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Classical thermodynamics of black holes in general relativity
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The surface gravity 𝜅 is constant over the event horizon of stationary black hole. 

1  

0  

The area of a black hole’s event horizon can never decrease ,(𝛿 𝐴 ≥ 0 ).

It is impossible to reduce the surface gravity 𝜅 to zero in finite number of steps. 
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Four lows of black hole mechanics 
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(1) 𝜅: surface gravity
Ω: angular velocity
Φ:electric potential



Black hole temperature?

Basic questions in black hole thermodynamics

Black hole entropy?
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Basic questions in black hole thermodynamics

Absence of 𝑃𝛿𝑉 term
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(9) d: Dimension of space time



Volume as the thermodynamic dual of pressure
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The classical thermodynamics  of black 
hole in canonical ensemble 

سیاه‌چالهپاسخیافتنوحرکتمعادلاتحل•
(چالهسیاهجرموفشارآنتروپی،افق،دمای)ترمودینامیکیمتغیرهایمحاسبه•

ترمودینامیکیهایپتانسیلمحاسبه•

ترمودینامیکیفازهایگذارتعیین•
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൯𝑮 = 𝑴− 𝑻𝑺 = 𝑮(𝑷, 𝑻, 𝑱𝒊, 𝑸𝒋
𝑪𝑷 ≡ 𝑪𝑷,𝑱𝒊,𝑸𝒋 = 𝑻

𝛛𝑺

𝛛𝑻
𝑷,𝑱𝒊,𝑸𝒋

(13)
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Black hole 
thermodynamics?
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𝜹𝜹𝑴 = 𝑻 𝜹𝑺 + 𝛀 𝜹𝑱 +𝚽 𝜹𝑸+V 𝜹𝑷 (14)

(m+𝜹m, a+ 𝜹a, e+ 𝜹e)
(m,a,e)

Kerr- Newman                                              

M=m
J=ma

Q=e

𝑇 =
1

4𝜋
𝐹′(𝑟+)

Ω =
𝑎

𝑟+
2 + 𝑎2

𝛷 =
𝑒𝑟+

𝑟+
2 + 𝑎2
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Black hole thermodynamics in modified  gravitational theories
and

Conservation of the structure of the AdS- Schwarzschild black hole 
as our approach .
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Our method :Gravitational decoupling
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Gravitational decoupling method
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Gravitational decoupling method-EOMs 
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Gravitational decoupling method-The first assumptions 
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Gravitational decoupling method-
Secondary assumptions
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Preliminary results
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Gravitational decoupling method in 
brief
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Gravitational decoupling method
overall  discussion
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Determining the model for energy density
Step 1

WEC
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Determining the model for energy density
Step 2
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(43)𝐿𝑋 ∝ 𝑅2 𝜖 ∝
1

𝑟4

(44)𝜖 ∝
1

𝑟4
+𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝐿𝑋 ∝

1

𝑅

(45)𝜖(𝑟) ∝
1

𝑟4



Modeling the problem

Deformed AdS-Schwarzschild black hole
21/30
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Discussion 1- Topological equivalence of the 
solution with the black hole of

Einstein-Maxwell theory
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Discussion 2- Reducing the radius of the event 
horizon
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Discussion 3- Local thermodynamic stability
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Discussion 3- Global thermodynamic stability
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Increase in 
enthalpy and 
decrease in 

stability
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Discussion 4- temperature behavior
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Discussion 5- Hawking-Page phase transition
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Deformed Ads-Schwarzschild black hole has the same
thermodynamic behavior as its general relativistic
counterpart. However, due to the larger mass and smaller
horizon radius:

Summary

It has a lower temperature.

It has a lower local and global balance.

It has a higher Hawking-Page transition temperature.
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outlook 

• Use of Lovelock gravity 
• Scalar Field Coupling
• Using Kerr geometry

• Holographic interpretation
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Thank you
for 

your attention
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