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Article

Interpretation of Gravity by Entropy
Seiji Fujino
RHC Institute, Zama, Kanagawa, 2520028, Japan; xfujino001@gmail.com or xfujino001@rhc-institute.com

Abstract: In this paper, we introduce generalized entropy, acceleration of its entropy and its partial
entropy. We assume that generalized entropy can represent as a second-order polynomial by applying
the idea of the logistics function to its entropy. Besides, we show that the inverse of partial entropy
can represent Newton’s gravity, which is an inverse square law. By applying these concepts, we
attempt to explain that (1) gravity becomes constant within small distance with some conditions. It is
possible that gravity has 5-states within small enough distance. There exists possible anti-force, which
is the opposite of Newton’s gravity among 5-states. Furthermore, within small distance, we show the
possibility that gravitational potential and Coulomb potential can be treated in the same way, that (2)
the rotation speed of the galaxy does not depend on its radius if the radius is within the size level of the
universe. (The galaxy rotation curve problem), and that (3) gravitational acceleration toward the center
may change at long distance compared to Newton’s gravity. We show that it becomes an expansion of
Newton’s gravity, and that the possibility of the existence of some constants which controls gravity
and the speed of galaxies, and that gravity may relate on entropy. It also describes the relationship
between Yukawa-type potential and generalized negative partial entropy. Using equations proposed
in this paper, it attempts to propose 11-types of forces (accelerations) including ¢ and compare the
ratios of size of the fundamental 4-forces in nature (strong force, electromagnetic force, weak force and
gravity). Furthermore, it suggests that there may exists new forces, and that gravitational constant G
can fluctuate if entropy changes. Thermodynamics, quantum, gravity, electromagnetic and ecology
may be unified through entropy.

Keywords: entropy; gravity; galaxy rotation curve; MOND; Planck’s law; dynamical system; inverse
square law; logistics function; Yukawa potential; unification theory; theory of everything

1. Introduction

1. First, we define generalized entropy(+) Sp, (¥, k) and generalized partial entropy(+) Sp, ()
partitioned by the partition function D, (x), and introduce acceleration of partial entropy S} ()
and the positive function Qp, (x) as satisfied Qp, (x) = &x/D.(x), where x is a positive variable
and ¢ is a positive constant.

2. Second, by applying the idea of the logistics function to generalized entropy, we derive a function
Qp, (x) that defines the partition function D, (x). Moreover, we assume that generalized en-
tropy(+) Sp, (x, k) is approximated by second-degree polynomial, that is, the formula Ayx? + A1 x.
In other words, we assume that the second derivative of Sp, (x, k) is a constant A, /2.

3. Third, the inverse of partial entropy(+) Sp, (x) is defined as potential Vp, (x,k), and the first
derivative of potential Vp, (x, k) is defined as acceleration V}, (x,k). Namely, it assumes that
potential and acceleration are derived from entropy.

4. Forth, for application to gravity theory, the inverse 1/A; is interpreted as mass m, the constant
k is interpreted as gravitational constant G, and a variable x is interpreted as distance R, etc.
Thereby, potential Vp, (x, k) and acceleration V}, (x,k) are interpreted as gravitational potential
Vp, (R, G) and gravitational acceleration g+ = —V}, (R,G). Therefore, we show and propose
some conclusions:

(@) If distance R is small enough, gravity is a constant regardless of R, and may not go to
infinity under certain conditions. It is possible that gravity have 5-states within distance R
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is small enough. Among 5-states, there is anti-force, which is the opposite of Newton’s
gravity. Furthermore, within small distance, we show that the possibility that gravitational
potential and Coulomb potential can be treated in the same way.

(b)  Atdistance large enough to be within the size of the universe, gravity follows the adjusted
inverse square law. Within this distance, the rotation speed of the galaxy v follows
gravitational constant G, mass m and some constants, not depend on the galaxy radius R.
(the galaxy rotation curve problem)

() At large distance, gravity follows an adjusted inverse square law. Comparing to con-
ventional gravity g, adjusted gravitational acceleration §+ towards the center of rotation
becomes slightly weaker or stronger. This means that gravitational acceleration towards
the center of a rotating substance can be slightly changed at distance. (Pioneer Anomaly)

The adjusted gravitational acceleration V], (R, G) can be viewed as an expansion of Newton’s
gravity theory. Therefore, it is possible that there exists some constants which controls gravity
and the speed of galaxies.

5. Fifth, it attempts to explain the relationship between Yukawa-type potential and negative partial
entropy. Similarly we introduce generalized entropy(—) Sp_(x, k) and potential Vp_(R, G). Be-
sides, we define that strong proximity acceleration(force) ¢°F, weak proximity acceleration(force)
¢+", adjusted gravity ¢+ and adjusted electromagnetic force E.. It attempts to propose 11-types
of forces (accelerations) and compare the size of these forces. Moreover, we attempt to explain
the ratios of the size of 4-forces in nature (strong force, electromagnetic force, weak force and
gravity) with strong force being 1 are represented as 1, 1E-2, 1E-5 and 1E-39. By considering
strong proximity acceleration ¢°/ be regarded as strong force, weak proximity acceleration g% as
weak force, adjusted gravity §.+ as gravity and adjusted electromagnetic E+ as electromagnetic
force.

6.  Finally, it suggests that there may exists new forces, that mass m may represent by entropy and
that gravitational constant G can fluctuate if entropy changes. Gravitational acceleration G and
Coulomb’s constant k. would simply be some of the coefficients related to forces that humans can
currently sense throughout the universe. Thermodynamics, quantum, gravity, electromagnetic
and ecology may be unified through entropy.

2. Generalized Entropy and Application to Dynamical Systems

In this section, we introduce generalized entropy, generalized partial entropy and generalized
acceleration entropy.

2.1. Generalized Entropy(+) Sp, (x, k) and Generalized Partial Entropy(+) Sp, (x)

We define generalized entropy(+) as follows. In this paper, the logarithm log represents the
natural logarithm log,.

Definition 1. Generalized Entropy(+) Sp, (x, k) and generalized partial entropy(+) Sp, (x).
Let x > 0 be a real variable, and k > 0 and ¢ > 0 be real constants. Let D, (x) > 0 be a positive real valued
function that partitioning x. Sp, (x,k), Sp, (x) and Qp, (x) are defined as follows:

Sp, (x,k) = kD4 (x)Sp, (x), 1)

Qp, (x) = Dgz;) ®)

SD+ (X) = (1 + D+x(x) ) lOg(l + D+x(x)) - D+x(x) log( D+x(x)) (3)
~ 1+ QDé(x)) log (1 + QDé(x)) _ QDé(x) log(QDé(x) ),

where for any positive variable x > 0, the function Qp, is satisfied Qp, > 0and Qp, > 0. 0

o
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By the above definition, S}, (x) and S}, (x) are represented as follows:
;o 9p, () Qp. (%) Qp,(x)
Sp,(¥) = = (IOg(l =) ~log(== )), (4)
p,(x) ( Qp,(x)  Qp, ()
S// — D, + _ +
e G OB 5
+ QDé(x) (log(l + QDé(x)) _ IOg( QDé’(X) ))

Let S,_(x) be named as entropy generation(+) (velocity) of Sp, (x) (see [12,13]), and S}, (x) be named
as entropy acceleration(+) of Sp, (x). The function Qp, (x) can be regard as the position partitioned
a real value {x by Qp, (x). The first order derivative of Qp, (x), thatis, Qj, (x) can be regard as the
change of the position by x and ¢ (see [28] for details on how to derive generalized entropy, entropy
acceleration and its partial entropy).

2.2. The Function Qp, (x) and Approximation of Generalized Entropy(+) Sp, (x, k)

Next, we find the function Qp, (x) using the idea behind Planck’s radiation formula and the
logistic function for dynamical systems. Put the part of partial entropy S, (x) as follows:

b+(x) 1 1 -
¢ <§+QD+<x> - QD+(x)> = 1), )

where pi(x) > 0 is a positive real function. The left side of above equation (6) looks like spectra
partitioned by ¢x/Qp, (x) and the right side of (6) becomes an approximation by the function p(x).
We consider Qp, (x) as follows:

d
Q. () = 30, 7)

Transforming according to equation (7), we can represent as follows:

1 1
0. (50 ~ o) ~ MM ®
Integrating both sides gives as follows:
log(& + Qo, (x) ~log(Qp, (x)) = ¢ [ p(x)dx £, ©)

where y; > 0. Since the left side of the above equation is a positive number and ¢ > 0, ; > 0.
Therefore, we consider only the case where the sign of i is positive as follows:

—C/y(x)dx £ >0. (10)
Therefore, the following equation is satisfied:

4
Qp, (x)

By transforming the above equation, it is satisfied as follows:

4
Qp, (x)

log(1+ ) = —@/y(x)dx + y1. (11)

1+ = exp(—cj/y(x)dx +u1). (12)
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Therefore, the function Qp, (x) is represented as follows:

¢
exp(—¢ [ p(x)dx + i) 1

Qp, (x) = (13)

The function Qp, (x) becomes the distribution function of the position which the real value {x parti-
tioned by Qp, (x). The equation (6) also looks like spectra partitioned by ¢x/Qp, (x). If we actually
take Qp, (x) to log(x), we obtain an equation similar to the expansion of Planck’s distribution formula
(see [1,28]). If we partition it further into squares of discrete integers, put Q, (x) = 1, u(x) is repre-
sented the wave number, and 1/¢ is the Rydberg constant Ry, then it resembles the Rydberg formula
that represents a spectral series. Namely, entropy may be related to atomic spectra and its energy
levels. We would like to make this a topic of research in the future. Next, we make assumption about
approximation of generalized entropy(+) Sp, (x, k).

