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2.1 FILTHFODEA
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(A+B)~ = A+ B
(A~ = 4,
[A,B] =0

~~ ~~ ~~ —~
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DERIZE > THEATE Y, £, X7 MV n) I U TEOFILEEE |n)~ 2BAT S, 20X,

EREOHAE T AIZTRLU T,
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L3,
{|n)} 2 AEEOBMELZERE L,
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ET5, 60T,
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(2.9)
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E A
2 /
(I|A|T) /d a/d (@, al Ao, o)

2 2 7
/ @ / A ol Aoy (o)
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(2.39)

(2.40)
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(2.47)

(2.48)

(2.49)

(2.50)

(2.51)

(2.52)
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EL, (2111) 2\, 282 F 5 TIIEERBEIMR (2.33) 2, H3FESTIX (247) &2, H4EFTTIE
(2.40) 2 W=,

(2.129),(2.128) & b

0(B)) = exp(;Zln[l +ni(B )exp(Z ] +7’Lz a I>]0>> (2.131)

2185, ZORD 5. BRIBEOBIIEZ |0(8)) &, H—<b - <7 alal HIEZE(0)) O Iz gL 7R
fBTHDILDbh D,

13



2.4 BEICKEFET 255
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Zii729 7, (3.16),(3.17) 1% (3.3),(3.4) D, (3.18) 1% (3.5) D, (3.19) 1% (3.8) DILETH 5. (3.19) 1%
MR DR ZEERT 5, EBX. (3.16) 12 (1) 2/EHIE 2 &,

L0 A
iho.(110(t)) = (1]H0(t))

THY. (3.19) £V,

0
ih - (10(1) = 0 (3.21)

%?%l:éo
(3.16) 2 f#< &

0(£)) = e~ M/M0) . J0) = [0(0)) (3.22)
7%, (3.17) D H 2 LT (2.28) i 5, #IAZML LT,
a|0) = fia|0) (3.23)
PRES NS S, FHZ,
fi = fi(B) = e7Pe (3.24)

M 0) MWECEH DG ETH 5, (3.23) 1% (3.9) DILIRTH 2,
AHF T, HIFEEIZESmnWE LT EAD, KMITKET 358 ~DIEERIIRSTH 5,

VZOADOEHIES 4.3 TIT 5.

XY =X LRBEHT X 2FLT4T LV,

08 2.4 DHEMMPONMD LD, Ty NEZEDFIVLEREMEZ, p(t) DTV I — MECHET S, (3.18) 13, (3.14) DE
WHRRKTVI— b THDILEERT D,

Nz i,

(1m=0 (3.20)
EHERT 5,
872720, § 6.2 BIANT Z OEISRM 2 b2,

17



725 E (3.13) 2 HVWT—EIIZES NS, BIZIE TIHY(3.15) D& &, (3.14) DALD klap(t), o]
DI,
rlap(t),a’)|I) = rap(t)a'|I) — ralap(t)|I)
= kap(t)a|l) — ka'a|0(t))
= madp(t)]]) — kalal0(t))
= k(a@ — a'a)|0(t)) (3.25)
L5, 72720, (3.1) & (25) BHWZ, FERIZ,
kla, p(t)a')|T) = rap(t)a'|I) — rp(t)a’all)
= raap(t)|I) - wa'p(t)a’|I)
= rad0(t)) — wa'ap(t)|I)
= k(aa —a'a)|0(t)), (3.26)
26[a, [p(t), o)1) = 260{ ap(t)al|1) ~ aalp(t) 1) = p(t)alalT) + alp(t)all) }
= 2m{adp(t)\f> —ad'p(t)|1) - a'ap(t)|I) + aT&Tp(t)!D}
= 2x7(ad — aa’ — a'a + aa’)|o(t)) (3.27)

L%, £oT, (3.15) MY

1.~
ﬁH = k(ad — a'a) + k(aa — a'a) + 2ka(ad — aa' — a'a + a'al)
= —r[(1+427)(a'a + a'a) — 2(1 + 7)aa — 2natal] — 2ra (3.28)

THo,

3.2 HEEFEA
HHE T 2 IHETIEAT 2HETTH S, HIRIE, B15)DINDE>REDTH S, MFICRT
X951z, al,a; %

Ae=A-o, Ae=e-Al (JHEEDOEET. A= a;,a)) (3.29)

PO HEEIT L EATE, S TOARMEYAHEASAE T LK D O,
ELAOL R H AT 2 BT OEAE O LT, OO e i, EEOBKERZER n) &
WT,

°=;;Mﬂmwmml (3.30)
Y#135, O LT, Liouville % Wﬁ#%i%%é LD o) I3
[*)) ==2%;<n\°IW0|nﬂw> (3.31)
LEPND, R |
[[n)(ml)) = [nm)) (3.32)

18



TH B, [nm) ITHLUT, TORE (nm| %
{(nm] = {ln){m)T = ((In)(m)T],
<<nm|n/m,>> = Onn' O/
TEHT 5. Wit
[nm))  «—  |n)(ml,
{(nm|--- <= Tr(jm)(n|---)
#EZ25E 9, (3.34) 1%,
{(nm[n'm’))  «— Tr(jm)(n| - [n')(m])
= 5nn’Tr(|m><m/|)
= 5,m/<m/]m>

- 5nn’5mm’
b, 2770, 2R
Tr(|¢)(¢']) = (¢']8)

ZHW7=,
(CIRN

(o] = > _(m| o [n)(nm]|

n,m

95, oT,

b, £,

((A|B)) Z Z (m|An){(n'|Blm){{nm|n'm'))

’an, m

— " (m|Aln) (n| BIm)
= 3" (mlAB|m)

= Tr(AB)

Thb, F2HEFT, (3.34) 2, K3, HBAEST{|n)} OEMEZH N,

9)(3.35) I,
o) = e

EERT 5,

19

(3.38)

(3.39)

(3.40)

(3.41)

(3.42)

(3.37)



o=1=3 |n){(n| D& FiZ, (3.31),(3.40) I,

1) =) |nn)), (3.43)
(1) = > (nnl (3.44)
LB, wi (3.35),(3.36) 12 & B &,

) = D In)n|=1, (3.45)
@--- = T _In)yn|-) =Te(---) (3.46)

2135,

WS T- 0y, a7, @, a) % Liouville 22 £ D 6T,

allnm)) = |aln)(ml)), (3.47)
alnm)) = |In)(mla))) (3.48)

BLO
aflnm)) = |af|n)(ml)), (3.49)
aflnm)) = ||n)(mlay) (3.50)

LUTHERT 250 LTEHT 5. 56 (3.35), BB (3.37) 124 D, ay,ap,d, a) FEE T (3.29)
FOEAT ABEE I T 5, LD 4 A& b, BEEFIZHT 2R HE%

[ah a;[n] = 5lm> [ala aT ] = Oim (351)

2195, ZOREPORMEKRIEEYETH S,
5. BIMERTEER {|n)} L LT, (243) D {|{n;})} £H D, ZDLE,

alaﬂnm)) = n;|nm)), (3.52)
aa; [nm)) = m;|nmy) (3.53)

MY LD, Fz,
ai00)) = @00)) = 0 (3.54)

Y5,
ST (3.37),(3.45) 3 £ O (3.47),(3.49) & D, a, al, PSR I NBAEEOWET A I LT,

|A)) = AlL) (3.55)

2135, 72U, EldD AIZODILTHY, HAUD ARG T 2BEAFTH S, (3.14) 2§
p(t) EEZ D, 727U, HELT(228) %25, 20X E, pt) iFa,ah, »SHEINBIETHRDT,
(3.55) AMEA T,

(1)) = p(t)[1) (3.56)

20



2185, 7. (3.33) & (3.47)-(3.50) & b,

THb, (3.55) LFEEIC,

135, (3.55),(3.61),(3.42) & v,
(Al1B) = (1]A|B)) = ((1|AB[1)) = Tr(AB) = Tr(BA)
7%, WZ, B=p(t) £ LT,
{Alp(t))) = (1[Alp(t))) = Tr(p(t)A)

2155,

3.2.1 WE%

BH S DT,
[nm))  <—  |n)®[m)”~,
)« |,
@« {I=A1],
() = p®)|1))  +—  [0(1))

DXL DB, 7. Wik (3.35),(3.45),(3.46) 1&.

[nm)) <= |n)(ml,

) = Do Inl=1,
(1--- = T In)nl---) =Te(---)

THotz, TOMBITED. a,a,a,a) 1
.|.

ae=ay-e , ae=e-q,
fo_ i ~te _
age=a -e , aqe=e-q

EWHBHEHBEFIIhDD, ZOLE, (3.14) 1,

o) = Ap(t)

(3.62)

(3.63)

(3.73)

LB, T (3.16) 1IZHYT 5,8 3.1 £TIE, FIVXR TN, EETE2DO0 LRV

DS NVRYNZ R R 720, BEEFORG23T5L, REOBERIZARX S,

21



(3.19) DREEMKIE, (3.70) 12k B &,

A~

Tr(He) =0 (3.74)
Thb, TIT,
He = [H, o]+ ille (3.75)
THH., MH(3.15) D& =iE
He = [H, o] + ilir([ae,a'] + [a, a']) + 2ifik7i[a, [e, a']] (3.76)
Thd, —fRIZ,
Tr([A, B]) = 0 (3.77)

ThH515, e [A Bl DHTHITS 10225, (3.74) ALY LD, T A5 ITIFIRD & 5 12— MG
L5Nb

%H. = r([ae,a'] + [a, ea']) + 2k7[a, [0, a']]
= k(aea' —a'ae+aea’ —eaa)+2kn(aea’ —aa’ e —eala+al ea)
= k(aa e aao+aao—aoa)—|—2/<m(aao—aaTo—aoa+aTT)
= k(ad — a'a + ad — aa') e +2x7i(ad — aa’ — aa' + a'al) e

- ( — ®[(1+ 20)(aTa + a'a@) — 2(1 + A)aa — 2na’at] — 2%). = (3.78)

1.
e
ZD X512, (3.68),(3.69),(3.70) 12 & v, Liouville Z2[ £ 2B H X N2 L L WHETH B 1%,
BATZHDBEHEN LV, Bz, BVREESRM:

(e = (1]a], (3.79)
(tlaf = (1]a (3.80)

WMEZZDHPRRTH D, (3.79) 1%, BIEERTERR {|n)} £ LT, (243) D {|{n;})} ZHLY,

o0

Z |nl>l<nl‘al = Z \/m|nl>l<nl + 1‘
n;=0 n;=0
o0
= > Vil — il
n;=1
o
= a ) |m)ifnl (3.81)
n;=0

EHVNENSND, (3.80) LEBETH S, (3.79),(3.80) £ 0. a,ah D SEERI NS EEOHET A
IZRL T,

(1|AT = (1|4 (3.82)
%2551,
BUFT, |0@),(1] WAL & §310EKEESTHE WL, [pt)),(1] DEERE E>TH LW,

9AB A [C,D] %, {C,D}{C,{D,E}} REDKTEH,
WREKZ, (3.11),(3.12) 75

(1]AT = (1A (3.83)
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3.3 N EURTHIE

(3.16) ¥ a b —F 1 YAk TH B, N ¥ RVTHGETIZ, 7y DEEIIIFAEET T,
BFDIEH M
A(t) — ez’ﬁt/hAe—z‘ﬁt/h, (3.84)
z’h%A(t) A, B (1) (3.85)
WZHE-> TR T 5, HfFIX. EH550RBTHEHELUTH S :

(1A(£)]0) = (1]t Ae=T0/M0)

= (1]4e= /" 0)

= (1]A4]0(t)). (3.86)
27U, H2EST(3.19) ZHWZ, Ny R NI =T VN

H=H-H (3.87)
DY EE, ABFEFVLHET 55 A() bFEFLVXHEETTHY, AWFLXHET RS AL LF IV
KEHFCTHD, BiheRT UBDD L, ARM) IEFVREF VX PR S, £, IHDDEL H
F—fRIZTLI— FTRVDT, e/ 3Za=x1) —TH\», £oT,

aﬂ(t) = 6iﬁt/haTe—iIA{t/h 7& [eiflt/ﬁae—iﬁt/h]T = [a(t)rf (388)

THo,

23



4 &F Langevin AR DEH
AFTIE, h=1&95%,

4.1 S-L Langevin A2z

4.1.1 BHRHETIL

IRENE wo DR FIMAIRE 752 (EEHR) 2 AREE o =1,2, ) OEEO&E - HIRE 13

(Byn) CMHEEHLULTWERE2EZ D, ERONINVMZT Y H I,

H = Hg+ Hr + Hy,
Hg = woaTa,
HR = Zwlbzrbl

!

THYH. HAEMEM Hy &,

Hi =d'R+Rla, REY g
l

£ B, g I3EETERTH B, FHEATIX, EELHER
la,a’] =1, [b,b]] = 6

iU TW5, ZOIEFEPOXHERIZ0TH S,
PIARAI t = 0 T, RRDIREE por(2) 134

piot(0) = p(0) @ pr,
o—H/T

"= e
Thotzk$5 1, 4,
(+Yr=Trr(pr--+) (b, bjTHI )
eml e,
(b)r = (b))r =0,

1
<b;bm>R = 5lmﬁl7 n; =

ewt/T — 1

&7’;60

(4.4)

(4.9)
(4.10)

NA X ROV IS, MEAERBROER - X (1), XI(t) X, Yalb—F 1 v —filg comEE %

X&9dL,

X(t) — €thX€_th,
X[(t) — ei(HS+HR)tXe—i(H5+HR)t

(4.11)
(4.12)

P DBELROET, IORENAEMICEE L EEE R, ZORERNT L, BHTERVOENE AFHET B,

24



THEZL6N B,
iz,
Thb, 7=,
d
£bl(t)
d
dt
(4.16) 13

bl (t)eiwlt

ThEn, ROMI RS ¢

_ bz(t)eiwlt] — —igl*a(t)eiwlt,

t
—b = _Z'gl*/ ds a(s)ezwls’
0

t .
bl(t) = blI(t) — ’Lg;/ ds a(s)e—lwl(t—s)
0

LR B, (4.18) % (4.17) IZ/RAL T,

d
pri a(t)

EVTz, (4.19)

d

dt

LEIEHS,

b RN

L5,

= —iwpa(t

zwot

()= abf (t)
l

Z\gﬂ /dsa —MztS) ZRI()

R(t) =) gbi(t)
l

Z |gl| / ds a *Wl (t—s) Wot ZRI( ) iwot
déf X(t)elwot X(t) = a(t)’ R(t), Rl(t)
—Z]gl| / ds a(s —iwos o —iw; (t=s) giwot 2R1(>

_Z ’9”2/ du a(t —u)e” "m0 — iR (1)

25

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)



4.1.2 EF Langevin AREX~D#%1T

50T &,
S g2 () = / deo D(w)|g(w) f ()
[ 0
TEMT 5 &, (4.22) IE.

—a(t) = I(t) — iR (1),

1(t) = [ doDw)lg(w)? /0 du a(t — u)e~ i

0

t o0
_ / du a(t — u) / d! D( + wo)|g(w’ + wp) e
0

—wp

B, By BURD w lZwo DEDIZ, ROESIHHLTWE LTS

191Dy for |w — wp| < Aw
0 for |w—wo| > Aw

|9(w)|*D(w) = {

Thid, BURICEMER N L 2R T 5, 72U,

0 < Aw < wy

THERETHE Y, ZorE,
t Aw ‘
I(t) ~ \glzDo/ du a(t — u)/ dw' e~

0 —Aw

b, ZIT,
A i Sin(Awu) Awu—300
/ dw' e = 2Aw——~ 757 276 (u)
—Aw Awu

Thbd, ZOELDFT, ANTEHT % Langevin AFER DR 3 5 K] A 7 — Vi,

t> TR
Thd, (4.30) & (4.29) ITRAL T,

I(t) = ka(t), &= mlg|*Dy

b, T,

9 a(t) = ~iwoalt) — ralt) ~ iR’ (1)

191/ Aw FBIAE — KB MBI 7 DHZ E 25 -

TR = w/Aw.

26

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.29)

(4.30)

(4.31)

(4.32)

(4.33)

(4.34)

(4.28)



EWT 5, T Senizky-Lax @ Langevin SRR TH 5,
(4.33) DELHMEEYT () g ZHLD &

\a)r = —ra(t)r (4.35)

Yib, L, (4.20) & (4.9) B 5ELNS
(R'())r =0 (4.36)

W, 2k b, (a(t))r OEMIRRIX

_— (4.37)

K

Thd, SLHFIZE > TWED T, ZIERN LY E ORI ZRFMA T — V252 56D L
MT& 5, ft>T. Langevin 2R (4.34) DFlBR T 2R A 7 —vid, (4.31),(4.37) &b

T 1
— = t = - 4.38
AL S TR Lt T - (4.38)

THOERNETHD,

4.1.3 RI(t) DMHE

(4.34) 30D RI(t) I2DWTHHR D, (4.20) &b,

[RI(), R1()T) = D> qugme 4 m[by, ]

[ m

= Jgifeinlt=e) (4.39)
l

ThHB, £ (4.10) £ D,
<RI(8)TRI(7§)>R _ Z Z glg:ne_iWZt+iwms<bInbl>R

[ m

— Z Z glg;eiiwlt+iwms(5lmﬁl
l m

= g e ) (4.40)
l

THhH, ZD2XKD,

(RI()R!(s)T) = (R'(s)IR'(t))r + ([R'(t), R"(s) ) r
= > lal* (i + D)em 1t (4.41)
l

Y b, (4.23),(4.26) DFT.

Z |gl ’2fle—iwz (t—s) _ /0 dw D(UJ) |g(w)‘2f(w)e—iw(t—s)
l

_ 2 wotAw —iw(t—s)
= [9]"Do dw f(w)e

wo—Aw

(fi =1,n,n+1)

27



THbd, I5IT(4.27) &b,

Aw

Z g1 fre™ (=) = \g\gpof(wo)e_w()(t_s)/ dw' e/ (179)
—Aw
T, E512(4.30) &0,
> gl fe ) = 25 f(wo)d(t — s) (4.42)
l
#1585, Y EDELDTF,
[RI(t), RI(s)T] = 2ké(t — s), (4.43)
(RI()' R () = 26m(t ) (n= ﬁ) (4.44)
(RIWR ()R = 26(R +1)d(t — s) (4.45)
L%, £l (4.9) &b,
(R'(t))r = (R'()T)r =0 (4.46)
Thb,
(4.20) 12 (4.15) Z/RA L. JEML (4.23) 2T 5 &,
= Zglble_iwlt = /OOO dw D(w)g(w)b(w)e ™" (4.47)
l

2185, ZOEKRTRI(t) IXbw) D7 =) ZEBMOD LS RHLDTH 5,

4.1.4 Boltzmann AR DEH

al(t)a(t) DRI IE. (4.17) &b,

d - ( ) da(t)
2 iai0a(t)] = 2o Ba) + i 0
= [ZWOGT(t) +iR(t)"a(t) + of (t)[~iwoa(t) — iR(t)]
= —ia'(t)R(t) + iR(t) a(t) (4.48)
L%, (4.21) DEETHL &,
%[zﬂ(t)a(t)] — it (OR() + iR a() (4.49)

ThHd, £ZTAHT, (4.18) % (4.20) IZRAT B &,

Thb, I(t)IZ(4.32) 2RAL T,

R(t) = RI(t) — ira(t) (4.50)
LB 5, (4.49) I,
%[dT(t)a(t)] = —2ka’ (t)a(t) —a (H)RI(t) + iR (t)Ta(t) (4.51)



t&%o

qa
dt

[aT(t)a(t)] = —2ka’ (t)a(t) — ial (t)RL(t) + iRL(t)Ta(t)

LHEIT L, INOIMEENS

2155,

4
dt

(4.33) 1%,

(af(t)a(t))r = —2w(a’()a(t))r — iaT () RT(£)) r +i(RT () Ta(t)) R

d — kt] __ D, Kkt
%[a(t)e | = —iR(t)e

LESLBEDL, IhEE &,

AR

t
a(t)e™ —a = —i/ ds Rl (s)e"
0

t
at) = ae "t — / ds R!(s)e (=)
0

t
a(t) — e Hte—iwot _/ ds RI(S)ef(nfiwo)(t—s)
0

ZHISEDS BRI 2 ENT T, LTS (g 2B &

(aR'()N)r =

o 7272 L.

t
(aR!(t)T)ge e 0t — / ds (R!(s)R (t)T) e~ (riwo)(i=2)
0

t
0— Z/ ds QK(T_L + 1)6(3 — t)e—(ﬁ—iwo)(t—s)
0

—ik(n+1)

(R'(t)a(t))r = ir(n + 1)

(AB), = O (ulprAB|p))!

= (B ATk )
o

= " (ul BEAT ) (v]phy 1)

= " (Wlphlu) (u BT AT|v)

v

= Y _wIpRB Al)

= Trr(prB'AT)
= (BlAT)g

29

(4.52)

(4.53)

(4.54)

(4.55)

(4.56)

o 2P, B2HEFSTald (- ) DIMIHED Z L 2 (4.46), BLU (4.45) 27z, ERD T

(4.57)

(4.58)



BV, 22T, ()} RBBICOWTORERTH B, HA%ET (phlu) B cTHBZ L
(

Bflior, (4.55) 10705 RI(t) & # T, BT (- )p IS &,

(R(t)a(t)r = (R (1)) ge™" 70" —i / 'ds (R (1)1 R/ (5)) e 0=
0

= 0-—ij/td32nﬁ6(s—-06—0*4w®“—@
= —ikf ’
245, TnoTirs,
(a(®)'RY(t))r = irn
%135, (4.59),(4.60) % (4.53) IZRAL T,
%QWWWWRZ—QMM@MUM+Eﬁ+Mi
= —2[(al (t)a(t)) r — 7]

185, ZORDEFIFEREY

ZH5 & 14 Boltzmann HFE

2585,

4.2 %M - BT & % S-H Langevin AF2XXDEH
4.2.1 TCHEDEHAERX
HEHRONINVN=T V% Hg, BIRDONINV N =T >~ Hp, MEMEH% Hy & U,
H=H-H,
H = Hy+ Hy,Hy= Hg + Hp
&35, MEMEHHEGROEE T,
x!(t) = ciHot x ,—iHot

TEHEIN, NI XU HGOEE T 1%,

Wz ZTp0) 1k, (4.6) DEDTHS, 15,

((a'(t)a(t))r) = Tr[p(0)Trr(pra’ (t)a(t))]
= Treot[prot (0)a’ (t)a(t)]
Thsb,
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(4.59)

(4.60)

(4.68)
(4.69)



TEHEIND, #HB) LR,

Thd,
Ult) %,

IZEoTEET S, TOXNZWHT L&,

215, IS,

LH e, IR,

iz d. iz,

N NN N TSR s od oA
—iHe Ol (1) = —@fﬂﬁ{”f“tU(t)4—e’”kht&¥lf@)

%ﬁ(t) B OO

~

0(0)=1Th5,

Zhilzd, TNo XD,

Thb,
WHHET P %

Zii7z T EEOHEE & U,

b RN

PP =7
P =P
QE1-P

Q*=(1-PP=1-2P+P>*=1-P
= Q,

Q=20

QP =P -P?=0,

PQ=P-P*=0

31

(4.70)

(4.71)

(4.72)

(4.73)

(4.74)

(4.75)



Y45, (4.73) 13,
—U(t) = —iH{()[Q+P|U(?)

