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Abstract: The expansion of universe in the light of modified Heraclitean dynamics has been discussed.
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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]:
.m,
F= G >0 form € R. (1a)

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

1-My
F = G <0 form € iR. (1b)

Thus, the mass of ordinary matter m should be complex, i.e.: real m,.,; enabling gravitation as well
as imaginary m;;qginary €nabling expansion:

M = Myeq; + Mimaginary- (2)
3. HERACLITEAN DYNAMICS

Heraclitean dynamics is defined as [2]:

F=—+—— (3)

And expressed as

2 2
2 2 2 Mground€”—k(L—IK)+ My qtivisticc” (@*—1)
Myelativistic€™ A~ = € k . (4)

Where c is the speed of light and k is the dynamics constant. The relativistic mass m¢qtivistic and
eNergy MyeiarivisticC>  are upside limited by the maximum speed  angximum = M
characteristic for the given ground mass mg;ynq as follows:

k
Amaximum = |1+ m2 2 . (5a)
groundc +ink
e k —k

So, the next ground mass mg,qunq belongs to the given maximum speed apqximum (Se€ Appendix
1):

k 1
Mground = \]C_z In <ﬁ + 1)- (5b)

maximum
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The above Eq. (5b) offers three types of ground masses mg,oyng With regard to the maximum

speed A aximum.:

a) The real ground mass at the superluminal maximum speed (amaximum > 1> Mgrouna € ]R)
b) The infinite ground mass at the luminal maximum speed (@maximum = 1 = Mgrouna = ©)
And

c) The complex ground mass at the subluminal maximum speed (amaximum < 1 = Mgrouna € (C)
As already proposed in Section 2 the latter may allow the universe to expand (1b).

4. THE COMPLEX GROUND MASS

Using the relation In(—1) = i [3] and applying the square root of complex number formula [4] the
equation (5b) can be modified for the needs of complex ground mass mg,oyna(c) at the subluminal

maximum speed expressed in the units of the speed of light a,,qximumcy < 1 (See Appendix 2):

2
(o)) )
N/ 1_amaximum((c) 1_amaximum(itl)

Myround(C) = =

2

2
RN A
VK 1=a% aximum © 1_amaximum((c)
l .

c 2

(6a)

Thus, the complex ground mass mg,oyuna(cy COnsists of a real part mg,ounarey @ Well as of an
|mag|nary part mground(ilR(C):

mground((C) = mground(]R(C) + imground(ilR(C)- (6b)

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

2
ln(2;> +n2+ln<2;>
N 1_ama.ximum((ﬁ) 1_amaximum((ﬂ)

Myround(RC) = =

(7a)

And is written explicitly for the maximum speed a,,qximum(cyrelated to the real part of complex
ground mass mg;oyuna(rc)(See Appendix 3):

2

1
Amaximum(C) = 1- ( ) 252>2 2- (7b)
mground(lR(C)T s

om? 2c?
e mground(]R(E) k

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

2
m(7> +nz_m(%)
N 1= aximum(c) 1= aximum(c)

Mground(iRC) = =

(8a)

And is written explicitly for the maximum speed apqximum(c) related to the imaginary part of
complex ground mass mg;oyuna(irc) (See Appendix 4):

2

1
Amaximum(c) = 1- 2e2\2 (8b)
(m)?- (mzround(iﬂm) T)

2 2 2c2
e mground(ilR(C)T
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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):

Myround(iRC)

2 2c2\* 2
Myrounare) ) — T )
5 2c2 + e —
\/E nground(R(C) &k
_ " . 9
c \ 2 )

2
2 2c2\* )
Myrouname) ) — T

2c?
27,rl;rc)1zncl (RO) "k

For ordinary matter, the dynamics constant k = hc is proposed [5], where h is Planck constant and ¢
is the speed of light. So, we can write again:

2¢\?
(mzround(RC) T) —m?
2c

h Zm.QZJTOWld(lR(C) h Zméround(RC) h
Myround(iRC) = E\ . (10)

6. THE CONSEQUENCES OF PROPOSED MODEL

2¢\?