Assumption 2. Assume generalized entropy(+) Sp, (x, k) can be approximated by a second-degree polynomial.
Hence set as follows:

Sp, (x,k) = Apx? 4+ Ay, (14)
where Ay > 0 Ay > 0 are real numbers, and Sp, (0,k) = 0. O
Hence, the first derivative S}, (x, k) is represented a first-degree polynomial as follows:
Sp, (x,k) = 2Ax £ Aq. (15)
Besides, the second derivative Sg+ (x, k) is constant. Namely, it is satisfied as follows:
D, (x, k) =2A,. (16)
In other words, we assume that the second derivative of Sp, (x, k) is a constant.

2.3. The Inverse of Generalized Partial Entropy(+) Sp, (x) and Potential Vp_(x, k)

Next, we focus on the inverse of generalized partial entropy(+) Sp, (x) as follows:

1 Cx 1

50,00 Qo (1) e £ g% an

By equation (13), we can represent as follows:
L =k (exp(—¢ [ pdx+ ) — 1) 18
Sp,(x)  TAxt A P M M ’ (18)

We define the inverse of Sp, (x) as potential Vp_ (x, k):

%

Vo, (k) = —k 2 (1 - exp(— [ plx)dx -+ ). (19)

rEx

In other words, the above potential Vp, (x, k) can be defined as the product of a constant k, the partition
D,(x) = ¢/Qp, (x), and the inverse of the generalized entropy D, (x, k). Here, let us reorganize the
above, that is, we assume as follows:

Sp, (x,k) = Apx? + \qx, (20)

b+(x) 1 1 o
¢ (‘:+QD+(X) - QD+(x)> = 1), (21)
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where Ay > 0 is positive real number and u(x) > 0 is a positive real function. Therefore, we define the
inverse of representation Sp, (x) as potential Vp, (x, k):

1
Vp, (x,k) = —kxft (1- eXP(—C/u(x)dx+ 1)), (22)

where § > 0, A, >0, A; > 0,13 > 0 are real numbers and p(x) > 0 is a positive real function. The first
derivative V[, (x,k) is satisfied as follows:

1

l
(1—exp( §/V Jdx +p1)) — Azé;VA(:C)6><1D(—§/V(X)dxer)- (23)

Vh (x,k) = —2—
. (k) = (x:l: 1)? xt 5

Let Vp, (x, k) be named as potential of Sp, (x, k), and V}, (x,k) be named as acceleration of Sp, (x, k).
We assume as follows:

Assumption 3. It assumes that potential Vp, (x, k) is defined the inverse of partial entropy Sp, (x). Therefore,
acceleration Vp, (x,k) is defined the first derivative of Vp, (x, k). O

In the next chapter, we will describe applications of Vp, (x,k) and V}, (x,k) to gravity.

3. Application of Potentials Vp, (x, k) to Gravity

The constants, variables, and functions in the above equations (22) and (110) can be chosen
arbitrarily within the range of conditions. Therefore, we attempt to interpret these constants, variables
and functions as gravity. Namely, we attempt to interpret Vp, (x, k) as gravitational potential and
Vp, (x, k) as gravitational acceleration.

3.1. Interpretation to Vp, (R, G)

We consider the interpretation of equation Vp, (x, k) as follows:

x:=R>0, R is distance,
%2 =m >0, m is mass within R,
k:=G, G is the gravitational constant,
&= ¢s, &8 is a constant, (24)
u(x):=u3 >0, s isa positive real constant,
p1i=u§ >0, u3 is a real constant,
A Af >0, A‘f is a real constant,

where the symbol g in the upper right corner of the alphabet means g of gravity. We assume as follows:
The direction with smaller R is defined as the central direction, that is, the direction towards the center
is negative. Gravitational potential increases away from the center and decreases toward the center.
However, when R = 0 becomes Vp, (R, G) = 0. Moreover, it assumes the constant 1/A; is equal to
mass m within R.

Assumption 4. It assume the constant 1/ A, is equal to mass m within R. Assume that 2-times the inverse of
entropy acceleration, 2/ 5;3+ (x, k), that is, 1/ Ay is equal to the mass m within R. In other word, mass m within
R is defined as the inverse of the second-order term of Sp, (x, k), that is 1/ A,. g
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According assumption 4, if entropy acceleration S}, (x,k) is large, mass m becomes small, and if
the entropy acceleration S}, (x, k) is small, mass m becomes large. Doesn't this relationship between
entropy acceleration and mass seem intuitive?

We define Vp, (R, G) as gravitational potential of G as follows:

Gm
Vp,(R,G) = —m(l - eXP(—‘;Ing/dR +uf))
Gml (25)
= —m(l — exp(—ZS 3R + uf)).
1

The first derivative V, (R, G) of Vp, (R, G) is satisfied as follows:

Gmesus

Vh (R,G) = _
b.(R,G) R+ ASm

Gm
- (1—exp(—Z8 5 R + 1)) exp(—E8U5R +4f),  (26)

(R£A{m)
where ¢8 > 0, y§ >0, y% > 0and )\f > 0.

Definition 5. Planck-type adjusted gravitational acceleration §+ = g(R, G).
Planck-type adjusted gravitational acceleration 1 =g (R, G) is defined as — V[, (R, G). Namely, it is satisfied
as follows:

g+ =8(R,G) = —V)_(R,G). 27)
O

The above equation (26) becomes some expansion of gravitational acceleration. The first term
in brackets of equation (25) becomes like Yukawa potential (see [2,18-20]). The differences between
Planck-Type and Yukawa-Type are explained on Section 4 later.

(Note): Let M be mass located in range R of mass m. Potential energies U+ (R, G) of potentials
Vp. (R, G) is represented as follows:

U+(R,G) =Vp,.(R,G)M, (28)
and forces Fi (R, G) of accelerations V,, (R, G) is represented as follows:

Fi(R,G) = §+M = —V) (R,G)M, (29)
F_(R,G)=¢.M= -V} (R,G)M. (30)

Therefore it treats force as acceleration in the same way. The gravitational acceleration ¢ is define
later on Section 4.4. Moreover, Qp, (R) becomes like spectra within R that is independent of G and
depends on &, 43, y‘f and R, and can be represented as follows:

g
R) = . 31
0. = o aR i) 1 e

Furthermore, the equation g+, which contains Qp, (R), becomes itself an equation that describes a
certain wave distribution. If the definition (assumption) of g+ is valid, isn't it possible to think that the
equation of g+ itself represents the distribution of gravitational waves? (End of Note)

The solution of equation (26) for ;4? is satisfied as follows:

= 7) + 3SR, ui >0 (32)

log
(1 + (RE£ASm)E8us

1
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Since the following conditions are needed to satisfied:
exp(—E8p5R + pf) = 1g s >0, (33)
1+ (REAJm)EG8ps
hence, it is satisfied as follows:
1+ (REAJm)EuS > 0. (34)

Therefore, we propose as follows:

Suggestion 6. The classification of V,’J+ (R, G). According to values of 8 > 0, pt§ >0, /\f > 0and y‘% >0,
the equation (26) can be classified as follows:

1)  If the constant yf is satisfied as follows:

g.,8

ui > log(
then the above equation (26) becomes negative, that is, it is satisfied as follows:

Vh (R,G) < 0. (36)

(Note): The right side of inequality (35) can become positive or negative.(End of Note)
2)  If the constant yf is satisfied as follows:

yf < log( )+ ng‘gR, (37)

1+ (REAFm)E U
then the above equation (26) becomes positive, that is, it is satisfied as follows:
Vh,(R,G) > 0. (38)
3)  If the constant yf — 0, then the following equation is satisfied:

GmEs s

~ e OP(EIR). (39)
1

(1 - exp(~e%45R))

/ —
O e ate

O

3.2. When Distance R Is Small Enough

If distance R is small enough, that is, since distance R approaches 0, hence the value of
exp(—&8uSR) approaches 1 infinitely. Therefore, the equation (26) is satisfied as follows:

G GE8u3
VL (R,G)~ ——(1— ) — 2 g,
b, (R,G) (i/\f)zm( exp(p7)) A7 exp(py) (“0)

("R —0, exp(—&usR) — 1).
If distance R # 0 and )L§ = 0, then it is satisfied as follows:

Gm
R2

Vb, (R,G) = % exp(—G8u3R + pf). (41)

Gmesus
(1= exp(—gSpSR + pif)) -~

The case of the above equation (41), if R — 0, then it becomes Vl’)+ (R,G) — oo. Hence, we consider
that it make )\f # 0 and R is small enough. Later we consider the case )\f = 0. Therefore, if distance
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R is small enough, then acceleration V}, (R, G) is approximated by a uniform value. The following
representation is satisfied:

Suggestion 7. Acceleration V], (R, G) becomes a constant with small enough R. Let m be a positive real
number (mass). For sufficiently small distance R > 0, the following equation is satisfied: Acceleration V], (R,G)
becomes a constant, that is,

Vh(R,G) = (1 - exp(u) - S expid) @)
D (£A%)2m Vi ag v
where ¢3 > 0, y§ >0, /\f > 0and y‘f > 0. O
The solution of equation(42) for ‘uéf is satisfied as follows:
Hi = 10%(;) Hi > 0. (43)
! 1+ A{psesm’”’ '

Since the following conditions are needed to satisfied:

exp(if) = 112\?’1%1‘503"1 >0 (44)
Because ¢8 > 0, y§ >0,m>0and A‘f > 0, it is satisfied as follows:
1+ AJp5e8m > 0. (45)
Therefore, it is satisfied as follows:
m < ! ! m. (46)

——— 0r — <
Mpsge M psge

According to the sign plus or minus of )\f , the value of equation (42) and its solution for y‘f can be
classified on finite as follows:

1) if V) (RG)#0;

/ ~ G & fogyg 8
Vp,(R,G) ~ 5)2m (1 —exp(py)) — Y exp(py), (47)
2) if V) (R,G)#0and uf —0;
/ Gggﬂg 8
VD+(R,G) ~ — 7 (exp(uy) — 1), (48)
+A9
V,’3+(R, G)=0. (49)

Therefore, we propose as follows:

Suggestion 8. The classified V}, (R, G) with small enough R. According to values of 8 > 0, us >0 )\f >0
and yf > 0, the equation(42) can be classified as follows:
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1)  If the constant yf is satisfied as follows:
> log (v ), (50)
1EAfpsesm
then the above equation (42) becomes negative, that is, it is satisfied as follows:
Vh.(R,G) <0. (51)
(Note): The right side of inequality (50) can become positive and negative.(End of Note)
2)  If the constant ;4? is satisfied as follows:
< log(—————), (52)
1+ AfpSEsm
then the above equation (42) becomes positive, that is, it is satisfied as follows:
Vph,(R,G) > 0. (53)
3)  If the constant yf — 0, then the following representation is satisfied:
/ GEsu; g
VD+(R,G) ~ — T (exp(uy) = 1). (54)
+A{
O
3.2.1. Summarize Gravitational Acceleration for Small Enough R
We summarize as gravitational acceleration §+ = — Vl')+ (R, G). According to the symbol of plus

or minus rule for values )\f , it define g+ as adjusted gravitational acceleration with ¢ and ‘ug, that is,
g become as follows:
Srfpf

Gméus

Gm g g
2(1—eXp(—é‘gﬂzR+ul))+RiA§m

Y. = exp(—EuSR+us), 55
gi)‘fﬂ‘% (R:I:Afm) P( ¢ Ho Vl) (55)
If the constant A‘%’ = 0, then adjusted gravitational acceleration with &8, 4§ and /\f = 0 become as
follows:

~ Gm GméeSus
Srops = _ﬁ(l —exp(—EusR + pf)) + Tﬂz exp(—G8 3R + i), (56)

If distance R — 0, then adjusted gravitational acceleration with ¢ and R — 0 become as follows:

G

GE&p3
5 I T 8 2
Seafuf = (i/\f)%n(l (r) +

8
+A8

exp (1), (57)
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Therefore, if distance R — 0, then it is satisfied as follows:
Sar§ps = M &ya 5
G&sps
lim g,,s, ¢ = 2,
y‘f%OgiAlﬂll :l:Aéf
lim o, .8, 8= iOO,
0,40 S
. _ (58)
lim g,.8 = 0,
WO oS EATH
lim g g, g =00 '_')_71+;1g§g>0
y‘%rﬁoo +A1+Vl :I:)tfm 2
lim § ,¢, ¢=—o00 ',';+gg<0.
yf%oogi)\ﬁryl ) j:/\fm VZC
From the above, we can suppose as follows:
Suggestion 9. Within distance R is small enough, gravity have 5-states.
oy g . . ) o . GE8us
Within distance R is small enough, it is possible that gravity & have 5-states such that finite 2-states — Afz , that
infinite 2-states oo, and that zero 1-state 0. O
The values of —G&8u3 /Af and g+ = ~Vp,(R,G) < 0 has the same direction as Newton’s
gravity, where the direction towards the center is negative. However, the value of G&8u5 /A3 and
g+ = —Vp,(R,G) > 0 has the opposite direction. This means that it may represent the existence

of anti-gravity. If distance R is small enough, hence the acceleration VI{)+ (R, G) becomes some finite
constants depend on constants ¢3, /\f , ;tf and yg, not infinite. However, if the constant A‘% or yf
approach 0 or oo, then the acceleration V], (R, G) becomes oo or 0. Depending on the value of y; and
A§, the value of Vp, (R, G) can be positive or negative. When the value of V], (R, G) is the negative,
the deceleration acts toward the center. These constants is depended on generalized entropy and the
part of partial entropy. Namely, acceleration depend on generalized entropy. Therefore, there exists
5-states within distance R is small. The constant A3 is the coefficients of approximated generalized
entropy A5x? + )Lf x, and a constant ],téf is an integral constant obtained by integrating the parts of
partial entropy S} (x). In other word, acceleration moving away from the center is changed by these
constant, that is, simply acceleration is depended on entropy.

(Note): The center direction is defined as the positive direction.(End of Note)

The above description can be applied to Coulomb’s law (electric field) . By adjusting the value
of yy, pp, A1, m = 1/A, and ¢, it may be possible to make the argument by replacing gravitational
constant G to the Coulomb’s constant k.. (In this paper, Coulomb’s constant is defined as k..) We will
describe this possibility next.

3.2.2. Compare Vp, (R, G) and Vp, (R, k;) for Small R
We attempt to compare Vp, (R, G) and Vp, (R, k¢). Similarly gravitational potential Vp_ (R, G), we
define Coulomb potential Vp, (R, k.) as follows:

kee
Vo (Roke) = = 3 e (1= (4R + 1), 59)

where ¢; > 0 is an elementary charge, and ¢° > 0, 5 > 0, u{ > 0 and A{ > 0, and the symbol ¢ in the
upper right corner of the alphabet means ¢ of Coulomb.
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For example, we set the value of constants as follows:
G := 6.674E-11, G is the gravitational constant,
&8 = ¢ :=h = 6.626E-34, h is Planck’s constant,
k. := 8.987E+9, k. is Coulomb's constant,
eq := 1.604E-19, eq is elementary charge,
m = my = 2.176E-8, my is Planck mass(unit : kg), (60)
y‘g =1, ‘ug is a real constant,
w5 =1, U5 is a real constant,
)\‘%’ =1, )\f is a real constant,
A =1, A§ is a real constant.
Using the above constants, gravitational potential Vp, (R, G) is satisfied as follows:
Vp,(R,G) = 2.442E-12, if yf =1, (61)
Vp,(R,G) = 2480E-3, if pj =21.28, (62)

where R := 1.000E-6 meter and Planck mass m,, is used instead of mass m. Let the sign of ‘uf and /\‘f
be plus such as +p3 and +A{. Similarly, Coulomb potential Vp, (R, k) is satisfied as follows:

Vp, (R ko) = 2474E-3, if u§ =1, (63)
Vb, (R ko) = 2512E+6, if S = 21.28, (64)

where R := 1.000E-6 meter, elementary charge e, is used instead of mass m and Coulomb’s constant k.
is used instead of G. The sign of y§ and A{ are 4§ and +AS. The value of Vp, (R, G) and Vp, (R, k)
changes depending on how the constants yf and p1¢ are selected. The above values (62) and (63) is
close. Therefore, for small distance R, ‘uf =21.28 and u{ = 1, itis satisfied Vp, (R,G) ~ Vp, (R, k¢). In
consequence, it is satisfied as follows:

Suggestion 10. Let m, be Planck mass, e, be elementary charge, G be gravitational constant and k. be
Coulomb’s constant. For small distance R > 0, there exists constants ¢8, ¢, yg, Us, yf, uy, Af and A{ such
that the following equation is satisfied:

Vb, (R,G) = Vp, (R ke), (65)
where &8, &6, 3, us > 0and A3, AS, uf, u§ > 0. .

