On the mathematical connections between ¢, {(2), some Ramanujan equations
and various parameters of String Theory Mathematics and Particle Physics.
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Abstract

In this paper we have described and analyzed some Ramanujan equations.
Furthermore, we have obtained several mathematical connections between ¢, {(2),
and various parameters of String Theory Mathematics and Particle Physics.
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h. Polynomial behavior of the Weil-Petersson volume

[n this section we use the recursive formula for the volumes of moduli
spaces stated in Sect. 5 to establish the following result:

Theorem 6.1. The function V, , (L) is a polynomial in L%. il Lf namely:

Vg.n':L] — Z Cﬂt - L Za,
o

[ee| =3g—3+n

where C,, > 0 lies in n%8~6+21—12¢l

Calculation of V| |(L). First, we elaborate on the main idea of the calcu-
lation of the volumc polynomials through an example when g = n = 1.
[n this case, Theorem 4.2 for a hyperbolic surface of genus one with one
zeodesic boundary component implies that for any X € 7(S, 4. L)

Y DL (X)), L, (X)) =L,

}'

where the sum 1s over all non-peripheral simple closed curves y on 8y ;. By
Lemma 3.2, we have

o 1 1
—D(L,x,x) = i _
al. 1 _I_e.“{—".r 1 _1_€.T+1r

[ntegrating over .M (L), as in the calculation of Vol(.M, ;) in the Intro-
duction, we get:

L. V1_|(L}:f.1" DL, x; x) dx.

0

So we have

o0
d 1 |
el o Vl__l{L}:fr-( o _ L)dx.
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By setting yy =x+ L/2and y, =x — L /2, we get

r 1 1
fx-( ‘,-1— - L)a’x
| +e¢' | +e" 7.
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b o 1 1 T2
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3 —i—f(} ; J(]—|—£’-"+]+€_-") _ 5 +
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Since we have

Therefore., we have:

If L =8, we obtain:
[((64/24+(pi”2)/6))]

Input:
64 n°

2476

Result:
8 =

RS

3 6

Decimal approximation:
4.311600733514893103139081833312691855885616567873465104402...

4.3116007335....
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Property:
8 &7

5 + E I1s a transcendental number
Alternate form:

1

E[mﬂ-z]

Alternative representations:

64 2* 64 118!3‘:2
P e e

64 o 64 -
P e T
64 7 64

1
— 4+ — = —+ = (—ilog=1)
24+6 24+EI[IDE[ 1]

Series representations:
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L

2

24" 6 3 "4 g
64 2 8 4 2 1
PR T

k=l:l[1+2k}




mlc:n
£l R
+
o | A
]
Lo
+
Lyl b
.ﬂ"r—"\-\.
e
ﬁ‘
| -
~
%]
B,
r+
—)

Raising this expression to the fourth power, multiplying by 1/3, adding 11 and

subtracting the conjugate of the golden ratio, we obtain:

1/3 [((64/24+(p1"2)/6))]"4 + 11 - 1/golden ratio

Input:

1{64 =*y* 1
- l—+ =] +11--
3[24 6] &
Result:

1 1({8 ot
-—+1l+-|=-+ =
¢ 3[3 f:]

Decimal approximation:

125.57677008567547801291148002527519274770158484033466600096...

125.576770985....

Property:
1 1{8 2y,
1--+-]-—+—| isartranscendental number
¢ 313 6

Alternate forms:
110248 - 19445 + 16384 7% + 1536 1% + 64 2% 4+ 15

3888
1 [].If:|+}1‘2]4
-——+1l + ——
3888
2 1(8 2y
11 - +—|=-+—
1+vE 3(376

# iz the golden ratio



Alternative representations:

164 *y? 1 1 1(64 o*y?
“l=+=] +11--=11cc——— 4= | —+ —

3024 6 2cos(216° 3(24 6

1(64 ay? 1 1 1(64 =Y

- |l—+—=| +11--=11- +-|—+ =

3(24 6 ¢ zms[g} 3{24 6

164 oY\ 1 1 1764 1 3
— | =+ = +ll——=11———+—[—+—[18GC}]
3l24 6 i 2cos8(216°) 3\24 6

Series representations:

1(64 2y 1 1 18 & 1Y

- |l—+—=| +1l--=11--+—-|-+ —

3124 6 & ¢ 313 k1k2

1(64 2y 1 1 256 © 1 Y
- |l—+—=| +1l-=-=11--+— |2+

324 6 ¢ ¢ 243 2 (1+2k7

1{64 =°y* 1 1
S a2 11 Tl
3l24 6 i &

Integral representations:

1{64 =y* 1 1 16 w1 4
ol iy +11-—=11-—+—[4+U dt ]
3(24 6 ¢ ¢ 243 0 1+t

1[54 ;rz]4 1 1 16 [ [ g1
- |l=+—=] +11--=11- - 4+j dt
i o 12

e
o 243

Raising this expression to the fourth power, multiplying by 1/3, adding 21, adding the
square of golden ratio and 1, we obtain:



1/3 [((64/24+(pi™2)/6))]"4 + 21 + golden ratio"2+1

Input:
8 £f 21 +¢° +1
[24+ 5] + +¢ +

3

# iz the golden ratio

Decimal approximation:
139.8128389631752686093206545940064689831422031999461917339...

139.8128389631.....

Property:
sr TTR s % v
22 + 4" + e + = 15 a transcendental number

Alternate forms:
156904 + 19445 + 16384 7% + 1536 x* + 64 1% 4+ #°

3888

, 151072 +16384x° + 15362 + 64 1% +1°
s 3888

Alternative representations:

313 + 6 + +d + 1= +(—2 COS( 1] +3 2 + 6
64 °y* spid i gl myz 164 2y
313 + 6 + +¢ +1= +[ CDS[ ]] + 313 + 6
3132 + 6 + +¢ + +{—& Ccos( ] +3 2 +5[ ¥




Series representations:

164 =y ” g L8 A

] i o 21 + 1 =22 = | S Y —
3[24+5] ralaes vl é{kz

1(64 =2V L i
=+ =] +21+¢* +1 =22+ +— 2‘

3124 6 ~ (1+2ky?
1(64 2V , . 1(8 & en)
§[£+E] +21 +¢° +1 =22 + 4 +5 5—2& K2

Integral representations:

1(64 n»2y* # , 16 w1 2y
—[—+—] +21 +¢" +1 =22+ ¢ +—[4+(j di’]]
0

3|24 6 243 1+t2

164 x it
|l —+—| +21+¢° +1=22+4° +— J

3[24 5] 243 ;—
1(64 n»2y* 4006

5[£+E] +21+¢2+1:22+¢2+ > [ jw‘ P Jt]z

Raising this expression to the fifth power, adding 256, subtracting 16 and subtracting
1, (note that V256 = 16) we get:

[((64/24+(pi*2)/6))*5+256-16]-1

Input:
]
[[Z—j +§] +256 - 15]-

Result:

239 A
+[3+5]



Decimal approximation:

1729.022016874512495083030676956845050524727921529338707722..

