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parameters. VI
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Abstract

In this paper we have described several Ramanujan integral equations and
Wormholes formulas. Furthermore, we obtain connections with ¢, {(2), and some
Standard Model of Particle Physics parameters.
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From

George E. Andrews Bruce C. Berndt
Ramanujan’s Lost Notebook Part I - 2005 Springer Science+Business Media, Inc.

We have that:

( 1 )
af(—a)f(—a°) f(—q7)f(—q*3) dg
36{ (Q“ §+2))+R2 (P‘J+%§+2?)

125 125

N H\/f (Qﬁ + 5 +2‘}> (P‘J + 23 + 72)}

(Va—Va) FUL UG - 5 (Vi+ V) (U —Us o )
36{ 2 ( L L g -t
[ (U, P p2
it n =y 29 e e
T

=2z i—'.g ] . T 1. aaY’, / / l[;i ) 3 UQZ
== E {5({;11! s Lglg}—FEZEl —1-—1-\{. (?—FZZJ — T

=v3(K* —4K® — 2K? - 16K —19), (15.9.16)

12 ; . _ 25

_HV (QG+£+22) (PG+%+?2)}

4/36 [49/49(25+125/25+22)+49(25+125/25+22)-
14%sqrt(((25+125/25+22)(25+125/25+22)))]

Input
49 125 125 125 125
[25+—+22J+49[25+—+22} 14\1[25+—+22J[25+—+22]
35 49 25 25 25 25




Exact result:
208

208

y=2; R=7; Q°=P°=25

_36{“[—11 ( 1+[T 499 +{-V1+1E_](Lrl—b{2+22)

U, 2 pz
_ e ) _ i
1—1\/."( 5 Zh) n }

4/36[((x/2(5/2+22)))+x/2((1/2+22))-14sqrt(((3/2+22)"2-(272)/4))] = 208

Exact result:

1 (47
5[{-14?@}:208

Plot:

__47x 4945

18 3

Alternate forms:
47x 4945
18 3

= 208



47x 4945
18 3

-208=0

1—18 [4?x — 294 NE] = 208

Solution:
3744 20445

+

47 47

X

Solution:
X = g 3 54?

93.647

4/36[((93.647/2((3+2)/2+22)))+x/2(((3-2)/2+22))-14sqrt(((3/2+22)"2-(2"2)/4))] =
208

Input interpretation:

[¢3 2: 02
14 |[—+22] _% |2 208
2 4

+ —

4 |93.647 (3+2 x (3-2
I 22gl ey

36| 2 2 \
Result:

W

—[ - +818.4?4J:2D8

Plot:

250 | /

|

150 |

100 —1145«x +B18.474)

20

Alternate forms:
1.25 (x + 72.7532) = 208

S5x
— —-117.058 =10
4



Expanded form:
5
f +90.9415 = 208

Solution:

93.6468
Indeed:

4/36[((93.647/2((3+2)/2+22)))+93.6468/2(((3-2)/2+22))-14sqrt(((3/2+22)"2-
(272)/4))]

Input interpretation:

[(3 2 22
+22J-14 |[—+22] £
y 2 4

4 193.647 ;3 +2 03.6468 (3-2
e [ - 22] - [
36 2 2 2

Result:

208.000...

208

"ol | , [(U, ‘02
Do UV — Ve + 29V — Ui | [ —2eppg ) =22
T L R V<z+ ) 1

4/36 [1/2(25%93.6468)+22*46.8234-14%*sqrt((((3/2+22)2-1)))]

Input interpretation:

4 |1 [¢3 2
— | = (25 % 93.6468) + 22 « 46.8234 - 14 |[—+22] = |
362 yiz2
Result:

208.000...

208



U1 =3 s Uz = 2; V1 - V2 =93.647 N V1 + V2 =93.6468
UiVi-UV, =25 (Vi +Vy)

From

v (Kt — 4K -9K°% - 16K — 18)
we obtain:

4(xM4 - 4x73 -2x72 - 16x -19) = 208

Input:
4(x*-4x’ -2x* ~16x-19) =208

Alternate forms:

4ix+ Dixiix-5x+3)-19) = 208
x* -4y —2x%-16x=71
4(x+1){x° -5x" +3x-19) =208

Expanded form:
4x* —16x° —8x" - 64 x - 76 = 208

Real solutions:

1
=1+ e

&

I —
g.—260 3411120 2053

3 P
\ Y 411 +/120 2053

1 ||32 520 2 i
ol | e -—\1411 129 - 2053 +
2 || 3 3/ P
\ 34411V 129 - 2053
6
28 3
8—3# +4 411 V129 - 2053
\\ Y 4114129 —2053



1

&

I —
g.—260 3411120 2053

3 P
\ Y 411 +/120 2053

1 ||32 520 2 i
ol | e -—\1411 129 - 2053 +
2 || 3 3/ P
\ 34411V 129 - 2053
6
28 3
8—3# +4 411 V129 - 2053
\\ Y 4114129 —2053

Real solutions:
X o= — 19885

x =5.3803

Complex solutions:
x = 0.3041 - 2.5580

x = 0.3041 + 2.5580

Indeed:
4(5.380374 - 4*5.3803"3 -2*5.3803"2 - 16*5.3803 -19)

Input interpretation:
4(5.3803* - 4.5.3803° -2 -5.3803% + 16 - (-5.3803) - 19}

Result:
207.9806888257061024

207.9896888257961924 = 208
K =5.3803



Now:

(PQ)* + { ;3;3 = (K*—7K? + 9K + T)V K2 + 4.

(15.9.3)
For K =5.3803 , we obtain:
(5.380373-7*5.3803"2+9*5.3803+7) (5.3803"2+4)1/2

Input interpretation:

————————————m—

(5.3803 - 7..5.3803” +9 - 5.3803 + 7) V 5.3803% + 4

Result:
48.9980...

48.9980...

x"3 + 125/x"3 = 48.9980

Input interpretation:

, 125
x* + — = 48.9980
x3

Result:

, 125
x* + — =48.998
1_3

Alternate forms:
x® 4125

IE

(x* + 5)(x" 5%+ 25)

x3

= 48,998

= 48,998

Alternate form assuming x is positive:
(x -4.98323)x +5 =0

Real solutions:

X = 3.59077
PQ = 3.59077



Indeed:
3.5907773 +125/(3.59077"3)
Input interpretation:

125
3.50077° +
3.50077°

Result:
48.99795422266170287895499174262296085064763063545029302636...

48.997954222. ..

Now:

v? [ 49 125 125
E{—q (Qﬁ-l— o +22) + R? (P6+—5+22)

125 125
ufe ) (2

For PQ=3.59077;, R=7 andv=2

4/36 [49/49(33.49234+125/33.49234+22)+49(33.49234+125/33.49234+22)-
14*sqrt(((33.49234+125/33.49234+22)(33.49234+125/33.49234+22)))]

Input interpretation:

4 [49
i i [33.49234 .

22|+ 49(33.49234
36 | 49 N ]+ g[ b

- EEJ -
33.49234 33.40234

|
14 ‘J [33.49234 +

- 22] [33.49234 +

+ 22]
33.49234 33.49234

Result:
236.8981467016756667345428835360520314197216438146752361883...

236.8981467.... = 237

(note that 237 — 29 =208, where 29 is a Lucas number)
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We have:

((((4/36 [49/49(33.49234+125/33.49234+22)+49(33.49234+125/33.49234+22)-
14*sqrt(((33.49234+125/33.49234+22)(33.49234+125/33.49234+22))])) /11

Input interpretation:

* (22 (33.49234
36 49[ ' N

. 22} +49 [33.49234 "

+ 22] -
33.49234 33.49234

|
14 ‘J [33.49234 +

125 125
+22H33.49234+ +22J ~1/1D
33.49234 33.49234

Result:
1.643876708364981094535677540629022376952175240701381050285. ..

1.64387670836...

While:

(((4/36 [49/49(25+125/25+22)+49(25+125/25+22)-
14%sqrt(((25+125/25+22)(25+125/25+22))]) /11

Input:

4 (49 125 125

il i [25+ =3 +22]+49[25+ - +22]-
[35 49 25 25

' 125 125
14 ~.‘|'I [25 e 22][25 P Sl I 22} ~1/11)
25 25

Result:
24_.'11 1# 13

Decimal approximation:
1.624549805320111953535335931030485439487366781848077901593...

1.62454980532...
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Thence:

1/2 * (((NA/11) 137M(1/11) + ((((4/36
[49/49(33.49234+125/33.49234+22)+49(33.49234+125/33.49234+22)-

14%sqrt(((33.49234+125/33.49234+22)(33.49234+125/33.49234+22)))])))) 1/11))))-
16/10"3

Input interpretation:

1 y =
5 [24'I11 ]‘}qll 13 +
[

4
36
| 125 125 i
[133. - - : - -
14 [33 49234 22} [33 49234 22}
\ 33.49234 33.49234

16
(1,11 |- —
10°

49
i [33.49234 "
49

. 22} L 49 [33.49234 A

+ 22} -
33.49234 33.49234

Result:

1.618213256842546524035506740330203908219771015819729480439....
1.61821325684...

Now:

12



Now, by Lemma 15.9.3, we find that

f(= _1/6
1dv dlogv dlog {‘i’m qr) } " ‘“DQ{ = qa*}}

vdg  dg dq dq
B 7 . ! nq?’n i nq3511
== Eiq i ‘rn:] = q'm Jn:l 1 q35n
1 . nqan 1 o0 _n_qﬂ 1
o G_q )nzl 1 qu o HZZI 1 _ qn
_ T [ 12(=d") + 224" 1°(—¢") fO(=4*®) + 125¢"* /1% (—¢*°)
6q F2(—q") f3(—4*)
1 [12(—q) +224%(=9)f(—¢°) + 125¢2F%(—¢")
6q fAH(—q)f3(—q®)

= qf(—-q)f(—¢") f(—q") F(—¢*)

3 14 1=
X (jli/Q641:?k22+§1/P64lgszﬂ), (15.9.15)

From

af (=) [ (=" [ (—=a") [ (—¢™)

f 1,2) R\/ 125
P 22 =4[ P® + 22
( 'V " sV )

For R=7; Q%®=P®=25, we obtain:

(((-7/42%(25+125/25+22)10.5+7/6%(25+125/25+22)0.5)))

Input:
7 125 125
25+———+22+-—¢25+———+22
T 42 25

13



Exact result:
24/ 13

Decimal approximation:
7.211102550927978586238442534940991892502593147690492425420...

7.211102550927...