= —iH{ (t)2(t) — iH{ (t)3(t)
7213, (4.82),(4.80) ZHWT,
—U(t) = —iH{(1)[Q* + P*|U(t)

= —iH{(t)Qi(t) — iH{ (t)Py(t)
EENTE, THNITENLS Q BZEHIET,

%j;(t) = —iH] 5o(t)E(t) — iH] op(1)5(t)

H{ go(t) < on{(t)Q, Higp Y or!typ
Thb, (4.89) &b, W(t) ZEEOEHET L LT,

d . dW (t)

LW @a(0)] = ~iW @) go)a(t) + L gp (03] + o)
= WO gt) + W0 T D Lae) — it (1) gp(1)i1)
Thd, 5. Woot) %
—¢ﬂ{QQ@)+rV@éuf”V§f“)::o
def(t) = iWQQ<t)ﬁ1[,QQ(t)
T, DAL
Wao(0) = 1

TH O, (4.93) & (4.86) &£V Woo(0)2(0) = Q TH B, ERZE (1) IZDOWTHVT,
t
i) = Waht)Q =i | s Wab(t)Woo(s) i gp(s)i(s)
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(4.86)

(4.87)

(4.88)

(4.89)

(4.90)

(4.91)

(4.92)

(4.93)

(4.94)

(4.95)



95, TDEEZE,

Ugq(t,t) = 1,
Ugq(t, w)Uqq(u, ) = Ugq(t, s),
Ugq(s,t) = Ugh(t, s)
b, &b,

Wb (HWaqa(s) = Ugq(t,0)Uge(0, s)
= Uqq(t,s)
ThH o,
(4.101),(4.96) B LV §(t) DEZ (4.86) 25> &, (4.95) I
A t A A
#(t) = Uga(t)Q —i | ds Ugq(h s)H{ op(s)9(s)
L%, (4.102),(4.86) D g(t) DEFHEZ. (4.87) DHELIZRAL T,
d - ATy A 5 5
G0 = =il (0aq(t) ~ [ ds Fr{ (000t )1 op(s)PU(s)
—iHL(t)PU (t)
%135,
(4.72) %& (4.68) IZRA L. (4.67) ZHWS &,
X(t) = U~L(t)etHot X e=iHot ()
= U Y )X )0 @)
2155, ZHITEZE (1) = p(1|@ (1| ZEAIE2 & 1),
(X (1) = (U X ()0 (¢)
= (UxXT ()0 (#)
L85, ZTIT,
(U1 () = (1[T(0,1) = (1
Wz, ZhuE, (4.75) 4 (1| 2IEH S 7

O 1b(t.s) = UL OT( 5)

= —i{(1]e"Aot e~ Hot{ (¢, s)
= —i((1|Hie ol (1, 5)
=0

P p (1] 1ZBGA, (1| BFEHRD 7 SHZTH S, (2.10) £721% (3.44) 15 LT, 2RO T IHEBIHIZI S

T (4.6) TH B BEREL,

33

(4.96)
(4.97)

(4.98)
(4.99)
(4.100)

(4.101)

(4.102)

(4.103)

(4.104)

(4.105)

(4.106)

(4.107)

B, HIHIRZ



noffonsd, H3,HE4%5T
Ay =0, (110 (4.108)

ZHWZ, ZhiE, (3.82) LD,
AZRFEFVIHEET LT 5, (4.105),(4.70) £ b,

DA = B0, AN + (11470 S0 (0) (4.100)
%135 16, (4.103) ZfRAL T,
SQ1AG) = QAL (OAN) — A B0 () — 111 (1) A (100

- [ s A0 B )00 ()1 p()PTs) — 1A' O (0P 1)

— —i{(11A7 () (Ho — H{ (P ) U (1) - (11 A7) B (1) Uqq(t) Q

t
- / ds (1| AT () H{ () Uqq(t, 5)Hi op(s)PU (s) (4.110)
0
L%, H2% ST HLI() = Hy & (4.108) 22, ZHHMERIEAAA (TC) B EEHES) SfER T
H5,

LR TE, AZ2EHROEFLAHEAET LTS,

(4.110) % Langevin HFERANBITT 572012, LEH RN ERH L 720551
TG 1 0 WA LT

P = |0)rr(1] (4.111)

AT 217,

RF5 2 ¢ (4.110) DALOEIET, HI(t) IZOWCTEBL, Ekod 2 RIEKETENS,

WLT5 3 ELMEER ITRAFE T S A 2 HIZBE W T, HAEFERARGOEE 721 ¥ 2 )L 7 fiG O
BTICEESHMZ 5,

19z zT,

d
2 QAR = (1B(®)

Ik, ROEKRZRFD, (3.82) 12XV, B(t) 2IEFNXEET B (t) ITh R,

d /
7 {A®) = (1B

L7z E, o ZIHIZ I o WHE T & LT,

d /
7 (LA@)e) = (1B (t)]e),

d ’
T {A(t)e} = Trio{B'(t)e}

MRS B,
M(0)r 13,8 3.1 D pr|l) £7-138 3.2 D |pg) ITHIET B, Thid, (4.6) ZIREL7ZZ LITHIET 5,
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WH1IZE Y, (1/APB DX A TDIHIE,

(1|1APB = r(1] ® (1|A|0)rr(1|B
= (1|r(1]A]0)rr(1|B
= (Ur(1] [R{1|AI0)B]
((1[r(1|A[0)rB
(1{A)rB (4.112)

Y%, 83T p(1r(LAI0) R = r(1A|0rR(1] 2V, £EUTTR. fHHRO-D,

(A)r = r(1|A[0)r (4.113)

i<, ZHUTED. (4.110) i

%<<1!A(t> = —i((1|AT () HoU (1) —i{(1] A" (¢) H{ () Uqq (1) (1 — P)

- / s (1A ()L ()T (t )L op(sYPU(s) — i1 A (8)FTL (1)PUT (1)
1AL (1) FRoU (1) — (1| AT (0 FIE (1) Tgq(t) + (1| AT (1) (1D (6)
/ s (1AL (1) (I ()0 gq t 5)(1 — PYHL(s)) U (s)

—i{(1] A () (H{ (1) rU ()
= —Z<(1|Al(t)Ho (t) - Z<<1|AI( 8 H{ () Uqq(t) + (1A (6)(H{ () Uqq (t) r

s (WUAT (O () 0q(t, $) L (5)) m — (L (0)0aqtss)) mUE] ())r) U (s)
—i((1] AT ()AL (1)) U (1) (4.114)

Y%, REL. AREHROEFLAFET TS, Al() BIEHROHF L XEE T Th
FT. p(UAI() = Al R(l| THZ 2 LRV, £/, H2HET

o

Uqo(t, s)H{ op(s)P = Uqgql(t, s)(1 — P)H{ (s)P

AW,
Ugq(t,s) & HL(t) T DWTIRERT 5. 9\ Ugg(t,s) DIRES AN FifERZ KD B, (4.97),(4.96) X 0.

Ugq(t,s) = Wb () Woq(s),
0 - 0 o _ A
5iUae(t:s) = [5:Wae®]Waa(s) (4.115)
Thd, Woot)Woh(t) =1 %2Ma LT,

0 = [ Wao(Wah(t) + Waalt) T Wab(t). (4.116)
d

7 —Woh(t) = =Wh(t) [%WQQ@)} Waa(®)
= —iWgoo()iWao() Hi oo () Weo(h)
— it (Wb (1) (4.117)
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2135, ThE (4.115) ITRA LT,

9 - s
QUQQ(@ s) = _ZH{,QQ(t)WQQIQ(t)WQQ(S)
= —iﬁ{,QQ(t)UQQ(taS)
2155, TP Ugo(s,s) =1 &b
t
Ugo(t,s) =1 —i/ du H{QQ(U)UQQ(U,S)

YOV SPUNSE=g T SSULD) ﬁQQ(u s) IZRAL T,

Ugg(t,s) = 1 —z/ du HI Qolu / dul/ duy Hi QQ(Ul)Hl QQ(UQ)UQQ(UZ s)

= ].Z/ du Hl QQ / dU]_/ du2 Hl QQ(U]-)HI QQ(U2)+O(H1)

2135, OHN? 12 H () 1220 T 3R EDETH S, Tk, Ekod b BERIZ

H{(t)Uqgq(t) =~ H{(t),
H{(t)Uqql(t, s)H{(s) ~ H{(t)H{(s)
&b, Thxk (4.114) ITRAL T,
d

—i{(LAT(6)(H{ (1)) RU(2)
3%, WE, YT VS —LOWHE

(1) = 0
EINET D L. (4.123) I,
D1AG) =~ AT 0 (@) — AT (0 ()

- / ds (AT (0)ET () T () R U (5)

0
YiB, £ IAHT, (4.104),(4.106) £ 1.

(1147 (1) = (LT ABT(2)
(1A0T(2)

ThiHMo, (4.125) I,
C1AM) = AN (O HU () — i A (1) B 1)
/ ds (UAWT(t) (8] () (5)) R0 (s)
(LA H <>fz<<1rA’<> [t
/ ds (UAWD(t) (B (1) E (5))r0 (s)

36

SAAG) = —i(1A () FU (1) — iU AT () B (1) + i{(1 AT () (] ()
- [ s (AT R )~ (L O)r( ] (5)R) O ()

(4.118)

(4.119)

(4.120)

(4.121)
(4.122)

(4.123)

(4.124)

(4.125)

(4.126)

(4.127)



EENT B, H2IHT Hy = Hl(t) & (4.104) & =, 4305 1 IHIE,

—i((1A(t)Ho(t) = —i((1|A(t)Ho(t) + i{(1[HoU (t) A1)
Ho(t) + (1| U1 (¢) HoU A(t)

)
— —i{(1]A(t)
— —i{(1I[A(), Ho (D) (4.128)

ENTB (bbb, mALERAGAICHNEKTS), 72720, (4.108) B XU (4.104),(4.106) % FH\W\ 7z,
AFFEHROBEE T2 DT,

)] (4.129)

Thd, TNh%x (4.128) IZRAL T,

—i((1|A()Ho(t) = —i((1|[A(t), Hs(D)]
= i<<1|A(t)Hs(t)+i<<1|ffs(t)A(t)
= —i{(LJA) Hs(t) + i((1{U (8)e O Hs V (1) A(t)
= —i{(L|A() Hs(t) + i{(1|HsV (t) A(1)
= —i((1]A(t)Hs(t) (4.130)
2135, BIRDE ST
(1|Hg = (1|Hg — (1|Hs = 0 (4.131)
ERAWEZ, ZhiE, (3.82) K O{RED, (4.128) %= (4.125) IZRAL T,
%<<1|A(t) = —i((1|A(t) Hs(t) — i((1] A" (t) H{ (¢)
—/0 ds (AU (¢)(H{ (t)H{ (5))rU (s) (4.132)
2135,
4.2.2 TCLEDEHAER
(4.110) 1XHFEFEE A (TCL) BICEEET Z LB TE 5,
(4.102) D 2 FHIZ BT,
j(s) = PU(s)
= PU(s,1)U(t,0)
= PU(s,t)[PU(t) + QU (t)] (4.133)
EWOERT D (2T, (4.76),(4.86) W), 51T,
() = —i /0 ds Uoo (t, s)H op(s)PU (s.1) (4.134)
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L35 E. (4.102) D 2 FHIE, (4.133) &b

t
—i/o ds Ugg(t, S)H{’QP(S)Q(S) = X(t)[z(t) + PU(t)]
7%, Tk b, (4.102) 1

() = Ugo(t)Q + S(1)a(t) + SEPU(1),
2(t) = [1 - 3] [Ugqo(t)Q + S(t)PU (1))

& TCLMIZ/%, Tz (4.87) IZIRAL T,
d -

20(t) = —if{ (O] - 7 [Ua(t)Q + S(PU®)] - ift{ ()P0 1)
(4.109) 12 (4.138) Z{RAL T,
L 1AM = U0, A0 () — (1] A @) A (]~ 5] Dgq(h)0

); A
—i(1]AT () H{ ()1 - £ S PU () — (1A () H ()PU(1)

= —i{(1]A” (&) (Ho + F{ (P ) U (1) — i1 () ()1 = £) "D (1)Q

—i{(1 AT HI®)[1 - 2SO PU(@).
;Wai TCL B oEEEE HEATDH 5,
CATG12 ZHE, W1 KD (4.134) 13,

(t) = i [ ds Uoo(t. ) gp(s)PU(5.0)

= —i [ ds Ta(t:5)(1 = 0RO ()(10)r(1DT (s,

t
z/ ds Doo(t, ) B (3)|0) (1] (s, 1)
0

t

+i [ ds Uggl(t, s)|0)r(H{(s))rr(1|U(s,1)
0

LB, X BIT (4120) LD,
() = i [ ds 1)) a0
» /O s 0) U () i (10 s 1) + O(Y?
= i [ ds B0 a0
LB, L. (4124) BHVE, £

-3t =140H])

L5, 20D LT, (4.139) IF.

S 1AM = A" @) (Ho+ BP0 () — 1A 0 B (1) Doo(1)

~i((1]AT () H{ () PU(1)
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(4.135)

(4.136)
(4.137)

(4.138)

(4.139)

(4.140)

(4.141)

(4.142)

(4.143)



AN

&tiéo

L%, H

AN

THIE (4.110) LB 3THDO AN R 5, (4.141) £ 0,

—i((1AT () B (HE)P = / ds (LAY () EL (0 (5)10) (110 (5, )]0} {1
- - / ds (1A () (B (0 B () (0 (s, (4.144)
Lo T, (4.143) D 3 THIZ,
i1 AT AL O2PU ) = - /d (UAT(8) (L (OB (5)) (0 (5,) U (1)
- s (AW OO B () {0, 0)T(0) (4145)
2IHT, (4.126) ZHWz, ko T, (4.132) OXeWE. T L 3THZ IR - 7=,
C11AG) = iAW HS() 114 ()L ()

- /0 ds (AT (8) (B (0 T () (T (5.£) rU (2) (4.146)

4.2.3 HRYVRDFE

§411DETNIZDOVWTERD, Thbb,
Hs = woa'a, (4.147)
Hp =Y wblby, (4.148)
l
Hy =d'R+Rla, R=) gb (4.149)
Y35, (4.149) &b,
HI@) = d' (ORI )T + RI)a! ()T =@l () RI (1) — RI(t)al (1) (4.150)
Thd, 6.
al (t) = ae™™0t  al(t) = Ge™ot (4.151)
Th b,
(4.132) % FAMi L 72\, HI(6)HI(s) 13,

H{(t)H{(s) = [ae”™*'R'(t)T + R'(t)ale™" — ae™' RI (1) — R'(s)a'e ™"

x[ae” 03 RI(s)T 4+ RI(s)ate™0® — ae™*RI(s)T — RI(s)ale ™09
= e 0= aat RT(1) R (s) — aaR" ()T R (s)t — afaT RT()RY (s) + afaRr! ()R (s)]
+ o= [gTqRI(t)RI ()t — ala! RI(t)RY (s) — aaR! (t)T R (s)' + aal RT (t)T R (s)]
+ e @) [qaRIOTR! (s)T — aalt RT ()T R! (s) — afaR! (1) R (s)T + afat RI (t)R! (s)]
+ o) of ot R ()R (s) — afaR! ()R (s)! — aa' R ()T R! (s) + aaR! (t)' R (s)1]
(4.152)
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Thb, (4.46) &9,
(R'()R'(s))r = (R'()TR'(s))r =0 (4.153)
DT,

(H{(t)H{(s))

= 7 Naal (R (1) R (5)) — ad(R! (1) B (5)") = alal (R () R! () + Tl B (O R () ) )
+ o Iala(RI (R (5) ) — alal (B! ()R () g — aalR! (O R () r +aat (R (1) R (1))
= e 0= aal (R (1)1 R! (s)) p — ad(R' (s)R' (1)1 r — aTa (R' () B! (s)) p + & a( R )
)

+ 6“"0“ INa'a(R' ()R (s)") g — ald (R (s)T R' (1)) r — da(R' (t) R’ (s)") r + aa' (R' ()R (¢)) &]
(4.154)
L%, H2ESTT,
rOIRI(t) = r(1 Zgl bl (t)

= Zg,R (1|byetrt
z

= > ark(1fpfe™
l

= r(l] [Zglbzeﬂ'wltr

= R<1\Rfl(t)f (4.155)

mEERHWEZ, Iz (4.132) DFE 3 HIZRAL T,
- /O ds (LAMO(8) (B () B () rD(5)
- _ /0 t ds (1 AU (2) (e*@'wo@ﬂ) laa® (RT()TRT(s)) g — aa(RY(s)RI ()" g — alal (RT(t)TRY (s)) g

+ala(R! ()R (1)) g] + 0 aa(RI (t) R (s)) r — a'al (R (s) R (1))
—aa(R'(t)R! (s)") g + aa' (BT ()T R (t))r] )U(s). (4.156)
WA, I8 1 I
/O tds (1] A(t) Je 0t aqt (RI(1)T R (5)) U (s)
/Otds (1| A(t) e 0=5) U (s (RT (TR (s))r
/Otds (1IA(t) e t=al (t)a! ()TU U (U (s)(R' (1) R (s))r
=~ [ s (IGO0 00 )R O R ()
—((1|A@®)a(t)a’ ()T (¢) /0 t ds e )T () (RI®) TR (s)) g (4.157)
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YD, 772U, (4.104) 2\, &I AT, (4.44),(4.45) I,

(RI(s)TRI(t))p = 2kA4(t — s), (4.158)
(RIM)RY ()" g = 26(A +1)d(t — s) (4.159)

Tholze TNZEMS &, (4.132) D 3 IHIE,

/ s (1AMT Y (@) () F () rU (5)

Vkn — a(t)a(t)rk(n + 1) —al (H)a' (t)kn + al (t)a(t)s(n + 1)]

ol (Da(t)s(n+ 1) — o' (1 (A — a()a(t)s(n +1) + a(nal (t)wn))

(U AMa®)al ()rn+ (1a(t) Aa)a(n + 1) + (La () A@)al (t)sn
(t at

A\_/

—((a"(Mat) Ak +1) = (1A®)a" (a(t)s(n + 1) + (1]a () A(t)a’ (H)rn
+((1a(t) A(t)a(t)s(n + 1) = (Ua)a’ () At)xn
—(UA@)a()a’ (t)sn + (1a’(t) A(a(t)s(@+ 1) + (Lla(t) At)al (xR
—(a’(®)a(®)A)r(7 +1) = (1Al (Ba(t)r(@ + 1) + (La(t) A(t)al (t)xn

+(1al (O AM)a(t)r(n + 1) — (L]a(t)a’ (1) A(t)sn
<<1|(/-m[ At)a(t)a()" +at)A(t)a(t)! + a() A(H)a(t) — a(t)a(t) A(t)]
+r(n+ 1) [al (1) At)a(t) — al (a()A(t) — A(t)a (H)a(t) + aT(t)A(t)a(t)D

(

= (U(w{afO1A®), a®)] + [a (1), AW)]a(t) } + 267 [al (1), [A(1), a(V)]) (4.160)

L%, HI3HFEFT,

T (t)e otV (1)

{(1la(t) = (1
(1]av ()
«
«

1T ()e otV (1)
1a’(2)

(4.161)

mEERHWL, XoT. (4.132) I&,

;t«l\A( t) = —i((1JA(t) Hs(t) — i(1]A"(8) H{ (1)

+H( (Fa{aT(t) [A(t), a(t)] + [a' (¢), A(t)]a(t)} +2nn[al (1), [A(t), a(t)]]) (4.162)
LB, ThOE1HEZZRL T,
—i(1|A@) Hs(t) = —i((1|A(t) Hs(t) + (1| Hs(t) A(t)

= i{(1|[Hs (1), A(1)]

A
= i{(1|[Hs(t), A(t)] (4.163)
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ENT B, (4.162) D 2 HIX,

—i(1 AT H{(t) = —i(1]A"(t [al(t)RI(lf)T +al (t) R (2)]
+i(1lla’ ()R ()" +a’ ()R (1)) AT(2)
= —i<(1Iz‘ll(lt)al(t)RI(t)T i(1]A! (t)a’ ()R (2)
+i{(1la’ ()R () AT(8) + i{(1]a’ ()R (1) AT(2)
= —i((1[RI(O)[AT (1), o (1)] — i((1[[AT (1), 0’ ()] R (1) (4.164)

THBMS, (4.163),(4.164) £ 1. (4.162) 1%,
%<<1|A(t) = (1] {i[Hs(t),A(t)] — iR ($)'[AT(#),a (t)] = i[AT(2),a" (1)1 R (2)
+(r{a (1A, at)] + o' (1), AW®)at) } +260[al @), [A(), a®)] )| (4.165)
L7385, WFF3ITED, ZOH 2 I,
=R (O)A! (1), ' ()] = i(1][A" (1), a ()R (1) — V2RBI[A(t), a(t)] + V2R[A(t), a(t) ]b  (4.166)

L85, ZTIT,

—iRY(t) — V2kb; (4.167)
FELMENEE T TH B, (443) &0,
by, bl] = 6(t — 5) (4.168)

THb, (4.166) LD, (4.169) I3,

S1A®) = (U[iTHs(0), AW)] + VERHIA), (8] + VIRIA(), ! ()b

—l—(n{aT(t) [A(), a(t)] + [ (t), A(t)]a(t)} +2nn[al (t), [A(t), a(t)]])] (4.169)
7%, TCLEID (4.146) 225 & (4.44),(4.45) DEBDO FTlX, HU AR FSND,

4.3 TIOEH

7y hEZER,

o)) = V(e)lo)

e~ tHot |0, (2))), (4.170)
07(8)) = T (1)[0)) (4.171)

EMTBE, TNk,
Lios = 00 (4172

THO, (4.103) &b,

00 =~ (00010~ | ds F{)Uao(t. ) gp(5)PU ()

—iH()PU(1) (4.173)
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TLho,

H0r(0) = A (000a(11010) ~ [ ds A (00a0(t,5) 1 g (s)PU()0)
il (PO (1)|0)
= il (00a0(0Q0) — [ ds ] (1qalt. )] e sYPI0F(5))
—iH{ (t)P|0;(t))) (4.174)

LB, Do P it T,

P00} = =PI (0Te(0QI0) ~ [ ds PI()0aq(t.5) ] gr(s)PI01(s))

—iPHL(t)P|07 (1)) (4.175)
2195, (4.120) &b, ALH 1 HIE,
—iPH{ (1)Uqq(t)Q|0))
= —iPH{(1)Q|0)) — /Ot ds PH{(t)H{ oo (5)Q|0) + O(H{)
= —iPHL(t)|0)) + iPH] (t)PP|0)) — /0 t ds PH{(t)H{ (5)Q|0) + O(H{)®  (4.176)
A4 2 THIE,
~ [ s PALO)Ta(t, )t (s PION(S))

0

_ - /0 ds PHI () H{ p(s)PI01(s))) + O(H])?

