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1 O0o0ooooooboobboobouoobouoood

1.1 O00OOon

P.W. Anderson (1958) [2] 00 D0DD0O0DO0 (D00 24000 (sites) 0000000
000000000000000 (tight bindeing model) O, 000 00 00O O (disorder) O
gbobbuooog.bbbuogoobn

h=2_exylz)(yl+ D vo|a)(z] (1)

O000 6,0 >0y 00000000000 €, =e>0,00000000 €,y =001
00,0 00000 [-W,W]000000000000000000000000000.
0 Anderson O 000 e, 0 site0000 r0 -300000000000000000O0

00020100 80260 2900000000 Summer School 1000 20100000000000000
gboooboooboobgoobobooobbooboon.



O0.000tsitex 000000000000 a,(t)0000,0000000 Schrodinger
gad

d

i—ag(t) = €uyay(t) + vpa,(t) (2)

dt 7
guooobobtod. ggooobb,ggdbbbbuooobobboooooobbbn
0000 (1),(2)0000,00000000000000000C0OO00ODOO0OOOOm
00 t=00000 site k000000000 {a;(t)}; (a;(0) =6;) 0 t— oo 0000
D000 site A 0000000000, OD0ODOOODO0O0O0OO0OO0ODDOOOODOOOOO
guoooooog.

1.2 0JO00OO00OO0OO
gbobogdbogoboogobobogbboobb.oobboobboobbuoobo.

000 0000 d0000000000000000000000KO00000000
00 ¢ (|¢=1)00000.

000 000000000000 (observable) 0 0000000 KHOODDODOOOOO
OO0 AOOD0O0OO0O. O0bo0o0ob0ob0ob0ob0ob0obOobD HOoooboooo
gboooggo.

observable ADDOOOOOOOOOOOOOOOOOOO A= /2 AE(d\) OOO
00,00 ¢ 0000 ADDOOOOO I00000000 f{p, E(@d\)y) 0000
oo,

O00 OO0 o0oDO0O00oDbDOn0 v e HOOODOOOO,DO0 ¢+00DOO0OO
Yy ="y, 00000. 00 ¢ 0000 HOOOOOOOOOOO,, O HO
000000, Schrédinger O O O

d
Zal/)t:H@/)t

ObOO0d.0000 Planck DO A=10000. 0O

1.3 UDUdgoboobouoooooon

gbobbodogobobb,oogbbbbuoobbbbooobbbboooobobon
gboobogd,bboggoboog.

00000000 HOOOOOO ¢, 0000000 (p,v) 0000000O0ODO
ooo0oo,(,)0 HOOOOOOOOO,HOOOOOOOOOoOooooooooOo o
gbooobgg

(1) (p,e)>0000,(p,py=000000 pop=00000000
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(ii) 000000 o, 000 1,0, € HOO OO (101002, ¥) = a1 (1, )+ (2, ¥);

(iii) (¢, ) = (¥, ).

00 ol :=+/{p,o) 00000 op0000000. O Hilbert 000000000
Ho:={¢; () D R‘ODDDDODODODODOODOO, DDDDDDDD(/ z)]Pdr < 0o }
Hy L%Rﬂ—&p¢DIUDDDDDDDDDDDDDDDD(/ z)2dz < oo }

D000000000000000000. Oy(x)000000000000000000
0oo. O
7@:a#y:wgwmzdmmmmm}]wmﬁ<m}

Hy=C%:={¢p = "(¢,...04); v, 0000 }
Hi, Ho, H; 00000000000

(prvh = [ f@IE 5 (pvhe= T o@¥l) 5 o v)s =D el

x€Zd

oobO.0000b00b0b0b0o0 HKeOUDOOO K, OO0 ODODO.

00000000 HOOOOO {¢)} 00000000 limy s ||t — ] =0 O
000000,00 ¢ 0 HXO000000000 limye e —¢|=000000,H 00
0000000.0000000000000000000000. 00000 Hy, Ha, Hs
000000000000000000000,H, 0000000.

H,000000000,00000000000000000200000000000
00 {¢,) CH,00000,00000000000000 H O0O0DOOO0O0O0O000
000000.% 0000000000000000000000000000. 00 H,
0 H,000000,000000 X O0000000000000000000.

H, 0000000000000000. X, 0000000000000000000
00000000000000000{¢,},cH, 000000000000000,00
00000 z€Z¢00000000 {¢u(z)}, 000000000000, 000000
reZ' 0000 limy—otp(z) = ¢(z) 00000. 0000 {|¢.)}, 000,00000
0C>000000 ||, <C. 0000000000 KcZioooo

> ()" = lim > [gn(2)]” < limsup [l < C'.
zeK zeK
000 K12Z000 Yyeglib(z) <00, 0000 ¢ €N, 0000. 000000000
00000,000e>00000000 NOOOOOOO KcziOooOooo,o0odo
n>NODOOO
Y. (@) + [ea(@)]?) < e

z€ZIN\K



000.000000 limpe|jt—t|=0000000000.

000000000000000 Hilbert 00 X 0000 O (separable) 000000.
HOOOOOO (ep,em) =6, 100000000000 {e,} cHOOODODO,000
YeHDY, (e, 00000. 00000 {e,}, 0 HOOODOOODOOODO. OO
00000 Hilbert 00 Hy, Ho, H; 0000000000. OO, Hilbert 0000000
000000o0oooon.

[ 0000000 HOOOOOOOODPA)DOO0D00000000 4:D(A) —H
0000000,000000000000000

(1) DA DODODOOO ¢,v 0000 (Ap,¥) = (@, A);
(i) 00 D(A) > p— (Ap,v) 000D OO ¢ € D(A).

000 D(A)3 p— (Ap,y) 000000000000 (8)000000.¢ 000 (S)
000000000, Fp):=(Ap,w) 0000 FOOOOOOOOO D(A)O00000O0
000,000000000 P(A)000000,0000 HKOOOO0O00000000O0
00000000. 000 Riesz 00000

Flp)=(p,¥"), p€eH
0000 ¢*eHXO0000000.000¢ 000000 (S)0O
W eH: VpeD(A), (Ap,¥) = (p,¥7)
0000000,00000000 %0000 DAY, 0000 0 A% O000. 00
D(A) 3¢ =" =A%)

0000000000, 00 A*'0 ADD0O000O0OO. 0000000000000
00 ()0 A*0 ADDDDODODACA*OO0D0DOODOOO. 00000000 AO00O
0000000. 0000 (i) 0 DAY cDA) 00000, (), ()00000000
A= A*000000000.000000000O0OOOOOOOOOO0.

O 1. d 00O Schrodinger O O O

H=-A+V(x), A=Y —, V(@) DOROODODODOOOOO

Ox

da2

PN

7j=1

0,00000000000 V(x) 0000000000000000 V(z) 000000
00000X,=L*RY)00000000000000.

02 ()0000¢=100000000 H,=¢29) 0000000 A 0000

(h)(@) = > () +v(z)v(z) (3)

yily—=z|=1
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0 {v(z)},ez« 000000000
D(h) :={¢ € Ha; Y [v(x)¢(2)]* < oo}

00000000000000. 00000000 ¢ €eHy,¢#£0,000 (8)00000
00.00000 (S)0

sup [ (hp, )] < oo
#eD(h), llpll=1

ooOOo.A00000000000

Y- e(@)V(x)h(x)

x€Z

sup < 00

eD(h), [lell=1

000000.zi000000000 {K,},0K, 7Z'000000000,

o XK, VY
"Ik, VY

O0000,000000000 »n0000 ¢, 00000, |e.]|=1. 000 xx 000 K
O00000000. ¢x) 00000 K,O0OODDO 0O0O0OOODODO DhOOO,0000
O sup,, [{¢n, V)| < 00. OO

Jim (o, V) = lim [[xi, Voo = V] < oo

000 ¢eP(h)000. 00000 (i) 00000, ()000000000000000
ooooooo.

