Jooooogood
-pguoodboouoodoodoogboogoo -

gbboogoobobooogbbouooon

1 0000

goobbboboguoooobobobobobbooogooboooboboboon
gbogbooobogbogoboobuoobbboobobobbuoobbooooan
gbooboooooboogoog

gobobbobooogoooooobobbobboobobobooooooooon
gboggbbogboogbouoobobooboobodbboobuoobboboon
goboobooboboobobobbobbbobbobobiboddouoooooooooon
gboggbbogbobboobboobuoobbooboboooobobboboan
gobobooboboobobobbobbbbobobobobdoooooooooooon
gubodggboggbogobogobogobogbbbobbobooobogan
(Avogadoro) 0 ~ 10 0000000000000 O0DOOOOOOOOOOOOOOO
gobobougobobooooobobooooobon

gbggbuogubobogoboobuogboooboobbobboobbobgo
gbogbogboogbobobbuogboogbbodgbuoobobuoobbooboban
gobobougobobooooobobooooobon

2 JOoboooooooon

21 DOO0Ooooooon

gbogbobuodbogggbobobobouobooboobobobooooboobo
(Schrodinger) 00 0000000000000 O0OOO0DO0DOOOOOOOOOODOOOO
gboggbboboogbogbbobbuoobobuoooboobbobbooboboobn
gbobobbouogobbboogoobobooogbbodoooboboboagn

goboboogobboooobboboooooon

00 x000 =0. (1)

gb0mUdlb0dodgoobbobbboooogubbobboboouoooboboon
gubioddeddbogoubouodbob L0000 bognooogbbd0dn
o000 fO f=—k:0000000000000O0CO0OOO

ma=f, (f(x) = —Kz) (2)

O0000000t000.0000000000000 At00000 x(t+At) ~ z(t)+vAt
OO0000OO0b0b0o0oboooDooobobobooboouoboobooooAtocoogo



O0v(t+A)~v(t)+eAt000AtO000O0O0O0OOO0OOOOODOODOOOOOO

o(t+ At) = 2(t) + v AL, vt + At) = v(t) + a(t)AL, (3)

000 (t) = f(frit)) (000 0f((t) = —ka(t)). )

OO00000bo0odbD AtODo0oboouoboooooobObOobOoOooooboAtoobogoog
OO000t—t+At—t+2A¢,-- 0000000000000 0O0O0O0OOOODOO0OOO
Oo0000ooooooooooooot!

22 QOJO0O0Ooooooon

NOOOOODOOoooOobO ebObDbUO kO00bbOobObOOoOoobboboboboobon
0o1,2--N—-10O0OOOOO/ODOOO0OODOODODOODOOD z,00000¢00O
O/+100000000000 24 —2, 000000000 0O0O0OOOO¢YODOO0ODO
O k(x4 —2,) 0000000000000 020000000 k(x4 —x) 000000
(0¢—-10000000000000000000000000 k(xe-1—z) OODOO
Oooboo0¢=00¢=N-10000000000O0DOOOOOOO

fo=r(@1—x0), fo=r(@e1 —z0) + KT —20), (5)

000000x(t+A)Du(t+A)00000003)040000000000NDOO
000000000000000000000002

02100 (¢=00000snewt0000000000000000000000C0
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
10000 2,0000 100000000000000(00004000000000000
000001000000000000)0000000000000000000000
000000000

000000000000000000000000000022000000 200
0000000000000000000000000000000000000000

23 UD00OUOwOO00O

000000000000000000M\ 0000000000k = goodag
gobooodn k:%”DDDDDDDDD)D2.3DDDDDDDDD k=$(eO0O00

l000000000At—00000000000000000000000000000000000
00000000000000002(t) =A4sin(wt+6), (w=,/Z)0000000000000000
00000000000000000000000000(0O00000000000«(¢)000 x(t+ At)
000000000000000000000000)000000000 (Euer) 0000000000
oooooooo
O000EW.000000 (00)000000000000(000000)p.3900
20000000000000000000000000000000000000000000000
0000000000000000000000000000000000@¢O0”0070000!Y) 000
0000000000000000000000000000
0000000000000000000000 (0000)p.8200

>

2



000000)000000ooooooooooo
gboboboootgilibbugboboboogbodggeebbbogbbbonobn
DDDDDDDDDDwk:2\/%sin27rkaDDDDDDDDDDDDDDDDDDD 10
goobooogobod
F=0000000k=10000000000000O0O0O0DO0OOO0ODOODODOOO
gboggboogboobbogbbogbboobboodboobooobooboan
gubb1lggdbebb0oooobbogbbbooobbooggbobooooan
gboggboogbogoboobbooboogbooudb ebggboobbbon
gobbbuodd egdobbbbbibdebboooobbbuoooboogng
gboblggboogbbog1lboggbbooboooboogboooboboan
gobobboogobobooooobboboooobboooooobooon
gbogobogboogobgostbobnoodbuogoednoe—-1=-040000
guogboeboboobobobobuobuobobuoboobobobuoobo —04000
gboggbuogoboobuogobooboboobbobbuobobbodgd —-0.5~0.5
gboouogboodubbbobogoboogoboooboooboooboobobogan
gobobobo~o0500000000000
O023000000000000000D0O0000ODkO0OD0ODODOOE=skO0
ooboooooooboobobo-cooooooobooooobooobborkb0obOonbO
gogobogobodgobogogogboobbbobooobboobooobogn
gbobobbooggbobooogoooboobon

