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Temperature of A Black Hole ) e

Figure: if we throw the Sun into a black hole what would happen to its
temperature?
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Introduction (OFES

“The law that entropy always increases holds, | think, the
supreme position among the laws of Nature. If someone
points out to you that your pet theory of the universe is
in disagreement with Maxwell's equations - then so much
the worse for Maxwell’s equations. If it is found to be
contradicted by observation - well, these experimentalists
do bungle things sometimes. But if your theory is found
to be against the Second Law of Thermodynamics | can
give you no hope; there is nothing for it to collapse in
deepest humiliation.”

Arthur Eddington, New Pathways in Science
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Hawking Temperature (OFES

hc3 K
TH= §rGilks ~ 2 W
(Vg = =" @

e if the integral curves of the null Killing vector (# are restricted
to be affinely parameterized, then V:( = 0 and & disappears.
So affine parameterization should not be imposed.

® 3 constant scaling of (* — aC*, also scales kK — ax
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The P-tensor (OFES

P upo =R" upo + 065G, — (%gcm + G585 — glyigcw
R A(n+1) 3)

(5 = S g — O5gon).

where GY 1= RY — 1R4, + A3} .
® contraction yields the Einstein tensor,
P o = (3- ”)gua
® does not obey V[, P15, # 0, but for all of its indices

V. PY u3e = 0. (4)
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Construction of Geometric Identity (O

V(P 5, FP7) = PYF 5,V , F7°. (5)

its potential as

Fir = 2 (Vi = 9N, (6)

N

and decompose x7 as follows
x7 =& + 97, (7)

where ¢7 is a Killing vector (i.e. VA¢7 + V7¢P = 0) and 47 is a
generic vector
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Construction of Geometrical Identity (OFES

1 1 2\(n — 3)
v RUB A TapA T pHA RMA.
P 3,R7P 27'l 28 "X+ —1) (8)

valid for any smooth metric

2A(n —3 1 1
( (n )RHA SR~ gt yeg

(n—1) 2 4 )Q'
(9)

vr/ (sz/,u Bo Vﬁfg)
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Construction of Geometrical Identity (OFES

2A(n -3 1 1
2M(n = 3) )R’”\ — M — Zg“’\XGB>fA-

G/ T
(10)
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Construction of Geometrical Identity (OFES

Let us concentrate on the left-hand side which reads

VuVu(P 3, VE%) = 5[V, V(P 5, 977)
= R " A(PM 5, V7¢7)
+ R " A(P" 5, VP¢7)
= —Ru(PM 5,V7¢%)
+ RA(P™ 5, V7). (11)
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Construction of Geometrical Identity (OFES

and
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Construction of Geometrical Identity (OFES

1
TH =V, (P 5,VP¢7) = —Z,gﬂRpaﬁ,,RwﬂU. (14)
VT =0 (15)

yields a true conservation law

Ou(v—gJ") =0 (16)

12 o 1 Do
/d3yﬁnMVV(R e VPET) = —Z/d3y\/§nﬂgﬂRpaﬁgRP Bo (17)
X X
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Surface Gravity (OFES

‘ M=M—BX[-T,T]

B

Figure: M denotes the four (or generically n > 3) dimensional
spacetime, B represents the three (or generically n — 1) dimensional ball
for which the boundary is the cross section of the event horizon. Also,
M =M — B x [~T, T] denotes the region of the spacetime between
the event horizon and the boundary of the black hole at infinity.
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Construction of Geometrical Identity (OFES

use the Stokes’ theorem on the left-hand side as follows
/ By n V(R 5,VPE7) = / d?z\/4(9%) n,o, R 5,VP€7 (18)
b 0%

where OX is the (spacelike) boundary of the spacelike surface ¥

while o, is its spacelike outward unit normal vector and

fy,(ﬁ,z) ‘= guv + nun, — 0,0, is the induced metric on it.
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Construction of Geometrical Identity (OFES

Introducing the antisymmetric binormal as

€ = = (nuo, — nyo,), (19)

N =

/ 1
/ d22 7(82)6'[“//?1/# ﬁovﬁfg — _Z / d3y\/,._y ny,é-u Rpaﬁo Rpaﬁa.(2

)X >

o
~
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Surface Gravity of Kerr Black (O

¢ =0+ 210y, (21)

which is the horizon-generating null Killing vector field. Here 24 is
the angular velocity of the event horizon given as

a

2= ———=
2 27
rg+a

(22)
which makes ¢#(,, = 0 on the event horizon
So, using (21) in (2) one arrives at the known result for the surface

gravity of the Kerr black hole
rd — a°

S B - 23
& 2rH(rE,+a2)’ (23)

and the Hawking temperature follows from (1)
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Application to Kerr Black Hole O e

167 rym?(rd — a2)
= 24
g [af] (r[%[ + 32)3 ( )
S € [0:] (25)
e 327 mrHQH t

which is equivalent to (23). For the Schwarzschild black hole, a =

0 and one finds the correct limit kK = ﬁ.
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Conclusion and Further Works (O

Our formulation is geometric in the sense that it is valid for any
gravity theory, for any n 4 dimensions. The contents of a theory
enter only after the geometric identity.

New geometric ldentity can be used to obtain surface gravity « for
non-stationary spacetimes

The new definition can be used on Vaidya Spacetime
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Thank You

for your attention.

Do you have any question?
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