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A recent theory about the origin of the gravity suggests that the gravity is originally an entropic force. In this work, we discuss the
e�ects of generalized uncertainty principle (GUP) which is proposed by some approaches to quantum gravity such as string theory,
black hole physics, and doubly special relativity theories (DSR), on the area law of the entropy.�is leads to a√area-type correction
to the area law of entropy which implies that the number of bits N is modi
ed. �erefore, we obtain a modi
ed Newton’s law
of gravitation. Surprisingly, this modi
cation agrees with di�erent sign with the prediction of Randall-Sundrum II model which
contains one uncompacti
ed extra dimension. Furthermore, such modi
cation may have observable consequences at length scales
much larger than the Planck scale.

1. Introduction

�e earliest idea about the connection between gravitation
and the existence of a fundamental length was proposed in
[1]. In the last two decades, the existence of a minimal length
is one of the most interesting predictions of some approaches
related to quantum gravity such as string theory, black hole
physics, and noncommutative geometry [2–9]. �e existence
of a minimal length is considered as a consequence of the
string theory because strings obviously cannot interact at
distances smaller than the string size. Furthermore, the black
hole physics suggests that the uncertainty relation should be
modi
ed near the Planck energy scale due to the fact that the
photons emitted from the black hole su�er from two major
errors: the 
rst one is the error by Heisenberg’s classical anal-
ysis and the second one is because the black hole mass varies
during the emission process and the radius of the horizon
changes accordingly [2–8]. An interesting measure gedanken
experiment was proposed in [10] involving microblack holes
at the Planck scale of spacetime which leads to the GUP.�is
independent model depends on Heisenberg’s principle and
Schwarzschild radius. Recently, it was found that polymer

quantization suggests the existence of minimal length in a
similarway to string theory and black hole physics [11].�ere-
fore, all these di�erent approaches suggest that the standard
uncertainty relation in quantum mechanics is modi
ed to
yieldgeneralized uncertainty principle (GUP) [2–8, 11]. In
light of this, such modi
cations can play an essential role as
the quantum gravitational corrections which would open an
interestingwindow for quantumgravity phenomenology [12–
26].

In a one-dimensional chain as the Ising model, when
assuming that every single spin is positioned at a distance� apart from the two neighborhoods, the macroscopic state
of such a chain is de
ned by �. �e entire chain would have
various con
gurations so that if � → �, the chain has much
less con
gurations than if � ≪ �, where � is the chain’s
length. Statistically, the entropy is given by the number of
microscopic states � = �� lnΩ. Due to the second law of
thermodynamics, such a system tends to approach a state of
maximal entropy so that the chain in the macroscopic state� tends to go to a � state with a much higher entropy. �e
force that causes such a statistical tendency is de
ned as
the entropic force. In light of this, the entropic force is a
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phenomenologicalmechanism deriving a system to approach
maximum entropy, that is, increasing the number of micro-
scopic states that will be inhered in the system’s phase space.
�ere are various examples on the entropic force, for example,
polymer molecules and the elasticity of rubber bands.

Recently, Verlinde proposed that the gravity is not a fun-
damental force and can be considered as an entropic force
[27]. �e earliest idea about gravity that is regarded as a non-
fundamental interaction has been introduced by Sakharov
[28–31], where the spacetime background is assumed to
emerge as a mean 
eld approximation of underlying micro-
scopic degrees of freedom. Similar behavior is observed in
hydrodynamics [32]. It is found that the entropy of black hole
is related to the horizon’s area at the black hole’s horizon,
while the temperature is related to the surface gravity. Both
entropy and temperature are assumed to be related to the
mass of the black hole [33–36].�us, the connection between
thermodynamics and geometry leads to Einstein’s equa-
tions of gravitational 
eld from relations connecting heat,
entropy, and temperature [37]. Einstein’s equations connect
energy-momentum tensor with space geometry. Advocat-
ing the gravity as nonfundamental interaction leads to the
assumption that gravity would be explained as an entropic
force caused by changes in the information associated with
the positions of material bodies [27]. When combining the
entropic force with the Unruh temperature, the second law
of Newton is obtained. But when combining it with the holo-
graphic principle and using the equipartition law of energy,
Newton’s law of gravitation is obtained. It was investigated in
[38] modi
cation of the entropic force due to corrections to
the area law of entropywhich is derived fromquantum e�ects
and extra dimensions.