N 3.A:(akj)gd:lDDDDDDDDDDD,@D:(@/}j)GHgDDDD (AY)p = 3, arj;
0000,H; 00000000000 ADOOOD. ADOODOODOOO Hy=C400.

Schrodinger 000 HOOODOOODOOOOO0OOOO000O, X, 0000000000
0000000000,PH)#H 000000000.00,000000000000
0000000000000000000.000000 D(H)O H, 000000000
000000.00 Z2¢000000000000000 000000000 KO H,O
0D0000000,KcD(k) 000 P(h)O H,O0OODODODOOOO,

[1V]

00 1.1 Hilkert 00 HOOOOOOODOO FO HOOOOOO LOOOOCOOOO,
000 ¢eHOOO0

— F = inf —
1 — B9l = inf [ly — o]
D0000000.000000000 LOD0O000000000000000000. 0



ropoooboobD LogbooobooooboobooboobD FOHODODODO
00000000 E2=F000000000. 0000 L=FEH,00

dimL =TrE =Y (¢, EY,)

000.0{y,}0 HOOOOODOOOO. O

00 1.2 BR) 00000 RO Borel 000000 - 00000.HOOOOOOO
000 {EB);BeBR)} 00000000,

(i) E(R)=1I;
(ii) By, B, € B(R), BLNB, =0 000 E(B)E(B,) =0;

(iii) B, €B(R),n=1,2,..., B,NB,=0,n#m, 000

E(UB.)v=> EBuy, VpeH

n>1 n>1
Odoodooooobo.ooooooboyeHOoooOo
uy(B) = (E(B)u,v) , B € B(R)
0000 ue() 0 (RBR) 0000000 py(R) = vl
000000 oogoooogobooooooog

00 1.3 A00000000000 HOOOOOOO0OO0O000000,X0000000
00 {E(B); BeBR)} 000000ADODOODODOOOOOOO,

Y € D(A) = /_O:o A2y (d)) < 00 (4)

00 ¢eDA) D000
(Av.v) = [ du(dr) (5)

00000.000000000 A=/ AEW@\)DOO0OOOD. 00 w 00000 90
000 AQOOODOoOOoooooo.

00000 von Neumann [39] 000000, Dirac 000000 “The principles of quantum
mechanics”[9] D000 A=Y, ] )M 00 A= fANNdNDODODODOODODOOOO
Oo0o00O00oOooooooooa.

O00,0000000 {EB); BeBR)} 00000, A00000 f(A) O f(A) =
[f(MVE(@N) ODDODOODOOOO. fOODOOODODOOD f(AAODODDODODOOOOO,0000
00

D(f(A) = (¥ eH: [ IFN)Puu(ar) < oo}
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000000.00 fO0000000000 f(A)DODOOOO. 00 e 4 = [¢ ™ E(d)).
00 zeC\ROOODO

(A=) = [ - E@) (6)

— 2
O A0 resolvent O OO.

[V]0OOOOO0O0 ADDDDD0000 {E@A)}D [2 E\)=ER)=I00000
000000. 000 [yE(@\) =I000000000000S0 A0D0D0OOOOO
Ospectrumd 0000, S=0(4)000. 000000

o(A)={ eR; Ve >0, E(A—¢,\+¢)) #0} .

o(A)00000 ADO0DDDOOOO,000000
00O
Oess(A) :={N€R; Ve >0, TrE((A —&, A +¢)) = o0}

0 A O essesntial spectrum 0O 00O,
oais(A) :={AeR; >0, 0 < TrE({A\}) = TrE((A — e, A +¢)) < o0}

0 ADO discrete spectrum 00 0. 045(A) 0 ADDDDDOOD,00000000 o(A) O
00000000000000, 0gsl(A) =0(A)\oes(A) DO0OODO.
A0DD0DODOOOODODOOOOOD HOOOOOOO N, H, 0000000 H, O
0000000000000, 00

He ={¢ € H; py(dA) = (¢, E(dA)y) 000000 }

000. 000 ue(d\) 00000000000y eH 0000 He, 000000000
O¢yeHOOO0O Hee 0000 Hee, Hee 00000 K. OOODOODODOODOODOO
0o,

H="H,®H,=Hp® Hoe ® He (7)

D0000.0000000 AQ H,y, He, Hee, Hee 10 000,000000000000
00000000000, 0000 spectrum 00000 6,(A), 04(A), 04c(A), 0.(4) 00
00,A0000000,0000000,000000000,000000000000.
A00000OOOOOOO ADOOOO.,(A)=A0000000000.

VI OODODO0O0O0O0OH=H,=L*RH,0000 H=H, =/4(ZHO, 0000000
OO0D00000000 Schrodinger 000 A= HOODODO tight binding model A =hr0 00
O0O,D. Ruelle DOOOOOODOOO

00 1.4 ([32]) |¢| =100 vy e OODO



() veH,0000000,000>00000

nf / itA 2 el >1_
I

obob R>0000000000000.

(i) vy e H.OOOODOOO,R>00000000000000

lim _/ dt leitAyp(a)|2dz = 0
|z|<R

gbobooogogon.

Ooboo0 vyeH, 0 HOOOOO,yvyeH. O0HOOOOOOOO.

1.4 ODO00OOO0LOOobOOoooooob.oooon

00 14(1)000000,0000000000000000000O0O0O0O0OOOOO
000000o0o0o0O0o00oD (1) ooooo0ooooooooOoooO,0o000Ooooo
oooobooboobo. oboo,oboboobooooboAbObDObObDbOOOOn
gooo.

OOoboooboooboooboooobooooOo,00bbogoog tight binding model O
gbobooogobbooggobbuogobbobuooobobbuoo.gbboooobooa
gboboboggobobbuoooobobooogoboboooobob,ogooboboboa
000000000000000.0000 Stollmann 37/ 00000000,

d=1000000000:
(i) Goldsheidt, Molchanov, Pastur [15| 0 100 0000000000000 00O0O0OO

2

Hw:—ﬁ—l—F(Xt( w)) (—oo <t < o0) (8)

000 100000000000000000. OO0 {Xy(w)}OODOODDOOODODOOO
000 MOOOOOOOOOOOO Brown OO, F(z) 0 MOO C*000000000O
00 inf, F(z)=0000000000. H, O spectrum 000 10

o(H,) = [irxlf F(x), oo) = [0, 00)

000.00000 H,000000000000000000. 0000 {X,(w)} 000
00000000, {X,()}000000000000,00 F(z 00000000000
000000000000000,00000000.

(i) Molchanov [26) 0 [15) 00000000000 A, 000000,00000000
00000000000000000.



