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Abstract

In this research thesis, we have described some new mathematical connections
between some equations of various topics concerning the Dilaton value, the Bouncing
Cosmology and some sectors of Number Theory (Riemann’s functions of S.
Ramanujan and Rogers-Ramanujan continued fractions).
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From:

New expressions for Riemann’s functions §(s) and Z(t) — Srinivasa Ramanujan
Quarterly Journal of Mathematics, XLVI, 1915, 253 — 260

Suppose now that s = g + it, where 0 < o < 1.

t is real
o =0
; | £ 1 1
nz v 2%dy | ze ™/ = da
] / ez _ 1  2nx

For6=0.5 andt=1/4 =0.25, we obtain:

(((0.5+i*0.25)-1)) gamma ((1+1/2*(0.5+i*0.25)))*Pi’(-
0.5%(0.5+i*0.25))*zeta(0.5+i*0.25)

Input:
1 et
(0.5 +i+0.25) - l}r[l +5 (05 +i D.ES}JH_U'E'D'SH 025) -(0.5 +i0.25)

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

i is the imaginary unit

Result:



0.496403...

(using the principal branch of the logarithm for complex exponentiation)

0.496403...

Alternate form:

0.496403

Alternative representations:
1 :
((0.5 +i0.25)- 1) r(l +5 (05 +i D.ES}] g R PAROIE e S 48 0.25) =

| |
(—0.5+0.25 i) exp(—log(}[l ¢ (05+0.25 1}] % lagG(E + 5 (05+0.25 :}D

II_—CI.S-:U.S-HII.ZSI:I a_.'[|:|.5 +0.95 i, 1)

| |
(0.5 +0.25) 1}r[1 ¢ 05+ D.EE}JH*J-'-””-'-‘“”-25’_;[13.5 +i0.25) =

(-0.5+0.250(1)n

2

0.540.250)

- 0-510.540.254) 205 +0.254 1)

| |
(0.5 +0.25) 1}r[1 ¢ (05 +i 0.25}]n*3-5‘°-5“”'25’_:[0.5 +i0.25) =

(—0.5 + 0.25 !}f'lngﬂ 141/2(0.5+0.254)) ﬂ_—CI.S-:EI.S +0.251) 4_[|:|5 +0.95 i, 1}

Series representations:

logGiz) gives the logarithm of the Barnes G-function
£(5, ayis the generalized Riemann zeta function
[y i the Pochhammer symbol (rising factorial)

logrix) is the logarithm of the gamma function

1 :
((0.5 +i0.25)- 1) r(l +5 (05 +i D.zs}];ﬁ'-'—““-'—‘“ 8:28) 0.5 +i 0.25) =

o 1) (1 + k)05 -0.258

-0.25-0.1254 Z
T

fon

n=0

[

n
k

|

o

(1.25 +0.125 i — 291 T%)(z0)

l+n

2,

k=0

k!



1 .
(0.5 +i 0.25) - 1) r[l +5 (05 +i 0.25}] g 03 03H023) .0 5 4 §0.25) =

0.173287; -0.25-0.1254
—[[0.251“ o :

@ (1 k25025 1 98 4 0,125 - z0) 2 T¥2)z)
+

[_2 i 3 ko

k1=1kp=0

5

o O L LT 8 Loy ri"ﬂ-‘[zu}]] /
/

kq=1ky=0 kal
[-1.41421“”-”'32”"}] for (zo ¢ Z or zg = 0
1 .
(0.5 +0.25) 1}r[1 #3205+ D.ES}]H'D'S‘D'SHU'ZSJ;'[I:I.S +i0.25) = 0.25
_0as0azsi|_, ‘.;-‘: &, (0.25 +0.125 i1 (0.5 + 0.25 i — s)2 r*1)(1y c¥*2)s0) .
kq=0ko=0 k1 ky!

(0.25 +0.125 i1 (0.5 +0.25i — sp)¥2 r*1)1y g2l

i Z Z kytky! [or 5

k]_:ﬂkz:l:l

n
[ ?is the binomial coefficient
m !

n! is the factorial function

£isthe setof integers

Integral representations:

1 _
((0.5 +i0.25) — 1}r(1 +5 (05 +i D.ES}];T_G'S‘D'S”D'ESJ._;'[CI.E +i0.25) =

0.5 7 029701250 1 95 4 0.1254) _
oo (1 +£2) 0230154 5in((0.5 + 0.25 iy tan ™~ (1)) o

a2nt

1.5+D.25!+—2+IJ
0 -1+¢

1 .
(0.5 +i0.25)- 1) r[l +5 (05 +i D.ES}]H'G'S‘D'EHU'ESJ._;'[EI.S +i0.25) =

0.5(-2 +i)n® 7201251 1 /0.5 +0.25 )
f#'-f‘i t—1.25—0.125f At

L

| |
(0.5 +0.25) 1}r(1 +2 05+ D.EE}]N’U'S‘D'SHD'ESJ (0.5 +i0.25) =

+H - e 'sin»:. 25itan L))
14¢2)70-25-0.1254 ginin 540,25 1 )

0.75-0.125§ . y
b Iﬂ[l.E +D.251+—2+1JD°° 2

§,_'f|.’ t—l.ZS—D.lZS:’ gt
L

-1 : : :
tan {x)is the inverse tangent function



S
n—?[s—l}l

=TT () () s

s=0.5+0.25%i; n=2; &(s)=0.496403

[(((((-2((-0.5)(0.5+0.25*1+1)) / (((4Pi*sqrt(Pi))))))))) * gamma (-(0.5+0.25%1)/2)*
gamma ((0.5+0.25*1-1)/2) * 0.496403

Input interpretation:
E—U.S{D.5+D.25I+1] 1
- r(—i (0.5 +0.25 n} r[i (0.5 +0.25i - 1}] 0.496403

4rvr
I'ix) is the gamma function
i iz the imaginary unit
Result:
- 0.243975... +
0.0211919..
(using the principal branch of the logarithm for complex exponentiation)

Polar coordinates:
r=0.244804 radius , 8= 175.036° .!E!j'i'"

Alternative representations:
(r(-5 0.5 +0.259) (2 (0.5 +0.25i - 1)) 0.496403) (-1) 27050340 23+1

4nvn _ |
0.496403(-1+ - (-0.5-0.259)! (-1 + 7 (0.5 +0.25 )1 27031320230
dnvr
(r(- (0.5 +0.25) (2 (0.5 +0.25i - 1)) 0.496403) (1) 270303 *0. 2341 1
4rvT - a4nvr

[ i 1 1
0.496403 245-L5ﬂ25*exp@cge(1+-5[-DE-&Equ-lngG(E[—DE-&EE:JJ

1 |
exp@uge[1+-5[-DE-+D25:@-1ugG[5[—DE-+&25:@]



(F{-3 (0.5 +0.250)) (7 (0.5 + 0.25¢ - 1)) 0.496403) (1) 2702 5#0.25+D

4}1'\4"'? :
0.496403 G{l + ; (-0.5 - 0.25 1) G{l + 51 (-0.5 +0.25 ) 2031340230

=

G(; (-0.5-0.250)G(; (-0.5+0.25 ) (4= V)

n! iz the factorial function

logGiz) gives the logarithm of the Barnes G-function

(7{z) is the Barnes G-function

Series representations:
(F[-3 (0.5 +0.250) [ 7 (0.5 + 0.25: - 1)) 0.496403) (1) 27033023 4+D

_ s
0.0737907 ¢ 008664341 1 0 o5 _ 0,125 1(-0.25 + 0.125§)

argim-x o 1—1]kn;n_x;.k1-—k|:_1_:|
;rexp{;r;;ﬂ [_%JJH’; Zk:ﬂ k =1

forixeRandx =0

=

(F{-3 (0.5 +0.25)) 1 > (0.5 +0.25i - 1)) 0.496403) (- 1) 2703 ©310234+1
4avn

4.7996] o 008664341 o0 g {-0.25-0.125 1 (—0.2540.125 02 rf ) rikaly
3 E:"E].:.:I k2=ﬂ kl!kg!

i
(—2+02+0rv-1+nm Z:l:ﬂ i-1 +;r}'k [ 2 ]
k

(1~ 3 (0.5 +0.25)) (> (0.5 +0.25 ¢ - 1)) 0.496403) (1) 2707 31023441
4y

fi) [
-[[G.D?a?gu?ﬁmw‘“ Z Z

k1=ﬂk2=ﬂ

kythksy!

(@ip is the Pochhammer symbol (rising factorial)

(-0.25 - 0.125 i — 29)¥1 (~0.25 +0.125 i — zp)*2 ri"l-‘[zn}r'i“z-‘[zn}] /
/

=l X R

[.?T'\" -l4am i[—1+?ﬂ'_k[
k=0

argiz)is the complex argument

[x] iz the floor function

K is the set of real numbers

n
[ iis the binomial coefficient
m !

£isthe set of integers



Integral representations:
[r[-% (0.5 + u:n.251}}r[§ (0.5 +0.25 - 1)) 0.496403) (- 1) 279510320 25+1)

4xvn
1 00866434 §
- 0.0737907 ¢ cscii—0.125 - 0.0625 nm)
I m
] . ] .
cse((-0.125 +0.0625 mr}U iR sin[t}d’t]j AL G by dt
i i

[r[—é (0.5 +0.25 i) r[z1 (0.5 +0.25 i - 1)) 0.496403) (~1) 27030340231+

4xvr

. k
= : 0.0737007 ¢ 008664344 j‘“f—r p-l2s-0.125i (4 _ i (—t} o

Fi8 Fi8 ¥ k!

k=0
i 3
[Nf_f t—1.25+|:|.1251' [1 _ ff i ﬂ dF for i Z and 0 . 0.95
=K k!
k=0

(F(~5 05 +0.25 ) T(7 (0.5 +0.25i - 1)) 0.496403) (-1) 270303023541

4xvr -
0.205163 o 008664341 | 52

‘M"? ;}-ﬁr E.I:I.25-|-EI.125I dt §fr tU.ES—D.lESI gt
L L

cacix) is the cosecant function

6.58*((((((((((-2((-0.5)(0.5+0.25*i+1)) / (((4P1*sqrt(P1))))))))) * gamma (-
(0.5+0.25%0)/2)* gamma ((0.5+0.25*i-1)/2) * 0.496403)))))

Input interpretation:

2—0.510.5 +0.255+1) 1
6.58 |- r[— - (0.5 +0.25 1}] r(— (05 +0.25:- 1}] D.4954C|3]
e 2 2
I'x is the gamma function
i iz the imaginary unit
Result:
- 1.60536... +
0.139443. . ;
[{using the principal branch of the logarithm for complex exponentiation)

Polar coordinates:
r=1.6114 (radius # = 175.036° .:!!j'!"

L]



1.6114

Alternative representations:
6.58 r[-% (0.5 +0.25 ) (~270-5 ©54023541 r{% (0.5 +0.25 - 1)) 0.496403)

v ;
3.26633 {- 1+ 51 (-0.5 - 0.25 i))! {- 1+ 51 (0.5 +0.25 g 2702 (1340250
Aavn
6.58 I~ 1 (0.5 + 0.25 i) (-270° 03402+ (1 0.5 + 0.25 - 1)) 0.496403) 1
2 2 s
Arvn 47 \."';

. 1 1
9: 26633 5370 20, 253) exp[lug(}[l +5(-05-0.25 1}] = lugG[E (-0.5 - 0.25 n]]

1 1
exp[lng(}[l i (-0.5+0.25 1}} - IDEG[E (-0.5+0.25 1‘}]}

6.58 r[-% (0.5 +0.25 ) [-24‘-5‘”-”-25"*” r{é (0.5 +0.25 i - 1)) 0.496403)

e _
3.26633 G[l + 51 (-0.5-0.25 i) G{l + ; (-0.5+0.25 i) 27051150250

G(; (-0.5-0.25)G[; (-0.5+0.254)(4x Vr)

n! is the factorial function

logGiz) gives the logarithm of the Barnes G-function

(7{z) is the Barnes G-function

Series representations:
6.58 r[—% (0.5 +0.25 1)) [-2*:'-5‘”-'-‘*”-25"*” r{% (0.5 +0.25: - 1)) 0.496403)

_ Anvn B

0.485543 ¢ 008664340 g 95 _ 0,125 7 1(-0.25 + 0.125 )

»:—lilkirr—x:lk x""l:—bl.?]k

k!

orixe Randx <0

rexple | 2252)) VY

6.58 r[-% (0.5 +0.25 ) [-24‘-5‘”-”-25"*” r{é (0.5 +0.25 i - 1)) 0.496403)
davr -

31.0748 o0 08664344 oo e {-0.25-0.125.1 (-0.2540.125 %2 k1l rkaly
E E:"[;].:':I k2=ﬂ kl!kz!

1
—2+2+prv-1+m Z:LD i-1 +;r}'k [ 2 ]
k




6.58 r{—% (0.5 +0.25 i) [-24:'-5"3-'-‘*“-25"*” r{; (0.5 +0.25 i - 1)) 0.496403)

4rvn
: (4] [+
i I:I_485543¢=_G'0866434I Z Z
ky=0kg=D
(—0.25 — 0.125 i — 29)*! (=0.25 +0.125 i — zg)*2 I*1)(zgyrk2)(z,) /
kqtky! /
o 1
[}T'\"—l+}T z[—1+;r}'k[2]] for (z Forzg=0
k
k=0

argizis the complex argument

|x] iz the floor function

[y i the Pochhammer symbol (rising factorial)
K is the zet of real numbers

[ i ,is the binomial coefficient
m

£ is the set of integers

Integral representations:
6.58 r{-% (0.5 +0.25 ) [-24:'-5"3-'-‘*'3-25"*” r{; (0.5 +0.25 i - 1)) 0.496403)

Arym
1 .
= 0.485543 ¢ 20866434 o 0,125 - 0.0625 i) m)
FiB n
o] 2 o] 2
cse((-0.125 +0.0625 f}n}U i sin[t}d’t]j AL G by dt
0 0

6.58 r{—zl (0.5 +0.25 1}} [-2{'-5"3-5”25”” r{zl (0.5 +0.25i — 1}} D.4954D3}

Adryr
1 —nos66asai | [ o, -1.25-0.1254 PO [—f}k
L 0.485543 ¢ ‘j Pl eaat oLl | Sy ol P
Ty 0 k!
k=0
" ) n [—fk -
jmf*’ g5 [LJZ—}]M forine Zand 0 =n < 0.25
o k!
k=0

6.58 r{—_% (0.5 +0.25 ) [-2*:'-5"3-5“5"*” r{% (0.5 +0.25i - 1)) 0.496403)
_ e -
1.9421?‘,—0.08664341 }T..'ﬂz

\,l'; ﬁfi’ tﬂ.25+El.125idt §fr tD.ES—U.lESJ'dt
L L

cacix) is the cosecant function

10



From:

An Update on Brane Supersymmetry Breaking
J. Mourad and A. Sagnotti arXiv:1711.11494v1 [hep-th] 30 Nov 2017

of a finite new interaction that couples to a massiess propagator of zero momentuwm. In some
respect, the phenomenon s thus simpler than the quantum fuctuations that were present
in the heterotic SO(16) x SO(16), which makes coming to terms with it ever more urgens.
The new contribntion to the I75p(32) model iz a rnmaway dilaton potential, which we shall
often refor to as a “dilaton tadpole”. The resulting “string framce” offective action reads

1 r 2 ]
& = 2% /dml?v—(;{e_%[—ﬂ + 4(d9)°|
< FRin '
1 —2856 22 s, o] 5 o:
m & H?J+2 T € j G (Ed.})
with p =1, g = 0 and y¢ = —1. A term similar to the last one, also with a positive

overall coefficient, would be induced in the heterotic SO(16) x SO(16) maodel at the torus
level, and therefore with 45 = 0, while the N§ nature of its two—form field (p = 1. again),
would imply that 35 — 1. The Weyl rescaling G — ge®? turns the action (2.23) into its
Einstein-frame form

1 s I 1 o .
> /amw—g{— B —2 (9 — ———- e 25 Y H2, — TerE%}, (2.24)

S = .
242, 2(p+2)!

where now vg — % for the orientifold model and ~p — % for the heterotic SO(16) = SO(16)
model, while 3y = —% for the onentifold model and gp = % for the heterotic SO(16) x
SO(16) model.

Dilaton potential or “Dilaton tadpole”
0.989117352243 =¢
calculating the 128™ root, we obtain:

[(((((-2((-0.5)(0.5+0.25%i+1)) / (4Pi*sqrt(Pi))))))))) * gamma (-(0.5+0.25%i)/2)*
gamma ((0.5+0.25%i-1)/2) * 0.496403]*1/128

Input interpretation:

| 2—0.5-:0.54-0.251'+1;|

1 1
- r(-— (0.5 + D.EE:}JF[— (0.5 +0.25 i - 1}] 0.496403
"1] Adrvr 2 2

11



rx) is the gamma function

i iz the imaginary unit

Result:

0.9887868... +
0.02360365...

(using the principal branch of the logarithm for complex exponentiation)

Polar coordinates:
r=0.989069 radiu , 8= 1.36747° (ancle
0.989069

We have that, for x = 2:

1 1 7z =28 #°r® #'z’ 'z’
N o — F e e S
2tz 2 6 90 945 9450 93555

Input:

1 1 P L s n’ x128 a°x512
— ——+2x - — — (17 %8B} + —= (r” x32) - -
4x 2 6 90 045 ' 9450 93555
Result:

1 1 =« 422 32-A° 6427 5125°

= + - +
2 4x 3 45 945 4725 93555
Decimal approximation:

130.4601932795124433848142962928986160412197953120991357150...
130.4601932...

