13 +064

2048 4006

5 [-Iog[1024}+4lag[«jﬁ -3)+24 log[é ,j % [m -3) + % \f % (5+ «jﬁ] H

10 [5 log(®) + log(32) — 2 [m[ﬁ -3)+6 1.33[\/@ 3 \Ills sy 13 m

Alternative representations:

5['1‘1°gé[%[”‘fﬁﬂ]r[\/}[é*m] +\/é[m—3]]24]:
a3 ) (3 oV®) ] (o)

- 1ag[mlagﬂ[$ [\/E [_3 +M] + % [5+1,'"E] ]24 [é [_3+1,"'E]]4]
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and again:

48(((Pi / (((1/64 (1/2(sqrt13-3))"4 [((1/8(5+sqrt13))10.5+(1/8(sqrt13-
3))10.5))]124)))+(89-3)/102)))-1/2

Input:

89 -3
48 M. . s .

1 11'1'1'_ "1 Il 1‘."_ Il Vl'_ 4 1|:|2
5l (VI3 -3 | [ (5+V13) + [ L(V13 -3

1
2

Exact result:

43 1024 &
48 | — + -

, P , 4
[fﬁ-sr‘[ \H[flz - 3) +51\{El[5+~.f13]]

1
2

1
z

Decimal approximation:
1729.026979446603212330768628366286151035035358396555984052...

1729.026979...
Property:
1 43 1024

2+ S0 o d |1 IIl R 1 IIl Mo !
(-3+v13) [5\(5[‘3*“’13“5\(5[5*”3]

is a transcendental number

Alternate forms:

7681 | root of x* -323764x% +213216 x° + 8960 x + 256 near x = 0.699721 +
2039
50
43 — | 1
48| +16 80041 + 22449 4/ 13 -3\f5[242544093+5?29?353 N 13] 2
2030 49152 7
50

I'— I'— .
(V13 -3) [é\/é[fﬁ-a] +§\/El[5+~.*ﬁ}]z
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Series representations:

- T B9-3| 1 2039
24 T 102 g 50
1 (1413 -3) [J 5+ VT3 \/ VT3
491521
ll_szZN 12*[;_ 54412 ZN 12-"‘[1]
k=0 k 242 * 24z
m 80 -3 1
* 1 (1 4 1 1 2 10* ‘5=
1 (113 -3) [\/5[5+Jﬁ}+\/§[v’1_-3}]2
2039 o (-f (-2) )
" v | [omess ~ Y12/ b o2k
g +49152m) [3 JE& - ]
24
(-5 F (L) Bt
(3+v’_2m > (5+v“_zm =T
242 2v2

57




m B9 -3
+ diy

4 2
L{l[ﬁﬁ-a}}“[\/l[swﬁI+\/1[‘~“ﬁ-31]z °
&4 \o ] ] . ] :

48

B =
]

2039 @ 49152m /
o ! )

Zf:n Ress=_1;+j 127* r[—il - s}r[s} *
-3+ =
2vr

20 -5 L
EJ:=DHE5=_%+J: 12 n:—E s|ts)

u(—3+

24

242

I N 1 24
E?ﬂﬁﬁsz—%-}j 1275 |_'|=—§—5]|-_15:'

2% n

242

((((48(((Pi / (((1/64 (1/2(sqrt13-3))4 [(((1/8(5+sqrt13))"0.5+(1/8(sqrt13-
3))10.5))]24)))+(89-3)/10°2)))-1/2))*1/15-(21+5)1/10"3

Input:
A T ! +8?D—23 ‘é i
1{: é[é[vﬁ_a}}“[\/g[mm]+\/§[vﬁ-3}]z
(21 +5) i
10°
Exact result:
43 1024 1 13
Blgo* : +|72 500
[fﬁ-m“[l\[l[ﬁﬁ-m+-1\/-1[5+~.fﬁ]]z
1l‘- T P Tanag )
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Decimal approximation:
1.617816938750742632725508342496766813091042846986169041999...

1.61781693875...

