On the Ramanujan’s elliptic integrals and BH-Wormholes equations: further
mathematical connections with ¢, {(2), and several parameters of High Energy
Physics. IV

Michele Nardelli', Antonio Nardelli’

Abstract

In this paper we have described some Ramanujan incomplete elliptic integrals and
Black Holes-Wormholes formulas. Furthermore, we describe new possible
mathematical connections with ¢, {(2), and various parameters of High Energy
Physics
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https://www.cse.iitk.ac.in/users/amit/books/hardy-1999-ramanujan-twelve-lectures.html

From:

On a New Approach for Constructing Wormholes in Einstein-Born-Infeld
Gravity - Jin Young Kim and Mu-In Park - arXiv:1608.00445v3 [hep-th] 10 Oct
2016

We have that:




where C' is an integration constant.
With a straightforward integration, one can express the solution in a compact form in
terms of the incomplete elliptic integral of the first kind.

We note that the solution is in terms of the “incomplete elliptic integral of the first
kind” (see Ramanujan incomplete elliptic integrals in the next pages)

200 N 20 4 | Q*? 4 i3
f=1l—— ——r "+ —r — 4/ — —4/ —1Q* Ellipti | ot
Fi=13 n 3 e 3 r (1 v 3 = B 3V t30° EllipticF r\f o ]

We have that:
M = C+ M,,

C=M-M,=4.37902*%10" -2.7638913425379 =
4.37901999999999999999999999999972361086574621 x 10*'; for Q=1; p=35
and r=1.94973 * 10":

1-2%(4.3790199999¢+31)/(1.94973e+13)- 1/3(1.1056e-
52)(1.94973e+13)72+50/3*(1.94973e+13) 2% (1 -
(1+1/(25%(1.94973e+13)74))*0.5)-4/(3*1.94973e+13)*sqrt(-5i)

Input interpretation:

4.3790199999 10°! 1
B - - +1.1056 - 107°%(1.94973 - 103} +
1.94973 - 10" 3 '
|

20 13,2 | 1 4
— (1.94973 2107)° |1- |1+ -
3 j Y 25(1.94973 10%j* | 3.1.94973 10"

iizthe imaginary unit

Result:
-4.49192 . x 10'% 4
1.08127... = 10712 ;

Polar coordinates:
r =4.49192x10'® (radius), @ = 180° (angle



Alternate form:
~4.49192x10'®

f=4.49192 * 10"

From which:

(((1-2%(4.3790199999e+31)/(1.94973e+13)- 1/3(1.1056e-
52)(1.94973e+13)2+50/3*(1.94973e+13) 2% (1-(1+1/(25%(1.94973e+13)4))"0.5)-
4/(3%1.94973e+13)*sqrt(-51))))* 1/89-2/10°3

Input interpretation:

4.37901 109 1
159 bk - 3711056 107°% (1.94973 - 107)* +

1.94973 . 102

|I 1

1+
\,, 25(1.94973 - 10%%)*

50
— (194973 1097 [1

4 —

y-5i|7(1/89 2
I ! -—
3-1.94973 . 10%3 10°

iisthe imaginary unit

Result:

1.617225... +
0.05718045.. ¢

Polar coordinates:
r = 151824 radciel
1.61824

#=2.02497 (angl

)

We have also, for r =0.6160254037844... B=Q=1

1-2%(4.3790199999¢+31)/(0.6160254)- 1/3(1.1056¢-
52)(0.6160254)2+2/3*(0.6160254)"2*((1-(1+1/(0.6160254)4))"0.5)-
4/(3%0.6160254)*sqrt(-i)



Input interpretation:
4.3790199999  10°' 1

]2 ~ = %1.1056 - 1072 » 0.6160254° +
0.6160254 3
|
2 1 4 —
© 061602547 |'1-[1+ J_ N
3 \ 0.6160254* / 3:0.6160254

iisthe imaginary unit

Result:

~1.421701... x 10%2 4
2.197138...

Alternate form:
_1.4217x10%*

f=-1.4217 * 10%

From which:

(((1-2%(4.3790199999e+31)/(0.6160254)- 1/3(1.1056¢-
52)(0.6160254)°2+2/3*(0.6160254)2*((1-(1+1/(0.6160254)"4))*0.5)-
4/(3%0.6160254)*sqrt(-i))))*1/154

Input interpretation:
4.3790199999  10°' 1

P ~ =~ .+1.1056 1072 .0.6160254% +
0.6160254 3
|
2 1 4 —
= . 0.6160254° |'1-[1+ ]- v —i | (1154
3 \ 0.61602544 3.0.6160254

iizthe imaginary unit

Result:
1.61694071... +
0.0329900899... ;
Polar coordinates:
r=1.61728 radiu

15), @=1.16883° (ang]
1.61728



Now, we have that (see our previous paper “On Some Incomplete Elliptic Integrals
and Black Holes-Wormholes Formulas: New Possible Mathematical Connections

with ¢, {(2), and Various Parameters of Particle Physics. 111 ”)

The solution (14) or (16) has a eurvature singularity at the origin, r =0,

45¢ a0 BER 4
R = —f:? + —Llr.l‘l —= 23‘"} 4+ —7r 4 C}{_?“-i)._
T Q
R85%(*  8BQ(A — 2532
RoR, = 22 ORI L yn2—ang? 684 + 06,
+ s .r'.: g | g
5 48C7 | 328QC | 165%Q*
j{iuth.JH“Uﬁﬁ == rs + ra‘- + -r‘i % + O{-I-_‘- J

(20)

C=M-M,=4.37902*%10"-2.7638913425379 = 4.379019999 x 10°'; Q=1; B=

5; 1=1.94973e+13 and A = 1.1056e-52 , we obtain:
a)

450 — 68 o oy

]‘2 + —l{:’& —= Ej ]' —+ ?}" - (.}{J“ ]'

(4%5)/(1.94973e+13)"2 + 4((1.1056e-52)-2%25) +
6*573%(1.94973¢+13)"2+(1.94973e+13)"4

B

Input interpretation:
+4(1.1056 x 1072 — 2% 25) +

(1.94973 - 1013}
6x57 (1.94973 » 107%)° + (1.94973 x 10%)*

Result:
1.44509998480599779144100285108530467499999999099999980. .. = 10°°

1.4450999848....%10°°

b)

882Q%* 8BQ(A—25%)
T 2

R™R,, =

s

rd r

(8*25)/(1.94973e+13) +((8*5)(((1.1056e-52) —
2%25)))/(1.94973e+13)"2+4((((1.1056e-52)"2-4(1.1056¢-
52)%25+6%574)))+(1.94973e+13)"2

+4(A* —4AB° +65%) + O(r°)



Input interpretation:
8x25 (85){1.1056 - 107% - 2 25}

4
(1.94973 - 107}* (1.94973 - 1013
4((1.1056 - 1072 —41.1056 - 1072« 25 + 6+ 5%) +{1.94973 - 10"%)°

+

Result:
3.80144707290000000000014999999999999999099999999999473.  « 10°8

3.8014470729.... %10

c)

48C2  3280C 16322

— o+ —
?-Lr P2 3‘4

(48%(4.379019999¢+31)°2)/(1.94973e+13)6 +

(32%5%4.379019999¢+31)/(1.94973e+13)"5+(16%25)/(1.94973e+13)4+(1.94973¢+1
32

REOR 8 = +O(r?).

Input interpretation:
48(4.379019999 - 10°'f 32.5.4.379019999 - 103!

¥
(1.94973 - 10%%)% (1.94973 . 10%3p
16 - 25 1

/]
(1.94973 - 1013)*  (1.94973  10%3)

Result:
1.6755147288552121280340943150663213856870132004320129... « 10°%°

1.67551472885...%107"°

We have from the ratio between the first and the second equation:

1.445099984805997791441 x 10753 / ((((8*25)/(1.94973e+13) 4-+((8*5)(((1.1056¢-
52) — 2%25)))/(1.94973e+13)"2+4((((1.1056e-52)2-4(1.1056e-
52)%25+6*5°4)))+(1.94973e+13)*2)))



Input interpretation:
(1.445099984805997791441 1053];’
8 x 25 (8%5)(1.1056 10732 — 2 » 25)
(1.94973 1013]4+ (1.94973 - 10%3)?

4((1.1056 - 107°%)* 41,1056 - 107°% 25 + 6 5%} +(1.94973 - 10%%)?

Result:
3.8014470728999999999998500000000000000000000059188513... % 1028

3.80144707289....¥10%

Multiplying the result by the third equation, we obtain:

3.80144707289999999999985 x 1026
((((48%(4.379019999e+31)72)/(1.94973e+13)"6 +
(32%5%4.379019999e+31)/(1.94973e+13)5+(16%25)/(1.94973e+13) 4+(1.94973e+1

3)"-2))

Input interpretation:
3.80144707289999999999985 - 10%°
48(4.379019999 - 10°'f  32.5.4.379019999 - 10°!