Apart from the controversial debate on the origin of grav-
ity [39, 40], we investigate the impact of GUP on the entropic
force and derive essential quantities including potential
modi
cation to Newton’s law of gravity.

�ere were some studies for the e�ect of some versions of
GUPonNewton’s law of gravity in [41–44]. Also, noncommu-
tative geometry which is considered as a completely planck
scale e�ect has been studied to derive the modi
ed Newton’s
law of gravity [45–48]. All these approaches for studying the
Planck scale e�ects on the Newton’s law of gravity are based
on the following scheme:modi
ed theory of gravity → mod-
i
ed black hole entropy → modi
ed holographic surface
entropy → Newton’s law corrections. We followed the same
scheme in our paper using the new version of GUP proposed
in [49–51], and we a got new corrections in our current
work, which are distinct from the previous studies.Moreover,
we compared our results with Randall-Sundrum model of
extra dimension which also predicts the modi
cation of
Newton’s law of gravity at the Planck scale [52, 53], where
we think there may be some connection between generalized
uncertainty principle and extra dimension theories because
they predict similar physics at least for the case of Newton’s
law of gravity which may be considered as a distinct result
from the previous studies.

�e present paper is organized as follows. Section 2
reviews brie�y the generalized uncertainty principle that was
proposed in [49–51]. Section 3 is devoted to review the

entropic force and gravitational interaction [27]. �e e�ect
of utilizing GUP impact on the entropic force is introduced
in Section 4. In Section 5, we estimate the GUP correction
to Newton’s law of gravitation. �e conclusions are given in
Section 6.

2. The Generalized Uncertainty Principle

It is conjectured that the standard commutation relations at
short distances would be modi
ed. A new form of GUP was
proposed [49–51] and found consistent with the doubly spe-
cial relativity (DSR) theories, the string theory, and the black
hole physics. It predicts a maximum observable momentum
and a minimal measurable length. With satisfying Jacobi
identity, GUP is found to ensure the relations [
�, 
�] = 0 =[��, ��]:
[
�, ��] = �ℎ [��� − �(���� + ����� ) + �2 (�2��� + 3����)] ,

(1)

where � = �0/��� = �0ℓ�/ℎ and ���2 stand for Planck
energy.�� and ℓ� are Planck mass and length, respectively.�0 sets on the upper and lower bounds to �.

For a particle having an energy scale comparable to
Planck’s one, the physical momentum would be a subject of
modi
cation [49–51]

�� = �0� (1 − ��0 + 2�2�20) , (2)

where 
� = 
0� and �0� satisfy the canonical commutation
relations [
0�, �0�] = �ℎ���. Here, �0� can be interpreted as
the momentum at low energies and �� as that at high energies
and the variable �0 is the value of the momentum at the low
energy scales.

�is newly proposedGUP suggests that the space is quan-
tized into fundamental units whichmay be the Planck length.
�e quantization of space has been shown within the context
of loop quantum gravity in [54].

In a series of earlier papers, the e�ects of GUP were
investigated on atomic, condensed matter, preheating phase
of the universe systems, black holes at LHC [55–58], the
weak equivalence principle (WEP), and the Liouville theorem
(LT) in statistical mechanics [59]. It was found that the
GUP can potentially explain the small observed violations
of the WEP in neutron interferometry experiments [60–62]
and also predicts a modi
ed invariant phase space which is
relevant to the Liouville theorem. It was derived in [55] the

rst bound for �0 is about ∼1017, which would approximately

gives � ∼ 10−2 GeV−1. �e other bound of �0 is ∼1010. �is

bound means that � ∼ 10−9 GeV−1. As discussed in [63],
the exact bound on � can be obtained by comparison with
observations and experiments. It seems that the gamma rays
burst would allow us to set an upper value for the GUP-
charactering parameter � which we would like to report on
in the future.

