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BE S % z il E DV 2090° K FEFHRlEL & BT H3(1X4),
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=xif(a))+xaf(@g)+--+x;fla;)+-x,flay) (145)-3

= xfla)) (145)-4
j
L%, R(145)-3(F71E, X(145)-4)21THIEBT D &,
X1
)
fx)=y=(fla), flaz),, fla;j),, flan)) x (146)
J
xn

Lies, R(146)CEENTNS, %RV O a, 78 f CERSNTE fla;) (=12, n)
X, BHEOEBV OEETH LMD, ZREV ORI (a)], ab, -, al, @l OFFEST
FF o LT,

flaj)=ayja1 +agjay +-+aja; ++ayany (147)-1
- aja; (147)-2
i

EFET D, N(147)Z2ATHIERBT D L,

alj
Cl2j

flaj)=(a, a, -, a;,, an) (148)
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Lie D, R(147)-2% X(145)-4fAT B &

f(x)zyzzz%-xja; (149)
j i
L7 n0s, (1491378 ERBLON(148) 2 (146)ITRA LT b DIZHT= D005,
air M@z o Qo Qi |( X
Qg1 Qoo - Qgj -+ Qon || Xg
xE :a,,a,"‘.,a(,..‘a, “e “e “e Y Y : : 150
f=y =@ az o aban) g gy ay || x| (190
Ami1 Am2 ° Amj ° Omn )\ X

ERTZENTEDRICH X DA, K(150)D FAR(149) & 0 HLREEN DD LT,
K(1S0) AL DIy ay 1578 o mx nATHIRAE f OEBATIN TH 5. f(x) = y 135(144)
TEINTHY, F(144) L R(150)EFA L HDTH B 75,

U
Yo
flx)=y=(aj, ay, -, a;, -, ap)| (151)-1
Yi
Ym
a1 Q2 o A o Qip | X
As1 Qop + QAgj < don || Xg
= (@}, ap, -, aj, - ap,) ' (151)-2
2 b b 2 all a12 - ay DY aln xj
Am1 An2 - Clmj v Amn )\ X
£,
U air @z o @y ot Qi | X X1
Yo gy Qg -+ QGgj -+ Qon || Xo Xo
= =A (152)
Yi a1 Gig Gt Qin || X5 X
Ym Am1 Am2 ** Amj - Ama )\ Xp Xn

2G5, MV EERVIZEKASOEEORLER LD T(nem), BREOER

U RBUTHIE BIFIEN D, ZEHITINI2MOEIK {a;) & {a]} TRED, xRy IiliZE bR,
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flx)=y 2% OB OILIE (@], ab,-, ap} & EHETORY (X1, Xo,-+, Xp) T2 T
ZEIETERVD, mAT n FIOEBITE] A BWEBKE DY (Y1, Yo, Ym) & EHRTO K SY
(X1, X0, 005 X ) LT DEVEWEFRIE L, WHF LG T OEFN Lo ThD LIRS 52 &
MNTEXD, 0B, V=V OLEE, m=nkt2dnbBBITHNIEFITIN /25,

R(IS2)TZEMV D1 ODEFE x DT DOE#EZR LI TH L, 2MOEEICONTE
BATHIN IO E DD, BlEOx, 2E0, x', x>y, y?, - OEHEEKRAD LS
WCRTZENTEDL,

y11 y12 an a2 o Qi o Qip x11 x12 x% x12
yb y3 | |ao1 agxp v oagj v Qon || xp x5 - Xy x5
= =A| (153)
y,ln y,2n Ami Am2 " Qmj ° Amn x,lI x,% x,l1L xr21
A(153)1%, LA FOHIRT L 9L, BEATIIZRD HERZIEFITHEDNTH 52,
Bl1: VsV ~DZ&EHL LT,
1 0 0 2
( J—) 1| & ( ]—) 1 (154)
0 1
2 0
NhHEzZ B TnD e &, (153)x HWTHRT &,
0 2
1 O
11 =A( j:A (155)
01
2 0
LI DMND, EHATHIAIX
0 2
A=l1 1 (156)
2 0

