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Time’s Arrow

B oW 5 e
Time’s Arrow -
Yosaku Nishiwaki

Our cards model shows two World -views, but as far as we look
at the sequenceconstructed, we can't see them. By making a
ring with any sequence constructed in a cards model, we can rep-
resent two different time series in terms of two opp031te direc-
tions of the ring rotation. Using this device, we can restate the
thermodynamic discussions. In our ring model classical revers-
1b111ty and recurrence are descrlbed concretely. As a result, en-

_.semble interpretation is shown to be independent from the causal
process of events. It shows us some properties, which can’t be
seen when only the causal process of a system is studied, but at
the same time it hides some properties that the process has.

In order to retrodict a past state of a system, we can use ifs -
time evolution conversely in classical mechanics. There is no-
such method in statistical mechanics. Hence, usually a certain
past state of a system is assumed first and then we observe wheth: *
er it evolves to the present state. But this is question-begging.
If we reconsider this assumption and think of the direction of
time in the light of empirical .confirmation, the real problem is
the conﬁrmatlon under the assumption that time has a direc-

tion. There are two: arguments about this. One says that'the con-
firmation of the direction of time is possible. The other says it
is impossible. This confusion is due to the interpretation of the

- proposition; “time has a dnjectlon, ~If you want to confirm
which direction time has, then its confirmation is impossible.
But if you want to confirm the direction which time already has,
1t is pos:31ble :
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Time’s Arrow
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(1) the question whether time itself is asymmetric
- (2) the question.whether physical processes-are asymmetric in
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H—-FEBBRT B ER BOBOBMBEISLSIcTES. (BEHR
1512 FTRARTD X0V, —WOEEALSIT Y, T XTEEALEW
SHBAUHRLTEC S, RECORBINEN?) © CcHl Of
K= OEE WD), RE—LVOHEREL &T5E, ZOFHE{bxhiE
FdO=(WEt)—R@)/N Th 5. Kt CBEMN LIcbs8X -, K
R—NEZRZENWER(®) T35, §5&, RO EMRILTWS,

Wiet+1)=WH—-—WE+R'@),
R(it+1)=R@A)—R'O)+W'(t).

eEotlicnd s BEALOEIEE m=(BEILOREDHEBO /N &EKT C

citl&d, TTTROREZEL. (TORERGDTH A X (molecular
chaos) DRE LT 5 bDTH 5.) -
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(COBSED S, WE)/WE)=m, R'B)/R(t)=m £155.) |

COREAF-T, FLOBRERT &,

W+ 1)= W) —m(W(E) —R(2)),
RE+1)=RO)—m(R(E)— W()).

7, R EOH— FOER,

dit+1)=(WiE+1)—R(t+ 1))/N=(1 — 2m)d(z)

ERY, LT,
- d)=(1—2m)'d(0) .

ZhWA, TOVRFLARENCTEPSEY 273, (ERizY v
yBIBAbITEEY., BBich — FBBH LG bREA S
DHE Y 7 EBTHD, ThRIPEHICTEL TORDTRENE VAR
M (emergeht property) T&h 5.) ZL T, m>1/2 R SIRE A>T
Licls B, ThAEE b ORMEOENTH B, FEEOK—NOMDER
B->TwE, BRNCEEREBICET S, NEHHCKEREE5T0

2 ZOfERIROBIBRPERILT 52 & S5HTL 5. (HX— VD) @ GRE—n
D) =(BEALOAR - VO | BEALORR V0. LEOMX I
EERICHHELTANEE LV, FIZE, B Lot W, BEfLog+s— v
O E M, FRE-VO¥%E R, BENLLoRK—voKEMELTsL, Lo
‘s, WiR=M:M. M/W=M'/R=k &32&, M+M)/N=k LtizoT
RE»NFsh 5. o :
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WOEHR—LVOEKE LGOI EEFBLEOR-VOREOHINGL W
DB A BOHT L THS. 2T TNHL WEARBCHTHASDED
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EME L & 9 it T, %Cﬁ%ﬁﬁ$®%:%%®Ebéﬁﬁ%?é
TS B, CAERENTERTS B