1729.02201687...

Property:

5
239 + [5 + E] 15 a transcendental number

Alternate forms:
2007040 + 327680 ° + 40960 * + 2560 7% + 80 #® + 1°

7776
90845 10240+° 1280x* 80A° 5% oW
243 243 243 243 486 7776

Alternative representations:

(64 29 64 ¥
AR AT +255—16 —12239+[—+L[2]‘J
24 6 24

(&4, 7T 256 - 16| -1 = 239 [54 1[1EDCF]S
gt g ]t B YR

(64 270 64 1 4
E - E +256-16|-1=239+ [E + 5 (-1 lag[_l}}zJ

Series representations:

64 2V 8 &1V
— +— | +256-16|-1=239+|-+ > —
24 6 3 k?

k=1
64 Y i &Y
— +— | +256-16|-1=239+|--2
[[24+5] - ] 9+[3 kz_‘l 2

64 A2V g 42 1 Y
e 56 T6 =L 280 s o T ——
24 6 3 320 +2k
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Integral representations:

24" 6

[[54 n 5+255_15]-1:239+[§+g[£m‘”]z]s

H"i‘ﬂf 5+g55_15]-1:239+[§+E[Lw 1 dt]2]5

64 Y 8 .
— +— | +256-16|-1=239+|- + -
24 6 3 .

La | ba
—
] '

—
(=]
| =
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=
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[E%]
—
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Performing the 15" root, we obtain:
((([((64/24+(pi™2)/6))"5+256-16]-1)))1/15

Input:

113['[ i +”—2]5+255-15]-1

o
Exact result:
15’|239 % }T—z 5
\ +[3 "8 ]

Decimal approximation:
1.643816624216572614601097529396669902370674257653073517851...

1.643816624216....

Property:

|
5
1‘1:! 239 + . —] is a transcendental number

6

Alternate form:
151’ 2907040 + 327680 7 + 40960 r* + 2560 7° + 80 % + 71°

-

V6

11



All 15th roots of 239 + (8/3 + ©*2/6)"5:

8 YV ,
15’ 239+ 5 +— | & =1.64382 |real principal root)

b

B a2 e
1,;—‘! 239+[§ + —] 2T 15017 +0.6686

6

B o0 e
1__-.:" 239 + [5 + —] SIS 1.0999 +1.2216

6
i B ey
15( 230 4| - + — f,ZJn,,-S
\ 3%
5
15( 230 4 §+ "r_z MLEE R
\ 3's

Alternative representations:

=0.5080+1.5634

=-0.17183 +1.63481:

1_1! [[5_4 +f] +255-15]-1 :1;‘23%[2—};[2}}5

24 6

1\! [[Z—j f—é] +256 15]-

|

= 15/2391‘[

Bd 1 2%
— + — (180 ]
24

6

Series representations:

V24 " 6

l\qll[[2=_3,+§] +255-15] 1 _1{!2394,[— i_‘

\

s (2
h “\24

6

L oo
— + = COS

64 oY LA |
15||[[—+—] +255-15] 1 _1{123%[—

T k

]

v, izl
[—1}]
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f 5
64 o2V L 1

15||[[—+—] +25|5—1|5]—1 :15!239+ —+—L

yli24 6 | 3 34 a+2k?

Integral representations:

1_:.:![[2—: + %]5 +256 - 1&]-1 - 1#23%[2 , g uj‘” 1+lt2 ,.,;t]z]s

15’|[[5—4 . ”—2]5+25ﬁ- 15]- e 1gq|||239+[§ + g Uulm .-,u]z]s

V24 "6

1‘;('[[2—: + %]S + 3256 - 15]_ e 1‘5'4(|239+ [g + g uj‘” Sh;[“.;:r]z]s

Performing the 15" root and subtracting (21+5)/10°, we obtain:

((([((64/24+(p1"2)/6))"5+256-16]-1)))*1/15 - (21+5)1/1073

Input:

|

64 d 1
15'[—+— +25I5—1I5]—1—[21+5} o
Y 124 B 10°
Exact result:
a0, (BT 18
\ +[3+ 5] " 500

Decimal approximation:

1.617816624216572614601097529396669902370674257653073517851...

1.6178166242165....
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Property:

13
——— +15

00y

8

Alternate forms:
250 5”3L329GTD4D+32?5BDNZ+40960n4+25ﬁ0n6+80n8+nm -39

| 5
f 239 + [5 + E] is a transcendental number

1500

15
500 'Y 2907040 + 327680 x2 + 40960 r* + 2560 1 + 80 1° + 710 -13%55

500 \E'JE

Alternative representations:

il

64 o7
s

24 6

5
] +25I5—15]—1 =

Al

64 1
i .

24 6

5
] +255—15]—1 -

Al

64 o
i .

24 6

5
]+25&-m]-1—

Series representations:

il

64 o
A

24 6

5
J+25&-m]-1—

5
] +255-15]-1 =

5
] +255—1I5]—1 -

21+5
10°

2145
102

2145
10°

2145
10°

21+5
10°

21 +5
10°

26 I’ [54

:—E +15/ 230 +

\

5
& o]
24 "

2% |
= -——— +15 2309 +[
10°

\

i [IEDCFT
24 6

2% |
=-——— +15 239+(

10\

B4 1 3
— + - ccs_l[—l}zJ
24

6
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00

=———=+1§ 239+[3

— 4

13
= ———— +15| 239 +
500 !

8 -
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14

4 2 1
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WG T e B
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Integral representations:
|

64 n2Y 21+5 13 8 27w 1 5
15’ — +— | +256-16(-1 - =—-——— +15 239+[_+_(j "“]Z]
V24 " 6 10% 500 3 3V 1442

3
15/[[5—4 +f] +25|5—1|5]—1 —21+5 =

y 1124 3 10°
13| 8 8/ 1 5

— — +15/23 [— —U o e d’t]z]
s gl

| 64 2% 21+5 13 8 2 fwsin(t) 5
2 [ T4 B e - 239+[—+—U dt ]
yil24 6 103 500 3 3l ¢t

Now, we have that:

Lemma 6.2. For any k = 0, we have

Fopp (t (R
ki LU Y £2i) @ — 4)- .,
Q@k+ D!~ & (2k +2 — 2i)!

