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Abstract

In the present research thesis, we have obtained various and interesting new possible
mathematical developments concerning some Ramanujan’s Mock theta functions of
tenth order and mathematical connections with some sectors of Particle Physics and
Black Hole physics
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The Ramanujan’s mathematical paradise

From:

Ramanujan Institute for Advanced Study in Mathematics
University of Madras, Chennai, India.

From:

http://owen.maresh.info/mocktheta.html




We want to highlight that the formulas and the very relevant results obtained, are
based on our personal and original interpretation, also if with values corresponding to
the indications provided by the Notebooks consulted. (for example for |q| < I, for x
# 0, for each non-negative integer n, (for n > 2), we take q = 0,5 n =2, and x =
0.625, 1, 2 and 3).

From:

Ramanujan’s Lost Notebook Part V
Tenth Order Mock Theta Functions: Part IV

For |q| <1, for x # 0, for each non-negative integer n, (for n > 2):
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Forq=0.5,n=2and x =0.625, 1, 2 and 3, we have calculated the inverse:

1/ (((0.5)°6 / (1- 1*0.52)))

1

o0.5°
1-1-0.52

Enlarge Data Customize A Interactive

48

1/ (((0.5)°6 / (1- 2%0.52)))

1

0.59
1-2-0.52

Enlarge Data Customize A Interactive

32

1/ (((0.5)°6 / (1- 3*0.52)))



0.5°
1-3-0.52

Enlarge Data Customize A Interactive

16

1/ (((0.5)°6 / (1- 0.625%0.5"2)))

1

0,58
1-0.625 0,52

Enlarge Data Customize A Interactive

o4

[1/.(((0.5)°6 / (1- 2%0.5"2))] * [1/ (((0.5)°6 / (1- 0.625%0.5"2)))]

1 1

.59 .57
1-2.0.5¢  1-0.625.0.52

Enlarge Data Customize A Interactive

1728

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

((([1/ (((0.5)°6 / (1= 2%0.5°2)))] * [1/ (((0.5)6 / (1- 0.625*0.5°2))]))))"1/3



1 1

0,59 0.5%
1-2-0.52  1-0.625.0.52

3

Enlarge Data Customize A Interactive

12

This result a very good approximation to the value of Black Hole entropy 12,19

2% ((([1/ (((0.5)°6 / (1= 2%0.5°2)))] * [1/ (((0.5)6 / (1- 0.625%0.5°2)))])))"*1/3

9 1 1
3 058 0.58
1-2.052  1-0.625.0.52
Enlarge Data Customize A Interactive
24

This value is linked to the "Ramanujan function" (an elliptic modular function that
satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
the physical vibrations of a bosonic string.

((([1/ (((0.5)°6 / (1- 2%0.5°2))] * [1/ (((0.5)"6 / (1- 0.625%0.5°2)N]))) /15

1 1

18 56 0,55

‘\ 1-20.52  1-0.625-0.52

Enlarge Data Customize A Interactive

More digits

1.64375...
2
1.64375 = ({(2) = ’% = 1.6449

173 * (((([1/ (((0.5)°6 / (1- 2%0.5°2))] * [1/ (((0.5)°6 / (1- 0.625%0.5°2))])))"1/3



1 1

1
33 os5° 0.58
.‘\ 1-2-0.52  1-0.625.0.5°

Enlarge Data Customize A Interactive

4

This result is the minimal possible value of the mass of hypothetical DM particles

24+ 1/6 * (((((((([1/ (((0.5)°6 / (1- 2%0.5"2))] * [1/ (((0.5)°6 / (1-
0.625%0.5" )N /15))))) 16

16

55 1 1 1

e

613 o5t 0.55
.‘\ 1-2-0.52  1-0.625.0.52

Enlarge Data Customize A Interactive
More digits
497.401...

This result is practically equal to the rest mass of Kaon meson 497,614

11+ 13 * (T (((0.5)°6 / (1- 2%0.5"2))] * [1/ (((0.5)°6 / (1-
0.625%0.5° 2) D)) 1/15)))) 6

16
T 1 1 1
s
313 o5t 0,50
‘\ 1-2-0.52  1-0.625.0.52
Enlarge Data Customize A Interactive
More digits
Q57.801...

This result is practically equal to the rest mass of Eta prime meson 957,66

Note that:



64+ 8+ 1/3 * ([ (((0.5)°6 / (1- 2%0.5"2))] * [1/ (((0.5)°6 / (1-
0.625%0.5° 2NN /ISN))))A 16 +497.401

16
6 1 1 1
- 4+S+§ F prer +497.401

.‘\ 1-2-0.52  1-0.625-0.52

More digits

1388.20...

This value is very near to the rest mass of Sigma baryon 1387,2

(-48-108-64+8) + 1/3 * ((((((([1/ (((0.5)°6 / (1- 2%0.5°2)))] * [1/ (((0.5)"6 / (1-
0.625%0.5° 2) )N /1SN 6 +497.401

16
+497.401

1 1

1
CAB=108-B8a+B) e oo — 0.5

‘\ 1-2-0.52  1-0.625-0.52

More digits

1232.20...

This result is practically equal to the rest mass of Delta baryon 1232.

Now, we have:



Lemma 11.3.7. Fur g # 0,

2
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Proof. Tn Theorem 10.6.1 of Chapter 10, set » = ¢/2*. Now, B(g/z* z.q) =0
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Forq=0.5,n=2and x =0.625, 1, 2 and 3, (we have calculated also the inverse),
thence, we obtain:

(((([-(((0.5)*15 *373))) / (((1- 0.5710))/372)))] - [(((0.5)"15 * 375))) / (((1-
0.5%12))/3°2))D)

Input:

0.5 15 33 0 515 35
1-0.517 1-0,512
32 32
Open code
Enlarge Data Customize A Interactive
Result:
More digits

-0.07418126228610009577841513325384203126228610099577841513...

Open code

6 * In -(((([-(((0.5)*15 *373))) / (((1- 0.5*10))/372)))] - [(((0.5)*15 * 375))) / (((1-
0.5%12))/372)))D))

Input:



05%+«3® p59x3°

1-0.510
32

1-0.512
EE

; k,g[_ [

Open code

e lomixiisthe natural logarithm

Enlarge Data Customize A Interactive
More digits
-15.6075...
More
0.5 x 3 0.515 «3° & (-1 (-0.925819)
b log| |- =-6
1-0.519 1-0.512 I
32 32 k=1
Open code

Enlarge Data Customize A

05°%x3® 05°«3°

; k,g[_ [

Interactive

)

10,59 1-0.512
32 32
arg(0.0741813 - x) & (-1 (0.0741813 — x)* x*
IEHT[ J+510g[1‘}—l52‘
2 k
k=1
Open code
0.5 x33 059 x3° arg(0.0741813 - z) 1
6 log|—| - - =6{ 5 2 Jlag[—]+610g[z.;.}+
1-0.510 1-0.512 27 Z
32 32
arg(0.0741813 — zg) @ —1) (0.0741813 — z0)° z;*
5[ & DJlag[z.;.l—EZ‘ il
2 k
k=1
Open code
- 059 x3 059 x3° g [O0741913 1
og|—|- . ~ = dt
5 1-0.510 1-0.512 Jl
32 32
Open code

This result -15,6075 is very near to the value of black hole entropy 15,6730 with

minus sign

sqrt(((((((colog -(((([-(((0-5)*15 *373))) / (((1- 0.5%10))/372)))] - [(((0.5)"15 * 375)))
/(((1- 0.5%12))/372) DINNN))

10



Input:

1 0.5V x3? 059 x3°
1‘ 1-0.510 1-0.512
32 32
Open code

e lomix)isthe natural logarithm

Enlarge Data Customize A Interactive
Result:
More digits
1.61284 ...
Series representations:
More
| 055 37 05 3° i (-1/* (-0.925819)*
—log| - - 2 —
g 1-0.510 1-0.512 k
32 32 k=1
Open code
Enlarge Data Customize A Interactive
0515.3% ps5l5. 35
_log|-|-— B -
B 1-0.510 1-0.512
32 32

o (1
\ -1 -log(0.0741813) Z[ 2 ]{—1 ~1og(0.0741813) "

k=0
Open code
1 05U %3 05V x3°
— Dg —| = 25 -
1-0.5L0 1-0.512
32 32

v -1-1log(0.0741813) )

o (-1 (-1 - log(0.0741813)™ (- 2),

k=0 Kl

Open code

11

'
lis the binomial coefficient
. m |

° n! iz the factorial function
(@) is the Pochhammer symbaol (rising factorial)



[ roo7a1s12 1 it
S — ¢
V-

058 x31 0519 «3°
\—lag—— 10510 10512

32 32

w]

This value 1,61284 is very near to the golden ratio

sqrt(((((((colog -(((([-(((0.5)*15 *373))) / (((1- 0.5°10))/372)))] - [(((0.5)"15 * 375)))
/(((1- 0.5712))/372)) DIN)))))"(1.6548*3*Pi)

where 1,6548 is very near to the 14th root of the following Ramanujan’s class
invariant Q = (6505/6101/5)3 =1164,2696 i.e. 1,65578...

165483 1

[ 05.3% 051953
\—lag—— 10510 10512

32 32

o oglx) is the natural logarithm
Enlarge Data Customize A Interactive

More digits

1728.25...

This result is very near to the mass of candidate glueball f;(1710) meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross—
Zagier theorem. The number 1728 is one less than the Hardy—Ramanujan number
1729

(((((((sqrt(((((((colog -(((([-(((0-5)*15 *373))) / (((1- 0.5"10))/372)))] - [(((0.5)*15 *
375))) / (((1- 0.5%12))/3°2)) M) (1.6548*3*P1))))))))"1/3

12



1.65483 7
059 %31 59 %3]
_logl-| - _
) \i B 1-0.51° 1-0.512

\ ;

32 32

e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive

More digits

12.0006...

This result is very near to the value of black hole entropy 12,19

2*(((((((sqrt(((((((colog -(((([-(((0.5)*15 *373))) / (((1- 0.5%10))/372)))] - [(((0.5)*15
*375))) 1 (((1- 0.5712))/372)) DNNN)(1.6548*3%Pi))))))))*1/3

' 165483 1
059 x3® 05Yx3°
2, \I' ~log|-|- -

. 1-0.510 1-0.512
\\ 32 32

e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
24.0012...
More
1.6548 3
057 3 050 <3
2.0 | -log|-|- - =
] 2 1-0.510 1-0.5!2
1\
40644 1
5 }_‘ (-1) (-0.925819)*
3
Y k=1
\ :
Enlarge Data Customize A Interactive

13



0 515 33 0 515 35
2 | | -logl-|-= ek
,5‘; -“ 2 1-0.540 1-0.5'2

32 32

] 1.6548  2x
1

23 [1}'-1 ~log(0.0741813) L[ 2 ][-1 ~1log(0.0741813)*
k=0

42644 1

1.6548 3w
055 x31 059 37
2. | =logl-|- L Al
3'\ '8 1-0.510 1-0.512

\ I

32 32

- o (-1F (-1 -log(0.0741813)7* (- 7
. 2 Mk
2 3| |V -1-10g(0.0741813) }’

k=0

40644 1
k! ]

49644 1

1.6548 37 —
| x ; . 3I| | 00741813 1 it
i: \ B! I VYT R T 7N \J _.L t

This value is linked to the "Ramanujan function" (an elliptic modular function that

satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
the physical vibrations of a bosonic string.

173*(((((((sqrt(((((((colog -(((([-(((0-5)"15 *373))) / (((1- 0.5"10))/372)))] -
[(((0.5)*15 * 375))) 7 (((1- 0.5712))/372)) D)) "(1.6548%3*P1))))))))*1/3

1.6548-3
1 | 055 x3? 059 x3°
— . U e i —_—
3 i -,‘1 g 1-0.510 1-0.512

e lomix)isthe natural logarithm
Enlarge Data Customize A Interactive

More digits

4.00019...

14



Series representations:

More
1.6548 3n
1 8.52 %37 050 %38
= [o8]-|- - - =
3 I,i1 1-0.51° 1-0.512
40644 1
1 & (-1 (-0.925819)
3 4 3 k
-‘1 k=1
Open code
Enlarge Data Customize A Interactive
1.6548 31
1 0.5 31 050 3
2 3 | log|-|- 0 12 =
3 3 .\I 1-0.5 1-0.51<
32 32
1 - 1 40644 1
5 3| [1}'1—1 -log(0.0741813) }_‘[ 2 ][—1 —lag[D.D'MlElS}}"E
V k=n\ K
Open code
1.6548 31
1 g5 3. 0.5 %3
2 3 | logl-|- 0 12 =
33 .\I 1-0.5 1-0.512
32 32
i = (-1F (-1 -log(0.0741813)7 (1) *7**
= 3 [V -1-log0.0741813) )’
3 k1
\ i
Open code
° Integral representation:
1.6548 31
e |, 0.5Y x37 0515 x3° 1 3/\/ oommal ot
iz s poflis —_ — - Tu Jt
3 3 o8 1-0.540 1-0.512 3 J1 t

1"‘ .‘{ 32 32

This result 4,00019 is the minimal possible value of the mass of hypothetical DM
particles

15



(((((((sqrt(((((((colog -(((([-(((0-5)*15 *373))) / (((1- 0.5"10))/372)))] - [(((0.5)*15 *
375))) /(((1- 0.5%12))/3°2)) DN (8P)))))))*1/24

0 515 33 0 515 35 1
| -log|-|-= .
s R 1-0.517 1-0.512

‘\ \ 32 32

e lomixiisthe natural logarithm
Enlarge Data Customize A Interactive

More digits

1.64964 ...

where 1,64964 is very near to the 14th root of the following Ramanujan’s class
invariant Q = (Gsos/G101 /5)3 =1164,2696 i.e. 1,65578... and 1.64964 =~ {(2) =

2
’% = 1.6449

For x = 0,625 we obtain:

In -(((((1/ ((([-(((0.5)15 *0.6253))) / (((1- 0.510))/0.625°2)))] - [(((0.5)*15 *
0.625"5))) / (((1- 0.5"12))/0.625°2)))])))))))

1
_05'5.0.625°  0515.0.625°
1-0.519 1-0.512
06252 06252

log| -

e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive

More digits

12.4167...

More

16



1 [ [—l}k f—12.416?k

log|- — log(246890.) - %
8 0515 06257 055 06250 g : z‘ k
T 1050 7 15l =
06252 06252
Open code
Enlarge Data Customize A Interactive
1 1
D e
= _ 0515 06257 0515 . p.625°
1-0.5l0 1-0.512
06252 05252
5. |2TB(246891. —x}J : i (-1)* (246891 —x* x*
im + logix)y - [orx <u
2 g ke
k=1
Open code
1 1 larg[246891. —z.;.}Jl [ 1 ]
og| — = 0 -
% _0.51% 0625  05!5 . 0.625° 2r 8 Zg
1-0.519 1-0.512
06252 06257
arg(246891. - =g) Lo B [245891 —zp)* 25
logizg) + Jlng[z.;.} 2‘
2 .
Open code
Integral representations:
1 1 246891, 1
ol — = —dt
= _05!5 o625 0515 06255 jl t
1-0.510 105l
06252 06252
Open code
Enlarge Data Customize A Interactive
1 1 1 J‘I’wﬂf Pt I'(—5)° [(1 +5) 3
gl — = 5
& _ 0515 06257 0515 0.625° 2im Joiwsy rl-s)
1-0.519 1-p5l2

06252 06252
for -1 0

This result 12,4167 is very near to the value of black hole entropy 12,57

17



For x = 3, we obtain:

4P1 * sqrt(((((((colog -(((([-(((0.5)"15 *373))) / (((1- 0.5%10))/372)))] - [(((0.5)"15 *
375))) /(((1- 0.5%12))/3°2)) D))

. 0.515.3% 515,35
4 ~log|-|-= o
F‘i 3 1-0.510 1-0.512

32 32

Open code

e logixiisthe natural logarithm

[ Units »

Enlarge Data Customize A Interactive
More digits
20.2675...
More
0.51.3% 05 .3 | & (-1 (-0.925819)F
4rx | -log|-|- - L A
1-0.510 1-0.5!2 \1
“ 32 32 k=1
Open code
Enlarge Data Customize A Interactive
055 .33 515 .35
4 | -log|-|- - =
1-0.510 1-0.5!2
"1 32 32
. o 1
471+ -1-1log(0.0741813) L[ 2 ][— 1 -1log(0.0741813)™*
k
k=0

Open code

0515 33 0515 35
4x | -log|-|-= 2 e
fr-,‘1 g 10,510 1-0.512
32 32
o (1) (-1-1og(0.0741813)7* (- 1]
47+ -1-1log(0.0741813) C2)
k=0

k!

18



fy. 4 ; oo
is the binomial coefficient
vm
. n
° n! is the factorial function
e ldipisthe Pochhammer symbaol (rising factorial)
° Units »

IIIIII'?41813]_
= 4}T‘j [

| 0.5° x 33 0 513 % 37
e 1-0.510 1-p.512
\ . =

This result 20,2675 is very near to the value of black hole entropy 20,5520

T # sqrt(((((((colog -(((([-(((0.5)*15 *373))) / (((1- 0.5710))/372)))] - [(((0.5)*15 *
375))) 7 (((1- 0.5%12))/3°2) D))

059 3% 0p59.3°
11 | -log|-|- -

1-0.510 1-0.5!12
32 32

e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
17.7412...
More
0.5 %3 P57 xdt & (-1 (0. 9253191
11 | -log|-|- - L
1-0.510 1-0.512
\
Enlarge Data Customize A Interactive

19



05¥ .3 05Y .3
11 | -log|-|- e 5 =
'\" 1-0.5 1-0.5=

72

32
: 0 1
114 -1-1log(0.0741813) L[ 2 ][— 1-log(0.0741813) "
k
k=0

Open code

‘ D515 33 D515 35
11 | -log|-|-— S £
\‘- B 1-0.510 1-0.5!2

22 22
o (-1 (-1 - log(0.0741813)™ (- 7).
11y -1-1log(0.0741813)

k!
k=0
Open code
njy. 4 s oo
is the binomial coefficient
. \m !
° n! is the factorial function
e laipisthe Pochhammer symbal (rising factorial)
[ ] More information
Integral representation:
11 ‘ 1 059 %33 0519 «3° 1 [ roo741813 1
£ Qg —_ - —_ = ‘( —J s l;{t
- 1-0.50 1-0.512 1 t
“‘ 2? 32

This result 17,7412 is practically equal to the value of black hole entropy 17,7715

19 * sqrt(((((((colog -(((([-(((0.5)*15 *373))) / (((1- 0.5710))/372)))] - [(((0.5)*15 *
375))) 7 (((1- 0.5%12))/3°2) D))

Input:

‘ 0 515 33 0 515 35
76 | gl .
_ = 1-0.51° 1-0.512
\1 32 32

Open code

e lomixiisthe natural logarithm
Enlarge Data Customize A Interactive

Result:

More digits

30.6439...
20



Series representations:

More
‘ I:I 515 33 I:I 515 35
19 | -log|-|-— S
- i 1-0.510 1-0.512
32 32

Open code

0.5 x 33 0515 1

1-0.510 1-0.512
a

q<

19 ‘—lng— -

L0 DQESBIQ}

-
5

=1

E
s

19y -1 - log(0.0741813) L[ ] 1-1og(0.0741813y"
k=0

Open code

| 059 %33 0519 30
S [ —°8| 7|~ 10510 10512

32 32

o (-1F (-1-log(0.0741813) ™ (- 1},

19y -1-1log(0.0741813)

k=0
Open code
Integral representation:
359 x3 058 x3’
12 178 105 1052
3? 37

k!

nj. . ; oo
i= the binomial coefficient
. e
° n! is the factorial function

e laipisthe Pochhammer symbal (rising factorial)

00741813 1
— lg \/—j = Jt
1 t

o More information

This result 30,6439 is very near to the value of black hole entropy 30,5963

Now, from the reciprocal of the formulas, for x = 3, we have obtained the following

results:

21



1/ (((([-(((0-5)*15 *373))) / (((1- 0.510))/372)))] - [(((0.5)*15 * 375))) / (((1-
0.5%12))/3°2))1)

1

_o5l5.33  g515.3°
1-0.510 1-0.5!2

32 3
Open code

Enlarge Data Customize A Interactive
More digits

-13.48049317553019627647587474570630579923813557711365780995...

Open code

(((((BH2*64)/ -(((([-(((0-5)15 *373))) / (((1- 0.5710))/372)))] - [(((0.5)*15 * 375))) /
(((1- 0.5%12))/372)) D))

2.64

_0519.33  psl5.g8
1-0.510 1-p.512
32 32

3+-

1728.503126467865123388911967461927142302481353870548211139...

Open code

Linear form

1728 +

1+

1+

79+ 1

More

10753063 + 4834 »°
1989 1
Enlarge Data Customize A Interactive

1
- (73¢" +31147 - 6457 logen) + 4337 log(2 ) + 38 tan”'(m) =

= 1728.5031264678651233648351

1728.50312646786512338800696
22



7187x! 425 6829 1081~
+— + -

30 9 30nr 30

= 1728.5031264678651233894598

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

(((((B+2*64)/ -(((([-(((0-5)15 *373))) / (((1- 0.5710))/372)))] - [(((0.5)*15 * 375))) /
(((1- 0.5%12))/372)) NN 1/3

264
’ 051533 ps5l5.a8
\ 1-0.50 1-p5l2
32 22

3+-

Enlarge Data Customize A Interactive

More digits

12.0012...