§
(1.94973 - 101%)® (1.94973 . 1013
16 - 25 1

+
(1.94973 . 10} (1.94973 - 103 )

Result:
6.3693805616074833120235365382020695191713635143089131... = 10!

6.369380561607483....%10"

From which:

8+1/5((((3.80144707289999999999985 x 1026
((((48%(4.379019999e+31)72)/(1.94973e+13)"6 +
(32%5%4.379019999e+31)/(1.94973e+13) 5+(16%25)/(1.94973e+13) 4+(1.94973e+1

3)-2)))"1/3



Input interpretation:

1
8 + z [3.8!3144?[)?289999999999985 10%6

[43[4.3?9a19999 10°'¥  32.5.4.379019999 - 10!

A
(1.94973 - 1013)® (1.94973 - 10%3)
16 <25 1 ]]“[1'3}
+
(194973 101~ (1.94973 1027 )|
Result:
1728.79...
1728.79...

5In((((3.80144707289999999999985 x 10726
((((48*(4.379019999¢+31)"2)/(1.94973e+13)"6 +
(32*5%4.379019999¢+31)/(1.94973e+13)"5+(16*25)/(1.94973e+13)4+(1.94973e+1
3)"-2)))))))+Pi+1/golden ratio

Input interpretation:

5lug[B.SD144?D?289999999999985 1078

[43[4.3?9a19999 10°'¥  32.5.4.379019999 . 103!
+
(1.94973 - 101%)® (1.94973 - 1013

16 - 25 1 ]] '
+ +m+
(1.94973 - 10)*  (1.94973 . 101}

—

=

logixy is the natural logarithm

# iz the golden ratio

Result:
139.659. ..

139.659...



5In((((3.80144707289999999999985 x 1026
((((48*(4.379019999¢+31)"2)/(1.94973e+13)°6 +
(32%5%4.379019999¢+31)/(1.94973e+13)"5+(16*25)/(1.94973e+13)4+(1.94973¢+1

3)"-2)))))))-11+1/golden ratio

Input interpretation:
5lug[B.SD144?D?289999999999985 1078

[48[4.3?9019999 10%'¥  32.5.4.379019999 . 10%!

i
(1.94973 . 101%)® (1.94973 - 103
16 - 25 1 ]] 1

(194973 10%)*  (1.94973 107 y

log(x) is the natural logarithm

# iz the golden ratio

Result:
125.518...

125.518...

((((3.80144707289999999999985 x 1026
((((48*(4.379019999¢+31)"2)/(1.94973e+13)°6 +
(32%5%4.379019999¢+31)/(1.94973e+13)"5+(16%25)/(1.94973e+13)4+(1.94973¢+1

3 -2)))))A/S5T+7/1013

Input interpretation:
[3.30144?(:?239999999999935 10%¢

[48[4.3?9019999 10°'¥  32.5.4.379019999 - 10°!

+
(1.94973 . 101%)® (1.94973 - 103

10 ! ]]"[1'5?} =

+ ! + —

(1.94973 - 107 (1.94973 - 103y 10°

Result:
1.617977313481417230268499452065026250232924119939848466412. ..

1.61797731348....
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Now, multiplying the results of the three equations, we obtain:

1.445099984805997791441 x 10753 ((((8*25)/(1.94973e+13) 4+((8*5)(((1.1056¢-
52) — 2%25)))/(1.94973e+13)"2-+4((((1.1056e-52)2-4(1.1056e-
52)%25+6*5°4)))+(1.94973e+13)"2)))

Input interpretation:
1.445099984805997791441 - 107
825 (85)(1.1056 ~ 107> -2 » 25)

+
(1.94973 - 101)* (1.94973 - 10%3)?

4((1.1056 - 107%)* —4.1.1056 - 107°% = 25 + 6 - 5%) +(1.94973 - 107%)*

Result:
5.4934711072885947786374708880466208996687161499999239. .. = 107

5.49347110728...%10”°

5.493471107288594778 x 10779 ((((48*(4.379019999¢+31)"2)/(1.94973e+13)6 +
(32%5%4.379019999e+31)/(1.94973e+13)5+(16%25)/(1.94973e+13) 4+(1.94973e+1

3)"-2)))

Input interpretation:

5.493471107288594778 107
48(4.379019999 - 10°')*  32.5.4.379019999 - 10°!

§
(1.94973 - 1013)8 (1.94973 - 1013
16 - 25 1

+
(1.94973 - 10} (1.94973 - 103

Result:
9.2043917528025918129209819689626983463354379316922584 .. = 105+

9.2043917528...¥10% (final result)
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Now, we have that:

12In(((5.493471107288594778 x 10°79
((((48*(4.379019999e+31)2)/(1.94973e+13)76 +
(32%5%4.379019999e+31)/(1.94973e+13)5+(16*25)/(1.94973e+13)4+(1.94973e+1

3)"-2))))))-64-2
Input interpretation:
1210g[5.4934?llﬂ?288594??8 107

[43[4.3?9a19999 10°'¥  32.5.4.379019999 . 103!
+
(1.94973 - 101%)® (1.94973 - 1013

16 25 1 ]] L5
1 = T
(1.94973 - 10)*  (1.94973 . 101}

log(x) is the natural logarithm

Result:
1729.022...

1729.022...

In(((5.493471107288594778 x 1079
((((48%(4.379019999e+31)72)/(1.94973e+13)"6 +
(32%5%4.379019999e+31)/(1.94973e+13)5+(16%25)/(1.94973e+13) 4+(1.94973e+1

3)"-2))))-8-2

Input interpretation:
10g[5.4934?llﬂ?288594??8 167

[43[4.3?9D19999 10 32.5.4.379019999 - 10°!
+
(1.94973 - 1013)® (1.94973 . 1013

16 25 1 ]] .5
" sl
(1.94973 . 10} (1.94973 . 10%f

log(x) is the natural logarithm

Result:
139.5851...

139.5851...

12



In(((5.493471107288594778 x 1079
((((48*(4.379019999¢+31)"2)/(1.94973e+13)°6 +
(32%5%4.379019999¢+31)/(1.94973e+13)"5+(16*25)/(1.94973e+13)4+(1.94973¢+1

3)"-2))))-24

Input interpretation:
48 (4.379019999 - 10%!)?

(1.94973 - 1013)®
3254379019999 . 103! 16 - 25 1 ]]

(1.94973 - 1013)° +[1.949?3 lD13]4+[l.949?3 1413

log|5.493471107288594778 107

logix is the natural logarithm

Result:
125.5851. ..

125.5851...

(((5.493471107288594778 x 10779 ((((48*(4.379019999¢+31)*2)/(1.94973e+13)"6
+(32*5%4.379019999e+31)/(1.94973e+13) 5+(16%25)/(1.94973e+13)4+(1.94973 e+
13°-2)))))) /311

Input interpretation:

[5.4934?110?288594??8 157

[43[4.3?9019999 10*'?  32.5.4.379019999 - 103!
+
(1.94973 - 101%)® (1.94973 . 10%3)

o ! ]]"[1'3111
+
(1.94973 - 10} (1.94973 - 103 !

Result:
1.617660734680411365521440032929994720082533837598092348981 ...

1.61766073468....
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From

George E. Andrews Bruce C. Berndt
Ramanujan’s Lost Notebook Part I - 2005 Springer Science+Business Media, Inc.

We have that:

Entry 15.4.1 (p. 52). With f(—q), ¥(q), and u(q) defined by (15.2.4),
(15.2.3), and (15.2.11), respectively, and with e = (/5 +1)/2,

2 5 wi2 -
53/ “’[ I r (= }dt—‘z[ ; _d'”’_ —  (15.4.1)

— l{fFuwﬁl."z} \.,./]_ — ¢—55-3/2 Hi].'l‘2 w

Etau_l{ J”v"—f (—¢® (- '?:']' duo
_ / L : (15.4.2)
Jo V1 —e85-3/24in?
2tan ! [:Sl*idﬂ-u'i[qa],r"'if'ffﬂ) i
_ \/g/ G (15.4.3)
0 V1 —e5-1/2gin°

14



Proof of (15.4.1). Let

cos? p = e2uS(t). (15.4.4)

Ift = 0, then ¢ = m/2; if t = q, then ¢ = cos ™' ((eu)®/?) . Upon differentiation
and the use of Lemma 15.4.1,

2 cos p(— Hin:p)j—f = 5e%ut(1)u'(t)
WO a0
€ — f{ %) COS ‘p”{_ﬂa)' (15.4.5)

Hence, by (15.4.5), (15.2.13), and (15.4.4),

f*z ﬁ J JJ
R

_5w4[ THE™) ) f3(—t5) ~25(-t%) sing |
Jwf2

Vi f5(—=t) cosp
w2 3 B\ wi 1
— 53,-"4 f \/;f 3{ TO} ":‘]n‘r’d
cus_l{:eu“fﬂ f [: j Cos
n'z -
o [ 1 g,
cos 1{[(1{}5-"2} ‘s/lfﬂ-a(f) —11 —w? (t} COS L
w2 g
= ?'53’4[ : — do. (15.4.6)
Jeos—1((eu)5/2) \/&"‘ —11cos2¢@ —e5cos

Since <9 = [5v’3i 11)/2

v

_r E = . = ’
e —1lcos®p — e cos*p =€ — 11(1 —sin® ) — e ®cos* ©
— e 4 11sinp — e P costp
I -2 2 Al
e (1 —cos®w)(l+cos” )+ 1lsin”
— e 2 sin? p(2 — sin? ) + 11 sin?p
= sin® p(Ze % + 11 — € °sin® ©)
sin? ¢(5v/5 — ¢ 2 gin? )
=32

= 5v/5sin® (1 — €75 sin” ).