Therefore, Fai. (1) is a polynomial in 1’ of degree k + 1, and the coefficient
of 2722 Jies in 7% - Q..

o0

Foe@ _ 1 A l 4 | -
Qk+ D! krD! ) [+ " 11enn )"
0

12k+2 k+1 (242 o
(2k +2)! T Z Qk+2—20)] c(2i) 277 —4).
i=1 ;

15



Fork=0 and t=2, we obtain:

(22) / 21 + sum(((((((27(2-21)*zeta(2i) (2°Qi+1)-4))/(2-21)1)))), i = 1..1

Input interpretation:
LR o 2 e L

Eté 2 _201

Result:
2 7

8.57974

Alternate form:

2 2
=13
3[+ﬂ'}

For k =1, we obtain:

n! iz the factorial function

£(5) is the Riemann zeta function

(274) / 41 + sum((((((27(4-2i)*zeta(2i) (27 (2i+1)-4))/(4-20))))), i = 1..1

Input interpretation:
24 11 24—2! 4_.'[2 “ [22l+1 _ 4'}

Ei%; (4 -2

Result:

2 45
~ + — = 13.8261
v

13.8261

Alternate form:
g [l +2 }TZ}

16

n! is the factorial function

£(5) is the Riemann zeta function



From the above expression, performing the root of 2e and subtracting 3/10°, we
obtain:

(((274) 7 4! + sum((((((2™M(4-21)*zeta(21) (2™(21+1)-4)))/(4-21)!)))), 1= 1..1)))"1/(2¢e) -
3/10"3

Input interpretation:
B b L T L

2d — + p - —
\i 41 = 42 i) 10°
n! is the factorial function
£(5) is the Riemann zeta function
Result:
——
.12 4 3
-y — - —— = 1.61814
V3 3 1000
1.61814

Alternate forms:
|

100029 2 + 472 _3
3 3

1000

3 I'—
125 . 93+1ize) 2\:;‘ -; [1+2ﬂ2] -3

1000

Raising to the second power, the above expression, subtracting 55 and adding &, we
obtain:

(((274) 7 4! + sum((((((2M(4-21)*zeta(21) (2™(21+1)-4)))/(4-21)!)))), 1= 1..1)))"2-
55+Pi

Input interpretation:
AR oo L b | P Ll |
-| -55+n

Ei.%; 4_201

n! is the factorial function

£(5) is the Riemann zeta function

17



Result:
2

452
“S554m+|-+ — | =139.304
3 3

139.304

Alternate forms:

4 242

55 +r+ 5 (1+2x%)
491 167° 167%

-—— +a+ +

9 9 9

1
5[-491+9;r+15n2 +16 %)

And subtracting 55 and 13, and adding 2, we obtain:

((((274) 1 4! + sum((((((2(4-21)*zeta(2i) (2AQ2i+1)-4)))/(4-2D))))), i = 1..1)))"2-55-

13+2

Input interpretation:

g+ 1 9% 2imy (3l 4
— L : [ : ) -55-13+2
41 A a_2i

Result:

[2 477

-+ —]Z - 66 = 125.162
3 3

125.162

Alternate forms:
= (1+2x7) -66
5 )

2
5 (-295+ 8% +8n7)

500 167° 16#°
St ¢ +

9 9 9

18

n! iz the factorial function

£(5) is the Riemann zeta function



From this expression, subtracting 55 and 8, multiplying by 27*1/2 and, in conclusion,
subtracting the golden ratio, we obtain:

27F12(((((((274) / 4! + sum((((((2™(4-21)*zeta(21) (2(2i+1)-4)))/(4-21)!1)))), 1=
1..1)))"2-55-8)))-golden ratio

Input interpretation:

- 1 {{ 2% i 24—2!' 52 E}[EEHI _4} 2 g
2|47 4201 ¢

n! is the factorial function
£(5) is the Riemann zeta function

# iz the golden ratio

Result:

2?[2 4 ]
=+ —| -63|-¢ 172857
) [3 3

1728.57

Alternate forms:

168
5 ? - E4[fr2 +.?T4]

1689

_‘p_

+24,% 424 ,%

1
5 (-2¢-1689 +48 5" +48 1%

And performing the 15" root, we have:

(((R7*172(((((((274) / 4! + sum((((((2™\(4-21)*zeta(21) (2M(21+1)-4)))/(4-21)1)))), 1=
1..1)))*2-55-8)))-golden ratio))))*1/15

Input interpretation:

gt L2V Arap (23l q))
| -55-8|-¢

1
Z+% @ _ 201

15 27« —
| 2

n!is the factorial function
£(5) is the Riemann zeta function

# iz the golden ratio

19



Result:

|
27 ({2 4
15’ — [[— + —] —53]—¢ = 1.64379

3 3

1.64379

Alternate forms:

1689

15(—&— +24[;1'2+fr4}

\

+240% + 24 %

1| _y_ 1689

\ 2

/1
1{{ 5 (3(-563+ 161 +16x7) -2 ¢)

Now, we have that:

Lemma 3.1. The functions D and R are given by

| et e T
D(x,v,2) =2 log (f) . (3.1)

et eI
and
.) . (3.2)
)

cosh (
cosh (-

) +cosh (:
) + cosh (2

raf= Jraf=
=1
I3 | M-|—

R(x,y,2) =x—log (

Forx=2,y=3 and z=35, we obtain:

2 In(((et+e™)/(e"(-1)+end)))
Input:

{“+¢“4
= +¢=4

2log

20



logix is the natural logarithm

Decimal approximation:
0.083744006169247980285018464244095845653978939727576587189...

0.083744006...

Alternate forms:
" [f[ﬁ.ﬁ}]

o bl

3 1+é°

2 (108’[4‘ - f4} - lag[% - f4]]

4+210g[l—¢=+¢=2}—210g[1—f te - +¢=4}

Alternative representations:

21 f+1‘.“4 21 1‘.“+rl‘.“4
og = 08
1iet t Lae
e £
91 e+et 2 log@1 e+et
og = ogia)log
1ie* g,
e £
21 f+1‘.“4 2]__.1 1 1‘.“+¢‘4
og = — 1 e
1ie® e
£ e

Series representations:

[1 ele+et) r(
4 & ix [
& + & —] 14
210g[_1+f4]=—2 —_—
2 k=1
: arg[ i'+e: —I] . l}k [rl:r+¢-4:| . I‘T( ¥
e+e Tl k 14&>
2log =4ir|————|+2logix}-2 forx <0
[—1 +¢u4 2 kz-;. k
e =
Leas®)
4 ;r—arg[i] —argizy) @ (-1 [! ,.+.5 'I —z.;.r( z.ik
2log 2R |=dix &l +210g[z.;.}—22 e
1 +{u4 2 k=1 k
e )

21



Integral representations:
4

4 ele+e™ )
e+ : o1
2 log =EJ 147 — df
3 +¢=4 1 t
%
eletet) VS
4 . [—1+ : 5'] [{-5) (1 + s)
€+e I [rico+y 1+e
2 log =——J ds for -1 0
1 +{u4 I aty r[l—.ﬁ}
B

2-In((((cosh(3/2)+cosh(7/3))/(cosh(3/2)+cosh(-3/2)))))

Input:

2 - log|

cnsh[§}+cnsh[§} ]
cnsh[§}+ cush[—?}

coshix) is the hyperbolic cosine function

logixy is the natural logarithm

Exact result:
1 3 7 3
2- lng(— [cnsh[—] - cnsh[—n sech(— D
2 2 3 2
sechixi is the hyperbolic secant function

Decimal approximation:
1.526109777220024207286759335081623699469682143162123428905...

1.52610977722...