(iii) R.Carmona [4] 00O (i), (i) DO00O0000D0000O00O0O0O0O. Carmona 00O
00 Kotani [22] 000 O0O0O0O0OOOOOO.

d>1000000000
d>10000 tight bindingmodel h DO ODODOOOOODOOO 1980000

1. B. Simon, T. Wolff [35];
2. F. Delyon, Y. Lévy, B. Souillard [§];
3. J. Frohlich, F. Martinelli, E. Scoppola, T. Spencer [10]

goooooooooooouoo,oooooooooo. oo [10]DDDDDDD
[11]DDDDmultiscaleanalysisDDDDDDDDDDDD Anderson 00O O0O0DOOOO
DDDD,[35], [8]DDDDDDD [11]DDDDDDDDDD Green O 0O (hw—z)_l(:z:,y)
a |x—y|DDDDDDDDDD [22]DDDDDDDDDDDDD (Kotani’strick)DDD
goooooodao.
001994000000 H:LQ(Rd)DDDDDDDDD Schrodinger O 0O O
d 82
H=-A+V(@), A=Y - (9)
j=197j
00000 Anderson OO0O0O0O0O0O0O0O0DO0.000D0D0O000O Stollmann[B?]DDDDD
0. odoooouoooouooood V(I)D,{Ux;ZL’GZd}DDDDDDDDDDDD
oo
V(z)= Y vf(z—y) (10)

yeZa

gbbboodgobbb.oogbobouoan

1. random tight bindin model h OO OO, De=10000W O0000000O0O,d=1
ooooobooboooooog. oo AODODO 10O0ObOO0000oooog, ™
0000000000000 0O0000. WoooooooooooooOg a(h) =
W —-2d,W+2Jd 000000000 AOODOODODOOOOOOO.

2.(9),(10) 000000000000 Schrodinger 000 HOOODO,O o, O [0,W] 0O
00000000,00 fz)0DOODOODO [0,1¢000000000,0,110000
=0000. 0000 HOOOOOOOOe(H)=[0,0c) 000000000000
Oo00o0ooobooOo,0ob0o0booboobooboobooooo.

000000 tight bindingmodel h D000 W OOOOOO, o(h) = [-W —2d, W +2d]
0000000000000000000000000000,0000000000 A0
000000000000

Abrahamset al. [1|000000000000000,d<20000wW 0000000
0000000000000. 000 d=100000000000000.000 4> 3
000, wWO0O000000000000 (mobility edge) E, 00000, 000 [—E, EJ



gbooggboboogbbog,bogobbooobooobboooobooboog,
obooooboobb. FOo0dbooboobooobooboboooobon.

0000000000000000000000000000000000000000
0000000,00000 (Yoshino, Okazaki [41)) 000000000000 (Wiersma
etal. 40)) 0000000000000,

Dynamical Localization 000000, 000000000O0O0O0O Anderson 00O
OO00DO0bOOo00oo0o0ooooooooooo.

00 1.5 ([12]) random tight binding model h, OOOO0 W OODOOOO, h, O0O0OOO
0000000000000.00000000000000 ICR,000¢>0000,
0>0000000000,¢ e 3(Z) 0 [¢(z)| <const.e”®l O0O0DDDOO

supH |X|‘1/2Ew(I)e‘im"qﬁH2 < 00

t>0

O0000.o000 E,()0 AR, 00000DDOO.

00 ¢=600000060>00000 [¢(z) <conste™ DD0DDD, 000000
O000000000 IcROOOO ¢>00000000. 0000, Anderson [2] 00
O000000000000000000000.

1.5 Ergodic family of operators

Schrodinger 00000000000 O0O0DODO Anderson DO00OO00OO0OO0ODOOOODOO
O0.0000000000000000000000 Schrodinger 00000O0O0O00O0O
oooo.

obobobooboooooboobooboboboobooboooboobobob,bobd
Ooooobobooobooboooooobooboobooob0ooboDbO0. boooobDo LA
Pastur 29 000 0000000000. 00,0000000000000 H=/(2Z%,0
ooo

)@ = ¥ b(y) + Vale)b(a) (1)
yily—x|=1
000000 tight bindingmodel D0 0. 000 {V,(x); x €Z¢} 0000000 (Q,F,P)
Ooboboboooooboobooa.

0010000 (QFP) 0000000000000 {T,; xc€Zy 00000000
Vo) =V,(z+y) (r,yeZ) 00000. 000000

(i) 000 ze€Zz‘0000 7,0 QO00000000000,T,=/000000, T,y =
T,oT, (z,ycZ%. 00 7, 0000000 T_, =T,

10



(i) 000 z€Z4, 000 Ae FOOODO T-Y(A) € F OO P(T:(A)) = P(A).

(iii) Q00000 Ae FO {7,}-00,0000 T, (A)=A,VzeZ?, 000 P(A) =0
000 =1.00000000

00 (i) 000000000

(iii)’ (Q,F,P)00 [~o00,00-00000 Flw)O {T,}-00,0000 FoT, = F,Vz € Z¢

000,00 FOOOOO P(F(w)=F)=1.
00000 zeZé0000
(UN))=f(-=z), feH (12)
000000 {U,; 2€Z 0 HOODO witary 0000000000,
hp,w =U_sh Uy, , weQ, zeZf (13)

gbooog.
00000 z€Z¢40000 heo, O R, 00000000D00,00000000000
O0000000. 000000 J=(a,b) 0000

Ay={weQ; Jno(h,) =0} ={weQ; E(J)=0};

By={weQ; TrE, (J) < oo}
000000 Ay,,B, 00000 {7,}—-000000000000O0 O00OCOO 1.000

(&
I

Y= [U{J; J=(a,b), a,be Q, P(A)) = 1}]

Sess = [ULJ: T = (a,b), a,b€Q, P(By) =1}

0000 P-ae weQOO00 o(hy) =%, 0ess(hy) = Xess 000 . hy O Hy, He, Hae, Hse
00000 R (8 =p,cac,sc) 0000000 hy,, =U_,R°U, 0000000,0000
spectrum 000000000000, 00000000000000.

00 1.6 (Pastur [29]) RODOO0O00 X, Yess, Xaiss Lp, 2es Daes 2se JO0000 P-ace.
weQDO0O00
U(hw) = Ea Uess(hw) = Zessa Udis(hw) = Zdisa

Up(hw) = Zpu Oc(hw) - ch Uac(hw) = Zacu Usc(hw) - Esc
ooo.
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00 000000000000000.
(,b) €Y 000 P(A@y) =1, 00000 10 (a,b) C o(hy)®. a <b O (a,b) C e
00000000000000000000, % ce(h,) 000 100000. 00,0
000 SO00000 £=50000000000.AeS5000000 e>00000
P(Ap-cnie) =0000.e=1/n,n=1,2,... 000000000000, AeS000
0010 Aeo(h,). 00000 10 SCo(h,). 00000 10%=5Cco(h).

00000 A, O00D0O0,00 Hilbert 00 HOOOOODOODDOOODOOODO A,
0,HO00000000000D0000 {U,;; x€Z4 0000000

Ar,, =U_,AU,
000000000000000000 ([17)).
00 1.7 ([29]) {E,()} 0 h, 0000000000000, 00000 JOOODO
P(TrE,(J) =00) =1

000
P(TrE,(J) =0) =1

DoOoooOooooooog.
00 FE,d\) 0O h 0000D00000D0DOO0OODODO JOODOO
Ero(J)=U_E,(NU,, x¢€Z°
D0000. 000 Fyw):=trE,(J) 0000
Fi(T,w) =tr{U_,E,(J)U,} = trE,(J) = F;(w) .

