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Abstract 
The black hole is a region in space in which nothing can escape its pull. The two important parts of 
the anatomy of a stable black hole are the event horizon and gravitational singularity. The main 
discussion is regarding the temperature of a black hole. Absolute zero is a state which enthalpy 
and entropy is zero. The temperature of a black hole approaches the gravitational singularity in 
which space-time possibly ceases and entropy is zero producing absolute zero or possible sub- 
absolute zero. 
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1. Introduction 
Absolute zero is the lower limit of the thermodynamic temperature scale, a state of which the enthalpy and en-
tropy of cooled ideal gas reaches minimum value, taken as 0. The theoretical temperature is determined by 
extrapolating the ideal gas law; by international agreement, absolute zero is taken as −273.15 on the Celsius 
scale (International system of units) [1] [2]. The corresponding Kelvin temperature scale sets its zero point at 
absolute zero by definition. 

The laws of thermodynamics dictate that absolute zero cannot be reached using any thermodynamic means. 
As the temperature of the substance being cooled approaches the temperature of the cooling agent, the variable 
approaches infinity. 

Absolute zero and even sub-absolute zero gas occurs in our natural universe. Absolute zero exists in black 
holes. 

A black hole is a region of space in which the gravitational field is so powerful that nothing, including elec-
tromagnetic radiation such as visible light, can escape its pull—a kind of bottomless pit in space-time. At its 
center, there lies an infinitely small, infinitely dense singularity, a place where the normal laws of physics break 
down [3]. The theory of general relativity predicted that a sufficiently compact mass can deform space-time to 
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form a black hole [4] [5]. The boundary at the region from which no escape is possible is called the event hori-
zon. Although crossing the event horizon has enormous effect on the fate of the object crossing it, it appears to 
have no locally detectable features. In many ways, a black hole acts like an ideal black body, as it reflects no 
light [6] [7]. Moreover, quantum field theory in curved space time predicts that event horizons emit Hawking 
radiation with the same spectrum as a black body of a temperature inversely proportional to its mass. 

At the center of a black hole, as described by general relatively, there lies a gravitational singularity. Gravita-
tional singularity is a region where space-time curvature becomes infinite [8]. For a non-rotating black hole, this 
region takes the shape of a single point and for a rotating black hole, it is a smear that lies in the plane of rotation 
[9]. In both cases, the singular region has zero volume. It can also be shown that the singular region contains all 
the mass of the black hole solution [10]. The singular region can thus be thought of having infinite density. The 
point at which there is gravitational singularity is where entropy ceases. 

The discussion is dealing in black holes with stable systems. Stable systems are inherently self-corrections. If 
something disturbs them from their equilibrium state, they naturally correct themselves and return to the one 
equilibrium. Unstable black holes are not self-correcting under perturbations. They are the opposite. Once dis-
turbed, their natural dynamics magnifies the disturbances [11]. 

A black hole behaves as though its horizon has a temperature and that temperature is inversely proportional to 
the hole’s mass; T ≈ (6 × 10−8) M. 

Thus as the energy (mass) increases, the temperature decreases. Here misexpressed in units of solar masses (2 
× 1033 grams). The temperature is in degrees Kelvin, that is, degrees Celsius above absolute zero. 

The formula for the temperature of a black hole is: 
3
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where h is the Dirac constant, c is the speed of light, k8 is the Boltzmann constant, G is the gravitational constant, 
M is the mass of the black hole and Mʘ is the mass of the sun. 

This has important consequences; the bigger the black hole the colder it is, and thus the slower it loses mass. 
If this is the case, the temperature approaches absolute zero as a mass from the event horizon gets closer to the 

gravitational singularity. The possibility of sub-absolute zero occurs inside the black hole at the site of zero en-
tropy, the gravitational singularity. 

Ultracold quantum gas made up of potassium atoms recently produced sub-absolute zero. The sub-absolute 
zero gas mimics “dark energy”; the mysterious force pushes the universe to expand in an ever faster rate against 
the inward pull of gravity [12]. 

Absolute zero occurs past the event horizon and toward the gravitational singularity of the black hole. 
There have been multiple theories in relation toward the understanding of temperature and black holes. The 

only way to satisfy the second law of thermodynamics is to admit that black holes have entropy. Further formu-
lae have been used in the thermodynamic relationship between energy, temperature, and entropy. The Bekens-
tein-Hawking have attempted to explain such relationship. Further conjuncture using string theory and loop 
quantum gravity further offer explanations of entropy and proportionality of the area of the horizon. 

Just as there are many astrophysicists, theoretical physicists, experimental physicists, etc., there are many ex-
planations about the possibilities of properties of a black hole. Temperature of a black hole is included in one 
discussion of the properties. 

2. Discussion 
When discussing about temperature of a black hole, a clarification of the definition of temperature itself is very 
important. 

Temperature is a measurement of the amount of random kinetic energy in a macroscopic system. This defini-
tion is generally incorrect. A more acceptable definition is, for two macroscopic systems that can exchange 
energy, and energy will be transferred from the higher temperature object to the lower temperature object. 

In order to determine the temperature of a system, determination which way energy will be transferred to or 
from another system is required. The two systems will divide up the total energy as to maximize their combined 
entropy so when the two systems are allowed to exchange energy, there is some transfer of energy that will re-
sult in the total entropy being maximized. 
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Mathematically, the important quantity is the rate of exchange in entropy with respect to energy for both sys-
tems. Temperature is the inverse of that quantity. 

In solids, liquids, and gases, temperature does provide a measure of the energy in the system. But for a system 
of magnets in a magnetic field, when energy increases, the temperature increases to infinity and then heads back 
to zero. 

The basis of current thought is black holes have zero entropy. That would oppose the second law of thermo-
dynamics that entropy cannot spontaneously decrease. I believe that any mass inside a black hole, entropy de-
crease from the event horizon as it approaches the gravitational singularity. That is why radiation may be emit-
ted at or near the event horizon (Hawking radiation) [13]. But when mass enters the gravitational singularity 
(center of black hole), entropy is zero as space-time is at a standstill in a stable black hole. 

Therefore, as entropy is zero, the temperature becomes absolute zero (or possibly sub-absolute zero). 
There is a possibility that while matter at the gravitational singularity (center of black hole) emits no radiation, 

thereby no energy; the singularity produces absolute zero (or possibly sub-absolute zero). Sub-absolute zero gas 
mimics “dark energy”, the mysterious force that pushes the universe to expand at an every faster rate against the 
inward pull of gravity. There is a possibility that the dark energy of the universe is nothing but the product of the 
gravitational singularity producing sub-absolute zero emission of dark energy. 

3. Summary 
As a matter gets closer to the gravitational singularity, there will be a point in the black hole in which atoms stop 
moving because of cessation of space-time. The point is absolute or possibly sub-absolute zero. Therefore, ab-
solutely zero (and possibly sub-absolute zero) does occur in nature. 

The point at which atoms are not moving near or at the gravitational singularity. This means that at the very 
least, absolute zero exists in nature. 
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