Alternate forms:
2

A cnsh[i} sech[g}

ol 1 oo (2)

2 +log(2) - lug[(cash[g ] - cnshgﬂ SECh[gD

2+log

22



Alternative representations:

Sl il i)
- ]zﬁ—bg e '

3

cush[§}+cnsh[—§}

2-log

cash[§}+cosh[g} cash{§}+cash[§}
2-1 - :
Dg[CUSh[E}ﬂ-CUSh[—E} cush[—g}-rcnsh[i}]
2 i cash[§}+cosh[g} S— cnsh{§}+cash[§}
cnsh[§}+cushf—§} ‘ cushf—§}+cush[§}

Series representation:

cash[§}+cash{§} ]: s o {%[1"C05h[§}SECh{§”r
ccsh[§}+ccshf—§ k

2

2 - log|

k=1

Integral representations:

3 7

i 1 ki 1 )y j-;tlmsw;]m{in; .
1

2-log

cnsh[§}+cnsh[—§}
cash[§}+cnsh[§}
cuﬂq§}+cuﬂﬂ—§} &

[[ (5 ‘fT; at)(2+ (2 sinh(%) + :;sinh[g}}ﬂ}]
2-log

2-log

.o

2-log

ol o)

3 3y [
cnsh[—}+cnsh{——}
2 2
v SNGs+s | A9(36 5145

" a4 S0 3 iy
(1 2 1) it
2- lﬂg = for 4 0

2 32

23



From the sum of the two results, adding 8/ 10°, we obtain:

(((2-In((((cosh(3/2)+cosh(7/3))/(cosh(3/2)+cosh(-3/2)))))) + (2 In(((e+e"4)/(e (-
1)+e74))))) + 8/10°3

ccsh[g } + cash[g} ]

cnsh[§}+ cnsh[—i}

cosh(x) is the hyperbolic cosine function

logixy is the natural logarithm

Exact result:
251
125

4

2|l 3 ot )

+2log

sechixi is the hyperbolic secant function

Decimal approximation:
1.617853783389272187571777799325719545123661082889700016095...

1.617853783389...

Alternate forms:

501 e+e’ 7 3
T +logi2)y+2 lng[ W ]— lc:g[l - cush[g] sech[i D

251 “ 1 /) 3
— +2 lug[f le+e }]— lng(— (1 - cash(— ] sech(—m
125 1+ 2 3 2

4

1 1 3 7 3
—— |251 + 250 log FE® |1z lag[— (cnsh[—] - cnsh(—D sech(— ]]
125 Lget 2 2 3 2

Alternative representations:
cosh(2) + cosh(?

o S0
cnsh[g} - cush[—g

T P S T ) B Y (U SR
2 [!.3,-'2 At ]+ 2 [ 73 T € ] e +e” 8
2-log - +2log|l—— |+ —3




e cush{§}+cash[§}]
-log +2lo
cash[§}+ cush[—g}

et+et 8
ATeer | 207~
cnsh[§}+cnsh[3} !
cnsh[— §}+ cnsh{

= 2 logia)log c+e’ 8
+ g
} N Lt 10°
e

3
2

2 -log(a) log,
cosh( 2 h(?
2-log [2}+CDS [3}]+219
cosh[§}+ cosh[—g}

NE hiZ |
2 -log, - [2}+CGS [3} +2 log, ‘;Hﬁ +i
cnsh[—§}+ cush{ }

3
2

Series representations:

bon ““h[iﬁmsh[z}]

cnsh[g} + cnsh[— 3} i
251

125

e+et 8
log 1I+¢=4 + E =
@ -2 [1 - .-n::;“:.r( - [El {l - cosh[g}sech[g mk

+ Z -

k=1
[2_102[ cush[éhcnsh[g} ] +210g[f+f:]+ ig _

cash[§}+ cush[—‘g} ~+e 10

] : T (1~} (cosh(3 )+ cosh(Z))sech(3 )
125 * 2.

2 (-1 [-1 . ot
251 &
+
o k k

Integral representations:

hf2 h(Z 4 4
5 log Cos [2}+cns [ } +2log e+e +i _ i 251+25l:llﬂg[f[f+f }]_
cnsh{i} +cush{—§} .l +et] 108 125 +e°

i

[u— at)(2+ G2 snh(¥) + Si”h[?”dt}]
125 log

25



cnsh[§}+cnsh[f} s 8 1
2 - log 2 ||+ 2log| T— +—3:—251+25Cllog[
cnsh{§j+cnsh[—§} Ste 10 125
i I.'.E'_-'n:lﬁ s]+s+:.4'e'-'_-'-:36 545 o r-:BJ':l,-':r
i ) f T
125 log| - .
2 52
CUSh[E}ﬁ-CDSh[E} - 8
2 -log 2 3 log _— LT
cash[§}+cash[—§j L 10
agy pdleeli, (e +e) 1 7 3
b e\e+&
— 4 [ 147 | Z _||1- : [—l+ - [l + ccsh[—]sech[—n] /
125 1 t 1+ ps 2 3 2 -"l

[+ e e Lo com(DJsen(2) -

et con(n) o

With regard the first expression,

1 f‘+1[“4
2 log G

f‘[{“'i'f

l+e

0.083744006169247980285018464244005845653078039727576587180. ..

0.083744006169....

we have that:
MOCK THETA ORDER 6

We have the following mock theta function:
(https://en.wikipedia.org/wiki/Mock modular_form#Order_6)

(n+1){n+2),2 {

q 4 q)n

)| {q1 qj }‘i‘l+ 1

o(g) =

That is:
26

)

5
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(A053271 sequence OEIS)

Sum_{n>=0} q(n+1)(n+2)12) (1+q)(1+q*2)...(1+q n)/((1-q)(1-q*3)...(1-
q"(2nt1)))

We have that:
sum q*((n+1)(n+2)/2) (1+q)(1+q"2)(1+q" "))/ ((1-q)(1-q"3)(1-q*(2n+1))),n =0 to k

Input interpretation:
k 1/2{n+1){n+2)

Zq [1+q1[1+q2][l+q”}
2 d-o(1-¢%)1-¢*")
Result:

.l.:1 1/2{n+1){n+2) [1 +q) |-1 " qz] [l " 'i]”]'

g
%‘: (1-q)(1-g°}{1-¢*"*)

For q =0.498 and n = 2, we develop the above formula in the following way:

((0.4987((2+1)(2+2)/2) (1+0.498)(1-+0.498"2)(1+0.498"2)))/((1-0.498)(1-0.498"3)(1 -
0.498"(2%2+1)))

Input:
0.49812+ 124202 (1 4 0.498) (1 + 0.498%) (1 + 0.4987)

(1-0.498) (1-0.4987) (1 - 0.498%2+1)

Result:
0.0834406295007934379500617978661907260356504655027671224018 .

0.0834406295....