Property:
1 1 »x 4r° 322° 642" 512x°

BRI P e

+ & + I1s a transcendental number
2 475 3 45 045 4725 03555

Alternate form:
467775 - 935550 + 623700 2% — 166320 x* + 63360 2% — 25344 2% + 10240 »1°

1871100

Alternative representations:

12



1 2x =°8 =°32 128 512 - SR B dh o
-+ — + - + =-—+—-cos (-1)- — cos (-1) +
4r 2 6 90 945 9450 93555 2 6 90

128 cos }(-1)" 512cos -1\ 1

945 9450 ¥ 93555

1

4eos t(-1)

2r 78 732 1 128 n°512

1
- 4+ + + =
47r 2 6 90 945 9450 93555
1 4E0) 8 , 32 s 12B(2E©) 512(2E©0)° 1
-+ - — (2ZE0) + — (2 E(0))" -
2 6 90 45

+ +
9450 93555 BE(D)

1 2r 78 732 5 128 512
= = &F
2

6 00 045 0450 « 93555
1 4K(@0)

8 , 32 s 128@2K©0) 512@2K0) 1
-—+ - — 2K0) + — QK@O) - + =
2 6 90 5 9450 93555 8 K(0}

cos ™) (x1is the inverse cosine function
Eim)
is the complete elliptic integral of the second kind with parameterm = k?
Kim)
is the complete elliptic integral of the first kind with parameter m = k*

Series representations:
1 1 2x B 32 <128 &« 512

47 2 6 90 945 0450 93555
327 64x 5125 128 =

1)
_ . s
045 47325 093555 45

3
Lo i-1+2k)

1 1 T
-+ — +— +
2 4x 3

1 1 2r 78 732 x5 128 5 512

47 26 90 = 045 0450 = 03555
k

Ll | ool o
[45???5-3?422&02‘1 £k+99?9200[§_‘ : ]z-
+

= 1+2k

o 4 @ kB

(-1 (-1

42577920 259522560 1660944384
4 [él»rzk] +dad [_E‘jl+2k] :

AL ] I U LA

z " | 110737418240 Z s / ?4844!3!32‘
1+2k 1+2k] ¥V

=0 =0 k=0

+ 1+2

=

13



1 1 2r o8 x°32 x 128 n°512

_ - - — - —

47 2 6 90 ~ 945 0450 = 93555

w . q 1 2 1
467775 — 935550 L[- —]k ( + + ]+
SV 4) \1+2k 144k 3+4k

2
@ 1 2 1
623700 Z‘[——]k[ 3 § ] _
al g e T g T A

o 2 1 4
166320 LL( N + J] +
142k 1+4k  3+4k

&

63 36[)

k 1
] (1+2k 1+4k 3+4:J -
8

25344

10240

(3
e
(-3 |

1
Tl+2k 114k 3+4k} d

1 ]ltl I..'
1+2k 134k " 344K /

“ ’F[ve EM EM

1 1
1871100 -—I( J
[ =174 l+2k 1+4k = 3+4k

Now:

1

—?f] =

&( (51);

I~.'.|||-—l

t=10.25 and £ =0.496403

(((0.5+i*0.25)-1)) gamma ((1+1/2*(0.5+i*0.25)))*Pi’(-
0.5%(0.5+i*0.25))*zeta(0.5+i*0.25) * (1/2+1/2*i*0.25)

Input:
1
(0.5 +i%0.25) - 1+r(1 +2 05+ 0.25}]

_ 1 sl
A 0SO85 g ,:,_25].[5 A 4 0.25]

Result:

14

I'ix) is the gamma function
£i5) is the Riemann zeta function

i is the imaginary unit



0.248B202... +
0.0620504... s

(using the principal branch of the logarithm for complex exponentiation)

Polar coordinates:
r = 0.25584 (radius), @ = 14.0362° (angle

0.25584

Alternative representations:

> - 1 :0.25
((0.5 +i0.25) - 1}r(1 +5 05+ G.ES}]N“J-W-“”-25’;['::.5 +i D.ES}[E ot J 2

1
(5 +0.125 1] (=0.5 +0.25 i)

1 1
exp(—lag(}[l ty (0.5 +0.25 z}] - lc:gG(E * (0.5 +0.25 z}]]

F—U.S-:D.S-l-l:I.ESJ':I +.[|:|-5 +0.75 i, 1)

> - 1 :0.25
(0.5 +0.25) - 1}r[1 +2 05+ G.EE}]}T‘U'HD'EHU'EEJ_L'[D.S +i D.EE}(E it ] S

g oa 080253 pny 5 4 BI5 2 13

1
(5 +0.125 1}[—5-5 #0.259 (01 g 5,025

> - 1 :0.25
(0.5 +0.25) - 1}r[1 +2 05+ G.EE}]}T‘U'HD'EHU'EEJ_L'[D.S +i D.EE}(E ot ] :

[51 +0.125)(-0.5 +0.25 ) G[2 + 51 (0.5 +0.25 ))a 93034020 10,5 4+ 0.254, 1)

G[l 4 ; (0.5 +0.25 i)

logGizi gives the logarithm of the Barnes G-function

(5, a1 is the generalized Riemann zeta function

(@1p is the Pochhammer symbaol (rising factorial)

(7{z) is the Barnes G-function

Series representations:

> - 1 :0.25
(0.5 +0.25) - 1}r[1 +2 05+ G.EE}]}T‘U'HD'EHU'EEJ_L'[D.S +i D.EE}(E ot ] :

0.03125 (4 + §) g 02301257

R N R I L yk] = (0.25 +0.125 i r

|.[1}

4+7[—E+1}+[—2+1}Z 1 Z .

k=1 k=0

15



J - 1 i0.25
(0.5 +i0.25) - 1}r[1 +2 05+ u.25}]n4-5‘°-5“°-25’_:m.s +i 0.25}[ : ] %

=+
2
_ & (-1 (-0.5+0.25 i
0.03125 (4 + j) x 0-25-0-125 4+T[_2“}+[_2+”Z ! = 0 Yk
k=1 '
i (1.25 +0.125 i - z0)* T¥)(zq) - G
& k1

- - 1 i0.25
(0.5 +i 0.25) - 1}r[1 +2 05+ u.25}]n4-5‘°-5“°-25’_:m.s ‘i 0.25}[— i ] s

_[[DDS 175 00.1?328?:' II_—EI.ES—CI.L'ZS:’

[—a i i (k1 k25025 (1 95 4 0.125 i — zg)k2 r“-*‘ﬂ-‘[z.;.}+
ky =1kg=0 k!

: 1)1 k3299251 (1 25 +0.125 i - 2002 ¥*2)z)
21 Z Z +

k]_:lkz:l:l kz‘
2 i i (-1 k%30 (1,25 +0.125 i - )2 I*2(zg) |]
k! /
[—1.41421””-”328”}] for (zo ¢ Z orzg = 0

n! is the factorial function

¥n is the nth Stieltjies constant
yis the Euler-Mascheroni constant

£isthe set of integers

Integral representations:

-+

1 : 1 i0.25
(0.5 +:0.25) - 1}r(1 + 2 (0.5 +i C'.ES}]}T—GEI:U.SHU.ZSJ‘:..[D.S X D.EE}( i J _
0.0625 ¢4 + 621 (1,25 +0.125 )

oo (14 £2)025-01234 5in((0.5 + 0.25 Htan (1))
1.5 +0.25i+-2 +1 dt
0 ~1 et

. - 1 i0.25
(0.5 +i0.25) - 1}r(1 +5 05+ G.ES}JN'U'E‘D'E”U'ZEJ_L'[CI.S 4 0.25}(5 g J 3

0.0625 (-2 + (4 +Ha> 70125 g 0.5 +0.25 )

§fr ['_1'25_0'125 i Jt
L

16



> 0.5+ 1 :0.25
(0.5 +0.25) - 1+r[1 +5 05+ n.zs}]ﬁj-”-“”-25’;[9.5 v D.EE}(E ! J 5

_ — 0.125 (4 + 01251 g
éff t—le—Dle] dt

L

oo (1 4 £2)7 02301251 5in((0.5 + 0.25 i)y tan (1))
1.5 +0.25i+-2 +1 : - dt
jtl =) gt oL

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

(((((((((0.5+i*0.25)-1)) gamma ((1+1/2%(0.5+i*0.25)))*Pi’(-
0.5%(0.5+i*0.25))*zeta(0.5+i*0.25) * (1/2+1/2%i*0.25)))))))"1/256

Input:
1
[ur:n.s +i%0.25) - 1}r[1 +2 05+ 9.25}]

. i g
Ko L S 0.25}[5 + 0.25]]" (1/256)

I'ix) is the gamma function
£15) s the Riemann zeta function

i iz the imaginary unit

Result:

0.904680. . +

0.000951866... ¢

[using the principal branch of the logarithm for complex exponentiation)

Polar coordinates:
r = 0994689 radius
0.994689

6 = 0.0548291° (angle

L]

(((((((((0.5+i*0.25)-1)) gamma ((1+1/2*(0.5+i*0.25)))*Pi’\(-
0.5%(0.5+i*0.25))*zeta(0.5+i*0.25) * (1/2+1/2*i*0.25)))))))*2Pi

Input:
1
[[[0.5 +§%0.25) 1}r[1 ¢35 05+ D.ES}J

_ i g
w A e 5 0.25}[5+51 0.25]] 2

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

i is the imaginary unit

Result:
17



1.535850... +
0.3B9874.. i

(using the principal branch of the logarithm for complex exponentiation)
Polar coordinates:

r = 1.60749 (radius), &= 14.0362° (angle

1.60749

Alternative representations:
(2mi0.5 +:i0.25)-1)

1 . 1 §0.25 1
[r[l +5 05 +i D.zs}]ﬁ-'—“”-'—‘“”-25’_;[&.5 £ 0.25}[5 e : ]] =2 [5 +D.1251]

| 1
(—0.5+0.25 ) Exp[—lagG(l +2(05+0.25 1}] E lngG[E ¢ (05+0.25 I}D

A lasliad g 5 s a5 1y

(2m0.5+i0.25-1)
: - 1 i0.25
(145 ©5 +i025) ] *302402) s0.5 +50.25) [~ + == )| =

1 .
2 [5 + 0.1251][-0.5 +0.250x (DL gsipasn® o) 505 +0.254,1)
2

(2m((0.5 +i0.25)-1)
: - 1 i0.25
[r[l + (05 +i G.ES}J?T_U'E‘D'S-HD'ZSJJ_.'[D.S +i 0.25}(5 Pk - D i

2 [; +0.125)(-0.5+0.25 ) 7 G(2 + 51 (0.5 + 0.25 )| a3 BS03%3) 1054 0.25 4, 1)

G{l 3 ; (0.5 +0.25 1))

logGiz) gives the logarithm of the Barnes G-function

£(5, ayis the generalized Riemann zeta function

@iy iz the Pochhammer symbol (rising factorial)

(7{z) is the Barnes G-function

Series representations:
(2mi0.5 +:0.25)-1)

e - 1 i0.25
[r[l ¢ 05+ D.ES}]N*J-'-“D-S“”-25’;[13.5 +i D.EE}[E . D i

1 .
2 [5 +0.125 1] (—0.5 + 0,25 f) 707201250

i ~1*(-0.5+0.25 5" y; im.sz.le,}k rh1y
™ omanas; P> e

18



(2mi0.5 +i0.25)-1)

L - 1 i0.25

(r(l +=1(0.5 +i 0.25}]n4-5‘°-5““-25’;“:3.5 +i 0.25}(— .l ]] _

ol | N
2 (5 +0.125 1] (-0.5 +0.25 5~ 7> 701231
g K o (-1)° (-0.5 + 0.25 i y
"" 054025 & =
i (1.25 +0.125 i — z9)* I'%(z0) : |
1 i [
k=0 k!
(2m0.5 +:0.25-1)

L - 1 i0.25 .

(14505 +0.25)|a 0305402 50,5 450,25 - + == || = 0.25x 012

no 1k kn.s-u.zsx[ﬂ]
o | & T R k)& (1.25 40,1250 - 20 Tiz0)
4 2‘ 1 Z +
+n

1
n=0 k=0 k!

R i 1)k (1 + k05025 [“J

IIFD'?S Z k

n=0

l+n

i (1.25 +0.125 i — 2)F T)(zg)

k=0 ol

n! is the factorial function

¥n is the nth

Stieltjies constant
yis the Euler-Mascheroni constant
£isthe set of integers

i
lis the binomial coefficient
m !

Integral representations:
(2m0.5+:i0.25-1)
1 : 1 i0.25
(r(l +5 05+ D.zs}]ﬁ-'—“”-'—‘“”-25’_;“:3.5 i3 0.25}[5 I D

1 .
2 (5 + U.lESzJ (-0.5+0.250 " 9 195 £ 0.125 5

[1 1 J-m (1+ tz}":"ﬁ":"mf sin{(0.5 +0.25 ftan~tit)) ]
- dt

0 Sy R L

+————— +12
2 -05+0.25:

19



(2m005+:i0.25)-1)
1 : 1 i0.25
[r[l +5 05+ D.ES}JF'E'-S‘”'E“”-Z'-‘-‘;u:n.5 4 0.25}[5 i D .
0.125(-2 + 4+ a7 012 7 0.5 +0.25 )

é_‘f( t—1.25—l:l.1251' dt
L

(2m0.5 +:0.25-1)
: - 1 i0.25
((1+3 0.5 +:0.25)a03C3402 s0.5 410,25 S + == ) =

= —— 0.25 (4 +pat 0 01B g
et 12501251 gy

L

a2mr

[l.5+l:l.251+—2+zj

oo (1 4¢3 0201230 5in (0.5 + 0.25 iy tan ™~ (t) ._“]
0 -l+¢

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

From the paper New expressions for Riemann’s functions (S. Ramanujan):

_ _3 :EE—?T.I'_E
e "t —Adre ”/ o dx
0
t e b _1—it\ 1
— _fl"' PR o grbesi =(=t) cosnt dt.
amy/m 4 4 2

We obtain:

1/(4Pi*sqrt(P1))* integrate [(gamma (-1+1*0.25)/4) * (gamma (-1-1*0.25)/4) *
0.25584%* cos (2*0.25)]x

1/(4Pi*sqrt(P1))* integrate [gamma ((-1+1*x)/4) * gamma ((-1-1*x)/4) * 0.25584* cos
(2x)]x, [0, infinity]

Input:
1

" 1 1
— f [r[— -1+ I}J r[— -1- :x}] 0.25584 cos(2 x}] xdx
daymx 0 4 4
rx) is the gamma function
i is the imaginary unit
Computation result:
1 “oa 1 1
— [F[— -1+ :xl} F(— e x}] 0.25584 cos(2 x“r} xdx =
dayg O 4 4
~0.0349453 + 1.21036x 1077 ;

20



Input interpretation:
~0.0349453 +1.21036 - 1077 ;

Result:
-0.0349453. .. +
1.21036... x 10719 ;
Alternate form:
-0.0349453

-0.0349453

(((-0.0349453 + 1.21036x107-19 i)))*1/256

Input interpretation:
256/ 1o
V —0.0349453 + 1.21036 - 107

Result:

0.98690968... +
0.012111812...«

Polar coordinates:
r = (0.086984
0.986984

#=0.703125"

)

And:
-(((-0.0349453 + 1.21036x10"-19 1)))*47
where 47 is a Lucas number

Input interpretation:
~(~0.0349453 + 1.21036 - 1077 i) 47

Result:

1.64243... -
5.68860.. . x 10718 ¢
Alternate form:
1.64243

1.64243

21

i iz the imaginary unit

i is the imaginary unit

i is the imaginary unit



From:

oo 00 i =
i e O —TWILTE
e " —dmr ~ dr p costz dz
e“m= —1
0

0

1 (14t f—1—it\_ 1,
_aﬁr( 1 )F( ] )“‘2”'

We obtain:

1/((8*sqrt(P1)))*gamma ((-1+1*0.25)/4) * gamma ((-1-1*0.25)/4) * 0.25584

Input:
1 1 1
— F[— -1 +i D.ZS}J r[— (-1-: D.ZS}J 0.25584
gvr ‘4 2
rx) is the gamma function
i is the imaginary unit
Result:
0.403981...
0.403981...

Alternate form:
0.403981

Alternative representations:
[(3 (-1+i0.25)r(3 (-1-£0.25)0.25584
4 4

8V
0.25584(~1+ 3 (-1-0.259)t(-1+ - (-1+0.25 i)

8vnr

M(; (-1+i0.25))1(; (-1-i0.25))0.25584 R

8 ».f?l 8 ~.f'1?
0.25584 exp[-lage[; (-1-0.25 n] + lagG[l + 2 (-1-025 HD

1 1
Exp[— lngG(Z (-1+0.25 :}J - lngG[l +iy (-1+0.25 ”D

22



r{i (-1 +i 0.25}}r[§ (-1-:0.25))0.25584

8 -
0.25584 G{l + 11025 ) G[l +1-1+0.25 )
4 4

G5 (-1-0.250)G(3 (-1+0.254)(8 Vr )

n! iz the factorial function

logGiz) gives the logarithm of the Barnes G-function

(7{z) is the Barnes G-function

Series representations:
[(3 (-1+i0.25)r(3 (-1-£0.25))0.25584
4 4 -

8 va -
0.03198 1(-0.25 - 0.0625 ) -0.25 + 0.0625 5 f

(=19F fr-x x""{

k!

1
_2].!-:

x| B2 V¥ 5

r{i (-1 4+i D.zs}}r[i (-1-i0.25)) 0.25584 )

8V -
8.18688 37" X, o

{-0.25-0.0625 i1 (-0.2540 0625 12 rF kel
.5:1 !kz!

- 1
4 +0E+nv-1+m Z:LU -1 +}'I']l_k [ 2 ]
k
1 1
r{‘I (-1+:0.25)) F[Z (-1-:0.25))0.25584 )

8V
(-L-00625i-20 1 (-Li0.0625i-2 2 k1 iz rk2)izg)
0.03198 57 3F, o 3 o

1
w0 R
"n'—l+}rzk=n[—1+}r} [;]
for{zg & Z orzg = 0

argizi is the complex argument

x| i=s the floor function

@iy iz the Pochhammer symbol (rising factorial)

K iz the set of real numbers

[ i iis the binomial coefficient
m

£isthe set of integers

Integral representations:
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(3 (-1+i0.25)r(1 (-1-0.25))0.25584
4 4

8V Vi

0.03198 csc((-0.125 - 0.03125 i) m) ese((~0.125 + 0.03125 i m)
[wa-l'ZS_U'DﬁzSI Sil‘l[f]‘df] [‘”t—l.ES-HII.EIﬁESI sin(t)dt
u] w0

r[l (-1+i0.25)) r[l (-1-:0.25)) 0.25584
4 4 -

8vr
1 Wy _1,.25-0.0625i £ (-0
—G.DBlQBJ ot (1250, 1-é ) |at
G q k=0 B
: k
wa_r fol254006254 | _ Lt :i:[—_;: ]dt forine & and 0
0 k=0 1
r[i (—1 +i D.25}}r[i o u.251}0.255s4
8T B
0.12792 »° A*
,",u'; §Pf tIII.25+EI.EII525I At §fr tl_-'4—EI.EII525I gt
E E

cacix) is the cosecant function

And:

(((( 1/((8*sqrt(Pi)))*gamma ((-1+i*0.25)/4) * gamma ((-1-i*0.25)/4) *
0.25584))))"1/64

Input:

|
|
64| —:
‘lq By

1 1
F[Er (-1 +i D.EE}] F[i—1 (-1 -1 D.EE}J 0.25584

rx) is the gamma function

i is the imaginary unit

Result:
0.98593751...

