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Clebsch—-Gordan %% & &5 5+

§0 XL &I

AEHEITEFNTFOTIA NOFTIOOEZ EDLHEELRYHETH L0, [FIRFICEH
fif72(L b TV D)WHLE TH 5, Pul AIEB E-CEREFRREE E Tldh A L BifEc& -
HOD, AEAEE)ES Pauli 1751H72 0 TREL LG, AEEEOD >~ 7Y 7L
Clebsch-Gordan f2EUZ L > TOWZEDIRZ LD biLlz, & W IR H 5 ITE bt
Wﬁéaﬂo%ﬂﬁ%@h&ﬂbﬁWk%W4%,ﬁﬁ@%%ﬁ@ﬁﬁpk%WQA%,EU.
Condon and G. H. Shortley, The Theory of Atomic Spectra (Cambridge University
Press, Cambridge, 1935)iC#kir t, BRRBOFSRORTFIAT FEH £, HAFETH
DHLDONH o7&, M. E. Rose (ILNARE, FZFRHEIEN #R) [AiEE) &0 LR (A7
EFE, 197122 F 2T b2 OO S I2hiMEs, W) RBREZRBRIN-FbEBbND
DTV 83 %, Clebsch-Gordan fREOEAFIZ Z D K 9 72fERENE L TLE H D
%, £ 5 THERO 2D DOBGERTH 5 K 9 1ITHFE < Clebsch-Gordan ### 2 fiffi L T\ 5 (&
WO HIBRE 5 2 B)RENE L, R, Clebsch-Gordan ¥z HiT2bDE L TEH X
DRI N DR —KTH L EEbis,

FIFH BT OTF A MIBWTH2E T A ROMEmIIMbTERY, 8%, kO LD
IREATHR SN TN D,

1ODFF AT EAE (a) & THE(B)DJRIEEZ LV HHDT, 2EBFAE L 2KE L
IEFH4ODRERRENDH VU, T b Zaa, af, Pa, fBEEL ., aak BRATENEIN AL
iifﬁﬁéﬁﬁﬁb%ﬁé%%ﬁ:&iﬁ, SQ%DSZ)@ﬁF%%U:&oTb\ZobS‘, aft pald* O F
FTIXEABEEIC 2> T RVWO TR E ZIC X D)IER G 21T &, 2K T4 oD EHEEK
aa, (UN2)ap+pa), BB, (N2)af - pa) EBN D, ZhbOBEEICH L CEFOLHhE
179 &, HAIDO3(triplet; 3EIH)
aa, (I/N2)ap+pa), BB
TR TAETHDLNOLXHEETH Y, 7%0 D1->(singlet; 1EHIH)
(1/2)(ap - Ba)

(TE TR, WS D DO TRIMIFEETH D,

V2o T G, e IEen S BRTIERL, ELAROLIRBFIEL VI EKRTH D,
2 JHZ X M. E. Rose, Elementary Theory of Angular Momentum (John Wiley & Sons, New York, 1957).
3EE, T KB OBBNT, (BT Lt b)EE B I EAERUICRE L2 b O T,



FEOMBIZERY 132K, £, HEBEOT-OOHBELE WO THE RV, ZORMTIX
LLFD25

C2DODB/EFAE L LWV AEEIRENY NLOS TV T FER) 1 E RS TS E
- BB A B2 1/V2 R0 - 1/42 £ 5 558 Clebsch-Gordan (R Cd % = &
ik CERWVWERITMRD AT R, AEEIEIZ OV TEPNIZREITZ VA, RN,

Zare, Angular Momentum (John Wiley & Sons, New York, 1988)3 L T'A. R. Edmonds,
Angular Momentum in Quantum Mechanics (Princeton University Press, Princeton,
1957)D L 5 R BERMEOTICRH - HRVOITERARZ L TH DS, AEL, ZhbRE
DEFAIZH EONT, BFALVEEEZIILD LT HAEHEOHESICHIT D
Clebsch-Gordan f## D& Bk & f%ﬁ%fﬁﬁﬁ L, fEEEEARROEHRIZE DO THRZR

AT OB LN E2EET 5 72OI1E )72 monograph Th 5,

§1 Step-up operator( L FEEF)& Step-down operator( T EEF)

A IEE)EE A B O B, WA AEE R E A BT, —AXIZ, EREFAFBIE @R, Y, 0,9)
ERFICEVRINDN, AU AETDIELFO KR AEIEOKAGEE2 DL EIT
HIERDIE, UTFTOMEE2ED)4>0OXNTHY, BEZOHLODH SRS I3
EQECAJAN

J? | jmy = j(j+1)| jm) (1)
J, | jmy=m| jm) (2)
Ju | jmy = Jj(j+1)-m(m£1)| jm 1) (3)

T, JIIAESEHE T, J,3AEHED z fOEE - TH L (AETIE, X EM
(272D DEBET D202, AEEIEOKRE SOHEMNE LTORELE LTHY, anXFIZA

ZBNEIICLTWVD, WIEL LTOKRE SEEMRICET L, R)OEDITIER BT S
, XR)EXB)DADITIZR BT LN D), | jmylE, AESHEE RN j, z 5
MRS m OWRREARTEAREE TH D (m 1T EETRE TN D), JITREENRE S
N AEEN R TId/a <, PuBMAEEE (L) A VU AEIIE(S), HDOWIEEN S0 fMhiE
HEhlERLTWD, J, BIOJI 1TZENZEN step-up operator( EFHE 7)58 L O

L2 OOMEHEICE > TE Hid] THY, 2207 MUIZE->TE [ Th o,

2 AT TEFWE) (4 — 254k, 1974) 55 9 =0BEM B [RARE SRS OB /1 5r0F9e) (38 39 B Ry B
DR GRS THAE, 1999, tETHR, http://www.gen.kanagawa-it.ac.jp/~fujimura/folder/text/natu39.pdf (accessed
on 05/20/2007)) Tix, #IEHEA DIREAS Clebsch-Gordan 23 THh % = & ¥ L Ut Clebsch-Gordan 23 ®
REEPFRI SN TN D,

3 P. W. Atkins, Molecular Quantum Mechanics, 2nd ed. (Oxford University Press, Oxford, 1983)<> M.
Weissbluth, Atoms and Molecules, 2nd ed. (Academic Press, New York, 1978)7¢ & & AT DHEHFELET
%73, Clebsch-Gordan R8T 2 MFRATL S TN D,

4 IRTO 2 [TZE M EE AR (RS 2 R LTV D (x, y bRER),

5 ladder operator, raising operator, creation operator(ZEkiHF 1) & HIFIZN 5,
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step-down operator( N A 7)1 L FETNHEFE - TH Y, ThEn
Jp =dy +idy (4)

J_=Jd,—iJ, (5)

TEHEIND, XE@)DOBED m OMEEHEMS TV ED S0 LTWD Z ERLFHOHk
ThV2, J, BIOI_EEDOECHBEHEE T LIS, W& I BXOJI_BHIGT 25 L
fRIZEE U D00 LIV, T O DA 7235 2 M NEM CEAUIR L TEH LWEET
Eew, ek, RE@UFKRDOETEIMNDL Z EHEU,

Je | jmy=(Fm)(jtm+1)| jm*1) (6)

| jmy OREOAEBE T D x, y, z HFATXTORKSTDOKRE SBFRIFFHIRE SR 0N D LT,
ZIEND I AN BT % A i E) & R O AL R

[Jx’Jy]:UZa [Jy,Jz]:in, [JzaJx]ZUy (7)
MOALNTH D, —75,
W2, Tl =102 Jy] = [I%, J;] =0 (8)

ThoNb, J2ELCISOFmOMEREOKE S(EGHE)IZRABECRET L2 LR T
%, i@, ZO1ODHAE z T L 58, FOFRER, J2 LI CONTIHEIC R LB
B (1) KOQBRABHIRT 523, J, & Ty \0OWTIREAH DAL LR 2 LI 7
B BVRZ DL, B jm) i, HETJIZBLOJ, OEABKTHLD, J,&J, DR
ARETIIRV, TR TOHATI &y & | jm ITEMSED &, RO X5 2EESELR
%

Ty |jm>=%w(j+1)—m(m+1)|jm+1>

+é¢j(j+1)—m(m—1)|jm—1>

Jy |jm):—ié\/j(j+1)—m(m+1)|jm+1)
(10)

+i%\/j(j+1)—m(m—1) | jm-1)

! shift operator, lowering operator, destruction operator(HIFHHE 1) & HIEIEZN 5,

2 J,, JERELT LR, jOMETIETR mOELZHEBIELZ LICEET D,

8 I, J ] =[J%,Jy = [J2,d, =000, J, Jy, J, 7T I? &Ll AR EAEEZ o L L
BETHLN, Jp, Jy, J REVCARTIER02S, J? LIEOEARNE o0 J,, J,, J, D)
H1ODHRThHD, ZD 1 DOEFFIZET HMEMN m D & &, o> 2 SO ORE I EFIZIE72
59, mm-1,-,-m+1,—-m OFPIZIE SO,
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IS DOROFDITII2FEO BN BN TEY, Lb TN OIEEEFSER Lz to %k
LR DM ETHE b OBEARBIC RS> TS 2 einb, | jm) A d, & Jy, OEARIET
XNV Z EEHLNTH D, ADCTHEEOBENHND X512, (9) + i(10)BLTO) -
(10)ZHAE L CHAEL RD2EAFELITHM L CTHLHLRADDTIERWEA I, £9, (9) +
i(10)7 51,

Iy | jm) =j(j +1)~mm+1)| jm+1) (11)

—J7, (9) - i(10) BT,
J_| jm)=jj+1)-mm-1)| jm-1) (12)

NEHND, ZNHE200REF LD LONRX(B)TH Y, EAHERITITZR > TRV,
#£(9), (10) LV b T H& VW LB LB LVWEICR> TS, 22T, 262688 Jd,, J_
EWVD) RO R(—REMER)HEAFEEZDDONE NS Z L E(FHQ) EXA0)ICH LSV E
AR L7223, RQO)VELOMREE S, A%, J2, J,, J, MO

[J2,J.]1=0 (13)

SRRV (14)

MHENNDEDTH D, (R(13), (14)DAZHERIT, HEFDOERIZHES TH(T), (8)F
7B TEICKEZERHETIVUIGERT A2 N TE 5, )
IR T, @) HEOEEE S OEBR A R, £3, X(13)kv J2y, = JJ2T
B % Dy BIREDSER D 3T,
J2J, | jmy = Jed? | jmy = j(j+ s | jm) (15)

\if:, :T:t(].4)c]: U JZJi = JiJZ iJi "G%éb)gﬁﬁb‘sﬁijj‘éo
Jpdi | Jm) = (Jrdp £JL) | jm) = Jp(J5 1) | jm) = (m 1), | jm) (16)
K(15), (16)I%, J.|jm) &5 B E - J2 okt L CIREAE jG+1) 2 b b, J, 0%t
LCITEAEMBm+1 %2 b OEAREE 2> TWDH I EEERLTND, OFV, | jm)icd, &
ERSETHAOLN KT, FACI? &I, DEFEERICR>TW5, 295 LTJ, %] jm)
CAEH L72RER | mt D IS T 2BEN G OND 2 B0, b, | jm) =
| jm+1) 32 Z LixTE v, K(15) EX(16)D J,y | jm) DEDIC| jm+1) ZEEME Lz
DERALTHAUTGE SN D05,
Ji | jm)=C. | jm=*1) (17)

LU BRI C, RO DLER S D, F 2T, R(17)DOFHLOHEE LD,

Gm|JL = (jm+1|CE (18)

V3 a L 5 2 L O GMmELFIMRHIL, A, Messiah(/MEIE—AR, HA B8 3R) MET- %) CRRKE, 1971)
F1E, F7EINICFHELY, FEIX A Messiah, Méchanique Quantique (Dunod, Paris, 1959),
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155 (INF DX Hermite(m/L X — R)IEZER L, = TEFBHLEELZERT D), Ji (=
Jl=uetig) =gl sw) =0, 700, =0, (19)
LEWTE D, 22T, Iy & Jy WENEH Hermite AT THH 2 L(J] = J, BLOJ]
= J &R L, 3%(18), (19)& Y
(jm|Jz =(jm=1|CE (20)

EET LN, X(17)E (20005,

(m|JzJs | jm) = (jm£1|CLC, | jm£1) =| Cyf? (21)
PEBND, HET I, 03
Jedy = (U Fidy) Iy £id) (22)-1
=JZridJy Fidydy +Jg (22)-2
=Jz+Jg iy, Jy] (22)-3
=JZ+dkiid, ([, Jyl=idy) (22)-4
=J2+J2FJ, (22)-5
=(JE+J2+J2)-JE 7, (22)-6
=J?-J,(J, +1) (22)-7
LEREDLME, KE21)ED,
|G = (im | I2 =T, £ 1)] jm) (23)-1
= Jj(j+1)-m(m 1) (23)-2
2%,
|Cs| = j(j+1) - mm 1) (24)
EQlEe
[Ce|=JiFm)tm+1) (25)
nELND, 612, KR4 LELND
C. = [j(j+1)-m(m+1) (26)



IZH LA S 2 IRET A MENRGH LA, BIBICEbETed =18 L1,

Ci =jlj+1)-mm=£1) (27)

&%, T, XQ)FUDREDOIEMENEHFE TSI THA I,

§2 Coupled representation & uncoupled representation

WEWE2ODAIEBEDO D » 7V T (FER)EBEZX DI LICL LI, MEARTDRAH DA
HEIE TH D Z LIZEDLVIIRVD, FEERO " EEa®%o “SEHkih” L2 &Ebil
XBIL TR MERH D, RETOEBEIZH 5 uncoupled representation (X5 A HT O (Hfh &
L Co)fEEBEA A EW L, coupled representation [EfE & O (GEmsh & LTD)
AIEEEE AR ER L TW5, BRIV ERBLAZ T1E, uncoupled representation (%
EfEEHL, coupled representation [IRERIRILE VD Z LT 52, AEEIEII~Y ML T
HOHND, TOERIZI=J; + L, TERINDD, ZOFIIER & I1LE, ARORRESE O
ND JIFE1S TR S22, 2FE D, &

71— Jol (28)

TRINDEEDEAT FMIVNER SIS Z &2 D (Wb d, X7 LD triangle
condition), Z Z TIE, AT 2200 MEEB®IZE T JT 2 HW2R, #iaT 2 M EEE
T LG R CREOAEE) R CH 5 MBI RV, - 20E, AV -HuEMAEERZ2 58T
LHE(L-8S#0)3, LE ShH JIJ=L+ SWERINLIN, ZOXIBRGEITE, j; =L, j
=S L LTERITLI,

BERARZ FVIDIZDE2j+ IR L TV D 0D, MARICTEHNDREDREIT

Jitd

J=di+Jos ji+jo L - Jol+ L,

(27 +1) (29)
j:‘jl_jQ‘

LD, REERIOREERENT (27, +1)(2j, +1) TH Y, fEEATIEMEA K TREOKIZFR U TH

LIND,

Jits
(2/+1)=(2j1 +1)(2jp +1) (30)
j:‘j1_j2‘

DAL 5, BEOHBIL, MAE%OKEYTEINLMED)REL SIS EFEARTO
21 +1(2Jjg + YEDIRIEEZHNTERST Z L TH D, 12D jITHENTWD25 + MED R

1 Z OO & Y J51, TCondon-Shortley OALFHS AT EFFEN, CEFEEIZE HZ L 2BKRTH(ZHICLDY,
Clebsch-Gordan f&E /N T X TEE L 22 D), Mtz ED L 51T & - TH EA BB O WELN 722 20k (E A B g 3=
LTWAHA) IEDL RN,