Recently, it has been suggested in [64] that the GUP
implications can bemeasured directly in quantum optics lab-
oratories which de
nitely con
rm the theoretical predictions
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given in [19, 55]. De
nitely, this is considered as a milestone
in the road of quantum gravity phenomenology.

In Section 3, we brie�y review the assumptions that the
gravitational force would originate from an entropic nature.

3. Gravity as an Entropic Force

Recently, Verlinde [27] has utilized Sakharov’s proposal [28–
31] that the gravity would not be considered a fundamental
force. Concretely, it was suggested that the gravitational
force might originate from an entropic nature. As discussed
in the introduction, this assumption is based on the rela-
tion between the gravitation and thermodynamics [33–36].
According to thermodynamics and holographic principle,
Verlinde’s approach results in Newton’s law. Moreover, the
Friedmann equations can also be derived [65]. At tempera-
ture �, the entropic force � of a gravitational system is given
as

�Δ
 = �Δ�, (3)

where Δ� is the change in the entropy so that at a displace-
ment Δ
 each particle carries its own portion of entropy
change. From the correspondence between the entropy
changeΔ� and the information about the boundary of the sys-
tem and using Bekenstein’s argument [33–36], it is assumed
that Δ� = 2���, where Δ
 = ℎ/ and �� is the Boltzmann
constant:

Δ� = 2��� �ℎ Δ
, (4)

where  is the mass of the elementary component, � is the
speed of light, and ℎ is the Planck constant, respectively.

Turning to the holographic principle which assumes that,
for any closed surface without worrying about its geometry
inside, all physics can be represented by the degrees of
freedom on this surface itself. �is implies that the quantum
gravity can be described by a topological quantum 
eld
theory, for which all physical degrees of freedom can be
projected onto the boundary [66].�e information about the
holographic system is given by ! bits forming an ideal gas.
It is conjectured that ! is proportional to the entropy of the
holographic screen:

! = 4��� ; (5)

then, according to Bekenstein’s entropy-area relation [33–36]

� = ���34"ℎ#. (6)

�erefore, one gets

! = #�3"ℎ = 4�$2�3"ℎ , (7)

where $ is the radius of the gravitational systemand the area of

the holographic screen # = 4�$2 is implemented in deriving
this equation. It is assumed that each bit emerges outwards

from the holographic screen, that is, one dimension. �ere-
fore each bit carries an energy equal to ���/2, so by using the
equipartition rule to calculate the energy of the system, one
gets

% = 12!��� = 2��3$2"ℎ ��� = ��2. (8)

By substituting (3) and (4) into (8), we get

� = "� $2 , (9)

making it clear thatNewton’s law of gravitation can be derived
from 
rst principles.

In Section 4, we study the e�ect of GUP approach on the
entropic force and hence on the Newton’s law of gravitation.

4. GUP Impact on the
Black Hole Thermodynamics

Taking into consideration the GUP approach [49–51], and
because black holes are considered as good laboratories for
the clear connection between thermodynamics and gravity,
the black hole thermodynamics will be analyzed in this
section. Furthermore, how the entropy would be a�ected will
be investigated as well. In Hawking’s radiation, the emitted
particles are mostly photons and standard model (SM)
particles. From kinetic theory of gases, let us assume that
gatherings or clouds of points in the velocity space are equally
spread in all directions. �ere is no reason that particles
would prefer to be moving in a certain direction. �en, the
three moments are simply equal

�1 ≈ �2 ≈ �3, (10)

leading to

�2 = 3∑
�=1
���� ≈ 3�2� ,

⟨�2� ⟩ ≈ 13 ⟨�2⟩ .
(11)

In order to 
nd a relation between ⟨�2⟩ and Δ�2, we assume
that the black hole behaves like a black body, while it emits
photons. �erefore, from Wien’s law, the temperature corre-
sponding to the peak emission is given by

� ⟨�⟩ = 2.82��. (12)

We should keep in mind that the numerical factor, 2.82,
should be modi
ed by the grey-body factors which arise due
to the spacetime curvature around the black hole, but for
simplicity we are just ignoring this modi
cation.