00000 (i)’ 0000 My € [—o0,00] 00000 P-ae. w0000 Fy(w)=M, 00
0.0000M,=0000 =cc000.00,{8,; z€Z} 0 H=(2(2) 000000
000000000000

FJ(w) = Z <54r7 EW(J)6x> = Z <U:v607Ew(‘])Ux60>

x€Z4 x€Z4
= > (00, U Eu(J)Uso) = > (b0, Erye(J)d0) -
x€Z4 x€Z4

000 m:=E[{s, E,(J)&)] 0000,7, 000000000000 m>0000

MJ = E[FJ(CU)] = Z E[<(50, Ewa(J)(s())] =00 XMmMm=00 .

x€Z4

m=000000000 My=coxm=00x0=0.

12



018000 weQOO0OO A 0000D0000A, 00000O00O0ODODOO0O A/
oooo,b00d AeROOOO

PAcAl)=0.
00 J=[M\NN={\}00OOOO0ODOO0O0OO0OO0O 1700
PA e A)=P0<TrE,({\}) <o) =0.
0 1.9 P-ge. we Q0000 ogi5(hy,) = 0.

00 00 £600,00000000000 S 00000 o44s(he) = Sas 00000
0000.000 %4 #00000 AeXy 0000

1 =P\ €ogs(h,) <PAeA)=0
000, 00.

0 1.10 0000000 1000 tight binding model h, OO OO0, 000 Ae R OO0
O P(AeA,)=0.

00 d=1000000 hy =X 000000000020000 A, =A/.

0000 (FP)0000Q=R% = {w = (wy)peze; w. € R} OO, FO ROD Borel
o-field BR)DOODOOO F=BR)®?' POROOOOOO v(d) DOOO0O P = %%
000. w=(we; 2€Z) QD000 V,(z)=w, 000000 {Vy(2)}, 000000
D000 vO00000000000000. 000 2€2% w=(v;yeZ) DO
0 Tyw = (wepy)y 100000 7, 000000000,0000000000 {7,}000
0000000000000, V() =weyy =Volz+y) 00000. 00000 100
000000000000000000000,0000000000000000000
0,V(x)0000,00000000000000000000000000000000
00000000000000.

000000000000000 {7,} 0000000000
0000 FcZzi00O0 B,eBR),ze FOOOODO

C={w=(w;) €Q; w, € By, v€F}

O0000000 cylinderset DOO. cylindersets 0000 COO0OO0O,c—00 F =
B(R)®ZdD CO00000 o—0D0O0000000D0. 00000000 P=1v9%"00
00 cylinder set C ={w = (w,) € Y% w, € B, x € F} 0000 P(C) =[lepv(B,) OO
000000000000 00boooobo0. boobo0n0 Kolmogorov OO OOOO
Oo0oooooo. O

13



000 A BeFO0OOOO

lim P(AN(T,B)) = P(A)P(B) (14)

jal—o0

00000000000, A, BOOOO cylindersets D00 |¢( 00000000, AO
BO0O0,000 PAN(T,B) =PAPMB)ODODO. 0000 cylinder sets O disjoint
wmion 1000000000000 A0DDOO,ADQ FOOODOOOOOOOOOO,
A Be ADODODODOOOOOOO (1400000.000 A BeFOOOe>0000
00000,4, BeADDODDOD P(AAA) <&, P(BAB) < 00000, O00O000O
0(14)000000000000000000.

000 AeF0O {I,}—-000000

P(A) =P(AN(T,A)) = lim P(AN(T,A)) =P(A)?,

|z[—o0

000 P(A)=0,000 =1000.

1.6 Density of states measure

00000000000 W.Kirsch 0000 [19)0000000000000,0000
gboobog,b0bobdoggobood.

00 1.11 (R,B(R)) 00000000000 {v,} 000 vOOO0O (vague convergence)
D0DO0,000 peCy(R) 0000

lim | o(x)vn(dz) = /R o(2)v(d)

n—eo JR

O0000000000. 000 Co(R) O compact support 0000000000000,

Z'00000000,0000 2L, L=1,2,...0 d000000 A, 000. (AL =
—L,LYNZ%) h, 0 §1.5000000000000,A, 000000000 {E,(d\)}, O
reA,00006,0000 h, 000000000 #0000

HAN) = (B, Bu(dN),)

oogd
vy (d\) = Zuxd/\

‘ iEGAL
O00.0000000oo0ooooouoooooooooooogogg
00 1.12 P-ae. w 0000,0000 v¥(dN\), L=1,2,...000

v(dX) == E[{do, E..(d))do)]
Ooooboo.»,vy 00000 ROODODOOODOOOOODO.
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00 1.13 00 v O h, O density of states measure D0 0. 00 N(E) :=v((—o0, E]) O
integrated density of states D00 . 0000 P-a.e. w OO OO

lim 1 ((—oo0, E]) = N(E) (15)

L—oo

0 N-HOODODODODOODO FOO0O0O0ODOOO.

OO0O00000 tight binding model O density of states measure v DO DO O0O0O000OO
ooo

00 1.14 (i) P-a.e. w0000 o(h,)=supprv. 000000 ROOOO mOOO0O
supp m:={z € R; m((zr —e,2+¢)) >0, Ve > 0} .

(i) N(E)D E0ODODOOOOOO. 00000 (15) 00000000 E0O0OOO
ooo.

00 (i) O tight bindingmodel 00000, 0000000000000 O0OOOOOO0O
0000000000000, ()0 A 000Z¢00000000000000000.
0000 11200000 z€Z4000000 X 0000

v({A}) = E[(do, £,({A})do)] = E[{do, Er,({A})d0)] = E[(de, i, ({A})d2)]
000

v({\}) >0 < P(TrE,({\}) >0)>0
& P(TrE,({\}) =) =1
& PA\OODOODOODOOOOOO)=1.
00 1.14 00 tight binding model h, 00000 v(d\) O point mass 00000, 00O
o0 17ooobod,gbobo0 Agobob xbooobooooobuoobobooo o

OO0. 00 ANO00000O000Db0b0obboOn0 obOD tight binding model O 0O OO
0100000000000000 AOO00O0OPANeAN=0000.

0o XALDDD A, 00000000 A, 0 A, 0000 hﬁD
thu:XALhWXAL (16>

0000000. A-000000000000 3(A)=CA 0000000000000
000000000000 {EY(An)}» 000000.

15



00 1.15 0 ac ROOOOO unit mass O 6,(dx) OO0,
1

|AL|j21 !
good, L—-oc 00000 vO v OOOOoog. oo FeRUOOOO
1
lim —— #{j; E;j(AL) < E} = N(E) . (18)
L—oo |Ay]

density of states measure v(dE) 00000000, 000000 n(E) O h, O density
of states 00 0. v(dE), N(E) OO0 n(F) 00000

e n(E)00DDO0,00000D0OOOOO

e 1IJUDODDDDODODOOOO N(E)ODDDODO (Lifschitz tail) 000000

000000000, 0000 Kirsch [19], Veseli¢ [38], Kirsch-Metzger [20) 000000
oo.

1.7 0O0O0Odd

guooobooooooob oo uooobbboooobb. oo
O000000000000000000D000 Carmona-Lacroix [6], Pastur-Figotin [30] O
00D000. 000000000000 Carmona [5], Kirsch [18], Lang [23] 00000 O
0. 000000000000000000000000000000O0 Jitomirskaya [16]
gooooog.

