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FoumgprpErEY (A1 A [7].%65’.&)9&15_&@%}@
BRABMBESOERKRVWHLEMHMELESE X 5,

Afi TR OV Gauss MM BB TH B EBEET Bo Gauss
ﬁﬁﬁ%ﬂg ViR (1.1) @ t—-c OHEEHIC db X b d 1
D2HhEEVEEEZTREFT,. TOHR,. R4 RBRTOHEEDH O
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CENRE D, RARIODIEAROHRILTEBET 3 : 2
s oFHER (1.1) A SsHPHSLTH B, TH S OHF
Wi BB BHFE ([8]0 Chapter 1V,
Kirsch-Martinelli [8] 2M) o FH&EE2H VW3, s R
DPEEBEDOHLIHK DEX LT

<0 1 —tL(bu.Vo’)D
(1.2) j e *'a(da) = tr{ e

- | D

PRV EEHWSE, T DI DO R.
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DHEHARTH S, (1.2) ROoHFAE2FMT 2 Eickd Th
> DM HESH B

CD note PRBUBOEBBRIXROKRIRIT > T W3 : 25

TR E b o Schrgdinger TERFDODARI b NVEEEZRB

¥ A

D1 20/ EE2H5 X, AR PrOEBENER]I TR T S

[
(A

2R T o BRURAOBEERLEI LILSINUEREALSH T &



31
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2. random MHE 3 % & > Schrodinger f£ i %

COfiTcik [3] &P - T random WREE % & o
Schrodinger EAI R 2 Z XA 5 A0ORTEE5 L. BEAMN LK
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TERESHhhDE P, o o BAKETS. L(RY 2R
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DEH VTEH Q2xR*3 (0. x)=V(o,x)=:Va(x)ER
# Rox B(RO-TMEB 2 b 0NFEHET B, i1) ERO
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it & &, d=12 1% 5 |
lim sup ‘y log(1/ | x=y | )| V(y) | dy= 0

Il x—-y 1l Sa

Rt &, BE Ka KRBT EEIe TBOARBEIK D

loc
Ex LT Vo ¥ Kag KRBT &€& VRBYBEE Ko BT L
loc '

E 96 Ve=max{V,0)}) 8 K 4 B L. Ve=max{—V,0})A K4
ER+ & &.V HMe Re EBRFT EES>. [16] °He K

D T it Schr'o'dinger YE Al % @ potential & LTHEMTH 3

¢

&:bfiﬁ'\‘fon'th%oﬁ’lili‘ﬂéé Ke ogicxticd 3
Schrodinger FAKILESREER>CENMSDT VS,
F&o (b,V)eQ,xKag eyl L2(RY LoftEm %
L(b,V) % C*(RY) LofERA%

1 d 2
f= ——>" = 1bi(x)) T+ V()T
2 )= (9)("

O —>o0oBHAHBIEELLTCERT S ([16] Theorem B.

12.1BM) o Q:=Q1x Q2 ¢ BC o (R, GxRLEER
ME PREDOI>O&EEMELSET S
(A1) (BHHE) %0 Be@xP, & xe R LT
P(TxB)=P(B).
(A.2) (= o — Fi) BEGXx P, HT&HED xeRY x

LT P(T-BOB)=10 i S P(B)=10 » 1,
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(A.3) P(veRa4enNn L 2 (R9))=1

loc

Whahr B D P OFCTERABRDEK (L(b,Ve):;(b,w)E Q) %
Eid. —BMEBEMR L KHLTEOR < kA, AR =
2 PV XA X P, HRAFER 27 P VEI (L)
Zpp(L). 2 ac(L), 2 sc(l) TRDTo

+ 5L 3EFXREB 2. ([3] Proposition V.2.4 2 M)

EE 2.1. L (9, GxF.) LoBBUE P »H (A1),
(A.2),(A.3) 2+ R ol R OBEAE .2 pe.2 ac
Ta.. MEELTHME P cBMLTELEL2TO (bhbo)EQ Kk
M LT (L(b,Va))=X, I 5,(L(b,Vu))=TZ 5o,

T ac(L(b,Va))= 2T ac, Z sc(L(b,Va))=2 s¢c.

