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Abstract

Thinking of Hawking radiation calculation 
from a Schwarzschild black hole using 
Damour-Ruffini method, some key 
requirements of the tortoise coordinate 
transformation are pointed out. Extending these 
requirements to a dynamical black hole, a 
dynamical tortoise coordinate transformation is 
proposed.
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Abstract

Under this new dynamical tortoise coordinate 
transformation, Hawking radiation from a Vaidya
black hole can be got successfully using Damour-
Ruffini method. Moreover, we also find that the 
radiation should be regarded as originating from 
the apparent horizon rather than the event horizon 
at least from the viewpoint of the first law of 
thermodynamics.
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Spherically Symmetric Schwarzschild 
Vacuum Solution of Einstein Equation 
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The apparent horizon and event horizon 
are coincident with each other.
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Black Hole Physics
(1) is a constant over the horizon of a stationary
black hole
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Hawking Radiation

Under quantum theory, Hawking got the 
black body spectrum in 1974 as
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Two problems:
(1)Information loss paradox!
(2)Are there any really static 

or stationary black holes?
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Several Intrinsic Contradictions for 
Black Hole Thermodynamics

Black hole definition under classical general relativity and 
that under quantum theory with Hawking radiation
Purely thermal Hawking radiation with information loss 
paradox and the unitary condition under quantum theory
The black hole thermodynamics is deduced from a 
stationary case, but it is impossible that a black hole is 
stationary with Hawking radiation

Classical general relativity 
and quantum theory

A exemplification of the 
difficulty of quantum gravity
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The Correction for
Hawking Purely Thermal Spectrum

Parikh-Wilczek method

Hamilton-Jacobi method

Damour-Ruffini method

Back-Reaction of
Hawking Radiation
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Parikh-Wilczek Method
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Under Painleve coordinates, the radial null 
geodesic equation is
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Parikh-Wilczek Method
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Hamilton-Jacobi Method
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Hamilton-Jacobi Method
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Thinking of the back-reaction, we have

)exp())
2

1(8exp()Im2exp(~ S
M
EMEI ∆=−−=−Γ π



Ventimiglia · Italy
Damour-Ruffini Method
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Damour-Ruffini Method
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Damour-Ruffini Method
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Particles move near the horizon just like 
mass-less ones for the infinite observer.
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Damour-Ruffini Method
Advanced Eddington-Finkelstein coordinate
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Damour-Ruffini Method
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A Dynamical Vaidya Black Hole
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The apparent 
horizon and 
event horizon 
are not 
coincident with 
each other any 
more.
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event 
horizon

apparent 
horizon

time-like limit
surface
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Calculating Hawking Radiation
via Null Geodesics
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Calculating Hawking Radiation
via Null Geodesics
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Calculating Hawking Radiation
via Null Geodesics
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Calculating Hawking Radiation
via Null Geodesics
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Calculating Hawking Radiation
via Null Geodesics
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Calculating Hawking Radiation
via Null Geodesics

If δ=         , the new super-surface under 
relativistic perturbation r′=2m(v)(1+δ) is exactly 
the event horizon of a Vaidya black hole in the 
equations’ form. 

The event horizon thermodynamics is just one 
of the perturbations near the apparent horizon. In 
fact, Hawking radiation can be regarded as coming 
from the apparent horizon.

EHr
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Black Hole and Black Body

Black Hole

Black Body
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Black Hole and Black Body
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Black Hole and Black Body
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Black Hole and Black Body

（1）Stationary black holes are not real 
thermodynamic system, they can not be treated as 
a usual thermodynamic system directly.

（2）Changing black holes（their quantities are 
changing）are real thermodynamic system, they can 
be treated as an ordinary thermodynamic system 
directly.

The real black hole 
thermodynamics should be 

dynamical！！！
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Hawking radiation from a stationary 
black hole
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Hawking radiation from a stationary 
black hole

tortoise coordinate transformation
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Hawking radiation from a stationary 
black hole

Extend the outgoing wave function into the horizon by turning (-π) angle 
through the negative half complex plane
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Hawking radiation from a stationary 
black hole
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Some properties of the tortoise 
coordinate near the event horizon
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Some properties of the tortoise 
coordinate near the event horizon

It is obvious that the space time described by the new line 
element is an asymptotic flat space time near the horizon, which 
means that Schwarzschild space time is homeomorphic to an 
asymptotic flat space time near the horizon. Under the condition
of near-horizon approximation, the tortoise coordinate 
transformation has the same quality as the conformal 
transformation has. The quality of conformal transformation is 
also a special requirement for the tortoise transformation and it 
guarantees that the Klein-Gordon equation can be simplified to 
the standard wave equation near the event horizon.
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Dynamical tortoise coordinate 
transformation
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Conformal quality of the dynamical 
tortoise coordinate transformation
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Conformal quality of the dynamical 
tortoise coordinate transformation
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Hawking radiation from a Vaidya
black hole
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Hawking radiation from a Vaidya
black hole
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Hawking radiation from a Vaidya
black hole

Near the apparent horizon the radial equation can be written as



Ventimiglia · Italy

Hawking radiation from a Vaidya
black hole

The radiating particles are assumed to tunnel through the 
horizon in a null radial geodesic
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Hawking radiation from a Vaidya
black hole
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