0.98593751...
A%((((( 1/((8*sqrt(Pi)))*gamma ((-1+i*0.25)/4) * gamma ((-1-1*0.25)/4) * 0.25584))))

Where 4 1s a Lucas number:
24



Input:

4[ .:._25}J .:._25534]
g8vr

1 1
r[— (-1 +i D.ES}J r(— -1 -1
4
I'ix) is the gamma function

i iz the imaginary unit

Result:
1.61592. .

1.61592...
Alternate form:
1.61592

Alternative representations:
41(2 (-1+:0.25)(r(3 (-1-40.25))0.25584)
4 4 >

8vr
1.02336 [-1 + i (-1-0.25 )t [-1 + i (-1+0.25 )t

8vnr

4r(1 (-1+i0.25)(r(1 (-1-:0.25)0.25584) 4
C8vn

8 w.i? :
1.02336 Exp(—lng(}(:L (-1-0.25 1}] - lch(l 5 i-1-0.25 L}D

1 1
Exp[— lngG(Z (-1+0.25 1‘}} - lngG[l +iy (-1+0.25 1}}]

4 r[i (-1+i0.25)) [r[i (-1 -¢0.25))0.25584)

8vr
1.02336 G[l PRt [ 1 i) G[l + 214035 i)
4 4
G} (-1-0.250)G(; (-1+0.250)(8 V)

n! is the factorial function

logGiz) gives the logarithm of the Barnes G=function
7z is the Barnes G-function

Series representations:
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4 r[i (-1+:0.25)) {r[i (-1-:0.25)) 0.25584)

8vr
0.12792 (-0.25 - 0.0625 i T{-0.25 + 0.0625 i)

forixeRandx <0
1—1Jkliﬂ—x;lkx_‘k{—l]
- Euﬂn—xil o) 2l
EXP{Fﬂ l 2nm J} H Ek:l.‘_l Jet
1 1
41(2-1+:025)(r(} (-1-10.25)0.25584)
8V
32.7475 EE“FD EE;:U {-0.25-0.0625 i1 q-ﬂ.zkslﬂzfzmkz r*1 gy rikaly

1
4 +d+nv-1+m Z:‘:ﬂ -1 +_i"|'}_k [ 2 ]
k

4 r[i oy [ 0.25}}{r[i (-1-:0.25)) 0.25584)
8V )

(-L-00625i-20 ] (-Li0.0625i-2 [2 kL )izg) rtk2)izg)
0.12792 3% T o 2 .

1
V-14+a Z:ln[—1+fr}_k[f:]
f--l"... £ Orzo = U

argizis the complex argument

[x] iz the floor function

[y is the Pochhammer symbol (rising factorial)
K is the set of real numbers

n
[ ais the binomial coefficient
m !

£isthe set of integers

Integral representations:
4r(; (-1+i0.25)(r(; (-1-70.25))0.25584) 4

g8V Vi
0.12792 csc((—0.125 — 0.03125 #) m) csci(—0.125 + 0.03125 &) 1)

78 : it :
[J p-125-0.0625i sin[t}dt]! (1254006254 o o gy
A 0
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4 r[l (-1+:0.25)) [r[l (-1-0.25)) 0.25584)
4 4 55
8vnr
1 4 ) n —E‘k
—_p.12792 jmﬁ p LS008 |4 ¥ z = lai
LT k1

L2 = k=0
n k
r - [_t}
l-¢ }_‘ _k!
k=0

gt forine ZandD =n < 0.25

f‘*’ & ,-1.2540.0625
e
3

41( (-1+i0.25)(r(; (-1-:0.25))0.25584)

8V
0.51168 »* A°

,",I'; é‘fr E.EI.ES-I-CI.L'.IISESJ:JE. é‘fi t1|-'4—CI.EII525:'dt
L L

cacix) is the cosecant function

From:

[y [ -l |
6{5 + E?f} — ._'."_.{5”,
r = 0.25584 (radius), @ = 14.0362° (angle
0.25584

we obtain: = =2.04672 ;
then t=0.25and £ =0.496403; s = (0.5+1*0.25); a=3 and =35

From:

. i[ =13 - L{,- 1) ErE 3
((1—s) azl + {(—s8) azl+ +G-%[3+1; f/ azTy (cery)
I(s+3—1)
00 '

4{!05%?.’55—1—!. 83'1n%’;rss+]—! S B(s+T—1)
{tt:ry)a w*® dr dy = ¢(1—s) ;‘ﬂ%“_” C(—s) _ﬁ%i“*'”
5l(s +11 — 1) {PQ“_‘T— l:]({’zﬂy —1) ' 4{'05%';1'58—1—5t 8 sin %n’s{s%l %I‘-)
1 g3ls+) Bry B (Bzy)® iy (Bzxy)® - z* dx dy
3 (s +3+0) B s+7+10) 5l (s+11+10) (3= —1)(e2 — 1)
(I}
_ (a) It 2,}¢-5_3)1~{%{5—1+1‘)}P{%(s—1—r}} i 1+s5+1 1+s—t\,| (16
~\B T (g1 -1 2 < T & )
we obtain:
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((((3/5)10.0625 * 2°(0.5%(0.5+i*0.25-3)) * gamma (0.25(0.5+i*0.25-1+0.25)) *
gamma (0.25(0.5+i*0.25-1-0.25)))) / (((Pi * (0.5+i*0.25+1)"2-0.25"2)))

Input:

9.0.0625 .
HE] 9050.5+:0.25-3) 1y 55 (0.5 47+ 0.25 - 1 +0.25))

[0.25 (0.5 +i»0.25 -1 - D.zsn]f’ (r(0.5 +i+0.25 + 1)* - 0.257%)

rix) is the gamma function

i iz the imaginary unit

Result:

2.78507... +
2.64506...

(using the principal branch of the logarithm for complex exponentiation)

Polar coordinates:
J":3.34|:|9|5 radius f#=43523" .:!!j'!"

L]

3.84096 partial result

Alternative representations:

(2)9%%° (20303440259 10,25 (0.5 +40.25 ~ 1 +0.25)) I(0.25 (0.5 +40.25 - 1 - 0.25)))

(0.5 +i0.25 + 1)* - 0.252
\0.0625

(—1 +0.25 (=0.75 + 0.25 i)' (-1 + 0.25 (—0.25 + 0.25 j)1 20-5(-2.540.251) [g;

-0.252 4+ 7 (1.5 + 0.25 i°

2 |62 (2050.540.25-3) 10,95 (0.5 +0.25 — 1+ 0.25)) [(0.25 (0.5 +£0.25 — 1 - 0.25)))

x (0.5 +i0.25 + 1) - 0.25°
2 [2“-5"2-'-‘*“-25"-‘ expilogG(l + 0.25 (-0.75 + 0.25 i)) - logG(0.25 (-0.75 + 0.25 i)

expilogGil + 0.25(-0.25 + 0.25 #)) - logG(0.25 (-0.25 + 0.25 )
3 40.0625
[EJ ]f.-’[-r::l.zs'2 + (15 +0.25 %)

(3)°% (20-5034/0.253) 10,25 (0.5 +10.25 ~ 1 + 0.25)) [(0.25 (0.5 +40.25 ~ 1 - 0.25))

(0.5 +i0.25 + 1)* - 0.252
\0.0625

G(1+0.25(-0.75 +0.25 i) G(1 +0.25 (-0.25 + 0.25 iy) 202340230 (2

G(0.25 (-0.75 + 0.25 i)) G{0.25 (-0.25 + 0.25 i)) (-0.25% +m (1.5 + 0.25 i)’}
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n'is the factorial function
logGiz) gives the logarithm of the Barnes G-function

(rizyis the Barnes C function

3.84096 * ((0.496403(((1+(0.5+i*0.25)+0.25)/2))))*((0.496403(((1+(0.5+i*0.25)-
0.25)/2))))

Input interpretation:
1
3.84096 (0.4954133 [5 (1 +(0.5 +i»0.25) + 0.25}]]

1
[0.495403 [5 (1+(0.5 +ix0.25) CI.ZS}D
i iz the imaginary unit

Result:

0.502814... +
0.177464 ... i

Polar coordinates:
r = 0.533212 (radius),

0.533212 final result

#=19.44° (angl

((((3.84096 * ((0.496403(((1+(0.5+i*0.25)+0.25)/2))))*((0.496403(((1+(0.5+i*0.25)-
0.25)2)))))1/16

Input interpretation:
1
[3.84()9!5 [D.4954ﬂ3 [5 (1 +(0.5 +ix0.25) + 9.251D

1
(D.496403 [5 (1+(0.5+i-0.25)- CI.ES}]]] 1716y
i iz the imaginary unit

Result:

0.9612439_.. +
0.02038699... ;

Polar coordinates:
r=0.96146 radiu

1s), &= 1.215° (angl
0.96146
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10 * ((((3.84096 *
((0.496403(((1+(0.5+i*0.25)+0.25)/2))))*((0.496403(((1+(0.5+i*0.25)-0.25)/2)))))))

Input interpretation:
1
10 [3.84!39!5 [I:I.4954a3 [5 (1+(0.5 +i0.25)+ D.ES}U

1
[5_4954.:.3 [5 (1+(0.5 +ix0.25) D.ES}]]]

i is the imaginary unit

Result:

5.02814.. +
1.77464..

Polar coordinates:
r=>5.33212 0 , #=19.44" an;
5.33212

13/2 * ((((3.84096 *
((0.496403(((1+(0.5+i*0.25)+0.25)/2))))*((0.496403(((1+(0.5+i*0.25)-0.25)/2)))))))

Input interpretation:
13 1
= [3.84096 [0.4964133 [5 (1 +(0.5 +ix0.25) + D.ZS}]]

)

1
[D.49ﬁ403 [5 (1+(0.5 +¢+0.25)-0.25)

i is the imaginary unit

Result:

3.26829... +
1.15351... ¢

Polar coordinates:
r = 3.46588 (radius), &= 19.44° (an:
3.46588

11/2 * ((((3.84096 *
((0.496403(((1+(0.5+i*0.25)+0.25)/2))))*((0.496403(((1+(0.5+i*0.25)-0.25)/2)))))))

Input interpretation:
11 1
= [3.84096 [0.4964133 [5 (1+(0.5 +i~0.25) + D.ZS}]]

)

1
[D.49ﬁ403 [5 (1+(0.5 +¢+0.25)-0.25)

i is the imaginary unit
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Result:
2.76548.. . +
0.976051... i

Polar coordinates:
r=2.93267

2.93267

#=19.44 an;

)

29/6 * ((((3.84096 *
((0.496403(((1+(0.5+i*0.25)+0.25)/2))))*((0.496403(((1+(0.5+i*0.25)-0.25)/2)))))))

Input interpretation:

2 (1
Eg [3.84096 [D.4954D3 [5 (1+(0.5 +i20.25) + 0.25}]]

1
[D.49l54l33 [5 i1+i0.5+:-0.25)- 0.251]]]
i is the imaginary unit

Result:

243027+
0.857742... 1

Polar coordinates:
r = 257719 (radius), @ = 19.44° (an;
2.57719

From:
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{:(1—5) R | 1) _l[—._” {:(—S} S—|—1 1at1) .l[ +1)
ﬂ. 3 ﬁﬂ - + S ’323
4003-157['5'(3—1)24_1-3{ / } SSin%ﬁs{S—l)“—-—fq{ / }

L (s+1) ary §+3 (azy)® s+ 7 : x® dr dy
1! (5432482 381 (s+7)2+82 (e27= —1)(e27y —1)

0 o

gh(s+1) [ [ Bzy 5+3 _[,Smy)"" s+ T z® dx dy
i 2 L 12 - S g - 3
11 (s+3) +t 31 (s4 7))+t (e?™ —1)(e?™ — 1)
0 0

_ 253 [{(s — 1 +it)}{I(s — 1 —it))

s (s+1)2 +12
':!{ \‘.:'1/ \I .‘/l H_E\l. (1
< 2(57)= (5 == ateez):

For 2=2.04672 ; t=0.25 and £ = 0.496403; s = (0.5+1*0.25); a=3 and B =5,
we obtain:

((((20.5*(0.5+1*0.25-3)) * gamma (0.25(0.5+1*0.25-1+1*0.25)) * gamma
(0.25(0.5+1*0.25-1-1*0.25)))) *1/((P1*(0.5+1*0.25+1)"2+0.25"2)))

Input:
[2”-5“-”-5“ 0-25-3) 10.25 (0.5 +i+0.25 - 1 +i = 0.25))
1

(0.5 +i+0.25 +1F +0.25°

[0.25(0.5 +:+0.25 - 1 - 0.25))

rix) is the gamma function

i iz the imaginary unit

Result:

2.74105... +

1.30763... ¢

[using the principal branch of the logarithm for complex exponentiation)
Polar coordinates:

r = 3.03698 radius), 8= 25.5037" (angle

3.03698 partial result

Alternative representations:
20.310.5410.25-3) /(0,25 (0.5 +i0.25 -1 +§0.25) ['{0.25 (0.5 +0.25 - 1 - 0.25})

7(0.5 +£0.25 + 1)* + 0.25%
0.93628 G(1 +0.25 (-0.5 + 0.5 iy 20-91-2:540.250)

©0.107406 G(0.25 (~0.5 + 0.5 1)) (0.252 + 7 (1.5 +0.25 i)
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20.310.5410.25-3) /(0,25 (0.5 +i0.25 -1 +§0.25) ['{0.25 (0.5 +0.25 - 1 - 0.25})

_ m(0.5 +£0.25 + 1% +0.252
[20.5-:—2.5+D.251:I f2.1653—3.141591 EXp[lOgG[l +0.75 [—|:|.5 +05 i -

logG(0.25 (-0.5 + 0.5 1)) / (0.25% +x (1.5 +0.255%)

20.310.3410.25-3) (0,25 (0.5 +i0.25 -1 +40.25) ['(0.25 (0.5 +0.25 - 1 — i 0.25)))

r(05 +i0.25 + 17 + n:n._252
(-1.125) (-1 + 0.25 (-0.5 + 0.5 )1 20-31-2.340.250)

0.25% + r(1.5 + 0.25 i*

3.03698 (((((2.04672((((0.25+i*(0.5+i*0.25))/2))))*((2.04672(((0.25-
i*(0.5+i*0.25))/2))))*cos(((0.25/4 In(3/5)))))))

Input interpretation:
1
3.03608 [[2.(345?2 [5 (0.25 +i (0.5 +i D.ESHH

1 0.25 3
[2.045?2 [— (0.25 i (0.5 +i 0.25}}]] ccs[— lng[— ]]]
2 4 85

logix) is the natural logarithm

i iz the imaginary unit

Result:

0.794726... +
0.794726... i

Polar coordinates:
r = 1.12391 (radius), &=45° (angle

1.12391 final result

Alternative representations:

1
2.3 3.03698(2.04672(0.25 +:(0.5 +:0.25))

1 3
[[2.045?2 (0.25 —i(0.5 +1i D.ESmccs[a 0.25 lﬂg[g]]] =

1 3
3.18052(0.25 —¢(0.5 + 0.25 (0,25 +(0.5 +0.25 0 1) cnsh[; 0.25 IDE(ED
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1
5 3:03698(2.04672(0.25 +i (0.5 +i0.25))
1 3
[[2.045?2 (0.25 - (0.5 + D.ES}}}CQS(Z 0.25 lcg[g]]] e

1 3
3.18052(0.25 - (0.5 + 0.25 ) (0.25 +(0.5 +0.25 i) i) CDSh[i (-0.25 nlug[g D

1
223 3.03698(2.04672 (0.25 +i(0.5 +:i0.25))

1 3
[[2.&45?2 (0.25 (0.5 +1 D.ESmcas(Z 0.25 Lag(g]]] — 1.59026
(0.25 —i (0.5 +0.25 1) (0.25 + (0.5 + 0.25 i) i) [/ 02V 1083 1/ 0.237logi3/3))

coshix) is the hyperbolic cosine function

Series representations:

1
a4 3.03698 (2.04672 (0.25 +:(0.5 +:0.25))

|
[[2.&45?2 (0.25 — £ (0.5 + D.zsmcas(zr 0.25 lug[ ]]]

o 1 (2

U1

~0.198783 (1 +4)° (-1 +2i+i" ) cos|-0.0625
k=1

1
223 3.03698(2.04672 (0.25 +i(0.5 +10.25))

1 3

[[2.&45?2 (0.25 —i (0.5 +i D.ES}}}CGS(; 0.25 lng[gn] a

w (~1)k g 554518k lﬂg.zk[g}

~0.198783 (1 +i” (-1+2i+4°) )’ .
' 2 k)!

