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Abstract: The laws of thermodynamics play a central role in scientific inquiry, guiding physics as

to the validity of hypothesized claims. It is for this reason that quantities of thermodynamic

relevance must retain their character wherever they appear. Temperature, for example, must always

be intensive, a requirement set by the 0th law. Otherwise, the very definition of temperature is

compromised. Similarly, entropy must remain extensive, in order to conform to the second law.

These rules must be observed whenever a system is large enough to be characterized by

macroscopic quantities, such as volume or area. This explains why ensembles comprised of just a

few atoms cannot be considered thermodynamic systems. In this regard, black holes are

hypothesized to be large systems, characterized by the Schwarzschild radius (rs ¼ 2GM/c2) and its

associated “horizon” area (A¼ 4prs
2), where G, M, and c represent the universal constant of gravitation,

the mass of the black hole, and the speed of light in vacuum, respectively. It can be readily

demonstrated that Bekenstein–Hawking black hole entropy is nonextensive, while the Hawking and the

Unruh temperatures are nonintensive. As a result, the associated equations violate the laws

of thermodynamics and can hold no place in the physical sciences.VC 2020 Physics Essays Publication.

[http://dx.doi.org/10.4006/0836-1398-33.2.143]

R�esum�e: Les lois de la thermodynamique jouent un rôle central dans la recherche scientifique,

guidant la physique quant �a la validit�e de ses affirmations hypoth�etiques. C’est pour cette raison

que les quantit�es qui ont de l’importance en thermodynamique doivent conserver leur caractère

partout o�u elles apparaissent. La temp�erature, par exemple, doit toujours être intensive, une

exigence fix�ee par le principe z�ero de la thermodynamique. Sinon, la d�efinition même de la

temp�erature est compromise. De même, l’entropie doit rester extensive, afin de se conformer au

deuxième principe de la thermodynamique. Ces règles doivent être respect�ees chaque fois qu’un

système est suffisamment grand pour être caract�eris�e par des quantit�es macroscopiques, telles que

le volume ou la surface. Cela explique pourquoi les ensembles compos�es de quelques atomes ne

peuvent pas être consid�er�es comme des systèmes thermodynamiques. �A cet �egard, les trous noirs

sont suppos�es être de grands systèmes, caract�eris�es par le rayon de Schwarzschild (rs¼ 2GM/c2) et

sa zone associ�ee (A¼ 4prs
2), o�u G, M et c repr�esentent la constante de gravitation universelle, la

masse du trou noir et la vitesse de la lumière dans le vide, respectivement. Il peut être facilement

d�emontr�e que l’entropie des trous noirs de Bekenstein-Hawking n’est pas extensive, tandis que les

temp�eratures de Hawking et d’Unruh ne sont pas intensives. En cons�equence, les �equations

associ�ees violent les principe de la thermodynamique et ne peuvent tenir aucune place dans les sci-

ences physiques.

Key words: Black Hole Entropy; Black Hole Temperature; Hawking Radiation; Black Hole Thermodynamics; Unruh Effect.

I. INTRODUCTION

Physics is an experimental science, which, over the span

of nearly two centuries, has given birth and development to

the laws of thermodynamics. Consequently, the variables

required to describe any such system are also determined by

experiment. Basic to the application of this branch of physics

is the determination of relations between the coordinates of a

system in thermodynamic equilibrium. Thermodynamic

equations must be dimensionally balanced and, furthermore,

they must also be thermodynamically balanced. Thus, if the

thermodynamic character of one side of such an equation is

intensive or extensive, then the other side must also be intensive

or extensive, respectively. Any formulation involving thermody-

namic coordinates that violates this balance is inadmissible.

Canagaratna emphasized the need for thermodynamic balance

by noting: “if one side of an equation is extensive (or intensive),

then so must be the other side.”1 Landsberg further highlighted

that “Its importance is such that it would be appropriate to

regard it as a fourth ‘law’ of thermodynamics.”2

As will been shown herein, it is readily apparent that the

equations which describe black hole thermodynamics violate

the rules that entropy must be expressed as an extensive

property and temperature as an intensive property. Black

hole entropy is not extensive. Black hole and Unruh temper-

atures are not intensive. As a result, they are completely

detached from any link to thermodynamics. Perhaps, this
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explains why black hole proponents have strongly advocated

the existence of black-hole thermodynamics. A note of caution

is appropriate here, in that such theoretical pronouncements

will always remain unsupported by experimental confirmation.