Because, if it is satisfied as follows:

Gm
Vp,(R,G) = _r)é)r@(l - exp(—cjgng + V%))

kece
= _ﬁ)\qﬁ@q(l —exp(—¢uaR +pi))

(66)
= Vp, (R ke),
then transforming the above equation, it becomes as follows:

R+ ASm kee
exp(~E R + ) = 1 = I T (o< sR + )~ 1) (©7)
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Therefore, if the value of y5 is given, the value of y§ can be found as follows:
1 REASm, . ke
L I 1Mp  Kelq _acyc oy _ 68
1 = iz 1 o8 (1 + () (o) expl 2R + ) = 1)) | (68)

Namely, using the equation for potential derived from entropy, within small distance, it may be
possible to treat gravitational potential and Coulomb potential in the same way by appropriately
choosing some constants. In same way, applying gravitational acceleration Vl’)+ (R, G) and Coulomb’s
law (electric field) Vl’)+ (R, k), we can obtain a suggestion as follows:

Suggestion 11. Let my be Planck mass , e, be elementary charge, G be gravitational constant and k. be
Coulomb’s constant. For small distance R > 0, there exists constants &, ¢, yg us, yf 1y )\f and A{ such that
the following equation is satisfied:

Vh,(R,G) =V (R k), (69)
where 8, §C,y§,y§ > 0and Af,)\ﬁ,yf, uy = 0. O

3.3. When Distance R Is Large, However ¢ Is Small Enough

Assuming distance R is large and the constant ¢$ is small like Planck constant, that is & ~h. The
constant /1 is Planck constant, 6.626E-34]-s and the constant y5 = 1. Assume that R is the radius of the
universe within 46.5 billion light years (4.65E+10). Since one light years is approximately 9.461E+15
meter, we assume that the radius of the universe R ~ 4.399E+26 meter. Therefore, the following
condition is satisfied:

Z8uSR ~2.915E-7 < 1. (70)
The function exp(—&8u3 R) is approximately equal to 1, that is, it is satisfied as follows:
exp(—E8u3R) ~ 1. (71)

Therefore, the following representations are satisfied:

_ Gm Gm{;’gl,{g
8= " Reabmp exp(—ZS iR + i) + mexp(—égyémﬁ)
Gm Gmus (72)
~ (1= ) 4 —2 2 & (- _#SR) ~ 1)

When the condition & u3 R < 1 is satisfied, applying to mass M in circular orbit around mass m, the
following equation is satisfied:

GmM g GmM@gyg e v?
5 (L—exp(ui)) + (REASm) exp(py) = M— (73)

~ (R£A3m) R’
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where m is mass within radius R and v is the rotation speed of mass M on radius R. The right side
of equation(73) becomes centrifugal acceleration of mass M. Hence the following representations

satisfied:
_ —GmR g &su3 g
U= (R:l:)\‘% )2(176XP(V1))+ )\me) eXP(Pﬁ)
—Gm Gmesus 74
- (1 - exp(pf)) + — 2 exp(if) )
\ (R A§m) (14 ) (14 )

A8
~ \/Gm§8y§ exp(uf), (. Rislarge enough and (1 + le) —1).

Similar results are obtained for §_ of Yukawa-type gravity acceleration discussed later on Section 4.4.
Therefore, we propose that the following is satisfied:

Suggestion 12. Let m > 0 (mass) and v (the speed of rotation) be positive real numbers. For large distance
R > 0 within 4.399E+26, the following condition is satisfied:

v~ \/Gm§3y§ exp(yf), (75)

where &8,y > 0 and )Lf , y‘f > 0. As a results, the speed of rotation v at radius R is approximated by a uniform
value \/Gm(f,gy‘g exp(p3), not depend on radius R. O

Therefore, the speed of rotation v is depended on constants G, m, ¢¢, y? and yg, not depend
on radius R. It is noticed that these constants is decided by generalized entropy Sp, (x, k) and the
distribution function Qp, (x). According the suggestion 12, let m be equal to mass of the Milky Way
Galaxy, that is, m ~1.989E+30x2.0E+12 kg, where mass of the sun is 1.989E+30 and the sun count in
the Milky Way Galaxy is 2.0E+12. Therefore, if setting ¢ =1E-34~ /1 (Planck constant) and y3 = 1, then
the speed of rotation is satisfied depending the constant 5 as follows:

v ~ 4.194E-1\/exp(ps) m/s. (76)

For example, let 7 = 26.36, the speed of rotation v became as follows:
v~ 2222E+5m/s. (77)

In this case, the speed of (77) is close to the rotation speed of the Milky Way Galaxy, that is, approxi-
mately 2.200E+5~2.400E+5 m/s. Even without assuming dark matter, the galaxy rotation problem
can be explained by the concept of entropy. This does not mean denying dark matter. New constants
y‘f and ‘ug may represent some kind of dark or virtual mass. Besides, the suggestion 12 may consider
to apply to velocities over short distances such as electrons in atomic nuclei.

3.4. When Distance R Is Large Enough

If distance R is large enough, the equation (26) is satisfied as follows:

Gm

§+=-Vp,(RG) = T REAmR (. exp(—&usR+uf) —0). (78)
1
Therefore, the following conditions are satisfied:
Gm Gm Gm
- - @ @ o< (79)

(R=ASm)2~ RZ ™ (R+A¥m)?

d0i:10.20944/preprints202408.1039.v7
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If distance R is large enough and the constant /\f is small enough, that is Af — 0, then gravitational
acceleration V, (R, G) becomes Newton’s gravity.

3.4.1. Summarize Gravitational Acceleration for Large Distance R
We summarize the above gravitational acceleration V/, (R, G) as follows:

1.  Adjusted gravitational acceleration, R is large enough:

8 . (50)
e T Y PRV
(R £ A3m)?
2. Original gravitational acceleration, R is large enough and A§ — 0:
Gm

where R is large enough. Newton's gravity is satisfied when R is large enough and /\‘%’ — 0. According
to g of (81) and ¢+ of (80) in the above equation, we propose as follows:

Suggestion 13. Gravity changes on the value Af of generalized entropy coefficient.
Let m > 0 be a real number (mass). For large R > 1, the following conditions are satisfied:

_Gm . Gm
(R—Am2 ~ 8~ 7 (R+ Am)2

8§-= =3+ (82)

where A‘ig > 0 is a real constant. O

The suggestion above is an expansion of Newton'’s gravity. For large distance R, it is possible
that adjusted gravity ¢+ is smaller or larger towards the center than Newton’s gravity g. In other
word, gravitational acceleration towards the center of a rotating substance can be slightly changed
at sufficient large distance. Gravitational acceleration moving away from the center is changed by
the constant /\f . The constant /\f is the coefficients of degree one of approximate generalized entropy
A§ x? + Af x. In other word, Gravitational acceleration moving away from the center is changed by the
coefficients of approximated generalized entropy, that is, gravitational acceleration is considered to
depended on entropy.

4. Yukawa Type Potential and Entropy, Comparison of Accelerations
4.1. Relationship with Yukawa-Type Potential and Potential Vp, (R, G)

Potential Vp, (R, G) (25) contains an equation similar to Yukawa potential (see [18]). If we omit
the first term in equation (25), we can obtain as follows:

Vb, (R, G)omit = exp(—ESuSR+pi). (83)

REAm
We consider that by substituting the constants as follows:
Gm:=g;, &u5:=A pf:=0, A{:=0, (84)

where gy, is Yukawa’s constant and A = mc /% (see [18]). Thereby, we can obtain the following Yukawa
potential:

(=AR)

ex
Vyukuwul (R) = igﬁ P R (85)
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Therefore, it may also have applications in particle theory and other potential theory. Moreover, we
also consider that by substituting the constants as follows:

s =7, exp(uf) =a, A{:=0, (86)

where A = mc/h (see [18-20]). Thereby, we can obtain the following gravitational potential:

m

Va(R) = ~G 1

(1 —aexp(—AR)). (87)
The above equation has a different sign of second term in brackets compared to the following Yukawa
potential proposed as follows (see [18-20]) :

m

VyukawaZ(R) = _GR

(1+aexp(—AR)). (88)

Therefore the above equations (87) and (88) are incompatible. It seems necessary to consider another
way to integrate two equations. Namely, we need to change the definition of function Qp, (R) (1) and
the assumption3. These contents are described on next subsection.