2 100 random tight binding model 0 0O [
Anderson 0 00000

OO000D0 10000000000, random tight binding model D OO 1 000000
gbooboooobboo.ggbboooooboo

(i) multiplicative ergodic theorem (Oseledec’s theorem)
(ii) Lyapunov 000000

(iii) Kotani’s trick

(iv) Gilbert-Pearson 0 O O

g40000. 000bboboooobbobuoooobbboooboboboboooboon
O00000,0004000000000000000000 Anderson JO00OOODOO
goo.
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2.1 Lyapunov 00 multiplicative ergodic theorem

00, ¢*(Z) 00 random tight binding model

(ho)(n) =Y(n—1)+¢(n+1)+V,(n)y(n), neZ (19)
oooo.ood ry=Eyp0200000000000,000

iDL R S e ] "

0000000,0000 (0) =4, ¢v(1)=¢ 0000 hyt =E¢ 000

R R 2

goboood. gon

Ub(w)y=13 1 (n=0) (22)
Sni1(W) " g2 (W)™ Sp(w) ™ (n < 0)

E—-V,n) -1 1 (23)

Snlw) = l 1 0

O00.00 UF(w) 0000 hy=FEyp OOOO transfer matrix 00000000, OO
0{V,(w); n€Z} 000 10000000000000000O0O0OO. 0000000
0 (0,7 P)0000000000000 {T% neZ 00000000 V,(w) = Vo(T"w)
gbobboodgo.bbuooodobobidn muogn

UE

n+m

(W) = U (T"w)Up, (w) (24)

ooooo.
00,00000d00000 ADO0O00,00000 ||AD

A
4] = sup 1240
w0 lull
00000000. 0000 ||-||0 ci000000n0o0oooon. o
Au, A A*A
HAHQZSup< u, 2u>:sup<u’ 2u>

OO000boboooooogon AsfADOoboo

0< A << \g

17



D000 Al =vA000. 000 detA=1000 det(A*A)=1=]]¢,\;=1000
|A|>1000 ¢d=20000 |47} =||A|00000. 00

A_l —= H = 1 f = — = \/A = A .

wto |luf

000 |AB < [AlBIDDDO (24) 00

1

n+m

@) < 10T @) U @) - (25)
000 YVo(w)=log||[UF(w)| D000 detUF(w)=100 YV, (w)>00000O
Yiim(w) <Y, (T"w) + Vi (w) . (26)

00 21 00000 {7T" neZ} 00000000 (Q,F P;{7"}) 0000000
{Xp(w); k>1} O sub-additive O O

Xpim(w) < X, (T"w) + Xpp(w) , nym>1 (27)

gobobooooon.

log [UE(w)|l,n=1,2,...000000 sub-additive 00 0.

00 2.2 (sub-additive ergodic theorem) {7} 0000000000. {X,(w)} O sub-
additive 00 E[|X,|]] <oo,n=1,2,..., 00000 10

1

lim — X,(w) =7 (28)
n—oo n
gbooodg. bod )
v = }lrzlfl - E[X,] (> —o0) . (29)

00000 Kingman 00 00000,000000000000000000O00O. O[28],
[36] O .0

sub-additive process 0000 (27) 0000000000000 OOOO
Xp(w) = Z?;&Xl(Tjw) O0000. D00000 ~ =E[X;] 00000 sub-additive
ergodic theorem OO0 OO0 O00OOOOOONO

1 n—1

nhjglo " Z Xi(TMw) = E[X)] (30)

gbobboogobobogd.
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sub-additive ergodic theorem O log |UF(w)||, n=1,2,... 00000000 10

o1
Jim — log [UF(@)]| = (E) (31)
goooo.ooo )
1(B) = inf ~ Bllog |UF(w)]] > 0. (32)

00 n=1,2,...0000 Ufw)=UE(w) 000000 (24) 0000 n4+m=0000

UF(w) = U, (T~"w)™" (33)

n

000000000, T=7""0000 {T”}DDDDDDDDDDDDDDDD,

rTE
Un+m

() = U (T"w) Uy (w) (34)

goood. gd

o1 o
inf —Fflog |UF]]

e ~ e 1 -
inf — Ellog [|U;||] = inf —~ Ellog || (U, o T") "]

. 1 E Fn e 1 B
= inf — Ellog||U; o T"||] = inf — Ellog U] = ~+(E)

O00O. 00000 sub-additive ergodic theorem 0 OO0 O0OOOOOODO.

00 2.3 P-ae. weQODO0OO

lim — log |UE(w)]| = +(E) . (35)

n—4oo n|

000000000 Lyapunov exponent 00O 0 .

00 2.4 (multiplicative ergodic theorem [31], [33]) 00O 230000000000
(@,E)eQxRO0000000 0%, €cR*\{0} 00000000000

(i) ve R*\ {0} O ©] 5 [resp. ©_ ] 000000

1
lim — log [|Up(w)v|| = —v(F) ; 36
Lot Lo Ul = —(®) (30
(if) v e R*\ {0} O ©f p [resp. O, 7] 00000000
i 1
lim rlog |[Un(w)vl| = ~+(E) ; (37)

n—-oo[resp. —oo] |TL|

OO0 2400000 deterministic 0 0 0000. OO0, 000000000 multiplicative
ergodic theorem 0 2x2000000000000,00000000000000000
000000 Lyapunov 0000000 €Y, j=1,2,...0000000.
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2.2 Ishii-Pastur OO0 Q00000 OOOOOODODOOO

he ,h 0000000000000 {E,(d\)}, {E*(dA\)} 000. Anderson 00000
0000000000000,

00 2.5 (Pastur [29]) Borel D0 BCRODOOOOO v£E)>0000000 P-a.ew
0000 E“B)=0.0000 A, 000000000 10 BOOOOOODOOOOOO
goo.

oooo (21, [34) 0000,0000 {EF€R; v(E) =0} 000000000000
000,0000 A, 000000000000000. 0000 Ishii-Pastur 000000
0000000000,

00 26 A0 Hibert OO0 HOOODOODOODOOOOOOO,{Ed\N}00000000O00O0OO
O0. ROOOO o(d\) 0 ADDODOOOOOOOOOOO,O00 BorelOO CCRO
0o

o(C)=0 < EC)=0

goboooggd.

{e,} 0 HOOOOODOOODOO,000
o(B)=>_2"(en, E(B)e,)
n=1
gbobbdud oggobboooobn.
00 2770000 ¢ 0000000000,00 C>0,k>000000
W@l <CO+]z), nez (38)
goboooggd.
00 2.8 A0 (11)000000 4000 tight binding model, o(d\) DO O0D0O0O00O0O
00000, 0-ae. \e ROODOD hp= X 0000000000 ¢£0000.

0000000 [1900000g.

OO0 A, 010000000000 random tight binding model DO 0O, QO x B O0OOO
gooo

~log | UE (@)]| = 7(E) > 0} (39)

lim
n—=+oo ’n’

Ay = {(w,E) € Q x B;
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Ay i={(w,E) € A; 64,0 6,,000 } (40)

0000. A :={E; wE)e A} (=120 A0 0w000000000,EcAy00
D0000 htp=Ep 0000 u='[h,¢n]#00 0, 00000000,00 2400

1 o

ngrgoomlogHUn(WUII:—v(E)<0 (41)
000 %(n)0 n—+00 00000000000000. 000000 e ?(Z)000
00 EO h, 0000.00 A4 0000000000.0000000 23000 Fubini
noooo

B\ (A7 \A3)[ =0

00 E€c A\ A 0D0D0D00 hyy =Ey 0000000 u =" [h,¢n] # 00 6F,
©,,0000000000000000,00000

. 1 B

lim —log ||U; (w)ul| = y(E) >0

n—-+o0o |n|

goo

|
lim — log[|Uy (w)ull =~(E) >0

n—=o0 |n|
0000000000000, 00000 0,0 A, 00000000000000 280
0 o,(A?\ A$)=0000000000. 000 0,3 000 10 Lebesgue 00 0000
B\ (Av\ A¢)000000000000,00000 BOOOOOOOOOOOO. 0O
0002500000,

00 250000000000 {E€R; y(E)>0}0 Lebesgue 0000000000
00000.0000000000000000000000 LyapunovO00000000
0000000000000000,000000 100 tight binding model 00 00 O
Furstenberg 00 00000000000000000O0O.