SEW. E(A,b, V), A e€eB(R), ZEH%H LODH,V) 0R&RNR
7 b N4 R
E(- .b,V)=Epp(+ ,b.V)+ Eac{+ .b.¥)+Esc(® ,b,V)
% % ® Lebesgue FM EF 50 LOEMEEW T 5 (c & £ &
® A,A€B(R) & # = pp,ac,sc £ LT
{(b,w )€ Q ; tr Ex_(A.b‘.V..)EM=:B
B OT.-RER GxPo 0% ThsCtEREHLE N, &0

A0 B M Tx-AZH P xP, oxTcssdceit b=00
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EEBMELTRES ([310 8§ V.25 S§V.08 M) o 53 & f
% L(b,V) © gauge RZH#icLh Bz GxF., ox7

5. EB D B0

HEic b=0 oBGHBTIHEREZESEHRLTRBRE B

([3] ?roposiiio\a Vv.2.8 & B&)

CER® 2.2, (. GxF.) LomBME P (A1), (4. 2),
(A.8)Z WA B EEXRBEK D AL :

i) 2 assc(l(b,V))= ¢, l;-aos.

i) (EA% L(b.V) @ <2 b VEMEN P-alnost
surely R EBRUA L KEEH 2 & LT 4 & P-almost

surely i€ L(b,V) OB BHE TH W,
BRBIcH 2 ET 3

Bl 2.1. db & deterministic MEH (A B w.c«:t) X
CObEOSBWVW2ZRMABR) . V=Vu()id R LoFER®k &
T T - FPHEELODBERIBET 52, COBE. ReDOEH

AL L (AL D) (AR B AN B, d=2 OB A RETF & —

VR OBMREMNRER T, COCECBELTZ L DO
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e s ([11.I1115) o« £ b o REEEOMBIL » W T
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&

O RSB ([10],[19]) o

Bl 2.2. db(x) & V(x) & deterministic (1l B o I {&

(VL
&

W) T x E2WTRERUAEAWM2b-ANMMEE TS 3 &9
30 COBELILAEOHBETIR DT DB CEHHNRZ &M
MohTW? ([3] §V.3.1 ofl1 BHB) o COIBE. X

NI P AR OVWTOBBEN S5 ([4],05],061) o

3 . Density of states

C ot [13] iK% - T density of states % &H A L .
T 0w o:bx@"f/f‘“ﬁ&iﬁ&ZH W= {w:[0, o)~ R il 4,
v() =0l ER—BREHLEEEL, P" 220k 0O Wiener
MEET 3. BB wit) & PY o FT w(0)=0,
EV¥[wi(t)wl(s)l= 6 15tAs &1 3 Gauss B L $T 3, & C
T E" B P KMTAEHMTH B, (0.GxF2) LoEH
ME P T (A.1)& (A.2) &moéo&z’aﬁf:?é@%%ia

(A 4) 3 >0 Bdb->»TEED t>0 L T

t
prw[exp(- r S V(w(s))ds)] < o,
0

(A.5) P(db:c', veRqUu Cc(R*)=1.
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ST EPY pBRME Px PV lCBé‘?‘%SFi’:]\ C(RY @R
o To %ﬁﬁ!ﬁiﬂ!ﬁi&lﬂ,Qlﬁ:é“f‘& % o

FHE AW D=1 (- ay,as)(as>0) l;:%lgb'c (L(b,V)op,
D(L(b,V)p)) & X #R{E A % (L(b,V),C”(D)) © Friedrichs

R ET B30 ¢ 5 & [15],[16] oMK LD XEHR B :

WA s.1. fEA%E (L(b, Vo, D(L(b, Vo)) BKOHEHD
ﬁ%ﬁ&&%bo': |

- tL(b, V)p
e (x,vy)

t : t
= E"[exp(- ii:j b;(x+w(s))°dw’(8)—5 V(X+W(S))d&>
i=1 0 0‘
1 \d/2 [x-y] 2
x+w(t)=y exp\™
2n t 2t :

