On some Ramanujan equations: mathematical connections with ¢, {(2),
Monstrous Moonshine and various parameters of Particle Physics. I1
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Abstract

In this paper we have described and analyzed some Ramanujan equations.
Furthermore, we have obtained several mathematical connections with ¢, {(2),
Monstrous Moonshine and various parameters of Particle Physics.
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We want to highlight that the development of the various equations was carried
out according an our possible logical and original interpretation



From:

The legacy of Ramanujan's mock theta functions: Harmonic Maass forms in
number theory - Ken Ono - Emory University

First few minimal polynomials

n xhn — (284n — 1)p(n)xM—1 4 .
1 x* —23-1x% + 3% — 419
7 5 _ A7 . x4 4 169650, 3 _ orasg . 1002873176 1454023
X  — NS G a7 /".’ -+ T?‘f—i— a7
3 X‘T —F1 s 23{ + 1312544 5 — 723721 .x, + 44643582886 3
- A 71 R L B 712 A
0188034683 ,2 | 166620520876208 , 2791651635203
LI 5 T 713 XT 712
8 7 90326{}3 0 5 | 3949512800743 , 4
4 x©® —05.5x" + — 0455070x° + 052
9?’215753021 3 - 97T76785708507683 , 2
B 05° X
__53144327916296 , _ 134884469547631
104 . 54.10 -

Now, we analyze the following equation:

xhn — (24n —1)p(n)x"—1 ...
Forn=1
x"\3-23*1x"2+3592/23x-419

Input:

3502
234127+

x-419
3




Result:

3592 x
X —23x +

_419

Plots:
.1I
50 |

50 |
100 |
-150|
-200 |
-250 |

¥

2x108 |

1 %108 |
........ e}
B0 | 500100
-1x108 |
—2%108 |

_3x108 |

Alternate forms:
1
o (23 x" - 529 X7 + 3592 x - 9637)

3502
x([x—EB}x+ - ]-419
( 23}3 1391( 23} 3319
X-—| —— |- —=|-—
3 60 3 27

Real root:
X = 13955

13.965

Complex roots:
x=45173-3.0079 ;

x=45173+3.09079;

Polynomial discriminant:
4565299489

12167

(# from 0 to 14.4)

(x from =138 to 138)



Properties as a real function:
Domain

R
Range
R | real
Surjectivity
surjective
K is the set of real numbers
Derivative:

o
—[x3—23x2+

dx

3592 x 3592

23

-419]:3x2-45x+

Indefinite integral:

. 3592 4 23x 1796 %7
I[—419+ : I—23x2 +I3}JI= x—— * + 9 —-410 x
: 23 4 3 23

Local maximum:

2782 | 1391 [ 1591
3592 x \123 3319 23 \123

~ A1} = .
%) 621 27 3 3

mﬂx{x3 _23x*

Local minimum:

—

| |
2782 | B2 Tk
3319 \I 23 _ 23 \I 23

= 27 621 ' 3 3

3592 x

min{x3 _23x ¢

Forn=2:
xN5-47*2x"4+(169659/47)x"3-65838x"2+(1092873176/47"2)x+(1454023/47)

Input:

16965
X —A7x2x% 4 ity

1092873176 1454023
x° — 65838 x° + X+

472 47

Result:
169659 x°

1092873176 x 1454023
X —04xt 4 —o —65838x% +

¥
2209 47




Plots:
¥
25%108)
20x10% |
1.5x10% |
1.0 %108 |
500000 |

[x from =1.2 to 33.8)

_soooonf] 1915 200 25 30

v

2x10!3|
1 1013 |
| . X from =564 to S64)

200 | 200 400
_1 w1013 |

- 40

—zx1013 |

_3x101d|

Alternate forms:
2200 x° — 207646 x* + 7973973 x° - 145436142 x° + 1092873176 x + 68 339081

2209

169659 1092873176 1454023
x(x(x([x—94}x+ J—65838]+ ]

2209 47
Real root:
x = -0.062018

-0.062018

Complex roots:
x = 20.6403 - 12.6922

x = 20.6403 +12.6922;
x =~ 26.3907 - 12,3761
x = 26.3907 + 12.3761

Polynomial discriminant:
2528238138127 819617 117455890 143 164552 778 601

- 52599 132235830049




Properties as a real function:

K is the set of real numbers

Domain
R (all re:

Range
R 0 real

Surjectivity
surjective onto
Derivative:
d 169 A59 x° 1002873176 1454023
| I e o L LM i s
dx 472 47

508077 x* 1092873176
5x* -376x° + il 131676 x + FUPEATEANS
2209

Indefinite integral:

11454023 1092873176 169 650 x°
I T T R P ka0, SN | [P
: 47 2209

x® 94x° 169659 x* ; 546436588x° 1454023 x

— - - -21946 x7 +

6 5 188 2209 47
Local maximum:

160 659 x° 1092873 176 x 1454023
11'.1&11{{3;35 AT 2xt T _B5838x° + + }
472 47
1300272 ar x = 65625

Local minimum:

: 169 659 x° 1092873 176 x 1454023
n‘un{x5 a7 2xY s T T B5838x° + + } e

472 47

617871 ar x = 21.403



Forn=3:

XM-T1%3x76+H(1312544/71)x15-
723721x 4+(44648582886/7172)x"3+(9188934683/71)x2+(166629520876208/71"
3)x+(2791651635293/71°2)

Input:

x =71 3x6+ i
918893468312 166 629520876208 2701651635203
+ X+

71 713 712

1312544 4406485828806

xS—?23?21x4+-—————?r————x +

Result:
i g 1312544 5° 4, 44648582886 x°
¥ =23y —————— =727 x4
71 5041

0188934683 166 620520876208 x 2791651635 293
71 ’ 357911 ’ 5041

1| P G A te E1 2
1x10- | //_, [x from =19.4 to £1.3)

T X
=20 | 20 40 G0

o | ~  |xfrom-1278to 1278)
500 500 1000

f ai ]
I|' -1 %10 |

Alternate forms:
@5?911x?-?5235343x6+

357911
6616534304 x° — 259027706831 x* + 3170049384906 x* +
46321419737003 x° + 166 629520 876 208 x + 198 207 266 105 803|



x[x [x [x [x [[x— 213 x + - 723 ?21J+
15552952[)8?52()8} 2791651 635 293
357011 r 5041

1312544J 44648582 885} 9188 934583]
e -

5041 71

Real root:
x =~ -3.82803

-3.82803

Complex roots:
x = -2.74264 - 1.06423 i

x = -2.74264 + 1.06423
x =53.2947 - 31.6846
x =53.2947 + 31.6846

x = 57.8619 - 31.6254 i

Polynomial discriminant:
A=
~(122306 003 717526555 105 694 803 361 386 003457879331 530415917038 -
237161108 279333230415809828 983538 342898 752489/
752 359 350923790893 319 063566 949457370 471)

Properties as a real function:
Domain
R (all real numbers

Range
R .:!E real numbers

Bijectivity

bijective from it

K iz the set of real numbers



Derivative:

df o, g 1312544 4 44648582886 x°
— - T1x3x% s ——————— 723721 x% 4 +
dx 71 71

0188034683 x° 166629520876208x 2791651635293
+ + =

71 713 F1=

5 s 5562 720x" ; 133945748658 x°
Tx"-1278x" + ————— 2804884 x" +
71 5041

18377860366 x 166629520 876 208
71 N 357911

Indefinite integral:
J'[2?91551535293 166629520876 208 x 9 188934683 x~

+ +
5041 357911 71

+

44648 582886 x° . 1312544x° e
—723721xY s ———— = _213x"+x" |dx =
5041 71
X 213x7 656272x% 723721x° 22324201443 x*
8 7 213 g 10082
0188934683 x° 83314760438104x° 2791651635293 x )
213 & 357911 k 5041 P
Forn=4:

X8-95%5x7+(9032603/95)x"6-9455070x 5+(3949512899743/95"2)x -
(97215753021/19)x*3+(9776785708507683/95"3)x*2-(53144327916296/192)x-
((134884469547631)/(5°4*19))

Input:

9032603
¥ -05.5x + — x® — 0455070 %" +

3949512899743 , 97215753021 , 9776785708507683

X X + xz—
052 19 053
53144327916 296 134 884469547631
x_
192 5% .19
Result:
g - 9032603 x° :
X' —475x" + ———— _ 9455070 x" +

3949512899743x* 97215753021 x° 9776785708 507683 x°

9025 10 " 857 375
53144327 016206x 134884469547631
361 11875
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Plots:

2 %1012 |
1 %1012 | {x from -0.3 to 18.3)
~1x1012]
-2x1012|

| |
\‘ 2.0%10% | ||

1.5 %107 |

{ (% from -2850 to 2850)

10107 |

5.0 % 10 |

2000 —1000 1000 2000

Alternate forms:
et [4235 875 x® — 2036265625 x” + 407596210375 x° -
4286875

40532703206250 x° + 18760186273770925 x* - 21934304275363125 x° +
48883028542538415 x° — 631088 894006 015000 x — 48 693 203506 694 ?91}