We note that:

A(((-7/42%(25+125/25+22)10.5+7/6%(25+125/25+22)20.5)))*2

Input:
7 [ 125 7 [ 125 i
4 ——“||25+—+22 +—“||25+—+22
42 25 6 25

Exact result:
208

208

or:

8sqrtl3 (((-7/42%(25+125/25+22)10.5+7/6%(25+125/25+22)10.5)))

Input:
—( 7 | 125 7 | 125
84 13 [-— 25+———+22+-—¢25+———+22
42 25 6 25

Exact result:
208

208

14



As the previous expression:

4/36 [49/49(25+125/25+22)+49(25+125/25+22)-
14%sqrt(((25+125/25+22)(25+125/25+22)))]

Input:

4 (49 125 125 " 125 125

. —[25+ —+22J+49[25+— +22J-14\J[25+ —+22][25+ —+22]
36 | 49 25 25 25 25

Exact result:
208

208

y=2; R=7; Q°=P°=25

Thence:

af (—a)f(—¢") f(—=a") f(—¢*) _ 13 —

= 28.84441020371191434405377013976396757001037250076196970168. .

28.84441020371...
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From
Entry 15.9.1 (p. 53). If v is defined by (15.9.1), then

7 =~ =
[ b F(=t) f(—%) F (—t7) F(—1%5)dt

0
_/"’ t dt
Jo (L4t —t2)(1 —5t— 9% — 515 —5)

we obtain:
integrate (8sqrt13)x x =0..0.5

Definite integral:
[D'S[a V 13 | xdx = 3.60555
i

3.60555

Visual representation of the integral:
15 | P

Indefinite integral:

I[S J'E]xdx = 41,"? x

We note that from the previous expression

( GR\/Q Qﬁ—l_d-—l_ﬁ +p6

+ 22)

7 | 125 7 | 125
e 25+—+22+—\(25+—+22
42 25 6 25

16



Performing the following integral, we obtain:
integrate ((((-7/42*(25+125/25+22)"0.5+7/6*(25+125/25+22)"0.5))))x x = 0..1

Definite integral:

"1 '? [ 125 7 ] 125 —
{ \||25+ +22 +5.\25+—+22 xdx =+ 13 =~ 3.6056
0

3.6056 = V13

Visual representation of the integral:

-

//f/ 0.2 0.4 0.& 0s 1.0

Indefinite integral:
7 ] 125 7 | 125
39 g 25+—+22 xdx =13 ¥

"4 \“25+ 6V

Thence, we obtain the similar result as for the previous integral.

Furthermore, we have that:

lintegrate ((((-7/42%(25+125/25+22)"0.5+7/6%(25+125/25+22)0.5))))x x = 0..1]"2

Input:
af 7 125 7 | 125 :
[ - B e 22 4 \;25+ 22 oy koys
Jo | 42 25 25
Result:
13
13

Computation result:
2

af 7 125 7 [ 125
[ 25+—+22+— 25+—5+22 xdx| =13
w0

T4 25

17



and:

21/ [integrate ((((-7/42*(25+125/25+22)10.5+7/6%(25+125/25+22)20.5))))x X =
0..1]"2

Input:
21

T II II
[Q[_; \(25+ 18,92 41 \(25+ A= +22]xdx]z
42 25 6 23

Result:

21

— =1.61538
13

1.61538 that is the ratio between 21 and 13 (Fibonacci numbers)

Now, we have that:

Put

| CB
— 9¢an—! [ 51/4
¥ all (J ‘\ 44

—
8 — 9tan—! | 53/4 A+CB |CB
P A+5CBYV 4 |

and

ForB=C=12 and A=16, we obtain:
2 tan™-1 [((5™(1/4) * sqrt((12*12)/(16))))]

Input:

— [ 12x12
Etan'l[4 5 \J ]

16

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

Exact Result:
2 1:5111'1[3:," 5 ]

(resultin radians)

18



2 tan(-1)(3 5°(1/4)) =

Decimal approximation:
2.702937584613176417208026519908466181706992694728122878375...

(result in radians)
2.7029375846...

Alternate form:

110g{1—31#€]—110g[1+3!ﬁ]

log(x) is the natural logarithm

Alternative representations:

— (12«12 | 144
2tan”? :‘u" 5 \/ =2 sc'l[{'{g E

J

— (12«12 | 144
2tan? :.t" 5 \/ - Etan_l[l, {E \J ]

16 16

16

16

— (12x12 | 144
2tan'1[{" 5 \/ ]: —Zztanh'l[:ﬁ ,J 16 ]

Series representations:

— [12x12 2, (-1t 3712k 52
2tan”' [ 5 \/ —n-2
[1"f T I %3 1+2k

o 3 I'— -1-2k
TP -k grHelleae), glak [1 +\( 1% 3—_§ ] Fiiak
12 12 L8
zran‘l[%‘.fs \f = ]: 2y

Y
k=0

1+2k

12 12 o (-2 Toaw(V5)2F1 (2 +k, 14k; 2+ 2k; -9)
=1 4 _ 4 E
2 tan [1.,'5 \I T J_ﬁk%‘n —

19



Integral representations:

— 1212
2tan”? :.t" 5 - 51,' I dt
16 1+9 ».f t2
4 —
' 12 12 3iv5s i ooy
2tan Y|y 5 = - J 945
1"" 16 2 o2 —IN+]’[ 7 ]

tor 0

3

]r[l —s}r[s} d s

2

i a4y

B 52 -5 1 i
l12.12 3 ﬁ i 5 07 I =--sIll -s5)0(s5)
Etall_l[ﬁ \I e ] o n jmﬂ [2 } ds

tor O

Continued fraction representations:

12 12 6V5 65
Ztan” *u'l 5 = - =
16 1+ K oy'5 k2 i 045
k=1 142k 3645
8145
7 144 /5
— [ 12+12
2tan~} A 5 =
54 x 594 54 .. 534
6 ;‘j— - — = 6{1'{_ -
@ 05 (1a-1)t Rk 8145
3+ K : 3+ =
k=1 3+2k 5+ 36 "i|l5
23545

fa= [12x12 6V5
2tan 5 - —
16 4 1‘2 95 (1-2k)?
+

k=1 142k-2v'5 [-142k)

6Y5
1+ 045 =
3-9v5 + 81 525 =
5-27V5 +
7_45v5 . _H1VE

9-63 5 +.

20

144v’_



pean-fys [1212 6V5
an = e
16 . JE ﬁ 1Sx-'—5|:1-2|1—j'f]]|1—:ﬂ]
e i = (14245 [14-1F))(142k)
65
= 1845
1+9v5 +—
. ’ 3 185
= 108 V5
5(1+9 V5 }-
o ) ___ 1085
9(149 V5 }+...

[
K ag 'by is a continued fraction
L=k

From which:

sqrt((2 tan”(-1)(3 5°(1/4))))

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

E;act Result:
\f'l 2 tan'l{B #E]

(resultin radians)

Decimal approximation:
1.644061308045772488067680806719818565268365762746856902250...

(resultin radians)

1.64406130804...

Alternate form:
.'

J;[lng[l-azﬁ]-lng[hazﬁ]]

logix is the natural logarithm

21



All 2nd roots of 2 tan”(-1)(3 5 (1/4)):

&° \/2 tall_1{3 ﬁ] = 1.64406 (real principal root)

& \fr 2 tan_l[B {E] =—1.6441 (realroot)

Alternative representations:

zran‘l[aﬁ] = zsc‘l[sﬁ u:J]
|

eran‘l[aib’g] = \/21:5111_1[1, 32‘/;]

\/zran‘l[aib’g] - \/zzranh‘l[-szﬁ]

g (x| misthe inverse of the |acobi elliptic function s

Series representations:

\/ 2 tan'l[B::E] -

\Ec_ill‘ (= 1}k 3—1—2k 5—1."4—kI|'I2

‘HF_E;;ZJ:. 1+2k

o 1} 3— 1-2 k 514!' l—ZkI
2‘ 1+2k
k=0

—
MIEI

[__} Tiai(V5 )2F1 (3 +k, L+k; 2+2k; -9)
\ 1+2k

\/Ztﬂn'l[B;t'E] s

,r
L

T, ix)is the Chebyshev polynomial of the first kind

pFgiay, ..., api by, ..., bg; 2 is the generalized hypergeometric function

Integral representations:

\KEtan 3\({_ \K_\{{_

/JU 1+9‘u"'_t2 4

22



\/;ET\/—IJLT‘:‘[I+9E}'S [(3 - s)T(1 - s)T(s ds
\/Etan'l[Bﬂq{E] = : i -

I ﬂ_3,l-4
1

tor O

5297 (2 -s)r(1-5)T(s)
2 ds

- 4 B 3 "I sa+y
J2an(a¥5) Y5 |2 [ i

|
T|||' i)

Continued fraction representations:

J2un(35) Y5 V6 | —— V56 1
1+E oy5 k2 1+ 045
5. slﬁr
\ ?+—1‘;4+___5

34
635 _ 54 5 _

© ov5 (1u-plHak)
3+ K '
k=1 342k

-q'_"__‘__
]
+
[=1]
= |
)
[#%]
I
iy
I

4 B E

8145
g 365
74 2255

144 45
\ - S

\/zran‘l[aﬂg] =2 |3¥5 - AT HE -

2 oy5 (14~ k)2
\1 3+ K { '

k=1 3+2 k
i 27 534
Nz |3%s - =
8145
3+
3645

+? 2255
+—
\ 94 144 45

11+...

ke
K ag /by is a continued fraction
k=&

23



2 tan-1 [((5°(3/4) * (16+144)/(16+5%144) * sqrt((12*12)/(16))))]

Input:

: 16 + 144 [12%12
21:&111'1[53"4 - ]

16 +5 144 16

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

Exact Result:
15 53+ ]

2tan
23

(resultin radians)

2 tan (-1)((15 5°(3/4))/23) = B

Decimal approximation:
2.281670975978912275310811546231450773061382640827715351081...

