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Course Objectives

ChnTa AR , X4 %E.  If the course is open to undergraduates, please indicate the
difference.)
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The goal of this course is to let our graduate students master fundamental concepts of solid state physics and
have a clear physical picture about the physical process in solid state physics.

LT
Teaching Methods

COnH AR TR, EEHX W% . If the course is open to undergraduates, please indicate the
difference.)
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I will use the PowerPoint and blackboard to teach. The contents will be focused on the experimental surveys
and physical pictures. | will encourage students to teach themselves by doing projects and presentation.

HENE

Course Contents
CHnTHI AR TR, B X 0 2. If the course is open to undergraduates, please indicate the
difference. )

Section 1 B A2 R B AR 4 e AR
Introduction (2 2£i})
What is solid state physics and why it is important;

Section 2 P OREIHEE AT, R R, WEA TR TR, M
Phonon (4 *£if) .




Acoustic phonon and optic phonon; Dispersion; Experimental methods to
measure phonon; Heat capacity due to phonon;

Section 3 HERTER. ok, BrafeEmmomit; B
Free electron gas model (4 Z:i})
Fermi surface; Heat capacity from free electrons; electric conductivity;

Section 4 RETH: AMVEARER A, T E R, LT BERR:
Energy band (2 240) -
Bloch function; Nearly free electron model; central equation; Energy gap;

Section 5 Pk R, BT ARE; AMETBE, RN,
Semiconductor crystals (8 Z:if) :
Band gap; equation of motion; effective mass; intrinsic mobility;
thermoelectric effects;

Section 6 POREMEE: W TSR B INX ;. it H, ETIRG:
Fermi surface and metals (6 i) :
How to construct a Fermi surface; the relation between Brillouin zone and
Fermi surface; band calculation; quantum oscillations;

Section 7 BSHEE: WS, Meissner X% . #A: REB. AR
London J5#£; Ginzburg-Landau #£i¢; BCS #if; Josephson 4;
Superconductivity (8 Z:Hf) :
History; Meissner effect; heat capacity; energy gap; isotope effect; London
equation; Ginzburg-Landau theory; BCS theory; Josephson effect;

Section 8 PUREPE S RREYE: BAC DHumaE, IRRAVER 23, RE N SR
WEER: BB MRV K
Diamagnetism and paramagnetism (4 22 ) :
Langevin diamagnetism; Quantum theory of paramagnetism; Hund rules;
Crystal field splitting; Quenching of the orbital angular momentum;

Section 9 BREEAEA R SRR : BRWLFE: WERAR T WRRHAFR: RERHLFT: BRHLH
W
Ferromagnetism and anti-ferromagnetism (6 2£[) :
Ferromagnetic order; magnons; Ferrimagnetic order; Antiferromagnetic order;
Ferromagnetic domains;

Section 10 WAL BHILR, BREIILIR: SOEREEILAR: AT ILIR
Magnetic resonance (6 Zi}) -
Nuclear magnetic resonance; Ferromagnetic resonance; Antiferromagnetic
resonance; Electron paramagnetic resonance;

Section 11 LHBUT, RUET, BT BTN EREG FEBUT; RIS
T BT-BETHEER: BT-ETHLER &SR ERETAR
JE 1 5
Plasmons, polaritons and polarons (6 2£H) :
Dielectric function of the electron gas; Plasmons; Polaritons; Electron-electron
interaction; Electron-phonon interaction; Peierls instability of the linear
metals;

Section 12 KSR EET: KOTE; Kramers-Kronig X &; BT i 30N,

Optical processes and excitons (2 Z£/}) :




11.

12.

Optical reflectance; Kramers-Kronig relations; Excitons; Raman effect in
Crystals;

Section 13 B RSREE: MR ER SR, S, SRk, A
AR RN

Dielectrics and ferroelectrics (2 2£i) :

Dielectric constant and polarizability; Structural phase transitions;
Ferroelectric Crystals; Displacive transitions; Piezoelectricity;

Section 14 RESFEWHE: REBTEN:; Z4uBERRBME; pnd: R4
RICZRE

Surface and interface physics (2 22i) :

Surface electronic structure; magnetoresistance in a 2D channels; p-n
junctions; Heterostructures; Light-emitting diodes;

REEZ

Course Assessment

(@ ##% Form of examination; (). 4>%#f% grading policy; @) WM AARHEF, HEHK KA.

If the course is open to undergraduates, please indicate the difference.)

PR RGT (60% )« ALFEFEAEL;
WIRFE RS (40%) @ BH RS CGETFE 2R OGSk

Regular performance (60%): including homework;
Final exam (40%): project and presentation.

ot RHESERE
Textbook and Supplementary Readings

(1) Charles Kittel: Introduction to solid state physics, eighth edition.

(2) Neil W. Ashcroft, N. David Mermin, Solid state physics.

(3) Steven. H. Simon, The oxford solid state basics.

(4) P. W. Anderson, Basic notions of condensed matter physics, Benjamin/Cummings, Menlo Park (1984).

(5) B &HE), BERSWHY, H%2E B4 (2013); Duan Feng, Guojun Jin, Condensed Matter
Physics, Higher Education Press (2013).

(6) Gerald D.Mahan, Condensed Matter in a Nutshell, Princeton (2011).

(7) [P, AR IERE, bR 4L (2011); Shousheng Yan, Foundation of Solid State Physics,
Peking University Press (2011).

(8) 90 FEACH TR - Bt R AT 2, Bl Hi A (1992); Physics in the 1990s---Condensed Matter Physics,
Science Press (1992).

(9) kAL, VLA BR AR, TE R SE HUAE (2009); Li Zhang, Progress in Modern Physics, Tsinghua
University Press (2009).

(10) P.M.Chaikin & T.C. Lubensky, Principles of condensed matter physics, Cambridge (1995).