9032603] 3949512 899 ?43]

x(x (x (x (x (x ([x—4?5}x+ - 0455 DTD]+ 9025
9?215?53[)21} 0776 785 ?DESD?&EBJ
+ e

19 B57375
53144327916 296 J 134884469 547631

361 11875

Real roots:
x = -0.0766863

x = 16.1807
16.1807

Complex roots:
x =~ -0.123902 - 5.45402 i

x=-0,123902 + 5.45402 |
x=112.822 - 66.0681:
x=112.822 +66.0681:

x =116.75 - 66.0535

11



Polynomial discriminant:
A=
-(16303 706 823 851487469 124604901 546 922325 379 204 956 360511639 -
365811312022416 725852746 265661511558 134436491 724 732456
917039 804 476 277 042 644939 842908 733761/
8876466 339898690 179501496 341752910 614013671 875)

Properties as a real function:
Domain

R (all real numbers

Range
(yeR:y=-2.02135x%x10")

K iz the set of real numbers

Derivative:
d( g . 9032603 x° :
—|x" -05.5x" + ————— Q455070 x" +
dx a5
3040512899743 x* 097215753021 x° 0 776785708507683 x2
| N _
g5 19 053
53144327916296 x 134884469547631
192 54 %19 -
54195618 x° 15 798051598972 x°
Bx” —3325x% + 200X 47975 3502 4 £
95 0025
201647259063 ¥ 19553571417015366x 53 1443270916296
19 i 857375 361
Indefinite integral:
j~ 134 884460547631 53144327916 296 x
11875 361 ’
9776 785 708507683 x° 97215753021 x°
857375 19 " )
3049512899743 x* 032603 .
i i —9455D?Dx5+E——————£——4?5x'+x8dx::
9025
& 475 x®° 032603 x” 3040512 800 743 x°
P L P X 157584550 2230212099 A3
9 8 665 45125
07215753021 x* 3 258028560502561 x°
76 % 857375 B
26572163058 148 x* 134 884460547631 x .
361 11875 o

12



Thence, we have the following results:

16.1807; -3.82803; -0.062018; 13.965 from the sum, we obtain:
(16.1807 -3.82803 -0.062018 + 13.965)

Input interpretation:
16.1807 - 3.82803 - 0.062018 + 13.965

Result:
26.255652

26.255652

From which:
1+(([1/(16.1807 -3.82803 -0.062018 + 13.965)]"1/7))

Input interpretation:
|
I 1
1+7
\ 16.1807 - 3.82803 - 0.062018 + 13.965

Result:
1.626080284500375628200048641634877987206665023756074306736. .

1.6269802845...

Multiplying the results, we obtain:
(16.1807 * -3.82803 * -0.062018 * 13.965)

Input interpretation:
16.1807 « (-3.82803) - (-0.062018) - 13.965

Result:
53.64525762266855877

13



Repeating decimal:
53.64525762266855877

53.6452576....

From which:
89/(16.1807 * -3.82803 * -0.062018 * 13.965)

Input interpretation:
89

16.1807 - (-3.82803) » (-0.062018) - 13.965

Result:
1.659046930597492314988205672127604954674092871643273450190...

1.65904693059..... result very near to the 14th root of the following Ramanujan’s
class invariant Q = (Gsos/G101 /5)3 =1164.2696 i.e. 1.65578...

From the sum, we obtain also:
1/16(16.1807 -3.82803 -0.062018 + 13.965)
Input interpretation:

1
16 (16.1807 — 3.82803 - 0.062018 + 13.965)

Result:
1.64097825

1.64097825
or:

-3.82803; -0.062018; 13.965; -0.0766863 from the sum, we obtain:
(-3.82803 -0.062018 +13.965 -0.0766863)

Input interpretation:
-3.82803 - 0.062018 + 13.965 - 0.0766863

14



Result:
0.0082657

9.9982657 result very near to the black hole entropy 9.9340, that is equal to
In(20619)

From which:
1+(1/(-3.82803 -0.062018 +13.965 -0.0766863))"1/5

Input interpretation:
|

I 1
s
A ‘ul -3.B28B03 -0.062018 +13.965 - 0.0766863

Result:
1.630979232144283110759090634444211355669807299929612036364. ..

1.630979232144...

Multiplying the results, we obtain:
(-3.82803 * 0.062018 *13.965 *-0.0766863)

Input interpretation:
~3.82803 - 0.062018 » 13.965 » (-0.0766863)

Result:
0.25424464452274919493

Repeating decimal:
0.254244644522749194930

0.254244644......

From which:
((exp((((-3.82803 * 0.062018 *13.965 *-0.0766863))))))"2

Input interpretation:
exp”(-3.82803 » 0.062018 » 13.965 » (-0.0766863))

15



Result:
1.662777320642077920001686837618729280705507115909326532978 ..

1.6627773206... result very near to the 14th root of the following Ramanujan’s class
invariant Q = (6505/6101/5)3 =1164.2696 i.e. 1.65578...

or:
1+ 1/(((2Pi*((((-3.82803 * 0.062018 *13.965 *-0.0766863)))))))

Input interpretation:
1

1
+2n[—3.828ﬂ3 0.062018 - 13.965 - (-0.0766863)

Result:
1.6259901320602116826418453430998378379543606203552977599840._ .

1.625991329...

Alternative representations:
1 1
1+ Ry (G ——
(27 0.062018 (-3.82803 - 13.965 (-0.0766863)) 91.5281°

1 1
1 =1+-
i+ (2m 0.062018 (-3.828B03  13.965 (-0.0766863) i 0.508489:log(-1)

1 1
1 2
" (27)0.062018 (-3.82803 - 13.965 (0.0766863)) 0.508489 cos ‘(- 1)

Series representations:

i 1 " 0.491652
3 (27 0.062018 (-3.82803 - 13.965 (-0.0766863) i e -1
k=0 1+2k

1 0.983305

1 e
7 (27)0.062018 (-3.82803 - 13.965 (-0.0766863) . T 2
k=1 {2 k]

L)

16



1 - 1.96661
J (27)0.062018(-3.82803  13.965(-0.0766863) —* (-6450k)
lk_l:l 3.!-:]

Integral representations:
1 0. 983305
" (27)0.062018 (—3.82803 - 13.965 (—0.0766863)

1412

i 0.491652
i =l+————
(2m)0.062018 (-3.82803 - 13.965 (-0.0766863y le*ull 1-#2 gt
1 L 0.983305

" (2 0.062018 (~3.82803 - 13.965 (—0.0766863)) +medt
r

From the sum, we obtain also:
1/6(-3.82803 -0.062018 +13.965 -0.0766863)

Input interpretation:
1
¢ (-3.82803 - 0.062018 + 13.965 - 0.0766863)

Result:
1.66637761666666666666606666660666666666666066666066H6G66GH6...

Repeating decimal:
1.666377616 (period 1)

1.666377616666...... result very near to the 14th root of the following Ramanujan’s
class invariant Q = (Gsos/G101 /5)3 =1164.2696 i.e. 1.65578...
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Now, we have:

Example for E : y? = x>+ 10x% — 20x + 8.

A F(—A) L'(E(D), 1)
—3 1.02671490116. .. 1.4792994920 . ..
—4 1.2205364000 . .. 1.8129978972 ...
—136 —4.8392675903 . .. 5.7382407649 . ..
139 6 0
—151 —0.8313568817 ... 6.6975085515. ..
—815 121.1944103120... 4.7492583693 ...
—823 312 0

From the above equation, we obtain:
x3 +10x"2 - 20x + 8

Input:
X +10x -20x+8

Plots:

BOD |
600 |
400 |
200 |

{x from =13.9t0 7.2)

18



200000 |

100000 |
| [x from

—

e e x
il 20 | 20 40 A0
100000 |

zoonon !