- _/Ot ds PEL(H)(1 — PYEL(s)P|0;(s))) + O(F!)?

_ /Ot ds [PHL)HL(syPP|0s(s))) — PHLOPHL(syPPl01(s))] + OFHL)®  (4.177)

tméo /:/\\ Ptl./f\ (4.111) %igfsio —;—5 t\

PHI(1)|0) = [0)rr(1IH](t)|0)

= |O)(H{ ()R, (4.178)
Q|0) = [0) — 0)rr(1|0)r @ [1)

=0, (4.179)
PXP = |0)rr(11X|0)rr(1]

= P(X)r (4.180)

BREDED D, YNF U= OWEE (4.124) 2INET 5 &,
(4.176) = O(HT)3, (4.181)

(4.177) = /Ot ds P(H{ (t)H{ () rP|0s(s)) + O(H{)? (4.182)
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L5, koT, (4.175) 1%,

SPI0a(o) = — [ ds P W ($)wPI01(5)) + O] (1183)
0
L5,
. EHROHEEMMED T v NEEZ,
01() 2 R(110:(0)) (1.184)
TE#TSH W ¢,
Pl0K(1) = [0} @ [0r(1) (1.156)
YRBMS, (4.183) I,
e 51000) = — [ ds 0)mat11 ()] () l0)m 0 01(5)
t
— [0 [ ds (L (OF () alor()),
0
G1000) = = [ as (7 ()] (9)rl0s () (1187)
AN
Hg = woa'a, (4.188)
H, = d'R+ R'a (4.189)

U, (4.44),(4.45),(4.46) ZIRET B &, (4.154) £ b,

(H{(t)H{(s))
= 26(t — s)[a’ (t)a' ()Twn — ' ()a! (s)r(7 + 1) — &' ()Ta’ (s)Tkn + ' ()Ta" (s)w(7 + 1)]
+28(t — s)la’ (1) 1a’ (5)m (n+1) ol (t)1a! (s) i — @' (t)a! (s)x(n + 1) +a' (1)a' (s) k7]
(4.190)

Y75, &oT. (4.187) 1%,

%IOI(t» = —(al(t)al(t)%ﬁ —al(t)a' (t)s(n +1) —a' (e’ (O)Tkn + a' (t)1a" (t)w(7 + 1)

+a%ﬂ%%waﬁ+n—@%QM%w%ﬁ—#am%wmﬁ+n+@%w#@)mﬁMﬂm

= I/ ()07 (1)) (4.191)
AR
%
0(£)) = R(1]0(t) (4.192)
18z hid,
P! () = Trglpho (1)) (4.185)
S
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35 e Y (4.170) &b,

0(8)) = m(Lle™ " |or(1))
= r(lle”"s"0,(¢)))
= ¢ #st L (1]07(t))
= =150 (1))

r(UHR =0
BV, (4.194),(4.191) & D

%you» (Hg + i)|0(1)),

ﬂ e*iﬁstﬂf(t)eil:fst
2185, X (3.16),(3.17) TH B, (4.197) DI 1% (3.28) Thb b,
I = —k[(1+4 27)(a’a + a'a) — 2(1 + R)ad — 27a’a’] — 2k7

t#ﬁ?%o

19) = i,
p(t) = Trafpio (1))

EERT 5,
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(4.194)

(4.195)

(4.196)

(4.197)

(4.198)

(4.193)



5 Stochastic NETFD
5.1 =EF BrownEH
5.1.1 =F Brown Eg)& HEXRESD

A
A

[b, b1] = 8(t — )
BT ST b, bl (Hs > 0) 2B R D, t> 01T LT,
def t def t
B, é/dt’bt/, Bl < / dt' v},
0 0
ZEANTEH, ZOLE,
[Bt’B;r] =

dts [bry, b},

dty [ dty 6ty — t2)

1
T—o— o
ﬁc\

it /_ T s 0t — 1)ty — D)0(s — 12)0(ts — $)3(t1 — )

— 00

dtl 9(t — t1)9(t1 — t)0(s — t1)9(t1 — 8)

— 00

in(t, 5)

Yid, ZOWEEFED B, Bl #8&F Brown EH X\ 5, S, f 2T L, EH

[
=
=]

t+At
AB} = B! A, — Bf = /t dt'bf

5% x5 (At>0), Th¥
t+At
AB = / dB}, dB’ =bldt
t

LEnL, TDEE,

AB{AB] = BiyaiBl, p, + BiBf — BiyacB] — BB, A,

= (Bl aBirar +t + A+ [BI By + 1] — [Bf Biyas + 1] — [Bf, o, Be + 1]
— ABJAB, + At

YD, H2%ET (5.3) 2V, BRI,
[AB;, AB]] = At

ZERT 5,
t> 01295 (OHEERY) R

t
I = / ds [dBIF, + G4dB; + Eds]
0
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(5.2)

(5.4)

(5.8)



7 well-defined 722 9%, ZD& X,
I = /D t dly, dI, = [dBIF, + G.dBs + Eds)
Y, O E,
19 = /0 t dl,, dI, =[dBIF® + GWdB, + EVds] (i =1,2)

L,

- t+At t+At t t
1 2 (1
saiy = [ [ [
-J0 0 0 JO
C t+At t+At t+ At t+At t+ (2)
-1 //////dw
-J0 0 0
- t+At t+At t+ At 2)
S A A A RS
0 t t
t+At t+At  pt+AL t+At 2)
UL L ) Jarta

= IYAT? + AIOAT® + ATV
AI(” @ L 1VAI? 4 AL )Alt( )

MWRIND,
HLETHAIZHTB%5 Ne 2o TWVWBHDTHEM, UFIhz

A= dt, Ae—de
<, ZTOFHET (5.10) &,
A1) = atV1® + 1Mar® + arMar®
L7500, (5.7) I
[dBy,dB]] = dt

&t%o

5.1.2 f{RpkfE & Stratonovich &
NA XSOV HEROBERI) X (t),Y (t) OFERLOMERTE (DHER) 1%

X(t)-dy () € X[y (t +dt) - Y ()],

dX(t)-Y(t) ¥ [X(t+dt) — XY (¢)

TH Y. Stratonovich T DOHERFE (Stratonovich F8) &

x(yoay(n) < XEEDIXO 4y v )

Y (t+dt) +Y(t)
2

AX() oY (t) ¥ [X(t+dt) — X(¢)]
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(5.9)

(5.10)

(5.11)

(5.12)

(5.13)



4X@)odY@)::AKQ-dYKﬂ—%%dX(Q-dYam

dX@)oYu)::dX@)FYU)+%dXXﬂ-dY@L
dX (1) = X(t+dt) — X (1)

Thd, Yab—T 4 VA—HHEOEGEIX. (t) % ITHhANIERW,
A%V al—F 4 v H—HGORHRDEE LT 5 L.

[A,dB}) = A-dB} —dBf-A=0 (‘= fEF0,t > 1)

"C“%éo

5.1.3 =F Brown EEINDT

(4.34),(4.52) 13

da(t) = —iwpa(t)dt — ka(t)dt + v2rkdB;,
dla’(t)a(t)] = —2kal(t)a(t)dt + V2ral (t)dB;, + V2kdB]a(t)

LELIREEDTHD, T I T,

dB; = b dt,
V 2/€bt

Il
|
~.
ey
~

)

~
N—

AL EBEFTH D, (4.43) &,
[be, bl] = 6(t — 5)

Thod, T, (5.1) LELUTH S,
(5.11) DRFLD F T, (4.43),(4.44),(4.45) 1&.

(dBidBl)gr = (n+1)dt, (dBldB)g = ndt

L v B,
T, (4.56),(4.56),(4.59),(4.60) I,

(a'(t) o dBy) g = \/gﬁdt , <dBI oa(t))p = \/gﬁdt,

K

@Bcoal (=1 3@+ Vi (a0 0dBn =[50+ Dt

2
YIRT RETH D, &oT. (5.23) i

dla’(t)a(t)] = —2ka (t)a(t)dt + V2ka'(t) o dB; + \/ﬁdB;r o a(t)

(5.21)

(5.27)

(5.28)

(5.29)

(5.30)

YHRET RETHD, FHEROMER TR, Kt X0 FkOFMS dB,, dB] DBUED a(t), al () 125

BEEZBIEITHRVDT,

(a'(t)-dB)r =0, (dB}(t)-a(t))gr=0
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(5.31)



\’C:‘% 60
(4.169) &, EREIZIE,

AUA) = (1 [ilHs(t), AWt + V2rdB][A(t), a(t)] + V2R[A(1), o' (1)} B,

+ (s (1AW, a®)] + o (1), AW)]a(t) bt + 26n[al (1), [A(), a@®)] dt) |, (5.32)
dB;, = bydt (5.33)

LT RETH D, (5.32) %.

dA(t) = i[Hs(t), A(t)|dt + V2rdBJ[A(t), a(t)] + V2:[A(t), ol (t)]dB,
—l-(/{{aT(t) [A(), a(t)] + [a' (1), A(t)]a(t)}dt +26n[al (t), [A(t), a(t)]] dt) (5.34)

<, A=ua,al,afa & LT,

da(t) = —iwpa(t)dt — ka(t)dt + v/2kdB, (5.35)
dat(t) = iwoal (t)dt — kal(t)dt + v2kdB], (5.36)
dla’ (t)a(t)] = —2k[al(t)a(t) — R)dt + V2ka' (t)dB; + V2rdB]a(t) (5.37)

2135, (5.35) 1% (5.22) IZFE L\, (5.35),(5.36) Tl &M 2 ECHITIEFEHROEE 723005 T
RONDT, GHERL & Stratonvich B CTHERM A HRERIE X AIAZ2 0, (5.37) Tk, 252 H, 5 3 HOFMN
PHEERI D2 & Stratonvich B2 METH 5, TNEMGEL £ 5,

£ UH. (5.37) »¥ Stratonvich Bl DfERM S FFEN 7 S I1F,

da'(t) o a(t) + a' (t) o da(t) = —2k[a’ (t)a(t) — A)dt + V2ka' (t) 0 dB; + V2kdB; o a(t)  (5.38)

LRBRETHB, UL, Zhid, (5.35),(5.36) L FIET 5. (5.37) DOHER ORERM HFER74 5
W, Z21E (5.10) & 0,

dlat(t)a(t)] = da'(t) - a(t) + ' (t) - da(t) + da'(t) - da(t) (5.39)
Th5, (5.35),(5.36) BRAL, dt DA—X—DEDEET L.

(5.37) D = dal(t) - a(t) + a'(t) - da(t) + da’(t) - da(t)
= \/ﬁdBja(t) +V2ka' (t)dB; — 2ra’ (t)a(t)dt + 2/<ch;rdBt
Y V2kdB]a(t) + V2kal (t)dB; — 2kal (t)a(t)dt + 26ndt
= (5.37) DL (5.40)

LB, T2EL, H3FHE ST (5.27) L OED,
2kdB]dB, < 2ndt (5.41)

B, 22T, ZIEEHEEY (Vg = g1]--- |00 g DB ETHUTERTH S, UEXD, %H -
D SGIETE SN S Langevin ARERNIIFHERITH 5 Z & B30 0o 7=,
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5.1.4 ZEME=TF Brown EF)

4.
be|0) =0
IZ& b, BEE0) 2EATS, EXOT &b,
(Ojpf =0, (0] = |0)f
185, Th&b,

(0/dB,j0) =0 , (0|dB]|0) =0,
(0ldB,dBy|0) =0 , (0|dB]B]|0) =0,
(0|dBdB]|0) =0 , (0|dB]B:|0) = dt

135,
by, bl DFIVRILAR by, b HEAT B,

0,0) = [0) @10)~
RN
dBy)0,0) = dB|0,0) =0, (0,0|dB} = (0,0|dB]
Y5, 70,
dBy = bydt, dB] = bldt
THb,

dB; 1X. BUAHS 4.1.1 DEGEIX.

1
dB; = dt——R'(¢
t \/ﬁ ( )

1 .
= dt—— bre it
mzl:gz e
1
dt——
V2K
Thb, H3HFEHT (4.47) Wz, T, BOPEERREETIE, (3.9) £ D,

bi|0)r = €/ T](0) R

Thbd, £oT,

mmR—\ém[ﬂWDwmw%w»eww”om

1

~ ewO/T/ dw D(w)g(w)bf (w)e ™!|0) 5
0

V2K

= ¢/Tlj0)r

50

/000 dw D(w)g(w)b(w)e ™! = dt by

(5.42)

(5.43)

(5.44)
(5.45)
(5.46)

(5.47)

(5.48)

(5.49)

(5.50)

(5.51)

(5.52)



é:z;:éo :Z/l/c]: 0\ /\\\{"ﬁ\'o)nf‘é%ﬂ] i 6‘32\ #ﬂ&c:

dB|0)r = ¢“°/TdBf|0) g

(5.53)

LRBIENTHMENS (BLAZORE |0 DEHET ), £, 75 HEITHT 2 HIRIER M1

r(1|dB; = p(1|dB]

L5,
AN
7~
dCy|0)g = dCy|0)g = 0,
r(1)dC} = g(1]dC; = 0
BLU

[dCH, dCY) = dts™
B3 dOr dCr 2 E R B, 212U, AT L v b

dci=t =dc, , dCF=? = dC},
dCr=' = dc} |, der=? = —dc,

EEALT, dO*,dCH 1%, # Bogolibov Z

dC, = BYdBY, dC, = dB'(B;")"",
1+7 -7 S
BT_(—l 1>’ T /T

THhIF5 20, =770,

dB'=' = dB, , dB'=?=dB],
dBI'=' =dB] |, dBI'"? = —dB,

TH5, (5.60) £,
dBy = dC; + ndCy, dB] = (1 +n)dC; + dC,
Thd, 2N (5.58),(5.59),(5.57),(5.54) £ D, (--)r=r(l]---|0)r £ LT,

(dBy) g = 0,(dB})r =0, (dBy)r = 0, (dB]) g = 0,
(dBydB)\g = (A + 1)dt , (dB]dB,)p = ndt,
(dBldBf)r = (i +1)dt , (dBidBy)g = ndt

20 Z1%, § 2.2 T (2.88) LEF,
b22 =1

LUGATH D,

o1

(5.54)

(5.60)

(5.61)

(5.65)

(5.66)
(5.67)
(5.68)

(5.62)



2185, TNUAD2IRE—AV MIOTH D, TNEEZEEY g(1]---|0)g ZHD T & 2 RFITEWNT,

dB, £ 0,dB] £0,dB, £ 0,dB] <0,
dB,dB] £ (n+1)dt , dBdB, < ndt,
dBldB] £ (n+1)dt , dBdB, < ndt

&<,
MRS IX. — &I

~ t A
It :/ dIS)
0
dl, = dBJF, + G4dB, + dB}J, + KB, + Edt
DIV 5, HERFED L well-defined 7223 %, (5.10) O —f ki,
d(iV i) = aiV1P + 1Vai? + aifVai?

THD,

5.2 =EFEXRMIARER
5.2.1 {FikE

PARTClE, D - 13EBI8T 5,
R D & 1R Liouville SFE=0

d|0s(t)) = —idH4|04(t))

(5.69)
(5.70)
(5.71)

(5.72)

(5.73)

(5.74)

(5.75)

BEZD, 22T, |0p(t) RIEHRHBBOANG Ty NEETH D, TORDENS p(1] 215

Y. EEHROEGRY AL —T 1 v H—HER

d o~
o) = —iftjo),
0(t)) = r(1]0£(2)),
HAtO0(t)) = r(LldH54005(1))
2185, HIiZ—fz,
H = Hg +ill,
Hs = Hs — Hg,
ﬂ = ﬂR+ﬁD

Y0NS B, g 13BN I 1$EGRE A 2D TH B, idHpy ld. FNT ATV
(idH )~ = idH
THb, £lz. HERDOLFAINIEL T,

(1|dH s =0
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(5.76)
(5.77)
(5.78)

(5.79)
(5.80)
(5.81)

(5.82)

(5.83)



Thd, THIT,

07(2))™ = 10£(£)) (5.84)

EINET B, (5.75),(5.84) & 0 (5.75) DF VX HA&IE (5.75) HE L85,
AR T, dHypy DRI

dH, = Hdt + dM; (5.85)

LTEBLWSEMET S, dM, ZEHROWE T & dB,, dB] OROKIBHEE L HET 5, EHRD/N
I h=T7Un

Hg = woa'a (5.86)
ThbLE,
dM, = i[hya' dB, + hea' dB] + hsa dBy + hyd dB]
+hia’ dB, + hia' dB] + hia dB, + hia dB]) (5.87)
Thd, 727U, (5.82) &.
a— ae’, dB; — dBse® (5.88)

I BAENZMBEL 72, LN T,
0£(0)) = [0)r © |0(0)) (5.89)
ZARE U,
R(1|dM;]0)g = 0 (5.90)

YRBLDEERD, L. |0)g 1

dBi|0)r = fdB|0)r, (5.91)
n _ 1
=177 " ar 1 (5.92)

BT EET B, ZhUE. |0) g AYEE T OBCEAHRIBIZ S5 2 X KT B, (5.52) B R &, BB,
(5.83),(5.85) &

(11H =0 (5.93)
"o
(1|dM; =0 (5.94)
L5,
dBy &, BUAN'S 4.1.1 DHE I,

1
dB; = dt——R(¢
t \/ﬂ ( )

1 .
= dt—— be it 5.95
%M%lnw (5.95)
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THb, dHppld, Y ab—F 4 Y H—fiEONINVP=ZT DL REDED, TN (5.87T) D &>
B (HEICE S IR 2) LWIDTHD, £z, dHp CRBBDONINV N=T > Hy O
WG ENLN, (5.75) D [04(1) A 42D [0(1)) LAU & 5 ITHEFERET 2 Z L3R 0WES 5, L
L. AZEHROERE T L,

05(1)) = Vy(1)[0£(0)), (5.96)
A(t) E VT () AV () (5.97)

YUz E, (1A OEBABRRIEL WAL Ly, LI25T, (5.78) &0,
r{1[dM;|0f(t)) = 0 (5.98)
s, ThiE
r(LdMVy(1)[0£(0)) = r(L|dM;V(t)0)£|0(0)) = 0 (5.99)
EREWT S, Zhik, s<tD B DAITKIFT HHE T A 123 LT,
rR(|dBi A0V g =0 (f= fmApT > T (5.100)

YRBIEDNBEES
Vi(t) 13,
dV(t) = —idH;,Vi(t) (5.101)
RS, Vi)V, (1) =1 &MAT B, (5.74) &1,
0 = dVi(O)V;  (8) + Vi()dVy  (t) + dV(t)dV;y  (2),
AV (1) = —[Vi(t) + dVy ()] ViV () (5.102)
i85, ZIZT.

Vp(6) + V] = (Vo + vy avso])
-1 1

= [1+V; ()df@ﬂ*”G_(ﬂ
= 1= V;  @aVy() + (Va2 — 1V, (@)
=V, () -V (0)dv )V () + O(dt) (5.103)
THY, (5.101) £ b,
AV ()} (t) = —idH s, (5.104)
DT,
AV, () = iV () Ay + idHpedH )

(
= iV} (t)[dH . + idNdM)
=iV (t)dﬁ;t, (5.105)
dty, = dH, + idMdM; (5.106)
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rib,
(5.97),(5.74) £ 0.
dA(t) = dV;  (DAVH() + V(D AdV(E) + dV} (1) AdVy(t)
= dV; (Vi (O)A®R) + ARV, (0)dVi(t) + VOV AWGV (VL) (5.107)

Thd, (5.101),(5.106) AL T,

dA(t) = iV (O)[dH s, + idNLANL)V () A(t) — AV, (8)dH V()
V() [dH . + idNLAN V() AV, (8)dH V(1)
= iV} (0)[dFpe + idDLANL)V (0D A(E) — iAV; (0)dH Vi (1)
+V (OdHp V() ADVE (0)dT Vi (1)
= Q[dH(t) +id M(t)d M(t)]A(t) — i A(t)dH s (t) + dHp(t) A(t)dH ¢ (t)

= i[dH(t), A(t)] — d'M(t)[d' M(t), A(t)] (5.108)

135, 72720,
dH () L VT W d V() = H(t)dt+ dVI(E), (5.109)
dNI(t) VT () dNL V(1) (5.110)

TH5B, (5.108) 17 (1] ZMEASET,

(LdA(t) = ((UildH(t), At)) — id' M (1)[d' M (¢), A(t)]
= i((1[[Hs(t), A(t)ldt — (U[TL(E), A(t)]dt + i (1[[d M (£), A(H)] — i{(1]d' M (£)[d' M (t), A(t)]
= i((1[Hs(t), A®))dt + (1 AOIL(t)dt — i((1|A(t)d M (¢) (5.111)
2135, H3EFTT,
(Ve = (1 (5.112)
Y (3.20) bbb,
(I =0 (5.113)

& (5.83) Z AWz, (5.112) %, (5.101) 12 (1] Z/EA X &, (5.83) 2z 1™ 6N 5,

5.2.2 Stratonovich &
Stratonovich # D & 73 Liouville X%
d|0s(t)) = —idHyz 0 [0(t)) (5.114)
L, dHpy 2RO LS, (5.75),(5.19) £ b,
—idfg 0 |0g(0)) = —idAze - 107(0)) — i Ay d0s(0)
= dlog()) — i gy, - dl0g (1))

= (1~ igd#p) - dlog(1) (5.115)
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Thb, £oT, Odt) £TT,
A05(1)) = —i(1 — igdHy) " - dHpo 05(0)
= —i[afy +igdiy iy o 0s(0)
_ _i[dﬁf,t n i%thth} o 0(£))
b, Thko,
dHpy = dH;, +%thth
— Hgdt + z(H + %thth> + dN,

2155,

(5.116)

(5.117)

(5.118)

& Z AT, H#llimTl, Stratonovich B DR HRENXITHGRIEZ EE WV, TNV ETRTHK

DDLU, T5L, (5.118) &b,

i 4 édmm L
dMdM, < —2I1p
g5, ZiE, I3 n/-3 2 EEEHUL ] CIERREEDTH D,
PRI DMER Langevin HFE (5.108) 1%,

dA(t) = i[dH,(t), A(t)] — id M(t)[d M (t), A(t)]
i[Hg(t)dt 4 iT1(t)dt, A(t)] + i[d' M (t), A(t)] — d'M(t)[d M (t), A(t)]

AX(8),Y(8)] = dX(t) - Y (£) — Y(t) - dX(2)
— dX(#) o V() — Y(t) 0 dX(t) — %[dX(t) LY (£) — dY (1) - dX (8)]

= [X (Y (1) - HlaX (), Y (o)
THd, 172U,
[Z(t)SW(t)] = Z(t) o W(t) — W (t) o Y(2).
Zhi. (5.121) £D. O(dt) T

[d' M (), A()] = [d'M(8)TA()] — 5[d' M (t), dA()]

1
2
= [d'M(t)A(t)] Z% [d'M (1), [d' M (t), A(1)]]

o6

(5.119)
(5.120)

(5.121)

(5.122)

(5.123)

(5.124)



L5, Tk, (5.121) OF 2 HIZHWT,

dA(t) = i[Hg(t)dt + ill(t)dt, A(t)] + i[d' M(t)S A(t)]
% [d'M(t), [d M (t), A(t)]] — d' M (t)[d' M (t), A(t)]

