On some Ramanujan equations: mathematical connections with ¢, {(2), and
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Abstract

In this paper we have described and analyzed some Ramanujan equations.
Furthermore, we have obtained various mathematical connections with ¢, {(2), and
several parameters of Cosmology and Particle Physics.
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We have that:

1 1.3

(1.13) If F(k) = 1+(—)2k+(——)2k2+... and F(1—k) = /(210) F(k),

2 2.4

then

k= (y2—1)*(2—4/3)? (JT—/6)* (8 —34/7)* (y10— 3)*
X (4—4/15)4 (/15 —4/14)2 (6 — ,/35)2.

(sqrt2-1)*4(2-sqrt3)"2(sqrt7-sqrt6)*4(8-3sqrt7) 2(sqrt10-3)"4(4-sqrt15)*4(sqrt15-

sqrt14)*2(6-sqrt35)"2

Input:
[xrz - 1]4 [2 3 \E]‘? [v'? E -u'?]d' [s _3 u‘?]z

(1o -3 (o) (V35 34 (o5

Decimal approximation:

2.7066257802455517275503316576258447500090535730406425... x 1071

2.706625789...*%10™"



Alternate forms:
[1? ~12 15] [? - 4~E] [33? _52 1}5] [12? 48 w,"?]

[?21-228@][1921-496@][29—2 210 )(71-12 V35|
(23 r-sa)fo-a4) (V0 -of

[«jﬁ 2 4]4 [Ja_ z 5]2 (337-52 -JE] (29-2 -dﬁ]
V3 (5 (T 7o

[M-a] [\,"14—\,"15] [1,"15 -4 [Ja_-ﬁ]

We have also:

3*[-In((((sqrt2-1)"4(2-sqrt3)"2(sqrt7-sqrt6)"4(8-3sqrt7)*2(sqrt10-3)"4(4-
sqrt15)"4(sqrtl15-sqrt14)*2(6-sqrt35)"2)))]-3

Input:
3[_lﬂg[[v‘?_ll4 [2 _-:E]E [E ;\I{E]Af [B_EG]E —2
[ﬁ—a] [4—~f 15] [E—m] [5_1535] ]]_3

logixi is the natural logarithm

Exact result:

_3_310g[[\/5-1r [2—\‘?]24[8—3\'{? 2[?-@12
(5 - (s (V5 3] o- )

Decimal approximation:
125.2602420119727622583192091383975756539511296488359340344. .

125.26024201.....

Property: _ )
—3—3103[{—l+1}"5]4 [2-15]2 [s-aﬁ]‘? (V6 +v7) [-3“;’5]4

[4 i NI'E]“ [—w,l"g + Q'E]Z [6 N E]z} is a transcendental number






3*[-In((((sqrt2-1)"4(2-sqrt3)"2(sqrt7-sqrt6)"4(8-3sqrt7)*2(sqrt10-3)"4(4-
sqrt15)M(sqrtl15-sqrt14)*2(6-sqrt35)"2)))]+11

Input:

(a7 o (V3] (7 Vo) o2
V10 9] fo- V55 (V15 V38 o35 ) 1

logix is the natural logarithm
[=]

Exact result:
11— 310g([1."2—1]4[2 ﬁ]‘?[a 34?]2[15-4?]4
(103 o (175 -1 o)

Decimal approximation:
139.2602420119727622583192091383975756539511296488359340344...

139.26024201.....

Property: _
11-31ag[[ ﬁ]“[ -f]z [8 3,1'_]2 [-1}5 +1,r?]4 [-3“;@]4
[ - \'/Er [—m - \/E] [ - \E]z] is a transcendental number

Alternate forms:

11-31c:g[[sf5-1']4 [?-41}?][3-31}?]2 [M-ar
[JE -4]4 [E = 5]2 [33?-52 w,fE'] [29 s ME]]

11-12 1ag[«E -1)-3 1ag[[ﬁ E 2]2] -23 lng[[wj{g -v’?m; 310g(3 w,""?_— 3]2]2_
12 lag[M—E]—Blag[[m—\E] ]-3104[@-4} ]—310g[[wf 35 -5] ]

11-3[4lag[ﬁ-1]+21ag[2-ﬁ]+zlag[a-3«ﬁ]+4lug[ﬁ-JE]+
4103[\/5—3]+410g[4—m]+210g[m—\/_4}+210g[5—\/_5}]



Alternative representations:

scvbVZ 3 (23] (V7 ) (1547
[w,fm-3] [4—1,"15][\,"15 \ 14 ]

1-sva(2 2] 6T 02 (7]
(3] (4B (7 i8] (o))

3[—1110g([m"’5 1]4 z-ﬁ]z[ﬁ-ﬂ]4[a-3 ?]2

Hige 111ag[[43 1]4 £2 -ﬁi[i? fﬁi—j 5]2 2
[w,"lD—B] [4-{15]i¢15-¢14] [5-\@]}»1
11+3u1[1-[-1+\/54]4[z-ﬁa]j[s-a ?]2[-\2/E+@2
(5 T0) (a- V) (T (65 )

[
Il

-52427*12(((3*[-In((((sqrt2-1)"4(2-sqrt3)2(sqrt7-sqrt6)4(8-3sqrt7)"2(sqrt10-
3)"4(4-sqrt15)"4(sqrtl15-sqrt14)*2(6-sqrt35)"2)))])))

Input:
5 1
—=+27 =

log(x) is the natural logarithm

Exact result:
3-7 (V29" e-¥3) (2-27)
(V7 V6] (Vio -3 (a—v15 ] (V15 V14 ] (s3]



Decimal approximation:
1729.013267161632290487309323368367271328340250259285109465...

1729.01326716.....

————lug

LRy
5~ e+ V2)" (23] (3-3V7) (Ve V7] (34 y10]
[ \l/_] [ m \E] b - \l/_] ]1satr'1115cendental number

Alternate forms:

%[_5-811@[[ r (7- 4\52][ ] [ 3]4
[,j_ ] [E 5] [33? 52\/_][29 2 21'3}]]

_g lEElng[[ 2 ][m 43] % 2 2
el ~3F (15 47 (347 ~of (V35 5 (55 4" (Y -

[5 Ellng[[\E 144 z-ﬁ] [a 347) [\/E @]42
N0 —f (o= 5 (55 - o)

e

5]

«.\_,_p

1
2

Alternative representations:



;ﬁ
3]

_§+%u1[1-[-1+\5]4 [E-V?]z [3‘3‘5]2[2 /
(3310 (4TS (VT8 + V5 ) (655 )

((-572+27*172(((3*[-In((((sqrt2-1)"4(2-sqrt3)"2(sqrt7-sqrt6)"4(8-3sqrt7)"2(sqrt10-
3)"4(4-sqrt15)™4(sqrt15-sqrt14)"2(6-sqrt35)*2)))]))))) 1/15

Input:
(3 +273o(es(y7 - (23T (V7 Y6 (o347} (Y0 -3
(4-y15) (V15 -4 ) (6-V35 )')))) ~ar1s)

logixy is the natural logarithm

Exact result:
[5- 5 we((VZ -1)* (-3 (s-2¥7f (V7 - 5’
[m . 3]4 (4- E]“ [JE -qﬂ]‘? (6 -ﬁ]z]] ~(1/15)

Decimal approximation:
1.643816069646520274323907216427386661007336870014745820281 .

1.64381606964......

Property:
(-2 -2 togl[-1+v2)" (23 ) (8-3V7 ) (V6 +y7)’
(3410} 4=y 5 ) (-VI + VI (635 )
(1/15)1s a transcendental number

Alternate forms:
1

2
15 = = — v Ty ey Ry — ——
\/ 5+81log((vZ -1)* (7—2v3 |(8-av T P (v10 -2)* (V15 —4)* (v35 -6 (337-52 Va2 ) (29-2v210 )

(/s -saes(y2 -1) (V0 -3)-arme(V3 -2 (V5 -7
(3v7 -8 (V14 V15 ] (V15 4] (V'35 6] ))) ~ 1/15)



(-2 - (410812 ~1) + 2108(2 -3
2 lng[ﬁ -3 \,"?] +410g{ﬂ.,"? N 1.,"?] +410g[1.,"lﬁ - 3] +

4 10g[4 - \,I"E] +2 lng[w,l"E . 1,"?] +2 lag{ﬁ - U'E]]] ~(1/15)

And:
sqrt210 * (((1+1/4*(2.706625789245¢-19)+(9/64)*(2.706625789245¢-19)"2)))

Input interpretation:
e A
y 210 [1+ 7 2706625789245 107 + 534 (2.7066257809245 1.:.-1*"‘]2J

Result:
14.491376746189438574699232507742. ..

14.491376...

Pi/(55/2+2/Pi) (((sqrt210 * (((1+1/4*(2.706625789245¢-
19)+(9/64)*(2.706625789245¢-19)"2))))))

Input interpretation:

— 1
S’T [\f 210 [1 he 2.706625789245 - 1077 + % (2.706625789245 10'1'-“]2”

un

+

b
= jka

Result:
1.6180338325835746004004566413281. ..

1.6180338325...

(((7 In(((sqr210 * (((1+1/4*(2.706625789245¢-19)+(9/64)*(2.706625789245¢-
19)"2))))))

Input interpretation:
e 1
?1og[«,f 210 [1 g 2.706625789245 - 107 + % (2.706625789245 m'lp]?-D

logix) is the natural logarithm

10



Result:
18.7148763575111403822887225357931. ..