Alternate forms:
X(xx+10y-20y+8

3

10 160 10y 4016
x+— | - X+ — |+
[ 3 J [ 3 J 27

Roots:
X o= — ll?Sg

x = 0.57452
x=1.1842

Polynomial discriminant:
A= 0472

Properties as a real function:
Domain

R

Range
R ] real

Surjectivity

surjective

Derivative:

i
:—[x3+10x2—20x+8]=3x2+20x—20
ax ]

Indefinite integral:

£

10 x°

+

b X
f[8-20x+mx2+x3].-;x: T

~10x° +8x

19

K is the set of real numbers



Local maximum:

16 10 410
3 i = —— =
max(x +ll:lx2—2l:lx+8}_2?[251+8D\."1D] tx=— -
Local minimum:
16 4410 10
minfx® + 10 -20x +8} = - (80 Y 10 - 251) ar x = i
27 3 3

Definite integral area below the axis between the smallest and largest real
roots:

oot of 8-20 X410 x2 4x° nen x=1.18421 3
f (8 -20x+10x° +x7)
f28-20x+410 x24x% new x=—11.7587 j

4 4
H[—8+2Dx—1DxZ—x3]dx:[—§+ El]

({1 199 156 227200 ; 22/°
| 5 2524480 - -

Y 125691391048 343369 + 13968975 010 143 V111
199156227200 - 22343

‘34'}—125 691391948343360 +13968975010143:v 111
r

- {{ 2[-125591391948 343369 + 13968975 010143 i+ 1 1] =

— f —
V3 i(z [-125591391943 343369 + 13968075 0101434/ 111 ] ]] "

-0.477379

#x) is the Heaviside step function

Definite integral area above the axis between the smallest and largest real
roots:

" oot of B-20 x+10 x24x® ner x=1.18421

I B (8-20x+10x° +x°)

tof 8-20x+410 x24x3 near x=-117587 '

A8 -20x+10x" +X°|dx =

| ,
8 1 199 156227200 243
5 ||[§ [125224D+ ; +
\ \'“-12559139194834335%139589?5010 143iv111
.'
i( 2 [—125 691391048 343360 + 13968975 0101434/ 111 ] ]] -
2118.72

2118.72 result very near to the rest mass of strange D meson 2112.3

20



From which, inserting in the expression the value of polynomial discriminant A =
9274, we obtain:

2% 9274/ (((( -4.8392675993/3 + 10%4.8392675993"2-20%(-4.8392675993)+8)/2 + (
-5.7382407649/3 + 10%5.73824076492-20*(5.7382407649)+8)/2)))-7

Input interpretation:
1
2 92?4;"[5 (-4.8392675993° + 10 - 4.8392675993" - 20 - (-4.8392675993) + 8) +

1
- (-5.7382407649° + 10 5.7382407649% + 20 » (-5.7382407649) + 8]]— 7

Result:
136.1140341536590944541587315790150237885671917986795986875. ..

136.114034153...

and:
2% 9274/ (((( -6"3 + 10*672-20*(-6)+8)/2)))+(8*1/2)-1
Input:

9274 ol
i e
51[-53+1r:| 6% — 20 (-6} + 8) 2

Exact result:
4739

34

Decimal approximation:
139.3823520411764705882352041176470588235294117647058823520. ..

139.38235294...

2% 9274/ (((( -63 + 10%6°2-20%(-6)+8)/2)))+(8*1/2)+11

Input:
9274

2 S
+ =ik
(-6 + 1067 — 20 (-6) + 8) 2

g
2

21



Exact result:
5147

34

Decimal approximation:
151.3823529411764705882352941176470588235294117647058823529...

151.3823529411...

A% 1/(((9274/ (((( 121.194473 + 10%121.194472-20%(121.1944)+8)+ ( 4.74925"3 +
10%4.74925/2-20*(4.74925)+8))))))-15

Input interpretation:
1

& 0274 -15

[121.1944% +10+121.19442 420{-121.1944 )48 }+(4.74925° +10 -4, 749252 420 (~4,74925)+8)

Result:
815.2022793172031861656243260728919560060383868880741858960...

815.202279317...

1/2(((((9274% (((( 31273 + 10%31242-20%(312)+8)/2)+8*1/2)))))))*1/9274"2-21

Input:

1 , 1 1
[92?4[— (312° + 103122 ~20-312 48] + 8 —J] 91
2 0 2)) 92742

1
2
Exact result:

3819941
4637

Decimal approximation:
823.7957731291783480698727625620012939400474444684062971748...

823.795773129...

22



Now, we want to analyze again the previous equation:
xhn — (24n—1)p(n)x"—1+...

For n =1, and putting the equation equal to 1728, we obtain:

XA5-47%2x M +(169659/47)x3-65838x2+(1092873176/4772)x-+(1454023/47) =
1728

Input:
169 65 1092873176 1454023
X —47 2x4+ﬂ13—55838x2+ i X+ =1728
47° 47
Exact result:
169659 x° 1092873176 x 1454023
X -04xt s T _65838x° + + = 1734
47 2209 47

Alternate forms:
2200 x° — 207646 x* + 7973973 x° — 145436142 x* + 1002873176 x = 64521929
169 659 x°

1092873176 x 1372807
X —0axty T "~ 65838 x° + ? i A -0
47 2200 47
169659x° 1002873176x 1372807
X+ St + : I+ =94 x" + 65838 x°

47 22009 47
Real solution:

x =~ -0.0585807
-0.0585807

Indeed, from

xhn — (24n —1)p(n)x"—1 4 ...

for x =-0.0585807, we obtain:

(-0.0585807)5-(24%2-1)*2(-0.0585807) 4+(169659/47)(-0.0585807)"3-65838(-
0.0585807)"2+(1092873176/47/2)(-0.0585807)+(1454023/47)

23



Input interpretation:

169 659
(—0.0585807)° — (242 —1)» 2 (-0.0585807)" + (—0.0585807)" —

., 1092873176 1454023
65838 (-0.0585807)" + T (-0.0583807)+ ——

Result:

1727.979581746689191675210379176792483079841557265731100045...
1727.9795817... = 1728

Furthermore, we obtain also:

(-0.0585807)75-(x*2-1)*2(-0.0585807) 4+(169659/47)(-0.0585807)"3-65838(-

0.0585807)"2-+(1092873176/4772)(-0.0585807)+(1454023/47) =
1727.979581746689

Input interpretation:

(—0.0585807)° — (x =2 — 1) 2 (-0.0585807)" +
169659

[—CI.IIZISSSSIIZI'?\&3 - G5 838 [—D.GSSSSG?}2 +
1092873176 1454023
— . (-0.0585807}+ —— = 1727.979581746689
472 47
Result:
1727.98 - 0.0000235531(2x-1y=1727.979581 746680

Plot:

4000 |

3000 |

1000 \

o g ! p ; = 1727.98 =0.0000235531 (2 x =1}
4=10° -2 w107 | 2x10° -

| = 1727 979581746689
1000 | 1727 979581746689

Alternate forms:
0.00113055 - 0.0000471062 x = 0

1727.98 - 0.0000471062 x = 1727.970581746680

-0.0000471062 (x — 3.66826 x lCIT] = 1727.979581746689
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Solution:
X = 24,

24 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.

And again:

((((-0.0585807)5-(24%2-1)*2(-0.0585807) 4+(169659/47)(-0.0585807)"3-65838(-
0.0585807)"2+(1092873176/47/2)(-0.0585807)+(1454023/47))))*1/15

Input interpretation:

; . 169659 ;
ﬁ-uﬂssssa?} ~ (242 - 1)~ 2(-0.0585807y* + (~0.0585807)° -
o, 1092873176 1454023y .
b5 838 (-0.0585807) + T (—0.0585807) + ] (1/15)

Result:
1.643750534658057753630587245387375830506126563752760485016. ..

1.64375053465.....

((((-0.0585807)"5-(24*2-1)*2(-0.0585807)4+(169659/47)(-0.0585807)*3-65838(-
0.0585807)"2+(1092873176/47/2)(-0.0585807)+(1454023/47))))"1/15-(21+5)1/10"3

Input interpretation:
U—Dﬂssssa?ﬁ-424 2-1)-2(-0.0585807)" +
169 659

(-0.0585807)° — 65838 (-0.0585807)° +

1092873176 1454023 1
——— «(-0.0585807) + (1/15)-(21 +5)x —
472 47 10°

Result:
1.617750534658057753630587245387375830506126563752760485016. ..

1.6177505346589....
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From:

Can’t you just feel the moonshine?
Ken Ono (Emory University) -

http://people.oregonstate.edu/~petschec/ONTD/Talk2.pdf - March 30, 2017

We have:

Using the K3 surface elliptic genus, there is a mock madular form

H(T) = q ¥ (—2 + 45q + 2317 + T70q® + 2277¢* + 5796¢° + ...)

2mit

If gq=e™", forit=i(1+1), we obtain from the above expression:
exp(2Pi*i*(1+1))

Input:
expi2miil +i)

Exact result:
=2m
£

Decimal approximation:
0.001867442731707988814430212934827030393422805002475317199...

0.0018674427...

Thence, inserting this value in the expression, we obtain:

==l

H(T) = q~8 (—2 +45q + 231¢* + 770q° + 2277q" +5796q° + ...)

(0.0018674427)7(-1/8) (-
2+45%0.0018674427+231%0.0018674427/2+770*0.0018674427/3+2277%0.0018674
42774+5796*0.001867442775)
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Input interpretation:
0.0018674427 "% (-2 + 45 . 0.0018674427 + 231 - 0.0018674427° +

770 - 0.0018674427° + 2277 - 0.0018674427% + 5796 - 0.0018674427°)

Result:
-4.20047008...

-4.20047008...

We obtain also:

(((-(0.0018674427)(-1/8) (-
2+45%0.0018674427+231%0.0018674427/2+770%0.0018674427°3+2277*0.0018674
4277°4+5796*0.0018674427°5))))*1/3

Input interpretation:
-0.00186744271'F

(-2 +450.0018674427 + 231 - 0.0018674427° + 770 - 0.0018674427° +
2277 -0.0018674427"* +5796 - 0.0018674427°)) ~ (1/3)

Result:
1.61348884. ..

1.61348884...

From:

Applications of Harmonic Maass Forms
By Michael John Griffin - UMI 3708974 - Published by ProQuest LLC (2015).
Copyright in the Dissertation held by the Author.