II. BEKENSTEIN–HAWKING BLACK HOLE ENTROPY

There are forces in the General Theory of Relativity, but

gravity is not one of them, because it is spacetime curvature.

Nevertheless, astrophysics utilizes Newtonian gravitational

force for black holes by means of the Newtonian relation for

escape speedc)

vesc ¼
ffiffiffiffiffiffiffiffiffiffi
2GM

r

r
; (1)

where G, M, and r correspond to the universal constant of

gravitation, the black hole mass, and the radius, respectively.

Setting vesc¼ c and solving for the corresponding radius rs

gives

rs ¼
2GM

c2
; (2)

the so-called “Schwarzschild radius” of a black hole, i.e., the

radial distance from the black hole point-mass singularity to

the “event horizon.”

Bekenstein,3,4 subsequently adopted by Hawking,5,6 pro-

posed that the area of a black hole event horizon constitutes

the entropy of the black hole. It is common practice to present

this mathematical relation in terms of “relativistic units.” In

order to avoid any uncertainty, the Bekenstein–Hawking black

hole entropy equation in standard units is

S ¼ p c3kB

2hG
A; (3)

where S is entropy, c is the speed of light in vacuum, kB is

Boltzmann’s constant, h is Planck’s constant, G is the uni-

versal constant of gravitation, and A is the area of the event

horizon. In the case of an uncharged, nonrotating black hole,

A ¼ 4pr2
s , where rs is given in Eq. (2). Equation (3) then

becomes

S ¼ 8p2kBG

hc
M2: (4)

Although mass M is always extensive, M2 is not, because

extensive coordinates are additive.7,8 The mass M of a sys-

tem is the sum of the masses of its parts

M ¼
Xn

i¼1

mi ¼ m1 þ m2 þ m2 þ � � � þ mn:

Therefore,

M2 ¼ m1 þ m2 þ m3 þ � � � þ mnð Þ2 6¼ m2
1 þ m2

2 þ m2
3þ

� � � þ m2
n:

Thus, the squared mass of a system is not the sum of the

squares of the masses of its parts, so mass squared is not

extensive. Since entropy S is extensive, Eqs. (3) and (4) vio-

late the laws of thermodynamics and are, therefore,

inadmissible.9

Valid objections to Eq. (3) have also been advanced on

the grounds that the black hole entropy is not a concave

function,10,11 thereby violating the second law. Although this

is true, the simple thermodynamic imbalance of the black

hole entropy equation is sufficient to prove it false. The

proper conclusion is that black hole thermodynamics violates

the laws of thermodynamics. One cannot argue that the

hypothetical existence of black hole thermodynamics neg-

ates the experimentally determined laws of thermodynamics

and that these laws must now be altered.

III. BLACK HOLE TEMPERATURE AND HAWKING
RADIATION

According to modern theory, Hawking radiation can be

emitted from a black hole. This radiation is thought to be a

manifestation of a real thermodynamic process. The resulting

temperature has always been viewed as a physical tempera-

ture, in accordance with the 0th law. However, it is readily

proven that the concept of Hawking temperature violates the

0th law and the second law of thermodynamics. For an

uncharged nonrotating black hole, Hawking radiation is said

to correspond to a blackbody spectrum at a temperature TH

given by

TH ¼
�hc3

8p kBGM
; (5)

where �h is the reduced Planck’s constant, c is the speed of

light in vacuum, G is the universal constant of gravitation, kB

is Boltzmann’s constant, and M is the mass of the black hole.

Equation (5) is etched into the gravestone of Stephen Haw-

king in Westminster Abbey.12,13 However, temperature is an

intensive property so it cannot be made to depend on the

mass of a system, an extensive property, without an associ-

ated extensive property, like volume, which in combination

with M leads to an intensive property. The left side of Eq. (5)

is intensive but the right side is not, because it varies as 1/M,
all other terms being constants and unable to contribute to

thermodynamic character.8 The equation for Hawking tem-

perature violates the laws of thermodynamics and is, there-

fore, invalid.14

Furthermore, the production of a blackbody spectrum

depends absolutely on the presence of a physical vibrational

lattice, as is well-known throughout metrology. The idea

that such a blackbody spectrum can be generated from ther-

mal equilibrium considerations alone is false.15,16 As a

result, black holes cannot be reconciled with the known

laws of thermodynamics and Hawking radiation does not

exist.