(resultin radians)
2.2816709759...
Alternate form:

15 ; 15 '
i 103’[1 - ] —i lcg[l +— 53"4J
23 23

log(x) is the natural logarithm

Alternative representations:

; |
[53-"‘ \J = ][lt’: +144 PR
- 16 1160 5., [144
Z2tan =2s¢ | — 57 — (D
16 +5 - 144 736 16
. |
[53-'4 \( e ][15 + 144 R
2tan’ N 2tan-t|y, 220 g [124
an — an — ; T
16 +5 - 144 ' 736 \I 16

24



—

[53-"4 \/ — ][15 +144)
2tan = —211:5111h'1[1'5—[J W4 & ]

16+5 144 736 ' 16

st (x| m)isthe inverse of the Jacobi elliptic function sc

Series representations:
{ 3 }—l—Ek 5714-{7k)2 ikn

[53-"4 \/ = J[lﬁ +144) 3
1 23

2tan N %
16 +5x 144 : ké 1+2k

—

[53}'4 \/ 121612 ][15 + 144}
2tan =
16 +5 144
—yy-1-2k
k clk+34(142k)  g142k f 200 5
. (-1y* 5 3 [23 [1+ 1+ g ]] Fiop
2
E] 1+2k
[53}'4 \/ 121612 ] [15 + 144}
2tan =
16 +5 144

k /
30 = [ = } T1+2k[53'4}2F1 {51 +k,1+k; 2+2k; _%}

“ 2116
232 1+2k

. th |
Fpisthen  Hbonaco number
T.,ixyis the Chebyshev polynomial of the first kind

pFgilay, .., ap; by, ..., !'.'H-_: z) iz the generalized hypergeometric function

25



Integral representations:

|
534 \f 12 12 116+ 144 :
9 tapn-] [ 16 30 534 f‘l 1 s
tan =
16 +5 144 23 0 4 112545 12
520
. |
[53-'4 \( —121.512 ][15 + 144
2tan”’ -
16 +5 144
15§ 53"I4 i a4y 1125 1-,"? i 1 2
—— f le ——— F(——s]r[l—s}r[s} ds for 0
46732 vy 529 2

—

. |
534 \f' —121612 ][15 + 1440y
2tan

16 +5 144 -

s 15153';4 I‘J'W'*]'S_.:?syz [Si%;r r[zl - j}r[l =R ds tor 0
46 7 o =i gy r[3 j -

Continued fraction representations:

) |
[53_-4 'J 121612 ][15 + 14 q}
1

) 30 534
2tan - =
16 +5 144 w 112545 &2
23 [1+ K 52 ]
k=1 142k
30 . 534
23|14 112545
529 |34 4500 5
e o e 11285[]».;;?
Sk [?* 529 [9+_..+]
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—_—

]
534 \J —121612 ][lﬁl + 144
1

2tan -
16+5 144
,|5 534 84375 Y5
23 o L25 ro i gk 2y
1215?[3+K s20 " | !
Eaq 3+2 k
,| 25 534 84375 V5
23 f
121673 + — 10125v 5
529 |54 4500 v5
52974 2812545
18000 V5
3% [9+ 529 [1l+_..}]
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—_—

|
34 12 - 12
5 \1—16 ][15+1441 S

2tan - _ (30 534 /

16 +5 144 oo 28 oy opp2 [ }f
23[1+K a2 ]
k=1 142 k- S5 ¥E [-1+2k)

— 1125v'5 — 33755
23 1+[112545].f 529(3- — = +[1|:|1251,"5] [ls29fs - =2 1=
/ 529 / 529
2812545
529 [g—wt..]
K ug by is a continued fraction

Multiplying the two results:

(((2 tan”(-1)((15*57(3/4))/23)))) * (((2 tan™(-1)(3%57(1/4)))))

Input:
[2 tan'l[z—l3 [15 53"'4”][2 tan'l[B 1,"?]]

tan
Exact Result:
=5 4 5 15 53_1'4
dtan [B\E]tan [ 23

(resultin radians)

28

1 J ; ]
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Decimal approximation:
6.167214236694430014674838379091589500132404368739510561361...

(resultin radians)

6.1672142366...

Alternate form:

_[lcg[l -3 ::'E] - lcg[l +31 ":,'I'E]] [lcg[l e g r 53-"4J _ 103[1 e g 534 D

log(x) is the natural logarithm

Alternative representations:

[2 tan [31," 5 ]] 2tan [15—534] = 45::'1[3 ;‘,"E ‘ D] sC

23

i[15x5
23

)

T O il IO o W Tl

23 23
[2 tan [3 *.,"'E]] 2tan” r]_52—:3."4 =44 tanh” [3 i 1.,"5 ]tanh [% i 5% 4}

1 : : : S 2
sc (x| m)isthe inverse of the Jacobi elliptic function sc
1 ; i 1
tan (x, ¥ isthe inverse tangent function
tanh ! (x) is the inverse hyperbolic tangent function

iizthe imaginary unit

Series representations:

[zran [3«!5]]2mn [15—534]

23
rad ] -1-2k _714{7k)f2 Gk
@ (1) g-1-2k  g-l4-k2 [zgj 5

[’T_EL 1+2k ]’T 2>—4 1+2k

k=0
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(pran (a5 ) zran ' (E 5 ) -

23
4 i i 1 (11 ke ik e 12k pkasaja{lezky)  g2e2ky 42ks
e (1+2ky)(l+2ks)
—1-2k; -1-2kg
1 1 i 23|1 1 B00NE r F
- + — - +
".4 JE "1] 590 142k £ 142kg

(prant(a¥s ) zean (25 ) -

23

@ (—(-i-zo)* +(i-2z0)* BE—Z :
21.'3.I1_1[Z|:|}+IZ[ B : kn }{ D}

k=1
3/4 k
1 i[—[—I—Zu}_k+[!—znj}_k}[&—ZD]
2tan (Zp)+i

k=1 <
for(izo ¢ Rorinot 1£izg<w)and (not —ee<izgs-1)
F, is the n'™ Fbonacci number
Integral representations:
1f f15x5%%)
{Etan [EE]]Etan [—23 -
G5 B 1
529 j j dty dty
0 Jo (529+1125v5 £3)(1+9V5 tI)
15 5574
1 4 -1 _
{Etan [B‘J{E]]Eran [ 23 ]_
1 sty 112545 7 (1 2
- 225 J ly — r[——er[l—s}r[s} s
92 x° i ooty 529 2
i -5 1 |
jm+r[l+9\/§] F(E—er[l—s}F[s}zd’s for Q <y <=
=i aa+y FA
1f of15XEV*Y
{2 tan [3 \({E]] 2tan [—23 -
/2 oSl —s)[is ~7sy2 (529 L -silis
225[3}‘2,? 5 o r{gz |Ti1-s)Ts) ] ity 5 = ]sgn‘,_E |Mi1-s)Tis) s
- "3-%) s dbw) &
92 x?
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Continued fraction representations:

— 15 534 900
[2 tan'l[B*‘t," 5 ]] 2tan”! — = =
23 w 1125V &2 P
23[1+K—599 ][1+K9—"”“]
k=1 142k k=1 142k
900

931 4 1125v5 i 9vV5
. 86W5

5, 81V5

45005 7.154Y3

529 |3+ O+...
529 |5+ — 12 lfSSDEDSw.f?
o [?* 529 [9+_..+]
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—

[2 tan'l[B i," 5 ]] 2 tan'l[lSE—j;4 ]

4|15 534 84375 V5
23 so L1235 o iy 0 gyl g 2
1215?[3+K s20 7 b ]
k=1 3+2 k
e 275"
3V5 - — | =
@ oys |:1+f.—1]1+k+k]"
3+ K -
k=1 342 k
4|15 534 84375 V5
23
12167(3 + 10125 V5
529 |54 4500 V5
529|74 28 12515
1800045
529 [g+ 529[11+_..}]
27 . 534
335 -
3 815
+ =
,_ 3645
7, 225 V5
T i e
9, 144V5
11+...
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[gm—l[aﬁ]]gtan—l[ﬁ -

23
900 ;
i — =900
o V5 | —1+2k| 1 o5 (—1a2k)i
1+ K 570” 5 [ + K ——— J
k=1 142k- ‘.I'S —1+2k| k=1 142 k9045 l:—1+2kll

23 1+[1125,E'].-’ 529 (3 - Ly [10125(] sy g, 2HAND
/ 529 529

281255

5625 45 " 55125 5

529 spp(o Z8ISYS . )

5297 -

9v5

81v5
22545

= 44145
7-45V5 4TINS
6345 +...

1+
3-9v5 4+

5-27V5 +

ko

]’\: ¥

=k

i by is a continued fraction

1/(sqrt14) (((2 tan™(-1)((15*57(3/4))/23)))) * (((2 tan™(-1)(3*57(1/4)))))
In%)ut: X
s (2 tan'l[ﬁ (15 53-"4”] [2 mn‘l[3 Vs ]]

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

33



Exact Result:

23

2\/— tan~ [BJ_]tan‘l[:LS 534]

(resultin radians)

Decimal approximation:
1.648257336038937758643378902101501236882167385243652117402...

(resultin radians)

1.64825733603...

Alternate form:
[lag[l -3 t’?} = lng[l +3i 1."?” [lgg[l 2 5 !53,-'4} " lng[l " 21_: 534 ”
_ v 14

logixy is the natural logarithm

Alternative representations:
[2 tan'l{%n [2 tan'l[B i’?” 4 sc'l[B z’? |D}sc'l[% ‘ D]

Vi ) Vi
[2 tan” [ 53 4 ]] [Etan 3 \«"5 ” 4tan'1[1, 3 E}tan'l[l, £k 2533';4]
pi: Viz

[2 tan'l[%” [2 tan'l[B “t"§” 4 ta11h‘1[31 @?}tanh"l[i 153"'4}
Vi ) ViZ

1 . . ; T 3
st (x| m)isthe inverse of the Jacoki elliptic function sc

Series representations:
[2 tan'l{w ]] [2 tan'l{S 1.’?”
23

Vv 14
o (-1f3l-2Ek . 5-1/4-K2 |: a ]—1 -2k 5=FlA={TkY2 Jdkn
[}T ~2 %y 142k ] m-2 % 142k

V14
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[2 tan” [15 25 ]] [2 tan” [3 \"'_”

2
2 £
V14 7
i i 1 [_1}k1+k3 51—.':1+1.-'4|:1+2k1:I+k3+3.-'4|:_1+2k2:l 62+2k1+2k2
(1+2k(1+2ks)

k]_ =|:|k2=|:l
-1-Z ko

~1-2ky
36 900 V5
1+‘11+— 2311+ [1+

= \ 529

'F1+2k1 'F1+2k2

[2 tan'l[ 13 253 2 ]] [2 tan” [3 \'"_” 1

V14 TV

o {—[—1—2.;.}"“+[:‘—z.;.}‘k}[3%"'§—z.;.}k
Etan_l[zn}+1
2 :

34 k
caa[—[—I—Zu}_k+[!—Zn}_k}[&—ZD]
2tan”(zo)+i ) 2
an (sl +i
k=1 k

for(izop ¢ Ror(inot 1£izg<os)andinot —ee<izps-1

Fpisthen  FRbonacci number

Integral representations:

[Ztan'l[IS;E ]][21:&11 [3 \'"_”