18.714876..... result very near to the black hole entropy 18.7328

(((2Pi* In(((sqrt210 * (((1+1/4*(2.706625789245¢-19)+(9/64)*(2.706625789245¢-
19" 2))0))))

Input interpretation:
.. 1
Efrlcg[*q'l 210 [1 + 2706625789245 107 + % (2.706625789245 - 107°) ]]

log(x) is the natural logarithm

Result:
16.7984337364566592928408048188692...

16.798433736..... result very near to the black hole entropy 16.8741, that is equal to
In(21296876)

64%2(((sqri210 * (((1+1/4*(2.706625789245¢-19)+(9/64)*(2.706625789245¢-
19)°2)))))-123-sqrt7-1/4

Input interpretation:

64 .2 [4% [1 +51r 2.706625789245 - 107'° + ;:[2.?06625?89245 10'1‘-‘"]2D-

— 1
123 -4 7 - -
v 4

Result:
1729.0004722011835469710001452374.

1729.0004722...
and also:

Pir2(((sqrt210 * (((1+1/4%(2.706625789245¢-19)+(9/64)*(2.706625789245¢-
19)Y"2))))))-5

Input interpretation:
— 1
2 [\,f 210 [1 + 7 2706625789245 - 1077 + % (2.706625789245 - 107'°)

2]_5

11



Result:
138.02415571203527234762046087748. ..

138.024155712035... = 138 (Ramanujan taxicab number)

Pir2(((sqrt210 * (((1+1/4%(2.706625789245¢-19)+(9/64)*(2.706625789245¢-
19)*2))))))-8

Input interpretation:
— 1
2 [\,f 210 [1 + 7 2706625789245 - 1077 + % (2.706625789245 - 107'°)2

|-8

Result:
135.02415571203527234762046087748. ..

135.0241557.... = 135 (Ramanujan taxicab number)

Pir2(((sqrt210 * (((1+1/4%(2.706625789245¢-19)+(9/64)*(2.706625789245¢-
19Y"2)))))+29

Input interpretation:
i
7 (V210 (14 7 «2.706625789245 - 107+ %[2.?05525?39245 1071°p

]+29

Result:
172.02415571203527234762046087748. ..

172.0241557... = 172 (Ramanujan taxicab number)

Now, we have that:

w”('b{_l)z l+( )2 Fa+HTe+1)I'b—a+})
- 0 1+(§)2 '1+(m)2mdx=%ﬂé @) Ib+3)I'b—a+l) °

JHE
b
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From the left-hand side, we obtain:
Integrate (1+(x/4)"2) / (1+(x/2)"2) * (1+(x/5)"2) / (1+(x/3)"2) , x =0..2.16

Definite integral:

fm 1+ [i.}?_.} (1+ [?}2.} .
° (1+(GN)+GE))

1.64353

Visual representation of the integral:
o

0.8
0.6
0.4

0.2

0.0 0.5 1.0 1.5 20

Indefinite integral:

f[h[i}z}[“[ﬂz}dx: e [I— i tali_l[ic]+ Emn_l[}f]}

N [EH

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

Integrate (1+(x/4)"2) / (1+(x/2)*2) * (1+(x/5)"2) / (1+(x/3)*2) ,x =0..19183
Definite integral:

x e x2Y
flmsz[“[zﬁ}[“[;i}! )

b eEReeEH

3 2 3
. [23? 745 + 133 7 378 tan'l[ J+ 112 tan'l[ D" 1729.0
500 19183 19183
1729
tan I (x)is the inverse tangent function

13



Visual representation of the integral:

0.08

0.06

0.04

n.nz

0 OO0 10000 15000 20000

Indefinite integral:

f[lJr[i}zH“[ﬂZ}dx: s [I— L tall_l[ic]+ Etan'l[{]}

R

With regard 19183:

19183 is an odd number.
19181 and 19183 form a twin prime pair.

(-11%2)+(1/(Pi))* Integrate (1+(x/4)"2) / (1+(x/2)"2) * (1+(x/5)*2) / (1+(x/3)*2) , x =
0..196884

Input:
YL
=2 )

1+(5)
\2

1+(3)

dx

Result:

- 1 - L
3(2953260 + 1337 - 378 tan 1[95:442 |+ 112tan 1[55.525”

200

-22 = 5619.11

5619.11 result practically equal to the rest mass of bottom Lambda baryon 5619.4

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

14



Computation result:
1 promGRCG,,
° (BN
3[295325D+133n—3?8tan'%gglu}+112tﬂn'%E;éEH
500

-11

F

Alternate forms:
8859780 - 10601 7 + 336 cot (65 628) - 1134 cot~ (984432

S00a

~8859780 + 10601 x+ 1134tan™"(——)-336 tan™"( ——)
Q8442 A5 G628
500 7

8850780 - 10601 7 - 1134 tan™! [gs
SO0

. }+ 336 tan'l[
447 55

)

1 : ¢ :
cot {x)is the inverse cotangent function

From:

Andrews GE. - 2019 How Ramanujan may have discovered the mock theta
functions. - Phil. Trans. R. Soc. A 378: 20180436.
http://dx.doi.org/10.1098/rsta.2018.0436

We have that:
o0 qﬂz
fa(g) = Z
1=l 0 )
= ¢3(—q) + 2y¥r3(—9). (5.1)

The proof is identical with that of (3.3) apart from some changes of sign.
Hence eliminating ¢3(—q) from (4.3) and (5.1), we find

. 1y n’
f@ :?J:x ”_Z: ( 4
=—4¢(-1q), (52)
and by the Theorem from §4, as Ramanujan indicates in his letter, and as Folsom et al. [3,4] prove
lim (f (g ) =4 (5.3)
L B n=—00

15



and again:

o2 n2 v
Z ( ‘? = Z erl (=4:q)n = (—q: Q) Z :

n=0 q; Qn =0 (q ,:?2);; = (‘? I]‘J?_) (s i1+1 $q)oc

As with the functions f3(g), ¢3(q) and ¥3(g), Ramanujan would likely have observed that the

series H(q‘l) where
nr4n 1

T _
é @D (% 8)ec(9% o

H(g) :=

We have also:

a5

Ii,112 i]”_
Z i :2( { 4 Pn =(—q:9)c Z 2

a0 @ L ) 50 @50 oo

H'

We have that

g = e&mT

For it = i(1+1), we obtain:
exp(2Pi*i*(1+1))

Input:
expl2mi(l +i})

iizthe imaginary unit

Exact result:
=2m
£

Decimal approximation:
0.001867442731707988814430212934827030393422805002475317199...

0.0018674427...

Property:

2 ;
T is a transcendental number

16



Alternative representations:
5 f36£l “E{1+i)

2mi(1+)
£

o hy R
2 i {1+i) -2 {1+ log(-1)
£ = £

It“.?:ri.;l-u'] i Expz:ra'-:l-u'][z} £

Series representations:

Pzﬂ i {146} ey f—ﬂ EL“':D-:— lik' 142k

w0 -2
2mi{lH) _ M
v [§:1]

-2m
2mif1+)
£ -

(-1
k=0 k!

and:
1/((exp(2P1*1*(1+1))))
Input:

1
expl2miil +i)

Exact result:
2m
£

Decimal approximation:

535.4916555247647365030493295890471814778057976032949155072...

535.491655524...

Property:

2.! .
¢ s a transcendental number

iizthe imaginary unit



From Wikipedia:

a)
qn(n+l]

1- q2 L
v(q) = = (—1)rgnintl)/3 (sequence A053254
,.Zan (=4 ¢*)ns1 Hm}(l q*) ; 14 g+

in the OEIS).

from which:
sum [q(n(n+1))/((1+q)(1+q"3)(1+q"(2n+1)))], n=0..n

Input interpretation:

n nin+l)

. q
24 3 21:+1'|

o (1+qy(1+g°}(1+qg

Result:

n nin+l)

. q
Z.. 2Jz+1'|

S 1+q)(1+q%)(1+q

b)
2
r (-1 (1 + g
¢lq) = (sequence A053250
nz‘gn (_q2§q2)n Hn‘bl](]' q") ; 14"
in the OEIS).
From which:

1 + Sum x*(2*n+1), n = 0..n * Product (x*(2*k-1) - 1), k=1..n

Input interpretation:

1[5 [t 1)

k=1

Result:
Gt =) (oa?]

(x-1)[x - 1)

+1

(a;qiy gives the g-Pochhammer symbol

18



Values:

n
L
0 [ IP +1
x-1
2 (x*-1)(2: P
1| 1- b '[*' }2
(x-1x* -1)
Fespyed [ 20
2 e [" }3+1
(-1 x* - 1)
2 (x® =1)(3; 22
3 1- WD),
(x - 1y{x* - 1)

Alternate form:
(o [;lc, xz}ml s T [;lc, x'z} o wx+l

n+l

x-1Fx+1)

Expanded form:

n 1. i n n 1. i
_[_1} xz[;c’xz.'.lnl -1y x* H[;szlll+1 +1

(x - 1){x* - 1) ’ (¢ - 1) (x* - 1)

Alternate forms assuming n and x are positive:

JREL R [x21:|+2 . 1}[;1, e
x-1% xx+1)

LT 2 [x2u+2 . 1}[;];; x2j

n+l

1+ L:+1

1+
o - 1) {x* - 1)

Now, from (5.1)

oQ

. qu
pEy=>

= ¢3(—q) + 2yr3(—q).

we have that:

19



2
qn 9 (_ 1)ﬂqﬂ(3ﬂ+1]/2 ‘
f(tl') = = , (sequence A000025 in the
nzzo (~69%  Ilnso(1—4q") ,,Ezz 1+4¢"

OEIS).

that is (see sequence A000025 OEIS):
(1+4*Sum {n>0} (-1)"n * g (n*(3*n+1)/2) / (1 + q*n)) / Product {i>0} (1 - g™).

