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Abstract: In this paper, we consider (n+ 1)-dimensional topological dilaton de Sitter black holes with a power-

Maxwell field as thermodynamic systems. The thermodynamic quantities corresponding to the black hole horizon

and the cosmological horizon are interrelated. Therefore, the total entropy of the space-time should be the sum of the

entropies of the black hole horizon and the cosmological horizon plus a correction term which is produced by the as-

sociation of the two horizons. We analyze the entropic force produced by the correction term at given temperatures,

which is affected by the parameters and dimensions of the space-time. It is shown that the change of entropic force

with the position ratio of the two horizons in some regions is similar to that of the variation of the Lennard-Jones

force with the position of particles. If the effect of entropic force is similar to that of the Lennard-Jones force, and

other forces are absent, the motion of the cosmological horizon relative to the black hole horizon should have an os-

cillating process. The entropic force between the two horizons is probably one of the participants in driving the evol-

ution of the universe.
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I. INTRODUCTION

In the early cosmic inflation period, our universe is
thought to have been a quasi-asymptotic de Sitter (dS)
space-time, where the introduced cosmological constant
term can be seen as the vacuum energy. If the cosmolo-
gical constant corresponds to dark energy, our universe
will evolve into a new de Sitter phase. In order to con-
struct the whole evolutionary history for our universe and
also find the reason for the accelerated expansion, the
classical, quantum and thermodynamic properties of dS
space-time should be studied. In addition, the success of
the correspondence between anti-de Sitter space and con-
formal field theory (AdS/CFT) has prompted people to
find a similar dual relationship for de Sitter space-time.

In recent years, the thermodynamic properties and
possible phase transitions of dS black holes have been
studied extensively [1-22]. For a dS black hole there is a
black hole horizon and a cosmological horizon, and, in
general, the radiation temperatures of the two horizons
are different. Considering the two horizons as two ther-

modynamic systems, they each satisfy the first law of
black hole thermodynamics, but their thermodynamic
quantities are interrelated because of their common
quantities, mass, electric charge, and cosmological con-
stant. In most previous works on the thermodynamic
properties of dS black holes, the whole entropy of the dS
black hole is seen as the sum of the entropies of the black
hole horizon and cosmological horizon. Considering the
correlation of the two horizons, a correction term for the
whole entropy is required. This is derived and analyzed in
this work.

In 2011, Verlinde [23] thought of linking gravity to
an entropic force. Gravity emerges as a consequence of
information regarding the positions of material bodies,
combining a thermal gravitation treatment with 't Hooft's
holographic principle. The ensuing conjecture was later
proved [24-31] in a classical scenario. Accordingly, grav-
itation ought to be viewed as an emergent phenomenon.
This exciting idea of Verlinde's received a lot of atten-
tion [32-37]. The entropic force is therefore an important
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force in the universe and it is probably one of the parti-
cipants in driving the accelerated cosmic expansion.

As an explanation for the accelerated cosmic expan-
sion, the early theory of dark energy was proposed by
Riess [38-41]. In this theory, the accelerated cosmic ex-
pansion is caused by an exotic component called dark en-
ergy, which accounts for about 73% of the universe's ca-
pacity according to astronomical observations. Astro-
nomers assume that dark energy exists in the first second
after the Big Bang. The Big Bang pushes all matter into
the whole space, and then the initial expansion begins.
Shortly after the Big Bang, dark energy bumps several
times, which causes the present accelerated expansion.
Some models for dark energy evolution have been pro-
posed. For example, if the equation of state of dark en-
ergy is P = wp, where w is the parameter of the equation
of state, the evolution of dark energy is exponential with
the power 3(1 +w) when w > —1 [42-46]. The effect of
dark energy is to cause the accelerated expansion [32],
which means it has some kind of repulsion. But what is
the nature of dark energy? How does it evolve with the
cosmic expansion? This is still unknown.

In addition, another possible reason for the acceler-
ated cosmic expansion is dark matter, which interacts
more strongly with normal matter and radiation than pre-
viously assumed. The existence of dark matter in the uni-
verse is commonly assumed in modern cosmology. Dark
matter accounts for about 23% of the total cosmic com-
ponents. Dark matter does not participate in electromag-
netic interaction, nor interact with photons. The latest re-
search shows [47-49] that dark matter appeared earlier
than normal matter during the expansion of the universe,
although normal matter is produced during the Big Bang.
A kind of non-spin scalar particle is produced during the
rapid cosmic expansion. To date, only one type of scalar
particle has been found, the famous Higgs boson. Ac-
cording to Tenkanen, it could be a candidate for dark
matter. But how do the dark energy, the dark matter and
the total energy of the universe evolve in the expanding
universe? The real reason for the accelerated expansion is
still not clear.