00 29 ([3) 00000000000 {V,(n); neZ}000000000000000
0, Eflog(1+|V,(n)] <o, 00 V,(n) 0000 /0000000000, 0000 E€R
0000 v(E)>0000.

OO0 h, 0000 Anderson OO0 000000000 0ODOODOOODOOODOOODOOO
O0. 000000 A4, 0000000 B=RO0O0ODO0OCOODOO.ODO0O0DO0O0OO0O0O
(21],[34) 00,0000000000 {V,(»)},00ODOOO0DOO0 100000000
000000000000000000000000000000(F)>0000000
Jo00o0b00o00odnD FeROODOOOODDOD. OODDODDODOOOODODOODDODODOOO
gd.d

gogg

P-ae w0000 o,(R\AY)=0 (42)
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opooooboboo. bdU e, bbOooobbO0o0 PODOOODODO @;EDDD
©,p 0000000 240000000000000,000000 hy=~FEp0O0O0O0O
googobogbogbboobougn @I,ED 0, 0000000000000. 00
000000, 00b0ob0od s =FEyOn—-tooOOOOOODOOODDOODOOODOO
ob. 000 o,,ae. £EO A, 0000000, 00000000000D0OO0DOODOO.
000 §140000 R.Carmona 000000000, 00 (42)00000000000
0000000 Goldsheidt, Molchanov, Pastur 000000 (8) DO0O0O0OO0O00OO. OO0
000 [22]0 (42) 0000000000000 0O0O0OOOO.0ODO0O0OO0O0O0OO0O0OO.

2.3 Kotani’s trick 00O Anderson OO OO0

000 tight bindingmodel DI 2000000000000, 200000000000 Weyl
gbobbuoooobbbuog.gobbodooon

00 210 h,000000000 EdN) O AOOOOOOODOODOO
a(dX) = (0o, E(dN)do) + (91, E(dN)61) =: 00(dX) + 01(dN) (43)
oooooOo.
OO0 ([3]) OO {p(N)}n, {¢.( M)}, 0000 p=Xp 00000000000
po(A) =0, pi(A)=1; @A) =1, ¢a(A)=0
O00000ooo. p,(\),¢.(\) 0 ANODOOOOOO.O000000000000O0
pn(h)d1 + qu(h)0o =0, , nEZ. (44)
00 n=0,100000 (44)00000000,n>1,n<000000
hé, = Ops1 + 01 + V(n)d, (45)

00000000000o0o.
00 o(B)=00000,0000 (44)000

I1E(B)&|* = (do, E(B)&) < o(B) =0,

|E(B)é1||* = (61, E(B)é1) < o(B) =0 .
Oo0o0o00d neZUO0d0O0O

B(B)S, = B(B){pa(h)6 + 4u(h)d0} = pu(h)E(B)S: + qu(h) E(B)3y = 0 .

000 E(B)=0000.00 E(B)0OOO ¢(B)=0000000000.
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00 2.11 ([22]) random tight binding model DO 00000 {V,(n); n € Z} 000 2.9
O000000000,000000 V() OOODODDDODOOOOOO0OO plvy000D00ODO.
00000 {V,(n); neZ\{j}} 00000 F O sub-o fieldd G; (j=0,1),G=G, NG,
goboobod 10

EZ[o"(dN)] < 2lpl|cd - (46)

00 (46)00000000000,neZ\{0,1}0000 V,(n)DOODOODOOODOO

0,V,(00),V,(1) 000000000000 6*(d\) =0%(d\) +0¥(d\) 000000000

0D00.000000000000, 6¥(d)\), o¥(d\) 00000 V,(0),V,(1) 000000

O0D000000D00 Lebesque 00000000000 ODODDOOOODOD. 0O0ODOO
he = hy — V,(0)d,

0000 resolvent identity 000, ze C\ROOOO

(hy —2) "t = (hy — 2) 7 = (hy — 2) "V, (0)0g(hy — 2) 71 . (47)
oooond
9(2) = (do, (hw — 2)00) »  §(2) = (do, (h — 2) ") (48)
oggno
9(2) = §(2) = Vo (0)g9(2)3(2) , (49)
oooond ~( ) .
99 = L0506 ~ o= (5 (50)

000 2=¢+ie,e>00000 Sg(2) >000 S(—g(2)7')>0. 000 —g(2)' =a+bi
D000 b>0000,a, b0 {V,(n); n£0} 00000000. 000

Sg(z) = a§ _dz _/ A—52+82 o5 (dX)
(o o)~ o
Vo(0) = (=g(2)71) (V,(0) — a)? + b2
oggno VW(O)DDDDDDDDD

€ ol - ™ b
/m EQ[op(dN)] = /_OO m p(v)dv

€
< ol = [ gy aloled®
OO000boboon ¢eR,e>000000000000A0O
EJ [0 (dN)] < [|plld (51)

:\S

gooo,doooooon
EZ [07(dN)] < |1p]loedX (52)
gdood.
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00 212 ([22) @xROODO0D00 DOOO s O00GxBR)0O0O0O0O00O0

// “(d)\) // P(dw)ES[o"(dN)] . (53)

00 D=BxC,BeG, CeBR)0D00ODO

S PldIr@) = [ ()
BxC B

= [ 1s((@a)eron) / “(CIP((V.(0). V(1)) € dugdvn)

OO0o00o0. 00 pOo0ooooOoooOooo disjointunson DO O0ODOOO0OODO0O. OO
O monotone class lemma 0000000 DegGx BR)DOOODOOOOOOO.

00 2.13 (Anderson 00) 00000000000 {V,(»)} 000 (211)000000
0000,00 10 A, 000000000000, 00000000000000000
0o.

00 h, 00000
hy = hy — V,(0)60 — V(1) (54)
000,000 hywy=FEyp 0000 transfer matriz 0 UF(w) 0000

Ay = {(@, )l —log [TE ()] = (E) > 0} (55)

+o0 |

000000000000, 0000 A4 egxBR)ODODODO00O. 0000 y(FE)>00
0000 FeROOODODDOOODOODO Fubine 00000 P-ae. wOOOO R\ AY O
Lebesqgue 0O O 0. OODODOO 21200

/g/gkﬁffxdk)::A;A“ATEgb%dAﬂ::O. (56)

gbobobuoogobbbdooan.

2.4 Gilbert-Pearson DO OO QOO

00000000 100 tight binding model h 0000000000000 hp = Ey
000000000000000000000000. 000000000000000
00 Gilbert O Pearson 000 ([13], [14]) 000. 000 1000 Schrédinger 0 00
—d?/da? + V(z) 000 OO, tight binding model h 0 0 0000000000000
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00 214 000 Wp=FEyp 00000 ¢° 0 400 [—oo] D000 subordinate D0 000
hpy=FEy 0OO0O00O00O0O00O0O0O0O0O0ODODOOO

191

obooooobooob.bod N>00 N<oDOOD

=0 (57)

ol =X w0 000 0= 3 )l (58)

goo.

tight binding model h 1000000000 {V(n)}, 0000000000000 00O
O,Weyl 00000000000 20000 =2 000000 400, —co0000 2
000000004,y 00000000000000000. 000 4ec00000
000000000000 AO00000000000000000. 000000 k=29
000000 +oo[-00] 0000200000000 subordinate 00 0.

