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Abstract

In this paper, we aim to investigate the relationship between the thermodynamic phase of a
charged anti-de Sitter black hole and the dynamic behavior of scalar perturbations around it. To
achieve this goal, we first examine the thermodynamics of the charged anti-de Sitter black hole
and analyze the isocharge phase transition between small and large black holes. Next, by
considering a scalar field within the background of black hole, we solve the Klein-Gordon
equation using the shooting method to determine the frequency of quasi-normal modes. Finally,
we compare the behavior of the frequency of quasi-normal modes in the small and large black
hole phases, demonstrating the distinct slope of the imaginary part versus the real part curve in
these phases. This suggests that the thermodynamic phase and phase transition of the black hole

can be identified through the dynamic properties of scalar perturbations around it.
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6.67 0.02713 0.2446107708 - 0.1790179577 i
6.69 0.02715 0.2447949466 - 0.1795488795 i

Aad oo DL (S S ladllmalons 5B ) Y
s il ool 31y 381 plad Sl 81 L oS
b il e s 4Bl 2alS Lty i
GRIAL badaly (058 50 Coad Glas S5 (e
ol b SR sy, B pled
045 S5 b o 1S o sdalie S5 sladllol
Ceod Gllae 53 5 Ak Caand ol Gl plad
Odg A IS o My Aol ladelas 05850
oMl BLasOLL el o g8 50 Cend Zudle
el lo W] s el sl

SR L Sy bl 5B s uaes



148 \Y'Vﬂlﬂ GY;)LQ.\; c\f;)j) ‘L;‘AJSJ"‘.’ L;Law‘ - g_)':'”'ajj”'.'. 4.l>r.ﬁ‘ >

s 5l LB o 1) 5t oSS sladlrel
bl U5 (555 51 ool as s OLES 56 LIS
L bbb Salusge s 5L S 5 5L 015
BB A S ASLe Lasde ol ol Lapkds
W Sels Sk, s el Salosse
50108 Bl s g e oSane Ol 0l 5505 (glos
Sl jad glade [y b dbrol Salysse
SNl &S | = sl Sl Sl 50 sdo Ao
S sl Aoy 53 il e (Sealsga 5 5L SIS
Sy ol dlejad slade b (o BLyI &S

S
Seals 5 (Soalus e 5 56 LIS b1 eddlis ol 5o
0k A gasly ladbrelw G (glos 3 Ol
Slollae sl S e | sdar Ll
Shols Olom s & B0 Jae 5148 VL sl J1 015 e
LU Ol o (izmen 35 () p b Lier el
S gl base dlejes glade Sk, o
(e I 5 (6l It o 31 e Voo
213513 adlllas 550 dlrels (Saliyssn 5 56 L
Soaliys g 7S 0331 ot b ST Ladllae cnl e Dl

sl Caal (g5l 55 e (.Sl;-

S,y S

Lgd oKls 1 oLadl sgls 5 w558 e
Co dlie ol 5l Jb coles sl sl O e
5SCU.SP1402.37271 5 5y s lat cslaila
S e Jls,05 5 K25 SCU.SP1402.812

a &
[1] S.W. Hawking, Gravitational Radiation
from Colliding Black Holes, Physical
Review  Letters, 26 (1971) 1344.
https://doi.org/10.1103/PhysRevL ett.26.134
4

Large BH

-0.178

0.2425 ).2430 0.2435 0.2440 0.2445

32 Sz gladlrees lp Jljied glads dably s, 8 S
Alrslow s3I0 (21581 Cgr drasglil Lo, . Sl S
Ll

31595 blas Q.:éJfJE.}):l{ASV_l:bQLiJ ol 5o b
5505 sdalive 1y bade L, sl 015 e 108 dais

35 s O Sleslizad U1y 56 138 5 56l b

S dom g Sony
f&:.:.w)bétg: ZJ[P:OL“.«.N L)’UJ§ JJGJ DL L» 4.5\.5,4 L)'~!| DL
5 e O Sl (Sl go 5 (slacaaS aal ls b
wdg el ol 6l Sealisga 5 Il Q5B s
sldlrol Salusse 5 56 108 @bl 3 as
S S Gk s sbes dT s anmgasly sk
Lcd 8 L3 s s Gl Db soles
e O Sl Aallas 5 S 33T (65 5] dlons
FERSACQNE [ R EC P P P
eMLfImb Lf)f}&jfdudta-ot,&nwd)\ 1.5}»
£33 45 0 5L OIS Glam Db slila s el
ﬁbjs odalio b g)f 3 &.{-}s L;Uhdl;;al.g.w O
Oldes b 033,500 Aslas (gods e aalsl o
U oo el Hsam s Ade Gl
Cowdag Iy e s gbade ol (Sl U oals
cladbrole sl s bl b, Gl U
w)‘b}a..s g_,.:.‘.ﬁ S v.:)‘b QL:..: Lf))-’ 9 &;S
Sobday bl pl 3 (ke S e (058 50



OSan 5 i g okis b

e 13, gladllorolw Lo S & oF

Physics, 11 (2012) 110.
https://doi.org/10.1007/JHEP11(2012)110

[11] A. Dehyadegari, A. Sheykhi, A.
Montakhab,  Critical  behaviour and
microscopic structure of charged AdS
blackholes via an alternative phase space,
Physics Letters B, 768 (2017) 23 5-240.
https://doi.org/10.1016/j.physletb.2017.02.0
64

[12] A. Dehyadegari, A. Sheykhi, Reentrant
phase transition of Born-Infeld-AdS black
holes, Physical Review D, 98 (2018)
024011.
https://doi.org/10.1103/PhysRevD.98.0240
11

