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1. INTRODUCTION 

Let us see how Heraclitean dynamics fits with the expansion of the universe. 

2. THE NATURE OF EXPANSION 

The gravitation between real masses is explained by Newton’s law [1]: 

𝐹 = 𝐺
𝑚1. 𝑚2

𝑟2
> 0 𝑓𝑜𝑟 𝑚 ∈ ℝ.                                                                                                                        (1𝑎) 

The expansion of universe could be explained by the same law as a consequence of anti-gravitation 

between imaginary masses: 

𝐹 = 𝐺
𝑚1. 𝑚2

𝑟2
< 0 𝑓𝑜𝑟 𝑚 ∈ 𝑖ℝ.                                                                                                                      (1𝑏) 

Thus, the mass of ordinary matter 𝑚 should be complex, i.e.: real 𝑚𝑟𝑒𝑎𝑙 enabling gravitation as well 

as imaginary 𝑚𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 enabling expansion: 

𝑚 = 𝑚𝑟𝑒𝑎𝑙 +𝑚𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 .                                                                                                                                   (2) 

3. HERACLITEAN DYNAMICS 

Heraclitean dynamics is defined as [2]: 

𝐹 =
𝑑𝑝

𝑑𝑡
+
𝑑 (
𝑘
𝑝
)

𝑑𝑡
.                                                                                                                                                    (3) 

And expressed as 

𝑚𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑖𝑠𝑡𝑖𝑐
2 𝑐2𝑎2 = 𝑒

𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2−𝑘(1−𝑙𝑛𝑘)+𝑚𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑖𝑠𝑡𝑖𝑐

2 𝑐2(𝑎2−1)

𝑘 .                                                                    (4) 

Where c is the speed of light and k is the dynamics constant. The relativistic mass 𝑚𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑖𝑠𝑡𝑖𝑐 and 

energy 𝑚𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑖𝑠𝑡𝑖𝑐𝑐
2 are upside limited by the maximum speed  𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 =

𝑣𝑚𝑎𝑥𝑖𝑚𝑢𝑚

𝑐
 

characteristic for the given ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑 as follows: 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 = √1 +
𝑘

𝑒
𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
+𝑙𝑛𝑘 − 𝑘

.                                                                                                      (5𝑎) 

So, the next ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑 belongs to the given maximum speed  𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 (See Appendix 

1): 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑 = √
𝑘

𝑐2
 𝑙𝑛 (

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

+ 1).                                                                                                  (5𝑏) 
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The above Eq. (5b) offers three types of ground masses 𝑚𝑔𝑟𝑜𝑢𝑛𝑑 with regard to the maximum 

speed 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚: 

a) The real ground mass at the superluminal maximum speed (𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 > 1 → 𝑚𝑔𝑟𝑜𝑢𝑛𝑑 ∈ ℝ) 

b) The infinite ground mass at the luminal maximum speed (𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 = 1 → 𝑚𝑔𝑟𝑜𝑢𝑛𝑑 = ∞) 

And 

c) The complex ground mass at the subluminal maximum speed (𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 < 1 → 𝑚𝑔𝑟𝑜𝑢𝑛𝑑 ∈ ℂ) 

As already proposed in Section 2 the latter may allow the universe to expand (1b). 

4. THE COMPLEX GROUND MASS 

Using the relation ln(−1) = 𝑖𝜋 [3] and applying the square root of complex number formula [4] the 

equation (5b) can be modified for the needs of complex ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) at the subluminal 

maximum speed expressed in the units of the speed of light 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) < 1 (See Appendix 2): 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) =
√𝑘

𝑐

√√(𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 −))

2

+𝜋2+𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
+

𝑖
√𝑘

𝑐

√ √(𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 −))

2

+𝜋2−𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 −)    

2
.                                                                           (6𝑎)                           

Thus, the complex ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) consists of a real part  𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) as well as of an 

imaginary part 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ): 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) = 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) + 𝑖𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ).                                                                                              (6𝑏) 

Then the real part of the complex ground mass is given as 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) =
√𝑘

𝑐

√√(𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+𝜋2+𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                                                       (7𝑎)        

And is written explicitly for the maximum speed 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)related to the real part of complex 

ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)(See Appendix 3): 

  

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =
√
1 −

1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

.                                                                                               (7𝑏) 

On the other hand, the imaginary part of the complex ground mass is given as 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ) =
√𝑘

