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“Nowadays, there are only three
really great English mathematicians:
Hardy, Littlewood
and Hardy-Littlewood”

Reported by Harold Bohr, 1947

https://www.flickr.com/photos/greshamcollege/26156541272

We want to highlight that the development of the various equations was carried
out according an our possible logical and original interpretation

For more information on the data entered for the development of the various
equations, see the ""Observations'" section.
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Now, we have that:

As an example of an approximation with more than one term, Ramanujan gave
(q)='%°. A simpler example is provided by (¢)Z*®. By the functional equation of the
Dedekind n-function (see for example [Ap, 48]), we have

QL-[ == Z—R % 4. 4
47 (q)e o (413491 )

]
=
[T

where ¢ =™ and g, = e~ @ . Hence as a — 07,

(q)=*8 = ?lg™(g).] 8

21 1 =8
= f}'z[w a5 (4734 Jm]

24

T g g 4, sy, 81]—48
= g9 4 U =4+ 0(q,)]
U.'M
2 -8 4 8
— i 4 [1+4847+O(q7)]
24
o
— 1211_'7_11' 1'1 24‘]2"*}1

e 1 g2 . 48024 a2 i :
_mtxp P — 20 +(2I)24exp F—;&)JF(J[[).
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For:

gq=e %

we put o= 1/12 and obtain:
e™(-1/12)

Input:

-1/12
&

Exact result:
1

Ve

Decimal approximation:
0.920044414629323247893155324053717231673187534959974201701...

q = 0.9200444146293....

Property:
1

I1s a transcendental number

12—
Ve

All values of 1/e*(1/12):

(i}

— =0.920044 (real root)
Ve
—imyh

=0.7968 -0.46002 :

e

~{im)3

=0.46002-0.7968 :

e

i m)i2

=—0.92004 ;

12—

€

—~2im)y3
" !

=—0.46002 -0.7968 ;

E—

£



Alternative representation:

1

-1/12 =
e ' =gxXp 12(z) fo

Series representations:
1

|
12 alsl i
I3

1

-1/12
"l =

=112
£

! ‘zf S -1k
k=0 k!

12'5

|
12f e 1+k
k=0 k!

\

Integral representation:
ooty D{s)T{—a-s)
J—I a4y o5 ds
(2xnli—a)

(1l+z)" =

From:

o 8?2 48024 i
Wexp ?—_Of +(2H’JE4BXP = Qo —I-Ol:l).

For oo = 1/12, we obtain:

((1/12°24))/((2Piy*24) exp((((((8Pi*2)/(1/12))-
2%1/12))))+48*(((1/12)"24))/((2Pi)*24) exp(((4Pi"2)/(1/12))-2%1/12))))

Input:

1 124 1 124
() 8r% _ 1 =
X -2 —[+48
(2 1—12 12 (2 w4




Exact result:
o8 216

;
27786 162017714 2525922589 197350012 2
QAT -1/6
5 .

1333735 776850284 124449081 472843 776 »**

Decimal approximation:
2.2759615293034692593068303077991630295927502015295737... x 1036

2.27596152...%10°%

Alternate forms:
o8 216 [48 4 o8 P }

1333735776 850 284 124449 081472843776 »**

48 P43n3-1_-'6 _'_‘F':'v'ﬁ:rz—l,-'ﬁ

1333735776 850 284 124449 081472843776 »**

Series representations:

e[ - 2] (2 [smem| 2 - 22
12 + 12

[2 .?T'F24 [E }T}24
164288 1/k?

=]

"
27786162017 714252502/80197 350912 ¢

' w g2
f—l,-6+5'?6 I Lk

1333735776850 284 124449 081472 843 776 »**

gr? _ 2 |14 4n? _ 2 ||{1p4
EXP[ 1 12][12]2 [48 EXP[ 1 12]][12}2
12 3 12 5
(2 mp>* (2 my=

[EE_LD i}—lfﬁﬂﬂ < (48 - [Eﬂ‘;ﬂ ﬁrﬂ .IT"J

1333735 776 850 284 124449 081 472 843 776 n**

f:}cpl[géE 2 12—2][1—12]24 [48 exp[% - %]][éjy
2 g s

(2 m>* (2 r2*
48 72 ~1/6+48 2
A8 4| —1 1
yoo (=1f ] [?W =18 ]
“k=0 k=0

1333735 776 850 284 124449 081 472 843 776 »**
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Integral representations:

gr? 2 |[1)24 an? _ 2 ||f124
EXP[ 1 12][12}2 [48 EXP[ I e ]][ujz
12 5 12 s

(2 Pt (2 Pt

1 3v3 L

[Exp[—g+48[ = +24L4ﬁ..' —(-1+D)t d’t]z
3vV3 L
[48+Exp[48[ x +24j41ﬁ—[-1+m .;rr]z] ];"ﬁ
0
L 4
[1 338 258 845 052 394 702 439 737 982 976 [\E+BEJ s c1+nt .:rr]z
0

gr? _ 2 |(1)34 an? _ 2 ||fL)24
EXP[ kY 12][12}2 [48 EXP[ 11—2 12]]{12j2
24 ¥ [2}”24 S

-1/6+192 ( [ 1/{1402 )t 2
p .

i
466 174 441982 187842026 106684 822878420992 ([ —5 at|"
164384 (01 1402 ) dr 2

22376373215145016417253 120871498 164207616 [Jgm i dt}24

gr? _ 2 |(1)34 " T 1 (24
BXD| T - || 48 ex i e
p[l 12][12}2 [ p[l_ 12]]{12j2
12 y 12 .
(2 mP?* (2 72
V64192 ([sinic)je dr 12

466 174 441982 187 842 026 106 684 822878 420992 ( [ 5”‘% .-,rrf“
f—l_-'|5+3 84| ["sinit )t dr )2

22376 373215 145 016417253 120871498 164207616 ([* =2 at %

Thence, we obtain:

