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                                                    Abstract 

In this research thesis, we have analyzed and deepened further Ramanujan 
expressions (Hardy-Ramanujan number and mock theta functions) applied to various 
parameters of Particle Physics and Black Hole Physics. We have therefore described 
new possible mathematical connections. 

 

 

 
 
 
 
 

                                                           
1 M.Nardelli studied at Dipartimento di Scienze della Terra Università degli Studi di Napoli Federico II, 
Largo S. Marcellino, 10 - 80138 Napoli, Dipartimento di Matematica ed Applicazioni “R. Caccioppoli” - 
Università degli Studi di Napoli “Federico II” – Polo delle Scienze e delle Tecnologie  Monte S. Angelo, Via 
Cintia (Fuorigrotta), 80126 Napoli, Italy 



2 
 

 
https://www.britannica.com/biography/Srinivasa-Ramanujan 
 
 
 

 
 
http://www.meteoweb.eu/2019/10/wormhole-varchi-spazio-tempo/1332405/ 
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https://plus.maths.org/content/ramanujan 

 

Ramanujan's manuscript 

The representations of 1729 as the sum of two cubes appear in the bottom right 
corner. The equation expressing the near counter examples to Fermat's last theorem 
appears further up: α3 + β3 = γ3 + (-1)n. 

 

 

From Wikipedia 

The taxicab number, typically denoted Ta(n) or Taxicab(n), also called 
the nth Hardy–Ramanujan number, is defined as the smallest integer that can be 
expressed as a sum of two positive integer cubes in n distinct ways. The most famous 
taxicab number is 1729 = Ta(2) = 13 + 123 = 93 + 103. 
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From: 

Ken Ono  - The Last Words of a Genius December 2010 Notices of the AMS - 
Volume 57, Number 11  
 

Now, we have that: 

 

For q = 0.5, that is q = e2πiτ = 0.5 for iτ = x = -0.110318, we obtain: 

 

product ((1-0.5^(5n))(1-0.5^(10n-5)))/(((1-0.5^(5n-4)))(1-0.5^(5n-1))), n=1 to infinity 

Input interpretation: 

 
 
Infinite product: 

 
 

 

2*(2.03688)^6 - 18 + 1/golden ratio 

 

Input interpretation: 

 

 

 
Result: 

 

125.449… result 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 
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Alternative representations: 

 

 

 

 

 

 

 

 

From 

 

 
 

we obtain: 

 

2*(2.03688)^6 – Pi 

 

Input interpretation: 
 

Result: 

 

139.689… result practically equal to the rest mass of  Pion meson 139.57 MeV 
 

 
 
Alternative representations: 
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Series representations: 

 

 

 

 
 
Integral representations: 

 

 

 

 

From 

 

 
 

we obtain: 

 
 

24(2.03688)^6 + 11 + 4 

 

Input interpretation: 
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Result: 

 
1728.972718…  

 

This result is very near to the mass of candidate glueball f0(1710) meson. 
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic 
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross–
Zagier theorem. The number 1728 is one less than the Hardy–Ramanujan number 
1729 (taxicab number) 

 

 

 

 

 

Now, we have that: 

 

 

sum (0.5^(2n(n+1)) / ((((1-0.5)^2 (1-0.5^3)^2 (1-0.5^(2n+1))^2)))), n=0 to infinity 

Input interpretation: 

 
 
Approximated sum: 

 
 

6((((sum (0.5^(2n(n+1)) / ((((1-0.5)^2 (1-0.5^3)^2 (1-0.5^(2n+1))^2)))), n=0 to 
infinity)))) - Pi +1/golden ratio 

Input interpretation: 
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Result: 

 

125.431 result 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 

 

 
 

 

6((((sum (0.5^(2n(n+1)) / ((((1-0.5)^2 (1-0.5^3)^2 (1-0.5^(2n+1))^2)))), n=0 to 
infinity)))) +11 +1/golden ratio 

Input interpretation: 

 

 
 
Result: 

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

 