From

Volumes And Random Matrices
Edward Witten - arXiv:2004.05183v1 [math.SG] 10 Apr 2020

We have that:

27



In the present example, there is only one fixed point in the U{1) action on diffS!'/PSL(2.R)
or diff S /U(1). The product over eigenvalues at this fixed point becomes formally [Th—on/278 in
the example of diff§'/PSL(2,R) (or [1°2; n/27f in the other example). This infinite preduct is
treated with (for example) (-function regularization. For diffS 3 /PSL{2 R), the result is

Z(B) = cxp(w?/B), (2.3)

C
Arrl/233/2

where the constant €', which has been normalized for later convenience, depends on the regulariza
ticn and so is considered inessential, but the rest is “universal” (This problem was first studied

From (2.3),

Z(8) = exp(m?/B3)

471/233/2
For C = (55+8+1/5) and P = 6, we obtain:
(55+8+1/5)Exp(((pi”2)/6))/((4sqrtPi*6”1.5))

Input:
Exp[’ﬁ}
[55 +8+ }] St
3} 4+x «6!°
Result:

3.142252376458037833401022039433261022484035813805735580881...

3.1422523764... ==

Series representations:

(55+8+ L) exp(% ) i 1.07505 exp( |
1.5 - 1
4\"';5 f——1+}T Z:::,[_l"'}r}_k[f:]
(55+8+ ) exp(Z) 1.07505 exp(Z )
4+vx 613 N K o e Z:‘:D -:—l:lk-:—l+;r!:l_k¢'_l;_]k
55+8 + é}exp[%} 2.15011 exp[%}w’?
4+ 617 - Ziﬂ ResF_;_ﬂ. (~1+m (-2 - s)T0s)

28



For C = (29+4), we obtain:

(29+4)Exp(((pi*2)/6))/((4sqrtPi*671.5))

Input:
exp| =
m9+4}———ljl—
4+ x 613
Result:

1.640733044660545071285330030577403888322360472308564464700...

1.6407330446...

Series representations:

(29 +4) EXp[%} ) 0.561341 EXp[%}
4Vx 6% mz;ﬂﬂt—lm}*[é]
(20 + 4) exp[§} . 0.561341 EXp[%}
(29 +4) EXp[%} 1.12268 Exp{’%} S
avT 6 Z‘“::. Ressz_%h; (-1 +m I(- ) T(s)

For C =29 + V4n

(29 + sqrt(4Pi))Exp((pi”2)/6))/((4sqrtPi*61.5))

Input: ;

exp[ﬂ—}
20 +4 4 | —— B
Result:

1.618106227335810347966765631923611986785142404932836804964...

1.6181062273...

29



Series representations:

1
[29+m}exp[%} 0.0170103 exp( ™ ;[29+~*—1+4n T -1l+dm* [k]]

PP . -1
¥ V-14+a 2‘:;][—1+fr}_k[2]
k

1F -1 m®(-3),
k!

[29+m}exp[%} 0.0170103 exp(™- ][29+\.f-1+4,¢ g

4 613

-1 1+n:""|:—-]

‘-."1+}1'>_‘J':_E| T

'i—lel:—%]kH:r—szkzak]
k!

[29+m_}exp[§} DDl?DlDBEXp[ }[EQMEEH

4+ 613 - e T[] s R

o 2 lk
V2o Lk:ﬂ k!

From

Z(8) = f ~ AEp(E) exp(—BE),
J0

pll) =———— amh (2nVE).

From

Modular equations and approximations to @ — Srinivasa Ramanujan
Quarterly Journal of Mathematics, XLV, 1914, 350 — 372

we have the following Ramanujan’s equation:

5v/5

9

5O 115 4 1-31-7 5-11 4 "
- =1+ ]12=—=— | — 23 B

2m\/3 266 (125)+ 2.46-126- 12 (125)

that is:
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(5sqrt5) / (2Pi*sqrt3)

Input:
5v5
2xv3

Result:

5
5\[5
2

Decimal approximation:
1.027340740102499675941615157239129241668605901250790303864...

1.02734074010...

Property:
[

LT
3

is a transcendental number

i

Series representations:

5»@2;;,4*[

1
]
5v5 k
27v3 . 1
" Enﬁzfﬂz*[z]
k
,",-'_ o l:_%t]kl:_%llk
5V SYAIL
27vV3 cro: T ITT
o 2/ Vol
E’Tﬁlkﬂa .
-:—13"1,[—1-] <5—z|:|:lkza‘":
x 21
5v5 Lo o | |
— TO1 NoT [ Zg ¢ < and -
27V3 e (~1f (-1} @z ¥ 5
T Lik=0 k!
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that is about equal to:
1+12*5/72%(4/125)+23%3/8*7/72*55/72*(4/125)"2

Input:
5 4 3 7 55( 4y
1+12% —x—— +23x - x — —(—]
72 125 g8 72 721125

Exact result:
2773771

2700000

Decimal approximation:
1.0273225925925092509259259250925925925025925025025925092502592. .

1.0273225925...

We have that:
(2Pi*sqrt3) * 1.02734074010249

Input interpretation:
[2 % ﬁ] 1.02734074010249

Result:
11.18033988740988. ..

11.1803398874988...

Series representations:

—
1.027340740102490000 - 2 [}T'\.‘ 3 ] = 2.054681480204980000 7+ 2 Z‘ 2% [
k=0

|

11
1.027340740102490000 2[}”){;]=2.5545814EUEU4QEUUUUH\Ei—[ z]kE z}k

-l T P

k=0

1.027340740102490000 - 2 [nm‘q] -

1.027340740102490000 x £, Res,_ 1, 27 =

F

—s}r[s}

Vi
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and:
(5sqrt5) / 1.02734074010249

Input interpretation:
5v5

1.02734074010249

Result:
10.8827061854054 .

10.8827961854054...

Input interpretation:
10.8827961854054

Possible closed forms:
24 3 7~ 10.88279618540530710

6y 2.02) = 10.88279618540530710

We have also:

(2P1*x) * 1.02734074010249 = 11.1803398874988

Input interpretation:

(2mx)»1.02734074010249 = 11.1803398874988

Result:

6.45407224367807 x = 11.1803308874088

Plot:

33

= 0.45497224367897

= 11.180335968749385

¢



Alternate form:
0.45407224367807 x - 11.1803398874088 = 0

Solution:
x = 1.73205080756887

1.73205080756887 = V3

Input interpretation:
1.73205080756887

—

v 3 = 1.7320508075688772035

Thence, for E=3 and C =5, from

p(E) = %sinh(mrﬁf).

we obtain:
((5 * sinh(2Pi*sqrt3)) / (4Pi"2)

Input:
5sinh(27V3)

47

sinhix) is the hyperbolic sine function

Decimal approximation:
3372.240988545132176088366472858596594196602040150285416838. ..