Astrophysics assigns Hawking temperature to more

complex alleged black holes. In the case of the Kerr–New-

man black hole (i.e., a charged and rotating black hole), the

Hawking temperature is given byc)The theoretical Michell-Laplace dark body is not a black hole.
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TH ¼
�hc

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4
� J2

M2c2
� Gq2

4peoc4

s

4pkB
GM

c2

GM

c2
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4
� J2

M2c2
� Gq2

4peoc4

s0
@

1
A� Gq2

8peoc4

2
4

3
5
; (6)

where J is angular momentum, and q is electric charge. If

q¼ 0, The Hawking temperature of the Kerr black hole is

TH ¼
�hc

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4
� J2

M2c2

r

4pkB
GM

c2

GM

c2
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4
� J2

M2c2

r !" # : (7)

If J¼ 0, the Hawking temperature of the

Reissner–Nordstr€om black hole is

TH ¼
�hc

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4
� Gq2

4peoc4

s

4pkB
GM

c2

GM

c2
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4
� Gq2

4peoc4

s0
@

1
A� Gq2

8peoc4

2
4

3
5
:

(8)

Finally, if J¼ 0 and q¼ 0, the Hawking temperature of the

Schwarzschild black hole is

TH ¼
�hc

ffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4

r

4pkB
GM

c2

GM

c2
þ

ffiffiffiffiffiffiffiffiffiffiffiffi
G2M2

c4

r !" # ¼ �hc3

8p kBGM
: (9)

It is immediately apparent8 that the right sides of Eqs.

(6)–(9) are not intensive. Each of these equations is, there-

fore, invalid.

IV. THE UNRUH EFFECT

The arguments made relative to Hawking temperature

can also be applied to the Unruh effect, as the two relations

are essentially identical. According to this theoretical effect,

“From the point of view of an accelerating observer or detec-

tor, empty space contains a gas of particles at a temperature

proportional to the acceleration.”17 It is said that the “gas

particles” are vacuum field quanta. Yet, on the other hand,

“There is no need to talk about particles anywhere. Quantum

field theory is about fields, not particles.”18

In any case, the Newtonian relation for gravitational

acceleration g is

g ¼ GM

r2
: (10)

According to the General Theory of Relativity, gravitation

and acceleration are essentially indistinguishable, “…

according to the equivalence principle, gravitation and accel-

eration are two sides of the same coin.”18 The uniform accel-

eration associated with the Unruh effect is linked

accordingly to gravitational acceleration due to a black hole,

“These results are independent of the means used to acceler-

ate the detector, but depend only on the acceleration itself.

… Applying these results on particle detectors to the black-

hole evaporation problem, one finds that for a detector sta-

tioned near the horizon of the black hole, the transition prob-

ability of the detector per unit time can be calculated in a

similar way to that for a static detector in Rindler coor-

dinates.”19 “At a small distance (close to the black hole’s

event horizon, which is well defined without reference to

accelerated worldlines), the thermal effects can, however, be

attributed to the acceleration of the curves of constant

Schwarzschild radial position, whereas a freely falling

observer there sees, approximately, cold empty space

(Unruh, 1977b; Fulling, 1977) This is the origin of the ther-

mal emission or ambience, as viewed from afar, of black

holes, as already emphasized in Unruh’s original paper

(Unruh, 1976).”17

Comparison of the temperature equations for the Unruh

effect and for a black hole clearly reveals the association

TUnruh ¼
ha

4p2ckB
;

TH ¼
hg

4p2ckB
:

(11)

Both a and g are uniform accelerations, the latter due to

gravity from the Newtonian relation Eq. (10) above. The

acceleration g “is the gravitational acceleration at the surface

of the black hole,”20 which “results from the effect of the

strong gravitation on the vacuum field,”20 and can be

obtained explicitly by substituting Eq. (2) into Eq. (10), thus

g ¼ GM

r2
S

¼ c4

4GM
: (12)

Putting Eq. (12) into the second of Eqs. (11) yields

TH ¼
�hc3

8p kBGM
; (13)

the familiar form of the Hawking black hole temperature

equation.18,20,21,23
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In both Eqs. (11) and (13), temperature must be inten-

sive, as required by the laws of thermodynamics.8 Mass,

however, can never be intensive. All other terms in Eqs.

(11)–(13) are universal constants or pure numbers. Accord-

ingly, the accelerations a and g are not intensive. Thus, both

Eqs. (11) violate the laws of thermodynamics.