V14 ;
5291 J dty dty
0 vo (529+1125V5 t2)(1+9V5 t2)
_1f 15 534
[Etan [ G ]][Etan [3 \'"_”
v 14
[ i w4y 1125 \'fg % 1 5
_—2251 14— r(——s]r[l—s}r[s} ds
9214 »° w53 2

J;m+}'[1+g\'/_] ( ]F[l—s}r[” ds forn
—i cady
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[2 tan'l{% ]] [2 tan‘l[S t’?” )

V14
(- 5752 .97 [ 1o r1-5)T(s) N -— 577 SN2 [ 329F [ 2-s)r1-s)r(s) e
—i ga+y n:%_s] —i sa+y n:%_s]
. 92v14 »*
Continued fraction representations:
-1f 15 x53/4 SIEE 450 ll;
[2 tan [T]] [2 tan [3 5 ” \J z
V14 a w0 1125475 &2 w i a
23[1+ K 52 ][1+ K 9—‘*“‘]
k=1 142k k=1 142Kk
450 |2
7
|
[
931 4 : 11255 i 9v5
3 365
+ —
5y 8l1v5
s s 7, 14475
520 |3+ 4500 v'5 T
5295+ — 112350205 V5
529 (7+ 5010 )
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[2 tan'l[lsz—s;M ]] [2 tan'l[S i"?” B

V14
) [27 |15 534 84375 V5
\( 7 23 o 1123 \-'?l:1+-:—1]1+k+kl|2
12167|3+ K 522 !
k=1 3+2k
= 27 x5¥*
3V5 - — ==
2 045 [14-11 k)
gl —— v
k:] 3+2k
5 [27 |15 534 84375 V5
\( 7 23
121673 + 10125v5
-~ 4500 5
5297+ —22 11?02? V5
529[9+529 [11+_..}]
27w 534
335 - —
i, 81v5
L 36 V5
7, 225 V5
I T
g, 1445
11+...
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450 |2 —
’ 450 \/ 2 1
w28 5 g0 ®  oyF (-L2kf ) 7)
231+ K —s29 - (1+K MR ]
k=1 1+2k-]~5];1q5 V5 (-142k) k=1 142k-9V5 (-142k)
[ i i
—\ 112545 —\ 33755
23 1+[112545] /|529|3 - —— +[1D125~¢'5]-‘ 520|5-——"" 4
/ 520 / 529
2812545
520 [g—wt..]
945
1+
3-9vV5 4+ 8175 NS
5-27 V5 + o>
7_A45 V€+M
9-63 5 +...
Ky
K ag /by is a continued fraction
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From:

On a New Approach for Constructing Wormholes in Einstein-Born-Infeld
Gravity - Jin Young Kim and Mu-In Park - arXiv:1608.00445v3 [hep-th] 10 Oct
2016

We have that:

where C' is an integration constant.
With a straightforward integration, one can express the solution in a compact form in
terms of the incomplete elliptic integral of the first kind.

We note that the solution is in terms of the “incomplete elliptic integral of the first
kind” (see Ramanujan incomplete elliptic integrals in the next pages)

2 A, 282 Q2 4 fiB .
T I—T —EF +Tr (1— \ 1+ 'f?c:*‘) _5‘»’_3 B3 ElllptlcF( \" C_ ?)
We have that:
M = C+ M,

C=M-M,=4.37902*%10" -2.7638913425379 =
4.37901999999999999999999999999972361086574621 x 10*'; for Q=1; p=35
and r=1.94973 * 10":
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1-2%(4.3790199999¢+31)/(1.94973¢+13)- 1/3(1.1056¢-
52)(1.94973¢+13)"2+50/3*(1.94973e+13)*2%(1 -
(1+1/(25%(1.94973e+13)"4))*0.5)-4/(3*1.94973e+13)*sqrt(-5i)

Input interpretation:

4.3790199996 - 10°1 1
B - - +1.1056 - 107°%(1.94973 - 103} +
1.94973 - 10" 3 '
|

50 1 4

2 (1.94973 107 |1- (14 - v -5i
|

3 : Y 25(1.94973 10%j* | 3.1.94973 10"

iizthe imaginary unit
Result:
-4.49192.. x 10'% 4
1.08127... x 10713 ;

Polar coordinates:

r=4.49192x10%® (radius), @=180° (ancle

Alternate form:
~4.49192x10'®

f=4.49192 * 10"

From which:

(((1-2%(4.3790199999¢+3 1)/(1.94973e+13)- 1/3(1.1056¢-
52)(1.94973e+13)72+50/3*(1.94973e+13)"2*(1-(1+1/(25%(1.94973e+13)4))10.5)-
4/(3*1.94973e+13)*sqrt(-51))))" 1/89-2/10"3

Input interpretation:

4.3790199999  10°' 1
13 - =+1.1056 - 107°% (1.94973 - 107%) +
1.94973 10" 3 :

|I 1

1+
\‘ 25(1.94973 - 10%%)*

50
— (194973 10y [1

4 2
A - ~(1/89)- E

3.1.94973 . 102

iizthe imaginary unit
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Result:

1.617225... +
0.05718045...

Polar coordinates:
= 151324 Iraciel
1.61824

g = 2.02497° (angle

L]

From:

Bouncing black holes in quantum gravity and the Fermi gamma-ray excess
Aurélien Barrau, Boris Bolliet, Marrit Schutten, Francesca Vidotto - Physics Letters

B 772 (2017) 58-62

We have that:

26m
;xgﬂwf—zn +2) x (5)

H_-E ) 0 1/2 ;
ﬂw sinh™! (—ﬁ) EF1y34,
6k, £2m

where we have reinserted the Newton constant G and the speed
of light c; Hg,S2, and £2y; being the Hubble constant, the cos-

mological constant, and the matter density. On the other hand, for
standard sources, the measured wavelength is just related 1o the
observed wavelength by

. oth h
’*ginsﬂ =+ Z}}“grrnﬁrtfd : (6)

Q,=0.297% 0. G=6.674* 10" Q, =0.6889+0.0056 m = 13.446316e+39 or

13.1799199¢+39 (6.76e+9 and 6.626072042¢+9 solar masses) Hy=74.2 z=3

and ¢ =299792458
Range SMBHS87 mass = 6.3x10’ - 7.22x10’
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(2%6.674e-11*13.446316e+39)/(299792458)"2 (1+3) sqrt[(74.2°(-1))) /
(((6*0.6889°0.5))) sinh*-1((((0.6889/0.29)0.5 (3+1)(-1.5)))]

Input interpretation:

| 0.6880
2.6.674 107! 13.446316 10°° 1 | ¥ ez
(1+3) sinh 7

; 1 ) : i I
sinh™ (x) is the inverse hyperbolic sine function

Result:
1.8184050026386289913612432168531223210552600211535057... = 10%2

1.818405002638...*10"
From which, we obtain:

((((2%6.674e-11%13.446316e+39)/(299792458)"2 (1+3) sqrt[((74.2°(-1))) /
(((6*0.6889°0.5))) sinh”-1(((0.6889/0.29)°0.5 (3+1)*(-1.5)])))"1/8

Input interpretation:

|

0.6880
2.6.674 107! ©13.446316 107 1 , _lwf 029
(1+3) sinh

) 1.5

\

-]

; 1 ) : i I
sinh™ (x) is the inverse hyperbolic sine function

Result:
34.0770...

34.0770... = 34
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From which:

55/[((((2*6.674e-11%13.446316e+39)/(299792458)"2 (1+3) sqrt[((74.2°(-1))) /
(((6*0.6889°0.5))) sinh*-1(((0.6889/0.29)°0.5 (3+1)(-1.5)))])))"1/8]

Input interpretation:

55
II 06889
26,674 10711 .13.446316 1037 1 |
(1+3) | ———— sinh
\i 200 702 4582 : ,\ 74.2|6v0.6889 | 3+115
sinh ™! (x) is the inverse hywperbolic sine function

Result:
1.613991942624572205797720899206678801754976838734188860177...

1.6139919426...
For mass of SMBH87 = 13.1799199¢+39 , we obtain:

[(((2%6.674e-11%13.1799199¢+39)/(299792458)"2 (1+3) * sqrt(((((74.2(-
D))/A((6%0.6889°0.5))) sinh-1((((0.6889/0.29)%0.5 3+ 1) (-1.5))))))))]*1/8

Input interpretation:

2% 66741071 % 13.1799199  10°°

209792 458°
I 0.6889
1 . ; 0.29
(1+3) ———— sinh” = ~il;8)
\ 74.2 [5 \ 0.6889 ] (3+1)"

; 1 ) : i I
sinh™ (x) is the inverse hyperbolic sine function

Result:
33.9919...

33.9919...
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From which, performing the following division where to the numerator put 55, we
obtain:

55/[(((2*6.674e-11%13.1799199e+39)/(299792458)*2 (1+3) * sqrt((((74.2(-
D)(((6*0.68890.5))) sinh-1((((0.6889/0.29)*0.5 3+ (-1 1/8

Input interpretation:

55
II 06889
- -11 . a9 : 0.29
26,674 10 13.1'.’?91';‘9 10 [l+3'l 1 ,Sll‘.l.h_] Y &
,‘i 200 702458° .\ 74.2 6 v0.6889 | 3+l
sinh ™! (x) is the inverse hywperbolic sine function

Result:
1.618034137264935470967634228327981974805109766623066818231...

1.618034137...

We note that, with regard 6.626072042 * 10° , we obtain the following interesting
expression:

(6.626072042e+9)*1/47

Input interpretation:
N 6.626072042 - 10°

Result:
1.61794180598. ..

1.61794180598...
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We obtain also:

[(2%6.674e-11%13.446316e+39)/(299792458)°2 (1+3) sqrt((((74.2°(-1))) /
(((6*0.6889°0.5))) sinh*-1(((0.6889/0.29°0.5 (3+1) (-1.5))] 1/(55+2)

Input interpretation:

2+6.674- 10711 «13.446316 - 10%°

299 792 4587
I 0.6880
1 0.20 1
(1+3) sinh™! 7 ’“[55 2}
\ 74.2 [5 \ 0.6889 ] SR %
sinh ™! (x) is the inverse hywperbolic sine function

Result:
1.640900666955769919639421902883243924968106321907933836447 ..

1.640900666...

and:

[(2%6.674e-11%13.446316e+39)/(299792458)°2 (1+3) sqrt((((74.2°(-1))) /
(((6*0.6889°0.5))) sinh*-1(((0.6889/0.29)°0.5 (3+1)(-1.5)))]*1/56

Input interpretation:

2+6.674 . 10711« 13.446316 - 10°°

299 792 458
I 0.GERD
1 — \I 0.29
i1+3 sinh = ~1/56)
\ 74.2 [5 N 0.5839] S
sinh ™! (x) is the inverse hywperbolic sine function

45



Result:
1.655476601219360232039658078051032228269057102661080543155. .

