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Black Hole (BH) is the spacetime region affected by extremely strong gravity, and nothing
can escape from BH. In order to understand deeper the micro-scale properties of gravity via
researching BH, we consider two problems: (1) What does happen at the end of BH
evaporation? (2) It is already known that, when a single BH exists, its entropy is given by
the area of BH (Entropy-Area law). It has been conjectured without proof that the
entropy-area law holds for systems including some BHs. Is this conjecture correct? Then,
the results of research are as follows. Result on (1): BH can not evaporate completely due to
the law of entropy increase, and a remnant of Planck scale should remain. Result on (2):
The conjecture is wrong, and the entropy-area law does not hold in the system including
some BHs. Furthermore, it is also found that the potential of gravity has finite value within
a short length scale such as Planck length (contrary to the past expectation which expects
that the gravitational potential is negative infinity at short length scale).

AT TERE
(BFEHRAL - M)
[ERES S R & &t

2007 4EfE 600, 000 0 600, 000
2008 4EJiE 500, 000 150, 000 650, 000
2009 4EJE 500, 000 150, 000 650, 000

ERE

AR
woE 1, 600, 000 300, 000 1,900, 000




WHIED R - B R

FHFE 53R - #1H - B, FBRLF -« R -
F—U—NR: 7Ty rA—nABJ%, v hn—=miEll, &FEH, B,

%, AR E R, AR A HOR BT A

1. WFZEBRAEYS WD 5

7T v 7 R— )V OBMEE & BRI et
HOWIITEVICE#HT 250 nH 5, £,
7Ty 7RV OEYME & LTI, B
REEIC L AT T v 7 R—nAmiE s, A—
XFUTREEIC L DT T v 7 R — LV EFEER
N D, HiE OEMBRE, — AR DE
BRIRRGEE BHE L7oWFoE & bbb - T, %<
e ntEA TE T2, Loy LI ORISEFREIL.
BRI ZE DB CTE DO ETFIRENEHL
ZEMD, WENEEL S ERN o T,

2. WO HB
EHOBFmOME 2 M52 2 HM
2. RO 2HODOMEEE %7,

Q) 7Ty I BR—ARNEFELTWNW &, FD
R CREBIIABLESTLE I ON,
B D WIIMDFRIEW ISR D R E 72 D>, %W
LT 5,

Q) 7T v I R—nBIHEN DR —F
THEHE D AT T TH D, T,
7T 7R VRENGOBVHERTH D
ZEERBEWT D, T LT, R—F AN
RS 7-RZE EOB TR THDL I END,
T T IR & D BOL R O R R R
TENDOBAHIRI 7 nRELEEEZD
NnNa, 22T, 77 v 7 R—OBEHIRAEE
TR RS T D T2 OIS M AR S
EARDHZ LT, BEAOEFRNRI 7 aik
REDME 2/ 52T 5,

3. WFFED kL
FEROAK(), @iz, BFENFHROE
T (B —TE R E) ffibhd
2, B O 1F, BE ORI B
AIREZR IR V) FEBRAICHESL L T D ERER 721
o CHEEZEZDZ LT 5,

(1) 77 v 7 = IVIRIE DB DS
\ZDWT, ARSI, B FRIC R 121,
R IE TH D, F 2T, EHIE O I
BN FEFAL, 77 v 7 R— VKRR %
TN FRORIE L LRk T 5, 2
FHRERbETH LT, o hrE—%
AETE5, LT, ARORKERTT T
v I R—IGERICEE LD ENEL, —
v hev—oRMElE RS 5, BA1FE
2FEANC L UE v e =g L i

FHM - FHYE

71

BT

T

X HRVWOT, EeAERRE T fr Y
— I AMNE I MEFRD Z LT, EA
FRIETDH L WIENDNZ G E D B

TE 5%,

(2) 7T v 7R — VBN R OREE T

TRARPLIZ DOV T IR D 3 B TR 2 5,
D B 1, 77 v 7 R—ILORSIHH
WREEE N, W DOERERD L ) \rEit &
TRERMEIZ X DI D RN S ICEET

5o 7T v 7 IR— IV OBSFME & i

5L X, WEOBRNFOREmO L Z 2 EE
LT b0 ma B oM+ 5,

@ 2 Bt @ OFEBRERORE 1N
RANE T D T DI B R E I O T 5,
@ F 3B Eo2oo0fREEH T, 7
T v I R—)b BN D BOESR BN FALE AT RE /R

7D, \BHO I 7 wREERTE - TR X &
LIS,

4. WFZERHE

(1) #FZEER Q) ORRE, 77 v 7 Hm—k
FWMEOTY fhu -0 (LE LiED
52T, (D & B AR TORMRE,
BIRICHENTZT T v 7 R—)L, OFTIL)
RO CTREBIIARTHZ LT
vha IR D NS o T, 7T
v JIR—IVINRIET D L FDORKEBEPETIL,
TR —ARREDOREMNEL R TH
272 57200,