In the case of Schwarzschild spacetime, local or proper

acceleration a is given by19,24,25

a ¼ GM

r2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� 2GM

c2r

r ; (14)

which diverges as r ! rs¼ 2GM/c2. Astrophysics attempts

to circumvent this problem by defining black hole “surface

gravity” j, employing the Newtonian relation Eq. (10), as

j ¼ GM=r2
S ¼ c4=4GM [see Eq. (12) above], so that,d) “The

surface gravity (j) of a Schwarzschild black hole is the mag-

nitude of the 4-acceleration of a static observer at r* as mea-

sured by a static observer at r¼1.”25

However, “a static observer at r¼1,” cannot observe

or measure the black hole or its surface gravity.

Unruh19 invokes Eq. (14) for local (or proper) black hole

acceleration (he sets G¼ 1, c¼ 1, kB¼ 1, and �h ¼ 1 through-

out) and concludes by means of the first of Eqs. (11) “that

the temperature and number of detectable particles diverge

as R! 2 M in precisely the same way as for an accelerating

detector in flat space-time. In both cases the temperature

diverges as a/2p.”19

To clarify, the Unruh temperature is obtained by treating

the vacuum of “flat space-time” as a quantum field to obtain

a Planckian distribution of field quanta, from which a tem-

perature is obtained, namely,

1

exp
2pxc

a

� �
� 1

; (15)

where a is acceleration, c is the speed of light in vacuum,

and x is the frequency of the “Rindler mode”19,25 of flat

space-time. Comparing Eq. (15) with Planck’s equation for

thermal spectra,

2pxc

a
¼ h�

kBT
; (16)

then solving for temperature,

TUnruh ¼
ha

4p2ckB
; (17)

which is the first of Eqs. (11). Setting a in Eq. (17) by means

of Eq. (14) yields Unruh’s divergent temperature in associa-

tion with Hawking black hole temperature. An “observer” or

“detector” located at some finite position r> rs undergoes an

acceleration given in Eq. (14). An observer “at r¼1”

observes not the acceleration Eq. (14) but the Newtonian

acceleration a1 ¼ GM=r2. Then as r ! rs, Eq. (17) diverges

by Eq. (14) and

a1 !
GM

r2
s

¼ c4

4GM
; (18)

so that the temperature at the black hole “surface” is Hawk-

ing’s black hole temperature Eq. (13).

Unruh’s “number of detectable particles diverge”19 as

his R ! rs also constitutes divergent temperature because

“The distribution of particle number corresponds to a tem-

perature,”17 the distribution purportedly being either

Bose–Einstein or Fermi–Dirac.20

As with Hawking radiation, the Unruh temperature is

claimed to be that reported from a blackbody spectrum pro-

duced by quantum vacuum particles, “When a detector, cou-

pled to a relativistic quantum field in its vacuum state, is

uniformly accelerated through Minkowski spacetime, with

proper acceleration a, it registers a thermal black body radia-

tion at temperature T ¼ ð�ha=2p ckBÞ�10�19a. In other

words, it detects a thermal bath of particles.”18

However, a thermal spectrum can only be produced by a

physical vibrational lattice.15 Neither “a gas of particles at

a temperature proportional to the acceleration”17 nor “a

thermal bath of particles,”18 nor “a thermal bath of scalar

photons,”19 possess a lattice structure.

It is also worth mentioning that Minkowski spacetime

(i.e., flat spacetime) is infinite in extent. Hence, for the

Unruh effect, “everything happens as if it is coupled to an

infinite thermal reservoir. … And since a small system cou-

pled to an infinite thermal reservoir at thermal equilibrium,

evolves to that equilibrium, the Unruh effect emerges.”18

However, all thermodynamic systems are finite in extent by

definition.7,26–29 There is no equation of state possible for or

thermal equilibrium with “an infinite thermal reservoir.” One

cannot, for example, specify the volume, any unique pres-

sure, the internal energy, the mass, any change in heat, or

entropy of an infinite thermal reservoir.