2 Uncoupled representation % unperturbed function & FE(Y, coupled representation % perturbed
function EFESEZ LB H D,

3 Zh#%, Russell-Saunders 7 v 7 U VT HDHWVNIL-S Ty 7V 7 LS,
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JD zBDORES mIZE Y KBS b )b, At (coupled representation) D120 j, m
DA T 2 B A RIS Z | jm) & #< 2 LT (| jrjaim) 0| (J1j2)jm) @ £ 512K T 2
BE S & D03, X%ﬁ)%b\k{mﬁb%’ﬁ‘b\@’(, VER/NROE®RE R~ Z LI LT, LT
TIE| jm) RELERMT ), —F, #idAi(uncoupled representation)DRA&IL, Jq 2D
THEZED z BN m ORE & HOREL, #GHhLRABOERTICLY | jim) L HFHE,
I lZDONTh jo & my DIMLIKIET 4R E | jomy) &EL, FAATDO2OD I, JlZxt
G 21oOEABEIE, 2 b OH/| jimy)| jame) TREND A, PUT T jimy)| joma) %
| imy, Jomg) & &L

Coupled representation (25t 2 & H 1 O/ RITX(1)~B) TR LB D L [FE
U Ths, —F, Uncoupled representation (Zxt 3 2B 11X, J=J; + I THDHZ LT
LT, 72E 20, J, =Jdiz+do, Ji = Jix + Jor EWVIBITARD, 22T, J, X
J14 D] imy, jomo ) \ITAEFIT % & &, |j1m1> DESITUMER L2 &, BEWY, Jy, X
Joi 1| jomo ) EIC LAMER LW Z LICIEE T D (BVRA 5 &, [J),d3] =0), Lz
o T,

Jz | imy, jomg) = (J1, +Joz) | imy, joma) (31)-1
=my | jmy, jomo) + My | jimy, jomy) (31)-2
= (my + my)| j1my, jomy) (31)-3
B,
Ji | amy, jomo) = (J11 +Jos) | imy, joma) (32)-1
= iUy +1)-my(m £1) | imy £1, jomy)
(32)-2
+\JJalja +1)—my(my £1) | imy, jomg £1)
Ens,

§3 Clebsch-Gordan 1%
3.1 Clebsch-Gordan &# DX FKH
1> ® coupled representation % uncoupled representation(DFRIEAEG) T T &,
|jmy=>" Cljrjadsmumom)| jimy, joma) (33)
ml’mZ
EET D, HILORELC(j1 joj;mimom) B3 Clebsch-Gordan £2%1 & FHE D DO TH 5,
Z OFR¥E, vector coupling fRE(X 7 FAREEHREL), vector addition fRE(~XZ FVINZ

119 {4l KA Y O3 R. F. A. Clebsch & P. A. Gordan (2 £ 2 W 1 RIEXOZL# IR E, E. P. Wigner
DAEFERO R TIMIIGHA LIZOTZONUARH 5,
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£%%%), Wigner (#8572 £ & TN D, £, KL HTEICHBNAWNWAEH Y, C(jijaj;mimom)
DIz,
C(j1jaJ;mumom) = (jimy, jomy | jm) = (jm | jimy, jomy) (34)

EVWIHIEXFLZHIND (HF S THIEIN TV A0 LT XTHUETH D), 2, HIXDO X
D77 Ty FRFLUE, BUCFLEOMBE TR <, IRO X HITHE ZIVUTERZ R LT 0,
(33T (27 D) (ymy, jomg | Z 0T B &,

(Gimys joma | jmy = Y. Clijad;mimam)jimy, jomy | imi, jomb) (35)-1
my,m,

= > Clirjadsmimam) jimy | imi X joma | jomb) (35)-2
my,m,

= > Clitods mimsm) S Sy m, (35)-3
m,,m,

= C(jrjaj;mymom) (35)-4

LRV KBYDETET L EnbD, UTTRABY)DOT 77y MEREHWS, R(33)
770y MRET T,
| jmy="D" (imy, joma | jm) | jimy, jomo) (36)
ml’mQ
&L 725, Clebsch-Gordan fRELDHIKE M L L C(EAZIZFLT &L 212, Clebsch-Gordan
RS unitary FTFIORS T % = L 55 FAKICITL 52 L Th 50, KADHIT 5,

D mljima, omo)ima, jama | Fm) = 8y S (37)
rn'UmQ

D iy, jomy | jmim | imi, jomb) = S S m, (38)
jm

K(B4)DOHIA L FAOBEBROBERICH MBI R EWE MRS 5 2 LIXEETH D, K(36)iT,
FEIEBAEHEE {| jimy, Jomo)} D3R D (2j; +1)(2)5 +1) KJED uncoupled representation D(-X7 |
IV)ZEOBESR L, [EA B {| jm)} DIEAD[RIRILOD coupled representation D (X7 kL) ZE[H]
EHEOOT S unitary(2 =4 U —)EHE R L TBY, ZOEBITEOEFEI Clebsch-Gordan
B THDHZ L ERLTVD, Clebsch-Gordan 2481, Ak, HFEHTH D0, BEELTE
B2 X Otz & 5T (H(27)), xHiT 5 unitary {THNIXEAATHNC7L %, unitary 1751
HERZITHG, ReDF|RELHDHVITRILEONEIZOTHY, 120FBHEH L WVIIITHEDON

V7587 y MEIEREWIREERY M E2RTHIE, 77 L7y FORITIREERY MLONRICxHRT 5, 7T 7
v MRFUCET 2L, HE TR Ik T 57 77 v hERL (Tt URL 22,
https://home.hiroshima-u.ac.jp/kyam/pages/results/monograph/Ref24_bracket.pdf
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FEIZ1E 25 2 203, [EABEBOIERBERMEZRIEL TV 5 (F(37)FB L V(38)), £/, unitary
BTN IT M ELTH D)5, coupled representation % uncoupled representation OFREHE
ATERITZELTENE, ¥, uncoupled representation % coupled representation OFRJE
WATHRTZL L TE S, ZOWME QLRSS B EHITHNILNITHITYH 2 54, unitary
1751 A DFATH A 132 DITHI B B QIR EFIBELTIITH Y (AT = ‘A" = AT), ERITHIO
AIFHICEEETI(AT = A)TH B (R (BY)DOPIL L AR ERHESETIT, £ EICT OELTHIOMNE
HICHIE LTV D), SRR D, W78 A7 b unitary 1781 TH 5. 728, 7747 v FEFLTO,
TI(O| 7y M OMVITEWCEZOBRIZH 5005, X(34)DHI & AT HEWICERZR LT
HD, BRILZFEENE LW LIE, Clebsch-Gordan RENEHTH D Z LITHELTWD,
K (36)1F, 15D coupled representation 73 uncoupled representation MFRIEAE A THEL S
NDHZEERLTVDNR, (27 +1)(2), + ) EHOBEBREEITHIRET 5 &,

(olo) (ofo) === (o]0)
(olo) (ofo) === (o]0)

(ofo) (o]o) -+ (o]0

(27 +1)(2)2+1)

(271 + D(2jg +1) (39)

(27 +1)(2j2+1) (27 +1)(2j2+1)

L2 %, FHNOIEHTTHNL Clebsch-Gordan fRE((e | o) TH I TV D) & KT H D unitary
1THNEZATHN) TH 5,

wiz, X@O)DMILIZJ, B S G6 a5 A5, (2L BN)ZFH LT,

(i) > J, | jmy =m | jm) (40)
(30) > Iy, D CGima, jomg | jm) | jima, jomsa) (41)-1
m;,m,
= > (1 +mp)(Gimy, jomg | jm) | jimy, jamo) (41)-2
ml’mQ

E B, (40)D| jmy I @BE)ZRA L2 S DIFH(41)- 2040 EE L WM D,

D miGmi, jomb | jmy | jimi, jomb) (42)-1
my,m,

= > (g +m)imy, jomy | jm)y | jimy, joma) (42)-2
rn'I’mQ

W50 O[] U BB OTE (m) =my, mh =my)IcOWVTEL DD L,

D (m—my—my)(imy, jomy | jm) | jimy, joma) =0 (43)

m;,m,

EIR D, | imy, jomo) BEPILEEIE, SF 0 IR TH D05, X(43) ML T B 7201

U REME R IR 2 L D & & Hermite 3642 d 2 WIERERE & PO, SRBERIRATI ZHEHITHI LS 2 &b b D,
PAIATHN A DAT LB AR Z TZHRBATH, AT I3ATH] A OEFEILERITHITH 5,
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IET RN TOREDOTRITNIT R B 720,

(m—my —mp){imy, jomy | jm) =0 (44)

INEY, m= my +my Q%é\ciﬁz‘f<jlml,j2m2 |Jm> =0THLI LR D, %b\i‘ﬁi
% &, R(36)DERED H HOTRN S DI,

m=m; +my (45)

Pl T HLDEITTH DL,
ST, WEWE Clebsch-Gordan R0 & H 072 BEAEH) 2562 Ll L L 92 F
7, REBO)DLEBIZHBEHAE I, EHIED &,

Je | jmy =[j(j+1)-mm=1)| jm+1) (46)

L ((3), R(46)D| jm=l) ZR(BE)DIFTEL &,

|jmtly=Y" (imi, omh | jm+1)| jmi, jom)) (47)

my,my

E70%, @72 (46)ITRAT D L,

Jy | jmy =/j(j+1)-m(m 1) Z (hmi, jomy | jm£1)| imy, jomy) (48)
mi,m)
LB, RAS)DOFRMLY, HUOFRED L, mi+mhy = m+1 %0729 D721 130TiX
W, —J7, X@BO)DOHBICHBEEE I, = Jio + Jos ZIEHESED &,
(e +J2s) D, (Gimu, jomg | jm) | jimy, jomo) (49)-1

ml’m2

= > [Val +D=mulm 1) Gimy, jomg | jm) | imy £1, joms)
™y, My (49)-2

2l + 1) =my(my £ 1) (imy, jomy | jm) | imy, jomy 1>]

PEBID, R(48) L K49 DABIFALHE LWDT, RET 2B E LT| jym], jomy) &%
S&, NE9)-2HIHETIEL, mtl=mBLUmy=m), DFV (my,my) = (m] F1, m5)»
KL, A(49)-252H T, m=m{BLOmytl = my, DY (my, my) = (m], my F1)

1 — RHMZ2 BRI TH 523, coupled representation & uncoupled representation %272 <FEFICEE /LR
Thd, SV DHE, mTHEIND 1 20 coupled representation M EI%X % #5% 9% uncoupled
representation DA Z OXNHMD Z LN TX 5,

2 Clebsch-Gordan #3238 D & b b e (X E ) ICHKR R 2 WA, 2 ZUMZRATRIL L C3.21c#A T2

SN
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BT D, ThbazES T,

JiG+1)-mm£1) (Gimi, jomy | jm£1) | imi, jomy) (50)-1

=AU+ D)= (m] FY)mi Gim) F1, jomy | jm) | imi, jomy) (50)-2

+ a2 + 1)~ (my F)m (imi, jomy F1| jm) | imi, jomp)

MIESET D, my, my TN TWSEE( NERYV RV TR L THERIIFR L TH L1 D,
RE DR E LT

JiG+1)—-mm+£1)(jymy, jomy | jm+1)

=yl +1) - (my F)my (imy 1, jomy | jm) (51)

+\Jalja +1)— (my F1)my (jymy, jomy F1| jm)

1%, Zhh, Clebsch-Gordan #&#% st R4 5 72O DAL TH 5,
DEFFIZEB L TCm=7E8 L, EIORENBOERDND,

(9
(9
A
%
ao

0=l +1)-(m —)my Gimy —1, jomy | i)

+\Ja Uz +1) = (mg = )my (jymy, jomg —1] jj) >
2%,
0 = (i +my) (i —my + 1) (Gimy =1, jomo | 1) 53
+ Uz + M) (2 = mg +1) (i, joma 1] 4
L%, ZTIT, jEmp+tmy-12FEY my=j-m +1THLIND,
0= J(i +my) (U —my + 1) Gimy =1, jo j—my +11 Jj) 54
+ U + J—my +1)(jp — j +my) Gimy, Jo j—my | i)
Thebb
(hmq =1, jo j—my +1] jj)
U+ =my + )y —j+my) | (55)

= — -m’ . ‘_m ..
(1 +m)r—my +1) (mas Jo J—ma | 2

ﬁg?":ﬂfgﬂéo Vki:, ml%m1+1i:%%j:ﬁié &9



(imas Jo J—my | 3D
(56)

o o Y
(12+J—m1)(J2—J+m1+1)} . .. ..
=- : - (jimq +1, jo j—my —1]| ji)
{uﬁmﬁlml—ml) TRl
SBICmy R TR S5 &
(himy +1, jo j—my =1 jj)

(57)

=—[(j2 +.j_m1 _1)(j.2 —Jtm +2)T/2 (Jimq +2, jo j—my =2 jj)
(1+m +2)(j —-my —1)
INEMY KL TH(BE)Dmy 2 j; —1127e5 &,
(W =2 JoJ-n+210)
(58)

Z{Ué tioat s j e ‘”T/Quljl 1, jp i +11 5D
(271 —1)2
Bz, (55D my M j it d &,
Bhh-Lpi-a+1ln
(59)

(s JoJ— R ID

i {(Jz =i+ 1) —j+m}”2
2n

DL D, XGE)NHLH(BYETD j; - mADOKOUL ENTHEDLEL L, ZEAED
Clebsch-Gordan 282N EE SN TRDOIEIZR 5,

(imas jo J—my | )
(60)

z(_l)jl—m[ U2 +J—my) Gy +Jjo —J)! (g +my)!
() (= J1 + Jo2 + D G = J+my)! (i —my)!

1/2
} (JiJi> Jo J =1 1 i
ERUFEHEC R Z D0, K(56)0> 5 (59)F TORE & DEEITRBENICEN D £ DIHDE A
BEfe CREIER S I2EL Z LN TE D, Clebsch-Gordan &5 D EU& EAME(X(37) £ 72 135K
(38)) 25, H(60)DIENTHONT,

i 5
D [ima, joj-mi | i) =1 (61)
rn'lz_jl

b, A(60)DABIZE LT

Jl . . . . . .
a2 (Jo +J—m) (j1 +Jo —J) (Jjp +my)!
(i 2=l B 20 @) (i +Jo + ) U - J +m) Gy —my)

m ==

(62)-1



Uit i Grtm) G =m0
@il Ca+ga+ gt = U = +m)t (G —m)!