This result is very near to the value of black hole entropy 12,19

2% (((EH2*64)/ -(((([-(((0.5)"15 *373))) / (((1- 0.5710))/372)))] - [(((0.5)"15 *
375))) / (((1- 0.5%12))/3°2)) MH)))"1/3

9 |3 2. 64
T 0.515.33  psl5.35
l T 10510 1512
\\ 3l 3Z
Enlarge Data Customize A Interactive
More digits
24.0023...
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This value is linked to the "Ramanujan function" (an elliptic modular function that
satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
the physical vibrations of a bosonic string.

173 * (((((BH2*64)/ -(([-(((0.5)*15 *373))) / (((1- 0.5710))/372)))] - [(((0.5)*15 *
375))) / (((1- 0.5%12))/3°2)) M)N)))"1/3

3 264
= e
3 . _ 051533 ps5lo.gt
1-0510 10512
RS
Enlarge Data Customize A Interactive
More digits
4.00039...

This result 4,00039 is the minimal possible value of the mass of hypothetical DM
particles

Now, we have:
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Lemma 10.2.1. Recall that f(a,b) denotes Ramanujan’s ubiquitous general
theta function defined in (9.2.1), and that v(q) = f(a,q) end U(q) = flq.¢%).

Then

and

where

and

And in conclusion:

— bu(q)af(—7*,q°) + ba(a)d* flg. —q?)

_ 29(¢"; %) ¥ (2" )plq°) (10.2.1)
V(7 )e(—4°) (L, ¢")

261 (q) f(— qm} 2b2(q) f—1°.—q"%)
 24(¢"° q”} - q”).:{l q'%) .
W)= q} () W)
5. 5 10, 10 2 3
bi(q) = — T3 Joo (120 )oc f (=", —0°) (10.2.3)

fl—q*, —a®) f(—q.—q*)

by(q) - —T19)o0(@ 4 oo (= . 10.2.
2(a) f(—q*.—q )f{—q -.—q } s

Glg)H(¢*) H(q9)Glg")

H(y")Hly) G(e?)G(a)

G(q)

H(q)

(H(q) (¢:0°) )_ Hiq) ( G(a) ($:4°) )
A(—a) (0°;:0") Gla) \H{—a) (¢®: ¢'7)

(2:0%) (Gla)H(—q) — H(q)G(—q))

(60 G(—a)H(—q)

(#:99) 29¥(q"") ( ¢ 9w (10.2.9)

(6°:0'%) (9% 6%) e (—0% —0%)

We have calculated:

(¢: %) 2q0(q"") (—¢:—q)
(9% 019 (0% @%)es (4% =05)ss
From:
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. — ¢
B3(q) = ; (2:1:2)
;, (=% ¢*)n
o _HQ
q
a(qg) = , 2.1.3)
(q ; (4:9%)n S
and
o =) n.-z
\‘L‘qull f— N q (2.1.4)
314 # i i

For g =0.5 we have interpreted and calculated 10.2.9 as follows:

[((0.5)*1)) 7 (((1- (0.5)"1)))] + [(((0.5)*4))) / (((1- (0.5)*1))) (- (0.5)"3)))]

0.51 0.5%
+
1-85Y (1-0.5%){1-0.5%

Enlarge Data Customize A Interactive

More digits

1.142857142857142857142857 142857142857 142857142857 142857142, ..

L7 ((@0-575)) /7 ((A- 0.5)™5))] + [(((0.5)*10))) / ((((1-  (0.5)*5))) (((1-
0.5*7NDHNN)

1

0.5° N .50
1-0.5°  {1-0.5°){1-0.57)

Enlarge Data Customize A Interactive

More digits

30.05343511450381679389312977099236641221374045801526717557...

1/ (((@@+[0.5)71) /7 (((+ 0.5)"2))] + [(((0.5)*4))) / ((((A+ (0.5)"2))) (((1+
0.5 H)DN)))
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1

o.5! + o.5%
140.5¢  (140.52)(140.5%)

1+

Enlarge Data Customize A Interactive

More digits

0.691056910569105691056910569105691056910560105691056910569...

(((CCA+[(0.5)*1)) / (A+ (0.5)"2)N] * 1/ (((((AH[(((0.5)*5))/ (((1+ (0.5)*10))]))))

0.5! 1

1485y 050
140,510

1+

Enlarge Data Customize A Interactive

More digits

1.387890255439924314006499526963103122043519394512771996215...

(1.142857142857142857142857142857142857*
30.05343511450381679389312977099236641*
0.691056910569105691056910569105691056*
1.387890255439924314096499526963103122)

1.142857142857142857142857142857 142857
30.05343511450381679389312977099236641
0.691056910569105691056910560105691056
1.387800255430924314006400526063103122

More digits

32.94238260369664048307564143951681560106322721438711917732...
32.94238260369664048307564143951681560106322721438711917732

From the following expression (see Appendix A), we obtain:

32.94238260369664048307564143951681560106322721438711917732 * [24 *
(((0.461538™((24+1)(24+2)/2))) / (((((0.461538"(((24+1)(24+2)/2)+1))))]
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32.04238260369664048307564143051681560106322721438711917732
0.46153g24+124+2)2

0.461538124+1):(2442)/241

More digits

1713.005608397833702953636308491182002438190253338383535604...

With the value of g = 0.5, we obtain:
32.94238260369664048307564143951681560106322721438711917732 * [26 *
(((0.57((26+1)(26+2)/2))) / (((((0.5*(((26+1)(26+2)/2)+1))))))]

32.04238260369664048307564143951681560106322721438711917732
0 5':2l5+1] (26422
26 —

0 5':2 6413={2 642241

Enlarge Data Customize A Interactive

More digits

1713.003895392225305119933354854874411255287815148130197220...

The results 1713.005 and 1713.003 are very near to the mass of candidate glueball
fo(1710) meson.

((((32.94238260369664048307564143951681560106322721438711917732 * 26 *
(((0.57((26+1)(26+2)/2))) / ((((0.5(((26+1)(26+2)2)+1)))))IN))"1/3

32.94238260369664048307564143951681560106322721438711917732

0 5':26+1] (2642)/2

25 0 5'!26+1] (2642)/241 (1/3)

Enlarge Data Customize A Interactive

More digits

11.9652...

This result 11.9652 is very near to the value of black hole entropy 12.19
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2%((((32.94238260369664*26*(((0.5N(26+1)(26+2)/2)))/
(((((0.57(((26+1)(26+2)/2)+ )N DN /3

|
3
23] 82.94238260369664 26 x e

{264+1)(2642)2

More digits

23.9304. ..

This value is very near to the value of black hole entropy 23,9078 and is linked to the
"Ramanujan function" (an elliptic modular function that satisfies the need for
"conformal symmetry") that has 24 "modes" corresponding to the physical vibrations
of a bosonic string.

((((32.94238260369664*26*(((0.5°((26+1)(26+2)/2)))/
(((((0.5™M(26+D)26+2)2)+ D)D) /15

[ (2641126422
lil 32.04238260360664 - 26

0 5':2l5-+13I (2642)/2+1

Enlarge Data Customize A Interactive

Fewer digits
More digits

1.642796958176285274704146343873475170578066208848244657427 ..
1.6427969581762852747041463438734751705780662088482446557427...

Or:

| 5l26+1)(26+42)2
ﬁl 32.0423826 « 26

0 5':26+1] (2642)/241

Enlarge Data Customize A Interactive

Fewer digits
More digits

1.642706958163905475631124152505272382573180674921959447666...

1.6427969581639954756311241525052723825731806749219594
29



1.64279 = {(2) = = = 1.6449

Continued fraction:
° Linear form

: 1
+ 1 1
+
1 l
N 1
1+
3 1
23 1
1+ 1
83+ 1
1+ I
T8+ 1
21+ T
2+ 1
2+ T
18+ 1
1+ I
26+ I
3+ I
1+ I
17+
3 1
i)
2+ =
Open code o
Possible closed forms:
° More
A3 1.6427060581639955 1322
5831116 S
Enlarge Data Customize A Interactive
154 ¢™ —59 7 — 25 log(r) + 97 log(2 m) — 1428 tan"L(m)
1050 E
1.642706058163005475625037
2244149014 = o
= 1.642706058163005475612276
4201584557
We have that:
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Lemma 11.3.7. For q # 0,

zk(z,q) = m(—qz*,q*,—¢ 2 %) + ¢ '2’m(—q 'z, ¢", —q 'z 7).

(11.3.19)

Proof. In Theorem 10.6.1 of Chapter 10, set 2 = ¢q/z2. Now, B(q/z?,2,q) =0
by (10.6.1). Hence,

j(—gz? %) (k(z,q) — 1/z) = —P(g/z?)

1 o0 q2n +3n+ l ‘2ﬂ 1 1 oo q2n2—|—3n+1£2n +1
— T Z 4:1—-—2 Y Z _ gin+t+4 2
2 n=—oo ’jl - n=—oo 1 q f;l,“
N 1 i q2n +5nI—2n+1 i 1 os q2n +5?1—§—2£—2n—1
n——og n=—00
oo q2n2-§—3n+1$2n—l 20 q2nﬁ+3n+1d,2n+1
- _ g4n+2 /.2 _ gAntd [ 2 )
n=—oo 1 q '/JI n=—oo 1 q fiI'

Forq=10,5 x=0,8 n=2, we obtain:
-(0.5715 * 0.8"3)/(((1-0.5°10)/0.8"2))) - (0.5"15 * 0.8"5)/(((1-0.5"12)/0.8"2)))

Input:

0.5 .0.8° 0.5Y.0.8°

1-0.510 1-0.5!2
o.82 0.82
Open code
Enlarge Data Customize A Interactive
Result:
More digits

-0.00001641133805262837520902037031069289133805262837520902...

Open code

1075 * [-(0.5715 *0.83)/(((1-0.5°10)/0.8"2)))-(0.5715%0.8"5)/(((1-0.5°12)/0.8"2)))]

0.5%.0.8° 0.5Y%.08°

5
107 -1y |- =

1-0.510 1-0.512

0.82 .82

Open code
Enlarge Data Customize A Interactive
Result:
More digits

1.641133805262837520902037031069289133805262837520902037031...
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1.641133805262837520902037031069289133805262837520902037031

164113 = {(2) == = 1.6449

colog -[-(0.5°15%0.8°3)/(((1-0.5210)/0.872)))-(0.5°15*0.85)/(((1-0.5"12)/0.8"2)))]

~log

05%.0.8° 05%9.0.8°
1-0.510 1-0.512

.82 0,82

Open code

e lomix)isthe natural logarithm

Enlarge Data Customize A Interactive
More digits
11.0175...
More
: 0.5 x0.8° 05" x0.8° & (-1)F (-0.999984)
- D —_] - —_ —
5 1-0.5-0 1-p.5%2 kz‘ k
0.82 0.2 =1
Open code
Enlarge Data Customize A Interactive
0.5 x0.87 0.5 x0.8° argi0.0000164113 - x)
~log|-{- - = —Em{ -
1-0.510 1-0.512 2
0.82 0.82
| i (-1)* (0.0000164113 — xf x™*
0g(x)
w k=1 :

Open code

0.5 x 0.8 0.5 x0.8° arg(0.0000164113 - z) 1
-log|-|- :—{ Jlag[ ]—

1-0.510 1-0.512 2r Z
0.82 0,82
arg(0.0000164113 - zg) & (—1)F (0.0000164113 - zo)* z*
log(zg) - J log(zg) + 2‘
2 i k

Open code
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1-0.517 1-0.512
0.g2 0,82

w1

05°«08 05 x«08° *0.0000164113 1
-log|-|- - = -[ ;Jt

((sqrt(5)+1)/2))*colog-[-(0.5°15%0.8/3)/(((1-0.5°10)/0.82)))-(0.5°15*0.85)/(((1 -

0.5°12)/0.8"2)))]

0.59x0.8° 059x0.8°

@47 1]-1.:: o i .

[QH N ][ g[[ 1-0.51¢ 1-0.512
0,82 0,82

Open code

Enlarge Data Customize A Interactive

More digits

17.8268...

More

1 0.5 x0.87 0.5 x0.8° o

— |-log|-|- - 5+1)=

2[ g[[ 1-0.517 1-0.512 [1"" +]

082 0,82

2

1 [:J (- 1)* (~0.000084*

2 &

Open code

]]

ol X

1+~.ﬁi4*[

k=0

Enlarge Data Customize A Interactive

1 0.5 «0.87 0.5 «0.8° .
2 [—lng _[_ 10510 1-p.5!2 m H St 1] =
0.82 0.82 1-k[ 1}
1[(& (-1 (-0.999984) e [‘;? ey
2 LZ; k ][1 VA kz_é k!

Open code

33
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1 1 05% 0.8 o05Y 08° ["‘E i
2 g 1-0.510 1-0.512 & ]

1 GDDDDDISEELLMB 1 s 5
o, ] arglo — x)
£ -—exp[m{ 2 J]lug[D.DDDDlﬁﬂrlH}
— & CUE-0 ()
X k1 I
k=0 :

1 | 0.5% 0.8 059 0.8° \."'E 1- 1 . w,"'g "0.0000164113 1
2 e 1050 1gs5!2 [ G ]__5[ & ]I E‘“

0.82 0.82
This result 17,8268 is very near to the value of black hole entropy 17,7715

1072 * 1.5849 * colog -[-(0.5"15%0.8"3)/(((1-0.5"10)/0.8/2)))-(0.5"15* 0.8"5)/(((1-
0.5"12)/0.8"2)))]

5 057 x0.8° 0.5 x0.8°
10° -+ 1.5849 [ -log|-|- -
1-0.57 1-0.512

0.82 0.8°
e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
1746.17...

More

5 0.5 x0.87 0.5 x0.8°
(107 - 1.5849) (- 1) log|-|- 2 =

1-p.510 1-0.52
. E.SE 0,82
o (—11° (-0.999984y
158.49 .
k=1
Enlarge Data Customize A Interactive
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5 057 x0.88 0.5 x0.8°
(10 + 1.5849) (- 1) log|-|- - -

1-0.510 1-0.512
0,82 0.82
arg(0.0000164113 - x)
~316.98 m{ 5 J- 158.49 log(x) +

FiB

® (—1* (0.0000164113 — x)* x™*

158.49 L
k=1 k

5 0.5 x0.87 0.5 x0.8°
(10 - 1.5849}(-1) log|-|- - -

1-0.510 1-0.5!2
5 o0.82 o.82
arg(0.0000164113 - =z5) 1
-153.49[ 4 2 Jlag[—J-
2.?1' 4y
arg(0.0000164113 - =)

158.40 log(zg) - 158.49 { = J logizg) +
m
@ (=1 (0.0000164113 - zo)* z5*

k

158.49
k=1

00000164113 1
t

=-158.4 f
1-0.510 1-0.512 ? J1
o.g2 .82

i 0.5 x0.87 05 x0.8°
(107 1.5849) (- 1) log|-|- -

This result 1746,17 is in the range of the mass of pseudo-scalar meson Eta (1760)
1751£15;  1744£10+15 J/y — yoo. Indeed: 1747,5 is the mean of values.
Furthermore this result is also very near to the mass of candidate glueball f,(1710)

meson.

1072 * (Pi/2) * colog -[-(0.5°15%0.8"3)/(((1-0.5°10)/0.8/2)))-(0.5°15* 0.8"5)/(((1-
0.5%12)/0.8"2)))]

10° % [— lc:g[—

05%.p.8% 0518 0.85]”

1-0.510 1-0.5!2
0.82 0.2
e lomix)isthe natural logarithm
Enlarge Data Customize A Interactive

More digits
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1730.63...

More

1 059 .0.8% 059 .0.8° @ (=1)* (~0.999984)"
- 110? |-log|-|- - =50
2 [ [ g[ [ 1-0.519 1-0.512 % }T% k

o0.82 0.82
Enlarge Data Customize A Interactive
1 il 0.5 x0.87 0.5 x0.8°
2 B 1-0.51° 1-0.512 %
0.82 0.82
arg(0.0000164113 - x)

-mmnﬂ
2m

® (1 (0.0000164113 - xf* x*
S0 )_‘ ¢
k=1 k

Lozl 0.5 x0.87  05% x0.8°
2 B 1-0.510 1-0.512 }T
.82 0.82

J -50 7 logix) +

- arg[n.nnnmmnz ] +arg(z,)
~100ix” |- -
2
© (~1) (0.0000164113 - 7)< =5~
50 7 log(zo) +50 7 el
k=1 k

1] . 0.5 «0.8° 0.5% .0.8° "0.0000164113 1
— [10° |-log|-|- - n:—EDfrj - dt
2 1-0.57 1-0.512 1 t

0,82 o.82

This result 1730,63 is very near to the mass of candidate glueball f;(1710) meson

(1072 * (Pi/2) * colog -[-(0.5°15 * 0.8"3)/(((1-0.5°10)/0.8"2))) - (0.5°15 *
0.875)/(((1-0.5"12)/0.8"2)N])))) /15
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g 057 x0.8° 0.5 x0.8°
19 10°x - [-log|-|- -

\\ 10510 1-0.512
.82 o.g2

e logixiisthe natural logarithm
Enlarge Data Customize A Interactive

More digits

1.643919...

This result is also very near to the Hausdorff dimension 1,6402. Furthermore:

2
1643919 = ((2) =% = 1.6449

-8 + Pir4/(89) * (((((10°2 * colog -[-(0.5M15 * 0.83)/(((1-0.5210)/0.82))) - (0.5"15
* 0.875)/(((1-0.5°12)/0.8°2))]))))

i n*t 162 |1 057 0.8 05Y.08°

el — _D A e

’ 89 4 1-0.519 1-0.52
&2 0.82

Enlarge Data Customize A Interactive

e logzixiisthe natural logarithm

More digits

1197.85...

ek Lo | 057 x0.88 057 x0.8° |||| 4

- _— —log] -] - - =

B 80 J 1-0.510 1-0.5!2 d
082 .82

100 4 & (-1)F (-0.999984)

B9 e k

Enlarge Data Customize A Interactive
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ek Lo | 0.5 x0.87 0.5 x0.8° |||| .

- —_— e 1] —_— - = =

" 80 J 1-0.510 1-0.5!2 d
.82 .82

100 arg(0.0000164113 —zq) 1
-8- at [log[z.;.} + { 8 £ J [lng(

w 2 o) iosts)-

ey
& (-1 (0.0000164113 - z)* z5* ]

k=1 k

Open code

ek b | 4 0.5 x0.87 05 x0.8° |||| .
= o —log|—|- - =
’ 89 8 1-0.5!0 1-0.5!2 =

0.82 0.82
2 200 arg(0.0000164113 —x}J 100
8- —inx

4
~ — * logmn
89 2n Ry Bk

100 , & (-1 (0.0000164113 - x)* x7*
TR & 2‘ toit
89 k

k=1

b bt | 5 057 x0.80 057 x0.8° |||| 4

T B =10 == — —

& 89 B 1-0.51¢ 1-0.512 d
.82 o.82

100 7% [0.0000164113 1 .
-89 £

W]

This result is practically equal to the rest mass of Sigma baryon 1197.449+0.030
And:

(-8 + Pir4/(89) * (((((1072 * colog -[-(0.5715 * 0.8"3)/(((1-0.5710)/0.8/2))) -
(0.5M15 * 0.8°5)/(((1-0.5°12)/0.8"2)) I 1/14

. 't 574 0.5%x0.8%7 0.5 x0.8°
li N 89 5 1-0.510 1-0.512
.82 .82

Open code

e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive

More digits

1.659151...
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where 1,659151 is very near to the 14th root of the following Ramanujan’s class

invariant Q = (Gsos/G101 /5)3 =1164,2696 i.e. 1,65578...
Furthermore:

((((((((-8 + Pir4/(89) * ((((10°2 * colog -[-(0.5°15 * 0.8/3)/(((1-0.5"10)/0.8"2))) -
(0.5°15 * 0.875)/(((1-0.5°12)/0.8"2)N )M 1/15

|

g 0.5%x0.8%7 0.5 x0.8°
]5—8+8—g 10° | -log|-|- -

\ 1-0.5'0 1-0 512
0.82 0.82
e logixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
1.604083...
This result is very near to the electric charge of positron.
Now, we have that:
= v nt l:q:(”"‘f- ! A
pl—q) = Y (=1)"g" =1 (3.1.14)
i (—4: @)
oo 2, .3
nt1)/2 _ (49 )eo
‘J{q} o qn( +1)/2 _ : |:3]15}
gu (939 )=s
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Entry 11.1.1. In the notation above,

b10(9) — ¢ "P10(—q") + ¢ *x10(¢%)

where h(q) is defined by

oo

_ s@h(-2)

¥(-9)

h(q) = Z (_l)n.qn{Sn—f—S};’Q.

l——00

Entry 11.1.2. In the notation above,

¥10(q) + gd10(—q*) + ¢ 2 X10(¢®) = £

where g(q) is defined by

o

9(q) == Z (_1)?an(5n+1}f2.

n=—oo

For o(-q) = (-1)"q"*=10.5"=0.0625; ¢(q)=0.0625=1/16

w(@ =q"""?=05"=0.125=1/8; y(-q)=-q"""*=-0.5’=-0.125;

h(q) = q""™? = 0.5" = 0,0001220703125 =1/8192

g(q) = q"°"D? = 0.5'" = 0,00048828125 = 1/2048
We note that 2048 = 4096/2 and 8192 = 4096*2 where 4096 = 64>

We first address Entry 11.1.2.