I 2
47 (q) = \/ Efif(ﬁifﬁ)m




e . 1 Bl
(@9)=" = ¢’ (g7 ()= *
| 5
L B
== |V 5 qi (ql.ql)m]

o4 82 48024 42 N
T2 P\ e - e o T etl)

= 2.2759615293034692593068303077991630295927502015295737... x 10356

2.2759615293...%10°%

Now, we observe that performing the 1752™ root (where 1752 is divisible by 8, and
is equal to 1729 + 23, where 23 is a Eisenstein prime number), we obtain:

[(((1/12)°24))/((2Pi)*24) exp((((((8Pi*2)/(1/12))-
2%1/12))))+48*(((1/12)"24))/((2Pi)*24) exp(((4Pi*2)/(1/12))-2%1/12))]*1/1752

Input

| /1424 1 124

= 8 x2 1 (=] 42 1

1752 -2« —|+48 —_— - = —

'\ (2 w4 : 12 (2 w4 ! 12

12
Exact result:
4872 -1/6
e
M
[2??86 162017714 252592 689 197350912 »**
P';'G:rz—l,-'ls
~(1/1752)
1333 735 776 850 284 124449081 472843 776 »°*

Decimal approximation:
1.618482361853203195427132509307739951125470761278891626951...

1.61848236.... result that is a very good approximation to the value of the golden
ratio 1.618033988749...



Alternate forms:
A Ly S 1752 ]
(2m)/73-1/10512 | 48 4 %87

217 5 r

1752f 2 4 B g
*u'|48 o —1_-I5+{I.C'I5:r -1/6

217 3%

All 1752nd roots of e”(48 2 - 1/6)/(27786162017714252592689197350912
n24) + e(96 2 - 1/6)/(1333735776850284124449081472843776 n"24):

f4SnE—H6

+
27786162017 714 252592689 197350912 »*4
o6x2_1/6
-P Fal
1333735776850 284 124449081472 843 776 »°* ]
(1;1752) ¢ =1.6185 (real, principal root)

f43n3-n6
+
27786162017 714 252592 689 197350912 »°*
Shri_1/6 ]
P el

1333 735776850284 124449 081 472 843 776 r°*
(1/1752) ¥ %76 ., 1,6185 +0.005804 ;

E4SHE—H6
i
27786162017 714 252502/80197350012 ¢
26r2-1/6 ]
e Fat

1333 735776 850284 124 449 081 472 843 776 »°4
(1/1752) " ™% . 1.6184+0.011609 ;

f43n3-n6
+
27786162017 714 252592 689 197350912 »°*
Shri_1/6 ]
P Fa

1333 735776 850284 124449 081 472 843 776 r°*
(1/1752)€" ™22 . 1.6184+0.017413

f43n3-n6
+
27786162017 714 252592 689 197350912 »°*
Shri_1/6 ]
P Fa

1333 735776 850284 124449 081 472 843 776 r°*
(1/1752) " ™21° . 1.6183+0.023217




Series representations:

exp[% - 12—2]{1—12}24 [48 exp[‘% - %]][i}y
12 12

175

4
(2 mp** (2 Pt

| .2 .2
1?5{/‘“—1;6&88 Ip, 1k [48+fzss T 1k ]

27 3 x

exp[% - 12—2]{1—12}24 [48 exp[‘% - i]][é}y

175 12 . 12
(2 mp>* (2 Pt
~1/6448 72 48 72
s (51 275 (a8 + (520 1))
2373 3y

s e A L el | G

175 12 4 12
(2 mp*4 (2 Pt

4gn2 ~1/A+48 12

1752| [48 + — —

i ':—”k i ':—llk

k=0 gl k=0 gl
i3 T3
93/72 g —

Integral representations:

grd 2 1 |24 472 2 1 (24
EXP[T - E]{E}z [43 EXP[ T - E]][E}Z
175 12 T 12

(2 mp>* (2 Pt

-1/ (%1 f{142) {1 f{1462)
SLi6+4192( 01 /(14 \dt |2 [48+y1°2~b 1/{14 mrf]

1752

\ (6 2z )
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Exp[% = 12—2][1—12]24 [48 Exp[“f = %]][ﬁ]“

1752 12 r 12 _
(2 x?* 2 x?*
1164192 (57 sinit e dt 1 [4S+r192 o7 sinteyt def? l
1752 o
| oo EIED 42
\ | R ]

gr? _ 2 |14 4r? _ 2 ||{1p4
| EXP[ L 12][12f [48 EXP[ 1 12 ]][12)2
1752 12 " 12 _

[2 }T}24 [2 }T}24

— 2 el
—1_.'6+T|58[E|1 Y142 :!r] 768 [El Y142 :tr]
:. | |

48 +¢

1752 — 24
| [Ell V12 dr

P -
25_ 73 V3

From which, we obtain, subtracting 23, that is a Eisenstein prime number:

log base 1.6184823618532((([(((1/12)"24))/((2Pi)*24) exp((((((8Pi*2)/(1/12))-
2% 1/12))))+48*((1/12)°24)/((2Pi)24) exp((APi*2)/(1/12))-2*1/12)]))) -23

Input interpretation:
1 24

1 124
1 12) B’ 2 . 48 [
0216 6 exp —-2x — |+
1.6184823618532 2 22 1_12

e 442 1
- Exp[ 1 -2 E]]—EB
12

12 (2 my

logpixiis the base-b logarithm

Result:
1729.0000000000...