— i[Hg(t)dt + iTl(t)dt, A(t)] +i[d V()2 A(t)] — %{d’]\?[(t), [ NI(t), A(t)]}

::ﬂﬂg@ﬁh+iﬁuMuA@ﬂ+¢uﬂ2aﬁAuﬂ——%M%Z@m%%@LA@ﬂ

= i[Hg(t)dt + ill(t)dt + id' M (t) + %d’M(t)d’M(t)?A(t)]
= [dHp (1) A1),

w%@y:Hﬂﬂﬁ+(ﬂ@ﬁ+%&M@JM@0+dMﬁ)

5.3 RV UROBEMSHERX
5.3.1 FEREIITHENMRET 256
EHRONI LV =T VD
Hg = woa'a
ThrGE%E25, ZOLE, (5.87) &b,

ANy = i[hia' dB; + hea' dB] + hsa dB; + hsd dB]
+niat dB; + hial dBf + hia dB, + hia dB])

THo7, (5.83) &b,

0 = i{(1|[h1a’ dB; + hoa' dB] + hsd dB; + hya dB;
+hiat dB; + hia' dB] + hia dB, + hia dBy)
= i{(1|[h1al dB; + hoa! dB, + hsa® dB; + hya® dB]
+hiat dB] + hia dB] + hja dBf + hia dB]],
0= hi+ha+h3+hy

2135, X512, EHRDOATHERNRAZT 55404
(1|dM; = 0

ZRRT &,

0 = i(1|[hia’ dBy + hoa® dBf + hsa' dB, + hya' dB]

+hia dBy + hia dB;[ + hia dB; + hja dB;r],
hi+hg = 0= ha+ hy

o7

(5.125)
(5.126)

(5.127)

(5.128)

(5.129)

(5.130)



2135, (5.128) 1% (5.130) o fE 6N 5, (5.130) &b, (5.127) i,

dM; = i(yFdW, + t.c.),
Y= aT —a,
dW; = hydB; + hydB]

Y75, te WFLRHETH B,
(5.133) & b,

AW, = hidB; + hydB],
AW dW; = hihdBidBy + hihidBydB] + hohtdBldB, + hohidB]dB],
AW dW; = hihydBidBy + b hadBydB] + hih1dBldB, + hihod Bl dB],
(AW dWi) g = hihi(dB]dBy) g + hihi{dBidB]) g + hal{dBydB]) g + hohis(dBdB]) g
= (hy + ho) [R5 (dB]dBy) g + h3(dBdB])g],
(AW dWy) g = hihy(dBdBy) g + hiho(dBdBy) g + hihy (dB]dBy) g + hiha(dBidB]) g
= (K} + h3)[h1(dB]dBy) g + ha(dBdB] )R]

725, (dW,dWy)r = (dWdW;) g 72D T,

(h1+ h2)hl = (h] +h3)h1 ,  (h1 + h2)hi = (h] + h3)ha,
b = hihs

235, ThiE —m<0<m& LT,
hi = |h1]e?,  hy = %|ho|e?
RS 5, 9% dB ICBNEINT, by >02F 5, 5.
h = |hi + ho|

EU. h#£0%RETSH, ZDEE,

pw=hi/h, v=hy/h
e RN

p+ v =sgn(hi + ho)

&%, sgn(hy +hy) = —1 DA, dB DNMHEZEKEIENIX u+rv=18T&%, DD,
h1+h27é07§?6\

p+rv=1
Y TE5%, LT,
dW; = h(udBy + vdB])

ttéo

o8

(5.131)
(5.132)
(5.133)

(5.134)

(5.135)

(5.136)

(5.137)

(5.138)

(5.139)

— %z

(5.140)

(5.141)



5.3.2 MEMEBHEDARNZTILFVIT—IL
Z)LI—»H
d ™ = (anrhi (5.142)
T,
avt™ = an — aprt (5.143)
DIETIPITBINF VT —VE2EZD, (5.88) TS HARLEMEZHRT L, (5.87) The=h3=0& L%
dM, = i[hya’ dB, + hsa dB} + hia" dB, + hia dB]) (5.144)
2135, HIZ (5.128) 125
hi+hy =0 (5.145)
&5, hy DAM%E dB, TR T
AV = in(atdB, — adB}) + ih(a'd B, — adBY) (5.146)
2135,
(5.129) %723~V F > X =) (5.131) %,
AV = i(yaWy + AW
— ihla’ — @) (udB; + vdB]) + ih[a’ — a](udB; + vdB]) (5.147)
<, 4.
v e gy _ gy
= ih(a'dB; — adB] + a'dB, — adB]) — ih(atpdB; + alvdB] — padB, + vadB]
+upatdB; + IJELTGZB;r — padB; — VadB;r)
= —ih(pa +va)(dB] — dB;) — ih(ua + va')(dB] — dB;)

= —i(y,dW, + 7,dW,1), (5.148)
Yo o pa + v, (5.149)
awt < wdBf - dBy) (5.150)

L35, IO IR

0,77 = [pa+vi',al —a
= pla,al] + v[al, —a

=ptv=1 (5.151)
BLU
[AW,, dW;'| = B2 [udB, + vdB],dB] — dB]
= h2(u[dBy, dB]] + v[dB], —dBy))
= h2(pdt + vdt)
2dt (5.152)

>
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79,
1) % dM e s s L,

vt = 1|an™
= —i(l|[a dW;" 4 o' dWT]

L%, DED, HEHRDATIE, HERIEESI N,

5.3.3 R L DRE
(4.198) @ 11 13,

I = —k[(1+20)(a’a +a'a) — 2(1 + n)aa — 2aa’al] — 2kn

= k(2aa — a'a — a'a) + 2k7(ad — aa’ — a'a + a'al)

)= (1) ()

THholzm 6, (5.154) DAL 2 HIL,

THo70 v, 1

2kn(ad — aa’ — ala + a'al) = 2kay*37
eI B, 7z,
v, + 3%, = —2pad + 2va'al + (u—v)(ata +a'a)
= —2(1 —v)aa + 2va'a'a(l — 2v)(a'a + a'a)
= (—2ad +a'a+a'a) — 2v(—ad — a'a+a'a + a'a)
= —(2aa — a'a —a'a) — 207 %5*

THdH06, (5.154) DAL 1 HIE,
k(2aa — ata — de) = —IQ(’Yi’YV + ’y%yy) + 2/<;V’Y$’~Y$
EMnrBH, £oT,

I = —k(v"y% +54) + 260777 + 2607757
= ﬂR + ﬂD,
s = — 3 ~ 3~
R k(Y v + 5 ),
Iy = 2k(A+v)y 4°

LB 2,

(5.153)

(5.154)

(5.155)

(5.156)

(5.157)

(5.158)

(5.159)
(5.160)
(5.161)

RS A=—R—pid, ab—L Y MREZAH L CEBEHATZ c BREMIZYY 735 & EOERK - HEHFFD ordering
CEFICEBRLTVS, v=12FEHKE (Q ), v =0 P KIERE (P BE),v = 1/2 2 Weyl [HTH 5 (§ C.3), B, ZD

v C D s ki, v=(1+3s)/v DBERIZH B, (C.62) 2 K,
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(5.69),(5.70),(5.71) %+

dB; £0,dBf £0,dB, £ 0,dB] £ 0
dBydB] £ (n+1)dt , dBdB, < ndt,
dBldB] £ (n+1)dt , dB,dB, < ndt

Thotz, TNLSHD2XDIEIZZ0THS, The, (5.134) &b,

AW, dW; = AW dW; = h2 [ 4 v(R + 1)]dt = h* (2 + v)dt (5.162)
Thb, 72,
AW W, = h*(udB; + vdB])(dB] — dBy)
= h2(udBydB) — ndBydB; + vdB]dB] — vdB]dB,)
= p2dt Z dW,dW;, (5.163)
AW dW; = h2(udBy + vdB))(udB, + vdB])
= 0= dW,dW; (5.164)
THH.
rR(1|dW = r(1|(dB] — dBy) = 0 = g(1|dW; (5.165)
X0,
AW dw, = 0 = dw, aws, (5.166)
AW dW, £ 0 2 dw,aw;, (5.167)
dwWitaw, £ 0 Z awFdw} (5.168)
Thb, £oT.
AMIT AN T = i(y AW, + AR AWL)i(v AW, + A
s —7$’7$thth
= nE(n+ v)dt v, (5.169)

AN T aNr ™ = (v AW, + 3 AW (—i) (v dW + 7, dW)

AW, dW, vy, + AW dW35,,

IE

= hdt (v + ), (5.170)
th(Jr)th(Jr) — (_i)Q(’YVdWﬁ+’?yth$)('deth+’?yde)

=0, (5.171)
th(+)th(_) = —i(ydW; + 3, dW)i(y dW, + 57 dW;)

=0 (5.172)

135, (5.169),(5.161) £ 0.
AlY (Y w  hE s
a7 ant ):—;det. (5.173)



HEHRZT CTHERPRET 2561, — ML I 7258 2 MEREHUAE M (5.120) 2YE D 2D Z & 2K

T3,
h =2k
2135, 72, (5.169)-(5.172),(5.161),(5.160) & V.
avan X _ofiay.

5.3.4 —MHBRTILFUI—I
avr( ) e dn? oo v F o -y
dv ANt a0 <a<1)
EERAD, ZDEE,

avr® = anil”,
avtV = an™

Ths, 27U, (5.174) RET B, dMY X, (5.87) T,

hi = V26N +pu(1=N)]| , hy=V2rv(1-N\),

hy = V2ku[—1+ N, ha = V2K[-A+ v\ —1)]

(5.174)

(5.175)

(5.176)

(5.177)
(5.178)

(5.179)

ELEHDTHD, THiF (5.128) 2723, M, HHRZT TOMRDOLRIENHN D EENE LT,

(5.169)-(5.172) & b,
AN AN E _2dt( AT + TIp)
135, (5.106),(5.118) £ 0.

dty, = dH, + idMdM;

X Hgdt + i[(1 — 2\)IIg — [ pldt + dM;,

N A 1 - ~
dHyy = d¥p, +i5dMydD,

o ~ 1 - ~ ~
— Hgdt + i(H n 5thth) +dM,

1

Hgdt + i(1 — Mg + dM,

5.3.5 £F Langevin A12X

dMH(t) = VoI @AMFO V() 8= (=), (+), (V) (H)

!
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(5.181)

(5.182)

(5.183)



Thot, Th&b,
d M) = Vi (#)dM ) () V()
= iV ) (YW + 7AW Vi (1)
= i(y* (1) dW; + 7F(H)dWy), (5.184)
dMO(t) = —iV7 L (1) (d W, +F,d W,V (1)
= =iV () (AW + AW A,) Vi ()

= —i[dWty, () + dW;3, (1)), (5.185)
d MV (t) = i[yF(£)dW; + t.c.] — iA[dW, v, (1) + t.c.] (5.186)

Y5, 17U, (5.216) AW, (5.154),(5.186) % (5.111) T7b b,
(1|dA(t) = i(1|[Hs(t), A®)]dt + (1| A@)TI(t)dt — (1| AE)d' DD (2) (5.187)

WZRAT S, (5.32) IXHEBLIND/Z5 5007 (5.187) D 2 HIX,
<<1|A( ) (t)dt

Ha(t)At) + 2r((1]at () A@)at (¢ )}dt
a'l (t)a(t) A(t )+2n(<1|a (t)A(t)a(t)
()| d

+ [al'(£), A(t)]a(t ()}dt+2m (1] [af (2), [A(1), a(0)]] dt (5.188)
L%, T, (5.32) DE21THTH S, (5.187) D 2 I,

—i((1[A(t)d MV (t)
(1AW (T (AW, + 5 (£)dWi] = XdW iy (1) + AV, (1))
= ((UIA(), 7" (D)W + (L|[A®), 77 (1) W, (5.189)
LB, TIT
(V) = (1 (5.190)
£,
(17 (1) = (1 Vi ()
= (1l(a’ — a)Vy(1)
=0 (5.191)
LmBIYE,

(1| At)dW;F = 1\V ()AdW$Vf()

{
(1] AWV (t)
{
{

1|dW,F AV (t)
1V2r(dB] — dB;) AV} (t)
0 (5.192)
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BV, ZOWEDES VY 25 0%E5I1375 0, (5.180) I

(5.189) = ((1[V; M (0)[A, 1AW, Vi () + (1[V; (DA, 77]dW, Vi (¢)
= ((U[A, v T dW, Vi () + (LI[A, 57]dW; Vi (t)
= (LdW[A,v*IVE () + (LdW[A, 77V (2)
= (LW (L|[A, 7TV (1) + r(1IdW(1][4,77]
= r(1[V2k(udB; + vdB])(1|[A, o' = @)V} () + r(1|V26(pdB; + vdB)(1][A,al — a]Vy(t)
= r(1V2rdBy(1|V}(t) + r(1[V2rdB] (1][A, —a]V}(1)
2r((1)[A, alldB, Vi (t) + V2r((1|dB][A, —a]V} (1)
26((1|V; (B)[A, aTdB Vi (t) + V26{(1|V; (£)dBJ[A, —a]Vy(t)
= V2r((1|[A(t), al ()]dB; + V2r{(1|dB] [a(t), A(t)] (5.193)

k5T, (5.187) 13

((1|dA(t)
= i{(1[[Hs(t), A(t)]dt + r{(1| (a”(w [A(t), a(t)] + [aT (¢), A(t)]a(t) + 20 [al (2), [A(2), a(t)]])dt
+V2r((1|[A(t), o't (£)]dB, + vV2x{(1|dBf[a(t), A(t)] (5.194)

LB, ZhiE, (5.32) THD ! ZhiFv P NItk Sn, TN T. 852,853 DERIFIELY (BRIT
HbB) ITENZVWERZ S,
(5.108) T 7B,

dA(t) = [dHf( ), A()] — d' MWV (t)[d MV (1), A(t)]
= i[Hg(t)dt + ill(t)dt + d' MV (1), A(t)] — d' M ()[d M (t), A(t)]
= i[Hg(t), A(t)]dt — [[I(t), A@)]dt + i[d MV (t), A(t)] — d' M @) [d' MV (t), A(t))(5.195)
& D, (5.194) X0 B REGL e TES, ERT, A=a B2RAT S,
i[Hs,a] = ilwoa'a, a] = —iwpa
—[[I,a] = —k[(2aa — a'a — a'a) + 2n(ad — ad’ — a'a + afal), a)

= —klaa’,a] — 2kA[—aa’ + a'al, q]
= —ka+2kA(—a+a'),
i[dNN o] = —[y W, + 3 AWy, a] + AWy, + dWF,, ]
= —[y*,a)dW; — [3%, a]dW; + AW [y, a] + AW 3y, a]
= dW; + 040+ MW, (—v)
= dW; — \wdW},
—dMM AN a) = —(y AW+ 5 F W) (AW — Avd W)
AN AW, 4 3, dW,) (dWy — Avd W) (5.196)

THY, (5.162)-(5.168) & b,

(5196) —§/$thth + )\I/:}/g—thdWﬁ
26a(a — al)dt + 2kv(a — a')dt — 2 vk (a — al)dt

= 2k7(a — a)dt + 2kv(1 — N)(a — al)dt (5.197)

= =
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Thbd, £oT,

da(t) = —iwpa(t)dt — ka(t)dt + 2kn[—a(t) + al (t)]dt — dW;, — Awd W}
+2k7fa(t) — all (t)]dt + 2kvla(t) — all (t)]dt
= (—iwg — K)a(t)dt + 2kv(1 — N)[a(t) — a't (t)]dt + dW; — A\vdW;* (5.198)

2185, [FRRIZLT

da®(t) £ (iwy — k)al (t)dt 4+ 2kp(1 — N)[al (t) — a(t))dt + dW; + AudW;F (5.199)
LES5N5,
A=0rF 5L,
da(t) = (—iwy — K)a(t)dt + 2xva(t) — all (t)]dt + AW, (5.200)
dall(t) = (iwg — r)al (t)dt + 2kpla (t) — a(t)]dt + dW; (5.201)

L0, HiZv=1/22 LT,

da(t) £ —iwga(t)dt — ka (t)dt + dW;, (5.202)
da'(t) £ iwpa (t)dt — ka(t)dt + dW; (5.203)

L%, £l A=1895%L

iwog — k)a(t)dt + dW, + ude
dt + 2k [pd B, + vdB] + p(dB] — dB,)]

(
(
@mm—mawﬁ+v@m&, (5.204)
(
(
(iwo — k)al (t)dt + V2kdB] (5.205)

~~ ~~
o~
— ~— —

L5, TNIF v ITERS R, (5.204) &, (5.22) IT—8T B, 7z, (5.205) 1k, (5.22) LEIFKIZL T
Bohd a(t) DHBERCT BT 5, (5.205) 1% (5.204) TTAH-72HDTHS, ZHid, A=11FTL
I— M, BEEPERE DR BEIIVF VT =N TH S,

(5.194) KA IT X 5T, (5.32) IZ—ET 2D, BH - BMOF 2052 &5, 72, (5.32) %8 5.1.3
THEERMZ LG I Nz, Tl (5.194) BRI TH D Z L L BALTWD,

5.3.6 EZ=F Brown EZEDEEFD/NAELUNILYH#E

AN
7~

BH(t) VT (B (= AT ) (5.206)

2352, (5.74) kb,

dBH(t) = [V} (O)BIV(t) + V; (8)d[BIV(1)] + [dV;  ()]d[BEVE (1))

22X = B,M,W iz LT,
dXHt) =V L(0)dXIV;() (5.207)
&35, £72. BU(t),dB(t) &, AKX BT (t),dBT(t) L ELIREETH 3,
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THY,

d[BIV(t)] = dBIV;(t) + BldV,(t) + dBLVi(t)
= dB}Vj(t) + B}, 4,dV;(t) = V(t)dB} + B

£ V(D) (5.208)
THd, EL,
B}, 4 = Bi +dB} (5.209)
Ths, £oT,
ABH(t) = [V (O]B{V;() +Vy (0 (dBIV(®) + B, 4,aVs (1))
Havy (0] (Vi (0B + B}, avs(0))
= dB 1)+ Vy 0(Vi®)ldV; OBV, (1) + B, Vi (1)
+Vr(Olav; UV (0B} + B, Vs (1)}) (5.210)
Thb, () DEBEDET,
vy~ (O{VE(0)dBE + B, dVi(6)} = dVy ()dBEVi(t) + [V} (8] B, Vi (t)
ThB, L. PHERTE
[dB!, V(1) =0 (5.211)
D URVACTSRE 3 NV ol
(5.210) = d'BHt) + Vs O(ViOdVr  (O)B]. Vs (8) + Bl Vi (1)
VR OaVy (OB, V(1))
:JBWo+w§”@mmyhBHﬁw() B, id ¥ Vi (t)
+dH ;B +dtd¢1f¢vf(t)>
= dBH )+ Vy () (idH B, g, — By aidHy
AR B APy ) Vi () (5.212)
L%, (5.106) £ 9.
idHy, B}y — Bf gidH e = i(dHy, + idMydM;) Bfy, — mhwmﬁ
= Z[d?‘[ﬁt, Hdt] dM,dM, B t+dt,

dH; B, ydH s = (A + idMdM) B, gy dH g
= dHy, tBEertdﬂf,t

~

= th t+dth
Thd, £oT,

A1 oA A N
(5.212) = d'BHt)+V; (1) (Z[d,Hf,th-&-dt] dM,dN, B t+dt +dM, t+dtht>Vf(t) (5.213)

66



[d%f & t+dt] = [th’ t+dt]
= Z[th,dBt],
AMdM, B, ;, + dM, B!, ,,dM, = dM,|dMy, B + dBJ)
= dNL[dMy, dBY) = O(dt®/?)

EUR

“()ildL,, dBHV; (¢)
t),d' B4 (t)]
), dBj(1)]

dB¥(t) = d'B*(t) + Vi (
= d'B*(t) 4 i[d' M (t)
= d'B*(t) 4 i[d' M (t)

2135, 270, (5.211) kb,

~ =1 ~
Vi (0)dBVi(t)
= dB;

d' B%(t)

TH5P), £oT,
dBY(t) = dBf + i[d M(t),dB(t)]

ri 5,
(5.217) 12, (5.176) ZRAL T,

dBH(t) = dB? +i[d MO (t) + Ad' M) (t), d' B (t)]
= dB} — [y* ()W (t) + 75 (£)d W (), d B (¢)]
A (AW () + 3, () d WH(t), d B ()],

ZZ T,
Py$ = CLT - CNL,
v, = pa+val,
AW, = V2r(udBy + vdB)),

AW, = V2r(dB] — dB;)
Thor-, o T,
dB(t) = dB; — V2ry" (t)[d W (t),d B(t)] -
+V 26X, (1) [d W (t),d B(t)] + V2k7,
T + (

= dB; — V2[al(t) — a(t)](—vdt) + Nua(t) + va' (¢)](—dt)
= dB; + V2 [(1 — Mv[al(t) — a(t)] - Aa(t)]dt

(
)

B AWE 1% dB? ORIUAEE 2D T,
dWHt) = dW}
LB,

67

V2ry ()W (1), d B(1)]
t)] ’Wg(t) d'B(t)]

(5.214)

(5.215)

(5.217)

(5.218)

(5.219)
(5.220)

(5.221)

(5.216)



FSHAON

dBY(t) = dBf — V2ry* () [d W (t),d BT ()] — V2r* (1) [d'W (t), d B (1)]
+V26My, (1) [d W (2),d' BT (1)] + V2r7, () [d W (2),d BT (1))
= dBf — V2k(al(t) — a(t))(udt) + A[ua(t) + val (t)](—dt)
= dBf + V2r[ — (1 — Npla®(t) — a(t)] — xal(t)]dt (5.222)

2135 2, (5.221),(5.222) & (5.219),(5.220) £ b,

dW (t) = dWi + 2kp[(1 — MNvlal(t) —a(t)] — Aa(t)]dt
+2kv [ — (1 - Mulal(t) — a(t)] - )\fLT(t)]dt
= dW; — 2k (,u)\a(t) + V)\dT(t))dt
= dW; — 2k, (t)dt, (5.223)
AWH(t) = W, — 2k — (1 — Npla'(t) — a(t)] + Aal ()] dt
[~ (1= Nula(®) — a(t)] + AaT (1) de
= dW} — 2Xe)[al (1) — a(t))dt
= dW} — 2xe\ydt (5.224)

2185, dW () v (TIEEHTIHE S 5\, B0 2 ROLDE 2 HIE, AOWEHREH>TWS, 72 A =0
T, TOHEMZ 5.

Y57,
AN = (W, + AHdW),
AV = —i(y, dWF + F,dW),
avr = anrt™) + xdvrth,
dMHE) = Vi 6 dMAO V() 8= (=), (+), (V). (H)
Thol-. 5
(AN (t): iy ¥ ()W (1) + 57 (H)dW (1)), (5.225)
AN (@) i dW () () + dWHE)A (1)], (5.226)
ANV () O (@) +X :dM D (1) (5.227)

Y35, e lFEHRLEN (AB Ok 5%) OEETORKIINTIERBTHE, ZDLE, 2
DL E, (5.223),(5.224) £ b,

[AMN(#): = i[y¥(£)dW, + t.c.] — iN[dWFy, (t) + t.c.]
+i{y () [=2X k7 (D) dt] 4 t.c.} — iM{[=2 Xy Fdt], (1) + t.c.}
= i[y () dW; + t.c.] — iIA[dWFy,(t) + t.c.] (5.228)

THb, (5.228),(5.186) & 0.