𝑐

√√(𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+𝜋2−𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                                                                         (8𝑎)        

And is written explicitly for the maximum speed 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) related to the imaginary part of 

complex ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)(See Appendix 4): 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =
√
1 −

1

𝑒

(𝜋)2−(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘 )
2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘

.                                                                                                               (8𝑏) 
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5. THE IMAGINARY GROUND MASS ATTRIBUTED TO REAL GROUND MASS 

Taking into account the complex mass relations just mentioned in Section 4, the imaginary ground 

mass can be attributed to each real ground mass at subluminal speed as follows (See Appendix 5): 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)

=
√𝑘

𝑐 √
  
  
  
  
  
  

√

(

 
(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

2 2𝑐2

𝑘
)
2

− 𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘 )

 

2

+ 𝜋2 −
(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

2 2𝑐2

𝑘
)
2

− 𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

    

2
.           (9) 

For ordinary matter, the dynamics constant  𝑘 = ℎ𝑐 is proposed [5], where h is Planck constant and c 

is the speed of light. So, we can write again: 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ) = √
ℎ

𝑐 √
  
  
  
  
  
  

√(
(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

2 2𝑐
ℎ
)
2

− 𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐

ℎ

)

2

+ 𝜋2 −
(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

2 2𝑐
ℎ
)
2

− 𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐

ℎ

    

2
.           (10) 

6. THE CONSEQUENCES OF PROPOSED MODEL 

To the real ground mass of observable universe yielding 2.777 266 999 𝑥 10−20𝑘𝑔 [6], becoming a 

part of complex world 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝ)
𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 → 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 the next complex ground mass can be ascribed 

(10): 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ)
𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 = 2.772 266 999. 10−20𝑘𝑔 + 𝑖 0.012 523 339 . 10−20𝑘𝑔.                                               (11) 

As well as the next maximum speed of universe expansion belongs to it in the complex world (8b): 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 = 1 − 10−151.                                                                                                                             (12) 

Speed of universe expansion 𝑎 is related to the relativistic energy of expansion and the latter can be 

expressed with help of modified exponent 𝑥 [7] which in our case having 𝑎 = 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 = 1 −

10−151(12) yields: 

𝑥 =
𝑙𝑛2+2𝑙𝑛𝑐+𝑙𝑛(

1

√1−𝑎2
−1)

𝑙𝑛𝑐
= 11.                                                                                                                        (13)              

The modified 𝑥 is related to the occurrence of n-dimensional space [7] written as: 

𝑝𝑥(𝑛) =
𝑝𝑥(1)

𝑛𝑥
                                         𝑤ℎ𝑒𝑟𝑒                                   𝑝𝑥(1) =

1

∑
1
𝑛𝑥

𝑛=∞
𝑛=1

.                         (14) 

In our case having 𝑝𝑥(1) = 𝑝11(1) ≈ 1 the next minimum occurrence of 3-dimensional space is 

given at maximum speed of expansion 𝑎 = 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 : 

𝑝𝑚𝑖𝑛𝑖𝑚𝑢𝑚(3) = 𝑝11(3) =
1

311
= 6. 10−6.                                                                                                     (15) 

And the next maximum occurrence of 1-dimensional space is proposed at the same speed: 

𝑝𝑚𝑎𝑥𝑖𝑚𝑢𝑚(1) = 1 − 𝑝11(2) = 1 −
1

211
= 1 − 0,0005 = 0,9995.                                                         (16) 

7. CONCLUSION 

Modified Heraclitean dynamics could support the expansion of universe 

 



Imaginary Background of Universe Expansion (A Fairy Tale)  

 

International Journal of Advanced Research in Physical Science (IJARPS)                                      Page | 20 

DEDICATION 

To my granddaughter Noemi and the quote [8]: 

 

ADDENDUM 

We should be grateful that we belong to such a heavy mass of the universe 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ)
𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 =

2.772 266 999. 10−20𝑘𝑔 + 𝑖 0.012 523 339 . 10−20𝑘𝑔. If it were as light as 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) =

√
𝜋

2
√
ℎ

𝐶
= 1.863 277 766. 10−21𝑘𝑔 , the maximum speed available would be zero (See Appendix 6 

and 7) and the universe, with all its imaginary potential 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ) 𝑖√
𝜋

2
√
ℎ

𝐶
=

𝑖 1.863 277 766. 10−21𝑘𝑔 , could not expand. It could only leave the fairy world forever at 

superluminal speed 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℝ)
𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 = 1. 123 581 020 𝑐 (See Appendix 8). 