1729

This result is 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. The number 1728 is one less than the Hardy—Ramanujan number 1729
(taxicab number)
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Alternative representation:

gn? _ 2 |[1)24 ax? _ 2 ||f1)24
EXP[ ﬁ 12] [1212 [48 EXP[ 11—2 12 ]] [ 12’2
log1 g1548236185320000 = + -23 =

48 exp)

a
2 4nm“ 1 24
TR ]':E] exp

12

12”]24

log

-23 +
log(1.61848236185320000)

Series representations:

s B8 | e = an? _ 2 ||{1p4
EXP[ : 12][12j2 [43 exp[ 11—2 12 ]][IEPZ
log1 g1848236185320000 2 2t + 2 F}24 -23=-23-

=]
[~

ka

1333735 776 850284 124 449 081472 843 776 n**

48 Exp{— 148 fl'z}+ Exp{——l +96 fl'z}
1.0000000000000000 log b b

o
[—2.11686()983?2[)9 152 + Z 0.61848236185320000% Gik)
k=0

logy.6 6 = - i e, g
1.61848236185320000 2 2 02
48 Exp{— 1,48 ;rz}+ exp{——l +96 ;rz}
1.0000000000000000 log | 5
1333735 776 850 284 124449 081472 843 776 n°*

[—2.11686'3983?2'39152 - Z 0.61848236185320000% Gk)
k=0
"k LIS N e |

12



Multiplying by 1/10 and subtracting 34, that is a Fibonacci number, and the golden

ratio value, we obtain from the previous expression:

1/10 log base 1.6184823618532((([(((1/12)"24))/((2Pi)*24) exp(((((8Pi*2)/(1/12))-
2%1/12))))+48*(((1/12)24))/((2Pi)*24) exp((((4Pi*2)/(1/12))-2%1/12))))]))) -34 -

golden ratio

Input interpretation:

10

(£ )

34 -g

Result:
139.58196601125. ..

1 124
s lo .
E1.6184823618532 9 24

8 n° 1
xp -2« —|+48
12

loggix)is the base- b logarithm

# iz the golden ratio

139.58196601125... result practically equal to the rest mass of Pion meson 139.57

MeV

Alternative representation:

1

&
12

E log1 g1548236185320000

-=—4

48 exp)

2 4nf (L4

12 1 iz

12

=p

log : TS

2my"

34 -g+

10 log(1.61848236185320000)

13



Series representations:

1 |24 g2 el )24 4n? irdle

; [12’2 Exp[ T 12] 48[12]2 EXP[ T 12]

L a— ; 12 § = -34-¢=
10 1.61848236185320000 (2 2 (2 2

-34.0000000000000000 - L.00000000000000000 ¢ +
[ 48EKP[——;+43H2}+EXP[——;+95FZ} ]

log
1333 735776850284 124449 081 472 843 776 »°*

[D.E 1168609837209152 -

L)
0.100000000000000000 L 0.61848236185320000% Gik)
k=0

124 Bt 2 14 i
1 [12 ’2 EXP[ ﬁ 12] G [12'2 EXP[ L 12]
ﬁ log 61848236185320000 [2;r}24h * 2 2 -34-¢=

-34.0000000000000000 - 1L.00000000000000000 ¢ +
[ 48exp[——;+48;r2}+exp[—é+9l5;r2} ]

log
1333 735776 850 284 124449 081 472 843 776 »~*

[D.E 1168609837209152 -

o
0.100000000000000000 24 0.61848236185320000 G[k}]
k=0

and, multiplying by 1/10, subtracting 55, adding 8 (55 and 8 are Fibonacci numbers)
and again subtracting the square of the golden ratio value, we obtain:

14



1/10 log base 1.6184823618532((([(((1/12)*24))/((2P1)*24) exp((((((8Pi*2)/(1/12))-
2*1/12))))+48*(((1/12)"24))/((2P1)"24) exp((((((4Pi"2)/(1/12))-2*1/12))))]))) -55+8 -
golden ratio"2

Input interpretation:

1 124 1 124
Ly ) L 43[E a1
—lp ex —2x— ex -2x— |[]-
10 E1.6184823618532 2 w2 Pl ™1 1217 2 w2 Pl 12
55 +8 - ¢
logpixiis the base-b logarithm
# iz the golden ratio
Result:
125.58196601125...

125.58196601125... result very near to the Higgs boson mass 125.18 GeV

Alternative representation:

[é}z‘t Exp[% - i] 48 [1—12 ]24 E:!q::l[“iE - 12—2]

1

12 12

— log - -

1.61848236185320000
10 (2 Pt (2 Pt
= 3
2 4n= 1124 2 Ba= |j 124
ool AN eof-et2%)

10 A 12 1 12
g ':2:r]24 -:2:r]IE4

Y ey o | SR
H = 10 log(1.61848236185320000)

15



Series representations:

(L e[t - 2) an(Lfexe( 3 - 2]

1 log 12 s 12
e - G
10 ‘©B1.61848236185320000 2t 2t
55 + 8 — ¢ = —47.0000000000000000 - 1.00000000000000000 ¢ +
1 1
" 48 exp[—a +48ﬂ2}+exp[—a +9I5;12}
1333 735776850284 124449081 472843 776 »**
[D.211585D933?2D9152 -
=
0.100000000000000000 Z‘ 0.61848236185320000" Grike)
=0
1y K L S R
211 +k2+k — |
1 |24 e | 1|24 e A
; [12}2 exp[ # 12] 48[ f’ exp[ # 12]
10 log1 61848236185320000 2 m24" + 2 :

55+8- 4;:«2 = —-47.0000000000000000 - 1.00000000000000000 :I:-z +
[ 48&xp[—é+48;r2}+exp[——;+96;r2} ]

log
1333 735776850284 124449081 472843 776 °*

[0.2116860983?209152 -
0.100000000000000000 2‘ 0.61848236185320000" G[k}]

k=0

B Iy
!‘..!‘.1” ::.:.|||.!.-,-.. " ‘

16



Now, we have that:

We begin with the partition generating function P(g) = (¢)='. where as usual

(@o=1, (q)ﬂ=lj[](lfq'”)- and (q)m=]::[l(lq’”)- lq| < 1.