The fact that the expansion of the universe is acceler-
ating, along with the scheme of the standard Friedmann
model [40], has created much interest in alternative theor-
ies of gravity in recent years. One such theory is dilaton
gravity. Dilaton gravity can be thought as the low energy
limit of string theory, and one recovers Einstein gravity
along with a scalar dilaton field, which is non-minimally
coupled to the gravity and other fields such as gauge
fields. We are interested in studying the properties of
dilaton black holes when the gauge field is in the form of
a power-Maxwell field [50]. Being different from a lin-
ear electromagnetic field, nonlinear electrodynamics was
introduced to remove the central singularity of the point-
like charges and obtained finite energy solutions for

particles by extending Maxwell's theory. In cosmology,
one can call upon nonlinear electrodynamics to explain
the inflationary epoch and the late-time accelerated ex-
pansion of the universe [51, 52]. A variety of nonlinear
electrodynamics models [53-58] have been proposed and
studied extensively, in which the power-Maxwell field
[54] is conformally invariant in (n+ 1)-dimensional
space-time for p = (n+1)/4, where p is the power para-
meter of the power-Maxwell Lagrangian, while the Max-
well Lagrangian is only conformally invariant in four di-
mensions.

The effect of the dilaton field [15, 59, 60] and the
power-law Maxwell field [61-64] on the thermodynam-
ics of anti-de Sitter (AdS) black holes has been studied in
extended phase space. However, as far as we know, the
effective thermodynamic quantities with the effects of the
power-law Maxwell field and the dilaton field have not
been discussed for de Sitter space-time. In this paper, we
study the entropy and entropic force of dilaton black
holes coupled to a nonlinear power-Maxwell field in de
Sitter space-time. We investigate the effects of the expo-
nent p, the dilaton coupling constant @ and the space-time
dimension n on the entropy and the entropic force of the
black holes in dS space-time, and explore their connec-
tion to the expansion of the universe.

This paper is organized as follows. The solutions of a
charged dilaton black hole with a power-Maxwell field in
dS space-time are introduced in Section II. The thermo-
dynamic quantities corresponding to the black hole event
horizon and the cosmological event horizon in dS space-
time are given in Section III. Considering the correlation
of the two horizons, the effective thermodynamic quantit-
ies and the modified entropy are derived in Section IV. In
Section V, based on the relationship between entropy and
entropic force, the entropic force between the two hori-
zons is obtained and analyzed. Discussion and conclu-
sions are given in the last section. The units G, =
h =kg =c =1 will be used throughout this work.

II. BLACK HOLE SOLUTION OF EINSTEIN
POWER-MAXWELL-DILATON FIELDS
IN DS SPACE-TIME

In this section, we introduce the action of Einstein
power-Maxwell-dilaton (EPMD) gravity, the solutions of
the EPMD field equations, and the mass, electric charge,
and cosmological constant of EPMD black holes in dS
space-time.

The action of (n+ 1)-dimensional (rn > 3) EPMD grav-
ity can be written as [50, 59, 65-67]

1 4
I=—— | d"'xy=g|R- ——(VD)* - V(D)
167 n—1
n (_e4aCIJ/(n1)F#VFyV)P:|, (1)
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which can yield the following field equations by taking
the action as varying with respect to the gravitational
field g, dilaton field ¢ and the gauge field F,, :

_ 1 2p-1 —4a®/(n-1)\P
R#V = mV((D) + m(—FC ) 8uv
4
+ ——0,00,0+2 petar®l=D gyl E F A,
n—
(2)
n—-10V ap
VZ(D_ woaYY %P —4a®/(n-1) —FY=0
8§ a0 2° (=F)"=0,
3, [ V=ge D =Fy ] = 0, 3)

where R is the Ricci scalar, V(®) is a potential for @, and
p and « are two constants determining the nonlinearity of
the electromagnetic field and the strength of coupling of
the scalar and electromagnetic fields, respectively.
Fu, =0,A,-0,A, is the electromagnetic field tensor and
Ay is the electromagnetic potential.