27*3((((sum (0.5^(2n(n+1)) / ((((1-0.5)^2 (1-0.5^3)^2 (1-0.5^(2n+1))^2)))), n=0 to 
infinity)))) + golden ratio 

Input interpretation: 

 

 
 
Result: 

 
1729.01 
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This result is very near to the mass of candidate glueball f0(1710) meson. 
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic 
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross–
Zagier theorem. The number 1728 is one less than the Hardy–Ramanujan number 
1729 (taxicab number) 

 

From Wikipedia: 

“The fundamental group of the complex form, compact real form, or any algebraic 
version of E6 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, E6 plays a role in 
some grand unified theories”. 

 

Now, for q = 535.49165, that is q = e2πiτ,  for iτ = 1, that is: 

Input: 
 

Decimal approximation: 

 

535.4916555… 

Property: 
 

 
 
 
Alternative representations: 

 

 

 

 
Series representations: 
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Integral representations: 

 

 

 

 

 

From 

 
We obtain: 

product ((1-535.49165^(5n))(1-535.49165^(10n-5)))/(((1-535.49165^(5n-4)))(1-
535.49165^(5n-1))), n=1 to sqrt3 

 

Product: 

 
 

4.41139*1013 

 

From which: 

 

4 ln(4.41139×10^13) 

 
Input interpretation: 
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Result: 

 
125.6712… result 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 

 

 

From 

 

 
 

we have also: 

 

4 ln(4.41139×10^13) + 13 + 1/golden ratio 

 

Input interpretation: 

 

 
 

 
Result: 

 
139.2892… result practically equal to the rest mass of  Pion meson 139.57 MeV 
 

 

and performing the 8th root, we obtain: 

 

3*(4.41139×10^13)^1/8 - 29 + Pi -1/golden ratio 

 

Input interpretation: 

 

 

 
Result: 
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125.821… result 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 

 

 

3*(4.41139×10^13)^1/8 - 18 + Pi + golden ratio 

Input interpretation: 

 

 
 
 
 
 
Result: 

 
139.0573… result practically equal to the rest mass of  Pion meson 139.57 MeV 
 

 

From 

 

We obtain: 

sum (535.49165^(2n(n+1)) / ((((1-535.49165)^2 (1-535.49165^3)^2 (1-
535.49165^(2n+1))^2)))), n=0 to Pi 

Sum: 
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Decimal approximation: 

 
287825.30175584..... 

 

From which: 

2((((sum (535.49165^(2n(n+1)) / ((((1-535.49165)^2 (1-535.49165^3)^2 (1-
535.49165^(2n+1))^2)))), n=0 to Pi))))^1/3 + 7 + 1/golden ratio 

 
 
Input interpretation: 

 

 
 
Result: 

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

 

2((((sum (535.49165^(2n(n+1)) / ((((1-535.49165)^2 (1-535.49165^3)^2 (1-
535.49165^(2n+1))^2)))), n=0 to Pi))))^1/3 - 7 + 1/golden ratio 

Input interpretation: 
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Result: 

 
125.668 result 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 

 

 

27*((((((((sum (535.49165^(2n(n+1)) / ((((1-535.49165)^2 (1-535.49165^3)^2 (1-
535.49165^(2n+1))^2)))), n=0 to Pi))))^1/3 - 2)))) +1/3 

Input interpretation: 

 
 
Result: 

 
1729.01 

This result is very near to the mass of candidate glueball f0(1710) meson. 
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic 
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross–
Zagier theorem. The number 1728 is one less than the Hardy–Ramanujan number 
1729 (taxicab number) 

 

 

Now, we have that: 

 

For q = 0.5, we obtain. 