(2) WHIEE Y (2) DRRSE, WIEHIEDSE 1 B
PEIZBWTC, RO FIEEITEARD, 7T v
7=V DETTFE TR DN S T 7 o
7o TN, 7T v 7 R—ILNEEIEETD
BAHOTy fubt—nRAITH>VWTTH S,
BERIT. T T v I R—N 1 DT B DS
OFEFERENDHEMIZTHL T, TTF9 v Uk
—AREEH->THLZEOT Y bu B — (3
WO (0 1/46%) ThxbhbEX
BNT&7, UL, 77 v 7 Em—A 8
HOHGEIIE, = be E—En T L H
OB CTIEHZ bW &R 6T
eolz, O, AFEER(Q2) TiX, Kk
FREXTBMBL LT, 7T v 7 HR—NLN1D2D
WAREEZDHZ LI LT, TOHEBIZ, =
kv B —DRXNMHIZ /2D DT, it b
HIZRb LEBEENSTHD, RIZ, FHIEDH
2 ERREIX. BEICHERE 120 SEAEFIE TR & 2
WZ72 o> TCWDHHEEEFRIDH L THEITTE



Too BIRIT, HIEDOE 3 BePE TR fEmiTk
DEYTHD : TTvIE—IVEVIED
BOEH R NFAET D12 0I121E, = O ERHE

(BETEIOI 7 alkig) OROMEEHD
AT AN, —ma— N EORT Yy
IV EITERRY | EOEEBEA r— L THROAR
BTz ongidhiEeswn, &5, A
YERART v vn, 2 R EAER O TR
DENDRDL (3R EDOHEERN W
B) . TO 2 A EAFERITEVERER r—1
TRIENHTRITIER B0, (Z DOfE5%
WEEUE, B E LTTEET,)

PLE 2 SRt 1T, BEERmCL—7EHT)
REBTEHENDOETNVICELRZNENVWIE
WCERENRLOTHD, T LT, b
BFEIEGHEE-S> TV BT, mERES

Wb EEBEZLND,

5. EARFEERE
(WFgEiRaeE . I3 & ONE
=Y

HERFEE I

(dERERmSC) (6 1)

(1) &7 C Hiromi Saida, 2009,

To what extent is the entropy-area law
universal?,
Progress
1515-1552

of Theoretical Physics 122,

(2) Eitem ¢ Hiromi Saida, 2009,

de-Sitter thermodynamics in the canonical
ensemble,

Progress of Theoretical Physicss 122,
1239-1266

(3 #& ¥t # X : Miho Urano,
Tomimatsu and Hiromi Saida, 2009,
Mechanical First Law of Black Hole
Spacetimes with Cosmological Constant
and Its Application to Schwarzschild-de
Sitter Spacetime,

Classical and Quantum Gravity 26, 105010

Akira

(FaR) G291F)

(1) ZHIER,

— AR o R ) 72 iR TR AR B R
%Ezg)ﬁlﬁ@fﬁa%nﬁﬁ,

[ENL K SCHEBFFEEES 2011 : SR 0y SgrA*
OBRIN T 5 v 7 — VEFZERFSE, 2011 4E 3
A8 H, HARKY

s TV 7ok

(2) FHIER,

R B 7 S 72 BORIRIR D BLSSG - fRMT -
BUEAINZNRCT % 5 7 EIT OfiiHAL,
B4 7Ty s RV ENIZES, 2011
F£3H 118, KFEKF

(3) ZFHIER,

General Relativistic  Dissipation in
Accretion Flow onto Black Hole --- toward
full GR modeling of BH accretion ---,

JSI workshop: The Ins and Out of Black
Holes, 2011 4= 11 A 15 H, Loews Annapolis
Hotel (A U—F > KM, 7 AV BE%RE)

(4) FHER,

VURT T A ARG O EEEMREE - BH
Ty R—OEFERG L EHFR OB 1L
iz

H$%£ 2 i 65 [AFERRE, 2010 4F 3
HZIH,HMﬁ%

(6) FAHIER, @I, RATEH,
Relativistic Dissipative Accretion Flow
onto Black Hole,

The 19th workshop on General Relativity
and Gravitation, Japan, 2009412 A 3 A,
SR