1
T34 3.03698(2.04672 (0.25 +:10.5 +:0.25)

1 3
[[2.046?2 (0.25 — (0.5 +1i D.EEPHCUS(E 0.25 log(gm =

: : i (-1F (-1 +0.0625 lug[g}}“z"‘
0.198783(1 + 1y [—1+21+1 }
e (1+2k)

n'!is the factorial function
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Integral representations:

1
5 303698 (2.04672(0.25 +1(0.5 +i0.25)
1 3
[[z.mﬁ?z (0.25 — (0.5 + G.ES}}}CGS[; 0.25 193[5}]} = 0.795131 (1 + i

N 3
(025 -0.5i-0.25)(1-0.0625 log] | | lsin[D.DEES t log - )] at|

0

1
2.3 3.03698(2.04672(0.25 +:(0.5 +:0.25)))

1 3
[[2.!34!5?2 (0.25 (0.5 +1 0.25}}}::05[1 0.25 lag(gm =

~|:|.|:|6251-:.g§§] ;

0.198783 (1 + i (-1+2i+ F}J sin(t) dt

[N

1
2x2 1 3
[[2.[345?2 (0.25 —i (0.5 + D.ZSmcas[Z 0.25 lng[g]]] -

0.000976563 log2| 2|/
oy 0?2/

3.03698(2.04672(0.25 +i(0.5 +: 0.25))

0.0993914 (1 +0? (-1 +2i+# |V f.m .
- § fol

oA A ooty s

Multiple-argument formulas:

1
7 3-03698(2.04672(0.25 + (05 +: 0.25))
1 3
[[2.&45?2 (0.25 i (0.5 +i n::n.ESmc.::s[;r 0.25 1ag(§m =
3
0.795131 (1 +#° (0.25 - 0.5i - 0.25 12}(- 1+ 2 cos’ [D.DB 125 lug(gm

1
T 3.03698 (2.04672 (0.25 +i (0.5 +i 0.25))
1 3
[[2.045?2 (0.25 - (0.5 + D.ES}}}CGS[Z 0.25 1ng[§]]] e
3
0.795131 (1 + 4’ (0.25 - 0.5i - 0.25 %) [1 . sin2[0.03125 lag[gm
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1
a3a 3.03698 (2.04672(0.25 +i(0.5 +i0.25))

3
3

1
[[2.&45?2 (0.25 i (0.5 +i |:3.25mcc:s[5r 0.25 lng[ D] = 0.795131 (1 + i?
3 3
(0.25 — 0.5 - 0.25 &) cas[o.uzusaaa L::g[E D [-3 +4 cos’ [0.0208333 lug[gm

(((((((3.03698 (((((2.04672((((0.25+i*(0.5+i*0.25))/2))))*((2.04672(((0.25-
i*(0.5+i*0.25))/2))))*cos(((0.25/4 In(3/5)))))N)))))" 1/64

Input interpretation:

1
[3.&3598 [[2.045?2 [5 (0.25 + (0.5 +i n.zs}}D
3

1 0.25
[2.D4I5?2 [— (0.25 — (0.5 +1 D.EEHD CDS[— log[— DJ] (164
2 4 5
logixis the natural logarithm

i iz the imaginary unit

Result:
1.001751... +
0.01229396... ;

Polar coordinates:

r=1.00183 (radius), #=0.703125% (an;

1.00183 result practically equal to the value of the following Rogers-Ramanujan
continued fraction:

2z
5 -2
\/LT 4+ ~1.0018674362
5 — c
% % 1+ o
1+ - S
1+...

T(((((3.03698 (((((2.04672((((0.25+i*(0.5+%0.25))/2))))*((2.04672(((0.25-
i*(0.5+i*0.25))/2))))*cos(((0.25/4 In(3/5)))))N))))))" 1/64

Input interpretation:
1
1},.-" [[3.03598 [[2.045?2 [5 (0.25 + £ (0.5 +1 9.251}]]

1 0.25 3wy .
[2.545?2[5 (0.25 i (0.5 +i 0.251;]].:.:5[7 lag[g]]n [1;54}}
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logixiis the natural logarithm

Result:

0.9981013... -
0.01224916...

Polar coordinates:
r:D.QQEl?E radius f#=-0.703125" '||5;-'E"‘

L]

i is the imaginary unit

0.998176 result very near to the value of the following Rogers-Ramanujan continued

fraction:
e_% e
\/_ =1- Py =~ (0.9991104684
> -p+1 +— "
1+3 ;05‘{/5_3 -1 1+
e—4fh/§
1+
1+...

Alternative representations:
1

I
54f 203698 (2.04672(0.25+ (0.5 4+ 0.25333{<2.045?2 0.25-4 (0.5 ﬂ'n.zsynycns{}; n:u.zslug{ g '|]]

\ 2.2

1

f
64/ 3,18052 (0.25 — i (0.5 + 0.25 ) (0.25 + (0.5 + D.ESzmcush[i 0.25 i 1ag[§”

1

I
54f 203698 (2.04672(0.25+ (0.5 4+ 0.25y33{<2.045?2 0.25 -4 (0.5 +\.I'|:|.25:|:':|L'Dﬂ{i 0.25 1.:5{ g '|]]

\ 22

1

| .
64/ 3.18052 (0.25 — (0.5 +0.25 ) (0.25 +(0.5 +0.25 i i) cosh( ; (-0.25 # log( ] ))
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1

: : ; ; 1 3
X 303698 (204672 (0.25+ (0.5 + n.zsm{qz.mﬁ?z 0,254 (0,54 n.zszm:cns{z U.ZS]DE{E:I:I:I

2x2

1/((1.59026 (0.25 - i (0.5 +0.25 ) (0.25 + (0.5 + 0.25 i) i)
' {fl,-'4n:—l:l.25;|:'log;-;3.-'5;l RtE 0.254'105.:3;5;}} ~ [1,-'54]-}

coshix is the hyperbolic cosine function

Series representations:
1

5 i i 1 1 3
. 3.03608 (204672 (0.25+ (0.54 0.2533:{»:2.046?2 (0.25 - (0.5 4 D.ZSJJJ-:DS{I U.ZS]DE{E]]]

2x2
1.02556

ke

= _2
64| —(1 + ) [{—1+21+12}cos[—[}.0525 Zil‘ l’k{ J]]

1

5 i i 1 1 3
. 3.03608 (204672 (0.25+ (0.54 0.2533:{»:2.046?2 (0.25 - (0.5 4 D.ZSJJJ-:DS{I U.ZS]DE{E]]]

2x2
1.02556

(1 554518k 1, 2k( 2
64| —(1 +i)? [—l+21+12]lz‘::'=':I d 2 {5]

{2k

1

) ) : g 1 3
. 3.03608 (2.04672 (0.25+ (0.54 n.zsm{»:zmus?z (0.25 - (0.5 4 n.zszm:cns{z U.ZS]Dg{E]]]

2x2
1.02556

64\/{1 +02 (-1+28+7) 37 (-1 J24(0.0625) Tzk[lag{g)} (2 +5)

n'is the facternal function
Tz s the Bessel function of the first kind

Thix) is the Chebyshev polynomial of the first kind
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fny mg s the Kronecker delta function

Integral representations:
1

64; 3.03608 (2.04672 (0.25 4 (0.5+i 0.25)))12.04672 (0.25 - (0.5 H'U.ZE;I;I;ICDS{i D.ZS]DgI{%]]]

\ 2x%32

1.02556
0.0625log] 2
64((1+i -1+ 2i+#) [g DgI{S:Isin[t]-d’t
2
1

64’ 3.03608 (2.04672 (0.25 + (0.5 +i 0.25))(2.04672 (0.25 i {0.5 H'n.zsm-:-:-s{i U.251Dg{§]]'|

\ 22

1.00359

64\/[1 +i (0.25 -0.5¢-0.25 ) (1-0.0625 log(Z) [ 'sin(0.0625 t log(? ) dt)

1

64’ 3.03608 (2.04672 (0.25 + (0.5+i 0.25))({2.04672 (0.25 - (0.5 H'III.ZSJJJ-:Ds{i n.zslug{g]]]

\ 2x2

1.03673

o ENN
T — Fs-{l:l.cu:un. FAEE3 Loy |:5'|1s
(142 i+ W m J—'ﬂm+}*

(140 ds

&4 "

m A

Multiple-argument formulas:
1

64’ 3.03608 (2.04672 (0.25 + (0.5 +i 0.25))({2.04672 (0.25 - (0.5 H'n.zsm-:ns{i n.zsl-:.g{%]]]

\ 2x2

1.00359

64\/[1 +if (0.25 - 0.5i-0.25 #) [—1 +2 CUSE[D.DBIES lag[gm
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1

[
Mf 3.03608 (2.04672 (0.25+ (0.5+i 0.25)) | (2.04672 (0.25-i (0.5 H'n.zsmmmcns,'i 0.25log| §'|'|'|

\ 2x2

1.00359

:
ﬁgj (1+#7 (0.25 - 0.5 -0.25 #) (1 - 25in*(0.03125 log{ 2

1

[
64f 3.03608 (2.04672 (0.25+ (0.5+ 0.25))|(2.04672 (0.25-i (0.5 H'n.zsm-:ns{i 0.25log| E'ITI

\ 2.2

1.02556

(X! | 1+ [[— 1+2i+ :2] T.;.,.;..525[cc:s[lcg[§””

Pi(((((((3.03698 (((((2.04672((((0.25+i*(0.5+*0.25))/2))))*((2.04672(((0.25-
i*(0.5+i*0.25))/2))))*cos(((0.25/4 In(3/5))N))))))

Input interpretation:

1
x [3.(33598 [[2.()45?2 [5 (0.25 +(0.5 +1 D.ZS}}D

1 0.25 3
[2.045?2 (— (0.25 — (0.5 +1 D.ESHD CDS[— log[— D]]
2 4 5

logixis the natural logarithm

i iz the imaginary unit

Result:

2.49671... +
2.40671... ¢

Polar coordinates:

r = 353087 radius f=45% jancle

)

3.53087

Alternative representations:
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1
—— 7 3.03698 ([2.[)45'?2 (0.25 +(0.5 +10.25))

1 3
(2.04672 (0.25 i (0.5 +i D.ES}}}CGS[; 0.25 lﬂg[gm =
0.25¢1 [ED
; Ogl —
rlog 5

£l =

3.18052(0.25 -i(0.5 +0.25m(0.25 + (0.5 +0.25n )= cosh(

1
—— 7 3.03698 [[2.045?2 (0.25 + (0.5 +1 0.25))

1 3
(2.04672 (0.25 — (0.5 +:0.25)) CDS[; 0.25 lng[gm =

3.18052(0.25 - (0.5 + 0.25 i) (0.25 +(0.5 + 0.25n i)« CDSh[; (—0.25 r}lcg[g}]

1
—— 7 3.036098 [[2.046?2 (0.25 +i(0.5 +:0.25))

1 3
(2.04672(0.25 i (0.5 +i r;zl.zsmlzm(;L 0.25 lﬂg(gm -

1.59026 (0.25 -#(0.5 +0.25mM(0.25 + 05+ 0250w
[fl_-'4n:—l:l.25n']ng'-:3,-'5] Lol 0.254'1.:'5;3,-'5_1}

coshix is the hyperbolic cosine function

Series representations:
1
T 7 3.03698 [[2.046?2 (0.25 +i (0.5 +i 0.25))

3
(2.04672(0.25 - (0.5 +i 0. 251}}':05[ 0.25 lﬂg[gm

o, €14 (2]
~0.198783 (1+9” (-1 + 2+ ) r cos|-0.0625 ) ————
k=1 B

1
—— 1 3.03698 [[2.046?2 (0.25 +i(0.5 +:0.25))

|
(2.04672 (0.25 — (0.5 + D.zsmcas[gr 0.25 lng[ ]]] _
= [—l}k -5.54518 & lﬂg.z

) 2
~0.198783(1 +i)" (-1 +2i +i }}Tk‘}:‘n (2 k)!
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1
—— 73.03698 [[2.D45?2 (0.25 +i (0.5 +i0.25)

1 3
(2.04672(0.25 —£(0.5 +1 IIII.ES\*]‘]“-":JS[:1 0.25 log(gm =

k m 3 142k
0.198783 (1 + i)2 [-1+21+12]ni (1) [-2 +0.0625 1ag[5”
. " N (1+2k)!

n! is the factorial function

Integral representations:

1
5 73:03698 [[2.045?2 (0.25 + (0.5 +0.25))
| 3
(2.04672 (0.25 — i (0.5 +i 0.25)) cns[;r 0.25 lcg{gn] = 0.795131 (1 + i

3y r 3
(0.25 - 0.5i-0.25)x [l -0.0625 lng(g }J 15111[[).0525 t lng[g]}dt}

il

1
P 7 3.03608 [[2.046?2 (0.25 +:(0.5 +:0.25))

1 3
(2.04672 (0,25 — (0.5 +i IIII.ES\*]‘]‘CDS[:L 0.25 lng(gm =

0.0625log| 2]

0.198783 (1 +i° [-1+21-+12}nj S'singt) d't

[N

1
—— 73.03698 ([z.n:mrﬁ?z (0.25 +i (0.5 +i0.25)

1 3
(2.04672(0.25 - i (0.5 +i 0.25)) CUS[:L 0.25 lug[g ]]] =

g
. fs-ﬂu.unnwﬁ 63log”| 2))/s

D.D993914[1+n2[—1+2H12}~Gf.m .
= s for 0

A —A co+y \l'?

Multiple-argument formulas:

1
T m 3.03698 [[2.[)46'?2 (0.25 +i (0.5 +i 0.251)
1 3
(2.04672(0.25 —i(0.5 +:0.25)) CDS(; 0.25 lng(gﬂ] =
3
0.795131 (1 + i (0.25 -0.5i-0.25 rz}n [— 1+2 cos® [D.DSIEE lﬂg[gm
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1
S 73.03698 [[2.045?2 (0.25 +£ (0.5 +i0.25))
1 3
(2.04672 (0.25 — i (0.5 +1 D.ESmccS(;r 0.25 103(5}]} =
3
0.795131(1 +4° (0.25 - 0.5i-0.25)x (1 -2 sinz(D.DBIZS lag[gm

1
—— 7303698 ([z.r:mrﬁ?z (0.25 +i (0.5 +i0.25))

1 3
(2.04672(0.25 — i (0.5 +1i IIII.E,'S\\};H:I:JSL—L 0.25 102(5]]]

0.795131 (1 +#° (0.25 - 0.5i - 0.25 ) x CGS(D.DEGEBBB lng(

)

) wa

3
[- 3 +4 cos® [D.DEDEBBB L::g[E ]]]

From:
Q(l _ SJ 1 (s—1) / l[s—'l' Q(—S} Lis4-1) Lysaly
a o chii ——{aZ — g3hes
4905%W~“’f3—1}2—f2{ " | 8sin i7s (5—!—1}2—:—?3{ ; J

Leat) f] azy 1 (ary)? 1 i r® dx dy
+af” . ; — = - .
1 (s+3)2+12 3 (s+T)F 412 (e?7= —1)(e?m¥ — 1)
0

’3%{541]/7' Bxy 1] (Bzy)® 1 : x* dr dy
Ead 11 (s+32+822 31 (s+7)2+2 " (€2 _1)(e2™¥ —1)

- 23(+-3) P{L(s — 1 4+ it) )T {1 (s — 1 —it)}

T (s +1)24¢2

[ EAsY o fF—8Y . 1] oy
X _< 5 )_( 3 )bln(_ltlogﬁ). (18)

((((2(0.5*(0.5+1*0.25-3)) * gamma (0.25(0.5+1*0.25-1+1*0.25)) * gamma
(0.25(0.5+1*0.25-1-1*0.25)))) *1/(((P1*(0.5+1*0.25+1)"2+0.25"2))) = 3.03698 as
above
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3.03698 (((((2.04672((((0.25+i*(0.5+*0.25))/2))))*((2.04672(((0.25-

1*(0.5+1*0.25))/2))))*sin(((0.25/4 In(3/5))))))))

Input interpretation:

1
3.03608 [[2.(345?2 [5 (0.25 +i (0.5 +i D.ESHD
3

1 70,25
[2.045?2 [— (0.25 i (0.5 + D.ESHD sm[— 1ng[—m
2 g o5

Result:

- 0.0253815... -
0.0253815... ¢

Polar coordinates:
r = 0.0358940 (radiu

N a

#=-135°

0.0358949

Alternative representations:

1
223 3.03698(2.04672 (0.25 +:(0.5 +:0.25)

1 3
[[2.045?2 (0.25 —£ (0.5 +i 0.25)) sin[;r 0.25 1ng[§m =

a1

logix)is the natural logarithm

3
3.18052(0.25 — (0.5 + 0.25 i) (0.25 +(0.5 + 0.25 0 §) l:l:JS[2 9 0.25 lcg[g D

2.3 3.03698(2.04672(0.25 +:(0.5 +:0.25)))

1
2
s 3
[[2.045?2 (0.25 — (0.5 +i 0.25)) sm[;r 0.25 lag[gJ]] _
3.18052(0.25 — (0.5 + 0.25 ) (0.25 + (0.5 + D.ESzmcus(;—T

1
P 3.03698(2.04672 (0.25 +:(0.5 +:0.25))

+

1
4

0.25 lng[

1 3 1
[[2.&45?2 (0.25 — i (0.5 +: 0.25)) sin[:1 0.25 1ag[§m = - 3.18052
I

5

q

i is the imaginary unit

(0.25 - (0.5 +0.25)) (0.25 + (0.5 + 0.25 i) i) [~/ * O F I8, V4 0.23110813))
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Series representations:

1
223 3.03698 (2.04672 (0.25 +i(0.5 +:0.25))

1 3
[[2.045?2 (0.25 —# (0.5 +i0.25)) sin[;r 0.25 1ag(§]]] =

® (-1 (-2
~0.198783 (1 +” (-1 +2i +4°)sin|-0.0625 » )
k=1

e

1

5 3.03698(2.04672 (0.25 +i(0.5 +: 0.25)

1 3
(2.04672(0.25 - (0.5 +i0.25)) sin(;r 0.25 1ag[§]]] =

—_— b2

) 3
~0.397566 (1 + i (-1+2i+) ) (-1 J1+2k[D.D525 lag[ED
k=0

B

3.03698 (2.04672(0.25 +i(0.5 +i 0.25))

| ]

1 3
(2.04672(0.25 —i(0.5 +:0.25)p sin[:1 0.25 103{5}}] =

o (-1 0.062542% log'*2¥(2)
2 2 1 5
~0.198783 (1 +° (-1+2i+¢) )’

e (1+2k)!