The topological black hole solutions take the form
[50, 59, 65-67]

d 2
ds? = —f(r)dP + —— + PRA(NAQ2_,, )
f@)
where
Ay M
Sy == Ar - i
+¢*PBr~ TR O AP, %)
and

_ kn=2)(@* + 1)’

A
(@*=1)a*+n-2)

g Y@ 2p- 16
- (e +n-2p)
2’ + 1)’

T (n=-1@®-n)

in which b is an arbitrary nonzero positive constant,
y=a?/(@*+1),and 1= a?+(n—1-a?)p.

Note that A remains a free parameter and A >0 in dS
space-time. It plays the role of the cosmological constant,

_(n—a®)(@n-1)

A
212 ’

(6)

where / denotes the AdS length scale. In Eq. (5), m ap-

pears as an integration constant and is related to the ADM
(Arnowitt-Deser-Misner) mass of the black hole. Accord-
ing to the definition of mass given by Abbott and Deser
[68-72], the mass of the solution in Eq. (5) is [73]

b7 (- 1)
=——m.
l6m(a?+1)

(M

The electric charge O and potential U are expressed
as [50]

~ 2p—lq2p—l

47
_(n=DpPgh "
B T1rrr
_ n-2p+ a?
T @2p-D(1+a?)’

U

bl

(®)

The fact that the electric potential U should have a fi-
nite value at infinity and the term including m in the solu-
tion f(r) in spatial infinity should vanish lead to restric-
tions on p and « [61]:

1 n+a?

= 9

S <P<— )
a®<n-2. (10)

III. THERMODYNAMIC QUANTITIES OF THE
TWO HORIZONS OF EPMD BLACK HOLES
IN DS SPACE-TIME

dS black holes have two horizons, the black hole
event horizon (BEH) and the cosmological event horizon
(CEH). The BEH is located at r = r, and the CEH is loc-
ated at r=r.. Their positions can be determined by
f(ry)=0 and f(r.) =0 respectively. The thermodynamic
quantities of the BEH and CEH each satisfy the first law
of thermodynamics [3, 8, 13]. In this section, we intro-
duce the thermodynamic quantities corresponding to the
BEH and CEH respectively. Replacing r in Eq. (8) with
ry or r., one can get the electric potentials of the BEH or
CEH.

The surface gravities of the BEH and CEH are re-
spectively given by:

1 df(r) (1+a?) (k(n=2)b"%
Ky =2 —— = T4
2 dr = 2 (1-a?)
DADY |, 2Pp(2p— )b g?P
AP ioy ZpCpo Db 4 ] (1)
n—1 =
IIr

+

043111-3



Hui-Hua Zhao, Li-Chun Zhang, Ying Gao et al.

Chin. Phys. C 45, 043111 (2021)

1 df(r) (1+a?) (k(n-2)b% P
Ke=—2 = c
2 dr = 2 (1-a?)
QMDY (L, 2pQp- Db q2p]
- Te 2p(n-2)(—p)+1 >
n—1 HrLi. B

(12)

from which the radiation temperatures of the two hori-
zons can be obtained from 7T, . =k, /47
When f(r,,.) =0, we have:

o?+n-2 _a?2pen_ pn a?on
m(ry) = — rJr"z*1 +Bq2pr Crmnten +CAr

,,,,,,,,,,,

m(re) = ~Ar =" + BgPPr, 0 4 CAF (13)

m(ry) = m(r.) = m, and taking x = r,/r. as the ratio of the
positions of BEH and CEH, which satisfies 0 <x< 1
then:

202-1) 2p(1+a® -n)-2a2

rm (1= x5 ) r@"'“” (1- xm(z,))

cA=AL ~Bg* < , (14)
(1-x~57) (1-x~57)
2 nz -n o?4n-2
+72 X oZrl — X o2l
m=Ar,""" —————
(1-275)
N _ a2 e
_7"“’& X erhee) — xT oZnr
+ quprc @p-D@?+1) (1 _"2;") . (15)
— X 24

The thermodynamic volumes corresponding to the
two horizons are respectively given by:

@+ Dp "V, e

Vi = n—a? e
(@2 + D"V, | =2
- o R (16)

where w,_; represents the volume of constant curvature
hypersurface described by ko 1

The entropies of BEH and CEH in dS space are ex-
pressed respectively as:

b(n—l)yr_(:l— D(1-y)

S+ = f&
p=Dy (n=1)(1-y)
Se= Tt —. (17)

IV. EFFECTIVE THERMODYNAMICS AND
MODIFIED ENTROPY OF EPMD BLACK
HOLES IN DS SPACE-TIME

In general, the radiation temperatures of the BEH and
CEH are different. So, If one investigates the black hole
in dS space-time including BEH and CEH as a whole
thermodynamic system, it is usually thermodynamically
unstable or in non-equilibrium. We find that the radiation
temperatures are equal if the charge of the system satis-
fies some condition. Under that condition, considering the
correlation of the two horizons, we derive the effective
thermodynamic quantities and the modified entropies of
EPMD black holes in dS space-time.