We have:
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o~

; gl
For n a nen-negatiwe integer, the coefficrent of g" 21 in Uy

15 qren by

DN A e )
eq(Lp)—=2m — i ] X
ec W, p——i—; Nh \/2 ot ﬁ
( _*:M : 2 :]_;\;!
v KGLw-tm) 4w | hop 1] 1))
= = == 4] |.
%; c 3\ ¢ eh? ' 24| | 24\)
(e.Nh)=(y,Nh)

We know that:

Returning to f(g), the problem of estimating its coefficients a(n) has a long history

one which even precedes Dyson’s definition of partition ranks. Indeed, Ramanujan’s
last letter to Hardy already includes the elaim that

n(r /2 1 ol /2 _ 1
(_l)n_telp(" 6 ) . o ehp(g‘ 6 m)

ok i =l
WVr—mn B a3

a(n)

Indeed:

S. Ramanujan to G.H. Hardy - 12 January 1920
University of Madras

o
2

el (=l 5)

~((CCCCC(((exp(Pi*sqrt((16/6-1/144))) / ((2(sqrt(16-1/24)))))))) +
exp(Pi/2*sqrt((Pi/6-1/144))) / ((sqrt(16-1/24)))))))
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Input:

| |
B _ 1 g i
- +
| |
-NEES 16- -
(A)
Exact result:
; e
~ I| i Ilu 383 n|f12 9 I| i L2V 7/6-1/144 x
\ 383 \ 383

Decimal approximation:
-21.7921604566254747127459424621662443480967531405723267207...

-21.79216....
Now, from
1 _(hay? + I
Z Z €g(Lp)—7="2m ch 21 X
ecWq p—_—tu Nk \/j L, _'_ Qi

{l"\: N ,}_c\_h

r
¥ |

L s
L c 2]

_ex0
(e,Nh)=(~,Nh)

Ix’c{%.L-._yﬂ,—l.ﬂ.) (47r /| (h, )2 i

we obtain:

(((1535/(437 1)-(85 m)/437))(2Pi)/sqrt2)* [((16°2)/(6°2)+1/24)) / (16+1/24)]0.25 *
1/8 * (((exp(((2Pi*((1%(-243)/5 + 2%(5+8)/13)*1/8)))))))*
(4Pi)/8*sqrt(((((16™2)/(6"2)+1/24))*(16+1/24)))

Input:
16 i 0.25
(B, 2n ) e | 1
437 437) vz /|| 16+ 1 8
24
1 5+8y 1y 4nx |I 162 1 1
EXP[EH([l[E[_E’”S}J*Z 13 J é]] ?‘-,}[52 24](15 24J
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Result:
—21.79216...

-21.79216... result equal to the value of the previous Ramanujan formula

Series representations:
1

(B 8)v2

1_5'-3 1 0.23

ek 2 (1 2(5+8) 164 1 1

A Exp[—}r[— (-2+3)+ i D (4 ) / — + — [15+—]

16 + - g \5 13 V|62 " 24 24
2

4
1535 85
( __J[ .i"I'}:
437 x 437
kil 198 275 kL
D e e b ol e B B [
0.019868 x |-18.0588 exp( }T]z [ z}k[ 1728 } 7
20 k1
k=0
k( 1y (198275 _ \ _—&
el CH IR o o)
P20 k! /
k=0
o (-1F(-1) 2-=)f 5
L k1 for (ot (zpeR and -
k=0 :
1
8 B)vV2

162 1 4025

e 2 /1 2(5+8 164 1 1
S 2 ‘34 Exp[—n[— -2+ + 4 }D 4 m / —_—+ — [15+ —J
16 + L g8 |5 13 Ve 24 24

24
1535 B85«
( e _][ .i'T} =
437 437
198 275
11x arg[m - xJ
0.019868 r |-18.0588 Exp(—]exp im
20 2

w (—1F [1932?5 _ x}k e {__l}k

1728 2 2 1l
+r exp[—}
e k! 20
198275 klosa7s 4k ki 1
ex arg{ 1728 —JC} o (-1 [ 1728 I} X [ E}k II"
i 2 = k! /

. 1||-I.'. u

o (-1 @2 -xfx* [——l}k]
Ior {2 I

arg(2 — xj 2
o[22 £
k=01
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8. 8vV2
162 1 40.25 ;
ez 2 2 8 G 1 1
B a4 xp[— (—[2+3+ }D }/—+—[16+—J
6L 8 V62 " 24 24
24

1535 8L5nx
=

43?fr 437

0.019868 [i]—ljz |arg(2-zg (2 m)]+1/2 Imgﬂ 1?%;5 i ]f"tzml Z,;l'llz |argiz-zg Y2 m)]
En

[ 11 Ir] 1/2 lmg{mlizzgs -Z0 :III-".12 IrIII
0

—18.0588 rexp

ko1 198 275 L
o O ol s ool
z +1° exp z
e k1 20
k
= (-1f {__%}k [lgig?js?s _z':'} 7 ;[“’ 1 {_El}k 2-%0)" zak]
e k1 / = k!
1
8. 8vV2
162 1 40.25
2 Vg 2 2(5+8) 6: 4 1
xp[— (—[2+3+ ]] ) —+—[15+—]
16+ 1 g Vg2 24 24
24
1535 8L5nx
o .
43?}1’ 437
1 12 largi2-zg i@ ml+1/2 mg{”’”ﬂ -plfzm| _y i
0.019868 [z ] I 1728 W Jzul,zlalng 20 W2 m))
o
(528 o/

18.0588 11my 12|
= ex
g p[ 20 ] o

3 mile [E% ./ e exp| 121;]212[&5{1913;;5 o))
k=0 i
@ (-1 {__%}k [% _z':'}k 7 ;[ = 1 {_El}k 2-7) %' ]
k! / k!
k=0

,.r
)

or:
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-((0.5070258573)(2P1)/sqrt2)* [(((1672)/(672)+1/24)) / (16+1/24)]"0.25 * 1/8 *
(((exp(((2Pi*((1*(-2+3)/5 + 2*(5+8)/13)*1/8)))))))*
(4P1)/8*sqrt(((((1672)/(672)+1/24))*(16+1/24)))
Input interpretation: i

g 16% 5 i 0.25 g
—[D.SD?DESES?B :] [—1] -

v 2 16 + = 8

1 5+8y 1y 4nm |I 162 1 1
Exp[En([l[—[—E+3}J+2 ] —]J pea g il et S [15+—J
& 13/ 8/ 8 \|6 24 24

Result:
-21.79216...

-21.79216... as above

Series representations:

162 1 3223 [

= 2 (1 2(5+8) (162 1 1

L2 gl a(l 209+ 280 lam [[30 4 (164 )

16 + ~ g8 \5 13 V62 24 24
24

1y 198275
(-3 (e o) =

k

110} e
0.0517901 % exp( ") ZiL,
0.507026 (2m) = -

-1 (-3 ) 2=k 5

25:10 hIH

1
8. 8)v2

162 1 40.25 |
7 2 (1 2(5+8) (162 1 1
Lol Exp(—n(—[—2+3}+ ]] C 0 | [:usH—}
16+ L g \5 13 V|62 24 24
24

0.507026(2m =

:ug{ 198275 _x] . q_1_1;;;|:1l.:~s 275 -I:fk"_k':‘li.]k
2 k=0 k!

0.0517901 »* EXP[%}EXP[:H{—HL ¥ 1728

- oL
EXP[”lm :;21_11“2:;3 1_1]k¢2_1f!1_k|: E]k
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1

8 8)v2
162 1

0.25 [
TRe 2 1 2(5+8 162 1 1
£ 22 Exp[—n[— (-2+3)+ ) }D (4 ) |I e [15+ —}
16 + — g8 \5 13 V62 24 24

24
0.507026(2m =

: 117y 1 yV2larsz-zp W2 m|+12 |aug 1‘:'13?38?5 ~zg )tz m)|
0.0517901 ° ex [—][ ] AT
T =P 0

Ep

|
—

=12 |arg(2-=zn W2 m)]+1/2 |El| gl: % ~Zp) :II.-"I':Z :r]|

iy
ki 1% (198275 Wk Ef 1) k&
o 10 (-2) (BEE 5 5 ;[i 1 (-3), @2-2) 5 ]
k=0 ki / k=0 &
and again:

(1/((Pi*0.6277981322)))(2Pi)/sqrt2)* [(((1672)/(6°2)+1/24)) / (16+1/24)]70.25 * 1/3
* (((exp(((2PI*((1%(-2+3)/5 + 2%(5+8)/13)* 1/3))))))*
(4Pi)/8*sqrt(((((16°2)/(6"2)+1/24))*(16+1/24)))

Input interpretation:
162 1 40.25
1 27 || @@ * 2 1
r+0.6277981322 7 || 16+ L 8
24

1 5+48y 1y 4n |I 162 1 1
Exp[zn([l[—[—2+3}]+2 ] —]J pea g il et S (15+—J
5 13 ) 8 B y[62 24 24

Result:
-21.79216...