Hamilton in May 2023 
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APPENDIX 1 

We have available 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 = 𝑓(𝑚𝑔𝑟𝑜𝑢𝑛𝑑). But we would like to have 𝑚𝑔𝑟𝑜𝑢𝑛𝑑 = 𝑓(𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚) 

available. The next steps should be done: 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚 = √1 +
𝑘

𝑒
𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
+𝑙𝑛𝑘 − 𝑘

    𝑎𝑛𝑑   𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 = 1 +

𝑘

𝑒
𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
+𝑙𝑛𝑘 − 𝑘

                  (1𝑎) 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1 =

𝑘

𝑒
𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
+𝑙𝑛𝑘 − 𝑘

        𝑎𝑛𝑑             𝑒
𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
+𝑙𝑛𝑘 − 𝑘 =

𝑘

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

.       (1𝑏) 

𝑒
𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
+𝑙𝑛𝑘 = 𝑘 +

𝑘

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

= 𝑘 (1 +
1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

).                                                         (1𝑐) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
+ 𝑙𝑛𝑘 = 𝑙𝑛𝑘 + 𝑙𝑛 (1 +

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

)     𝑎𝑛𝑑     
𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 𝑐2

𝑘
= 𝑙𝑛 (1 +

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

).          (1𝑑) 

https://www.britannica.com/science/Newtons-law-of-gravitation
https://www.cuemath.com/algebra/square-root-of-complex-number/
https://www.brainyquote.com/quotes/hans_christian_andersen_192605
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𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 =

𝑘

𝑐2
𝑙𝑛 (1 +

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

)         𝑎𝑛𝑑   𝑚𝑔𝑟𝑜𝑢𝑛𝑑 = √
𝑘

𝑐2
𝑙𝑛 (1 +

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

) .      (1𝑒) 

APPENDIX 2 

The complex form of the ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) is given applying equality 𝑙𝑛(−1) = 𝑖𝜋 [3] as well 

as with the help of square root of complex number formula [4]: 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑 = √
𝑘

𝑐2
 𝑙𝑛 (1 +

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

)    𝑎𝑛𝑑  𝑚𝑔𝑟𝑜𝑢𝑛𝑑 = √
𝑘

𝑐2
  √𝑙𝑛 (−1(−

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

)).                (2𝑎) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 =

𝑘

𝑐2
 𝑙𝑛 (−1(−

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

))       𝑎𝑛𝑑     𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 =

𝑘

𝑐2
(𝑙𝑛(−1) + 𝑙𝑛 (−

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

)) . (2𝑏) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 =

𝑘

𝑐2
(𝑙𝑛(−1) + 𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 ))     𝑎𝑛𝑑      𝑚𝑔𝑟𝑜𝑢𝑛𝑑

2 =
𝑘

𝑐2
(𝑖𝜋 + 𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 )).         (2𝑐) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑
2 =

𝑘

𝑐2
(𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 + 𝑖𝜋))   𝑎𝑛𝑑    𝑚𝑔𝑟𝑜𝑢𝑛𝑑 = √

𝑘

𝑐2
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 ) + 𝑖𝜋

𝑘

𝑐2
.                   (2𝑑) 

 

𝑎 =
𝑘

𝑐2
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 ) ,      𝑏 = 𝜋

𝑘

𝑐2
,        𝑧 = √𝑎2 + 𝑏2 = √(

𝑘

𝑐2
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 ))

2

+ (𝜋
𝑘

𝑐2
)
2

.     (2𝑒) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) = 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) + 𝑖𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ).                                                                                              (2𝑓)                                

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) =

√√(
𝑘
𝑐2
𝑙𝑛 (

1
1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)

2 ))

2

+ (
𝑘𝜋
𝑐2
)
2

+
𝑘
𝑐2
𝑙𝑛 (

1
1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)

2 )    

2

+ 𝑖

√√(
𝑘
𝑐2
𝑙𝑛 (

1
1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)

2 ))

2

+ (
𝑘𝜋
𝑐2
)
2

−
𝑘
𝑐2
𝑙𝑛 (

1
1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)

2 )    

2
.                     (2𝑔) 

