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=¢; ¢ i (r) (2.12)
T, e KB (DT BRI NF R
HIETH 5.
RIS, HEIEF v I verr (r) BEIFRE
n(r) OB E UTHEWIIKRDD., £7,
L(2.0) oF g HERKXOL I L ERXN B,

Tai [ ¢ (r)(-:2/2n) A ¢ ; (r)dr

it

/D Za [ ¢ (VT b (r)dr

i

(K/m)Zai J V. L¢ i (r)V ¢ (r)ldr

+H(K /) Za; [ LV, ¢, (P)ILV . ¢, (r)]dr

=/} Za; [ [V, ¢ (r)]
i Vr'(pi(r’)ir'-—rdr
=(ﬁ2/2m)zaifVrVr"l’;'(l")‘l’i(f")Ir’:rdf‘

:(ﬁQ/zm)IVrVr‘n(f'yf")Ir‘:rdr' (2~13)
&b, T,
(2.14)

n(r,r’)= Za, ¢ (r) ¢ (r’)

Thd., ¥, ZI7HOE —HR, v AoeH
WEo THRANERTIE, 0 222 EHb
»5.

X(2.0) oFE_HE, KRXenb.

Za; [ @i (P)veri(r) ¢ {r)dr

= vere (P)n(r)dr (2.15)

¥, ERABDP—BORBRRATRER S,

I 8n(r)dr=0 (2.16)
-oT, X(2.6) KEBLT, 2EHE—EDOL
e & TR(2.1) 2EHEEMEn(r) TENT
53¢, KXPEHON D,

[ &n(r)L8T(n(r))/8n(r)
+ere(r)- £ 1dr=0 (2.17)

EEL, CRERERBETHY, T((r)) EBHE
En(r)itB 3 3B TOEBT ANV F—BET, X
(2.13) kv,

6T(n(r)):(ﬁe/2m)Vr Vr']r‘:r an(r) (2018)
TH5.

wiz, XN(2.4) DELANF—-E%x, RADK
SIERHEEEEn(r) TET,

E=T{(n(r))dr+ [ U(r)n(r)dr
+1/2(e? /87 € ) ] I n(e)n(e’)/|r-r'|drdr’
+[n(r) 7o (n(r))dr (2.19)

T, el HEH, co REROETE, U(r)
BETRPBTFELBRFOIYILTEHY,
Ty (n(P))XEMHEEa ()BT B3%%, HiEc
ANF—BETHD., ChiEfiBoXS5i, £%
M -moffob X TEHNBEE R (r) TE S
T2, KA o6N 5,

[ 8n(e)[[U(r)+(e2/4m e} Jn(r’ )/} r-r"|dr’
+pe(r))+8 T(n(r))/8n(r)]- ¢ Jdr=0
(2.20)

5. kL,

gxo{n{r))=d/dn(r))In(r) 7, (n{r))] (2.21)
THd. v

X2 AN X Q.20)2EET LTk, X
(2A2)IHT D, vers(r) LT, BAXDVBOL
5.



Vers(P)=U(r)+(e®/dm € o) [ n(r’)/r-¢'|dr’
+to,.(n(r)) (2.22)

BET, HNIN N7 URBHEEOEY
ELTHEXRZDTHDH, ZB - iR ¥
—WHOBBERIZ DI, —HELT, —
RBELH ROV TRDB L,

Bao(n(r))=-e2/(An? e o) [3m2n(r)]' "3 (2.23)

b/ RN

REo#EG{BILX->T, BTrRRER2EZL7a Y
AFYMIRETHIEHNTES, b, BFK
B¢, (nid, RKQ2AD)»6KRDBEZLHNTE B,
X(2.6) bebhDd LI, HEHH I N =F
BEFREBIKFEL TS, 2T, kKOEET
KB X > THEININV =T o2 HEICEEL,
BURQ AR &L T, BFHREEZRD I LV
FHEXWRTIETHRIOET L ILEHST, E
LOEBTFRESBSREOTHS.

£, RQIADTCHOAEBTFREDS B, B
FHEHLTOBRBII T 2B A, ok
RATHEh 3.

Yaie;=2a; [ ¢ (r)[(-K52/2m) A
i Herr (P)J ¢ (r)dr

(2.24)
#-oT, kAP HB SR B,

JTT(r))dr=Za; ¢ ;- [ n(r)vers (r)dr (2.25)

$2T, BFROLLAINF -3 X(2.19) X
(2.25)2KALT, K22 X ERKDES
INE s <

E=Za; € ;- [ n(r)vere (r)dr+ [ U(r)n(r)dr
+1/2(e2/4m e g) [ [ n(r)n(r’ )}/ r-r’ |drde’
+n(r) 7,.(n(r))dr

=2Za; €,
-1/72(e? /4% € o) [ [ nlr)n{r’}/|r-v’|drdr’
+n(r) [0y e(n(r))- pyc(nlr))lde
(2.26)
2. 2. 2 KBBRABESEOHEGE
Uh—Sarig
AT, WMOHTHO BRI HTRR
(2.12) i BRI SE S &0 U3 (Empirical Tight
-Binding Theory) & U h — g > # (Recursion
method) WML, B OB TFIKEEZKD D H %
OWTHYT 5.
A SRS Y TR, oK. (r) %
REXDEIW, FFBROBYIBEL - EEEHR
¢, (NKEH>TREWT 3.