24 0O0OO0O0OOOO

oboooboooboooboobooboobobooooNDObDbOOoDbOOobDDbDOn
00 NeOOOOOOOOOOOD 100000000 Na/l1,Na/2,--,No/NOODOODOO
obooobooboboNOObOODbOOobObOOobDbOOobooooo

3 Ubooubootuboouboobognon

3.1 ODOO0booobouooobgo

gobobboboboggooooobobbbobodgobooooobooboon
gobbogobobooobbobuooobbboooobboooobbobooonba
guogdobobobobbbobbbbbotbouuoudoooodoooooooon
gobbogobboobbboooobbdoooobbooooboboooboboobood
gbodgbbogugoooobboobuoobboobobooobooboboogan
O0000000000000000020000000000000000(¢=0,4,8,-
0000000 wm=2n000000000)00004¢0000000000000
god

00000230000 4ex2000000180000000000000000
220000 20000¢/=00000000D0O0O0ODOOOOOOODODOODODODOO



gboboogooboggbbo3ilggog22bobbooobooobbooobobodan
gbobobootoobugooobobboogoobbbe=182+x0000000 3.20
O00000(02200000 10000000000000000O0O0O00)DOOO0OO
gboggboogbogboobbobbuoobboobboobuooboboobobon
gboggboggbogbogobouoobbobbodbobobbouoobbooooban
goboboogooboago
gobobbboogooobbbbbooooouobobbouoooooobooboon
gbbouogbboogobbobbogbbuogbos3uuubougbbooobonon
gbobouogbbougboboubobbuoobbuoouoooobooooboog oo
gbboogbbobooobogogbsobbboobboooboobbooobogan
gboboboogbooobboboooobbbog o228 040 ggnbogossud
guogdboobgogbobbbobbbboboboboobouoououooooooon
goooogbbogbbobooobboobbos4000bobooobooobogon
gobobooggbobooooobbboooobbouoooona
gobobbboogooobboboboooooobobbbouoooooooboooon
0000000000000 0000000000000000000o0ooooo?

3.2 OOOOOOOO

goobbboogooobbobobooooooboboouooooooboooon
guodbogob 3dsatgugnbgo2bod,gbogo3ssugbougoooboan
O00oo00ooooooooooo=mO0000000000DOOO0O0O3.5b0
ooogooboosbbObbobObbObD230000000DbDO00O03spOOOO
googb 020000000 oogbbodbogboboogobobooan
gbobobooooogbbobbdgogobb 3sagobboobbbooooon
gobbbooogoboooooboboobbooooobbboooobboooong
0000000000000 00000000000000000000000 (gap) O
goood

00 0250000000000000007 k=e/A0000000000000OO
b0 4000000000 ODOO0O0OOODOODO

Oooboobdsk00d0b00bOo0ooboobbooboboboboobooboooboon
obobooboobooobooboooooo yoboboobob xyoboooboboo L
0000000000000 0L/M+L/X,. 00000000 kK+4k00000000
0s0000000000 4¢/6000000000000000000000Ob=4a0
goododbobd 0200000000000 go12bobobboooooogod
U0 -02000000000.125-0.25=-0.1250000000000000000
gboboboooooboooobbobboogoobobboaz, il
gboogboogubgbbd 0250000 000bgoboooobooooboan

S0000000000000000000000D00000000000000000000000A0
gbobogoooooboobgooooboooboboboboboooobobobobobooboooooon
gbooobooobobooboobooboobooboobn



gbobobouodbibdgapd00DO0O0OL0O 352000000 0OOOO
gbobobboogoobobboogbobbbuoooobboboooogo2gbboanbn
0000000000000 N/4OOOOOOOOOOOO0OO0O0O0ooooooooo
0000000000000 00000000000004xN/4=NOOOODOOO
goobooggoood
gbobobob0degapdddbobbbogoooobobbbooooooboon
gboobobobbougoobbobuogibbbibd gap0booooboogn

3.3 Uouoboooobgad

gbobuogggbbougbbobogobbooobo sedgunobouonoobood
gbobb0d 2000 gapUddbooogooobboboogoobbooobobobogn
2x2000000000000000DO0O0O0OOLDODOO

25 — L’f cos2nka

O00o0200000 gapd0OO0O0OOO 370 KBrOOOoOOoOooOooooooo
Ooo0oO0ooboooobooboooobboobbooobboOooobooOooObOOoOoDoOoTA
00 LADODDODOODODOOODOO300000000000000000000 kO
00000000000 (0D0Olongitudnal, L-000) 00000 (00O O transverse, T-
O00)ooooooooo!