=[Gy o = i1 1 D

MWRRSLT 5, 22T, BFni
Z(a+s)!(b—s)! _(a+b+1)(a-c)(b-d)
S(c+gud—g{_w+dnm+b—c—d+ny

(63)

ERALT, a=ji, b=jy+j, c=jo—Jj d=j;, s=m & BIFiE, R(62DRDETN%

Z i+m) o +7-—m) _ (h+jo+J+1( = Jo + ) (=0 + o + ) (64)
(o —J+m)l(y—m) (A +J2 =1 2J+1)

m==j

ERETHIENTELNG, {(62)LY

(21)! (2 +1)! } (65)

(W JoJ = L D ={ — —
| | (Lt +Jj+D) (g —Jo+J)

PIFOND, BEONMHD LY FIZHEST(BEVRRDE, m=j=j] +jpDLE+1L N HE
Bl L O %E & D),

o 2, (2] + 1) V2
s Jo J =1 10D = le a1 G- o +j)!} (66)
NELND, TNTE-E), m=jh2m; = j;® Clebsch-Gordan ###% ko 5 Z & A
T&E Iz, I, (66)D (fij1, jo J— 1 | 1) ZZSNRAT UL, (i i — 1L, joj— g1 +11 5 2
/oo, $i T, (ha-Ljaj-a+1 i) »oXE8NCE T =2, joj—Ji+2| i) 2
Bond, TNEIEXEYIEEE, m=j%2b2(m, joj-m | ) ZTXTRETDHZ &
MT&ED, ZTH5LT, mODOAgERMEm = —j;, —ji+1l,.., -1, p)ct+2
(himy +1, jo j—-my =1 N BERGimy, jo j-my | ) BELE, Zib 2K (51) 04U
(F £ 5)I2 % % Clebsch-Gordan RIS ICNAL T, m=j - 1% 2K
(imy, joj—my =1]jj-DERET D ENAEEIZR D, m OEEZE 2 TAKGHE 3L,
F T D Clebsch-Gordan £%#(23%5% 5115, Clebsch—-Gordan #%#%% & & 72 BIHE T&
ERT LR D,

(1my, jomg | jm)

. R 1)
27+ + g2 = U1 —Jo +J) (=1 + Jo + J)
(1+Jo+J+1)

= 8ml+m2,m

(67)

[ +my) (r —m)! (g + mo)! (o —mp) (G +m) (5 - m)!]l/Q

XZ—IZ 1
~ zl(htjo—J-2)1—-my -2\ (Jo+tmy 2N (J—Jjo+tm +2)(j—Jj1 —my +2)



2L, 2ITBETHY, zIZONWTORNE, BRE & ENPAICRLRWEIFATE 5, X(67)
12194242 Racah! B IR HIEIC L B W TEH L= D Th %, Clebsch-Gordan £
B oo IE L L0l Wigner2 T, IX193 14 RM 7 HIETE L,
Waerden3(X19324F(ZAL 72 60 LR 5 HIETEH Lic, Z0MoEHEE LT
Majumdar4, Schwinger5, Sharpé HIZ L5 L DN H D,

Clebsch-Gordan £2%%® i121%

(imy, jomg | jamg) = (1275 (i —my, jp —my | j3 —m3) (68)-1

= (IR amg, iy | jzms) (68)-2

DEH7% L DWW DLFERNS D, Z D X 5 7% Clebsch-Gordan % %[7 4 0 BIfR 4%
BAHEEZT &Y LR T H7DICRIELRNVED L LT, [Wigner 3-j symbolJ 733‘3?)5
ZhiE, Winger 7319404E A L7 6 D T7, Clebsch-Gordan &3 & kD X 5 IZfEIENn
%o

(Ji Jo  J3

] = (-1)71727M8 (23 +1)7V2(ymy, jomy | 3 —mg) (69)
m myp mg

F£7201%

(70)

. . . o . A J2 I3
(jimy, jama | jamgz) = (-1)/17727M3 (245 +1)1/2[ j

m; my -mg
SR L7z Zare X° Edmonds O ARIZE, 3-j symbol DHECHFE FIENFEL @M L LI
TW572%, A monograph ® BN LIZTHEDOT, ZHLLENIHASLZ L13HET, LIFET
I% Clebsch—Gordan f2#( 0 BARRY 72l & & F &2 LT\ Z & icd %,

2ODAEBNE ji, jo DI v TV U T FER)DRERE L D120 DI Y z oy (FHEE T
2 m Th HFEARIE| jm) % uncoupled representation| jimy, jomy) PFIERES TERZE H
EToex, X(O67)EEI>OIFIEEITHHND, RIIRT L 97 Clebsch-Gordan $2% ™
RuEFHT D L Ls,

1 G. Racah, Phys. Rev., 62, 438 (1942).

2 E. P. Wigner, Group Theory (Academic Press, New York, 1959). J& Al E. P. Wigner, Gruppentheorie
(Frederick Vieweg und Sohn, Braunschweig, 1931).

3 B. L. van der Waerden, Der Gruppentheoretische Methode in der Quantenmechanik (Springer, Berlin,
1932).

4 S. D. Majumdar, Progr. Theor. Phys., 20, 798 (1958).

5 J. Schwinger, On Angular Momentum (USAEC Report NYO-3071, 1952) reprinted in Quantum Theory
of Angular Momentum, ed. by L. C. Biedenharn and H. van Dam (Academic Press, New York, 1965).

6 R. T. Sharp, Am. J. Phys., 28, 116 (1960).

7 1940 £ OFE TR, EXHIIX, E. P. Wigner, On the matrices which reduce the Kronecker
products of representation of Simple Reducible groups, ed. by L. C. Biedenharn and H. van Dam,
Quantum Theory of Angular Momentum (Academic Press, New York, 1965).

8 7= & 21X, R. N. Zare, Angular Momentum (John Wiley & Sons, New York, 1988)® Table2.4 X A. R.
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* 1. j; & jy =1/2 ® coupling (ZBH3 % Clebsch-Gordan £&3

. 1/2 r. q1/2
i= g 12 Jj1+m+1/2 Jj1—-m+1/2
! 2j; +1 2j; +1
i -12 | A-m+1/2 12 _j1+m+1/2_1/2
! 2], +1 2j, +1

3.2 Clebsch-Gordan %% E &4l

§OTH AR/ 2EBF AL L REFHIBZZXLTHL I 20DAL L Z ZNE THWTE LR ST
KT L, 1=12, jo=12,75%, <7 FLFIO triangle condition IZ XV, ZD2DDA
EUAEBENES L T TCELN 2 eAEEER R jILj=1,0Th5s,j= LU L TiEm
=1,0, -1%, j=0ZKLTIEI m=02L5Z2 R TE5, ZH421L coupled
representation TH Y, | jm)Eitx T 5D &,

D, =i, FNETNOAE L DOmyBELPBmy 312 (INEEH, akE)E2IE-1/2(2
nNxE@E, pLtE)THIEAICHE L T4 2D uncoupled representation 233 ¥,

| iy, jomp) KiLE T 5 L&,

‘ll 11> 11 l_l> 1.1 ll>

22’22/ 122’2 2/ |2 2’22/
Lleb, Iibanit, £ ORETRIZT Daa, af, fa, BHTIIELTVDHOT, LLIF TR
W, |aa)y, |af), | pa), | BB LT, Z ZTOMEEE, X(71)DznZhoBiEE X (72)

7= & 2%, Clebsch-Gordan RO #1ZIE, jy =1/2, 2FY

1111 72
2 22 2

) 1 )
<J1m1,§ my Jm> (73)

R BAN G X 6N T WS, 4 j b2 THHND,

1 1 )
—my,— Moy | jm 74
<2 Lo M2\ > (74)

Edmonds, Angular Momentum in Quantum Mechanics (Princeton University Press, Princeton, 1957)®
Table 5.2 72 &, #EXOFHIL, L. C. Biedenharn and J. D. Louck, Angular Momentum in Quantum
Physics (Addison-Wesley, Reading, 1981)ICF & ®H H LT 5,
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EES, jIXj=4+12=1, j=j;-1/2=0D20Dfl% L H(ZFNEI, R1DFEATLH3
1TITHFIER),

FT, |jm) = |[IDIZOWTIE, j= 1 THINDLRIDE2T(j = j1 +1/2)BxET D,
my =120LXITNE, m=m;+my=1K0m =12THd, my=-12D& X2, m
DEKRENY2 Th D10, m=12FEBT 5 LRTERV( = /2 TH L0 D, myE3/2
LD ENTERY), LEEN-T, ZOFEAUTENDBREDOANLETH D, HARIZE

"I DL,
<ll ll‘u>_ a+m+12]? [y241+1277 (_jm_l 75)
22°22 o2 +1 2(1/2) +1 \2)

AR LT, (012725 D> TV EAUTHESFVOMEEFHE L THD &,

12 1/2
<lm1,l—l‘1l> |:J1 m+1/2} {1/2 1+1/2} _(gj o (76)
2 2 2 21 +1 2(1/2) +1 2

L7220, WINRD(AIREZR)m ICXF L THOIR D Z L bhd, LIen-T,

11 >_<ll 11‘11>‘ll,ll>:‘ll,ll> (77)
22°22 22’22/ 22’22
2%V,
[11) =] aor) (78)
A
WIZ, | jm) = |1O)ICDOWTEZ D, ZOHED j=1THIND, RIOFE2TNMGE
BN, (my, my) = (-1/2,1/2) & (my, my) = (1/2, -2 W DEENH LG, F#1D
AT D25 & IS O S R T HUNEND D,
(111 1). (em+12]” [y2+0+12]" _HM I I,
2 2°22 Lo2p+1 | | 2u2+1 | \2) 2
<1 11 1 > —m+12T? [y2-0+1/2T2 (1)1/2 1
— =, = -=ho)=| A7) 2T 2] - = (80)
22’2 2 2j;+1 | C 2(1/2)+1 | 2 J2
L7223 »- T,

PSSR AR S TS IS U UG A S O I A PPN DU U I L I
222 2 222 2 2 2°22 2 2°22

11111 111
@‘55 5‘5> H“a’§§> e1-2
flaﬂ>+f|ﬂa> (81)-3



1
=5 (1af) +1 po) (81)-4

LD, | jmy = |[1-DICBILTIE, RIDOFEATEIFNOLMNEBZL,

<1_1,1_1‘1_1Hm_+1/2}” {M}” H”Zl )
2j; +1 2(1/2)+1 2

-p=(i-t i i )i t1i Ity g1 111 (83)
2 2’2 2 2 2’2 2/ |2 2’2 2

11-1) =| Sp) (84)

LD, LLE3OOBED jixT XTI TH Y triplet(3HEIA) Z K L T\ 5,
K%IZ, j= 0% 5200012\ TIX, RIOHEIT(j=j4, - 1/2)0FEFEL, (m, my) =
(-1/2,1/2) & (my, my) = (1/2, -1/2) DFEHERHENE, TNFREFHEAELT,

<1_1,1100>={MT2= {M}”g _HMZ_L 85

>F D,

2 222 2j; +1 2(1/2) +1 2 V2
(114 -Loo).- grmeya]”? _fy2+0+y2)” :H/Q L 86
22°2 2 2j; +1 2(1/2) +1 2 NG
L7=1->T
|OO>:<11,1_1‘ >‘111_1>+<1_1,11‘ >‘1_1,11> 871
222 2 222 2 2 2'22 2 222
111 111
f‘§§§_2> H ‘§5§> e7)-2
1
= 87)-3
5laP- flﬂa> (87)
- %( |y —| ) (87)-4

Lleh, Zhudsinglet(18HIH; j=0)Th s, UEDZ LD, ZLORTHESALNTND2
B AV ROEA A OEMBEHOBRIEE S TEMRT B OM%%E)S Clebsch-Gordan
BETHLZ ENHRTE-THA D,

3.4TR LI ATHIRB(R(39) 22/ 7 A B L RICHEMT 2 &,
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1 0 O 0

0 1/¥2 o 142
11),]10),|1-1),|00)) = ) > )
(]11),]10),|1-1), | 00)) (|aa>|aﬂ)|ﬂa>|ﬂﬂ>)o V2 0 -1/\2

0O 0 1 0

(88)

LFREIND, AWOEFITHIIMEDNC unitary {TH(EZATH) Th Y, Bie 25+ b 25\ EAFIH
TONBEIIOTHEIMNHEALALTED, 1205ATH A WIITHHFONFEITLICHEKBIL ST
éo

§4 Step-down operator( FEEEF)IC & S EHBEEDIRE"
41 2BFRORE VK

§37Tld, Clebsch-Gordan %%t % F]H L T uncoupled representation 7> % coupled
representation Z L L7223, BIDOR°V F & LT step-down (F 7213 step-up) operator %
M5 51L& %5, Step-down operator X° step-up operator |£2(3) Tz L 512, 1EH
L 72 B D 4 5 E?%{é"lt T SEL VIS E T2 “Hig” b o Tn5h, Zhvz
FIFHLTC, 72& 213, |1]) WZJ_ZERESENE, RIS ELTY) | jj-D&aELZ &M
“C‘Jé HIFTTHY, W jj-DICT_ZEAS®ED & jj-20 B ENDITT THD, =

ZNARAT 21, ﬁ“f\“CO)T BEZ2 mIZOWT| jm) 2R 5 Z LN A[REIZ 72 D, (4R D,

|_] - DB EEDTH L, ZOHAT step-up operator T m ZJEXRIEIN X TWVIHIE X

V)MMTFTIEE T, 2B AV RIS L CEAT 5,

32THZ L HIZ, 2B FAE L FRD coupled representation(BEFIFEREL) | jm) 1%

Td 5, F7=, uncoupled representation(EfEFEE) | jimy, jomy) I3,

R e ) 90)
22 22 22 2 2 2 222

Thv, Znbid, |aa), |af), | Ba)y, | BB THDH(m DI, |aa), |aB), | Ba), | BB
DJEIZ1, 0, 0, -1 T& %), Coupled representation T % uncoupled representation T%,
m=1, -1ZZFNZEN1IE LB T2V, m=0l32FEN TS, LEER->T, RO X
INCHEZDH I ENTED, 4o0 uncoupled representation P9 5, m= 1, -1IZxLT 5
aak BRI, (m=m; + my TRITNILZR B2V ) B)coupled representation & kD K 5121
X LTIE LTV 5,

N | =
N | =

1
2’

N | =

|11>=|060!>E‘ > |11-1) =1 pp) = ‘——————> (91)

2% ¥, uncoupled representation NZ D FE FHEAGHKROBEAEEE 2> T D, —J,
uncoupled representation O HUZ2MEFIET H2m =0 OFEE | apf) & | fa) T ED LI

1 Step-up operator X step-down operator Z#F|/H9 % Z & 1E, N. M. Gray and L. A. Mills 7% Phys. Rev., 38,
248 (1931) CRE L 7=,
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coupled representation ®|10) & |00) IZxf IS S HIUT LI WTHA D0, ZOXILEE R D

IS, THZ L ap) & | pay S, TNENHM TR L U AiES) EHEE S O A B
R TNANEINF 2y 7 LTEIIH, 22T, HETFLLTS?22E25, WE, J

St¥anl, J2iIER(22) L0,

J? = J Jy +J,(J, 1)

ERTZENTE, FEINEEIE,
J2=J,J +J2-J,
E =
J2=J J, +J2+J,
Thbd, #2T, J2(RX(93)%EH| af) IT/EHSHTHD,
J? | af) = (J,J_+JZ = J,)| ap)