¢.(r)=ZCi? ¢, (r) (2.27)

i

BRTHDEHELTHL.
Feir(r)és(rndr=8,, (2.28)
—BTiEBH AR
Horr¢alr)=ks¢a(r) (2.29)
L,

(2.30)

Heff=-ﬁ2/2mA Vet (l‘)

W, XQ22DEKRALT, BEBC 2R A—2
— 2 UCEN AN RIE, KX ORISR
ST LR AL

E("Jj'& ;J‘Ea)cia=0 (2-31)

IR, Hu kA TREhBdEI8H5GI~ I
T DITFBHRTHSB.



Hoi=] ¢ 57 (e)lacr ¢ (F)dr (2.32)

EEL, 1P IERAEODDIR 0L T 5.

KZINEMI It T, BHMEREESA
MERETEDZOTHIN, KRBV TH,
BRT DL REFHEHEPRFTRINF -2 Y
DRI R ERD DI, DTREHAT S X
SHYA—=Tarvk! M"Y WL VAT
a8 HETIR, BREKMBR]I¢,> 25 5HEd
BREHICE>Taz 2y —EBL, HriEKH
BRI, 1,125, -+, |n>, - BHRT 5.
T, In> BEEBHRMEEAR ¢ > 2HEAXZ by
LTBRERY PIVTH DB, HID,

e
“

In>=2f,% ¢ ;> (2.33)

Thd. %, |0 XLTHDEHTIRE
LR EEEK] 6> 2HFE, D RETok
BEEISBOEEERM,OHBE XN, [ BEHII
FORMAOEBEEMEILOBERINDE, LS
R CEREEEERE L TR ERD LD
i, FLOREMBAPERERD. X251,
DOREBEZEBRIZKSTHMNINV T OFHE
i, SEMATACERXND., TOHE, U
Fok> 2BEFEGND.

1) BHKREBARY PIVORES 2 HALEXHIIKRD D
TEHBTES,

2) ZROBELLOHBRERIIEMNHRRILE T
5, RHBTIREBREPRRAHNEEREDRMN
REZLHNIIRDBEILNTE S,

3) ZROETFHOBRENRIRERREM
SUERHBELETH, AHITBZHHLTORAL
BAOHEERICANTESHITMOEI L H
TE, PBEZECTRAIBFIOHRRINLSTH
BLETIY AR T E, BERIZETHTY L
LN TESL,

KiL, Uh—Ca viEoFRsE 2 BRI HY
T3, B, BHBIEXAEREXY bV %
&Iz 5 %,

~

o

ag=<0{H] 0> (2.34)

LB, iz, HRESNI W b=TF 2 ET 5,
Wiz, WXEHET L RREXY b B4
5.

H|0>=ag | 0>+by | 1> (2.35)
ST, iR TmXh3E3 %D ol
ERTH DL,
by=H(H-aq) | 0>t 72 (2.36)
UF, KX TmEhdX3 0Btk ->T, K
BT P05, 110,125, - BXY, ap,ar,az,-
"’blvb27b31"'%4’ﬁﬁibf@<.

HIn>=b, In-1>+a, [n>+b, .y [n+l> (2.37)
=L,

bus 1=l (H-an) [n>-b, [n-1>]" 72 (2.38)
an=<n|H[n> (2.39)

THb. BEMIZHE, an,bavr, 0t AT X
SRLTRDoN B,
A(2.33),(2.39) &Y

a,=Z Zf;"f;";

id

=2f;"C;" (2.40)
L,
C."=3f;"H, (2.41)

THDH, £i, X(23N&XY,

basy [ntl12=H)n>-a,|n>-b,In-1>
=3¢ :>¢¢ | (Hin>-a,In>-by[n-1>)



=3¢ ;2(Ci"-a,f;"-b,fi ")

i

THd, L,

z

:Z|¢i>Bin*] (2-42)
Bi'”]:C;n‘anf;n'bnf;n_l (2-43)
THY, ¢ PHRERTHBLLT,

[¢:><o =1 (2.44)
o, Ehbe=02d 5. T,
bne12=2Z(B;"*1)2 (2.45)
(n+1>=3 | ¢ >B;"" ! /b,.y

=Z|¢ > (2.486)