4.2. Negative Generalized Partial Entropy.

We define generalized entropy Sp_(x,k) and negative generalized partial entropy Sp_ (x) as
follows:

Definition 14. Generalized Entropy(-) Sp_(x, k) and negative generalized partial entropy Sp_(x).
Let x > 0 be a real variable, and k > 0 and & > 0 be real constants. Let D_(x) be a negative real valued function
that partitioning x. Sp_(x,k), Sp_(x) and Qp_(x) are defined as follows:

Sp.(x,k) = kD_(x)Sp_(x) > 0, (89)
Qo.(v) = 555 20, 90)

where for any positive variable x > 0, the function Qp_ is satisfied as follows:

Qp.20, Qp =20, &>Qp. 1)

We will define Sp_(x) as an approximation of Sp_(x, k) and Qp_(x):

Sp.(x,k) = Apx? £ Aqx, (92)

Qp.(x) = ¢ , 93)
exp(~¢ [ u(x)dx £ ) +1

$0.(1) = 1 22450, (1) <0 (o4)

O

(Note): Since the argument of log can not be negative, hence we can not define like as follows:
x x x

D(x) D_(x)) D 8D

Q0.0 g1+ Q203 B0 @010,

Sp.(x) = (1+ ) log (1 +

(95)
= (1+
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However, let us consider extending it to complex numbers as follows:

Sp.(x) = (1+ Q‘ié")) log(1+ Q’iéx)) - Q’iéx) <log(QDé(x)) —|—10g(—1)), (96)
where log(—1) = 2(n +1)7ti, n > 0. Treating the above equation formally, S, (x) and S}, (x) becomes
as follows:

b ()= 22 (1ogi1 1 ) 1og )y D0y ey

b (x) =

Qb_(X)( Qp (+) _Qb_(x)>

—¢ \—¢+Qp(x) Qp(x)

Qp. (%) Qp.(x) Qp.(x) Qp.(x)

+ "y (log(1+ "y )—log( z ))— 7 log(—1).

Therefore, we directly adopt definitions of (93) and (94). If we choice the definition (96), then the
definition(94) change to as follows:

(98)

1Qp.(x)
k —¢x

where the function Re[x] is mean real value of x. (End of Note).

Sp.(x) = Re [ Sp.(x, k)] <0, (99)

4.3. The Function Qp_(x) for Yukawa Potential

We find the function Qp_(x) using the idea behind Planck’s radiation formula and the logistic
function for dynamical systems. Put the part of partial entropy S}, (x) as follows:

Qp.(x) ( -1 1

P SRR (100)

Z—Qp.(x) Qp.l(x

where ,u( x) >0 is a positive real function. The above parts of . éx) is negative and the above parts

of ( = o ( y ~ QD ® ) is also negative, therefore the above formulas (100) is positive. Transforming
according to equation (7), we can represent as follows:

-1 1
d - =— dx.
Qv (C —Qp.(x) QD.(X)) cul)ax (on
Integrating both sides gives as follows:
log(& — Q. (x)) ~ 10g(Qo.(x)) = - [ p(x)dx & pu, (102)

where j1; > 0and ¢ > 0. Therefore, the following equation is satisfied:

log (57 — 1) = ¢ | (g, (103)

By transforming the above equation, it is satisfied as follows:

¢

N 1= exp(—@/y(x)dx + p1). (104)
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Since the right side is a positive, the left side must also be a positive, that is, it needs to be satisfied
¢ > Qp.(x). Therefore, the function Qp_(x) is represented as follows:

Qp.(x) = ¢ :
exp(—¢ [n(x)dx £ ) +1

(105)

Therefore, the above equation can be adopted as the definition of Qp_(x).

4.4. The Inverse of Partial Entropy Sp_(x) and Potential Vp_(x, k)

For the approximation of generalized entropy Sp_(x, k), we make the same assumptions as the
equation(2). By the definition 14, it is satisfied as follows:

Sp.(x,k) = kl;(ix)s,;_u). (106)

Therefore, the inverse of partial entropy Sp_(x) as follows:

1 q —Cx 1
Sp.(x) " Qp.(x) Apx? £ Aqx’

(107)

where since Sp_(x) < 0and Qp_(x) > 0, then A,x% + A;x > 0. By equation(105), we can represent as
follows:

So.l(X) - _kﬁ(exlf’(_g/#(x)dxim) +1). (108)

We define the inverse of Sp_(x) as potential Vp_(x, k):

1
Vi (x,k) = —kxft(1+exp(—§/,u(x)dxj:y1)). (109)

In other words, the above potential Vp_(x, k) can be defined as the product of a constant k, the partition
Qp.(x) = —¢/D-(x), and the inverse of the generalized entropy Sp_(x, k). The first derivative V}, (x, k)
is satisfied as follows:

1% k) = k/\% 1 dx £ k)%zé“}t(x) dx £ 110
b.(xk) = i +exp(—E [ n(x)dx u1>)+wexp<—c/y<x> x& ). (110

Same as assumption 3 and 4, the above description assumes the following assumption:

Assumption 15. It assumes that potential Vp_(x, k) is defined the inverse of partial entropy Sp_(x). Therefore,
acceleration V}, (x,k) is defined the first derivative of Vp_(x, k). O

Assumption 16. It assume the constant 1/ A, is equal to mass m within R. Assume that 2-times the inverse of
entropy acceleration, 2/ SY, (x,k), that is, 1/ Ay is equal to the mass m within R. In other word, mass m within
R is defined as the inverse of the second-order term of Sp_(x, k), that is 1/ As. O
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Therefore, similarly the description of Section 3, we obtain the following results:
és
Qp.(R) = , 111
exp(—C8p3R + i) +1 -
— m g g
Vb.(R,G) = —m(1+exp(—(fgy2Riyl)), (112)
g+ =-Vp.(R,G)
Gm Gmésus (113)
= ——  (+exp(—&uSR+u)) - ——2% —EuSR +ud),
(Riﬁm)z( exp(—E8usR £p1)) R A exp(—E8us R £p5)
. 26 GEs
lim ¢ =— - , (WR—=0 114
y%ﬁ@gi)ﬁi-‘rwﬁ (i/\f)zm :l:)\‘% ( ) ( )

where ¢ > 0, y§ >0, yf > 0 and A‘% > 0. Let ¢+ be Yukawa-type adjusted gravitational
acceleration(+). The above equation (111) resembles a distribution model of nuclei, and the negative
of (111) resembles Woods-Saxon type potential. The above equation (112) and (88) are compatible
because the sign of exp is same. Namely, setting as follows:

exp(pi) ==, Tu3:=A, A{:=0, (115)

then the equation(112) becomes Yukawa-type potential (88). The second term of (112) is same as
negative representation of Yukawa potential (85). Namely, by introducing negative partial entropy,
that is, negative generalized partial entropy Sp_(x) < 0, Yukawa-type potential can be explained. For
comparison, we describe results of Section 3 as follows:

&8
R) = ,
Qn. (R) exp(—ESusR + pf) — 1 (116)
Gm
Vp,(R,G) = *m(l —exp(—E8 R+ 1f)), (117)
1
g+ =-Vp,(R,G)
Gm Gmesus (118)
= 77(1? T ASm)2 (1—exp(—G8pu3R £7)) +m exp(—G8 3R £p3),
- _GEsus
Am St = e RO 1)

where &8 > 0, u3 > 0, ]/tf > 0 and A‘f > 0. The second term of equation (117) is same as the

positive representation of Yukawa-type potential (85). Let g+ be Planck-type adjusted gravitational
acceleration(+). As weak proximity acceleration(+), we put the equation (119) as follows:

Gesus

T ("R —0), (120)
1

gwp = lim 8.,8,,8=
+ 15550 AT +pg
and as strong proximity acceleration(=+), we put the equation (114) as follows:

26 G

, (“R—=0). 121
+A9)2m AT ( ) (12

sp . A
gy =1lm ¢, ,s, s =—
R

Acceleration g'” has no effect of mass m instead it depends on ¢$, 5 and Af . Acceleration g°/
does have an effect of mass m. It is considered that there exists 11-types of acceleration including
gravitational acceleration g, such as g+, §+,§+, 7 and g-” related to g.
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4.5. Comparing Accelerations g+, $+, 8"l and ¢°F

Comparing the above (113), (118), (120) and (121), we obtain the following are relationships:

87 <&y <&+ <3+ <gy, (122)
1
A ~ sp wp 5 .-
<8 <gr<gl<g., ) m<-—4oyp, (123)
P
_ wp sp ~ 5 ..
§- <8 <g <& <&, V) g <m (124)
e 13
It assumes that g7 < ¢**, for all R > 0, it is satisfied as follows:
GEsus 26 GE%us
2 T == (125)
—A3 (=A9)2m —A3
Therefore, it is satisfied as follows:
1
(126)

—s < m
ASEsus

It assumes that ¢°¥ < §_, for all R > 0, it is satisfied as follows:

1
R—Am > £A{m, | —————, (127)
2— Afm(:gyZ

The above inequality (127) holds true even for small enough R. The following is satisfied:

1
“Mm>-Am | —. 128
1m = =N ”2—?\‘5'13711@}4% (128)

Therefore, it is satisfied as follows:

——— <m (129)
Mesus
Namely, since R > 0, we only consider that inequalities (124) of the condition W < m. Summarizing
the above inequalities, the following are satisfied:
g <gr <3 <g¥<g¥<g <g<gr<g+<g <0<gl
(130)
A168

(Note): Since the direction toward the center is negative, the more negative value(smaller), the greater
acceleration(force) toward the center. (End of Note)

4.6. One Attempt to Compare the Ratios of 4-Forces

For example, we consider the above inequalities (130). Set constants as follows:

G := 6.674E-11, G is the gravitational constant,
¢8 :=h = 6.626E-34, h is Planck constant,
m:=m, = 2.176E-8, my is Planck mass(kg), (131)
yf >0, ‘u‘% is a real constant,

R < 1.305E+26, R is a radius within the Universe(meter).
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where according to case 2) of suggestion 6 and of suggestion 8, inequalities (3.2) and (129), the values
Af and y‘% are satisfied as follows:
-1

0 <1+ (REA$m,)58p3, T <M (132)
16°H2

(Note): The values of ‘ug in each equation ¢°/ and ¢"” take on different values ( ‘ug ¥ and ( y§ )2F,
respectively. (End of Note)

On the above inequalities (130), the following are satisfied:
1.  Compare §_ and g"7;

The ratio of Yukawa-type adjusted gravitational(—) ¢_ and weak proximity acceleration(—) g“?
are obtained as follows:

2Gmy, Gmpce
‘ $- (R—((A]) )mp)? | (R=((A])-)mp) ‘
q“F GE8 (1i3)™" Gg8 (15)™"
anHT (A (133)
2-1078(ANH)"  1078(AS)
~ (1)) W) |~ 13,
102A—34(V§)7P 10A—34(yé2¥)7p
where
(u3)°F := 1E+60, (u3)" is the constant y3 of g7,
(A$PP == 1E+24, (A3)PP is the constant A3 of g7,
(75)— = 1E+A, (i) is the constant y3 of &, (134)
(A3)— == 1E+A, (A$)_ is the constant A3 of §_,
(R£ ((Af)-)mp)* ~ 1E+2A4, 0 < A <26, Aisaconstant.
¢+ and ¢ can be compared in the same way.
(Note): The following are satisfied:
exp(—Z8((#3)- )R + 1) > exp(0) = 1, (135)

where 11§ is satisfied —¢¢((f13)—)R + uf > 0. Therefore, if the case ¢, then Qp (R) < 1 is
satisfied. Similarly if the case §, then Qp, (R) > 0 is satisfied. (End of Note)
2. Compare 1 and g"7;

The ratio of adjusted gravitational(+) ¢+ and weak proximity acceleration(—) g"" are obtained
as follows:
3 __ Cmp —8( 18\ WP
$x RE(AD Jmp | _| 10FM)= | g gy 136
g7 T T () e
(AP
where
(1) := 1E+60, (13)™" is the constant 1§ of g,
(AS)“P .= 1E+424, (A$)EP is the constant A of g7, (137)

(R+ ((A3)-)myp)* ~ 1E+24, 0 < A <26, Aisa constant.
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3. Compare gff and ¢"%;
The ratio of strong proximity(+) ¢°” and weak proximity acceleration(—) g“” are obtained as

follows:
26 GEu)Y
- w, - w w — 7
g™ cer) A8 ()" (u5)"
M

where

(u3)7 := 1E+65, (u3)7 is the constant u of g°F,

(u3)2F := 1E+60, (u3)2F is the constant y3 of g*¥, (139)

/\‘f = 1E-20, )\f is the constant )\f of ¢V and gff.

4. Compare ¢’¥ and g"7;

The ratio of strong proximity(—) ¢°¥ and weak proximity acceleration(—) g** are obtained as
follows:
26 GEu)T
fid _‘ (AD?mp A} '_ 2 By (140)
w w, w w, -
g car ) Afmpgs (u5)2" ()2
M
where
(13)°F == 1E+60, (u3)°F is the constant u3 of g°F,
(u3)2F := 1E+60, (u5)2" is the constant p3 of g°%, (141)
Af :=1E-20, /\f is the constant Af of g% andg’ .

wp

By considering ¢’ as strong force, g7 as weak force and §+ (or g) as gravity, the ratio of the size of

the fundamental 3-forces of nature (strong force, weak force and gravity) with strong force being 1 is
represented as follows:

strong, weak, gravity,
1, 1E-5, 1E-39,
sp wp ~
8+ 8- 8+ (142)
m
WY, )T )T
1E+65, 1E+60, 1E+26.

The above ratios correspond to those of (43)7 ~ 1E + 65, (43)* ~ 1E +60, (45)” ~ 1E + 60 and
% ~ 1E + 26. Next, let us consider the relationship with electromagnetic forces. We focus that the
relationship between electromagnetic force and gravity are seen as similar forces by suggestion 11. We
apply this suggestion to equation ¢+ and ¢+ and set adjusted electromagnetic acceleration(force) as
follows:

Ei = —VI/D+ (R, k)
_ kceq ¢, c c kCe‘IgCV% c,.C c (143)
= TREAe,)? (1 —exp(=EusR £ pi)) + RE Ate, exp(—CuaR £ u3),

Ei:= -V} (R k)

keeg keeqGus (144)
=-——<1L (1 —EUSR £ 1)) — =22 exp(—E SR £ pS),
(Rﬂ:A‘ieq)Z( +exp( g Ha “1/11)) R:t)\ieq exp( 6 Ha .ul)
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where &€ > 0, u§ > 0, u§ > 0and A > 0. Let E4 be Planck-type adjusted electromagnetic(+) and E+
be Yukawa-type adjusted electromagnetic(=+). Therefore, we set as follows:

G := 6.674E-11, G is the gravitational constant,
¢8 =& :=h =6.626E-34, h is Planck constant,
k. := 8.987E+9, k. is Coulomb's constant, 145)
eq := 1.604E-19, eq is elementary charge,
m:=my, = 2.176E-8, my is Planck mass(unit : kg),
R is small enough, R is distance(unit : meter).
where according to case 2) of suggestion 8, the values /\f and ptf are satisfied as follows:
0<1EAmuEus, 0<1EA{egeus, (R—0). (146)

(Note): The values of yS$ in each equation £ and E_, take on different values fi5 and IS, respectively.
(End of Note)

On the above inequalities(130), the following are satisfied:
1.  Compare £, and g"%;

The ratio of Yukawa-type adjusted electromagnetic(+) E and weak proximity acceleration(—)

¢"" are obtained as follows:
p — 2k _kE)r
Lol | i ||~ 1347E43 ~ 1E+3
g G () G | = , (147)
A Af
where
(f5)+ := 1E+43,  (fi§)+ is the constant p§ of £,
(13)2F := 1E+60, (u3)2" is the constant u3 of g"F, (148)

A$ = A{ < 1E-20.

2. Compare E_ and g\7;
the ratio of Planck-type adjusted electromagnetic(—) E_ and weak proximity acceleration(—)

¢"" are obtained as follows:
E_ kege (5) - A% c
B 2 B W)= b (4S) ~ 1.347E+3 ~ 1E43, (149)
' g GEs(u5) 2P A
where
(715)— = 1E+43, (f15) + is the constant p5 of E_,
(13)“7 := 1E+60, (u3)"F is the constant u3 of g*¥, (150)

u§ — 0, A§ = A§ < 1E-20.

where since the above ratio changes depending on the value of R, therefore for the comparison
of the ratios, R is small enough in the near field. We interpret E"+ and E_ as electromagnetic. By
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combine with inequalities (142), the ratio of the size of the fundamental 4-forces of nature (strong force,
electromagnetic force, weak force and gravity) with strong force being 1 is represented as follows:

strong, electromagnetic, weak, gravity,
1, 1E-2, 1E-5, 1E-39,
gsf/ EJr or E*/ ngp/ g~:|:/ (151)
k m
8\sP 0 o 8\wp P
(13)Y,  Sa)vor Z()-, (1)~ w
1E+65, 1E+63, 1E+60, 1E+26,

The zinbove ratios correspond to those of (43)° ~1E+65, %C (5) 4+~ % (75)— ~1E+63, (u3)"" ~1E+60
and C—é’ ~1E+26, and depend on the values of m, and ¢. Therefore by considering strong proximity
force gff is regarded as strong force, weak Rroximity force ¢"¥ as weak force, adjusted gravity §+ as
gravity and adjusted electromagnetic force E; or E_ as electromagnetic force, it is possible to explain
the ratios of 4-forces in nature.

4.7. Relationship Diagram

The difference between equations (25) and (117) are whether generalized partial entropy is positive
or negative. Under the above definition 14, the equation (94) is negative. Namely, it means we assume
negative generalized partial entropy. If we assume negative generalized partial entropy, we can obtain
Yukawa-type gravitational potential. In other words, the existence of Yukawa-type equation may
indicate the existence of negative partial entropy. Therefore, particle physics can be also considered to
be related to entropy:.