FromHawking’s uncertainty proposed by Scardigli in [14]
and Adler et al. [67], Hawking’s temperature reads

�� = 1��Δ� = 12.82� ⟨�⟩ . (13)
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With the relation ⟨�2⟩ = Δ�2 + ⟨�⟩2, we get
⟨�⟩ = 2.82 1�Δ� = √7Δ�,⟨�2⟩ = (1 + 7) Δ�2, (14)

where 7 = (2.82/�)2. Again, the parameter 7 is modi
ed
if we consider the grey-body factors which arise due to the
spacetime curvature around the black hole.

In order to have a corresponding inequality for (1), we can
utilize the arguments given in [68, 69]. �en

Δ
Δ� ≥ ℎ2 [1 − � ⟨�⟩ − �⟨�2�� ⟩ + �2 ⟨�2⟩ + 3�2 ⟨�2� ⟩] .
(15)

It is apparent that implementing the arguments given in (11)
and (14) in the inequality given in (15) leads to

Δ
Δ� ≥ ℎ2 [1 − �0ℓ� (43)√7Δ�ℎ + 2 (1 + 7) �20ℓ2�Δ�2ℎ2 ] .
(16)

�e resulting inequality, (16), is the only one that follows from
(1). Solving it as a quadratic equation in Δ� results in

Δ�ℎ ≥ 2Δ
 + �0ℓ� ((4/3)√7)4 (1 + 7) �20ℓ2�
×(1 − √1 − 8 (1 + 7) �20ℓ2�(2Δ
 + �0ℓ� (4/3)√7)2).

(17)

�e negatively signed solution is considered as the one that
refers to the standard uncertainty relation as ℓ�/Δ
 → 0.
Using the Taylor expansion, we obviously 
nd that

Δ� ≥ 1Δ
 (1 − 23�0ℓ�√7 1Δ
) . (18)

Because the energy change reads Δ% ≈ �Δ� and accord-
ing to Scardigli in [14] and Adler et al. [67], one can de
ne the
uncertainty in the energyΔ% as the energy carried away from
the black hole through the emitted photon. In the following,
we implement the procedure introduced in [70, 71].Weutilize
the GUP approach [49–51] together with the assumptions
given in (11) and (14).�en, using natural units that ℎ = � = 1

Δ% ≥ 1Δ
 (1 − 23�0ℓ�√7 1Δ
) . (19)

For a black hole absorbing a quantumparticlewith energy% and sizeI, the area of the black hole is supposed to increase
by the amount [33]:

Δ# ≥ 8� ℓ2�%I. (20)

�e quantum particle itself implies the existence of 
nite
bound given by

Δ#min ≥ 8�ℓ2�%Δ
. (21)

Using (19) in the inequality (21), we obtain

Δ#min ≥ 8�ℓ2� [1 − 23�0ℓ�√7 1Δ
] . (22)

According to the argument given in [70, 71], the length scale
is chosen to be the inverse surface gravity

Δ
 = 2$�, (23)

where $� is the Schwarzschild radius. �is argument implies
that

(Δ
)2 ∼ #� . (24)

Substituting (24) into (22), we got

Δ#min = Lℓ2� [1 − 23�0ℓ�√7�# ] , (25)

where parameter L will be 
xed later. According to [33–
36], the black hole’s entropy is conjectured to depend on
the horizon’s area. From the information theory [72], it has
been found that the minimal increase of entropy should be
independent of the area. It is just one “bit” of information
which is N = ln(2),

���# = Δ�minΔ#min

= NLℓ2� [1 − (2/3) �0ℓ�√7�#] , (26)

where N is a parameter. By expanding the last expression in
orders of � and then integrating it, we get the entropy

� = NLℓ2� [# + 43�0ℓ�√7�#] . (27)

Using the Hawking-Bekenstein assumption, which relates
entropy with the area, the value of constants N/L = 1/4, so
that

� = #4ℓ2� + 23�0√�7 #4ℓ2� . (28)

Although it was found in [73] that the power-law cor-
rections to Bekenstein-Hawking area entropy are ruled out
based on arguments from the Boltzmann-Einstein formula,
it was found that the power-law corrections may explain the
observed cosmic acceleration today [74].

