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Abstract

In recent decades, intense attention has been paid to the thermal transport in
low-dimensional systems. Processing on the experimental realization and manip-
ulation of systems at the micro- or nano- scale have stimulated exploration of the
z00o of novel phenomena and their potential application. The impact of quantum
effect, non-equilibrium effect, and anharmonic effect on the thermal transport in
low-dimensional system can not be overestimated for the micro- or nano- scale
nature of these systems. In this thesis, we explored the impact of boundary resis-
tance, thermal expansion, and topological aspect of matter on thermal transport
in low-dimensional systems. We also discussed the fluctuation-dissipation theo-
rem of thermal transport in one-dimensional harmonic chain. Further more, we
developed a self-consistent phonon theory which can handle thermal expansion
effect, and we also succeed in developing the functional renormalization group

theory of thermal transport in low-dimensional systems.

Keywords: thermal transport, renormalization group, thermal expansion, ther-

mal boundary resistance, fluctuation-dissipation theorem

111






HE

Abstract

BHE

F—F MREZENTMLRH

FE AT —H RS MR
2.1 WFRIES ..
2.9 BIRUFIFVE ...
23 SERHGHE ..,
2.4 RBENGE .

F=F FEAPENTIEEBER
3.1 BFRES ...
3.2 REAVFIFERTVE . ...
3.3 SHRHGHE ...
3.4 ARBE/NGE

FINE BRI HER T E RN
41 FFRE S .
4.2 RERIRIREHSGEM . .. .
4.3 FRIMER ..
44 PMIEZR
4.5 FBEM ...
4.6 ARBD/AINGE

iii

12

19
19
20
21
27



BRE —HEIEEPICEREIENRT

51 WERER ...
5.2 HLSMEAL .
5.3 SEPGRFAN L.
5.4 FAASTHSFHBHGR ...
5.5 FAASTMIPGREKIE ...
5.6 ATEANGE

—HRGREIT T R EENEIER

8
o

6.1 WIFEER . .
6.2 FEFHES S HAE FINZ R ERABEIS
6.3 BMISEAWARE . ...
6.4 ZHREBAFAEMESPINEH: 4o B8 . . . .. ...
6.5 BRITRREG . ...
6.6 AB/NEE

Bos

MEHEARERR

vi

72
4

79

81



F—F WMRERENMLEXXRH

R, IMRLERGIFT TSR 7T 2 %8, ER4ERgH, &1
RONE, ARG AR, 5 IR RN, 5 X K 2 IR BRI B A 5 S HL B () 50,
TYERE ERRRGI, ARLEM RLRENS B — AR AN B 108 ar BRI o, 491
ANAE HE 4R S T A R T R, SR R 4R T UP R, 8
RN, VARG 4w A — 4V T PT REA- AR R S5, AR
XA B G b, S B A R R AR (0 — > SRR IR AR R DR Ge it
WHER T, PO RAAE 4R MR LERE T A4 il ek AR R T 4tit. [
I, MEETENER, ET/NRGEHA R, rofEsFmTinT, Xk
RGIRE DB IR, XAFAGAL Gt 1 Ab 52 T 25 (1) B 1tk i 7 B 0 2R 2.
T B — RPN Lbris A S LR ER, R THIRYE R G R BAR A SE I 0T FU A5
INE TN

A BRI 2) T AT ORE (1] X T2 AR &R A AR AT S 3L
Zo AT BT 5 T IR ARSI 1. IR BA T T R 48
I AR, AT MBS R G B Ik b SR T2
J1. PEUE, XFAGR, BATEZEARERNERS = —xVT [1, 2, HP 5
T, kARG TE, VIOURBERREL. (Hig, R BU 20 Hr ik g 4,
AR IL, Bkt R el T RARECHE M R g T, By R AHEXH
RGP RATA B8 € SR EEIX — PR, TR i B R - AT A B R G IR
FERE CAEDS A Tt 2, R IX AT S5 = SR AT e, Jf
HiiFiem 22Tl y B e, BrlHIFAREEIRE RS E RO AL
e 2B, FATATCLR . X TR4E RS, (R EHEARAEWEN? i
AT AR ARG R E A GG ? SRS B € AT )5 ol
PIEENLEI AT A2 X33 — A4 i /) (]2 I AR AR A 2 S Hvinds B8 A0 S 3
TR — > H PR

BRI A SR AE S TARYE Az i) S it 7T 5 TS TAR K ERE, (H2 %2
BR T SRIRFE A AR AN, e PR A S 06 0 T B S5 7 T O PR ), S8 B AR IR A
RERRUI 12 B ()i, BATIUA XHRAE R SRl e i) i E 2R E T
BRI AEUE TR, ST IRXOT I RS, AT SR A BERUF, A