Lrs,

VIRTE TFRIC LT X LRT &, M xqp LWVHIRTISRY, 1THIORS a KETEEHLbLVOT, x&
y DR DERIT BN EETRLTE,
2 BAMZ, BMIEAREFEOT A MZEMIMNM TV RVWKTH B,
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Bl2: VoV~ L LT,

NEZLBR TS &E, (1832 M\ TET &,

0 2

1
10=A[ 2}

-1 1
21

EIRBHING, EWATH AT

LD,

BI3: VbV ~DEHL LT,

NEZLBR TS &E, (1832 M\ TET &,

Ll Bbnn, BHITHIAK

1
1
0

2 1 (0 2 2 2
(1 QJ 1(1—2}1
0 -1 ol|= 2|1 -2
-1 1 3l1 1) 3
2 1 3 -3
1 1 0 ~1 1 0
1(—>(2(, [1|>]0}|, |0|>]|1
0 3 1 2 1 1
1 -1 0 1 0 1
2 0 1|=4l1 1 0
3 2 1 01 1
o 1! (1 -1 0 1 1 -1 2 0 -2
1 0 =201%—11 1=%31—1
11 3 2 1 1 -1 1 2 4 0

(157)

(158)

(159)

(160)

(161)

(162)

V=V OB81E, BEICOWT e} ={a} THY,

5, =(152)1%
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) X1

Y21-4|72 (163)

Yn Xn

L7 5 (1T81 Al nxn EFTH), R(163)IF(28)IkE LT 5,
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{T8%3. BB & BRI T DRI FMEE

BfA fir) bR T 5L &, ridZERONME (L 21, RTABEOME)EZ EWT 5 EET
HY, fr)IZEMOMErICBEE f "L EEBEWRLTNDL, f(r) N0 DB SR
BThdeE, BEr IOHHEER 2T Z &1%, BAREEE FII#»snEE, K
B DONLE 720 2 st R EICHE » CE T 2 LIS 950 5 (r > r' =Rr),

f(Rr)= f(r) (164)
ERTZENTED, —F, B SFICHREE R 24 Z &%, RFELEELIZEEE
T BRI T AR RAEIC L > CED TS (f > Rf = f),

Rf(r)= f'(r) (165)

ERBTDHIENTEDH(EV-AL L, bbb EBEf BH oIl r IZBEf 23BN T
kD), WRFHELBETEZWGT —RICEIN LIGaI3 b 216h 72 <2,

f(r)=f'(r') = Rf(Rr) = Rf(r') (166)
ThoHMD,
Rf(r')= f(r) (167)
MRV, Rr=r' X1,
r=Rr (168)

ThHHNE, R(167)IR(168)F AT S L,

Rf(r)= f(r)= f(R'r) (169)

NELND, EREEIAOriZIRI LD THEING, rraricEXxH xR
Rf(r)= f(R'r) (170)

b, Lo T, B fr) IC - EE R 23 2 L [Rf(r) 13, BIEHICBN D I r
%R Ir CHEEHBAD(=RATD)Z L LA%ETH D3, B F(r) \SHHEME R 206 L 7=/ 5
ERBTHE L TUIX(170) TR WA, BARMIC(HHA L LT o) BB kIR EE A i 931 E
217 2 S a IR (169) D AN WL D BRRIZn S &, K(169)TEHREEZ LIedh &, K
(170)DICEEHZ 5], OF Y, Fa”éiﬁz ANIZ R % i Ltn‘*%%ﬁﬁé i, (169)ICE~> T,

AND r# RricE iz [3(168), HON-ERAR 'rD ra ricE iz uE Lv,
PLEoFiabk i %%ﬁﬁ\?ﬂﬂ%é’ﬂ‘%fﬁéﬁéﬁ EB I Wy Lﬂr@cu\)@f PR A

1L ZZTA A=V REBHL, 2, BEFmoEBREERRH)TH L, EHICEEMICE, piuEed
HIE O FEABIEC, Huckel Tl B U 8O p Bl 7e & 2 ETIuE L,