40

bl

(11.1.2)

(11.1.3)

(11.1.4)



Proof. By Lemmas 11.4.1-11.4.3,

V10(q) + qo10(—q*) + X10(¢®) = —m(¢®, 4%, q) — m(¢*,¢"°. ¢*)

+q (¢ 'm(—¢*, ¢, —¢") + ¢ *'m(—¢*, ¢, "))
4_7n{ 9161q40 q ) +_Tn(__q163q401q32}‘ (11.4.16)
By (11.3.3) and (11.3.1),
mle®, s 0) =m0 *) =mlda°qP). (11.4.17)
By (11.3.3) and (11.3.1),
m(g®,q'% ¢°) =m(a*,¢'°,¢°) = m(¢®, ¢°,¢%). (11.4.18)
By (11.3.1),
m(—q'%,4%,47%) =m(—g",¢¥, d?). (11.4.19)
By (11.3.2),
¢ m(—q*,q*, —¢*) = —g 'm(—¢"*,¢", —¢ ") (11.4.20)
and _
¢ *m(—q*,q"%,¢%) = =" "m(—¢",¢"°,¢7%). (11.4.21)

Now, in (11.4.16), we do not alter m(—q'%, ¢%°, ¢%), but we do replace each of
the five remaining m-functions by the expressions given in (11.4.17)—(11.4.21).
Accordingly, we deduce that

¥10(q) + qb10(—q") + X10(¢%)
= (-m(¢*,¢",¢°) +m(—q"*,¢*,q7%) —q "m(—¢"*,¢", ¢ 7))
+ (=m(g®,q'% ¢") + m(—¢"°, 4", ¢%) — g7 "m(—¢7*, 4", ¢%))
-D(¢*,¢".¢°,¢7%) = D(¢*, 4", ¢*, ¢°), (11.4.22)
by (11.3.31). We now apply Lemma 11.3.11 and the Jacobi triple product
identity (11.1.6) many times to find that

U10(q) + qpro(—q*) + Xlo(ti'g)
_ (g% ¢*)5.5(=a"¢®)i(g

7(q:4%9)7(q%; ¢*)j(—¢"; qz”)j'lfq 1 q%%)

q(q*; ¢*°)3.3(—=4"% )i (¢*°; ¢*°)

J@%; ") ig®; )il q ;a*0)j(d%; ¢*°)
_ (5 el 5a)

F(a®;9*)3(a%¢%°)3(g; a'%)5(q%; ¢*°)i(— q4'q2”)j( g% ¢*")

x (3(—a"*4*)i(q": 4" (—a* ¢*°) + ¢i(—4"%: ¢°°)i(q; 4°°)i(—a%; ¢*°))
_ (4*°: ¢*)%3 (4> 4™)

(4'°59') 0 (a ¢*°)7 (4% ¢*°)3(q; 4'°)3(d7; ¢'°)i (—a* ¢*°)i (—¢%; ¢*°)

20 40)




Now:

x (7(—a*¢")i(q":¢") + ai(—a";¢'°)i(¢: ¢"%))
_ (0% 4%)20d (@ 4*)i (= —4°)j(—¢"; —a°)
(41991 oo d(9®; 29)5(9%; ¢2)4(q; ¢29)i (a7 V)5 (—q*; ¢20)i (—qB; ¢20)
(11.4.23)

where we applied Lemma 6.3.2 with = —q, y = —¢>, and q replaced by —¢°.
‘We are now faced with the laborious task of applying the Jacobi triple product
identity (11.1.6) to each of the j-functions on the far right side of (11.4.23)
and simplifying. Using (11.1.4) and the familiar product representations

(%4

. 11.4.24
(2:02%)ec ’ ( )

o(q) = (—q:¢)% (6% %) and ¥(g) =

respectively, from (3.1.14) (or (5.1.1)) and (3.1.15), we eventually reduce the
right-hand side of (11.4.23) to

e(q)9(—¢%)
Y(—q)

and so the proof of Entry 11.1.2 is complete. O

e(q9)9(—q*)
P(—q)

From the previous expressions:

g(@) =

q"C" 2 = 0.5'" = 0,00048828125;

o(-q)=(-1)"q"*=0.5"=0.0625; ¢(q) =0.0625

v(q) =

Q" =0.5"=0125=1/8; y(-q)=-q""""=-0.5"=-0.125;

we obtain:

((0.0625 * (-0.00048828125)"2)) / (-0.125)

((0.0625 * (-0.00048828125)*2)) / (-0.125)

Input interpretation:

0.0625 (-0.00048828125)

Open code

0.125
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Enlarge Data Customize A Interactive

-1.1920928955078125 « 1077

1
8388608

Where 8388608 = 64° * 32
Indeed:

1

_ 0.0625 (-0.00048828125)
0.125

Enlarge Data Customize A Interactive

-838B608

Now:

In -[1/ ((((0.0625 * (-0.00048828125)"2)) / (-0.125))))]

1
10g - 2
_ 0.0625({-0.00048828125)*
0.125

e logixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
15.942309...
More
1 : LN l'l-k f—15.9424k
log|- = log(8.38861x 10°) -
g[ _ 0.0625(-0.000488281)% ] g[ ) ?j; ke
0.125 N
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Enlarge Data Customize A Interactive

1
log| - =
y _ 0.0625 (-0.000488281)°
0.125
arg(8.38861 x 10° - x| @ (~1)F (8.38861x10° — xJf x7*
2im - | + logix) - : o1 '
2 ke
k=1
Open code
1 arg(8.38861 x 10° — z;) 1
log| - — |= - log[— ] +log(zp) +
_ 0.0625(-0.000488281) 2n Zg
0.125
arg(8.38861x10° - ) | = (~1)* (8.38861 x10° - ) z5*
0g(zg) —
™ g(z0) - ) -
k=1
Integral representations:
1 -8.38861x100 1
log| - — | = j — dt
_ 0.0625(-0.000488281) 1 t
0.125
Open code
Enlarge Data Customize A Interactive
1 1 i ety R Qe r[—.S]':2 I(l+s)
log| - = — J ds for
_ 0.0625(-0.000488281)% 2im Joissy rl-s)

0.125

Open code

27 * 4 In -[1/ ((((0.0625 * (-0.00048828125)2)) / (-0.125))))]

Input interpretation:

1
27 <4 log|-
_ 0.0625 (-0.00048828125)
0125
Open code
e lomix)isthe natural logarithm
Enlarge Data Customize A Interactive
Result:
More digits
1721.778...

This result is very near to the mass of candidate glueball f,(1710) meson.

Series representations:
More
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1 & B [_1}5: f—15.9-424k
27 4 log|- — 108 log{8.38861x 10%)|- 108 &
;i _ 0.0625 (-0.000488281)° g[ } kz‘ ke
0.125 =1
Open code
Enlarge Data Customize A Interactive
1 arg(8.38861x10° - x)
27  4log|- — [=216inx - | +
_ 0.0625 (-0.00048828 11 2
0.125 .
@ (-1)F (8.38861x 10% - x|* x*
108 log(x) - 108 ' forx < 0
g(x) ¥ k
k=1
Open code
1
27  4log|- = |=
_ 0.0625 (-0.000488281)%
0.125
arg(8.38801 %10 — =) 1
8 el e 1Dg[—]+ 108 logizg) +
2 2
arg(8.38861x 10° — z;) @ (—1) (8.38861 %108 — z|f =
8 8l il log(zg) — 108 2‘ ' By 70
2m k
k=1
Integral representations:
1 *8.38861x10% 1
27 4log|- = :IDEJ —dt
_ 00625 (-0.000488281) 1 t
0.125
Open code
Enlarge Data Customize A Interactive
1 54 fricty e ¥R M s (1 +9)
27 4log|- ~|= — ds
_ 0.0625(-0.000488281}° [ 5. QN o Irl-s)
0.125

for —1

(27 * 4 In -[1/ ((((0.0625 * (-0.00048828125)"2)) / (-0.125)H]D))))"1/3

Input interpretation:

1
3! 27 - 4 log|-

_ 0.0625{-0.00048828125)
0.125

Open code
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e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive

Result:

More digits

11.98558...

This result 11,985 is very near to the values of black hole entropies 11,8458 and
12,1904

2% (((((27 * 4 In -[1/ ((((0.0625 * (-0.00048828125)"2)) / (-0.125)))D))))"1/3

Input interpretation:

1
2 4/ 27 4 log| - x
\\ _0.0625':—0.00048828125]"
0.125
Open code
e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive
Result:
More digits
23.97116...
Series representations:
More
. 1
2 3| 27 4 ].Dg - = =
"i; _0.0625':—0.000488281?"
0.125

onal L@ 1k pr159424k
6 2*° 3| log(8.38861x10°)- 3’

k=1 k
Open code
Enlarge Data Customize A Interactive
| 1 213
24 27 4log|- = | =6x2"
“‘; _0.05251—0.000488281]"
0.125
_ arg(8.38861x 10° — x) @ (-1)* (8.38861x10° — x) x7*
3| 2ir : +lng[x}—z‘ :
| 2m o L4

Open code
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1
2,27 4log|- =
i . _ 0.0625(-0.000488281) ]

0.125

: arg(8.38861 x 10° — 54} 1
§ x 223 [lng[z.;.H 8l el [10g(—]+ lug[z.;.}]—
2 ty)
@ (-1)* (8.38861x10° - 50)" 55* |
P : (1/3)
k=1
1 II 61x10% 1
: *8.38861x10
2 4| 27 4 log| - —| =6 22-'33|[ U at
\ _ 0.0625(-0.000488281)° \ N t
0.125
Enlarge Data Customize A Interactive
24 2741 -
| (] — =
i‘ g _ 0.0625(-0.000488281)°
0.125

|
— |1 “i sa+y P—15..D424S r[_S}E il +5)
EI'E;'I 2 = [ ds I

N
‘lq L R e r(l-s)

This value is linked to the "Ramanujan function" (an elliptic modular function that
satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
the physical vibrations of a bosonic string and to the value of black hole entropy

23,9078

Now:
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We next turn to the proof of Entry 11.1.1.
Proof. By Lemmas 11.4.1, 11.4.2, and 11.4.5,

b10(2) — ¢ " P10(—¢*) + ¢ %x10(¢%) = —¢ 'm(q,¢", q) — ¢ 'm(q, ¢"°, ¢°)
—q~ " (=m(=q".¢",—¢") —=m(—¢",q", —¢"))
1 g % (m{ %™ ™) m ¢%e™ ). (11.4.25)

By (11.3.3) and (11.3.1),

m(q.q",q) = m(q,q'°,47%) = m(q.¢"°, ¢°). (11.4.26)
By (11.3.3)
m(—q',q*%, —¢'?) = m(—¢"2,¢*,¢7*%), (11.4.27)
and
m{—q' %, %, —q*) =m(—q"*,q* 7). (11.4.28)
By (11.3.2)
g *m(—¢%,¢",¢"%) — —¢7'"m(—q7>,4",q7'°) (11.4.29)
and
g ’m(—¢°,¢"", ¢ — - m(—q %, q", ). (11.4.30)

Now in (11.4.25) we do not alter m(q, ¢'?,¢?), but we do replace the other
five m-tunetions with (11.4.26)—(11.4.30). We thus obtain
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248 11 Tenth Order Mock Theta Functions: Part IV

—1

610(q) — ¢ 10(—9*) + ¢ *x10(q%)

o —1, 10 8 —1 12 40 _—24 —10 —8 40 _—24
—q m(g,q q¢)+q m(—=¢ 9 ,q 7)—q m(—q 9,9 )
g 'm(g, g0, @) + ¢ 'm(—gq'2, g%, g 16) _ g 10 (g8, 40, g 16)
7 ! 7 1 Y i ¥ FIR ri | ') i | LY | L | b i
- —1 10 8 —24 —1 0 .2 . —16 ‘
=—¢ D(g,97,9,97)—q Dig,g .49 ), (11.1.31)
RS e A R W % e TET_ _ IR 4 4 N 45 4 = O B EpeeNCi B i
by (11.9.01). yve Il dpj.) t‘l.llllld, 11.4.124 WO deduce uilal

—q ' D(q,9"°,¢%,.¢7**) — ¢ ' D(q,¢"°. ¢*,g*°)

(e )ead (=g )i )
(qg‘ql{l) (024,'2' El) 12;q20"j|“q18;q20}

. q(¢®"; ¢*°)3.i (=% 4*")i(¢**; ¢™)
7(a3%a'°)3(q'°: ¢4°)i(—q; qz“)}(q q?°)

)i
(0 )5, 0@;d")
(g% 929)5(a%%; g40)7 (g% ¢10)j( ¢'2;920)5(q%; q10)i( g%;¢20)
x (7(a¢°)i (=% )i (—a* ") + 4i (2% ¢")i (—¢" % )i (g% ¢*9))
120, 2085 27.20. ,.40‘
l.‘! | Joo.)'Uz' LG
!qm G907 qz”k}(@“’ i q” ) 3(a3; a0 ) =gt ™)
x (7(¢% ¢ )i (=g ) + ¢i(q”; )i (—% ¢*")

20. 40

_ (0% 9% 20 (% 4*)i (= 4: 4”)J (-4 —¢°)
(6" 0" oo (02192005000 ) (e M)A (0" g2 (s 0 ) (et )

(11.4.32)
where we made exactly the same application of Lemma 6.3.2 as before, i.e.,
TEIT1 +]1 m —— - ad — — 3 [n Y "Ir.l el Tﬁ“‘l LY f\l’\l’:l .I"\.'( r I 5 -‘lrﬁ ATV F1ATIT 'Pl'\ Df\.l‘] T +h
¥YLLIL A0 — l._{, H —= l[ s CLLIVE I.I .i.CvlJl.{lLanu IJ\' li N TYL QLS LIVYY Lo oLl !"!J.l.il.l

the laborious task of applying the Jacobi triple product identity (11.1.6) to
each of the j-functions on the far right side of (11.4.32) and simplifying.
Using (11.1.2) and the product representations (11.4.24), we find that the far
right side of (11.4.32) reduces to

e(qQ)h(—q°)
Y( q)

]

and so the proof of Entry 11.1.1 is complete. O

From:
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g(q) = "% = 0.5" = 0,00048828125;
o(-q)=(-1)"q"*=0.5"=0.0625; ¢(q) =0.0625

v(q) =q""?=0.5=0.125=1/8; y(-q)=-q"""*=-0.5>=-0.125;
h(q) = q""™? = 0.5" = 0,0001220703125 =1/8192

w(q)h(—q?)
V(-9

We obtain:
(((0.0625*(-0.0001220703125)*2)) / (-0.125)
(((0.0625*(-0.0001220703125)*2)) / (-0.125)

0.0625 (-0.0001220703125)*
0.125

Enlarge Data Customize A Interactive

-7.450580596923828125 x 1077

1
134217728

Where 134217728 = 64* * 8
Indeed:

1

_ D.0625(-0.0001220703 125]E
0.125

Enlarge Data Customize A Interactive
-134217728
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In -[1/((((((0.0625%(-0.0001220703125)2)) / (-0.125))))))]

Input interpretation:

1
log| - =
_ 0.0625 (-0.0001220703125)
0.125
Open code
e lomixiisthe natural logarithm
Enlarge Data Customize A Interactive
Result:
MorLé digits
18.71497...
Series representations:
More
1 @ (1) g-18.715k
log|- = log{1.34218x 10%) - )’
g _ 0.0625 (-0.00012207)° 8l k%‘
0.125 =1
Open code
Enlarge Data Customize A Interactive
1
log| - -
_ 0.0625 (-0.00012207)2
0.125
) arg(1.34218 x 10 - x| | @ (-1 (1.34218 x 108 — x)* x*
i - | + log(x) - . forx =0
2 B 2‘ ke
k=1
Open code
1 arg(1.34218 x 10% - z;) 1
log| - = - IDE{—J+ logizg) +
_ 0.0625 {-0.00012207)% 2x Zg
0.125
arg(1.34218 x 10® — z) | @ (1% (1.34218x 108 — %o )* 7
OgiZp) -
2 5 2‘ k
Open code
Integral representations:
1 “1.34218%10% 1
log| - - J — dt
_ 0.0625(-0.00012207)% 1 t
0.125
Open code
Enlarge Data Customize A Interactive
1 1 T f—lS.?lEs r[_ﬂz il + 5) .
log| - = J ds for -1 0
_ 0.0625(-0.00012207) 2im Joiawy I(l-5s)
0.125

Open code
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(108 - 16) * In -[1/((((((0.0625*(-0.0001220703125)"2)) / (-0.125))))))]

Input interpretation:

1

(108 - 16) log| - -

o 0.0625(-0.0001220703125<

0.125
Open code
e logzixiisthe natural logarithm

Enlarge Data Customize A Interactive
Result:
More digits
1721.778...

This result is very near to the mass of candidate glueball f;(1710) meson.

Series representations:

More
l - \f.'l [_l}k f—lﬂ.?lSk
(108 - 16) log|- =92log(1.34218x10%) - 92
: _ 0.0625(-0.00012207)° 8l ) kz‘ k
0.125 =1
Open code
Enlarge Data Customize A Interactive
1 arg(1.34218 x 10® - x)
{108 - 16) log|- - |=184ix - | +
_ 0.0625(-0.00012207) 2
01 C
& (-1)° (1.34218 x 10" - x)* x
9210 [J(‘ —92 - .:-'-! 11
gox)-92 )’ s
k=1
Open code
1
(108 - 16) log| - — |=
_ 0.0625(-0.00012207)
(0125
arg(1.34218 x 10° —zg) 1
2 [ 8l % 10g[—]+ 92 logizg) +
2m oty
arg(1.34218 x 10 - =) & (-1)*(1.34218x 10° - zg}* 55
2 - | log(zg) - 92 }_‘ -
2 I
k=1
Integral representations:
1 “1.34218x10% 1
(108 - 16) log| - s =92 = at
_ 0.0625 (-0.00012207) J1
0.125

Open code
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Enlarge Data Customize A Interactive

{108 - 16) log

ds

1 ] 45 (‘J’mﬂ- PR B e

_ 0.0625(-0.00012207)°
0.125

: EI J—j gty !_[l—s}

(108 - 16) * In [ 1/((((((0.0625%(-0.0001220703125)2)) / (-
0.125)MDIM)MN))™1/3

1
5 (108 - 16) log| - S
'\ _D.D&ES-:—D.DDDIEED'?DSIES]"
0.125
e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
11.98558...

This result 11,985 is very near to the values of black hole entropies 11,8458 and
12,1904

2 * ((((((((((108 - 16) * In -[1/(((((0.0625%(-0.0001220703125)*2)) / (-
0.125)MDIMMN))*1/3

1

2 4 (108 - 16) log| - =

\\ _ 0.0625({-0.0001220703125;

0.125
e logixiisthe natural logarithm

Enlarge Data Customize A Interactive
More digits
23.97116...

This value is linked to the "Ramanujan function" (an elliptic modular function that
satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
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the physical vibrations of a bosonic string and to the value of black hole entropy
23,9078

Now, we have the following expressions:

(27 * 4 In [1/ ((((0.0625 * (-0.00048828125)2)) / (-0.125))))))"1/15

1
27 4 log|-
B g _ 0.0625 (-0.00048828125)°
0.125
e logixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
1.6433566...
And:

((((((108 - 16) * In -[1/((((((0.0625%(-0.0001220703125)*2)) / (-0.125))))H)))) /15

1
15 (108 - 16) log| - ,?
\\ _D.DISES{—D.DDDIEED'?DEIESJ'
0.125
e logzixiisthe natural logarithm

Enlarge Data Customize A Interactive
More digits

1.6433566...

2
1.6433566...~{(2) = % = 1.6449
Thence, we have the following identity:

e(Q)g(—q*) o(q)h(—4¢%)
Y(—q) = Yv(—q)

We note this interesting new physical connection with the above expression
concerning the tenth order mock theta functions:

1/107M6 * 4 * (27 * 4 In -[1/ ((((0.0625 * (-0.00048828125)"2)) / (-
0.125))DN)"1/15
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Input interpretation:

1

4 15 27 =4 ].Clg o
1018 _ 0.0625(-0.00048828125)°
0.125
Open code
Enlarge Data Customize A Interactive
Result:
More digits

6.5734263... x 1071®

Series representations:

More
415 27 - 4log|- : -
_0.0625 (-0 000488281 |
0125
1':'16 =
5 ik -15.9424 k
V3 1{/19g[8.38851 x108) - gy, ST
1250000000000000 21313
Open code
Enlarge Data Customize A Interactive
415 27 410g[— L ; ]
_0.0A25 (-0 000488281}
0.125
1|:|1|5 =
{8.38861x10% —x| -1/ (53.38861x10% 5
ﬁlijzmrlgls 382:110 I'IJ+1Dg[I}—Ef=1‘ 1/ (8.388 i:m xf x
1250000000000 000 - 21315
Open code
B 1
Fa g _0.06251—0.00048828132]
0125
]_I:I]'E‘ o
L arg(8.38861x 10° - z;) 1
\({E logizg) + (10g(—]+10g[z.;.}]—
2}1’ ZU

i (-1 (8.38861x 10° - z | 25
k

k=1

Eat

(1/15) ff{lESDDDDDDD 000000 2”-"15}
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log(x) is the natural logarithm
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1
415_ 27 410g[— 0.0625 (-0.000488281 ) ]

|'
E— .| &1
V3 '|5II [8.38861&10 1

0.125 71 [

1016 1250000 000000000  21%15

Enlarge Data Customize A Interactive

1 [
5 i o4y
_n.n-szm-u.unmsszsuﬂ] V315 L [ o
0125 L izt {1-s)

415 27 4log

:,—] 59424 5 [-:—S:IE 145}

ds

10 1250000000000000 21418

This result 6.5734263 x 107 is practically equal to the very fundamental physical
value 6.582119514(40)x10 '°eV * s, that is the reduced Planck constant.