O0000000000000 (Newton) DOOODOOOOOOOOOOOOOODOO
gbobouodgobogoogboogooogobobooobooboooboognoa
nooooooooododuooooooniddil w 000000oooooon
hep0000000000000D00OO0O0O0O(@OOOO0DOOO hDDDDhE%DD
0000)00000000000000000O0O0000O0O00OoOoOOoOoOoooO
guoddogooooooooboboooobobbdoooooooooooon
O000O00O0OO00OO0OO0OOOODOOOOOOOOOOOOO (phonon OO!7)0O0O0O
ODoOb00wO0000000000000000000000000000000O00040
guoboggboobboobbobbuoobboooboooogobbooboan
ooooooaos

103700000000000000000037000000000000000000O0O0O0OOO
oooooooooOooooOooo0o0ooOooooooo? oopoooooOooooOoooDOooooog
gboboobooboooobooboobooboobooboboobooboobo

0000000000000D000000000D0D000D00000000000000000000
ggboobobooboooooobobooooboboooooooboboooooooobooooon
gbooobooooboobood



4 00000000

4.1 0OO0O0O0O0OO0OOOOOOOOOO0OO0

gbogobodbogbogbbobbobbobboobbobbouoobobobo
0000000000000 00000000000 (Schrédinger000)00000OO
gboooggboogbuogoouooboobboobbooboooboooboon
UO0UOgapddgboboogobobooooobbboogoobbuoooboon

O41008S00000000000O0O00O00ODOO0ODODOOOODObOOODO
(000000000000 00000000000000D0D0o0ooOooO)ooooo
gbggbbogbodbobbogbbouogbbodbuoobobobobooboban
goooggboogs3sggobbooobooooobbooobooooooboan
gbodbbddUbgapbOdgbnoboooboobbodbboooboooboon
gboboboboddgapbOdgoobobooogooog

oobooboobooooboboobooboo  NODbObOOOobDoboobooboobog
00000 NOOOODOOOOOOO0OO0O0O0O00o0o0o0o0o0o00 (Fermi-DiracOO OO
O000)0DooOoOooOoOooOoOoOo (Panli) 0000000000 OOOODOOODOO
gbobouodgobogobuogoggoboboboobboobbooboooboogonoa
ooooo¢

gbbobooobbodggbobooouubbuooubt .—00bbugdzbo
0000 (S-N)D0OO0OO0Oo00O0 (N-S)000000000oooooooooooo”

goobbboogooobbobbboooooobobobobouooooooboooon
gobbooobboboooboogbbbboooboboooboboboooboboobood
obooobooboobooboobooboobbobobobobo NODOODboobo
ooboooboboboobobobooobooooooobooNObOobDobbDoooobo
gboogbboobdb gapdbdgbgbboobogbobogobooobooon
gbobobooogoboogobooboago

4.2 O0O0O0OOOOOO

SioOOooOoooooooooooboobooboooooobogosSsiboogoogooo
OOoo0ooOogooosiobogbooboobooooooboboobboobobooboDbobooo
OO00OoO0o0obo Sicgooooboboobooboooooobooobooooooboboo
Oood400000000002x4N00000000C0C00O0000 F,O0O0O00CO0O
eapUUUOOODLDOUOODLDODDOOOOOLODODOOOOODDOODODOOODLODOO
O000000000000000000000000000000A0 (valence band) OO
O0000000000000000000000 (conduction band) D00 O O0OO(OO

‘0000000000000000000000000D0000000000000O0DOO00 (Zixuen)
00000000000000(@O0O000000000 WangOOOOOOOODO)

"0000000000000000000000D0D000000000000000000000O00O0
gbooooboooboobbooboboobobooobooboboobooobooboboobobooboo
gooobooooon %IZIIZIIZIEIEIIZIIZIIZIEIEIDDDDDDDDDDDDDDDDDDDDDDDD

6



gboggbboobobogobbobbuooboboooboobbobbuooboobo
O000000000)

gapU oo oogbooobobogoboobbobbobobbogoa
gobbogbuogobbbuoooobbooooboooooboboooboboood
000000000000 0000000O00O0oo0o0ooO0oooooooooo(@o
0000000000000 000000000000000000000oOoooOO0On)

goobobooggoobbobobodogbooboboooooobobooboon
gboggbbogboooboubobooboobodbboobuoobboboon
0000000000000 0000oO0ooooooooo® ®

4.3 U0O0O0O0OOOOOOOOO

OOo0obOoobooboooooooboorbboOobooooboOobboooIcogooo
gboggboogbodgboobuooobooobuoobooobooobooboban
0000000000 Si000000000000000o0oooooooo (PO
OOo0oo0oo0ooooooooobO SsibcobooobooUoboboboboobUoboboo
oboobobobooboopbOo0oboboboobobobobobobbooboboobooog
goouogbooubodgobogbboobbouoobboouooobobooboan
obooooooboboooboooboo NODOooboooboobboboboobooo
000 (doner) 000000

0000 1000000000000000 (AhooooSsicobooooooooo
OOooo0?Db0000b0000O0bOO00oOoo0ooOoobO0oobOobOoooOoooDooo
gbooubgboogbgboobooobooobboobboobbuoobobooon
gogdoogbobobbobobiobobodguouguouoooooooooon
gboggboogbogbbogbbobbuooboodboobooobooboan
goobobodgbbodoboobobbuooboboboooboobobboobogan
oobobobobgooooboboobobooooopPOobobobbobOobDbOobObDOO