Property:
13 1 43 1024 1
-—— 4+ |—-+48B| — +
500 | 2 50 . &
li (-3+v13)°* [ \/ (-3+¥13) + 51[5“*13}]Z

is a transcendental number

Alternate forms:
43 f p—
[48 [5— +16 [sn:n 941 +22449+/ 13 -3 \{ 6 [242 644003 + 67297363 4/ 13 ] H-

1
- ™ (1/15) - —
2] ! 500
| 2039 3377699 720527872« 13
5 50 - — — 24 500
\ [»*13-3}4[\”13-3“{5“*13]2
‘ 2039 491527 13
50 - — — 24 500
1{' [x.f13-3}4[21\/51[»*13-3}+51\/51[5+v13}
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Series representations:

89 -3
48 £ Tt

[[413-3} [\{ (5 + Jﬁ}+\f§[vﬁ-3}]m 4

|

1
2

43 /
=—-——— +|-—+48 | — +(1024m
10° 500 2 50 /

/ f
| FLER -k
[-3++12 Lmlz [

bl
—

B 1 4yt
[—3+'\.‘|12 212*[2]] \ - -
= k 2+ 2
| 1 24
e Tl _k =
__1’5“.*12 D g 12 [;]
-~ ~(1/15)
48 = ot I O
i — 4 1|:|2 2
11\ = (L(v13 -3)) [\{ 5+ #ﬁ}+\{§[f13-3}]2
i
21+5 13 1 43 /
=—-——— +|-=—+48 | — +(1024m
10° 500 | 2 50 /
( f _1_|k 1
DR | il
L (1) Vg -3+V12 )0 2k
ol =S k k!
+\|/E>_-:[ 12.' [ 2}.1-: ‘1] —
= k! 22
24
| (isf )
5+“'I'_Lk_n k!
—~— ~1;15)
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T B9 -3 1
48 + -= -

15 1 1 '\'I'_ <4 1 ‘l‘l"_ 1 ‘\‘I"_ & 1[:2 2
\ w2 (G (V13 -3)" | 2 (5+V13) +,f 2 (¥13 -3)

21 45

100
( ( (
13 1 43 Zj:n RESF_%H. 12 l'(—2 s]l’{s}
P N U ] i +{1024,ﬂ/ _34
500 2 50 PR
\ \ \
1 1
_‘;iuﬁm5=_l+j 1275 r{_E-a]r{sh
-3+ 2
2vnr
+
2V2
: 24
BTN By
?:nﬁﬂe;:-l—ﬁ R 'E"E]r{"’
5+ =
2vn e
(1/15)
22

Page 300

(1/2(3sqrt3-sqrt23)) 2 (1/(sqrt2)(7sqrt23+15sqrts)) 4 (sqrt5+2)"8 (2+sqrt3)°6

Input:
303 V) (5 (V25 V5)f (5 - (o)
Result:

2+V3)°(2+V5)*(3V3 -v23)2 (15V5 +7V23)*

16384
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Decimal approximation:
5.87576569281761139800025264884310806803701262013291963. .. x 10°

5.87576569281761....%10°

Alternate forms:
[120 901249 — 14554800 69 ]

[2535?51 +236460 4 115 ] [51 841 + 23 134«,@] [1351 +780 «E]

SEEEDDEEIEEESEDQ-—33936?053D??598G1{§-+
2628?2?3836?041&wﬂ§-—1519?584?866?520wfﬂg+
1225&49?55124SDDHG;_—?D8591445352800uﬁ;_+
5488?225295314D1{555-—315461588534ﬂﬂﬂwﬁiﬁ;

x® — 47088020951 086 472 x” + 1504445 469592 605 048 410836619548 x° -
20095493903 394515998718 222812887593 935544 x” +
118024 473255471838 186 044 828 220 966 075 354 132 876 870 x™* -
20095493903394515998 718 222812887593 935544 x° +
1504 445469592 605048410 836 619548 x~ -
47088 020951086472 x+1 near x = 5.87577x 108

Minimal polynomial:

x® —47088020951 086472 x” + 1504445 4609592605 048410836 619548 x° -
20095493 903394515998 718222812 887593935544 x° +
118024473 255471838 186 044 828 220 966 075 354 132 876 870 x™* -
20095493 903394515998 718222812 887593 935544 x° +
1504445 469592 605 048410836619 548 x° — 47088020 951086472 x + 1

From which:

((((1/2(3sqrt3-sqrt23))*12 (1/(sqrt2)(7sqrt23+15sqrt5))"4 (sqrt5+2)"8
(2+sqrt3)"6)))"1/4-11-4

Input:
|
_:}' [é [3 V3 - JE]JIE [% [? V23 +15 «E]T [w,"? + 2]8 [2 + wﬁ]ﬁ 4]

Result:
(2 +"4"'E]3".2 (2 + "«"?]2 (3 S ‘u‘fﬁ]g (15 V5 +7v23)

8v2
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Decimal approximation:
34.23411290893838248005139396869080383321532785887379590586...