3372.2409885

Alternate forms:
5sinh(v'3 x)cosh(v3 )

2 7

5f2u'_3n 5 o~2 VER

82 8

34



cosh(x) is the hyperbolic cosine function

Alternative representations:
5sinh(27V3) 5

4 n°  csch(2x V3 | (412

27+3 , 2ny3
e M e et el

4 n? - 2 (4x7)
5sinh(2xV3) 5i
45° - csc(2im ﬁ}[*‘-l-nz}

Series representations:
5sinh(27V3) S5E,lak(2V3 a)
45 - 2

5y gli2+k 3 11142k
5sinh(27V3) k=0 (142k)

4r* 42
o (L{-savE)aE
5sinh(27V3) 5iZig [2k)
47 N 4 52

Integral representations:

5sinh(2xV3)] 5v3 1
2 - Lcnsh[zﬁnt]m

45 - PEL

3 smh[E T ﬁ} 5iv3 j.‘-m_ﬂ ff?:rz:ll."su .
- 5 IOl (]

=i sa4y 5 3/2

Thence, from

Z(8) = [ﬁ ~ dEp(E) exp(—BE),

35



ForE=3,B=6 and p(E) =3372.2409885, we obtain:
Integrate (3372.2409885*exp(-6*3))dx, x = 0..12038

Definite integral:
"12038
f 3372.2409885 exp(-6 - 3)dx = 0.61826159154
Jio

0.61826159154
From which:
1 + Integrate (3372.2409885*exp(-6*3))dx, x = 0..12038

Input interpretation:
"12038
14 f 3372.2409885 exp(~6 - 3) dx
<o

Result:
1.61826159154

Computation result:
"12038
1+ f 3372.2409885 exp(-6 - 3)dx = 1.61826
w0

1.61826

From

g
4E:rr3 sinh(2mv E)e 7~

Zu(B) = /: dE

For E=3, ¢=C=5 and B =6, we obtain:

integrate(((5/(4Pi1"2)*sinh(2Pi1*sqrt3)*e*(-6*3))))dx, x=0..12038

36



Definite integral:

12038 5sinh(2x V3)e 3 300095 sinh(2 V3
j - dx = - = DEI].EEEI
o a4 261 2

sinhix) is the hyperbolic sine function

0.61826 as above

From the formula of coefficients of the '5th order' mock theta function ,(q):
(A053261 OEIS Sequence)

sqrt(golden ratio) * exp(Pi*sqrt(n/15)) / (2*5°(1/4)*sqrt(n)), for n =258, we obtain:
sqrt(golden ratio) * exp(Pi*sqrt(258/15)) / (2*57°(1/4)*sqrt(258)) — 23
where 23 is a Sophie Germain prime number

Input:

|
258
exXplm .| = ]

# iz the golden ratio

Exact result:

T
oV BBI5 T ‘J &
258

2Y5

- 23
Decimal approximation:
12037.72789797549384553083681581861675378615545638376984063....

12037.72789.... result very near to the value b of the integration interval [a, b | =
[0,..12038]

Property:

1.,"8651 i
25

234+ ——— s artranscendental number

Alternate forms:

L[sﬂf?] RECTE RS

1\%45
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L (1+V5) eVo6is 7

, =33
445
534 [129(1+V5 ) eV *55 " _59340

2580

Series representations:

07 exp[n 258

w (-1 {_é}k (258 — 20)* zg*

0 _2302 +
2V5 V258 k=0 2
o (U (-2) (2 -zof 5 ) o, CVF(-2), 6 -0 o
/
534EKPF'JE : kf ) k! /
k=0 k=0

ki_1 —z0)* 2~
. 1Y {_z}k[ESE Zol" Zg E e R ar 702 0)
! orjnot [Zpelk and —om< Zg = 0)
k=0

15

Ve exp[;r 238 ]

k k k(1
ETE[ESE—I‘}” « (-1) (258 -x)" x [__}k

_93—|_230 ( { 2
Expur 2_;:1- kl

2v5 V258

k=0
{

arg[%ﬁ' —x}
” eXp|mexplim

<)

w (=1 [S?'s—x}kx'k [_El}k w (-1F @ -xF x* [—é}k f

2 k! £ kot /

k ki 1
arg(258 —x) & (LT (258 -x)" x {_E}k
10 exp[ur{ ” 2"

53/4 arglg — X)

a

expfin

2 e k1

forixeRandx <0
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1 w12 |aug(258-zn W2 m)] ~1/2 |arg(258-=zg (2 7)) 1 312 [arg(258-2g Wi{2 m)|
— T ' -23&[—}

Eq

k(1 ook ok
1/2 |arg(258—zg (27} o -1y [_2}.!: (258 - 20)" 5

g +
1
7 k!
904 1 1-"2|a'g':%_zﬂ :|.-'I.':2*T.‘I 1.-'2|:1+|s|.Lg|:%_zE| '|I,-".:2,-”|'|
5% exp H[—J : 2 ) )
]
k(_1y (88 Kk . .
g [_2Pk [ 5 ~z0| 7 [ 1 ]1.-21alg<-ﬂ—zm-f.2nuz1,.'2 |argld—zg W2 m)]
e 0
1
k=0 k! |
o, G- ) @ -0 5 w (-1 (- 1), 258 - z0)* 25"
. 2 Jk e L 4 1
k! k1
k=0 7P

In number theory, a prime number p is a Sophie Germain prime if 2p + 1 is also
prime. The number 2p + 1 associated with a Sophie Germain prime is called a safe
prime. For example, 11 is a Sophie Germain prime and 2% 11+ 1=23 is its
associated safe prime

From

c 1 .
i e o
e T sinh®(27rv E).

For E =3, we obtain:
-1/(16Pi*2) sinh"2(2Pi*sqrt3)

Input:
sinh®(27v3)

16 7°

sinhix) is the hyperbolic sine function

Decimal approximation:
~4.4894893154690608912354299907820811434721458939776049... x 10°

-4.4894893154...*%10°
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Alternate forms:
1-cosh(4V3 )

32 n?
sinh?(V 3 x) cosh?(V3 )
4 n?
1 eV3In 4y

3222 64r°  64x2

Alternative representations:

1
sinh?(27V3 ) (-1 ['25'211':2"“'?]]2
16 72 - 16 12

sinh?(27v3 ) (-1 ~ [_ esc|2im v?]]z

16 7* 16 7*

= =2
[_f-znxfz H,znﬂ]]

1
sinh®(27V3 )(-1) B [E
16 x° - 16 x°

Series representations:
o 2-l4dk ok 3k
sinh®(27V3 ) (-1 Zh=1 {zk)!

16 »* 16 »*

sinh®(2xV3 ) (-1)
16 #*

& IH—J-I—4 \n'?:l:r:lzk
sinh®(27V3 )(-1) 1 i 2(2k)!
16 52 T 1647 16 12

40

cosh(x) is the hyperbolic cosine function

Ei[ 1 -1 k}z[EJ F [1 3 9 12(C14k7 ZJ
=—= —1y =1+ 12 | L5 o, 4 i
4 & k 2



From which, performing the square root and changing the sign, we obtain:
(((1/(16Pi"2) sinh"2(2Pi*sqrt3))))*1/2

Input:
I

i 1
‘ql 16 #*

sinh? [2 T \G]

sinhix) is the hyperbolic sine function

Exact result:
sinh{2V'3 7]
4

Decimal approximation:
2118.841503149553867364722757070314017002145983582492700860...