2

(mground(R(C) T) —m? 5
2c tmt -

To the real ground mass of observable universe yielding 2.777 266 999 x 10~2%kg [6], becoming a
universe universe

part of complex world mg.7 7Ry = Mgrouna(reythe Next complex ground mass can be ascribed
(10):

myTiverse. = 2.772 266 999.1072%g + i 0.012 523 339..10"*kg. (11)

As well as the next maximum speed of universe expansion belongs to it in the complex world (8b):
qlniverse =1—10"151, (12)

maximum(C)

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 = a;‘n’;{;f,;;em(@ =1-
10~151(12) yields:

ln2+21nc+ln(;2—1)
x = 1?11, (13)

Inc

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

Px(1) 1
py(n) = J;lx where P (1) = 1 (14)
n=1 nx

In our case having p,(1) = p;1(1) = 1 the next minimum occurrence of 3-dimensional space is

given at maximum speed of expansion a = a}‘n’;"}jf,;fm(@:

1
Pminimum (3) = p11(3) = ST =6.10"°. (15)
And the next maximum occurrence of 1-dimensional space is proposed at the same speed:
1
Pmaximum(1) =1 —p11(2) =1 — oI = 1-0,0005 = 0,9995. (16)

7. CONCLUSION

Modified Heraclitean dynamics could support the expansion of universe
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DEDICATION

To my granddaughter Noemi and the quote [8]:

Life itself is the
most wonderful

fairy tale.

Hans Christian Andersen

BrainyQuote

ADDENDUM

We should be grateful that we belong to such a heavy mass of the universe mgfé';ir;(e@ =

2.772 266 999.10"2%kg + i 0.012 523 339.1072%kg. If it were as light asmgyroynare) =
\/g\/% = 1.863 277 766.10721kg , the maximum speed available would be zero (See Appendix 6

and 7) and the universe, with all its imaginary potential mg,oyna(ire) i \E \/%z

i 1.863 277 766.107% kg, could not expand. It could only leave the fairy world forever at
superluminal speed q%™verse = 1.123 581 020 c (See Appendix 8).

maximum(R)
Hamilton in May 2023
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APPENDIX 1

We have available aygrimum = f(Mgrouna)- But we would like to have my,puna = f(@maximum)
available. The next steps should be done:

k k
— 2 —
Amaximum = 1+ 2 2 and Amaximum = 1+ 2 2 (1(1)
Dground® i Mground” .+
e k —k e k —k
2 2
k Mground® k
2 _ —+———+Ink _
Amaximum — 1 = 2 2 and e k —k= 2 . (1b)
Mground® Amaximum — 1
2 2
m c
ground k 1
——F—+Ink
e” k ekt G =k<1+—2 > (1¢)
Amaximum — 1 Amaximum — 1

2 2 2 2
MgroundC _ 1 MgroundC _ 1
B +Ink =Ink +In (1 + Z 1 and - - In{1+ Z 1) (1d)

maximum ~ maximum ~
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, k 1 k 1
Mground = C—ZlTL 1+ 2—_1 and Mground = C—Zln 1+ ﬁ . (16)

Amaximum maximum ~
APPENDIX 2

The complex form of the ground mass mg,.ouna(c) is given applying equality in(—1) = ir [3] as well
as with the help of square root of complex number formula [4]:

K 1 ’ k !
mground \/CZ Tl( a?naximum — 1> an mground C2 \/ n( ( arznaximum - 1)) ( a)
k 1 k !

. k(1 d Mrouna = —| (1) + In | ——————) ] .(2b
mground c? n< ( arznaximum - 1>> o mground c? ( n( ) " arznaximum -1 ( )
k 1 k _

2 ouna = — | (=) + In | ——5—— d  Mrouna = —5 | im+1 - (@
Mground = ( n(-1) +n ( = axmum)) and. Mground = 3 (m n (1 - afnaximum» (20)

) k 1 ) k 1 _k
Mground = 2 In %+lﬂ and Mgyroung = C—zln % + lﬂc—z- (2d)

Square root of Complex Mumber Formula

wherer=a+ibandb®0

2
k 1 k k 1 k\?
a=—zln(T), bzﬂ—z, z=\/a2+b2= (;ln(—)) +(7T;) . (26)