We obtain, forn=1..1 and n=1..2

sum (1 +4 *(-1)*n * g*(n*(3*n+1)/2) / (1 + q”n)), n=1..1 / Product(1 - ¢"n), n=1..1

Input interpretation:
1. qll':l.-'2{3u+1]]
L 1+4-1)"

n=1

144"

rLLl (1-g")

(g from =1.3 to 9)

4.0 | ".\ _ —  (gfrom-21.9to029.6)

20 10 0 10 20

Alternate forms:
2 1
+4

= +

g+l g-1

20



—4g? +g+1
1-¢°
4g°-gq-1
g-lyg+1

Expanded form:
4q° -g-1
q*-1

(1 - (4 *0.0018674427°2)/(1 + 0.0018674427))/(1 - 0.0018674427)))

Input interpretation:
] _ 4:0.00186744272
1400018674427
1-0.0018674427

Result:
1.001856987149236370682777242762963941799320028580539520952. ..

1.0018569871.... result very near to the following Rogers-Ramanujan continued
fraction:

2z
5 2
\/67_ — 44— ~1.0018674362
5 — c
% @ 1+ o
1+ o o
1+..

Or:
(1 -(4*535.49165552472)/(1 + 535.491655524))/(1 - 535.491655524)

Input interpretation:
] _ 4:535.401655524°
14535 491655524

1-535.491655524

21



Result:
3.908143012819407951321451294098299066230010396817551637809....

3.9981430128...

Further:
sum (1 +4 *(-1)"n * g*(n*(3*n+1)/2) / (1 + g*n)), n=1..2 / Product(1 - ¢*n), n=1..2

Input interpretation:
2

z qﬂ':l,-'z-:3u+1]]
1+4(-1)

n=1

14g"

Mo (1-g")

Result:
g -
i 4—.,';i +2
q+1 q-+1

(1-q)(1-g%)

Plots:

30 | ‘ \/

2[]5 ||
[ f
10/ ‘/l
x -1 .'f_— 1 2 1

¥

(g from =2.2to 2.4)

1000 |

\ 500 |

f q
-10 -5 . 5 L
-508 |

Alternate forms:
2(2q "+ 29" -2q%+ g —g? +q+ 1)

(g from =13.71t0 13.9)

q@-17q+17 (g% +1)

22



1-g 4 1 1 1

4q2 - +4q+ - - - +4
g +1 g-1 g+1 (g-172 (g+1)%°
Expanded form:
4q° 2 4q’

= + +
1-gg+1(1-¢°) 1-@(l-¢°) Q-g)(1-4%)(g°+1)

(2-(47*0.001867442772)/(1 +0.0018674427) + (4 *0.0018674427"7)/(1 +
0.00186744272))/((1 - 0.0018674427) (1 - 0.0018674427"2))

Input interpretation:
9_4 0.00186744272 L4 0.0018674427°
1400018674427  140.00186744272

(1-0.0018674427)(1 - D.DDlEE?ME?z]

Result:
2.003734011425460202000043272560801864533795070630145205474 .

2.003734911... =2

Or:

(2 - (4 *535.491655524"2)/(1 + 535.491655524) + (4 *535.491655524"7)/(1 +
535.491655524°2))/((1 - 535.491655524) (1 - 535.491655524"2))

Input interpretation:
_ 4.535.401655524%  4.535.4016555247
14535 401655524 14535.4016555242

(1 -535.491655524) (1 - 535.4916555247}

Result:
1.14915122664921856384298037106110381055676277469113138... = 10

1.1491512266...*10°
1149151.2266... result very near to 1149851 (Lucas number)

23



From:

We recall, as Ramanujan would have, that [12, p. 17]

Z (—1)"g". (4.1)
H=—04C

(:}'_

Also [12, p. 6], we need Euler’s theorem

s 4.2
(—q;9)oc (4 Jox 12
Hence
) (— nuqn (_]}nquz
(q q. '} ( -”f H + P LA RO
= ”_Z__ 2 (— li‘ I}"']u ; (g LIE}H
= da(—q) + 2¢3(—q), (4.3)
Now, we have:
From Wikipedia:
il — T‘ na 1 T\ { 1)“(1 + q“}q“[3ﬂ+1)”z foarmwmrnon AT FTY
\OUL:I&]'GJ AL el LW N AR
e n=0 ( q2 q )ﬂ' Hﬂ.}ﬂ(l qn) 1+qaﬂ'
in the OEIS).

1+ Sum_{k>0} x*k*2 / (1 + x72) (1 + x4) ... (1 + x(2*k)))

1 +Sum ((@"n"2/((1 +g*2) (1 +q"4) (1 +g*(2*n))))), n=1..1

Input interpretation:

2
1 n=

ok q
1+L 2 4 21:'|

.I:I=1[1+q ][14‘(] ][l+q

Result:
q

+1
@+ 17 (g* +1)
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Plots:

(g from -1.1to 1.1)

1.02 |

1.01 \

—_— 1.00 e ———

[g from =5.5t0 5.5)
0.99

'Iu.mj

=
-4 2 0 2 4

Alternate forms:

q q q°

- - +1
2@ +1) 2@ <17 2@+

(@@ +q+1)(a°-q° +2q* -q* +q° + 1)
[@® + 1 (g% +1)

From the result

Input:

1+ .

(1+°f (1+4%)
We obtain:

1 +(0.0018674427)/((1 + 0.001867442772)*2 (1 + 0.0018674427"4))

Input interpretation:
0.0018674427

1+
(1+0.0018674427° (1 +0.0018674427%)
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Result:
1.001867420675221813158970820411407436004040623955004686433 ...

1.001867429675... result very near to the following Rogers-Ramanujan continued
fraction:

2
5 -2z
if — 4+ ———— ~1.0018674362
5 _ e
¢ ¢ 1+ e—67t
1+ o o
1+..

Or:
1 +(535.491655524)/((1 + 535.491655524"2)"2 (1 + 535.491655524"4))
Input interpretation:

535.491655524
4
(1+535.491655524% ) (1 + 535.491655524%)

Result:
1.000000000000000000079200517108210571175892707459047615110...

1.000000000000000000079200517108210571175892707459947615110 = 1

We have also:

e q (—1yr g+
VD= T (- 2 1-gon

(sequence A053251 in the OEIS).

sum(n>=1, q*(n"2) / ( (1-q)*(1-g"3)*...*(1-q"(2*n-1)) ) )
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sum(q™(n”*2) / ((1-q)*(1-q"3)*(1-q*(2*n-1)) ) ), n=1

Sum:

1 J:IE

25 q _ q
SA-9(1-¢*)(1-¢""")  @-17(g* +q+1]
Plots:

¥
i

-[].fg,_|:_r",:.- 05 1.0 1.5 2.0
| f

\ -0.14 | |
| f
|

016 | !

E |

-ul.lzs: |
‘0,20 |

| |

— |'|I

[g from =1to 2.3)

(g from =9.2 to 10.5)

-0.10

Alternate form:
q

ggigug-2g+1-1+2)-1

Partial fraction expansion:

Ly 1 1
+ —
B{g+g+1) %ig-1) dg-1y

Expanded form:

q
g’ -2q*+q° -q¢* +2q-1

From the result

Input:
q

[—1+qﬁ[1+q+qﬂ

we obtain:
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-0.0018674427/((-1 +0.0018674427)"3 (1 + 0.0018674427 + 0.00186744272))

Input interpretation:
0.0018674427

i (-1+0.0018674427)° (1 +0.0018674427 + 0.00186744277)

Result:
0.001874436982678118764833981382260624475786427837754181739...

0.0018744369826...

Or:
-535.491655524/((-1 + 535.491655524)"3 (1 + 535.491655524 + 535.491655524"2))
Input interpretation:

535.491655524
(-1 +535.491655524)° (1+535.401655524 + 535.49 15555242]

Result:
-1.220710636242424172881301329795696468662660317960769... x 10°1!

-1.220710636...%107"

From:
o 3 gt =3 EXLT oy E0
7:q oo =JPhg = W e
= H=—00 n=0 (_QEF‘T‘]FI n>1 {_5]’; f-]f_\]f.l
= gn(—q) + 2ya(—q),
We obtain:

((1 +(0.0018674427)/((1 + 0.0018674427/2)*2 (1 + 0.0018674427/4)))) + 2* ((-
0.0018674427/((-1 + 0.0018674427)"3 (1 + 0.0018674427 + 0.0018674427°2))))

Input interpretation:
0.0018674427

+ +
(1+0.0018674427%)* (1 + 0.0018674427%)
5 [ 0.0018674427

) (-1 +0.0018674427) (1+0.0018674427 +0.00 186?442?2]

1
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Result:
1.005616303640578050688638783175046685046513479630513040912. .

1.0056163036...

1/(((((1 + (0.0018674427)/((1 + 0.001867442772)"2 (1 + 0.001867442774)))) + 2*
((-0.0018674427/((-1 + 0.0018674427)*3 (1 + 0.0018674427 +

0.00186744272)))))))
Input interpretation:
. 3[[1 0.0018674427
14+ "
/ (1+0.0018674427%) (1 + 0.0018674427%)
) [ 0.0018674427 ]]
(-1 +0.0018674427)* (1 + 0.0018674427 + 0.0018674427)

Result:
0.994415063061084379942586072028609172272801205533655281373...