 

(1-0.5)^(-240) (1-0.5^2)^26760 
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Input: 

 
 
Result: 

 
7.7020675149…*10-3272 

 

From which: 

((((1-0.5)^(-240) (1-0.5^2)^26760)))*(10^(3400)) 

Input: 

 
 
Result: 

 
7.7020675149…*10128 

 

 

 

From which: 

1/2log((((((1-0.5)^(-240) (1-0.5^2)^26760)))*(10^(3400)))) – 11 

Input: 

 

 

Result: 

 

137.386…  

This result is very near to the inverse of fine-structure constant 137,035 
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Alternative representations: 

 

 

 

 
Series representations: 

 

 

 

 
Integral representations: 
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And: 

1/2log((((((1-0.5)^(-240) (1-0.5^2)^26760)))*(10^(3400))))-21-1-1/golden ratio 

Input: 

 

 

 

Result: 

 

125.768… result 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 

 

 
 
 
 
Alternative representations: 

 

 

 

 
Series representations: 
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Integral representations: 

 

 

 

 

27*1/2(((1/2log((((((1-0.5)^(-240) (1-0.5^2)^26760)))*(10^(3400))))-21+1/golden 
ratio))) + 1 

Input: 
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Result: 

 

1729.06… 

This result is very near to the mass of candidate glueball f0(1710) meson. 
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic 
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross–
Zagier theorem. The number 1728 is one less than the Hardy–Ramanujan number 
1729 (taxicab number) 

 

 
Alternative representations: 

 

 

 

 
 
Series representations: 
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Integral representations: 

 

 

 

Now, we have that: 

 

535.49165^(-1/8)  sum (-1)^(n+1) (((535.49165^((n+1)^2)) (1-535.49165)(1-
535.49165^3)(1-535.49165^(2n-1))) / ((((1+535.49165)^2 (1+535.49165^3)^2 
(1+535.49165^(2n+1))^2)))), n=0 to Pi 

Input interpretation: 
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Result: 

 
-6.96196 * 107 

 

(1/Pi) [-535.4916^(-1/8)  sum (-1)^(n+1) (((535.4916^((n+1)^2)) (1-535.4916)(1-
535.4916^3)(1-535.4916^(2n-1)))/(((1+535.4916)^2 (1+535.4916^3)^2 
(1+535.4916^(2n+1))^2))), n=0 to Pi]^1/3 + (11-2)-0.618 

Input interpretation: 

 
 
Result: 

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

 

 

 

(1/Pi) [-535.4916^(-1/8)  sum (-1)^(n+1) (((535.4916^((n+1)^2)) (1-535.4916)(1-
535.4916^3)(1-535.4916^(2n-1)))/(((1+535.4916)^2 (1+535.4916^3)^2 
(1+535.4916^(2n+1))^2))), n=0 to Pi]^1/3 - 5 -0.618 

Input interpretation: 
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Result: 

 
125.329 result 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 

 

 

27/2*(((((1/Pi)[-535.49^(-1/8)  sum (-1)^(n+1) (((535.49^((n+1)^2)) (1-535.49)(1-
535.49^3)(1-535.49^(2n-1)))/(((1+535.49)^2 (1+535.49^3)^2 
(1+535.49^(2n+1))^2))), n=0 to Pi]^1/3 - 2 -0.618))))-Pi 

Input interpretation: 

 
 
Result: 

 
1729.29 

This result is very near to the mass of candidate glueball f0(1710) meson. 
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic 
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross–
Zagier theorem. The number 1728 is one less than the Hardy–Ramanujan number 
1729 (taxicab number) 

From 

Replica Wormholes and the Entropy of Hawking Radiation 
Ahmed Almheiri, Thomas Hartman, Juan Maldacena, Edgar Shaghoulian and 
Amirhossein Tajdini - arXiv:1911.12333v1 [hep-th] 27 Nov 2019 
 

 

We have that: 
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For β = 2π,  a = 3 and b = 2, we obtain:  

 
12Pi * 1/((2Pi)x) * sinh (((Pi/((2Pi)))*(2+3))) / sinh ((Pi/(2Pi))) 

Input: 

 

 

Exact result: 

 

 

 
Plots: 
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Alternate forms: 

 

 

 

Alternate form assuming x is real: 

 

 

