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We assume that the whole universe is, and rests for ever, in
thermal equilibrium. The probability that one (only one) part
of the universe is in a certain state, is the smaller the further this
state is from thermal equilibrium ; but this probability is
greater, the greater is the universe itself. If we assume
the universe great emough, we can make the probability of
one relatively small part being in any given state (however
far from the state ot thermal equilibrium), as great as we
please. We can also make the probability great that, though
the whole universe is in thermal equilibrium, our world is in
its present state. It may be said that the world is so far from
thermal equilitrium that we cannot imagine the improbability

| of such astate. But can we imagine, on the other side, how

small a part of the whole universe this world is? Assuming the
universe great enough, the probability that such a small part of
it as our world should be in its present state, i1s no longer
small.
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Component Entropy Density s (k m™>) Entropy S (k)

SMBHs

Stellar BHs (2.5-15 M)

Photons

Relic Neutrinos
WIMP Dark Matter
Relic Gravitons
ISM and IGM

Stars

8.4%2 x 10%°

1.6 x 1017512
1.478 + 0.003 x 10°
1.411 £0.014 x 10’

5 x 107%]

1.7 x 10725
20 + 15
026+ 0.12

3 l+?() l()l(N

7+“ 6

5.9 x 10°
540i015x1w9

5.16 +0.15 x 108
2% 10%=!

6.2 x 1087525

Tli,bxlm'
9.54+4.5 x 108V

Total

8.4152 x 107
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Tentative Components:
Massive Halo BHs (10° M)

Stellar BHs (42-140 M)
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Component Entropy S (k)

Cosmic Event Horizon 2.6 0.3 x 10!
SMBHs 1.2t4h1 % 10103

Stellar BHs (2.5-15 M) 2.2 x 10%651%
Photons 2.034+0.15 x 1088
Relic Neutrinos 1.934+0.15 x 1038

WIMP Dark Matter 6 x 1080+! Repss = 15.7 & 0.4 Glyr
Relic Gravitons 2.3 x 108623 ‘ ‘ ;

ISM and IGM 2.74+2.1x 1030
Stars 15417 x 1078 Vepn = 1.62 +£0.12 x 10* Glyr®

Total 2 6+03 x 10122 = 1.37 £ 0.10 x 107 m’.

Tentative Components: —ONEIZHEEAERFBOFEMN
Massive Halo BHs (10° M) 10194 IGM>TWNAEMN(Z57) . Regy®
Stellar BHs (42-140 M) 12 x 10775 SHEIDERIE L. REBDHAD
NOFEZMHENTEE




FHDORF &R

s FHII. I FAE-EMNICLED > THYEEE (KF) %
KW—kDHm I 52 AMAISELT 5017 TIEEGE WL

s WEHPERBHAICEBAL (BEDHE) &5 ICELRT SIX
SHATbAE—BICTT X
s BHIZAB I ALEEEZ O D EBIRLTHL LD ?

ZDFENEKGIZFDOYI—BFZEIZETT S
HEold(F—IIRILFXF—DEEBICFHEN
DIEZE). FHALRZPFILET HCEHERIZNERD
BREIZESTIE—D DTSV IHR—ILD LS
[CIRAEFH>, MERkOEI rOE—IL. £
DFRDTS5VIHR—ILTIELGL FOovE—BE
TEHADOIFOE—HEEIRY

+ Black hole

| Singularity




FHOILY FAE—DBEZEL

scalefactor a
0 -40 O -30 O -20 10 10 100 1010 1020 1030

10“0 FEAELLETTLNDD ] ﬁEG)—T— == ‘j: \\“\‘Jg H#

] li AEHELTOTU

10 —MRBRZFEIN ‘ | W'ﬁlﬁﬁﬁé—é&%'b‘é*l'6

101 ?fﬁ&’f’j\o‘?’sﬁfgﬁ?}fif 6
= s TARTDITTYIHR—ILILR
— S EEEHL, BT
e HBEE Y Ny ITERFELTLES
PR . FEIE—D DTSy Hk—
Stellar BHs &L-—CO) I\“:)\yg_l‘sjl\l:l I:o
—1=T%&HD

- RN “\‘JQ_/JII].AI-I_ T/\~ 10-33ev

"o
4
)
0
S
w
L.
=
oo
o
i -
-
L
o]
o
2,
O
e
-—
=
o

Egan & Lineweaver, Ap] 710(2010)1825



6

RILY < BN



DOLEICLH>TEENIERDEE

o [RFWIICIE] T bAE—O/WSGBENEENTH LW

s BEOEHZR (B) 3. ZnEBoTy bOr—%2FBAbIE3H . ZORRIZIEAN
RNty bOobE—Z2R_ET 5, EYPDiHE - ELHEL

= 3

EREERED I LW, <DL ENLREIMNE L THEER - 7-

BENEINDAIEEEIXENITEEL?

s REDFH (T=3K) LBFEEHICH B1lkgDiEE RV V) BT L LT
EFENDHESR

6 x 10 GeV
3 x107%eV

036

) — exp(—2 x 10°°) ~ 107!

s CNICFHEMIISEE) & HFREREE (138EXLE)IZMITTH, HEEXI(TIZ
CEAERIL (EAaLEDERMEFEI AT H, blFPESTHLWL )