.-"'_"\-\.M

Jqiz)is the Bessel function of the first kind

n'is the factorial function

Integral representations:

1
Soh 3.03698(2.04672 (0.25 +:(0.5 +:0.25))

1 3
[[2.046?2 (0.25 —§(0.5 +i0.25m sin[:L 0.25 log(g]]] =

3y M
-0.0124239(1 +1]l:E [—1 +21i +12}lng[§]j

3
ccs(D.DﬁES t lng[— Ddt
] 5
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1
o 3.03698(2.04672(0.25 +i(0.5 +: 0.25))

1 3
[[2.D45?2 (0.25 - £(0.5 +0.25)) sin[;r 0.25 lng(g]ﬂ -
0.00310598 (1 +i? (-1 + 2 +12}lng[§} Vi

T.A
s-{0.000076563log2 | 2|5
“"Awiy e _|: LR 5-|-|-'
J 2 ds tol
~A ooty 5 3/2

Multiple-argument formulas:

1
5 3:03698 (2.04672 (0.25 +: (0.5 +10.25))
| 3
[[2.&45?2 (0.25 —#(0.5 +3 0.25y) sm[;r 0.25 lag[gJD = 0.795131 (1 + iy?

3 3
(0.25 -0.5i-0.25 12] [3 Sill[D.DEDEBBB lag(g ]] -4 51113(0.132':!8333 log[g]ﬂ

B

3.03698(2.04672(0.25 +:(0.5 +:0.25))

B3

1 3
(2.04672(0.25 - (0.5 +10.25)) sin(:L 0.25 lﬂg[gm =

PR X

3 3
_0.397566 (1 + i (-1 +2i+ ) ccs(D.DBlES lng(gn 5111[0.03125 lcg[ED

1
o 3.03698 (2.04672 (0.25 +i(0.5 +: 0.25)

| 3
[[2 04672 (0.25 — (0.5 +0.25)) 5111[4 0.25 lug[gn] — 0.198783 (1 +

(-1+2i+ i _ (sm( 1.9375 lcg[g D -2 cas[lag(gﬂ 5111[—0-93?5 103[2]}}

(((((((3.03698 (((((2.04672((((0.25+i*(0.5+i*0.25))/2))))*((2.04672(((0.25-
i*(0.5+i*0.25))/2))))*sin(((0.25/4 In(3/5))))M))))))"1/256

Input interpretation:
1
[3.03&98 [[2.[345?2 [5 (0.25 +i (0.5 +i o.zsw]

1 (025 (3w
(2.[)45?2 [5 (0.25 —i(0.5 +i D.EEHD sm[T lng[g DD (1;256)

logixis the natural logarithm
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i is the imaginary unit

Result:

0.98704556... -
0.0090849101... ¢

Polar coordinates:
r=0.987087 radius), #=-0.527344° (angl
0.987087

(L/TDA(((((3.03698 (((((2.04672((((0.25+1*(0.5+*0.25))/2))))*((2.04672(((0.25-
i*(0.5+*0.25))/2))))*sin(((0.25/4 In(3/5)))NN))))))

Input interpretation:

1 1
T JI,-"'l [E.DBEQE [[2.()45?2 [5 (0.25 +(0.5 +i20.25)) J

1 025 3
[2.[)45?2 [— (0.25 — (0.5 +i D.EEHJ] sm[— lng[— D]]
2 4 5

logix) is the natural logarithm

i is the imaginary unit

Result:

-1.79085... +
1.79085...

Polar coordinates:

r=2.53265 radiu # =135 jancle

)

2.53265

Alternative representations:
1

|2.03608 ((2.04672 (0.25+i (0.5+ 0.25))) (2.04672 (0.25 i (0.5 + 0.25))) sin] i 0.25log| E 111111

22
1

11(3.18052(0.25 (0.5 +0.25 ) (0.25 + (0.5 +0.25 nncas[g = ﬁ 0.25 1ag[§}}|}
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1

(3.03608 ((2.04672 (0.25 + (0.5 +i 0.25)))(2.04672 (0.25 (0.5 + D.ZSJJJSin{i‘ 0.25log| E]]ﬂ 11

2x32
1
11(-3.18052(0.25 - i (0.5 + 0.25 £)) (0.25 + (0.5 + D.ESz}z}cns{;— 5 i 0.25 1ag{§}}}
1
{3.1::3693{12.046?2-:0.25+.r'<n.5u'n.zsnuz.m&?zm.zs-;‘qn.sun.zsmsin{i n.zsl-:ﬂ%]]]]u
22

1

11(3.18052 {0.25 i {0.5+0.25 i }}{0.25 +{0.540.25 i} i) | -1/ 4 (-0.25)1 log{3/5) 1[4 - 0.25 £ log(3/5)))

29

Series representations:
1

|3.03698 ((2.04672(0.25 +i (0.5+i 0.25))) (2.04672 (0.25-i (0.5+ l:u.zsmsin{f; 0.25 log| E]]H 1o

0.457329

2
.3 2 . @ *-”"{-gr
1+ (-1+2i+i)sinf-0.0625 }"" —

1

|2.036098 ((2.04672 (0.25 +i (0.5+i 0.25)))(2.04672 (0.25-i (0.5 +i D.ZSJJJSin{i‘ 0.25log| g-]]ﬂ no

2x32
0.228664

1+ (F1+2i+7) D7 (-1 J124(0.0625 1ag{§ |

1

(3.03698 ((2.04672 (0,25 +i (0.5+i 0.25)) (2.04672 (0.25-i (0.5+ l:u.zsmsin{f; 0.25 log| E]]H 1o

2x%2
0.457329

—1f 006251+ K n gl +2 k{l—ij

[142k)

{1+ [_1+2!+!2}Zf=n

Jniz) is the Bessel function of the first kind

n! is the factorial function
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Integral representations:
1

|3.03608 ((2.046720.25 4 (0.5+ 0.25)))(2.04672 (0,25 (0.5+ D.zsmsin{f; 0.25log| E'ﬂ]] 11

2x32
7.31726

a +0P (-1+2i +12}lng{§}Llcns[D.0625 t lng[g}}d’t

1

|2.03608 ((2.04672 (0.25+i (0.5 + 0.25)) (2.04672 (0.25-i (0.5 H'D.ESJ]JEiH{i' 0.25log| E'm] 11

2.2
20,260 A

2 9 4 - 5-{0.000976563 log?| g ]'|;5
L+ (-1+2i+: }lug[g}v'?‘r- Wty ¢ i

=~ A cady 532

Multiple-argument formulas:
1

|2.03608 ((2.04672 (0.25 4 (0.5 4 0.25))(2.04672 (0.25 1 (0.5 + n.zsmsin{i 0.25log| E'm] 11

) 0.228664
(1+07 (-1+2i+#)cos(0.03125 1ug{§ J) sin(0.03125 1ug[§ )

1

|3.03608 ((2.04672 (0.25 i (0.5+i 0.25))){2.04672 (0,25 (0.5 + D.ZSmsin{f; 0.25log| Em] 11

0.114332
(148 (-1+2i+i)(-0.75 5in[0.0208333 log( ; )) + sin®(0.0208333 log( 2

1

|3.03608 ((2.04672(0.25 4 (0.5+ 0.25)))(2.04672 (0,25 (0.5+ D.ZSJ]JEin{i‘ 0.25log| Em] 11

) 0457329
(1+0? (-1+2i+#7) U_U_gg?S{CDS{lﬂg{g ”} sin[lagE }}

We have also:
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—1 +it —1 —it 1 . ,cosnt
r | § =(—t))2 dt
/ ( 4 ) ( 4 )J‘ [2 )J 1+ t2

7 1 1 1 1
— S T
= T 7 / ( PIE“ 1 :r{“> (E:{.E == 1 p— ) t‘fl.-.-{ 1
0

Forn=12and x=2

We obtain:

Pi*sqrt(Pi) * integrate [((((1/((((exp(2*€0.5)))-1))))-1/(2*"0.5)))) *
((((1/((((exp(2*e™(-0.5))))-1))))-1/(2*e"(-0.5)))) Jx

Input:

Pf[ 1 1 ] 1 1
Ty — - — - : =i xdx
exp(2vVe)-1 2vVe )|exp(-%)-1 5%

Result:
0.295938 x*

0.295938

Plot:

/

; / (i from=1.2t01.2)

X
0.5 1.0

Alternate form assuming x is real:
0.205938 x* + 0

Indefinite integral assuming all variables are real:
0.008646 x

Pi*sqrt(Pi) * integrate [((((1/((((exp(2*€0.5)))-1))))-1/(2*"0.5)))) *
((((1/((((exp(2*e”(-0.5))))-1))))-1/(2*e”(-0.5)))) ]x, [0, infinity]
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Definite integral:
2 [70.106293 x dx =
-0

Alternate form:
2.532443524542434 x 1077

Alternate form assuming x is real:

23

Indefinite integral:
a2 [0.106293 xdx = 0.295938 x°

0.295938

For x = 8/5, we obtain:
0.295938 (8/5)"2
Input interpretation:

0.205938 [g ]2

Result:
0.75760128

0.75760128

From:

Generalized dilaton-axion models of inflation, de Sitter vacua
and spontaneous SUSY breaking in supergravity

Yermek Aldabergenov, Auttakit Chatrabhuti and Sergei V. Ketov -
arXiv:1907.10373v1 [hep-th] 24 Jul 2019
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3.2 The case a > 3: vacuum solutions

If the axion field is fixed at its VEV, tg = —w2/(2|p[?), we can rewrite the scalar potential (8) and
(11) for v > 3 as

. oan, 2 . Y 5 i Vl2 :
I G - 5Jw1££n—11¢’;¢_ (o — T 4 4) | E.n—?)‘_/gc“ri

; 2.2 i
= 2o+ |2 ¥ 2o 24y 24 & (8

assuming wi # (. The vacuum equaticns (12) and (13) then take the form

(@ —3)wi (@—5)w1 4 q (@®—Ta+Dp? 42 1 9.9 o

Vo =2 E .|__Ct \ . g Lo 2 —gtER 20
0= e Et T v F 2 A \
’ a2 !2 Sl — Bl i 2 _ : 5 2 .

L = S;rl_ a1 (@=1)(a — 5w a2 (¢ —2)(a” — Ta+ 4)|x| 3=, (30"
=122 20 Doy '

where r = ¢®/V2 as before. Eq. (30) has two sclutions.

2 —n? + Tre — A)|ul? 2(2 — a)lul? .
T = . W e e (31}
ala— 3w (atone]
that we parametrize as

e [re= A—c?4Ta—4)
" - = = s iy
Iy —7% '3(-12:":_3; (32)

Wy N =
(=3

The positivity of & requires v,/w; to be positive. Smmee we have a > 3, the y_ 1s always negative,
while the sign of v depends cn the choice of o. More specifically, we find 6

J. —
3<a<§{f—v‘33]— — > 0. (33

4 Inflation

In order to study inflation, let us restore the gravitational constant k = v 8xG = M}?. We choose
the Kahler potential and the chiral field T' to be dimensionless, whereas the superpotential has the
mass dimension three, [W] = M3, Tt follows that [\] = [4] = M? and [wi] = M®, where [...] stands
for the mass dimension of the corresponding quantity. We also set [g€] = MY and [¢] = [p] = M.

It is convenient to express the FI constant g€ in terms of the cosmological constant ¥ by using
Eq. (29) and the general z-solution (32). Restoring & results in the potential

v:p@+g(1yﬂﬂ?iﬁ Q=38 Vianp | O=5 (a-1)\[Znp | o —Ta+4 (@2 [Zup _
2 o2 4 5 ary

Wy
o 2
B h+2)+j7+%wv+m)_;%]_(m)

42 4~ ay

In what follows we neglect the cosmological constant V.
We use the standard definitions of the slow-roll parameters,

_ 1 (V(e))? _1V"(p)
T (V{fp)) C TEEV(e) -

Inflation ends when € = 1 that translates into the value of the inflaton field at the end of mnflation,
Py The scalar spectral index and the tensor-to-scalar ratio are related to the slow-roll parameters as

ng =1+ 2n; —6e; , 7= 16¢; , (53)
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respectively. Here the subscript i means evaluation at the initial value of the inflaton, ¢; i.e., at the
horizon crossing. The number of e-foldings between ; and ¢y 1s given by

i
N, = mzf d@zl ; (54)
2¥ v

Another important observable is the amplitude of scalar perturbations given by

K4V (i)
A, =P 55
247 2e; (55)

According to the PLANCK data (2018), the observed values of ng, r, and A are [44]

ne = 0.9649 4 0.0042 (68%CL) , = < 0.064 (95%CL) , (56)
log(10™°A,) = 2.975 £ 0.056 (68%CL) = A, ~1.96 x 107 . (57)

In our models, ns; and r depend only on a and sgn(wi) (and not on the value of wi) which
determine the shape of the scalar potential. The observed value of A, (~ 107?) can be used to fix
the composite parameter |p/2(@=1) / w2 that is related to the inflaton mass via Eq. (48).

First, we numerically evaluate n; as a function of o for N, = 50 to 60. The results of the evaluation
are presented in Fig. 3. Fig. 3a shows the tilt n.(«a) evaluated for a positive w; and 3 < a < a,,
while Fig. 3b shows the tilt n(«) evaluated for a negative wy and 3 < & < 7.6. The wy > 0 case, in
part due to its limited domain of validity (3 < a < «.), is fully compatible with the observations of
the spectral tilt n,. However, in the wy < 0 case, if & is greater than the certain value around 7.2 (let
us call this value ., ), the predicted value of n, becomes smaller than the lower observational limit
ns = 0.9607. ® A more precise value of a., can be derived by finding ; that solves the condition
ns(;) = 0.9607 and substituting this value in Eq. (54) to solve N (a) = 60. This results in

Crnax R T.235 . (58)

Therefore, when wi < 0 we exclude the models with & > amax.
As we show helow, the tensor-to-scalar ratio r decreases with increasing o and is always compatible

with the limit r < 0.064.
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4.1 The case 3 < a < a,: Starobinsky-like inflation

Let us divide our models into two classes for 3 < o < a, and @, < @ < ampax. respectively. The
reason is that in the range 3 < o < «, the inflationary potential is truly Starobinsky-like and has a
single extremum, namely, the global minimum and the infinite platean asymptotically approaching
a constant positive height. In contrast, if & > . the potential has a local maximum, which means

that we get the hilltop inflationary models.

For simplicity, we restrict ourselves to integer «, and proceed with calculating the inflationary
parameters ng and r for 3 < a < a, by setting N. = 55. In this Subsection, we take @ = 3,4,5,6
(o = 3 is the Starobinsky case) and, in addition, we include the upper limit a = a, = (7 + +/33)/2.
The results of our numerical calculations of ng and r are in Table 1, and the corresponding scalar

potentials for the chosen values of @ are in Fig. 4.

@ 3 4 5 6 o
(o) | - | + | - [+ + [ - | -
Tig 0.9650 | 0.9649 | 0.9640 | 0.9639 | 0.9634 | 0.9637 | 0.9632
r 0.0035 | 0.0010 | 0.0013 | 0.0007 | 0.0005 | 0.0004 | 0.0003
—kp; | 5.3520 | 3.5542 | 3.0800 | 3.2657 | 3.0215 | 2.7427 | 2.5674
—wpy | 0.9402 | 0.7426 | 0.8067 | 0.7163 | 0.6935 | 0.6488 | 0.6276

Table 1: The predictions for the inflationary parameters (ne, v), and the values
of ¢ at the horizon crossing (y;) and at the end of inflation (), in the case
3 < a < a., with both signs of wy. The « parameter 1s taken to be integer, except
of the upper limit a,

(7+/33)/2.

The relation to the amplitude A ; of CMB scalar perturbations in Eq. (55) is conveniently described
by the composite parameter

A=

|psf2le—)

== |wL|a—2

(59)

where A has units of mass. When w; < 0 and 3 < o < a., Eq. (57) yields A ~ 10°1/% GeV ~
10188 QeV, whereas in the case of wy; > 0 and 3 < a < a. we find

mA=0,

a—+3

hm A =0,

oe—F ex

(60)

due to the behavior of v, (a) (see Eq. (32)) in the scalar potential (31). Given o« = 4,5, 6, the
parameter A is of the order 10%-5, 1068 10175 GeV, respectively.
The mflaton mass is my, ~ 10* GeV irrespectively of the choice of @ and sgn(wy).

From the above Table:
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o 3 4 5 t e
spm(wi) — + — 4/ + — =
n, 09650 | 0.9649 09640 | 0.9630 | 0.9634 | (L9637 | 0.9632
r 0.0035 | 0.0010 0.0013 | 0.0007 | 0.0005 | 0.0004 | 0.0003
—xe¢o; | 5.3520 | 3.5542 3.9800 [ 3.2657 | 3.0215 | 2.7427 | 2.5674

) .3409 Y
—Féf.‘)f WIS L L0 ) u.

- A0 Ty Qe o
[ 24 i

o : o Yy e
L0 U.alD u. =0

SOaE Falral Is]
LR i3  2a L9 a8 b w.os/o

Table 1: The predictions for the inflationary parameters (n,, r), and the values
of ¢ at the horizon crossing (;) and at the end of inflaticn (pr), in the case
3 < a = a, with both signs of w. The o parameter 13 taken to be mbeger, cxcept

of the upper limit a, = (7 +/33)/2.

We can to obtain some mathematical connections with the following results obtained
from the previous Ramanujan’s mathematical equations, that has been analyzed.

0.989069 0.994689 0.986984 0.98593751 0.96146 0.998176 0.987087

The mean of the values of the inflationary parameter ngin the Table, is equal to:
0.9640142857..., and the mean of results obtained from the Ramanujan expressions
1s:

1/7(0.989069 + 0.994689 + 0.986984 + 0.98593751 + 0.96146 + 0.998176 +
0.987087)

Input interpretation:
1
= (0.989069 + 0.994689 + 0.986984 + 0.98593751 + 0.96146 + 0.998176 + 0.987087)

Result:
0.0R6200358571428571428571428571428571428571428571428571428 .

Repeating decimal:
0.98620035857142 (period &)

0.98620035857142
From the product of the above results, we obtain:

Input interpretation:
0.980069 - 0.994680 - 0.986984 - 0.98503751 - 0.06146 - 0.998176 - 0.987087

Result:
0.9069162509405600538919798873669259890017888

Repeating decimal:
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0.90691625094056005389197988736692598909178880
0.90691625...

From the mean between the previous means obtained from sum and product, we
obtain:

1/2(0.90691625094056 + 0.98620035857142)

Input interpretation:
1
5 (0.90691625094056 + 0.98620035857142)

Result:
0.904655830475500

Repeating decimal:
0.946558304755990
0.9465583...result very near to the mean 0.9640142857

0.75760128 result very near to the value of (¢¢) in the Table 0.7426

1.64243 — 1 =0.64243
1.60749 —1 = 0.60749
1.6114-1= 0.6114
1.61592 -1=0.61592

Results very near to the two numbers in the Table 0.6488 and 0.6276 regarding the
values of ¢ at the end of inflation (¢5). The mean is 0.61931 and the mean of the

values in the Table 1s 0.6382

The following results are very near to the values in the Tables regarding the values of
¢ and at the horizon crossing (¢;).