More generally, we put

n—1

(@:d=1, (a:¢)n=[](1—ag™), and (a:¢").=[](1—ag™),
m=0 m=0

so that (¢), = (g:q)s and (g).. = (q:q)-- We have

(a:q")-

k)
(@:q")n =~ Tag™:;q5

for n > 0, and for other real n. we take this as the definition of (a:¢F),.
P(q) satisfies the Euler and Durfee identities

71

/) o qﬂz
- . (1.1)
) ,Eb (9)

n

q
(q

P(g) = Zb

These express P(g) in what S. Ramanujan, in his last letter to Hardy [R1, 354-355],
[R2, 127-131].[W1, 56-61]. called rransformed Eulerian form. Other examples are
provided by the Rogers-Ramanujan identities

ca l & HE
G(g) = = .
(Q) o (1 i q5.-.=r—4)(1 — q5m—|) rZ‘O (q}” g
= | = q”(-"“*” i
H - = L
D-Nam>rmy-% o

In his letter. Ramanujan remarked that as g tends radially to exponential singularities
at roots of unity, the functions P(g) and G(q) have asymptotic approximations
involving “closed exponential factors.” To describe these approximations, he intro-
duced a complex variable @ with Re(e) > 0 and put g =e~%. Then, for example, if
a is real and @ — 07, we have

o 1 o«
Plg) = Eew(6a_ﬂ)+o(l)’
2

2

Glg) = j_ﬁap(;;;_g—o)wm,

17



As noted by Watson [W1], it is desirable to supplement the transformation laws
by rules governing the behavior of Mordell integrals such as

= __.2sinhrox
dx and W;(r,a'):f e &

g2 Coshrox
2 OB AR S
0 sinh ox

We(r,a) = / e

0 cosh ox

under the map & +— = %/« (and thus ¢ — q,)- These laws are [M7]

W.(r,or) = QCDS(g)/We_ﬁ"E ;Thﬁiﬂﬁ dx,
2/Jo cosTr+cosh2Bx

(4.4
1= e—ﬁrz )

23 203

Wi(r, o) = sin m'/ dx
s(n ) () 0 cosmr+cosh2fx
for |r| < 1.
We now outline a proof of (4.2). It is more convenient to work with the functions

oo (_l)nq;}n(n-i-]]

23(q"q) = (ql) >

= H—=—noc

(4.5)

I _ qn+r

and
1
" dsin’mr & (—1)grripett) ;
h3(e*™r q) = X . 4.6
S e T (e T 7o M

where r = a/b. The series here are called generalized Lambert series. As in [GM2,

From

o0

@)==[]00—-¢"), lqI<1.

=1

for g = 0.9200444146293, we obtain:

Product (1-0.9200444146293"m), m = 1..infinity

Input interpretation:
| | (1-0.9200444146293™)

m=1

18



Infinite product:

| [ (1-0.9200444146293™) = 2.331090122972x 10"

m=1

2.331090122972¢-8 = (q)w

Now, for q =0.9200444146293....;r=0.5; a=1; b=2 (where r=a/b)

(_l)nq%uﬂrwl]

i dsin‘mr &
hy(e ™ . q) = ———— e S (4.6)
| ) (q)= ,E:Z_m(l —e*rg")(l —e™""g")

we obtain:

(4%sin*2(Pi*0.5)) / (2.331090122972¢-8) * sum ((((-1)"n *
0.92004441462937(1/2*n(3n+1))))) / ((((1-exp(2Pi*i*0.5)*0.9200444146293"n) (1-
exp(-2Pi*i*0.5)*0.9200444146293"n)))), n=-2..2*10"4

Input interpretation:
4
4sin’(r - 0.5) 2l et '
. — 3 (-1 -0.9200444146293"/2"11)) /
2.331090122972 - 107 &, -
((1-expi27i~0.5)~0.9200444146293")

(1 - exp(-2 i~ 0.5)-0.9200444146293"))

iizthe imaginary unit

Result:
8.49326 x10% + 0

Alternate form:

8.49326 x 10°

8.49326*10°

19



Now, performing the 32" root of the previous expression, we obtain:

((((4*sin”2(Pi*0.5)) / (2.331090122972¢-8) * sum ((((-1)"n *
0.92004441462937(1/2*n(3n+1))))) / ((((1-exp(2Pi*i*0.5)*0.9200444 146293 n) (1-
exp(-2Pi*i*0.5)*0.9200444146293"n)))), n=-2..2%10°4))))*1/32

Input interpretation:
4
4sin’(r +0.5) A i I
233193:1112;;9?2 = 2, ((-17x0.9200444146293°5757) /
. n=-2

(1 - exp(2 ri~0.5) « 0.9200444146293")

(1-exp(-2ri~0.5)~0.9200444146293"))| ~ (1/32)

iizthe imaginary unit

Result:
1.64639 + 0

Alternate form:
1.64639

7'[2
164639 = ((2) ==

= 1.644934 ...

We note that from the following formula concerning the number of planar partitions
(or plane partitions) of n (see A000219 - OEIS):

a(n) ~ (c_2/n"25/36)) * exp(c 1 *n™2/3) ), wherec 1=2.00945...andc 2 =
0.23151...

a(n) ~ (0.23151 / n(25/36)) * exp( 2.00945 * n~(2/3) ) forn=30.932775,
we obtain:
(0.23151/30.932775™(25/36)) * exp(2.00945 * 30.932775"(2/3) )

Input interpretation:

0.23151 ,
30.93277525/36 exp(2.00945 - 30.932775%7)

20



Result:
8.49326... % 10°%

8.49326...*%10°

or, for
3/19 (26 + sqrt(1322)) 1 = 30.93277501220
we obtain the same result:

(0.23151 / (3/19 (26 + sqrt(1322)) m)(25/36)) * exp(2.00945 * (3/19 (26 +
sqrt(1322)) m)y™(2/3))

Input interpretation:

0.23151 3 — s
— exp[2.00945[l— (26 + V1322 )] ]
(5 (26 + V1322 )a)™ 9

Result:
8.49326... x 10°

8.49326...*%10°

Series representations:
exp(2.00945 (£ (26 + V1322 )x]"*) 0.23151

(£ (26 +V1322 )"
12 4

i [25 /1321 L 1321°* [ i ]H”]

k=00

[n [25 +y 1321 S. 1321°* [é ]]]“-%Lf [;r [25 +4 1321 i 13217+ [E ]]

k=0 k=0

[0.8341?8 Exp[D.SETD24
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exp(2.00945 (2 (26 + V1322 ) x"*) 0.23151
(2 (26 + V1322 )™
12 J

A N 1y
[0.8341?8 exp[D.SE?CI24 [;r 26++/1321 ) w“} ]

k=0 k!