34.2341129089....

Alternate forms:

[[1351 +780 ﬁ} [51841 +23 184\;’5]

[1209(:11 249 — 14554 800 sfﬁ_g] [2535 751 + 2364604/ 115 ]] ~(1/4)-15

(2+vV3 )2 (9+4vV5)(36V3 -13vV23)(15V5 +7v23)
V2
(2+V3 P2 (2+V5)P (3vV3 -vV23) (15V5 +7V23)-120V2
g8v2

-15

We note that:

In((((1/2(3sqrt3-sqrt23))* 12 (1/(sqrt2)(7sqrt23+15sqrt5))*4 (sqrt5+2)"8
(2+sqrt3)"6)))

Input:

ogl(5 (373 V)| (= (V25 +15 V5] (V5 +2) (23]

log(x) is the natural logarithm
Exact result:
| F2+J§F[2+J§ﬁ[3J§-fi§r2u5J§+?f23r]
DE

16384

Decimal approximation:
15.58634694019454932827072867347950949730836185513534329375...

15.58634694... result very near to the Bekenstein-Hawking entropy value 15.6730
Property:

+ £} + 5 g ~af23 Yo +
(2+V3)8(2+V5 ¥ (3V3 -v23 )2 (15V5 +7V23}*
16384

15 a transcendental number

log
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Alternate forms:

120901 24
410g[15 5 +74 23 ] + 1ag[# ~ 3638700 4 69 ]+ 8 sinh™(2) + 6 cosh 1(2)

log| | root of

x® —47088020951086 472 x” + 1504445469592 605048410836 619548 x° -
20095 493903394515998 718 222812887593 035544 x° +
118024 473255471 838 186 044 828 220966 075 354 132 876 870 x* -
20095493903 394515998718 222812887593 935544 x~ +
1504 445469592 605048410 836619548 x° —
47088 020951086472 x +1 near x = 5.87577x 108

2[-?1ag[2}+31ag[2+\E]+4lag[2+ﬁ]+
5lag[3\/_-\/§]+zlog[15 547 23]]

1 @ : : 2 i
cosh ™ (x) is the inverse hyperbolic cosine function

sinh™ (x) is the inverse hyperbolic sine function

Alternative representations:

og(3 (33 Va3 )" (2R ] (V5 42 o5 -

e V7 (5 o7 - V) [

og(3 (33 Va3 )" (2] (V5 2 o3 -
1agm}1ngﬂ[[z+\/§][ \H_]( [ (_F]]12[15¢§+?f_]]

V2
og(3 (33 Va3 ) (2B T (V5 2 o3 -
_ul[l-[hmﬁ[h@r(g[sr_m]l‘?[15“’”@]]

'Fl

logpixiis the base-b logarithm

Liy(x)is the polylogarithm function
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We obtain also:

Pir2*((((1/2(3sqrt3-sqrt23))™M2 (1/(sqrt2)(7sqrt23+15sqrts)) 4 (sqrt5+2)"8
(2+sqrt3)"6))) /3 - 55+3

Input:

|

2 ‘?Jll [é [3 N JE]]IZ [é [? V23 +15 JE]T [w,"? + 2']8 [2 + w,"?]ﬁ ~554+3

Result:

(2+V3 Y (2+V5)¥3 (3V3 -v23)* (15V5 + 7V23 )3 7
16 x 233 i

Decimal approximation:
1728.961652765012195735661032033486725993703375492634783520....

1728.961652765....