1.655476601219.... result practically equal to the 14th root of the following
Ramanujan’s class invariant Q = (6505/6101/5)3 =1164,2696 i.e. 1,65578...

From:

High-redshift cosmography: auxiliary variables versus Pade polynomials
S. Capozziello, R. D’Agostino and O. Luongo - arXiv:2003.09341v2 [astro-ph.CO]

25 Mar 2020

We have that

As a relevant example, we present the method of the Padé
approximations (Krantz & Parks 1992 ). The Padé technique
is built up from the standard Taylor definition and is used
to lower divergences at z = 1. Thus, a given function f(z) =

= ez", expanded with a given set of coefficients, namely
., is approximated by means of a {n, m) Padé approximant

by the ratio
-P;I'tvﬂt{zj — L " {12]

where the Taylor expansion matches the coefhicients of the
above expansion up to the highest possible order:

P (0) = £(0), (13)
Pr.m(0) = f'(0), (14)

(15)
P (0) = f™(0). (16)
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We have the following data:

Moreover, assuming the concordance value £2,,p = 0.3, one
obtains the “fiducial set™

I;.r.!‘[]. j[]. S0, {r]] = ';—ﬂ-':P‘E Ly —O.S!._)._ 0.685) , [gﬂ]
Now, we analyze the following equation:

. . I, 2. = 1, _ = o . Tp
H(z) = HU[I +(1+qo)z+ 3[_.'[. — g )z — Et_—;}r,r{-, - Jqﬁ, + jo(3 + 4qu) + so)z"

1 2 x : =7 S : o : =
- ﬂ{--’lj‘j + o — l'.?q[': - 2-1{;;} — 15qy + jo(12 + 32q0 + 2-‘.:(;;3} + 8s0 4+ Tqoso)z I] .

For z=2, Hy=69.2, we obtain:

69.2 [1+(1-0.55)*2+1/2(1+0.55"2)*4] = 311.746
69.2[-1/6((((-3*(-0.55)2-3*(-0.55)3+(3+4*(-0.55))-0.35))))*8] = -3.8406

69.2[1/24((((-4+0.685-12(-0.55)2-24(-0.55)"3-15(-0.55) 4+((12+32*(-0.55)+25%(-
0.55)"2)+8(-0.35)+7(-0.55*-0.35)))*16] = -175.979925

Thence:

311.746-3.8406+69.2[ 1/24((((-4+0.685-12(-0.55)"2-24(-0.55)*3-15(-
0.55) +((12+32%(-0.55)+25%(-0.55)"2)+8(-0.35)+7(-0.55%-0.35)))*16]

Input interpretation:
311.746 - 3.8406 +

1
69.2 [ﬁ (-4 +0.685 - 12 (-0.55)° - 24 (-0.55)° - 15(-0.55)* +{(12 + 32 (- 0.55) +

25 (~0.55)2) + 8+ (~0.35) + 7 (~0.55 » (0.35))) 15]}

Result:
131.925475

131.925475
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From:

-4+34 * 5(3/4) integrate ((([sin(P1/2) / sqrt(((((5sqrt5)) *((sin"2(P1/2)))*[1-
((sqrt5+1)/2)~(-5)*5™(-3/2) sin*2(Pi/2)])))])))Pi/2 x =cos”-1(golden ratio)*2.5..Pi/2

Input:
v Fig i
oI sm[—}
.' m
—4 43453 [E . 2 — dx
uc:-s'l-:a]“'E || o 2
[(5V5 ]sinz[ﬂ} 1-~ il = sinz[—}l
d 2 [£(+'5 +1)|
12 .
cos I (x1is the inverse cosine function
#is the golden ratio
Result:

124228 +43.9959

Input interpretation:
124,228 +43.9959 ;

iizthe imaginary unit
Result:
124 228 +
43.99509

Polar coordinates:
r = 131.789 (radius), & = 19.5018° (angl
131.789

From
. : L. -V SR WP S S 3
H{z)= Hy [I + (14 qo)z + gf_fn — o)z — E‘.—Jﬂfﬂ — g5 + jo(3 + 4q0) + s0)=
1 4 3 : i . ; 5 &
+ ﬂ{_ijj +lg — 12q5 — 2.1.:;,; — 155 + 70(12 4 32q0 + 25q; ) + 850 4 Tqoso)z I] .

For z=1, Hy=69.2, we obtain:

69.2 [1+(1-0.55)+1/2(1+0.552)] = 145.4065
69.2[-1/6((((-3*(-0.55)"2-3%(-0.55)3+(3+4*(-0.55))-0.35))))] = -0.480075

69.2[1/24((((-4+0.685-12(-0.55)"2-24(-0.55)"3-15(-0.55) 4+((12+32*(-0.55)+25%(-
0.55)"2)+8(-0.35)+7(-0.55%-0.35)))] = -10.9987453125
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145.4065-0.480075+69.2[ 1/24((((-4+0.685-12(-0.55)2-24(-0.55)"3-15(-
0.55) +((12+32%(-0.55)+25%(-0.55)"2)+8(-0.35)+7(-0.55%-0.35)))]

Input interpretation:

145.4065 — 0.480075 +
1
69.2 [i (4 +0.685 - 12 (-0.55)" - 24 (-0.55)° - 15(-0.55)* +

({12 + 32 (-0.55) + 25 (-0.55)*} + 8 % (~0.35) + 7 (-0.55 [—0.35}1]]}

Result:
133.9276 796875

133.9276796875

Furthermore, for z= 8,

I 3. = 1, _ =5 o T .
Ef_n'u — o)z — E':.—Jf,l'e: — JQ'(E + jol3 4+ 4g0) + -"~'n]?qj

1 i % : e : i . 2 ; i
- ﬂ{—i_j-f, + 1o — 12q5 — 2-1{;;} — 15gy + jo(12 + 32q0 + 2-‘.:(;,;} + 850 + Tgoso)z I] .

H(z) =-H; [1 e E)E L

we obtain:
69.2 [1+(1-0.55)+1/2(1+0.55"2)*8] = 460.872
69.2[-1/6((((-3*(-0.55)"2-3*(-0.55)"3+(3+4%*(-0.55))-0.35))))*8"3] = -245.7984

69.2[1/24((((-4+0.685-12(-0.55)"2-24(-0.55)"3-15(-0.55) 4+((12+32*(-0.55)+25%(-
0.55)"2)+8(-0.35)+7(-0.55%-0.35)))*8"4] = -45050.8608

From:

460.872-245.7984+69.2[1/24((((-4+0.685-12(-0.55)"2-24(-0.55)*3-15(-
0.55) +((12+32%(-0.55)+25%(-0.55)"2)+8(-0.35)+7(-0.55%-0.35)))*84]

Input interpretation:
460.872 - 245.7984 +

1
69.2 [i (-4 +0.685 — 12 (-0.55)° - 24 (-0.55)° - 15(-0.55)" +{(12 + 32 < (-0.55) +

25 (~0.55)%) + 8+ (~0.35) + 7 (~0.55 » (~0.35)))] 3‘4]]
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Result:
—44835,7872

-44835.7872

From which:

[-(((460.872-245.7984+69.2[ 1/24(-4+0.685-12(-0.55)*2-24(-0.55)"3-15(-
0.55)M+H((12432%(-0.55)4+25%(-0.55)"2)+8(-0.35)+7(-0.55%-0.35)))*8~4]))) ] 1/22-
(7+2)/10°3

Input interpretation:
[- [46[).8?2 ~ 245.7984 +

1
69.2 [2—4 (-4 +0.685 - 12 (-0.55)" - 24 (-0.55)° - 15(-0.55)* +
(12 + 32 (-0.55) + 25 (-0.55)%) + 8 » (~0.35) + 7 (-0.55

7+2

(—0.35))l) 84D]"[lj221——

Result:
1.618187093550198406919387743846047430057688091030028324713. ..

1.61818709355...

From the previous Ramanujan equation, we obtain:

199+1073((((5+2*5 integrate (Pi/2) / sqrt((((1-((sqrt5+1)/2)"(-5)*5"(-3/2)
sin”2(Pi/2)))))dx x =cos”-1(golden ratio)"2.5..Pi/2))))

Input:

[N

3 ,
199+10° 54245 [2 |

woos o (d)

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

# iz the golden ratio

Result:
420913.1 +12940.
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Input interpretation:
42913.1 +12940.:

Result:
42913.1... +
1.2940... x 10% ;

Polar coordinates:
r=44821.6

44821.6

#=16.7801°

3

From:

Exact geometric optics in a Morris-Thorne wormhole spacetime

iizthe imaginary unit

Thomas Muller - Visualisierungsinstitut der Universitat Stuttgart, Nobelstrasse 15,
70569 Stuttgart, Germany - (Received 17 December 2007; published 26 February

2008) - PHYSICAL REVIEW D 77, 044043 (2008)

We have that:
37
R T T T
T ‘ .
I
%
9. ot
; II".
\
| uuﬁ?a;ﬂ_} \{f —0.1 ]
=3 T SN
SRR _h-q-'""-u._‘-:‘_\.‘:
0 L 1 | 1 ===y Sainee,
¢ &

FIG. 12, Lensing ¢ = @(&) tor an observer at {; = 6 and rings
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0.16

1
0.14 - ~ 0.998
0.12 4 0.996

= WEF 1 0.994

i 0.08 - 4 0.992 g

S 006 -+ 099 B
0.04 4 0.98%
0.02 0.986

nﬂ, J = i I L ) s
2 : 8 2

FIG. 6. The observation angle £, is plotted on the abscissa.
Left axis: The solid line represents the size of the throat by
scaled by the time A7 between the emission of the flash and the
observation of the ring. Right axis: The dashed line corresponds
to the parameter d,gq;.

Now, the distance ol the vbserver o the wormhole throat
follows from Eq. (26),

_ 'b{]\/l i (IEum_.!wiﬂde.um

lﬂ:i:-_lll:'.li_‘ 5in ..{_L'UI:'.IL‘

l; (66)

For ac. = 0.998136044617 that is equal to 1/ 1.0018674362, a value of the
following Rogers-Ramanujan continued fraction:

2r
5 -2z
\/GT_ — 4 —— ~1.0018674362
5 _ e
¢ ¢ 1+ e—67z
1+ a =
1+..
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Econe =7/ 8 and by=2, from

3 -0
_ IIi!;'U'\.fl T OgopeSM gumc

ﬂL’{JﬂC s ._EL'UI'.IL‘

l;

We obtain:

((2*sqrt(1-0.998136044617/2*sin"2(Pi/8)))) / ((0.998136044617 * sin(Pi/3)))

Input interpretation:

|
2 \{ 1-0.998136044617 sin®(Z )

0.998136044617 sin[g}

Result:
4,83898925052...