1
21
k!

gt
[}T[26+m >: [_Flzi [_El}k]]

exp(2.00945 (2 (26 + V1322 )x]"*) 0.23151
(£ (26 +V1322)af >

26 +\/z_u i 1) [‘El}k (1322 - o 5 ]]zg]

k!
k=0

11/36
[ [ a [-1}*{—§}k[1322-zn}‘=z.3‘=] - ]x
m l,l'll

zﬁw’gé -
|

[D.8341?8 Exp[D.SETDE-’-I- [;r

(-3 ), (1322 - 20)f 55*

k!

a (-1)f
[n [25 s
k=0

for (not (zgeR and -=

From

(_ 1 )nq %—n(n—i—] )

4.5
[ qn+r [ }

For g =0.9200444146293.... ;r=0.5; a=1; b=2 (wherer=a/b) and
n=-2..2*%10"4

we obtain:
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1/(2.331090122972¢-8) * sum ((((-1)"n * 0.9200444146293~(3/2*n(n+1))))) / ((((1-
0.9200444146293(n+0.5))))), n=-2..2%10°4

Input interpretation:
1 Zi“ (-1)" - 0.9200444146293% 27 (n+1)
2.331090122972 - 1078 &, 1 -0.9200444146293™02

Result:
1.60307 %107

1.60307%10°

From which, performing the 43" root, where 43 is a prime number:

(((((1/(2.331090122972¢-8) * sum ((((-1)"n * 0.92004441462937(3/2*n(n+1))))) /
((((1-0.9200444146293/(n+0.5))))), n=-2..2*10"4)))))"1/43

Input interpretation:

43 - 2£4 (-1)" - 0.9200444146293% 2" 1)
\ 2.331000122972 10° & 1-0.9200444146293"07

Result:
1.63708

2
163708 = {(2) = = 1.644934 ...

From the ratio between the two results, performing the 11" root, where 11 is an
Eisenstein prime number and an Ulam number (note that 11 is also the dimensions
number of M-Theory), we obtain:

(1.60307x1079 / 8.49326 x 1076)*1/11

Input interpretation:

|
11|| 1.60307 - 10°

\ 8.49326 10°
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Result:
1.610267420233879788333178126395966190182800117617438411127..

1.6102674202.... result that is a good approximation to the value of the golden ratio
1.618033988749...

Now

i }”{f” (=+1) i Ln(5n I]( 4u Z Z n(5n+
= g2"rtl)(1 — 2 _( )Ij

_{f (”?” n=>0 n=0 n<0

for ¢ =0.9200444146293...., from

Lea

z q?_l;r:r{ixﬁl ](l . qztu—l}
n=0

we obtain:

Sum(((0.9200444146293"(1/2*n(5n+1)) * (1-0.9200444146293"(4n+2)))), n =
0..infinity

Infinite sum:
L]

" 0.92004441462930000"2" ™V (1 - 0.92004441462930000% ") = 0.806819
n=0

0.806819

From which, multiplying by 2, we obtain:

2(((((sum(((0.92004441462937(1/2*n(5n+1)) * (1-0.9200444146293"(4n+2))))), n =
0..infinity)))))

Input interpretation:

2y 0.9200444146293Y2" 3™ (1 _0.0200444146293*"+)
n=i
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Result:
1.61364

1.61364 result that is a good approximation to the value of the golden ratio
1.618033988749...

Dividing 52 = 26*2 by the entire expression, and adding 1 - V2, we obtain:

(26*2)/(((((sum(((0.9200444146293"(1/2*n(5n+1)) * (1-
0.9200444146293"(4n+2))))), n = 0..infinity)))))+1-sqrt2

(note that 26 is the dimensions number of Bosonic String Theory)

Input interpretation:

262 -
0 +1-42
" 0.9200444146293"2" ™1 (1 0.9200444146293% ")
n=0
Result:
64.0365
64.0365 = 64

Multiplying by 27 the previous expression, we obtain:

27%(((((26*2)/(((((sum(((0.9200444146293(1/2*n(5n+1)) * (1-
0.9200444146293/(4n+2))))), n = 0..infinity)))))+1-sqrt2))))

Input interpretation:

26 2 o
2? @ + l — 'qll 2
> 0.9200444146293"2" ™1 (1 _ 0.0200444146293* ")
n=0
Result:
1728.98

1728.98 = 1729

25



This result is 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. The number 1728 is one less than the Hardy—Ramanujan number 1729
(taxicab number)

and adding 7, that is a Lucas number and the number of extra dimensions in M-
Theory, dividing 96 = 48*2 by the entire expression, and adding 1 - V2, we obtain:

TH(((48*2)/(((((sum(((0.9200444146293(1/2*n(5n+1)) * (1-
0.9200444146293/(4n+2))))), n = 0..infinity)))))+1-sqrt2))))

Input interpretation:

482 e
T+ — +1-+/2
" 0.9200444146293"2" ™ (1 - 0.9200444146293% |
n=0
Result:
125.572

125.572 result very near to the Higgs boson mass 125.18 GeV

and again, instead of 7, we put 21, that is a Fibonacci number, we obtain:

21H(((((48*2)/(((((sum(((0.9200444146293~(1/2*n(5n+1)) * (1-
0.9200444146293/(4n+2))))), n = 0..infinity)))))+1-sqrt2))))

Input interpretation:

48 2 e
21 +|— .
)" 0.920044414629312" 7™ (1 - 0.9200444146203°% ")
n=0
Result:
139.572
139.572
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Now, we have that:

Throughout the res[ of this section we will use the modem notation g = e*™*. For

[~ N tha ~1 of lavel | inot to be confused with the laevel of 3 modu
¢ > U e n|.r|u:|.1 TUNCHon O eveiq uu.u O D¢ Coniused wilil Lne ievel O 8 moau

form) is defined by

. oo 1\4’;;..1!,—!’_;“’;;—:1‘”_”
[ IL_lJ Oof &t - r

Aj(u,v:t)=a? z

H=—0sc=

| —ag"

I iy G i ¢
where @ = 2=™_ b = e“*", These functions are related to Lerch sums [L1]. [L2].
Zagicr and Zwegers (sec [Zw3]) showed that

-1
Al(u,vit) = Z a"Ay(luyy+mt+(1—1)/2:07).
m=0
From
(= )!nqje’n ) p
Ai(u,v;t)=al
1(#,V37) n_z_m 1 —ag"

for: q=-exp(2Pi*1); a=exp(2P1*0.5); b=exp(2Pi*1.5); 1=2 we obtain:

exp(2P1*0.5) * sum(((((-1)*(2n)*(exp(2P1)) (n(n+1))*exp(2P1*1.5)"n))))/(((1-
(exp(2P1*0.5))*(exp(2P1))*n))), n = -2..2

Input interpretation:

2 2n nin+l) n
= (—1F"ex (2x)exp(2mx1.5)
expi2 - 0.5) L r il i

n=-2

1-expi2r«0.5)exp™i2m
Result:

~1.26261x 10
-1.26261*10"
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From the Ramanujan’s formula for partitions p(n), that is:

An asymptotic expression for p(n) is given by

1 ( 2n)
p(n) ~ exp| my/ — | asn — oo.

4n+/3 3
forn =410, we obtain:
1/(4*410*sqrt3) * exp(Pi*sqrt((2*410)/3))
Input:

1 | 2 410]
—_EXPJ‘T\I
4.41043 3

Exact result:

P2V 205/3 m

1640 V'3

Decimal approximation:
1.2692612667955803382188732093814590185614963226436226... x 107

1.26926....¥10" result that is very near to the previous solution -1.26261*10" with
positive sign

Property:

fz 1..!"?5_1'3 m

—— is a transcendental number
1640+ 3

Series representations:
[ .
ol {57 ool o)

1
2
k
~ 1
1640 V2 Z:ﬂ: o+ [ ; ]

4.410V3
E— S (=21 (-1
2 410 817 817/ |\ 2k
el ”\( T3 ] EXP[”\I 3 Zio k—]
- 1k 1n
4.41043 ':‘Eﬁ'i.'k

1640 V2 Zfﬂ:
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(=17 (-1), (B2 g fF o5k
vz ks = k.g '

EXp

|
n\f%] EXp

4.410V3 o
Ll 2 ik
1640V =g Lm =

ot |

From the ratio between the two results and performing the 6" root, we obtain:
(-(-12626100000000000000 /12692612667955803382.188732 ))"1/6

Input interpretation:

|
| [ 12626 100000000000 000 J
' 1.2692612667955803382188732x 10"

\

Result:
0.0001247092146638A6607676080. .

0.9991247092.... result very near to the following Rogers-Ramanujan continued
fraction:

e_% e ™
=1- = 0.9991104684
\/g e—27r\/§
5 54[23 S
1+3o*45° —1 P
1+ ©
1+..
=0.9991104684
Now, we have:
pu,v.t)= B T}A[(.‘.f.‘-';ﬂ.
where
O(vit)=i ¥ ( 1) 5t = ib2g3 (b, g).

H=—=o

From the following expression
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2 o 42 |
i Z {_”.fqv_;[n—i-g. hrH—j

we obtain:
1 * sum(((((-D) m)*(exp(2Pi)N(1/2(n+1/2)"2)*exp(2Pi*1.5)N(n+1/2))))), n = -2..2

Input 1nterpretat10n
]_
Z‘[ T3 exp Ml [Zmexp '*[Err 1.5)
=-2

iisthe imaginary unit

Result:
5.75672 % 10 ;

5.75672%10'% i

Thence, from

1
p(u,vit) = o T)Al(ff=1'1 T)

we have:

~1.26261#10719 / ((((G * sum(((((-
1) (n)*(exp(2P) (1/2(n+1/2)*2)*exp(2Pi*1.5) (n+1/2))))), n = -2..2))))

Input interpretation:
1.26261 - 10™
2 L1
Z‘[ 1" Exp"' 2l [Emexp "[Efr 1.5)
=-2

iisthe imaginary unit

Result:
2.19328;

2.19328i
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We know that in 1914, Godfrey Harold Hardy proved that { (1/2 + it) has infinitely
many real zeros. If we multiply, considering t = 1, this formula by the above
expression, we obtain:

zeta(1/2+) * [-1.26261*10719 / ((((i * sum(((((-
1)A(0)*(exp(2P) (1/2(n+1/2)°2)*exp(2Pi*1.5) (n+1/2))))), n = -2..2))))]

Input interpretation:

_[1 ] 1.26261 - 10%°
Ll — +1I —
"k

L[ 152 exp * [E;rr}exp [2;r 1.5)

£(5) is the Riemann zeta function

iizthe imaginary unit

Result:
158377 +0.315693

That is:

1.58377 + 0.315693 ;

iizthe imaginary unit

Result:

1.58377... +
0.315693...

