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Abstract

In this paper we have described some Ramanujan formulas and obtained some
mathematical connections with ¢ and various equations concerning different sectors
of Cosmology and Black Holes Physics.
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"An equation for me has no
meaning unless it expresses a

thought of God."
~Srinivasa Ramanujan

http://www.aicte-india.org/content/srinivasa-ramanujan
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Figure 9. Chandra X-ray image of the Ophiuchus cluster in the 0.5-4 keV band, binned to 4’
pixels. (a) The concave edge, first reported by W16, is shown by arrows.
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For greybody factor in the low frequency limit as given in (2). the Hawking radiation power
equation for asymptotically flat black holes is given by
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where we have utilized relation (1). After further simplification, this reduces to the following

expression:
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In order to solve above equation, we recall Riemann Zeta function, which is given by,
L[y
£(s) = ) !d}-‘e_v 3 for Re(s) = 1. (4)

2 Throughout the paper d — (d + 1) represents that d is being replaced by (d + 1), where d stands for an arbitrary
number of dimensions.

To match this Zeta function with the desired integral. we replace y = % in above equation to

get,
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Now, exploiting (3) and (5), the Hawking radiation power equation for asymptotically flat black
holes is given by
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Vis Cf(jl:—n = Hgi——i_zl[);{;;“'
power equation depends on both the Hawking temperature and horizon radius with different
power law. For example. for a black hole in four dimensional spacetime, the Hawking radiation
power equation is proportional to Tf‘, and R?q. The behavior of Hawking radiation power with
respect to Hawking temperature and horizon radius can been seen from Fig. 1.

where explicit form of Cf::l Here we see that the Hawking radiation
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Cm’+|1 =1 cd+D(d+1)
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we obtain:
(((zeta (3+1) gamma (3+1)))) / (((2(gamma (3/2))"2)))
Input:
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2r(2 Y

£(5) is the Riemann zeta function

Iix)is the gamma function

Exact result:
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Decimal approximation:
4.134170224039976023396842008946852693630038475451347692552. ..

4.13417022403...
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And:

[(((zeta (3+1) gamma (3+1)))) / (((2(gamma (3/2))"2)))]*1/3 + 13/10"3
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£(5) is the Riemann zeta function

Iix)is the gamma function

Exact result:
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Decimal approximation:
1.617954722122767177367621030353692391041472886337380673715...

1.617954722122.... result that is a very good approximation to the value of the
golden ratio 1.618033988749...
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£(5) is the Riemann zeta function

Iixiis the gamma function
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Decimal approximation:
1.732265900968187688206312467383771342445603320187300168139...

1.73226590096.... ~+/3 that is the ratio between the gravitating mass M, and the
Wheelerian mass q

My = /32 — 22,
(3v/3) M
- .

q:—

(see: Can massless wormholes mimic a Schwarzschild black hole in the strong field lensing? -
arXiv:1909.13052v1 [gr-qc] 28 Sep 2019)
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2*exp[(((zeta (3+1) gamma (3+1)))) / (((2(gamma (3/2))"2)))]+1-1/golden ratio

Input:
J3+DIM3+ l}] 1
1+ 1-

2
I T

£(5) is the Riemann zeta function
Iixiis the gamma function

# iz the golden ratio

Exact result:

1 i 3
12 15
—— 4142570

Decimal approximation:
125.2574864452811602983398846289192301847917314302005528092...

125.2574864... result very near to the Higgs boson mass 125.18 GeV
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Alternative representations:
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2expl—————— |+ 1--=1+2exp . . 3
2 F[E }2 i 2 [f—lngG-:E,-EJHGgG-:S,-z]}E p
2 .
i
{3+1Hr3+1 1 (o4, | 1
2exp siat b +1--=1+2exp (1) 505, 1) _ =
22 ¢
[5) 2[an
( 1
J3+1DM3+ 1 1 [1]'3+[4, E} 1
EEXPT +1--=1+2exp .
21(3) g 1+2%(2(@n])| *
2

Series representations:

[
{B3+1r3+1 1507 1k w1
2 exp° } g e 1+2f128;15|:Ek=D-: 1 f(1e2k))” L

1
TR ¢

/ 5
dE3+1)r3+1) 1 1 w q 215
EEXI:'—+1——:1_—+22‘_
2r[3}2 ¢ & k!
2

B3+ 1)TG3+ 1}]
ch ol el sl § 5% TS

2
[ 212

Integral representations:

2 exo JB3+1D)N3+1) - _} o Efl's-"”':hm 1f{1ee2)de)® 1
) ) :
2
{ LS |
J3+1LM3+1 1 123,.'15[101 Y 142 :Er] 1
2exp| ———————— |+1-~ =1+2¢ =
argf ) ;
[ o = w
J3+1)M3+1) 1 16/15 [JDI 1/ V142 :!r] 1
2exp| —————— |+1--=1+2¢ " s
2 ) :

11



2*exp[(((zeta (3+1) gamma (3+1)))) / (((2(gamma (3/2))"2)))]+13+golden ratio

Input:
J3+DTE+1)

2exp
21 (2

]+ 13 +4¢

£(5) is the Riemann zeta function
Iixiis the gamma function

# iz the golden ratio

Exact result:

P T
e o S

Decimal approximation:
139.4935544227809499947490582976505064202323497898120785334. ..

139.493554422... result practically equal to the rest mass of Pion meson 139.57
MeV

Alternate forms:
1 — Y
—P?+ﬁ5+4ﬁ”h”
2
2? VI.E |I.2.-'I'3.I'I15
2e

. SN o

2

é [2? - ‘\,'I'E] +2 rl:zﬂg:'-"lls

Alternative representations:

G+DIBE+ £ oEZHIoE(12) a1y
2expl ———————— [+ 13+¢ =13 +¢+2exp - ——
2 r[E}E 2 [P—]DgG-:SI-ZH]DgG-:S_-Z]}Z
= )
JB3+1r3+1 (Mg &4, 1
EEXP[;EMHI]“L 13+ =13+p+2exp 3—2}
2r(3) 2 tln_]
2
. 11
(B+DTE+1) (1); ¢4, 2]
EEXPT +13+¢=13+d+2exp
21(3) [-1+24][2[[1u]2]
2

12



Series representations:
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Iix)is the gamma function

# iz the golden ratio
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Exact result:
27 (_ 1 njzng]..-'ls]_ 5
2

— |-—+4+2e
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Decimal approximation:
1728.976067011295664027588442490409607494688374307707462924...

1728.976067011... = 1729

This result is very near to the mass of candidate glueball fy(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)

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, Egplays a role in
some grand unified theories”.
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03 16,.-15[51 1/ 162 ar i o7
— +27 ¢ ! - —
2 2¢

B2l
=

27 J3+DM3+1) 1
— |2 exp = +4--|-
2 2r[3}
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Now, we have that:

Finally, using (15) and (16), we get simplified expression for the radiation power equation corre-
sponding to greybody factor in low frequency limit as

— 0o - Tﬂd—ﬂ—!—ﬁ
P( + ]: Zcf +1) H

few low

i (17)
= kln[d—l]Rﬁd_“

d+1) 2 n : o

where, ,(m:‘_ =i (—I)”J’]ng(nd —n+2)'(nd —n+2) |. Here. the radiation
,;a{d—z;[r(j)]

power equation has an infinite sum series with terms depending on Hawking temperature and

horizon radius differently. Also. we notice that, contrary to flat spacetime case, the radiation

power equation depends on horizon radius with inverse power law.

C;j:” = 2| (=" nz’ (nd —n+2)'(nd —n+2)|.

Jn(d—1 :[r( ¢ )]2"

Forn=3 and d=3

2/Pi [(((3*Pi*3))) / ((2°(3*(3-1))(gamma (3/2))"6))) zeta(3*3-3+2) gamma (3*3-
342)]
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2 3x
—|——————— 3x3-3+r3«3-3+2)
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Iixiis the gamma function

£(5) is the Riemann zeta function
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Exact result:
167"

5

Decimal approximation:
9664.938328885734616045460777830533862135783920945287240813. .

9664.93832888...

Property:

T
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is a transcendental number
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Integral representations:
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2 3 :
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Iixiis the gamma function

£(5) is the Riemann zeta function

Exact result:

1677
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Decimal approximation:
9397.938328885734616045460777830533862135783920945287240813...