2 RTEEE BT H —FBICEIE R TR TR T TH LD, EERICHE UESOENF CAEICRS L S5 ICERNL
FEy X VERY, BERMEOBEIEL, 24, iot<|—lb%>0)f§>%>

3 TR, SCHER3D pp. 127~1283 LU p. 4312E AN TS Z L Th D,
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fC)=FRf()

£r) = Rf(r)

F'(r') = Rf (Rr)
- Rf(r)

P14, RFERIE RICK DBE8 f( ) L FEAE r DA

BTRTLHI4D L DT %, K14TOXNHERIE R 1%, MEICEERKDOE DY 200K
SHEIV ICEEET A EETH Y, BIEr ICEBERERT L F=Rr L7020, BE% F( )ITHRME R
T e f'( )=Rf( ) &b, EOROREMEHITEE f( )E2RL, HAOHHITSL( ),
SFV, Rf( )EELTWD,

K169 ITY I NRBITEZ D DTV, 72E 21E, WEEROKFETEEK xy Vil
IZHEW oy = f(x) &2 x B > CTHARB(x OIEQHE)N+HIZ T BE S Ei0n L &, x 2 10T
NH x Zx+1ICEEHBZ Ty=f(x+1) L LTLEI LRV T, y=flx-1) & LRFNERG
BWEESOLEILTHDL, x EIEOEZ BEMEET X ICEBET 28/E R Tx' =Rx=x+1
ThY, f(x)ITEERAEMIEBREELGEL-DICX(169)ZHHT 2 &,

Rf(x') = f(x)= f(R™'x) (171)
L%, BiE R OWER NIx=R X' =x' -1 ThHH2b, Zhaxzo0FENAT)ITRAT
E, (169 Y45
Rf(x') = f(x'-1) (172)
NELND, K172 OLT X' % x IZEEHEIIUE, B f(x) %2 x BiOESIC+1IBE S
7= BAER
Rf(x)= f(x-1) (173)

WCRVERSNDZ LN D,

S LICEMARIIZ, BBA~DORTEBRIEOHIZ LD 72012, LU T D3d #E o E A B (51E O
B D O BIENHAHRERIEL ST Z L 2 BEZXTAHL I

1 EFIEELKIF, ZOxOIEFHIZHIZTBE LI-WEE, xZx-1ITEESHBIIIEL W L &2 nkn
WETE ot ()
2 d JUBICIESHODOHLE ()R H 5 A, I TOHEFMTIE, SMINTEELRITH I,
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15 yz

h(r)=h(xy,z) = 4—nr—2R32(r) (174)
15 xz
holr) = ga2(x.4,2) =, —5 Rao(r) (175)
Tr
15 xy
¢3(")=¢3(x,y,z)=,/4——2R32(r) (176)
Tr

Z I C, Ry(r)i3kFERR OB BRI, n iXE& T, | IAEHEE T ET
B)THY, r IR TFOFLNEOE r = (2 +y? + 222 Th D, FREROFIE, £<
DT HFANMIGLEINTWDD, vy “WUDED 7 m—N" BTHY, 7L 2IE, ¢lT yz
WHERINE, Z7a—_"OfLEFEICES, a—7 ()R icEL bRV ) ICiESh
WBThsb, £z, a—T70O/FFXy L zOETHREY, y& zPBR/GFT THIVULERF), 2L
FTHIVUTAR) &R D,

EREOBEIC, MHEEE LT z iED 0 O CuRIEE(90°[lEE) [Cy(z)] ZHELTHE I,
BRI OERE LT, T I2THE, z#OEHFMIZAHR UNEDRERA REROIESFWIZ E 51,
BB OENA A=V TETNDLIDT, TNETNOBEENEIECL(2)IC L > TE I Z{LT D0
Z, BFEHICEDLRS TH)ROEIICTRT LI ENTE D,

Hh —> b (177)
¢ = (178)
¢3 > —d3 (179)

WIZ, BFEH RN TEROPHEEMER L TR LD, ZEROEED S r(x,y,z) 5 Ca(2) I
XoTEIWIS Ar(X,y,2') = Rr(x,y,z) (CBENTHNEZD L,

!’