Polar coordinates:

r = 1.61493 8 =11.273° (an;

)

1.61493 result that is a good approximation to the value of the golden ratio
1.618033988749...
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Possible closed forms:
1 [3 o q T o
- \j 5 (e log(2)*'? - = g2 lererlimn 1€ in(2 e 1) = 1.5837825305 + 0.3156922395 ;

1 o "
80 Wy +1- = s g2 Here i L 1€ 5in(2 e m) = 15837878504 + 0.3156922395

[ 3 w 3 s o
V{ R 2 gt Vererlinem Ll din(2 e m) = 1.5837618596 + 0.31569223095

Considering the same expression in the quantum form, i.e. multiplying it by 1/10°°,

we obtain:

1/10"35%zeta(1/2+) * [-1.26261%10719 / (i * sum(((((-
DAM)*(exp(2Pi)N(1/2(n+1/2)°2)*exp(2Pi* 1.5) (n+1/2))))), n = -2..2))))]

Input interpretation:

1 -[E “] ) 1.26261 - 10
o™ 2 i i -1)" expjﬂ.l:m]i:]z[ﬂ m expméiﬂn 1.5)
=-2
£is1is the Riemann zeta function
iizthe imaginary unit
Result:

1.58377x 103" +3.15693x 10738 ;

that is:

1.58377 x 107° + 3.15693 x 10739

iizthe imaginary unit

Result:
1.58377... x 1072° +
3.15693... x 10736 ;

32



Polar coordinates:
r=1.61493x10"% (radius), &= 11.273 (angle
1.61493*%10™ result that is very near to the value of Planck length 1.61623%10™°

Now, we have that:

0<lgl <1

(aq)w Y (('_|)H+1;_,)”'| (% i) ..,_ﬁ:}'nq{rl}fi[l}”ﬂ)+SE?=11?(?5'—1)

yenn

al - Ih 7k : '
St ™ TT law/na) ™ = 3 (-af g0 CL

A(x) 1<i,j<n keN
(3.5)
[n the case whena= 1, b =g, (5.5) reduces to
N Ay [ Lid (1] —3) 2B 50 qefae |’
(@) ¥ (—1)0 DI (- x,) 7 X . g 3 (=30 FEL n(n-1)
yCHn
0 ) RS (e T o0 vk AkE—1) S
AG) L9 I a®ifxpigl =204 ™ (09
o | <i.j<n keN
Note that. in the case when n = 1 and x; = 1. (5.8) reduces to the following
g-series transformation formula:
{szﬂ . 3
(@)~ Y. = (=1, (5.9)
ken @ kew

For k = 24, that are the "modes" corresponding to the physical vibrations of a bosonic
string, we calculate the (5.8) as follows:

(-1)°24 * 0.5°(1/2*%24(24-1))

Input:

(—1)%* . 0,512 2424-D)
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Result:
8.2360021431488462600223234775547023407734073209753965 .. 107 %

8.236092143...%10™

while, from (5.9), we obtain:
(-1)"24 * 0.5(1/2*24(24+1))

Input:

(_ 124 . .51224(24+D)

Result:
4.,9090934652977265530957719549862756429752155124994495 .. x 10!

4.90909346...*10™"

From the ratio between the two expression, we obtain:
(((-D)"24 * 0.5M(1/2%24(24-1))))) / ((((-1)"24 * 0.57(1/2*24(24+1)))))

Input:

[_1}24 0.51_1'2 24024-1)

[_1}24 D.Sl."z 242441

Result:
16777216

16777216

Performing the square root of the above expression, we obtain:

sqrt[((((-1)"24 * 0.57(1/2*%24(24-1))))) / ((((-1)"24 * 0.5"(1/2*24(24+1)))))]

Input:

|| [— l.|_24 0 51,-'2 24 {24-1)

‘ul = 1-'24 |:| 51_:'2 24 (2441)
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Result:
4096
4096

and performing the 4™ root:

[((((-1)"24 * 0.57(1/2*%24(24-1))))) / ((((-1)*24 * 0.57(1/2*24(24+1))))]"1/4

Input:

|| [— l.|_24 0 51,-'2 24 {24-1)

4
‘ul (o 1-'24 0.51_1'2 24 (2441)

Result:
64

64

and multiplying this last expression by 27, we obtain:
27F[((((-1)"24 * 0.57(1/2*24(24-1))))) / ((((-1)"24 * 0.57(1/2*¥24(24+1))) ] 1/4 + 1

Input:

|| (- 1}24 I:I 51_:'2 24{24-1)
4

27 4 , v
\q s 1}24 DIS]..'E 24(2441)

Result:
1729

1729

This result is 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. The number 1728 is one less than the Hardy—Ramanujan number 1729
(taxicab number)
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With regard 27 (From Wikipedia):

“The fundamental group of the complex form, compact real form, or any algebraic
version of Eg is the cyclic group Z/3Z, and its outer automorphism group is the cyclic
group Z/2Z. Its fundamental representation is 27-dimensional (complex), and a basis
is given by the 27 lines on a cubic surface. The dual representation, which is
inequivalent, is also 27-dimensional. In particle physics, Egsplays a role in
some grand unified theories”.

Furthermore, multiplying by 2, subtracting 3 and adding 1/golden ratio to the
previous expression, we have:

2¥[((((-1)"24 * 0.57M(1/2*%24(24-1))))) / ((((-1)"24 * 0.5°(1/2*%24(24+1))))]"1/4 -
3+1/golden ratio

Input:

|| [_1}24 D_Sljz 24 {24-1) 1

-3+-

'uql [_1}24 |:| 5]..!'2 24‘:24+1:‘

# iz the golden ratio

Result:
125.618...