9397.93832888.... result practically equal to the rest mass of Bottom eta meson 9398
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-267 + 15 a transcendental number
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Alternative representations:
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(32%)2(3-3-3+2)1(3-3-3+2))2
(22 r(3) )

262144 [ (1 = 7
_267 + - U V1-t? dt}
]

-233-34+

(((2/Pi [((3*Pi*3))) / (27 (3*(3-1))(gamma (3/2))"6))) zeta(3*3-3+2) gamma (3*3-
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Input:

2 3 —
| ————————343-3+2)r3+3-3+2)| +29+11+v 2

\ ™| 93(3-1) r[g}ﬁ

Iix)is the gamma function

£(5) is the Riemann zeta function

Exact result:
— 4 72
40442 + —

V5

Decimal approximation:
139.7246317736986667261948391279314267470590787412644109800...

139.72463177... result practically equal to the rest mass of Pion meson 139.57 MeV

Property:
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20+4/2 + =

15 a transcendental number

Alternate forms:
l I - Fr— En
= [ztm +5v2 +445 ;r--'z]

V5 [4':' - "-"'E] +4 72
V5

20



Alternative representations:

303 3-3+2)r(3-3-3+2))2
( 5 il ) +29+11+\',_

{23-:3 1) F[ } }

61 {8, 1
40 + L +E

&
o]
2
I3 3-3+2)I(3-3-3+2))2
[[ 3 ikl }} +29+11+\/_

{236 1) F[ } }

6 loglia) 3 JiBg 1
40 + 2 st + \/E
= [26 [f]u:-gﬂE,-'Z:I'l_IS}

I3 3-3+2)I(3-3-3+2))2
[[ 3 ikl }} +29+11+\/_

{236 1) F[ } }

f ~log(24 883 200)+log(125 411328 000) _3 (8 1}

40 + L ol Lo +\/{E

fr{26 [f—lngG¢3,-'2;|+1I:ugGl:5,:'22'}'5}

Series representations:

303 3-3+2)1(3 3-3+2))2
[[ 3 i }III +29+11+\',_

{236 Ur [ }}

o {_l}k 2 _x}k x* [— _l}k

1 arg(2 - x
: 32D+aexp[zﬂg—}J]\Gz 2

2 e K1

o0 1 o (8=zg) Mhzg)
S Exp(—z',k:l lcg(l - QD T T

b

k!

.

forixeRandizp g Forzg>andx <0

21
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303 3-3+2)1(3 3-3+2))2
[[ 3 ! }III +29+11+\({_

{236 U [ }}

k k. —k 1
1 arg(2 — x) @ -7 2-x)"x {_E}k
P 320+Eexp[ur{TJ]ﬂx ké Py

2z M) r""’-:zgn v
™

forixeRandizg e Zorzg >0 andx <0

3;r J(3-3-3+2)I3 3-3+2))2
{ +29+11+\/—

{23‘3 U [ }}

k k. —k 1
1 arg(2 - x) = 1 @-xf (- 0),
= 32G+8exp[ur{T”1,'x z %

k=0

k) i L3]
nzexp(zk ; s J o i8 znilr‘ iz )

6

oz, ot

forixeRandizp e Zorzg >0 andx <)

Integral representations:

3II' }{(3-3-3+2)I3-3-3+2))2
d +29+11+\({_

{23-:3 1) F[ } }

1 x I(8 log®(1 -t7
40+ — 3 [}Jlﬂg{g }d’t+1,.'

22



32°)03+3-3+2r(3=3-3+2)2
[[ it : i +29+11+\E=

\ (2O r(3)’)s

§L at|

I — dt

1 |3 [r“ ] 1 log®(1 -7}
40+ 2 2 - J g[g LAt +v 2
i?2G1N3§Ldt o t
\ pay

3x7)i(@x3-3+2)T(3x3-34+2)2
‘[[ +29+11+42 =

\ (2o r(3))r

o cos(8 tan~(t))
4|:|+4\f— - J — dt +v2
127 in® § dt O (142} cnsh[”?}
L

(((2/Pi [((3*Pi*3))) / (27(3*(3-1))(gamma (3/2))"6))) zeta(3*3-3+2) gamma (3*3-
342))))1/2+29-2

Input:
2

3 3
T 3x3-3+2T@x3-3+2)| +29-2
Ezcz-nr[i}ﬁ

2

'\‘i}T

Iixiis the gamma function

£(5) is the Riemann zeta function

Exact result:
4572

V5

27 +

Decimal approximation:
125.3104182113255716773931504037217286684894068658874629068...

125.310418211... result very near to the Higgs boson mass 125.18 GeV

Property:
72

27 + is a transcendental number

V5

23



Alternate forms:

é (135 +4\E;r?f'2]

2745 +4x72
V5

Alternative representations:

32233 -3+Dr(3x3-3+2))2 61y n° C(8, 1
(3): — = 429-2=274 | TS0
3{3-1
(22N rE))x \ n[zﬁ[ml_]]
2
(37°)¢(33-3+2)I(3-3-3+2))2 6 5@ 17 18, 1)
- 6 +29—2=2?+ — -. P
\‘1 {2313—1:r[§} }}T 1‘1 Ir{z [fngF-:E.-EJ}}
)3 x3-3+DIEx3-3+2))2
(3=): = L +20_-2 -
33-1) (3
\ (22 r(2))n
. |5 f—]ng-:2488320m+1ng-: 125411328 000) }TE 4.'{8, 1}
+

i [25 [f-lage;3,.'2;+1ng':3¢5,.'2:}6}

Series representations:

(37%) (3 -3-3+2)I(3-3-3+2))2
(@0 ()

 expl-3p, log(1 - L5 ) 5y, e

[zm ‘-ZD]"IF""%?]G

+29-2 =

é 215+\',E

Iorizn Forzg =U

(3x%)4(3-3-3+2)1(3-3-3+2))2
@er())x

{8202 r*2)izp)
1 NZEEJl 12?2—'3 kotkd
. 216+y6 for (zo ¢ Z of 29 > 0

——zuTk k=g 3

Zk:ﬂ k!

+29-2=

24



3 3%3-3+DH3x3-3+2))2
J[[”}' il +2) +290-2 =

3(3-1) {215
(2 ))
) x exp(zk : HSH] Tiso 1—8_3'3!’:@1@
- 215+\KE = : for (zg & £ or z
8 [ o0 II;-zn,Tkr""ﬂzm]

ko= k!

Integral representations:

3@ x3-3+(3Ix3-3+2))2
J[[ A5 Lo g 09

[Em-n r[i ﬁn

218 p1logi(1-t7)
}J E[g oo
t

1
27+ — 43

R L

+29-2 =

2> )

]

i 5 -11log®(1 -t7)
2?+—\/— L J g[s L at
i Evmmfﬁémﬂ t
Lf

J[wnﬂgﬁ 3-3+r(3x3-3+2))2

+29-2=

J[wnﬂaa 3_3+2)T(3 3-3+2)2

2 (i)

o &
SR —= dt
s 4\/ 3 [?fg"g ] "o cas[Etan'l[t}} i
4 e
127 Jl:l

- 55.:% dt (1 £ }4 ccsh[”?r}
L

27F172*(((((2/P1 [(((3*Pi"3))) / ((2™N(3*(3-1))(gamma (3/2))"6))) zeta(3*3-3+2)
gamma (3*3-3+2)])))"1/2+29+1/golden ratio)))+2

Input:

1| |2 3 1
27w — —|————— {343 -3+N3-3-3+2) +29+ - |+2
2 | 9363-1) r[g}ﬁ &
2

25



Iixiis the gamma function
£(5) is the Riemann zeta function

# iz the golden ratio

Exact result:
27 (1 4572

— |- +29+ +2
V5

2

Decimal approximation:
1729.034104701018798095569452714179451613831166616858547881...

1729.034104701...