When the radiation temperatures of BEH and CEH
are equivalent, x; = «., then Eq. (11) and Eq. (12) with
Eq. (14) give the condition for the charge for the same ra-
diation temperature of BEH and CEH,

2
P(3—n—a2)—
2An-dypy+2y )2

2P pg*P(2p— )b o n r@"‘“” _KA(x) (n-2) a8
1y ~ Bi(v) (@2-1)’
where
(CY2_") a2 1a?
A = 1— a2+l 1+ a2+l
=gy (1 T+
+(1+x%i)(1—x*33*13’),
(@*-m)(2p-1) ==
B — (1 +x 1- @p-1)a2+1)
0= R (1+x70)( )
(ST =, (19)

Substituting Eq. (14) and Eq. (18) into Eq. (12), the tem-
perature T for the same radiation temperature of BEH and
CEH can be obtained as

) s, sy (-
T=T,=T, =_(1+CU )krcﬂzﬁb_zy (n 2) 1 (O,’ n) (l X Z )
4m - || @n-2 q-x)
_ AI(X) (a' —n)(2p 1) (l X (2, |> m) (20)
Bl(-x) (a2+l/l 2]9) (1-x" 21)

Substituting Eq. (18) into Eq. (15) and Eq. (7) gives
the energy (mass) of EPMD black holes in dS space-time
as

_ 2plnta® mz

@p-1)@?+1) B(x) (21)

b(n—l)y(n _ 1) P
= A+
16n(@2+1) ¢ [ () +q"
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where

_ P a?4n-2
X o2+l — X o241
AxX)=A———7F+—,

(1—x7)

2

2
__a?-2pn
X @D+ — X o2+

B(x)=B
(I=x7mr)

(22)

Taking the EPMD dS space-time as a thermodynam-
ic system, in Refs. [1, 3, 12, 16, 50, 67], the thermody-
namic volume of the EPMD dS space-time is given by

V=V.-V,. (23)
Considering the correlation of BEH and CEH, we as-

sume that the entropy of the EPMD dS space-time is ex-
pressed as

b(n—l)yrgn—])(]—y)

S=S.+S8S:+Sap= [1+ x=D0=7)

where f4p(x) is an arbitrary function of x.

Using the effective thermodynamic quantities, the
state parameters of the thermodynamic system satisfy the
formula of the first law of thermodynamics, i.e.,

dM = ToqdS — PegdV + @erdQ, (25)
where the effective temperature Te.g, the effective pres-

sure P and the effective potential ®.¢ of the EPMD dS
black hole system are respectively defined as:

oM
Teﬁ‘ :(_)
as ov

k(n—2)(n—1)b=% 21 T3(x)

4 - 2., e > (26)
pn=Dy n=b1-» dn@® - 1)@ +n-2)x(1—x"m)  Tax)
+ fap(x)] = Z F(x), (24)
with
|
Ts(x) =~ [(a2 + =) FT X E) 4 (@7 ) (1 - x ]
4 pry B 2pQp— D@ +n -2~ Db e
¢ (a? +n-2p)(n—2)k
> _ nlzpjn 0202 .
—2p+ D@ — X a2el .  pen
_ (O,’ P }’l)(x @p=1) X + (az _ n)x—ﬁ (1 X 7(2,,,,)(‘,@.,) , (27)
2p-1)

o2

To(x) = F,/ (x)(1 = x77) +x

2
n-1-2a*

a2+l (n - 1)(1 —Y)Fn(x)'
(28)

When T =T, =T,, which means the dS black hole
thermodynamic system including BEH and CEH are in

[
thermodynamic equilibrium, the effective temperature of
the space-time should be equal to the radiation temperat-
ures of the BEH and CEH. So, when the charge of the
space-time ¢* is expressed by Eq. (18),
Tet = Teg=T, = T.. Substituting Eq. (18) into Eq. (26)
gives