RILY < B

s WESNTE ZHMERERANICEET 2RLY T UMOBORRFEIT
10D(% 4 FR1036)F|H DT, BEDABDPERBIICZE L

s SHLIREULERET D E, ABIZEAHDBEEOYEHI R DE
TOBEILEBT 5
s LAL, ZOFHRIER D v X —BET,~1038eVLITI A 540

s THOGERARELI-FHICHNELAEFEET 2 06IE,. RILY < UK
DIHET->TWBITT

lkg

NBB ~ t(Ct)BGXp (_10_3—36\/

) ~ 4107107 = ¢ > 1019 sec < N > 1

Sean M. Carroll *Why Boltzmann Brains are Bad” arXiv:1702.00850



RILY 2 MO REHFORES

.ﬁwvvywu¢ﬁE@@T\ttizimf%TCE%MLTL
FHXTEHA., TKLKENICIEBEZTAEBRAHIBEICEERDLD
KHarHhEH (Z i’cﬂ%t [EN] EWS SEICIEEKRDS L)
s BXACECRAILRBEEZEOMT OEAREETN-AE LKL
s LALZOREIR. AOHROFEL L IZRENBE®REZ D 72740
SHnl0D (10%63|)EELD(IZ “7/\‘175*‘;%}DZL7L:$E£ (ZE R
%T@%%%tab%@&#%ofm%ﬂ . =0 [Ro)IER A
N EX R EZISEm%DLKz%gFm-_imm%D BIKTEIF—
Z L7 EBEZFEOIEFNISPENTH, ZNITEEKLESDOELY
ELTOREETLAIGWL

s VR, RITEELACEBICERALTLES 25 A5




7 BASDIZMET

(Fy = B bFRILVY 7 FEA)



BoDBRRILVY TV THREWEMSTERH?

s DOLETTIEARWEEZ OGNS (RR) EEHL
s B E L THBET 2RIBEBED/X—V DAL LT, BY DA
E-EEZ L TWD
s = RILY TV ARBTIE?
s HOWEENEEAORRLTEBEICESD F TOEENE T
FhEeskE L Tlk-TW5
s = R Y—RTIZ?
s BRIIEABEOAL ERICEEZHBLTWS
s > RV UEIRETIE?
s HEARTC—EHE 272 LD WVWAEDL R LCEELEZHE
s = R T UHERTIE?




IV < HER, RV < ERA-

= ﬁﬁ?ﬁ‘ :Zd)ﬂ‘—EH’CQ DIZTDRD O ENDEENTFRILY T U HTH

EI e BETZESHEAD
-aAwﬁﬁtHUwﬁ%twt%mﬁAE%ﬁ;7miiu
s LALZORYOHRELE/-—FBICWuEhoEFNTERAER

Lf%ttﬁmm\Eu@x%mﬁAﬁiﬁtmfu%uﬁ

s HIBKIZSH 5 4 615$ﬁu LI b A BHLE L 7-7RILyYy v VUHiERA D ?
B cEalInid, KLYy < rKEHR. RV < U ERA--

s FEARIE (FBE) DIEDEHLEHI oL T, INELBEL Y HAX L0
DEMEL Y Z DS THE, EL oDt pPAbEE, 534 LILELIL
ST DL DED, (DI AELEEZ DS DIXBHEVICHTHT L <
LBELTLEIOD0OTHSE — TFLrRILT - EFZ— [DHETE]




RILY 2V FHEFHOZERE

s I NIE, SBIENICH D EDHEESELENT
NBDI%. BATE BREOFEZ DS DN ;5;;;";;’;;'
FYVRERFEH (RILF/N=X) OFD 5 4% e
EhrodEFNA-RILY T UFEHTHHOjEEMR
s C N ZFH1895F DBoltzmannDHIX DA ?

m But can we imagine, on the other side, how small
a part of the whole universe this world is?
Assuming that the universe great enough, the
probability that such a small part of it as our
world should be in its present state, is no longer

K.Sato, H.Kodama,

small.
L ZoBME 4v7L-y s mmonn KRt
T /E—\'TZISE/] \_$ 7% L 7L\_ ), 75\15}5%%}_”- 7LC _6 |:|FFE| (1982) 103




Lonely World/Universe

s ZUVDVEE, ZOFETIIYE 75"979\ 57 —
EMENT S THAT 5 (22 ICEFHO G it
TT%H'L‘H&T%% un_&:t)r?,_[/ti\»\> T au

s TABFEHZ [EE] EERZOHN?H L
TNZRD B IL, RIS FRICES | p e
ERIMRIVGRIEBE D H £ 12 < ETE LR Ty men
FTRETIE (LRILAZILF/IN—R) ? :

m %%L\Li\ ZDEIIT—FRIZHRILY T

vIAEFEFN, FEOGFEZERL TN A
5DHhH 7

s DNUONDFEHEH, TOLHIBLRNIL4L =

IWFN=XANDORILY T VFHOHAIS ?

[&ODKREE](2021)

DL =)N— R



8

RLWEL®



O
=
=
S
P
-
-
S
=
[N
=
o
"
-

“On Certain Questions of the Theory of Gases”

9P
P
¢
~
O
o)
0
P
~
P
O

We assume that the whole universe is, and rests for ever, in
thermal equilibrium. The probability that one (only one) part
of the universe is in a certain state, is the smaller the further this
state is from thermal equilibrium ; but this probability is
greater, the greater is the universe itself. If we assume
the universe great emough, we can make the probability of
one relatively small part being in any given state (however
far from the state ot thermal equilibrium), as great as we
please. We can also make the probability great that, though
the whole universe is in thermal equilibrium, our world is in
its present state. It may be said that the world is so far from
thermal equilitrium that we cannot imagine the improbability

| of such astate. But can we imagine, on the other side, how

small a part of the whole universe this world is? Assuming the
universe great enough, the probability that such a small part of
it as our world should be in its present state, i1s no longer
small.
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Everything not forbidden by the laws of nature is mandatory
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