In conclusion, we have obtained another interesting physical connection:
2.529 * (((((27 * 4 In -[1/ ((((0.0625 * (-0.00048828125)*2)) / (-0.125)) D))" 1/15

Where 2.529 is a following Hausdorff dimension:

os( - 1)

log(v/2 — 1)

((([(((An((sqrt(7)/6)-1/3))) / (((An((sqrt(2)-1))D))) * (((((27 * 4 In -[1/ ((((0.0625 * (-
0.00048828125)°2)) / (-0.125))D)))) /15

Vi 1
log[ 6 3 ] 1
——— 15/ 27 =4 log| - -
log(v'2 -1} \\ _ 00625 (-0.00048828125)
: : 0.125
e logixiisthe natural logarithm
Enlarge Data Customize A Interactive
More digits
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4.1562473. ..

Series representations:
° More

15 27 410g

-
L 1 1Og[ ¥7 _ l]
_D.DGESi—U.DUD‘iEEESlJE & 3
0.125

B L E 1{/10g 8.38861x10°
log(v'2 -1) [ \/_ { }

1 arg(7 - x) = (-1 (7 -0 x™ [_é}k /
1“?[5 [**EXP(”\TJW %, /

k!
B TN ki
10g[—1+exp[ﬁnr—rg[2 x}“\j;z[ it [ 2}.!-;]

2
T k=0

k!

forixeRandx <0

Open code

Enlarge Data Customize A Interactive

15 27 4].Dg'

-
L 1 k,g[ ¥7 _ 1]
_I:I.I:IIEAES-;—lII.IIII:lI:IdrE!E'-EE!l;r2 & 3

0.125 |
log(v2 -1)
; arg(8.38861x 10% — x| 1 @ (-1 (8.38861x10° - x)* x™*
15 + logix) —
o 2 8 kZ; k

arg{é[—2—5x+ﬁ}} o0 {—é}kx‘k [—2—5x+ﬁ}k /
2im 2x +10g[x}—kz_‘l i /
o o i (Tl TN
2im arg( i ) +10g[x}—z Ao il ) forx <0
2 = k

Open code
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15 27 4103’

-
L 1 k,g[ y7 o_ 1]
_IZI.IIII:’-‘ES-:—lII.IIII:lIZI4E!5'-.'EE!l:r2 & 3
0125

log(v'2 -1)

_ |95 ﬁ

arg(8.38861x10% - x|

_ @ (-1 (8.38861x10°% — x)* x™*
2

+logix) - Z B
k=1

arg(~} -x+ 37| o (-1f x*k(-2-6x+ VT
k /
[-1}kx*[-1-x+ﬁ}“] ;
or X [

+ log(x) - Z P
k=1

15| 2 o

[Eur larg[—l—x+ \"'E}|
2

Integral representation:

=

1 V7 _1
15 27 4103[_ _D.Dﬁzsq—o.nnmsszsnz] lcg[ é 3]
0.125

log(v'2 -1)

1 —
92/15 33 1{/Jiﬂ.38861x105 rl dt Jig{_zﬂl ?]rl dt

Ji_lw 21 dt
r

This result 4,1562473 is in the range of the mass of DM particle that is between 4 —
4.2 eV

Now, we have:

Lemma 12.2.12. Forz ¢ ‘H,

18_4
M=0"10,2710.3720,2720.4"7100.50
2 )
X (—'?Iau._.a’?su.mf?ﬁu,15'??au,za?huu,-m + 750,5750,10"50,157750, 20750, 25 100,40
2 2 9 , L2
— M50.157750.207150,25MM100,20 + 27]50,57150,15 50, 207750,2571100,40
L% 2 2 2 ,
—£150.57150,207)50,2571100,30M 100,40 — '-'?anls"'?«'JD.157?50.20??mo,407?100,50]

_ .2 .16 .2 .4 2 2 9 T
= To"hooMo.1"ho.2720.8"50,107150,15 50 20750.25 7100 50 (12.2.25)
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By Lemma 12.2.11 and a straightforward calculation, each g; is a modular
form of weight 0 on I7(300) with the multiplier system [. Therefore, each
f}lg} is a modular form of weight 9 on I'(300) with multiplier system ;.
By Lemma 12.2.10, [I'(1) : I'1(300)] = 57600. Let F} denote the difference
of the left- and right-hand sides of (12.2.25). Applying Lemma 12.2.8 for a

Y

fundamental region R for [ (300), we deduce that

9. 57600

Z Ordr, (300)(F1:2) = 15

zeR

= 43200 > ord(Fy; 00), (12.2.26)

Lemma 12.2.13. For z ¢ H,

??ég?hm??118,2Tbn_a'ﬁzn,smnc,m
X (?Iso.57?50,107?50,15'3,?50,20%0,257}'10[:,20 + 7?50,5"}'50.15??§o,26'7?50,25?}‘100,20
"?gn,aﬁr'ga,m??ao.25'?}'100,40 27}50,5’?%0,10'7?50:15T]50,25ﬁ100,20
—QT?5D,1D??§n,15‘7?50.zs'film,mi'ﬁoﬂ,ﬁo 2 7?5:1_5??50,10'1130.15"?%01120??103,.50]

_ .4 16 .16 .2 2 0
= M10M100"0,2710.37120,47750.5 7750, 10M150,207750,25 100,50+ (12.2.27)

By Lemma 12.2.11 and a straightforward calculation, each gjz- is a modular
form of weight 0 on I(300) with the multiplier system [. Hence, each ff g?
is a modular form of weight 9 on I(300) with multiplier system vy. Let Fy
denote the difference of the left- and right-hand sides of (12.2.27). Applying
Lemma 12.2.8 for a fundamental region R for I'}(300), we deduce that

9 - 57600

Z OI'dpl{ggg)(FQ;Z) = 12

zeR

= 43200 > ord(F3; 00), (12.2.28)

Lemma 12.2.14. For z ¢ H,

2.9 103
N5M10075.1"6.1

T e - - - e o e . - P
A \1150,51/50,107/100,407/100,50 + 1/50,15%/50,207/100,207/100,50 — 3’!50.10”.50.29’.’

g o g% 2 .3 g 9 2 f160
= T20ff255 1 e, 17120.51/25 57125, 107501050, 20 (Ls.z.

59



By Lemma 12.2.11 and a straightforward calculation, each g?’ is a modular
form of weight 0 on I1(300) with the multiplier system I. Hence, each ff’ g}"

ig a mgdulal fﬂ'ﬂ'ﬂ Qf 1':'?ejt_1']11' D an 300 with mnltinlior eveteom 721 Tot FL
bl.l.l.l i Ll i LKU\JU} LA S U oS J.LJ.LA.I.IJJ.[JJ.I.L-J. ul.l' [ ALIEE - LJi Aano A ‘j

dencte the difference of the left- and right-hand sides of (12.2.29). Applying
Lemma 12.2.8 for a fundamental region R for I (300), we deduce that
2 - 57600
N " Ordy, 300 (Fs; 2) — ——— — 9600 > ord(Fs; oc), (12.2.30)
g : 12

zeR

Lemma 12.2.15. For z € H,

'??z?}’;o??%o,1"??0,27?10.3'??20.2
X (750,5M50,15750,257100,50 + M50,57150,157150,2571100,30
— 1150,57150,157150,2571100,10 — "?&,5'%0,15"?100,50 —F ?}5055'7?%0‘257?1(}0,30
+ 2ﬁ§n,5"’?50,25"’?100,30 — 'U%o,laﬂ.ao,zsﬁma.;o)

= Ti‘fo'U%oW?o,1’f?§o.2'1?%o,47?§u,8?350.57?50,157?50,25- (12.2.31)

By Lemma 12.2.11 and a straightforward calculation, each g} is a modular
form of weight 0 on [7(300) with the multiplier system I. Hence, each _fj_qf
is a modular form of weight 2 on I,(300) with multiplier system v,. Let F}
denote the difference of the left- and right-hand sides of (12.2.31). Applying
Lemma 12.2.8 for a fundamental region R for I(300), we deduce that

. 2 - 57600
) Ordp, (ao0) (Fi; 2) = ——— = 9600 > ord(Fy; o), (12.2.32)

zcR 12
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Lemma 12.2.16. For z € H,

T}?n??gnf?513'??10,1’-"}10.4'7120.47}gn‘g7?50.5??50.157]50,25'?]'20-3.50'?F200,1DD

% (70,1720, 107}50,107/100.10 — H/10,37j20,2750,107)100,10

+ 110,17M20.107M50,207100,20 + 5?}!10.sﬂzo,z'ﬁsc-.zoﬂ;ﬂo,zo)

= 4’*’]‘1u.171'1{3,4??20,4?}‘30.3?}'&).1u?iau.5?'?5u,1u'-*?5u,15?Iau.zu??au,za??zuu.1uu

X (MoT30M30"100710,1M50, 1 750,20 + T110720711007710,37120,2720,10)
== ?}?.m%o'-'}ﬁm}ﬁn.ﬁnﬁnJ N0 1ATIAD 2077100 5071200 5071200100

X ('W%g_lﬂzo.eﬂga‘g??zc,w — 4110,1 7}1[-_.3'??]_[).47}2-3.2'7]30‘55?20,8

— 1739371202304 712010

+ T}'i;.'?}‘gg?'?507?50,.3"?50_.1-3V,?so_.zul?sa,25'?]100._30?]2[30,50732-30.1-30

= (gffo,1T]9r},ﬁ?i§0.s??‘3r|,l o+ 210,17 n__af?ln,4ﬂ‘2n,9ﬂ§g.5?}';en_,a

+ 3???0‘37?20.2'7?30,45'?20_.10_J

== rlfgf}gg?]m?}:&n,innsn,l5T}5n,:m'f]an__-25mnn,1nf}a_nn__mf}‘znn,mn

* (3*’;@0,1'?'}2&57?30‘3??20,10 — 2??10,1??'_0,3"?10,4'ﬂ20,2ﬁ§o,5'7?2cu3

+ 2075 aM20.2130,47120,10) - (12.2.33)

By Lemma 12.2.11 and a straizhtforward calculation, each gjs is a modu-
lar form of weight 0 on [7(200) with the multiplier system I. Hence, each
f?¢3 is a modular form of weight 6 on I';(200) with multiplier system v5. By
Lemma 12.2.10, [I'(1) : I'1(200)] — 28800. Let F; denote the difference of the

left and right sides of (12.2.33). Applying Lemma 12.2.8 for a fundamental
region R for I'1(200), we deduce that
6 - 28800 .
Y Ordy, 200y (Fr;5 2) = e 14400 > ord(Fs; 00), (12.2.34)
zEH
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Lemma 12.2.17. For z € H,

’-"?fn”'?go"?goT}'m,1'330141}20:sﬂgo,3350,5H59T15??so:25.ﬂza0,501’}‘2-30,100
X (M10,1M20,10750,107100,30 — T10,17720,107750. 207 100,20
— 2110,3720.2150,20M100,20) + 4'71107?%8735207]1007110,1"?10,3'7?20,2?330._4'7?-25:5
X Wga,g??go,10'??40.1u7]50..5”?5u,;uﬁau,mﬁan,zu"’?%oo,%"'?zuu,luu
= 7??0 7}'30 ?120’-'150 ,10750,207200,507200,100
R (7?:130,17?20,6??:2;0,8:‘?20,10?]'50,5??50,15?}'100,50
Ly T}'?o,a'??zo,2"'150,4?}'20,105?.5-0.5'-’?50.15?.?100,50
- 21.?‘10.1??10.3??20.2??29.4??3{1_ﬁ??20,6?*?20,8'*?5[1.57?5{3,25??100,30
= T?fo,a"'?za,2'7?220,45"?20,104"?.50,55’?50.259'?100,30
= W?O,1'??‘20,6??50,8?3'21'1,107?50.1 575n,25Ton. 10

2 4 : -
— 2110,1710.3720,27120,47150. 577120,67]20,87)50,157750,2571100,10 , - (12.2.35)

By Lemma 12.2.11 and a straightforward calculation, each g? is a modular
form of weight 0 on I';(200) with the multiplier system . Hence, each ff gf is a
modular form of weight 7 on I'}(200) with multiplier system vg. Let Fi5 denote
the difference of the left and right sides of (12.2.35). Applying Lemma 12.2.8
for a fundamental region R for I,(200), we deduce that

7 - 28800

= 16800 > ord(F§; o), (12.2.36)

Z Ord -, (200)(F632) =
zER

Our next task is to take each of the six eta function identities from Lem-
mas 12.2.12-12.2.17 and rewrite them in terms of Ramanujan’s theta functions

fla,b).
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Lemma 12.2.1R8. If f(a,b) is defined by (12.1.5), then
T 1—q5°]
(=" —¢*")
% (¢°f(-4"°,—4") — (=4, —2™))

(QSJ('(_HI' —G'UBif( G.JE} SD)_:)HQ]("—_G.E . 45”(—@40,—960))
FA—2, —¢*)f (9" —4*)(¢*%; 9o (q“:'” s
P~ F — ), ~1)

o

2#_ ! 45 50 50, 5043
T il ¢ )f(goqfa )(q i )WBD m
f(—9%°.,—q _]J( 29, —q™) F (0. ) (g0, —q"7)
(-4, -V (-7 q”){q“‘qw} (47:4™)
I ; 14 Joold 24 oo 12.2.37
o, =2t =) ] (=g — ) (R8T

Proof. Simplify slightly the rlghmhand side of (12.2.25) by using the identity
Thou,50M 00 = 12 Then divide both sides of (12.2.25) by

451/30_18_4

q T507h0,2710,3720,27)20,17]50,107)50, 1‘%0 207150,25 /Tlion-
Using (12.2.23) and (12.2.24) to convert the resulting identity, we de-
duee (12.2.37). [l
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Lemma 12.2.19. We have
(4%, —¢*®) f(—4*°, —¢*°) f(—=¢°°, —¢°°)
Pla”, ="
x (¢ f(—q¢'% —q") + f(—¢*°,—¢""))
==
=42~
< (¢ (=", =) (—q" q6°J+2q f(=4". =) f(=¢*. —¢*))
« P=H " N0 e (qm“ q')
5= q?’“ —qm)f( 19, et
Pl - 35)}”( i 1€ il ) PR
g%, —q%)f(_ = ) ( ¢, ~g") f(—¢*,—¢*)
_ A= —a) f(—q 16)(q”’ 7°)sc (9% ¢%)
f(—q,—q )f( Fo ) G b |

Proof. Simplify the right-hand side of (12.2.27) with the identity ny00 507700 =
1n2,. Then divide both sides of (12.2.25) by

oo

+4q

o0

(12.2.38)

589/30,1

q ??aoi'ho 1'-’}'10 27120.67120,87)50, 5?}'50 107150,20750, 05/7’?100

Using (12.2.23) and (12.2.24) to convert the resulting identity to a g-series
identity, we deduce (12.2.38). O
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Lemma 12.2.20. We have
qsf(—‘ i G e e 0 G
ff*( %, —¢%)
f(—a"%,—¢®)f(—q*, —q3°)f(—q2“; —¢*)f(—-¢*°, —¢°)

+
F2(—q10, —q%0)
- 3¢°A(—¢*,—4™) = f(—¢®, ™). (12.2.39)
Proof. Employ the identity nss 572510725 = 75 on the right-hand side

of (12.2.29) in Lemma 12.2.14, divide both sides of (12.2.29) by

25/4. 2 103
q NsMs.17e, 1?390 10??50 20

apply (12.2.23) and (12.2.24) to express the identity in terms of theta funec-
tions, and finally deduce (12.2.39). a

Lemma 12.2.21. We have

@, ) (=6, —¢*) + ¢ f(¢*°,¢*°) f(—¢"°, —¢™°)
- (¢, q¢* )f(—qs, —4") — ¢* (. ) f (=", —¢")
—af(q".¢°) [(—4%° . —¢*°) +2¢° f(¢"°,¢*") f(—¢°, —q*°)
B (a5 4By p(_ A5 35\ e~ )00 ) 00"
TR W= T e, -

Proof. Using the Jacobi triple product identity (12.1.6), we can readily show
that, for each integer n,

(qSD; QSO)gof(_an : _qIDO—Qn)
(@ ) g, — )

Now use the identity 12072047208 = n4 on the right side of (12.2.31), divide
both sides of (12.2.31) by

= f(g",d®™). (12.2.41)

320/30_2 2
q / Naho, 1?’310 07110.3720,2M50,57750.15750.25

apply (12.2.23), (12.2.24), and (12.2.41) with n = 5,15, and 25, respectively,
and thus complete the proof of Lemma 12.2.21. a

Lemma 12.2.22. We have

10

4. 4 5 1DY2
f(@®, ¢ (f( fQ( g )(9’733{()_0;29’_:‘118))@ _ 4qf(—q*, —qla)f(—qs, _qlz))

2.0 10 a0\ { f(=4,—0°)(q* wld e,
e (M e

+6qf(—q*, —q"%) f(—4°, —qlg))
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_ 4¢5 F(¢%°, ¢°) (f(—qg i i T

0 =0 T —™)
+qf(—g*, —q'®) f(—¢5, —912))
eras o [ L=, =) (=%, —0'*) (0% 4" o (¢*% %) o
Rl = =y )
2(—¢*, —q") f(—q", q W™y )oo( oe)
) f(— )
(g

P 2_5_15_
WA ST g 0] s

a5 f( —f{, —qg)f( fi‘a Q‘p) l;j 10)
1 )(2 F v — Jf( o)
P YT i iw q )(q qql) N i
AR AR e 0~ )f( ) )
- o f7(=4, =) F(=¢", f-;'”)( (g% 2°)x
1@ 0 )( T —qw)f( q*h %)
A= —q) f(—q*,—¢"%)(¢" ;q1°)oc-(q2°;q20)oc>
f(=q,—¢°) f(—q%, —q**) f(—q®, —q*2) )
(12.2.42)

q-,
20 )w

+qf(q"®

—2qf*(—4¢°, —¢"°) +2¢q

Proof. First, employ the identities

2 .2
M20720,10 = Tho,
N20740,10 = Mo,

N20720,4720,8 = 14,

N507150,107)50,20 = 110

n (12.2.33). Second, divide both sides of (12.2.33) by

¢233/6p3

X M50,5750.107)50,157]50,207)50,257)200,501200,100 .

MioT20710.1710,3720,27120,47]20.67/20,8

Third, use the identities (12.2.23), (12.2.24), and (12.2.41) with n replaced by
5,10,15,20, and 25, respectively, and with ¢ replaced by ¢* and ¢°°, respec-
tively. The identity (12.2.33) then assumes the form (12.2.42). O

Lemma 12.2.23. We have

a6 a0 )0 )" %992,

LG R T iy "y
e 440 f(—q,—a®)(¢*; ¢*) e ("% *°)2,
¢fa,q") ( T2~V [~ —)
+2qf(—q4,—qlﬂ)f(—qg,—q”))

+44" f(¢*°,¢"°) f(—¢*, —¢"°) f (¢, —¢"?)




_ (¢, ¢®) (fz(—q. —C) (=0, ~0)(0°107) o0 (47 7)o
. f(—a® —a") F (=02, —¢*®) f(—q*. —q')
f ( 'EI ﬂ— 4 . lﬁ)ﬂqlﬂ. '_0) (qzﬂ.qﬂﬂjm)
f(—q,—¢") f(—¢" —q"*} (- =)

(2 15 ,.35\.(-’: F2r .0 i B
— 4 J\y .y ;'k"J' \ Y sy

P O B 1) (G [ -(qzﬂ;qmbo)
et f(—g,—°) F(—q%, —q' f(—°, —q'2)
i Gl S’ i VT Sl N I e Li. q-) /
—¢*f(q° q45)(‘f2 —q,—¢°) f{ QB )(qw “'LJ'EFD' 7)o
" F(=¢% =~ )i =, ~a®)f(—a*,—1'%)
g (g, —qlS))- (12.2.43)
Proof.  First, simplify (12.2.35) by using the identities

2 .
T]z.jr?ﬁi}._lﬁ == 7}101
H20%40,10 = Mo,

TlzoM20,4720,8 — T4,

N=oMinn 25 — Mas.