This result is very near to the mass of candidate glueball fy(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)

Property:
27 1o Al

2+— |29+ — + —— |is a transcendental number
2 ¢ V5

Alternate forms:
27 787 54n"°

Ik e o i

2 2 V5

787 27 54 572
F +

2 1+v5 V5

2+ 2—; [} [5?+~/§]+ 4;:2}

2 V5

26



Alternative representations:

27| | 2((32%) (3 x3-3+2)(3 x3-3+2)) 4 Ll
2 3(3-1) (216 N +¢ T
r(22e0r(3))
27 1 6(l)yn° (8, 1
* oy
2
27| | 2((32%) (3 x3-3+2)(3 x3-3+2)) 4 Ll
2 3(3-1) (216 N +¢ T
r(22e0r(3))
2 e 1 6 &5 17 (8, 1)
g 9t g 6 [ logri3/2)6
}7{2 (e ) }
27| | 2((37%)¢(3%3-3+r(3x3-3+2) i L] .,
2 2(3-1) 28 ’ +¢=+ -
;r{E F{E} }
’ 27 % 1 6f—]ng-:248832EIIII:|+]ng-:125411EEEDDD)}TE ‘_~.[8: 1}
iy e F[zﬁ [f—]DgGqE,-'2]+]DgG':5,-'ZJ}'5}
Series representations:
27| | 2((3%)¢(3+3-3+2)r(3x3-3+2) 14 L]
2 3(3-1) (3P ’ +¢=+ N
n(2601())
L Kl
2 ﬂP[‘Efﬂ]DE[l—‘ 135'. ]]E;‘LD-:S aq'uilkk!l"; 5l
216 + 6296 ¢+ 27 6 ¢ -
e {— ,D:rkr‘k:lﬂfﬂl
Lk=n !
16 ¢
tor £ ol )

27| | 2((32%)¢(3x3-3+2)I(3 x3-3+2)) 1
oo 6 +20+ —|+2 =
2 H{EEB—IJ F{E} } il
gl i pda (8- f2 rika ]"ﬂ' !
‘-kl =] '-k2=|:| 1 8
216 + 6296 6+ 27V 6 ¢ - e
e m 4-2-zaf‘r""<zanr
“k=0 k!
I:"I' |
16 ¢

27



27| | 2((3%)¢(3+3-3+2)r(3x3-3+2) 1
— +20+ —|+2 =
2 (e r()) ¢

Ky
2 o PBE oo (8- TN a)
bl ﬂp‘£k=1 k ]Ekil k!

215+5295¢+E?\({E¢ =
e {_Q'If'r r‘k]‘"”ﬂ’r

k=0 k!

16 ¢

Integral representations:

27| | 2((32°) (3«3 -3+ (3 x3-3+2)) 1
E gk +29+; +2 =
2(3-1) 3
n(@€0r(7))

787 27 27 ~r® r1logh(l-t7)
g g wale J dt
2 2¢ 32 5,r{3}6 0 i

2

27| [ 2((32%)¢(83x3-3+2)1(3+3-3+2)) 1
— +20+ —[+2 =
2 }T{Ezﬁ-n r{g}ﬁ} ¢

.Ff' &
[?ﬁ'“] B 7
787 27 27 [3 3 11log®(1-t7)
—+ — +—— .f = j - dt
r
L

27| [ 2((37%)¢(33-3+2)T(3+3-3+2) 1
E G +29+; +2 =
2(3-1) 2
G o

f

-
—= dI
787 27 54 | 3 [?r” fm cos(8tan~1(t)) .
it I el e
2 2 127 3 24 mE
¢ ir g:.r_sdt 0 (1+t3) cash{z}

28



((T7*12*(((((/P1 [(((B*P1"3))) / ((2M3*(3-1))(gamma (3/2))"6))) zeta(3*3-3+2)
gamma (3*3-3+2)])))"1/2+29+1/golden ratio)))+2)))))*1/15-(21+5)/10"3

Input:

21+5
10°

1] |2 3 _ 1
o 2T x = — | dB3x3-3+MFx3-3+2)| +29+-|+2 -
“"II' 23c3-13r[§}'5 I

2

Iix)is the gamma function
£(5) is the Riemann zeta function

# iz the golden ratio

Exact result:

13
500

15 — |- +29+ — |+ 2

| o
|2?[1 4772
N 2 (¢ V5

Decimal approximation:
1.617817390357012742197753313879591628021082948251445863877...

1.6178173903.... result that is a very good approximation to the value of the golden
ratio 1.618033988749...

Property:
[ :
13 27 1 Az
-—— +15 2+ — |29+ — + —— | is a transcendental number
00y 2 &

Alternate forms:

| )
[ 27 (1 4 5712 13
1i|2+3[5[5?+«15}+ _]

Vs | 500

[ 27 2 4572 13
15/ 2+ — 120 + — + — | - —
\ 2 1+v5 5 500

f
{787¥'s 4108272 )g42745

15

155 g 500

29



Alternative representations:

27| | 2((32%)¢(3%3-3+2)r(3x3-3+2) 1|, , 2145
fEw + + —|+ts — =
L F{Em—l: r[;ﬁ ¢ 10°
26 27 1 | 6(L;x° &8, 1)
i gk 2+ E 29+ -+ S o RER.
ERE B IR T ]
2
27| | 2((3=)£(3x3-3+2)I(3x3-3+2)) 1 21+5
T s : +29+—|+2 - 5 =
F{Em-n r[gﬁ ¢ 10
26 27 1 | 62587 18 1)
=y gldd — 20+ = 4 = e
10 \J 2 & ;T{E (elo8T312)) }
27| | 2{(3=Y)£(3x3-3+Hr(3x3-3+2)) 1 21+5
T - +29+ - |+2 - 5 =
2 N{EE':E'” r[%}f‘} [ 10
25 27 1 5 f—]ng‘-:248832ljm+]-:|g-:1254113280003 J11_3 ;'[8, 1}
——— 452+ — |29+ -+ . ;
10° q 2 & }T[26 [E—]Dgﬂﬁg;EH]Dan:SI-E;l'l_ﬁ}

30



Series representations:

27| | 2((32%)£(3+3-3+2)T(3+3-3+2) 1 21+5
7 - +29+—|+2 - 5 =
2 }T{Em—l: r[i}ﬁ'} ¢ 10
2
i
1 11/15
— |-13+250 <2
500
{B=zn * TRz )
n? expl-F) ]‘:'5[1‘;:3?“ Zko k!
216 +6296 6+ 27V 6 ¢ .
- {—-;,:,]"‘r""?'ugz
Lk=0 k!
15
\ ¢
for Z ol ]
[
27| | 2((37°)4(3 3-3+2)1(3-3-3+2) 1 21+5 1
il - +20+ —|+2 - 5 TR
2 F{Em-n r[i}ﬁ} ¢ 10 500
2
[
- kol
2w g (8-2gf2 M2,
‘-k1=1'-k2=|:| i .8
216 + 6296 ¢+ 27 6 ¢ e
'IL«ﬂ]kr""uuT
b o BT
“k=0 k!
e b 1120 i
\ ¢

31




27| | 2((32%)¢(3%3-3+2r(3x3-3+2) 1 21+5

i +20+ —|+2 -
H{Em—n r[i}ﬁ'} ¢ 10%
2
|
1 11/15
— [-13+250 27
500
B LT
n? exp{ g0 PBKD) yoo (82 ¥ M%)z
216 + 6296 6+ 27 6 ¢ = {*‘3 ']’:jm L
Sy i)
15
\ o
fon £ or L
Integral representations:
27| | 2((37°)4(3 - 3-3+2)1(3-3-3+2) 1 21+5
il - +20+ —[+2 - ;=
2 7 (236D r[i}ﬁ} ¢ 10
2
13 27 s | 8 rilogh(l-t7)
i, SN B4 Jorall P06 e, St EJ = dt
500 2 ¢ 16 5!r[§} 0 t
2

32




27| 1 2{(3=Y)£(3x3-3+2)I(3x3-3+2)) 1 21+5

i ey +29+; +2 - 109
n (22D r(Z))
&)
R )
= dt
13 ) 37 b L P [Eﬁr“ ] fllogs[l—t?}dt
v F— ey i Wiy
500 . 2 s 64V 2 ?mmzﬁﬂ o ¢8
\ *"Il it
27| | 2((37%) (3 x3-3+2)1(3 x3-3+2)) 1 21+5
il e Sp— +29+; +2 - 00 —
n(2C0r(2))

: gk b
5.4 a1 1
13 5 27 29 1 4 [ 3 B kfwa cos(8 tan™ (t)) it
-— 4+ + — +— + —
500 2 127 3o 214 Tt
i E é;Edt 0 1+t cnﬂqz}
L

Now, we have that:

10000 ------- dammmee- bemmo - RS - ] os
R -
s T P R B 0.6
r | I | L
L ] 1 1
L e i 18~ & e 5
4000 - - -~~~ -~~~ N B NN SO
I l | | 0.2}
2000F - -~ L snn L N S [
[ | | | r
[ | | | | L
ok ! : e 1 | 4 00
0 2 4 6 8 10
Ty

Fig. 2. Left: Hawking radiation power versus Hawking temperature for d = 3 and & = Ry = 1. Right: Hawking radiation
power versus horizon radius ford =3 and k =Ty = 1.
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From

= ; kRy
)
We have:
((2[gamma (1)]"2))/(P1)
Input:
2 (17

T

Exact result:
2

T

Decimal approximation:

0.636619772367581343075535053490057448137838582961825794990...