Roots: 
 

Properties as a real function: 
Domain 

 

Range 

 

Injectivity 
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Parity 

 

 

Derivative: 

 

 
Indefinite integral: 

 

 

Limit: 

 

Alternative representations: 

 

 

 

 
Series representations: 

 



26 
 

 

 

 
Integral representations: 

 

 

 

For c = 1, we obtain: 

12Pi * 1/((2Pi)) * sinh ((((Pi/((2Pi)))*(2+3)))) / sinh (Pi/((2Pi))) 

Input: 

 

 

Exact result: 

 

 

 
Decimal approximation: 

 

69.66331591….. 

Property: 
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Alternate forms: 

 

 

 

 

 
Alternative representations: 

 

 

 

 
Series representations: 
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Integral representations: 

 

 

 

2*((12Pi * 1/((2Pi)) * sinh ((((Pi/((2Pi)))*(2+3)))) / sinh (Pi/((2Pi))))) 

Input: 

 

 

Exact result: 

 

 

Decimal approximation: 

 

139.3266318… result practically equal to the rest mass of  Pion meson 139.57 MeV 
 

 

Property: 

 

 
Alternate forms: 
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Alternative representations: 

 

 

 

 
Series representations: 

 

 

 

 
 
 
Integral representations: 
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2*((12Pi * 1/((2Pi)) * sinh ((((Pi/((2Pi)))*(2+3)))) / sinh (Pi/((2Pi))))) – 2 

Input: 

 

 

 
Exact result: 

 

 

Decimal approximation: 

 

137.3266318…  

This result is very near to the inverse of fine-structure constant 137,035 

 

Property: 

 

Alternate forms: 
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Alternative representations: 

 

 

 

 
Series representations: 

 

 

 

 
Integral representations: 

 

 

 
 

2*((12Pi * 1/((2Pi)) * sinh ((((Pi/((2Pi)))*(2+3)))) / sinh (Pi/((2Pi))))) - 13-1/golden 
ratio 
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Input: 

 

 

 

 
Exact result: 

 

 

Decimal approximation: 

 

125.708597832… result 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 

 
Property: 

 

Alternate forms: 

 

 

 

 
 
 
 
 
Alternative representations: 

 



33 
 

 

 

 
 
Series representations: 

 

 

 

 
Integral representations: 
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Now, we have that: 

 

 

For β = 2π,  a = 3, b = 2 and c = 1, we obtain: 

2Pi/(2Pi*tanh 3)+1/6 ln[(((4Pi sinh^2(((5Pi)/(2Pi))) / (0.0864055Pi sinh 3)))]  

Input interpretation: 

 

 

 

 

 
Result: 

 

1.860105… 

 
Alternative representations: 
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Series representations: 
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Now, we have that: 

x+2Pi/(2Pi*tanh 3)+1/6 ln[(((4Pi sinh^2(((5Pi)/(2Pi))) / (0.0864055Pi sinh 3))))] =  
69.66331591 

Input interpretation: 
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Result: 
 

Plot: 

 

Alternate forms: 
 

 

 
Solution: 

 

67.8032 

 
67.8032+2Pi/(2Pi*tanh 3)+1/6 ln[(((4Pi sinh^2(((5Pi)/(2Pi))) / (0.0864055Pi sinh 
3))))] 

Input interpretation: 
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Result: 

 

69.6633… 

 
Alternative representations: 

 

 

 

 
Series representations: 
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40 
 

 
We insert the value 69.6633 in the Hawking radiation calculator as entropy (S) and 
obtain the surface area 1.675666e-67 

Thence, adding this result to the previous expression 

 

 

we obtain the generalized entropy (Sgen): 

1.675666e-67+2Pi/(2Pi*tanh 3)+1/6 ln[(((4Pi sinh^2(((5Pi)/(2Pi))) / (0.0864055Pi 
sinh 3))))] 

Input interpretation: 

 

 
 
 

 
Result: 

 
1.860105… 

 

For this value correspond a mass and a radius of 1.270786e-8, 1.886929e-35 
respectively. 