$0000000000000000000D000000D000 WilsonOOOOOODOOWilsonO OO
O WisonOOOOOOOOOOOOOOD1O00O0OO0OOOODOO0ODODOODOOO00OD gapdODOOoOOO
gboo30bobooboboooobiobbgapooboboobobOo0obOo0ooboobonon
OO000oooooO00o0oopDOoOooOobD 2000 CcaODOOOOOODOODOOOODODOODODOOOO
OOo0oooooO00ooooooooowisonOOOOOOOOOOODOOOOODOOOOODDOOOO
gbooooboooboobboobobooboobboooboooboooboobbobobobooboo
gbooogbooboboboobobooboobobooboboboooooboboobobooobooooobo
gapUU0onooooooooobooooo
oOo0oooooO00OoOooO0ooooo0oDoDooOo0oDooOoOooDooOOgwisonOdoooooOd
0000000000000000000000000000000 (Mett)DOODOOUODOOOOODO
goboboobooboboboboboobooboobooboboboboboooooooooooon
OO0000O0ooooooOwisonOOOOOOOOOODOOCOOOOOODOO?O0DOOMottOOO
gboooboooboobboobod

00000000000 D0gap000000D0DOOO0O0DDOOOOOODOOOODOOOOOODOOO
gbooboooboooooooooobooboboboboooboboboboooboboboooooon
gboboooooooobooooooooboboooobooobobooboobobobooooooaon
gboooboobooooboobooboobooboobobn
gbooboboobO0bDgap0bobOobOobOOoODOODODODODODODOODODOODOOODOOOn
gboodb gapOO0O00OO00O0DOOO0DOO0OODOOODOO0ODO0ODOODOOO0ODOOO0

7



O00000000000000000000000A0 (accepter) 000000
gobobbobobodoooooobobbbooodooooboooboboon
gboggbboobogoobbobbuooboboooboobbobbuoobboobn
gobbboooggoboooooboobbbooooooobbbooooobobobog
O30000000b0bobobobo0oboobbobobboubo0 HlOOD OO
000 0000000000000 420 HAlOOODOOOOOOOOOOOOOO

4.4 OO0O0OOOO

mv2

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDeWﬁ2 HEN
DDDDDDEFJ§DDDDDDDDDDDDDDDDDDDDDDDDDDD&ﬂ

DDDDDDDejﬁ&DDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gboggbouodgboboobuoobobuoooobboobooobooobooboban
gbbugbbugdbbdtddegapbogbbboobbooobooobogn
0000000000000 0oooo0o0o0oooooooooooo-0o0b (oo)o
gbggbboobodgobbogbouogbboobuoobobuooobobooan
goobobogouobobodgbuoobboobbuoobboobboobbobogn
good
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDeW?
000000000000000000AO gapOO0OOOOOOOOM

vl

4.5 UO0O0O0OOOOOOO

gobobbobobodoooooobobboobbobobobooooooooobnoon
gbogbooobogbogoboobuoobbboobobobbuoobbooooan
gbggbboobooobuoooooboobboobooobooobooboon
gbobouogboubbbodbbogbbbuddbbegapblddbogoonoboogn
gboouogboougoboogobbugbbuobboobouogboooboboboan
gobbbooogboboooooboboooobbouoooboooobboooona
gbggbbogugoboobuogboobbuoobbooobnbooobboboogan
0000000000000 00000000O0O00000O0O (Doooooooooo
0)0000000000000000000000O000000ODODO0ooooooooDo
gogobogobodgoboooobbboobboobuoobbuooboobogon

P ODDOO00000HAIOOODOOO (OO0 HallODO)OOOOOD0D0D198500 19980000000
googobooon
NUNOOPOOODODOOOOODOODDODOOOOOOODOOOOOOOOOOOODDOOOOOOOOOOOO
gbooboooboboboboooooooboboooboboooobooboboboooooooon
000 (000000000000 000O) 000000000000 000000 13.6eVOOOOOO
00000000000000000000000000000000000 107300 107400000
gbooodgbooobOoiloobobobbobboboobobbobooboboobobooboboo
oooooooOooooooooooooooooooooooo Icooooooooogoooooag
gobogobooboobooooboooobooboboboobobooboobooobn



gboggbbogboogbogbouogoboobboobuooooobooboan
gboggbboobuobooobbogbboogbbooboboooboboobobon
gooood

5 Lo

5.1 DUOOOOoooon

00000000000000000000000000000000000000
000000000000002Y#02%¢)0000000000000000000
0000

g ™ = CrrV (1) + Cor (1) (7)

gboggbbogboogbogobuoobobboobboobobooobooban
00000000000000000000? 000000000000 oo0oooo
guoodbogbobobbbobbbbobobobooboooououooooooon
goood

OO000oooo0ooooobooDbog Ayy=am—2, 0300000000000
goboboogooboood

f=—r(Az,+ C*Ax}) (8)