CO &S BERNTERICH LT, VWb BT EFERED T Ky
JAEEZTHED,

(1) Al S |

BRI, YR AD T5% HSEK— VCEBRIEE o7& LTHE .
EBBZOLTHTTSE, BEOERERE, O, BKKICK B
DR —NVOBIEFIEDL., TR, CTOFOBRIEELZZELZLEHINE
ﬂ.“~wﬁﬁ#@DuE% FEaALIC A BRI —w®@b£b5':
@;amﬁﬂ%®QMMtﬂ®ﬁE®&ﬁ&ﬂbiok£ T%% @i
%55w%m£ﬁéntm)?%& diﬁofm% Lt@of Ed
Vo — kT s, oFDIRE Y /KR mofm< ﬁﬁ@b@ﬁﬁ
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(2) PR o |
Bl > EFNDES, BOPTEETH S, KEFED IC 2N [E
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EEBL, £ ITEOEIEHZH, 2EOBIEOARZBOTILE S &
DEEFEURT ZRIELFELCTHSE. Lih-T, 2EERDOY XF 4D
REERZEFOREEF CICK 5. BRIBAIEBEH S € T OFEETE/L
BOBRShBRITHD. YAFLIBEHEOEERICIE 75% OEH R —
VOREBETELTWS, LidioT, Z0Ov s8R EELEE
2N TRYET EVWIBMEROBRNEF >-TwsiEicis. L
L, L‘ DEERZ N EFIREVT, VX?AwlbeE.iﬁk?

3 (IyE[ME D KR hOhTiﬁ%@&é%#mﬁ#b?m5®1ﬁﬁh# 2
DRFIE Vo —PHEZOEMICH L TOIEARTLLVIRROVTOS
OThH 5. LDk S ICEEDOR, HOF—VOKORS BRED oW &L
EEABACIRNORBL O, IERT 5. X DHEENE, KEEHED
OB LR CEED S L THITRID 2Z A LBAKHEART 3. LaL, B
75% D& BIRED S FEHED TOY X5 ADRBEBVL, brodEd sEA
TZhELERNOFER/Z WS E-BE, FAUERONEZRTS 25 5HF0
IREICLRSZ Lictis., 2L, U/ﬁ%TWT@ﬁm%Tmm1lf%t@
B LTWE, CORDDOHZEZEOR, TV o E—REDIHIIRE
ftd B30, HT75%8 IKR-TWSDTH2Hho, 2o —=GRbLTnL
LA, FIoBRFEEOEERTLEOE, SERz VP-4
BRI E S VISEIREBICET 2. Likbi-T, FORBTAERIES B OE, £
Box vy obt—OEWRE,SHEL TCOFRESELRIz Y boE—-SHKT .
BEVWHIREBDOTH D, CHEI-BBEBEIZTCOWLONEMIBETVTH L0
LI FHLIIREEETHES. . BRI
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Time's Arrow

3. CHAFETH 5.

ST, TOXSBERKEKERICK L TORBNRERT v ¥ T
(ensemble) %{fi - /- fi#IRTH 5. ’
AZBHENOEE LT 5. T ORBBIBERO XS IERL LS.

=1 fh &

CIT, - FOEEZDF ELFROENITT 5D DI SoxEl b i
FEA-SUEL, ZOEERpELTECS. GEEOHED 12BOEC
AT1DH—FBLBEEZIEXIV.) TTTFR—VOBITHO>VTORE

BE%t (IEFEIC 3 F — vOREOIFHELE) RO L S ICERT 5.

Rzt i p OBFRDSH R —VHBEHTH B 5, nt)=+1
W%l ¢ i< p DFFIDH B X - VDFTH B D, nl)=—1

XT, VAFLOBEWKERBAB-TALS. T5&, LOEHRELH-
TRO& > BFEE LciRbcEs. |

n(t) =ep—1mp_1(t—1).

DX 5,

— o DEMBIEIC & - TH, O — VOMEME Y X7 AORME( (&
| (18) |
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R—VDEDED T HHEE—DBRL KEFHEY BB 5240 1L
R THEALTWL TEBTEE, F—VORAKONETRED-DIcd
BTHREEZEANELV, T3, vaFsR2EONKE,

d(t)=1/NEmy0) o
=1/NXy[11iep+1]n,(0) _(0 sl=st—1)

£ B, **fﬁwtmwuzmmﬁmg>®@fba,%nmuwﬁa
DHHHEERD B2 L ThB. bLEBELOSEFp 155 v F¥ 2 THN
i ey IO ERER e, &b 7, L BHHBAL TRV, HHBED IS WERK IS
WTOMO PR THORTH 5. PIAE, abe)={(a)BY()TH B,
CITRe DEHEER B L, |

<e>=(+1)Pr(e= +1)+(—1

)Prie=—1)
=(+1)X(N—-|A])/N+(—1)X|A|/N
| '(: fbﬂ@%&ﬂ@%AA@@ﬁkié)
=1-2/Al/N
=1—2m

EHB. COMEBROFEHELFELTES. LihiaT, .
- AK[ILep+ D =(1—2m)" .~
LIchso T,

d()=1/NZ,(1 —2m)n,(0)
—=(1—2m)d(0)
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Time's Arrow

Yooy

4
(\}J

>ha,
TITOHNORFHMET VY Y TVieh B, Thidge OMTHICE R
TW5, AEHORFICBFsHOBETONFEG ~

: np(t)=epnpﬂ(t—l) (BB DOBIETIE np(t) =ep—1mp—1(E—1))

ThB T, BEOBBETIETRELLELT KOt+1 THEOMB
Bttt Lid 32, FOROt:t+] TEEXMZ B &,

ny(t+1)=epmper(t) -

THh, Lich-T, LoFEROhoRE&E» S,

np(t+ 1)=epepnp(t_ 1) .