X—>-y=x
Calz)=qy > x=Yy (180)
z—>z=2
Ll %2, ZOEMAEITIIRBT D &,
x' X 0 -1 0)(x
Y |=Cslz)|y|=|1 0 Ofy (181)
z' z 0O 0 1){z

L%, (169D f(r)= fF(RIF) OFEEITH 2L, rixy,2) % rix,y,2z) TETHLER
BHDHND, BAECyz) DIHENECIHZ) IS K D ITHIRBNLE L 72 5, R (181)47 L DAEHLT

Uz Bh D IE(REN D523 6 % & RRFEHEN D DRERIZ 7 5,
2 Hro LEM L THNTT I D,
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SN2 =%2 U —ITH|(ERITHN) TH LD, £ OEREEEILBEITY2(ERZITH O8I T iRE
DOI)BHITHNC 2D, LTz ->TC, xy, z% x, y, 2z CETERAIT

X x' 0O 1 O)\x y'
yl=Ciliz)ly' |=|-1 0 Oy |=|-x (182)
z z' 0O 0 1)\z z'

LD, THTHENEST-OT, X(1I8Q)DEFEN, 2%V, x=y', y=-x', z=2'%
H(169) % 1 L 7= (174)~(17T6)Icf AT HUT LU, 2 Ok

R (x',y',2") = R%z()— V[?;___E%2V) (183)
Ry, 2) = i—i%ng(rh o 5 Raalr) (184)
Res(x, Y, Z)—\F Rao(r) = - %%Rsz(r) (185)

NELND, (183)~(185) DAL EAHLD X, Yy, 2% x, y, z (ZE XXX (170)I2H
YT 2RABG N, EHATOREKE ORBRRLEOETEL &

Réy(x,y,2) = —E 22 Roalr) = ~a(.y.2) (186)
Réy(x,y,2) = 4—i£R32(r) (%9, 2) (187)

#3(x,Y,2) = \/75 R3p(r) = ~¢3(%,y, 2) (188)

D, MRTHDIN, A A—2ICh &I FRKRA7)~17Ic—FH L =FEERNE LN
TW33, b L, WERECT (2) ok 2(182) Tld/e <, T HECy(z) B HITKET D
EHATHIR(18 )AL CHEAELTCLE D &,

5
4>\ 3 Roalr) =4, (189)
b= —\[5> 25 Reolr) = (190)
n r

1 a=8 Y —4THORDITERERE TE R, BERITIDORSIIERTH D (=% U — 17O IR E AT,

2 BAE LB HEOTM T EITO LWIHIBWTH S, HEEFRHEIIMEEE b, EREE R IRITINIEAE T
EHIEEN D,

3 ZZTIE, BMEROBBIRIERI D3 ODEEED ENIOITKIG L TWDER, ST LS 11 TGS D &R
SYAIAN
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nyRsz( r)=—¢s (191)

E720, IELWEERIIHE LNV (189)~(191)1%, B d, ¢, s & z HhE D I1Z-90°[FH
HR(S0 V) 72 o T AR E & 1L m & O RS Z2) B 72 F5 R > T D),

JRFEE (A0 B 4y T HE(MO2) Z EH T2 b DE R Th D5 A 7O, %< Ot
B LD T XA MIGERENTVWD D, ([BE)BEEA~ORHRERIEEIT 5 BRI, S(EBE)IC
Xt 2 RFREME R OWER N E WD &, SBREREICRIRT 2 R#BUTH A D175

HZAWZREZEEZPRLTOD T XA NIV, dITiE, A (R 59 2 xh B
EROEXIITH E#ZDFEHOTHBOEBREZRLTNWDELDLH D, IZHE00bLT, &
AN SN DR RMO)NCHENE L 220 olE, A0 205 MO Z1ED BRI WD KA
FOFEE L TRIITIBEGNHNLIND Z L3, RBUTHIORESHNEDLILD T
oD, KBTI AT2=2 ) — 1181 TH LN, %< DOGAE, FEELS z)%iﬁé‘lﬁi&ﬁﬂf&;
BNk, ZFOWITH AL A @;ﬁfz%ﬁﬂf&;é L7=MoT, 1751 A & A ostAmk sy
FTRCELTHEIND, A LA TOEELRCICARD, DF0, E'@%I’\@T%M/E@?%fﬁﬁﬂ&
LT, (bL, oA ZHWTYH, #iE, REERITIELWEDIZRD Z LN, BE~0
KFREAEAAT O BRICHBEZ 1T L A CER L 2WVWERERTH A ),