0000000 (rOo0ooo0o0o0o0oooO00ooooooooooooooooo
O0000oooOoOoOo0OO0O (bo)boooOoooOoOoOOoOODODOODOODODODOO
oooooot

0000000000000 ooooooooooooDoOoD (h)oooo
gbobouogbbugbobobobboobboobbobos3buogobooobogn
gbobouogbbogoboobogos2iuugbboboobboooboooboobogan
godgobooobodgobobogoboobboobboobobooboboan
guogdoobobobbbobbbboboboboobodoooooooooooon
O00000000(@O0o0o400000000000000000OOOODOODOOODOO
00000o0o000)00000000000000O0O0 (Doooooooooboooo
0)0O00000O00000o0oo0OoO0o00ooooooooooooooooooooo
gboggbdgboogoooobbobbooobuooboooboooboobobon
000000000 00000000000000000000000000000
gboouogbooogoouogbooobboobbboboboboogboobobogan
gbobouogodgbboboobboobobobbooobooobooobbboogan

20p0 (5)0000000000000000000000O0O0OO0

B O00DO00000000000000000D0000000000@) 0000000000000 00
gbobooooooooboooooooobobobooooooobobobobobooboooooon
gooooboooboooboobooboobooo

M OpOoOoO0o0O0DO000000000000D02000000000000000



000000000000 0000000000000000000000000000
00000000000 0000000000

0000000000000 0000000000000000000000000
00000000000 00000000000000000000

00000000 z,=¢(t&elk—=) 0000000000 ¢0000000000
00000000000 000000000000

0¢  0? ska?

2
— — D= =0 gdddp=

3
= stk )

D000&=al —uvgt, vg=s5(1—3z(ka)?). "

O00D000000 Schrodiner0 0000000000 O0OOODOODODOOOODOOO
00000000000000000000q|¢*00000000000 |¢?0000
doooobooooooooooooooaa

5.2 DUOOOOOOO

OO000D00DO00O00O00000000 SchrodinerD OO OOO0OOOOODOODO
oboobbooboooooboobobobuooobobobobobobobobuoboge O
OOO000oboobdbbOdFermi-DiracO0O00O0OO0O0OO0OOOODOOODOOODOO
gbggboogbuogobogboooobbuooboooobouooboobobon
guodobbbugoobbobogobbboooobbobooogoboobod

gobobbobobogggoooobbobbbbooodoooobooobonooon
gbogbggboobbooboogbuoobbuooboboobooobooboan
gbggbbogboogbogbbooboogboobbooooobooboban
000000000000000000000000Y 0000000000000 00
gboggbbogbooguobbobuogoboobbobboooboboobobon
gobogogbobogobbobuooobbobooooobooooobobooond
O00000000000oOooOoooooool

5.3 UUOOouoooboono

goobbboogooobbobobooooooboboouooooooboooon
gboggbbooboogbooboboooboobboobobooobooboban

50000000000 (000000000 00)p.28

1 00000000000000000000000000000000000000000000000
00000000000w=,/2000000000000000000 A0000000w~ 47\/Zka
0000 k—0000000000000000000000000000000000000 (00O
00)00000000000
"0000000000000000000000000000000000000000000000
000000000000000000(00000000000000000000000000000
0000)0000000000000000000000000000000000Moett000000
000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000 160K000000
00000000000000000000000000000000000

10



gbobobodoogobooooobbouooobbouooobbboooogoobo
gbobouobobbgoooobougbboobbogoboogbbboobobood
goboboogobobuoogoobbboooooboagn
goobbboogooobobobbbooooooboboouoooooobooon
gobodgboogbboobbogboogbboobuoobboooboobobon
obooobooobobooboooboobboooobooobuooboboboboOos3dbod
O5s0007000000000000000O0001#8
ooboooboobOo0oobo0ooooobboooooobooooooooo? o
gbogboogbboogboobbuogbouogbbobobboooboobobobon
gbggbboboogobobuoobbuoooobooobooobooobooboban
0000000000000000000 (boooooooooooooooog)o
0000000000000 0000000000000o0ooooooo?t?
goobbboogooobbobbboooooobobobonouooooooboooon
gbougbdgogbooobogbboobboobbobouoobboboonoobo
000000000000 000002Y 000000000 0no0noonooon
gooood
goobbboogooobbbbbiooooobobonouooooooboooon
goooboobogboobodgoboobboobbobooobbooboooboon
gobobbooggbooood

6 ULogogng

6.1 DOOOOOOOOooOn

goobbboogooobbobbboooooobobobouooooooobooboon
OOo0? 0000000000000 bO0O00bObDO0OoO0obDbOOobObDOobOoOOoDOoOoD
gbggboogbodgbboobbobbuoobboodboobouoobooboban
gbobogbbbuoogobbobooobbbooooobbbouoaa

gobobobobobobobobootboooooooboobbbooooouooonooon
00000000 ((NDO)O0ODO0oOooooooood

gogdgogbbobbobbbobbobibogudoououbdebobobbobbbo
O0p000000+10-100000000002%

B OopoOoO000000000000000000000000000D0D00000000O0OOO0000
gboobogoobooobobobobobobooooooooboobooooobobobooooooon
gboooooooboboooooooobobooooooobobooboboboboboobooboo
000000000 Panlib0O0O00O0OOOOOOO0O0ODOODOOOOOODOOOODOODOOOO
00o000o0o0o0o0o0oOo0o0ooDo0ooooOooooD (o)oooooooo
0000000000000 0000000000000000D0D00000O0O0000000000
gooobooobobobooooboobobooboboobooboboobooboobooboon

