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Highly dense collapsed massive star from which gravity prevents
anything including light, from escaping.

e In Newtonian physics

o the escape velocity(vese = \/2GM/R); if v.s. exceeds the
speed of light then the corresponding object becomes BH

e In general relativity

e Black hole is a region wrapped by event horizon
o Example :Schwarzchild Metric

ds? = —(1— 28Mqt? + @dﬂ + 72(d6? + sin*0dg?)
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Highly dense collapsed massive star from which gravity prevents
anything including light, from escaping.

e In Newtonian physics

o the escape velocity(vese = \/2GM/R); if v.s. exceeds the
speed of light then the corresponding object becomes BH

e In general relativity
e Black hole is a region wrapped by event horizon

o Example :Schwarzchild Metric
ds? = —(1 — 28Myqe2 ¢ L dr® 4 r2(d6? + sin®0dp?)

& )+ g

Where, 7, = Q%M is the event horizon.
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- In order to find the black hole mass, we set f(r) = 0, which yields .

_r Q?
M—%[lJra-—W]

The entropy will take the form S = 72 . J

The electrostatic potential difference can be expressed as

@:(B_M) :(B_M> - Q
Q) g aQ),, ~ -

25954
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Metric

In order to find the black hole mass, we set f(r) = 0, which yields

_T Q?
M=% [1+ & e

The entropy will take the form S = 72 .

The electrostatic potential difference can be expressed as
P = (_aM) - <_6M) _Q
Q) g oQ),, Ty

The Hawking temperature of the black hole is given by,

=L
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Now the specific heat will take the form,
2mr2 (r2 —Q2+3 =
CQ =" (g_f“) = (49 e —(Bwg—1)
. Q 3Q2—7‘_2'_.—3¢Uq (Bwg+2)er . C
In order to find a divergence in specific heat one must satisfy the

(qufl))

" —(Bwg—1
condition, 3Q% — 12 — 3wy (3wy + 2)cr+( wg=1) _
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Now the specific heat will take the form,
98 2712 (’I"2 —Q2+3w cr,

CQ:T(G_T)Q: 2+2+ ? +—(3wq—1)

3Q2—7r3 —3wq(3wg+2)er

In order to find a divergence in specific heat one must satisfy the
—(Bwg—1) = ().

(qufl))

condition, 3Q% — 13 — 3wg(3wq + 2)er
Fig.1a Fig.1b
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3Q2—7r3 —3wq(3wg+2)er

In order to find a divergence in specific heat one must satisfy the
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(qufl))
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Fig: (1a) and (1b) represent the variation of specific heat with respect to 7 for w,; = —%, Q = 2 and
c=0.8.
P
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The inverse of the isothermal compresibility is given by,

—(Bwg—1
K:'=Q (@) - Q @ =1} —8uw, (BwgF2)er, 17"
T Q) T+ 3Q2—ri—3wq(3wq+2)crl(3wq_l)

Fig.2a Fig.2b
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The inverse of the isothermal compresibility is given by,
o (), - # (FEmi)
T q

T+ \ 3Q2—73 —3wq(B8wg+2)er

Fig.2a Fig.2b
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Fig: (2a) and (2b) represent the variation of inverse of the isothermal compresibility with respect to

for wg = 7% and wg; = 7%, where Q = 2 and ¢ = 0.8 .
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Over the past few decades, the study of critical phenomena has come to
concentrate more on the values of a set of indices («, 3,7,0, @, 1. v, 1),
known as critical exponents which play an important role to describe the
singular behavior of various thermodynamic quantities near the critical
points.

The standard definition of the critical exponents are,

Co ~ |T —T.|"°,
Kl ~|T-T.|™,
®(r) — (re) ~ [T - Te|”,
O(r) — B(re) ~ 1Q — Qcl3,
CQ ~ |Q = Qc|_§0'
S(r) = 8(re) ~1Q — Q¥ .
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Performing Taylor expansion of T'(r) for a fixed value of the charge in
the neighborhood of r., we obtain

o) &
T=T(40)+ | () 4o o (59) 0]
.

(ry —r4c)? + higher order terms .

TH=0r+fc

V)
0
i)
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Performing Taylor expansion of T'(r) for a fixed value of the charge in

the neighborhood of r., we obtain
_ oT. _ 1|(a%T
T=T(ric)+ l:(f)m. >Q=Qj e (T4 —T4e) +3 [(W;) Q=Qc]

(ry —r4c)? + higher order terms .

TH=0r+fc

Now, neglecting the higher order terms,

1 [ /02T s
ETC = 5 (W)Q TCA

Fi-=ie
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Performing Taylor expansion of T'(r) for a fixed value of the charge in

the neighborhood of r., we obtain
I = 4F (a_T> _ 1 (82T)
Sl { 7+ )Q=qc) . e +2 ({07 oo,
(ry —ryc)? + higher order terms .

TH=0r+fc

Now, neglecting the higher order terms,
(62T)
2
or? ) o

Using the re-expressed quantities we get,

1
T, = 3 r2A?

c

Fi-=ie

1 /26T,
A=y )2
reV D’

where, D =

(62_T> ]
I J g=q.
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Based on standard thermodynamic approach, we have provided a general
scheme which could be employed to study the critical phenomena in R-N
black holes. Using a canonical ensemble, we have exploited this scheme
to study the critical behavior in Reissner-Nordstrém Black Holes
surrounded by quintessence.
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Based on standard thermodynamic approach, we have provided a general
scheme which could be employed to study the critical phenomena in R-N
black holes. Using a canonical ensemble, we have exploited this scheme
to study the critical behavior in Reissner-Nordstrém Black Holes
surrounded by quintessence.

The obligatory sketch out of charged BH thermodynamics with the
central engine amplified into a quintessence field is

Stable small BH — Second order phase transition — Unstable
small/intermediate mass BH — First order phase transition — Stable
intermediate mass BH — Second order phase transition — unstable
super massive BHs.
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Based on standard thermodynamic approach, we have provided a general
scheme which could be employed to study the critical phenomena in R-N
black holes. Using a canonical ensemble, we have exploited this scheme
to study the critical behavior in Reissner-Nordstrém Black Holes
surrounded by quintessence.

The obligatory sketch out of charged BH thermodynamics with the
central engine amplified into a quintessence field is

Stable small BH — Second order phase transition — Unstable
small/intermediate mass BH — First order phase transition — Stable
intermediate mass BH — Second order phase transition — unstable
super massive BHs.

Based on this novel approach we have calculated all the static critical
exponents which satisfy the so called thermodynamic scaling relations

near the critical point.
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