[dMN ()= d' M (t) (5.229)

My=p=LorEnk dBT () =[dB1) %5,
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LB, LML,

dM ) (8): d M) (t) (5.230)

THDB B,

B LB,
AN (1) = =iy, (AW (1) + 3 (AW (1)), (5.231)
AN () E L dN ) (1) +AdM ) (1) (5.232)

EUR6,
AV (t) # d' MV (t) (5.233)

TH 5,
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6 FBHNTF
6.1 11 DAEEHEY

H Y LUT, ad,aal iz LT T, £

a—ae?, o wade™, a—ae™®, &l —afe? (6.1)
N UTARZEZE D CEEBNT) 25X 5, —fRIZIE,
il = gi(t)a'a + ga(t)ala + gs(t)aa + ga(t)a'al + go(t) (6.2)

THBHH, (3.18) DEFEN S,

T T

glata+ giala+ giaa + giatal + g5 = qrata + gpa'a + gzaa + gaa'al + go

ER/VSRN
9 =92, 93=03, Ga*x=0s, Go=90 (6.3)

Thbd, 5.
91(t) = —c1(t) +ihw(t), g3(t) = —calt), ga(t) = —c3(t), golt) = —ca(t) (6.4)

en &,

H = —i[[—ar(t) + ihw(t)]aTa 4 [—c1(t) — ihw(t)]a'a — co(t)aa — c3(t)a'al — ca(t)]

= hw(t)(aTa — a'a) + I, (6.5)
I = ci(t)(afa+afa) + ea(t)aa + es(t)a’al + cq(t) (6.6)

Y5, wt) A DRENEIILF—THB, 51T, Bl (3.19) k0.

0 = ci(l]ata+ er(1|a’a + ca(1]aa + es(1|a’al + es(1]
= c1(1|afa+ e1(1]ata + ca(1|a’a + e3(1]aa’ 4 c4(1]

= (2¢1 + o 4 e3)(1]ata + (3 + c4) (1] (6.7)
ERY.PX-N
2c1 +co+c3=0, c3+cy4=0 (6.8)
NRrIND, £oT,
I = ci(t)(ala +afa) + ea(t)aa — [2¢1(t) + co(t)]alal + [2¢1(t) + ca(t)] (6.9)
DA
&L ZAT, a(t),al(t) OEBHFERIE,
d T, n
D a(t) = L), a(0)
= —iw(t)a(t) + c1(t)/ha(t) — [2¢1(t) + c2(t)]/h all (1), (6.10)
%aﬁ(t) = iw(t)aT(t) — c1(t)/h al (t) — ea(t) /B alt) (6.11)
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Y755, koT. (1alt(t)a(t) OB AR,

d d d
Stlaf (Ba(t) = (1[G e (Oa(®) + (1la () Za(0)

= (1 (zw(t)a%) — (&) alf () = ea(t) /1 (1) ) ()
+(1a’ () — )+ cr(t)/ha(t) — [2¢1(t) + ca(t)] /R dﬁ(t))
= (1 (z’w(t)a%)a( ) = e1(t)/h af (Ba(t) — e2(t)/h M (B)alt)
+ — dw(t)al (ta(t) + e (6)/al (B)a(t) — 261 () + c2()] /Ra(t)a (1))
)

= —2k(t)(1]al ()a(t) + S()(1], (6.12)
K(t) = [er(t) + ea(D)/h, (1) = —[2e1(t) + e2(1)] /R (6.13)
LIRB. G
n(t) < (1]al(t)a(t)]0) (6.14)
e35&, ERXED,
d
Zn(t) = =26(t)n(t) + (1) (6.15)

2185, w(t) RS VRENERZRTH B,
4 2O SRR ERARIED

_ 1
n(oco) =n = SRolhaT 1 (6.16)
ULWnWeEd %, §5&. (6.15) &0,
Y(00) = 2k(c0)n (6.17)

Y7b, T, wt),k(t), D) PRI LS FETHEL TS, ZDEE, (6.15) 4.

d

an(t) = —2kn(t) + 2kn

= —2k[n(t) —n] (6.18)
b, ThiE. (4.63) LRI—TH5d, £/, (6.13),(6.17) £ 0.
c1 =h(—k—=3%)=—-hr(l4+20), co2=2h(k+X)=2"s(1+n) (6.19)

THB, ZhE (6.5),06.9) £V,

H = Hg +ill, (6.20)
Hs = h(a'a — a'a), (6.21)
I = —hk[(1+27)(ala + a'a) — 2(1 + 72)aa — 2natal] — 2hkn (6.22)

2195, ZOIIX(3.28) &~ 5,
4. BT Vv Ndik
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BWUAT B, WG,
[a”,a"] = 6"
T, ZhBMNI0TH B, (6.22) I,

H = hwa'a" + hw + i1, I = —hxa"A"a"” + hx,

w [ 1+27 —27
A "<x1+n)-41+2m>

ENT B, FEHBMTIZHT T )L 7 HRRA,
Doty = L[ (), alty)
= i[wa(t)a(t)” +w — ika(t)* AN a(t)” + ik, a(t)"]
= —iwd"a(t)” — kM AN a(t)”
= (—iwd" — kA*)a(t),

Calt = a(t)” (iws"" + xAY)

St

R AR

6.2 BUEDBEFRMHRIR

AN

(O = B a(t)”, A =a(t)’B ()",
v _ [1+n() —n()
Bo) —< —1 1 )
Iz o T,

EMAT S, 70U, n(t) ik (6.18) 2T HDLT 5, ()8, (0" 13, 5 HBEIF

(@), 5(@)"] = 6"
iU, ZhBUME0TH B, +F (1) 1X

1‘€iﬁt(af o a)e—iflt

1|(a’ — d)e_“qt

1y () =

79,
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(6.25)

(6.26)

(6.27)

(6.28)
(6.29)



() DB STREA,

% S = ng?W ()4 Bl da;t(t)
= [dlfliﬂl?_l(t)]“”v(t)” + [B(t)(—iwla — kRA)B™H (1) (1) (6.37)
Thd, HB2HFT, (6.28) ZH\7z, (6.31) &b,
dB(t) (1 -1\ dn(t)
it (0 0 ) a (659
dB(t) , 1, (1 —=1\dn(t) (1  n(t)
B 0 0) dt \1 1+n(t)
_dn(t) (0 1
— dt \o o
(0 1
= 2k[n(t) — 7| (0 0) (6.39)
THY. (6.27) &V,
_ ~ [1+n(t) —n(t) 1+2n —2n 1 n(t)
BWABl@”‘( 1 ><m1+m —a+2m><11+mu9
_(1+n(t) —n(t)) (1 n()-—2n
1 1 1 n(t)—2n—1
_(12@@-@)
0 -1
—m+ﬂM)—m<8é> (6.40)
2185, 7L,
1 0
T3 — <0 _1> (6.41)
Thbd, £o7T,
d_ o, fo 1\ LS ol o (o 1Ty
10" = 26ln®) —al| ) () +[—w Kty —26[n(t) —al | o ]7()
= (—wd" — kT )y (t)Y (6.42)
L5, TNERMFENT,
()" = lexp(—iwly — £73)t]*"7(0)"
e—iwt—fit 0 w
- < 0 €iwt+m€> ~(0)", (6.43)
v(0)"=! = (1 +n)a—na’, n=(1la'al0), 6.44)
7072 = al —a 6.45)

73



2195,
4. P2 LT, (3.23) BB,

al0) = fa'|0)
BET 5, ZN&D,
(1]ad|0) = (1]afa'|0) = f[(1]laTal0) + (1]0)] = f(n + 1)
21850, KL,

(1|a@|0) = (1|aa|0) = (1]a'al0) = n

ThHdNH,
n = f(n+1)a
n
f:n+1

ZhE (6.46) ITRALT,

(1+n)al0) = na'lo)

[(1+n)a —na'l|0) = 7(0)|0) =0
ZEWRT 5, (6.43) &0,

A(D]0) = e 4(0)[0) = 0

2135,
A
7~
'Y# — e_th'y(t)”eth, ,—Y;L — €_th’_)/(t)“€th
EELN
= Btyva”, At =a"B L),
1 t) —n(t
ww—(*“)7“>
—1 1
IZ& o T,

=1 ~ =2
=", FF =407

_u=1 ~ —_u=2
Y= A=A

(6.46)

(6.47)

(6.48)

(6.49)

(6.50)

(6.51)

(6.52)

(6.53)

(6.54)

(6.55)
(6.56)

EEAT S, vF=al —a L ZDOF IV LHBIIMERIC & 5720, (6.51) & (6.52) & . HIHIZMEAY (6.46)

DEE,
10(t)) =0

74

(6.57)



Y%, £l Hid, A3 ko T, RO &SI

H = hwata" + hw + i1l

= hwl'yf + hw + 11

= fw(y oy = 5%3) + L, (6.58)
I = —hxka* A" a"” + hk
= —ﬁ/ﬂ:}/#[B(t)ABil(t)]MV')/f + hk

puv

_ S| v _y (01 v
= —hA [ 2n() ) () |k e
= —hi(y e + 755 + 2n(t) — AT ). (6.59)

ZhE (6.57) &0,

Sl = - Hlo()

dt
= —2x[n(t) — Aly*37(0(t))
= 254000 (6.60)

25, IhEfE L,

b dn(t)
_ / 259
o) = esp [ [ ar %570
= exp |[n(t) = n]7%5%] |0) (6.61)
27052, ZokNTLy, IREEEZORMARBI?Y — <L - RT 4T3 DEEADEHFHIZ L 0 EH
INd| LRTE S, TORNT, HURO HIEFED (spontanious creation of dissipation) &\ 5 #
WDOHFEE PRI E 5,

6.3 BEZAEEZ

(3.28) 713 (6.22) I3,

~

Il = —k[(1+27)(a'a+a'a) — 2(1 + A)aa — 2aa’a’] — 2k7a
= k[—(1 4+ 27)(aa’ 4 a'a) + 2(1 + 7)aa + 2aa’a’] + & (6.62)
ThoT- 5.

1
s, ®atat, 5. ¥aa, 5, 5(aa’ +ala) (6.63)

W H T, MR (6.46) D& FiX, THAKD LD,
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L9HE. InoDRMERIX

Or
%)

[

[S_,S,] = [aa,dlal]
= [aa,a']a’ + a'[ad, al]
= aa' +ala
= 25,

1
[S_,S.] = =[ad,aa’ + a'a]

[S+7 Sz] = =5

(6.64)

(6.66)

Ths, BEOXF, 22000RD T 2L -T, ST =5, Sl=5, 2HVIEESNS, (6.62) 13

II = k[-2(14+2n)S, +2(14+n)S_ +2nSy] + K
AT N
So e ota —afa
Y B e, LEERTO H I
H = w8y +ik[—2(1 4 27)S, 4+ 2(1 + 7)S_ + 2AS, ] + ik
EMT B, Syl Sy, S, L TH B, FEER,

S;=8, (i=4%,20)

SUIEIN
(S0, Si] = [a'a, Si] — [aTa, S;]™
THY,
[a'a, Sy =a'a’, [a'a,5,] = —aa, [a'a,S.]=0
DT,
[So, Si] =0

27)
S. = %(aTa—F&d]‘)

= %([aaT +1]+[a'a—1])
= S,
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(6.67)

(6.68)

(6.69)

(6.70)

(6.71)

(6.72)

(6.73)



L%, Lo T, WHIFBEOEE T

eszt — efwa()th

efinOtemf[f2(1+2ﬁ)52+2(1+ﬁ)5_+2ﬁ$’+] efit

L, e Wl LSRR E ISR TH R,
BTRI LT,

WD BT

def
U(.CU) Lel ea:(AZSz+A,S,+A+S+)

U(z) = of+ @A=A-ANS: o f: (342 A ALS: of (@424 A1)S-

DIIZEZHMZ D505, £oT. (6.74) IE,

e—uflt — o wSot gkt o [+ ()S4 o

EFB, BLE, FARRFERBEAE RS

THEM 6,

L5, £/,

THEN 6.

LB G

(®)

Sa of - (8)S-

e*iHSt. — e*iHSt ° el’]‘[gt7 HS — HS _ HS —_ CL)S()

efthp(())
(o]

t

efiteiflst o f+()Sy o f=(t aat Z (1)

6nt6iHstZ + (aT)nefz Ti fm(t
= n! = m!
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(6.74)

(6.75)

(6.76)

(6.77)

(6.78)
(6.79)

(6.80)

(6.81)

(6.82)

(6.83)

(6.84)

(6.85)

(6.86)



i< L. (6.85) kb,

<A>t _ eNtTr[elitengt Z fﬁ(t)fL(le)(aT)nefz(t)aaTam

m)!

n,m=0

_ mf Z f+ fm

n,m=0

=TM@WUM

,O(O) (aT)mefz (t)afaanefiHstA]

)m f=( t)aTa n *ZHStAelHSt( T)nefz(t)aafam]

T(t)' def Ht Z f+ fm ) )m f=(t)ata ne—iHst.eiHst(aT)nefz(t)aaTam

a

n,m=0

it JE()
=2 T

n,m=0

ntooth
- ey S

m=0

OO m
R
— em‘/ef—(t)S+efz(t)Szef+(t)S—eiHSt °

[efth}T °

atymef=Wataffi (1) a

[eﬁ(ﬂszef+(ﬂsf€—4ﬂst.kfn

H T
67'H t.

efiHSt.]efz(t)aaT m

fT (t) aT)mefz (t)aTaan [e—iﬁst.] (aT)nefz (t)aal a™

(6.87)

(6.88)

L7%%, T(HA R, WHIZBEHEFETONS XU N THIGOEETTH S, ThOEHHRERIE

—Tt)A = iT(t)H A

Tbh b,
P2H) IZDOWTER B, WA VEA
KA 510 TR, p(t) B

p(t) =U)p(OUT (), Ul(t)=U"'(t)

DITHLT =16 ThH b, BRI D D555
EEER O X ST & Hg A u[#D 5413

e—th — e—zHgtth
ThHBHNH,

00 (1)) = e Hst|(0)),
A© (t) = eIt gl

LI

(L]~ A0 (1))
<1]Aeﬁtefmst\0>
(1]AJo(¢))

(1A 0|0 (1))
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L (685) MO BAMB KT,

(6.89)

13, (24) D& ST, pl2(t) DIFRIFEAFERZ KD D DIZ

(6.90)

N 195 AV RVA/AE A AN

(6.94)



Yib, DED, HEOKREREIL HOEARVWESEERAUT, HEFOHIXMICEV LTS, &0

SRR TH D, Wi

00 (1)) = et|0),
A(l)(t) — €iH5tA6_iﬁst

ELTH,
(1A 00 (1) = (1]AJo(t)

‘(\‘%50

6.4 su(l,1) AR
(6.76) 2T S,

(A8 4+A_S_+ALS1) Uz) = ef+(x)S+F(m),

F0) =1, f(0)=0
B, TNEMWIILT,
(A.S, + A_S_ + A S e+ @S+ F(z) = fL(2)S  F(x) 4 e+ @5 F' ()
F(2) 12D W TN T,

F'(z) = [Ay — f1(2)]S4 F(z) + e+ @50 (A8, + A_S_)e/+@5+ p(z)

t@($) déf e_f+($)5+sief+(a:)5+
Nl SN

t ($) = —eff-o—(z)s-o- f’+ (x)S+S_€f+(:E)S+ + eff.,_(x)S+S_fjr(x)S+ef+($)S+
= f;(x)efmx)& [S_, S, ]ef+ @S+
= f_’i_(x)e—f+(ﬂf)5+2526f+(:c)5+

= 2f (2)t.(2)
Thd, 272U, F3IFEST(6.64) ZFHV, 7z,

ti(z) = fi(x)e H@SH[s,, 5, ]ef+ ()5
= fi(x)e” )5+S el + (@) S+

= fi(z)Sy
Thbd, FH2HE5T(6.66) 2H\\, £IAT,
t-(0)=5-, t(0)=S.
TH5b, (6.103) 2 ZTOYHSRMD T TR &,
to(x) = S + fi(z)S4
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(6.100)

(6.101)

(6.102)

(6.103)

(6.104)

(6.105)



Yid, Tk (6.102) ITRALT
t’ () = 2f'(2)[S: + f+(2)S4]
= L or s+ 2@)sy) (6.106)
2135, TS (6.104) O FTHWT,
t_(z)=S5_+2f(z)S, + f1(z)S+ (6.107)
%2185, (6.100) iE.

F(a) = [Ay — £ (@)]S: F(@) + [A.S: + A.f4 (2)Sy + A_S_ +24_ 1 (2)S. + A_ f2(2)S4]F ()
= [As — F (@) + Ay (2) + A f2(@)]S4 P(e) + [A:S. + A_S_ +2A_f(2)S.]F(x) (6.108)

Yind, 4.

Ap = fi@) + Acfi (@) + Af2 () = 0 (6.109)
Y35, (6.108) I,

F'(z) = [AS. + A_S_ +2A_f,(2)S.]F() (6.110)

L7425, (6.109) % (6.99) DHIAZMED Iz <,

1 dr 1
filz) dfy Ay + Afp(z) + A_f2(z)
B f+(=) df
x._LA A (6.111)
SN
A AFHA P = A(f-a)f-B) (6.112)
ap= At Qﬁ§_4A_A+ (6.113)
L9HE,

f+(=) df 1 f+(@) 1 1
(A A++AA44LP::A4a—6LA W(f—a_?iﬁ>

] (6.114)

I (6.111) kv,

(6.115)



5, I, MOLH I EITS

(TA—(a=B)/2 _ o—zA_(a—B)/2

f+(3§‘) = BeIA B/ae zA_(a—B)/2
20 Slnh%

~ a—fBecosh 7‘4_(&2_@37 + g——fg sinh A=(e=A)z

2
_ A_ap sinh(¢x)

¢ cosh(¢x) + %Jﬁ) sinh(¢x)
Ay sinh(¢x)
¢ cosh(¢z) — ‘3—; sinh(¢x)’

ot AP e A

2

>

e, TNEWHL,6.110) ZRATB L,

[A.S, + A_S_ +24_f (2)S.]e"@%G(z) = fi(2)S.e*D%G(z) + @)% (z)

LR, Inhos,

G'(x) = [A. + 24 fi(x) — fU(x)]S.G(z) + A_e ()55 /-5 G(x)

u— (:L‘) déf e_fz(x)szsiefz(x)sz

ZEAT DL,
U (z) = fl(x)e” )SZ[S ,S.]e f=(2)S-

= fl(z)e” 2(2)8: g f2(2)S-

= fi(@)u(x)
THd, 72U, B2HEST, (6.65) xH Wz, ThEAIHISEM

u_(0) = S_
DO NTHL &,
u_(z) = ef>@g_

Thbb,

6*fz(x)szs_€fz(z)52 p— efZ(Z)S_

185, (6.120) 13,

G'(2) = [A: + 24 fo(2) - f1(2))S.G(x) + A_e"PS_G(x)
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(6.116)

(6.117)

(6.118)
(6.119)

(6.120)

(6.121)

(6.122)

(6.123)

(6.124)

(6.125)



LB G
A 424 fi(z)— fli(z) =0 (6.126)
3 HE, (6.125) 1,
G'(z) = A_e=®)S_G(x) (6.127)

Y75, (6.126),(6.119),(6.116) & v,

flz) = Az +24 / dy £+ (y)

B 2A_A4 Slnh(qby)
= At ¢/ cosh (py) — smh(qﬁy)

2A_Ay4 smh((by)
N ¢/ @ ¢AZ " cosh(py) — smh(qby)]
/ 2[0A_A, — A2%/4) s1nh(gz5y) + ¢ A, cosh(dy)
T 0 cosh(¢y) — 57 sinh(gy)
_ /m J —2¢ sinh(¢y) + A, cosh(gby)
0 cosh(y) — 55 sinh(¢y)

‘ 1 d A,
- /0 U o) — B sy g ) 5 sl
= —2In[cosh(¢z) — 124(? sinh(¢x)] + 21In[cosh(0) — ib sinh(0)]
= —2In[cosh(¢z) — glqb sinh(¢x)] (6.128)

Yib, (6.127),6.119) £ 0.

G(z) = f-@3 (6.129)

- A / dyef =(y)

(6.130)
THY. (6.128) kb,
T dy
() = A_ 6.131
) = A [ L Sinh(oy)P (6131
Ths, 7
u = e (6.132)
b AP SN
du
dy = %7
20— A, 20+ A
cosh(gy) — % smh(qby) ¢4¢ q:;) 1
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7:;:0)"6‘\

u(x) du u2
) =A [
1 ou [2¢4¢Az u2 + 2¢Z¢AZ]2

u(®) 16¢u
=4 /1 e (20 — Az )u? +2¢ + A.)?
- / " gy 89 ! a4
- 1 2¢_Az [<2¢_Az)u2+2¢+Az]2 dy
86 1 u(x)
20— A, (20— A ut+ 20+ Al
8¢ 1 1
29— A, <<2¢ —Aud(z) +20+ A E)
8¢  4¢ — (29 — A JuP(x) =29 — A,
20— A, [(20 — A)u(z) + 20 + A;] - 46
24 (29 — A)u?(z) — 20+ A,
T 20— A, (20 — A )u2(z) + 20 + A,
24 (29 — A,)e? — (20 — A,)e 9
2 — A, (20 — A,)e% 4+ (2 + A,)e—9®
sinh(¢x)
~ 2¢ cosh(¢px) — A, sinh(¢x)
A_ sinh(¢x)
3 cosh(¢z) — g‘—(; sinh(¢z)

= A

= -4

~— [ — ~— [ —

=24

LB, FLdd e,

e (AzS:+A_S_+ALSy) ef+($)5+efz($)5zef7(w)577
Ay sinh(¢x)
¢ cosh(¢pz) — ‘g—(; sinh(¢z)’

fr(z) =

f2(x) = —21In[cosh(¢zx) — 124(; sinh(¢x)],

A sinh(¢x)
J-@) = ¢ cosh(¢pz) — ‘;—;sinh(qﬁm)’

6= VAJA-AA;

TH 5,
(6.77) D fi(t) Z2KD D, TDHE,

A, =-2(14+2n), A_=2k(l+n), Ay=2kn, x=t
EFhiEEn, ZoLE,

¢ = VAZ/A-A_Ay
= k(14 27)2 — 4(1 +n)n

= K
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(29 — A )u® + 2¢ + A.]