0.636619772367581343....

Property:
2

— Is a transcendental number
i

Alternative representations:
20 2%12

i i

2y 207

kN FiB
2l 2@
m - m

34

Iix)is the gamma function



Series representations:

211y 1
T e
k=0 142k
2r(1y° 1
T - — 2,:_1:#1195—1—Ek|:51+2k_4 2391+Ek]
Lk:n_ 142k
2T 2
Bk )
k=0%\ 4! Li42k 144k 344k

Integral representations:

211 1
T e _L
m L 143dt
2 (1% 1
- _Ll 1 dt
‘-."l-rE
2r(1)® 1
d 2 [*V1-£ at

From which:

Y(@) = 5

Pi/(2"2*(((gamma (3/2))))*2) * (0.636619772367581343)"2

Input interpretation:
0.636619772367581343°

?1(3f

Result:
0.405284734560351085679343635721683649

0.405284734569351085679343635721683649
35

(18)

Iixiis the gamma function



Repeating decimal:

0.4052847345693510856793436357216836400

Alternative representations:

0.6366197723675813430000% x

7 0.6366197723675813430000°

7 1(3f

0.6366197723675813430000% x

(2

7 0.6366197723675813430000°

213

0.6366197723675813430000° »

ar(2, n:n}z

7 0.6366197723675813430000°

2 1]

Series representations:

0.6366197723675813430000° ©

2
4[[1}1_]
2

0.1013211836423377714198 »

T0;

0.6366197723675813430000° «

7 1(2f

o ':E_zﬂ:rkr;k;":zﬂ-‘
[z, el

1
—-0.1013211836423377714198

T

k (=1 7% sin(2 m (- +k +220)) 171 - 50)

£6--1%

Integral representations:

0.6366197723675813430000° 1

2
=i+ kn

0.1013211836423377714198 »

7]

0.6366197723675813430000° &

(fre Vi at)f

0.1013211836423377714198

7 (3

) ]

36



0.6366197723675813430000° &

Z1(3f :

1 3 !
- . adX|m

0.1013211836423377714198 exp —2[ 2 d
Jo (=1 +x)log(x)

From which:

4 * Pi/(272*(((zamma (3/2))))"2) * (0.636619772367581343)*2 - 3/10"3

Input interpretation:
3
4 0.636619772367581343° — oy

X0;

Iix)is the gamma function

Result:
1.618138938277404342717374542886734506

Repeating decimal:
1.618138938277404342717374542886734596

1.61813893827740.... result that is a very good approximation to the value of the
golden ratio 1.618033988749...

Alternative representations:
(4 0.6366197723675813430000%)x 3

22 r(2f 10
2
3 470.6366197723675813430000

e (3

(4 0.6366197723675813430000%)x 3

92 r[i}z T10°
2
3 4 70.6366197723675813430000°

0]

(4 0.6366197723675813430000%)x 3

2 12 " 10°
2
3 470.6366197723675813430000°

¥

3 2

10 4[[1}1_]
2

37



Series representations:
3

(4 0.6366197723675813430000°) r
10

2 (3
3 0.4052847345693510856793 1
- + tor i\r il
1000 " Boeof
=0 k!

1
= ——0.0030000000000000000000

(4 0.6366197723675813430000%)x 3
100 o«

# 1)

[1.DDDDDDDDDDDDDDDDDDDD m—135.094911523117028560
El .?T[—__I‘l +k + 2 ZD}} rl:'”[l —ZD}]Z]

@ g k. (—1y xi*k sin[
[%‘3(5 _ZDI(% Pt=j+kn

£isthe set of integers

Integral representations:

(4 0.6366197723675813430000%)x 3
3 0.4052847345693510856793 x
1000 ([~ VE at)

(4 0.6366197723675813430000%)r 3
107

2 1(3]
3 0.4052847345693510856793 n
= +
1000 , =
[JD tox(?) '“]
(4 0.6366197723675813430000%) 3
2 (2] C10°
7 1(3) |
1 _1 - 3_.1? +x3-'2
" +0.405284734569351085679 exp|-2 f 22 dx|n
1000 Joo (=1 +x)yloglx)

38



oz(x) is the natural logarithmr

3.1.1. Case I: when @ << @,
In this case. the greybody factor for @ << @, is given as follows,

~d_
G)d 2

2d—2 [r (%)]2 (kR

y(@) =4z(0) =

Pi/ [2((gamma (1)))"2] * 1/12

Input:
T

2r¢ly} 12

Iixiis the gamma function

Exact result:
m
24

Decimal approximation:
0.130899693809574718269276807636645953508215391640629409207....

0.130899693899...

Property:

2—4 15 a transcendental number

Alternative representations:

Fis T

12(2r(17%)  12(2 1%

I Ha

12(2r(1?%)  12(2(°P)

39



I T

12(2r(1)7° ] 12(2(01?)

Series representations:
x 1 L (-1
12(2r(17) 6 & 1+2k

=3 [_1}k 1195—1—2.’{ {51+2k —4 2391+2k}

i

12(2r1%) =2 6(1+2k

(i)

1
12 [2 ray?) 24

‘[ J[ 1 2 1 J
+ +
e 1+2k 1+4k 3+4k

Integral representations:

N e

12 [2 r(1y%)

T 1 J‘l 1 it
12(2rap@) 12D T

T 1l e 1
12(2r(17) 12Jo 1442

dt

From which:
1+ 5 Pi/ [2((gamma (1)))"2] * 1/12 - (29+7)1/10"3

Input:
1+5

ar(R 12 103

Iix)is the gamma function

Exact result:
241 5nx

S,
250 24

40



Decimal approximation:

1.6184084609407873501346384038183220767541076958203147046036...

1.61849846949...

ratio 1.618033988749...

Property:
241 S5,

—— + — Isa transcendental number

250 24

Alternate form:

2802 + 625
3000

Alternative representations:

S 2047 Sa 36
+ - e B
12(2r(1y¥) 10° 12(2 -1%) 10°
Sn 2047 36 Sr
+ - =]1-— + —
12(2r(1¥) 10° 10 12(2("f)
Sn 20+ 7 36 Sr
+ - =]l-— 4+ —
12(2ry) 10° 10°  12(2(0%?)

Series representations:

. 5r 20+7 241
R _ B
12(2ry*)  10® 250
5 29+7 241

+ - = ———
12(2r(1¥) 10® 250
5 20+7 241
1 = = —
12(2r1¥) 10° 250

c o
EL

(-1 (956 - 572k —5. 23972K)

14341 +2k)

k=0

i) |

1

2

1

+
1+2k

41

1+4k

+
3+4k

)

.. result that is a very good approximation to the value of the golden

n!is the factorial function



Integral representations:

Sa 2047 241 5 5
T s =—+—j V1-¢® dt
12(2r(1¥) 10*® 250 6 .Jo
5 20+7 241 5 1 1
1+ - = — +— dt
12(2r1?) 100 250 12J0 i
5 29+7 241 5 = 1
15 = dt

s gl
12(2r(1¥) 10° 250 12.Jo 1442

3.1.2. Casell: when @ >> o,

In this case of frequencies much higher than the critical frequency, the greybody factor for

d — (d + 1) is given by,

(272*(gamma(3/2))"2) / (Pi) *1/(8"2)

Input:
2r(3) 1
B

Exact result:
1

64

Decimal form:
0.015625

0.015625

Alternative representations:

2 4

8% r T &’

42

(20)

Iixiis the gamma function



4 [f —]-:ugGliE,-'EH]u:uan:S.-'ZJ}E

8% r 78’

2f ar(lof

8% r T8’

Series representations:

o0 ﬂf-zn]kf“"wm]z

O e

= I;"l' Z| £ 0 zg
82 T lﬁ.i'T

ha

Integral representations:
212 (et VT at?