52

Property:
) (2+vV3 )P (2+v5)? (3v3 -v23)*(15V5 +7V23 )" 42

15 22;3
15 a transcendental number

Alternate forms:
(1351 + 780 ﬁ] (51841 +23 1844?] (120901249 - 14554800 \/6_9]

[2535?51 +236460 4 115 ]] ~(1/3)n* -52

x* roor of x® -47088020951086472 x7 + ~(13)-52
1504445 469592 605 048410836 619 548 x° -
20095493 903394515998 718222812 887593035544 x° +
118 024473 255471 838 186 044 828 220966 075354 132876 870 x™* —
20095493 903394515998718222812 887593935544 x° +
1504445 469592 605 048410 836 619 548 x* —

47088020 951086472 x+1 near x =5.87577x108
(2 B P2 N P (3R el B 15V E 4 2V ot L B3 2
16 x 244
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(((PIA2*((((1/2(3sqrt3-sqrt23)) 12 (1/(sqrt2)(7sqrt23+15sqrt5))™4 (sqrt5+2)8
(2+sqrt3) 6))) /3 - 55+3)) /15-(21+5)1/1073

Input:
|

11-_;;r \3![ [343-423]]12[%[?423+15x/_]]4[\(?+2]8[2+ﬁ?]6-55+3

1
—21 +5y» —
10°

Exact result:
|[2+~J—]2 (2+V5)¥(3vV3 -v23)*(15¥V5 + 723"+ oy 13
"4 16 . 223 " 500
Decimal approximation:
1.617812798194600845324465750709477175842761334433118704916...
1.6178127981946...

Property:

|
13 53 (2N IP 2N (3NT =N (1545 w72
500 16 2213

is a transcendental number

Alternate forms:

:
W (2+V3F (2+V5) P (33 V23 (15V5 +7V23 002 832 2B,

o14/45 " 500

7 root of x® —-47088020951 086472 x7 + ~(1;3)-52
1504445 469592 605 048410836 619 548 x° -
20095493 903394515998 718222 812887593 935544 x° +
118024473 255471 838 186 044 828 220966075 354 132876 870 x* —
20095493 903394515998 718222 812887593935544 x° +
1504445 469592605 048 410836 519 548 x* -
47088020 951086472 x+1 near x = 5.87577 % 108
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43745
500 2413 [ :

1{/[2+\E]2[2+J§]E”[ay’_—ﬁ]“[ls 5 +7y23 )" r -832. 27"

8 4 B 15]
Observations
Figs.
4
.*? (a) False Vacuum b Quantum
= | Fluctuation
a ~ (b) 4
% Quantum
E Fluctuation
=
¥/

FIG. 1: In simple inflationary models, the universe at early times is dominated by the potential energy
density of a sealar field, ¢. Red arrows show the classical motion of ¢. When ¢ is near region (a), the energy
density will remain nearly constant, p == g, even as the universe expands. Moreover, cosmic expansion
acts like a frictional drag, slowing the motion of ¢: Even near regions (b} and (d), ¢ behaves more like
a marble moving in a bowl of molasses, slowly creeping down the side of its potential. rather than like
a marble sliding down the inside of a polished bowl. During this period of “slow roll," p remains nearly
constant. Only after ¢ has slid most of the way down its potential will it begin to oscillate around its
minimum, as in region (c), ending inflation.
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Y,

Graph of a cubic function with 3
real roots (where the curve crosses
the horizontal axis aty = (). The
case shown has two critical points,
Here the function is

fix) = (3 + 3% — 6x — 8)/4.

The ratio between M, and q

My = /3¢ — X2,
(3v/3) M,
5 —

q:—

1.e. the gravitating mass M, and the Wheelerian mass q of the wormhole, is equal to:

\ 3(2.17049 - 10772 - 0.001°
51[[3 v3){4.2 10%.1.9891 10%))

1.732050787905194420703947625671018160083566548802082460520...