2 fIRZE & Gt #iifnis PG 5 BUE T 7T

T R 28 B SRS T FE 3, 4], Debyers FABAE [4], PLURIEIIERE ER.
Peierlsi th A TR /RZE 207 1% (4], X0 FE SR T EM. [,
WA A AT T 2 TR )1, SO iR AA ) 2 07 AR 2 I B R AL B R
5], PARABERE S BLR [6])55, X LE PR\ Jy 0t T B &SP E 1) — 4E g AR R,
HRAL TN CE I, B & A S IE 2R 50— R G 18 s AT 8. [FE,
T 25 B I SR BRI IR 2 S B (7] B U TH B AR L Y AR 4 2 A AL
(6] M AEARAE 28 48 o 1 o R B b 0o B B AR 10, PR O B IR A
R BB RIRAE T SCRE AR, AT (8], FEXS AR IR (B AH LA
T TARYE J Gt 1 P S 1R oA 4 M HE B LS. O 1 o T L X [A) AT
PRE TSI ESE RS, R AT DURA IEE e AT 8. XL AT Fi 4G
FALAFIATTH ZEHFHE M LLATRIBT S5 R AR, BEXS T S BUEH Pt 1
VIBEALEIL A — RS2 K E W, HRAX 7 W S SRR RIInE 13
AT TARLE R GRS s PE BN R 53— 07T, IR R R A Bk TE, X T
S AH AR A B AR R B B R AR A R LI — A Fe D, T IX K RS,
BT AL — NP R AT AR R IT R e R U, K Z e E RE Z RS,
R R R TR T X ERGH B, BEREA R RSy s I L
A, 0 F Y Wilsonsh 5 52 B A X Kondo 08 g RE,  KadanoffSE
27 ) E A T — AETsing A R 0510, BIIAE 1) %5 B0 B BB — 4ok
WK RGP B BT RS B TH0RL, 2 ok AL XS — 4EHubbard B8 A B ek 7% 175
S-S E E MR T T IO BRI AT, ok B R X R OCI R
GirhE A E EVE IR RS MEIRY4E RE L 27, HENERAE —
METAR RS HWE, WA IR B T RN R, X IR IRATR R
—AEE ATV RE 12 R B AL B PR 1 R

T FRAT IS AR S (R 2 A ] B IR -

SR ARXIARIORL T (R AR ELAT A AT BRAR R R 1 — A B AR B RN A
AR, BIL, AT F o BAT AR AR EAT 35— 4EFPU-a S 8E M
THARMBUE AT I, BARR, FATIE I BEAU B a7, e T
ELAE I AEXS BRI RS 5 G0 #8350 o

B (ESER R, BRI AR, iR S B R A e A B AR
MR, <SESmAEAHI. XX —m@, RAEARTES, EdE
FHR 2 5 B AN EAE AL, X P R =T — 4 b S AR B kR A T



S 75 LWk 3

HARRIWT I

FIE: BT Ah NG ORI A R M BRI 51
WHFUE I 2 %8, I il TR GE T2, bR TP E Iz
| WS N P SO (WA B a4 ik S NS DY) e~ [V R T R =P S A VA L
B 7 BRI SIS T IR A, EART S, AT Lieb i L I RAIR 78 /K
RN T BARRIBE T, IFE BATI8 1R RN R IR 3 R AR ST B 2 8] ) Ok &R

B PSRRI FERUE B S B E RO W IR TR R,
HH R RN, BEEARGRI IS5 77, HIFASXT N R AR OU i 3
T E R BT DA AR e 1 I PR R o R] BE A7 LR RO A . FEAR
wmrp, AT EESE TR W, BARRTEE T SR T B ARSI
Ik, R S BkVE-FE RIS B Z5 R A5 10 B

BONE: EEBAMOVCE 2R RN - SRR, R R RE
WA 2 RIEME KBRS, JF HH R AENE 45 H R 18 Vu [ 0 45
o X TR, B RBEIRIR S R T In UM ARt m. T
b, AT, FATZURRE TR 12 R A R IR

22 3K

[1] Joseph Fourier.  Theorie analytique de la chaleur, par M. Fourier. Chez
Firmin Didot, pere et fils, 1822.

[2] Sybren Ruurds De Groot and Peter Mazur. Non-equilibrium thermodynamics.

Courier Corporation, 2013.

[3] Sauro Succi. The Lattice-Boltzmann Equation. Oxford university press, Ox-
ford, 2001.

[4] Rudolf Ernst Peierls. Quantum theory of solids. Clarendon, 1955.

[5] Onuttom Narayan and Sriram Ramaswamy. Anomalous heat conduction
in one-dimensional momentum-conserving systems. Physical review letters,
89(20):200601_1-200601_4, 2002.

[6] Stefano Lepri, Roberto Livi, and Antonio Politi. Thermal conduction in
classical low-dimensional lattices. Phys. Rep., 377(1):1 — 80, 2003.



4 fIRZE & Gt #iifnis PG 5 BUE T 7T

[7] Hong Zhao. Identifying diffusion processes in one-dimensional lattices in ther-
mal equilibrium. Physical review letters, 96(14):140602, 2006.

[8] YiZhong, Yong Zhang, Jiao Wang, and Hong Zhao. Normal heat conduction
in one-dimensional momentum conserving lattices with asymmetric interac-
tions. Phys. Rev. E, 85:060102, Jun 2012.



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