2BV,

1(1 1

T af) = (o + o) afy =\/5[5+1j—5(§—1j | 8 =1 BB)

1
ThHHND,
JyJ_|af)=Jd, | Bp) = (J1+ +J2, )| BB)

1(1 1 1 1(1 1 1
= \/5(5+1)+5(—5+lj | aﬂ)+\/5(§+lj+§(—§+1j | Ber)

1 1

—|ap) +| pa)
LAY, F£7-,
J, | af) = (J1y +J2z)|aﬂ>=%|aﬂ>—%laﬂ>=0
BIW
J2|ap)=0
ThoHING, R(95)DHERIT

L |a)=|B)BLOI, | f) =|a) iTHIBOHER THHEICHMAT 0T, BxTH EERIN,
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(92)

(93)

(94)

(995)

(96)

(97)-1

(97)-2

(97)-3

(98)

(99)



J? | ap) =|ap) +| pa) (100)

LB, LimMoC, B of) IZEE T I? (= S?)OEABEK IRV, b 5 1oD¥%| Sa)
CJI2 EERSECHLRUMERL ALY, B ap) | Ba)ixE DF £ TlE coupled
representation % #£ I H AR/ > T2 &b d, B CHEAREKIC v e
T, |apf) & | pa) ZilAEHE T, coupled representation @ m =0 O BE%L(|10) &
|00)) 5 1EDMENRBLH(OED, |af), | fa)ylE, |10), |00) ZIEDH 720D “BE (FLEE
B)TH D), LTFTIE, TREEFZHWDHFIEICLD, [10) £ |00) % | af), | Ba) DIRIE
fEACTRTHEETRT,

EF7, |1) THHR9)OLBIZ TREREJ_ZEASE5 L, X3)LY

J_ |11y = 11+1)—1(1-1) | 10) =~/2 | 10) (101)

Lird, —F, ROVDOTD(ac) \oJ_DFED Iy +Jdy 2AEASES L, J |ay=|p) T
HHND,

(Ur +Jy )| aa) =| fa) +| ap) (102)
D, T EX(10)NELWIND,

J2[10) =| ) +| ap) (103)
Thbb,

|10>=%(Iﬂa>+laﬂ>) (104)

DFLND, |11 & 1-DIETTIZHE T L0 6(H(91), 2T = LICEENLEEITT
NRTRELTEZ IR D(ERND, 1002 =Jd_ +dy ZEASETH|1-1) B 5h
LN, FZETTHHETRY), Uk, XO1)EX(104)TEZHNDH3ODREEKN triplet
DAL EARBRETH D,

FEEA B ZRE L TR WERIX|00) TH DA, ik, FEA RO
IZHEDNWTIRETHZENTES2, m= 0DEEDORIETH S| af) & | fa) DIIERES T
|00y DR S0 5,

|00)=al|ap)+b]| pa) (105)

ERE, TTIELNE j = 1OEABKEONREE LD, |1 BLUY1-1) &|00) DNFE
lXa & bDOBEMRESD Z LI 2 /2033, |10) & OWNFE

VARMLZ RS nEE, e Lo TG T 2L ) EMFALTVDETFA NS DA, e Z0NHE
B THLINEEFTHZENRETH D,

2 J X jm)® mOEE 1R CHERETTHY jOMITEZ 20D, J ZHA0T|10) 05| 00) 21ED Z L iX
TERU,

31D &|1-Didkal bOEIZEST|00) LEAZATDHDT, a& bORRREBGDL Z LN TERY,
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(10100) = %(awﬂ | aff) + blaf | fery +alfar | o) + b{fer | fer)) (106)-1
:%(a+0+0+b) (106)-2
=%(a+b)=0 (106)-3

Ma=-b%5x, THE|00)HEOHKL
a?+b% =1 (107)

M,
1 1

:i—, b:_— 108
a \/5 +\/§ ( )

BEBND(ZCTh, al baFEET HMMARALE), LinsT,
|00>=%(Iaﬂ>—lﬂa>) (109)

L7 D (EAEBEEROFF X, MHEZKBL THWAETTHY, WENREREEZDHD
TIERWVWD T, {108 DFHFZDNTNOMAEDLEEZHNTS L), LLET, ¥XTo
coupled representation % uncoupled representation # HW\\TETZ LN TE 72,

42 2BFROYERMERAE VEH
ZZETIHE, —HEEOBEB(A ) OAHRITHEZRITZE Th o720, BEIZE, HHE LT
%R (FEFBLE) I L CHERIE & A v B A [FIRFIC S 2 T E A BT 5 LERH
5, 22T, LFCIRAEKMICHEICE 2 AN TEL TN, EFEES L Tsp, DV
L=0&L=1DEF2MMDOREEZD,
%£9°, coupled representation #{E%, #LHEIZSWTIL,
L=1 (110)
DI, AL NTHONTI,
S=1,0 (111)

Thodhb2, SPLIPRERIST OB D= Evbhsd, LRIERIT, (3x3)+(1x3)=121#
ThY, INHLEEEDEEONR2THL, 2, ZITIE, L L SOUyTI o Ta?

LEIFIZBE XD E V- ThH, 22T, AV -HEMAAERL-S Iy 7V v ) EBET b Tidial, HuEf
HEIRL S A AENE S ZENFRMILICH > Z LICHEET S, SV E, L-S=0LLTEXDL
WwWHZLEThD,

2 i E ClE, HAETE2RUTE, BFEE/NCFETRIELER, RELIRE, BuEAEEE L A v A E % XA
LCHRETDMERDH L0, 1 BLICHT BT E/ N T, FORBEFICET 2B E KXFTERLT D,
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& 20T TiXRWd T, coupled representation D&t & L TiX, A2k, |L M) |S Mg)
HOHWE|L M, S Mg) BN Th D73, ZilbDEKGLIE uncoupled representation (Z{E]
TWATZOIRELT HAEEMENHDH DT, |L,S, M, Mg) OERTLEZH WD Z L1235 (6 -
|L=1,S=1,M; =0, Mg =-1)),

&WIZ, coupled representation & M; 3 XN Mg DIECTHHT 5, FLOET AL L D
T, mEFICEDETHI TH o2, Z 2 THHLE & AV ZRIFHCE X TV D DT,
20D EAE My, MglZ XV 3T DM EN B DH, K2 b oD K91, (M, Mg) = (1, 1),
1,-1), (0,1), (0,-1), (-1,1), (-1, -1 D6fH, DFH Mg= 0DBEEILLEI LB TV
V. 4, (1,0), (0,0), (-1, 0)OIFEEF2MHN TS, 2ETF A L L ROBA & I,
1E LB 72V D, uncoupled representation & coupled representation 231%f 112
Rt L, 2L E)BND b DIL, FU (M, Mg) Dfiz % -2 uncoupled representation 73
HRIEAS & ST coupled representation ZJET 5 Z L1272 5,

RIZ, uncoupled representation Z1EA 95, TNENDOE T OHE ETEIX, BEIZH
LTI,

my =0, my, =1,0,-1 (112)

7 2. sp &1 O coupled representation & % D 43¥E

Term Coupled representation (M, Mg) X
Y, =|L=1,S=1,M; =1, Mg =1) (1, 1) HUm
¥Y,=|L=1,S=1M; =1, Mg =0) (1, 0) O
Y3=|L=1,S=1,M; =1, Mg =-1) (1,-1) B
Y,=|L=1,S=1,M; =0,Mg=1) (0, 1) Hijh

*P{ wo-|L=1,S=1M, =0, Mg =0) (0, 0) A
Ye=|L=1,S=1,M; =0, Mg =-1) (0, -1) Hfh
Y,=|L=1,S=1,M; =-1, Mg =1) (-1, 1) Hijh
Yg=|L=1,S=1,M; =-1, Mg =0) (-1, 0) O
Y9=|L=1,S=1,M; =-1, Mg =-1) (-1, -1) Hh
¥Yo=IL=1,S=0,M =1, Mg =0) (1, 0) O

lp ¥,=1L=1,8S=0,M} =0, Mg =0) (0, 0) A
¥5=|L=1,S=0,M; =-1, Mg = 0) (-1, 0) O

¥ (M, Mg)2s 1 D720 (W) D 2 & rd, BEHLIHEICE, F U (M, Mgat-oM
Bzie 5O, A, O)EffFTh s,
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A AZE LT,
mg, =1/2,-1/2, mg, =1/2,-1/2 (113)

Thbd, LT ->T, RIIRLEZ(2x1)x(2x3) =121 ® uncoupled representation 23 &
%o RIDI2MEDEEEKD > 6, (M, Mg) DIEN 1R LB 2N DX6fid v (R [H
By LELEH M), K2EOREND, FRH6MOBEITSPICE ED Mg+ 0D A BI%L
LI TVD I RPNV = 91, Y3 = 02, Y4 =03, Y6 = 01, ¥7= 05, 9 = 9g)0 Mg =
0% & O3MHDBI( Wy, ¥s, o)W E DT, SP OFT_RTOMMAERET S - LN TX 2,
/2%, uncoupled representation PHKil & LTI, AK, [fmy, lhmy)|symg, spmg,) &
DI my, hmy, symg, somg,) EFELSARETTHLHA, INLIEFTLERROT, LLFTIH,

m

my "1 mbm32> (Mg, M, 121/2,-1/2%+, - TH7L) (114)

BOERLERHNDWE:|0717), =0, =1,s7 = 1/2, sy = 1/21TT X TOMKICH@ED
[ EEZ2 DO THRFL L7 < THREIZ W,

¥ ¥, ¥ = |L=1,S=,M; =1,Mg=0) % % % /= ®» 2, ¥ =
|L=1,S=1,M; =1, Mg=1) = |0"1") = oIC A TREHE S_ZEMSEL, S ¥

7 3. sp & FE @ uncoupled representation & % D43¥H

Uncoupled representation (M, Mg) S
o =lmy =0,mg =1/2,my =1, mg, =1/2) =|0"1%) (1, 1) Hfh
po =|my =0,mg =-1/2,m, =1, mg =-1/2) =[0"1") (1, -1 Hijh
¢3 =|my =0,mg =1/2,my, =0,mg, =1/2) =]0"0") 0, 1) Hh
¢4 =|my =0,mg =-1/2,m =0,mg, =-1/2) =|0"0") (0, 1) B
¢s =|my =0,mg =1/2,my, =-1,mg =1/2) =|0"-17) (-1, 1) Hfh
ps =|my =0,mg =-1/2,my, =-1,mg, =-1/2) =]|0"-17) (-1, -1 B
@7 =|my =0, mg, =1/2,ml2 =1,mg, =-1/2) =|0"17) (1, 0) O
pg =|my =0,mg =-12,my, =1, mg, =1/2) =|0"1%) (1, 0) O
@9 =|my =0, mg =1/2,ml2 =0, mg, =-1/2) =|0"07) (0, 0) A
¢ro =|my, =0,mg =-1/2,my, =0, mg, =1/2)  =|0"0") (0, 0) A
pr1 =|my =0,mg =1/2,ml2 =-1,mg, =-1/2) =|0"-17) (-1, 0) O
¢ =|my =0, mg =—1/2,ml2 =-1,mg, =1/2) =|0"-1") (-1, 0) O

¥ (Mg, Mgy 1 D720 (BM) 8D 20 & 7T, E8dH 256120, R U (ML, Mg% & BT B & 117
Thb, a0, A, DNER22ITRLETRSITHIELTWS,
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1%, JSS+1)-Mg(Mg-1) = JII+1)-1(1-1) = +2 £ 9,
S¥ =S |L=1,S=1M, =1 Mg =1) (115)-1

—J2|L=1,8S=1,M; =1, Mg = 0y =~/2 ¥, (115)-2

FIRFIC, S_gqid, S_ley=|p), 2EVS_|H)=|") &£V,

S_pp =(S1_ +S,_) |0 1Ty =|0717) +] 07 17) (116)
L7Z=2-> T,
Yy =|L=1,S=1,M; =1, Mg =0) (117)-1
= (071" +]0° 7)) = = (gg + ) (117)-2
\/5 \/5 ] T O7
LD,

RICW = |L=1,S=1L,M; =0,Mg=0) #1525 213200 HENH D, 121 ¥ =
|L =1, S—lML 0, Mg =) ICAEV TRHEFEFS_ZEMSELHETHY, 9120
ERNCH-R117) 0¥ = |[L=1,S=1,M; =1, Mg =0) |28l FIER L 2/EASE5
ﬁ/ﬁf&;éo ZITHEDEDIZ, WTNOHFETHR UK RGN EE2RmT 2L

2t %, £9, ¥=|L=1,S=1,M;, =0,Mg=1) = |0"0") = pqlc A" FEHKETS_
PIERH D &,
S¥,=S |L=1,S=1,M; =0, Mg =1) (118)-1
=J2|L=1,8S=1,M; =0, Mg =0)=~/2 ¥s (118)-2
BLO
S_3 =(S1_ +S,_)|070") =] 070") +] 0707) (119)
L7=23-> 7T,
¥e=|L=1,S=1M; =0, Mg =0) (120)-1
=L (1070 +]0"07) = —=(p10 + o) (120)-2
\/5 \/5 P10 T Po
DELND,

— ¥, XA D ¥ = |L=1,S=1,M;, =1,Mg=0) = (1/4/2)(|0"1")+]|0"17)) =
(1/N2)(pg + @7 ) ITHE FRERRE T L A 1EA S5 &,
LY¥Y,=L |L=1,S=1,M} =1, Mg =0) (121)-1

=J2|L=1,S=1,M; =0, Mg = 0) =2 ¥ (121)-2
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BLWT

\F(¢8+¢7) (L1— + Lo )f”O 1) +]0717)) (122)-1
=|070") +|0707) (122)-2
L7Z=2-> T,
W =|L=1,S=1,M; =0, Mg =0) (123)-1
1, 1
ZE”OO )+]070 >)=$(¢10+¢9) (123)-2

L0, HeHT, R(1200E Fo-< FHLLOBRE LN,

#2IZFEL7%P OHOMMO S b TIc8AE B nn, REED ML ¥ =
|L=1,S=1,M;,=-1,Mg=0)Th%b, Wi, ¥ =|L=1,S=1, M, =-1,Mg=1)ICAL
THREE T 2ERASE5h, W= |L=1,S=1,M; =0, Mg = 0) |ZHE FEEEHE 12 /EH S
FHEHFONDED, FCHKERICRDETR20T, ZZCTEHAMERLETEZ27RT, ¥ =psTHDID
o,

S_T7=S_|L=1,S:1,ML=—]_’MS:]_> (124)_1
=V2|L=1,S=1,M; =-1, Mg =0y =~/2 ¥4 (124)-2
BIW
S_gs =(S|_+S,_)|0"-1")=]0"-1")+|0" -17) (125)
L7=1> T,
Yo =|L=1,S=1M; =-1, Mg = 0) (126)-1
= (0 =T+ 0T 1) = = (g1 + e11) (126)-2
\/5 \/§(P12 N1

L72%, UET, SPICEEN29EOEARMMERS - LN TE -,

Wi, P oEEREEHETH D, TALOEMERDITE, T TICESP OBMEE L O/
AP E VU LW, 7 U (M, Mg) % & O DBIR LIXERT 505, £3, (ML, Mg)
= (1, 0) DHLIZHNT, Po