 

Inserting the above values and the temperature 1.227203e+11  
 

Mass = 1.270786e-8 

Radius = 1.886929e-35 

Temperature = 1.227203e+11 
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from the Ramanujan-Nardelli mock formula, we obtain: 

 

sqrt[[[[1/(((((((4*1.962364415e+19)/(5*0.0864055^2)))*1/(1.270786e-8)* sqrt[[-
((((1.227203e+11 * 4*Pi*(1.886929e-35)^3-(1.886929e-35)^2))))) / ((6.67*10^-
11))]]]]] 

Input interpretation: 

 
 
Result: 

 
1.61732… 

 

1/ sqrt[[[[1/(((((((4*1.962364415e+19)/(5*0.0864055^2)))*1/(1.270786e-8)* sqrt[[-
((((1.227203e+11 * 4*Pi*(1.886929e-35)^3-(1.886929e-35)^2))))) / ((6.67*10^-
11))]]]]] 

Input interpretation: 

 
 
Result: 

 
0.618306… 
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Now, we have that: 

 

For 𝜙௥ ≅ 1,  a = 3, b = 2 and c = 1, we obtain: 

1/3+1/6 ln((2+3)^2*1/3) 

Input: 

 

 

Exact result: 

 

Decimal approximation: 

 

0.686710589366681842967…. 

Property: 

 

Alternate forms: 

 

 

 

 
Alternative representations: 
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Series representations: 

 

 

 

 
Integral representations: 

 

 

 

 

Inserting this entropy value in the Hawking radiation calculator, we obtain: 

Surface area: 1.651799e-69 

Mass: 7.721303e-9 

Radius: 1.146499e-35 

Temperature: 1.227203e+11 
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Entropy: 0.686710589366681842967 

 

Practically, we have a very low entropy value!  

This result can also be expressed as follows: 

0.68671058936668184..... 

Input: 

 

Decimal approximation: 

 

0.686710589… 

Property: 

 

Alternate forms: 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Continued fraction: 

Alternative representation:

 
Series representations: 
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Alternative representation: 
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Furthermore, the result is very near to the following Rogers-Ramanujan expression 

 

If we insert instead of 2, 2*0.937, we obtain: 

sqrt((e*Pi)/2) erfc((sqrt (2*0.937)/2)) 

Input: 

 

 

 
Result: 

 

0.688204… 

 
Alternative representations: 

 

 

 

 
Series representations: 
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Integral representations: 
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Note that the result 0.688204 is very near to the value of generalized entropy 
0.686710589366681842967…. 

From this above value of  generalized entropy 0.686710589, we obtain   
 

Mass = 7.721303e-9 

Radius = 1.146499e-35 

Temperature = 1.227203e+11 

 

And from the Ramanujan-Nardelli mock formula, we obtain: 

 

sqrt[[[[1/(((((((4*1.962364415e+19)/(5*0.0864055^2)))*1/(7.721303e-9)* sqrt[[-
((((1.227203e+11 * 4*Pi*(1.146499e-35)^3-(1.146499e-35)^2))))) / ((6.67*10^-
11))]]]]] 

Input interpretation: 

 
 
Result: 

 
1.61732… 

and: 

1/sqrt[[[[1/(((((((4*1.962364415e+19)/(5*0.0864055^2)))*1/(7.721303e-9)* sqrt[[-
((((1.227203e+11 * 4*Pi*(1.146499e-35)^3-(1.146499e-35)^2))))) / ((6.67*10^-
11))]]]]] 
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Input interpretation: 

 
 
Result: 

 
0.618306… 

 

 

 

Now, we have that: 

 

 

 

For β = 2π,  a = 3, b = 2 and ta = 8  tb = 5 and c = 1, we obtain: 

 

1/3 ln((((2(cosh8 cosh5) (cosh(8-5)-cosh(3+2)))))/((((sinh 3 cosh((3+2-8-5)/2) 
cosh((3+2+8+5)/2)))))) 