Thus, from (15.4.6,

w2 T,
r3,"'¢1/'l-| 5 Jdt_g/'l lil:'ﬂ ‘
cos— 1 I:.((:ujl-r’-"z;l \/l — e-55-3/2 F,-iIl2 Ll I

which is [15.4.1).
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We observe that:

q g2 7
[_'].3_.-"'1 [ -f [ f}f { tJJdI'
0 Vi
w2 A
= 2 : ri?.r;"'bl / Jlll hll].'};:' d,,..
Jeos=1((ew)5/2) 1/&'3 —11cos?2p — e Scost
and:
€® — 11 cos? p — e 2 cos’ = 5v5sin’® (1 — € 35732 sin? ©).
From which:

((5sqrt5)) *((sin”2(P1/2)))*[1-((sqrt5+1)/2)(-5)*57(-3/2) sin2(Pi/2)]
Input:
[5 ’u'I'E] 51112[%] [l =

5—3,!'2

o)

(; (V5 +1))
Exact result:

= 32
5v5[1— — — ]
5vV5 (1+V5)

Decimal approximation:
11.09016994374947424102293417182810058860154589902881431067 ...

11.0901699437...

Alternate forms:
L e
S (11+5Vs)

545 11
jo
2 2
32
545 -
(1+V5 )

Minimal polynomial:
¥ -1lx-1
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Alternative representations:

5—3_-'2 i 2
sinz[%] 1- L[z} 5@:5.:952[':'}[1- e ) ]\E

— 5 ; — 13
(5 (V5 +1)) 52 (;(1+V5))

5—3."2 k5, E
sinz[i] 1- —511‘1 [2! ENE:SCDShz[D]'
2 (; (V5 +1))

1-

cosh®(0) 5
52 (1(1+V5))

il b

5 ; — .5
(5 (V5 +1)) sec(0) 1{14V5))

Series representations:

ST

A St [ - v (St -
mrm[+me4[m4
0@ S0 : ]] | [i_]]*

SR

; 2 [i [_‘ﬂk@][zs ~12845 Li[—l}k Jmk[%]]z +

ko= =0

s E A mf[z[ e }k]+

k=0 e

s 155 i[—:ﬁ}i—g}k] el i[—:nkg—;;k] +

5

1+ﬁ i [“ﬂ:“éh] ]

é[-;}kg-z}k] Hf[s

17



g 52 sinz[f}
[SIHE[E] [1 - mﬂS ‘\E =
5 .
arg(s - x) - nf e CD E-xf x* [_ l}k
el M2 [eat ][5
[25 - 128 \/E [J(i -1)" J1+2k[%]]z +
=0
) [—l}k 5 —x}k x* [

125 Exp[r T {arg[EE _X}” \j; Z

m
k=0

_El}k
ki "

o CIFG-0x* (L) F
]GZ[; J:C!x {2}5: .

=0
] o (1) 5 —xf x™* [——l}k

Xegh k],

argis - x)
2

250 expz [1‘ T

arg(s —xj
2m

250 Expg[ur i
) k=0 )

aa [—l]lk [5—Jr:]|k x* {——l}k 4
2 ]

(2 —X) 4
125 xp e | ZEE72) [Z el

k=0
arg(5 - x) 5| o (-1f 5 -xf x* [_El}k 3 /
25 EXPE(MI—E;T ”\G [k%‘.:. 0 /

" w G -xfx® (-2 ¥

[5 [1+EX1][1}TFI-E[25 x}”\/;z J:U * [ Z}k] ]
T k=0 )

forixeRandx <0

Half-argument formulas:

b 1 5
[2 (V5 + 1))
JE—
32V2° 1III|' %-:l—cna-::r:l:l 2 ]

svs (Vzeio P

5v10 21 (1 - cos(m) 2 [1 -

V2

18



» 5k sinz{ﬁ} 1
e @ 2 5 5=—5 _12[35:-'1'1"':21'[”
[““[E][ [§[~E+1}}"‘H " T

1 ¥ i
V10 \/ e —cos(m) % (1-(1+(- 1}"““”""2””*lﬂc‘"""z"”}&[—Im[n}}}z

1 : 1
Jeic : 32 (—1218Ven! |~ (1 _ cos(n 2
5v5 [1+ V1 :

A

|

[}

|

ra

[1 E [1 + (= 1yl FerW2 m)+{ Relr)/(2 ”-‘J}H[—Im[fr}}}z]

Multiple-argument formulas:
5—3.!'2 Ry i}
[sinz[fl [1 - L[Z} ]5 \E =

| o
512 cns“[i}sin“[i}ﬁ
V5 (1+V5 )

B Sk sinz[g}
[sm [5][1— m]]E\'E:

32U 1(cos(r)* sin*(m) V5
5 U_l[CDS[II’]'}Z sinm 5 - 2

2 V5 (1+V5 )

iy SRS sinz[g}
[sm [5][1— m]]SNE:

_3sinf®) + 4531
s(: sm[g]_mz[g]f@[1_32[ ;g[fji@[ﬁ”

20 cusz[ﬂsinz[flﬁ -

We have:

2 .
o . 53/4 ["T/ sin @

dl’
Jcos_] ((EI&-}E'-“"Q) \/E5 — 11 cos? () — €2 cos? P

A
b ol

19



We observe that:

=

=374 [q -fg( f-}fg( ﬂd:‘.
0

J
Vi
=3/4 s sin
=25 s , . dp.
Jeos=1((ew)5/2) 1/&'3 —11cos?2p — e Scost
and:
5 2 -5 .4 - . BB
e —llcos” @ — e “cos™ = HvhsinTp(l —e 7 3*3:-_;111'25.-:1)_
sin

V€® —1lcos2p — e Beostp

For ¢ =m /2, we obtain:

((([sin(Pi/2) / sqrt(((((5sqrt5)) *((sin”2(Pi/2)))*[1-((sqrt5+1)/2)"(-5)*57(-3/2)
sin”2(P1/2)])))])))

Input:

' o
5111[5}

| r - 57
Sv5 )sint|=)]1-
|73 [2}[ (3(v54))

Exact result:
1

| |
5%4 [1.__32 —
545 (145 |

Decimal approximation:
0.300283106000777607886694709948426367330636073835350226713...

0.300283106...

Alternate forms:

.
I| 5¥5 11

Y 2 2

of x*+11x% -1 near x =0.300283

20



s 2
5 | ———
\ 25+11v5

Minimal polynomial:
¥ 11X -1

Alternative representations:

Sin{g} cos(0)

f
532 g d)

[
in?(Z . 2 _ i |5
‘q( [5111 [2}[1 s o ]]5 V5 ‘1(5 cos [D}[l 53"I2I:é|:1+‘-"?]]5] 5

Sin[g} cosh(D)

f
532 gind| L)

|
in?(2)|1- ——% 2 _ b | e
‘q( [5111 [2}[1 s aF ]]5 V5 "q( 5 cosh?(0) [1 53-"2|:é|:1+¢?]]5 ]

sin[g} _ 1
| o= 25 v | EaR
\ 2 ':%':1"?"'1]]5 SEC[D}"\J 5[ m}z 1- 53},21%{1”?]]5 5

Series representations:
sin[g}
| -3/2 T
5 sin2(I)
( 51112[5} 1- —25 5v5
\ 2 |:E|:'.-' 5 41|

2 Ek\m:D (- l}k J1+2k[g}

2zsint(T)ys faie —k
e

u'5|:1+u'5]5 Z‘k-':'

2 sin?(L)y5
/—1+551n[ } - [2][_1+551n2[_.1}vr—_32 ':-l,,"JIS
\ : - 1yE - 2

V5 (1445
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sin{f}
2

=32_ 2n
5%/< gin I:E'I

(e T o

250, -1 J1+2k[§}

_ 32sm?T)yE T
oealath > chaant

(1 (-7 ), |-145sn2(Z) V5 -

azsin*(T)Vs VE [14vE

Zm
,,.?lll,r,,.?]S k=0 k!