-21.79216...
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Series representations:

|

2
162 .1

0.25
62 24
16+51;] ExP[i”{é[_2+3}+%}}[4m\/[1~ 24}[16+_}][2”}

((r 0.627798)(8 Bpv2
(L), (502 o

0.162703 x exp( ") i,

L Lt
S 1:"1} ) @-=0F ¢
Zie s
for (not (zpeR and —o< 25 < 0)
162 1 40.25
o2 % 3l 2548) e
[ 16+;1;] ExP[s”[s[ A0 12 ”[4’“\/[63 +24}[16+24} (2 m)

((r 0.627798)(8 Bnv2

mg{msws_x]”?ﬂ - ”kl:mizgs Tk —kl: _]
k=0

2nm k!

0.162703 exp[% } exp[: T

—1F 2 x-“{-%]k

EXP[’ £ [m ;i_ﬂ J} Z:Lu X
for R and 0
ﬁﬂ— 0,25
[L;Hfj] exp[gn[,_g[_hmﬂ%mu[m\/[lf 24}[15_}][2”}
24

((r 0.627798)(8 Bpv2

e | 1_-'2[alg-:Z—zD],-'-:En:lj+1_-'2|m 10”?5
lo. IEETDSNEXP( - J[ ]

z,;,].'qz ﬂl

En

znl {2 |arg(2—zq W2 m)]+1)2 |mg|: lqlfméﬁ le|-"l-:2 :r]|

o, (L) (P o ), 1F () @k
k! / 2‘ k!

k=00 =)

From which:

~(1/((Pi*0.6277981322)))((2Pi)/sqrt2)* [(((16°2)/(6"2)+1/x)) / (16+1/x)]"0.25 * 1/8 *
(((exp((2Pi*((1#(-2+3)/5 + 2*(5+8)/13)*1/8))))))*
(4Pi)/8*sqrt(((16"2)/(6"2)+1/x))*(16+1/x))) = -21.79216
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Input interpretation:
1 2

T 70.6277981322 3
162 1]&25

2

1 1
el - Exp[E T ([1 [5_, (-2 + 3}] +2
X

8

J(E 25 2)] - zrome

A2 x x

Result:
e [(1 64y/1
_2.48961 [+ 2 |(— ; —][— y 15} — _21.7922
1416 Vix 9 Jlx
X
Plot:
-21.65
-21.70
=21.75
=21.80
-21.85
-21.80
-21.85

-10 : 10 20 3o

Alternate form assuming x is real:

f
[(16x+1)ibdx+D [ Bdx+0

0.25
= 26.2597
\ X 144 + QJ ?

Alternate forms:

143738 [ (2 + #)(L + 16 (64 x - 9)°%
\I[I 9.' x }

= = -21.7922

(- 16 x — 1}0.25

| |
\ 64x+9 | 1024x° +208x+9

= 45.4831
\ 16x+1 "ql x?
1 | 64025 |
TR | 1024x% +208x+9
-0.829871
LY \ &
X

Alternate form assuming x is positive:
(16 x + 1)°%° (64 x + 9" 7 = 45.4831 x

5

= -21.7923

o |



Alternate forms assuming x>0:

1 64075 ;1 0.25
—EAEQEI[—-r——J [—-+15] — _21.7922
X Q X
1 64075 ;1 0.25
[—2A8951+D:1L-+——] f-+15] _ _21.7922
x 9 X

Solutions:

x = -0.0519004
x = 24.0001

24.0001 =24 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.

and:

[((1/((Pi*0.6277981322)))((2Pi)/sqrt2)[((16°2)/(6"2)+1/24)) / (16+1/24)]10.25 1/8
[exp((2Pi((1*(-2+3)/5 +
2%(5+8)/13)*1/8))))](4Pi)/8*sqrt(((((16°2)/(6"2)+1/24))(16+1/24))))](1/6)

Input interpretation:

|

162 1 4025
1 2m |62 T2
7+0.6277981322 7 | 16+ L 8
24

1 5+8y 1y 4n |I 162 1 1
Exp[ﬂn[[l[—[—2+3} +2 ] —J] rrcrre B Figoerc: T [15+ —]
S 13 / 8/ 8 |6 24 24

6)

]A[llﬂl

Result:
1.671283199351855910864385526644339544073633144643303077899. ..

1.67128319935....

From which:
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[((1/((Pi*0.6277981322)))((2Pi)/sqrt2)[(((1672)/(6"2)+1/24)) / (16+1/24)]0.25

[exp(((2Pi((1%(-2+3)/5 +

2%(5+8)/13)*1/8))))](4Pi)/8*sqrt(((((16°2)/(6"2)+1/24))(16+1/24)) ] (1/6)-

(2°2+772)/10"3

Input interpretation:
162 1 40.25
1 2 m '7' 2k 24 1
7x0.6277981322 3 | 16+ 8

162
eofer (o W ] N

PRy

10°

]A

(1/6)-

Result:
1.618283199351855010864385526644339544073633144643303077890 ..

1.61828319935....

Series representations:

|' 162 1 025
PR A} 2(548) ) The 1 62 24
| EXP[SH[S (—-2+3)+ = ”[‘HT}.J[ 5 + }[ ][[Efﬂ[ 16+;}; ]
6| i ~
\ (8 8)(r0.627798)v2
1 (1) u1c'3w5 Ik &
22 , 72 ’TEXP[MT}ELD -3 Lﬂs o0
= 0.738867(-0.0717315 + ; :
& — o0 -:—l]kl:—E:lk-:E—zD]kzD_"':
.‘ll Lk:ﬂ k!
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162 1 \0-25
Exp{i }T{é -2+ 3}+%”[4ﬂ'}\/{1?62 - i {15 + i}][[Em[_ﬁ;i‘i ] ]

24
[+]

(8 B)(r0.627798)V2

22 472

= 0.738867 |-0.0717315 +
10°

g{m‘sz?s_ﬂ” zo i lﬂlasz?s_ ].kx-k{_%]k
2n =0 k!

al
;rexp{“—" } exp[z ;r{—lﬂﬂ—' 1728

-1F 2-xf x| -

\ explir | 22220 )) S TP

R and x < 0

1

20k

162 1 .25
Exp{i }T{é -2 +3)+ %”[4}“‘\/{%2 - 2%1 {15 - i} ][[Em[_ﬁfﬁ,{f_‘t ] ]

24
6 TN
(8  8)(r0.627798)v2
2570
10°
11wy 1 v1/2 largE-zg)@mi+1/2 lsug 1915_:,2;5 z,:,l|.'12n;ll
0.738BB67|-0.0717315 + }TEXIJ( 20 ][ J

=1/2 [argi2-zn Y2 m)]+1/2 |E|.l g{ 191 ig ;5 -z :|II."I-:2 m ]|

5
: ki 1 198 275 kI
e {_E}k[ 1728 —z,;,} o |y

k! /

k=0

[N [ {—é}k 2 —zg)* za"‘
£ k1

™1/ 6)

=0
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Now, we have:

In physical terms the monster Lie algebra m is (“about half” of ) the space

of “physical states™ of a bosonic string moving in the quotient

24 1 ld 7 i
(R*/A @R /M1,4) /(Z/2Z) (7.4)

ol e N T sl ey T on T ATT o 2400 L 7T 1.- 4l
L e LU=l lelisnallaAal Lol s 1125‘1 T J.L‘LJ,‘ 1123:_[ = s ‘)’41 iR F il 1_1 I}_\ [BERS

Kummer involution 2 — —a, The monster Lie algebra m is constructed in a
functorial way from V7 (cf. |66]). inherits an action by the monster from V7,
and admits a monster-invariant grading by Iy 4.

The denominator identity far a Kac-Maoody algebra g equates a product
mdexed by the positive roots of g with a sum mdexed by the Wevl group of
g. A BEM algebra alse admits a denominator identity, which for the case of
the mouster Lie algehra mois the beautiful Koive Norton Zagicr formula

pt [ @=pmg) ™™ = J(e) — J(7), (7.5)

mnel
m =0

where ¢ € IT and p — €@ (and c(n) is the coefficient of ¢ in J(r), cf.
(L.33)). Since the right hand side of (7.5) implies that the left hand side
has no terms p™¢™ with mn # 0. this identity imposes many non-trivial

polynomial relations npon the coeflicients of J(7). Among these is

e
cdn+2)=c(2n+2)+ Z clk)e(2n — k + 1), (7.0)

k=1

which was first found by Mahler |221| by a different method. along with
similar expressions for e(4n). e(dn—+1). and c(4n+3). which are also entailed
in (7.5). Taken rogether these relarions allow us to compute the coeflicients

of J(7) recnrsively, given just the values

c(1) — 106884,

¢(2) = 21493760,
¢(3) — 864299970,
¢(5) = 333202640600
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Rademacher “perfected” the circle method introduced by Hardy-Ramanujan.

and he obtained an exact {-c)nvr'rgmu series nxprvssiuu for the combinato-

ol s ol oot e e Bl e T st e Biltio s el s sl Jos
Ll Ol o AALL I.'.JI.I.J.J.I.I].(I.\."! vl LLLY LAJULL ICTL AT LIN AT bD UL h( IICL ol 11IvA L LLlcLl
functions. For the elliptic modular invariant J(7) = Y e(n)g® (cf. (1.33))
1 Nl FIEPL . St Ve e | L] LY g
Rademacher’s formula (which was obtained earlier by Petersson [251]. via a
different method) may be written as
—2mis 2rz|l1 E
e(n) =423 Y € - HT F_4 _n (7.15)
L 2 /—4 2k (L 1) k!
c=0 O<a<e k>0
(a,c)=1

where d. in each summand, is a multiplicative inverse for a modulo ¢, and
(a,c) is the greatest common divisor of a and ¢. Having established the
formula (7.15), Rademacher sought to reverse the process, and use it to
derive the modular invariance of J(7). That is, he set out to prove directly
that Jo(r+1) = Jo(—1/7) = Jo(7), when Jy(7) is defined by setting Jy(7) =
Rl Y nsocln)g”, with e(n) defined by (7.15).