1.7320507879

1.7320507879 ~+/3 that is the ratio between the gravitating mass M, and the
Wheelerian mass q of the wormhole

We note that:

iizthe imaginary unit
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i “u'l 3
1.7320508075688772035274463415058723660942805253810380628055. .. 1

r = 1.73205 (radius), §=90°
1.73205

This result is very near to the ratio between M, and q, that is equal to 1.7320507879

~V3

With regard V3 , we note that is a fundamental value of the formula structure that we
need to calculate a Cubic Equation

We have that the previous result

Ba | =

V3) _ s

B | =
Ba o=

I | —
4
= 1.732050807568877293527446341505872360942805253810380628055. .. &

r=1.73205 (radius), #=90°

L]

can be related with:

uz(—u{li£]+vz(—v{%i£] =q

2 2

Considering:

Bt

—

— iV 3 = 1.732050807568877293527446341505872366942805253810380628055... i

r=1.73205 (radius), #=90°

L]
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2 2 2 2

:(—1)[1—£]—(—1)(1+£J=q=1.73205zﬁ

We observe how the graph above, concerning the cubic function, is very similar
to the graph that represent the scalar field (in red). It is possible to hypothesize
that cubic functions and cubic equations, with their roots, are connected to the
scalar field.

From:

https://www.scientificamerican.com/article/mathematics-
ramanujan/?fbclid=IwAR2caRXrn RpOSvJIOxWsVLBcJ6KVegd Af hrmDYBNyUSmpSjRs1BDeremA

Ramanujan's statement concerned the deceptively simple concept of partitions—the
different ways in which a whole number can be subdivided into smaller numbers.
Ramanujan's original statement, in fact, stemmed from the observation of patterns,
such as the fact that p(9) = 30, p(9 + 5) = 135, p(9 + 10) = 490, p(9 + 15) = 1,575
and so on are all divisible by 5. Note that here the n's come at intervals of five units.

Ramanujan posited that this pattern should go on forever, and that similar patterns
exist when 5 is replaced by 7 or 11—there are infinite sequences of p(n) that are all
divisible by 7 or 11, or, as mathematicians say, in which the "moduli" are 7 or 11.

Then, in nearly oracular tone Ramanujan went on: "There appear to be
corresponding properties,” he wrote in his 1919 paper, "in which the moduli are
powers of 5, 7 or 11...and no simple properties for any moduli involving primes other
than these three." (Primes are whole numbers that are only divisible by themselves or
by 1.) Thus, for instance, there should be formulas for an infinity of n's separated by
5"3 = 125 units, saying that the corresponding p(n)'s should all be divisible by 125.

In the past methods developed to understand partitions have later been applied to

physics problems such as the theory of the strong nuclear force or the entropy of
black holes.

From Wikipedia

In particle physics, Yukawa's interaction or Yukawa coupling, named after Hideki
Yukawa, is an interaction between a scalar field ¢ and a Dirac field w. The Yukawa
interaction can be used to describe the nuclear force between nucleons (which
are fermions), mediated by pions (which are pseudoscalar mesons). The Yukawa
interaction is also used in the Standard Model to describe the coupling between
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the Higgs field and massless quark and lepton fields (i.e., the fundamental fermion
particles). Through spontaneous symmetry breaking, these fermions acquire a mass
proportional to the vacuum expectation value of the Higgs field.

Can be this the motivation that from the development of the Ramanujan’s equations
we obtain results very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T = 0 and to the Higgs boson mass 125.18 GeV and practically equal to
the rest mass of Pion meson 139.57 MeV

Note that:
g2 =\ (1+V2).
Hence
64g33 = €V _244276e VR ...
649520 = 4006e"™V2 4 ...
so that
64(g2% + go2t) = e _ 24 1 4372 ™VE ... —64{(1 + v2)12 + (1 — V3)'2).
Hence
¢™22 _ 9508051.0082 . . . .
Thence:
649" = 4006 "V 4 ...
And
64(0 4+ ) =B — U A5 VB L = 841l VDR 4 L=V}

That are connected with 64, 128, 256, 512, 1024 and 4096 = 64°

(Modular equations and approximations to « - S. Ramanujan - Quarterly Journal of
Mathematics, XLV, 1914, 350 —372)
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All the results of the most important connections are signed in blue throughout the
drafting of the paper. We highlight as in the development of the various equations we
use always the constants m, ¢, 1/¢, the Fibonacci and Lucas numbers, linked to the
golden ratio, that play a fundamental role in the development, and therefore, in the
final results of the analyzed expressions.

In mathematics, the Fibonacci numbers, commonly denoted F,, form a sequence, called
the Fibonacci sequence, such that each number is the sum of the two preceding ones, starting from
0 and 1. Fibonacci numbers are strongly related to the golden ratio: Binet's formula expresses
the nth Fibonacci number in terms of n and the golden ratio, and implies that the ratio of two
consecutive Fibonacci numbers tends to the golden ratio as n increases.