5.33212 = 5.3529; 3.46588 = 3.2657; 3.53087 = 3.5542; 2.93267 = 3.0215
2.57719;2.53265 = 2.5674

The mean is: 3.55234 very near to the value 3.53087. Further, we note that the
highest values of (¢p;) and (¢5) are 0.9402 and 5.3529, where 0.9402 is near to the

value 0.9465583 obtained from the results of the Ramanujan expressions
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Thus we can conclude that Ramanujan's expressions for Riemann's functions & (s)
and = (t) can be connected to the inflationary parameter ns and the values of ¢ at the
horizon crossing (¢;) and at the end of inflation (¢¢). This with regard to generalized
dilaton-axion models of inflation, de Sitter vacua and spontaneous SUSY breaking in
supergravity.

v is a positive real constant, A and p are complex parameters.

w=1/2 +it;

|PJ-.-;I I (b
gl '+ = " afa-3)
R = 2(2—cx)

Wi ———y

far= '8

1
3{&-{§(T+\/ﬁ) —3 . >0
a < (5+v33)/2~=5.3T

The inflaton mass can be read off from Eq. (28) after using ¢ = ¢ — ¢p and substituting the
general x solution (32). We find

«-)a {a{_a —3) _ (e=5)a— 1) + (a? — Ta+ 4)(a — 2)2] |u|*eY)

2 / | ;
L= 2 (— ; S 48
In? 2 4 oy L_}:Q"|r"2 u’r?:_‘? ( )

It is noteworthy that the choice of & = 5 leads to 4. = —y_ = 6/5, so that the sealar potentials
in the cases wq > 0 and w; < 0 exactly coincide.

W] = 3
2(-5.37°2+7%5.37-4) * 1/(5.37(5.37-3))

Input:

1
2(-5.37° + 7x5.37 - 4)

5.37 (.37 -3

Result:
0.746037588886531676000112116854850749200512300717378151788. ..

0.746937588.... = v.

0.746937588"5.37 [(((5.37(5.37-3)/4)))+((((5.37-5)(5.37-
1Y 2))N(5.37%0.746937588)+H((5.37°2-7%5.37+4)(5.37-2)"2)) /
((5.3772%0.746937588"2))]* (((1/2+51)(2*(5.37-1)))) /(( 3/(5.37-2)))
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Input interpretation:
0.746937588” "
(5.37 =5)(5.97 - 1y

(5.372 - 7x5.37 +4)(5.37 - 2)*

1
[5.3? [— (5.37 - 3}} 4
4

1 12 {5.37-1)
[— +5 IJ'I
2

35.3?—2

Result:

10512.6... +
3151.8B2 ..

Polar coordinates:
r = 10974.9 1),
10974.9

# = 16.6804°

sqrt(10974.9)

Input interpretation:
v 10974.9

Result:
104.761. ..

104.761...
We note that:

(76+29-2)/sqrt(10974.9)

Where 2, 29 and 76 are Lucas numbers

Input interpretation:
7h+29-2

v 10974.9

Result:
0.983189. ..

5.37-0.746037588

5.37° - 0.746937588°

i iz the imaginary unit

0.983189... result very near to the dilaton value 0.989117352243 = ¢ and to the
value of the following Rogers-Ramanujan continued fraction:
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. - 5

=1- ~(0.9991104684
J5 —p+1 1 e
1+5 (05‘{/5_3_1 ¢ +1 e—37z\/§
+ e—4ﬂ'\/§
1+
1+...

and:
(76+29)/((sqrt(10974.9)))

Input interpretation:
76+ 29

v 10974.9

Result:
1.002279882002793718919768602567641880122383385206777572303. ..

1.002279882... result very near to the value of the following Rogers-Ramanujan
continued fraction:

2z
5 -2
\/eT_ — 4+ —— ~1.0018674362
5 — C
» Y 1+ o
1+ o =
1+...
From:

Non-perturbative scalar potential inspired by type IIA strings on rigid CY
Sergei Alexandrov, Sergei V. Ketov and Yuki Wakimoto — arXiv:1607.05293v2 [hep-

th] 10 Nov 2016

Figure 3: The profile of the potential on the plane v-(r/|e|). There is a local maximum at v ~ 0.27,
r 2= 5.18|c| and a saddle point at v = 0.14, r = 2.66|c|. The profile corresponds to the choice f = 26,
and the potential is rescaled by the factor éijf—c
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de / cy f el
yv>14— = 114——)(1——){?
‘ r

Fory=0.27; r=5.18, we have:

0.27 > (5.18 + 4¢)/5.18

Result:
0.27 = 0.19305 (4 ¢ +5.18)

Inequality plot:

Alternate forms:
¢ < —-0.94535

¢ =-0.94535
¢ +0.94535 < 0

0.27 » 0.772201 (c + 1.295)

Expanded form:
0.27 > 0.772201 ¢ + 1

Alternate form assuming ¢>0:
c+0.94535 <0
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Solution:

Approximate form
18907

< —
20000

Interval notation:

[ 1890?}
_l.E, e e i A
20000

Fory=0.27; r=5.18 and ¢ =-0.94535, we obtain:

r(et)? 2h? (293 + 992 + 10y — 5)r — 8¢
(r+29% " N (1492(1(r+2) +¢)

From the formula:

E_‘Er;’%f.éf

(et)2 T 3+7°

and previous data, we obtain:

r(et)?
(r+ 2¢)?

((5.18(3+0.27))/((5.18+2%(-0.94535))2))

Input:
5.18(3 +0.27)

(5.18 + 2 « (-0.94535)°

Result:

1.565562976685708931443422732405310370466300778161401882649...

1.56556297...

And:
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(2+° +9’*“—|—1(}*~ —d)r— 8¢

(1 +7)2(v(r+ 2c) +c)

((((2%0.2773+9%0.27°2+10%0.27-5)*5.18 — 8*(-0.94535))))/(((((1+0.27)"2
((0.27(5.18+2%(-0.94535)-0.94535))))))

Input:
(2x0.27° +90.27% + 10 % 0.27 - 5) % 5.18 — 8 (-0.94535)

(1+0.27/(0.27(5.18 + 2 - (-0.94535) — 0.94535))

Result:
-0.73346641475357843287816716824348320274295551660471031193...

-0.733466414...

RZ .
The value of = Is:

2

1.56556297 = 2x*(-0.733466414)

Input interpretation:
1.56556297 = 2 x - (-0.733466414)

Result:
1.56556 = - 1.46693 x
Plot:
-H““x_ :
HH\"'\-.\_\‘ |
K“‘AH
1 | H"-\.\,_\H 1 2 i 4
HH“'«.HH
H'"\-\.
3 ! .H""\-.\_\_\.
*-\._H.HH
4 e
EH"\--H _— 1 CECC &
H"""Hh
6 N —-1.46683

Alternate form:
1466093 x + 1.56556 =0

Alternate form assuming x is real:
1.56556 = 0 - 1.46693 x
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Solution:
x = -1.06724

flz
— = —1.06724
A2

Indeed, we have:
2*(-1.06724)*( -0.733466414)

Input interpretation:
2.(-1.06724)(-0.733466414)

Result:
1.56556939135472

1.56556939135472

This is the result of a cubic equation of the dilaton r (see eq. 4.5). Thence, we can to
obtain:

(((2*%(-1.06724)*( -0.733466414))))"1/3

Input interpretation:
E." 2.(-1.06724)(-0.733466414)

Result:
1.16116...

1.16116...
Note that:
1/1.16116

Input interpretation:
1

1.16116

Result:
0.86120775775048180974129318095600516380171552585345688793064. .

0.86120775775...

Repeating decimal:
0.861207757759481897412931895690516380171552585345688793964...

(period 84)
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Rational approximation:
25000

29029

Possible closed forms:
31
— =0.861111111
36
ﬂ_3

— = (0.8612854633
36

17
— ~0.8612300610
2 77

The four-dimensional dilaton r = €?

Thence we obtain ¢ :

In(1.1611565435454298619247472985297363949361782362143326)

Input interpretation:
log(1.1611565435454298610247472085207363040361782362143326)

logixiis the natural logarithm

Result:
0.1494165287214362089089060465146575974045433943037009...

0.14941652872...
Alternative representations:

log(1.16115654354542986192474729852073639493617823621433260000) =
log,(1.16115654354542986192474729852973639493617823621433260000)

logi1.16115654354542986192474729852973639493617823621433260000) = log(a)
log,(1.16115654354542986192474729852973639493617823621433260000)

log(1.16115654354542986192474729852973639493617823621433260000) =
-Liy(-0.16115654354542986192474729852973639493617823621433260000)

logyix is the base-b logarithm

Lipix is the polylogarithrm function
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Series representations:

log(1.16115654354542986192474729852973639493617823621433260000) =
Ei[—D.lﬁl156543545429851924?4?298529?363949361?82362143326DGDDf
k

k=1

log(1.161156543545420861024747209852073630403617V823621433260000) =
1
2 {——ar[
1}1’2 g

i

1.16115654354542986192474729852973639493617823621433260000

\?J-il k
—x}J logixy - —i{=1y
+logix) 27;:{
(1.161156543545420851924747208520736309493617823621433260000 -

x}kx_k forx <0

log(1.16115654354542986192474729852973639403617823621433260000) =
1

lz argi1.161156543545429861924747209852973639493617823621433260000 -
8

1 1
mqbﬂgq+hﬂmrﬂ§—mm
0 m

1.1611565435454208/102474720852073630403617823621433260000 -
[i4)
T Y
zo | logizn) - —(-1y
0 J ElZn 2; I

k=1
(1.16115654354542986192474729852973639403617823621433260000 -
Zn:u}k El:l_k
argiz) is the complex argument
|x]is the floor function
is the imaginary unit
We have that:

(0.1494165287214362) /64

Input interpretation:
*y 0.1494165287214362

Result:
0.970733413745089624 .

0.970733413745089624... result very near to the value of ny = 0.9650 (see previous
Table)

Now, we have that, for e¥ = 1:
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EK [.};2 1 — .:. C(‘E’I‘f}z -|

)t |2 2 ’
5 r [)\g 1+ i 2(r + QcJQJ (46)
_ eXh2 y(1 — 42)r? — de(1 — 3y — 242)r — 82 |
™ Agr? (1+ )2 (y(r +2¢) + ¢)
72
And for y=0.27; r=5.18 and ¢ =-0.94535, Z— = —1.06724, we obtain:

2

((((-1.06724%(1/(5.1872))*0.27(1-0.272)*5.18"2 — 4(-0.94535)*(1-3*0.27-
2%0.27/2)*5.18 — 8%(-0.94535)*2)))) * 1/(((1+0.27)"2 (0.27(5.18+2%(-0.94535)-
0.94535))))

Input interpretation:
[-1.(:5?24 . 0.27((1-0.27°})~5.187%) -
5.18% : '

4.(-0.94535)(1 - 30.27 - 2 0.27%) 5.13-3[-0.94535}2]
1
(1+0.27)% (0.27 (5.18 + 2 «(-0.94535) - 0.94535))

Result:
-6.41769743007888900595077648207732638453806083986648215179....

-6.41769743... = perturbative potential at critical points

|L"- .?12 (’ -l.h'lll )2’#3 ?.'.r?zl‘:‘J / Fp11 ) A H 18]
T7 2@\ 30 ) T 24xne2 \3@)) '
H'J_ll = 34:“1..
f =26,

26 = Pi*(-1.06724)* 1/(24x)*((344/(3*zeta(3))) (2/3)

Input interpretation:

1 (344 i3
26 = 7 (-1.06724) . —— [ - ]2
24 x 34_.[3]-

£(5) is the Riemann zeta function

Result:
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2.91659
X

26 =

Plot:

Alternate form assuming x is real:
56 2.91659

X

Solution:
x =-0.112177

el =—0.112177

Note that:
26/(((-1.06724)*1/(24*-0.112177)*((344/(3*zeta(3)))\(2/3))))

Input interpretation:

26
1.06724 1 [ 344 }2-"3
24:{-0.112177) L3 £(3)

£15) is the Riemann zeta function

Result:
3.141604734859565113026178890740543092874079622443730552406. ..

3.14160473... =

Alternative representations:

26 26
344 12/3 = (344 /3
Y 1y 1.06724 106724 | 22—
303y ; 3231y
24(-0.112177) 2.60225
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26 26

344 12/3 33
oo T -1 106724 344
l:gﬂg:,]: 1.06?24[352.1“]
24{-0.112177) g
26 26
344 12/3 = 2/3
ﬂmgj]z (-1)1.06724
24{-0.112177) 1.06724 |- ——tt
3Ligi-1}
2
4
2.60225
fis, a) is the generalized Riemann zeta function
5, ulxi1is the Nielzsen generalized pohiogarithm function
Ligix)is the polhogarithm function
Series representations:
26 2.77887
344 12/3 /3
':MBJ-T: (-1)1.06724 [ X JZ
1
(1 R
24(-0.112177) Yo "
26 3.36636
344 12/3 o /3
I:3¢":33']2 (-111.06724 :
24{-0.112177) PO
k=1 .3
26 3.03759
344 1203 = /3
|:3¢"!3]]2 (-1)1.06724 :
1
24{-0.112177) i
Z"‘=‘3‘¢1+2m3

From the result of £, we obtain:
1/(1+1/26)

Input:
1

Exact result:
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26

27

Decimal approximation:
0.962962962962962962962962962962962962962962962962962962962...

0.962962...
Note that the precise value of f is:
Pi*(-1.06724)*1/(24*-0.112177)*((344/(3*zeta(3)))"(2/3)

Input interpretation:

1 344 /3
(- 1.06724) [
24 (-0.112177) \34(3)

£15) s the Riemann zeta function

Result:
25.00000001510674359865000374302206027588543384530515807564

25.999900015...

From the inverse of this value, performing the root with index equal to perturbative
potential at critical points, and adding 10, we obtain:

171072 +1/ ((((((Pi*(-1.06724)* 1/(24*-0.112177)*((344/(3*zeta(3)))(2/3)))))))) /(-
6.41769743)

Input interpretation:
1

+
2 -
10 [n (-1.06724) L | ia

-1/6.41769743
24.-0.112177) 3[-:3]} ]

£15) is the Riemann zeta function

Result:
1.671420822570475391323666373634669560274273150508698065872 .

1.671420822...

Alternative representations:

1 1 1 1
2 344 123 164177 102 344 12/3 -1/ 6.4177
10 5 7o 123 - LI0ALss 10 & - { f2f3 y=liBALs
m(-1)106724( 0| Lo6724 7| = )
24(-0.112177) -2.69225
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1 1

ST
10 » 344 12/3 4-1/6.4177
mi 1:1.06?24#—3{‘33:["
24{-0.112177)
1 1
L 3/3 4+~1/6.4177
10 n(-1) 106724 223 O

3£(3)/
24(-0.112177)

Series representations:
1 1

STEEETOl B

10°

344 12/3 ~1/6.4177
343
24{-0.112177)

m(-1)1.06724 |

1 1
+

344 ]z,.-g -1/6.4177
2403
24{-0.112177)

m(-1)1.06724

1 1
+
10°

344 ]z,.-g -1/6.4177
2403)
24{-0.112177)

m(-1)1.06724 |

Now, we have:

= 0.01 +1.37511 |= |-

1 1
= 2 8 2/% -1/ B.4177
10 —1.06?2411[ 344 ] i
3551101}
-2.692325
1 1
= — +
1[:'2 ¢ /3 ~-1/6.4177
_1.06724 7 |-—22F
3Ligi-1)
3
4
—2.69225

f{s, ) 15 the generalized Riemann zeta function
55 plx)is the Niglsen generalized pohdogarithm function

Ligix)is the pohogarithm function

/340.155819
=0.01 +1.41683 |~

1
Dinr i3
k:l k3

/240.155812
1

=0.01+1.39731 || ————

) i
k=0 {142k)3

/240.155812
1

-1

L]

k=1 |3
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2K A 54R2 . C
- - 8re“(et) (2(6”2 _ C_Kﬁue,;cj) e %ez’k(f?f} ((( }i _ -r) (4.23)

2 .2 LJm i =
Bk K €K €enk € /S -
. r+ 2 Ao

N 322 (et)e® (5 — 10y — 1392 — 29%)r3 — 2c(1 — 8y + 342)r? — 4c2(9 — 8y)r — 83(3 — 2y }
T r+2c (1+7)2(c+7(r +2¢))

Now, we have that, for e® = 1, and for y = 0.27; r=5.18 and ¢ = -0.94535,
72
’;— = —1.06724, (et) = 1.808314132, we obtain:

2

32%(-1.06724)*1.808314132* 1/((5.18-2%0.94535))*(((5-10%0.27-13*0.27/2-
2%0.27/3)*5.18/3+2%0.94535(1-8*0.27+3%0.27/2)*5.18/2+4%0.94535"2(9-
8%0.27)*5.18-8%(-0.94535)"3(3-2*%0.27)))

Input interpretation:

1
32.(-1.06724) - 1.808314132

5.18 -2 - 0.94535
((5-10x0.27-13x0.27° - 2x0.27°)x5.18% +

20.94535 ((1-8-0.27 + 3 0.27%) - 5.18%) +
4:0.94535 ((9 — 8 2 0.27) »5.18) — 8 (-0.94535)" (3 - 2 0.27))

Result:
-5219.80305719387788750100577474015748031496062992125984251 ..

-5219.80305719... partial result

5219.80305719387788750109577474015748031496062992125984251* 1/((((1+0.27
Y2 (-0.94535+0.27(5.18-2%0.94535))))

Input interpretation:

-5210.80305719387788750100577474015748031496062992125084251
1

(1+0.27)% (-0.94535 + 0.27(5.18 - 2.~ 0.94535))

Result:
5A539.84814600080972992846910480937504433885840729247283117...