X OoOoOoO0o000000000000000000000000000000000O000000000
ggobooboobooboobooboobooboboboobobbOxyz000OOO0OOOO
gboobooobpebOODOODODODOODOODOOODOODOOOOO0OOOO0bO0bOO0bOo000n
gboobooboobooboobooooobooobobobobb p=x10000000000000O000
goo

11



pw=1 for0000 p=-1 forO00O0O (10)

obobdep=1,-1000000000000000O0OOOOODOONDOODO
000000 oo2Y000000NODOOOO +£10000000000000000
gbobobtdpdnonoo

1 N
= — 11
m NZ%@ (11)

000000000000000m~000000000000000000002Y00
mO0000000000
N N N
(1+1)N: g(N,m), g(Nam): = ) (12)
2N NN~ ) )
000ON,0 NOOOO x00000000000NOO0O0000000m=00 m
N000000000000000000000

6.2 L0O0OOOOOOOOOOOOOO

gobobbbboooggooooobobbboooooooobobooobooon
gooboboggboggbboogbboobboooobboobooobboognba
ooge?

gbbouogobbooobboogbboobbbooobboudbed 1D -1000
gooboooggno

e=-By, — E=-B(N,—N_)=-BNm (13)

obhoooooorp00b00O0ObO0OO0bOODODOOObODDbDO0ODbDO0OLD mOOOoooDO
gbggbboobogobogbboobuoooboooboobobobboonoo
gogobogboogbogbooouogbboobodobn~0000bbobogn
O000000000000000000000000mO000000000O000 g(NV,m)
ooooboooboobdmbooboobbob0 pOO00b0O0O0ObOOO0ODOODO
gbobobbomiooobbbogoobooooobboogo

O000g(N,m)ONODOODO 2200000000000 0000000 NODO
000000000000 E0O0O0O0O000000O00O0OOOOg(WN,m)OOOODOO
oooooo?NOO0O0D000ODO00O0DOX!'ODO0OO0ODLD XDOOooooooooooo
StirlngD 0O O0O0O0O0O0OODOODODOOOOODOO

log X!~ Xlog X — X. (14)

gobooood

14+m 1+m 1—m 1—m

log g(N.m) = ~N{=="log(—) + (=) log(— )}, (15




gogobmbOO00bOoobogbogboobooboobuogooobboooan
gbobbbuogobooobbbo-Lbobbooooobbbooobbbod

F=F—rtlogg(N,m) (16)
DDDDDD(‘;—ZZODDDDDDDDDmDDDanDDDDDDD

B _B
=gy (17)

er +e T
Jdododoodoooorgodoor’r-po0odoBO0oooDooDooooooogo
e%De‘% odoodooooooooogooo? 400000 oooogoogg

000000000000000r=kT000000000000
00000 E0DD00O00D xe 7, (18)

0000000000000 0 B/fO00000O0O0OOOODOO)
(l6) 0000000000000 0O0O0ODO0O0OO0O0OO00D0DO0O0OOOOOoOODOO
gbobobboogobobbooooobobogon

6.3 LUOUOOOoobooobn

00000000000000000000000
S =kglogg(N,s),«— kglog(D OO DODODODO). (19)

0000000000000 000000000000000000000000000
000000000 (000)00000000 Boltzmann 0000000000 (16)0
0000000000000000000000000000000000000000
0000000000000 (0000000000000000000)0000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0ooo

(17)000000000000000000000000000000000tanz0
0000000000000 0000tanhe =75 0000000000000000
02000000000000tanha~z— 123+ -0z —oo(—00)00 1(-1)0000
00000000

00 BOOOOO0O0O00000000001000000000000000000

god

T O0oooooooooooooogn

7.1 4OdUooooood

gbgobogbuogoboboogboobooobuooboobooboonbog
gbggbbooboogbogbbuoooboooobooobooobooboan

13



gboboboooobboooobobboogoobooooooon

Erp = —J(— ) pepe (20)

gbggbbogbooobooboboooboobboooobooobooboban
00000000000000000000 200000000(R20)000ODOOO0OOO
oooooooooooooooD (4L,1)o (-,-)oooooooooooooooo
gboggbboobobobobbogboogbboobuoobobuobobooboan
oboooboboobooboooooboobooobooobooboboboobooobobOo NG
si0oobo0ogooob0ooboobo0ob0ooboboooooooobUoobOobooDo
gobobooggbooood
Jooooooooobooobobobobobooboboobooooobooooog
gbogbogboogbbobbogbouogbboobuoobbuogbooooboban
gbobogobogobooobobbuoooboooboogbouboboognoa
0000000000 0O000O000(Oooo0ooooUooooooooooooo
oooooobooooboooooobboobboOoo? oo boooboooboOoo
000000000000000000? ) 000000 ooooOooOoOooooooo
godgobobooooobbbogoboboaon