Lo xad o =) ([ @en) (-2 A | @-mep-Da-xmE || T 29
T T U-ad)||  @rnd(—x i B[ @+n-2p) (x5 |[ D@
where
i} k(n—2)@+1)°b™2
Ty = DD P p ), (30)
(@ =1Dx(1—x"=)
~ 2in-2 2207 _ o en2 Aq(x) (a’z +n-2)2p-1)
T = — 2 —2 a2+l — a2+l —_ 2— a2+l 1— 241 —+
3(0) =—(a" +n-2)(x x o) =(a”=mx T (l-x )Bl(x) @+n-2p)
2—2 _% — 21572::2 «?-n a2 -2p+n
_@m = 2pml BT ] 2y — L 31)
2p-1
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Comparing Eq. (29) with Eq. (20), one can get

o

(n—DOET +X7)  (n—1)(1— )22 (1 4 1 -m37)

(1+a?)x(1 —x) (1 — xr=ree+D))

Tr(x) = (32)

[
From Eq. (32) and Eq. (28), a differential equation for between the two horizons is zero when x=0, and the
F,(x) can be obtained. Taking the initial condition as solutions of the differential equation are
F,(0)=1, ie. f4p(0)=0, indicates that the interaction

Fo = 2=y ey na-p/o-m—y)
2(n—yn)—1

(n=yn=p)+ "4 200 —yn) = 1](1 = 2x" 7777 = x*27 1)
- [2(n—yn) = 1][1 — x=m-7)]
= fap(x) + 1+ x=DA=7), (33)
Substituting Eq. (33) into Eq. (26), the effective temperature of the EPMD dS space-time can be expressed as

14+ D=

k(n—2)b~2'T3(x)

T = '
S 4 (@2 = 1)(@2 1= 2)(1 —y)xn-1mmrey(] 4 gt 1-my=3y)

(34

n-1yy (n=1)1-y)
V. ENTROPIC FORCE BETWEEN THE TWO HO- g T, (36)

RIZONS IN EPMD DS SPACE-TIME 4

The definition of the entropic force in the thermody-  According to Eq. (35), the corresponding entropic force
namic system is [24-37] between the two horizons can be given as

oS

F=-T— 35 aS
o (33) F=- eﬁ»( (;‘B) : 37)
"o,
where T is the system temperature and 7 is the system ra- _ _
dius. From Eq. (24), the entropy created by the interac- where Teg is the effective temperature of the system and
tion between the BEH and CEH is r=re—ry =r.(1—x). Then
d T3(x) T3(x)fa’ (x)
oo k(n_Z)b(n_3)yr£n—3)(l—7)T3(x) (n—-1 —V)fAB(x)a |:xn—1—n'y+y(l +xn+l—n'y—3y):| + X lmmyy (1 4 e l-ny=37) (38)
X) =
16m(a? - 1)(a? +n—2)(1-7) o A d T3(x)
==y (1 4 -3y (1 — x)a T (] 4 ) -T3(x)
In order to describe the behaviors of the entropic Figures 1-4 show the change of entropic force with x

force created by the interaction between the BEH and as each spacetime parameter takes different values. If the
CEH and the effect of the parameters of the MPMD dS effect of entropic force is same as that of normal forces,

space-time on the entropic force, the solutions for the en- from the four F(x)— x figures, it is clear that the entropic
tropic force F(x) with different parameters, n, a, p and « are force tends to infinity with x — 1, which means that when
depicted in the following figures, where we have taken the BEH is close to the CEH in the dS space-time, the
s two horizons will separate from each other due to the en-

GPr, T T T = tropic force with a corresponding large acceleration

provided the other forces are absent. This agrees with the
present viewpoint on early cosmic inflation. When the
=1 and k=1 value of x reduces from 1, the entropic force between the
l6m(a? - D)(@® +n-2)(1-7) two horizons decreases until it reaches a minimum, and at

k(n — 2)bn=3yy =31
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-0.5} - N~

~1.0} ~’

Fig. 1. (color online) F(x)-x curve with different values of
n for =03, p=1.3 and «=0.001.

F(x)
0.3r

0.21
0.1}

0.0
-0.17
-0.2}

-0.3!
Fig. 2. (color online) F(x)-x curve with different values of
a forn=3, p=1.3 and x=0.001.
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0.0 = : : : ' x
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Fig. 3. (color online) F(x)-x curve with different values of
pforn=5,a=05 and «=0.001.

F(x)
0.4
0.3¢
0.2}
0.1F

-0.1¢
-0.2¢

Fig. 4.
the parameter « for n=3, @=0.3 and p=1.3.