00 2.15 m(d§) O R OO Lebesqgue 00, v(d§) 0 ROODODOODOOOODO. Borel OO
S O v O minimal support 00000 v(R\S)=000,rv(A)=00000000 Borerl
00 AcSOD000 m(A) =000000000. SO (m+v)- null sets 000000
goobogd.

00 2.16 ([13], [14]) 100 tight binding model h 00000000 o(dé) 00D0O
O00000O0Od Lebesgue OO0 0 = 04 +0, OO, My, M, OO OO0 04, o, O
minimal support D0 00 m-null sets, D000 (m+os)-null sets 0000000

() Mye ={F€eR;, p=EY O +000000 subordinate solution 000000,
000 —oo 0000 subordinate solution 00 000 } ;

(i) My={E€R;  =FE¢y 0 400, —co0O000O0DOO0O subordinate
0000000ooo .

0000 211 000000000000000. 000000000 2000000
(V,(0),V,(1)) O {V,(n); neZ\{0,1}} 0000,000000000000000000.

00 2.17 ([24])) OO0 211000000000000,00000 JCcROOOOOOO
gooo

(i) m-a.e. E€J 0000

P(hs =By 00000 ¢, ¢ 00000 I[P < o,
YL ()P < o0) =1
dooooo, Paee. w0 A, 0 JOOODOOOOOOOOOOOO.
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(ii) m-a.e. E€JO0O0ODO

P(hoy = Eyv 0O —oo 0000 subordinate solution 00000, 000
+o00 0000 subordinate solution D00 0D0) =1

000000 Pee. w3000 A, 0.J00000000000000O0O0OO, J
00000000000 o,(dE)/dE > 0.

(iii) m-a.e. E€cJ 0000

P(ho=Ey 00000 ¢,,%. 000000000 + 00, —00
0000 subordinate 00 30 |i(n)]> =00) =1

OoOobood P-ee. wdOOO A, 0 JO0O0O0O0ODOOODOOODOOOOOO.

OO0 218 QxR O 4000000
ST :={(w,E); hytp = By O +oo [—oo] 0000 square summable 10000 }

SF :={(w,E); hutp = E 0 +o0 [—oo] 0000 subordinate 00D D00 }
0000 ¢xBR)OODO.

gbobouooggobood.

00 (00 2.17) ()000 Fubini00 000 P-aee. w0000 J\(SFNS;)¥ O Lebesgue
000 0. 0000000 218000 21200 P-ge. w0000 0%, 0 (SNSy) O
O000000. square summable D00 00 subordinate 00000 2.16 (1) 00 o¥ O J
O000000000. 00000 216 (wWi)00 ¢, 04 0000000000000O
0.000000,-ae. F€eJOO0O0O hyw=FEyO/(Z)00D0OO0O0O0O0O,E0 A, O
goodod.

() 0000000000, Pae w0000 0,((SfNS;)¥)=0000. 00000
00 216 (i) 00 o, 0 JOODODODOOOOOOOO. O0O0OOOOOO 216 (i) O
Fubine DD OO0O0ODODODO.

(i) 00000000000 P-ae. w0000 0,|, 0 JOOO0O0D0O0O00O, J\[(SN
S)¥|0oboooo00. 000 o,-ae. E€eJO R, 000000O0O0OCODO.

OO0 21700000 Anderson D000 0O0O0OO0OODO. ODO,000 FeROOOO
v(E)>0000,000 hy,e =FE¢y 0O P-ae. w0000 400 000000000000
0000 —co 000000000000 O00OODOO0O0O0O0O0. 0000000 217(3) 0O
ooooboo,s, 00000DO0OOODOO.OD0ODOOOO 2800000000DO
goboboogogo.

00 2.17 0O tight binding model DO O OO, Kotani’s trick D0 OO OOOO0O0OOOOO
01000000000000000000000000000 ([24)). booooOooOO
OOo0oobobo0oo0ooboooobobooooboooobobobooboobogooo
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00 219 ([24]) (i) H, O (8 0000000000000000000000000
HF =H,-Ft0000. 000 F#0000000 10 o(HF) = (—00,00), 00 HE
goddoooooooooob.

(1)) {B,(t)} 000 Brown OODODO. DO0O0O0DDOOO {B,} O white noise 10O
O00.O0xk>0, F>00000000

u(0) cos @ + u'(0) sinf = 0

000 L3[0,00) 0000000

d2
Fo _
ooooo,
(0) 00 10 a(HE" = (~o0,00);

(i) F=0000 HFfOOODO 1000000000000, 0000000000000
gobooogg

(i) 0< F<x2/2000 HA OO0 1000000000000,00000000 u(z)
0000 é>00000000000000

u(z)® = O(x_(l/g)_(“2/4F)+5) , T — 400,

r+1

lim inf x(1/2+(”2/4F)+5/ lu(t)|?dt >0 .

T—+400 z

(iii) F>x2/2000 HFY 0OOO0O0O0OO00O0O0OO0OOO.

3 Uuoogon

density of states n(F) = N'(F)0§l.6 000000000000 0O0. AFODOOOOO
obooooobooboo 11500 Lbooobgo

8{j; EY(AL) € AE} =~ |AL|n(E)AE .
Oo0000 A, 00000D0DO0DO0O00 ADO

1
A~ ——+000
n(E)|Az|
gdopooog.gpooggoooguoooogooooooboooogoobooggooog
0o0o0ooooooooo. oooooooboooooo, A, 000000 ¥Xooooo
O10 FO0OOCOO
& =7 (B.w) = |AL|(EY(AL) — E) (59)
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ODoodooooooooooood. 0 g obo0 wmitmass 10000000000
0 O 0O O point processU]

€h(dr) = Y b (dr) (60)

O L—-ocoU0000000ODODODODODO. ODODODOO Molchanov OO OO
gooodadg

00 3.1([27) (000000 /000000000000000000 H, 00000
00000000 [0,[)00000000 HL, OODOOODO0OO0 {EXw} 00,0000
00 ¢(de) 000000,000000 m, 000000000000 L,...,1, 000
0000 ky,....k,>00000

. ‘ c o (n(E)|L])k
Jim P(EA(L) = ky, j=1,....m) = [[ e UEINLDZ (61)
j=1 i

0000 point process E&(dx) O Poisson point process 000 00000000. OH, O
0000000 density of states 00000000 DOOOOOO. O

0000000000000 00000000.00¢, 0000 ¢,=0(L)000O0O0O
0¢000000,0010,L]O000O ¢, 000 Dy,...,Dy0O0000. Molchanov [26] O
HLOoDOooOOoO,[0,]000000000000000000000000D000O000
ooooooooo.oooooooobooooooooo py;ooooooooo, D; 0
O0000o0oooooooooooon0o. ocooooooo0o0o000 H, 0 D;0000
0000 HY 0000 HYY 00000000000000, HEO HY, j=1,....NO
oD, bboogddd spectrum U HY O spectrum U O OO0 O0O0O00QOOoog.
0O OO Poisson point process OO UDOOOOOOOOOO. ODOO,00000 Poisson
0000000000 bO0o0o0oooobOooooooooon.