(lfi(]) bg=0 fi~'=0 N=0

CiM=22<o;lHlo;> ;¥
J

!

aN:ZCiN fiN
|

1

Bi"“= Ci""anfiN‘ beiN—l

i

bN+l= [ 2( Bin+1)2]1/2
I

1

fiN+l___ BiNH/ N+t

HM2. 1 vh—Yarvorsa—Fvy—|

5. DlLofgEr s o—-Fy—FrELTH
2.1 . X(23IN&ky,

Hind=2Z Lo > (2.47)

m

ERTCELBTED. EEL, LanBiRDE S %2

HALOGFHBERTHS.
- ]
ag b] 0
by a; be .
L= bg a; * (2-48)
0
ZC,

<k|HIn>=ZLypa<k|m>

m

=2Lmn8 km

:Lkn (2.49)
THDHP 6, Lo ki 2HECE>HE20,
NINWP=FP HOTHERTH 5.
HoOBRHME, METEEXY bV ¢.> |,
HEID 2HOTKRAOLILREh B,

| ¢,>=Z v n> (2.50)

n

EXEXROEABEHIBEICKAT S,

Higo>=E. ] ¢4 (2.51)

2,

Hl ¢,>=Zv,2HlIn>

n



=3 vy? Dhanin®

=5 (Zlnava ) {m> (2.52)
FHal,
El ¢2>=ZE,va® 0>

=5(Z 8 nakava®) Im> (2.53)
H-T,
Z(I-lmn"amnEa)Vna:O (2-54)
ey, RROBEWEFBIANEOND.,
(L-E, 1) |v,>=0 (2.55)

oK, TRBAIFATSHS.

Wi, BAHMEE2 T 3EANXY Fv|v %R
BB, 0E, ABLEATORVELGNY bV
[P &EEEST D&, KN(2.55)&kY,

— - — -

Ea-a@ 'b1 0 Pga

'bq Ea ~ay ’bg P1a

'bg Ea -az Pga =0
0
{2.56)
»igEoh,

P_y2=0 (2.57)
Pga =1 (2-58)

LBl, UFRoBRIX>TP® 2kET D
TEHRTES.

'ann—la+(Ea-an)Pna-bn'1Pn+1a:0 (2~59)

wo T,

Pn*la: [(Ea'an)Pna‘bnpn‘la]/bn*l (2-60)
REDXS I LTHALIPOEABILERTY
RODT, BHXY P > BRROEKSIT%S.

[va>=[Z(P;?)?1'72|P,> (2.61)

oT, EHEKE¢.> BX(Q2.50&KY, KXD
R R &

| ¢5>=[Z (P;?)2]' 2 2P, 0> (2.62)

t n

BEokd>iz, BHNXY MVREIEHIZKRD S
CEHRTEBN, BUHHEETS B G HM
DUDHBREERPHBEELAPTOHIETHE L
BEBERTVE2D | > T, LFRIGHRMR
NEFSBES0HBEIBWTR, Yh—Yarik
RESDTNIN P72 2BHAITHCERL
i, SHBREEERICESTEAER, BEX
7 ML ERD Y,

2. 2. 3 RBHRETRKEROHALT&®
AHETH, WMEAETORRRETE, 2D
FHhORDIRTHIIRHHETREREOESMT
Bt 20Timnd s,
KB wHTZEHELRBEEDE) &KX
(2.50) B TKRARDE S ILERZIN D,

dU(E):Z '(OI (pa)'e ) (E'Ea)

3

=3 |ve® |28 (E-E5)

a

(2.63)

EAERY M| ¢, i, R(2.6DDXIRLT
KRHENBH, BERELORETHSHEDIRIS
WTH, BRALAKELRY, BHESBRER



CTEHWBIIRD. TCT, AL EES K
X (N+117, N+1#) wHBLEGHL
AEX, BPREEEMSE TN IRD B 5%
RRIBT 522,
FRLOMAED a, HR(2.39) 1 &> T
XRBH, CELINF—E - KHTIETRE
WEERDINELEEE, AT M| ¢,
EHrHBER(2.56) 1 5R(2.62) DR E I H
T, an DHEKRDX S KEFF 3.

aN‘:E"bNPNV|./PN‘ (2.64)

T35k, X(2.60)XkY, E,=E-Dt%,
Pusy " =[(E -an* ) Py" ~byPy- 1 *1/bysy

=[(E -E +byPy- 1" /Py )Py by Py TIbys
Z(bNPN—1"bNPN~1')bN+1

=0 (2.65)
&R, JCT, RAEHMTS.
An:blebf}”'anna (2-66)

7:7‘5[/; An ‘iﬁ'ﬂ (Ea I“L) O)?ﬁnffrlmj
ETLokiFHAOITARNTS 3.
n=00)<‘_’.‘3,

Ag=1 (2.87)
CEFELTEL L, K(2.58)&kYy,
Pg?=1 (2.68)