Relationship diagram:

Sp. (k,x):kﬁs,l(x) >0 Sp.(k,x)= — kQ%mSD(x) >0
Sp.(x) >0 negative Sp.(x) <0
Partial Entropy Negative Partial Entropy
Q. (x)= ¢ Qp.(x)= :
eXP(*é/V(X)dxim)fl eXP(fé/ﬂ(x)dxiul)H
Planck type distribution Nuclei type distribution
Vp, (R,G) = Vb (R,G) = (152)
~rip (1= (=88R £ p)) = Ze (1+ exp(~FFu5R + 1))
Planck type potential Nuclei type potential
AZ=0 A8=0
Zpsi=A l Zopsi=A l
exp(p3) == u exp(pi) == a

Va(R)= — G (1 —aexp(—AR)) Vyukawa2 (R) = — G (14 aexp(—AR))

Planck type potential Yukawa type potential
Rﬁlargel R%largel
Va(R) = — G% VyukuwaZ(R) - G%

| |
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§=—-Vi(R)=-Gg — g=-Gg + g= Vy’ukﬂmz( )=-Gxs
Gravitational acceleration Gravitational acceleration
Rﬁoi Raol
Ggsps 26 Gesys
limys 0 8ipsys = ﬂgz limye o 8ips, s = T (EANZm i/\‘fz
Weak Proximity g5 Strong Proximity g°F

5. Possibility That Mass Generation by Entropy, the Existence of New Forces and
Fluctuating of the Constant G
5.1. Possibility That Mass Generation by Entropy

Furthermore, the inverse of the second-order part A3 of the approximation of generalized entropy
is considered to be mass m. Leave this the first-order part A‘f as it is. The generalized entropy Sp, (R, G)
is determined by mass m, distance R (the radius of range under consideration) and the correction
factor )\‘% . In other words, mass m is determined by generalized entropy Sp, (R, G), distance R and the
correction factor /\f . By transforming equations (2), mass m can be represented as follows:

RZ
~ Sp,(R,G) FASR’

(153)

By transforming equations (17) and Sp, (R,G) = G%I({R)S p. (R), mass m can be represented as
+
follows:
R2
" G DL(R)Sp. (R,G) ¥ AR
+(R)Sp. (R, G) F
- R
&Sp, (R) (154)
- Gl # A
R

(exp(—C8p5R £ i) F1)GSp, (R) F AT

Namely, mass m can be represented as generalized partial entropy Sp, (R), distance R, correction
factors A‘f , y‘f , yg and constants G, ¢8. Mass is also considered to depended on entropy. Besides, if we
consider Qp, (R) to represent the spectrum (wave) distribution within the range of distance R, we
can consider that mass depends on the partial entropy Sp. (R), the spectrum distribution Qp, (R) (or
division D+ (R)) within the range R, and the constants G, ¢¢, and A;. In other words, mass can be
considered to depend on the partial entropy and spectrum (waves). Mass may consider to be generated
depending entropy and waves.

5.2. Possibility That the Existence of New Forces

The constants, variables, and functions in the above equations(22), that is Vp_ (x, k), and (110),
that is Vl’)i (x,k), are appropriately selected within the range of conditions, Vp. (x, k) is interpreted
as gravitational potential, and V},, (x, k) is interpreted as gravitational acceleration, conforming to
gravity theory. However, if we consider carefully, the constants, variables, and functions in the above
equations can be arbitrarily selected within the range of conditions, so these may be applicable to
forces other than gravity and Coulomb force. By choosing the constants in the equation Vl’ji (x,k)
appropriately, it may be possible to represent weak and strong force. Furthermore, there exists the
possibility of expansion and the existence of new forces that are different from the conventional force.
Therefore, it is possible that there exists many new forces. Namely, the following suggestion may be
considered the possibility that there exists many new potential and acceleration:

Suggestion 17. Possibility that there exists many new forces of Planck-type (1). Let n > 0 be an integer, m be
a weight (mass) and R be a relation (distance). There exists countable numbers of potential Vp, (R, G,) and a
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acceleration V], (R, Gy) such that the following conditions are satisfied: there exists constants Gu, §n, fi1n, Mn
and a function p, (R) such that the following equations are satisfied:

Vo (R Ga) = ~ g (1= exp(~Eu [ palRAR £ ), (155)
/ Gn
Vh.(R,Gy) = m(l—exp(—gn 1 (R)AR i1,
. Gnm‘:nﬂn(R) (156)

R:l:/\lnm eXp(—én V”(R) i.uln)/

where G, > 0,8, > 0, g1, > 0, Ay, > 0,m > 1, R > 1and pu,(R) > 0. Namely, it is possible that there

o

exists many new forces. Note that these description above assumed that assumptions(3) and (4). O
Similarly, for potentials Vp (R, G;) and accelerations V}, (R, Gy ), we can describe as follows:

Suggestion 18. Possibility that there exists many new forces of Yukawa-type (2). Let n > 0 be an integer, m be
a weight (mass) and R be a relation (distance). There exists countable numbers of potential Vp (R, Gy) and a
acceleration Vb_ (R, Gy,) such that the following conditions are satisfied: there exists constants Gy, &n, W1, Mn
and a function uy, (R) such that the following equations are satisfied:

Vp. (R, G) = —an#(l+exp(—§n [ 1n(RYR = i), (157)
, G,m
Vp.(R,Gyn) = m(l + exp(—Cn [ pn(R)AR £p1,,))
" (158)
Gn npn R
R exp (i (R) 1),

where G, > 0,8, > 0, g1, > 0, Ay, > 0,m > 1, R > 1and pu,(R) > 0. Namely, it is possible that there

= -

exists many new forces. Note that these description above assumed that assumptions (15) and (16). O

Gravitational acceleration G and Coulomb’s constant k, may just simply be some of the coefficients
related to forces that humans can currently sense throughout the universe. Instead of asking why there
are 4-forces, we should ask why humans are primarily only able to sense 4-forces.

5.3. Possibility That Fluctuating of the Constant G

As mentioned above, if we consider that there are many forces, then we can assume that there
will be many variations in the constants. If the changes (differences) in the constants are small for
the same variable, the constants will appear to be fluctuating. Furthermore, gravitational constant
G can be considered of as being determined by generalized entropy Sp, (G, R), the partition D+ (R)
and the partial entropy Sp, (R) partitioned by D+ (R) (or the distribution +{R/Qp, (R)). Namely,
generalized entropy Sp, (G, R) is represented as follows:

+¢R

Sp.(R,G) = G-D+(R)-Sp.(R) = GmsDi (R). (159)

Therefore, gravitational constant G is represented as follows:

__ S:(RG) _ Sp,(R,G) Qp.(R)
- Di(R)-Sp,(R)  Sp.(R) IR

(160)

In other words, it is possible that gravitational constant G can fluctuate if entropy changes.

d0i:10.20944/preprints202408.1039.v7
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6. Discussion and Conclusions
6.1. Possibility That Gravity Depending on Entropy

The idea behind Planck’s radiation formula is to apply the number of cases of partition by
resonators to entropy. This idea is similar to the logistics function for dynamical system (see [1,28]).
Applying these, we treated the division of entropy as a non-minimal function D, (x), and derived
potential Vp, (x, k) and acceleration V}, (x,k). Therefore, we assumed that generalized entropy D+ (x, k)
can be represented as a second-degree polynomial, and potential Vp, (x, k) is defined as the inverse of
Sp, (x). As a result, each variable and constant used in potential Vp, (x, k) and acceleration V}, (x,k)
is interpreted as in terms of gravity, and mass is defined as the inverse of the quadratic coefficient
term of Sp, (x,k), that is, 1/A,. The constant A; is the the first-order coefficient of approximated
generalized entropy A>x? + A x. In other words, gravitational acceleration changes depending on
coefficients of approximated generalized entropy . In addition, the constants y» and i are defined as
coefficients of generalized partial entropy or distribution function Q+. In other words, the inverse of
the second-order part A of the second-order approximation of generalized entropy is considered to
be mass. The first-order part )»‘513 is left unchanged. The generalized entropy Sp, (R, G) is determined
using mass m, distance(radius) R of the range under consideration, and the correction factor Af . The
description on this article, it is assumed that the assumption 3 and 4 and the existence of entropy-
dependent constants ¢, Ay, A1, 42, and pq that control gravity and the velocity of galaxies. We proposed
the following conclusions:

1. If distance R is small enough, hence gravitational acceleration V}, (R, G) becomes 2-states with
finite constants depend on constants &, A{, 4§ and p5. Depending on the value of 4§ and A{,
the value of VE’>+ (R, G) can be positive or negative. If the constant A‘f — 0, then gravitational
acceleration V1/3+ (R, G) becomes too. If the constant )téf — 0o, then gravitational acceleration
Vp, (R, G) becomes 0. Therefore, it is possible that gravity have 5-states within distance R is small
enough. Among the 5-states, there may exist anti-gravity, which is the opposite of Newton's
gravity. (Possibility existence of anti-gravity) Furthermore, using the equation for potential
derived from entropy, within small distance, it may be possible to treat gravitational potential
and Coulomb potential in the same way by appropriately choosing some constants. Similarly, the
same suggestion can be made for gravitational acceleration and Coulomb’s law (electric field).