82 T 15.?T
2 r(2f [LI\H log(; ) '“]Z
2 f—
82 T - lﬁ.i'T

1

. 1 3x  3/3
LR Fi
22 r[i }2 EXP[E ‘rﬂ {=l4x)logix) dx]

82}1' - 15.?1'

Occurrence in convergents:
;r 1 1 50 51

— a0, —, =, —, —,
201 637 64" 31997 3263
e? i W ar

36 ' 64° 5137 1090°

(simple continued fraction convergent sequences)

43

= i .01 . i
. 3 L L =1¥m -"""':5|n||[.5n|:—_.'+k+23|:|:l:|r':-':'n:l—zn;|
16(37, (2 -=f T

yis the Euler-Mascheroni constant



From which:
27/((((2"2*(gamma(3/2))"2) / (Pi) *1/(8"2))))+1

Input:
27
+1

a

=Ta

=]

a

Iixiis the gamma function

Exact result:
1729

1729

This result is 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)

Alternative representations:

27 -1 27
+1l=1+
32 {12
2215 ] 4[5
gl 7e?
27 11 27
+1=1+
22 ['{%]E 4r|:§.|:||“
SE:r :rSE
27 27
2P +l=1+—2
TN
=
B<m 2

27 . 432
([e™ Vi at)

44



432 7

EEF,IE'F +1=1+ |

19 -

= [J‘Dl\llng[%}dt]z

o A A2
27 " E—?'i'x
- +1=1+432exp|-2 = dx|n

52 r.g]h o (—1+x)log(x)

g2 n

logix is the natural logarithm

(QTN((272*(zamma(3/2))*2) / (Pi) *1/(8"2))+ 1)) /15 - (29-3)1/103

Input:

27

5.
=

+1 —(29-3)

r.Jl'—'

oo

Exact result:

1729 -

13

500

Decimal approximation:
1.617815228748728130580088031324769514329283143699940172645...

Iix)is the gamma function

1.6178152287487.... result that is a very good approximation to the value of the
golden ratio 1.618033988749...

Alternate forms:

500

500 1

[EDD T 13]

31250000000 000 x* + 686562500000 000 x* + 6033511 250 000000 x° +
26511 248432500000 x2 + 58 245 212 806 202500 x —
52764 892578 124999 999 999 999 948 814 106 985 909 243
rx=1.11045x%10%

45

+2197

~(1;3)-13




Minimal polynomial:

30517578 125000 000 000 000 000 000 000 000 000000 X' +
11901 855 468 750 000 000 000 000 000 000 000 000 000 x** +
2166 137 695 312500 000 000 000 000 000 000 000 000 x* +
244051513 671875000 000000000000 000000000 x™ +
19036 018 066406 250 000 000 000 000 000 000 000 x*' +
1088860 233398437500 000000 000 000000000 x™ +
47 183 943 447 265 625 000 000 000 000 000 000 x° +
1577291 823808593 750 000 000 000 000 000 x° +
41009587 419 023437500000 000 000 000 x” +
829 304990 029 140 625 000 000 000 000 x° +
12937 157 844454593 750 000000 000 x° +
152893683 616281562500000000 x* + 1325078 591341 106 875 000 000 x° +
7950471 548 046 641250000 x” + 29530 322 892 744 667500 x -
52764892578124999 999999999 948 814 106 985 909243

Alternative representations:

27 20-3 26 27
. +1 - =-——+ |1+

1§ 22 r2Y 10° 10° 15 a(lf
SE.IT TEE
| 27 29 -3 26 27

T s Sy o L —n

1§ 2203 ) 10 10° s 41] 7 0]
ﬁ 82 n n 8l
| 27 _29-3 26 : 27

+1 - =—— +

1y 22 {3 10° 10° izl
\ = X
m | 2

Series representations:

| 27 203 13
, ] =-—+
1y 221 3f 10° 500

2 15 ~w (p20) ™)
8l \i Zk:ﬂ k!

432

‘1+

46



|2?

1 29-3
+1 - —
ig Ay 10°
R .
N SE.IT
i 1 : W)
. 2 TR ¥ 5I11I:2.ITI:—_.'+|'E+2.Z|:|I|:|I_":--':1—Z|:|:|
1 15 7 +432 [Ek:ﬂ [2 _ED} E—':zﬂ FH=j+e)!
— |-13 +500 \4
500 m
£is the set of integers
Integral representations:
27 1 20-3 13 1 432
- =-—+ -
15 22 (2] ’ 10° 500 | 1
V 82 x li [JD \llug[;}d’t
27 29-3 13 / 432 7
: 32+1_ = :_ﬁ-rlsl-r—'w-fv"_ 5
18 221(7) 10 \ (e Vi dt]
1‘ 8l g
1 3% .3/2
27 29-3 13 | 1 3= X
=gl =——+15=1+432EX1:J—EJ dx|m
1{ 2 n:i]h 10° 500 V o (-1+x)logix)
SE.IT

Now, we have that:

From: 0.636619772367581343.

-~

) T Tw
h(m} = T coth (T)

[

n=I

logix is the natural logarithm

...andd=5

(d41)-3
7

(1+

47



1/2*Pi*(0.636619772367581343) coth (1/2*Pi*(0.636619772367581343)) * product
(1+((0.636619772367581343)"2) / (2n)*2), n=1..1.5

Input interpretation:

1
2 7 0.636619772367581343
5

1.
=

1 0.636619772367581343°
[Cﬂth[iﬂ' D.636619??236?581343] 2 ]]

l[l ’ (2 n)*

cothix) is the hyperbolic cotangent function

i

Result:
1.44607357479027846

1.44607357479027846

From which:

1+1/2((((1/2*Pi*(0.63661977) coth (1/2*Pi*(0.63661977)) * product
(1+((0.63661977)"2) / (2n)"2), n=1..1.5))))" 1/2+(11+4+2)1/10"3

Input interpretation:
|

1 |1 1 L 0.63661977*
1+= | x0.63661977 cmh[— . D.535519??]| [+ =]+
2 2 2 = (2 n)?
1
(11 +4 4+ 2)x —
10°
cothix) is the hyperbolic cotangent function
Result:
1.61826

1.61826 result that is a very good approximation to the value of the golden ratio
1.618033988749...

48



Now, we have that:

Now, exploiting relation (1), we write the power radiation equation for four-dimensional dS black
hole as follows:

o0

-
PIE’JBJ—ILUM = iRi’ [dff) ‘f— fda) . (28)

The integrals of above expression can be solved very easily with the help of Riemann Zeta
function (5). After simplification the expression (28) reduces to

2 | 6
(3+1) 2 2 4
P.’ow—even = ;RH (OT k TH o QO TH)
I ‘?
= K RYT + = Ry Ty (29)

2/P1 (1/6*P1"2+6/90*P1™4) = 1/3*P1+2/15*P1"3

Result:
True
Left hand side:

2[’£+ﬁ' 1
B =t =—}T[5+2}T2]
m 5 :

Right hand side:

257 1
+ — = —fr[5+2fr}

i
3 15 15

1/3*Pi+2/15*Pi*3

Input:
L. « 2 5

) e e &

3 15

Result:

r 27

e
3 15

49



Decimal approximation:
5.181367775236573769551056470040020321695761608576382966210. ..

5.18136777523657....

Property:

r 2r .
5 + E 15 a transcendental number

Alternate form:

1
e fr[5+2}r2'}
15 :

Alternative representations:

r T2 2 3
-+ — =6B0°+ — (1807
3 15 15
3
2 1
:d + i = — cus_l[— 1y+ — cas'l[—l}3
3 15 3 15
x 2 Lo gy By o g
3+ T 31 og( }+15[10g[ n

Integral representations:

T o2 2 w1 AN R |
—+—.——5+8[{ dt}][ dt
4715 ~ 15 | S

3 —_— —

2 4 "1 2y 1
I+’1T—:—[5+32U vi1-+ dt]]] Vi1-t% at
3 15 15 Jo 0
T o2 2 "1 1 1 1
§+E:E5+SJ — gt f—dt
o 1P

50



(((1/3*Pi+2/15%Pi*3))) 1/3+2/10°3

Input:
L rdod il

o+ T+
3 15 10°
Exact result:

1 |

L ap®iy 2
3*

Decimal approximation:
1.732406508461850402011231976950381644277957865877659496408...

1.73240650846.... ~+/3 that is the ratio between the gravitating mass M, and the
Wheelerian mass q

J‘rfﬂ = &/ 3&'2 — 32
(3v/3) M,
T

q:

(see: Can massless wormholes mimic a Schwarzschild black hole in the strong field lensing? -
arXiv:1909.13052v1 [gr-qc] 28 Sep 2019)

Property:
1 I

gl S 2K
500 ‘qa

—— Is a transcendental number

Alternate forms:
1 1
— 4+ —w(5+2 JT2'|
500 15
3+100 15%3 { x(5+ 2%
1500

V15 +500 3 x(5 +247)

500 ¥15

51



Alternative representations:

2
o — 4 — +—=—+{/50c+—[180c+3
15

1 2
-t — +— = — +i/— cos '(-1)+ — cos '(-1)°
3 15

3
[r 222 2 2 i/zm}
= +

. (2 E(0))°
3 15

T T2 2
3 1 10°

1
50

[ R

bd 2 -
T i
5L[l+2k}

0\ ka1

oy, 3+100-30 (5, ) (52 (s, Y

m
3 b —
V3" 15 "1 1500

3
EI|fr a” 3 2 1

- - =——
Y3 15 10¢ 1500

aa [ 1 1 2 1
3+ 100 - 15% L[-— ( f + ]
4) \1+2k 1+4k 3+4k

1 S
al 1i2k " 114k 314k

5+

]"“[1;3}]

Integral representations:

; 5 3+1DDF152335+8[JD“

V3 15 10 1500

—dt

52



|
3+ma3WG#5+ELQJL¢2MTLN1-FJr

. 2
o4 — s — =
V3 15 108 1500
34100 7 15%° 3548 0 S0 gt foo 500 gy
3|II' x 2 2 ’ ) UJT LT
V3 s T )

Exact result:
191 1

s R R
200 |

3
4.I1+2.:T
3 13

Decimal approximation:
1.617809760303757329354839567366503599494221326594189131033...