0.99441506306... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e ™
\/g =1- e_z”‘/g ~0.9991104684
5 54[c3 ek I 65_3”‘/E
1+ ¢\/5_—1 14—
e—47r\/§
1+
1+...

((((((1 + (0.0018674427)/((1 + 0.001867442772)*2 (1 + 0.001867442774)))) + 2* ((-
0.0018674427/((-1 + 0.0018674427)"3 (1 + 0.0018674427 +
0.0018674427°2))))))))"86

Input interpretation:
[ . 0.0018674427

+ +
(1+0.0018674427%) (1 + 0.0018674427%)
5 [ 0.0018674427 ]]3'3
1

i (-1+0.0018674427)° (1 + 0.0018674427 + 0.0018674427*

29



Result:
1.6187444646757900402609356301838293535252308584007292013328 ..

1.61874446467579...

The first Jacobsthal numbers are:

43691, 87381, 174763, 349525,

The first Jacobsthal-Lucas numbers are:
2,1,5,7,17,31, 65,127, 257, 511, 1025, 2047

We note that the sum of the seventh number of each sequence, i.e. 21 and 65, is equal
to 86, 1.e. to the exponent of the expression

21 +65=286

Now, from (5.3):

1 oo

3 {—1'}”;;”"') —4 (5.3)

4: oo , =

lim (f{:ﬂ—
.']—-1' i

Multiplied by

o 1> 1) 2

=0 —r.jzf'f?zl}u uﬂfl {—q; :]E}”

We obtain:

A%((((((1 + (0.0018674427)/((1 + 0.0018674427/2)*2 (1 + 0.001867442774)))) + 2*
((-0.0018674427/((-1 + 0.0018674427)*3 (1 + 0.0018674427 +
0.0018674427°2)))))))
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Input interpretation:

% [[1 0.0018674427
+ +
(1+0.0018674427%)* (1 + 0.0018674427*)
) [ 0.0018674427 ]]
(-1 +0.0018674427)% (1 + 0.0018674427 + 0.0018674427)

Result:
4.022465214562312202754555132703786740186053018522052100/40.

4.0224652145623...

From which:

5% 1/((4*((((1+(0.0018674427)/((1+0.0018674427/2)"2
(1+0.0018674427/4))))+2*((-0.0018674427/((-1+0.0018674427)"3
(1+0.0018674427+0.0018674427°2)))))))*1/3

Input interpretation:

/ 0.0018674427
517114111+ -
/ (1+0.0018674427°)* (1 + 0.0018674427%)
) [ 0.0018674427 m o
(-1 +0.0018674427)° (1 + 0.0018674427 + 0.0018674427)
(1, 31]
Result:

3.1439278580...
3.143927858... =mn

1/6(((5* 1/((4*(((1+(0.0018674427)/((1+0.00186744272)"2
(1+0.0018674427/4))))+2*((-0.0018674427/((-1+0.0018674427)"3
(1+0.0018674427+0.0018674427°2)))))))*1/3)))*2

Input interpretation:
0.0018674427

/
— (521 /|[4]|1+
5[ / [[ [[ (1+0.0018674427%) (1 + 0.0018674427%)
((-1+0.0018674427)° (1 + 0.0018674427 +

2
0.00 135?442?2]]]]]] L] 3}]]

]+ 2 (~(0.0018674427 /
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Result:
1.6473803096...

1.647380396...

1/6(((5* 1/((4*((((1+(0.0018674427)/((1+0.0018674427/2)"2
(1+0.0018674427/4))))+2*((-0.0018674427/((-1+0.0018674427)"3
(1+0.0018674427+0.0018674427°2))))))))*1/3)))*2-29/10"3

Input interpretation:
0.0018674427

/
—[5x1/]|4||1+
5[ f[[ [[ (1+0.0018674427°f (1 +0.0018674427)
((-1+0.0018674427)° (1 + 0.0018674427 +

2 29
O.DO185?442?2]]]]]] e 3}]] S
10

]+ 2 (-(0.0018674427

Result:
1.618380396...

1.618380396...

Furthermore, we have also:

27[4((1+(0.0018674427)/((1.0018674427°2)*2 (1.0018674427/4))+2((-
0.0018674427/((-1+0.0018674427)*3(1.0018674427+0.0018674427/2))))))]*3-29

Input interpretation:
2?[ [ 0.0018674427

1+ +
(1.0018674427° ) - 1.0018674427*
2[ 0.0018674427 ]]]3
J

3 (-1 +0.0018674427) (1.0018674427 + 0.00 186744277

Result:
1728.133770975822265806853315927098600734781838202306474787. ..

1728.1337799758...
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Furthermore, we have:

} . 2
2. {r; gl B tsr;f P Tl = @ iqﬁ]; fhes
nz0 nll = |

From

7
fole) = ,,E_,J, (~4:9)n

That is:

1 +Sum {k>0} g"k™2/((1+q)* (1 +qg™2)*..*(+qk)).
We obtain:

(((1 + Sum (((0.0018674427~k2 / (1 + 0.0018674427) * (1 + 0.0018674427/2) * (1
+0.0018674427°k))))), k = 1..infinity)))

Input interpretation:
3 0.0018674427+"

i71(1+0.0018674427) (1 + 0.0018674427%) (1 + 0.0018674427)

1+

Result:
1.00186

1.00186 as above
And

Input interpretation:

LS 0.0018674427%"
S

o1 (1+0.0018674427) (1 +0.00186744277 ) (1 + 0.0018674427)

Result:
0.99814

0.99814 as above
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(((1 + Sum (((0.0018674427~k*2 / (1 + 0.0018674427) * (1 + 0.0018674427/2) * (1
+0.00186744277k))))), k = 1..infinity)))*259

Input interpretation:
=] 0.0018674427

1]
(21 (1+0.0018674427) (1 + 0.0018674427%) (1 + D.DDlBﬁ?ME'?k}]Z

1+

Result:
1.61837

1.61837

(((1 + Sum (((0.0018674427°k"2 / ((1 + 0.0018674427) * (1 + 0.0018674427/2) * (1
+0.00186744277k))))), k = 1..infinity)))4096-256-47+7

Input interpretation:
] 006
; Z 0.0018674427"
+ : -
i1 (1+0.0018674427) (1 +0.0018674427%| (1 + 0.0018674427¢ )
256 -47 +7

Result:
1729.25

1729.25

With regard:

At 4dn 4

(=39 22 . g q
(9:9)00 Eﬂ {qzq}” ISERLRECE tjt§{4 H, +Z rﬁ"ha-

We have that from:

Fo(a) =)

n>0 \@

(sequence A053264 in the OEIS)

Zin

fi(g) = Z.:] (En

(sequence A053257 in the OEIS)

1Q)n
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We obtain:
sum *(2n"2)/((1-q)(1-g"3)...(1-g*(2n-1))), n=1..1
from which:

sum (0.0018674427°2)(2n2)/((1-0.00186744272)(1-((0.0018674427)"2)"3)(1-
0.0018674427°2)"(2n-1))), n = 1..1

Sum:
2
= (0.00186744% )"

2 (1-0.00186744%)(1 - (0.00186744°)*) (1 - 0.00186744%)* "1 B

n=1

78373577212774187 115481792865 537642234583 744 615020060 700 054 -
406547817 718 788 698 330551609/
6444 325983 779 305 343 660272653648 025 630470445938013 103 394135~
020625428 197812260556950675213 194944000

Decimal approximation:
1.2161640706886096007866888594041266557992453754364719... x 10711

1.216164070688...%107"

and:
sum q(n"2+n)/((1+q)(1+q"2)...(1+q"n)), n = 1..1

Ssum
0.00186744277(4(n"2-+n))/((1+0.0018674427°4)(1+(0.0018674427°4)*2)...(1+(0.00
18674427/4) n)), n = 1..1

Sum:
P B
L 0.00186744% "+

= (1+0.00186744%)((0.00186744** + 1)({0.00186744*|* + 1}

11605587 426663 353577950844 174494313988 124989 748917249 835830
337851035738430928114778351579402144220081493 609009000852 "
234486079 784012321/

78 467325092609 665874599622 287400 336 634 705543 440 668 732 580 -
580583657569 273048 043933 777506 089587 761587892 317674 130464 -
6848220977812 645566 151523365900 047663292 168

35



Decimal approximation:
1.4790344150212926563681458523537073277474801938378060... x 10722

1.47903441502...%10°%

From the ratio of the two results, we obtain:

(1.216164070688609 x 10"-11/1.47903441502129 x 107-22)

Input interpretation:
1.216164070688609 - 10"

1.47903441502129 - 1072

Result:
8.2226804677843104423171059415024286737137305175800352... = 101°

8.2226894677...%10"

From which:
(1.216164070688609 x 10"-11/1.47903441502129 x 10°-22)*1/52 - 3/10"3

Input interpretation:
I
,| 1:216164070688609 s | A

| ot
\ 1.47903441502129 - 1072%*  10°

Result:
1.6184520616712169. ..

1.6184520616712169...