125.618... result very near to the Higgs boson mass 125.18 GeV

Alternative representations:

; / [_1}24 D.5124124—1:':'."2 1 } (- 1}24 0.52?6 1

4 -3+-=-3+24 +
\ (1% 05024244102 N & ’ \ql (-1** 0.5%00  2sini54°)
(—1)2% p.5124(24-1y2 1 1 (-1)%* 05276
4 + _3+_:_3+_—+24ﬂ
\ (—1)2 052424412 & 2cos(216%) Y -1** 0.5
(- 1}24 0.5124124—1]1"2 1 } (- 1}24 0.52?6 1
24 — —-3+-=-3+24% Frri—
\ (-1)% 05124 (24412 & \ (-17* 0.5%° 2 5in(b66 7)
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Multiplying by 2 and adding 11, that is a Lucas prime number, and 1/golden ratio to
the previous expression, we have:

2X[((((-1)"24 * 0.5™(1/2*%24(24-1))))) / ((((-1)"24 * 0.57°(1/2*24(24+1))))) " 1/4
+11+1/golden ratio

Input:

|| - 1}24 |:| 51_:'2 24(24-1)

1
4 : +11 + -
\J [— 1}24 |:|_5 1/2=24 (2441) fi]

# iz the golden ratio

Result:
139.618...

139.618... result practically equal to the rest mass of Pion meson 139.57 MeV

Alternative representations:

—
[ (1% 0.502424-102 1 | o 1

4 — +11+-=11+24 R o

\ (-1)24 0.5124 (24412 & 1,‘ -17* 0.5 2sini(54°)

——

|| - 1}24 D.5f24 24=-12 1 1 | (. 1}24 0. 5276

4| T el B e T

\ (-1)24 0524244102 b 2 cos(216 %) "q (-1°* 0.5

—

|| (- 1124 |:|_5':24'i.24—1:'1"2 i 1 o o | (- 1}24 0. 5276 1

4 i — -

‘-ql (= 1}24 D_5‘!24‘!24+1]1-'2 N N & N \u (- 1}2-4 0. 53[":! * 2 Sj.l'.I.[EIEIEI 2

and again, performing the 15" root of the previous expression

|| e 1}24 0 51."2 24{24-1)

27 4 : -
\q fis 1}24 |:|.51'|2 24{2441)

we obtain:
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((RT*A1)"24 * 0.5M1/2%24(24-1))) / ((((-1)"24 * 0.5M(1/2*%24(24+1))) 1" 1/4
+ D))" 1/15

Input:

|[ 1}24 |:|512 24(24-1)

15 27 4 +1
\‘ "'J[ 124 . 0.51/2724(24+1)

Result:
1.643815228748728130580088031324769514329283143699940172645. ..

1.6438152287.... = ((2) = = = 1.644934 ...

From:

Stringhe, Brane e (Super)Gravita - Augusto Sagnotti - Scuola Normale Superiore e
INFN, Piazza dei Cavalieri 7, 56126 Pisa - Ithaca: Viaggio nella Scienza XII, 2018
Stringhe, Brane e (Super)Gravita

We have the Virasoro-Shapiro Amplitude:

a:’l-u)l— (_ _r:tT’e')]_— (_ c:’iu)

N I+ )T+ T+ 5D
1 . als alt

= - /dl BT s 22

[
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We observe that this fundamental equation of the String Theory can be related with
the following Ramanujan definite integral (From: Some definite integrals —
Srinivasa Ramanujan - Messenger of Mathematics, XLIV, 1915, 10— 18) :

(=]

/ 1+22/ N (1+22/(b+1)2\ (1 +2%/(b+2) ey
14 22 /a2 122 f(a1)* 1422 /(e 4 2)2 ’

0

la+3)TBT(b—-a—3)
[(a)(b— (b —a)

From which Ramanujan obtain:

oo

d;?‘
f (z? 4+ 112)(z2 4 212)(z2 + 312)(z2 + 412)(z? + 512)

0
_ 508
T2 1816 1T - 189293 9481 - 32 - 41

Thence, we have that:
(SP1)/(12*13*16*17%18%22*23*24*31%32%41)
Input:

S
12213 x16%17%18%x22 %23 w24 %31 %32 x41

Result:
S

377244 828490068

Decimal approximation:
4.1638644406096341301956938554345688115959384341554306... x 10714

4.16386444.. %10
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We have previously calculated that

(_ | )hzqv_'rinw—l}bn
I —ag"

for: q=-exp(2Pi*1); a=exp(2P1*0.5); b=exp(2Pi*1.5); 1=2 we obtain:

Input interpretation:

2 2n nin+l) n
. (=1 exp" M2 myexp”(2 w2 1.5)
expi2 x - 0.5) L P ! 4 o

n=-2

1-expi2r«0.5)exp™i2m

Result:
~1.26261x 10"

-1.26261*10"

From which, inverting the formula and inserting to the numerator -1729 * 728 and to
the denominator 1.8928 + 0.5, we obtain:

(-1729%728)/[(1.8928+0.5)((((exp(2Pi*0.5) * sum(((((-
1)YA(2n)*(exp(2Pi)) (n(n+1))*exp(2Pi* 1.5y n))/((1-(exp(2Pi*0.5))*(exp(2Pi)) n))),
n=-2.2))))]

where 1729 and 728 are two Ramanujan taxicab numbers, while 1.8928 is a
Hausdorff dimension

Input interpretation:
-1729.. 728

2
(1.8928 + 0.5) |exp(2 7 » 0.5) Z
n=-2

(-1 ™ exp™ ™2 ) exp™(2 7 1.5)

1-expi2x 0.5 exp™2m
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Result:
4.1663x 107

4.1663*10™" result practically equal to the previous solution 4.16386444...%10™,
that is related to the Virasoro-Shapiro Amplitude

Observations

From:

https://www.scientificamerican.com/article/mathematics-
ramanujan/?fbclid=IwAR2caRXrn RpOSvJIQOxWsVLBcJ6KVgd 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.
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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

Note that:
g9 = \/ (1 — \/E)
Hence
64gs = €™V _ 24 4 2766 V2 _
64g52" = 4096 ™ 4 ...
so that
64(go3 + got) = €™V — 24 + 4372 V2 4 o = 64{(1 + V)2 + (1 —v2)"2}.
Hence .
™22 — 9508051.9982. . . .

Thence:

64g;24 — 40066 V2 | . ..
And
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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.

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, 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
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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
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).

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) =

TCZ
- = 1.644934 ...
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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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