(color online) F(x)—x curve with different values of

x=x; in the interval, the entropic force is zero, which

can be interpreted as the interaction between the two hori-

zons being absent at x = x;. However, the two horizons
may remain separate. When the value of x reduces gradu-
ally, the value of the entropic force temporarily remains
negative, which means that the separation of the two hori-
zons is decelerated and can be interpreted as decelerated
cosmic expansion. If the expansion speed decelerates to
zero before x reaches a minimum at x = x,, the two hori-
zons will be in a relative oscillatory motion with the equi-
librium position x =x; under the circumstance that no
other forces exist. In the four F(x)—x figures, when x re-
duces from x = x;, the value of the entropic force tends to
zero in the negative territory before it turns positive (in-
dicating repulsive force) at x = x3, except for the blue
dot-dashed curve in Fig. 4. In the region of smaller x, the
behaviors of the entropic force are complicated. Most of
curves in the four F(x)— x figures go through their singu-
larities and from positive to negative with decreasing x.
However, the singularity disappears on the black solid
curves in Fig. 2, which corresponds to the situations of
smaller n with n =3, smaller @ with a =0, smaller p with
p = 1.3, and smaller « with « = 0.001. Besides that, when
k is bigger the behavior of the entropic force is different,
which can be seen from the blue dot-dashed curve in Fig. 4.
These F(x)—x curves indicate that the behavior of en-
tropic force is affected by the parameters n, a, p and «.
That is, it is influenced by the dimension of the space-
time, the nonlinearity of the electromagnetic field, the
strength of coupling of the dilaton scalar and electromag-
netic field, the position of the cosmological horizon, and
the electric charge of the black hole. In all these cases of
the four figures, the behaviors of the entropic force near
X = x1, or in the region of 1 > x > x3, are similar to that of
the Lennard-Jones force between two particles [74-76].
They are similar but obtained in completely different
ways. This indicates that the entropic force between the
two horizons has a certain internal relationship with the
Lennard-Jones force between two particles. More invest-
igations and evidence are needed to consider the fate of
the accelerated expanding universe, whether the entropic
force between the BEH and CEH is one of the participant
forces which drive the evolution of the universe, and
whether the entropic force has the same effect as the
Lennard-Jones force.

VI. DISCUSSION AND CONCLUSIONS

The entropy of charged dilaton black holes with an
Einstein power-Maxwell field in dS space-time has been
derived and discussed, considering the correlation
between the BEH and CEH, especially the correction
term caused by the interaction between the BEH and
CEH. The entropic force F(x) between the BEH and CEH
has been deduced according to the definition of the en-
tropic force in a thermodynamic system. We have dis-
cussed the changes in entropic force F(x) with x, the pos-
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ition ratio of BEH and CEH, in EPMD dS space-time
when the parameters n, «, p, and « take certain values. It
is found that the behavior of the entropic force F(x) at a
larger interval of x is similar to that of the Lennard-Jones
force between two particles. At smaller intervals of x the
behavior of the entropic force F(x) is complicated, and is
related to the parameters of the space-time.

Comparing the F(x)—x curves in a large interval of x
with the curve of the Lennard-Jones force versus the dis-
tance of two particles given in Refs. [74-76], we find that
the two curves are very similar although they are ob-
tained in different ways. The entropic force between the
two horizons is completely derived from general relativ-
ity, but the Lennard-Jones force between two particles is
concluded from simulations based on experiments. This
indicates that there may be a relationship between the en-
tropic force and the Lennard-Jones force.

According to modern cosmology, the fate of our uni-
verse is dominated by matter and energy. If there is
enough matter and energy, the gravitational effect will
stop the cosmic expansion at a certain time, and then our
universe will start to contract. Otherwise, if the density of
cosmic matter and energy is too low, the universe will ex-
pand forever. Different kinds of cosmic matter and en-

ergy play different roles in the cosmic expansion. In this
work, we find that the entropic force probably plays a
certain role in the cosmic expansion and contraction, as
well as cosmic matter and energy. In EPMD dS space-
time, the influence of different parameters on the entrop-
ic force between the BEH and CEH is shown in the
F(x)—x curves. This indicates that different parameters in
the EPMD dS space-time play different roles in the cos-
mic expansion.

The space-time and the thermodynamic effects are re-
lated to general relativity and quantum mechanics re-
spectively, and all physical quantities satisfy the first law
of thermodynamics. If the effect of entropic force is
proved similar to that of normal forces, it indicates that
there is a relationship among general relativity, quantum
mechanics and thermodynamics. It will provide a new
way to study the interaction between particles in black
holes, the microstates of particles in black holes, the
Lennard-Jones potential between particles, and the micro-
states of particles in ordinary thermodynamic systems.
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