2118.8415031... result very near to the rest mass of strange D meson 2112.3
Alternate forms:

sinh[‘«"? ) ccsh[‘«"? )
2

32"'3” F—2u3:r

8xr 8

coshix) is the hyperbolic cosine function

All 2nd roots of (sinh”*2(2 sqrt(3) m))/(16 ©*2):
¢ sinh(2V3 n)

4

=2119. (real principal root)

&7 sinh(2V3 1)
4

=—2119. (real root)

Alternative representations:

1
I|I sinh*(27V3) :[cszhﬂz;rﬂ?]]z
V" 162 Y\ 167
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| _é,—
| sinh‘?[E;rﬁ] : [ -:s:njzmv'g]]z

"1| 16 n? - \1 16 r2

| =
I|I sinhz[Errﬁ] ~ || [! cas[g +2ixV¥3 ”2
\ 16 n* — 16 n2

Series representations:

| — L
| sinh?(22v3) Ergluak(2V3 a)

|
\ 16 n* 2n
I o 31245 142k
| sinh?(2xv3) Zic=0 (142 k)
\ 16 x° - 4n
| o (L(-savE )t
I| sinh?(27V3) k=0 {2k)!
\ 16 * R 4

Integral representations:

| —
| sinh?(2xv3) V3
,_ql T - ?L cnsh[zﬁrt]dt

— |

I i

| Sll‘lh [Efr"l'l 3} 3 "I cay {“I' L

. Eal — [ - ds fol
T w—f gty 53-'2

[amileadie]) 2
\ 16 -8

From the formula of coefficients of the '5th order' mock theta function ,(q):
(A053261 OEIS Sequence)

sqrt(golden ratio) * exp(Pi*sqrt(n/15)) / (2*5~(1/4)*sqrt(n)), for n = 188, we obtain
sqrt(golden ratio) * exp(Pi*sqrt(188/15)) / (2*5™(1/4)*sqrt(188)) + 21

where 21 is a Fibonacci number

42



Exact result:

N |
[ 47/
PZ" 4715 & &
47
+21

45

Decimal approximation:
2119.305446447894919679480418487556286678292648424815301112...

2119.305446... as above

Property:
&2 V4715 &1 'i
47
21 + : i1s a transcendental number
4435

Alternate forms:
1

Fme & ioew o s
21+ - i [5_““1'5] L2V 415w

4§ 470

R -

\f L [l+ V5 g2V 47115 m
o4 )

21+
4—

445

—
39480 +5%4 \I 94(1+5 ) &2V 47157

1880

43
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Series representations:

w (-1F(-2), (188 -320)" 5"
. +21 = 2102 '
2v'5 V188 o k!

O -f o o 0 0

EXPNJZ_UZ > 2 k! x’f

3/4
+57

k=0 e
o (-1 (-2 (188 - zo)* zak
0 ol for (not (zgeR and —e < 25 £ 0)
k=0 -

w (1) (188 —x) x°~ {_El}k

+

arg(188 —x}”

\qexp[n !%]
+21=|210 exp[,ﬂ
2

2V5 V188 = o
Elrg{ﬂ —x}
V=

W = 1]' {E xkx—k{_gl}k e ]_]. (b — x.}k —k[_ }k

' argig —x
5% exp(ur IMJJ

exXp|mr Exp[z T
2

k=i ke 7} k! ;"'
k kokf 1
10 arg(188 —x) y &, (-1 (188 —x)" x {_E}k
axp[url e ”Z =
k=0
forixeRandx =10
Ve Exp[}r ELL ]
N +21 = [i J_Mz A - 1i2 |arg(188-z)/(2m)]
- 0
2V5 V188 %o
o k =k
910 1 \L2 L1882 N2 ™) 15 10018820 iz m)] o 1) {_E}k[lss_zﬂ} %
o %o Z ™ -
’ k=0 :
, 1 l,l'EIsu 188_30].1121731 1"2{1+315|:188—3|:|:|‘.-"I121TJ]
5%% exp ;rr[z—J % I I
o

. [_1} { }k[wﬂ z.:.} zﬁk [1 Jll.'z[algm—z.:,y'ﬁzmj

k=0 k! oty
ki_1 Y .
1/2 |mugid—zp (2 7] w (=1 {_E}k [ —2Zn) =g /
pty) k' lll..
k=0 !
[ o (-1 (-2) (188 -z0) 5"
10
k=0 k!
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We have that:

o0 - S0 7T :
e i €7/ 2ecosh(2m/ E)
Zg8) = [ aBPERE), p(E) = =R
And
2 2 2
] :—Emsh (2mvV E).

ForE=3, =C=35, B=6 from

. € v/2ecosh(27VE)
HE) = - = E/F .

we obtain:

(5sqrt2)/Pi * (cosh(2P1*sqrt3))/(sqrt3)

Input:
5v2 cosh(2xV3)
fr V3

cosh(x) is the hyperbolic cosine function

Exact result:
[ .
5\( S cosh(2V3 1)

Ha

Decimal approximation:
34600.53688139009158071676001026757414931924207990618583219. .

34600.53688139...

Alternate forms:
5{,-2»#'_3 T g2 YER

Jox Von

[ f
5\(5 sinh?(v'3 x) 5\(5 cosh?(v3 n)

+
i i
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SE (cosh(v'3 x)—isinh(V'3 x}){cosh(v'3 x)+isinh{V3 n))

H

Alternative representations:
cosh(27V'3)(5V2) Scos(-2ixV3)V2

V3 nV3

cosh(27V3)(5V2) Scos2ixV3)V2
V3 - K]

cosh(27V3)(5VZ) ST+ )V2
YER: - 273

Series representations:

5 \/; Em 12% 72K
cnsh[Enﬁ}[S ‘-."E} 3 “k=0 [2k)
ﬁﬂ' N T
8 \F 5o (L[4 vT)a] 25
cosh(2xV3)(5V2) Ty 3 “=0 [1+2k)!
ﬁ}T N i

cosh(2xV3)(5V2) 5\/EE‘J;N:DIEk[E}Tzk[ﬁ?T}[—2+ﬁk}

ﬁ}r i

Integral representations:

i
cnsh[Eﬂﬁ}[Eﬁ} = ; +1gﬁjlsinh[2\/gfrtldf
.;IT I:I

V3 r

2

cush[Enﬁ}[Sﬁ} 5\/; RER I

: J:‘n sinhit)dt
V3 ™ ey
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sinhix) is the hyperbolic sine function



ds tol

cush[E;r\-’?][Sh’E] 5 jm””zw“.“s

= — =
V3 ,“.',5 7312 Vi oady Vs

Bl By = [j'x'dE.e BEG(E),

we obtain:
integrate(((e™(-6*3) (5sqrt2)/Pi * (cosh(2Pi*sqrt3))/(sqrt3))))dx, x=0..3071

Definite integral:

—

|

s - 15355 [ 2 cosh(2v3
3071 e ° 3[5\."21cush[2;ﬂ"31 \HB Co( Iy

[ - - dx = ES 1.51831
0

=Y 18
a3 e

cosh(x) is the hyperbolic cosine function

1.61831

We note that from From the formula of coefficients of the 'Sth order' mock theta
function ¥(q): (A053261 OEIS Sequence)

sqrt(golden ratio) * exp(Pi*sqrt(n/15)) / (2*5°(1/4)*sqrt(n)), for n =202, we obtain
sqrt(golden ratio) * exp(Pi*sqrt(202/15)) / (2*5™(1/4)*sqrt(202)) + 29+2

where 29 and 2 are Lucas numbers

sqrt(golden ratio) * exp(Pi*sqrt(202/15)) / (2*57(1/4)*sqrt(202)) + 29+2

Input:

2

exp|r —5]

\'{_ \I'_ +2942
5

25 V202

# iz the golden ratio
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Exact result:

f\,'l 202/15 7 | _@
202
; +31
2v5

Decimal approximation:
3071.126834588784407296370866918273577586687151996630308269...