We conclude that the entropy is directly related to the
area and gets a correction when applying GUP approach.�e
temperature of the black hole is

� = R8� �#�� = R8� [1 − 23�0ℓ�√7�#] . (29)

So far, we conclude that not only the temperature is propor-
tional to the surface gravity but also it depends on the black
hole’s area.
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5. Modified Newton’s Law of
Gravitation due to GUP

In this section we study the implications of the corrections
calculated for the entropy in (28) and calculate how the
number of bits of (5) would be modi
ed which assume new
corrections to Newton’s law of gravitation. Using the cor-
rected entropy given in (28), we 
nd that the number of bits
should also be corrected as follows:

!� = 4��� = #ℓ2� + 43�0√7� #ℓ2� . (30)

By substituting (30) into (8) and using (3), we get

% = ��2 ( $2 " + �√7$3 " ) . (31)

It is apparent that (31) implies a modi
cation in Newton’s law
of gravitation

� = "� $2 (1 − �√73$ ) . (32)

�is equation states that the modi
cation in Newton’s law
of gravity seems to agree with the predictions of Randall-
Sundrum II model [52] which contains one uncompacti
ed
extra dimension and length scale Λ	. �e only di�erence is
the sign.�emodi
cation in Newton’s gravitational potential
on brane [53] is given as

V	
 = {{{{{{{
−" �$ (1 + 4Λ 	3�$ ) , $ ≪ Λ	,
−" �$ (1 + 2Λ 	3$2 ) , $ ≫ Λ	, (33)

where $ and Λ 	 are the radius and the characteristic length
scale, respectively. It is clear that the gravitational potential
is modi
ed at short distance. We notice that our result, (32),
agrees with di�erent sign with (33) when $ ≪ Λ	. �is result
would say that � ∼ Λ	 which would help set a new upper
bound on the value of the parameter �. �is means that the
proposed GUP approach [49, 51] is apparently able to predict
the same physics as Randall-Sundrum II model. �e latter
assumes the existence of one extra dimension compacti
ed
on a circle whose upper and lower halves are identi
ed. If
the extra dimensions are accessible only to gravity and not
to the standard model 
eld, the bound on their size can be

xed by an experimental test of Newton’s law of gravitation,
which has only been led down to ∼4 millimeter. �is was
the result, about ten years ago [75]. In recent gravitational
experiments, it is found that the Newtonian gravitational

force, the 1/$2-law, seems to be maintained up to ∼0.13–
0.16mm [76, 77]. However, it is unknown whether this law
is violated or not at sub-7m range. Further implications of
this modi
cations have been discussed in [78] which could
be the same for the GUP modi
cation which is calculated in
this paper.�is similarity between the GUP implications and
extra dimensions implications would assume new bounds on
the GUP parameter � with respect to the extra dimension
length scale Λ	.

6. Conclusions

In this paper, we tackle the consequences of the quantum
gravity on the entropic force approach which assumes a new
origin of the gravitational force. We found that the quantum
gravity corrections lead to a modi
cation in the area law of
the entropy which leads to a modi
cation in the number
of bits !. According to Verlinde’s theory of entropic force,
Newton’s law of gravitation would acquire new quantum
gravity corrections due to the modi
ed number of bits. �e
modi
cation in Newton’s Law of gravitation surprisingly
agrees with the corrections predicted by Randall-Sundrum II
model with di�erent sign. �is would open a new naturally
arising question in our proposed research if the GUP and
extra dimensions theories would predict the same physics.
We hope to report on this in the future.
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