~1+5 sinz{’l} V5 _
\ 2

sin{f}
2

=32 2n
573 < gin I:LE'I

(e T )

o [_1}k 2—1—2.’{ ;rrl+2k
/lex
LZ (1+2k) ]f & 2
=0

S 3zsin?(7)
arg|-x+5sin {E}‘u’f l-——=—

55 (1495 )°

g
LF X (-2), [—x+5 sin() Vs [1_ Al ]T

® 5vs (1495 ]
> ; P
k=0 ’

Randx <0

Half-argument formulas:

sinZ) v2 El (1 - cos(m)

=32 m
573 gin I:E'I

[sinz[g}[l 5 m]]s V5 J 108 |45~

G4 sint(T)y'5
IE-

RS
sin{g}

; i 5-3/2 sin?(Z) J=

{6 T o3

[_l}lﬂd:ril,-'-:.?:rilj ‘u'T % (1 — cos(r}) [1 _[1 +[_l}l—E.:«::r:I,-'-:E:r:lj+[E.d:r:I.-'-:2:rilJ}H[_Im[ﬂ_}}}

3zsin? (T ]

- _ I/
JID sin {E}E[l 5———13?{1”?]5

22



Multiple-argument formulas:
sin[g} 351n[§}—451113{%}

| 32 . 3¢ | TS
sin?(2)]1- 5# 545 V5 [sin?(Z)V5 |1- —"—gjgm ll
G G
\ 2 (v ) \ z 545 (1495 )

sin[g} 2 cus[g}sin[i}

| -2 i B | o3Iy
sin®{2)[1- i 545 V5 (sin?(Z)V5 [1- Sl 100
— & 1
\q 2 .:1;|:1,l5+1]] ‘-q 2 5\:’5|:1+1.|'5:|

sin[ﬂ} U 1 (cos(r)) sinir)
2 2

|I 532 gin2| Iy — S |I
| [sinz[f}[l— —E]]S V5 V5 |51112{£}‘u'5 [l—
\ 2

325in2{%:|
¢155'rs+1]]5

5v5 (1495 ]

From which:

12%1/((([sin(Pi/2) 1/sqrt(((((5sqrt3)) *((sin*2(Pi/2)))*[1-((sqrt5+1)/2) (-5)*57(-3/2)
sin”2(P1/2)])))])))

Input:
g
2 5111[;1} L

=3/2
5 3z B N
2m '|;.I

5'5 ¥5 '|5i1'|2|: 1-

\ (L(vEa)f
Exact result:
f
} 53.-'4 || [ 32
5v5 (1+V5)

; \

Decimal approximation:
1.665095338392780607287201754658970956477169070758957867449. ..

1.66509533839278... result very near to the 14th root of the following Ramanujan’s
class invariant Q = (Gsos/G101 /5)3 =1164,2696 i.e. 1,65578...
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Alternate forms:

11 5v5
s o
8 8

25 +1145
2vZ V5

2~f 275+ 123+5
V5 (1+V5 2

Minimal polynomial:
16x* —44x -1

Alternative representations:

1 1
sin|T)2 = 2 cosl0)
5-3/2 Gn2{ Ty 5 pas? [ D\:E'?jl:l;! ] —
= 3 15 cos=(0) [ 1-— — ¥ 3
J{M]Em ! 1'41—{rs+1]]5] J 02 (5 +ve)f
2
1 1
sinl:IEL:IZ T 2 coshil)
F 5=3/2 g2} 3 i cosh? (0] =
I{E‘-" 5 ]5i"2123[1-ﬁ]§] JScnsh 031 5352{1 {1+1.-'?'|:|5]u 5
\ V541 2l ;
1
sin| )2 = 2 —
532 gin2(I) 1|2 {m':'?' 5
5VF Jain? (%) 1o 2] mcm:Js{ = ll- = ——|¥5
J'{ el [ ﬂ%{u’?ﬂ]]E secl0) 53.-2{5{1+u5]]
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Series representations:

1
sin( )2 a
5—3,1'2 . Efﬁll
I{S 'a'?:lsinzl:%:l I_I—T?;]
: 42—{13 5 41
- 32smH{T)VE . R 3zsint(T)V5 g
_1+551I1{—}\'f_—'_—'2'_—5 Er]:ﬂ 2 _1+551n{—}\‘|"__'_—2'__5
2 V5 (1445 k 2 V5 (1445 |
4 Yo =V Trazi(5)
1
sin|T) 2 a
5-3/2 5in?(X)
|5 ﬂ?]sinzigﬂl 1_—?—1 jn '5']
' (z(Vs+)
—k

22sin*{T)VE
i il

-1 (-L) |-1458in?(T) V5 -
szsint(T)VS i i VE (14VE [

\/—1+5 sinz{g}v"_ - u'?{lw?]s e T

4 Y V1)

1

inl ™
5|n|12]2

o e A
s

J{s VS Jsin?(7)

5—3,1'2 gi.n.zl:'ﬂ'.:l ]

T 3zsin®(T)
arg|-x +5sin {E}E 1-—2

5v5 (14V5 ]

EXPp|imT \J,;

2

3zsin? L)
[—l}kx"“{—l} —x+551n2{’1}‘u‘5 1—%
o0 2 )k 2 545 (145 /

3 k! /

k=0

4 i[—l}k J1+2k[£J] forixeRandx <0
k=0 2

25



Half-argument formulas:

g4sint(T)y5
10 San[ﬂ} Y = ,_—2:
1 2 V5 (145 )
sin(7) 2 a

242 51 i1 - cosim)

(595 |si q."5'-'[1 it ] mz{ﬁ]]
| IEI'I'I"L2 | - 1 P 5
15{13 541

1
in(T)2
EI'I'II2I
e m‘nzfﬂil
(5]

v'5 Jsin? (T [1-
J{S | L(vEa)
32=m(T) ]

(— 1y iRemizml ‘m sinz{;—}ﬁ[l——z—_{ ‘_']5
595 14V 5

2VZ [ 2(1-costm) (1-(1+(-1TVEDIRN]) g [my)

Multiple-argument formulas:

- 2m
@\/sinz[qﬁ[l_f—“‘a’—s]
1 2 5v5 (14V5 )
sin 7 )2 - 4ccs{i}sin[ﬂ

1-

J I{S V5 ]sinzllg':l

5-3/2 gin?( X 1]
. T

(EVEa)P

N TE:
V5 [sin?(Z)V5 [1- 2
2 513?{1+u'—5]5
1 \ |
Si“'l;‘?z -6 sin[’—é}+8 51113[2}

5-3]‘2 EI'I'IE{E :|

'8 Jun? ()| 1 ——
J{5\n’5] '12-[1 G_{q?ﬂ]]s]

Afmy o ALY S
512 cos 1:4]5”1 l:_4:|\-'5

\/ED cnsz[i}sinz{i} V5 - = |}_1+u'_5]5

1

W _;1. .
sin{ ;)2 4 cns{ﬂsm{i}

{55 )sin?(T)[2 S ) mz{ﬁ]]
| .EI'I'I"I'zII - 1 ey 5
':EH 5 41
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and:

1/((([sin(Pi/2) / sqrt(((((5sqrt5)) *((sin*2(Pi/2)))*[1-((sqrt5+1)/2) (-5)*5°(-3/2)
sin®2(Pi/2)])]D)) /15

Input:
1
sin-:%:l
- - -3/2
15/ ||5475 |sin?(T)[1- 5 - sin2(T)
5 (L (vEa) 3
Exact result:
a0 | 32

V5 znfl-

\  5V5(1+V5)

Decimal approximation:
1.083505882173847965292569060944839635460216042424984787953...

1.08350588217... result very near to 1+1/12 = 1.083333...