Second, divide both sides of (12.2.35) by

7233/6,8

X M=0,5N50,107150,157)50.207)50,251]200, 5071200, 100

1113??20?1;.5 M10,1710,3M20,2720,4720,67120.8

Third, apply (12.2.23), (12.2.24), and (12.2.41) with n rpplar‘@d by 5, 10,
15, 20, and 25, respectively, and with ¢ replﬁced by ¢* and ¢°°, reﬂpectnelj,.
Then (12.2.43) follows. r

We have that:

Let F, denote the difference of the left- and right-hand sides of (12.2.25), and divide
both sides of (12.2.25) by

451/30
q 7867710,21710,37120,27720 AN50,107750,157720,207150,25 /171 hno

We obtain the following mathematical connection with the theta function identity:

Pl=g; a7 fl=g% "o ) (06
fl—ag*.—q") fl—q*.—q'®) f(—q*. —q'%)

Thence:
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18_4
750710,27710,3720.27120,477100,50
2
x (—7?50,5%0?1[}??50,15‘7?50,25??100.40 + 1150,57150,107750,157]50,207150,2577100,40

2. > _ 2

— Ms0,15750,207150,2517100,20 -+ 7150,57150,157]50,207150,2571100,40
2 2 2 2

—21)50,5750,207]50,2517100,307] 100,40 + 7?50.57?50,157?-'50120?1100.40"’?100,50) /

451/30, 18, 4 2
g N50M10,27110,37120,27120,47150,107)50, 15’LD.20’*‘?50,25/??100)

9 16 93 4 2 2 9
(T?m"’?mu’*’?m,17?10,2??203??50.10??50,157?50,20??50.2573190,50 /

Ak l. 30 18 4
g 0 n o 2110, 3M20,21020.4M50,107750,1 512020750, 9%/?1100) _

= 43200/ Qdﬂﬁ{]*?lgfho 2T110,37]20,27120,4T]50,107]50, 10?‘?00 207150, zsf‘nmg

(—a.—¢")f(—a®, —q 12) % m) (q%;qm)m
_ f(—a*.—q") f(—q>. 18)f( —q'%) (a)

18 4
N50710,2M10,3720,27)20,471100,50
2
X (_T?BO.S??‘GOJ[}??&O.IEJWEO.26??100.40 ~+ 150,57150,107150,157150,20M50,2571100,40
2 2 2 2 . )
— 1150,157150,207150,2577100,20 + 21750,57150,157]50,207150,2577100,40
9 2 2 2 2 )
—21]50,57750,207750,2577100,307)100.40 T 1150,57750,15750.207)100,4077100.50 /

589/30

2 2
q 7?"97]‘10 1?}'10 27120,67]20,87]50. 07?50,10'3350,20?350.25/??100) _

2 16 2 4 2 2 a9
(??10??1005'?10,1??10,2??203'?}'50.107?50.15??50,20?350.25T?1un,50/

580/30 18 16 2 2
q / '7?.597]‘10.1'1’]'10‘2??20,67?2018??50,6'-'?50,10'3350,20?350.25/??100) —
580/30 18
=43200/ q / M=soMo, ]?}'10 2120,6720,87]50, 071}0 10750,207]50, zof?]1{][} —

fﬂ(—qg,—q?)‘fl:—qLi _ 16)(1?10' 1U)m(q20;q20}x

= f(—=a,—¢") f(—d®,—'") f(—¢®, —¢"?) (b)
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2.9 _ 1013
N5"00"5.16.1

3 3 2 2 2
% (150,5750,1077100,4077100,50 + 7750,157150,20771100,2077100,50 — 37)50,107150.2071100,25)  /

25742
18 715.1776,17150.107730, 20y — ( 5075715 4 718,17150, 57195, 57125, 107150, 107750, 20 /

2d{4’?2??51> \716.17150,107150, 2y = 9600 / > 135 1m6,1m50,1050,20 — fg(—qﬁ'_l —qlﬁ) (c)

2 | 3
M4Ms0"0.1"M0,2"10,37120,2
x (7250.5??50,15 1150,257100,50 1 150,5M50,157750,2577100,30

2
— T150,57150,157]50,2577100,10 — 750 57]50,1571100,50 — 750, J}l,o 257100,20

2 2
+ 2'7?50'5??.50._25??100:30 — 50,1 5’1’?.50._25'-’?100,10) /
320/30_2 2
q 470, 1“-'?10 27110,37120,27150,51]50,157]50, 20) (??107?207?10 17?10 2??20 4??20 87150,57150,157150,25 /
329/30_2 2 :
329[30?7:57]?@\1‘T]?D,gnmsi’?ﬁo,z?Isu.snsu157?.50,25

q M4Thop, 17?10 97110,377120,2750,5150,157]50, 25) — 9600/ °

f(—a.—a°)(a*: ¢") = (a'% ¢'0)%
= f(_qg? _g?)f(_ng _qIS) (d)

"}?D'f{‘;_'@ TECH1D,1710,47120 4 'figg,gnan,a 1150,157/50,257200,50T/200,100
X':?hﬂ_i??20_10'?}'50,107?100,40 410 3720,2 M50, 107100,40
+ 710,1720.10750,207100,20 + 67?‘-_UJHZU,Z”EU.ZU"?‘.UU,ZU)
= 43?10.1'??10.47720.4?’?::;11,3??4-1107]'50.57?50.t_o'?50.15'7?50_207?.50.25??200.100

Ty ey L 2 10 - ; s
% (MHaM20750 TOUT0,17750,107150 20 + T10T2071007110,47720,2750,10) /
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233/6, 8
q / THoTl20710.1710.37120,27120,47]20,67]20.8
X '7250,37?50,1D?’?w.15?}‘50,207?.50,25??200.507}'200,100) _ (

nlonzo??uﬂﬂoﬂ 5750,107150,15750,207100,507]200,5071200,100

X (7210,1??20.61'?20,8??20,10 = 4??1111'7?1{13'7?10,47?20,21?20,5??20.8
= ??%0.3??2{3?2'7130,47320,10]

=+ T}?g??gg?}ao??50,5?}50,10?}50,207250.25??100,30?}200,50?}200,100

X (2'-"}'?0‘1'7]‘20,67?%0.37?20.,10 -+ 2'3?10,17?]0,3??10,4??2'0,27}'%0‘5'-"]‘20,8
+ 3n%0,31120,2750 47120,10)

- ??foﬂgo%o?Iso,luﬂso.lsﬂ.ao.go??50.25'TI100.,1071200.50??200,100

3 2 2
x (3"?10,1Wzo,e’?zo,s??zo,w . 2'7}'10.17?][]._3??10._:17?2&2"?2{]__5'7]'20,8

3 2 9233/67??077207710,1'fho,z"?zo,z N20,47M20,67120,8
+ 2050 3M20.27M50 47120.10 )-
10,3 129120,4 : / X 1?50.5']50.10’?50,15??50.207?50,25??200,507?200,100)
233/6, 8

q
# M50,5750,10M50,157750,20750,25 77200, 507/200, 100 —

TioM20M0,1T0,3M20,2M20,4720 671208

14400 /

o a5, [ FA—a,—a) f(—2% —a'?) ("% ¢'Y) (2“;{1"“)00
UCL )( f(—qs-—q?)ﬂ— =) f(—qt, —q')
12) quli—qaa—f)f(—q,—q“)tqw:quoo(qm;lqgo)so\

f(-a.-¢")f(—¢", —a") f (—®, —¢'?) )
—q.—q")f (=%, — 12}'&' 7150 (6% %)
f(-¢*,— ‘Jf' 18))‘( ¢, —qml

9 # 185% fz[_ | )ff—q 1 10)( lU,q (QQU' ZD)m
+205(~¢"—¢ ")+ 3 = q,_q YT _gm)f qs ) )

2 Q 12y ¢ 10, 20
! 5 5 3 (_ § \ 3 ”\c 5 oo
— M, 2)(1’ —q,—4")1(—a%,—3'%)(0'%; ¢"*)oc (¢%°; ¢*°)
—2q¢/*(—¢°,

4% ¢, ¢

+uf@"?.¢%) (

f(=¢*. —a") f(—q*. —@'®) f(—q*, —4q'%)
fA(—a*.—q") f(—q*.—q
fO a0 @ a

15y ¢ 10 IU 20
_TB B )(q Joc (@771 )oo)_
A I P ) (e)

O 2 2
MoMl20M50™0.1 720 47120,6 720,58 7150.57150,157]50,257]200,50 77200, 100
% (7710,17720,10750,107100,40 — 110,17120,107)50,20%/100,20
2
— 21m10,37120,27750,207100,20) + 1’4’}'10??,gumu?1100??10 1710,37720,275 471206

ot '?.?2[},3?]2[},1{] M40, 10760, Ma0, 10150, LaTjs0 .20?}‘1'{][};35?3201_190 /
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233 6
/ nloﬂzo?idonm 1710,37120.2720,47120,67]20,8

X 7?50.5"-’?50,1a??so,ls'??50,207?50,25??200_.50??20[},100) . (

B g
MuM20M50%50,10750,207200,5071200.100

n3 n2 5
X (7?1-3,17?-29,6’?20.8??9.0__1ﬂﬂa{mT}‘.an,m?hnn__-—-.n

3 2 "
= N10,37120,2730,477120,107]50,57]50,157]100,50

5

— 2110,11710,2720.2720.4130 51120 61720 81750, 51750,2577100.90

3 2 .

170,37120,27120,47720, 107505 7150,2577100,30

3 2 _ g233/6,8

— 1110,17120.67]20,87]20.107]50.157j50,257]100.10 T07207307110,11110,37120.27120,47120,67120.8
X Mso.5Ms5 17, E s & -

2110,1110,3720,2"20, 4q[_0 51720.61720,87750, 15750, 2577100, 10) / 150.57150,107150,157150,207150,25 ?200_u077200,100) —

23 8 2
q /7?]07?2{]7?50"71[].17?10‘37?2{]52'?72{]..17;'2[],67?20.8

16800 / X 150,57150,107150,157150,207150,251200,507)200,100

e ggc—,)(fz(—qu—qg)f(—qs,— **)(a"% ") '(QQD;QQD)OQ

f(—@*,—a")f(—e*.~ 18}f( —4'%)
3 J('Q(_G,S1 —q?)f(—q‘i,—qm)(qm;qw) ( za,qzo) )
(e —) (-~ f(—¢%, —¢)

~a Fa'%q™) (Qf‘?(—qS, —g )
A(—¢® —a") f(—q*,— 16)( Hog' )x(qgo;qzo)m)
LR f(—a,—°)f(—q%, —q'*)f(—a®, —q'2)
A 4B fz(—q=—q9)f(—q*8,— 2% s
T )( TR T
—2‘-qf2(—q5.~—q15))- (12.2.43)

Q)

We have:
(Fiiz)= Sl = 43200
12
0.57600
2 - 57600
(F3:2) = "1’7 — 9600
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2 - 57600 _
(Fi:2) = T 9600
_ 6 - 28800
(Fs32) = ; = 14400
12
_ 7 - 28800 .
And obtain:

(((1/15 * sqrt(12 * (4800%9))))"1/8

SIII l |
‘-‘II e s 12 (4800 -9y

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

y 2 f,'q
More digits

1.622389603610977569320981470004102150530979016760707997198...

1.622389603610977569320981470004102150530979016760707997198

This value 1,62238... is in the range of the golden ratio value. It can be defined a
golden number. We define golden numbers those in the range that goes from 1.6 to
1,675, 1.e. an interval of 1.61803398

We note that:

(((1/15 * sqrt(12 * (4800%9))))"1/8 *(1.7848+0.88137)

[ O ——
‘S.fl 75 V12(48009) (1.7848 +0.88137)

Enlarge Data Customize A Interactive

Fewer digits
More digits

4.325566489459480065996521165880837030681180325116896840890...
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This result 4,32556...is a good approximation to the value of Cosmological Constant
4.33x10°°° ¢V? in natural units

(((1/12 * sqrt(12 * (4800%2))))*1/7

R oo ——
| — o 12(4800 « 2)
‘lll 12 ¥

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

ZSHA 35

More digits

1.611994554950420107391315321121407878601528310633308658801 ...

1.611994554959420107391315321121497878691528310633308658891

This value 1,61199... is in the range of the golden ratio value. It can be defined a
golden number. We define golden numbers those in the range that goes from 1.6 to
1,675, 1.e. an interval of 1.61803398

Note that:

(((1/12 * sqrt(12 * (4800%2)))) /7 * ((2.7268-0.69897)*(1.328))

| S o—
‘:|l 12 v 12 (4800 - 2) ((2.7268 - 0.69897) - 1.328)

Enlarge Data Customize A Interactive

Fewer digits
More digits

4.341034019613103243821127498452383753564871582313248171425...

This result 4,3410...is a good approximation to the value of Cosmological Constant
4.33x10°°° ¢V? in natural units

(((1/12 * sqrt(12 * (4800%3))))"1/7
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[T

] 12 (4800 - 3)
\'I 12 v

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

#2743 {5

More digits

1.659363441249059998468894975666886829865439502419041316767...

1.659363441249059998468894975666886829865439502419041316767

where 1,6593634... is very near to the 14th root of the following Ramanujan’s class
invariant Q = (Gsos/G101 /5)3 =1164,2696 i.e. 1,65578...

Note that

(((1/12 * sqrt(12 * (4800%3))))"1/7 * 2 *1.3057

where 1.3057 1s a Hausdorff dimension

| —
‘:'IE y 12 48003y »2:1.3057

Enlarge Data Customize A Interactive

Fewer digits
More digits

4.333261690477795280001672339456508267510608716617084494607....

This result 4,33326...is practically equal to the value of Cosmological Constant
4.33x107% eV? in natural units.

(((1/10 * sqrt(12 * (2400%7))))*1/8

S|II l )
‘n'l E y 122400 - 7)
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Enlarge Data Customize A Interactive

M. 16

25_-'115 f.n" N7

More digits

1.608905950768348836938506240641201705808003330039853405286...

1.608905950768348836938596240641201705808003330039853405286

This value 1,6089059... is in the range of the golden ratio value. It can be defined a
golden number. We define golden numbers those in the range that goes from 1.6 to
1,675, thus an interval of 1.61803398

Note that:
(((1/10 * sqrt(12 * (2400*7)))"1/8 * ((2.7268-0.69897)*(1.328))
Where 0.69897, 1.328 and 2.7268 are Hausdorff dimensions

[ O ——
@'E \ 12(2400 - 7) ((2.7268 - 0.69897) - 1.328)

Fewer digits
More digits

4,332716537506659331628209120267747017157718425578262756158...
4.3327165375066593316282091202677470171577184255782627

Linear form
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4+

3+

179+

1+
4+

4+

5+

3+ 1
14+

More

355822487 r

258001949
Enlarge Data Customize A Interactive

f 40x° +44x% - 785x° - 385x% —-1132 x-600 near x =4.33272 | =
4.33271653750665933150753
333548 7% - 76103
236260 7

= 4.332716537506659331 18808

=4.33271653750665933135824

This result 4,3327... is practically equal to the value of Cosmological Constant
4.33x107°° ¢V? in natural units.

Now, we have:

16 * (((((2400*18))/900)))))*1/8

2400 18
165 o —
\ 900

Open code

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

16v2 V3

More digits

25.95823365777564110913570352006563440849566426817132795517...

25.95823365777564110913570352006563440849566426817132795517
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16 * (((4800%3))/300))"1/8

168}48DD 3
ﬁ 300

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

1642 4 3
More digits

25.95823365777564110913570352006563440849566426817132795517...

16 * (((2400%7))/350))"1/8

24007
16 ‘j'
350

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

1642 v 3
More digits

25.05823365777564110013570352006563440849566426817132795517 ...

16 *((((2400%4))/200))*1/8

2400 4
16 .3'
200

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

1642 4 3
More digits

25.95823365777564110913570352006563440849566426817132795517...
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Linear form

25+

1+

22+
1+ 1
16+

More

16v2 V3 ~
25.9582336577756411091357035200656344084956642681713279551705 144

Enlarge Data Customize A Interactive

637200200 x .
————— = 25.95823365777564106388
771170091

x| root of 95x* +59x° —6939 x° - 726 x + 3646 near x = B.26276 | =
25.05823365777564110003113

This result 25,9582 = 26 is the critical dimension of the bosonic string.

In the context of string theory the meaning is more restricted: the critical dimension is the
dimension at which string theory is consistent assuming a constant dilaton background without
additional confounding permutations from background radiation effects. The precise number may
be determined by the required cancellation of conformal anomaly on the worldsheet; it is 26 for the
bosonic string theory and 10 for superstring theory. (from Wikipedia).

Now:

(27%2+12) * 16 * (((((2400*18))/900)))))"1/8

N

| 2400 18

27x2+12)x16 5 ————
\ 900
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Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

105642 3

More digits

1713.243421413192313202956432324331870960713841699307645041...
1713.243421413192313202956432324331870960713841699307645041

(27%2+12) * 16 * (((4800%3))/300))"1/8

| 4800 -3
(27 =2 +12) lﬁ‘il' 300

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

105642 3

More digits

1713.243421413192313202956432324331870960713841699307645041...

(27%2+12) * 16 * (((2400%7))/350))*1/8

[ 24007
(27 22+12) lE"il' 350

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

10564/ 2 33

More digits

1713.243421413192313202956432324331870960713841699307645041...

(27%2+12) *16 *((((2400*4))/200))"1/8

[ 2400 4
(27 22+12) lE"il' 200
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Open code

Enlarge Data Customize A Interactive

Result:
Approximate form
Step-by-step solution

105642 ¥ 3

Decimal approximation:
More digits

1713.243421413192313202956432324331870960713841699307645041...

Open code

This result is very near to the mass of candidate glueball f,(1710) meson.

Continued fraction:
Linear form

1713 +

4+

04

3+ 1
1+

119+ 1
3+

%

663+ 11
3+

2+

S+ 1
20+

11+ 1

Possible closed forms:
More

1056y 2 ¥ 3 =
1713.24342141319231320295643232433187096071384169930764504164005
Enlarge Data Customize A Interactive

1091422 5502619 e
- = 1713.243421413192313201385
979 079

x| root of 4x° —2180 x* - 744 x® — 1486 x° +558 x + 2287 near x = 545.342 =~
1713.243421413192313222033

Now:

(1713.2434214131923132029564323243318709607138416993076)"1/3

Input interpretation:

1,"I 1713.2434214131923132029564323243318709607138416993076

Open code

80



Enlarge Data Customize A Interactive

° More digits

11.965743554321136571146417712828078608206842272098138. ..

This result 11,9657 is very near to the values of black hole entropies 11,8458 and
12,1904

(2P1)/((8(sqrt5))) *
(1713.2434214131923132029564323243318709607138416993076)"1/3

E."I 1713.2434214131923132029564323243318709607138416993076

By 5

Enlarge Data Customize A Interactive

° More digits

4.2028565794125370233026911521072716605184884943405582. ..

This result 4,2028 is in the range of the mass of DM particle that is between 4 — 4.2
eV

(1713.2434214131923132029564323243318709607138416993076)"1/15

1'5'; 1713.2434214131923132029564323243318709607138416993076

Enlarge Data Customize A Interactive

° More digits

1.64281227111847641604539420823322219271934307659689796...
1.64281227111847641604539420823322219271934307659689796

1.642812...% ((2) == = 1.6449

° Linear form
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1+

1+

1+

1+ 1
3+

1+ 1
112+

1+ 1
11+

17+ 1

14+ 1

More

1
=7y (-120 ¢™ + 846 1 — 10 logim) + 47 log(2 7} + 1003 tan ™' (x)) =

1.642812271118476416038276
Enlarge Data Customize A Interactive

695760 768 s
———— = 1.64281227111847641613729
1330521421

f 30x° - 184 x* +147x° +920x° - 1155 x - 256 near x = 1.64281 =
1.64281227111847641622559

Now:
1.64281227111847641604539420823322219271934307659689796* (1.3057+1.328)
Where 1,3057 and 1,328 are a Hausdorff dimensions

1.64281227111847641604539420823322219271934307659689796 (1.3057 + 1.328)

Open code

Enlarge Data Customize A Interactive

° More digits

4.326674678444731336938754726223837288964933860833250157252...
4.326674678444731336938754726223837288964933860833250157252

° Linear form
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4+ 3 1
N 1
16+ 1
24
1 T
£ 1
&4+
1 1
§ 1
B+
1 l
o 1
15+
1 T
i 1
1+
1 T
N 1
16+ I
290+ I
1+ I
25+ I
1+
!
poE T
1+ =

Possible closed forms:
680299059
DT I 4.32667467844473133637773

403964 230
Enlarge Data Customize A Interactive

root of 7x% —1904 x° + 6234 x? + 7790 x + 1357 near x = 4.32667 =~

4.3266746784447313371020

1
root of 1357 x% + 7790 x° + 6234 x° - 1904 x+7 near x =0.231124

4.3266746784447313371020

Note that:

(4.32667 * 493964230)"1/4 * 8

Input interpretation:

Y 4.32667 - 493964230 - 8

Open code

Enlarge Data Customize A Interactive
Result:

° More digits

1720.094...
1720.094...

This result is very near to the mass of candidate glueball f;(1710) meson.

From this result, we can to obtain a good approximation to Pi:
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In(1720.094) * 1/(0.538*2.3296*1.8928)
where 0.538, 1.8928 and 2.3296 are Hausdorff dimensions

Input interpretation:

1
log(1720.094)

0.538 -2.3296 - 1.8928

Open code

e logixiisthe natural logarithm

Enlarge Data Customize A Interactive

Result:
Fewer digits
More digits

3.140477862417781310014896368569899207372512819308474946284...

Alternative representations:
More

log(1720.09) log,(1720.09)
0.538 2.3296  1.8928  2.37229
Open code
Enlarge Data Customize A Interactive
log(1720.09) logia)log,(1720.09)
0.538  2.3296  1.8928 2.37229
Open code
log(1720.09) Li1(-1719.00}
0.538 - 2.3296 - 1.8928 2.37229
Series representations:
More
log(1720.09) Bty

0.421533 log(1719.09) D421533i“‘[_“k‘“
= U (] A — . et
0.538  2.3206  1.8928 2 = k

Open code

Enlarge Data Customize A Interactive
logi1720.00) arg(1720.09 —x
S = 0.843066 i x| g 1
0.538 2.3296  1.8928 2w

@ 1) (1720.09 —x) x*
0.421533 log(x) - 0.421533 Z‘ : fol
k=1 .