Molchanov OO0 O O00O0O0OOD0OODOODODODO,000O0OO0ODOO0ODOODOODOOO. An-
derson 0000000000000 D0O0DOO0ODOODO0OD tight binding model O O
O00D00000ooobOoooooooooooooon

00 3.2 ([25]) AL O d OO tight binding model 000 Ap = 1[0,L]" 0000, {EF(w)};
000 spectrum OO0 0. D0000000000{V,(2)}eze 000000000 0O0OO
00,000 V,(x) 00000000000 p(¢) 000, 0000000 |pfe DOO0D
000000 large disorderd . 0000, h, O spectrum 000 E O n(E)= N'(F) 00O
000000000, (59), (60)0000 €6 000000 Molchanov 0000000 DO O
good.
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P(Trxy(h) = 2) < =°|lp|*[J*(L)* . (62)

0000000000000 00oooOooO (9, (10)0000o00oo0ooobooo
0000000000000000000,0000000 ([7)). 00000000000
O0000,0000 tight bindingmodel 00000000000 O0OODO (62)0,0000
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Ooon

1]

Abrahams, E., Anderson, P.W., Licciardello, D.C., Ramakrishnan, T.V., Scaling theory
of localization: absense of quantum diffusion in two dimensions, Phys. Rev. Lett., 42
(1979) 673-676

Anderson, P.W., Absense of diffusion in certain random lattices, Phys. Rev., 109 (1958),
1492-1505.

Bougerol, P., Lacroix, J., Products of Random Matrices with Applications to Schrédinger
Operators, Birkhéuser (1985)

Carmona, R., Exponential localization in one dimensional disordered systems, Duke
Math. J., 49 (1982) 191-213

Carmona, R., Random Schrodinger operators, in Ecole d’Eté de Probabilité de Saint-
Flour Springer (1984) (Lecture Notes in Mathematics, 1180)

Carmona, R., Lacroix, J., Spectral Theory of Random Scrodinger Operators, Birkhauser
(1990)

Combes, J.-M., Germinet, F., Klein, A., Poisson statistics for eigenvalues of continuum
random Schrédinger operators, arXiv/math-ph/:0807.045501

Delyon, F., Lévy, Y., Souillard, B., Anderson localization for multidimensional systems
at large disorder or low energy, Commun. Math, Phys., 100 (1985) 463-470

Dirac, P.A.M., The principles of quantum mechanics 4th ed. (1958) 0000000, O
0oo0ooodoooooooo

Frolich, J., Martinelli, F., Scoppola, E., Spencer, T., Constructive proof of localization
in the Anderson tight binding model, Commun. Math, Phys., 101 (1985) 21-46

Frolich, J., Spencer, T., Absense of diffusion in the Anderson tight binding model for
large disorder or low energy, Commun. Math, Phys., 88 (1983) 151-184

29



[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Germinet, F., de Bievre, S., Dynamical localization for discrete and continuous random
Schrodinger operators, Commun. Math, Phys., 194 (1998) 323-341

Gilbert, D.J., Pearson, D.B., On subordinacy and analysis of the spectrum of one-
dimensional Schrédinger operators, J. Math. Anal. Appl., 128 (1987) 30-56

Gilbert, D.J., On subordinacy and analysis of the spectrum of Schrédinger operators
with two singular endpoints, Proc. Roy. Soc. Edinburh Ser A, 112 (1989) 213-229

Goldsheidt, I.Ya, Molchanov, S.A., Pastur, L.A., Pure point spectrum of stochastic one
dimensional Schrodinger operators, Func. Anal. Appl., 11 (1977) 1-10

Jitomirskaya, S., Ergodic Schrodinger operators (on one foot), Proc. Symp. Pure Math.,
76.2 613647

Kirsch, W., Martinelli, F., On the ergodic prperties of the spectrum of general random
operators, J. reine angew. Math. 334 (1982) 141-156

Kirsch, W., Random Schrédinger operators, in Schrddinger Operarors Springer (1989)
(Lecture Notes in Physics 345)

Kirsch, W., An invitation to random Schrédinger operators, in Panorama et Synthéses,
25 (2008) 1-119, also available at arXiv:0709.3707 [math-ph]

Kirsch, W., Metzger, B., The integrated density of states for random Schrédinger oper-
ators, Proc. Symp. Pure Math., 76.2 (2007) 649-696

Kotani, S., Ljapunov indices determine absolutely continuous spectra of stationary
random one-dimensional Schrédinger operators, in Stochastic Analysis (Katata/Kyoto,
1982), North-Holland Math. Library, vol. 32, North-Holland (1984) 225-247

Kotani, S., Lyapunov exponent and spectra for one-dimensional random Schroédinger
operators, in Contemp. Math., 50 (1986)

Lang, R., Spectral Theory of Random Schrodinger Operators: A Genetic Introduction,
Springer (1991) (Lecture Notes in Mathematics 1498)

Minami, N., Random Schrodinger operators with a constant electric field, Ann. Inst.
Henri Poincaré, Section A, 56 (1992) 307-344

Minami, N., Local fluctuation of the spectrum of a multidimensional Anderson tight
binding model, Commun. Math, Phys., 177 (1996) 709-725

Molchanov, S.A., The structure of eigenfunctions of one dimensional unordered struc-
tures, Math. U.S.S.R. Izvestija, 12 (1978) 69-101

30



[27]

[28]

[29]

[30]

[31]

[32]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Molchanov, S.A.; The local structure of the spectrum of the one-dimensional Schrédinger
operator, Commun. Math, Phys., 78 (1981) 429-446

Neveu, J., Courte démonstration du théoreme ergodique sur-additive, Ann. Inst. Henri
Poincaré, Probabilité et Statistique, 19 (1983) 87-90

Pastur, L.A., Spectral properties of disordered systems in the one-body approximation,
Commun. Math, Phys., 75 (1980) 179-196

Pastur, L.A., Figotin, A., Spectra of Random and Almost-Periodic Operators, Springer
(1992)

Raghunathan, M., A proof of Oseledec’s multiplicative ergodic theorem, Israel J. Math.,
32 (1979) 356-362

Ruell, D.; A remark on bound states in potential scattering theory, Nuovo Cimento,
61A (1969) 655-662

Ruell, D., Ergodic theory of differentiable dynamical systems, Publ. Math. IHES, 50
(1979) 275-306

Simon, B., Kotani theory for one dimensional stochastic Jacobi matrices, Commun.
Math, Phys., 89 (1983) 227-234

Simon, B., Wolff, T., Singular continuous spectrum under rank one perturbations and
localization for random Hamiltonians, Commun. Pure Appl. Math., 39 (1986) 75-90

Steele, M., Kingman’s subadditive ergodic theorem, Ann. Inst. Henri Poincaré, Proba-
bilité et Statistique, 25 (1989) 93-98

Stollmann, P., Caught by Disorder: Bound States in Random Media, Birkh&user (2001)

Veseli¢, 1., Existence and rerqularity prperties of the integrated density of states of ran-
dom Schrédinger operators, Lecture Notes in Mathematics, 1917 (2008) Springer

Neumann, J.v., Die mathematische Grundlagen der Quantenmechanik, (1932) 0 0 00O
O00,000000000000000DO00000D00o0oooon

Wiersma, D.S., Bartollini, P., Lagendijk, A., Righini, R., Localization of light in a
disordered medium, Nature, 390 (1997) 671-673

Yoshino, S., Okazaki, M., Numerical study of electron localization in Anderson model
for disordered systems: spatial extension of wave function, J. Phys. Soc. Japan, 43
(1977) 415-423

31



