o HLEEMAL K2F JE A9AR BAF A IAL-F8 ] LUR 90 T JLAMEE
4-FRE:
)7 (x F#,,(x) YAY F,,w(x)
/%yw){ywm, ﬂ%M(@{yw@
AmMAT—FEAR, FZEAREAMCZ®RT AT, F
Mo, BAVER TR A AL LB B9 L IR % B RS

GaR, FEBMNAZR 4&-LRE R JH(x) KRR F, W
HE 813 11 5 NOR G TP T AL IR U
1
ZL(x) = — TM,F“”(X)F 2 (x) + TH (x)Au(x)
R F, B R BUR N LA REALT R, A BRI
AR TEBRT KRB D, e K& B, BATA
0.8 8L
s )

1 v
5 )

DRI E PR AR, po AEEMBESFE, SRR = 1.



ANE| LA 4 K7 A2

0.7 Y
Ou (3(3#/11,(96))) T
FIAKH A F Rk A

Gl M (x) = —po /" ()

XA R KN N F AR BN, ARIE AL K& A E XK
F,W(x) = 0,4, (%) — BVAM(x)

AHEFR W Fuy (x) RARMET R S A

O Fuv (%) + OuFup(x) + Oy Fpu(x) = 0

BT, AR FT AAR B L) R AR N LGS 3K B 46 AU e B
%3t (Bianchi) BFX. WRT ARG FZBEFARKARMT H
B B MR AR AR, EATR AN T A Maxwell 7 24



W& Levi-Civita & R A ARKE ervre 5 BB Y He 2 B4 S
‘ BpFu (%) + 8uFyp(x) + 8y Fop(x) = 0 ‘
R4EHH, AR :

0 =etvrPe [3pF;w (%) + OuFup(x) + 8y Fpp (X)]

= =0, [P Fy ()| — B [e7H ()] = B, [7 M ()]
= 30, [*7HY Fyy (x)]
R T AR KE
1

T (x) = SeH7 Fyg (x)

FARAAL AL B e BRI RIE N -

| 0.T F(x) =0 |




LR KE Fl () HYIENE: |
RS

Fuu(x) = 84y (x) — 8,A,(x)
AR R My 2 RAREKE, Fu(x) = —Fu(x), $483
NEHE A

d—4
BN XL B RIYE N R A -

FmezlEi Fi = ¢i*p,
c

BEEAM,

‘ , 1
E'=cF% B = EﬁzjleF]k

WAL E=FE'e; 5 B=B'e; AR E R E; F B KR BRES
HERN 38 .




I 6 A AR AR A

Lo, () = —J(x), 8T H(x) =0
Ko

H A1 R A R -
o WRAM G FW = —pg ¥ Fv=0RKEAN:

. 1. 1
—pocp = —puo/* = 8 F* = §F " = ——BE' = —-V - E
c c

PZAIF RHF BCEEATFSFMERRTFLAERT R
BB RA,

1

v/ Ho€o

EXTHE R
V- E=p/eo

XIE AT A



o WRITAR uF M = —po J¥ v =i FIRENA:
—poj’ = —po) ' = 8uFH = 8F " + 8,F ¥
1 0E!

= kiig, B.
623+66k

i

—(V x B)
P (V x B)

= Mo€o
A OFE

V X B — po€o—- a1 = loj
EREELZ AT AR, L P OAENHRASIER.

o AT MBS MM AW, MEFL T HAE LB K
B .7 #(x) FE AN (Optional):

, . ) 1 .
FY=B, Fi=--cE,

A FMM,

. . c .
B'=% Ol, Ez' == _Eeijkg]k




o HUBIBER 9,7 W(x) = 0 v — 0 W TREN:
0=0,% =570 = _p,B’
NI
V-B=0
XRBHAT . NPAEAA R, XERLET ERAEN
T B ER AR, CHAAEL B WE T HR T RSB
T AE B FT BEMELS,
o WHEBLRER 0,7 1(x) — 0 v — i BV THREN
- 168" le/el‘jakgj

0 =8, FH=08,F "+, F"
c Ot c

—1(aB+V><E)

c \ Ot
A OB
XA BN A

YOABL o T AR R | AT S R AR B A



2R R KES EAABKE, 7TUAME B9 T R B LAY
BACTATE :
Fu(FP (%),  Fu(x)Z # (%)
TA IR R A A
FuFH = FouF% + Fy F™ = FyF ¥ + FoF* + FjF"

2 . .
= - SEE'+ eine’B*B,

_2<32_fj>

FuF W =FpyF " + F,F " = FyZ Y+ FoF ° + 7
2 . 1 ..
= —“EB — —e;e"B'E,
4 4

4
— __FE.B
c



4-HrE

—éawﬁW”:EtB

1 E
EF;WF'W:Bz_?,

MAFERRAE:
O fiF BB X — MR PRI AN LY, N —2HA
B 5 — R E/RE) AL PRI NAEHES. RN
O fiE B R — IR R PRI N AURE 4 L9 B AR B B
%, WA — DA BIRER F U857 8 B R ERE R
RIER T HBERN 58 &
0 FIAEZHBEN TR H:
FupTW = (8,d, — B,A,) FH = 2(8,4,) FH
= 28, (A, FH) — 24, (8, FH")
= 20, (4, F*)
TR My B HABE. A THAMERFEN M s, BIE
Fu, 7m JUHIEA R A, MRS 77 A 5 f 9 7T BR.




JRfE S, B A
T TP

R A 4R, TR ERA £ P, AT LS.
£ L,

1
T FH = Zewpge“”o‘ﬁF””Faﬁ

= —% (6208 — 6582 ) F 2 Fup

= —% (Faﬁ - Fﬂa) Fap
— —F, F™
EHZRAMEAR, KATA:
Fuy FH =2FnF"° + Ty FI

. 1 .
— —2BB’ + ?e’f’?e,ﬂE ',

(54



HE: |
HEAT /) 4472
Fu TV

fiei s W ISR AMEF B B2 AN ARR AL RE B, BAR
H A Chern-Simions (CS) .

o A A
Fu T =28, (A, F") = 8, (#7 A, Fo)
= 20, (€"77 4,0,4,)
= B,KH
4-KRE

K* = 2e"P7 4,8,4,

FA (B W /R) Chern-Simions 725 JE.

o CS TR WRA B Al RUE AT AR M B B 3K 5 AR A B<F1E. B,
F QCD A ARBAILAT 2 o 3 R AR /R CS 3K 7T kA 4
RERPE T XHAND LA BIARR.



o B BB AE SR A FURRARIE. [k, CS T LR
(14 2) 40T 25 o B 3048 A5 AL I 5F /%

1
2,
IR L RS TR (14 2) T2 P A TLE AL
FABETERMM.

|

1
]

L= ———Fu F* + a e"PAF,, — JFA,

X
X
X

X XWX

X X X
X High x  x%| x
I + +
$ X X
X X
! I I
% Low x %

X
X
X
X
X

174540 : Daniel Arovas, Lecture notes on quantum hall effect, 2020, in progress.



| Quantum Hall Effect I

X

Fig.1 Hall and diagonal resistivities Ry, and Ryx are independent of sample properties and
given by Ry, =V, /Jiot — vV 1(2Th/€?), Ryx = =W Vy/LJiot — 0, in quantum Hall (QH) states.
Here, v is the filling factor.
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Fig. 2  QH states are detected by plateaux developed in the Hall resistivity Ry, or dips in
the diagonal resistivity Ryx.
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