THY, K3i¥ 5.
n=lo & %,

Alea ~ap (269)

7, N(2.57),(2.60) %> T,

by Py2=b; [(E,-2a)Pa®-bgP-,>1/b,

:Ea ~ag

(2.70)

_12-

&Ry, KT 5.

n=0 & %,
A,=(E,-29) (E;-2y)-by? (2.71)
biboPo?=by b [{E,-a;)P?-byPg?1/b;

=by [(E,-a,) (Ea-ag) /by -by ]

=(E;-ag) (E;-a;)-by? (2.72)

LRy, BT3B,
RIZ, n=k-3,k-2,k-1D2EHLT D LEET S,
n'—‘k@&?f,

A= * Ei-ak-3 -bi-2 0
-by-2 Ea-ar-2 -by -4
0 “be-1 Ea-ae-y
:(Ea'akAl) © Ey-an-a ~by-3 0
“by-3 Ea-ak-3 “by-2
0 -by-2 Ej-ay.2
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-br-z Ea-ax-3 0
0 -by-2 “hi-
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=bybobg e obyo  [(Ea-ak-1)Pe-1?-beo1Py-2?]
=bybabz - by Pi? (2.73)

b, L, B#gizX(2.60) Mo, Bk
&V, BEHRBMEILE-ST, X(2.66)BHM X



-, -T, X(2.6)TRENFKIIZ,

Puei"=0 O EE Ay, =0272Y, {TFIL" B&HT
HHEEE" 2>, o7, BHXT bvlv>H
Bohhif, TEOTANVF—E" THITIEH

BrREEEE, R(2.63)DPSRADKXSILRS.

N+

de(E*)=Z <0 ¢ ,>|2 & (E"-E,)

a=1

N+1
:ZIVgaie ) (E.'Ea)

a=1

(2.74)

IIC, E' yEfLo jRHOBRAMTH S L
THL, RKABEYED>EHEXISND.

J-1 EJ J
Slve?l2 £ [do(BE)E £ Z{ve®l? (2.75)
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®oT, RKROKOH>REPEHD.
EJ -1 J
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-0 a=1 a=1
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BMEXY, 2RVF¥F-E; RBTIRHEFKE
BEIRIE2S.
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do (E;)=d/dEL = | vo? |241/2[vp 9| 2]

a=1

(2.77)

KREDFRSWT, ERRBHRETRBERE %K
HEBE, RO RANF—HAREILELDT
L T,

Ko, BRENEEN(r) 2 EL., BREHEE
B, QAN EESTERXNTHEEI SN D,

n(r)=2 = 1¢.(r)?

ac<af
223 ¢u(r) $n (1) ZCp2Co0
nm a<af
=22 ¢a(r) ¢, (r)
nm £
5 ] S (E-ENdECO | <ol @0
acafl _oo (278)

L, @aclr) BETOBHEMES 7 oI LW
L, O tIKELXT. T, KEXZ b
[0> L THRAEHEAT S,

10>=(1// D E ¢ (r)| ¢4 (2.79)
REL,
=2 ¢,(r)? (2.80)

n

TH5. £(2.50), BLTX(2.75)-(2.76) D&
HEHCTO(NBERROLD LR S,

Ef
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Ef
=27 £ ] 8 (E-E,)|va®|%dE

a<al oo

af-1
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(2.81)

EOIHEEHRICTERED, RQ.4)DOFRE
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Eh5.
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RIC, REEIO> AT BRRBH BN ERD 5.

K(2Z.7B) 2T, NeWATFTOKS IR 5.

Ef
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- 00

af-1
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(2.83)
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ohsd.
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(2.84)

HLY, HI—MHORTREEBMOREXY b b
(k> BRELTORE, TORTFIHNITIHNE
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Nez22 32 w2

k a<af

(2.85)

Hgozar s, WEI M3l
¥—Ey BIUHEBOFETFMT BNz A NS
—~E. WX THE 60 5.
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Ea=2 [ Ede (E)dE
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:2 ZEa IVBaIZ
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(2.86)

(2.87)

EEL, $BORFIHTIRFT AV F -,
HEBFOBGHEZOMOEBEFOEE L xR YR
FRs oy vob e T, X(2.29), (2.30)
EHMABRRICX > TREIRDILOIRED D
ETRBENTVS, B TRAHEER
BBARICR-O TN 7 ary Y AF Mt E %
o o, BFROSIANLF—-1N(2.26)T
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Hzoh, TRIZE>TRQ8NDBFLHIIVF
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"
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=EL,
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n
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In(r) [0 ((r))- pyo(nlr))ldr
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EUTHKRABEOHIRD.



Bo=23  ZE,|v*|?
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ZCT, RUKAGHH, Re WVE®ER MM,
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|
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