(6.133)

(6.134)
(6.135)

(6.136)
(6.137)

(6.138)

(6.139)

(6.140)



THY,
sinh(kt)

felt) = 27icosh(mf) + (14 2n) sinh(xt)’ (6.141)
f=(t) = —2In[cosh(kt) + (1 + 2n) sinh(xt)], (6.142)
B ~ sinh(kt)
J-{t) =201 +n) cosh(kt) + (1 + 2n) sinh(xt) (6.143)
785, kt>> 1T,
INOES Z =, (=1 L) -2t —24A] (s> 1) (6.144)
Lipb, £z, kt <K 1T,
fr(t) = 2nkt, f_(t) = 2(1+n)kt, f.(t) = —2(1+2a)xt (kt<K1) (6.145)
TH5,
6.5 REDFEHER
FIPREE & U T,
|O> = Z pnm|n7m> (6.146)
n,m=0
2EAD, ZIT. In,m) i |n) ZEBIREL LT
[n,m) = |n) ® lm)~ (6.147)
THEZoND, (6.77) &0,
e*igt’0> _ efinQteﬁt|0> — e*inOtentef_y.(t)S+€fz(t)Szef_(t)S_ ‘O> (6148)
Thsd, TIT,
O~ fn,m) = 3 Pure= O, m)
n,m=0
00 min(n,m) fl_ (t) nlml l l . 1o
- %:Op"m ; A\ iy (6:149)
min(n,m) 4 o ot
£(8)S. f-(£)S— _ f2 (@) nim! fo(pyeatsata,
elz W% f-W5— 1 ) = Z i (n—l)!(m—l)!e ®) |n—1,m—1)
1=0
min(n,m)
fL(t) nlm! £ (1) n=lEmettl
= 1 (n—l)!(m—l)!e 2 |In—1,m—1) (6.150)
=0

ThHhbh, t>T,

of+ 51 o F- (05 o F- (DS~ 1y

min(n,m) I
VA0 Fo ) nim! PO 1] fe(Oata 1))
“ Z; 0N = m—m® ¢ [n—1,m
min(n,m) oo
A0 Z SL@OFE@) /niml(n =T+ k) (m — 1+ k’)!efz(t)[HTmfl
— = 1E! (n—0l(m —1)!
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)

Nn—l+km—1+k)

(6.151)



LIR5DT,

R min(n,m) oo
o) = 0 3 g, Y Yo LW
n,m=0 =0 k=0
(n—l)!(m—l)! e 2 Nn—Il+km-1+k) (6.152)
L5,
A
VAR
Pmn(t) = (1||n)(m]|0(2)) (6.153)
Y45, (6.97),(6.152) X1,
Pn(t) = <1|e“ffst|n><m|e—“ffst\o<”< >>, (6.154)
min(s,u) oo
1
s,u=0
: - - 1
(s—l)!(u—l)! e r Ys—Il+ku—I1+k) (6.155)
THH,
eiﬁst|n> <m|e—iﬁst — eiwnt|n> <m|e—iwmt7 (6.156)
(An)(mlls =l +k,u—1l+k) = (mn—1+Ek) - (u—1+k|n)
= 6m,s—l+k5u—l+k,n (6157)
ANDONEN
( - min(s,u) oo
_ iw(n— mt nt 2 (t
pmn(t) = e e? Z Psu Y Z llkl
s,u=0 =0 k=0

vV s'u'm‘n fz(t)[eru—l}

Xme Om,s—1+kOu—1+k.n (6.158)
E12B 0 Oms—i+kOu—ithkn = D
Ek—l=n—u=m-—s (6.159)
THd, £oT,
s=u+n—-m, u>n-—m. (6.160)
%72, (6.159) & b,
k=1+n—u>0. (6.161)
S
x[A] = { (1) i:i (6.162)



&3 BHE. (6.158) 1.

0 min(u+n—m,u)

l l+n—u
_ Jiw(n—m)t_kt 110 fo (t) + (t) —u>
pmn(t) e eez2 Z Putn—m,u Z —l (l—l—n—u) [H—n U 0]
u=max(0,n—m) =0
V (u+n —m)lulm!n! Fo (B[22 1]
= “ Nl
wrn—m-w—iC (6.163)
&tiéo
L. Kkt =00 &8T5, (6.144) 1F,
ﬁ@%»liﬁ,fJﬂ—Hw £o(t) = —2kt —2In[1+7] (st > 1) (6.164)
Thol, £oT,
ertest:) 1iﬁ, FOPF 5 g (6.165)
MR Be pn =P 0. n>mELTRW, ZDLE,
max(0,n —m)=n—m, min(u+n—m,u)=u (6.166)
&b, 7z, (6.165) D2 KD,
z:u+”;m (6.167)
Vi AN g =
n=m (6.168)
TRWE [ <min(u+n—m,u) =u EWIZLZEWV, £o>7T,
pmn(oo) = 5mnpnn<oo)a (6.169)
00) f4" 7 (00) (u+ 0)!ulnn!
= —u >
Pan(00) u' u—i—n—u)‘ Xutn U_O](u—l—O—u)!(u—u)!
— 1[Z=]"
- 1—|—T_Lz;)pu’u uln! uint
- 1—|—ﬁ[ } Zp““
1 non
N 1+ﬁ[1+ﬁ} (6.170)
21535, mEBEDEST,
1|O Zpuu =1 (6.171)
EHWz, b,
(1/0(t = 00)) = > pun(c0)
n=0
1 noqn
S
11
o 1l4+nl- s
=1 (6.172)



ThHd, £IAT,

7 = 1 1 B ew/jﬂ_l:1_6_“)/7"7 n :e_w/T

ew/T -1 14n  ew/T 1+n

THBD5, (6.169),(6.170) 1%,

o~ Hs/T

pl0) = ey (s = wa'a)

DX D, ATHPREE EIRT 5.
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(6.173)

(6.174)



7 WBREFEICLDZIBEE
7.1 §420F#*
7.1.1 REFO—KRHFL

§ 4.2 2 EHB FIETHET S, UFTI. a,al 1, (3.29) 2T MERE 295, 20L&,

H, = H,—H, (a=5 R,0,1,%EH)

o AN

Thb, /2L,

H = Hy+ Hq,
Hy = Hg + Hp

THotz, HHET X % s THMHT B 2,
d iHgs R
£e X = —iHge X
= i[H,, e s X]
B, Tk,
eiHasX — eiHastiHas
2195, KRz, HEMERTER, N1 XY RV THROER T,
xI(t) = eifotx | X(t) = efltx
LEIFB, 5, BEHET
Aé(t)(gf euiﬁ]gae—iﬁba
f{a(t) d:ef eiI:It]fIaefiI:It
BWATE, COLE, (1.7) &b,
f[l{(t)XI(t) — eiﬁotﬁae—iﬁoteif{otX
= eigotf]aX
= ¢ H,, X
= [HL(t), X' (1)],
Ho(t)X(t) = [Hq(t), X (t)]

LB,
HEET W) 2.

eiﬁt — W(t)eif{()t

28)§ 4.2 TIE, Hy BHERICHICKEL THRWERLE LD, 22Tl Hy BIFRIICBICREL W T 5,

88

(7.5)

(7.6)

(7.7)

(7.12)



TEATE2, ZOREMH LT,

W (t)elHoti [ = dm(;t(t) ettt 17 (1)t
. A AW () .
W(t)elHotiHl — I/Zt( )elHot’

dI/;/t(t) eiﬁot — W(t)@iﬁotiﬁl

— W(t)eiﬁotiﬁle—iﬁoteiﬁot
= W(t)iH! (t)e o,
AW (t)
dt

= W(t)il{(t)

R¥
(v i
N

T, BHEEET P %,
P2 =P, [P(e)]l =P(e))
ZHTEHEDL LTHEATS, 220HOWE R Pt =P &<, 7=

Q=1-P
95,
Q> =09,
Qf = Q,
PO =QP=0
Yib, A

Y35, (T.14) 14,

dgf)—waQ+mﬁﬂw
= @i (1) + a0
F 723,
W _ (o2 + Pyl

= £()iQH{(t) +7(t)iPH{ (1)

EMTB, ZHUTEDS QREFASET (QIZZOADWILZEFEHIET).,

dfd(tt) = ()il o (t) + A(t)iH{ po(t)

)% X ITEAEED 2,
eiﬁtX — W(t)ezﬁotX
X(t) = WHX'(t)
rh 5,

89

(7.14)

(7.15)

(7.16)

(7.17)
(7.18)
(7.19)

(7.20)

(7.21)

(7.22)

(7.23)

(7.13)



235, 2L,

i oo() € ofl()Q, Il po(t) © PhI(1)Q (7.24)
Thb, ZIT, UQQ(t) %
d - ;" )
leelt) = —iH{ 5o(t)Uqgq(1), (7.25)
Uqgq(0) = 1 (7.26)

THEAT S, (7.23) &b,

~ ~ ~ ~ A~ ~ A~

[é( Uqo(t)] = [E®)iH] got) +1(t)iH] po(H)]Uqq(t) — E(#)iH{ oo (t)Uqgo(t)
= in(t) H{ po(t)Uqq(t) (7.27)

&‘g‘

b, Ty,
A A~ t A A
Elgo(t) = O +i /0 ds i(s) L po(5)000/(s),
A A~ t ~ ~ ~
E) = QUGS +i /0 ds () H po(5) 0o (5)Ugb (1) (7.28)

BB, 772U, (7.20),(7.26) & (T12) KO, W(0) =1THB I E2MWE, BB, Ugyh(t) ik, M
HF Ugo(t) D (HEEIHE ) TH Y,

Uaq(t)Ugy(t)e = o (7.29)

s DN
5. Woqlt) %.

Woqo(t)Uqq(t)e = e (7.30)
THAT S, (7.29) 25 LT,

dUqq(t) - o dUge(1)

0 = —==LUpq(t) e +Ugo(t)— 7,
Uge(®) dUqq(t) -

a *VAVQQ( t)—= dt UQQ( )e
= iWQQ(t)ﬁ{,QQ(t)UQQ( )UQQ(t) d

B85, F. (7.29) 2HHT 5 L.
dWaq(t) - ; dUqq(t)
0=—2 Ugq(t) e +Woq(t) T
(7.32)
Lib, e =Upb(t)e £33 L,
dWoolt - dUoo(t)
0= gf( Lo +Waq(t) ?ﬁ( ) 2o®*,
dWoo(t) s -
44{%;4,¢ = iWoo(t) Hi oo (t)e’ (7.33)



&135. (1.31),(7.33) &0, Ugb(t) & Woq(t) IR URRE R U, AIHZME. (7.26) X0,
Ugo(0) = 1 =Woo(0) (7.34)

LRUTHB, &oT. Woq(t) = Ugh(t) T

UgotUqq(t)e =e (7.35)
b, G
Uga(s,1) = Ugq(s)Ugh(®) (7.36)
b N
Ugq(t,t) = 1, (7.37)
Ugq(t, )Uqq(u, 5) = Ugo(t)Uqgh(u)Ugq(u)Ugh(s)
= Ugqa(H)Uge(s)
= [jQQ(t, S) (738)
R
Uoq(t, 9)Uo4(t, s) =1 (7.39)
TUL(t,s) EHAT B, (7.38),(7.37) & b,
Ugo(t:s) = Ugq(s, t) (7.40)

235, Zhe, (7.36) &b,

Ugg(t,s) = Ugq(s)Ugg(t)

ThHHENG,
(A]éé(t,s)foQ(t,s) = [?QQ(S) :éé(t) :QQ(t, sA)
= Uqgq(s)Uqh (0)Uqq(H)Ugh (5)
= Uqgo(s)Uqge(s)
=1 (7.41)
b,
LOREET (7.28) 3.
. A t X )
awzwmmwmA@WWMwmmm> (7.42)

ENTB, Tk (7.21) IT/RAL T, (7.20) D H(t) DEHZZES &

i t
dVZt(t) — QUQQ(O7t)iﬁll(t) _/ ds W(S)Pf{in(S)UQQ(S,t)ffll(t)
0

+W (t)PiH]{(t) (7.43)
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(7.13) £ 9.

X(t) = W) X(t)

= W(t)eiflo x

ThHhd, TNEWH L., (743) 2RAT B L&,

d
ZX(t) =

dI/th(t) eiHotX + W(t)ZﬁOeZHQtX

. t R R R R A
Qoo (0, YL (1)t x — / ds W (s)PEY po (s)00o (s ) L (1)ei 10l X
0

FW () PHL () 0t X 4+ T (£)i Hoet ot X
W ()i[Ho + PHL(£)]e0' X + QUqo(0, t)ifL (t)eHol X

t “
_ / ds W ()P H! po(s)Ugals, ) B (£)e 10t X
0

E5, Ik, TCHO FRBREATH S,

TCL B /UL,

b RN

R AN I Y (A UN

RDESI/FoNDd, 5,

N~—
=

~—~
~

S~—

Wis,t) = Wl(s

A~ A

W(t,u)W(u,s) =

Thb, (742) DE2HHIZBWT,

ThD, hED. (

7.42) D 2 HHIZ,

t
i /0 ds ﬁ(s)H{yPQ(s)UQQ(s, t)

~

— i) + W(H)P) /0 ds W (t, sYPH! po(s)Uaq(s.1)

= £B)S(H) + W(H)PS(),

t
S(t) = z/ ds W (t, s)PH{ pq(s)Ugq(s, )
0
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(7.44)

(7.45)

(7.46)

(7.47)

(7.48)

(7.49)

(7.50)

(7.51)



LB, koT. (T.42) 1%

B[ —S(t) = QfJQQ< < < ),
é@::@%m,>u—sm1—vaﬁmwu—ﬁwrl (7.52)
b, Thr (7.21) ITfRAL T,
W) _ &ayiril o)+ i(0isil o)
= QUqgq(0,t)[1 — S(t)]"YHL(t) + W(t)PS(t)[1 — S(t)] " LiHL(t)
+W (t)yPiH](t) (7.53)
2185, ZhE (745) ITRALT,

%X(t) = QUoq(0,1)[1 — S(8)] YT () o X + W (B)PS(H)[1 — S(t)])iH] (t)e'Ho X
LW (P (#)e ot X 1+ W ()i Hyel ot X
= W(t)z[ﬁo + P’Lﬁ{ (t)]eiﬁotX + QUQQ(O, )1 — g(t)]_llﬁ{ (t)eiflotX
FW(OPS(0)[1 ~ S(0)] ] (et X (7.54)

2185, TNMWTCLEOHBERTH S,

7.1.2 MHEXRLEOWLAH

Langevin GREAANBITT 272012, HEHEBIOERA L 7L HEIX
51 B AE T LT

Pe = Trr(pre) (7.55)

ZRHT 5,
BTG 2 FLDFKRIET, HI(H) IZDOWTIEB L, Ekod 2 RERETEINS,
WH 3 SLMEEE IR E T 2 408 2 THIZ B W T, HEERAFBROEE %2 N1 ¥ 2 XL 7 Hi O
HPICEESM]MZ 5,
(7.36),(7.25) £ 0.

o - . "
5:Uea(t:s) = [5-UaaUge(s)
= —iH{ 5ot Ugo(t, s) (7.56)
BB, Theglligt Ugg(s,s) =1 &0

t
Ugq(t,s)e = e —i/ du HiQQ(U)UQQ(U,S)O (7.57)

ZOHELAY ELLD Ugg(u, s)e ITARAL T,
R t . t Ul . . .
Ooolt, s)e = o —i / du B () @ — / du, / duy o)1) () U 11z, ) o
t . t Uy . . R
= e— z/ du H{vQQ(u) . —/ duy / dug H{7QQ(U1)H1[7QQ(UQ) o +O(HL)3e,

R t . t ul . R .
Ooolt.s) = 1—i / du B o (u) — / duy / duy ! () HL o (u) + O (7.58)
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21585, OHD1Z H (1) 1220 T 3 EOEHTH B, (7.46) 1I2ZhERATE, Th&D, Ekod

B EARIRIE
Uqo(0,t) H{(t) ~ H{(t),
H{ po(s)Uqq(s, t)H{(t) ~ H{ po(s)H] (t)
Yib, £oT, (7.46) 13,

%X (t) = W(t)ilHo + PH] (1) X + Qifi] (1) o' x

- /0 s W (s)PH] po(s) HL (t)e'ot X
L%, ARTIE, A2FHROEE L35, 2Dk &,
giHot g — iHst 4 _ Al(t)
THHN6,
d

A() = W (t)i[Ho + PHL ()AL (t) + QiH{ (1) AL(t)

- /O ds W (s)PH{ po(s)H{ (t)A(t)

L75,
(7.55) #RAT B &,

LiRb, 272U, (7.10) Z Wz, F7z,

THBH, ThiE (1.63) ITRATS L,

d
dt

—/O ds W (s)[(H{ (s)[H] (t), A" (0)]) r — (H{ (s)([H] (), A" ()] ) ]

&fd:éo

94

—A(t) = W()iHoA' (1) + W (8)i([H{ (1), AT (O)) r +i[H{ (1), AT (0] — i{[H{(t), A"()])r

(7.61)

(7.62)

(7.63)

(7.66)

(7.67)

(7.68)



4. Hy LT,

= Raaq +hec.
DI ERET B, 7272, Ry 3BIBD. an FFEHROHHETH D, ZDLE,
E:RI t) + h.c.,
[H{ (), ()] = Z{RI ab(t), AT(8)] + RE(®) ah(t)T, AT(2)]},
([H{ (¢ \r = Z{ (RL(#)rlad (1), A'(8)] + (RL () rlal (), AT ()]}

b, 5
(Ra(t))r = 0= (Re(t)")r

ERGET B, UL, (4.124) IZHET B, ZDEE, (7.68) i3,
d

b, AT, ZOHE1EHIZ,

THhd, 272U, Hy=H{(t) & (7.13) 27z, £oT. ERIK
d

L5,
TCLEDOBEBFRKTH S, (7.58),(7.51) L v,

S(t) =i / t ds W (t, s)PH{ po(s) + O(H{ )
0
BLO,
[1-5®)]" = 1+ O(H])

2135, W20 LT, (7.54) 1

d

AW = W@)ilH + Pifi{ (0] A + QUqq(0, it (1) A

FW()PS(t)iHL (t)e ot A
— W (t)i[Ho + PiHL(t)]e o' A + QUqq(0, t)iH] (t)e'Hot A

t .
LW ()P / ds W (t, )P o (s) FL (1)1 A
0

95

t
AW = WiltoA! )+l (). 4 0] = [ asW(s) ()] (). 4 (O]

AW = (0, AW]+ il (0,4 (0] = [ as W) )] (0, 410D

(7.69)

(7.70)

(7.71)

(7.72)

(7.73)

(7.74)

(7.75)

(7.76)

(7.77)

(7.78)

(7.79)



L%, TN, (7.54) L IHDANERL S, (7.67),(7.73) L v, XD 3IHIZ,
—W ()P /0 s W (t, s)PH] pg(s) Hi (1)t A
= WP [ ds Wit o) A0, A D)
= W 0) [ ds O 0 ()L 0, A O (7.50)

Y 7B, koT. (T.76) OREWIE. TN EE 3 HEL IR S 72,

LA = ilHs (1), A0)] + B (1), A1) — T (1) /0 ds (W (t, s)(ET () [HL (6), AL (6)]) ) (7.81)

"G‘%éo

7.1.3 KRYVRDGFE
HEAEED B, (7.8) &b,
Al (s)[HL (1), ()] = eos fye= o [H] (1), AT (1)
= Mo [Hy, [H{(t — 5), AT (t — 9)]]
= [H{(s), [H{(1), A"(1)]] (7.82)
THhb, (7.71) &b,

[ (s), [H{ (1), AT (1)] = Z{[Hf(S),Ri(t)[ai(t),fl](t)]] + [Hi(s), Ry(8) ag (0T, A" ()] }

B
+[Rh(s)ag(s) + Ri(s)Tah(s), RL (&) [al (1), AT(1)]] } (7.83)

L5,

5 §411DETNIZOVWTERDS, Thbb,
Hg = woala, (7.84)
Hp =Y wblb, (7.85)
l

Hy =d'R+Rla, R=) gb (7.86)

95, TOEE,

[H (s), [H] (1), AT(1)]]
= [R!(s)a’ (s) + R'(s)Ta'(s), R'()[a" (1), AT ()]
I

+[Rl(s)a’ ()" + R (s)Ta! (5), R () "[a’ (1), AT(2)]]
= R(s)R'(t)]a’ ()", [ ()1, AT(O)]] + [R'(s), R'(D)][a (1), AT ()] (5)"
+R!(s)TR!(D)]a’ (s), [a' ()T, AT ()] + [R'(s), RT (D)) [a (1), AT ()] (5)
+R(s)R! () [a’ ()", [a (2), AT(1)]] + [R(s), R (D)) [a (), AT (t)]a’ ()"
+RI(s) R (t)']a’ (s), [a (2), AT(O)) + [R' (s)T, R (&) ][’ (1), A (t)]a (5) (7.87)
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THhb, NETFD O & Zi%, T YT 2R IE (4.152) T, ZOFHELOfEiF -7, EXRK D,

([H{(s), [H{ (1), A" (1)]] )&

") rla" ()T, [a! (1), AT()]] + (R (s), R ()] rla’ (1)F, AT (1)])a" (5)T

(R (s)'R'(t))rla’ (s), | !

(R (s)R'(t)T)rla’ (s
I

+ +

_|_
S~
=
~
—
V)
S~—
=
~
—
~
N—
—
~—
=
s}
—
»
N—
s}
~
)
~
N—
N
~
~
N—

2135, Tk (4.43),(4.44),(4.45) & b, (7.76) 1%,

© ) = ilHs (), A®) — iR (0T[4 (8), 07 ()] — i[AT (), o’ (O] (1)

dt
+m{aT(t)[A(t), a(t)] + [a'(t), A(t)]a(t)} + 2xn[al (t), [A(t), a(t)]]
L%, THiE, (4.165) T (1| ZW->726DTH D, WFH312&b, ZDH 2 HIE,

—iR!()T[AT(¢), o' (8)] = §(1[A" (1), o' (1) RY (£) — V2rbI[A(1), a()] + V2R[A(1), a(t) ]b;

—iRL(t) — V/2kb;

FEMED R FTH D, BRI,

D A@) = i[Hg (), A1) + VEIRBIA(), a(t)] + VER[A(), ot (£)]by

dt
+r{al (OIAW), a(®)] + [a (1), AW)]a(t) } + 257 [al(2), [A(2), a(0)]

%13%, TCLEL®D (7.81) 06 % (4.44),(4.45) DIEMO FTIE, HU ARG SN S,

7.2 §430F#E
Liouville-von Neumann /7.
d ) e
%ptot(t) = —i[H, ptot(t)] = —iH pror(t)

ThHs, PIHAMHEIZ,
piot(0) = prp(0)
EIET 5, (7.93) 14,
prot(t) = 64Htpt0t(0)
LIRS, 4. U(t) %,
et — o—iHotfy(p)
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(7.88)

(7.89)

(7.90)

(7.91)

(7.92)

(7.93)

(7.94)

(7.95)

(7.96)



TEHT D, e (7.95) &0,

7%, (7.96) 20 LT,

—iHe (1) = —iflge 'O (1) + e—ZH(’tdZit),
ity Ao AU (t
—iH e T (1) = elHot[ihE), (7.99)
dU (t L
O _ aiwow (7.100)

2195, (4.73) 25 (4.103) £ T REKIZL T,

d . o Lo . .
G0 = =il (00aq(t) ~ [ ds Fr{ ()00t )1 op(s)PU(s)

—iHL(tyPU(t) (7.101)
R85, ZIT. P (T15) 27T, WHL%E p(0) IS ES &,

d S b .
Goptalt) = =i ()0a0(t)0pl(0) = [ ds Fr{()Ua(t. )T op(s)Prku(s)

—iH] (tYPpl (1) (7.102)
Yid, ZHIZP RIERAIET,

d S, - ¢ . . .
= Ppion(t) = —iPH{ (t)Uqq(t) Qprot(0) — /0 ds PH{ (t)Uqq(t, s)H{ qp(5)Ppior(s)

dt
—iPHL(t)PpL,(t) (7.103)
135, (7.58) AAT 5, FdH 1 HIZ,
—iPH] (t)Uqq(t) Qpiot(0)

A~ t A~ A~ ~
= P () Qpa(0) ~ | ds PHL ()1 0q(5) Qpia(0) + O]’

A~ A~ t A~ ~ A~
—iPH{ () ptot (0) + iP H{ (t)Pprot (0) — /0 ds PH{ (t)H{ o (s)Qpiot(0) + O(H{)? (7.104)

t
_ /0 ds PHL (1) Ugo(t, s)HL op(s)Pply(s)

t
. /0 ds PEL(t)E o p(s)Pply(s) + O(HLY?