Open code
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log(1720.09 (1720.09 - zg) 1
o8 } — 0.421533 {arg i Jlag(—]+0.421533 log(zo) +
0.538 - 2.3296 - 1.8928 x Zo
arg(1720.09 -z % 1) (1720.09 — g0)* 25
0.421533| 18 D}J log(z) - 0.421533 } B
T o k

Open code

o AIZ(zlisthe complex argument
. |x] iz the floor function
. i iz the imaginary unit

o More information
Integral representations:

log(1720.09)
0.538 - 2.3296 - 1.8928

n.0e 1

172
_ 0.421533 f
J1

Open code

log(1720.09) 0.210767 f:m+u=-?-“‘4*?’555 [(-s)” [(1+5s) .
5

0538 2.3206 1.8928  ir
fol ] "

—i oty [(l-s)

And:
2 *1In(1720.094) * 1/(0.538%2.3296*1.8928)

Input interpretation:

1
2 log(1720.094)

0.538 «2.3296 < 1.8928

Open code

e logzixiisthe natural logarithm
Result:
Fewer digits
More digits

6.2B0055724835562620029792737139708414745025638616049892560...
6.2809557... = 2m that is the length of a circle of radius equal to 1

Alternative representations:

More
2 log(1720.09) 2 log,(1720.09)
0.538 2.3296  1.8928  2.37229
Open code
Enlarge Data Customize A Interactive
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2 log(1720.09)

2 log(a)log,(1720.09)

0.538  2.3296  1.8928

Open code

2 1og(1720.09)

2.37229

2 Li1(-1719.09)

0.538 - 2.3296 - 1.8928

Series representations:
More

2 log(1720.09)

0.538  2.3296  1.8928

Open code

2 log(1720.09)

0.538 - 2.3296 - 1.8928
0.843066 log(x) - 0.843066 Z

Open code

2 log(1720.09)

= 1.58513m{

0.538  2.3296  1.8028
arg(1720.09 — =)

0.843066

= D.843066{

0.843066 log(1719.09) - 0.843066 Z —

2.37229

—'? 44255 &

arg(1720.09 —x)

2

+

(- 1) (1720.09 —x)* x*

k=1

k

arg(1720.09 - zg)

Open code

Integral representations:
2 1og(1720.09)
0.538 - 2.3296 - 1.8928

Open code

Enlarge Data Customize A

_ 0. 3430551

Interactive

172009 1

J log(zo) — 0.843066 Z

86

1
J 105[—] +0.843066 log(zg) +
U

(-1 (1720.09 - z)* z5*
k

k=1

o AIZ(zlisthe complex argument
° |x] i= the floor function
. i iz the imaginary unit

L] More information



2 1og(1720.09) 0.421533 r-wf-?-‘*‘“"'-"-” r(-s)? I(1+s) !
a s

0.538  2.3296 - 1.8928 B i i aaty el —s)

And from the closed form:

680299059 «

~ 4.32667467844473133637773
493964230

We obtain:

(((4.32667 * 493964230)*1/4 * 8)))"1/3

{(#4.3255? 493964230 - 8

Enlarge Data Customize A Interactive

° More digits

11.98167...

This result 11,98 is very near to the values of black hole entropies 11,8458 and
12,1904

2 * (((4.32667 * 493964230)*1/4 * 8)))1/3

zfj Y 4.32667 493964230 -8

Enlarge Data Customize A Interactive

° More digits

23.96334...
23.963344472599296136826318934698537192209073618745205

° Linear form
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23 + . 1
N 1
26+ 1
3+
1 T
£ 1
1+
3 l
T 1
1+
3 l
3 1
2+
1 T
i 1
1+
1 1
T 1
4
l 1
i 1
G5+
1 il
T 1
1+
6 1
: 1
2+
1+—=
More
7(8 +31e+68¢%) -
~ = 23.063344472599206(17252
-610-413 ¢ + 258 ¢°
Enlarge Data Customize A Interactive
f 880x° —20267x° - 18849 x- 19620 near x = 23.9633 | »
23.963344472500206152576
1
f 19620 x° + 18849 x° + 20267 x — 880 near x = 0.0417304

23.063344472599296152576

This result 23,963 is linked to the "Ramanujan function" (an elliptic modular function
that satisfies the need for "conformal symmetry") that has 24 "modes" corresponding
to the physical vibrations of a bosonic string and to the black hole entropy value
23,9078

Note that, from:

f 880x° -20267 x° - 18849 x - 19620 near x = 23.9633 =
23.963344472599206152576

We obtain:

18849 /11 = 1713,5454545454545454545454545455
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18849/ 11

Exact result:

18849
11

Decimal approximation:
More digits

1713.545454545454545454545454545454545454545454545454545454. ..
1713.545454545454545454545454545454545454545454545454545454

Irredu 1o

This result is very near to the mass of candidate glueball f;(1710) meson.

Continued fraction:
Linear form

1713 +
T S
le—1
a1
5+=

Open code

Possible closed forms:
More

62830 Wiwad

11
1713.54545454545454 545454545454 54545454 545454545454 5454545454545
Enlarge Data Customize A Interactive
18849
1
1713.545454545454545454545454545454545454545454545454545454 54545

30 (48 £1; +29)
L 1713.54545454545454545400 103
160 £1; - 17

e Wiy iz the Wadsworth constant

o Ayjis Liouville's constant

Thence ,we have the following mathematical connection:

18_4
750710,2710,37)20,27]20,47]100,50
2
x (—7?50,5?’?50‘107?50,15?F.so.zs?hoo.do =+ 150,57150,107750.157150,207150,2577100,40
2 . 5 } 2
— M50,157150,207150,2577100,20 + 21750,57150,157)50,207150,2577100,40
92 o =Bl _ 2
—<1150,57150,207]50,2571100,307]100,40 +??ao.sf’?»ﬁﬂ,laf?sﬂﬂﬂ?3100.407’?10-0160) /

451 /30 18 4 2
o

d 2
q ??507?19.2"?13..5??90._27?20:4'??60,10??-50,1STJrD.Qt}??SC:%/?hc-D) _

2 16 .2 4 g 4 ; 9
(??10??1007?10.1??10.3??20.33?00.107?50,107?50.20??;:0.25??100,50 /
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451,30 2
g "'?Ju?ho 21110,537120,2720,47150,107750, 1u?]dg apTad, 2;/1'?100) —

= 43200/ quuzo 75 o??m 2710,37120,27)20,47150,107]50, 107?¢0 20750, zaX?JmD

f(=a. ") f (=", ") (¢ ¢"%) (6™ )=
f(=a® —4a")f(—-¢* —¢"®)f(- q“- —q“’) (a)

((2400%18))/900 = 48

Input:

240018
Q00

Open code

Enlarge Data Customize A Interactive
Result:
Step-by-step solution

48

Thence:

451/30 2 2
( e ?}00?]10 21110,57120,2120,4750,101750, 15??50,20??50.25/??100 ) =900 and

rdr b R b T4y ,'IH 1!\ L Il 4
JH == ) (=", = )" 50 oo (™54 oo

( f(=*—q)f(—a*—4") f(—a", ") ) = 48
The expression is:

43200 /( Q“USD?}ES??% o 110,3720.27720,4750,107)50., 10?150 opT1E0.25 "J‘hoo ) —

IH=a. ="V [(=a®, —4"") (0" q ]x(;”' 4 "),

:( F(=a —a") f(~2, —q'%) f (g, —q19) ):48

Note that 2400 * 18 =43200; 43200/ 900=48 and 43200/ 1200 = 36.
Thence:

((((2400*18))/1200)))*48
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240018
1200

Enlarge Data Customize A

Step-by-step solution

1728

Thatis: 36 * 48 =1728.

Now:

[(36%48)]°1/3

V 3648

Enlarge Data Customize A

12

2 * [(36*48)]71/3

2 3648

Enlarge Data Customize A

Step-by-step solution

24

And that:

1/ [(36*48)]*1/3

1

—_—

\ 36 48

Enlarge Data Customize A

Step-by-step solution

Interactive

Interactive

Interactive

Interactive
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1
12

Decimal approximation:
More digits

0.0B3333333333333333333333333333333333333333333333333333333...

Possible closed forms:
More

1
T3 = 0.083333333333333333333333333333333333333333333333333333333 33232

Enlarge Data Customize A Interactive
5 Wiyad
18
0.08333333333333333333333333333333333333333333333333333333333333
"Wwad

2 ’H’v‘rad + 3 N
0.08333333333333333333333333333333333333333333333333333333353353

e Wiy is the Wadsworth constant

Thence:

From the Chapter: Transformation Formulas: 10th Order Mock Theta Functions,
we have developed the following Lemma:

Lemma 12.2.18. If f(a,b) is defined by (12.1.5), then

f(—¢°, —a*) f(—¢*°, —¢%) f(—¢*°, —¢*°)
P, )

x (q®f(— q ") — ¢* f(=q*°.—¢""))
f(—¢* ”“}
- f(= ql“ 40)
x (¢ f(—a"°, —¢®) f(- ") —2¢°f(—4®, —¢®)f (4", —d™))
_Qq}”( q‘EZ )f( —q" 6”)(@”“:q”“)oc-(qm“:qm)oo
f(—q —q® )f( q! —qgo)f(—q"m,—qw)

_|_

(= —a*) (4", —¢%)(¢°%; ¢°*)3,
f-4%=, —q2°)f( ql“ g0 (—qzﬂq—qgo)f(—qgof—qm)
_ e, =) (=0, 0™ (@5 0")w (qgu;qza)m

f(—¢*, —q") f(—q%, —q"®) f(—q*, —q'%)

(12.2.37)

and, as new result:
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ZD‘J

A(=a. - ) f (=%, —a'*) (" ") e (6% 7°)
36*( T =P =) [(—F=0"8) (4% —a%) ) = 1728

200,

3 b G o O g T et IO i’ O
2% |36 * ( == =S ) ) = 24

1|'j:|

20. 201
oo

15 =0, —) f(—¢*, —a"*) (0" 0" e (¢®°: ¢°7)
36 * ( H=E=F &) ) = 1.6437518....

1.643751829517225762308497936230979517383492589945475200411

We note that:

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

The value 24 is linked to the "Ramanujan function" (an elliptic modular function that
satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
the physical vibrations of a bosonic string.

1.64375 = {(2) == = 1.6449

Linear form
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1+
1+ 1
1 1
N 1
1+ T
4+ I
5+ I
2+ ;
20+
1 1
N 1
B+ 1
1+ 1
1+ T
9+ .
1+
1 1
i 1
2+ 1
1+ 1
9+
2 1
% 1
1+
1 1

S |
1+=
Open code aan

Enlarge Data Customize A Interactive

Possible closed forms:
More

2253 3 .

1.64375182951722576230849793623007951738340258004547520041102976

3139915 o
4 | ————— = 1.64375182051722583645
18593681

E+E -4 r+i—l—3 ut

et 2e 4m 4 }TSF_?CDSE‘[E}T}

: = 1.6437518205172257653822
sin®?(e m)

And

B =g, - (=2, —¢'*)(@"% 6" o (®°; *")
%( 36+ ( (=% —a")i(—¢ —1"®) f(—1*, —q'°) )+

15 8= )~ ") 0" )l ) o
36 * ( F == (= =9") =% —a") ) ) —

=1.618615670181102435516227417163352011810811958816290019893

Indeed:
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1/2(1728"1/16 + 1728"1/15)

Input:

:—; [”’ 1728 +'V 1728 ]

Open code

Enlarge Data Customize A Interactive
Result:

Approximate form

Step-by-step solution

:_EL [23.-'8 3316 925 ‘SJG]

Decimal approximation:
More digits

1.618615670181102435516227417163352011810811958816290019893...

Open code

Continued fraction:

Linear form
: 1
+
1+ 1
1 1
T 1
1+
1 1
= 1
1+
1 1
N 1
1+
4 1
o 1
1+
1 1
= 1
1+
2 1
N 1
2+ I
2+ I
2+ T
1+ 1
2+
1
+ 1
1+—————
T T
* 1
1+ 1
1+=
Open code h
Enlarge Data Customize A Interactive
Possible closed forms:
More 1
222645775 o
——— = 1.6186156701811024352304 |

432136142

1
\/ 13 (—4081 + 1787 ¢ + 565 7 — 3632 log(2)) = 1.618615670181102425440

root of 865x° +22920 x° —98833 x+ 96256 near x = 1.61862 =
1.618615670181102435522043

95



Alternate forms:
33.1' 16 15[,1 3
+ —
25.!'8 23.!'5

Open code

PG 14 5} SE‘E}

25_-'8

root of 1125899 906 842624 x*° — 5755 399 441 055 744 x7° +
18999560 927969 280 x™ — 332490231 623 946 240 x5 —
148434069 749 760 x®* + 40522501 041 684 480 x* -
862105077 106 606 080 x°° - 36 470250 937516 032 x°° -
63055 126 806 354984 960 x™* + 250732975190542272 x>° —
819369563 241893068800 x* + 7827577 896 960 x*° —
13432123 671183360 x* - 3374567517567 791923 200 x** -
162923206 347 325440 x* + 5666 677 173 780480 x* -
5580889 105880926 126 080 x* + 32199776 876321832960 x*® -
1888892391260 160 x° - 4140497 702729 117859 840 x** -
540848566 163252 183040 x*® - 206 391214 080 x*2 +
495834252 705 792 x*° — 1440211 855454 219 796 480 x°° +
1502565913250900213 760 x*® — 3051287 708 958 720 x*7 -
101420642 598912 x*° — 233772701 611504435 200 x** -
883163826 121628 712960 x** — 224679926 543 155 200 x22 +
15846 975 406 080 x*° — 16 755 940 501 114 060 800 x' +
115227272 119319101440 x'® - 587549251 716 710400 x'7 +
2720977920 x® — 1828497162 240 x1° - 466134667451 228 160 x4 -
2969021418 242088960 x'* - 97492325 961 139200 x1% -
4456961832960 x'! + 146932807 680 x' - 3812563516078 080 x° +
10475 755 128 455 040 x® — 797636990 891520 x7 + 3064 161 260 160 x® -
7346 640 384 x° — 4449309082560 x* - 1717277 189 760 x° —
112495430 B8O x* - 2295825120 x + 157837977 near x = 1.61862

Minimal polynomial:
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1125899006 842 624 x* — 6755399441 055 744 x7° +
18999560 927969 280 x™° — 33249 231 623 946 240 x> -
148434069 749760 x** + 40522501041 684480 x*
862 105077 106 606 080 x™° - 36470250 937516 032 x™ -
63055 126 806 354984960 x°* + 25073297 510542272 x™° -
819369563 241 893068 800 x ™ + 7827577 896960 x™° —
13432123 671183360 x* - 3374567517567791923 200 x** -
162923206 347325440 x* + 5666677 173 780480 x™ -
5580889 105880926 126080 x°° + 32199 776 876321832960 x°° -
1888892 391260 160 x*° - 4140497 702 729 117859 840 x>+ —
540848566 163252 183040 x** - 206391214 080 x* + 495 834 252 705792 x*° -
1440211 855454219 796480 x°~ + 1502565 913250900213 760 x°° -
3051287 7080958720 x°7 — 101420642598912 x*° -
233772701 611504435200 x°* - 883163826 121628 712960 x*° -
224679 926 543 155 200 x** + 15846975 406 080 x™ —
16755940501 114060800 x'° + 115227272 119319101 440 x'® -
587549251 716710400 x'7 + 2720977 920 x'® - 1828497 162240 x'° -
466134667 451228160 x'* - 2969021 418 242 088960 x' -
97492325 961139200 x™ - 4456961 832960 x'! + 146932807 680 x'° -
3812563 516078080 x° + 10475 755 128 455 040 x° — 797636 990 891520 x” +
3064161 260160 x® — 7346 640 384 x° — 4449 309 082560 x* -
1717277 189760 x° - 112495430880 x° — 2295825 120 x + 157837977

This result 1.618615670181102435516227417163352011810811958816290019893
is a very good approximation to the golden ratio!

Note that;

(1.2683+1.3057) * (36*48)*1/15

Input interpretation:
R

(1.2683 + 1.3057) ' 36 .48

Open code

° Units »

Enlarge Data Customize A Interactive
Result:

Fewer digits

More digits

4.231017209177339112182073687858541277745109926519653165857....

Continued fraction:
Linear form
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4+

4+

3+

23+

Open code

Enlarge Data Customize A Interactive

More

7 [5353533
— T CO ————
12 10915619
1163 + 800 ¢ + 823 ¢°
4(45+ 161 e + 10 %)
3249590579

2412868912

J = 4.23101720917733911265645

= 4.23101720917733911234656

~4,23101720917733911201642

This result 4.2310172091773391121820736878585412777451099265196531 is in
the range of the mass of DM particle that is between 4 — 4.2 eV

We have also that:
((((36*48)1/16))™M(((2*0.6309)/2/((2*1.4649))))
where 0.6309 and 1.4649 are Hausdorff dimensions

2 0.630';'-'..-}2 1. 4640
1_;5‘].' 36+ 48 ': 2

Open code

Enlarge Data Customize A Interactive

° Fewer digits
° More digits

1.105536474062154875583860072932148075123111997869765141149. ..
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1.1055364740621548755838609729321480751231119978697651...

Linear form

1+

9+
2+

0+ 1
1+

1+ 1
1+

20+ 1

Enlarge Data Customize A Interactive

More

37978575

3480694
2(126 - 8¢ +51 &%)

331-850¢ + 389 ¢°

2091103816~
= 1.10553647406215487557 1703
5942270147

This result 1.105536474062... is practically (as absolute value) equal to the value of
the Cosmological Constant 1.1056 * 10™°

= 1.10553647406215401 166

= 1.1055364740621548746068

Analyzing the minimal polynomial

If we take a random coefficient, for example 883163826121628712960 and divide it
by 1728, we obtain:

883163826121628712960 / 1728 = 511090177153720320;
511090177153720320 / 1728 = 295769778445440;
295769778445440 / 1728 = 171163066230;
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And:

32199776876321832960 / 1728 = 18634130136760320;
18634130136760320 / 1728 = 10783640125440;
10783640125440 / 1728 = 6240532480;

And:

16755940501114060800 / 1728 = 9696724827033600;
9696724827033600 / 1728 = 5611530571200;
5611530571200/ 1728 = 3247413525

And:

1502565913250900213760 / 1728 = 869540459057233920;
869540459057233920 / 1728 = 503206284176640;
503206284176640 / 1728 = 291207340380

And so on...

We note that each coefficient is divisible three times by 1728. What is the meaning
behind this sort of division performed three times for the same number, in this case
17287

If we take the results of above divisions and multiply them, and then divide twice by
1728, we obtain:

(171163066230%6240532480%3247413525*291207340380)/1728/1728

171163 066230 <6240 532480 3247 413525 «201207 340380
1728
1728

Enlarge Data Customize A Interactive
338286091664464205403826008962137500

3.382860016644642054038260089621375 « 107

338286091664464205403826008962137500
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If we divide them two by two and multiply them together, dividing them by two, we
obtain:

1/2%(291207340380/171163066230)*(6240532480/3247413525)

1 291207340380 6240532480

2 171163066230 3247413525

Open code

Enlarge Data Customize A Interactive

Step-by-step solution

465971504 116873 216
285044 746797832 185

More digits

1.634731070653139328564984223149181366613791398608107505038...

Open code

1.634731070653139328564984223149181366613791398608107505038

TCZ

163473 = {(2) = = = 1.6449

Linear form

: 1

+ : I
y:
1+ 1
1
1+
2+ 1
1
1+ T
4+ 1
24 1
1+ 1
66+ T
1+ 1
24 1
1+ 1
11+ T
4+ 1
2+ I
1+ 1
2+ I
T+ 1
3+ T
1+ I
S+—

More

5 (800 Cyre + 1801)

g 7 C]'.I.'| "R T 5 95 0
Enlarge Data Customize A Interactive

= 1.6347310706531393243735
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20 059 855 \3/4 )
[—} - 1.634731070653139364884
10416761

2391052016«

= 1.634731070653139328589552
4595074739

Note that:
1.634731070653139328564984223149181366613791398608107505038 * 2*1.328

Where 1.328 1s a Hausdorff dimension

1.634731070653139328564984223149181366613791398608107505038 - 2 - 1.328

Enlarge Data Customize A Interactive

° More digits

4.341845723654738056668598006684225700726220054703133533380....