Alternate forms:

130045)

30 —
\'II*’M-DCI + 1968 V5

e Y1+vE

Minimal polynomial:

xlz—x's—l

Alternative representations:

1 1
=i % ) cos|l)
_3_|'E 2 oy ) _
V. o] 57752550 — 15| | 5cosiio)|1- cos {0) Vs
15 =51 1{.— M5 Yoo 5321'1—|:1+~.-5'|'|5
\1- < (= (v5 4l \ - 13 "
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1 1

sin %:l coshil)
-3/2 . 2@ 2 =
53 < gsin=( ) i 2 _— cosh™i)
18 |fsn?(T)1-———2|lsvs 'y Jsmh ‘m[I 53f'2¢1-41+ﬁ115]ﬂ5
2| L s 2 e)
1 1
sinl:%:l 1
1
-3/2 _ 2 { i
5T 5n| ) : 1 -[2 m (V)] e
15/ | [sin?(T)|1-———2||5¥5 he “‘”’JS{MD:- ll' W2 (LB |
“ Ly a)f 532 (1))

Series representations:

! N Y 45 sinz[%] J5 [1 s b1 ]
|

sinf Z) _Sv’g[lwff}'j

5-H2 gndi Ty
Einzl:g—:l 1—1—'3.“':"';—' 595
{2—{13 541

e e

0 1 . 3251n4[5}v"§ = |
z[z] —1+551n2[—] s, o |
ik - ¥5 (1+¥5)

32 sin‘d'{g}v"g
V5 (1+¥5)

ol % B P
_—

[—1 +5 sinz[%]\/g—

—k
/
|

2 5t ()
k=0
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32sin* 25
! =|.|-1+5 sinz[I] 5 — ¢
EiTII'E'I “‘1 2 E[].-I‘E}S
|.2l .
54 2an? (7))}
- 32 sin“[ﬁ}v’f
k 11 P . 3f T EREAGIES
[_é;,[_l} J1+2k{2]l,- J 1+5sin [2]\/‘? V’E[l+v’§}5
A= vk vy 1415
i {—l} [—1 +5 sinz[’l}\"'_ __z_gzjn : I::]
i il 2 1.-'5{1+1.|'5]
k=0 k!
k . o \f.— 325i114|:£:|1.n'? —k
-1y [ E}k -1+5sin [E} = v'?{ln‘?]s

) /
2 k! /

[lﬁzt—lf J1+2k[%]J
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1

Eim| E:I

5312 g
smzl: )1~ —L
[ {— (Vs +1]]

15 595

{

arg[—x +5 sinz{g} V5 -

Vs (15 P @ 1)k 9-1-2k 142k
explir ) \'{; LZ ) z f.-’
=0

3zsin*( ) ﬂ?]
= gl

2 (1+2k)

[ 2 Jl i
arg[—x +5sin [2}\."? (s

eXplim x
2

32 5i114|'l£'| V5 ]
SRR v LA N

32sintZ) V5 bl
(-1fF x* {—-1} -x+5 sinz{ﬁ}v"_- —2
2 s 2 V5 (1495 )
2 k!

k=0

. R 3z si114l:_l:|""?
) (—1)F x* [_é}k[_x+551n2[5}r—mi‘?—:ﬁr )
> k! /

k=0

@ 19k 2-1-2k p142k
LZ (1+2k)! ] forixeRand x <0
=0

Half-argument formulas:

1 1
y |
gin| | o fTe o
- v I%-:l—cns::r]:l
[ zn[ 5=3 202 L)Y v

15/ | |sin?(T)[1-———||5v's A=
2! I e 1 ) __ 64smT(T)vE
':E':"'Is"'l]] 15 llilsmzl:g:lu'ﬁ——w—s
VE (1445 |
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15

o 2(L) 5~42 sin®(7) S5
\ [ "T[“{};{v—suns ” 5

A in

(-LRem¥2m)] 7 J %11—«:05“1:':' 1 1441l -RENZ mUHRSATZ ] ) gy

in2f o
Jlﬂsm I:_z:l'u'S

e 325mzl'n"l
545 {1+u' g ]5

Multiple-argument formulas:

1 1
sin 7 | 18 cos| 7 )sin| )
=33 . arm BT
5T g5in®( ) ;G : 200 32sin=|)
15 J[sinziz—jil-l—_ll‘?;]]sﬂs 15| ¥5 Jsmz{;ws 1-_—‘?_—5]
[5(v5+)) 5V5 (145
1 1
Ein{%:l 35m|’ j-4 sin® {
32 g2 2L
= win®| o) i _ _ 32sin
15 J[sinzig:l[l—l—'_l:'?;]]S‘a'S 15 v'5 Jﬁiﬂzigiﬁ 1- _a2en()
(3(vE ) 5"4'5{1”'5]
1 1
sin{’z—’;l U 1 leosimisini)
2
-3j2 4 2w
57 wins| D) | 2
2%y ‘2t : 0 32sin?(T)
= J[E'" 123[1-{1_{1;_5“]]5 ]]5"' a 15[ V5 {sin?(Z)V3 2y :
2l 595 (1445 |
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(((L((([sin(Pi/2) / sqre(((((5sqrtS)) *((sin2(Pi/2)))*[1-((sqrt5+1)/2)(-5)*57(-3/2)
sin®2(Pi/2)))H])) 1/15)))°6

Input:
{ &
1
sin-"%:l
i .
15 \III:E\.- 5 |5|11 ||T ,Il 5'3-'21“5 EiTIE':%:I
| E i
Exact result:
I
53/10 5| 1- 32

V  5VE(1:+VE]

Decimal approximation:
1.618033988740894848204586834365638117720309179805762862135..

1.6180339887... = golden ratio

Alternate forms:

é[mf?]

of .
v 4400 + 1968 V5
T (1+V5]

Minimal polynomial:

¥ -x-1
Alternative representations:
B 6
1 1
sim| E '| | cos(d])
532 gnd (I - 3 —'--;gy_.._
15 sinE.:%] 1-—'—"'I 5% 5 15; J TRl 1_53_.'3 (Liyg |-|5 PR
% {Eﬂvh]” “|| 21
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sin| |

1

5-3]‘2 5I'I'IE|I£I| _
15 J [sinzl:{:—:lll—l—'_L?S—'HS ¥ 5
& {5 [+5 4|

sin| T

. E‘IL
15 J[sm l:.'!'l

Series representations:
')

(F(vsa)p

5-3/2 gin?(X)
il &1
1- 54

5

e
—,
ol R P
S
pr—

-1+5 51112[5] 5

1

cosh({0)

15

3
mi[*}] _—
EEDE]'I'E':UJ[].— glszh D_ 5]1-'5
g3/ {E{lws]]

_1 )
ll {mm] 11;—5

5312 (F+E)P

15 s:c-:mJ 5':5:;;03

e 3251112{;—}
:H -1+5sin [E]\E[l_SV’E[l-rE}S]

BESinz{g}
_5»@[1+v’§}5]
3251114[5}\."'? )1
e, ¥
E[lw’?}s]

32 sin“{%}v’g % gy B : -
= i, p Sy K i
V5 (1+v5y | |/ é,[ : lzk[ﬁl]
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32sin*(Z)V5
1 = ‘—1+551n2[5]£—¢5
gml T "
-f;:' H 2 \'"E[]_ \"'E].
15 sin2{T) 1_% svE
1 Glsaf
3 3251114[5}\,:"?
I f]“fJ—l 5sin?(Z]y5 - ——2——
[m lzk[E]f : Sm[zl‘r V5 (1+V5)

e o [-1+5 sin?( ) V5 -

Z k!

k=0

32t T)vs ]"E 33
Y il

V5 |: 1+‘--|"?:|5

Iy vk
, () [Lesan(e) 5 - T

Vs (15 P

k k! /

[22!5 i 1" J1ia k[ - }]
2

k=00

&
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1

sin| E:I

a2 .4

5 sin| =) _

sinzn'g'I[l 1—%] 545
AER

15 J
arg[—x+5 sin [ }'-."'_

Vs (145 w1k g-1-2k 142k
explim \/; [-.Zd‘; ) ¥ ,-"f

3zsint T |‘-l'5]
PR i L

2x (1+2k)!
3zsintZ)5
arg[—x+5 sin { }‘-."'_— %;—1]
+
exp|im X

2m

; a2smH )45 Ais
(- l}kl'_k [—-1} —x+551n2[5}v’_—_—'2'_—5
o 27k 2 V5 (145
2. i

k=0

@ [—l}k x_k {_ Zl }k [—x +5 Sinz[% } V5 _32 Ei“4':£2 '”"? I( |

v?{lw?f
é k! i
a0 [—l}k E—I—Zk .?T1+2k
[J(Z T ] forixe Randx <0
B {1+ N

Half-argument formulas:

{ f
1 1
= =
EITI:%I !
-3/2 . m vz |I Ll:l—CDS:.IT:I:I
30T 57 < sin®(7) — Y 2
i L) N . &
15 sin I:,:II = T = 54
& {E—{vsn]]

W

oy o Osin [Z1v5
10 =im I‘;'WIS_—P_S
& VE (1475 |
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1
sin-:_%:l
-3/2 2
57 gin®| ) _
15 [sinzl:%:l 1—1—'_{:"5—'”5 V5
{E{u' 5 41
1
25
=
{(-plRarV2ml 5 1III|I éﬁl—c-:-sx:rn (1 14—yl ReAmZ M HRATHZ 1) g1y
_ 32sin?(Z)
10sin” (245 e
595 (145
Multiple-argument formulas:
( &
1 1
= s
sin-:%:l ;
5-3/2 gind(I) . | cos| T Jsin| L:l
15 [sinzl:;—:l 1—1—'_{?5—'”5 v 5 g -+ =
(3(vE4)) n—— 32sin?(T)
V5 |sinf(T)VE [1-—2—
2/ .
545 (1495 |

( (5]
1
sin-:_%:l
~3/2 . 2m
BT mint | o) _
15 [sinzl:;L:l = {5' ”51:
{E—{u' 5 +1])

15

3sin| )4 sin?( 7)

24m
32 1=
= | . 2mue =
¥ 5 |=mn I:E:I'JS 1——:"—]

g u'?{lwf]S
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1 1

C 1
5'“':5.'