4.83898925052...

Alternative representations:

I
2 ‘J 1-0.9981360446170000° [ 11]2

[ :
2 \{ 1 -0.9981360446170000° sinz[g} T

0,998 1360446170000

cscl:g )

0.9981360446170000 sin[ij

2 \/ 1-0.9981360446170000° sinz[g} 2 \/1 —0.9981360446170000% casz[;— = ;}

0.9981360446170000 sin(% ) 0.9981360446170000 cos(? - % |

2 \/ 1-0.9981360446170000° sinz[g}

0.9981360446170000 sin[g |

2 \/1 - 0.9981360446170000° [-cas[g + 5}]2

0.9981360446170000 ms[; + g}
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Series representations:

2 \/ 1 -0.99813604461700002 sinz[g}

0.9981360446170000 sin[‘-s'}

{0, 9962?55635636?0:"‘1-—] {-sin? |,r“

1.001867436200759 ¥,

Z:;:u 1 Tz [g }

k!

2 \/ 1-0.9981360446170000° sinz[g}

1
0.9981360446170000 sin[g} - PN, J1+2k[§}
arg(1 - x - 0.996275563563670 sin®(*
1.001867436200759 Exp[z x { . £ ””\G
o

o (-1 x* (<1) (1-x-0.996275563563670 sinz[;—'”k

k!

forix e R and x
k=0

2 \/ 1 - 0.9981360446170000> sinz[g} i

QTk-: -rp2k

Zk:ﬂ (2 &)

arg{l - x-0.996275563563670 sinz[’gl”
2

0.9981360446170000 sin[’—;}

2.003734872401518 Exp[z T

e

o (-1f x* (- 1) (1-x-0.996275563563670 sinz[g}}"‘
ki

for (x = R and x
k=0

Multiple-argument formulas:

2 \/ 1-0.9981360446170000° sinz[g}

0.9981360446170000 sin[’—s’}

1.001867436200759 \/1 — 3.085102254254679 cnsz[:—ﬁ} sinz[ﬁ}

cus[:—ﬁ} sin[ﬁ}
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2 \/ 1 - 0.9981360446170000° sinz[g}

0.9981360446170000 sin[g}

[
2.003734872401518 \/ 1-0.996275563563670 (3 sin( X ) - 4 sin®( Z

3 sin[i}—ﬂl- sing[i}

2 \/ 1-0.99813604461700007 sinz[g}

0.9981360446170000 sin{g}

[
2.003734872401518 \f' 1-0.996275563563670 U_z[ccs[frﬂz sin®r)
8

U z(cos(r)) sin{r)
8

From which, we obtain:

(((((2*sqrt(1-0.998136044617°2*sin"2(Pi/3)))) / ((3((0.998136044617 *
sin(Pi/8)))))))+5/1073

Input interpretation:

|
2 \f 1-0.998136044617% sin*(? )

3 [D.998 135&4451?5111[3” 10°

Result:
1.617996416839273748468665625519341084146844270426300011631...

1.6179964168392...

Alternative representations:

2 \/ 1-0.9981360446170000% sin?(%)
e

— -
3(0.9981360446170000 sm[;” 0

|
2 ||l—D.998136D4461?DDDD2[ 1T
\.‘4 IZS-EIIEII

=

e
lDB 2.994408133851000
csx:lf‘;']
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2 \/ 1 - 0.9981360446170000° sinz[g} 2
ke

3 [0.99313504451?mm sin[g}} 10°

2 osd(T_ T
z 2J1—D.998136G4461?GDDD cos [2 S}

+
10° 2.994408133851000 cos(Z - £

2 \/ 1 - 0.9981360446170000° sinz[g}

-
3(0.9981360446170000 sin( * ) T10°
3 2 \/ 1-0.9981360446170000° [-cas[g + g}}z
10° 2.994408133851000 cos(Z + I |

Series representations:

2 \/ 1 - 0.9981360446170000° sinz[g} < ]

+

3(0.9981360446170000 sin(* ) 107 98 e

L
0.00500000000000000 | 1.000000000000000 3" (-1 J1+2k[%] +
k=0

w (-0.996275563563670) (-1} (-sin?(Z|["
66.7911624133839 5 (=2)e (-sin*(3))
k=0

k!

2 \/ 1-0.9981360446170000° sinz[g}

5
3 [D.QQEIBEDM&I?DDDD sin[’gi” ETE

0.333955812066920

z:]:n -1 J1+2k[§}

Ll
0.0149720406692550 " (-1)* J1+2k[ g] +1.000000000000000
k=0

arg(1 - x - 0.996275563563670 sin’(% )
2

)

o (1Fx*(-2) (1-x-0.996275563563670 sin?(Z )"
k!

eXp [1 m

k=0
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2 \/ 1 - 0.9981360446170000° sinz[g}

5
+ — =

3 [0.99813504—451?0000 sin[’é” 10*
1 o (&) Cn?k
0.667911624133840.0074860203346275 5 —————

=00 I:—i]k-:—m” k= [Ek}!
= 2 =
k=0 (zk)!

2

arg{l -x-0.996275563563670 51112[’1”
1.00000000000000 exp|ix g

o (1Fx*(-2) (1-x-0.996275563563670 sin?(2 |

2 o

Multiple-argument formulas:

2 \/ 1 - 0.99813604461700002 sinz[g} .
e

3(0.9981360446170000 sin(* ) 10°

0.3339558120669196 \/ 1 -3.985102254254679 ccsz[li&} sinz[f—&}

200 ms[f_ﬁ } sin[llls}

2 \/ 1 - 0.99813604461700002 sinz[g} .
e

3(0.9981360446170000 sin(* ) 10°

0.6679116241338392 \/ 1 -0.996275563563670 [3 sin[i |-4 sing[ziq}}z

200 35111{;—4}—451I13[i}

2 \/ 1 - 0.99813604461700002 sinz[g} 3
pad

3 [0.998135D4451?DDDD sin[g” 10°

0.6679116241338392 \/ 1-0.996275563563670 U 7 (cos(m))? sin’(r)
8

+ .
200 U z(cos(r)) sinGr)
B
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From

da _  bycosé (85)

€ g2 02+ P

For by=2, E=15n/16 and ;= 6, we obtain:

(2 cos (15Pi/16))) / ((sin®2 (15Pi/16) sqrt(4+36)))

Input:
2 cns[lS i}
~ 16

sin2[15 ;lﬁ} v 4436
Exact result:

cut{%} csc[:—ﬁ}

V10

cotix is the cotangent function

cacix) is the cosecant function

Decimal approximation:
8.148965669715552791388776645916573488027643808296735444550...

8.14896566971...

Alternate forms:
—
y 3 oslse)

ccs[g}— 1

I
[ 1

5

\
Ji(z+V2rvz)

2-v2+v2

[34 +5842 + ‘jz [ESQD + 4871 w.E] ]

wnlka

Minimal polynomial:
625 x® - 42000 x® + 33000 x* - 2080 x° + 8
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Alternative representations:
2 cns{ls—" 2 cnsh[ﬁ}
& 16

5111{15"}1,.'4 36 C':‘Sz[n 151}@

Ecns{”—; Ecnsh[—%}

sin {15"}1,.'4 36 C':‘Sz[n - 151}@

2 cns{ls—; 2 cnsh[ 15:3”}

sin [15”}1..'4 36 [ cns[ IETH Va0

Series representations:
157

L _ 3[1+?i@“]i@‘“‘“ forq = 'V -1
5111[15"}1,.'4 36 o .

2(:05{15—" 9 @« = -1+2ky

A el i 5 AN
sin [15"}1,.'4 36 \15 kléwk;!z:l”_zsﬁnkzl

2::05{115—; 8‘\/7[ 1+250, lizlsikz][l“qzqu }
5111[15"}m g

Integral representations:

TIE

2::05{115—; ([JJN 1515;1+r: ]JJN _1:; i
sin [15"}1.,'4 36 x

" 1
2 CDS[IS_E,T [Jn T516 0o dt] J'E csc(t) dit

5111{15"}1,.'4 36 V10 #
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1/5 [((2 cos (15Pi/16))) / ((sin*2 (15Pi/16) sqrt(4+36)))] - 11/10°3

Input:
1 Ecas[lS ﬁ} _i

. 2 ks 10?
sin [15 16}1,"4+35

Exact result:

cnt[:—ﬁ}csc[i} 11

5410 1000

cotix is the cotangent function

cacix) is the cosecant function

Decimal approximation:
1.618793133943110558277755329183314697605528779659347088910...

1.61879313394...

Alternate forms:
20410 cnt[l}csc[l}— 11
16 164
1000

|
|

40 (5
\

84 +58+/2 4+ ,J 2(6890 +4871v2) | -11

1000

cscz[i} [EDD cus[:—ﬁ} ~11410 51112[:—6 ”

1000 10

Minimal polynomial:

1000000000 000 000 000 000 000 x° +
88000000 000 000000000000 x” - 2684612 000 000000000000 000 x° -
177333464 000000 000 000 000 x° + 79 602 304 870 000 000 000 000 x* +
3645574 458 856 000 000 000 x° - 152249 795 516 292 000000 x* -
4238649 754630632000 x + § 228077 938 390881
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Alternative representations:
1507 150w
2 CDS[E 11 11 2 cnsh[?}

[51112[ = }1,;'4+ 3,5]5 10°  10° _5[::1::5 [2 i 15n}m}

2 cns[% 11 11 2 cnsh[—

[51112[1 }1,"'4+35]5 10° 153_5[:05[ i 15n}m}

151‘:r}

157

2:::::5[E £ o ZCDsh[— 151;,1}

(sn?(2r)Varse)s 10 10° s ((-cos(; + 22)f VAD)

Series representations:

— -1+2 kg
Ecus[% 11 ![—lll-l'ﬁ'q'l:l 1':' EEJI:_NEEE:]_ .IT—ZSEA.ITk%]

[smz[ *.."4+3|5]5 gt 1000

6)

for g !