We have also:

$o(q) = Zq"2 (—¢; ¢®)n (sequence A053258 in the OEIS)

n>0

From which:
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sum for n >= 0 of ¢"n"2 (1+q)(1+q"3)...(1+q"*(2n-1))

sum (0.0018674427/2)"n"2
(1+0.0018674427/2)(1+((0.0018674427)2)"3)(1+((0.0018674427/2))"(2n-1)), n =
1.1

Sum:
1

>’ (1+0.00186744%)((0.00186744°)* + 1)(0.00 186744%)"" ((0.001867442 2" + 1) =
n=1
517028 204 409 612377993520 312801 316 757 199 367 623 096526 569 336 396
680161458 710583620611 756291026 697702038 530 165 508 008/
148 257487526 813 259 225 846 222 831 340464 079 214 669 691 942 390 464"
900212585350 985602 322527038 818 908 072390999 978 323 420 636 168
881

Decimal approximation:
3.4873665609374684322743303167495821788245183683170335... x 10°°

3.4873665609374684322743303167495821788245183683170335 x 10

Thence, we obtain:

n? f e n?

q q
Em @~ f=r e T ‘””E TP Poc
= {_q; e Z ‘anjfﬂz"ii] q( qz_qu Z 4Hh+4” Z 4”_
— T p n—ql—q-;
{{Lq}x n=0 ”}D{i q"l}; ”_‘_1 frl}”

(((((3.48736656093¢-6)-y*(1.479034¢-22+1.216164e-11))))) = 0.99814* 1 /x

Input interpretation:

1
3.48736656093 - 10°° — y(1.479034 - 1072% +1.216164 - 107"} = 0.99814 . ~
' X
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Result:

0.99814
3.48736656093x107% - 1.21616x 107! y =

X

Geometric figure:

line

Implicit plot:
..I.
400004 f
200000 §II/"_'_

= = F -'L.
-1 %107 5 #1080 ooo J
— 400000

Alternate forms:
8.20728 x 10"

X

y =2B6751. -

0.99814
x

~1.21616 x107'! (y - 286 751.) =

Alternate form assuming x and y are positive:
xy+8.20728x 10" = 286 751. x

Alternate forms assuming x and y are real:
0.99814
3.48737x107% - 1.21616x 107 y =

+

8.20728 x 101°

X

+y = 286751.

Solution:
2.61364 %107 (1.09713x 10"% x - 3.14017x 10'%)

X

x0, y=

2

Solution for the variable y:

0.99814
¥ =~ -8.22258 x 10'° [— — 3.48737 x 10"5]
X

Implicit derivatives:
ax(y) 6100000 x*

dy 500644 156538587919
dy(x) 500644 156538587919

ax 6100000 2
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(((((3.48736656093¢-6)-(286751- (8.20728x10710)/x)*(1.479034¢-22+1.216164e-
11))))) = 0.99814*1/x

Input interpretation:

3.48736656093 - 107° -

8.20728 - 10 ]

1
286751 - (1.479034 - 107%% + 1.216164 - 107!} = 0.99814 » =
’ X

Result:
3.48736656093x10°% —1.21616 x10°1! [285 751 -

8.20728 = 10" 0.99814
X N X

Plot:
4. x10-12]
3.x107 12 |
2.x10712 |
1. x10-12 | — 3.48736656093x10% -1.21616 x 107!
-.‘: | Ll
' (286751 - 8:20728x1010)
1 !
; P OQ9cagld
110X 5x10M9 - 5x1019 110X

Alternate forms:
0.99814 0.99814
2 +4.12925x 10712 = 99

X X

4.12925x1071% (x + 2.41724x 10"}  0.99814

X X

Alternate form assuming x is positive:

Alternate forms assuming x is real:

0.99814 0.99814
2 +4.12925% 1072 = 99 +
X X
36054.0
——
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Solution:

36954.9

286751- (8.20728x10°10)/(36954.9)

Input interpretation:
8.20728 - 10™

286751 -
36954.9

Result:
~1.9341398696816930907673048515623097342977521248873627. .. » 10°

-1.9341398696...*10°

Repeating decimal:
~1.9341398696816930907673948515623097342977521248873627... x 10°

(period 4562)

-1934139.86968

Thence:

(((((3.48736656093¢-6)-(-1934139.86968)*(1.479034¢-22+1.216164e-11))))) =
0.99814*1/(36954.9)

(((((3.48736656093¢-6)+(1934139.86968)*(1.479034e-22+1.216164e-11)))))

Input interpretation:
3.48736656093 - 10°° + 1.93413986968 x 10° (1.479034 - 107 +1.216164 107"

Result:

0.000027009679365911141062801228912
0.000027009679365911141062801228912 (final result)
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0.99814*1/(36954.9)

Input interpretation:
0.99814

36954.9

Result:
0.000027009679365929822567507962408232737742491523451558521...

0.00002700967936...

Thence:
(—q; Do a2, 7. 4 iy pelleck gin+in g
T g (g% q m —q(—q°;9) ) e - S
(@ 9oe ”Zi[:} 7 q g I — (=979 Voo (7759 e % {q;i’.q,d],” E (qz;qq”

= 0.000027009679365929822567507962408232737742491523451558521...

From which:

[1/(((((3.48736656093¢-6)+(1934139.86968)*(1.479034e-22+1.216164e-
1)) 1/22+5/10°3

Input interpretation:
(1/(3.48736656093 - 10°° + 1.93413986968 x 10°

. 5
(1479034 - 107%% + 1.216164 - 1071))) ~ (1/22) + ]

Result:
1.618088547333836553158998837425388957547707110665450003520. ..

1.618088547333...
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From:

Congruence properties of the partition function
Tony Forbes - Talks for LSBU Mathematics Study Group, 24 Sep, 8 Oct & 19 Nov
2008

Ramanujan’s tau function 7(n) is pas(n — 1).

n 1 2 3 4 5 6 7 8 9 10
T(n) |1 —24 252 —1472 4830 —6048 —16744 84480 —113643 —115920

Now:

Lectures on Black Holes, Topological Strings and Quantum Attractors (2.0)
Boris Pioline - arXiv:hep-th/0607227v5 6 Feb 2007

16 BN s -
N)= dg (=) AV 163
pas (V) o \/;_ J (21’:’) | )

This integral may be evalunated by steepest descent: the saddle point ocecurs at 3 =
27 /v N — 1, leading to the characteristic Hagedorn growth

p2a(N) ~ exp (4my/rw) (6.6)

for the spectrum of DH states.

Using the standard asymptotic expansion of I,(z) at large z

ek - I S S
j![ﬂ)xgy(f) -ll_(# D, =D =3) -1k —F)(-5)

2w

8z 21(82)2 - 3(82)3 S|
(6.9)

where y = 412, we can compute the subleading corrections to the microscopie entropy

ol DH states Lo arbitrary high order,
_ : — 27 15 675 675
log CUn,w) ~ 4w/ |nw| — —f log [nw| + Tj log2 — f = ;j S .
4 2 32my/|nw| 2°7 |nw|

. (6.10)

For N=(n-1) =8, from OEIS sequence, we obtain:
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exp(4Pi*sqrt(x)) = 84480

Input:
exp[ﬁmﬂ] — 84480

Exact result:

eT"VX _ga480

Plot:

Bx10'83
6 x 10183 |

ax10!83 |

54 10183 |

b |

500 1000 1500

Numerical solutions:
X = -5.43505 -4.51374 ...

X = -5.43505+4.51374:...

Input interpretation:
~5.43505 +4.51374 i

Result:

-5.43505... +
451374,

(-5.43505 + 4.51374 1)

Polar coordinates:
r = 7.06496 (radiu , 8=140.291" (angle
7.06496

43
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iisthe imaginary unit



Indeed:
exp(4Pi*sqrt(-5.43505 + 4.51374 1))

Input interpretation:
exp[4 my —5.43505 +4.51374; ]

iizthe imaginary unit

Result:

844704 . +
0.742205.. 1

Polar coordinates:
r = 84479.4 (radius), 6= 0.00050338°
84479 .4

Thence nw = (-5.43505 + 4.51374 1)
Now, from (6.10)

675 675

321/ | nw|  Banw|

27 15
log ((n, w) ~ 4w/ |nw| — I{ log |nw| + ?j log2 —

APi*sqrt(-5.43505 + 4.51374 1)-27/4*In(-5.43505 + 4.51374 i)+15/2 In(2) —
675/(32Pi*sqrt(-5.43505 + 4.51374 1)) — 675/(2"8*Pi"2%(-5.43505 + 4.51374 1))

Input interpretation:
- 27
4 ;4 -5.43505 +4.51374; - 3 log(-5.43505 +4.51374 i) +

15 675 675
= log(2) - -—
2 327y -5.43505 +4.51374; 2% »® . (-5.43505 +4.51374 )
log(x) is the natural logarithm
iisthe imaginary unit
Result:
2.51677... +
17.2884. i
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Polar coordinates:
r=17.4706 radius #=081.7173" (ancle

L]

17.4706 result very near to the black hole entropy 17.5764, that is equal to
In(42987519)

Alternative representations:

1 1
47+ -5.43505 +4.51374 — - 108(-5.43505 +4.513744) 27 +  log(2) 15 -
675 675 15
i = — logia) log,(2) -
327V -5.43505 + 4.51374: 2% % (-5.43505 +4.51374 ) 2