ETET L’_l-:cnsv:n;l;lsin-::r;l
LR 1 il el | ,_ )

B 14 | 2
sin=| ] TS i l
n:E{u' 541

1=

1

[

Vi [1—

Vs Jsinzn:’ |

BTy
32 sin I:,:lll ]

59?41”'?]5

We note that from:
e® — 11 cos? p—e " cos® ) = 5v/5sin? w(l — e 2532 gin? ).

we obtain:

(((5sqrt5)) *((sin2(P1/2)))*[1-((sqrt5+1)/2)"(-5)*57(-3/2) sin”2(P1/2)])*1/5

Ipput:
5 [Swf?]sil12[f] 1—; sinz[f]
\ 2 (2(V5 +1)) 2

Exact result:

|
. 32
53/10 5I| 1-
Y\  5vV5(1+¥V5Y)

Decimal approximation:
1.618033988749894848204586834365638117720309179805762862135...

1.6180339887... = golden ratio

Alternate forms:

~(1445)

5 -
¥ 4400 + 19685
W5 (1+v5)
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Minimal polynomial:

¥ -x-1

All S5th roots of 5 sqrt(5) (1 - 32/(5 sqrt(5) (1 + sqrt(5))*5)):

|
5310 5I| 1- 32
Y\  5vV5(1+V5Y)

e ~1.61803 (real, principal root)

|
5310 5I| 1- 32
Y\  5V5(1+V5Y)

LTS 5000+ 1.5388

I
; 32
5310 5I| 1-

Y 5V5(1+V5)

NI L 1.3090+0.9511;

I
; 32
5310 5I| 1-

g iHimNs 1.3090-0.9511:

[
53/10 5| 1- 32

| = = ¢ 215 05000 -1.5388
Y\  5vV5(1+V5)

Alternative representations:

532 gin?|Z 2
—[}] 5V5 =5 5cns2[m[1- > [CDS S ]wE

= 2
[é [‘n."'g + 1}}5 \‘ 51 [1 + ‘u"'g}}s

[i[».“?ﬁ» 1}}'j

2
= & 5 cosh’(0)|1 - — cosh [U}_ = \/E
\ 52 (;(1+V5))

=)

i - i Sillz[g} ‘ 1 secil)
i;[sm [5][1‘[§p«=€—+1}f]]5£ :ijS[sec[mT SR (1) "
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Series representations:

sl et ]
25 12845 Z[ 1 Jmk[ ]]24.125\,’_24—-':[;};
250 /4 %‘;4*[%”}2%& [é':ﬁ[li]_l s
=] = e G
[hﬁéﬁ[é

i [ 59 51112{5}
[sm [5] 1- W—+H}5]]5£ -

')
; 1 312 aegiS-gg W2 1) 191y s = T
22i5 5 [_J gl 212 lmug-sgHiE )] [; 1 J1+2k[5]]z
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Ll
— I a I|'
i [128 Ll (—1) J1+2k[5]ﬂf.
=|:|
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R 511'.12{E }

2] 1_[1[V€+l}}5

c 1 41/2 |argiS-=g W2 ) 1/241/2 | g(S-zg V2 1] L l}k 2—1—2.5: J11_1+2.li:
ya||l— Zn Z
=0

i1+2kn
[m [—l}k {_Zl}k 5 —Zn]lk Zak]
k

ﬁEI- [_1 k E—I—Zk 1+2 k
1-(32]3" : N /
k1 o (1+2k) /

1 42 larglS-mp W2m 119,90 e e
[51,'5 [1+[Z—] Zq +1/2 |arglS-=p W2 m))
0

|

=0

& (1/5)

@ [_1}k [_El}k 5 —Z|:|]IJ;c Zak ]5
k=0

Half-argument formulas:
-3/2 _: 2fnm
m ) sin {2}

sinz[};] 1- W—_‘_l}r

.
32 "n,|ll é 1-cosir) 2

V10 [ 11 -cosemy?|1-
2 5‘-"5[1

«unf
2
vz

V2

1 o T

[1 = {1 " [_1}1—En:n:.-'<2 m)|+|Refm (2 ””}&[—Im[n}}}z
1 2 | Re{m){2 m)) 1 2
1- = 32(-1) : = (1 - cosimn
5#5{1+“m 2

{1_[1_'_[_ l}l—Eﬂm.-'E:rJJ+lEz4n1-'<2nJJ}&[_Im[r}}}f ~(1/5)
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Multiple-argument formulas:

542 5in?
5| sinz{f] l1- ——= [ 5\‘1_
L S AR
. 32U 1 (cos(m)® sin®(m)
*EJ' of U l[cns[;m sin [:ﬂ-*.,"S 1- E_ —
\ 5vV5 (1+V5)

e LT i

32U 1(cosimy”* sin*(m) V5

o

5| 5U 1(cos(my’ sin(m) y 5 - — —
\ 2 V5 (1+V5 P

[ o R sinz[g} B
i- [5111 [2] [l - [—é [v‘? ] l}}5 ]]5 ME =

— — 128 cnsz[i}sinz[i}
25 55 o cos?( ™V sin?(™ | %l
2¢° §5 f{cos [4]5111 [4]1."5 [l 5x’€[1+\£§]5

We obtain also:

1/2((((((55qrt5)) *((sin2(Pi/2)))*[1-((sqrt5+1)/2)(-5)*57(-3/2) sin*2(Pi/2)]))))*1/2-
21/10°3

Input:

1 e 21
— {51,"5]51112[E] l——_ssinz[f] T
2y 2 (2 (V5 +1)) 2/] 10

Exact result:

L oo |' ; 32 21

2 ‘ql 5vV5 (1+V5 ) 1000

Decimal approximation:
1.644095338392780607287201754658970956477169070758957867449. ..

1.64409533839278...
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Alternate forms:
——

|11 sV 21
\s8 8 1000

|
250\]'2[11+5 V5 ) -21

1000

50 53445042245 -21
1000

Minimal polynomial:
1000000000000 x* + 84000000000 x° - 2747 354000000 x* - 115462956 000 x —
63712555519

Alternative representations:

: ‘{5,/_]5111[2][ Lmz[z}]ﬂ=

2y (5 +1f) 107
21 1 3 cos*(0)
242 | 5eosO)]1- 5
TN [ 53-'2[;1[1@}5](

525 L]
L o)ty T
\ b[f5+lﬂ 10
2
e, - L 5 cosh®(0) |1 - ot [D}_
10° 2y 5%2 (2 (1+V5))

5\‘?]51112[3][1 Lmz[;j] = ﬂ -

(V5 +1)f

1 ‘ [5:':1-:0]}2
E 5 \‘ [SEC[D}]Z [ 53/2 [El (1+ ,,‘;E]'f ]E
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Series representations:
-3/2 . afm
3 sin [2}
3

- had _ﬂ_
[zl[“'?+l}} 1|:|3_

L _|_21+100045 ﬁ[fq[-lﬁr“zk[%]]z

=0

Li‘“‘[i]] N 128 (220 1 Jraza(2)f

15
5\“’3[1+V’ZEEJ=D44;[2 ]]
k

L | 214100045 \ELE[_l}kJ1+2k[%]]Z
-0

1000

[w_ M] e 128 [Ef;n [_1}k J1+2J;;[g ”2

(-F (LY
5v5 [1+Va 30, il

1
—— |-21+100045
1000 + NEY

Exp[, . { arg(s - x}” ,J;

2r

\
> o (-1FE-xf Xt (-2
St £ Y

=0 -

i

128 (Zp, (-1F J1+2k[g ”2

S )V x —1F s ek L)Y
o [l*“ﬁ’[‘”l“%“fxm . ¢]

1-

P
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Half-argument formulas:

1 | 5 5732 gin [%} 21
5 I[S 5]5111[5][1_[1[E+1}}5 _E_
33 1Illl' % {1-cosir)) 2
v10 [ 11 -cosemn?|1- ——
21 1 : ”?[“T—f]
e T e 5
(5302 gn2(T
E I 511'12 I 1- L{Z! 2—13 =
Eu 2 v

]

%\/—J i E[EncIrJ-:ZIrJJ'J_

{5 [1 cos(m) ? (1 - (1 + (- ptermi@mbinsmizmnl) o I1n[;r}}}

1
- 32¢- 1)? [Reimii2m)] \/ 5 (1 — cosir)) 2
EAE (T [

1000

1|D1

W

b3

[1 _ [1 4 (1)L Betmyez n:J+[Em1-'¢2nu}ﬁ,[_lm[n}}f“

Multiple-argument formulas:

1 | Cgym[. 57Fsn®(3)) 2
5 I[S '\{?] Slllz[i] 1- m E =
2 J
21 | gen e IEECOSZ[E}SiHE[i}
muuﬂ’gqm[llsm [E]E[l_ 5vV5 (1+V5 )
1 | 5_3"I2 sinz[%} 21
5_‘4 5'\{1_ Sll‘.l [ ][ m - E =

i i e 128 cus"'[ﬂ}sin"'[ﬂ} V5
+‘15c052[2]51n2[11£— E[i+v€}:
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Ba | =

!{5\‘?]51112[%][1— Lmz[é]] ﬂ -

\ (2(V5 + 1))’ AP

32U 1 (cosim))® sin®(m)
2

5v5 (1+¥5)

21 +é\|{g

1000 . U 1 (cos(m)’ sin’(my 5 |1 -
| "=

‘11.