2 cns[% 11

_[51112[%}1.,' 4+ 36 ]5 E -

=142 k ET:) ~142k142k
~11-40V10 I, q % -80V 10 I, IF, ., MR

1000
15 el Vg v P e k2
. CDS[T; 11 11+5120V10 24 - o 2y=es {r-256m kf )(r-256m k3 )
_ - -
[sinz[%}ﬂ 4+ 36 ]5 10 1000
Integral representations:
15 i o0 =14t7/8
2 cos( 1) ;-1 +40V10 [ S mﬂm ]J'D - at

[sillz[ﬁ}1|"4+35]5 10° 1000 72

Eccs[%} 11 11H+EUF[L W ]Jg csci(t) dt

(14)

[smz[ = }4.,;'4 36 ]5 108 1000«
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From:

Space-time slicing in Horndeski theories and its implications for non-singular
bouncing solutions
Anna [jjas - arXiv:1710.05990v2 [gr-qc] 27 Jan 2018

ot
B
=]
na
=]
(=]
]
=)
.
=]
&

-2 x106L

\ .

wu'ﬁ_a_
o I

Figure 1: Evolution of ¢Z, around ~y-crossing as a function of time for the parameter values
given in the caption of Figure 2. The time coordinate is given in reduced Planck units; the
y-axis has dimensionless units. The 7-crossing point is at ¢ = 0. Notice that, even though
|c2,| < 1 around ~-crossing in this example, the true effective sound speed CQS is generally
much greater than |c2_| and can be of order one.

/ +2x 104
i i 1 i Il
T

-60 -40 -20 0 2r0 40 t €0

Figure 2: Numerical solution of Eq. (4.3) for the modes ¥}, as a function of time correspond-
ing to the background around v-crossing as described in Eqgs. (4.14-4.12) for the wave-numbers
k = 0.01 (blue curve), k = 0.1 (orange curve), k = 2 (green curve), and k = 10 (red curve);
and the parameters t, = —100,p = 1/10,4; = 102,44 = 2/10,V5 = —5 x 1073, and
40 = 1076, The z-axis has reduced Planck units and the y-axis has dimensionless units. The
graph verifies that all modes pass through v-crossing undisturbed.
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From:

(107-6)/(-4*(-5%107-3))

Input interpretation:

10% (-4 (-5 - 1073))

Exact result:
1

20000

Decimal form:
0.00005

0.00005

From:

2
g Ao i At \
(4.27)

(((10A-3)/((-4*(-5*107-3)) 1/10)))*(((1/10-+(107-6)*(10°4)/(10"-
3)*(100)/(100))))"2 *(2*10°-6)

Input interpretation:

0% | 100
1 o0
1 1 E]
e [t 2 x 1078
10° [[-4[-5 10%))x 1) {10 10
4 10

Exact result:
10201

100000000
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Decimal form:
0.00010201

0.00010201

or:
(((1e-3)/((-4*(-5e-3))1/10)))*(((1/10+(1e-6*10"4)/(1e-3)*(100)/(100))))"2 *(2e-6)
Input interpretation:

1x1073 1 1x10%x<10% 100V
g e
(~4{-5x107))x .- |10 1.107° 100

2 %1078

Exact result:
10201

100000000

Decimal form:
0.00010201

0.00010201
or:

(((1e-3)/((-4*(-5e-3))1/10)))*((1/10+(1e-6*1074)/(1e-3)*(100)/(100))))*2 *(-4e-6)

Input interpretation:
1x1078 1 1x10°%x10* 100, 4. 106
(-4 (-5 107%)) E% 10" 1.10° 100 | }

Exact result:
10201

50000000
Decimal form:

-0.00020402
-0.00020402
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For

2
Celt :(-3.?4439??135 m"—“)

we obtain:

(((((1e-3)/((-4*(-5e-3)) 1/10)))*(((1/10+(1e-6* 10~4)/(1e-3)*(100)/(100))))"2 *(-
3.7443977185¢-6))))

Input interpretation:
11073 1 1x1078x10% 100¥

il ol il i
(A{5x10 )= 10 1-10° 100

(-3.7443977185 10'6}

Result:
-0.0001909830056320925

-0.0001909830056320925

From the ratio between the two results, —0-0005 gpd -0.0001909830056320925

we obtain:

[-0.0005/((((((1e-3)/((-4*(-5e-3))1/10)))*((1/10+(1e-6*10~4)/(1e-
3)*(100)/(100))))"2 *(-3.7443977185¢-6))))]

Input interpretation:
0.0005

1 1073 1,1 10%a0% 1002 o
TR (35 + 25252 < 20T (-3.7443977185 x 10°9)

Result:
2.618033988653300132044588432838423167632528370320266004991 .

2.618033988653...
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sqrt[-0.0005/((((((1e-3)/((-4*(-5¢-3))1/10)))*(((1/10+(1e-6*10"4)/( 1 -
3)%(100)/(100))))"2 *(-3.7443977185¢-6))))]

Input interpretation:

0.0005

1x10~3 1 1 107% 0% 1002 -6
\1 {~4(-5 - 1073)) ilu- [ID+ 11073 1,:,,:,} (~3.7443977185 - 107}

Result:
1.618033988720073251151657188122770631698054415600964859521 ...

1.61803398872...

From

1 %1073 1 1x107%x10* 1007

s — | (~3.7443977185 10'6}
(-4(-5107%)) 1—10 10 1x1072 100

= -0.0001909830056320925

We obtain also:

(-0.11*3)/(((((1e-3)/((-4*(-5e-3)) 1/10)))*(((1/10+(1e-6*10"4)/( 1 e-
3)%(100)/(100))))"2 *(-3.7443977185¢-6))))

Input interpretation:
~0.11x3

1 1|:I_3 1 1 1|:|—|5' 1|:|4 10042 5
(~4{-5 - 1073 L (10 + 5.0 X 1o0) (-3-7443977185x10°°)

Result:
1727.0024325112374R7743428365673350200637468724417315563204

1727.9024325... = 1728

-0.024/((((((1e-3)/((-4*(-5-3))1/10)))*(((1/10+(1e-6*10"4)/(1e-3)*(100)/(100))))"2
*(-3.7443977185¢-6))))

Input interpretation:
0.024

1x1073 1 1 10% 00% 1002 -6
TR (5 + = a %) (-3.7443977185 x10°°)
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Result:
125.665631455362726381340244776244312046361361775804 7682305 ..

125.66563...

Pi-0.026/((((((1e-3)/((-4*(-5¢-3))1/10)))*((1/10+(1e-6*10"4)/(1e-
3)%(100)/(100))))"2 *(-3.7443977185¢-6))))

Input interpretation:

0.026

o

#;’;“J_ (o5 + %';’;”4 100)* (-3.7443977185 - 10°¢)

y " 10
Result:
139.279...
139.279...
For:

)

o | = (=123 x 1076)
we obtain:

[-0.0005/((((((1e-3)/((-4*(-5e-3))1/10)))*((1/10+(1e-6*10~4)/(1e-
3)*(100)/(100))))"2 *(-1.230e-6))))]

Input interpretation:
0.0005

1 103 1 1 1w %0t o042 -5
R s T [ o R T 1 285 1070

10 1 1073 100

Result:
7.969886580544072277307421638082668445545351444103598961683...

7.969886358...
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From the ratio between the —0.0001909830056320925 gpnd -0.0005 | we obtain:

((((((1e-3)/((-4*(-5e-3)) 1/10))V*(((1/10+(1e-6% 10~4)/(1e-3)*(100)/(100)))) 2 *(-
3.7443977185¢-6)))) / ((-(10e-6)/(-4*(-5¢-3))))

Input interpretation:

—Lxl0T__ (L, 1x10°K0® 00V (5 7443977185 x 10°5)
(-4(-5 1073 # 10 1 1072 wol -

10 1078
4(-5-1073)

Result:
0.381966011264185

0.381966011264185

From which:

[(((((1e-3)/((-4*(-5e-3))1/10)))*(((1/10+( 1e-6%*10~4)/(1e-3)*(100)/(100))))*2 *(-
3.7443977185¢-6)))) / ((-(10e-6)/(-4*(-5¢-3))))]*1/1088

Input interpretation:

L0 (1,1 100107, 1007 37443977185 - 10-6)
(-4(-5 - 10-3)) % 10 11073 1o ) :

1088 0 107
4(-5 1073)

Result:
0.09911581056531. ..

0.99911581056531.... result practically equal to the following Rogers-Ramanujan
continued fraction value:

V4

e ¥® eV
\/g =1- e‘z”‘/g = (0.9991104684
5 54(c3 Ak t 6_3”‘/g
1+ ¢\/5_—1 14—
e—47r\/§
1+
1+...
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We have that:

br_ s, [V (Z+22)

a  ug Ap Y0 p (4.29)

2#sqrt(((((5*107-3)/(107-3)*((((2*2/10%1/(107-6))+(1/10+2)/(1/10)))))))

Input interpretation:
5x 1073 2 1 o*2
S

2
\

Result:
24/ 2000105

Decimal approximation:
2828.501369983758731571647819405282445308389788179539504988...

2828.5013699837...

Or:

2*sqrt(((((5e-3)/(1e-3)*((((2*2/10*1/(1e-6))+(1/10+2)/(1/10))))))))

Input interpretation:

1
5.10°( 2 1 e

2 - +
\ 1x10™ 10 1.1p°8 l—fj

Result:
24/ 2000105

Decimal approximation:
2828.501369983758731571647819495282445398389788179539594988...

2828.5013699837...
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From which:

Input interpretation:

1
5x 107 2 1 R
2w — +
Y Lsc10 10 1.1p°8 =
10

Result:
24/ 2000105 - 358

Decimal approximation:
2470.501369983758731571647819495282445398389788179539594988...

2470.501369983... result practically equal to the rest mass of charmed Xi baryon
2470.88

Alternate form:
2[4 2000105 - 179

and:
(((2*sqrt(((((5e-3)/(1e-3)*((((2*2/10*1/(1e-6))+(1/10+2)/(1/10))))))))"1/16

Input interpretation:

1
5 1077 2 1 4 2
15 2 A s -
L e R 76 L

Result:
Y2 % 2000105

Decimal approximation:
1.643320506031719620500374029460204062533961646738821776558. .

1.643320506...

Alternate form:
of x*2 -8000420 r x = 1.64332
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sqrt[6((((((2*sqrt(((((Se-3)/(1e-3)*((((2*2/10%1/(Te-
6))+(1/10+2)/(1/10))))))))))"1/16)))]

Input interpretation:

1
5x 1073 2 1 bt
G1a 2 — o
\ \ V1 1073 10 1108 =

Result:
21732 /3 %} 2000105

Decimal approximation:
3.140051438462484442713188496023850142331062180841409134445..

3.14005143846... =n

and:

((2*sqrt(((((5e-3)/(1e-3)*((((2*2/10%1/(1e-6))+H(1/10+2)/(1/10))))N))N)) 1/16-(29-
£1/1073

Input interpretation:

3 . 2
5 10 2 1 e
18 L + — (29 -yx —
\ \1 1073 10 1 10°® 1—1D 10°
Result:

16/ 32 1
2 % 2000105 - —
‘UII ill 40

Decimal approximation:
1.618320506031719620500374029460204062533961646738821776558 ...