1.61780976030375.... result that is a very good approximation to the value of the
golden ratio 1.618033988749...

Property:
191 1

Fras &
200 |

3
gl o3z
3 15

Alternate forms:

191 | 15

_+4|
200 ‘q Sr+2n

15 a transcendental number

191 ’ 15

ﬁ+1ﬂ m(5+ 2%

53



200V15 +1914 (5 +247)
200 ¥ 7 (5 +277)

Alternative representations:

1 47 -2 45 1
1+ - o T
& 10% 10% § 7
4g+% 45DC+E[18GC}
1 47 -2 45 1
1+ - 1|:|3 =1- E 1+
of 1 12 </-1 cos!(-1) + = cosT'(-1)°
3" 15 3 A
1 47 -2 45 1
1+ — 103 =1- E L
3
o 232 af 2E@) , 2 3
s \/—3 e (2 E(Oy

Series representations:

1 47 -2 191 1
1 5 sy
. 103 200 I
a) s owd 45_5_42\:\3 -1
3 y: k=1 (~142 k)3
" E T {=1)* =1 2
4 oo =L [
0 e 90T (o, s s2(or )
-+ —_— =
f 10°
3 - - 2
af 1 %2 A (S0 1 w  (=1f
fzn 200 (5, 25)5+92(2i, 25
1 47 -2
1+ - 5 =
fr, 2 1O
3 15

@ | 2 1
2003 15 +191 [-—N ] 5
[ tes [LZ 4) T2k " 1+ak "3+ak)|[77

) 2
]]"[1;4}

(B ek e
A 1+2k  1+4k 3+4k

SR 1 2 1
200 &
[ [[}‘[4]}((1+2k+1+4k+3+4kJ

© 1 7 1

B4 [l ~1/4

[+ L%‘:[ 4]k[1+2k+1+4k+3+4kJ]2H [”]
54
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Now, we have that:

Once the expression for the greybody factor is known, it is matter of calculation to obtain the
radiation power equation which utilizes relation (1). For the greybody factor (30), the expression
for the radiation power equation is given by

oo o0 o0
2 | 10
P!(ri:_l:ven - _Ri! k4fdw arw +_k2fd(9 f .(31)
:r booetw—1 9 T | / T —1

In order to solve the integrals in above expression, we utilize the Zeta function (5). After doing
so, the expression for the radiation power equation simplified to

-2

2 1
(5+1 J i
B emes="— R [k4€ 2 i+ 5LOTO) Tg] :

L ini 4 2504 16 SRA
= K RY T + o KRy Ty + 5 o RY T, (32)

Here, we see that the expression for the radiation power equation depends on both the horizon
radius and Hawking temperature. In particular. it depends on the sum of different powers of
Hawking radiation. In order to see behavior of the radiation power equation with respect to
horizon radius and Hawking temperature, we plot Fig. 4.

1/3*Pi+4/27*P1"3+16/567*Pi"5

Input:
S e S IR e
1 27 567

Decimal approximation:
14.27619613622250276721924343169543729415344014473623261962...

14.2761961362225....

Property:

.

3

+—+

47 167 3
is a transcendental number

27 567

Alternate form:

1
—— 7(189 + 84 1% + 161"
567 !

55



Alternative representations:

:d 4 = 16 _sisi Y aee i 22 figoey
37 27 T 567 T a7 " 567

3 5
r 4 xle 1 -1, 4 4 193 16 1,138
— —_— = — Ccos (—1) — CO8 [(— 1) — C0O8 (-
37 27 T 567 3 T a7 " 567 }
r 4 16 2E0 4 — 16 o
o = | (L)) o | (L))
3" 27 567 3 27 " 567

dt

7 5

2 w1 w1 4y o ]
[139+335“ fn]z+255 U dt] ]J

7 Jooo1 442 o 1+t° o 1+#2

? —1
2 “aa SITL(F) @ SiN(E) ¥y e sin(t)
—[189+335U‘” dt]z+255U” dt}]j‘” dt
567 0 t § t 0 t

567

27
%[13%1344“ V1=t .;u] +4|:|95U \'Tdt]]] Vi-e at

1-+1/((1/3*Pi+4/27*Pir3+16/567*Pir5)) M /6-(21+3)/10"3

Input:
1 21+3
1+— - .
6 1o+ 2p34 18,5 H
3 a7 567

Exact result:

122 1
125 © |
&l m 413 167>
-+ — 4
‘J 3" 27 © 567

56



Decimal approximation:
1.618043690372115989565430650630851437735554047625500329444 ...

1.61804369037211.... result that is a very good approximation to the value of the
golden ratio 1.618033988749...

Property:
122 1 ,
— 4+ 15 a transcendental number
125 f : c
V n &40 167
+ +

3 27 567

Alternate forms:

f
122 i 7
L322 ’

125 ?qfr[139+84rr2+lﬁ}r4}

125 323 V7 41227 (189 + 84 2% + 16 7%

125 Y 7 (189 + 84 7 + 16 1)

Alternative representations:

1 21+3 24 1
b e T mR T
' 3 5
& T 4 T 16 & o, 4 a3 16 a3
\I/B+ 27 & 567 \(E”:I +2?[1ED ) +56?[18D}
1 21+3
1+ : = 3 =
of 1, nia, rf16  1O
3 27 567
24 1
T10°

:J 1 cos -1y + 2% cosH-1)® + 18 cos~1(-1)°
3 27 567

1 21+3 24 1
1+— - 7 = 1- E - |'
' 3 5 10
g T, 14  n’16 s ZEM) 4 3, 16 3
\I/ L, \( -+ oo (QEQ) + 2 (2E(0)

57



Series representations:

1 21+3 122 1
o - 102 T 5 [
{/£+ﬁ_4+n5m 5, 1655 18 \w _C1f
3 7 567 3 567 27 Ldk=1{-1+2k)®

1 21 +3
10°

P 516
567

-
wila
+
X
~1
+

125 - 623 Y7 +244§/ 5o ) (189 + 1344 (5 5 44096 (5,

142k
250 (Y, 25 (189 + 1304 (3 2K 096 (7, S2E')
1 21+3
1+ : : < 0 -
{/E T4 716
3 o 567

2

: © .o 1
125328 N7 1199 Z( —N J
~14 1+2k  1+4k  3+4k

}r 1 2 1
4 (1+2k+1+4k+3+4kJ
4
LR 1 2 1
16 (——T( + + J 16 /
4) \142k " 144k 3+4k /
@ 1k 1 2 1
125 L(-—N 4 4 J
[ [L: a) 152k " 144k 3+4k
© 1 1 2 1
189 + 84| V(==
[ S [E[ 4Jk(1+2k+1+4k+3+4kJ]z+
4
CIPEE | 1 2 1
o5 [
[é‘j 2l \ieae T 14k 24k S

58



Now, from

A few properties of Ramanujan cubic polynomials and Ramanujan cubic
polynomials of the second kind

Beata BAJORSKA-HARAPINSKA, Mariusz PLESZCZYNSKI, Damian SLOTA
and Roman WITULA - 2010 Mathematics Subject Classification: 11C08, 11B83,

33B10.

we have that:

sin(1/3 atan (((3sqrt15)/11)))
Inplllt: ,
sin[i tan'l[ﬁ [3 y 15 ]]]

1 } ; ]
tan {x) is the inverse tangent function

Exact Result:

1 _1[3 V15 ]]
— fan

3 11

(resultin radians)

5in

Decimal approximation:
0.267616567329817448056477382284565905486264556435151274816...

result in radians)

