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Abstract: The paper provides two different approaches to quantum transport problem, a signif-
icant area of non-equilibrium statistical physics in microscopic and mesoscopic regimes. The paper
reviews the general theory of non-equilibrium Green functions and obtains the steady-state heat
current by establishing the equation of motion. Besides, another aspect also shows the same result,
via considering the correlation functions in generalized Langevin equation. The differences of those
methods are discussed in the paper.
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(IV.15a)

(IV.15b)

(IV.16a)
(IV.16b)

(IV.17a)
(IV.17b)

iiiﬂ%@]T ﬁaj = e_ﬁaw“j (ﬁ aj ) .JH: E ca] ﬂ:ﬂ doz] Ta /EE/LJ\ |€0¢]> TU\%’VEZE%X&E’JEL/LAH %X;H\:%%

TNH
1€aj) = 10a;)cl0a;) s

KHL €al0as)e = dajl0a;)y = 0.
1 Bogoliubov 284, =X (IT1.1) %5 i) Hamilton &7 PAFKIR N

HT:HS+Zh;+ZQAuFauv

Hrp
Zwaj ca]caJ - daJ)
H
= Couj (V1 + il + /Majia;),
j

EHGESLT

Yaj = \}i(éaj + é];j)7

o = oy + L),

I, FRATME T ZE WA IR AR Hamilton &.

(IV.18)

(IV.19)

(IV.20)

(IV.21)

(IV.22)

(IV.23)



13

C. fatfhis

oG, FATHAERLT Fou i’*’ﬂﬁfﬂi%ﬂfiﬁﬁ (+, =) A

= Y FL=FL+F5 (IV.24)
o=+,—
FEHFAC af = at Fa- = (ah)', a FRFIH E G E T K SAF. IR AR DA
Fo, = FBo - Z/dmwt—mgv( ). (IV.25)
XHL, MRAE Bogoliubov A84fig WA MEAR, HATH
FL=3 cjg (VTF gl + /Rragd?,), (IV.26)
J
JtHA
INHOEDY C\O}g (V14 10;80,€70" + | [Rg;d7 e~ st (IV.27)
J
T R B BRI R i SCARATT AT PAAS £
b (1) = % D CoujCai[sin(wat) — i(1 + 20;) cos(wayit)], (IV.28)
J
]l
Fa FB o Z/ dr ¢04 ot — 1 Qv( + o1 Z CaujCavj <na_j + ;) Qv(t). (IV.29)
Zb, FATTAGE]
(QuFns) = (QuFE) +coc, (IV.30)

SCHIAHE T (FF)" = Fy, fl Hermite SAFAUPERT. TERASIEIET, A t —to — oo, ULHTATLAS HHBATHGR
AN

=I5 [ O s
APAEH, HAZEimasRee—2.
V. g

AT, EARPAT Green eREAYIZZ) I REVAM Langevin JyRERY IR EOE, FM140 5145 1 T AHIR )
s R IE AR A AR R AT AR 0 Green sRECAI IR BB 2R TAERREERYSZ IR (114
RMELCHR, ARG IR sy, , BURGR. (HANEE T ARG Green sR%k, il SCHR R B FLIZ S 51
TR RERS PR B SRR B S, HLROA Tl LA B BB, AR Green sRRGAME N —FhL i ib
PARPH R R IVE, HOT AN, — B 5 B A R AR R AL B R R, (B HACH I BN B, HZ2ms T i
W% . X RSB i, AR T B O e, FRATTRE MARAS L 30Uk B 2 U0 IR
S ERTINVC- S o A B I (5 W s e DI 2 N N i Bu N (S E DA o R e i A R B = W)LY S Bt
MREFRIITEE, ARG T, B IR Green p¥CH 7Y Dyson J5 e HAS G KR EITHITIIA, ATRAXT AL
ARHIS ML MEEM . BT T Bose AR (RIAENZ) BIBFSE, ARPHT Green BRECHISEIK B 5 ik
WATPAT Fermi TAARMALEE, AT AL O A T-finis iRt FL L -
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ARFAIVEN ISR, FEASE WA T SO A1 DL Tl 2 AR A A R AR R A g E B, )RR AT
IHZ% 1&d =X (LI1.1) friE X Hamilton . A REREGIME PSR FA T—Fp “BIA” A1 “Frih” iR, H

o SRR R AR R 2 R B —Fh B A gL, RP
Xisv(t) = Z<[Qu(t)a Qv(o)b = [Xss(t)]um
WIS LA R RE, BV B, SR

Xoo (1) = i([Qu(t), Fau(0)]) = X7 () ]uo
Xao(t) = i{[Fau(t), Qu(0)]) = [X** ()]
Xao (8) = i{[Fau (1), Farn (0)]) = [X* ()]

SR (()) = Tel()™], HL Heisenberg 45t 4 1o = 0, [5G o644 IS s
xas(t — ) = i([A(@®), BE)).
R R i A
X0 = - [ dargt - )
il
)= - | A X (gt - 7),
B (0o = 65, (). BILZSL, B
= Nun(@)

”uv — (]1 ()u 1’;
\/0 1( )7
Eﬂj\;] {’ZIS:/%\; Hﬂ‘:ﬂ ,: \3 {Eﬂj’ g‘ﬂ"

S

Hl

(A1)

(A.2)
(A.3)
(A.4)

(A.5)

(A.6)

(A7)

(A.9)
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