72 JUOO0ouobobooooooon

000D00D00D00D0000000000 e % 000000000000
000000000000000000000000% 00000000000000
000000000000000NOOO0O0O000000 (2000000000000
00200000000000000000000000300000000000000
000000000000000000000000(000000000000000
ooool)

00000000000000000000000000000000000000
0000000000006 00000000000000 E=~-NBmOOOO
0000000000000000000000 B00000000000(20)000
OOupe —m?00000000000000000 E=-NZNm2000000:0
0000000000000000000000000000000000000000
0000000 &0000000%2 00000000 (16)000000000000
00000000000000000(17)0BO000 zJm000000000000
0ooooo

zJm
kgT

2l 0Oo0000000000000000000000000000O00D00000000O00000OO0
oooooooOo0oooooO0OooD kroooocfdoooooogooooooooooogooooog
gboooboboooboboboobobooobobooboobooobooboooooboobobooboboo
gboooobooboooboooboobbooboboobboobooobooboboobbooboo
gboooboooboobobooboboobooboboobobooboboobooboobobooboobo

2 0OoOoOo0O00000000000 :000000000000000000000000-0000
goobooboooobooboobooboobobbobooboobn

m = tanh (21)

14



O00000000000mO0mO00O000RHOODODOmOOOOOOOOmODOO
goooogo
k;‘]TDDDDDDDDDDDDDDDDDDDDmDDDDtanhD mUOO0O0000

DDDDDDDk;‘]T<1DDtanhDDDD 1oggbbouddm=00000000000

DDDk;‘]T>1DDDDDm:ODDDDD 1obgoobdotdm=000000000
DDDDDDDDDDDDDTC:%DDDDDDDDDDDDDDDDDTCDDDD
OO0m=007T-00000m#00000000000O0O0O0O00OmOOOODOODO
obooooooono T.00obooobggd m~ 3%DDDDmDDDDDDD
0000000000000 0O0(mOOO0O0OOO0OOOOO0)DOOODOODODOODOO
gobobbuogobobbodogoobobobooogbobuooooobobon

gbgbobuodbogbogbuoobooobuoobooboobobobboobooo
gbogoboggboobogobobbuogbbobboguoobuoobbooooan
oooooo®

gboougboougbboggogobooogbod E:—N%NmQDDDDDDD
gobobooooobobooodgoobobbooood muooobbbbooooon
OoooobooboobooobobobbobobuobDbobDoobOoboO0ld WeissU
gooboooood

73 Uoouubuoooooboooon

goboboobobgbobbodgooooobobobooboboooooobooobooon
goboboogoobobooboogoobobboooobobobbuodgnbogooon
gbggbboobogobbougbobobobboobboobooobooboan
gobodgbobobbogbbgobuoboboboobbobbobobbooobodm
gbggbgboogogbuoobbuoooboobuoobbooooobooboan
gogdogobobobbbobbbbbbibdoodidouooooooooon
gbooogboouogboobooobbuoobbuoooboooboobboooogan
gboouboggubuoggbobooboboobboobbooobobbooboon
gobobogobbobooobbobuoooooboooobbbooobooboboood
00000000000000000000000oooo0(oooooooooo
00000000000)0000000o00o0o0o0o00oooooooooooooo
gooobboboobboobbobbuoobboooboooooboobboobo
guogdbogbobobbbobbobobbobobbobobobooouoouoooobon
goo

2 00000000000000 (00)0000(00)00000000000(00)0000000
000000000000000000000000000000000000000000000000
00000000000000000000

15



8 oo

8.1 UUOOUOOOLOOOODLOOO

Oooboobboobooboobooboboooooobooobooboooboooooboooon
OobodoooboboooooooooooobooboooooooboobobooooooDoood
ooo

OooboobboobooboboooboooooboobooooboobooooboOooobooOoon
doooobooooooooooboooooobooboooooboooboboooooboooooo
bobodobodooooboooooobooobooboooooobooboooooboooood
Oobodoooboboooooooobooooooooooooooboooooooood
oood

Oooooobboobbooooooooboobooooooobooooooooboogoo
000000000000000000000000000000000 (Monte-Carlo
simulatiom) 000 0000000000000 0O00OO0OO

O000000000000000 (important sampling) 0000000000000
O0O000b0OO0N=10000000000000000C0O0O0O00O0000OO0O00O00O0O00
0000000000 00000000000000000 0000000000
0000000000000 D0O00oOoooo2opooooog

oooooooooobooboooobObbbbOObOUobobobobbooooooo?
OobodoooboooooobooboooobooooooooooobobooooooDoood
Ooobooooboooboogo

OoobdoobbooooobobooobooooobooooooboooobOoooboboOoon
gobodobooobodooooboooboboooooboobooooooobooooobooboobood
OooboboooboooboooooooboboooooooobooOon