0.2676165673298...
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Reference triangle for angle 0.2709 radians:
1

| "1

3vl
11

1
width CDS[E tan'l[ ]] = 0.063525

341
11

1
height 5111[5 tan'l[ ]] = 0.267617

Alternate forms:

1 IB[S—NJ'I'E]

4\ 2

1 [5[1 [1 3ivV15 i 3iv 15
EIEXPEI og - 1 —log + 11 —

1 11 i 3iv15 - 3iv15
2!'&1!{13!'5I Dg + 11 —L':Ig' - 11

Alternative representations:

(1 _(3V15 r 1 _4(3V15
sinf — tan = CO8[ — — — tan
3 2 3

11 11
(1 _(3V15 r 1 _4(3¥15
sin| — tan = —Co0s| - + - tan
3 11 2 3 11
s X ~1/3; _1||| e [ 19 _]II .'_ |
i [3V15 _ 3t 5|3f15]}11||+f1,34mn (215 )/11]
sin| - tan =

11 2i

Series representations:

, [1 1[3 V15
5N

s y142k
o n b i el tan'l[ el ]
—tan
11

=, (1 +2k)

k=0

1 315 o (1 (=24 an7 (2
sin| - tan ™ = Z‘
3 11 b (2 k)

60

log(x) is the natural logarithm



Y,

-25
36° tst11'1[31"'1 ] [(s)

11

1 3415 1 3V 15 )X
sin[— tan_l[ ]] = - \',; ran'l[ ]Z‘RE&:__;'
3 11 6 11 e r[% o 5}
g 2
Integral representations:
(L 1[3+15 1 SAANIEY pl 1 (3415
sin| — tan = — tan j cos| — ftran dt
11 3 11 o 3 11
- 1 3v1s -1 (3¥15 E,-"I-:EG J
. [1 _1[3\‘;15 rtan [T] ‘J'm+]rfs n [ T ] 5
sin| — tan =— T J - ds tol 0
3 11 12vr i ooty e

1-25
2 tan'l[3 vl ]] I'(s)

: [1 _1[3 v 15 ]] I ‘Iw+]r[|5. 11
sinf — tan = - J
3 11 2 x Jrieeny r(2-s)

=8
[

61



Continued fraction representations:

Tl o [ANTE , V1
5l — tan = 51N =
3 11 . 13542
11 |1+ K;-JlL-]
k=1 142 k
) V15
sl
i | e 135
121 |3+ 540
121 |5+ 1215
121(9+..)




I [l _1[
sin| — tan
3

3415

v 15

=sin
=)

5]

135 ok

11 ]_+K_LEJ;

J'_' 7 [}
blemrat [-B64+7k)
: V15
2N
111+ 145
228 1215
121|223+
121 %+ 475
121|172, 6615
Ll ol )
121"




sin

AL i 3NIE C[1]3v15 405 V15
51| — tan = SII| — —
3 11 3 11 o 135.‘1+.:_1]1+k+k'|2
13313+ K 121t '
k=1 3+2 k
3415 405 415
11
1331|3 + 1215
121 |5+ 540
121 |7+ 33?515[]
12194210
121 (11+..)
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W 2 —
sin| - tan
3

sin

(3415 , 11415
= 8ln

11 s 7—D|12|1+k|||1+k|

255+121[K ”]13'5, T
k=1 -,.4-;.|1+" 1 )|1+2 k)

11V 15
256 + 121 |- 270
121 |3- 270
121 1122310 1620

1620

a1

65




K
Multiple-argument formulas:
ol s PARIAG : [1 _l[nn
sin| — tan = 5lN| — COS§ T
11 3 16
ol s AR O - " R WY O i T
sin| — tan = 2 cos| — tan sin| - tan
11 6 11 6 11
ol o PARIAG . [ 3315 . afl: wnfINIE
sin| — tan = 3sin| - tan -4 sn”| - tan
3 11 9 11 9 11
sqrt3/(4golden ratio)
Input:
V3
4¢

Decimal approximation:

g

0.267616567329817448956477382284565905486264556435151274816...

0.2676165673298...
Al‘lte_rnat_e forms:

S V3 (V5 -1)
VI

2(1+v5)

:lt g (3-5]

Minimal polynomial:
256 x* - 144x° + 9

66

by is a continued fraction

# iz the golden ratio



Series representations:

1
- \.E'E EW_ E_k 2]
J3 k=0 k
44 44
D S
= - L O B
v3 V2 Zio X .
44 44
b -5 1
3 I Ressz_%ﬂﬂ r[—z s}r[s}
4¢ BV

Thence, we have the following equations:

sin(1/3 atan (((3sqrt15)/11))) = sqrt3/(4x)

from which:
Input: -
sin[:—:; tan'l[l—ll {3 \E]D - %

1 J ; ]
tan  (x) is the inverse tangent function

Exact result:
1 1[ 3415 ]]_ V3

- tan —_—
3 11 4 ¥

sin

67



Plot:

\ -0.5|
- :i|‘||.1'1:i_=||‘l'1 |._5= 15 )
gt \3 11

a3

\ [ J3

-1.5 &4 x
Alternate form assuming x is real:

E+1:‘.!E

X

Alternate forms:

N3 0-%5) - &

a\ 2 4x

1 1 el 3ivV15 ol 3iv 15

EIEXP 5 og 11 Og + 11
1 1 sl 3ivV15 il 3ivV 15 v3
2 "Rl g BT T T g 11 = ax

logixy is the natural logarithm

Alternate form assuming x is positive:
Y5 x=x4+2

Solution:

1 1 _4(3¥15
X=-%3 csc|—-tan
4 3 11

that is equal to:
Input:
‘—t 1,"? csc[% tan_l[% [3 *.,"'Em

1 ; : :
tan (x) is the inverse tangent function

cacix) is the cosecant function
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Exact Result:

1 1 (3V15
— 4 3 csc| — tan”
4 3 11

(resultin radians)

Decimal approximation:

1.6180339887409804848204586834365638117720309179805762862135...

(resultin radians)

1.6180339887.... = golden ratio

Alternate forms:

é[lﬁ,r?]

v3

45111[—1 1:&111'1[3 = ]]
3 11

Alternative representations:

V3

1 1 4[(3¥15
— 4 3 csc| —tan
4 3 11

] 4::05[5—1'[5111'1[
2 3

34 15 ]]
11

. 1 =
1/3i tan 3+ 15 |[/11] =
e ([2Y15)11) g

1. . f3+15 2i
\Ecsc Etan -

11
4[—l+

|

2

2/3itan1{[3v715 |1 1]]
- )11

iv3

1
4 11

1 4f3+¥15
Y 3 csc 51.’&111 -
gl

Series representations:

1 1 4(3v15
-4 3 csc 51:;111

=i
=
B =

3
11 4

Z /3 csc| = tan™?
3

\Etan_l 3VIE
11
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!‘Eiq—l-ﬁﬂc [or g :
k=1

|3

= i

~y3itanl{(3v75 |/11) 1_-'31'tz|11'1|:|:3\n'ﬁ'|I.".11'|]
T e )

k=-es ~9k° 2% + tan'l[

iv1

1

1

']2



e [3@?5} a0 1)

— 2
k=1 9k? »? —taLl'fl[E“‘lll5 ]

Integral representation:

g 2 tan™! [ﬂlf‘l-ﬂn]
— (1 _[(3¥15 V3 ot ik

*q" CsC Etan = [ dt

]

1
4 11 4 . £+ t2

Continued fraction representations:

1 _1[3 V15
—tan =
3

—

e v 15
1.," CsC

"u'l C5C 5 =

1
4

Fu | =

11

135

1111+

240

1213+

1215

2160
121[?*121[9+“4

1215+
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(315 Lo V15
= — \;'I C5C =
11 4 o 1350 5p2
111+ K 12—
k=1 - |-B4+7 k|
121 J
V15
11{1+ 135
228 1215
120 (o
121 %Jr A2
121|172, 6615
AL ()
121

71




Fu | =

o

1=

—

y

CaC

1
—fan
3

Lal =

| =

11

222

3vV15

405415

11

3415

1331[

135 ¢

W]
[N 1+':—1]] +k+k -

34 K 121

k=1

342k

405415

11

1331

3+

1215

121

5+

540

3375

1217+

2160
121[9*121[11+“4
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Pl =

i

3 g
Cs5C| — Tan
v 3

3v15 1 — 1115
== CsC =
11 2" e o |
256 +121| K Adl—2 L2
k=1 [1+ 242-:1+e.-1_ J{1+2k)
11V15
256 + 121 |- 270
121 |3- 2l
121 1122310_ 1620
121(2392, )
12
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K ag /by is a continued fraction