Ty ] 5.43505 + 4.51374 i

— logia) log, (—o. + 4. 1) — =

4 ¢ (~5.43505 + 4.51374 i) 28 2
675

+4m \'II -5.43505 +4.51374;
327+ -5.43505 + 4.51374

1 1
47+ -5.43505 + 451374 - 7 108(-5.43505 +4.51374) 27 + ~ log2) 15 -

675 675
327y _5.43505 + 4513741 2° n? (-5.43505 +4.51374 )
15log.(2) 27 675
——  _ — log,(-5.43505 +4.51374 i) - =
2 4 (-5.43505 + 4.51374 1 2% »°

675
327 -5.43505 +4.51374

+4r *.," -5.43505 +4.51374

1 1
41+ -5.43505 +4.51374 i -  108(-5.43505 +4.513741) 27 +  log2) 15 -
675 675
32 v _5.43505 +4.51374¢ 2° % (-5.43505 +4.513744)

15 Liyi-1y 27 . 675
-+ Li;(6.43505 -4.51374 4 - -
2 4 (~5.43505 + 4.51374 1) 2% »°
675

+dar \"I -5.43505 +4.51374 i
32rv -5.43505 +4.51374

Series representations:

1 1
47+ -5.43505 + 451374 - ; 108(-5.43505 + 451374 27 +  log2) 15 -
675 675
327V _5.43505+4.51374; 2°x°(-5.43505+4.513745)

0.584154 15log(2) 27

- + - — log(-5.43505 +4.51374 i) -
(-1.20411 + iy n° 2 4

675

-+

1
32 1 —6.43505 + 4.51374 i L::: (—6.43505 +4.51374 i [ 2 ]

’

T v.c'.‘
47+ -6.43505 +4.51374 L (-6.43505 +4.51374 i [
k=0

ol O P
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1 1
47+ -5.43505 + 4513744 - - 108(-5.43505 +4.51374) 27 +  log2) 15 -
675 675
327V —5.43505 +4.51374: 2° n* (-5.43505 +4.51374 1)

0.584154 15 log(2) 27

_ + - — log(-5.43505 +4.51374 1) -
i-1.20411 + i) x° 2 4

675

(-1 (-5.43505+4.51374 ik 2K 1]

32 exp[;,-;,q lalgi—5.435ﬂz:4.513?41'—x] “ﬁ Z:;j

arg(—-5.43505 +4.51374i - x
+4;TEXP(}T.'HI g 2+ : }”-\,‘x
T

w (-1 (-5.43505 +4.51374i-x0f x™* (-7},

k!

forixeRandx <=0

k=0 il

1 1
47+ -5.43505 + 451374 - - 108(-5:43505 + 451374 27 + _ log(2) 15 -

675 675
327\ _5.43505 +4.51374: 2% % (-5.43505 +4.513744)
675 15log(2) 27

= log(-5.43505 +4.51374 5 -
675

= +
256 (-5.43505 + 4.51374 i) »” 2

(-1 (-5.43505+4.51374 i—xf 5K (1),

39 1 exp[fr:ﬂ lalgq-5.435n;:4.513?4i-x3 J} % Z:::D
arg(-5.43505 +4.51374; - x}” WJ{_
x

2m
s (-1 (-5.43505 +4.51374 i - x)* ¥ (-2},

2
k!

k!

+4 EXp[fr.,‘H l

for (3 Randx <0

k=0

Integral representations:

1 1
47+ -5.43505 +4.51374i — - log(-5.43505 + 4.51374 i) 27 + 5 log(2)15 -

4
B75 675
327V -5.43505+451374; 2% % (-5.43505 +4.51374) N
0.584154 212.354 +i(-7.5 +0.75t)- 1.06924 ¢

T-1.20811+022 N £(1.6472 —i — 1.42566 ¢ +it)

675
+du \"I -5.43505 +4.51374
32ry -5.43505 +4.51374 ;
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1 1
47+ -5.43505 + 4513744 - - 108(-5.43505 + 4513749 27 + _ log2) 15 -

675 675
2x v‘-5.4agn:|5 +451374; 287 (-5.43505+4.513745)
75 A ooty

= +
256 (-5.43505 + 4.51374 i) »” ~A oaty
3(-6.43505 +4.51374 i) (-9 + 10 (-6.43505 + 4.51374 &) ['(—5)° ['(1 + 5)

BaALl -5

675

ds - +4;,-\f_5_435|:|5 +4.51374
321 v -5.43505 +4.51374

for -1

exp(4Pi*sqrt(x)) =987136; forn=16

Input:
Exp[ﬂrn\f:] = 087136

Exact result:
#TEVE ZoR7135

Plot:

1x1018%

B x m”“i

B x m”’-j;

4x10183

2":.|[]|55.'j§ _ s
:: 500 1000 1500 — 987136

Numerical solutions:
x=-19.0436 - 9.88536. ..

x=-10.0436 + 9.88536+ .
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4Pi*sqrt(-19.0436 - 9.88536 1)-27/4*In(-19.0436 - 9.88536 i)+15/2 In(2) —
675/(32Pi*sqrt(-19.0436 - 9.88536 1)) — 675/(2"8*Pi*2%(-19.0436 - 9.88536 i))

Input interpretation:

27 15
4mf -19.0436 +:-(-9.88536) - a logi-19.0436 +i - (-9.88536)) + 5 log(2) -
675 675
T

log(x) is the natural logarithm

iisthe imaginary unit

Result:

-2.02717... -
30.98BBB.. i

Polar coordinates:

r=40.0401 i::-i§1!'~:| g =-92.0902" (angle
40.0401

Alternative representations:

1 1
47 —19.0436 —9.88536 - - 108(-19.0436 - £9.88536) 27 + _ log(2) 15 -

675 675 LB RS
; - = - logla) log,(2) -
3274 19.0436 -;0.88536 2 m (-19.0436-:9.88536) 2
675

(—19.0436 — 9.88536 1) 2% 2
+474/-19.0436 — 9.88536 i

27
: lﬂg[ﬂ} 103&[— 19.0436 - 988536 -
675

327+ ~19.0436 - 9.88536 i

1 1
45+ ~19.0436 —§9.88536 - - 108(-19.0436 - £9.88536) 27 + ~ log(2) 15 -

675 675
T = 8 =
37 .?TNII -19.0436 - i 9.88536 2 J‘Tz (-19.0436 - 9.88536)
15 log,(2) 27 675
G—zg} - = log,(-19.0436 - .88536 i -

(-19.0436 — 9.88536 1) 2° n2

675
+ 47+ -19.0436 — 9.88536 i

3274 —19.0436 — 9.88536 ;
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1 1
474 —19.0436 —0.88536 —  108(-19.0436 - £9.88536) 27 + _ log(2) 15 -

675 675
e S —-—
15 Li(-1) 27 . 675
——————— + — Li1(20.0436 + 9.8B536 1) - -
2 4 (-19.0436 - 9.88536 1) 2% A7
675

+41+ —19.0436 — 9.88536 ;

32 7+ —19.0436 — 9.88536 i

Integral representations:

1 1
41y -19.0436 —9.88536 — - 10g(-19.0436 - 9.88536) 27 + = log() 15 -

675 675
- E =
3254/ -10.0436 -i9.88536 2 7 (~19.0436-19.88536)
0.26673 2-15.9657 +i(-7.5 +0.75t) + 1.5207¢

(1.92644 + i) r° b 1 t(—2.12876-i+2.0276t+it)
675
+41+-19.0436 — 9.88536 ;

327+ ~19.0436 — 9.88536 i

1 1
47y —19.0436 —9.88536 - - 108(-19.0436 - £9.88536) 27 + _ log(2) 15 -

675 675 B
22 \l} _19_0435 — 988536 28 fl'z (— 19.':'436 —1I 9.88536} N
675 A ooty

= +
256 (-19.0436 — 9.88536 i) 1%  J-Awy
3(-9+10(-20.0436 — 9.88536 i)°) (—20.0436 — 9.88536 i) I'(-s)* I'(1 + 5)

BaALl -5

675
d + 474 -19.0436 - 9.88536 ;

321 ~19.0436 - 9.88536 i
tor | (]

exp(4Pi*sqrt(x)) = 2699296768; forn= 64

Input:
exp[4n\'{;} = 2699206758

Exact result:
eT™V¥ _ 2600206768
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Plot:

Bx10183 |
J183 |

SR

1x10'83 |

34 10183 |

——

|
— 7699 296768

a00 1000 1500 R

Numerical solution:
x = 2.980641543853585. ..

2.98641543853585...

APi*sqrt(2.98641543853585)-27/4*In(2.98641543853585)+15/2 In(2) —
675/(32Pi*sqrt(2.98641543853585)) — 675/(2°8*Pi"2%(2.98641543853585))

Input interpretation:

27
47+ 2.98641543853585 - 5y logi2.98641543853585) +
675 675

: T a8
3274/ 2.98641543853585 2 7 »2.98641543853585

2 logi2)

Zla ps

9 4
logixi is the natural logarithm

Result:
15.5550677559998. ..