0s=1((eu)5/2) -\/E‘:" — 11cos? ¢ — €2 cos’

©

w2 T
! H1I1 2
- =3/4 fad A
C

cos”-1(golden ratio)"2.5

Input:
c05_1[¢}2'5
cos ! (x) is the inverse cosine function
# iz the golden ratio
Result:
- 0.B20455... -
0.820455...

(resultin radians)

Polar coordinates:

r=1.1603 i::-i!!!H:I #=-135." '||5;-'!"‘
1.1603
From
2 :
9. 53/4 i i i do
9 ; 2 ————
cos—* (eu)®/2) Ve® —1lcos2p — e Scosty

we note that from:
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5 1 =32

E ol T e = o -4 D]
€ 11 cos® o — € " cos™ =3vhsin®p(l —e 75 sin? ¢

©).
We obtain:

2 * 5°(3/4) integrate ((([sin(P1/2) / sqrt(((((5sqrt5)) *((sin”2(Pi/2)))*[1-
((sqrt5+1)/2)~(-5)*5™(-3/2) sin*2(Pi/2)])))])))Pi/2 x =cos”-1(golden ratio)*2.5..Pi/2

Input:
' my
- fg 5111[5} "

. cns'l-:dljz'S f o 2

1IIJII B "'"E] Sinz[i}[l __EHE i Sinz[g}]

(L(v5+)

1 i : : :
cos  (x)is the inverse cosine function

# iz the golden ratio

Result:
7.54282 + 2. 58700

Input interpretation:
7.54282 + 2.58799

iizthe imaginary unit

Result:
7.54282 . +
2.58799... i

Polar coordinates:
r = 7.97445 (radius), 6 = 18.9374° (angl
7.97445

From which:
10M8* ((((-Pi-0.73) + 2 * 5°(3/4) integrate ((([sin(Pi/2) / sqrt(((((5sqrt5))

*((sin2(P1/2)))*[1-((sqrt5+1)/2)"(-5)*5"(-3/2) sin*2(Pi/2)])))])))Pi/2 x =cos”-
1(golden ratio)"2.5..P1/2)))

Input:
S sin[ﬂ}
102 |(—x — 0.73) + 253/ [E 2 T dx
. cns'l':dl]E'E I| - 2
ey 2] o 2fm
[(5V5)sin [E} 1- T(vs-F sin [E}
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Result:
3.67122x10'® + 258799108 ;

Input interpretation:
3.67122 - 10'® +2.58799 . 10" ;

Result:
3.67122... x 1018 +
2.58799.._ % 10'% ;

Polar coordinates:

r=4.49172% 10 | 8 = 35.1815°

' A2

1 i : : :
cos  (x)is the inverse cosine function

# iz the golden ratio

iizthe imaginary unit

4.49172*10"® value practically equal to the previous result f=4.49192 * 10'®

or:

2 * integrate (P1/2) / sqrt((((1-((sqrt5+1)/2)*(-5)*5"(-3/2) sin”2(P1/2)))))dx x =cos”-

1(golden ratio)"2.5..P1/2

Input:
m
2 [g 25 T 2 dx
woos o (drer |
B 5__3"2 . 51112[1}
I PYUERET S
Result:

754282 + 2.58799

Input interpretation:
7.54282 + 258700

47
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Result:
7.54282. . +
2587090 i

Polar coordinates:
r = 7.97445 (radiu
7.97445

# = 18.9374° (angl

L]

Now, we have:

10M7((((5+2*5 integrate (P1/2) / sqrt((((1-((sqrt5+1)/2)*(-5)*5(-3/2)
sin”2(P1/2)))))dx x =cos”-1(golden ratio)*2.5..Pi/2))))

Input:

17

10

dx

1 3 . : -
cos  (x)is the inverse cosine function

#is the golden ratio

Result:
4.27141 % 10"® +1.204 %« 10" ;

Input interpretation:
4.27141 - 10" +1.204 . 1018 ;

iizthe imaginary unit

Result:
4.27141... x 108 &+
1.29400... = 1018 ;

Polar coordinates:

r =4.46311x10" (1 ), 8=16.8539° (a
446311 * 10" value very near to the previous result f=4.49192 * 10"
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Furthermore, we have also:

(10N 7((((5+2*5 integrate (Pi/2) / sqrt((1-((sqrt5+1)/2)7(-5)*57(-3/2)
sin”2(Pi/2)))))dx x =cos”-1(golden ratio)"2.5..Pi/2))))))))"1/89-2/10"3

Input:

s
17 2
10V (54255 [2 dx|-—=
cos ~ (d)= f 5~3f2

i _ sinz[g}

f (1=
\‘ Wu (Z1¥ 5 +1||

1 3 . : -
cos  (x1is the inverse cosine function

# iz the golden ratio

Result:
1.61811 + 0.00535467

Input interpretation:
1.61811 + 0.00535467

iizthe imaginary unit

Result:

1.61811... +
0.00535467...

Polar coordinates:

r = 1.61812 (radius), 6 =0.189603° (an;
1.61812
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Now, we have that:

Lemma 15.8.2. Lel

1 1
g [\f( g’ )) and Q= 7 (}F((—q
Eh 49 48 64
f]+-}; ——f’——1-+-}§-+ 72
and Q_ﬂ_ﬂg_'_ﬂﬂ_l_’_g
12) R

]

For P=7 and R =8, from (15.8.5) we obtain:

7+49/7 = 8-1+48/8+64/8"2

Input:
49 48 64
?+? =8-1+ —+ —

g g

Result:
True

Left hand side:

4
'?+—g=14
7

Right hand side:

48 64
B-1l+— +—=14
g g

14

For Q=7 and R =1, from (15.8.6), we obtain:

7+49/7 = 1+6-1+8

Input:
4

'}"+—E:I =1+6-1+8
7

50
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Result:

True

Left hand side:

Fil
7

Right hand side:
1+6-1+8=14

14

From

\/P—Q + i — 32 _gyl/2 _gy~1/2 4 8/2

vEFR .
:(%Jﬂ/a)a—ll (i+ﬁ)
_K(I«f? 11),

sqrt49+(49/sqrt49) = x(x*2-11)
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Plot:

40

Alternate forms:
X +11x+14=0

14-x(x* -11)=0
Expanded form:

14=x"-11x

Solutions:
X=-2

x=1-242
x=1+2y2

From

K(K?-11)

for K =-2, we obtain:
-2((-2)"2-11)

Input:
~2((-2" - 11)

Result:
14

14

52
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or:
(14+2s5qrt2)*((1+2sqrt2)*2-11)

Input:

[1+2ﬁ?][[1+2v€]2-11]

Result:
14
14
Now, from
1
K

AR

For K = 1+2V2 , we have that:
1/sqrt(v) + sqrt(v) = 1+2sqrt2

Input:
i,_+\(l:=l+21u'|?

Plot:

10

Alternate form:

v+l=l+2\E

Vv
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Alternate form assuming v is positive:

V+1.—[l+2-\,"'5]~.,":

Solutions:

1 — -
v=—|7+442 -\I??+55~Jz

|
v=—|7+442 +\I??+55~Jz

Solutions:
v = 0.079508

v= 12577

Now:

8 8
AT, w o)
(r+ 349 (s -2)

(R+8/R+9)(R+8/R-2) = 28

Input:
[R+%+9}[R+%—2]:28

Alternate form assuming R is real:
64
(R-3)R{R+10)+ = +56=10

Alternate forms:
R*+7R*_30R?*+56 R=-64
(R+1)(R+8B)(R-2)R+8)

o 28
(R+1)(R+8)(R* -2 R +8)

2 =28
Expanded form:

9 B 56
R+_2+?R+E_2:28
R
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Real solutions:

R:Elr[-?-\jﬁ-\/m[lhﬁﬁ]]

R:Elr[-?-qﬁ+\/14[11+ﬁﬁ]]

Complex solutions:

R:i[-ha}%-z\(m[«jﬁ-u]]

R:;lr[-hajﬁﬂ\(m[«jﬁ-u]]

(R+8)(R+1)(R* - 2R +38)
R2
((R+8)(R+1)(R"2-2R+8)))/R"2

Input:
(R+8)(R+1)(R*-2R +8)

R? =

Alternate form assuming R is real:
64
(R-3)R(R+10)+ = +56=10

Alternate forms:

R*+7R*-30R%+56 R =-64 (for I

(R+1){R+8)(R-2)R+8)
22 = 28

Expanded form:

9 B 56
R+_2+?R+E_2=28
R

Real solutions:

R:Elr[-?-\jﬁ-\/m[lhﬁﬁ]]

R:Elr[-?-qﬁ+\/14[11+ﬁﬁ]]
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Complex solutions:
.'