Input: 
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Exact result: 

 

 

 

Decimal approximation: 

 

Polar coordinates: 
 

1.34866 
 
Alternate forms: 

 

 

 

 
Alternative representations: 
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Series representation: 

 

 
Integral representations: 

 

 

 
 

We have that: 

8*(((1/3 ln((((2(cosh8 cosh5) (cosh(8-5)-cosh(3+2)))))/((((sinh 3 cosh((3+2-8-5)/2) 
cosh((3+2+8+5)/2)))))))))^16 

Input: 
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Exact result: 

 

 

 

Decimal approximation: 

 

Polar coordinates: 
 

958.39 
 
Alternate forms: 

 

 

 

 
Alternative representations: 
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Series representation: 

 

 
 

From the result, we obtain: 

(-83.824214837 + 954.717370634i)-21i +(1/golden ratio)i 

Input interpretation: 

 

 
 

 
Result: 

 
 
Polar coordinates: 

 
938.08802749 result practically equal to the proton mass in MeV 

 

Alternative representations: 
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1/3 ln((2*cosh(3+2)-cosh(8-5))/((sinh 3))) 

Input: 

 

 

 

 

Exact result: 

 

 

Decimal approximation: 

 

0.875143957… 

Alternate forms: 
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Alternative representations: 

 

 

 

 
Series representations: 

 

 

 
Integral representations: 

 

 

 

 

Note that the result 0.875143957... is very near to the following second  7th order 
Ramanujan mock theta function value: 

(((((0.449329) / (1-0.449329) + (0.449329)^4 / ((1-0.449329^2)(1-0.449329^3)))) + 
((((0.449329)^9 / ((1-0.449329^3)(1-0.449329^4)(1-0.449329^5)))) 
 
 



56 
 

Input interpretation: 

 
 
Result: 

 
0.8730077... 
 

We have also: 

1/6*11*(((1/3 ln((2*cosh(3+2)-cosh(8-5))/((sinh 3))))))+(11+3)/10^3 

Input: 

 

 

 

 

 
Exact result: 

 

 

Decimal approximation: 

 

1.6184305878… result that is a very good approximation to the value of the golden 
ratio 1,618033988749... 
 

Alternate forms: 
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Alternative representations: 

 

 

 

 
Series representations: 

 

 

 
Integral representations: 
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From the inversion of previous expression, we obtain: 

1/(((1/3 ln((2*cosh(3+2)-cosh(8-5))/((sinh 3)))))) 

Input: 

 

 

 

 

Exact result: 

 

 

Decimal approximation: 

 

1.14266914… 

Alternate forms: 
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Alternative representations: 

 

 

 

 
Series representations: 

 

 

 
Integral representations: 
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Note that the result 1.1426691482733... is almost equal to the following first 5th order 
Ramanujan mock theta function value: 

((((1+(0.449329)^2/(1+0.449329) + (0.449329)^6 / 
((1+0.449329)+(1+0.449329^2)))) + ((((0.449329)^12 / 
((1+0.449329)(1+0.449329^2)(1+0.449329^3)))) 
 
Input interpretation: 

 
 
Result: 

 
f(q) = 1.1424432422... 
 
 
We have also: 
 
1/10^27(((1+1/sqrt((((((1/(((1/3 ln((2*cosh(3+2)-cosh(8-5))/((sinh 
3)))))))))^(2Pi))))+(13+2)/10^3))) 
 
Input: 

 

 

 

 

 
Exact result: 

 

 

 



61 
 

Decimal approximation: 

 

1.672714440746…*10-27 result practically equal to the proton mass in kg 

Alternate forms: 

 

 

 

 

 

Alternative representations: 
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Series representations: 

 

 

 
Integral representations: 
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Conclusions 

 
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 π, ϕ, 1/ϕ, the Fibonacci and Lucas numbers, linked to the 
golden ratio, that play a fundamental role in the development, and therefore, in the 
final results of the analyzed expressions. 
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