And 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℂ) =
√𝑘

𝑐 √
  
  
  
  
  

√(𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 + 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2

+ 𝑖
√𝑘

𝑐 √
  
  
  
  
  

 √(𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 − 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.             (2ℎ) 

Or 
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𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

=
√𝑘

𝑐 √
  
  
  
  
  

√(𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 + 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                                                                                                 (2𝑖) 

 

And 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)

= +𝑖
√𝑘

𝑐 √
  
  
  
  
  

 √(𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 − 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                                                                                         (2𝑗) 

APPENDIX 3 

We have available 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) = 𝑓(𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)). But we would like to have 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =

𝑓(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)) available. The next steps should be done: 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) =
√𝑘

𝑐 √
  
  
  
  
  

√(𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 + 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                     (3𝑎) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

𝑐

√𝑘
√2 = √√(𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 + 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )  .                 (3𝑏) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
= √(𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 + 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ).                           (3𝑐) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
− 𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ) = √(𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2.                           (3𝑑) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
− 𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

= (𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2.                       (3𝑒) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)

2

− 2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ) + (𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

= (𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2.                                                                                 (3𝑓) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)

2

− 2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ) = 𝜋2.                                             (3𝑔) 
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(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)

2

− 𝜋2 = 2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ).                                            (3ℎ) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)
2

− 𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

= 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ).                                                                                (3𝑖) 

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘 =
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 .                                                                                                   (3𝑗) 

1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

= 1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 .                                                                                                   (3𝑘) 

1 −
1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

= 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 .                                                                                                    (3𝑙) 

And 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =
√
1 −

1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

.                                                                                              (3𝑚) 

APPENDIX 4 

We have available 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ) = 𝑓(𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)). But we would like to have 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =

𝑓(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)) available. The next steps should be done: 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ) =
√𝑘

𝑐 √
  
  
  
  
  

√(𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 − 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                    (4𝑎) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)

𝑐

√𝑘
√2 = √√(𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 − 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )  .                (4𝑏) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
= √(𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 − 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ).                          (4𝑐) 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
+ 𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ) = √(𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2.                          (4𝑑) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
+ 𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

= (𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2.                     (4𝑒) 
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(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)

2

+ 2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ) + (𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

= (𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2.                                                                                 (4𝑓) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)

2

+ 2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ) = 𝜋2.                                          (4𝑔) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)

2

− 𝜋2 = −2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
𝑙𝑛 (

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ).                                       (4ℎ) 

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)
2

− 𝜋2

−2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘

= 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ).                                                                               (4𝑖) 

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

−2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘 =
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 .                                                                                                  (4𝑗) 

1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

−2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘

= 1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 .                                                                                                  (4𝑘) 

1 −
1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

−2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘

= 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 .                                                                                                   (4𝑙) 

And 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =
√
1 −

1

𝑒

𝜋2−(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘
)
2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ)
2 2𝑐2

𝑘

.                                                                                            (4𝑚) 

APPENDIX 5 

Each real ground mass as part of the complex ground mass 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) at subluminal speed 𝑎 < 1 is 

related to the maximum speed of the complex ground mass (7b):  

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =
√
1 −

1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘 )
2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

.                                                                                                                  (5𝑎) 

Rearranging we have: 

1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 = 𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)
2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘          𝑎𝑛𝑑        (𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

=

(

 
 (𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

2 2𝑐2

𝑘
)
2

− 𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘
)

 
 

2

.  (5𝑏) 

Each maximum speed of the complex ground mass 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) is related to the imaginary part of the 

complex ground mass (8a): 
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𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ) =
√𝑘

𝑐

√√(𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+𝜋2−𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                                                      (5𝑐)        

Applying equations (5b) and (5c) the desired relation is given: 

𝑚𝑔𝑟𝑜𝑢𝑛𝑑(𝑖ℝℂ) =
√𝑘

𝑐

√

√
  
  
  
  
  

(

 
 (𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

2 2𝑐2

𝑘
)

2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

)

 
 

2

+𝜋2−
(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

2 2𝑐2

𝑘
)

2

−𝜋2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐2

𝑘

    

2
.                                               (5𝑑)  

APPENDIX 6 

We have to solve the equation(5𝑑) of type  

√
𝑐

ℎ
𝑥 =

√√(
(
2𝑐
ℎ
𝑥2)

2
−𝜋2

2
2𝑐
ℎ
𝑥2

)