Now, from (7.15):

—2mil g A2k ke
o Pl (47°) 1 %
) —4> Y — 2 m GiOE

e O<a<e k=0
(a,c)=1

for ¢(1) = 196884, and a, ¢c,d,nand k =1, we obtain:

(4Pi*2) * (e”(-2Pi*i)) * (e(2Pi*i)) * (4Pi*2) * 1/2! * 1/1!

Input:
[4}T2}P-2m'fzm' [4}T2} % ol

n!is the factorial function

iizthe imaginary unit

Exact result:
8t
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Decimal approximation:
779.2727282720194978915226615096408899978206853814833735317...

(using the principal branch of the logarithm for complex exponentiation)
779.2727282... result very near to the rest mass of Omega meson 782.65

Property:

4 .
8" Is a transcendental number

Alternative representations:
[f—2n1'4}_r202:r1'}[4fr2} 15{,—21'17 fzm [}TZ'F'Z
2111 B ri2)r(3)

[f—2n1'4}_r2{,2:r1'}[4fr2} 15{,—21'17 fzm [}TZ'F'Z
21 11 T o0 1yl 21

[f—2n1'4}_r2f2:r1'}[4?r2} 15{,—21'11 fZI:r [}_I_Z}Z
21x 11 (2,013, 0)

Series representations:

=2mi 2mi
¢ 472 27N (417 s |
[ N 11-[ -:?202‘—4
Z - k:lk
2T 472 M) (412) SR
[ Lo = 768 L ———
21x 1! i (1+2K)
-2Amwi ami @ I 4
e 45° e '|4ﬂ‘2'| B A
[ Jax] — 2048 2‘
211 = 1+2k

Integral representations:

(€2 472 271 (417) = 2048 (ledtT

2111

[i“_z:”. 477 02”‘.}[4}1'2} _ i (Jm
il

1 4
dt
21 11 1+t J
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(271 417 o277) (427 S| *
T 128 j dt
s 0 J1-¢2

From

(€27 4x% 27 ) (407 s |

| . l1.[ .=?2DL_4
h - k:lk

we obtain:

(720 sum_(k=1)0 1/k"4))*3/Pir4

Input interpretation:
3

wi 1
720 L —]
4 4
[ k=1 k ™

Result:
24

24 value that 1s 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:

(((eN2 i) 4 ™2 eN2 i) (4 12))/(2! 11)))) 3/Pi4

Input:
(2™ x4n? 27 (40%) 3
21% 1 o
n!is the factorial function
iizthe imaginary unit
Result:
24

24 as above
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Alternative representations:
3[[‘?—2:”'4}_'_2 fz:ri}[q_ﬂ_Z]_} 43{“_2”[ fEJ'JT[}TZ}E
xt 211y  m@r@nat

3[[‘?-2:”' 4}1_2 fE:rI}[q_ﬂ_Z}} 48{“_2”[ fZIJT [}TZ}E
@11y o {onqn? 2m)x®

3[[‘?—2:“' 4}1_2 fznl'}[q_;rZ}} 48{,—21'.-1 fZIn [}TZ}Z

211y (r(2, 0y (3, 0t

Series representation:

3((e2" 4x® &2™1) (47%)) 48
xt (2119 (Z l—J!D “"“"D ] e -:2—.I:|D]"'c F':k:'-:l-uzuj
k=0 k! k=0 k!
Integral representations:
3((e?™ 4x% &271)(427)) 48
211y (/' log( 7 ) at) [ log?( )t
3((e2" 4% &2 (427)) 48
a* (21x1) C(fret tdt) [ret 2 dt
3((«7 4x% 2™ ) (4n")) 48
at @1x1y [oet ) ot 2 Tl (-1
[ R e |2+k|k ]( retEdtE ), -:3+k:|k!]

We know that the Coxeter number / is the order of a Coxeter element of an
irreducible Coxeter group. Eg has Coxeter number 30. Thence, from

, . 1
[4}1_2'}{“—2.?[] PZ:H [4}1_2} o il
: T2 1

we obtain
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1/30((((4Pi*2) * (e(-2Pi*i)) * (eM(2Pi*i)) * (4Pir2) * 1/2! * 1/11)))

Input:
1 =2nmi mi 1 1
ﬁ [[4}T2}f' 2w 2 [4.FI'2} 5 FJ

n!is the factorial function

iisthe imaginary unit

Exact result:
4 g

15

Decimal approximation:
25.97575760906731659638408871698802966659402284604944578439. ..

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

25.9757576....= 26 result equal to the number of dimensions in Bosonic String
Theory. Indeed:

[n physical terms the monster Lie algebra mis (“about half™ of) the space

of “physical states” of a bosonic string moving in the quotient
(R*/A @ RY /1) /(Z/2Z)
of the 26-dimensional torus Iy @z R/ Iy =~ R¥/A @ Rl‘l;’ffl:l

Property:

4% :
E 15 a transcendental number

Alternative representations:
f—2n4'4fr202:r1' [4”2"_ 15{=_2‘.nf2‘.n[}r2}2
(211130 B 302} I(3)

f—2n1'4ﬂ_2€2:ri [4”2} 15{,—21'17 f21’:r[ﬂ_2}2
(211530 C 3001 1wl 21y

f—2ni4fr2€2:ri [4”2} 15{,—21'17.?21'3[”2}2
(211130 T 3012, 0)I(3, 0)
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Series representations:
-2mi 2mi
P 47° e 457 | il
) =24
(211130 Kk

e 4n? 27 (40%) 1282 1
2! 1130 5 2‘[1+2.f¢.\~“

e 4n M (407) 1024 [:*-t (-1 ]4

(211130 15 %‘Dl+2k

Integral representations:
e 42 271 (477 54U~m 1 "’“]4
Joo 1+t2

(211130 ~ 15
e2Tia2 2 4x?) 641 1 .;u4
(21 %11 30 15 l: _“,"_l_tz
=2mi 2mwi
4 7? 47%) 1024 [ 1 4
ad £ - ” vi-#2 dt]
(211930 15 Lo

We obtain also:

((((4Pi"2) * (eN(-2Pi*1)) * (eN(2Pi*1)) * (4Pi”2) * 1/2! * 1/1!)))-8Pi-11+1
Input: L
(4n)e 2™ 27 (417 5 X7y~ 8a-1l+1
n! iz the factorial function

iizthe imaginary unit

Exact result:
_10-8r+8x1"
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Decimal approximation:
744.1399870433011519838215144434048669242433301864825260639. ..

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

744.139987...

Property:

_10-8x+8x" isatranscendental number

Alternate form:
2(-5-4r+4r")

Alternative representations:

[f—Z:rI 4”2{,231'}[4}'_2} 15 P—EI:r 1:“.'ZIJT [,rr2'}2
: - —-Br-11+1=-10-8rx+ =
2111 Fi2)ri3y
[f—Z:rI 4”2{,231'}[4}'_2} 15 P—EI:r 1:“.'ZIJT [,rr2'}2
: - —-Br-11+1=-10-8rx+ :
211 (01 11N 21
[f—Z:rI 4?r2{“2m.}[4?r2} 16 P—EI:r EZJ'.IT [}I_,'Z}Z
: - =Br-11+1=-10-8x+ =
21 11 r(2, 0)1(3, 0)

Series representations:

e 4 271 (407 ¥
[ i '—8;r—ll+1=—1l:|—8}r+?2cl>_‘—
k

=1

2111 Kk
e 27 477 &27) (4 1) <R |
[ ) '—Efr—ll+1=—ll:|—8fr+'?|582‘—4
21x 1! o (1+2k)
=2mi 2mi o k o 4
[ 3 '4?1'2{“ l|'4'}'|'2l| o [_1 o [_l}
[ ) '-sn-11+1:2-5-152‘ } +1r:|242‘
21x% 11 1+2k 1+2k
k=0 =0
Integral representations:
(27 4x? &7 (47 w1 w1y
-sn-11+1=2[-5-sj dt+64U .-;r}]
21% 11 o0 148 o 148
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-2mi 2mi
e 4;2{ }[4ﬂ-2}—8}T—11+1=

11
. - 4
2[-5-1&3]11»J .::t+1024ulw“1—t2 Jt} ]
i} 0

[f_znf4fr2f2m.]-[4fr2}
211!