= - [ asPAL @O~ P (PAtyle) + O
0

= - /t ds [PH{ (t)H{(s)Ppio(s) — PH{ ()PH{ (s)Ppip(s)] + O(H{)? (7.105)
0
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éﬁf&:éo

4. PeLT,
Pe = prTrr(e) (7.106)
EER, 7z, (7.69),(7.73) T b b,
Hy = Raaq + Rhal,,  (RL()r=0= (RL())R (7.107)

PIRET S (alZ2WTIEfMz2ERA2EDETS), ZDE X,

PH{ (t)pror(0) = Pefmotﬁlefiﬁotptat(o)
= PIH{(t), prot(0)]
= prTrR([H{ (t), prot(0)])
= prTrr([RL(H)al(t) + RL®)al (1), pro(0)]) (7.108)

[RA(t)ag (t) + Ro (1) ag (), pro(0)] = [R4(t), prlp(0)ag (t) + Re(t)prlan(t), p(0)]
RO, prlp(0)ag () + Re (D) prlag (D), p(0)]

DT,
(7.108) = pr(Ten([RL(®), prl)p(0)ak(t) + (RL(®) rlak (1), p(0)]
FTer((RL(0)F, pr) p(0)ak(®)f + (RE(M)) rlal ()T, p(0)])
-0 (7.109)
b, £z,
Qptot(0) = prp(0) — prTrr(pR)P(0)
=0,
Ppioi(s) = pRTTR(pio(3))
= pro'(s), (7.110)
(1) & Trr(ply (1)) (7.111)
ThY,

PH{ (5)Ppiy(s) = P[H{(s), prp’ (5)]
= prTrr[H{ (s), prp' ()
= pr(Ter(IRL(E), pr])p! (s)ak(t) + (RL() rlak(t), o' (5)
FTer(IREWF, prl)p ()ak (1) + (RLO D rlak (D), o7(5)])
=0, (7.112)
PHL(1)H] (s)Pplyy(s) = PHL()[H] (s), pro’ (5)]
= P[H{ (), [HL(s), prp" ()]
= prTrr[H{ (t), [H{(s), prp" (5)]] (7.113)
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Y75, BEED, (7.103) i

PR%[)I(S) = —,OR/O ds Trr[HL(t), [HL(s), pro' (5)]],
%pl(s) - _/0 ds Trg [H{ (1), [H{(s), prp’ (5)]] (7.114)
L%,

p(t) € Trppror (1) (7.115)

Y45, (1.95) &b,

p(t) = Teple Motpl, (#)]

= Trgle™ "0 pjoy (t)e' ']

— rI\rR[e—’iHRte—iHstptIOt(t)eiHsteiHRt] (7116)
Thd, |n) 2RIRRDTBERETD L,
TrR[ef’iHRtefiHstp{Ot (t)eiHste’iHRt] — Z<n‘efiHRtefiHstpfot(t)eiHsteiHRt‘n>

n
= Y (nle Hntem st oL (1) S ) (i1 )
n,m

= 3 Gl ) (afe HnteiHst gL ()it )

n,m

— Z<m|€iHRt6—iHRt€—iH5tp£Ot (t)eiHst |m>
m

= Trgle s ply (t)e' ")

= ¢ S Trp oy (1))e !

= e st pl (1) eitlst (7.117)
LB MB,
p(t) = e Hstpl (1)eiHst (7.118)

285, Zhk (7.114) 925,

d o dpl(t)
iLp(t) = [Hs, p(t)] + e~ Mt 92 it

dt dt
= [Hs,p(t)] —i /0 s e S Tep[H{ (1), [Hi (s), prp’ (5)]]€'s" (7.119)
R AR
(7.107) %
Hi=Rua,, (RL(t)r=0 (7.120)
AP
[Hi(s), pre" (5)] = [R},(5), prlp’ (s)aj,(s) + Ry (s)prla,(s), ' (5)] (7.121)
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THY,

[ (t),[H{ (), prp’ ()]
= [R,(t)ay(t), [R (), prlp’ (s)ay(s)] + [Ry (t)ay, (1), Ry (s)prlay(s),
= R, (t)[R, (), prllay, (t), o' (s)ay, ()] + [Ry(2), [Ry(s), pr] o' (5)a, )

+Ry () Ry (g [a,(t), [0 (s), o' ()] + [RL(1), Ri(s)prllag(s), o' ()ay(t)  (7.122)

0T3O, (7.119) OF 2D Trg[HL(t), [HL(s), prp! (5)]] 1.

Teg[H{ (1), [H{ (s), prp’ ()]
= Trp(RL(6)[R](), pr)) [al (1), o' (5)al ()] + (RLE)RL(5)) r[al (2), [af(s), o' (5)]
= ([RL(®), Ry(s)))rlal (), o' (s)aj,(s)] + (RL(DRL () r [0l (8), [af,(s), ' (5)]] (7.123)

TH b,
Rz, RY VRO EIF. (7.86) &0,

(Ru=1,a,-1) = (R,a"), (Ry=2,a,-2) = (R, a) (7.124)

TH Y. (4.43),(4.44),(4.45) £ b0,
(RL(t). RL(s))) = ( ) 2"‘) 5(t - ). (7.125)
v

(RUOBL()n = ( oot ”) 3t - 5) (7.126)
v

L%, £oT,

Ter [H{ (8), [H{ (5), pro’ (5)]]
= 23(t - 5) (o' (O, o (Ve (8)] = o (1), o' (B)a! (1))
+(m+ D)]a! O [a! (1), ' (0] + 2 [a! (), [aT ), ()] (7.127)

AN

= I (t)p (1) (7.128)

30)

DEZHZ T,

2135,
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2195, =1L,
I’ (t)e = r([a’(t)e,a’ (t)T] + [a(t), oa’ (t)1]) + 2x7 [a! (2), [0, a’ (t)1]] (7.129)
ThHb, (7.128) % (7.119) IZRAL T,
P p(t) = [, plt)] + ie” 5 I (1) (1))
= [Hs, p(t)] + i[llp(t)], (7.130)
e = w([a(t)e, a(t)!] + [a(t), ea(t)T]) + 2x7 [a(t), [¢, a(t)T]] (7.131)
Bf3d, 272U, (7.118) 2\ /=,

7.3 NETFD & O3t
L. AREEOHETE L, @HEET AL, s) &,

( 5) % def zHatAe iHys (a =S, R,0,1, ) (7.132)
TEHT S, HETF A, s)X IZ2VWTEZ S (X BEEOEHET), (7.6) £,
ezHasX — elHaSX*iHaS = X(a)(_s) (7133)

TH5B, Alt,s)X = et AX (—s) & t THHT B L,
%ei]flatAX(a)(_s) _ Z-IflaeiﬁatAX(a)(_s)
= i[Hq, ¢t AX () (—5)] (7.134)
YiB, THED,

Alt,s)X = eiHatAX(a)(_s)e—z‘Hat
etHat go—iHas xiHas ,—iHat

eiHatAe*iHateiHa(t*S)Xe*iHa(t*S)

= A X@ (¢ —s) (7.135)

2135, FHZ. t=s &35 L,
Alt, )X = AD@)X (7.136)

THcho, BEETLLUT,
eiHatAe—iHat(.) — piHlat go—iHat o (7.137)

Y1325, eiflat Ae=iHat |3 NETFD CTO A D a-if§ (a = 0 72 SAHEAFH 0 = AR 51 €Y RV 2)
Thb, (7.132) DX TORER I, EROBKRT, @HOD o-HiGOER T KT 5,

NETFD Tlk, FNXFERTPHETPIX, TIHEEBEZIE Ty NEZIERATHEETLERZS
UL, BEAE AT, 2SR Z0HICH 2 TR TOHEATIZEHAT28ER T THh D, TD7d,
NETFD O AR\ TH D, £72.8§422843 TP I |)gr(l| CHMETH - 7208, BHEHETIET
BENENDGET P PRERRS,

(7.130) DAL

p(t) = e Hp(0), H = Hg — Hg + Il (7.138)

ThHb, LU, ZORKX1SIKIFE AEEREZS S HELR W, NETFD TlINT ¥y L7 R %
i Z e THMRER S HE 5D, BMEETECRINETELS 55?2 LR H 2L TIE, (7.137)
WD YL R0,
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7.4 §530DF%E
FEERTOBAIE. (6.89) L0,

Trlp(t) A] = Trlp(0) () A]

TEHINDS, BEETEATO ADNAIE VRV ITHiBTH S,
(7.139) 23213 T, (5.75) T7bb,

dps(t) = —idH s ps(t)
XL T, ADNAT YRV FfERIE,
dTy(H)A = iTy(t)dH} A
THhbeRET S, ZOXRDHILT,
idH} A = il Adt + 11T Adt + id M A

Thd, hY VRTIE

Il = k(aa — a'a) + k(ad — a'a) + 2ka(ad — aa’ — a'a + a'al),
' = k(a'a’ — a'a) + k(a'a’ — ala) + 26n(a’a’ — aa’ — a'a + aa),
th()‘) — iV2k[a" — @)(udB, + vdB)) + iv2k[a" — a](udB, + vdB])
—iM2k(pa + vat)(dB] — dBy) — iv2k(pi + va' ) (dB] — dBy),
th(/\)T = —iv2k[a — ELT](udBI + vdBy) — iV2k[a — aT](udB;r + vdBy)
+id/2k(pa’ + va)(dB; — dB)) + iv2k(uat + va)(dB; — dB])
Thd, £oT,
II'A = k(afa’A — a'ad + aaTA — aTaA)
+2kii(a’aT A — aaTA — a'aA + aaA)
= k(aTAa — a'aA + a' Aa — Aa'a)
+2k0(a’ Aa — aa’A — Ad'a + aAal)
= w{a'[A,a] + [al, Ala} + 2x7a[al, [A, d]],
Ty(H)IIT Adt = Tf(t)({aT[A,a] + [af, Ala} + 2kn [aT, [A, a]])dt

72530, Zhu, (5.194) DAUE 2 EIZHIET 5,

SOTH()A = A(t) 22 <, —MBIZIE,
Ty(t)AB # A(t)B(t)

(7.139)

(7.140)

(7.141)

(7.142)

(7.143)

(7.144)
(7.145)

(7.146)

(7.147)

(7.148)
(7.149)

(7.150)

Th?, 2EL. A=a,al DB, Ty(OTTA D a0t D 1REDT, Ty(t)AB = A(t)B(t) ZAKE L TFHEL THHER W,
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Az Al S5 e, #HlziX

la—a')(udB] + vdB)A = [a — al|A® (udBf + vdB;)1
= (aA — Aa) ® (udBj1 + v1dB])

= [a, AldB, (7.151)
b, iz,
dMJA =0 (7.152)
Thbd, £oT.
AMMTA = —iv/2k[a — a1 AdB, — iv2k[a — al)AdB]
= —iV2&k[a, AldB, — ivV2rdB] A, af], (7.153)
Ty(t)id M A = Tf(t)(\/2m[a,A]dBt +v2kdB] [A,aT]) (7.154)

YD, 2, (5.194) O 297T dB,, dB] # AN DIZHIET B,
Yo CataRa DEA TOHEF (aq 1ZEHR, R, FBBRDEHBE T T, co ld c B0 1ITHLU T,

(anaaRa)i = ZcZaLRa (7.155)
YWOHEAMATS, £/, dh=dl T3, ZDLE,
dTy(H)A = iTy(t)dH} A (7.156)
iF. (5.194),(5.32) 2 HHT 5, 7z,
dT¢(t)A = iTy(t)[iHgdt + 11 dt + id M) A (7.157)

Bl Uitz HE T 5,

7.5 Adjoint Equation

Liouville 25 L & 2 %, (3.2) LiE\W, ZZTlE, ((o| .
(o] =D (n] e |m)*{(nm]|
= (m| o' |n){(nm)| (7.158)

£95, TDOEE,

(AIB) = > > (m|AT|n) | Blm') (nan|n'm!))

n,m n/ m’

= 3" (m]Af |} {n] Blm)

n,m

= > (m|ATB|m)

= Tr(A'B) (7.159)
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Thbd, 5.

(@lg)) = 64,

DIl =1

7

(7.160)
(7.161)

Ehi7=d L OB {|iN}2, 2#F A D, ZIZT. 1LIELOTIIEATAEAETFLLTD1THD, H2

Al EEOHE T AT LT,

A =D (6lA) - 1)

ZEET 5, (3.37) DEILT,

li)) «— &
L9bL,
Tr[ézéj] = (51']‘,
A=A, A =Tr[elA]
Thd, 5.

Yl (7.165) &b,

ThHd,
(7.165) & b,

el = dijér, dij = Tr[ele;]

(7.162)

(7.163)

(7.164)
(7.165)

(7.166)

(7.167)

(7.168)

LB (TA VY arA vOREEMES,). [T =¢ &0, dj Za=2)—fFHITH S, i

&i€j = nlex
LB, (7.165) DT Kb,
A= (AN = Ate]

DT, FEOHEETIT

DIETH T 5, T,

ZRIKT B,
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(7.170)

(7.171)



>

TV() 2EHEL.

95, TDOLEZE,

Thd, .

TA®) Z2EHL. A®) %

TEHT D, (7.164),(7.177) £ 0.

Thb, £oT.

b, HoMZ,

THo,

N

<, EEL, p(t) DTV —

Ile = ZAaoBa

DS

[[Te]" = ZBL of Al = ZAO‘ o' B,

Thb, £-T,
d ;
—A =T
o (t) 'y
=Tr
= Tr

{ —i[Hg,é;(t)] + ZAaéi(t)Ba}A] élf
[ iHse(t)A + a1 HsA+ iy Anéi(t)BoAle]

:éi(t){ —iAHg +iHsA+Y BaAAaH &l

_ [z‘[HS, A+ BaAAa] )
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(7.172)

(7.173)

(7.174)

(7.175)

(7.176)

(7.177)

(7.178)

(7.179)

(7.180)

(7.181)

(7.182)

(7.183)



235, EZAT, (7.182) &1,

D BoAA, = ALAB] (7.184)
Thb, £oT,
fife & 3™ Al o B, (7.185)
o R
d . Y
ZA) = [z’HSA—kHTA} (t) (7.186)

Y%, ik, Bk H % Lioulle-von Neumann 2D Adjoint Equation 32 TH 5,
EEOHR T A, B %

A=A, B= DB (7.187)
eml e,
AB = A;Bjéé;
= A;Bjnley, (7.188)
(AB)'(t) = AiBjnlien(t)
= AiBjnlicim(t)ém (7.189)
TH B, Glt) .
&i(t) = ei5(t)e; (7.190)
eml e,
At)B(t) = AiB;éi(t)e;(t)
= A;iBjeir(t)ej(t)ere
= AiBjeir(t)e ()i ém (7.191)
Thd, £oT,
A@)B(t) = (AB)'(t) = AiBjlei(t)niieji(t) — n5iekm (t))ém
= AB AT (e (7.192)
Thd,
L. & LT,
Enm = |n)(m| (7.193)

2l B, {|n)} BHBELXTEERTHD, ZDLE,

EnmCll = |n><m|k><”
= Omk|n) (|
= 52808 mila) () (7.194)

32)C.W.Gardiner, “ Quantum Noise” (Springer-Verlag,1991)
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THBNG,
Mo k1 = 0807 S (7.195)
LB, £oT. AT ISHIET B0,

AL (1) = Enmou (D)1 cafht.cd(t) — M jaEed.ab(t)

= Enm,vu (t)ég(SZ&ucekl,cd(t) - 526;)5mk€cd,ab(t)

= 8nm,ac(t)Elcl,cb(t) - 5mk5nl,ab(t) (7196)
Thd,
RY VRIZDWTHE RS, {|n)} 2EEREL T 5, (7.180) £ V.
%énm(t) — i[Hg, ()] 4+ T (?) (7.197)

Thbd, ZOIE, (6.163) T psy = dsnbum & LT2HD

00 min(u+b—a,u) . l+b—u
(nm) N iw(b—a)t st L f.(t) Fo@)fy (t) _
Pup (t) =e€ e ez Z 5u+b—a,n5u,m Z l'(l T b— u)‘ X[Z +b—u> 0}
u=max(0,b—a) =0
v \/(U + b — (Z)‘U'(Z'b' efz(t)[b_Ta'f‘u—” (7198)
(u+b—a—0DYu—1)
Z W,
énm(t) = Z p((;;m) (t)éab (7199)
a,b=0
e s, (7.179) 1,
A(t) = Tufe(t) Ale]
= A;Tr[ei(t)e;)e] (7.200)
Thotz, £oT,
A(t) = ApmTr[eca(t)énmlél,
= LD (t) A Tr[Epurim €]
= pq(id) (t)Aanr[éLvénm]édc
= psﬁi) (t)Anmédc
= Aw()eae (7.201)
Age(t) = Y plD(t) Aum (7.202)
n,m=0
L%, FHZ,
pgfbi)(oo) = PnlOnm, Dn=1[1— e_w/T]e_”w/T (7.203)
£,
Age(00) =) pudpn = A (7.204)
n=0

Thb, FHLIFEES (d,c) i2&5T, ADEFITH 5,
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7.6 Gardiner D 5%
(7.98),(7.100) £ 1.

<ThHb, H £ LT,

RN
RI(t) = igb{(t)
L35 Y. W) HET Brown M TH 5, Cardiner %) I3,
dpior(t) = gldBf'a},(t)S pio(t)]

IR L TW5,

33) Phys. Rev. A 46,4363(1992)
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(7.206)

(7.207)
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8.1 EFNFLHBODEFiREDIEE
8.1.1 EBFAHRELBOEFHEDHEE
TEHERR H £
[al, } _ [bzbﬂ =5y (8.1)

Ei T NMOEREE T {of, bI}N, L MEWEE T {0 b)Y, 2F XD, TOMOKHEIRIZ0 TH
%, Bogoliubov £ #

a;(0) = coshf;a; — sinh Gibzr, (8.2)
aj(@) = cosh 9,-(11T — sinh 6;by, (8.3)
bi(0) = cosh b, — sinh 6;a], (8.4)
bi(0) = cosh 6;b] — sinh 6;q; (8.5)

2EX 5,823 Ta,al % bi,bl EHABRNE, TOEE§230ARNMR 5, LOEHIF, 1=X
DR

a;(0) = U(0)a;,UT(0), b;(6) = U(0)b;UT(6) (8.6)
THb, =EL.
U®) = exp(i 0;(blal — azbz)) (8.7)
i1
F1=% ) AT TH 5,
H#0) %
ai]0) = b5]0) = 0 (8.8)
TE#HRT D, ILVWHEHZEE
0(8)) = U(6)]0) (8.9)
TRERT DL,
a;(0)[0(0)) = b;(6)[0(0)) = 0 (8.10)

Y%, (8.9) kD, [00) B LVEETHS ESICRAED, UFTRT LS ICEFNIZEL L AW,
(2.130) £ .

|0(0)) = exp (iv: a;rb,]; tanh Gi) exp( iv:[ala + bTb i] In cosh 6; >|0>>
i=1 i=1

N N

= exp( — ncoshé; ) ex anh 0;ab! .

p( ;1 he) p(;t Lo Zbl>\0>> (8.11)

N N oo

= eXp(— Zln cosh 02) H Z (tanh 91>n1’n2>1’n1>z
Z;l 'L:;[ni;: .

_ exp(— 3" Incosh 92-) (H Z) (H(tanh aj)"a') {ni}, {nid) (8.12)
i=1 i=1n;=0" =1



Thbd, IZL,

N
H{nit, {m:}) = H 1)i|mi)i, (8.13)
nailme)s = ———(al)" O})™ 0}, (314
N
ail0); = bi[0); = 0, [0) =[] 10} (8.15)
i=1

Thd, ZOEEIZL->TESNS, HIRIATRERNZ ML DEE |0) ED Fock 22 & W, H(a,b)
rEL, (8.12) DBBEDORID, [000)) DS H(a,b) DEETEMING ZEBD0 5, 5T, [0(0)) &
HZETIE <, H%2|0) LoD Fock 24 H(a,b) IZJET 2 1 DDRERZ ML TH B,

. NI MV H(a,b) & B DR

[{nid, i} 0) & Mj (@ @) @[ O)™]100)  mmi=0,12  (816)

Vnz !