2

+𝜋2−
(
2𝑐
ℎ
𝑥2)

2
−𝜋2

2
2𝑐
ℎ
𝑥2

    

2
        or       

𝑐

ℎ
 𝑥2 = 

√(
(
2𝑐
ℎ
𝑥2)

2
−𝜋2

2
2𝑐
ℎ
𝑥2

)

2

+𝜋2−
(
2𝑐
ℎ
𝑥2)

2
−𝜋2

2
2𝑐
ℎ
𝑥2

    

2
.              (6𝑎) 

Rearranging we have 

2𝑐

ℎ
 𝑥2 = √(

(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

)

2

+ 𝜋2 −
(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

    and     
2𝑐

ℎ
 𝑥2 +

(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

= √(
(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

)

2

+ 𝜋2.          (6𝑏) 

Then by means of squaring 

(
2𝑐

ℎ
 𝑥2 +

(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

)

2

= (
(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

)

2

+ 𝜋2    and   

  (
2𝑐

ℎ
 𝑥2)

2
+ 2

2𝑐

ℎ
 𝑥2

(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

+ (
(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

)

2

= (
(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

)

2

+ 𝜋2.                                              (6𝑐) 

Further rearranging gives: 

(
2𝑐

ℎ
 𝑥2)

2
+ 2

2𝑐

ℎ
 𝑥2

(
2𝑐

ℎ
𝑥2)

2
−𝜋2

2
2𝑐

ℎ
𝑥2

= 𝜋2     and    (
2𝑐

ℎ
 𝑥2)

2
+ (

2𝑐

ℎ
𝑥2)

2
− 𝜋2 = 𝜋2     and      (

2𝑐

ℎ
 𝑥2)

2
+

 (
2𝑐

ℎ
𝑥2)

2
= 2𝜋2  and  (

2𝑐

ℎ
𝑥2)

2
= 𝜋2.                                                                                                            (6𝑑) 

And finally 

𝑥2 =
𝜋ℎ

2𝑐
     𝑎𝑛𝑑        𝑥 = √

𝜋

2
√
ℎ

𝑐
= 1.863 277 766. 10−21𝑘𝑔                                                                    (6𝑒)    

APPENDIX 7 

For the square of ground mass  𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 =

𝜋

2

ℎ

𝑐
 we can calculate: 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) =
√
1 −

1

𝑒

(𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐

ℎ
)
2

−(𝜋)2

2𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)
2 2𝑐

ℎ

= 
√
1 −

1

𝑒

(
𝜋ℎ
2𝑐
2𝑐
ℎ
)
2

−(𝜋)2

2
𝜋ℎ
2𝑐
2𝑐
ℎ

= √1 −
1

𝑒
(𝜋)2−(𝜋)2

2𝜋

= √1 −
1

𝑒0
= √1 −

1

1
= 0.           (7) 

APPENDIX 8 

We have to do with the equality of ground mass in the real world 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝ) and in the complex 

world 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ) taking into account (5b) and (7a): 
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𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝ) = √
𝑘

𝑐2
 𝑙𝑛 (

1

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚
2 − 1

+ 1)  𝑎𝑛𝑑   𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ)

=  
√𝑘

𝑐 √
  
  
  
  
  

√(𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+ 𝜋2 + 𝑙𝑛 (
1

1 − 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2
.                                                 (8𝑎) 

Thus 

  𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝ) = 𝑚𝑔𝑟𝑜𝑢𝑛𝑑(ℝℂ).                                                                                                                           (8𝑏) 

With the help of experience gained in previous calculations, we find out the relation between the 

maximum speed in the real world 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℝ) and the maximum speed in the complex 

world 𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ): 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℝ) =

√
  
  
  
  
 1

𝑒

√(𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 ))

2

+𝜋2+𝑙𝑛(
1

1−𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ)
2 )    

2 − 1

+ 1.                                       (8𝑐) 

And for the zero subluminal maximum speed  𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℂ) = 0 the next superluminal maximum 

speed is given: 

𝑎𝑚𝑎𝑥𝑖𝑚𝑢𝑚(ℝ) =
√

1

𝑒

√(𝑙𝑛(
1

1−0))

2

+𝜋2+𝑙𝑛(
1

1−0)
    

2 − 1

+ 1  =   √
1

𝑒
  𝜋  
2 − 1

+ 1 = 1,123 581 020…  (8𝑑) 
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