56539.848146... final result

From:
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1

5.18 — 2+ 0.94535
((5-10x0.27 - 13x0.27° - 2x0.27°)x5.18% +

20.94535 ({1 -8+ 0.27 +3+0.27°) «5.18%) +
4:0.94535” ((9 — 8« 0.27) ~5.18) — 8 (-0.94535)° (3 - 2 0.27))

32.(-1.06724) - 1.808314132

— -5219.80305719387788750109577474015748031496062992125984251. ..

We obtain:

(((((-1.06724)*1.808314132*1/((5.18-2*0.94535)*(((5-10%0.27-13%0.27/2-
2%0.27/3)%5.18/34+2%0.94535(1-8*0.27+3*0.27/2)*5.18"2+4*0.94535/2(9-
8*0.27)*5.18-8%(-0.94535)"3(3-2%0.27))))))))

Input interpretation:

1
-1.06724 . 1.808314132

5.18 - 2 - 0.94535
((5-10x0.27 -13x0.27° - 2x0.27°)x5.18% +

20.94535 ((1-8-0.27 + 30.27°) - 5.18%) +
4:0.94535 ((9 — 8 2 0.27) »5.18) — 8 (-0.94535)" (3 - 2 0.27))

Result:
-163.118845537308683984400242960629921259842519685039370078. ..

-163.1188455373... partial result

2* -5219.8030571938778875 / -
163.118845537308683984409242960629921259842519685039370078

Input interpretation:
~5219.8030571938778875

-163.118845537308683984409242960629921259842519685039370078

Result:
£3.99909900909909999998A56470702023386053268006399767091588. ..

64 result that is within the above equation:

8‘?‘(’2}{:(5”
T+ 2¢

l hur! kn
e em K ey &

647> 2 (2(-r +e)

Kijk 5 (Q(_et)p' — e_KHi'jegej) + /\—2 € 1+7)2

- 7‘) (4.23)
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From Ramanujan:

Modular equations and approximations to 1 - Srinivasa Ramanujan
Quarterly Journal of Mathematics, XLV, 1914, 350 — 372

We have that:
Hence
6492 = eVZ _24 4 976 VE ...,
6dg5s" = 40966 1 ...
so that
64(g38 + g2 = eV — 24+ 4372V . = 64{(1 + VD)2 + (1 - VD))
Hence

™V _ 9508051.0982 . . . |

From the previous final result 56539.848146, we obtain, with the following
Ramanujan equations, the new mathematical connection:

64{(1+Vv2)"* + (1 - v2)'?)
= 2508927.99839293

2508927.9983929391347126585602054 +~ 64 =39201.9999748
39202 x \2 = 55440.00007215

55440 +4372/4 = 56533

Or:

55440 - 4372 + 24 + 4096 + 64 + 4*276 + 192 = 56548

From:

Classically stable non-singular cosmological bounces

Anna ljjas and Paul J. Steinhardt
arXiv:1606.08880v2
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10F g2 =Bi)/Al)

HiY) - =

FIG. 1. A plot of the sound speed c% (solid blue curve)
for co-moving curvature perturbations as a function of time
t. The time coordinate is given in Planck units and the
value of ¢% is given in units where the speed of light is
unity. Superimposed for illustration purposes are the shapes
of the background solutions for H(t) (dashed green curve; also
shown in Figs. 2 and 3) and H(t) (dotted red curve). More
specifically, the results correspond to H(t) = Hate ¥ )®
and v (t) = v0e®®" + H(t) with the parameter values Hy =
3x 10754 =0.5,F = 9 x 107%,45 = —0.0044, ©® = 0.0046.
Notably, throughout, the sound speed is real (A(t), B(t) > 0)
and sub-luminal. with 0 < c‘"j:; < 1. The characteristic en-
ergy scale ~ H? is well below the Planck scale, and the NEC
violating phase lasts ~ 150 Planck times; it starts when H be-
comes positive at theg ™ —?ci_-UIIII and ends when H becomes
negative at t.,4 ™ T5Mp;'; the bounce (H(t) = () occurs at
t = 0. Note that the bounce stage occurs well within the
classical regime.

We have that:
Mp = 1.220910x10" GeV ;
Note that the, — teng = -74*(1.220910%¥10719)*-1 - 75%(1.220910%10"19)-1

Input interpretation:
74 75

1.220910 10'° 1.220910 10%°

Result:
-1.220401176171871800542218509144818209368421914801254... x 1077

-1.220401176171871800...*107"
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And:
((((-(-74*(1.220910*10M99N-1 - 75%(1.220910*10"M19)M-1))))"1/(6472*16)

Input interpretation:
I

2 [ 74 75
G4= 16 _[_ Eek ]
Y ' 1.220910 10" 1.220910- 10*°
Result:

0.99940592655...

0.99940592655... result that is very near to the result of the following Rogers-
Ramanujan continued fraction

e_% e ™
7 =1- e = 0.9991104684
-p+1 1+—e_wg
143 ¢5‘{/5T -1 4=
e—47r\/§
1+
I+...

We have also that:

((((((-74%(1.220910% 107 9) -1 + 75%(1.220910%1019)*-1))))))

Input interpretation:
1

74 75
+
1220010 - 101¥ 1220010 1017

|'
4096 ‘j,' -,

Result:
1.001342108112153108381733270190881564609680512429590435005. ..

1.001342108112153.....
And:

(((((-74%(1.220910% 107 9) -1 + 75%(1.220910%10719)7-1))))))" 1/(4096*8)

Input interpretation:

75



I
| 74 75
40968 —

+
Y 1.220910-10% 1.220910 - 10%

Result:
0.99865969_ .

0.99865960....

The two results 1.001342108.... and 0.99865969.... are very near to the following
values of the Rogers-Ramanujan continued fractions:

2z
C_? e—27r
\/_ =1+ — ~1.0018674362
5 _ e
(0 (D 1+ . e—67r
' 1+ e
1+..
e_% eV
=1- = ~0.9991104684
\/g 1 1 e—27r 5
N ¢+ + e—37[w/§
1+3 @’ if5* _1 14>
e—4zz\/§
1+
1+...
For:
6ag2t — 4006 V2 | ...
We have that:

(((4096*e"(-Pi*sqrt(22)))))

Input:
4096 ¢ 7V
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Exact result:
4096 ¥ 22 T

Decimal approximation:
0.001632554151233203712134121016646012876814066194393771538...

0.00163255415123......

Property:

~22 7 .
4006 ¢ " is a transcendental number

Series representations:

s (/2
409607V — 40960 ot (})

T o
4096 ¢ ™ V22 _ 4096 exp|-xy/ 21 ,%; [ﬂlk#

& Lisg RESs:—i—ﬂ .3 r[_

4096 V2 _ 4006 exp| - —
2y

El—s}r[ﬂ

i

the binomial coefficient

n!is the factorial function

11y i% the Pochhammer symbol (rising factoria

And:

(((4096*e"(-Pi*sqrt(22)))))*1/64
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rixiis the gamma function

Hesfis a romplex residue
11



Input:

!
4(:195;-'“22] =

Exact result:

64‘“—\.-' 22

Decimal approximation:
0.000025508658613018808002095640885093951200219784287402680...

0.000025508658613......

Property:

32 7.
B ¢ T is a transcendental number

Series representations:

A096 — ry 31 ¥ 21k (|12
4096 v _, ()

Lk=0
64 B
Wk
ﬂgﬁfﬂqﬁ = bdex —nﬁi [—_ij {_é}k
64 B P = k!

mEfoRes, 1,217 r(-3 -s)ris

40096 ey
—— ¥ o B expl-
64 2y

iz the hinomial coefficient

n'isthe factorial function
@in 15 the Pochhammer symbol (rising factoria
5 the gamma function

Res [ is a complex residue

i

Indeed:
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0.000025508658613018808002095640885093951200219784287402680 * 64

Input interpretation:
0.000025508658613018808002095640885093951200219784287402680 - 64

Result:
0.00163255415123320371213412101664601287681406619439377152...

0.0016325541512332....

We note that:

1/ (((((((4096*e(-Pi*sqrt(22))))) * 1/64))))
Input:

1
(4096 72

1
G4

Exact result:

It“1.-22:r

64

Decimal approximation:
39202.37497277225729946139365815136191369391773231572555827...

39202.374972... that is about equal to previous result

Property:

P\.-'E m

64

is a transcendental number

Series representations:
1 L r 21 EL”ﬂzl'*'{liz]
4096 o Y2z 64
64

(AR
1 1 pyzpoee 21012
e e “k=0 k!
4026 f_"T \,."E 54
54
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o =5 1 )
m i, Res .21 r[———s [(s
1 1 ZioRes,_ 1 e L
e e = KD o
4096 -n V22 64 24
G4
" is the binomial coefficient
n!is the factorial function
n 15 the Pochhammer symbel (rising factoria
rixiis the gamma function
Hesfis a romplex residue
11
And:

((CCCCL/ (((((((4096*e”(-Pi*sqrt(22))))) *1/64)))))))))) " 1/(64"2)

Input:

1

Mi‘ [4096{”5] =

Exact result:

11 ]
1III| ? m _.'II 2048
e
23_:'2048

Decimal approximation:
1.002585488140607226170116004772113175280509404130659093303....

1.00258548814...... result very near to the following value of Rogers-Ramanujan
continued fraction:

2z
5 2z
c — 4 ——— ~1.0018674362
Vo5 -9 e
1+ e
L e—87z’
1+...
Property:
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[ ]/ 2048
Y o2 0
[ [
: =1.002585 (real, principal root)
23/2048
[ ]/ 2048
oY 2 Plim)i2048
= 1.002584 +0.0015379
23/2048
I n
[ L 212048
o 2 Qi mii1024
=1.002581+0.0030759 ¢
£3/2048
| — n
[ L o1 /2048
o 2 ) (3 myjz048
. =1.002575 +0.0046138 ;
23/2048
f :r] /2048
. V2o Glimys12
=1.002567 +0.006152 ;
23/2048

Series representations:

I— 4006 nvZ1 ¥ 21“'"11-'2]
1 £ k=0 k

3| — = .

'5‘4‘4 4096 - v22 73/2048
54
(5K
4096( ooy e L 210 1 20k

| 1 i “ke=01 K!
&4 o — ;

| 4006 f_n. V22 23_:2']43
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- 1
m E_“?iDRES:_l;h: 2175 n:_i—s]l._':sl'
ex R
4006 EXP =
1
2 = |
847 apo6 cTVEZ 23/2048
54
e : is the binomial coefficient
\m )
n! is the factorial function
[y i the Pochhammer symbol (rising factorial)
rix) is the gamma function
Res fis a complex residue
_'F—L'|'_'|
Integral representation:
i oty Dl M-a=s) 4o
—i pa+y
i1+z)” = -5 for (0 Re(a) and |argiz
(2riT(-a)

Reiziis the real partof z

argizi is the complex argument

|z| is the absolute value of 2

i iz the imaginary unit

From:
-74*(1.220910*10"9)"-1
Input interpretation:

74
1.220910 10%

Result:
-6.061052821256276056384172461524600502903571925858580. .. = 107 '#

-6.061052821... * 107"* GeV
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Input interpretation:

CoOnvert
~- 6.06105282125627605638417246152460050290357192585858 - 107'° GeV/c?
to kilograms

Result:
- 1.080480806942890385330589612503041663811887999963602 10 kg

-1.080480806... * 10* kg

Inserting this value -1.080481e-44 in the Hawking radiation calculator, we obtain:
Mass = -1.080481e-44

Radius = -1.604354e-71

Temperature = -1.135794e+67

From the Ramanujan-Nardelli mock formula, we obtain:

sqrt[[[[1/(((((((4%1.962364415e+19)/(5*0.0864055"2)))*1/(-1.08048 1 e-44
Y sqrt[[-((((-1.135794e+67 * 4%Pi*(-1.604354e-71)"3(-1.604354e-71)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

4.1.962364415 - 10 [ 1 ]

i
17/ o
5. 0.0864055° 1.080481 10~*

/

\

I bl L d
| -1.135794 - 10°7 - 4r(-1.604354 - 10""')® - (-1.604354 107 7!)?
\ 6.67 x 10711

Result:
1.618249170361176826593460527085675439610398346045083139325...

1.61824917036...i

Polar coordinates:

r=161825 A =090°

)

Now, we have that:
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specifically, the results correspond to H(t) = Hote Flt—t")"

and ¥(t) = v0e®®* + H(t) with the parameter values Hy =

3x 1073, =05.F =9 x 107°, v = —0.0044, © = 0.0046.

And:

: alt)

a(ty)

N(t) =exp ( H(t)df) —

o 1)

H(t) =-1.818274935...%107*
3%107-5%(-6.061052821e-18)*exp((-9*107-5(-6.061052821e-18 — 0.5)2))

Input interpretation:
3 107 (-6.061052821 10 '¥}exp(-9 1077 (-6.061052821 107 '* —0.5))

Result:
-1.818274935... = 10722

-1.818274935... %10
And from:
75%(1.220910%10°19)"-1

Input interpretation:
75

1.220910 x 10%°

Result:
6.1429589404624419490380126299235815907806472221539671... x 1071®

6.14295894*10°'®

We obtain:

exp integrate [-1.818274935¢-22]x, [-6.061052821e-18 , 6.14295894¢-18]
(((((integrate [-1.818274935¢-22]x, [-6.061052821¢-18 , 6.14295894¢-181)))))

Definite integral:
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“6.14205804 - 10718 . .
{ -1.B18274935 107" xdx =-9.0B759x 10"

-R0B1052821 10718
e/(-9.08759x107-59)

Input interpretation:
208759 1057

Result:

0.9999000000000000000000000000000000000000000000000000000000091241
0000000000000000000000000000000000000000000000000...

0.9999999999999999. .........

We note that:

((((((e7(-9.08759x107-59))))))"((64"2)"15)

Input interpretation:
[ _o08750 - 10-59 (6471
. )

Result:
0.9998607427856639770869673001939699548650517968126898130955...

0.99986074278566...
Or:
integrate [-1.818274935e-22]x, [-6.061052821e-18 , 0.5]

Definite integral:

0.5 _22 -23
[ -1.818274035 - 10 xdx =-2.27284x10
J_goe1oszez1 10718

Visual representation of the integral:

1.1 0.2 03 04 05

2. %1023
4.x10-3 |
6. x10-23 |

B, w1023 |

110221

exp(-2.27284x10/-23)
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Input interpretation:
exp(-2.27284 - 107%%)

Result:
0.9990909990090000999900977271600000000000000000258200083280...

0.99999999999999. . ...
And:
((((((e(-2.27284x107-23)))HN(((64)"2)"5*16)

Input interpretation:
[ -2.27284 10'93]5'542:'5 16
e

Result:
0.999580822901273993483668936172042422008978584340101428052. ..

0.99958082290.....
The two result of the integrals, are 0.99986074278566 and 0.99958082290 and are
very near to the following value of the Rogers-Ramanujan continued fraction:

e_% e ™V
JE =1- R ~(0.9991104684
-p+1 1+—e_3”ﬁ
1+3e'i5° -1 l+——
e—47r\/§
1+
1+...

With regard 0.99958082290..., we have that:

Continued fraction:
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1+

2384+

1+ 1
1+

1+ 1
2+

O+ 1
1+

22+ 1
1+

5+ 1

1+
16+ 1
2+

2+ 1
3+

14— L1
65+ ————

2+l

Possible closed forms:
x root of 53848 x¥° — 36503 x° +4667 x +476 near x = 0.318176 =

0.9995808229012739936664 1

3567182686
11211334455

= 0.9995808229012739934858005

root of 2882 x* -812x° —4418 x° + 2134 x +215 near x = 0.999581 | =
0.999580822901273993490563

With 0.99986074278566397 ..., we have:

Continued fraction:
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. 1
* 1
7170+ 1
1+ 1
21+ 1
1+ 1
176+ 1
3+ 1
1+ I
10+ I
1+ 1
3+ 1
1+ 1
1+ I
1+ I
3+
jp— L.
1
Tp——
1o 1
1
1+ I
2+=
Possible closed forms:
991BO3407r ) 99086074278566397710746
_ . 0746
3116464 783
/3
(mf 2 ~ 0.09986074278566390 1064
154 273 785
root of 30365 x° +4760 x° - 43154 x + 8037 near x = 0.999861 =

0.999860742785663977070208
For:
(Mp;=1)
We obtain: tye, = -74"-1

Exact result:
1

74

Decimal approximation:
-0.01351351351351351351351351351351351351351351351351351351...

-0.0135135135....
And:

tfm =T75"-1
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Input:
1

75

Decimal approximation:

0.013333333333333333333333333333333333333333333333333333333...

0.013333333333333333333333.......
And:
(757-1) - (-747-1)

Input:
R

L
7574

Exact result:
149

5550
Decimal approximation:

0.026846846846846846846846846846846846846846846846846846846...

0.02684684684684684. ...
(-747-1) + (757-1)

Input:
1 1

-— 4 —
475

Exact result:
1

5550
Decimal approximation:

-0.0001801801801801801801801801B01B01801801B01B01B01BD1EBO1E. ..

-0.000180180180180......
(-(-74"-1) + (757-1))"1/(4096*8)

Input:
1

4096 i/_j Pt
74 75

Result:
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—_—

|
32768 ¥
227

16384 —

V5
Decimal approximation:

0.999889605492701564131702714095786478007353000854370763366...
0.9998896054927......

L/(((((757-1)+(747-1)))" 1/(4096*8))

Input:

Result:
32?65‘-|| % ]638::{?
\ 149

Decimal approximation:
1.000110406695591198107003912527718644342139791745090581474. ..

1.00011040669559.....

Alternate form:
1 16384 32788 3376732 TEE
——— 5 4 222 1497770007
140 v V

1/ (((((222/149)(1/32768) 5°(1/16384)))))

Input:
1

|
an7es| 222 18384¢
140

Result:

|
32768 ¥

222

16384 —

V5

Decimal approximation:
0.999889605492701564131702714095786478007353000854370763366...
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0.9998896054927....

The two results 0.9998896054927 are similar and very near to the following value of
Rogers-Ramanujan continued fraction:

e ¥ e ™V
\/g =1- e_%/g =~ (0.9991104684
4 -p+1 1+—e‘3”£
1+’ ¥s° -1 +—
e—47r\/§
1+
1+...