Multiple-argument formulas:

1 1 1[3v15 1 1 411
— 4 3 csc| - tan =—-43 csc[— COS [—D
4 3 11 4 3 16

1 1 43Vl 1 1 4(3v15 1 [3v15
— 4 3 csc| —tan = — %3 csc|l - tan sec|— tan
4 3 8 B 11 5] 11

V3 csc[é tan'l[ AV s ]]

1 3V15
qu csc[g tan_l[ ]] = 11_

11 J 4+8cos[§tﬂn_l[3u;115]]

N

And:
1/4 x csc(1/3 tan™(-1)((3 sqrt(15))/11)) = ((sqrt5+1)/2)

From which:

Input:
‘—llxcsc[é tan'l(l—ll {3 *-;"'Em = é ["u"? + l}

1 ; : ¢
tan (x) is the inverse tangent function
cacix) is the cosecant function

Exact result:

i—];xcsc[% tan'l[3 YA ]] = } [1 + \'E]

11 2
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Plot:

Alternate forms:

\JIE[3+\E] x:é[lﬂﬁ]

6

l; x=£[1+£]

\,,' 3(3-v5) 2

1 1 43V )} v5 1
— xcsc|— tan -——-==10
4 3 2 2

11
Expanded form:
1 1 _,[3+¥15 1 V5
— X C5C|— fan =
4 3 11 2 2

Alternate form assuming x is real:

X sin[ = tan'l[ ﬁ]]
3 11

2 [cos[i tan'l[%n - 1]

V5
2

1
= —+
2

Solution:

x=2(1+v5) Sin[% tan-l[3 V’E]]

11

that is equal to:

Input:

2 [1 +\E} sin[% tan'l[l—ll [3 w,"'E]D

1 ; : :
tan (x) is the inverse tangent function
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Exact Result:
2 [1 +1;"'E] sin[% tsm‘l[3 ‘:LS ]]

(resultin radians)

Decimal approximation:
1.732050807568877293527446341505872366942805253810380628055...

(resultin radians)

1.732050807.... =+/3 that is the ratio between the gravitating mass M, and the
Wheelerian mass q

J“lfg = -...1‘3{13 — 32
(3v/3) M,

q: 2

(see: Can massless wormholes mimic a Schwarzschild black hole in the strong field lensing? -
arXiv:1909.13052v1 [gr-qc] 28 Sep 2019)

Alternate forms:

V3

[2 + 21,"?] sin[% 1:5111'1[3 V15 ]]

11

J3(3-v5) (1+V5)

B |

Alternative representations:

2 [1 +\E] sin[% tan'l[3 ¥ia =-2 cns[% + % tan'l[3 o ]][l - \E]

11 11

E _1'r3~.“15 a1 43V 15 i
211+ 5 |sin| - tan = 2 cos|— —— tan 1 5
[1+V5) 3 11 [2 3 [ 11 ]][ +V5)

] N
2[1+\'{E]sin %tan'l 3‘;; =

“yzitmn (3415 |11 y3itanl{[z3415 |/11)
2|-¢ T v e i

(1+V5}

2i
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Series representations:

2[1'*@]5111[% tan‘l[af]]zz[l_l_ S]E[—l}

B Bl -1{ 3415 \\2k
2[1+£]5111[%ta11'1[3m]]zg[:“@]i[ i [ R e [ 1 ]]

11 b i (2 k)
2 [1 +\E] sin[% 'fsln'l[3 j'j_s]] -
e y—25
1 (315 )&, 36° tan'l[gill J [is)
5[1+\E]\'qtan I[T]%‘DRESSL’: r[E_s}
i 2

Integral representations:

-l L)

g {1 - \E]tan'l[a \iﬁ ]Llcas[% ttan'l[3 f]]dt

1
2 [1 ﬂf?] sin[é tan'l[3 ﬁ]] =

11
1[1+'-.'"_1tan [3";115] i 5"‘5‘“1[ —5] [(aés)

I oo+y @
- J - ds tol
6V =i sy ok

2 [1 +\E] sin[% tan'l[3 ﬁ]] L

11

Y

1
![1 +\'I'§l} J‘Imﬂ [E
v =i 30+
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Continued fraction representations:

1

2 [l + \,'"E] sin[i tan'l[

2 [1 + \,"E] sin

3415 = V1
5 :2[l+w5]sm N -
G 1| § TR it vl
k=1 142 k

W15
1)1+ 135
121 |3+ 540
121 |5+ 121515[]
121[?+—
121(9+..)
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V15

= 1 3415 —y .
2[l+\,"5]5111—tan'1 72[l+-u5]sm
3 i L35 112k
11(1 + T

_J'_I'_ Ll
k=1 T B4+7k)

g V15
2[1+~.,.'5]sm
111+ 135
121 %+ 1215
i % 3375
121|172, 6615
i)




2 [l + -.,"'E] sin[% tan

2 [l + !.,"'E] sin

2 [l + !.,"?] sin

La | —

L | —

1
11

3415

|-

405 415

3v1
1

315

1331[

3+

o E;l,{,‘_l]] +k+k'|3

K 12!
k=1

342k

40515

11

1331

3+

1215

540

1215+

3375

121 |7+ 2160

121(11+..)

121[9+
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2 [l + m"?] sin[% tan”

2 [1 + u"'g] sin

2 [1 - \J'E] sin

(3VIS )
T
11415
o E||1—_2 Lt | Lk -
255+121[K s |.'!|, . |.
k=1 | 1+242'| 1+-:—1:IkI|I|l|1+2 kll
11v'15
256 + 121 |- - 270
121 |3- 270
191 1122310_ 1620
121 [?-%
121[ﬁ+...}
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Ka

K ag /by is a continued fraction
=k

Multiple-argument formulas:

r (3415 =
2[1 +\E]sin %tan'l B :2[1+1¢"5]511‘1(% CUS_I[%D

2 [1 +wf€] sinr:—; 'csln'lr3 G =

1
4[1 + \E] cas[é tEll‘l_l[3 y ]]sin[é 'fan'l[:3 ‘iil_S]]

— r3f —— af —
. 1 ] Efﬁ I[l"""'lS]["'lllll—Bj‘."lS —"vllll+311..n'15]
2(1+4 5 |sin| - tan I

’ ! 2¥2
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Observations

Figs.

i

.‘I Quantum
[ Fluctuation
¥

Quantum
Fluctuation

Energy Density

FIG. 1: In simple inflationary models, the universe at early times is dominated by the potential energy
density of a scalar field, ¢». Red arrows show the classical motion of ¢. When ¢ is near region (a), the energy
density will remain nearly constant, p = p, 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 mn a bowl of molasses, slowly creeping down the side of its potential, rather than like
a marble shiding down the mside of a polished bowl. Durng this period of “slow roll,” p remains nearly
constant. Only after ¢ has shd most of the way down its potential will it begin to oscillate around its
minimum, as in region (¢). ending inflation.

A\
\J

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

[(x) — (x* + 3« — 6x — B)/4.
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The ratio between M, and q

My= 3P —32,
2 :

q:—

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

\ 3(2.17049 - 10%72 - 0.0012
2 ((3v3) (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:

gk

i
2

B2 | =

[_

11;"3
1.7320508075688772035274463415058723660942805253810380628055. .. 1

iizthe imaginary unit

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
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-+

V3) _ s

_[1,"3_

B2 | =
B2 | =
B | =
B | e

i)t
— 1.7320508075688772935274463415058723660942805253810380628055. .. «

r=1.73205 01 , @=190°

can be related with:

, 1+i\/§ , 1, i3
u (—u{5_7]+v (—V{E_T]—q

Considering:

ft-Bhoft2)

I

= iy 3 = 1.732050807568877203527446341505872366042805253810380628055... &

r=1.73205 i1 d=90°

L]

1 i3 1 i3
1) ———— |- (-1) =+— |=¢=1.73205~+/3
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 RpOSvJIOxWsVLBcJ6KVgd Af hrmDYBNyUSmpSjRs1BDeremA
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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
573 = 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
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
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Note that:

g2 = \/ (1 + V2).

Hence
Bty = VR _ L9768 V...,
64955 = 4006e~™V22 4 ...
so that
64(gos + gpt) = VP2 — 24 + 4372 ™VE o = B4{(1 + V)P + (1 = v2)"2).
Hence .
e™V?? = 2508951.9982. .. .

Thence:

6l = 4096e "V 4 ..
And
64(g2% + 952Y) = ™2 24 + 4372V ... = 64{(1 + V2)2 + (1 - v2)1?}

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)

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
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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:

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
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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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