¥o=/L=1S=0,M; =1, Mg =0) (127)
L3P ot (M, Mg) = (1,0) Th 5 P((117))

Wy=|L=1,S=1,M; =1, Mg =0)= (|o 1"y + 0 17)) (128)

S

EMEERIT 5, Yo%
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¥o=al0 1" +b|0*17) (129)

LI &, Wk W oDELBIR (P, | Pio) =00 b a=-b L7 h, BEILELE@Q® + b% = 1)
EHEbET

¥o=|L=1,S=0M; =1, Mg =0) (130)-1
1 _
=— (|01 =107 17)) = ——=(pg — 130)-2
J?l - >)J?% »7) (130)
wEHND, w2, 'PPoML, Mg) = (0,0), OFY
W, =|L=1,S=0,M; =0, Mg = 0) (131)
DYEIE, PO (Mg, Mg) = (0,0) Th 5 ¥s(:(123))
Ws:yLst:1JwL=0JwS=o>—7=uo(ﬁ>+uﬁo>) (132)
LOBERMEZFIAL T,
@, =|L=1S=0,M; =0, Mg = 0) (133)-1
=L (1070%) 10707 ) = = (g0 - ) (133)-2
\/5 \/5(010 (4]

Lih, SBHIZ, Wa= |L=1,S=0,M =-1, Mg =0) IO\ C A, P(X(126))

¥%=|L=LS=1JWL=—LMS=O>=1=|O 1" +]07 -17)) (134)
& DEZMEND,
Y12=IL=1,5S=0,M; =-1, Mg =0) (135)-1
1 _
=—=(]0"-1") -] 0" -17)) =—( ) (135)-2
\/5 \/—(/712 ?11

"ELND, UE12EOBEAEEE LD LONREEATHD, ZDOLHI, AV EHLE
BT ENENO FRER 2 HWD Z & T, IBRAHEMICEABEEREZGL Z LN T
x5,

ZOLTHELNEKITEFREEsp ICXVAELIEFREEZEZTEABREK CTHLND, B
F(Fermi K ) DAHIZE] U TRIPML(FFFF 270 D) STV il b2, £ 2T,
Y =@ = |0"1") OBE & EFOF S @) EZHR LT (Dal)gRaR) & EX(ZZT, &
T1OWEmMy =0%¢,, ALV mg =12 %a EF2000EmM, =1%4, A mg, =1/2
Falihd), Br1E228HBT5L, g0al)sQaR) & 25, Z ik o
¢, DDy, (Qa(2) IZR B E T - TG, ¥ = | 0717 23 IE LW EA B Tk un
EBZDLDIFRY ThDH, ZOL I RAEMENELTZDIE, AKX TERWVEFICETZ
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3T, HENPBEAMTEL LIS T LESZENFERTH D, SR 5L, Bl
2, 1071 & ¢, D), (RQa(2) TEEXHZDDIFFEY TH Y, BFAXPITERNI L EE
ELTHEFLL2Z2 ANEZTZE ¢ (Val)g, RQa2) bIZLONLRUEATHGT DL 1T
B A ES 7T UL 72 B 7en, 2008 % [ CEA TERASDLE D HETZWANAH D H 5
23, ELWHAGDOEZBEIIZE 2 T NDHDD Slater 18I TH 51, DFED,

1| #aa(l)  dpDa(l)

o =10"1T) = — 136
AT R (130
LRI, ALORBN
1
#1 =5 e (Der( Ui, (21r(2) — hy Wer( Ui (2] (137)-1
7% 4. sp B ELE O [E A B
Term [ B (3 2 O ¥y~ W0 ITSH) (M, Mg) m*
Y, =|L=1,S=1,M; =1, Mg =1) =|0"1%) (1, 1) 2
¥y=|L=1,S=1,M, =1, Mg=0) =(1/42)(]0"1")+]0"17)) (1,0) 1
Yy=|L=1,S=1,M; =1, Mg=-1) =|0"17) (1,-1) O
Y,=|L=1,S=1,M;, =0,Mg =1y =|0%0") (0, 1) 1
3pl  ¥5=|L=1,S=1,M;=0,Mg=0) =(1/¥2)(|0"0")+|0%07)) (0,00 0
Ye=|L=1,S=1,M; =0, Mg =-1) =|070") (0,-1) -1
Y, =|L=1,S=1,M; =-1,Mg=1) =|0"-1%) (-1,1) O
Wg=|L=1,S=1,My =-1,Mg=0) =(1/~2)(]0"-1)+|0"-17)) (-1,0) -1
Y9=|L=1,S=1,M; =-1,Mg=-1) =|0” -17) (-1,-1) -2
Yio=1L=1,5=0,M; =1, Mg =0) =(1/4/2)(]0"1")-|0"17)) (1,0) 1
Ipl  ¥,=|L=1,S=0,M, =0,Mg=0) =(1/+2)(]0"0")-]0"07)) (0,00 0
¥, =|L=1,S=0,M; =-1, Mg =0) =(1/J2)(|]0" -17)=| 0" =17))  (-1,0) -1

>:< m:MJ:ML+MS

LA G 5 B OEN 3 DU EDOSE T HMEITAE TR,
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1
= E[¢a(1)¢b(2) ~ ¢ (Uéa (2)le(Va(2) (137)-2

NEL, ZOBBOEF1IE22 ANEZ D L,

1
T3 1a 2 0) 5 ) (e 2)c) (138)-1
- —%wﬁa (1) (2) — 4 ) D Va(2) = 7, (138)-2

CRBEMG, HENIHAFMEENTWAZ b nsd, LENR-T, E3ZENMHNLTWNWAHLI2
HOBEEIZFNFE 120 Slater {THIRUZKHE L TWAHDTH 5,

§5 5182;EE F(projection operator)|Z & 5 E BB DR E
51 HEEEF

§4 T3 FRES % T coupled representation % uncoupled representation D
RSB CERTFIREZ R LD, o< BlOFEE L THEHE 1 (projection operator) %
MWD FERD D1, FHEEAE 7I1X19554F 12 Lowdin223 8 A L7 6 @O T, uncoupled
representation (Z/EH S 57217 C, H2L7 % coupled representation O [EH A BEN D
No L0 @A L)ERDPNNSDTH L3, ZOFFEFIE, BEamOSFE) 25 L ToF#l
EZALA BT DB, 1DOREE(T & Z TR FHE)I/EH S LA 4 L REDIT b & %
HOH D TH D (unitary 22 THEITN D BEIEREF L OREMR & WV ) B TAEMIZFRICH O T
&% %), Coupled representation 7% uncoupled representation OFRIHE S TH S L7 Bk
T Clebsch-Gordan R 3611206, FEHEFEFZ/HViud, #(67)i7~ L7 Racah
X° Wigner O (#72) X% 5 Z £ 72 <, Clebsch-Gordan %5t % M5 Z LN T& 5,

AT AT 5 kFBOBEAM o 2 b DEAREZS D 20O EHEREFIIRATE
2 Hid,

Pk=H(a‘:€__“;} (139)

l#k

U S 2 IV 2 ER B O TE U BT 5 seBE 2efifiin’, J. C. Slater, Quantum Theory of Atomic
Structure (McGraw-Hill, New York, 1960) % 20, 21 FE(ZGE ST\ 5,

2 P.-0. Lowdin, Phys. Rev., 97, 1509 (1955).

3Lk, FHRFIER S TAT, BEZRMEAFIATO2REGIEPAEL WS RIES LWHIETH L0, s i
LTWD HAGEDT F A MIDn,

4 B T T OxtFr & B (REYEZEFIA, 1973) Tl “van Vleck @ generating machine”, F. A. Cotton
(TR 5R) TBEaoLE~DIEH ) (L, 1980)(F%& 1L, F. A. Cotton, Chemical Applications of Group
Theory, 2nd ed. (John Wiley and Sons, New York, 1971)) Ti&, “*IFMERESHIZHE S (Symmetry Adapted
Linear Combination; SALC)” &\ 9 AFRCTREZN TV S,
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ZIZTC, UL, HEHLTWAEAMH (o) & 1ERRDEAE (o) ZHEETHESFTHY, ETk
IS DT RTD LIZDONWT E B, Aﬂﬁ%?d2®&%ic%=~wk+UT%5#E,A
D k7 H OEAEZ b OEAA B A 152 72 O FE 71X

I? — il +1)
P = 140
* £1me+n—ﬁm+n 1

L70%, 22T, J = L (HuBAEEE) THIUL, ji & L \CES BT P2 My,
= my o+ omy, o+ BT RREREK| hmy, bmy ) IR S AL, L= L2 boEA
%ﬁwﬂmjﬂ%%M52HgJ S (A B U ATER) &) THIUL, FHEEE T P D ji. & Sk
ICEEMA T Mg, =mg +mg, +- ZWTT | symg , somg, ) IAEA SENIEL, S= Sz b
OIﬁ%ﬁwumﬁﬁﬁEhé®fhéoik,Xﬁykﬂﬁ%ﬁﬁﬁ%ﬁbkﬁﬁ%ﬁ
| L My, SkMs, ) %135 1212('D %P &1 9 [ lﬁf’a@%{@%%f‘é@ D, A BB EAER %
FEETDLEVIERTITRY), TRENOHEHAIICITT, L= Lk S= S iIxd
DEAAREBKESD-ODEFR L LT

_ L? - Ly(L; +1) S? = 5n(Sn +1)
PL:Lk,szsk = :ll:;![Lk(Lk +1)— Ly(L; +1) ];[ Sic(Sic +1) =S, (S, +1) (141)

-

%MLk =mll +m12 +%J:()\Msk = msl +m32 4. %{%flﬁl llmll Slmsl’ l2m12 SQmSQ""> \z
FER ST L, SHICAC - BUEMAERZEE L CRmERR J=L+ S35 )= ji %
& OB ARG D DDA IX

n
(L+8)% - ji(j; +1)
P = — — 142
. HLk(JkH)—Jz(JlH) (142
#k
LIRS D, K(142)1F, 20D 7 MLL E SOAKEITI Z L EBHKLTEY, =0

SRR I LY, REOAETE O AICXT 5 Clebsch-Gordan &5 4 R ET 5 Z &2
TX 5,

52 2BFROAEVEH

T, HEBERFREARBETER T 57D R ER TH L0 W ) FIILI T
BEHEBISE T T D), £7, 41TH- 712a3%?< BRI LT, SR T %
L CHEAREEEZE L WELZI D, ZONERRL THALZ LIZLE D,

TTITR LI L DI, 2EBFAE RO coupled representation & L TP jiI1EB LU0 T
HY, j= UKL TUEm=1,0,-1, j= 0l L CTix m=0DG4>D%K(|11), |10),
|1-1y, |00))23& % ((71)), —7, uncoupled representation (ZiX|aa), |aB), | fa),
| BB DAOHBH D (K(72)), DD mTHET LI EMNTET, m=1,0,0,-1:7%->7T

VBRIV ST 7 =y 7 #BET D LITEEETH DN, M- THT “BIfE & “Wie” 28H3 5 &, M
DEREINEG DB b H D,
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Wo, ZO&E, 1DLDBAELRVY m(-DFEY m=1& m=-1)% coupled representation
& coupled representation 23 1%f LIZXf G LTV 2005, SEEETEZRAT 2L
HEHAEFZEH ST, R, FUCEAEITOND), Leno>T, X(91)FERIC

L1 11> BEO |1-1)=|fp) = ‘ 11 1> (143)

11D =laa) =\ 5,5
22°22 2 2’2 2

ThHhd, —FH, m=0IZIFT2 208 (|ap) & | fa)) NEZNTNDND, |af) & | pa) i
HERAZERSET, [10)BIO00) M EONDLZ L EMRALTHRL D,

EP, j= LCHTOHEEE T 2165, J2OEAREES 25 jIX1L00257FADT,
K(140)Tj=1,;=0L BT,

J2-00+1) J?

1= = 144
L0+ )-00+1) 2 (144)
135, §6TIRRD L H1Z, WEHE FOSEORFIXEMR L THED TRLW 6 (1§ oz

Bz g BT IZ L), Py = J2LLTEHBELTIY, LERST,
Piylap)y=Jd?|ap) L725, J?|af) 37 TITH(100) T THY,
Pi_i|ap)=J? | ap) =| ap) +| pa) (145)

ThHHMNG, ZNEHE b LT
|10>=%(Iaﬂ>+lﬁa>) (146)

N(—BTO)ELND,
41TlE, |00) 2G5 7= DICHMSEARMEZFIHA LR, 22 CIEOE ST HERRE 7%
FIHT %, j=0%155 72D DHEERE 71T (140)I2 j. =0, j;= 1ZRA LT

J2-1(1+1)  J2-2
00+1)-11+1) -2

P = (147)

THHN, ZITHNREMELTP o = J2-2L LTI, ZiE m=0DA L /S—0
15 THD | af) ITEASETHD, ﬁ“f ZJ? | afy DFEFITIE STV D55 (R(100), =
nirb 2| af) &#LFINT,

Pi_o | af) =|apf) +| pa)-2| af) = | ap) +| pa) (148)
&%, ThEHKIELT,

100) =%{— | ap) +| per) (149)
PRIED BT DN, EA B B () 2 T bR DT,

|00>=%(Iaﬂ>—lﬂa>) (150)
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EENTIV, ZDXHIT, HEERT%2MAV5 & uncoupled representation MDIEEEHN S
coupled representation O E AR A IEF ICHELIHEDL T LN TE D,

53 3BFRODAEEH
HEHEREFORMOR R, 32U LOAEHEDLETHZOME DM RERSIED Z

EINTEDLZLTHD, LFTIE, 3EFAEVRITH L THEHAEFEZEN L Th 5, j; =
Jo=J3 =12 TH DD, 3EF AL HRD coupled representation I3 j = 3/2,1/2,1/2 %
LBH(ET, Jy LTy A AR L, ZORBICTs ST UE L), m T BT bIcEh
ZRORED DD mEEXMTE, (3/2,1/2,-1/2,-3/2), 1/2,-1/2), 1/2,-1/2) & %
D, INEELDTHLDONRESTH D, RSICBWTIREIL1BENR VD miX, m=3/2 & -3/2
ThHY, m=1/2%¢ -2 TN ENIEFTOHNATND Z LR DD, —77, uncoupled
representation & m (= my + my + mg) DETHET 5 &,

m=3/2: |aaa)

m=1/2: |aapf), |apa), | Pac)

m=-1/2: | afp), | Bap), | Bpa)

m=-3/2: | BBP)

LAY, TREELDELONRRETHD, PHED, m= 3/2 L m= —3/2 BUET OB
THY, TNENNBZOEEEARHIC 2> TVEHDT, b&bSHEHET 2FIT 5 %

(151)

# 5. 3 - AL RD coupled representation & % D4

j Coupled representation m P

v, =1j=3/2m=3/2) =|3/23/2) 3/2 B

) Py=1j=3/2m=1/2) =|3/21/2) 1/2 O
Jj=3/2

Y3=|j=3/2m=-1/2) =|3/2-1/2) -1/2 AN

Y4=|j=3/2m=-3/2) =|3/2-3/2) -3/2 B

. { Ys=|j=1/2m=12)y =|1/21/2; 1/2 O
Jj=1/2

Ve=|j=12m=-1/2); =|1/2-1/2)% -1/2 A

. { v =1j=1/2m=12), =|1/21/2), 1/2 O
j=1/2

Pe=|j=12m=-1/2)5 =|1/2-1/2), -1/2 AN

% mas 172 (B BERB B A R B DU, A U mA b B (O,
AT TH B,
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# 6. 3 A RO uncoupled representation & % D5y HH