Fibonacci numbers are also closely related to Lucas numbers ,in that the Fibonacci and Lucas

numbers form a complementary pair of Lucas sequences

The beginning of the sequence is thus:

0,1, 1, 2 3,5 8 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181, 6765, 10946,
17711, 28657, 46368, 75025, 121393, 196418, 317811, 514229, 832040, 1346269, 2178309,
3524578, 5702887, 9227465, 14930352, 24157817, 39088169, 63245986, 102334155...

The Lucas numbers or Lucas series are an integer  sequence named  after the
mathematician Francois Edouard Anatole Lucas (1842-91), who studied both that sequence and
the closely related Fibonacci numbers. Lucas numbers and Fibonacci numbers form
complementary instances of Lucas sequences.

The Lucas sequence has the same recursive relationship as the Fibonacci sequence, where each
term is the sum of the two previous terms, but with different starting values. This produces a
sequence where the ratios of successive terms approach the golden ratio, and in fact the terms
themselves are roundings of integer powers of the golden ratio!" The sequence also has a variety
of relationships with the Fibonacci numbers, like the fact that adding any two Fibonacci numbers
two terms apart in the Fibonacci sequence results in the Lucas number in between.

The sequence of Lucas numbers is:

2, 1,3, 4,7 11,18 29, 47, 76, 123, 199, 322, 521, 843, 1364, 2207, 3571, 5778, 9349, 15127,
24476, 39603, 64079, 103682, 167761, 271443, 439204, 710647, 1149851, 1860498, 3010349,
4870847, 7881196, 12752043, 20633239, 33385282, 54018521, 87403803.... ...

All Fibonacci-like integer sequences appear in shifted form as a row of the Wythoff array; the
Fibonacci sequence itself is the first row and the Lucas sequence is the second row. Also like all
Fibonacci-like integer sequences, the ratio between two consecutive Lucas numbers converges to
the golden ratio.

A Lucas prime is a Lucas number that is prime. The first few Lucas primes are:

72



2,3, 7 11, 29,47, 199, 521, 2207, 3571, 9349, 3010349, 54018521, 370248451, 6643838879, ...
(sequence A005479 in the OEIS).

In geometry, a golden spiralis a logarithmic spiral whose growth factor is ¢, the golden
ratio’ That is, a golden spiral gets wider (or further from its origin) by a factor of ¢ for every
quarter turn it makes. Approximate logarithmic spirals can occur in nature, for example the arms
of spiral galaxies'” - golden spirals are one special case of these logarithmic spirals

We observe that 1728 and 1729 are results very near to the mass of candidate glueball
fo(1710) scalar meson. Furthermore, 1728 occurs in the algebraic formula for the j-
invariant of an elliptic curve. As a consequence, it is sometimes called a Zagier as a
pun on the Gross—Zagier theorem. The number 1728 is one less than the Hardy—
Ramanujan number 1729 (taxicab number).

Furthermore, we obtain as results of our computations, always values very near to the
Higgs boson mass 125.18 GeV and practically equals to the rest mass of Pion meson
139.57 MeV. In conclusion we obtain also many results that are very good
approximations to the value of the golden ratio 1.618033988749... and to {(2) =

’%2 — 1.644934 ..

We note how the following three values: 137.508 (golden angle), 139.57 (mass of the Pion -
meson Pi) and 125.18 (mass of the Higgs boson), are connected to each other. In fact, just add
2 to 137.508 to obtain a result very close to the mass of the Pion and subtract 12 to 137.508 to
obtain a result that is also very close to the mass of the Higgs boson. We can therefore
hypothesize that it is the golden angle (and the related golden ratio inherent in it) to be a
fundamental ingredient both in the structures of the microcosm and in those of the
macrocosm.
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https://plus.maths.org/content/ramanujan
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Ramanujan's manuscript. The representations of 1729 as the sum of two cubes appear in the bottom
right corner. The equation expressing the near counter examples to Fermat's last theorem appears
further up: o + B> =7y + (-1)". Image courtesy Trinity College library.
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