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Introduction

1、The first equivalence principle

In the gravitational field, the gravity is also 
the inertial force. 

gravitational mass = inertial mass



Introduction

2、The second equivalence principle

gravitational force=inertial force

On which general relativity bases



Introduction
3、Black-hole thermodynamics ：There is an 

profound connection between gravitation 
and thermodynamics:

• Cocke, Bekenstein, Hawking, Davies and 
Unruh, Jacobson, Padmanabhan,…

• Cai Ronggen,Wang Bin,Jing Jiliang,Yu
Hongweil,Gong yungui,Gao Sijie,…

• Verlinde: gravity can be explained as 
entropic force

• Li Miao,Cai Ronggen,Gao Changjun,…



Introduction

4、The Holographic Principle



Introduction

• All these investigations were in specific 
contexts, or based on some assumptions, 
such as Unruh temperature, the existence of 
horizon, null surfaces, the apparent horizon, 
and so on.

• Does the connection between gravity and 
therm holds in any arbitrary spacetime? Can 
the analysis be carried out without 
assumptions about temperature or horizon?



Thermal entropy density of 
spacetime

• In general relativity or thermodynamics, 
both the energy density and the pressure 
play important roles.

the energy density

the pressure

What is it



Thermal entropy density of 
spacetime

• Let's start with the first law of 
thermodynamics in curved spacetime

For a very small volume, the energy 
density can be considered as unchanged



Thermal entropy density of 
spacetime

• To avoid the difficulty of defining 
temperature, we introduce the thermal 
entropy density

Then we have



Thermal entropy density of 
spacetime

• Einstein's equations

The stress energy tensor of the perfect fluid



Thermal entropy density of 
spacetime

• We obtain

3+1 Einstein equations



Thermal entropy density of 
spacetime

• According to the scalar Gauss relation

We obtain



Thermal entropy density of 
spacetime



Thermal entropy density of 
spacetime

• We can express the thermal entropy 
density with 3 dimension spacial
geometrical quantities as



Thermal entropy density of 
spacetime

• In co-moving coordinate

In FRW universe，the thermal entropy density



Discussion and conclusion

• We first obtained the therm entropy 
density of any arbitrary spacetime without 
depending on the definition of temperature 
or horizon, that is to say, gravity can 
possess thermal effects, or, therm entropy 
density can possess effects of gravity. 
This may shed light on the nature of 
gravity.
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