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MANY DIFFERENT APPROACHES TO THE CONCEPT OF ENTROPY

• From thermodynamics: entropy as the arrow of time, 

entropy cannot decrease in time (Clausius);

• From statistical mechanics: as a measure of 

disgregation and as a quantification of the number of 

possible different microscopic realizations of the 

same macroscopic system (Maxwell, Boltzmann, 

Gibbs);

• From information theory: from a probabilistic

perspective (von Neumann, Shannon);

• Can we assign a notion of entropy

to the gravitational field?



THE PIONEERING WORKS OF HAWKING AND …

HAWKING: BLACK HOLE ENTROPY IS GIVEN BY THE HORIZON AREA +

NEVER DECREASE AREA THEOREMS

THIS IS THE THERMODYNAMICAL

APPROACH TO ENTROPY



… AND BEKENSTEIN

BEKENSTEIN: BLACK HOLE ENTROPY AS (SHANNON) INFORMATION

ENTROPY

REMARKABLY THE SAME RESULT AS HAWKING WAS OBTAINED: BLACK 

HOLE ENTROPY IS HORIZON AREA

COMPLETELY DIFFERENT PHYSICAL 

ARGUMENTS WERE USED



… BUT WHAT IS THIS ENTROPY ACTUALLY REFERRING TO?

BLACK HOLE ENTROPY IS THE 

ENTROPY OF THE PURE

GRAVITATIONAL FIELD, AND IT 

SHOULD NOT BE CONFUSED WITH 

THE ENTROPY OF A MATTER FIELD

OUTSIDE THE EVENT HORIZON

SCHWARZSCHILD IS AN EMPTY 

SPACETIME, BUT NEVERTHELESS IT 

COMES WITH A NONZERO ENTROPY

WHEELER: IN GENERAL RELATIVITY 

WE CAN HAVE MASS WITHOUT 

HAVING MATTER



BLACK HOLE ENTROPY AS AN AREA

• FROM COLLEGE PHYSICS TEXTBOOKS: ENTROPY IS AN EXTENSIVE

VARIABLE AND IT IS EXPECTED TO SCALE AS THE VOLUME OF THE

PHYSICAL SYSTEM IT REFERS TO

• AN OTHER POSSIBLE WAY OF RE-INTERPRETING THE HAWKING NEVER

DECREASE AREA THEOREMS: THE CHRISTODOULOU-RUFFINI

IRREDUCIBLE MASS



ON THE IRREDUCIBLE BLACK HOLE MASS FORMULA

Brandon Carter, Republication of:

Black hole equilibrium states Part

II: General theory of stationary

black hole states, Golden Oldie,

GRG (2020) 42:653-744



THE HOLOGRAPHIC PRINCIPLE



ADDING COSMOLOGICAL MOTIVATIONS: THE WEYL CURVATURE 

HYPOTHESIS BY ROGER PENROSE 

• IT CONJECTURES THAT THE WEYL TENSOR SHOULD BE A GOOD MEASURE

OF GRAVITATIONAL ENTROPY;

• IT IS EXPECTED THAT THE BIG BANG SINGULARITY SHOULD COME WITH

ZERO WEYL CURVATURE, WHEREAS BIG CRUNCHES AND BLACK HOLE

SINGULARITIES DUE TO GRAVITATIONAL COLLAPSE SHOULD HAVE LARGE

WEYL CURVATURE;

• DURING THE COLLAPSE OF A STAR OF MASS M, ENTROPY INCREASES BY A

FACTOR OF 10
20

(M/M
o
)
1/2

• SINCE WEYL CURVATURE QUANTIFIES TIDAL DEFORMATIONS, THIS IS JUST

THE STATEMENT THAT WE EXPECT BLACK HOLE AND BIG CRUNCH

SINGULARITIES TO EXHIBIT VERY MESSY AND CHAOTIC CURVATURE

BEHAVIOR, PERHAPS LIKE THOSE IN THE BKL DESCRIPTION.

• RIEMANN CURVATURE CAN BE DECOMPOSED INTO WEYL AND RICCI

CURVATURE. RICCI CURVATURE IS GIVEN BY EINSTEIN EQUATIONS ONCE

THE MATTER CONTENT IS KNOWN, WHILE WEYL CURVATURE CAN BE

NONZERO ALSO IN VACUUM.



IMPLEMENTING THE WEYL CURVATURE HYPOTHESIS IS NOT A SIMPLE 

TASK 



IMPLEMENTING THE WEYL CURVATURE HYPOTHESIS IS NOT A SIMPLE 

TASK 



FORMULATION OF THE QUESTION WE WANT TO ANSWER:



OUR ANSWER: YES



PHYSICAL CONSIDERATIONS



ENTROPY GROWS DURING THE FORMATION OF A BLACK HOLE



OPEN PROBLEMS