A2
¢ maximum ¢ 1 Amaximum

Myround(€) = Mground(RC) + imground(ilR(C)- (Zf)
2 2
k 1 km k 1
*in (—) F (k) 4 kg (—>
\](cz 1- arznaximum((c) ) (CZ) c? 1- arznaximum((C)
Mground(C) = 2
2 2
e ()
. ¢ 1- Amaximum(C) ¢ ¢ 1- Amaximum(c)
+i > : (29)

And

I ln< 3 1 ) +m? + ln( 3 ! >
\/E 1- Amaximum(C) 1- Amaximum(C)
mground((C) = \l

c 2

2

I ln( 21 > +7t2—ln< 21 )
\/E\] 1- Amaximum(C) 1- Amaximum(C)

+i—
Cc

> (2h)

Or
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Mground(RC)

2

| ln( 21 ) +n2+ln< 21 )
\/E | 1- Amaximum(C) 1- Amaximum(C)

=\ 2

And

Mground(iRC)

2

ln( 5 1 ) +m? - ln< 5 1 )
k& 1- Amaximum(C) 1- Amaximum(C)
=+ 2

APPENDIX 3

We have available my,ounare) = f (@maximum(cy)- But we would like to have amqximumcc) =
f (Mgrounarey) available. The next steps should be done:

2

ln< 21 ) +7T2+ln< 21 )
\/E 1- Amaximum(C) 1- Amaximum(C)

Mground(RC) = . 2 . (3(1)
2
! ) Ry ( ! ) (3b)
Mground(RC) 7 T n .
\/— maxtmum((C) 1- arznaximum((C)
2
m2 ) 1
ground(]R(C) k maxlmum((C) trrin 1- arznaximum((t) . (3C)
2
m2 (RO) ln( ) = ln( ! > + m? (3d)
round (R - '
g k 1- maxlmum(@l) 1- arznaximum(c)
2
2c? 1
mjround(lR{(C) Kk In <1 ) a2 > + 72, (3e)
maxlmum((ﬁ) maxlmum((C)
) 2
2 2c” 2m +( ! !
Mgrouna(RO) k ground([R(C) k maxlmum((C) " 1- a?naximum((t)
2
1
=|ln < 5 > + 2. €3]
1- Amaximum(C)
2¢2\? 22 1
2 2
<mground(lR(C) T) - nground(lR(C) Tln (1 —a (@) =2 (39)
maximum
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2c2\? 2¢2 1
mzround(R(C) — | —n*= 2Tnzround(]R(C) —lIn :
g k g k 1- arznaximum(c)

2c? 5
ground(]R(C) k) T T 1
2 =lIn 1= a2 :
maximum(C)

2m ground (RO) "k

2 2c 2
mground(lR(C) k -n

2c2 1
e 2m ground(JR(C) k = > .
1- Amaximum(C)
1 2
22 =1- Amaximum(C)*
( ground(lRtC) k ) —m?
2c2
e 2m ground(]R(E) kK
1-— 1 = a2 ,
5 2c? maximum(C)*
(mground(lR(C)T) —m?
2c?
e 2m ground(]R(C) k
And
1
Amaximum(C) = 1- >
2 2c 2
(mground(lR(C)T> -
2c2
e 2m ground(]R(E) k
APPENDIX 4

(3h)

(30)

€))

(3k)

(3D

(3m)

We have available my;,ounacire) = f (@maximum(c))- But we would like to have @ qximum(c) =

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

2

ln( 21 > +n2—ln< 21 )
1- Amaximum(C) 1- Amaximum(C)

\/F
Mground(iRC) = — 2
2
1 2 1
Mground(iRC) 77— e —in .
\/_ maxlmum((c) 1- a?naximum((l:)
2
r .
ground(t k maxlmum((ﬁ) 1- arznaximum(c)
2
M2 ounadi R(C) + ln( ) = ln( ! ) + 72,
grounctt k 1- maxlmum((C) 1- arznaximum((c)
2 2
5 2c? o < 1 ) | ( 1 > 2
ground (RO k 1- arznaximum(c) 1- arznaximum((c)
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2