2[—5—8£1

-B8r-11+1=

4
"1 1

d’t+54[j d’t]
0

1
B

and:

(((4Pi"2) * (eM(-2Pi*i)) * (e(2Pi*i)) * (4Pi*2) * 1/2! * 1/11)))x = 196884

Input:

- 11
[[4#}52”‘02”‘[4#} = ]x=195884

[
n! is the factorial function

iizthe imaginary unit

Exact result:
8xt x = 196884

Plot:

300000 |

Tatataatall /

100000 |

~300 -200 =100 100 200 300

“100000 |
-200000 | — gt x

-300000 | — 195884

Alternate form:
8rtx- 196884 =0
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Solution:
49221

e a—
2 54

Solution:

252.65

Thence, we have that:

196884/((4Pi"2) * (eN(-2Pi*i)) * (eN(2Pi*i)) * (4Pi*2) * 1/2! * 1/11)))

Input:
196 884

(47%) e 271 {4nT)x 2k o

at

Exact result:
49221

27

Decimal approximation:

252.6509562780088311726445725054246221774531175189644646254...

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

252.65095627...

Property:
49221

2

is a transcendental number

Alternative representations:

196 884 196884

I 2 Wit 2
I:r"’-”4:r":""-“|-:4:r"|| J

2im 2 2.2
16 2im 2imy 22

2tx1! r{2)Ty3)

48

n! is the factorial function

iizthe imaginary unit



196 884 196884

|:!'_E’” 452 !.EJTI]H”E:I 16— 20T 2im l:_.ITE:IE
2r=1! O TR LI 200
196 884 196 884
|:!.—2:r:' 452 :-3”"]{4,733 16— 20m G2im I:.H.E:IE
2t=1! n2,0yT3,0)

Series representations:

196 884 49221
442 ..le!n:]{mﬂ:n ) 512 [z;‘fﬂ ‘lf ]4
196 884 ) 49221
Imig .2 2Wilan?) o —1f s Ll g o
e o e
106 884 B g il
[rtart dnort) " (5 (-1 (g + g+ e

Integral representations:

196 884 49221
—2mi 4 2 2mi 24 = . 4
|:¢ 47 ¢ :|I'l4:r | 512[L1m¢ff]
2=1!
106 884 49221
([2rian 2ri)and) gy (pe L)t
2= 1! =
196 884 49221
¢="”"4ﬂlﬂ ='EI”"]'14”E5' 32 [J'D'l L at
2t 11 1,||| 12

From which, after the following calculations
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196884/((((4Pi*2) * (eN(-2Pi*i)) * (e N(2Pi*i)) * (4Pir2) * 1/2! * 1/11)))*12*1/4

(sqrt(3)-1)Pi-11-4
we obtain:
Input:

196884
(477) 27 274 (477

~ 12 i[wﬁ?—l]n—ll—it

s
2t

Exact result:
147663 (V3 - 1)

15
25

Decimal approximation:

1728.144130341899991006338316798622839385648044823234292667...

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

1728.144130341...

Property:

147663 (-1+V3)
5+ = - Is a transcendental number
2

Alternate forms:
147663+ 3 - 147663 5

250
c 147663 14766343
s +
250 250

3({-49221+49221v3 -107°)

21

Alternative representations:
(V3 -1)x) 196884 - 12

I
I:r ST gns g2 T 4ns)|4

2362608 r(-1+V3)

4{16!"2‘.’1 l.EJ':r- 232

= .I"

R B

ar«1t M2)T3)

50
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(V3 -1)x) 196884 12 ; 2362608 r(-1+V3)

1-4=-15+
‘_r'zn‘.4n2e'2”"{4n2:|]4 4{16r_2f”r2"”|:n2:|2:|
2t 1! (o 11 2
(V3 -1)x) 196884 12 2362608 r(-1+V3)
— : S W By i 7 :
‘_r'zn‘4n2e'2”‘{4n2:|]4 4{16?“2’”3‘”1:112}2]
2t 1! r(2,0) 13,00

Series representations:
[NEJ%H%%4121

{r_zn‘-ﬂtnz g2 Tl {4n2:|:|4

1-4=

FIRET
1 & & (1-ngl1 @-ng)2 i1 + ngyr¥* 2l
———3[20x° +49221 3} BT Ay TR
Hx ky =0 ko =0 RS
e & 1 -nglt @-no)2 11 £ ngyr* 21 + ng)
492213 Y . s
k1=ﬂk2=ﬂ 1=h2-
forimy =0 orm ¢ Zyandm - landm — 2
[Nthu%%412114 f o
‘_r'zn‘-4n2r2"‘.{4n2:|:|4 N 453
21 1!
@ @1l (2 -no¥2 I*1N1 + gy r*2)1 4+
20° +49221 3§ S o) ot L - agay
ky=0kn=0 kitkgl
1=0k3
1
2t [ . ][1—Hn}k2 (2 — ng )3 %21 + ngy r*2)(1 4 ng)

kytks!

forim=0orm e Frandm = landm = 2
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(V3 -1)x) 196884 - 12

1
=1l -d==—2 20 7° +

|:!' 2migq2 e"?”‘l:ztn .']4 4 5°
2= 1!
@ @] gl (2 —ngr*2 r*U 4 gy 2N 4 ng)
49221 ¥ % o o - T 4922142
kqtky!
k]_:EIkE:D

_—1 kl __1. k".\ kg k2l| kgll
R {2} [ijltl ng)°2 (2 - np)*3 I*2)(1 + ng) r'*3!(1 + ng)

k]_:EIk':u:Dkg:D kl!kz!kg‘
for (imp = 0 ormg & £y and m L and m p
Integral representations:
3 1l 1 1
[[ﬁ_l 196884 12 11_4__3{2D}T +2JJJJ].Dg[rlJlﬂgz[r‘?]Jtzdtl]
(e27ian2 27i(42))4 i 4.3
201t
(V3 -1)x) 196884 12
-11-4=
|:r Inign2 2miqn? IE!
20w 1t
3(20° +49221 ([ tat) [“e 2 at 49221 ([Me tat)([ et 2 dt)V3)
4
(V3 -1)x) 196884 12
-11-4=

I:!' Imig g2 e":'”‘l:ttn I

2w 1t
147663 (-1 + VE) (e tat + 5o S0 ) (fre B at+ 5, 120
-15 +
4
and again:

1/11(((196884/(((4Pir2) * (eM(-2Pi*i)) * (eN(2Pi*i)) * (4Pi*2) * 1/21 * 1/11)))+12)))

Input:
1 196884
11 |(4x?)e2 ™ 2™ (417)

[
=

n! is the factorial function

iizthe imaginary unit
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Exact result:
1 ( 49221
12 + ]

11 4

2

Decimal approximation:

24.05917784353716647024041569049314747067755613808767860231...

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

24.059177843... =24 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.

Property:
1 49221
[12 -

11 4

2

Jis a transcendental number

Alternate forms:
12 49221

1" 22 4

3 (16407
al

I

3(16407 + 8 x*)
22 7%

Alternative representations:

1 196 884 1 196884
— _ : +12| = — |12 + : _
11 | 2mi g2 :-3”‘-:4,13] 11 16‘.—2””.2117,:”2:'2
2t 1t 2)03)
1 196 884 1 196884
— _ : +12| = — |12 + : _
11 | 2mi g2 :-3”‘-:4,13] 11 16‘.—2””.2117,:”2:'2
2t 1t Q1= 2L« 2
1 196 884 1 196 884
— _ : +12|=— 112+ : :
11| 2mig,2 :'E’T‘H:rE] 11 16'.—2Jn:.21n|:32:|2
2t 1t [2,0372,0)
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Series representations:

1 196884 12 409221
ﬁ r'EI“.4-:rE !'E"-“. |'4:rE'I g ﬁ 4 o oa -'_11'llc &
21l I I 5632 [Lk:l:l E]
1 106884 12 40221
— : : +12|=— +
11 | o 2migg2 1'2’1‘1:432] 11

4(-1F 119571 -2k 5142k _4 , 530l +2 J'='|]

a1 22 [Lk:n 3 142k

1 106884 12 12 49221

e + = — +

11| e 2mign2 2mijg,2) 11 e 1Y 1 2 1 e
201! 22 [Lkﬂ:l[ 4 [1+2k + 144 k 4 3+4k”

Integral representations:

: o 12 49221

ﬁ g2l g2 (2T g o2 L ﬁ + : :
i'El 1 e 5632 [le‘“]

: o 12 49221

11 i ; +12|= — +

| &5 A A 11 352(f* L5 at)’
o 1422

1 196884 12 49221

11 i : +12l= — ¢

11 [ e27ian2 27i{an?) 11

" 1
e 352[51 ____drT
‘-." 12

Now, we have:

B YT . — D -atT+h I, A 3 Vi
Jee) 4 18— 2L Jim E e Merid — g 2miT, (7.
K—ox
S O<eckK
—K2cd<K?
(c,d)=1

From which, from the following calculations
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eMN(-2Pi) + e(-2Pi) — e/(-2Pi) — 12

we obtain:

Input:

P A PN e

Exact result:
=2
£ -12

Decimal approximation:
-11.9981325572682920111855697870651729696065771949975246828...