82 [UOOUOOOOOONO

gdooooooodoooooooooooooooon e_’“BLTDDDDDDDD
gdododoooooodooon

godoooobooooobooonooooooodoooooooooooooon
00000 AROODODOOCOCOOOOOOOOCODO E(OODODODOODOODODODODODOO
0000000000000 00000000000KMOOO0O0O0O00O ER)ODO0D0OO

OO0 AO000O0000O0O0RAODODOOOOOO W(h—A)OODOAODOOOO ARDOO
O0oo0od Wk —h 00000

B(h)

E() _E()
OO0000000000D000D0000D0OD00ODO0OO0O0OOe ®»THe »=T JOODO
Oo0oDO0ooOApOMOOOODODOOOOODOOOOOOOODOOOODDOOOOOOOO

gbobobbouoobbboogoobobooogbobodooobboboagn

_E®) _E®) W(h — K _E()-E()
R (h — W) = &Rt W(H — ), jiwgh/:hize (22)

000(22)00000000000W(h—-nr)000000000000000O0O0OO

16



gbggbbogbobooobbooboboboboobooobooobooboban
gobobooogboboogbbooooo

1
_EM)-BEM®)"

1-'-6 kT

Wi(h—h') = (0o0o) (23)
0000 (22)0000o0o0oooo®

ROO0KWODOODDOOO() 000000000000 1000000 -r0000(23)
O00-0000000C0C0CAMOO0DOOOO0O00O0OOCOOODODOOOOOOODODOOO
gbggbbogbodogbogbgboogbboobuoobboobbooboan
gbobbbodogoboboooobobbbuoooobobobbbouoaa

goobbbooggoobboboodooobooboboouoooooboooon
goobooago

83 LUOOOOON

(200000/¢0 ¢0000000000000000000000000000000
0000000000000000000000000000000000
00000000000200030x30000300010x100000(000000
0000000000000000000000000000000000000)00
000000000000000000000000000000000 (00000 10
00010 -1000000000)00000000000000000000000
0000000000000000000000000000000000000000
00000000000000(0000)000(00000000000000000)
()000000 A00000D000000000000000000000000
000000000000000000000000000000000000000
000000 KMOO0O000000000000000000000000000000
0000000000000000000000000000000000000000
E(R)—EMRO000000(23)0000WO00000000000 0000000
00000 WOOOO0O0000000000000R/KO0000000000000W
00000000000 AOO000000000 (1)0000000000000000O
000
00000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000

0000 Metropolis 00 0000000000000 O0O00O0ODOOODOOOO
000000&OUD000000O0000O0O0O0 (O00)p.12000

17



goobbboogooobbobbboooooobobobobouooooooboooon
gbogbgboobbooboogbuoobbuooboooboobooooboban
O00bit0O0OO0ODO0OO0DO0OO0OOO?

gbbobooggobooooobbbuogbobobobbbooooboaan

gbbogobboogbboogbboboootdmmbbooobboddm~000
0000(@O000ooo?) 0000m?P00000m=vm20000000000
OOooooobooooogoooo?

Ber000000D0DO0O0DODDOOO0OODODWOOOODODDODOOO0ODODODOO0O0O0D00000 (0ooo
0000000000000 000EMR)-E(AIOODOODO0ODOODODOOO)D0DOODOO0O0O0O0O0OD
000000000000000000000000000000000D0000 (DoooUooOoooo
00030000000000000000000000D) 00000000000 (DooOO0oOoooOo
oO0hoooUooOoooUooOoooUooOooopCO0O0OOOOODOOOODOOO

18



O21Chian00000000OO

02200000020000000000
000000000000 0w=0.3830¢=
1.25(00)0¢ = 5.25(00)0¢ = 10.25(1 O
00)O¢t=15.25(2000)

023w, 0k000000O00O0OO0ODOO
HEN

g3l14b0dgdg20dudgooonon
goboboogoaob 220000

0320310000 ¢=152000000
goooood

03340000002000000000
00000000000000000w =
0.33(0 0)0w = 0.28(0 0)0w = 0.48(1 0
00)0¢=100.250

g34b000dgbobogoboobobogan
gboobooggobbooooobon 330
goo

035w, 0k0000(40OO00O00O0O0O 20
000000 (Mb)O000000oooo

19



g3.60000000000000000wg
Oc0000

O3.7KBrOOOdOooooon

041S8(000)00000000000O0O0O

04.1Si0 HallODOODO

O42n-Si00000000O000O0O0OO

043 Ni(D0)0000O0O0O0O0O0O0O00

44000000000000000004

gs1db0oogggoon

gel1dbouoooonon

ge2200i0dbbbbouooooan
gbogbuogoooogbboobogn
00000(@Oo0O00mooooooood
gooboago

20



Oe6300000NUOOODOODOODOOONI
OTc0O627KO00O0

grviboogoboboobobooobodad
gooboood

0720000000000000000 (2
00000000)0@MO0000(0O00)o
00000000000)0

grv3buogobboobobooobogn
000000000 (@oooooon)d

07420000000000000000
00(00000MO00000000000
ooooo)

O750000000000 CeBgOODOO
gobooo

O75CBs0D0000O0OOOODO

21