Uncoupled representation m %
» =| aaa) 3/2 B
92 =| aap) 1/2 O
93 =| apa) 1/2 O
¢4 =| faa) 1/2 O
9s =|afp) -1/2 A
96 =| Bap) -1/2 A
97 =| Bpa) -1/2 A
vs = BBP) -3/2 Hijh

S mAS 1O (W) RS B AR, kB B AR
U m % b oBKIcE 2T Th o, E(O, A)NEE S5 O
BISHIE LTS,

L, LN -o T,
¥ =13/23/2) =p =|aaa) BLV ¥4 =[3/2-3/2) =93 =|/pH) (152)
ETe D WIZ, BEL(BE)D A X —=3 572D m= 12 DFEAREKIZONWTEZDZ LIZT 5,

m = 1/2% b 23200 %(py = |aaf), o3 = |afa), ¢4 = | Paa))lE, 32D coupled
representation

Yy =13/21/2), ¥5=11/21/2);, ¥;=|1/21/2), (153)

ERERT D A LR (FEE) £ 720 D B(E6D gy, g3, gL OBEIE m OEN AR D DT
JEIZIX 7220 2 72\0), K(153) D 9 b j= 3/2 % b 0¥, = |3/21/2) O % 5 % 2 5 A
i, X(140)i2j; = 1/2FMRALT

1(1 3
Pi 3/ =J?—§[§+1J=JQ—Z (154)

LR BH(Z 2T, BN HR(140) D0 REEG L), ZOEE % m= 1/2D AL 3—0D
12THDpy = |aaf) IEHSEDLN, TODITIEET,

J%py =% |aap) = (J,J_+J7 —J,)| aap) (155)
BEAETBUERD B,
J_ | aep) =| foB) +| app) (156)
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ThHoHND,
JyJ_|aaf) = (J14 +Joy + I35 )(| Bap)+ | apB))

=J1i | paf) + do, | aff) + I3, | Bap) + I3, | afpp)

=|aap) +| aap) +| paa) + | apa)
=2 | aaf) +|afa) +| faa)

Wiz
1 1 1 1
J, | aaf) —(§+§—§j|aaﬁ> —Elaaﬂ>
BLW,
J2 | aap) = % | )
ThHAMND,
J? | aaf) = 2| aap) +| afa) +| ﬂaa>+%| aaﬂ)—%lddﬂ)
7

~ | aap) +| apa) +| faa)

L7213 »> T,

3
Pi_3/op2 = Pj_g/2 | aaf) = (JQ —Zj | acB)

:%| aafl) + | affa) + | ﬂaa>_% | aa3)

=|aap) +| apa) +| paa)
&Y, ThzeikibLl T

v, =13/21/2) = %u aap) +| apa) +| faa))

(157)-1
(157)-2
(157)-3

(157)-4

(158)

(159)

(160)-1

(160)-2

(161)-1

(161)-2

(161)-3

(162)

2155, WHRAZERNSNIBEEN m = 12 DDA 3 —(p38 5\ T p) TH-> THFEIL

EENHELND,

WU, K(183) DI S DM D 5 5 j= 1/2 & b SEARE AL 72D DR A Py %

ED & (2 2 CTHORORFIT LA L Q),

3(3 5
Piiip=Jd%-2|211|=yJ
Jj=1/2 2(2 j

_15
4
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LRDHME, ke, = |aaf) TIEMS® S, J2 % | aaf) \ITVEM S W -#RIET TlcR
(160) THTWN DD,

Pi_1092 = Pj_1jo | aaf) = (JQ —gj | aafp) (164)-1
= % | aaf) + | afa) +| pac) —% | af5) (164)-2
=2 | aafl) +| afa) +| pac) (164)-3
xR LT,
1121/2) = %(—2 | aap) + | apay + | faa)) (165)

w155 (R(165)1L W ((162)) & H oA L EA L TWD), BURER TIEX(153) 0 5 Ho j= 1/2
ZHORBBENI OB/ ONTTETROT, $H12oD|1Y21Y2) BELND I EEMHFLT, AU
m = 1/22 bORORKTHDp3 = |afa) I Pjoyg ZIEHSETAHAD Z LICT D, £,

J? | afa) DEENSIED X5,

J_ |apa) =| ppa) + | afBp) (166)
ThoHND,
JJ_|apa) =(J1 +Jay +Jd3.)(] fBa) +| afp)) (167)-1
=J1y | BBa) + o, | BPa) + Joy | apB) + J3, | afBB) (167)-2
=|afa) +| faa) +| aaf) + | afa) (167)-3
=|aaf)+2| afa) +| fac) (167)-4
wiz
1 1 1 1
JZ|aﬂa)—(§—§+§J|aﬂa)_§|aﬂa) (168)
B,
IZ | apa) = | apa) (169)
ThdND,
NE | afay =| aaf) + 2| afa) + | Pac) +% | afar) —% | afar) (170)-1
=| aaf) +£ | afa) + | paa) (170)-2
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L7Z=2-> T,

Pi_1093 = Pj_yj2 | afa) = (JQ —%J | apa) (171)-1
=|aaﬂ)+%|aﬂa)+|ﬂaa)—$|aﬂa) (171)-2
=|aaf) -2 | apfa) +| Pac) (171)-3

LY, ZRERBLETIUEL 9 1oD(1/21/2) MELNL (1T TH D),
11/21/2) = %u aaf) -2 | afa) +| faa)) (172)

&AM OREE, Kl m= 1/2 % b 085 1/21/2) ((165) L ER L TE LT,
EA R E T HICIE @Y TH D, £ZT, R(165)& (172 DRIEREA(Fn & 2L v FH LW
B A ED &1,

&(165) + #(172) _ﬁ( | aaf) — | afa) +2 | fac)) (173)

&(165) - &(172) = J_( 3| aap) +3| apa)) (174)

72D, AWCHEZTLEENMELND, SHICZhb 2L L TECA73)IEd TITRME
fkahTna),

Y5 =[1/21/2), = T( | aap) —| apa)+2| faa)) (175)
vy =[121/2), = %{— | aap) +| apa)) (176)

B85, W, Yol biT, FICDZRL m= /2% 50 % = |3/21/2) (F(162)) & & M
ZLTCWD, 2T, m= /2%t 23 50BK((153) 4T _RCIRET S 2 LN T2,
HIE, m= -1/2 % H2RD3DO coupled representation

=13/2-1/2), ¥ =11/2-1/2);, ¥g=]1/2-1/2), (177)
DRETHHD, Thbl ’Db\’Uim——1/2@3/)@55?&(2‘%6@(/75 = |aBB), vg = | Bap),

p; = | Bpa) BIEEBIE L 70D, £ 2T, BNCHHEE T Pi_g/o (N(154) & 05 = | afp) =
ERS® 5, J?|aff)y DEFENLIED T,

i, BERERE L COFIUEZTERT DBRIC, 1 IRICDFEEE 2 D TR SN TV DM EBIAIZR L (separably
degenerate species) DIFIEZ AW GA T HE & £ -7 <AL Th b, F. A. Cotton(T/EBME R) [H:HH
DIEFEA~OIEM ] (L, 1980), # 6 &, # 3 HisH,
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J_ | apfy=| BEP)
THHMD,
T J_ | ) = (Jis +Joy +J3.) | BBF
— | app) +| fap) +| ppe)
Wiz
1 1 1 1
Jy | afBf) = (5—5—5) | afBp) = —5 | af3B)
BLO
J2 | app) =%| aBp)
ThHAMND,
T2 | afp) =| afp) + | pap) +| fPa) +§ | app) +% | app)
7
~ 1 app) +1 pap) +1 fpa)
155, LTznoT,
Pi_3/005 = Pj_3/2 | afip) = (JQ —%j | )
7 3
=L ap)+ pap) +| ppa) > | afp)
~ | app) +| Bap) +| ppe)
LAY, AL,

vy =|3/2-1/2) = %u abp) +| fap) +| )

(178)

(179)-1

(179)-2

(180)

(181)

(182)-1

(182)-2

(183)-1

(183)-2

(183)-3

(184)

PRBND, Pignh m= —1/2 % b ORI (pgh 5\ Xe TR ST H R Uik L

85,

WIZ, 290|1/2-1/2) #f3 571, FHEHHE T Pj_yn ((X(163) & 95 = |aapf) IZfEM S
%, ®(182)%FALT,

1
Pi_1205 = Pj_yjo | afiff) = (JQ _Tsj | )

:%| afp) +| paf) +|ﬂﬂa>—$laﬂﬂ>
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(185)-2



=-2|afp) +| Bap) +| ppa) (185)-3
BPfFBND, Ez, DAL =g =| Baf) Il Pj_yp ZEM S TS L,

JJ_ | Bapy = (Jys +Jos +J34)| BB (186)-1
~ | aff) +| Pap) +| fpa) (186)-2
BLW,
J, | fap) = (—%%—%} | fap) = —é | faf) (187)
J2 | paf) = % | By (188)
L0,
J2| pap) =| afif) + | ap) + | fPa) +§ | paf) +% | paf) (189)-1
=|epB) +%| Bep) +| ppe) (189)-2
L7 »> T,
Pi_1/206 = Pj_yj2 | Bap) = (JQ —$J | Ba3) (190)-1
7 15
~|app) + | pap) +1 ppa) 2 | pap) (190)-2
~ | apf)-2| fap) +| fPa) (190)-3

LB, X(185) L H(190)ITEALZ L TWRNDT, m= 1/2D L& & L[FEERIZ, 220k D
MR AF L )% L0,

#(185) + #(190) = | afp) —| fap) +2 | Bper) (191)

#,(185) — #£(190) =3 | 8B + 3| faf) (192)
TEFENEFNERBILT D L,

e =[1/2-1/2); = %{— | ey — | paf) +2| ppa)) (193)

Vg =11/2-1/2), = %{— | aBp) +| fo) (194)

NELND, ZNHE2O0MEE, MU m= -1/2% 2% = |3/2-1/2) (X(184)) & LER
LTEY, m= -1/2% L2320 X THAEWICHEAZ LT D,
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7. 3B AL ROMEA K

j 847 BI%

¥ = 3/2 3/2) =| aaa)

¥y =18/212)  =(1/3)(|aap) +| apa) +| faa))
vy =13/2-1/2) =(1/V3)(1aBB) +| fap) +| fBa))
¥4 =13/2-3/2) =|ppB)

Jj=3/2

.1/2{ vs =[1/21/2) = (1/N6)(-|aap) - | apa)+2| faa))
J:
Ve =112 -1/2), =(1/V6)(~|app) - | faB)+2| fha))

.1/2{ v, =11/21Y2)s  =(1/N2)( | aap) +| apa))
J:
We =112 -1/2)g =(1/N2)(~|aBp) +| pap))

FEEAETZAWTHELONTEIBETFAE L ROBAMEEERT7IRT, j= 3/21F4FEHE
(quartet) Rk L, 220 j= 1/2 XN ZFN2EH (doublet) Z K L TW\W5H, I TOER
SUE, = 12 OREEEAHE - OMTIZ RN L TH D, EROFERBEN SN L DI,
S E % £ ® uncoupled representation [Z/Ef & 2500 K o THERIZE 2RV, 200
B DOMTEAS O CREA BB AZTER T ABRIC ED X ) I A Z L 2K L TR DB
BOMPESLNDL, Lo T, REIDEICEI BOEABENE NN THTEHFH) L
E2R0, B, HETFS?, S, LCTHEAKSS+1), Mgx b b, HUVMIELZT 2 BEEHE A
TEXhrINEIVoThHS,

EZAT, RTOBEEHAEZ THRERETFLEZMEZHNTHE L L LEGAIKIZE I 2D T
HAHIM, £T, KE5OW = |3/23/2) = gD AKX — LT, AR FREEETJ_ &2 /EM
SHDHE, W= |3/212), W= 13/2-1/2), ¥ = |3/2-3/2) 3G b Db, KIZ|1Y21/2) &
WD HITIE, TTIHELINTWD Y, = |3/21/2) L OERMEL LOH S BE BB LINT
WHZEEFIRATHZEICRD(m P ELRD LD, REICLLTERZLTWD O THREDMH
RO DH T EAZIIE R, [1/212) ZIBT DKL, |aaf), |afa), | Baa) ThH DD
b, ZThOOMEREEIED,

11/21/2) =a|aaf) +b|apa)+c| faa) (195)
LLT, COBME W= |3/21/2) & DEAMEDD,

Vo oEAE T ALK LCRICEAME a % &2 2 DOEE K (v, v, ) DIEE ORI E cpy + dyy 1ET X TE DR
B OBEA B2 D (Aley; + dws,) = alew; +dws))o
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(3/21/211/21/2) = (1//3)(@+b+¢)=0 (196)
BELND, ZiLEHEESE L 2 EDE T,

a+b+c=0
(197)
a?+b%+c? =1
DO2XBELN DD, ZO2RTNT TR DEE R D 5 Z LM TX W, FHEEAE %2 v
DAL, ZOX O REBITAETRWEERFL LWL ),

54 2BFROYEMEHBERE VEHK

AEI(85)TIX, ZZFET, HEHAEFZHOWTAY VEEZIE LR, EBERZH O I
BLE B RIFFCEE LR TR b, e xiE, 42TH-7- sp BFECEDOLA,
BICBLTIRL =0, L= 1THhaN5L=1ThY, ACUITHLTIE s = 12, sy = 1/2
ThoHNb S=1,0Th5, Lid-T, ke LTRATRLESP L1P 01280 B AR
(coupled representation)? S CX HN %5, 42TIHX FREEAETF2FAL T, sp BEEED
uncoupled representation(#3)7> 5 coupled representation(#&4) Z R E L7223, Z Z T,
TR F % Ff L C uncoupled representation 7>5 coupled representation % 45T #
£,

FK2THRITYH, (M, M) IZ XA EERD &, (M, Mg) B UE Lo (RPN
My LEIE, U (M, Mg) B2MHEL B BN S b DHETIZO, A, O0iEaMT)n
o, MALDRNSDIRZNET T TICEAREEIC 2> TV O T, HEHEF 2RI
DB, FEEE SRRSO, FC (M, Mg) IZEEOBENE N TV DH5E
Thbd, ENNHBAZ—RLTHEDRWD, KA, #2055 (M, Mg) = (0,0) %D
we Ly % F3THL (M, Mg) = (0,0) % b

P9 =10"07) BIDV ¢p=|0"0" (198)
TRIEENPLIED L 1, K(198)D2 ORIk LT, LIBLOVS % ZDEAE CRET
HE BT AEANENH D, 12750, LINEV 9 HEIFIORTH L1, LEEETS
2O DEHEERE T IIAET, SHID0DERET HODEETEEDL T TLV, £,
S=1% b DEABIE 5155 12O OFEHE 11,