-11.998132557...

Property:

_2_, .
-12 +¢ “7 is a transcendental number

Alternate form:
—e 27 (12627 -1)

Alternative representations:

=27 =27 =2r -360°

e T e T —e T _12=-12+e¢

—Z T =2 T =2 T [ =14

= 21+P ET_f 21_12:_12+P21105. 1}

=4 T =27 =2 T &5 1 =53 1]
= 21+P 21_‘? 21—12:—12+{“ 4§ log{{1-i3 {1+

Series representations:

2n  -2m  -2; -8 T (-1 f{142K)
e T e T _12 =124 k=D /

@ 1 =2
-2m -2 -2 h
e +e —¢ _12:_12+L2‘E]

=|:|
-2m
T e T g e T —
w1
k=0 k!
Integral representations:
P
R S S P A G
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..1 I|II E
-4 1/% 1= dt
—2.1 —.2.1 —2.1 A [

e T te gt -12=-12+¢ lD

37 =T 27 4 (=142 e
e T he T —e T _12=-12+¢ ™1 e

and, multiplying by 144 = 12°, we obtain:

-1272(((e”(-2P1) + e”(-2P1) — e”(-2P1) — 12))))

Input:

—12% (72T 42T 7T —12)

Exact result:
~144 (e 727 ~12)

Decimal approximation:
1727.731088246634049610722049337384907623347116079643554323...

1727.73108824... = 1728

Property:

~144(-12 + ¢ ") is a transcendental number

Alternate forms:
1728 — 144 727

144727 (126°7 - 1)

Alternative representations:
~12¢ [P_EH T B L 12} = 17 [—12 - f_gm-}

_19? [.t“_‘?’T A 12) = b [— 12 + fznggi_h}

_ 122 [P_Eﬂ 7 f—2:r _ P—Z:r g 12} g 122 [_ 17 + f—44’1u:ug-:-:1—4'1-'-:1+.|']]}
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Series representations:

B e S | P L

—122 (62T 462 — 2T _12) = 1728 -

~12% (727 42T _ e PT _12) = 1728 -

Integral representations:

—12%2 (672" 4o — 2T - 12) = 1728 -

P e I e R e 10 e 1 7O -

~12% (2" 4o — T ~12) = 1728 -

-8 £ (-1 f{142k)

144 ¢

Q:,‘ 1 =2
144[; E]

=D

-2m

144

S (1

k=0 L

-8 Llw.l' 102 dr

144 ¢

g2
4 11y 142 ar
144 ¢ b /

-4 [# 11402 ) dr
144 0o T
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Observations

From:

https://www.scientificamerican.com/article/mathematics-
ramanujan/?fbclid=IwAR2caRXrn_RpOSvJIOxWsVLBcJ6KVgd Af hrmDYBNyUSm
pSjRs1BDeremA

Ramanujan's statement concerned the deceptively simple concept of partitions—the
different ways in which a whole number can be subdivided into smaller numbers.
Ramanujan's original statement, in fact, stemmed from the observation of patterns,
such as the fact that p(9) = 30, p(9 + 5) = 135, p(9 + 10) = 490, p(9 + 15) = 1,575
and so on are all divisible by 5. Note that here the n's come at intervals of five units.

Ramanujan posited that this pattern should go on forever, and that similar patterns
exist when 5 is replaced by 7 or 11—there are infinite sequences of p(n) that are all
divisible by 7 or 11, or, as mathematicians say, in which the "moduli" are 7 or 11.

Then, in nearly oracular tone Ramanujan went on: "There appear to be
corresponding properties,” he wrote in his 1919 paper, "in which the moduli are
powers of 5, 7 or 11...and no simple properties for any moduli involving primes other
than these three." (Primes are whole numbers that are only divisible by themselves or
by 1.) Thus, for instance, there should be formulas for an infinity of n's separated by
573 = 125 units, saying that the corresponding p(n)'s should all be divisible by 125.

In the past methods developed to understand partitions have later been applied to
physics problems such as the theory of the strong nuclear force or the entropy of

black holes.
From Wikipedia

In particle physics, Yukawa's interaction or Yukawa coupling, named after Hideki
Yukawa, is an interaction between a scalar field ¢ and a Dirac field y. The Yukawa
interaction can be used to describe the nuclear force between nucleons (which
are fermions), mediated by pions (which are pseudoscalar mesons). The Yukawa
interaction is also used in the Standard Model to describe the coupling between
the Higgs field and massless quark and lepton fields (i.e., the fundamental fermion
particles). Through spontaneous symmetry breaking, these fermions acquire a mass
proportional to the vacuum expectation value of the Higgs field.

Can be this the motivation that from the development of the Ramanujan’s equations
we obtain results very near to the dilaton mass calculated as a type of Higgs boson:
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125 GeV for T = 0 and to the Higgs boson mass 125.18 GeV and practically equal to
the rest mass of Pion meson 139.57 MeV

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

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

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

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

(Modular equations and approximations to « - S. Ramanujan - Quarterly Journal of
Mathematics, XLV, 1914, 350 — 372)

All the results of the most important connections are signed in blue throughout the
drafting of the paper. We highlight as in the development of the various equations we
use always the constants =, ¢, 1/¢9, the Fibonacci and Lucas numbers, linked to the
golden ratio, that play a fundamental role in the development, and therefore, in the
final results of the analyzed expressions.
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In mathematics, the Fibonacci numbers, commonly denoted F,, form a sequence,
called the Fibonacci sequence, such that each number is the sum of the two preceding
ones, starting from 0 and 1. Fibonacci numbers are strongly related to the golden
ratio: Binet's formula expresses the nth Fibonacci number in terms of n and the
golden ratio, and implies that the ratio of two consecutive Fibonacci numbers tends
to the golden ratio as n increases.

Fibonacci numbers are also closely related to Lucas numbers ,in that the Fibonacci

and Lucas numbers form a complementary pair of Lucas sequences

The beginning of the sequence is thus:

0,1,1,2 35,8 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181, 67635,
10946, 17711, 28657, 46368, 75025, 121393, 196418, 317811, 514229, 832040,
1346269, 2178309, 3524578, 5702887, 9227465, 14930352, 24157817, 39088169,
63245986, 102334155...

The Lucas numbers or Lucas series are an integer sequence named after the
mathematician Francois Edouard Anatole Lucas (1842-91), who studied both that
sequence and the closely related Fibonacci numbers. Lucas numbers and Fibonacci
numbers form complementary instances of Lucas sequences.

The Lucas sequence has the same recursive relationship as the Fibonacci sequence,
where each term is the sum of the two previous terms, but with different starting
values. This produces a sequence where the ratios of successive terms approach
the golden ratio, and in fact the terms themselves are roundings of integer powers of
the golden ratio.”" The sequence also has a variety of relationships with the
Fibonacci numbers, like the fact that adding any two Fibonacci numbers two terms
apart in the Fibonacci sequence results in the Lucas number in between.

The sequence of Lucas numbers is:

2, 1,3, 4,7 11, 18 29, 47, 76, 123, 199, 322, 521, 843, 1364, 2207, 3571, 5778,
9349, 15127, 24476, 39603, 64079, 103682, 167761, 271443, 439204, 710647,
1149851, 1860498, 3010349, 4870847, 7881196, 12752043, 20633239, 33385282,
54018521, 87403803.... ...

All Fibonacci-like integer sequences appear in shifted form as a row of the Wythoff
array; the Fibonacci sequence itself is the first row and the Lucas sequence is the
second row. Also like all Fibonacci-like integer sequences, the ratio between two
consecutive Lucas numbers converges to the golden ratio.

A Lucas prime is a Lucas number that is prime. The first few Lucas primes are:
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2,3, 7,11, 29, 47, 199, 521, 2207, 3571, 9349, 3010349, 54018521, 370248451,
6643838879, ... (sequence A005479 in the OEIS).

In geometry, a golden spiralis a logarithmic spiral whose growth factor is @,
the golden ratio.”" That is, a golden spiral gets wider (or further from its origin) by a
factor of ¢ for every quarter turn it makes. Approximate logarithmic spirals can
occur in nature, for example the arms of spiral galaxies'
special case of these logarithmic spirals

- golden spirals are one

We observe that 1728 and 1729 are results very near to the mass of candidate glueball
fo(1710) scalar meson. Furthermore, 1728 occurs in the algebraic formula for the j-
invariant of an elliptic curve. As a consequence, it is sometimes called a Zagier as a
pun on the Gross—Zagier theorem. The number 1728 is one less than the Hardy—
Ramanujan number 1729 (taxicab number). In conclusion we obtain also many
results that are very good approximations to the value of the golden ratio

1.618033988749... and to {(2) = = = 1.644934 ..
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