1.618320506...

Alternate forms:
1
f a2 —B0O00420 r x=1.64332 - i

1 16 32 |
— (40 2 § 2000105 -1
0 [ V2 'y
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and again:
(((2*sqrt(((((5e-3)/(1e-3)*((((2*2/10*1/(1e-6))+(1/10+2)/(1/10)))N)))))"S * 25

Input interpretation:
i 5

1
5 107 2 1 - T2
2 e + 25
1%1073 W 1k =

Result:

3200336008820000+ 2000105

Decimal approximation:
4.5260773926778622836009165542570940040624461747785764... % 10

4.526077392...%10"

Now, we have that:

Figure 2: Numerical solution of Eq. (4.3) for the modes ¥y as a function of time correspond-
ing to the background around ~-crossing as described in Eqgs. (4.14-4.12) for the wave-numbers
k = 0.01 (blue curve), k = 0.1 (crange curve), k = 2 (green curve), and k = 10 (red curve);
and the parameters t, = —100,p = 1/10,4p = 1073 4y = 2/10,Vp = —5 x 1073, and
A9 = 1075, The z-axis has reduced Planck units and the y-axis has dimensionless units. The
graph verifies that all modes pass through ~-crossing undisturbed.

Finally, to simplify the term o ¥ in Eq. (4.3), we use the following approximations:

Ag "y{}t'i.“: ( ;ﬁt)

AH — o~ — p+ =l 0,11
| (4n(p 4L\t /) —

4 g Ao oty (At |
G - =2 (p—l— o (C.12)
o Ang, P Ay g [ At At 2 e
~H+ g H = = (1 +25 4 (? + (_f) , (C.13)
g ;;h) p (A 0\ (. [ At

= [ ki vy SN e, | . '

dt(__;awlélhJ_d]ﬁ:‘[k_%.ﬂr “ 1) (C.14)
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where
At=t—t,

1.e., t <0 runs towards zero. t=-1/24

Ag Yyot2 ( m)
AH —y~ — TN B il )
) (p A \ 1,

~(107-3)/(100) [(1/10+((10°-6)*(10°4))/(10-3))*(~(-1/24+100)/(-100))]

Input:
1 - P
" 10° - 100 [[E i %][ﬁ [_i " lDDB]

Exact result:
242299

2400000000

Decimal approximation:
-0.00010095791666666666666666666666666666666666666666666666...

-0.000100957916666...

d _ B - Ap n.fog, At
gAH -1’ =2 2 (p+ i _f'r) ._

2(107-3)/(100) (1/10+[(((10™-6*(((10°4))/(10°-3)))]*(-(-1/24+100)/(-100))

Input:

1 1 3 [ -1 [ 1 1DDI
10° 100 |10 7 105 \—100 \" 24 7

Exact result:
2423

12000000
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Decimal approximation:
0.000201916666666666666666666666666666666666666666666666666...

0.000201916666....

. p Ay o [ Ad At ?
_Hy 8 g et Tl TN .
+ Ap, i:?r ( N Ag ! (Lr. ( t ) :

(1/10) / (10°4) [14+(2*(2/10)*10°4)/(107-3)*((((((-1/24+100)/(-100))+(((((-
1/24+100)/(-100))))Y"2)))]

1+—[-—[-—+mr:|}+[ [-—+1DDD]
Lg 0oL 24 -100 4 24

Exact result:
50039

3600000

Decimal approximation:
-0.01664972222222222222222222222222222222222222222222222222. .

-0.01664972222....

From
d H+AhH ~oP (A1a) (4 arNY .
dt Ay, B \Ag 7 £ ‘
we obtain:

2((1/10)/(1076)) [((2/10)*(1074))/(10"-3)] ((((1-(-(-1/24+100)/(-100))))))

Input:

1 2 4
10 10 19 -1 1

2x 10 [1 " [- — 4 100]]
106 e ~100 \ 24

10
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Exact result:
1

6000

Decimal approximation:
0.000166666666666666666666666666666666666666666666666666666...

0.00016666...
From the four results, we obtain
(-0.000100957916+ 0.000201916 -0.01664972 + 0.00016666)

Input interpretation:
-0.000100957916 + 0.000201916 - 0.01664972 + 0.00016666

Result:
-0.016382101916

-0.016382101916

From which:
-1072*(-0.000100957916+ 0.000201916 -0.01664972 + 0.00016666)

Input interpretation:
~10% (-0.000100957916 + 0.000201916 - 0.01664972 + 0.00016666)

Result:
1.6382101916

1.6382101916

((-(89+13)(-0.000100957916+ 0.000201916 -0.01664972 + 0.00016666)))-(55-
2)1/10°3

Input interpretation:
-(B9 +13)(-0.000100957916 + 0.000201916 - 0.01664972 + 0.00016666) -

1
(55 - 2} » —
10°

Result:
1.617974395432

1.617974395432
75



and:
-1/(-0.000100957916+ 0.000201916 -0.01664972 + 0.00016666)+3

Input interpretation:
1

- 3
-0.000100957916 + 0.000201916 - 0.01664972 + 0.00016666 N

Result:
64.042227983170117643406803476511835418128526 798502 18556044

64.042227983... = 64

-2/(-0.000100957916+ 0.000201916 -0.01664972 + 0.00016666)+P1

Input interpretation:
2

" 0.000100957916 + 0.000201916 — 0.01664972 + 0.00016666

Result:
125.2260...

125.2260...

Alternative representations:

2 2
< =180°-—- ————
~0.000100958 + 0.000201916 - 0.0166497 + 0.00016666 0.0163821

2
" 0.000100958 + ﬂ.gmmzalglﬁ —0.0166497 + 0.00016666

—ilog(-1) - -

0.0163821

2

~20.000100958 + G.EIIJDDEGIQIE Z0.0166497 + 0.00016666

cos (1) -

 0.0163821

Series representations:
2

" 0.000100958 + 0.000201916 — 0.0166497 + 0.00016666

o [ l}k

122.084 +4 3
E 112k
k=0
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2

" 0.000100958 + 0.000201916 — 0.0166497 + 0.00016666
k

120.084 +2 i

i Ek]

2

~Z0.000100958 + 0.000201916 — 0.0166497 + 0.00016666

® 2% (_6+50k)
122.084 + 3 i it

o [3:}

Integral representations:
2

" Z0.000100958 + 0.000201916 - 0.0166497 + 0.00016666

o 1
122.084 + 2 j dt
R T

2
" 0.000100958 + 0.000201916 — 0.0166497 + 0.00016666

"1
122.DE4+4J V1-t2 at
0

2
" Z0.000100958 + 0.000201916 - 0.0166497 + 0.00016666

oo SINL(E)
122.084 + 2 j
0 t

-2/(-0.000100957916+ 0.000201916 -0.01664972 + 0.00016666)+2Pi+11

Input interpretation:
2

_ 2r+11
~0.000100957916 + 0.000201916 — 0.01664972 + 0.00016666

Result:
139.3676...

139.3676...

Alternative representations:

2
i 2 11 =
—0.000100958 + 0.000201916 — 0.0166497 + 0.00016666
2
114+360°- - ——
0.0163821
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2
 _0.000100058 + G.DDDESIQIE - 0.0166407 + 0.00016666
11 -2ilog(-1) - -

+2x+11 =

0.0163821

2
~ ~0.000100958 + D.DDDEDEIQIE -0.0166497 +0.00016666

11+2cos H=1)- -

+2x+11 =

0.0163821

Series representations:
2

. DT
—0.000100958 + 0.000201916 — 0.0166497 + 0.00016666
LT g
133.084 + 8 L =
1+2k
k=0
2
+2x+11 =

© -0.000100958 +0.000201916 - 0.0166497 + 0.00016666
k

@ o
129.084 +4 5 ——
= kz; 2:{]

2
 _0.000100958 +0.000201916 — 0.0166497 + 0.00016666
@ 2% (6 +50k)

0 [3:]

+2x+11 =

133.084 +2

Integral representations:
2

© ~0.000100958 +0.000201916 - 0.0166497 + 0.00016666

o 1
133.084 + 4J dt
R T e

+2r+11l =

2
-0.000100958 +0.000201916 - 0.0166497 + 0.00016666

"1
133.DS4+EJ V1-t2 at
0

+2x+11 =

2
-0.000100958 +0.000201916 - 0.0166497 + 0.00016666

a0 SITL(E)
133.084 + 4 j :
i

+2x+11 =
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27%(((-1/(-0.000100957916+ 0.000201916 -0.01664972 + 0.00016666)+3)))

Input interpretation:

1
27— 3
( -0.000100957916 +0.000201916 - 0.01664972 + 0.00016666 N ]

Result:
1729.140155545593176371983693865819556289470223559559010132...

1729.1401555455...

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”.

Conclusions

Is there a connection between the so-called "bounce" of the Universe and black
holes? At the end of a cycle, the final giant black hole that is formed by the fusion of
all the remaining black holes, which has absorbed all the mass and energy of the
cosmos, in an immeasurable, though ultra-massive, span of time, like any other black
hole is subject to evaporation process. Eventually, when the black hole undergoes the
final explosion, as a sort of "mirror symmetry", all the energy and mass that has been
absorbed by the black hole, now reduced to quantum dimensions, is emitted from the
opposite side. So there is a process of absorption-contraction / expansion-emission
which can be compared to a sort of "bounce". Hence, the counterpart to the final
black hole is an initial white hole, from which a new universe cycle originates.
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Appendix

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
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:
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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:
g22 =\/(1+ \/E).
Hence
64g23 = €V2 _ 2442766 V2 ...
64g52t = 4096 ™R 4 ...,
so that

6428 + got) = VP - 24 + 43 VE L o = BA{(1 + V)2 + (1 —=v32) 2},

Hence .
e™V2% = 2508051.9982. .. .
Thence:
Gdgp' = 4096 ™VE 4 ...
And
6422 1 gt) =™ B2 4 4312V L = BA{{1 - V22 4 (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 =, ¢, 1/¢9, 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.
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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:

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.
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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

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) =

7T2
- = 1.644934 ...

We note how the following three values: 137.508 (golden angle), 139.57 (mass of
the Pion - meson Pi) and 125.18 (mass of the Higgs boson), are connected to each
other. In fact, just add 2 to 137.508 to obtain a result very close to the mass of
the Pion and subtract 12 to 137.508 to obtain a result that is also very close to
the mass of the Higgs boson. We can therefore hypothesize that it is the golden
angle (and the related golden ratio inherent in it) to be a fundamental ingredient
both in the structures of the microcosm and in those of the macrocosm.
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