(6) ZHIER,

Relativistic Dissipative Hydrodynamics
and Accretion Disc,

H A2 2009 EFRE (BEEFTHD

$7), 200949 A 12 A, HE KR

() BHIER, HEER, ERE,
mE77/7T—w®%£ﬁﬁﬁ?%ﬁE
&Eﬁﬁ@

HAYELZ2 3 64 IMFERAKS, 2009 4 3
H29H,4ﬁk%

(8) FHIER,

FE%F Y 72 MR ),

W2 |7 T Yy AR — VREREFZE S, 2009
£ 2 A 22 H, AhEKE

(9) ZAHIER,

To what extent is the entropy-area law
universal ?,

APCTP-NCTS International Workshop on
Gravitation and Cosmology, 2009 4+ 1 A 18
H, WEIFRT GHES, w@E)

(10) A HER,

To what extent is the entropy-area law
universal ?,

%10 PR GRS TRRR A L2 L
BlidEd 248 ), 200941 A 10 H, &T=x
I — R TR

(11D JHEr LR, ERE, FHIEA,
Schwarzschﬂd-de Sitter EFZEDHZNIRE,
HAEL 2 2008 FHKFERES (BEFH




#f), 200849 A 23 H, KT

(12) FHIER,

Schwarzschild-de Sitter Thermodynamics
with Minimal Set of Assumptions,

H A 2 2008 £ FRE (BEFTHD
BF), 20084£9 A 23 H, IJEKY

(13) FR E, Ay, JERIZES, A H
15,

Acoustic Black Hole in Plasma Flow -
Theory: Observation of a classical analog of
Hawking Radiation,

International Congress on Plasma Physics
2008,2008 49 A 9 H, fa il EER=H5

(14) AHIER,

Steady State Thermodynamic Approach to
Schwarzschild-de Sitter Spacetime,

%9 MR R ST TRPR A L 223 KOV
I DM, 2008 451 0 13 A, MK

(15) A HER,

Black Hole Evaporation as a
Nonequilibrium Process,

APCTP Jeju Meeting on Gravitation and
Cosmology, 2007 4 10 H 19 H, Gallery
House (M5, #E)

(16) A HER,

Black Hole Evaporation as a
Nonequilibrium Process,

2nd Dynamics and Thermodynamics of
Blackholes and Naked Singularities,

2007 4 5 A 10 H, Politecnico de Milano( X
Z 0, A2V7)

(E) GF3 1)
(1) Hiromi Saida, 2011 4,
Extended Irreversible Thermodynamics in
the Presence of Strong Gravity (Invited
contribution to, Thermodynamics, edited
by J.C.Moreno-Pirajan),
InTech Open Publisher, 26 ~<—3 (F H4H
457)

(2) Hiromi Saida, 2011 4,

Limit of Universality of Entropy-Area Law
for Multi-horizon Spacetimes (Invited
contribution to, Classical and Quantum
Gravity: Theory, Analysis and Application,
edited by V.R.Frignanni),

Nova Science Publisher, 56 ~2—<° (F HHE
457)

(3) Hiromi Saida, 2008 4,
Black Hole Evaporation as a

Nonequilibrium Process (Invited
contribution to, Classical and Quantum
Gravity Research, edited by
M.N.Christiansen and T.K.Rasmussen),
Nova Science Publisher, 52 ~2—<° (FHHE
457)

(PE S PEHE)

L

(£ D]
A= BR— U

http://www. phyas. aichi—edu. ac. jp/ takaha

si/BHmag2010/
http://www. phyas. aichi—edu. ac. jp/ takaha

si/SgrA2011/Site/Welcome. html

http://www. phyas. aichi—edu. ac. jp/ takaha

si/GR_BH/

http://www2. rikkyo. ac. jp/web/jgrgl9/ind
ex. html

6. HFFERHAK

(D) BFFe A
FH R (RFIRE: - Basis - HeHd%)
9% 75 : 80367648

(2) WFge /s
L

(3) HLHERTIEA
mL


http://www.phyas.aichi-edu.ac.jp/%7Etakahasi/BHmag2010/
http://www.phyas.aichi-edu.ac.jp/%7Etakahasi/BHmag2010/
http://www.phyas.aichi-edu.ac.jp/%7Etakahasi/SgrA2011/Site/Welcome.html
http://www.phyas.aichi-edu.ac.jp/%7Etakahasi/SgrA2011/Site/Welcome.html
http://www.phyas.aichi-edu.ac.jp/%7Etakahasi/GR_BH/
http://www.phyas.aichi-edu.ac.jp/%7Etakahasi/GR_BH/
http://www2.rikkyo.ac.jp/web/jgrg19/index.html
http://www2.rikkyo.ac.jp/web/jgrg19/index.html