15.5550677559998... result very near to the black hole entropy 15.6730

Alternative representations:

1 1
4fr'g'/ 2.986415438535850000 - a log(2.986415438535850000) 27 + 2 logi(2) 15 -
675 675

327/ 2.986415438535850000 2 7 2.986415438535850000
? logia) log,(2) - 2:? logia) log,(2.986415438535850000) -
675
2.986415438535850000 2% 7%
075 +4 7+ 2.986415438535850000

32 fl"q'll 2.986415438535850000

50



1 1
4fr\f 2.986415438535850000 - i log(2.986415438535850000) 27 + o log(2) 15 -

675 675
- 8 —
327/ 2.986415438535850000 2 7 2.986415438535850000
15log,(2) 27 log,(2.986415438535850000) 675
2 . 4 2.986415438535850000  2° »*
75

+4n \" 2.986415438535850000

32 \,{ 2.086415438535850000

1 1
47+ 2.986415438535850000 —  102(2.986415438535850000) 27 + - log(2)15 -
675 675
- S —
3211/ 2.986415438535850000 2 7 2.986415438535850000

3.98541543853585000[)}
1.986415438535850000

54
15 coth™%(3) - = cnth"l[
675

2.985415438553?55?%&% 28 2
+4 1+ 2.986415438535850000

32 ;r\f 2.986415438535850000

Series representations:

1 1
4fr'g'/ 2.986415438535850000 - a log(2.986415438535850000) 27 + 2 logi(2) 15 -
675 675

- S —
321/ 2.986415438535850000 2 7 2.986415438535850000

4,00000000000000000 [—5.2?343?5DDDDDDDDDD x-0.2207260513705273531

@ 1
\/ 1.986415438535850000 zﬁ-“““””mm“ [ 2 ]+
k=0 k
1.875000000000000000 »° log(2)y 1.986415438535850000
B 1
204-68633””2”9“66“*‘ [ 2 ]- 1.687500000000000000 7°
k=0 k
log(2.986415438535850000) y 1.986415438535850000

o 1
204-58'533”2?2*‘99“'5'53”‘ [ 2 ]+ 1.000000000000000000 #°
k

k=)
g ff L
v 1.986415438535850000 L .«*3-585331?2?29‘?9“558“[2] f.f’
: k

e —t

=l X

[+
2+ 1.986415438535850000 Zﬁ-“““”m“‘?“ﬁﬁm‘ [
k=0
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1 1
'4fl"‘j 2.986415438535850000 - i log(2.986415438535850000) 27 + = log(2) 15 -

675 675
e 8 =1
32 7 v/ 2.986415438535850000 2 T 2.986415438535850000

[4.DDDDDDDDDDDDDDDD [—5.2?343?5DDDDDDDDDD -

arg(2.986415438535850000 - x)

0.2207260513705273531 Exp[z T { ;
m
w0 (19" (2.986415438535850000 — x)* x* [- i L

A2 :

k=

k!

J

1.875000000000000000 ° Exp[z ;r{ :
m
s (=1 (2.086415438535850000 — x)° x* [- = }k

lng[m\q Z .
k=

k!
=0

arg(2.986415438535850000 —x}“

1.687500000000000000 »° Exp[z ﬂ :
n

log(2.986415438535850000) y/ x

w (—17% (2.986415438535850000 — x)° x* [- ; L

-+

k=0 k!
1.000000000000000000 °
5 arg(2.986415438535850000 — x) 2
EeXp (ur{ 2 J\G
Fin
[w (—1)* (2.986415438535850000 — x)* x~ [_El}k U]“f
k=0 k! /
arg(2.986415438535850000 — x
[,,Tz cxpfr | 22 )=
2
@ (—17% (2.086415438535850000 — x)* x ™~ [- é}k ]
fol Randx <0
k=0 k!
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1 1
4fr\({ 2.986415438535850000 - i log(2.986415438535850000)27 + 2 log(2) 15 -
675 675

- 8 —
32 5+ 2.986415438535850000 2 7 2.986415438535850000
]— 1/2 |argi2 @86415428535850000 =z W2 m)]

1
[4.DDDDDDDDDDDDDDDD (—
3]

20-1-1,-'2[mmz.QSM154zsszsssnnuu—z.;.J,.'qznu _5_2?343?50[)000000&0”@_

1 41/2 |argi2 28641 5438535850000 -z )/(2 1)
0.220726051370527353 (— ]

Zp
E:1+1,-'z |Eu g2 08641543 8535 850000 —zq /(2 7))

Ju]
o (1 [—ﬁ }k (2.986415438535850000 — 2" 25"
+
k=0 k!

. v 1 1/2 [augi2.986415438535 850000 -2 )12 1))
. o logl }(—J

e
g2 |a1gl2.98 6415438535 85000020 /(2 1))
0
o (-1 (- i J, (2.986415438535850000 — o) 2g°
he=0 k!

1.68750000000000000 7 log(2.986415438535850000)
( 1 ]1,.'2 |argi2 28641543 8535850000 -z (2 71

Ep
S |arg(2 98641543 8535850000 20 (2 7))
0

w (-1 [-i}k (2.986415438535850000 — zq1* z7*

k!

5 (1 |a5(2.986415438535850000-20 /(2 )]
1.000000000000000000 7 [—]
by
32 +larg(2 PEE41543 8535850000 -2 (2 )]
0

+
k=0

k=0 k!
[ , & 1 -7, (2.986415438535850000 - zo)" z5*
T
k

[m T [-i}k (2.986415438535850000 — zg)* z5* ]]ff
/

k!

=0
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Integral representations:

1
4fr'y'/ 2.986415438535850000 - i log(2.986415438535850000)27 +

1 675
5 103’[2} 15 - -

32n \'} 2.986415438535850000
675 0.8820042054821094122

28 12 2 .986415438535850000 T
[2 3.72435475756868 — 0.750000000000000 t

1 D.4955806§434249 108 t — 1.0000000000000000 t2
73
+4n \'} 2.986415438535850000

+

32nx \'r 2.986415438535850000

1
4;r\f 2.986415438535850000 - a logi2.986415438535850000) 27 +

1 675
Z log(2) 15 - -
asz 2.986415438535850000
675 0.882004205482100412
=— +
2% 7% 2.086415438535850000 P

T 1
J"‘"‘""}' B.TSDDDDDDDDDDDf_D.E‘SBgEl?Z?EME‘E‘S?S
ety ETT(L — 5}

[—D.QDDDDDDDDDDDDD +1.00000000000000 e'j-ﬁ'“'“”mmﬁ'““}

2 21.09375000000000000
Fi-sy Til+s)ds - g

v 2.986415438535850000
4.000000000000000000 \)r 2.986415438535850000 for |

Or, approximating 2.986415... to 3, we obtain:

Input:
675 675

32xv3 2% #%x3

4 3 <7 logi3) 12 logi2)
—— 1o — I e
ki3 4 g + 2 g’

logixi is the natural logarithm
Exact result:
225  225V3 15log(2) 27 log(3)
+4\E}T+ L5 % it

Tosgpd 92y g 4

Decimal approximation:
15.58298015900533983078066302769040347414832695013152123021...

15.582980159... as above
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Alternate forms:
8v3 r(128 2% - 225) - 225

3
+ A (log(1024) - 9 log(3y

256 r°
-225- 1800V 3 7+ 1024+ 3 »* + 1920 »% log(2) - 1728 =% log(3)
256 n°
225 22543 3
= s 44/3 — (10 log(2) - 9 log(3
P 32}T+'J_fr+4 g g(3))

Alternative representations:
675 675
32r “E 2% 2 :g )
15 27 75 75
— logia) log,(2) - — log(a) log,(3) - - +4;r£
4 4 T 3x2'2 3247
675 675

1 1 327V 28423
15 log (2 27 log (3 675 675
Zel4) iad Bel) +4II'E

2 4 3.28:2 32:43

1 1
4y 3 - 3 logi3)27 + 5 log(2) 15 -

1 1
4x4 3 - 5 logi(3)27 + 5 logi2) 15 -

1 1 B75 675
4y 3 - logi3)27 + 5 log(2) 15 - - =

54
15 coth™(3) - = coth™(2) - ; = +4xy3

Series representations:
675 675
32xv3 28773
1
225  225V3 3 ”‘arg[gl wAtE)
+ \',_ m+

— I +

. 3
256 7° 32 2 2r

1 1
dry 3 - 3 logi3)27 + 5 logi2) 15 -

4k

675 675

32zv3 2°4°3

arg[E—x}J 27 {arg[S—x}J
_— - — |+

— i
2

2

1 1
4ry 3 - % log(3)27 + > log(2)15 -

225 22543
256 7 32nx .
3logix) o 3(-1F [1':'[2—1‘]'k —'§'[3—3«:‘}‘“}1‘"tc

a 4k
k=1

+443 m+ 151}1’{

for 0
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675 675

1 1
4wy 3 - 3 logi3)27 + 5 logi(2) 15 -

azn v3i 2873
225 2253 argi2 — zp)
7= = + ki {—Jl [ ]—
256 2 32r
27 yarg(3 - zp) 1 3 logizg) arg(2 z.;.}
—{—Jlog[—]+ +—{—Jlog[z.;.}—
4 2 4 2 2
27 | ara(3 - z0) & 3(-1* (102 - %) - 93 -20)) 55"
{—Jlog[z.;.H
4 4k
k=1
Integral representations:
474 3 : log(3)27 - logi2) 15 675 675
T - - log + — log - - =
4 2 2743 28.%3
225  225v3 2 15 3t
28 a3 e [
256 x° 32n 1 2r-4r2
675 675 225 22543

4 \/_ l1 (3)27 l1 (2)15
m - — log +— og B = = - =
327V3 2%23 256 1° 32

31235 945 21*)r(-5)° (1 + 5)
4*J_JT+[JM+T s ds for

—i co+y aT(l-3s)

[exp(((4P1*sqrt(3)-27/4*In(3)+15/2 In(2) — 675/(32Pi*sqrt(3)) —
675/(2"8*Pi"2*(3)))))]*1/32-(Pi*2)/1024

Input:
[

27 15
EXP[‘q-.FI"\E Y logi3) + = log(2) -

32

675 675 ] n
32xv3 282743 1024

logixy is the natural logarithm

Exact result:

_—=225 22593 ¥aga
215_.'64{, gloz 2 1024r 8 ﬂ.Z

927/128 " 1024

Decimal approximation:
1.617736458520499083675384422892781611719341332788717026252...