R::lt[—?ﬁ»u"ﬁ—:yfm[-\f%—ll]]

R:Elr[-hxfﬁﬂvfm[ﬁﬁ-u]]

Thence, we have:

R:i[-?-qﬁ+\[14[11+qﬁ]]

R = -0.77220
-0.77220

for the two expressions.

Now:

49 | 49 (R+8)(R+1)(R2—2R+8)
P+ Iz FE -+ Qg = =

P+49/P+Q+49/Q = (((-0.77220+8)(-0.77220+1)(-0.77220"2-2%*-0.77220+8)))/(-
0.77220)"2

Input:
40 49 (—0.7722 + 8)(-0.7722 + 1) (-0.77222 - 2 x(—0.7722) + B)
Pr—+0+— = ; '
P Q (—0.7722
Result:

4 4
P+_9+Q+—g.—24.?cl?6
P Q
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Implicit plot:
Q

. P
=20 [ 20 &0

-50

Alternate form:
P PQ+4
P+Q®Q+4N ) 076

PQ

Solutions:
1
P+0, Q= 52.54118 x107* (-1.89309x 107 P* -

\/[3.583?9 %101 P* _1.77094 %106 P? 4+ 1.83658 1017 p2 _
8.67761x 107 P + B.60468 = m”‘} +4.67738 % 10° P-0.27614 x ms}

1
P:0, Q= E2.|54118 x107% (-1.89309x 107 P* +

\/[3.583?9 %10 P* _1.77094 %106 P® + 1.83658 %107 P2 _
8.67761x 107 P + B.60468 = m”‘} +4.67738x10° P-0.27614 % ms}

P=1.31025, Q=-7
P=373974, Q=-7

P=131025 Q=-7 or P=373974 Q=-7

57



We note that:

(((-0.77220+8)(-0.77220+1)(-0.7722072-2*-0.77220+8)))/(-0.77220)"2

Input:

(—0.7722 + B)(—0.7722 + 1)(-0.7722%2 - 2x(-0.7722) + B)
(-0.7722¢

Result:

24.70764929944946915679886412857145827878798611769344740077...
24.707649299449. ..

and, with P =1.31025 and Q = -7, we obtain:

9 49
P+F—Q+6

thus:

1.31025+49/(1.31025)+(-7)+49/(-7)

Input interpretation:
49 49
1.31025 +

-7+
1.31025 7

Result:
24.707693236023650606045230458118679064128083018507018336105 .

24.707693236...

We have that:
49 49
_p_ i
p+Q+ 0

— (K% - 4)vK* - 18K? + 49

_(r Bas) (R B o) —18 (4 B o) 40
— +ﬁ+J \1\ +§+ ) =i ; —|-§+ /-l-'

R? 4+ 5R+8)(R?—8
_ s ;2” ) (15.8.11)
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From:
R E 5 R E 92 18| R ﬁ 9 49
+R+-.J —I—R+ — +R+ 5 =

For R =-0.77220, we obtain:

(-0.77220+8/(-0.77220)+5) * sqrt(((((-0.77220+8/(-0.77220)+9))"2-18(-0.77220+8/(-
0.77220)+9)+49)))

Input:
[-D.??zz e +5}
0.7722
|I 8
~0.7722 + - ~18(-0.7722 + - 4
\ [ o772’ 9]2 ( "Tog722” 9J+ ?
Result:

-58.7944700194701891775188848485921782995080068377141674214...
-58.794470019...

From

(R? +5R+8)(R% —8)
R2 '

we obtain:

((-0.77220)°2+5%(-0.77220)+8)((-0.7722)*2-8) / (-0.77220)"2

Input:
(—0.77227 —B

(=L T+ [—L). b+
0.7722)° +5+(-0.7722) + 8}
T (-0.7722)

Result:
~58.7044700194701891775 188848485021 782005080068377141674214.

-58.7944770019...
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From:

49 49
L. e

IZ + Q)+ 0
we obtain:

(((-P-49/(PY+(-7)+49/(-T)))) = ((-0.77220)"2+5%(-0.77220)+8)((-0.7722)"2-8) / (-
0.77220)"2

Input:

49 49 "
~P-— = 7+-— =((-0.7722)" +5x(-0.7722) + 8)

(—0.7722y° -8
(—0.7722y

Result:

49
—-P- e 14 = -58.7045

10 20 30 40 50

zsn-| L

| — CE TGAKL

1000 | 20573592

Alternate form:

(P + 72
e — _58.7045

Alternate form assuming P is positive:
P+ 7

= 58.7945

Solutions:
P=~1.12199

P =43.6725
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Thence, from

49 49
L. e

7 TQ@+ 0
we obtain:

(((-(43.6725)-49/(43.6725)+(-7)+49/(-7))))

Input interpretation:
49 49
~43.6725 - 7

43.6725 7

Result:
-58.7944875207510447077680462533631003491899937031312610910...

-58.79448752...

From:

(K2 —4)/K*— 18K2 + 49
we obtain:
(KN2-4)(K"4-18KA2+49)70.5 = ((-0.77220)"2+5%(-0.77220)+8)((-0.7722)2-8) / (-

0.77220)"2
Input:

(-0.7722y —B

(K -4)V K* —18K? +49 =((-0.7722)* +5x(-0.7722) + 8)
' ' T (-0.7722)

Result:
(K% -4)V K* -18K* +49 = -58.7945

Alternate form:
K-2)(K+2)V K* —18K? +49 = _58.7945

Expanded form:
KEVE*-18K%2+49 _ 4V K*-18K% +49 = _58.7945
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Complex solutions:
K =-1.46021:

K = 146021
Thence, we obtain:

((1.46021i)"2-4)((1.46021i)4-18(1.46021i)*2+49)"0.5

Input interpretation:
((1.46021 i” —4) ¥ (1.46021 H* - 18 (1.46021 &)" + 49

Result:

-58.7945182062553436366836807719330725619138967182300555722...

-58.794518206...

Now, from the following equation

(077297 B

((-0.7722)° +5 +(-0.7722) + 8)
T (-0.7722)

-58.7944700194701891775188848485021782005080068377141674214...

1.€.
((-0.77220)"2+5*(-0.77220)+8)((-0.7722)"2-8) / (-0.77220)"2

we obtain:

iizthe imaginary unit

(((-((-0.77220)/2+5%(-0.77220)+8)((-0.7722)"2-8) / (-0.77220)*2)))"1/8-

(29+11+4+2)1/10"3
Input:

|I s (—0.77227 -8 1
8 —((-0.7722)" +5:(-0.7722) + 8}« —————— —(29+11+4+2)» —
\ T (-0.77227 10
Result:

1.618052638144921444271546835551804350180683755246506729317...

1.618052638144...
62



Observations

From:

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

Ramanujan's statement concerned the deceptively simple concept of partitions—the
different ways in which a whole number can be subdivided into smaller numbers.
Ramanujan's original statement, in fact, stemmed from the observation of patterns,
such as the fact that p(9) = 30, p(9 + 5) = 135, p(9 + 10) = 490, p(9 + 15) = 1,575

and so on are all divisible by 5. Note that here the n's come at intervals of five units.

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

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

In the past methods developed to understand partitions have later been applied to

physics problems such as the theory of the strong nuclear force or the entropy of
black holes.

From Wikipedia

In particle physics, Yukawa's interaction or Yukawa coupling, named after Hideki
Yukawa, is an interaction between a scalar field ¢ and a Dirac field y. The Yukawa
interaction can be used to describe the nuclear force between nucleons (which
are fermions), mediated by pions (which are pseudoscalar mesons). The Yukawa
interaction is also used in the Standard Model to describe the coupling between
the Higgs field and massless quark and lepton fields (i.e., the fundamental fermion
particles). Through spontaneous symmetry breaking, these fermions acquire a mass
proportional to the vacuum expectation value of the Higgs field.
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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:
g2 =1\/(1+ \/E)
Hence
6493 — V2 _ 244276 VR _ ...
64g52t = 4006 ™VE 4 ...,
so that

64(g33 + gt) = ™V — 2 + 4372 "VE - o = BA{(1 + V)2 + (1 —v2) "2}

Hence .
e™2% = 2508951.9982. . . .
Thence:
6495 = 4096e V2 4 ...
And
64(g22 1+ go2t) = €™V _ 924 1 4372V ... = 64{(1 + V2)2 4+ (1 — v2)2}

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
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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, 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
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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

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) =

2
’% = 1.644934 ...

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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