[13] C.V. Vishveshwara, Scattering of
gravitational radiation by a Schwarzschild
black-hole, Nature, 227 (1970) 936-938.
https://doi.org/10.1038/227936a0

[14] S. Chandrasekhar, S. Detweiler, The
quasi-normal modes of the Schwarzschild
black hole, Proceedings of the Royal Society
A, 344 (1975) 441-452.
https://doi.org/10.1098/rspa.1975.0112

[15] H.P. Nollert, Quasinormal modes: the
characteristic sound of black holes and
neutron stars, Classical and Quantum
Gravity, 16 (1999) 159-216.
https://doi.org/10.1088/0264-
9381/16/12/201

[16] K.D. Kokkotas, B.G. Schmidt, Quasi-
normal modes of stars and black holes,
Living Reviews in Relativity, 2 (1999) 2.
https://doi.org/10.12942/1rr-1999-2

[17] B. Wang, Perturbations around black
holes, Brazilian Journal of Physics, 35
(2005) 1029-1037.
https://doi.org/10.1590/S0103-
97332005000700002

[18] S. Fernando, C. Holbrook, Stability and
quasi normal modes of charged black holes
in Born-Infeld gravity, International Journal
of Theoretical Physics, 45 (2006) 1630-
1645. https://doi.org/10.1007/s10773-005-
9024-9

[2] J.D. Bekenstein, Black Holes and
Entropy, Physical Review D, 7 (1973) 2333-
2346.
https://doi.org/10.1103/PhysRevD.7.2333

[3] J.M. Bardeen, B. Carter, S.W. Hawking,
The four laws of black hole mechanics,
Communications in Mathematical Physics,
31 (1973) 161-170.
https://doi.org/10.1007/BF01645742

[4] S.W. Hawking, Particle creation by black
holes, Communications in Mathematica
Physics, 43 (1975) 199-220.
https://doi.org/10.1007/BF02345020

[5] S.W. Hawking, D.N. Page,
Thermodynamics of Black Holes in Anti-de
Sitter Space, Communications in
Mathematical Physics, 87 (1983) 577-588.
https://doi.org/10.1007/BF01208266

[6] E. Witten, Anti-de Sitter Space, Thermal
Phase Transition, And Confinement in
Gauge Theories, Advances in Theoretical
and Mathematical Physics, 2 (1998) 505-
532.

https://doi.org/10.4310/ATMP.1998.v2.n3.a
3

[7] A. Chamblin, R. Emparan, C.V. Johnson,
R. C. Myers, Charged AdS black holes and
catastrophic holography, Physical Review
D, 60 (1999) 064018.
https://doi.org/10.1103/PhysRevD.60.0640
18

[8] B.P. Dolan, The cosmological constant
and the black hole equation of state,
Classical and Quantum Gravity, 28 (2011)
125020. https://doi.org/10.1088/0264-
9381/28/12/125020

[9] D. Kubiznak, R.B. Mann, P-V criticality
of charged AdS black holes, Journal of High
Energy  Physics, 07  (2012)  33.
https://doi.org/10.1007/JHEP07(2012)033

[10] S. Gunasekaran, R.B. Mann, D.
Kubiznak, = Extended  phase  space
thermodynamics for charged and rotating
black holes and Born-Infeld vacuum
polarization, Journal of High Energy



\Y'Vﬂ'lﬂ GY;)LQ.\:: c\fé)}) ‘L;‘AJ:J"" L;LQV':"“’".‘."" g_)':'”'ajj”'.'. :\.lPr.A

[19] R.A. Konoplya, A. Zhidenko,
Quasinormal modes of black holes: from
astrophysics to string theory, Reviews of
Modern Physics, 83 (2011) 793-836.
https://doi.org/10.1103/RevModPhys.83.79
3

[20] Y. Liu, D.C. Zou, B. Wang, Signature
of the Van der Waals like small-large
charged AdS black hole phase transition in
quasinormal modes, Journal of High Energy
Physics, 09 (2014) 179.
https://doi.org/10.1007/JHEP09(2014)179

[21] S. Priyadarshinee, Quasinormal mode
of dyonic hairy black hole and its interplay
with phase transitions, The European
Physical Journal Plus, 139 (2024) 258.
https://doi.org/10.1140/epjp/s13360-024-

05044-y

[22] Y. Guo, H. Xie, Y.G. Miao, Signal of
phase transition hidden in quasinormal
modes of regular AdS black holes, Physics
Letters B, 855 (2024)  138801.
https://doi.org/10.1016/].physletb.2024.138

801

[23] R. Arnowitt, S. Deser, C.W. Misner,
Dynamical Structure and Definition of
Energy in General Relativity, Physical
Review, 116 (1959) 1322-1330.
https://doi.org/10.1103/PhysRev.116.1322

[24] R. Arnowitt, S. Deser, C.W. Misner,
Coordinate  Invariance and  Energy
Expressions in General Relativity, Physical
Review, 122 (1961) 997-1006.
https://doi.org/10.1103/PhysRev.122.997

[25] R. Arnowitt, S. Deser, C.W. Misner,
The Dynamics of General Relativity,
General Relativity and Gravitation, 40
(1962) 227-264.
https://doi.org/10.1007/s10714-008-0661-1

[26] B.P. Dolan, Pressure and volume in the
first law of black hole thermodynamics,
Classical and Quantum Gravity, 28 (2011)
235017. https://doi.org/10.1088/0264-
9381/28/23/235017