This result is very near to the value of Cosmological Constant 4.33x10°% eV? in
natural units

Furthermore:
(171163066230%6240532480%3247413525%291207340380) =
=1010116857132623485908538001544799180800000

We have:

1/8 * In(171163066230%6240532480%3247413525%291207340380)

1
élcml?llﬁ3D5523G 6240532480 - 3247413525 - 291 207 340 380)

e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive

log(1010116857 132 623485908538 001544 799 180800 000)
B

° More digits

12.08982999125520665379144464145768376445038282072930206319...
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log(1010116857 132 623485908538 001544 799 180800 000)

2
i1s a transcendental number

Alternate forms:

7logi2) 7log3) GSlogs) log221) log(184 700609 004437094738 068 977)
+
4 8 8 4 8
Enlarge Data Customize A Interactive

1
= (14 log(2) + 7 log(3) + 5 log(5) + log(7) + log(11) + 2 log(13) + 2 log(17) + log(31) +

logi37) + logi179) + log(181) + logi443) + log(330233) + logi441 223 243y
7logi2y 7logi3y Slog5y logi(7) logill)y log(l3) log(l?y logi3l)
+ + + + + + + +

4 8 B 8 8 4 4 8
logi37y log(179) log(l81) log443) log(330233) log441223243)
+ + + + +

a8 a8 8 a8 a8 a8

Continued fraction:

Linear form

12 :

+
11+ 1
l? 1
N 1
1+
1 1
= 1
3+
5 1
" 1
3+
1 1
o 1
2+ T
+- 1
1+
6 1
N 1
7+
1 1
- 1
1+ I
He—— g
14—
qp—1
G 1
2+ T
2+=

Series representations:
More

1
3 logi171163066230 6240532480 3247413525 291207340380)=
log(1010 116857 132623485908538 001544799 180799 999

8
[ : ;
i o
1 1010116857132 623485 908538 001544 799180 ?c-;'g-;;'}
8 k
k=1
Open code
Enlarge Data Customize A Interactive
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1
élcg[l?lltﬁBDﬁﬁZBD 6240532480 3247413525 291207340380) =

1 arg(1010116 857 132623485908538 001544 799 180800000 —x)
—inm +
4 2m
logixy 1 2‘”: (-1 (1010116857 132623485908 538 001 544 799 180 800000 — x)* x*
8 8 7] k

Open code

1
élcg[ITIIEBDEEEBD 6240532480 3247413525 2091207340380) =

1
T arg[ e ] argizg ) log(zo)
LT + -

1
4 2 8

1 i (-1 (1010116 857 132623485 908538 001544 799 180 800 000 - 20" z°
B o k

Integral representations:

1
élcg[l'?llﬁBDﬁﬁEBD 6240532480 3247413525 291207340380)=

1 J‘IDIDIIISSS?IBZ623485938538001544?‘99180SIIII:IIIIIIII:I 1
8.1

Open code

Enlarge Data Customize A Interactive
1
3 log(171 163066230 6240532480 3247413525 291207340380) =
I j‘:'uaﬂr
167 =i a4y
1010116857132 623485908538 001544 799 180799999 I'(-s)° I'(1 + 5)
r(l-s)

d5 for -1 0

This value 12,0898 is very near to the value of black hole entropy 12.1904
And:
1/P1 * In(171163066230*6240532480%3247413525%291207340380)

[nput:
1
- log(171 163066230 - 6240532480 ~ 3247413525 - 291207 340 380)
i

Open code

e lomix)isthe natural logarithm
Enlarge Data Customize A Interactive
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Exact result:

log(1010116857132 623485908538 001544 799 180800 000)

T
Decimal approximation:
° More digits

30.78649026798259039706026198325508181617838655241639092338. ..

Decimal approximation:
° More digits

30.78649026798259039706026198325508181617838655241639092338. ..

Open code

Enlarge Data Customize A Interactive

Alternate forms:

141og(2) + 7 log(3) + 5 log(5) + 2 log(221) + log(184 700 609 004437 094 738 068 977)

T
1
—(14log(2) + 7 log(3) + 5 log(5) + log(7) + log(11) + 2 log(13) + 2 log(17) + log(31) +
T

logi37) + logi179) + log(181) + log(443) + log(330 233) + log(441 223 243))
14logi2y 7log(3y 5Slogi5) logi(7y logilly 2log(l3) 2log(l7) log(31)
+ + + + + + + +

T Fis m T T T T T
logi37y log(179) log(l81) log(443) log(330233) log441223243)
+ + + + +

i i I a i a

Continued fraction:
° Linear form

30+

1+ 1
3 1
N 1
1+ T
2+ 1
b+ i
T+ 1
46+ T
2
B 1
3+ T
2+

2+ 1 1
23+
1 1
3 1
16+ I
5+ I

14—

3+

1
17+
2+l

Series representations:
° More
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logi171163066230 6240532480 3247413525 291207 340380)

8
log(1010 116857132 623485908538 001544799 180 799 999)

T

1
Ekm l: 1010116 857132623485 008538001 544 7001 B0 ?'.C'.C'.C'.C'.C']k
=1 k

Open code

Enlarge Data Customize A Interactive
logi171 163066230 6240532480 3247413525 291207340 380)

T
5 arg(1010116857 132623 485908538 001544 799 180800000 —x)
i +
2

logix)

T
EN (-1 (1010116 857132 623 485 908538 001544 700180 800 000 —x < » &
k=1

k

1'..|' i

Open code

logi171163066230 6240532480 3247413525 201207 340380)

m
1
T—arg|l — | — areis,
g[z,:,} 8Z0) | Jog(zg)
2i - -
2 m
g0 (-1/(1010 116857 132 623 485008 538001 544 700 180 800 000 —=q ¥ 25~
k=1

k

Integral representations:
logi171163066230 6240532480 3247413525 291207 340380)

.8
1 j‘lDlD 116857132 23485 008538001544 700180 200000 1

Fi

Open code

1

Enlarge Data Customize A Interactive
logi171163066230 6240532480 3247413525 291207 340380)

) m
i i ooy
2}1’2 =i pa+y
1010116857132 623485908538001544 799 1807999997° I'(—s)° I'(1 + 5)
ril-s
ds for-1 =y =10
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This result 30,7864 is very near to the values of black hole entropies 30,5963 and
30,7812

We have, from the sum of the coefficients:

(883163826121628712960+32199776876321832960+16755940501114060800+150
2565913250900213760)

883163826121628712960 +32199776876321832 960 +
16755940501114060800 + 1502565 9132500900213 760

Enlarge Data Customize A Interactive
2434685456 749964 820480

2.43468545674996482048 x 102!

Now:

1/4*In
(883163826121628712960+32199776876321832960+16755940501114060800+150
2565913250900213760)

1
a log(883163826121 628712960 + 32199776876 321832960 +
16755940501 114060800 + 1502565 913250900213 760)

e lomixiisthe natural logarithm
Enlarge Data Customize A Interactive
logi2 434685456 749 964 820480)
4

More digits

12.31102613129822162100974729252428678673073532220090668761...

log(2 434 685 456 740 064 820 480) |
o 15 a transcendental number

Linear form
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12 +

3+

4+

1+

1+
1+

5+

S+ 1

1

i 1
02238+
1+

1+ 1
4+

1+ 1
8+

Series representations:
More

1
:1_ log(BB3 163826121 628712960+ 32199776876 321832960 +
167550940501 114060800 + 1502565913250900 213 760) =
1 k
103’[2 434 685 456 740 964 220 4?9} 1 M“i [_ 2 434685 456 740064820 4?9}
)
k=1

4 k

Open code

Enlarge Data Customize A Interactive
1
a log(883 163826121 628 712960 + 32199776876 321832 960 +
16755940501114 060800 + 1502565 913250900213 760) =

1 r.rg[2434 B85 456 749064820480 - x) |  log(x)

— + —_—

3 27 4
1 & (-1 (2434685456749 964 820480 - x)f x™*
4 k 101 X

k=1

Open code

1
a log(883 163826121 628712960 + 32199776876 321832960 +

16755940501 114060800 + 1502565913250900 213 760) =

1
1 nm— arg’[g] = al’g[z,:,} lug[z.;.}
— I =

+
2 2 4

1 i (-1)* (2434 685 456 749 964 820480 — z0)* z5*
4 k

k=

—
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1
a log(883 163826121 628712960 + 32199776876 321832960 +
16 755940501 114060800 + 1502565913 250900 213 760) =

1 2434685 456740064820 480 ]
b [ — dt
4 1 t
Open code
Enlarge Data Customize A Interactive

1
a log(883 163826121 628712960 + 32199776876 321832960 +

16755940501 114060800 + 1502565 913250900213 760) =
i ity 2434685 456 749964 820479 I'(—-5)° I'(1 + 5)
L

_an—q'wﬁr r[l—.ﬁll'

s fol

This result 12,31 is very near to the values of black hole entropies 12,1904 and
12,5664

1/((sqrt(5)+1)/2))*In
(883163826121628712960+32199776876321832960+16755940501114060800+150
2565913250900213760)

ﬁ log(883 163826 121628 712960 + 32199 776 876 321832960 +
“{¥3 +1
3! )

16755940501 114060800 + 1502565 913250900213 760)

Open code

e lomix)isthe natural logarithm

Enlarge Data Customize A Interactive
2 log(2 434 685 456 749 964 820 480)
1+v5
More digits

30.43453034212170639085224206089342998092386858188475076236...

Open code

2 log(2434 685456 7490 964 820480) |
— is a transcendental number
1+v5

More
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1
———— log(883 163826 121628 712960 + 32199 776 876 321832 960 +
S(V5 +1)

16755940501 114060800 + 1502565 913250900213 760) =

= 1 ¥
l: 2434685456 749064 B20 479

2 log(2434 685456 749 964820479) 2 il 5
1+v5 1+v5
Open code
Enlarge Data Customize A Interactive
1
e log(883 163826 121628 712960 + 32199 776 876 321832960 +

16 755040501114 060800 + 1502565913 250000 213 760) =
A l aIg(2434 685456 749064 820 480 —x)

. J 2 logix)
+ _

1++5 1++5
(-1 (2 434685 456740 064820 480-x)F v
k

1+v5

2 ¥

Open code

1
T log(883 163826 121628712960+ 32199 776 8763218320960 +

16755940501114060800 + 1502565 913250900213 760) =

1+¥5
arg(2434 685456 749 964 820480 — zg) 1
2 |logizg) + { J[lag[—]+lag[z.;.}}—
2 bty
© (-1)F (2434 685 456 749 964 820 480 — zp)* z5*
k

[~

k=1

Integral representations:

1
i e T logi883 163826 121628712960 + 32199 776 876321832960 +

16755940501 114060800 + 1502565 913250900213 760) =
2 fz 434585 456740964820 480 1
1

1+v5 t

Open code

Enlarge Data Customize A Interactive
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1
I[T}lagtssa 163826 121628712960 + 32199 776876 321832960 +
15 +1
; |

16755040501 114 060800 + 1502565913 250900 213 760) =
i f;w 2434685456 749064 820479~ I'(—s)° I'(1 + 5)

T+ 5 1wy rl-s)

ds tor

Open code

This result 30,4345 is very near to the value of black hole entropy 30,4615

1(((sqrt(5)+1)/2)))2*In
(883163826121628712960+32199776876321832960+16755940501114060800+150
2565913250900213760)

Input:

ﬁ log(BB3 163826121628 712960 + 32199776876 321832960 +
= (V5 +1)
z J

16755940501 114060800 + 1502565 913250900213 760)

Open code

e logzixiisthe natural logarithm

Enlarge Data Customize A Interactive

Exact result:

4logi2434685456 740 064 820 480)
(1+¥5)

Decimal approximation:

More digits

18.80957418307118009318674710920371716599907270691887598809...

Open code

Property:
4 log(2434 685456 749 064 820480) |
— is a transcendental number
(1+V5)

Series representations:
More

[1 — = log(883 163826121628 712960 + 32199776876 321832960 +
- (V5 + 1”
2 )

16 755940501 114060800 + 1502565 913250900213 760) =

(- 1 f
2 log(2 434 685456 749 964 820479) 2 Liy — oot RS0 0AR
3+v5 3+v5

Open code
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Enlarge Data Customize A Interactive

——— log(883 163826 121628 712960 + 32199 776 876 321832960 +
[é[vs + 1}
16755940501 114 060800 + 1502565913 250900 213 760) =

4 l a1g(2434 685 456 740064 B20 480 —x) J
e == 2 log(x)

+
3+v5 3+45

(-1 (2 424685 456740064820 480 —x)F ¢
k

3+45

2 Ef:l

Open code

[1 — v log(B83 163826121628 712960+ 32199776876 321832960 +
= (V5 + 1”
= )

16755040501 114 060800 + 1502565 913250900213 760) = —————
(1+V5 )

4

arg(2 434 685456749964 820480 — z) 1
o J[log[—]+ lng[z.;.}]—
K8

En
S:[-1ﬁ[2434585455?4995482ﬂ4au-znﬁ;@*
k

k=1

log(zg) + {

Integral representations:

T —log(883 163826 121628 712960 + 32199 776 876 321832960 +
(V5 +1))
2 »

16 755940501114060800 + 1502565 913250900213 760) =
2 fz 434685 456740964820 480 1

3+4/5 1 t

Open code

Enlarge Data Customize A Interactive

——— log(883 163826 121628 712960 + 32199 776 876 321 832 960 +
(3 (V5 +1)]
16 755940501 114060800 + 1502565913 250900 213760) =
i fmmq4yh%4%?@9MBm4w*nﬂﬁru+nd
£ IOl

_3fl'+"|"€ﬂ' —i a4y Il -s)
] [l

This result 18,809 is very near to the value of black hole entropy 18,7328

From the product of the coefficients, we have:
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(883163826121628712960%32199776876321832960*16755940501114060800%1502
565913250900213760)

883163826121628712960-32199776876321832 960
16755940501 114060800 - 1502565 913250900213 760

Enlarge Data Customize A Interactive

715972722289651672 191964 120401066036 877700897580713653 423988 -
346007419 931852800000

More digits

7.1597272228965167219196412040106603687770089758071365... x 10%
7.1597272228965167219196412040106603687770089758071365 x 1080

Note that:

(7.1597272228965167219196412040106603687770089758071365x
10780)(1.2619)*12

Where 1,2619 is a Hausdorff dimension

(7.1597272228965167219196412040106603687770089758071365 - 10%7)1261° . 12

Enlarge Data Customize A Interactive

More digits

1.28818... x 1013

This result is in the range of SMBHs entropy contained within the cosmic event
horizon 1,2 * 10'*®

And:

(7.1597272228965167219196412040106603687770089758071365 x
10780)*(4.92906*10°6)*(0.081816) 2*(1.08753)

Where 4,92906*10° , 0,081816 and 1,08753 are results of Ramanujan mock theta
functions (see previous our papers)

7.1597272228965167219196412040106603687770089758071365 - 10
4.92906 10°.0.081816 (2 - 1.08753)
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Enlarge Data Customize A Interactive

628015070798111317 317306 604060620207 918155286213607529 609853
910374240 000000000000000000

6.28015070798111317317306604060620207918155286213607520600853010374
24 x 108
6.2801507079811131731730660406062020791815528621360752 x 10786

This result is practically equal to the Dark Matter entropy contained within the
cosmic event horizon 6 * 10*® . Furthermore, this is a multiple of length of a circle
with radius equal to 1: 2w

1/(5Pi)*In
(883163826121628712960%32199776876321832960*16755940501114060800%*1502
565913250900213760)

1
5a log(883163826121 628712960 32199776876 321832960
i
16 755040501114060800 - 1502565 913250900213 760)

e logzixiisthe natural logarithm
Enlarge Data Customize A Interactive
1
— logi
S :

715972722 289651672191964 120401 066 036877700897 580713653423 988
346007419931 852800 000)

More digits

11.85228639427033142608281825040505417357628967543038281643...

More
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1
= log(883 163826121 628712960 32199776876 321832960
i

2 11
16755940501 114060800  1502565913250900 213 760) = = z'lz—arg[
m

715072722289651672 191964120401 066036 877 700897580713
653423988346007419 931852800000 - I‘}J -

logiy 1 (21
e -1
Sm Sm k
(715072722280851672 191964 120401066036 877 700807580713
653423088346007419 931852800000 - x}k

Enlarge Data Customize A Interactive

Open code

1
5. log(B83 163826 121 628 712960
T

32199776 876321832960 16755940501 114060800

1

1
1502565 913250900213760) = —|logizg) + | —argi
Sm 2

715972722289651672191 964120401 066036 B77700897580713
653423988346007419931 852800000 —z.;.}J

1 =1 k
[lcg[gJ+ 103’[20}}—2‘ E[_l}

k=1
(715072722280651672191964120401 066036877 700897580713

653423 988 346 007419 931852800 000 - z5)° zak]

Open code

1
5 log(883 163826121 628712960 32199776876 321832960
T

1
16755940501 114060800 1502565913250900213760) = E—IDg[

T
715972722 289651672191964 120401 066036877 700897 580713653423

121
88346007419031852 7 e ;w5 W I
9 99 99 999, SN[%k[ (1

715072722 289651672191964 120401 066036877 700897 .
580713653423 988 346 007419931852 799 999))*

Integral representations:
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1
5. log(883 163826121 628 712960 32199776 876 321832960
T

1
16 755040501114060800 150256509013250900213760) = Ew
j-?lsw?z 722289651672 191964 120401066036 877700 897580 713 653 423988 346007 419931 852 800 000

1

1
—dt
t

Open code

Enlarge Data Customize A Interactive

1
5a log(883163826121 628712960
T
32199776876321832960 16755940501 114060 800

I 1
1502565913250900213760) = ——— [
10 7% Joicasy T(1 —5)

715972722 289651672 191964120401 066036877 700897 580713653 "
423988 346007419931 852799999 ['(—s)° I'(1 + 5)ds

This result 11,8522 is very near to the value of black hole entropy 11,8458

1/8 In
(883163826121628712960%32199776876321832960*16755940501114060800*1502

565913250900213760)

1
= log(883163826121 628712960 - 32199776876 321832960
16 755940501114060800 - 1502565 913250900213 760)

Open code

e logzixiisthe natural logarithm

Enlarge Data Customize A Interactive

1

—logi

B o8

715072722 289651672191 964 120401 066 036 BY7 700897 580713653423 088
346007419931 852800 000)

More digits

23.27190991530120804082513730073263854804359154017397188308...

Open code
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11 {
—-lo
3 g
F15072722280651672101 064120401066 036 877700807580 713653423
0BE 346007 419931852800000) is a transcendental number

Series representations:
More

1
= log(883 163826121 628712960 32199776876 321832960

1
16 755940501 114060800  1502565913250900 213 760) = P logi
715072722 289651672191 964 120401 066 036877700897 580713653423

1 &1
988 346 007419931852 799999)~ = > ~(~(1/
8 &k
715972722 289651672 191 964 120 401 066 036 877 700897 .
580713653423 988 346 007419931852 799 999y

Open code

Enlarge Data Customize A Interactive

1
= log(883163826121 628712960

32199776 876321832960 16755940501 114060800
1 1
1502565 913250900213 760} = a i IE_ arg(
i

715972722289651672191964 120401066036 877 700897580713
653423988346007419931 852800000 - x}J -

[l
logix) B E o E[—l}k
8 8 = k
(715972722280651672191 964120401 066036 877 700897580713
653423988 346007419 931 852800 000 - x)*
Lk

x™ forx <0

Open code

1
é 103’[883 163826121 628712960 32199776876 321832960
16755940501 114060800  15025659132500900 213760y =
1
r—arg| = |- argi(z,)
Elﬂ_ g[zlj] glEg +10g[2ﬁﬂ_}§-‘}[_l}k
4 2 a8 a8 e I

(715972722 289651672 191 964 120 401 066 036 877 700897 580 713
653423 988 346 007419 931852800 000 - 51" 25"

Integral representations:
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1
é102@83153825121528?12950 32199776876 321832960

1
16755940501 114060800 1502565913250900213760) = g
I-?lsw?z 722289651672 191964 12040106603 6 877 700 897580 713 653 423988 346007 419931 852 800 000

w1
1
—dt
t

Enlarge Data Customize A Interactive

1
é10m883153825121528?12950

32199776 876321832960 16755940501 114060800

i o 1
1502565 913250900213 760) = — —— [ i
lﬁ}T . —q'-g._‘--}:r I'[l = 5]'
715972722 289651672 191964120401 066036877 700897 580713653 "
423988 346007419931 852799999 ['(—s)° I'(1 + 5)ds

This result 23,2719 is very near to the value of black hole entropy 23,3621

Now, from the sum of the coefficients:

(883163826121628712960+32199776876321832960+16755940501114060800+150
2565913250900213760)

we obtain also:

6121628712960+32199776876321832960+16755940501114060800+150256591325
0900213760))))"1/16

(883163826121628712 960 +32199776875321832 960 +
16755940501 114060800 + 1502565 913250900213 760) ™ (1/16)

Enlarge Data Customize A Interactive

Approximate form
Step-by-step solution

2% 2 391619 471 858 352615

More digits

21.70964285030260014312574140194735046228431183536223817690...

This result 21,7096 is very near to the value of black hole entropy 21,7656
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Now, we have calculated good approximations to golden ratio:
172 * ((((2434685456749964820480)1/101+(2434685456749964820480)"1/103))))

Where 101 and 103 are twin prime numbers

1 . . .
2 [m«‘,f 2434 685456 749 064820480 + ' 2434 685 456 740 064 820 480 ]

Enlarge Data Customize A Interactive

° Approximate form
° Step-by-step solution

5 (2107 g /471858352615 +2'1°1 3711 1% 471858352615 |

° More digits

1.620675358633664283243745225518245534726135348078671427781...

39103 %0 471 858352615 39101 %Y 471858 352 615
+

285_-' 103 233_-' 101
Enlarge Data Customize A Interactive
391102 199/ 471 858 352615 (1 +236/10403 , 318/10403 471 g5g 357 6152/10402)
285_:' 103

° Linear form
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1+

1+

1+

1+ 1
1+

1+ 1
2+

1+ 1
82+

And from the product of the coefficients:

((((883163826121628712960%32199776876321832960*16755940501114060800% 15
02565913250900213760))))1/387

Where 387 = 394 — 7 that are two values of the following mock theta function of
order 10, for n = 10 (the value 7) and n =43 (the value 394):

q[n- 1)(r42),/2

nzgr_r quz::ltwl

Y(g) =

(883163826121628712960 - 32199776876 321832 960
16755940501 114060800 - 1502565 913250900213 760) ™ (1/387)

Open code

Enlarge Data Customize A Interactive

921° {f 3 55/387 95121387 387 1 04 200 609 004 437094 738 068 977

More digits

1.617809499074550678031612164949056918541467923599060657841...