TERTDHILEERD, £oT, (8.16) TROHND, HBIAREMERDONRY MVIE H(a,b) IZET
%, WIZ, H(a,b) DIEFEDTIZIEE (8.16) TEMTE 222905 3, B H%ICIE, HE (BX
O Fock 22f) X 1ML ARVWOTH S (FEEH),

UL2U. N = oo OFfIE, ZOMRYD TIEAW, (8.12) T

- Zlncosh 0; = —o0 (8.17)

DL EE, (0(0)) 1 Ha,b) ILIBX AR,
T a5, b 205 2FHOK 7 A 27205 ol 21 hd o 7RI,

a; = aé[:ld) , b= aé?f{ (8.18)
Lk oTanb #BATEZENTES, ol D8RS Fock %M H(a©D) = H(a,b) &
afi P (0) = ai(0),  a$)(0) = bi(0) (8.19)

D% Fock Z2[ H(a®)(9)) IZIERMETH 5, DE 0. BERIT T, (2.10) 2 H(a9D) DIELE TR
B3 % 7, mwd(»®%FT@%T%#ﬁﬁitté (2.12) BHZLBEVA S TH B, UL, H
HEPMINEMEOSL &L, N 2HGRIZLTEE, %fﬁk N — oo &R, 1FEACHEZ W, BHE
73 e SBE R oD IR 1 {ﬁ@/J\E”C*iaﬁ’é_'é iz, FALMEDIE Z 5,

P, (2.131) 1%,

0(8)) = exp(—5 > Inf1 +ni(B) ﬁmQjLM alal) 10)) (8.20)
Thot-, TIT,

}:mu+m4m]:§:m(1+éwé_l) (8.21)

MziE, BYH¥ TR, DEEOHMAEIIR R (BE) 2LV XITdiEd 2,
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THY, wyztaRE<EDE,

1 1
Y In (1 + 1) ~ Y T (8.22)
Wi>WA Wi>WA
Thd, 5.
> fw) = [ do D) f) (323)
EIELLT B L,
oo 1

WA

A5IE, [0(8) 1 (0)) LAEREETH B, ZOZMIE Dw) Hw D k> BERE S SN, D%
D, —HRIZ 0(B)) 1 |0)) L AEAREETH B,

8.1.2 GZOEFmEIERAEEZE

AR T T RV S Tz, HERT TR R A RO A BT of (1), BT () &I a(u), b(w)
BEAD, T ITIEHERHE R

la(p),a (1)) = 6(u—p'),  [b(w), b (1)) = 6(u — p') (8.25)
B, ZOMOLHBIRIZ0THS, £, HZE|0) %
a()[0) =0, b(u)|0) =0 (8.26)

W&o THEAT S, |0) DED Fock 2% Hla,b] &35, Hla,b] %, [0)1Z af(n), bf(u) %< VIR
AIETHRONDZEERY MU X o TIRO NS, BBILARELRRZ PLVOEATH S,
ZIT, WirhlAET

ag(p) = Ufla()U0],  be(p) = UO](1)UT[0] (8:27)
A=Y —HAET
U16) = exp [ duo b (a (1) ~ b)) (8.28)
LR DBAT B, FEL, () HEEOM S iE  BEETH 5. L AR &
ag(p) = a(p) cosh (p) — bf (1) sinh O(u), (8-29)
bo(1) = b(p) cosh 6(p) — af(u) sinh 6(y2) (8.30)

2185, ZDZEHIE Bogoliubov £ L FEIEN 5,
(8.27) L vfEoNn s

a(n) = U'Blag(m)U[6],  b(n) = U 0]bg(1)U[6] (8.31)
% (8.26) IZRAT B &,
U [0]ag()U[0]]0) =0,  UT[0]be()U[0][0) = 0 (8.32)
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b, TIT, ke
0[0]) = U0]]0) (8.33)
EHZTDHE, ZToORAI,
ag()|0[0]) =0, bg(n)|0[0]) =0 (8.34)

L5,
(8.28) % (8.33) IZRAL T,

006} = exp( | du tanb 6yl ()01 1))
exp((— [ du tncost () alu)al (1) + Y ()00 0
= exp(—d(u’ =0) /du 1ncosh9(u)> exp(/ dp tanh H(M)aT(,u)bT(,u))|O> (8.35)

2185, 127170, H1EB5TEHVUG] % a(p), af(p) B b(), bf(p) OERBEIGEWVRICESEL,
(8.26) Z AWz, F2H ST, EHERHEMR (8.25) ZH Wz, (8.35) OmFBEDORNIE, |0[d]) % H|a,b]
DILTEH LR TH S0,

—d(p' =0) /d,u Incosh (p) = —o0 (8.36)

L0, TORBREIZ0TH S, ZHIZ|0[0]) 2 Ha, b ITIHBLTWARWI L E2EKT 5, Ld-T,
0[6]) 1% |0) & IXFAR2H-mELETHS (|0) Lida=x) —JERMEREZETH D), Thlk, BHEN]
L 27 VBT FOYE L ORBNRENTH D, 1H5 1B 0(u) (T ERBEGFEST 5D T,
A AR D E B FET D,

§5.14D &S ICHBEBEHBED b, ZIHLOKZ, ZOXSBIEENREL S, DX 0, BEORLLIE
72 35) |3ERETH 5,

(8.35) DRNIFBEAI0 &80, BUAIZIZERL R, BUAR RN, BENIZE®RD H % Bo-
goliubov Z 4 (8.29), (8.30) ¥ (8.34) #HMEIIEIRETH 5,

AIREHEDSEIX, Fock ZRIZETHRIERZD T, Tr 2 LABRREETHEL TH Ih o7z, JFEFRED
HAENFAET 56, Tt 2 CORETHET200METH L, 7/ = ANVENIL e PH Tr[e ] T
R E N, LORFHRTIEI NI well-defined T2\ (H DIFL A Y DFAEIZ 00 5 LV), &
FTREFZLONS HHEMRAIZLUTES O RETIE. KMS &MV HFmL 75, 28T, BoEY
Y TFD O EZEHAMHED RV 2 I L =25, BoMATIRITHITcE2w, H LA, 8% TFD ©
HZARHECRERT 5, 0B, TFD Z2IEEMEAFLET 2L &, DANITEREZ XA F I A0 - v TOHK
WIZTERE LR K TR 57w (BHK 7 & Fock 22/ % MK 3 2 Mk 71X [ — T, )

82 HFA4F+IAIN-7vT
8.2.1 ERDEA & Fock ZEIDEHRES
af(p)]|0) & WS ARIED /)L L IZFEET B -
la® (i)[0)I* = (0la(w)a’ (1)]0)
= (0l[a(w), a’(1)]]0)

= d(p=0) = 0. (8.37)
Ba=g)—K# (a=1/2) OFy NEETHS, a#1/2DEEICH ZONIOHEREIETE S,
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CHNIIRBBARD 0 B2 GEAT WS DI I 5, TORBBRIE, 2 /BOABEPEBIZE TS X
BWEEKRERZZ\W, DX, a(p) ED Fock 22/ Ha] IT/EHT 2 DI, a(p) TlERL,

of = [ du Flate) (8.38)

Thd, 72720, f(p)ld2 Trfn 7 c B

]fdu!f<uﬂz<:oo (8.39)

TH 5,
{filw)}2, %2, 2 2FAEDOHMERTERRELT S ¢

i fi) =65, (AB)E

/ du A (1) B(j). (8.40)
ZDLE, EED 2 FABDBEE f(p) X {fi(p)}2, 1I2&oT

Fp) =Y afiw), c={(fif) (8.41)

()

CIEFI NG, BORTTIMTHS BHEL, THEERMELRDOTH S, (8.38) I,
0 = [ @Y afimal)
=Y e, Z (8.42)
EEFL, 272U,
o [ du fimate) (8.43)
Thb, a a 1&, KHEG
ivall = [ @ ). al () 5 )
= [ R S = L5 )

= [ @k 5w
= (fj, fi)
= 0= 0 (8.44)
%728,
{a;}52, DIABURTE
def o1 Fyng
e+ T a0 (8.45)
=1 V1
EERB, EFEL, [0)
aif0) =0 (8.46)



i3, 22T, MBIREBOES {In1,ng, )} D7 =V I A VERES
{In1,n2,- ) In; = 0,1} (8.47)
EHEZB, ZDItIE,
Ini,mo, ") ——  Onang--- (2 R (8.48)

DESIZ2HEEO0nng--- 1N 1IZHIET S, £oT, 7z VIAVHDEEGDEEL, 0025610
MOEMBRDOEEIZHEL, £oT, 7z IFVNHESITEGESTH S GEal MR RAE
AL, EEREBORR {|Ing, ne, - )} 1, TOWHEEDVEHGESLDOT, EGESTH D,

BT CIEERZ ML {i)} oRERELEDRE

=" aili) (8.49)
1F, IRIE i) DIRER |2 THBIIS NBRIELIBINES NG, Z ORI TRERZDIZIE, H5DEY
BRI AT BEH D RE R 7 MV TIRS N < TR S22\ (BT ReME), Zhik, Efikeo2
RH, WRRRPRREEHIORE L LTI RETEDL I L2 EKLTWD, 2T, 0FEALTEND

{In1,na, - - an < oo} (8.50)

%%ZéoZm&ﬂ%%Af%b,ﬁéKn%ahfmé BT I3 A BRAE D KL 7R 2 Bk A3 5 D
T, 0E LICHER I N REBZEMZZE AT LV, 2 OWRIEZERIL Fock 22/ L IFIXN 5,
0RADEVCAOAEMER, HFARMRELAES 25, Ldhs, HREREF & HEOREV TSP
FHET 5P oTHDH, BREOEFUIIFTRMBOHHELDH 5 DIF, EERED AR IEEREERDIC
K UT, Fock ZER]DEER T MVIFAEMTH 5 Z LITHRT 5, @i adr o fBHRA RS Z T
5 HHER, FETEERED %,

8.2.2 MWNFEYAFTIAHILTYTS

ZHORLZDZHOEEUL, N1 LY RV TEGOEE) %, $725 Fock M TRIB T 2 Z L IZHInT 5,
BIZIEX, BENIN =T U TRBINBFEUBED, HLEHEBREMEZEODL TS, @EOHTT
DETOEENI EAE, FHEAY Y 2/HEDOETOHEBEHE FIZ Lo Tild I i A, HREHTDOZN
ar(k), a (k) LEBEEHTOZN aq(k), op(k) LIRS, HEERER, a(k), o (k) TEEIN

BEZE|0) D EIZES NI Fock ZRICRid EN5d, —Fh, BESREE, an(k), ay(k) TEEINDHE
Z210)) D _EIZ/ES D Fock 22 CRlid 5, EREMHDEZ |0) 1, HIZEHDEZE (0) (2 Cooper
AR L 72D e UTHIRE NS ((8.33) Da(u), blu) %, 7zVIA VD ar(k), ap(k) ITESHR
=RADS, ZOMRBPELNDS),

# Fock ZEfillX, TNENDEZEADR FEHEOTIZ L > TRAIEh, BAas 0EEE2MHELTVS
Fock 2213 a(p) 12x9 % 0 & EITfEonTwd e &, af(u )LJ:V)EJ&éfﬂéﬂu?%:Eh%t;%
Afﬁy&wﬁ%®Mﬁ%(ﬁ@ﬁfﬁmmﬂﬂé%)ﬁﬁﬁ%tbfﬁszaﬁ@%éob#b,m
EGPEE L IR WSS IR T OMRIEEHTH 5,

WL D EHFE D, %5EM?®EW®L®kaWWA®WWZbfi&éhé ZIT, NTEY
RV T () 1&, HERITY o(x) 720, MR FOAER - HIEER T a(u),d(0) L& > T,

V() = Ylafy] (8.51)

= Y[z|a(k),a’ (k)] (8.52)

DEIITRDLIND, TIT, Yzfe] i (z) ZHER 7550 TRILZRAZRDL, o NELNIZEIEK
BEERLD, ZOXIIT, NAEUNWTGRERTHTRDLUZEDERA T IANTY TLEF D,
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A THEEMREF

=X )—=RBFTE, Ty FEZE (2.16), 7T EZE (2.17) &,

0) = p'/2|1), (A1)
(1] = (1]p"* = |0} (A.2)

Y755, (2200 XD
(o) =Tr(p--+) =(1]---]0) (A.3)

Thb, TIVI— MNHET A BIZHLT,

A A4, BYB_ (B (A.4)
REHT D, Fh AEEASTA—K—L LT,
I\ < (A + A(AB)*B)|0) (A.5)
Y5, TOLE,
Al =01 o
— (1/(A+ AB(AB)) (A.6)

THY, (A3) kD

(AN = (A%) + NAB)(AB) + MAB)

= (A%) + 2X|(AB)|? + N} |(AB)|*(B?) (A7)
D2\ AD\2 1 2_|<}1§>|2 i2
—-u3>KAI”|(A+-@ﬁ>) ) +(4%) (A.8)
Y5, WA >0TH595 ERATA=—(B) 1§52 LT,
B
0< ) + (A7)
Thbb,
(A%)(B%) = |(AB)? (A.9)
2195,
AA A2 (A2 = 4/ (A2), (A.10)
AB Y /(B2 —(B)2 = \/(B2), (A.11)
Vas & (AB) — (A)(B) = (AB) (A.12)
Y3he. (A9) IR
AAAB > |Vag| (A.13)
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Y75, Vap = (AB) & T 5 &,

Vap = 5 + 5
_(AB)+ (BA) _(4,B)
2 2

e, ZoRDOT NS

2185, E2RXb,

nbnrbd, LoT,
Vasl = [(ABLHBAN? (4B
> E‘M’
21"

b, Ik (AL13) ITARAL T, AR

s A0

135, FRZ,
[A, B] = ih
D& =3,

AAAB

Y%
| St

AN
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(A.14)

(A.15)

(A.16)

(A.17)

(A.18)

(A.19)

(A.20)

(A.21)



AT

FERZTVHROMEETOM {4},
i

B
EHEZB,

ZZTWVWBZRDNAY K - NIV b

(11H =0
T3, NA X)L TR
Ai(t) = M A
THZ 5, EHHEAZ
d N
ZAi(t) = ilH (1), Ai(1)]
THh b,
SRCEHE T P %,
p df def AT|O>A'LJ<1|A
.Aij.Ajk = 5k’ Aij.Ajk = 5?5

TEHT S, Zorx,

= AT|0).A% (1]4;AT10).A"™ (1] A,,

= Al|0)&i A (1| A,

)

= AT|0)AY A A (1| Ay,
)0
)

= Al|0)A™(1]A,,

=P
b, Fi-.
Q
T 5, IRODARDBEKD D :
QAll0) = Aflo) —
= Allo)
= 4l0)
= 0.

(B.3) i (1| 2fFHEE T,

d
1A

360) G, IZDWT, TA VY aRA VORERS,

P

(1] « PA|0)
— A|0).AY (1] 4;A1|0)
— Aj|0)d!

iU (H()Ai(t) — A(DH (1))
i(1)e T Aot
i(1|H Age 1t —
<1|Aie—ilflt

(1|A;Peilt 4

_ Z'(:[‘ethAiﬂ'e—iﬁt
i(1|A; F et

<1|A7;Q€7iﬁt
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=T7VvE HE T3,

(B.1)

(B.9)

(B.10)



TH 5,

THEN 6,

DF D,

b RN

L5, 7L,

(AP = (1]4;A]|0).A" (1]4;
= Ql(1]4;,
o < 1) 4;A710).4Y,
(114;Q = (1]4; — QI (1]4;
= (1|F;,

F € A — QA

QI(1) A et 4 (1|Fye it
(1]t A et 4 (1)t Fye—iflt
Qgiquj(t) +(LE(),
Fi(t) = e tHipe—tHt

_ e_im(Ai _ QgAj)e_th

A(t) — Q1 A;(t)

(B.10)

d

S {(1Ai(t) = Q1A () + (1 F()

Ri(t) = emQtFie_mQt

T Ri(t) = iHQR;(t) — iRi(1)HOQ,

d P : ]
SR ATI0) = i1 QR,(1)AlJ0) — i(1| Ri(t) F1QA[0)
=0

(B.9) & (B.1) &\, &7z,

(1|R;(0)AlJ0) = (1|F;Al[0)
— (1]4:A5j0) — (14,47 0)
= (1 4;A%j0) — (1|4, A0). A" - 4,
= (11 A4;AJ0) — (1] A;4]|0)3]
~0
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(B.11)

(B.16)

(B.17)

(B.18)

(B.19)

(B.20)

(B.21)

(B.22)



Thbd, £oT,

(1|Ri(t)Af|0) = (1| R;(0)Al[0) = 0

2155,
RDEZEZEZD :
W(t) = e 1,
Ik s TR LT,
1W(t) = —W(t)iHQ
dt
21§85, £oT.
i iHty _ i i iHt | 13 i iHt
W (@)™ = — [W(t)e TW(t)dte A
= —W()iHQe™t + W (t)iH M
— W)y,

W(t)emt =1+ /Ot du W(u)iﬁpeiﬁ“,

W(t) = o—iHt N /Ot du W(u)iﬁpem(u—t)
— il /Ot ds W (t — s)iﬁpe_iﬁs

Lind, I AT,

(1R;(t) = (1]t =it
= (LIEW(t)

THBEN S, (B.27) ERALT,

A t A ~ e
(1|R;(t) = (1|Fe ™"t 4+ (1] / ds Fye " QU=s); fype—ills
0

N N t N . N
— <1|eth‘Fi€fth + / ds <1‘eiHQ(tfs)FiefiHQ(tfs)Z»F[apefiHs

0

t .
_ <1|Fi(t)+/ ds (1| Ri(t — s)irPe-ifls
0
t N
_ <1|Fi(t)+/ ds (1[Ry(t — )il AT0).AY (1] Aje—#19
0

— (R + / ds Tt — 5)(1A;(s),

0
L (11R; (t)i F AT)0).AY

I (t)

15,
(B.29) % (B.18) ITfRAL T, AR
d

S 1A) = 9111451 —/0 dsT9(t — s)(1|A;(s) + (1 Ri(t)
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(B.23)

(B.24)

(B.25)

(B.26)

(B.27)

(B.28)

(B.29)

(B.30)

(B.31)



2185, FUEIEN, FVXLHDELIICERZ 5B,
(B.31) 1= A|0) ZAFH €T,

%ammm}m = QJ(1]4;(t)Afj0) - / dsTi(e - $)(1]4;(s) AT[0) + (1] Ry(t) Al|0)
0

= Q1A (0A]0) = [ dsTIe— 5114, 4]0
2135, 72720, (B.23) W, 5.
def

=) = (1]Ai(1)Aljo)AT

c9se, EX&KD,

135, (B.13),(B.33) & b,

d
QF = 2=k ’
P = i (1) o
T%éo
mH.
H|0)=0, H'=0H

L7 (t) = (1|Ry(t)iH A]|0).AY
= (1| Ri(t)R[(0)[0).AY

Thod, EE ZDLE,

(1R:(t) R} (0)|0) = (1| R;(t)F/|0)
= (1Ri()Af|0) — Q] (1] Ri(t) Al |0)
= (1|R;(t)A]|0)
= (1|R;(t)(iH A, — i A H)T|0)
= (1|Ri(t)iFLAJ|0) — (1] R;(t)i Al H|0)
= (1|R;(t)iH A]|0)

AR
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(B.32)

(B.33)

(B.34)

(B.35)

(B.36)

(B.37)

(B.38)



C c#ZTE~ADTY S
a,at %
[a, aT] =1, J[a,a]l=0= [aT,aT]
Zh 7R - HIREE T LT 5, T 6T
D(a) ¥ exp(aa’ — a*a),
D(as) < Dia)exp(gslal?),

2
Ag(2) def /d7rD(a s)exp(—az* + a*z)

353, a0l TRHRESNERDREEZ p T B L,
po(z) & TrpA_ ()]

d%z
p—/m@M@
v
b, MRz, a,af DIEEBER A LT,

2
A= /dA (2)A(2),
As(z) = Tr[AA_4(2)]

. p EREUIERZRD, DD,

b, INZERT D,

C.1 Jte—L v MkRE
NN
eAB = e 2 ABleAB  for [A[A,B]] = [B,[A, B]
0 (ZHIEINEE TRY),
D(a) = e alol® gaal gmaa _ olaf? ;—a”a aal
Thd, 7=,

1

D(a)D(B) = e~ 3ol coal gmata _ =318 ol 6"

— ¢~ 3(laPP+[BP) paal —a*a Bal ,—B*a

1 1 *g
= exp(—laf* - 516!2 a"B)e e e e

=0

1
= exp(—f|04—|—ﬁ|2 a B+ Ozﬁ) (atB)a’ o —(a+B)*a

2
= D(a+ B)ez(@F =",
Di(a) = expl(aal - a*a)l]
= D(~a)

MNa=x+iy=re? T5L,

oo oo oo 2w
/d2a~~-5/ dx/ dy---z/ dr/ dér---
e oo 0 0

TH5,
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~

(C.10)

(C.11)

(C.12)

(C.13)



\’C:‘%éo
L ak—L v MNREE

la) = D(a)[0)  (al0) = 0,(0]0) =1) (C.14)
EEHTHL, (C11) &b,

— ¢zl Zai’m (C.15)

L5, £/,

= ala) (C.16)
Thd, £/, (C.12),(C.13),(C.11) & b,

(alB) = (01D(~a)D(8)\0)
= (0|D(~a + B)[0)ez~e7+®)

1 * *
= exp(—§| —a—{—ﬁ| )(O|e (—atp)al ,—(—a+B)* 2)0)e L(—ap*+a*p)
1 1 .
= exp(—5a|* = |8 + @"B) (C.17)

y#b, 5B, (C.15) &0,

[ aal = [ S S SO gy

n=0m=0
_ o —r2 " if(n—m)
= / dr/ df re nz%mz:o\/»\ﬁ |n) (m]
= 2/0 drre” ngi?h)( n|
= ilnﬂn
_ (C.18)

ThB, HEL, (C5) v, E2RED, {jo)} BEKIEER GRR) 5%2RTh5,

C.2 WinERk
L. HEF AL T,

A:/ﬁfmmw@wm) (C.19)
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9%, £LITAT, {|la)} FTEERLDT,

Te(---) = /<z\..-\z> (C.20)

Thbd, £o7T,

SH
[
I\

Tr[ADT(a)]

)
o
S,

(@)|2)

SH
O
g

(| AJw) (w| D' (@)]2)

(2| AJw) (0] D(=w) D(=a) D(2)|0)

(2| AJw)(0|D(~w) D(—a + 2)|0)eb (=" +a"2)

I
— S S —
RGNS
— — — —

JEEIGEIGE]
Sl -

(z|Aw) (0] D(-a + z — w)|0)

X
0]
4
o]
\
g
| —

Il
—
SH
I
NI = S~
3| &
g
&
=
£

1 * *
(—a+2)"+ w*i(—a + z)]e%(_az +a’z)

xexp=|[—|—a+z—w?— (—a+2)w + (—a+2)"'w — az* + a*z]
2 2
= % d w(z\A|w> exp [ — (\a\Q + 1212 + |w]?) + 2zw* + za* — aw*] (C.21)
L7253 | 272U, (C.12),(C.13) Zffi572, (C.21),(C.19),(C.22) £ b,

) = [ CEnaDt @I
= [ Camant @) exp [~ 5l + 157 + ) +98° 70" + o]
/d2 /d2 /d2 (2| Ajw) exp [ — (ya\2+\z\2+|w\2)+zw*+za*—aw*]
cexp [ = L(Jaf? + |82 + h2) + 18" — 10" + ]

/d2 /d2 /d2 (el Alw) exp [~ lal* + a(z =) + (8" ~w")]

X exp [ — (!zPHw! )+ zw* —f(lﬁlzﬂv\ )+ 78] (C.23)

B

a=a+ib, z—y=A, p["—w"=B (C.24)

B ZDEELD.

(w|D(—a)|z) = exp % [—|—a+z-w]® - (—a+2)w" + (—a+2)"w—az" +a’z] (C.22)
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ek,

—laf* +a*(z = 7) + a(f" — w)
= —a®>—b*+ (a —ib)A + (a +1ib)B
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LB, fEo T,
2 2 1 1
2 = [ [ 22 [ CE iAo [~ S0P + [wP)+ 82 = 5187 + i) +w™]
2z [ dPw
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A=A (C.28)
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2135, H2REEIATIE, s 155, % (C29) ITRALT,
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d*z
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DIZHF DT, (C.36) £ 1.
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.
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™
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RYTH B,
178 (3.15) D ¥ =0 (3.14) I3,

d L0, 9 .
aps(z,t) = [—zw(az*z —c.c.)—i—/f(az*z +c.c.)
2
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THB, chk, (C12) &0,

Tt[D(a) D(B)] = Tr[D(ar+ B)le3 @ ")
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DT,
2 = ([0l a™ ) (s) (C.84)
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