1.6177364585...

Note that we have subtracted 7° / 1024, where 1024 = 647/ 4 and concerning the
fundamental Ramanujan’s paper “Modular equations and Approximations to 7.
(Antonio Nardelli)

56



Alternate forms:

915/64 2254843 n{225-12822)|/|8 102 22) E
164 ..
327/128 1024
015/64 22541800 v3 7-102443 #3)f(81022) 2
/64 )
327/128 1024

__ 235 235§ V3 +\.."_3 I
1024  215/84 , gloa,2 1024n 8 _g27/128 2

1024 . 3%7/128

Alternative representations:

675 5?5] n
32-v3 28,23/ 1024

151log.(2) 27 log.(3) 675 675
[ ge(2) Be(3) B E_ +_4ME]
2 4 32827 32x43

1 1
3{! exp[ilnﬁ 5 logi3)27 + 5 logi2) 15 -

z e
% +32( eXp
1024 '\

| 1 1 675 675 P P
32’ EXP 4N\E - = log(3)27 + - log(2) 15 - - - = - -
\ 4 2 39 .v3 2°.23/ 1024 1024

I
15 27 675 675
z‘i{ exp[; logia) log,(2) - A logia) log,(3) - = +4n\/§]

287 32:v3

Integral representations:

675 5?5] P
32-v3 28.23/ 1024

|

e 225 2 15-3¢ 675

——+32fexp[——+ dt - +4rr1.'3]
1024 256 J1 2t-4t2 32xvV3

1 1
3‘:! exp[4;r \,E g logi3)27 + 5 logi2) 15 -

| 675 675 ] T T

1 1
32/ expldry 3 - - logi3)27 + = log(2) 15 - - - = -
‘.q( p[ T g RS R S e I iaag] 1024 1024
995, [iss 325975 {945 .« 2145 ) 1 T{=s)2 [{14s) g 5001 1004 3.3
i —i pa+y i T{1=s8) = + i
EXp
3:;1 256 x*
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The micro-states correspond to open strings attached to the D2 and D6 branes, in
the background of the NS5-branes. In the limit where Y x S} is very small, they
may be described by a two-dimensional field theory extending along the time and S
direction. In the absence of the NS5-branes, the open strings are described at low

energy bv [T I'(_L‘l ¥ .m‘(“,- \ gauge bosens together with bi-fundamental matter, which

Yy (™ aiv LA L (A oAwl s el X AiaiafavRasaf i GiTal daaTunivineg L 8 LS

is known to tlcm to a Lf 1' with eentral charge ¢ = 6()2()g in the inifrared (see [34]
for a detailed analysis of this point). In the presence of the NS5-branes, localized at

Qs points along S, the D2-branes generally break at the points where they intersect
the NS5-branes. This effectively leads to Q5()s independent D2-branes, hence a CFT
with central charge c.s = 6Q02(Q050. The extremal micro-states correspond to the right-
moving ground states of that field theory, with N units of left-moving momentum along
Si. By the Ramanujan-Hardy formula (Eq. (6.18) below). also known as the Cardy

formula in the physics literature, the number of states carrying N units of momentum
orows exponentially as

Q(Qs, 0s, Qg N) ~ exp lawv*%ﬁﬂ ~ eXp [zm,f@g O 0 N] (2.17)

central charge ¢ = 3(/2G = 24k
N =2.98641543853585+1
exp(2Pi*sqrt(24/6%3.98641543853585))

Input interpretation:

24
EXP E.FT\/ 3 3.98641543853585

Result:
7.8788097398245_.. x 10°

7.8788097398245...%10"
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From which:
In((exp(2Pi*sqrt(24/6*3.98641543853585))))

Input interpretation:

[24
lag[exp zn\[ & 3.98641543853585 ]]

Result:
25.0000277741557...

25.0900277741557...

Alternative representations:

|
| 3.986415438535850000 24
log|exp|2r | -
\ 6
|
| 05.67307052486040000
log,|exp|2 ‘q| g

f
| 3.086415438535850000 24
log|exp|2r | 3

\ 6

|
| 95.67307052486040000
logia)log, |exp|2 7 |

Series representation:

[
| 3.986415438535850000 24
loglexp|2 7 | 3

lﬂg[— 1+ exp[z 7+ 15.94566175414340000 ]] -

-1 [- 1 exp[z 7y 15.94566175414340000 ]]4;

> k

k=1

Integral representations:

I
9 I| 3.986415438535850000 24
Fi

\ 6

lo g[exp
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logix is the natural logarithm

Jup{zﬂ v 15.94566175414340000 | 1
1

t



I
[ 3.986415438535850000 24
loglexp|2 7 | R

L ey (-1 +exp(271/ 15.94566175414340000 || 1-3)? 11+ 5)

i s for
21}Tn—q'm+]- r[l—s}
| (1

((exp(2Pi*sqrt(24/6*3.98641543853585))))"1/53+(4Pi)/10"3

Input interpretation:
I

I 24 dr
53| exp|2 7 .| — »3.98641543853585 | + —
\ 6 10°

Result:
1.618004585504071. ..

1.618004585594071...

Series representations:

|
| 3.986415438535850000 24 | 4x
g2 eXplZ2 | F— =
\ \ 6 10°
« 1
=3 ggI exp|2 7\ 14.94566175414340000 )’ o 2 70421074085920760k |
250 : k
k=0
|
,. | 3.986415438535850000 24 | 4x =
ex ik S S
o intd 6 T10° T 250

o (~0.06690904802008977950) [—i}k]
k!

53 exp[z,rn,I 14.94566175414340000 3
\ k=0

|
| 3.986415438535850000 24 | 4x
53 exp|2r | SR
\ v b 10°
p T ET:D P‘ES;:J—,,J: E—Z.?D4421D'?4055.C'29?695 r[_El _ 5} I'(s)
oen 53| SXP = -
250 5.1; e
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Or, for N = (-4.43505 +4.51374 1)
exp(2Pi*sqrt(24/6*(-4.43505 +4.51374 1)))

Input interpretation:

[24
exp zn\;' 5 (~443505 +4.513741)

Result:
~1.30349.,. x 107 -
1.56804... « 107 ;

Polar coordinates:
r=203907. 1s}, @=-129.736°

203907

(((exp(2Pi*sqrt(24/6*(-4.43505 +4.51374 i))))))*1/25-(4Pi)/10°3

Input interpretation:

75|' 2 2 (—-4.43505 +4.51374 ) il
25 gxp ;r‘j — ={—4. +4. | -—
\ 6 10°

Result:
1.61146... -
0.147497 .. i

Polar coordinates:

r = 1.6182 (radius), 8= -5.22969° (a
1.6182
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Series representations:
|

1 4
25( EXP[EN \/5 (—4.43505 +4.513'?41}24] o E e

T

250

+oslexp|2 \K -18.7402 + 1B.055 L (-18.7402 + 18.055 /™ [

k=0

bl % P
—
—

1 4
25’ exp|2 g (—&4.43505 +4.51374 524 | - e
10

2 x v —18.7402 + 18.055 i 3

k=0

T |
— —— + 35| EXD
|

50

@ (-1 (-18.7402 + 18.055 7% (-2},
k!

1 47
25’ EXP[EF \/5 (—4.43505 +4.513?41}24] i E o

i

250

+ 25| exp|2 7wy =g

s (-1 (-7), (-17.7402 + 18.055 i - 50)* z* ]
k!

k=0

+ |
[L*1 N |

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.
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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 w. 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:
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
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Note that:

g2 = \/ (1 + V2).

Hence
642 = ™2 _94 1 276eVE ...
64955 = 4006e~™V22 4 ...
so that
64(gh + gt = €V 04 - ATV L oo = B{(L VI 4+ (1 =) 2]
Hence B
e™V22 _ 9508951.9982 . . . .
Thence:
6493 = 4006e™VE | ...
And
64(g2% + 952Y) = ™2 24 + 4372V ... = 64{(1 + V2)2 + (1 - v2)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 m, ¢, 1/¢, the Fibonacci and Lucas numbers, linked to the
golden ratio, that play a fundamental role in the development, and therefore, in the
final results of the analyzed expressions.

In mathematics, the Fibonacci numbers, commonly denoted F,, form a sequence,
called the Fibonacci sequence, such that each number is the sum of the two preceding
ones, starting from 0 and 1. Fibonacci numbers are strongly related to the golden
ratio: Binet's formula expresses the nth Fibonacci number in terms of n and the
golden ratio, and implies that the ratio of two consecutive Fibonacci numbers tends
to the golden ratio as n increases.
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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, 23,58 13,21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181, 6765,
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:

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
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factor of ¢ for every quarter turn it makes. Approximate logarithmic spirals can

3]

occur in nature, for example the arms of spiral galaxies™™ - golden spirals are one

special case of these logarithmic spirals

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

Furthermore, we obtain as results of our computations, always values very near to the
Higgs boson mass 125.18 GeV and practically equals to the rest mass of Pion meson
139.57 MeV. In conclusion we obtain also many results that are very good
approximations to the value of the golden ratio 1.618033988749... and to {(2) =

s

™ o 1644934 ..

6

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