Open code

Step-by-step solution

2219 {f 3 53387 55121387 38 1 04 700 609 004 437 094 738 068 977
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Continued fraction:
Linear form

1+
1+

1+

1+ 1
1+

1+
1+

1+ 1
1+

4+

1+

2+ 1
2+

2+

1+

2+ 1
15+

All 387th roots of 715972722289651672191964120401066036877700897580713653423988346007419931852800000:
More roots
More digits

I Polar form j
2%° {3 53387 . 2217387 °%] 184700 609 004437094 738 068 977 ¢° ~1.61781

(real, principal root)

Open code

Enlarge Data Customize A Interactive
22123 531387 . 9912387 *% 184700 609 004 437 094 738 068 977 £/ /37
~1.61760 +0.026265 i

Open code

22°%[3 5397 . 221%°%7 *%] 184700 609 004437094 738 068977 £'*!™/3%7
~1.61696 +0.05252

Open code

22°%3 5°3%7 . 221%°%7 *%] 184700 609 004437 094 738 068 977 £21™/12°
~1.61589 +0.07877 i

Open code

2%°3[3 5°%87 . 221%3%7 3% 184700 609 004437094 738 068 977 ¢ ™35
~1.61440+0.10499 ;

Open code
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From the two results:

1.620675358633664283243745225518245534726135348078671427781
1.617809499074550678031612164949056918541467923599060657841

We obtain another more precise approximation to golden ratio:

(1.620675358633664283243745225518245534726135348078671427781+1.6178094
99074550678031612164949056918541467923599060657841)/((sqrt((1.2683+0.698
97+ 1.2108+1.1056)/2))+0.538+(1/16)*((6*10"86)))

Where 1.2683, 0,69897, 1,2108 and 0,538 are a Hausdorff dimensions, while 1.1056
is the value of Cosmological Constant and 6 * 10% is the value of Dark Matter
entropy contained within cosmic event horizon

(1.620675358633664283243745225518245534726135348078671427781 +
1.617809499074550678031612 l|54'§'4'§5'135'5'5:'l5354l4L'::'?'§5'235'5’'5:'IZIL'::'CIIL'::S'?84l*r}l,-"f

1 1 46 1088
'\'I 2 (1.2683 + 0.69897 + 1.2108 + 1.1056) +0.538 + [E]

Enlarge Data Customize A Interactive

Fewer digits
More digits

1.618028147651811091138026448546081563286125751484548779631...
1.6180281476518110911380264485460815632861257514845487

Linear form
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1+ 1
1 1
N 1
1+
1 l
= 1
1+
1 1
N 1
1+
1 l
a 1
1+
1 1
hS 1
1+
1 1
N 1
T+ I
14+ 1
1+
2 1
T 1
1+
1 1
g 1
1+ I
11+ I
4=

Enlarge Data Customize A Interactive

More

9 2(24352319

=IOt e
4 21655253

4607618552

0120980963
~12776 -55127 ¢ + 26 652 ¢°

7800 ¢

JE 1.6180281476518110008037

= 1.618028147651811091149437

= 1.61802814765181109120717

This result 1.6180281476518110911380264485460815632861257514845487 is a
very good approximation, practically very close to the value of golden ratio!

Now, we have:

0.538+1/1.9340

In(((883163826121628712960+32199776876321832960+16755940501114060800+
1502565913250900213760)))

where 0.538 and 1.9340 are Hausdorff dimensions

0.538 +

19340 log(883163826121628 712960 + 32199776876 321832960 +

16755940501 114060800 + 1502565913250000 213 760)

e lomixiisthe natural logarithm
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Enlarge Data Customize A Interactive
Result:

Fewer digits

More digits

26.00030844115454316651447216654454350926729125584468808193...

Series representations:
More

1
0.538 +
1.934

16755940501 114060800 + 1502565913250900 213 760) =
0.538 + 0.517063 log(2434 685456 749 964 820479) -

log(883163826121628 712960 +32199 776876 321832960 +

1 ke
@ =
DS].?DEIB Z [ 2434685456?499648204?9}

k=1 L
Open code
Enlarge Data Customize A Interactive
0.538 + 1 934103[883 163826121628 712960 + 32199776876 321832960 +

16755940501 114060800 + 1502565 913250900213 760) =
arg(2434 685456 749 064 820480 - x)
0.538 + 1.03413: fr{ 2 +0.517063 logix) -
i

@ (~1/F (2434 685456 749964 820 480 — x)* x7*
0.517063 for x < 0

k=1 k

Open code

0.538 + log(883163826 121628 712960 + 32199776875 321832960 +

1.934

16755940501 114060800 + 1502565913250900 213 760) =
arg(2434 685 456 749 964 820480 - ) 1
0.538 +0.517063 { chg[ ]

2 z_.:,
arg(2434 685456 749 064 820480 — zq)

2r
& (-1 (2434685456 749 964 820480 — zg ) z5*

k

0.517063 log(zp) + 0.517063

J logizg) -

0.517063

k=1

Integral representations:

0.538 +

1 93410g[883 163826121628 712960 + 32199776876 321832960 +

16 755940501114060800 + 1502565913250900 213 760) =

"2 434685 456740064820 480 ]
0.538 +0.517063 j :
1

dt

Open code

Enlarge Data Customize A Interactive
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0.538 + - 93410g[883 163826121628 712960 + 32199776876 321832960 +

16755940501 114060800 + 1502565 913250000213 760) =
0.538 0.258532 j'nmr 2434685456 749 96482047975 I'(-s)° ['(1 + 5) -
d = 5

s

—i oa+y [(1l-s)

’
ol ] Ll

Continued fraction:
° Linear form

26 +

3242 + 11
0+ I
T+ I
1+ I
1+ T
2+ 1
5+ 1
2+ 1
1+ T
10+ 1
1+ I
6+ 1
4+
3+

1+ 1
2+

1+ —

5+l

Open code

Enlarge Data Customize A Interactive
Possible closed forms:
° More

root of 220x% -5718 x° —65 x* + 303 x — 283 near x = 26.0003 =~
26.0003084411545431644787

1
10 \" -815+19702¢ +4679 1+ 233 log(2) = 26.00030844115454316641099
1

=i

root of 283 x% —303x% +65x% +5718 x - 220 near x = 0.0384611
26.0003084411545431644783

The result 26.000308441154543166514472166544543509267291255844688

in the context of string theory is a good approximation to the value of the critical
dimension that is 26 for the bosonic string theory
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and:

(1.2083+1.5236)+1/8*
In(((883163826121628712960%32199776876321832960*16755940501114060800*1
502565913250900213760)))

Where 1.2083 and 1.5236 are Hausdorff dimensions:

f .
5 log(p) 1+ /73 - 6487 + “j.-““ 73 + 6+/87
( 3+ v"ﬁ) log, 3
log —2

1
(1.2083 + 1.5236) + : log(883 163826121 628712960 - 32199776876 321832960
16 755940501 114060800 - 1502565913 250900 213 760)

e lomix)isthe natural logarithm
Enlarge Data Customize A Interactive

Fewer digits
More digits

26.00380991530120804982513730073263854804359154017397188308...

More

1
(1.2083 + 1.5236) + B logi883 163826121 628 712960

32199776876321832060 16755940501 114060 800
1502565913250900213760) = 2.7319 + 0.125 logi
715972722289651672191 964120401 066036 877 700897580713653 -

kg
423988346 0074199318527990999)-0.125 L E[—[la"
k=1
715972722289 651672191964 120401066 036877700897 -
580713653423 988 346 007419 931852799 999)*

Enlarge Data Customize A Interactive
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1
(1.2083 + 1.5236) + é log(883 163826121 628 712960

32199776876321832960 16755940501 114060 800
1 1

1502565913250900213 760) = 2.7319 + 2 urb—arg[
a

715072722289651672191 964120401 066036 877 700897580713
653423988346007419931 852800000 - x}J -

logixy 1221
s "Iy
k=1

(715972722289/51672 191964120401 066036 877 700897580713

653423 988 346007419 931852800000 — x)*

Open code

1
(1.2083 + 1.5236) + B log(883 163826121 628712960 32199776876 321832960

16755940501 114060800  1502565913250900213760) =

1 1
2.7319 + a i {— 2—[—}T+ argi

T

715972 722289651672 191 964 120401 066 036 877 700 897580
713 653423988 346 007419 931852800000/ o) +
logzg) 1 &1 k
argizo |+ - = =i-1
gl .:.HJ : = é;k[ )
(715972722 289651672 191 964 120 401 066 036 877 700 897 580 713 .
653423 988 346 007419 931852800 000 - 501" 25"

Integral representations:

1
(1.2083 + 1.5236) + 3 logiB83 163826121 628712960

32199776 876321832960 16755940501 114060800

1502565913250900213760) = 2.7319 + 0.125
fﬂs 072722 280651 672191964120 401066036877 700 897 580 713 653423 088346007419931852 B00000

1

1
— dt
£

Open code

Enlarge Data Customize A Interactive
1
(1.2083 + 1.5236) + 3 logi883 163826121 628712960 32199776876 321832960

16755940501 114060800  1502565913250900 213 760) =
2.7319 +

i ooy 1
16! m J—fm+}- r[l — 5}
715972722289651672191 964 120401066036 877 700897580713
653423 988 346 007419931 852799 999" ['(—s)” (1 + 5)d's
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Continued fraction:
Linear form

26 +

262 +

2+
B+ 1
1+

3+ 1
3+

B+ 1

1+

1+ 1
2+

2+ 1
1+

1+

2+

25+ 1
7+

Bp 1.
2+

3+ 11
0+—=

Open code

Enlarge Data Customize A Interactive
Possible closed forms:
More

10 2(13 627782

— & CEC T

9 37997993

x root of 164x* -821x° -5219x% + 6455 x - 94 near x = 8.27727 =
26.003800915301208052804

21092636833

2548260 164

] = 26.0038099153012080483702

= 26.00380091530120804982745838

The result 26.003809915301208049825137300732638548043591540173971 in the
context of string theory is a very good approximation to the value of the critical
dimension that is 26 for the bosonic string theory.
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Appendix A

From:

Three-dimensional AdS gravity and extremal CFTs at ¢ = 8m
Spyros D. Avramis, Alex Kehagias and Constantina Mattheopoulou

Received: September 7, 2007 - Accepted: October 28, 2007 - Published: November 9,
2007

m Lg; d S ‘;'5:-: m LL ] f g SBH
1 196853 12.1904 | 12.5664 1 42987519 17.5764 | 17.7713
3| 2 21296876 | 16.8741 | 17.7715 6| 2 40448921875 | 24.4233 | 25.1327
3 RA2609326 | 20.5520 | 217656 A | BA63ARTTIT03277 | 297668 | A0.7812
2/3 139503 11.8458 | 11.8477 2/3 7402775 15.8174 [ 15.6730
415/3| 69193488 | 18.0524 | 18.7328 7 15/3| 33934039437 |(24.2477 |24.7812
8/3 | 6928824200 | 22.6589 | 23.6954 8/3 | 16953652012291 | 30.4615 | 31.3460
1/3 20619 99340 | 9.3664 1/3 278511 12,5372 | 11.8477
514/3| 86645620 |18.2773|18.7328 81 1/3| 13996384631 |23.3621 | 23.6951
7/3 (24157197450 | 23.9078 | 24.7812 7/3 | 15400406113385 | 50.5563 | 31.3460

Table 1: Degeneracies, microscopic entropies and semiclassical entropies for the first few values of

m and L.

Phenomenological consequences of superfluid dark matter with baryon-phonon coupling
Lasha Berezhiani - Max-Planck-Institut fur Physik, Fohringer Ring 6, 80805 Munchen, Germany
Benoit Famaey - Universite de Strasbourg, CNRS UMR 7550, Observatoire astronomique de
Strasbourg, - 11 rue de 1'Universite, F-67000 Strasbourg, France

Justin Khoury - Center for Particle Cosmology, Department of Physics and Astronomy,
University of Pennsylvania, Philadelphia PA 19104, USA - (Dated: November 17, 2017)
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Using (22) this translates to an upper bound on the mass
of the DM particle:

. 1/4
- A i J-"‘ Irr T r
m=< 4.2 (Emza’g) eV . (24)

Smaller and less massive galaxies result in a somewhat
weaker bound.

The bound (24) on the DM particle mass is the main
result of this Section. It shows that for values of o/m
satisfying the merging-cluster bound ~ 1cm? /g [85-88],
m must be somewhat below 4 eV. The dependence on the

The value of the mass of DM particle is between 4 — 4.2 eV

Appendix B

From Wikipedia:

Order 10

Ramanujan (1988, p.9) listed four order-10 mock theta functions
notebook, and stated some relations between them, which were
Choi (1999, 2000, 2002, 2007).

n{n+1),/2 (n+1){n42)/2 {_I}TE n®
q | q q
=) ——  Ylg=) ——— X(g=) ———
; (9% )nia ﬂziu (9:6°)nt1 ; (—: @)2n
E_l}nq[:‘t—].]1

x(@) =Y

n=il { '?i'?}zn—l

in his lost
proved by

For the second mock theta function, we have take the sequence A053282 in the

OEIS:
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A053282 Coefficients of the '10th order' mock theta function psi(q).

o, 1, 1, 2, 2, 2, 4, 4, 4, 6, 7, 8, 10, 11, 12, 16, 18, 20, 24, 26, 30, 36, 40, 44, 52, 58, o4,
74, 82, 91, 104, 116, 128, 144, 159, 176, 198, 218, 240, 268, 294, 324, 360, 394, 432, 478, 524,
572, 630, 688, 752, 826, 900, 980, 1072, 1168, 1270, 1386, 1505, 1634 (list; graph; refs; listen; history; text;

internal format)

OFFSET
0,4
COMMENTS Number of partitions (d1,d2,...,dm) of n such that 0 < dl1/1 <= d2/2 <= ... <=
dm/m. - Seiichi Manyama, Mar 17 2018
REFERENCES Srinivasa Ramanujan, The Lost Notebook and Other Unpublished Papers, Narosa
Publishing House, New Delhi, 1988, p. 9
LINKS Vaclav Kotesovec, Table of n, a(n) for n = 0..10000 (terms 0..1000 from Seiichi
Manyama)
Youn-Seo Choi, Tenth order mock theta functions in Ramanujan's lost notebook,
Inventiones Mathematicae, 136 (1999) p. 497-5609.
FORMULA G.f.: psi(qg) = Sum {n >= 0} g*((n+l) (n+2)/2)/((1-q) (1-g*3) ... (1-g*(2n+1))) .
a(n) ~ exp(Pi*sqgrt(n/5)) / (2*57(1/4)*sgrt(phi*n)), where phi = A001622 =
(1+sgrt (5))/2 is the golden ratio. - Vaclav Kotesovec, Jun 12 2019

We take the second function:

[n4+1)(n{2)/2

I i q’—
p{q} nz=0 Eq;q2}n+1
We have that:
-1/g+ [sum (((q*((24+1)(24+2)/2))) / (((((QM(((24+1)(24+2)/2)+1))))))], n=0...n
_E . q’-24+1-‘ {24422

q +”=D q’-24+13 (24+42)/2+41

n+1 B E

g 9
And

~1/0.461538+ [sum (((0.461538°((24+1)(24+2)/2))) /
(((((0.4615387(((24+1)(24+2)/2)+1))))))], n=0...n

1 n0.4f 1538-:24+1] (2442)2

- 0.461538 +“z=ln 0.46153824+11:(24+2)/2+1

Enlarge Data Customize A Interactive

2.16667 (n+1)-2.16667
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Less

n 2.16667in+ 1)-2.16667

1 2.16667
2 433334
3  6.50001
4 B.66668
5 10.8333
6 | 13.
7  15.1667
B 17.3334
9 | 19.5
10 21.6667
11  23.8334
12 26.
13  28.1667
14 30.3334
15 325

Forn=24,q=0,461538 we have 24 * 2.16667 = 52,00008 (note that for n = 12, the
result is 26).

The expression is:

[24 * (((0.461538"((24+1)(24+2)/2))) / (((((0.461538"(((24+1)(24+2)/2)+1)))))]

045 1538':24+ 1p{2442)'2
0.46 1538':24+ 1p={2442)'2+1

° More digits

52.00005200005200005200005200005200005200005200005200005200...

Enlarge Data Customize A Interactive
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52.000052 (period &)
For n =60, q =0,0337 we have:

[60 * (((0.0337°((60+1)(60+2)/2))) / (((((0.03377(((60+1)(60+2)/2)+1)))]

D.DEE?:G:H 1y{E0+2)2

60 DDBB?‘&:HI" (B042)/2+1

Enlarge Data Customize A Interactive

More digits

1780.415430267062314540059347181008902077151335311572700296...

Thence:

[(((60 * (((0.03377((60+1)(60+2)/2))) / (((0.0337(((60+1)(60+2)/2)+1)))]))) -
(CCLC(24 * (((0.461538M((24+1)(24+2)/2))) / (((((0.461538™M((24+1)(24+2)/2)+1)))]

0.0337(60+1)+(6042)/2 0.461538/24+1)(24+42)2
o 0.033?:60”] (60+2)/2+1 27 0.46 1533{24“] (2442)/241
Enlarge Data Customize A Interactive
More digits

1728.415378267010314488050205180956902025151283311520700244 ..

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

2((CCCCCCLe0™(((0.03377((60+1)(60+2)/2))) / (((0.03377(((60+1)(60+2)/2)+1)))))
— (((((24*%(((0.4615387((24+1)(24+2)/2))) /
(((0.4615387(((24+1)(24+2)/2)+ D)D" 1/3
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|I 0.033760+1):(6042)/2 0.4615 38124+ 11124422
24

2 3 60 — :
"IJ 0.0337/60+1)-(60+2)/2+1 0.46153824+11:(2442)/2+41
Enlarge Data Customize A Interactive
More digits
24.0019...

This value is linked to the "Ramanujan function" (an elliptic modular function that
satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
the physical vibrations of a bosonic string.

Forn= 18 and q = 0.75, we obtain:
[18 * (((0.75™N(18+1)(18+2)/2))) / (((((0.75™M((18+1)(18+2)/2)+1))))))]

G_?S'!lﬂ-il] (1842)2

18
O_'?S':]S-fl] (18+2)/241

Enlarge Data Customize A Interactive

24
For n =27 and q = 0.3648649, we obtain:
[27 * (((0.3648649((27+1)(27+2)/2))) / (((((0.3648649((27+1)(27+2)/2)+1)))]

0.3648649(27+1)(2742)12
0 3543 549':2 T4+12 742241

Enlarge Data Customize A Interactive

More digits

73.99999287407476027428234395799650774848443903483179664582...

Note that:

[27 * (((0.3648649°((27+1)(27+2)/2))) / (((((0.3648649°((27+1)(27+2)/2)+ 1))
 ((([18 * (((0.75°((18+1)(18+2)/2))) / (((((0.75°(((18+1)(18+2)/2)+1)))]
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0.3648649'27+11M27+2)2 . 075! 18+11:(1842)/2
0.364864927+1):(27+2)/2+1 0. 75! 18+11:(1842)/241

Enlarge Data Customize A Interactive

More digits

1775.999828977794246582776254991916185963626536835963119499...

And

[((27 * (((0.36486497N(27+1)(27+2)/2))) /
(((0.3648649°N(((27+1)27+2)/2)+ NI 1/3 * [(((((18 * (((0.75°(18+1)(18+2)/2)))

/(((CC0.757(((A8+T)(18+2)2)+1))))H)NT*1/3

|| 0 364864912?+1] (27422 || 0 ?5-:18+13l {1842)2
al 27 ; 3 :

"lll D.3548549"2?*” (2742)/241 \‘l 0.75!18+1):(18+2)/2+41

Enlarge Data Customize A Interactive
More digits
12.1101...
And
|| 0_354354gi2?+1] (27+2)/2 || G_?S':IEHIJ {18+2)/2
2|3 27 3 18

"'J D.3548649"2?*” (2742)/241 '1,‘ 0.75!18+1):(18+2)/2+41

Enlarge Data Customize A Interactive

More digits

24.2202...

Where 12.1101 is very near to the value of black hole entropy 12,19 and 24,2202 is a
value that is linked to the "Ramanujan function" (an elliptic modular function that
satisfies the need for "conformal symmetry") that has 24 "modes" corresponding to
the physical vibrations of a bosonic string.

135



References

Ramanujan's Lost Notebook, Part I, by George Andrews and Bruce C. Berndt
(Springer, 2005, ISBN 0-387-25529-X)!

Ramanujan's Lost Notebook, Part II, George E. Andrews, Bruce C. Berndt (Springer,
2008, ISBN 978-0-387-77765-8)

Ramanujan's Lost Notebook: Part III, George E. Andrews, Bruce C. Berndt
(Springer, 2012, ISBN 978-1-4614-3809-0)

Ramanujan's Lost Notebook: Part IV, George E. Andrews, Bruce C. Berndt
(Springer, 2013, ISBN 978-1-4614-4080-2)

Collected Papers of Srinivasa Ramanujan — 15 mar 2000 di Srinivasa Ramanujan
(Autore), G. H. Hardy (a cura di), P. V. Seshu Aiyar (a cura di), B. M.  Wilson (a
cura di), Bruce Berndt (Collaboratore)

136