1 atomic orbital DOWEFR,
2 molecular orbital DWEFR,
3 HRIEIIATAN O AER O TH 5,
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HEME

BIEOBT/IFOT XA MTlE, FEAMEMEE%E Schrédinger FREATH S, Wb DK
B ) PR (RN P ROER RS K DRI EEI 25 A D TR Y, 17811 FR R (RETFI R
RN L DfEFE, MIEREFOMGRDEIRE 257200, FEAERANTERHAL, LL,
[ AR EDALE OIRAIRIES, FFEDOHE 73T 2 IRAIRE O WIRHE (LMK A1) 72 £
OMEEIE, 1T F WD FREFE LTV EBnE T2, BEEas s & Tl &,
Schrodinger FREXH A2 — K LT, WEIBEORMZEAERAL, (<& D) MWL
WCEND Y Z0T TR T DL L) K RTFIECRY 38, 178I/1%ThNIZ,
HEFE B IRE O [ A B CIE - 7o B F1T8 2 AT 27500 CRICTZEV BT £938, £z,
BT AE OB NT, 1THINFEEHRR L VWEE AL ATIZRL TS T A M
RTETN, TZOXIITHITERRT DL EFERITHL) bl Ty, EREINWLAY
AT BB ) F RN I CATE P E DT 2 OB OFETH D L EWET, TF,
T A (s =107 ) L—FIC L 2 EHEFREDO = — Lo MR &9 X 5 AR FEER
PITOND LIRS TVWLIEKRTS, EARBOREGSKEWMT LLEAMEL b2k
W) &2 BT D7 OIATHI N FHBERE L THZ D LR 2 TR TH D LEVWET,
Heisenberg 2MEEE L D0 H - 72 N FEPTHIOEFIZER L TVD Z &I/ W=D
Max Born T3 743, Born (£192642 [ L, H =in(0/ot)721F T2 <, p=-ik(d/og)IZ=
SNTWe b, A7 H4E Schrodinger £V #Hir HHE L, EEINFOTXTEHFTWELEA
] EHBRTWET, RUALTVEWS AT T, WEINHRRNIR A SN, 1751
NERTPIZEALEDT FA S TEROATWRVOIFIEERZ L TT,

St
iRz Bt E, BEREEEZ LIS o EX— K, REHME K, BLUX
BR1IDRZR DR TORBZHMA L TS o7/ hAER RIZEHH LHITET,

VATHI OB E T L TWARELE LT, 5 HIR LIS L O1283H Y £7,

2 R AT L 72\ Schrodinger FREAZ T TEFHRGRKEBLZHMT L Z LIIAFRETH D L BNET,

3 HK11LIE, REB6EDOFHET, [ZIOHBEIOFROLTN Y 2L —T 4 Y H—FRLV b, bo LERHT
By, —HHTHY, BHRbDOTHD) LB TWET,

4 Z0 “FL=B7 123 Heisenberg b E N TWET, ZOH 720 O LRI OV T,
(B - S/ N R (47 A7 3CE) http://homepage3.nifty.com/oya2/physics/ @ d
&7 H5ORES | http://lhomepage3.nifty.com/oya2/physics/qed/qed.htm 1Z7E LWMERLAS H W £97, (Fea/e
5, 2021421 BIE, U7, )
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TRk sy) & THRYUER)] OEHOFEE S
— B SATAN 10 Sl 2 B3 D 721 —

19994 7H 5H  HIWCGHE 1R

20044 27 6H  HE2hE2M
20044 7H 4B IR
20064 4H 8H  FHAWMETRH
20174 124 27H &5 104
20214F11H 3H 611kl
20234 94 3H ETHE LR

w2 (L s e
AT kR

FIRl 7 v—=ae—
BA Ry FFA
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