2. Atdistance large enough to be within the size of the universe, gravity follows the adjusted inverse
square law. Within this distance, the rotation speed of the galaxy v follows gravitational constant
G, mass m = 1/A3 and constants 8, 3 and y§ which depend on entropy. Besides, the rotation
speed of the galaxy v does not little depend on its radius R, (the galaxy rotation curve problem).
Even without assuming dark matter, the problem of the rotation speed of the galaxy may be
explained by the concept of entropy. This does not mean denying dark matter. The new constants
y‘f and y5 proposed in this paper may represent some kind of dark or virtual mass.

3. At large distance, gravity follows adjusted inverse square law. Comparing to conventional
gravity g, gravitational acceleration ¢+ towards the center of rotation becomes slightly weaker or
stronger. This means that gravitational acceleration towards the center of a rotating substance
can be slightly changed at distance. (The Pioneer Anomaly)

From the above description, it is possible there exists some constants ¢, Ay, A1, #2 and p; which depend
on entropy that controls gravity and the speed of the galaxy. Besides, it is considered to apply to
velocities over short distances, such as electrons in atomic nuclei.

6.2. Interpretation of Yukawa-Type Potential by Negative Partial Entropy

By defining Vp (x, k) and acceleration V}, (x,k), it is also considered to be related to Yukawa-
type potential and negative generalized partial entropy. Therefore, particle physics may be related
to entropy. It may be suggested that there exists 11-types of acceleration including gravitational
acceleration g, such as §+,8+,§+,¢ and g.” related to g. Using these forces, we attempted to
compare that the ratio of the size of the fundamental 4-forces of nature (strong force, electromagnetic
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force, weak force and gravity) with strong force being 1. It showed that strong proximity force(+) gs_'f
can be regarded as strong force, weak proximity(—) force g** as weak force, adjusted gravity(+) g+ as
gravity and adjusted electromagnetic force E; or E_ as electromagnetic force. Moreover, it described
that possibility mass generation by entropy, the existence of new forces and fluctuating of the constant
G. In consequence, gravity may depended on entropy.

6.3. Integration of Thermodynamics, Quantum, Gravity and Ecology by Entropy

By combining concepts of the logistic function for dynamical system, Boltzmann's entropy and
Planck’s quantum, we obtained adjusted gravity. Namely, by developing the concept of the logistics
function and combining it with entropy and Planck’s ideas, we derived that potentials Vp_ (x, k)
and accelerations Vﬁi (x, k). Since the nonlinear behavior obtained from the logistic function is non-
Newtonian mechanics, Newtonian mechanics, including the theory of gravity, may be included in
non-Newtonian mechanics. The concept of the logistics function is applied to ecology like population
theory and the evolution of life. It is also known that the concept of entropy was established by Clausius
and related to quantum theory by Planck (see [1,28]). And it is considered that entropy is related to the
concept of the logistic function (see [28]). Furthermore, the concept of the logistic function is applied to
population theory, the evolution of life and ecology. Therefore, it is considered that entropy is related
to ecology (see [16,28]). This paper argues that the concept of entropy is related to gravity theory.
These findings suggest that by combining the concepts of entropy and the logistic function, it may be
possible to understand the evolution of the universe in the same way as the evolution of life. Thus, it is
considered that thermodynamics, quantum (particle), gravity, electromagnetic and ecology (biology)
can be unified through the concept of entropy.

Thermodynamics Ecology(Biology)
NN '/
Entropy
AT NN

(Particle)Quantum  Gravity — Electromagnetic
We hope that entropy explain more and provide new perspectives and insights.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the article; further
inquiries can be directed to the corresponding author.

Acknowledgments: We would like to thank everyone who supported this challenge and deeply respect the ideas
they gave us.

Conflicts of Interest: The authors declare no conflicts of interest.

References

Planck, M. Vorlesungen tiber die Theorie der Warmestrahlung, J.A Barth, 1906.

Feynman,R. et.al, The Feynman, Lecture on Physics,Volume 1II, Quantum Mechanics ,1963.

Hubble,E. The Realm of the Nebulae, Yale University Press, 1936.

Weinberg,S. The First Three Minutes, Basic Books, 1993.

Zhi,FL.; Xian,LS. Creation of the Universe, World Scientific Publishing, 1989.

Milgrom, M. A Modification Of the Newtonian Dynamics as a possible alternative the hidden mass hypothe-
sis, The Astrophysical Journal, 1983, 270:365-370.

7. Verlindea,E. On the origin of gravity and the laws of Newton, [HEP, Springer, 2011.

AL N e


https://doi.org/10.20944/preprints202408.1039.v7

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 January 2025 d0i:10.20944/preprints202408.1039.v7

28 of 28

8. Gron,@. Entropy and Gravity, entropy, MDPI, 2012, 14, 2456-2477.

9.  Bekenstein,].D. Black Holes and Entropy, Physical Review D, 1973, Volume7, Number8.

10. Masreliez C.J. The Pioneer Anomaly-A cosmological explanation. preprint, Ap&SS, 2005, v.299, nol,pp.83-
108.

11.  Misra,A. Entropy and Prime Number Distribution; (a Non-heuristic Approach), 2006.

12.  Nicolis,G.; Prigogine 1. Exploring Complexity: An Introduction, W.H.Freeman, 1989.

13.  Nicolis,G.; Prigogine,l. Self-Organization in Nonequilibrium Systems: From Dissipative Structures to Order
Through Fluctuations, Wiley, 1977.

14. Robert M May, Simple Mathematical Models With Very Complicated Dynamics, Nature, 1976.

15. Bacaér, N. A Short History of Mathematical Population Dynamics, Springer, 2011.

16. Yamaguchi,M. Chaos and Fractal, KODANSHA Bule Backs, Japan, 1989.

17.  Watanabe,S. (by edited Iguchi,K.) The Second Law of Thermodynamics and Wave Mechanics, Taiyo Shobo, Japan,
2023.

18.  Yukawa, H. On the Interaction of Elementary Particles.l. Proc.Physics-Mathematical Society of Japan, 1935,17,48-
57.

19. Fujii,Y. Dilaton and Possible Non-Newtonian Gravity, Nature Physical Science, 1971, volume 234, pages5-7.

20. Murata,].; Tanaka,S. Review of short-range gravity experiments in the LHC era, arXiv, 2014,
aiXiv:1408.3588v2.

21. https://spacemath.gsfc.nasa.gov/.

22.  Brooks, M. 13 Things That Don’t Make Sense:The Most Intriguing Scientific Mysteries of Our Time, 2009, Refer
Chapter 1, 2 and 3.

23. Barrow,].D.The Constants of Nature: From Alpha to Omega-the Numbers That Encode the Deepest Secrets of the
Universe, Pantheon, 2003.

24. Barrow, J.D.Theories of Everything: The Quest for Ultimate Explanation, Oxford University Press, 1991.

25.  Fujino,S. Deriving Von Koch'’s inequality without using the Riemann Hypothesis, Preprints.org, 2021,
(doi: 10.20944/ preprints202112.0074.v2).

26. Fujino,S. Examination the abc conjecture using some functions, Preprints.org, 2022, (doi:
10.20944 / preprints202202.0021.v3).

27.  Fujino,S. Interpretation of Entropy by Complex Fluid Dynamics. Preprints.org, 2023, (doi:10.20944/
preprints202305.0066.v2).

28. Fujino,S. Entropy and Its application to Number Theory.  Preprints.org, 2024, (doi 10.20944/
preprints202203.0371.v7).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and /or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202408.1039.v7

	Introduction
	Generalized Entropy and Application to Dynamical Systems
	Generalized Entropy(+) SD`+(x, k) and Generalized Partial Entropy(+) SD`+(x)
	The Function QD`+(x) and Approximation of Generalized Entropy(+) SD`+(x,k)
	The Inverse of Generalized Partial Entropy(+) SD`+(x) and Potential VD`+(x,k)

	Application of Potentials VD`+(x,k) to Gravity
	Interpretation to VD`+(R,G)
	When Distance R Is Small Enough 
	Summarize Gravitational Acceleration for Small Enough R 
	Compare VD`+(R,G) and VD`+(R,kc) for Small R 

	When Distance R Is Large, However  Is Small Enough 
	When Distance R Is Large Enough 
	Summarize Gravitational Acceleration for Large Distance R


	Yukawa Type Potential and Entropy, Comparison of Accelerations
	Relationship with Yukawa-Type Potential and Potential VD`+(R,G)
	Negative Generalized Partial Entropy.
	The Function QD`-(x) for Yukawa Potential 
	The Inverse of Partial Entropy SD`-(x) and Potential VD`-(x,k) 
	Comparing Accelerations , , gsp and gwp 
	One Attempt to Compare the Ratios of 4-Forces
	Relationship Diagram 

	Possibility That Mass Generation by Entropy, the Existence of New Forces and Fluctuating of the Constant G
	Possibility That Mass Generation by Entropy
	Possibility That the Existence of New Forces
	Possibility That Fluctuating of the Constant G

	Discussion and Conclusions 
	Possibility That Gravity Depending on Entropy 
	Interpretation of Yukawa-Type Potential by Negative Partial Entropy
	Integration of Thermodynamics, Quantum, Gravity and Ecology by Entropy 

	References