From:

shape) and () = ':r\;pr”'s“_"'i + H(t) (dotted red curve) for the
parameter values Hy =3 x 107", 1, =05, F =Tx 107", v =
—0.0044, and © = 4.6 x 107%. After the bounce and shortly

Yo = 2 ,t= 0.5
(1) = 2*exp((3*(4.6%107-6)*0.5)) -1.818274935¢-22

Input interpretation:
2 exp(3+4.6  107°0.5)-1.818274935 - 107

Result:
2.000013800047610109503007065442172191272970715463296571597...

2.00001380004761....

B(t) = o + ;f v 2(H —y)dt

= integrate [(2*(3*10"-5 — 2))*1/3]x, [-6.061052821e-18 , 0.5]

Definite integral:

0.5 f
[ :{ 2(3 107 - 2) xdx = 0.0992121 +0.17184
J_gos1052821 10718 ;

Indefinite integral:

91



——

|
al _ 199007 JC2

f \f 2
j{(z[a 107 -2) xdx=+——
' 20 - 52

Input interpretation:
0.0992121 + 0.17184

i iz the imaginary unit

Result:

0.0992121... +
0.17184. .«

Polar coordinates:
r=0.198424 radiu ; #=59.0000° angle
0.198424

Possible closed forms:

iv2

738,
0.0992120319912360 + 0.1718393517833607

=

1
lcg[é [4—f+5f2 +4}T—5}T2]]+

lag[é [4-e+6 e +4;r—5n2}]+1 cosz[g {r— 6}} =
0.0992120319912360 + 0.1718404847387741 ;

1 537i

f 2% -10x2 -x+2 near x = 10.0795 " 3125
0.0992110207122695 + 0.1718400000000000 ;

=

logixis the natural logarithm

# iz the tetrahedral anale

¢(t) = o + 0.198424
Thence, from:

H(t) = -1.818274935¢-22; Hy=3 * 107
k() = —2 (EHE _ oV 4+ 2H + 4+ 3H¢) 1é2(t), (18)

= % (26 +7 +9HY —3V) /94(6) + %b (19)

We obtain:

4/3(((((2*3*107-5)+9%2(-1.818274935¢-22)+ 2.00001380004761-3))) / ((((((( +
0.198424)°4))) + 2/3))))

Input interpretation:
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4 2+3.107° +9-2(-1.818274935 - 1072%) + 2.00001380004761 - 3
3 (¢ +0.198424)% + i

Result:
1.33323

(6 +0.198424)* + 2

Plots:

[ from =1 ta 0.7)

(¢ from =5.5to 5.1)

Alternate forms:
1.33323

(6 (é (¢ + 0.793696) + 0.236233) + 0.0312495) + 0.668217

1.33323
(¢° - 0.881038 ¢ + 0.602305) (¢° + 1.67473 ¢ + 1.10943)

3.9997
3% +2.38100 4% + 0.708698 #° + 0.0937484 ¢ + 2.00465

Partial fraction expansion:
~0.638896 ¢ - 0.943209 0.638896 ¢ - 0.689664

+
& +1.67473 6+ 1.10943  ¢° —0.881038 ¢ + 0.602305

Expanded form:
1.33323

) & +0.793696 ¢° +0.236233 ¢° + 0.0312495 ¢ + 0.668217
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Alternate form assuming ¢ is real:
1.33323

 (6+0.198424)* + 2

Roots:

Series expansion at ¢ = 0:
~1.99521 + 0.0933071 ¢ + 0.700998 ¢° + 2.30411 ¢° + 2.51947 ¢* + O(¢”)

(Taylor series)

Series expansion at ¢ = co:
1.33323  1.05818 0.524922 0.208314 D[[ 1 T]
= +

+ - +

¢* ¢ #° ¢’ ¢
[Laurent series)
.
Derivative:
d 1.33323 5.33294 (¢ + 0.198424)°
""‘I’[_ ©+0.198424)* + 2 | ((4.0.198424 + 2y

Indefinite integral:
f4 (23107 +9 - 2(-1.818274935 - 107%?) + 2.00001380004761 - 3)

3 [[¢+ 0.198424)* + -§}
0.638896 tan~ {0.68945 — 1.56508 ¢) +
0.319448 log(2.44949 ¢2 —2.15800 ¢ + 1.47534) -

0.319448 log(2.44949 ¢ +4.10224 ¢ + 2. '?1'?'541
0.638896 tan™'({1.56508 ¢ + 1.31055) + constant

do =

1 J . ]
tan  {x) is the inverse tangent function
logix) is the natural logarithm

Global minimum:
1.33323 274274973 24803

(6 + 0.108424)* + i f== 137147608 © 7~ 125000

111111{ -

Limit:
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1.33323
mn - =0=0

lir ;
Feiken i +(0.198424 + ¢*

For ¢ =0.989117352243, we obtain:
-1.33323/(2/3 + (0.198424 + 0.989117352243)"4)

Input interpretation:
1.33323

§ +(0.198424 + 0.989117352243)*

Result:
-0.50206660646386029866756326167936543264574197235088100575...

-0.5020666...
Now, we obtain, performing the following calculations:

1/10°27((((21/1073-2/10"3+exp(~((((-1.33323/(2/3 + (0.198424 +
0.989117352243Y°H))))))))))

Where 21 and 2 are Fibonacci numbers

Input interpretation:

1 |21 2 1.33323
sl e ey = = 4 H (ol
1027 108 108 § +(0.198424 + 0.989117352243)*
Result:

1.67113,.. % 10777
1.67113... * 107 result practically equal to the proton mass

From:

k(t) = —2 (.'EHE oV 4+ 2H A+ 31—!17) [d2(t), (18)

. (:zH 44+ OH — 3L—) fa )+ <. (19)

2(((((3*(3*107-5)12-2+2%(-1.818274935e-22)+ 2.00001380004761+3*(3%10"-
5¥2))) / (¢ + 0.198424)°2)))
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Input interpretation:
-2
3(3107°) -2+2(-1.818274935 - 1072?) + 2.00001380004761 +3x 3 - 107° » 2

(¢ + 0.198424)°

Result:
0.000387605

(¢ +0.1084242

Plots:

(g from =1.2 to 0.8)

—t &
10 -05 | | 0.5

m—— =

—— g

T | /z/ 1 [
~0l§ooz |
\

ki (¢ from =6.3t0 5.9
~0.0004 | / . ;
|

: u.[]d’]ﬁ. ||

_0.00pE | |

Alternate form:
0.000387605

" (6 + 0.396848) + 0.0393721

Partial fraction expansion:
497537. 497537.

6+0.198424 $+0.198424

Expanded form:
0.000387605

" 4% +0.396848 ¢ + 0.0393721

Alternate form assuming ¢ is real:
0.000387605

 (6+0.198424)
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Roots:

Series expansion at ¢ = 0:
~0.00984468 + 0.0992287 ¢ - 0.750126 ¢° +5.04056 ¢° — 31.7537 ¢* + O(¢”)

(Taylor series)

Series expansion at ¢ = oo:
0.000387605 0.00015382 0.0000457825 0.0000121125 D[[ 1 Jﬁ]
= . +

+

2 3 4 e 5

@ o i @ i
[Laurent series)
Derivative:

4 [ 0.000387605 0.000775211
dp\ ($+0.1984247 ) (¢ +0.198424)7

Indefinite integral:

[ ———————2(3(3 107 -2+2(-1.818274935 - 107 %)+
J (6 +0.198424) ' ;

0.000387605
2.00001380004761+33 107° 2)d¢ =

¢ +0.198424

Limit:

0.000387605
m - = ES
doxoo (0.108424 + ¢)°

For ¢ =0.989117352243, i.e. the calculate dilaton value 0.989117352243 = ¢, we
obtain:

Input interpretation:
0.000387605

©(0.198424 + 0.989117352243)%

Result:
-0.00027484756126673728872995019392604557727020029176948306...

-0.0002748475...
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-1/(((-0.000387605/(0.198424 + 0.989117352243)"2)))

Input interpretation:

0000387605
(0.19842440.989117352243 )%

Result:
3638.380473128914748599860682011727144902671534164935952838...

3638.3804731... result very near to the rest mass of double charmed Xi baryon
3621.40

Multiplying the two results and performing some calculations, we obtain:

~64-H((((((((-1.33323/(2/3 + (0.198424 + 0.989117352243)*4))))) / (-
0.000387605/(0.198424 + 0.989117352243)"2)))))))))

Input interpretation:
_ 1.23323

]
; HO. 198424409891 17352243 ]4

b4 4+ -

0.000387605
{0.198424 40 9891173522432

Result:

1762.709337168208681224683828716910631596634483005397152576...

1762.709337168... result in the range of the mass of candidate “glueball” f,(1710)
and the hypothetical mass of Gluino (“glueball” =1760 + 15 MeV; gluino = 1785.16
GeV).
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From:

Alt) = k¢? + (3g — 20" )% + Gfﬂic-lbj + %f}gtf}-ﬂ . (12)

2(H —3b6*)

6H? — 4V + 2H + 4+ 3H~
Aft) =83+ - - -,

s
}

We obtain, for H=3*10"-5; H, = -1.818274935e-22; +(t) =2.00001380004761 y=
2

3+1/4((((6*(3%107-5)2-4+2%(-1.818274935€-22)+ 2.0000138000476 1+3*2#(3* 1 0/-
5))

Input interpretation:
1
3+, (6(3 107°F -4+
2(-1.818274935 - 107%%) +2.00001380004761 +3 23 - 107°)

Result:
2.50004845136190249999990908625325

2.5000484513...
From:

((((((((-1.33323/(2/3 + (0.198424 + 0.989117352243) 4))))) + ((((-
0.000387605/(0.198424 + 0.989117352243)*2)))))

Input interpretation:
1.33323 0.000387605

§ +(0.198424 + 0.989117352243)*  (0.198424 + 0.989117352243)

Result:
-0.50234145402512703595620321187320147822301217264265048881 ...

-0.502341454...
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(822.978)/((-
0.50234145402512703595629321187329147822301217264265048881/-
((GF1/A((((6*(3*107-5)"2-4+2%(-1.818274935¢-22)+
2.00001380004761+3*2%(3*10°-5)))))))))))

Input interpretation:
822.978
_ 0.502341454025 1270350562032 1 18732014782230 121 726426504888 1
3+};.;6-:3 107" 2 —442(-1.818274935 - 10722 )42.00001380004761+3-2-3 - 1072}

Result:
40)95.789542086832109079505327511044544530213198693027778803...

4095.7895... = 4096 = 64

Where 822.978 is the result of the following 5" order Ramanujan mock theta function

Y(q):

(from OEIS — sequence A282537)

Sum_{k>=01 xA(5*k"2) / (1 - x*2) * (1 - x3) * (1 - x*7) * (1 - x*8)..(1 -
XN(5%k+2))).

For k = 0 to oo, we obtain:

sum ((((0.913899°(5*k"2) / ((1 - 0.913899/2) * (1 - 0.913899°3) * (1 - 0.913899"7)
* (1 -0.91389978)(1 - 0.913899/(5%k+2))))))), k = 0..infinity

Input interpretation:
s 0.913899°*°

2,

i (1-0.913899°)(1-0.913899%) (1 -0.9138997) (1 - 0.913899°) (1-0.913899°*+?)

Approximated sum:
5" 0.913899° % /((1-0.913899%)(1-0.913899°)

k=0

(1-0.9138997)(1 - 0.913899°) (1 - 0.913899°**?)) ~ 822.978

822.978

100



Convergence tests:

By the ratio test, the series converges.

Partial sums:

BOO —
A0
400
200

| S T T | Y N S T 'l

From:

On the Cosmological Implications of the String Swampland
Prateek Agrawal, Georges Obied, Paul J. Steinhardt, Cumrun Vafa

arXiv:1806.09718v2 [hep-th] 19 Jul 2018

We have that:

The experimental bound we have found for single
exponential potential with constant A agrees rea-
sonably with the analysis in [29] based on older
data. A pood analytical approximation for the lim-
iting trajectory can be found,

e f 1-Q 1 ) 2 e
pre—(1— tanh™'(v/Q) ) ~ = 15
A\ )~ 5 09

where in the last term we have used a first order
approximation that will be more convenient. This
gives a lower bound on 1 + w for today:
. 4 200N
l+w(z=0)= —=c’Qy (16)
27 F
The above derivation assumes that the net field
excursion in ¢ up until the present is less than A,
the maximmm allowed by Criterion 1. Indeed for
the limiting exponential potential we find

_ = o
Ag = '-.fﬁ/:rdh' zﬁeﬂ.g (17)
Interestingly, this provides an observational restric-
tion on the Swampland eriterion, namely,
Az el (18)

From (17) and (18), we have:
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1/3*0.6*0.7

Input:

1
- x0.6x0.7
3

Result:
0.14

From (16), we have:
4/27 * 0.6"2 * 0.7

Input:

4
— x0.6%x0.7
27

Result:
0.037333333333333333333333333333333333333333333333333333333....

0.0373333...

Repeating decimal:
0.0373 (pericd 1)

From (15), we have:
((2*0.6*0.7)) / (3*sqrt(6))

Input:
2x0.6x0.7

3 --J?

Result:
0.114309521329881644582539923486274931625077549097311272660. ..

0.11430952132988...
We note that:
(((((2*0.6*0.7)) / (3*sqrt(6)))))"1/(64"2)

Input:
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——
2x0.6x0.7
.

\ 346
Result:

0.9994706368880887372278556337357733608296094093271130491302...
0.999470636888.... result very near to the following value of Rogers-Ramanujan
continued fraction:

e_% e
\/g =1- P = 0.9991104684
—¢+1 1+7
1+3 (05‘{/5_3—1 1o
e—47r\/§
1+
1+...

If A\ &) stays below /3, = increases approaching
the value \/v6. Since the field keeps rolling, Cri-
terion 1 is violated after o Anite time. This would
imply a breakdown of the effective field theory. The
universe would enter a new phase in which a large
number of previously massive states become light.
This happens when,

A
VBz(N = 0)

S P
"o

Ad— VB / SN ke Ve (19)

(20)

3*0.14 /2*0.6*0.7
(3*%0.14) /( 2*0.6*0.7)
Input:

3.0.14
2.0.6+0.7

Result:
0.5

0.5

From this result, we can to obtain ¢ , that, here, is equal to:
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(3*0.14) /( 2%0.6%0.7)* 1/0.14

Input:
3.0.14 1

2.0.6-0.7 0.14

Result:

357142857 142857142857 142857142857 1428571428571428571428571...

Repeating decimal:
3.571428 (period &)
3.571428

Indeed: 3.571248 * 0.14=0.5=1/2

We note that this result is very near to the following sum of the values of Rogers-
Ramanujan continued fraction:

2,0663656771 + 0,9568666373 + 0,5269391135=3,5501714279

Indeed
o0 2
A 113 ~0.5269391135
0 €V sinht 14+ :
1+
23
3+
23
1+ 3
3
5+1+ 3
T+
_g .
e\/_ — - ~0.9568666373
—15 —p+1 e
(¢ ) o 1-|-1 =
+1+e_4”
1+..
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Ty Ly 1 ~ 20663656771

And also:
((((((3*0.14) /( 2*0.6*0.7)* 1/0.14)))™N((1/(64*11))

Input:

I
[ 3«0.14 1
6411

\ 2 0.6-0.7 0.14

Result:

1.001800825641511403517985570625170027108757554207848466732...

1.00180982564.... result very near to the following value of Rogers-Ramanujan
continued fraction:

2
T 5 -2z
‘i/_ — 44— ~1.0018674362
5 _ e
» » 1+ =
1+ o =
1+..
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We can parametrize the scalar potential for V >
0 without loss of generality as

_— . ¢ de’
Vig)=Vaexp|— | = 21
(@) Lctp( fu ﬂ-f(@’)) (21)

such that MV V/V| = My /M(¢), where we
have restored explicit factors of My, for illustration.
Then, assuming that the initial value of the poten-
tial is O(M};), we find that

? dof ko A
oy = A0 g5 ) =log 3~ 280 (22
-/n M(¢') < M (o) > M (22)

From

? do’ 1 A _
=A@ — ) — log —— ~ 280 (22
Jo M(¢') <;U(c;}} > M4 (22)

We have that:

Coefficients of the 3" order mock theta function f(q) (OEIS - sequence A000025)

Formula:

1+ Sum_{n>0} (q*(n"2) / Product_{i=1..n} (1 +q*1)"2)
From this formula, we obtain, for n = 41:

1+(q*(n"2) / (1+q"*1)"2)

1+(1.0041828™(4172) /(1 + 1.0041828"1)"2)

Input interpretation:
1.0041828%4°

(1+1.0041828")

-+

Result:

279.752... -
1.16354... ;

[using the principal branch of the logarithm for complex exponentiation)
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Polar coordinates:
r = 279.755 , 8=-0.238302°
279.755 = 280

Thence an interesting new mathematical connection between

¢ da' 1 i
LT, e, W ; ~ 98 99
/I: M(¢') o <:|lffr_}} > lOg prh 80 (22)

and

1.00418284*
(1+1.0041828°F |_979 755 ~ 280

+

References

New expressions for Riemann’s functions §(s) and Z(t) — Srinivasa Ramanujan

Quarterly Journal of Mathematics, XLVI, 1915, 253 — 260

An Update on Brane Supersymmetry Breaking

J. Mourad and A. Sagnotti arXiv:1711.11494v1 [hep-th] 30 Nov 2017

Generalized dilaton-axion models of inflation, de Sitter vacua

and spontaneous SUSY breaking in supergravity

Yermek Aldabergenov, Auttakit Chatrabhuti and Sergei V. Ketov -

arXiv:1907.10373v1 [hep-th] 24 Jul 2019

Non-perturbative scalar potential inspired by type IIA strings on rigid CY
Sergei Alexandrov, Sergei V. Ketov and Yuki Wakimoto — arXiv:1607.05293v2 [hep-

th] 10 Nov 2016

107



Modular equations and approximations to 1 - Srinivasa Ramanujan
Quarterly Journal of Mathematics, XLV, 1914, 350 — 372

Classically stable non-singular cosmological bounces
Anna Ijjas and Paul J. Steinhardt
arXiv:1606.08880v2

On the Cosmological Implications of the String Swampland
Prateek Agrawal, Georges Obied, Paul J. Steinhardt, Cumrun Vafa

arXiv:1806.09718v2 [hep-th] 19 Jul 2018

108