I T()l=1Thsho,

npt+1)=n,(t—1).

CORRB I TEBEOBETREL, (+1 THRRBELIEBESK -1 D
VRAFLADIRERRELZIEAELTVWS, TITe) =1 BHEMEMKRO®
5:&%%LT$D,EILTDU“.L#L,i@%&?ﬁ&@;o@
HWELEETH - 7. '

(e>=1-2m, {abec)=<{a)<b>{c).

LD OWERABESE W EAELTWS, ¢ O TEERLDIIRDC
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C OEBIMEHEL Y 2 7 A QBN ERECHETAEESLLS LV HEA
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BRRRICHBCBR L TV, IR Y 27 A0S S EFTNE, Z0
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5 FhcBRIBOH LR -208 5 5 b, Hed I E Lo
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AN RT CEMNTER, KB, ZhbEeEFVvEELCEETH S, VvV
7 & 5 VLR A8 & B FE O M L B I > TV B, £
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WIESEE ERFEORFE S OHEE TSR & 7 OMEFIc > W THE D
b LAWY, ERIEEEL &b, ERNIC T OB FIEEEET 3
55, zOREBEWLFIER, Sionicy 2T r0RECHLT, ik
EBALY AT LORKRONREEZTRAT L ETHS, i boeFv
PEELFELTHY, EBiczo k> BFIETHENTFbAL, Fillldsk
HPFTRRD & 5 KRR TS 5. BAEOY 27 L0/ 0
KEEEZ, TN5CHIET 3 37 o DR SHREEX, BREOE
BEEET 3, chidz v — FHEOREELFEIETH . EHTHRVWES
i, TOEINIuBYRTLEEATIINTO Y 7 aiikEEE
A5, KL, VE¥FEIEEESOREZM > Ty 27 4 DBFEPRK
EEATOG, Kb, tEBRBHTE V- & ERAP SR LT
W3, ZOFBALBEREOLDIYEEEZE IR L TVWEDTHIH, %
nm%ﬁ%mm%@iﬁﬁﬁéhfmmmﬁﬂfﬁ@,mbﬁﬂtB@A
RO ERNREICBER Y, AEORRIC R I B RFIcRS AT
W3, YRFLARFIOMEERDERC &, (Fh7eD ORRET) BERICH
Do THORRICAS-THT Y b E—AERLE. ThERTY 2 HKk

(22)



B ¥ H1054%

f&@i%ﬁﬁ%%bfﬁ:i
Eﬁ?ﬂw%%%mbiﬁ,%@ﬁ%mémfﬂm@%%maﬁﬁu%
BE¥/HD, ZOxY b uE—@MAT 5, & TEETHVIRES
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W37 o IREEASHSIEIIC DIV E VS T EABKRL TV 5,

WEEE R & A EEOWEOHT RKO £ 5 THA S, BIHRL(LE
—HETHY, LE#-T, Tvhat-0—HOMKEEELY, 6
TBIENTES, Ehd, v hoE—0MAE—HHCEIET 3.

CORIGTRE, RENEILR—FRIEVSHHRICE > TV 5. £RET v
PO E-OERKORIZIEZELSZDRZINTIVE LT, BELBEEL SH
25 EFBBARES Lib Lok, BEORE, b AROREEE
Lick 5, BEORED biBEDREE M BRI RS 2
7255, O, HEBNTHRSEET 5. FEIFNCERT 2R
i, MOFRTERET S, ThAERERKICED, £ IhoEREED
CHFBLVSFERTTHD, BRSOV TORREETHS, KBTS
5LV RFAME > THROLOUWEEBHAT L5, YRAFL0BEED
b BRKRDOREEZFIE L TENPRADRBIEENICRET 50 E 50
EZ50TH 5. [UES NN EF BIEORBICHEY 5 &5 ik
ETHIE, TNBBEORETE -7 & LTSNS, €5 THEH
3, ERBIORELSBELTHS, FFECMTEE ZRERESDHE T
AT B, THid Perce itk o TT 747 ¥ a ¥ (abduction) & K
EhriEmo—TETh s, OB, KEELT(BELDR)ENT Y
PO E-REOVAFANELNEY, ThERETEORKELTS
B. KRICH L CHBEOREICHE S4B L, BEOREICHLT
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