Relative to what constitutes a thermodynamics system,

the point has clearly been made, “The term system, as used

in thermodynamics, refers to a definite quantity of matter

bounded by some closed surface. The surface may be a real

one … or it may be imaginary. … It is very important that

the meaning of the term ‘system’ be kept clearly in mind. …

Any systems which can interchange energy with a given sys-

tem are called the surroundings of that system.”27 In this

regard, it is evident, that an infinite thermal reservoir is not a

thermodynamic system and, therefore, cannot be assigned a

definite temperature. No thermodynamic system can be cou-

pled to an “infinite thermal reservoir at thermal equilibrium”

and “evolve” to that equilibrium, so that “the Unruh effect

emerges.” Thermal equilibrium is not defined for an infinite

thermal reservoir.

Accelerations are manifestations of unbalanced forces.e)

The Unruh temperature and the black hole temperature

are directly proportional to acceleration—in the latter case

by invoking Newtonian gravitational acceleration.

d)Here r*¼ rs.
e)Recall that there are no gravitational forces in General Relativity.
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Accelerations are not thermodynamic coordinates. Inclusion

of gravity for assignment of a temperature relation invariably

leads to nonintensive temperature,8,9,14,30–32 violating the 0th

and second laws of thermodynamics. In this regard, it is

interesting to note that the temperature of an ideal gas in

thermal equilibrium in a container at rest cannot be influ-

enced by the presence of a gravitational field, proven by L.

Boltzmann33 in 1896.

V. PHYSICS BY HYPOTHESIS

Confronted with violations of thermodynamics, astron-

omy and cosmology seek to disregard the laws of thermody-

namics in order to simply permit theories that violate these

laws. For example, in order to salvage black hole thermody-

namics, they advance ad hoc new theoretically derived laws

which can never be experimentally validated. The procedure

is as follows, “Define the generalized entropy, S0, to be the

sum of the ordinary entropy, S, of matter outside a black

hole plus the black hole entropy

S0 � Sþ Sbh:

Finally, replace the ordinary second law of thermodynamics

by the generalized second law (GSL): The total generalized

entropy of the universe never decreases with time”34

DS0 � 0:

Note that, not only is it proposed to move the second law of

thermodynamics on the hypothesis of black holes, entropy is

to also be applied to a space of infinite extent (the universe),

i.e., infinite spatial extent is to become a thermodynamic sys-

tem; provided a big bang universe with k¼ 1 is excluded.

However, if a big bang universe of k¼ 1 is assumed, the uni-

verse is then of finite spacetime extent, whereas all black

hole spacetimes are infinite in spacetime extent by mathe-

matical construction. Furthermore, S0 � Sþ Sbh is a state-

ment that entropy is additive and, therefore, extensive, in

accordance with the laws of thermodynamics, whereas the

Bekenstein–Hawking black hole entropy Sbh is not additive

and therefore not extensive. The generalized entropy is thus

defined as additive but contains a component, Sbh, that is not

additive; in other words, the generalized entropy is both

extensive and not extensive. The “generalized entropy,” S0,
and the Bekenstein–Hawking black hole entropy Eq. (3) are

contradictory, and false.

Similarly, in terms of a “quantized vacuum field,” an

infinite spatial extent is to be regarded as a thermodynamic

system, with a definite temperature: “We go to the limit

where the volume of our quantization box becomes very

large, V !1, … Once one accepts the simplest features of

a quantized vacuum field,”20 the Unruh temperature equation

“emerges as a consequence of time dependent Doppler shifts

in the field seen by the accelerated observer.”20

VI. CONCLUSIONS

Given that black hole entropy is not extensive, and that

black hole temperature and Unruh temperature are not

intensive, it is certain that these theoretical constructs stand

in violation of the 0th and second laws of thermodynamics.

Hawking radiation and the Unruh effect are purportedly

sources of blackbody spectra. However, since there is no

physical vibrational lattice present in either case, they are

deprived of the only means by which Planckian spectra can

be generated.15

Gravity plays no role in thermodynamics. Infusing ther-

modynamics and the kinetic theory of gases with gravity by

combining thermodynamic expressions with gravitational

expressions produces violations of the laws of thermodynam-

ics. “Gravitational thermodynamics” has no scientific

basis.32

If physics is to continue making real progress relative to

the understanding of nature, then the laws of thermodynam-

ics must not be altered ad libitum, in order to permit theories

that discount the intensive and extensive characters of tem-

perature and entropy, respectively. The laws of thermody-

namics, as determined by experiment on Earth, serve to

guide theoretical investigation and modeling. This funda-

mental principle must be preserved and, therefore, Hawking

radiation, the Unruh effect, and black holes, must not be

allowed to be created merely from mathematics.
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