( z 2¢7 +2 2Czl ( ! )+ l ( ! )
m A(iRC) T, M ound(Re n 2 n 2
ground (iRC) k ground(RC) 1, 1= agaximum(c) 1 = @naximum(c)
2
In < ) + m2. 40
1- maxlmum((C)
) 2¢? 2¢? 1 ,
Mground(iRC) T + nground(l]R(C) k In 1 — g2 =mn". (49)
amaximum((c)
< 2c ) Zczl < 1 > (4h)
d(iRC) ~7, d(RC n '
Mground iR0) k groun ROk 1_a12naximum((C)
c
(mground(il]m) k ) -’ 1
2c? 1 arznaximum((:)
—2m ground(l]R(C) &
( ground(LlR(C)zli) -m?
2c? 1
e —2m ground(LlR(C) kK = 5 . (4_])
1- amaximum((ﬁ)
1 2
22 =1- Amaximum(C)- (4k)
( ground(llR(C) k) -m?
—om 2c?
e ground(LlRtC) k
1
1- 22 = arznaximum((c)' (4l)
( Mground(iRC) k ) -n?
—am 2c?
e ground(LlR{(C) k
And
1
Amaximum(C) = 1- 2\2" (4m)
2 ( 2c )
Mground(iRC) k
2c?
e 2m ground(LlR(C) Kk
APPENDIX 5

Each real ground mass as part of the complex ground mass mg; oyna(rc) at subluminal speed a < 1 is
related to the maximum speed of the complex ground mass (7b):

1
Amaximum(C) = 1- 22 . (5a)
( ground(]R(C) k ) -n?

2¢2
e ground(]]m) kK

Rearranging we have:

2¢? 2
ground(m) k -

2
2 ZC 2
1 2m 2c? 1 mground(lR(C) k -
=e ground(ﬂm) & and In 12— = . (Sb)
“ )

1—a? - ' 3
maximum(C) \ 2m ground(R(C) kK

maximum(C)

Each maximum speed of the complex ground mass @, qximum(c) is related to the imaginary part of the
complex ground mass (8a):
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2
m(%) +n2—ln<%>
N 1_amaximum(tC) 1= aximum (©

Mground(iRC) = 2 : (5¢)

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

2

2¢2\? 2 2¢2\? 2

ground(lRtC) k T 2 ground(lR(C) k T
2¢? +n 2¢?
ground(lR(C) k ground(lR(C) k

Mground(iRC) = ~ . (5 d)

§|

APPENDIX 6
We have to solve the equation(5d) of type

(6a)

(6b)

Then by means of squaring

2 2
2C_o 2 2 2¢ 2 2 2
2 X -1 —-—X 13
2 + ( 22 = (h 22 + 7T2 and
h 2 hxz ZTXZ

Ezz_z 2C22_22 2022_22
(Z—C x2)2+2%C xZ(hzzz " +<(hx222n) =<(hx22 n) + 2. (6¢)

h 2—x

2542
nx n

Further rearranging gives:

2 2e,2)? 2 2 2 2
(Z—C xz) +22f xz%=nz and (Z—C xz) + (Exz) —n?=n% and (E xz) +

h 2%¢ h h h

2 2
(zh—cxz) = 2m? and (Ixz) =2, (6d)
And finally
2="" and x= | [2=1863277766.10"2'kg (6e)

2c 24 ¢
APPENDIX 7
For the square of ground mass mgmund(m) We can calculate:
1 ! 1 } ,

Amaximum(C) = - = - 2—(17)2

© ( ground(nw)h) —(T[)Z g’clzhc —(TL’)Z ( ) ( )

e 2m ground(]R(C)h T[hZC

APPENDIX 8

We have to do with the equality of ground mass in the real world mg;oynq(gy and in the complex
world mg; oyuna(re) taking into account (5b) and (7a):

International Journal of Advanced Research in Physical Science (1JARPS) Page | 25



Imaginary Background of Universe Expansion (A Fairy Tale)

k 1
Mground(R) = |72 In (2— + 1) and Mground(RC)
¢ Amaximum ~
2
I (A D A —
\/E\J 1- Amaximum(C) 1- Amaximum(C)
= 8
c > (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 apgximum@®) and the maximum speed in the complex

world @ gximum(c):

1
Amaximum(R) = + 1. (8c)

2
\I 1_amaximum(((l) 1_amaximum((l)

e 2 -1

And for the zero subluminal maximum speed @, gximum(cy = 0 the next superluminal maximum
speed is given:

1
Amaximum(R) = +1 = |———+1 =1,123581020... (8d)
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