C T 7tvop(x)=1inf{s>0;x+ w(s)€&€ D)o C D B X

X X

(7 p(x)>t}
(t,x,y) € (0, )X DXD 2 WTHMBETEH 3,

& (A.4) & (3.1) » S P-almost all (b,w )€ Q I
LT exp(— tL(b,V)p)it L2(D) £ ® MNilbert-Schmidt f
AR THBHBI LB B, - T

pX (L(b.V)D)= )X dlac(L(b.v)D)
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= :{A p.b.v.1S A p.b.v.25 * / o}
ER B ENYEHM» B, B 2 kLT
.
—# {j: XA p.b.v.s= 2}
| DI

No.ow,.v(X ):

EB o TR A oW MMEBETH 26 np.b.v(dA ) %
No.bv.v(Ad ) S5 T B NE LT S5 ME np.b.v(dr ) O

Laplace Z & &£ (np.bv.v,t) 2

- At
£ (np.b.v,t)= j‘ e np. v, v(da )
_ R

1 — tL(b,V)p
= tr e
ipl

E 1B, FHE 3.1 & Marcer D EBEHIC LD

1 — tL(b,V)p
£ (np.b. v, t)= — e (x, x)dx
Ipl “D
EN B, Bic (3.1) LHEERBADICXH T S Stokes' theorenm -

([81,[17]) #HWVWB T Ei&D

S 1 \d/2 t
£ (np.v.v,t)= ( > Xﬁw[exp(—iSdb(x+*)
IDl N2z t D 0
t
—S V(x+w(s))ds ) x w(t)=0}dx
0. (.‘t p(x)>t}

(3.2)
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i | §
jdbh**b = > 5‘(5}:@%)&. &(x-}auiﬂ)ﬂnd% °dS;. x(s)
] (] 0

i(i
~t !
f3.x{t)= —j {2 {s)du*{s)— v¥*¥{(s)dw?{s))

(181.[19]) T 5 B, + 2 & (db.V) HEBE E x 0 o — F
HELoOT db=0 OBALEALEREO AT — FEB

ZAVIRBK IV XROGFEEREREZE S ¢

EE 3.1. P-alnost all (b, )E Q2 KM UL Tap.».v{dd )
B p-R® 0L E{(HLLTOD 25 PEBELI‘oiiTL & &)
% % determlnmistic B (B3 {bw)kEkdsawn) HE

a{dd ) Rﬁﬂﬁ‘i‘%o E!«: a{dd) © Lapliace®ZT #H 12

ﬂ/z
£ h, L) = ( ) exp| 5. db{%)
iz
Yil(s))d)!wh) 0]

{3.3)

THEIAIGHh B,

m‘(d; ) % density of states. M MBAK

¥{a):=a{{— o, 2 1)%

L g
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R density of states D HEHEZ2RBRZ., SBEH
(A.3) 2 RET %20 XROERBKEBMMEVWIBS o 5 B 12 I IE

T dH 5, (I[3] .Proposiiion Vi.1.3 &)

@M 3.1. $&® R LOoEo® C B3 f T compact
mEEbLB. ff(x)2dx=1¢ fxééo:é.&’.’am R oF®«I
Borel #£45 A kLT, f’FFﬂlﬁ fﬁ(A.b.V)f'li P-almost
all (b,w ) ki LT trace class @f’ﬁﬁ%'@&Zao Hic

n(A)=EP[tr[fE(A.b.V)f]])

B DI Do
COMBSRBBRITS D S,

fy BB 3.2. density of states D HIREH 2.1 o I

— X7 3

supp n = X,

Brcocoe P o-Mmikk FPixF: kebERENT
W3 &4 5, b L P-almost all (b,w) &&XLTRARSI b
Voo S RERSK EMADbL, V)N EEBXESE EA,b,V,x,y)

b oo, A 3.1 &b
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n(A)=EP[E(A, b, V,0,0)]
b 4y » 5 ([3] Remark VI.5.1 BH) o —%4 [16] @

Theorem C. 5.2 @ﬁ%@%ﬁ%ﬁtaJ:D.&’&ﬁ%:

ME $.1. b i CMABRT. 5bBEHK k KL T
(1+ 1 x )N V2 HFRET 2. VR Raomwe s
20 T B5LEBOERINT Borel £ 4 A kLT, fEAH
L(b,V) @27 r Vv 3R o BEAEHE EDb, V)IREHEK
BOE EWM.b,V,x,9y)% &2,

E-~TRKREHR B :

@ 3.3, bL P-WE 1 T b CMABRT. 55
b R BER k L LT+ | x1)*IV2(x) I HHR
B, EEOFRMT Borel 84 A KMHLT

n(A)= EPLE(A,Db,V,0,0)]0

4 ., N(2) o @ik %08
COfiTiR 3 HTHMALLLBEK NA) OBEEDEHE
520 7 N(A) O A o OWMEEEEIXZ ([3])

Theorem VI1.2.1, [13] Theorem 7.3 M) o
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EE 4.1, &HF (A1), (A 2),(A.4),(A.5) o F T

d/2
(4.1) dim £ (n,t)(27 t)
ty o

I
[

B I 2o &€ » T Tauberian theorem 2 & b

N(2a) 1
(4.2) lim =

L1 e A 472 I‘(d/'2+1')(27z)"/2

21 %o

EBH. (3.1) ©BWT Viener BB oBELEHR 23 3 & &
T X b

d/2 PX W
E [H(t,w,b, @) | w(1)=0]

£ (n,t)(2x t)
E WK B, T
1 1
H(t,w.b, )= expl— it db(:/_u)—tjvh/_{w(s))ds
0 0 _
Td b PXxPY¥(- | w(l)% 0)-almost all (w.b..w)h‘.iil,f
td 0 @& & H(t,w,b,w)=0 &R B3I ERTECREYHD B,
£ f2 (H(t),0¢t<1) # PxPY(- | w(1)=10) ML T —# &

MO THBCELRD B R W OLED Borel A A

T L T
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EP*¥[ 1 8 (t. o) ] :A | w(1)]

1 12/
< PV Exp(- t Sv(-’ tv(s))d;‘v(lha
0 ,

1/4
X PY(A | v(1)=0)

T H Do T r REHK (A.4) O, q B2/r+1/q=1 &

RB2HH »e [13] ® Remark 3.2 I£ & H

, T 1 ‘
sup EFP*V Expe—t SV(HV(S))G911(1)=]
0<t<1 ' 2 0
d/2 [: 1/12
<2 Pxw expGS V(w(s))dgj
E\ .

T hH B CHREME (A1) XODERTS 3., O

XKiec (1) © A} —~0HEEHEEFEX . RKOEER
{14} o Theo_rem 111.8% @ﬁiﬁ'@&%([ﬂ Proposition VI.

2.2, [13] Theorem 1.1. B H) :

EE 4.2, HBAME P HEHF (A.1),(42).(h5) ERE
BT EF B |
(A.6) P OFT VUHTY o, HF 7 OMHETLAME

Z b D Gauss BERP CTH 5, v R|TBX WV,



(A7) db & V RBITH 20 55V 5EOH & o
BdH->T 6o O/PpEWEBODEDE 6§ IcxLT 6 T
K55 B5EDH Ao Bk »T

PCIREE (L(b,0) rixicar)<a a)=1,

D & &
1 v (0)
lim — log £ (n,t) =
tf) o t2 2

MEK Y IL 26 P » T Tauberian theorem I & b

1 -1
(4. 4) lim log N(A )= ———
R 27 (0)
B DI Do
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. LS oMz b=0 05 ¢EtL{@AULTD 3. H

t

(27 t)2£ (n,t) = EPXV l}xp(—j\ V(w(s))d9 w(t)=3
0
1 trt

= E"Exp(—mt+'—j‘o§7 (w(s)—w(r))dsd1>
2 0

, tz
< exp(—mt+ 7 (0)> °
2

w(t)=0]
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: 1 ' v (0)
(4.5) lim log £ (n,t) = o
tt o t2 2