Ps_1 =8%-0(0+1) =82 (199)
Thbd, —FhH, S=0xb2EHMEM Y /DO DHEHE I,
Ps_o=S?-11+1)=82%-2 (200)
LY, TNOLOEFE T4 09 = |0T0 ) I/EHESE D, £,
S?=8,5 +S2-5, (201)

VR, HAETEZERIELIDIE 0o £12E 09 DWTN—FTZIFT TIWNZ ER3H L Thhb),
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ThH 5753 (93),

S ¢g =(S;-+S,.)]0707)=]0707) (202)
S.S_¢g = (S, +55.)[0707) =[0707) +]070%) (203)
o (11,
S,09 =S, +5,)]070 >=(§—§j|o 07)=0 (204)
S2p0 =S210707)=0 (205)
L7223 » T,

S%py =8210707)=|0707) +| 0" 0) (206)

b, OFD,
Ps_109 =S%pg =07 07) +] 07 0") (207)

PIELND (ol EH SETHRRIIFE L), ZhaBikblc

|L=1,S=1,M; =0, Mg = 0) =——(] 0* 0"} +| 0~ 0")) (208)

2

1%, #ecE4D S = 1CP) 0T OB Y LR L LD THD, —F, Po_gh ool fEH S
L,

Ps_opg =(S% =2)pg =] 07 07) +|0"07)-2]0% 07) (209)-1

= -]0*07) +]070%) (209)-2

Thbh, Zhzligitl T
1

IL=15=0,M; =0,Ms =0)=—=(]0"0") =07 0")) (210)
B5, ZhiiE40 S=0(lP)0t oY, TH D,
DN, (ML’MS) = (-1, O)%%}’)E&iﬁ?’g&yjlg%
P1=10"-17) BEE g5=]0 -1 (211)

CEZ I, g0kt U CRERE T Po_y & Po_o & B S5,
S_g11=(S1- +S5.)[07-17)=|0" -17) (212)

SeS_p11=(S14 +S2,)[07=17) =] 0" ~17) +] 0" ~1%) (213)

1L Z22Th, HRIEEASELDE o g OWVTHN—FHEITTEN,
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Sz¢’11:(szl+Sz2)|0+_1_>z(é_éJ|O+_1_>=0 (214)
S2p1=S210"-17)=0 (215)
L7223 - T,
Ps_1p11 =8%10"-17) =] 0" -17) +]| 0" -1*) (216)
LY, ThEaHKbLTELND
1, .o
L=1,S=1,M; =-1, Mg =0)=—(]0" -1 0" -1 217
| L s=0) @(I )+ ) (217)
1340 S= 1CP)OT OB %REFAL LD THD, —H,
Ps_opi1 =(8%2-2)|0"-17)=]0"=17)+| 0" =1")-2]|0" -17) (218)-1
=—]0"=17)y+]|0 -1") (218)-2

ThHoH0b, ThaefbL THLRD
1

V2

|L=1,5=0,My =-1,Mg=0)=—=(]0~1") - [ 0" ~17)) (219)
1%, 40 S=0(P)OH DL, LRI LD TH D,

IR, (M, Mg) = (1,0) 2 b DY, & Pipll PN THE XD, T % uncoupled
representation /X

p;=10T17) BIV =071 (220)
Th s,
S.p;=(S,_+5,)]0"17)=]071) (221)
SiS_p7 =(S1+ +S2,)|0717) =07 17) +]07 17) (222)
S,07 =(S,, +5,,)| 071 >=(5—5j|o I)=0 (223)
S2p, =S2|0717)=0 (224)
£,
Ps_jp7 =S%|0717)=|0 1) +| 0" 1%) (225)
L720, F72, Psg=82-2X0v,
Ps_op; =(S2-2)|0"17)=|0" 1) +|0"1")-2| 0" 17) (226)-1
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—— [0 17)+[071%) (226)-2

AELND, #K(225), (226)FHBILLTE DD L,
1

|L=J,S=1JWL=1JWS=O)=J§HO_F)+|O+Tn (227)
|L=1,s=o,ML=1,Ms=0>=%(|0‘1+>—|0+1‘>> (228)

LY, ENENRAD Y E PlZHIE LTS, ZO XIS, WHEEAETZFHATIER
HHINOMEFEICE AR EHRD ZENTEL(EHEL LW,

55 REV-#EHEEHR

VLRI, (142)12 B L TH 722 2 FE O A HE) & ORGSOV TR~ 722y, RA4D BB %f
LCAE V- BB BEHEBET L E5R5THA I N, ALV -HLUEHAIEHZBET
HEVWSZ LT, LS #0, DEVLSHyT VT aBETLHENIZLETHDL UT
TIHAARI, RADP IZEH TN T2 ME O EA BRI A & v - BBAT LA 2 5 L T A
X 5. JANC coupled representation % 1E%, SPIZxf L CA L - #LEM AN A EET S
&, L=1,S=1Tbo/1r6J=2,1, 00HFbN 5, AE-HUEMEIEMNZZE L7 term
P Th D, FRERD JITHIET 2RISR, 3Py, SPplEEN D, ML
LT, 3Pyl 2, 1,0, -1, 2%, 3Pyi31, 0, 1%, SPid0% L 2775, AV -WulHA(E
HaZE LEAREENEEIZG+3+1 =)9E@TEHNDHZ L%, —F, uncoupled
representation (%, (EIL)T TICAFEFATH D, AL EHIEDOHEMEMNZ B L THDH
T EA B2 RS E LT, A -WEMAEMZBE L7728 LW EARBEEEES Z
LRI BITIERETH DD, RHUTREN TSP OIEDREN, WEDBEIIZL -
TOREER$TH Y uncoupled representation TH 5,

I TOMESEOKEOMMEIL, Jy =L, J,=8S B\ THKAETREE - J=J, +
JOFEA A RET HDMBEICEES R D Z LN TE D002, BIECA LYY L0 ) fAiEdhE
DL ET 2 2 L7, 20o0MEEE j; = 1, j, = 1O/FH &V —ikAVRMEE LT
%13 L, Coupled representation & uncoupled representation % % & & TH8IZRT,
J =L J,=SEBIOJI=L+8SLBIND, jj=L, m=M,j,=S my=Mg j=J m=

1 SBICHloRBET DL, AESEHE LIRS NAY - HEMAAIER L+ 8 2% T%? Hamiltonian
EAMTIEAe < 2D, BT My, Mg A R(BEABEE) 3 572012 Lz B4 TEWETHU (good
quantum number)) Cid72< 725, LA L, L?, 82, J(=L+8), 3L 0J? % Hamiltonian & 7 Th 5,
L7z -> T, AV EPERBPELZ LTS & W) EHETELNZBEABERZEEEKE LT, &K
J, My, L, SIZEo TERINIHIMLWEFEEREMA LTS0S 2L ThD,

28P(L=1,S=1)DAL - HEHREIEMAICL->TJI=2,1,0 8%, 3 50KESP,(J=2,1,0,-1, 205
REE), 3Py(J= 1,0, -1 ® 3KHE), SPo(J =0 @ 1 IREE) BB S D Z & &, 2 HD p &1 (pp k) D HLE £ EH B
Bl=1,L=1)0AICkY L=2,1,0 81,3 >OBEBFREDM,;=2, 1,0, -1, -2 ® 5 kL), P(M; =1,
0, -1 D 3 4KHE), S(M;=0 D LIRE)PERIND Z L1k, TRENOROLEBEMIIR LR OO0, BT 1
EH 02 DOMBEBHEORFKELVIBETIXFR L Z LEZEKRLTWD,
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#* 8. MAIEEIR j; = 1, j, = 1 RD coupled representation & uncoupled representation M43%H

T Coupled Uncoupled
eI‘.m representation % representation m N
(j) | jm) | imy, jomo)
@) =]22) 2 HUl Y =|11,11) 2 HAMh
Dy =|21) 1 O ¥5,=111,10) 1 O
3
P, D5 =|20) 0 A Y =]11,1-1) 0 A
(/=2
Dy =|2-1) -1 ] ¥Y4=110,11) 1 O
=12-2) —2 Bl ¥: =110,10) 0 A
g =|11) 1 O Ye=]10,1-1) -1 O
3
| @, =|10) 0 A ¥, =11-1,11) 0 A
(=1
Dg =|1-1) 1O We =|1-1,10) -1 ]
3p
g @=100) A Wo =|1-1,1-1) 2 Hh
X mM 1 OEFHEMIEED D0 ERT, BB LH5EI0E, AU mEz b BRSO, A, O)&ff
FTH D,
HE 1. AFK D uncoupled representation DB ¥; 13K 4 OB, IZXHL L TWA(727EL, ETHORK
FEIL S B),
EE 2. @ & ¥, BT 5 EIE RS 20 (RS H),
M;E720, mé& my, myOBffk m=my + my»H
MJ =ML+MS (229)

WEALT 5, LIzd-> T, WHFOERBE m= M) THE LR, o m%z2 b oRBE+L
DFEIEN D Z &8s, R8IZEWTIHIL BN TW2RWY m = 2&-2(, uncoupled
representation N Z D F FEAREE LR D00,

@ =% =|1,11)=|0"1") (230)

®s =Py =|1-1,1-1)=|0 -17) (231)

Thb,

L m%aboBEREED D5A1E, £ m% - uncoupled representation (255
B % EH & T coupled representation UPGETIUL RV, £, BEAMEj=2,1,0
ZHOBAEEESL O OREHE T 21ED & (X(142) D% B L C),

Py =J?WJ?-2) (232)
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Piiy =J*(J?-6) (233)

Pig=(J?-2)(J?-6) (234)

Lieh, RETAMHN TV D m = 1OBEAERE DL dglF, TNZhj=2LLUIBL TS
B, SR T Pi_g & Pioy % W7o ) IfER SENEE BN 513 Th 5, I,
J2-2 % WBITEH ST THONEKRICI? ZEHSED L0 ) FIETP_ ¥, =
J2(JI2 2, DRFLEIED L5, W= [11,10)1ICK LT,

J_|11,10)=(J;_+J5_)[11,10) (235)-1
=42(]10,10) +]11,1-1)) (235)-2

ThoHMD,
J,J_[11,10)=J,2(]10,10)+]11,1-1)) (236)-1
=J2(211,10)+/2]10,11)++/2]11,10)) (236)-2
=4|11,10)+2]10,11) (236)-3

Lird, £z,

J, |11,10) =(J1, +Jo,)[11,10)=]11,10) (237)

ThoHNb,
J2111,10)=]11,10) (238)

IRHEFELDDE, J2=J,dJ +J2—J, x BIERSERERE LT
J2P, =J2(11,10)=411,10)+2|10,11) (239)
"REbLND, Zhib,
(J2 -2, =(J?-2)[11,10)=2|11,10)+2|10,11) (240)

L, PigWy = JAJ? -2, BT 50101, {(240)ICI2 BEA S B L W
R, FOBKELRHJI?|10,1DE%H LN UHEELTBL 2 LIcT 5,

J_110,11)=+/2(|1-1,11)+]10,10)) (241)

ThHDHND,
J,J_[10,11)=J,2(]1-1,11)+]|10,10)) (242)-1
=J2(W2]10,11)+~/2]11,10)++/2 10,1 1)) (242)-2
=4|10,11)+2]11,10) (242)-3
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Eb, £z,

J,110,11)=]10,11) (243)
ThHND,
Jz]10,11)=|10,11) (244)
Inbzxlndl,
J?|10,11)=4]10,11)+2(11,10) (245)

LET D, UETEFNTEIOT, PPy Zatiddl,

Pip¥y =J?(J?-2)[11,10)=J>(2|11,10)+2]10,11) (246)-1
=8|11,10)+4|10,11)+8]10,11)+4|11,10) (246)-2
=12|11,10y+12(10,11) (246)-3

LY, Thzaelkibd s,

1 1
@, :ﬁ”11’10>+|10’11>):E(¥/2+T4) (247)-1
:—(|o 1"y +]0" 1° >)+f|o+o+ (247)-2
BEHID,
WIZ, GeBRETHIOIC P ¥y = JAJI? -6\ AT 5101, (J2 - 6)P, DAlS
ERICT2 2 EA SN :tcku\ a“*( BT I, (R(239) 2RI S &,
J2 -6, =(J?-6)|11,10)=-2|11,10)+2|10,11) (248)

ThHY, ThICT?EERSES L (HX(239), (245) & FI ),

Pi¥5 =J%(J?-6)[11,10)=J7(-2|11,10)+2|10,11)) (249)-1
=-8(11,10)-4]10,11)+8]10,11)+4|11,10) (249)-2
=-4(11,10)+4|10,11) (249)-3

LY, ThzeHiibLl T,

1 1
%6 =5 -11L10)+[10,1D) == (-5 + ¥4) (250)-1
- ——( |0717) +]0717))+—=|070") (250)-2

JE
5%,
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KB T2REBINTND m=-1LUIOWTHFEROFIETHED S, m=-12bOEAREK, &
Dglk, WHEE T Pjg & Pjy & Ye(E I B)IEA S ENIZEONG, £, (J2-2)¥
ERELL, ZOMBICI? ZERSED L) FIBTP ¥ = J2(J2 -2 ZAFIL LD,
Y= 110,1-1) 2% LT,

J_|10,1-1)=+2|1-1,1-1 (251)
ThHND,
J,J_|10,1-1)=J,J2|1-1,1-1) (252)-1
=2(]10,1-1y+|1-1,10)) (252)-2
Lirn, £z,
J,10,1-1)=-]10,1-1) (253)
ThoiMD,
J2110,1-1)=|10,1-1) (254)
IhorEedsd e,

J2pe =J?110,1-1) (255)-1
=2(]10,1-1)+]|1-1,10)+|10,1-1) +|10,1-1) (255)-2
=4]|10,1-1)+2|1-1,10) (255)-3

EEFD, TnED,
(J2 -2 =(J?-2)]10,1-1)=2]10,1-1)+2|1-1,10) (256)

WEDND, Pig¥We = J2J? -2 &FHT H720101%, 256)I2J2 2 EH S thiE
FV, ZOBKELRDJI?|1-1,100%H 5N UHEHE L TR 2 LIcT 5,

J_|1-1,10y=+2|1-1,1-1) (257)
THoHND,
J.J_|1-1,10)=J, /2 |1-1,1-1) (258)-1
=2(]10,1-1)+|1-1,10)) (258)-2
Lird, E£z,
J,|1-1,10)=-]1-1,10) (259)
THHMD,
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J2|1-1,10)=|1-1,10) (260)

IhbozEedd e,
J2[1-1,10)=2(]10,1-1)+|1-1,10)+|1-1,10y+|1-1,10)  (261)-1
=2]|10,1-1)+4|1-1,10) (261)-2

k%cj—éo Uszﬁﬁﬁ§‘@% 7’:@"(\\’ PJ:2¥/6 %%Jr%ﬁAé &’

Pi_o¥ =J*(J?-2)]10,1-1)=J?(2]10,1-1)+2|1-1,10)) (262)-1
=8[10,1-1)+4|1-1,10)+4]10,1-1)+8|1-1,10) (262)-2
=12]10,1-1)+12|1-1,10) (262)-3

&Y, Thaiibds e,

1 1
@4 ZE(|10,1—1>+|1—1,10>)=E(¥/6+¥/8) (263)—1
L ooy (o 1ty 4]0 1) (263)-2
V2 2
Lo —1y 410t 1)+ =007y (263)-3
2 V2