3071.126834588...

Property:
|
f\n'znz_-'w h \,/ é
02
31+ p 15 a transcendental number
2V5

Alternate forms:

31+E i[5+\!€]4“\"'?"'15”

\/_1 [1 i 1|‘,l'§'|_ {“'\IIZD.E.I'].E mn

101

31+
4

445
62620 +5%% [ 101(1+V5 oV 202(15

2020

Series representations:

07 Exp[;r 202

o S [—é}k (202 - zg)F zF

p +204+2 = 3102 : L 534
25 v202 t ket
fl=1) (32 ok _1 (-t R
f LR [_z}k{ 15 z.;.} Zg | & (-1) [ 2}k ¢ —20)" =g )
I Z‘ k! k! /
k=0 ’ k=0 ;
[ @ (-1 (-1) 202 -z0) z*
10 for (not (zpeR and —s < 2
k!
k=0
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15
4 =+ 29 +2 —
245 v202
arg(202 - x) py &, 1 202 -xf x7* (- 2)
310 EXIJ[I}T{ J]Z 4
2m k!
k=0
202
' arg(g¢ — x argl— - Xx
51 Exp(”r {MJ] exp nexp[”r { 15 } V{;
T 2
k (202 Kok 1 k R i
o U (T2 -xf o (-7) | & O @-aF (-2, f
Je=0 k! o k! /
arg(202 - x) y & (-1)* 202 - x)f x7* {_El}k
10 Exp(ur ” for R and 0
2 k!
k=0
ﬁexp[n [z
1 U2 |agi202-zgi2m)] _q, i
- ) 22942 = [_J zul,zlmngnz 2 W2 )
2v'5 V202 %
ki1 k _—k
1 \V212g202-200@ M) 17 |0iga02-2g iz m)] o -1y {_E}k (202 — za)" =5
310 E % Z - .
0 e !
, 202\ : 202 ,
594 exfp( L AT (2o
Zn
k
- [_l}k {_é}k [21%? —z.;.} zak 1 31/2 |argld-zg 2 7))
k=0 k‘ [Zﬂ]
ki 1 ok K
1/2 |mugid—zp (2 7] o 1) {_E}k b —Zo)" 2p /
pty) ll,l'
is k1
ki_1 R
[10 o (-1f(-3), 202-20) 5
i k!
From
2 2 2
Y= _Ffﬂﬂh (2mV E).

for E =3, we obtain:
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-2/3 cosh”2(2Pi*sqrt3)
Input:

—g CGShZ[E}T\E]

cosh(x) is the hyperbolic cosine function

Decimal approximation:
-4.7263449140370235003708482021277800276916979474964075... x 10°

-4.726344914...*%10"

Property:

—5 cush‘?[ﬁ 3 ;r] I1s a transcendental number

Alternate forms:

(-1 -cosh(4+/3 x)
—% [cash[\"’g }T] —i sinh[ﬁ ;r]]z [cnsh{ﬁ ;r] +i sinh{\E }T}]z
ainhix) is the hyperbolic sine function

Alternative representations:

écush‘?[ﬂnﬁl[—ﬁ}:—— cos [ EUT\(_]
é CUShE[E}T\'q] -2y = —g ccsz[ﬁzn\'q]

2
é CGShZ[E}T\E] (-2)= —g [;]

sec(2inV3)

Series representations:

%COShz[Eﬂ'\E}[—E}: i g i

k=

144k ok 2k
(2 k)!

-

50



1 2 (& 125 2KV
Ecnsh‘?[Enw‘?][—EP:—g ['.2‘ 2% ]

1 1 2 ((-i+4 ﬁ}ﬂ_]zk
3 cnshz{zn\'q] (-2) = 3 2‘ T

k=1

From which, performing the cubic root, changing the sign and adding &, we obtain:
(((2/3 cosh™2(2Pi*sqrt3))))"1/3 + Pi

Input:

ifll g Cﬂshz[ﬂ}r \Jq] +

cosh(x) is the hyperbolic cosine function
Exact result:

|

}T+‘?j g Cﬂshz"lg[z 3 }T]

Decimal approximation:
782.0895999494976341560228342054072222192274793800076281565. ..

782.08959994... result practically equal to the rest mass of Omega meson 782.65

Alternate forms:

- (732 (scosh(23 #))")

= = 273
[f—Zu Inm +02u 3 :r]

Alternative representations:

{/écnshz[ﬁfr\'q]z +;r:fr+</§tﬂsz[—2!ﬂ'£]
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{

{/% CGShZ[EIr\J,;]E +;r=fr+€j

cashz[Efr\J,;]E +}T=}'I'+i/§ casz[Einﬁ]

Lal —

La | b2

[z
sec(2irV3)

Observations
Figs.
4
Ry ;I Quantum
= ."I Fluctuation
a v
£
a0
=
=

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 2 pg, 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 palished bawl. During 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.
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N\
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 iradius), &=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

‘E] N E)

B2 | =
B | =
B | e

4

— 1.732050807568877293527446341505872366942805253810380628055... «

r = 1.73205 iradius

b L]

/= a0

can be related with:

, 1+i\/§ , 1, i3
u (_M{E_T]—'—V (—V{E_T]—q

Considering:

ft-Bhoft2)

— iV 3 — 1.732050807568877293527446341505872366942805253810380628055. . i

r = 1.73205 (radius), &=90°

)
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:(—1)[1—£]—(—1)(1+£J=q=1.73205zﬁ

2 2 2 2

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 hrmDYBNyUSm
pSjRs1BDeremA

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 y. 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
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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

Note that:
g2 = \/ (1 + V2).
Hence
Blgd — VI _gp omge VR
64905 = 40966 ™V - ..
so that

64(gos + gpt) = VP2 — 24 + 4372 ™VE o = B4{(1 + V)P + (1 = v2)"2).

Hence B
€™V?? — 2508051.9082. . . .
Thence:
649" = 4006 V2 4 ...
And
64(953 +QQ—224) _ Ewﬁ _ o4 +43.723—wm+ co=64{(1 + \5}12 s e ﬁ)m}

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

The beginning of the sequence is thus:

0,1,1,2 35,8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181, 67635,
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:
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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"’

special case of these logarithmic spirals

- golden spirals are one

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 ...
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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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