'F:bxéoﬁmﬁt:tiﬁaﬁ%’ﬁﬂ'ﬂﬁi%,([s] ® Chapter 1V B
B) o FE%2HA w3, b
D(i1)= M ylas. 1. by. 1), ay. 1<by. 1 (1S j<d)
EWIS3SEDO 2 20HE WERREDSTWHE D(1),D(2) kxtl

TEMNBRARARERER XD

-tL(b, V)b (1)+D (2)
trl e
-tL(b,V)p (1) l -tL(b,V)p(2)
= trje trie

LB, O EEMHWB, ¥ B E Kirsch-Martinelli [8]

([3) §VI.1.3) o &b D=[-1/2.1/2)¢ k@ LT

-tL(b,V)p
£ (n,t)2E" tr]e

ER B, BRRNMABAREBEA VWS CLIRED nin{l, & ol

LOMNEVWEROEON 6 wHLT

-tL(b,V)p ~tL(b,V)iix1<e
trj e 2 trle
-tL(b,0) tix1 <3
2 tr|e exp\ —t sup V
ix! <8
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E B, T LP(inf T (L(b.0)iixi<os)< Ae)=1T &

i
-t s
£ (n,t)=e Epi:expC-t sup V>]
| Ix1cs
&3 07T
i
(4.6) linm log £ (n,t)
tf o % 4
i
= 1lim log EPH}xp<—t sup V>:E
t4 o t2 txd <8

18 5. bAH db & v WHIETHBEE R

i

log £ (n,t)

1 ~tL(b,0) vixtcat
2 1lim log Epi:tr[a ]]
tf o t2
1
+ lim log EPExp<— t sup V)]
tf o t2 Ix1¢8

&I bh o Jensen O R F X & Lebesgue DNHEEHEH W 3

R A

1 =tL(b,0) 11 x1¢81
lim log EP| tr]e
tf o t2
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1 ‘ =tL(b,0) tixtcar |
2 EP lim log tr|e
t 4§ o t?

= 0
ER 0T D E Ed (4.6) XN2HBZ, i (4.6) RN B

D AFWMT 53, cO & &PH p=0 tBBELTEV, V %

Vix)=EBLV(x) | V(0O)]+ (V(x)=EBIV(x) | V(0)])
EH MY B BIV(x) | V()] & V(x)—ELV(x) | V(0)]it %k 3T
T BLIV(x) | V(0D & V(O)7 (x)/7 (0) BRABmBMHEL W,

- T

1
1Lim, og EPExp<-—t sup V):E
t 4 o t?2 Ixt (8
7 : ,
1 v (x)
= lim log EPjexpl — t sup V(0)
tz

t 4 o ix1 <8 4 (0)

: i

+ lim log Ep[expét sup(V(x)-E[V(x) | V(O)i@
tf o t?2 Ix1 8

E B V() RECHONE | RREEHRDEILES> 0 TM

1 7y (x)
Lim —1log Epl:exp<— t sup V(O)

tf oo t?2 Ix1 <8 o (0)

2
= inf 7(x)/
| x| <& 29 (0)

B




D

%

8 320 —AH . Jensen DR ERXRETHWBE C &ic&Dbp

1
lim log EPI:exp(-t sup (V(x)-E[V(x) | V(O)])):I
tt o t?2 Ix1 <8 .

1
2 - lim —-—E"[ sup (V(x)-E[V(x) | V(O)]):I

t 1 o t ix1 <3

Wde COHAR 0 ThH B, BE¥RSHE

E"Esup (V(x)-E[V(x) | V(O)]):I
x!1 <8
§2EP|: sup | V(x) I:l < o

I xt <93

Do T db % o J«IJ:{:J:D

1 ' 2
Lim log £ (n,t)= inf y (x)/
tf o t2 | x| <& 29 (0)

|3, 6 1BWL 6’(’5/]‘8(&%"@03'6»
. E al,jj;.;):?tb )
1 y (0)
lim log £ (n,t)=2
tf o t2 2
B/ 3,

WE . C DU T W E AR N R L LT OEA S
N BB O EEILF -~ EEDbDTHFo & CI2/hA K

RoURMEZEOHFLBRHOBERDLAVE BV E T,
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