DELND,

I, GgWET DIDIC P W = J2(J? -6 ZatFT 5, ZhE COFE & Ak
12, (J2-6)Pg DEERERICT? AEASE 2 LWV S FIECTHED 5, T Clok(255) TH-
J2 R 5 &,

(J2 -6 =(J2-6)|10,1-1) (264)-1
=-2[10,1-1)+2]1-1,10) (264)-2

ThHY, ZHUTJI? EBERSETE(R55), (261) % FI),

Pi ¥ =J%J?-6)]10,1-1)=J>(-2|10,1-1)+2[1-1,10)) (265)-1
=-8|10,1-1)—-4|1-1,10)+4|10,1-1)+8|1-1,10) (265)-2
=-4]|10,1-1)+4|1-1,10) (265)-3

LY, ZREHKELT,
1

V2

L

2

Dg =—=(-|10,1-1)+|1-1,10)) =—=(-¥¢ + ¥g) (266)
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1

\/§|OO)+§(|O -1 +]0" -17)) (266)
=l(|0_—1+>+|0+—1_>)—L|O_O_> (266)
2 2

132,

I#%I2, RETIMBINTWD m=0DEAREBERET 5, m=0% b OEAREKD;, @,
DolL, TNTNHHBEE A Pj_y, Pj_1, Pj_o % ¥a(E721L, ¥ V) SENTRLR
Do TP, G3EBHIDI, (J2-2¥3 ORERICT? 2S5 &0 ) FIETP¥; =

JAI? -2 kT B, W= |1L,1-1DITx LT,

J_|11,1-1)=+/2]10,1-1) (267)
ThoiMD,
J,J_|11,1-1)=J,+/2]10,1-1) (268)-1
=2(]11,1-1)+|10,10)) (268)-2
Lirh, E-,
J,11,1-1)=[11,1-1)—|11,1-1)=0 (269)
ThoHHID,
J2|11,1-1)=0 (270)
IhbozrzEedd e,
J2P, =Jd211,1-1)=2(|11,1-1) +]10,10)) (271)-1
=2]11,1-1)+2(10,10) (271)-2
LETDH, Tk,
(J?-2)¥3 =(J?-2)11,1-1)=2/10,10) (272)

MEOND, Pio¥s = J2(J2 -2 Zit5iT s7-wici, K721 ZEH Sk
LFun, J2J2-2; = J22(10,10) ThEM D, BEARLDEJI?(10,10)72F Th D,

J_110,10y=+/2(]1-1,10)+]|10,1-1)) (273)

v,
J,J_110,10)=J,+2(]1-1,10) +|10,1-1)) (274)-1
=J2(/2110,10)++/2|1-1,11)++/2|11,1-1)++/2]10,10)) (274)-2

=4]10,10)+2]1-1,11)+2|11,1-1) (274)-3
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Eb, £z,

J,|10,10)=0 (275)
BLY,
J2110,10)=0 (276)
ThY, ThoxFEsdl,
J2110,10)=4(10,10)+2|1-1,11)+2]11,1-1) (277)

LET D, LLETHEFERTELDT, Py aathidsdl,
Pip¥3 =J?(J? -2)¥3 =J%2]10,10) (278)-1
—=8(10,10)+4|1-1,11)+4|11,1-1) (278)-2

&Y, ZhzikibL T,

1 1
q>3=E(2|1o,1o>+|1—1,11>+|11,1—1>):%(2w5+sv7+ap3) (279)-1
1 2 -nt + - + 1+ e
:ﬁ[ﬁ”o 0"y +]0707))+]0" =17+ |0 1>} (279)-2
=P(I0‘0+>+|0+0‘>)+i(|0+—1+>+|0‘1‘>) (279)-3
3 J6
BEHID,

RIS, G EPRETDHIDIZ PPy = J2JI? -6y TS, kT LB,
(J2 -6}y DEMEFERIC T2 AEH &2 L0 S FIETIEED 5, T Cle(271) TE7 J2P,
AT &,

J2-63=J2-6)]11,1-1) (280)-1
=-4[11,1-1)+2]10,10) (280)-2

ThY, ThIcJ? EBERSETERTLY, 277)EFIN),
Pi¥3=J?J?-6)|11,1-1)=J?(-4]11,1-1)+2]10,10)) (281)-1

=-8]11,1-1)-8]10,10)+810,10)+4|1-1,11)+4|11,1-1)  (281)-2
=—4|1,1-1+4]1-1,11) (281)-3

EET D, TNEHRILLT,
1

¢7:ﬁ(_lll’l_l>+|1_1’ll>):

W ) (282)-1

<
72
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Loy 0t o1ty (282)-2

2

DELND,

WEWERBED G RIET 57201 PigWs = (2 -2)(J? 63 Zil 5T 5, ZhET
LIRS, (T2 —6)3 DFFEFERIC(WJI2 -2 2 S L) FIETED 5, (J2 -6)¥3 11
T TIZR(280) TH TN DM D,

(J2-2)(J2-6)¥3 =(J%-2)(-4]11,1-1)+2]10,10)) (283)-1
=(WJ2-2)(-4]11,1-1))+(WJ?-2)(2]10,10)) (283)-2

Lirn, X272k,

(J2-2)(-4]11,1-1)=-8|10,10) (284)

Fo, 277XV
(J2-2)(2]10,10)=2J2|10,10)-4|10,10) (285)-1
=8(10,10)+4|1-1,11)+4|11,1-1)-4]10,10) (285)-2
=4(10,10)+4|1-1,11)+4|11,1-1) (285)-3

ThoHhb,

Pi_o¥3=(WJ?-2)(J*-6)%; (286)-1
=-8|10,10)+4[10,10)+4|1-1,11)+4|11,1-1) (286)-2
=-4]10,10)+4|1-1,11)+4|11,1-1) (286)-3

EFETD, Izl T,

@q =%(—|10,10>+|1—1,11>+|11,1—1>)=%(—yf5+9V7+y13) (287)-1
1 1
= —(]o*
76 N
WEBND, LT, 350 term Py, 3Py, SPll & £ 115 T R COEAMMA RET 2 Z &
MCxT, BLNTEEEE LD bEONEITH D, FIDFEA M EF40P o4 R
LHET DL, RATHEAEEKE LTEVCELLTWEEED S 5, RUED m= M, =
My + Mg % ORISR L 23 8BS & TR TRIDH LA RIS A A L T 5 2 & 28
Dind, SED, AEU-BGEREEN SV EEICE 5T, BB E XA LTV

= (]070%) +]0707))+ ~1YY 407 17Y) (287)-2
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BRIRLTLDE-T-DOTH DI,

PLE, #£4DSP REEIZHOWT A E L -BUEHEIER 2 8 L= 8A 212, W2, F4

IRENTVDIP REEICHOWTEZTAD, 1P REBICE N TV A320%( P10, P11,
Vo) ZRK8(HL) LFERIC m(= My = My + Mg)CThHfHT%5&, m=1,0,-1-7225, =
ZTCTIRD L D REERINET 5,
Q1. #8(#) D3P REEDEIMBHIC A L - WLl AIEM &8 L7-f5 8, FL m= M)
ZHOBEE NIRRT Ao TR %%éhf)i‘%9®ﬁ5§%€ﬁ7ﬁ§%ﬁiéhko
A -BUEMEERZEBET LR mE b BENMREYE O OThu
REEDO m=1,0,-1LF L m% b PR E REWVICREL D& wmzztfoe

9. AE U -HUEMANENZEZE LT 5P REEOE A B

Term Coupled representation m
D =¥, =|o+1+ 2
@2=%(¥/2+¥’4) (|o 1"y +]0%1” >)+\/1_|0+0+ 1

1 _ _ 1 -
3p, CDs=£(25”5+5”7+5”3) =\/;(|0 0")+]0"0 >)+E(|O+_1+>+|O 17)) 0
(j=2)
1 1 _ _ 1 o
@y =—— (P + ¥ =—(|0" =1 +|0" -1")+—=]0707) -1
4 \/5( 6 +¥s) 2(| | ) \/§|
@5 =¥y =07 -1") -2
Dg = L( ¥o+Y¥,) =—l(|0_1+)+|0+1_))+i|O+O+) 1
V2 ! V2
1 1 + +
3p, D7 = T( Y3 +¥7) \/5( |071)+]0" -17)) 0
(j=1)
1 _ _ 1 o
== (W +¥ =—(]0"-1")+]0" -17))-—=]0707) -1
3 1
Po @y =—(¥5+¥, +¥ = 070"y +]0707))+ 0F -1y +]0717) 0
o G =W ¥y ) fu 0%07)) fu j0717)

HE. RPN LR %133 4 OBREHHCHIE L T2,

VRIOERB AT SH L, A BB AEM %5 E L7220 Hamiltonian(Ho)lZx % 24D (¥,~ Yo )l L 5
HETITHOIENABERIIT X TERTH SN, A -HLUEMHAIERA(H' )% %58 L 72 Hamiltonian(H =
Ho + H' )IZR LTI, Bk(P~ Wo )IC X DTHFE AT OIRMAERICEa TRVWEDORE L D, & OEAE 1T
5% %4163 % unitary 1751 TRAD BB~ Po ) & LIREHL L= R RIDFE GBI D~ Dy ) TH D | & 72
% (X1,
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Wi, (LU, #IITIEFR4D P AREEICHRT 2 BP0, Wi, Pio)lEBNR T
720N, )

Q2. 'PURIBIC A UL BB M E M & S8 LA, EABIIED X )RR DD

i

INSDRMA~OREYZEZTHES, T, TNETORBEEBELTHBL, 42Tsp &
FELEICK L CRIOBMBE AR L, SubAEHER L L AU AEHRR LA SET
FKAOBBBEZ 721, HOTEEICHBNT, #£40°P REEIC A ¥ -EMEEN 2 ZE LT
KODBIKREZ 172, ZORBIZ & b7 ) FABEROEEMD ELUTOL I ICRD, #£3
DEBITEFRIKELERL, Hx DB TFE2FRIMSITEZT- b D Th D, ZDEMETI,
HE A, s;732%0 Hamiltonian %1 Ho & AI#TH 5 ({@;} DEAEEK)., LrL, &
BN H, 5B+ 5L, AT, s;75%0 Hamiltonian Hy + Hy & R TlERL 257
W, BFHL, my, s, mg, EMOTEAMEERT LN TE LD, 0L, il
HEOMAEL= ;L S= Is; IS T AT L & SIFETHFE %5 72 Hamiltonian
Ho+Hy LIS 50T, AT L?, L,, S2, S,0cd 3 2EARIMREAED Z LR TE
Do LIEN-T, BFHL My, S, MgZE-o CHEABMKERT Z LAMHRIZRSS, 29
LR ENT-BEAMEREZ £ LD b0ORKITH D (W) BNEFEEK). SbicAe -
WHEMEA Hy (cL-S)%ZET5L, HETLE SIZELICL-S LA TIEHARN YD TH
?® Hamiltonian Hg + H; + Hy & AT/ 720, BAMKE 526 & THE LTM,,
Mg > 2 bncxidesd, Linl, L>L82IIL-SLAHTHIY noFHD
Hamiltonian Hq+ H; + Hy E A CH Y, B7IL & SIIEABKERTZOIEI Z &
MTED, ¥72, LE SEAKRLTJI=L+S%{E5L, JEJ2NRL-S LA#THD N
5 J L J2 %D Hamiltonian Hg + Hy + Hy & A2 0, BfEIC, BETFJIZ, J,,
L?, S2\cxtd 2 EA BIERE(R) A ED = L M T X D4({@;) NEABK)., SFV, B,
My, L S%&fio CHEHAMKEZRT Z LNAEEIZR D,

BDROEERT QUITST B> TEZTH L 5 s, 'PREEICIE m=M;=1,0, 1235,
SPUREEIC LA L m & bOMBMAIEET 5(F4), LiL, PHRELSP RETZL L LT
HSHERL->TNDID, A -BEMEEAEZZELTYH, IPRECEENTHE3MED
% &SP RIBIZ & £ TV 2 9E DB OB OB AN T2 2 L1320, 728 21F, £9
D3P RREICE N D3O L 40 P(= 1P REDOIMEOBIHIL, 3FEDORETH J,
My(=m), LIZFRLCTH DA, 45HOBEFH SNRARLEDITIRLYVA D Z LITRV(EL
LTW3), LMo T, PHRIELSPIRIEDF U m & b 0BT A ¥ o - #ulifl EER % %

154 TR OEEEHPHEEFZ AV TT 12,

2Ll sIIENENET iOPUEMAESEFEE L AV U AETERE T Th 5,

34ODB/TEDIBLENN 1O THETENRRDEFLITELR T D, HIZ, 4 >O®m TN~ TR URBAK
T REEUC X W EMERT %, 72 & 2, 3D s BT HK(sss) Tl term & LTHs, 28, 2SEL 52,
2502%S OHTRH L Mg % b OB8ITE TR X B VEM S % (Hamiltonian OITFIEHERE =272 5
2\, EORER, BEIZIET Y AVWRAE L TE RN %S © 72 Hamiltonian O BEABEMBER SN D,

¢ P Dxa~xciZONTIE, #iEF TREEBOYEY ) OffEka22 R, URL T TR,

https://home.hiroshima-u.ac.jp/kyam/pages/results/monograph/Ref05_precess.pdf
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(2]
P3
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Ps
143
@7
Ps
Py
Pio
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AN RN
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2 °
~
{e
NC TN
A
3 et
N
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P N8
1
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/1 ~
3p0 .

P Py P3 P4 Ps5 Po P7 P Po Pro P11 P12

(#3) e=(¢;|Ho o))

5I/I T2 TS 5”4 TS T6 5”7 5I/S TQTIOTIITIQ

N
\. hJ
~ ‘\
N
N
NURN
NN
~ \\
N
NURN
~ ‘\
ANE I
N
N
e
3p N0
N
.
\.\
NURN
N
NN
NN
N
A
K
N4 ‘N
'
SCRN
~ \s
1p o™
P < e

(#4) o=(¥;|Ho+H, |¥})

L:Zli’ SZZSi
1 1

@1 @2 (D3 (D4 (DS (D6 (D7 ‘Ds @9 @10 @11‘1712

.:<@i|I:IO+I:I1+H2|@j>
J=L+8S

HO +I:Il

*FAL

H0+H1+H2

Fopsk(e

Pro

P P P3 Py Ps Ps P7 P P9 Pro P11 Pr2

o =(¢; | Ho + Hy | 9}
H, BT

5Ul 5”2 5”3 5”4 5I/S 5”6 5”7 5”8 5”9 5Z/IO ¥/11¥/12

.:<¥Ii|I:IO +I:II+I:IQ|¥IJ'>
Hy : A -l AR

1. #HAEHDZE(LIZ & b7 9 HamiltonianfTHI| D ZEL( o LIS DAT
FIEEEIT0) & RAE T L F— 3RO
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BLTHLIRLEVEDRY, LWVIDON QI~DHEETHD, 272 1L(!), I TORMIL,
Hamiltonian (2% %72 A E 2 -BEM ANEH Hy ICOW T LROEE 2 EE L2/ RTH Y,
L0 EROBEZZETE, FL J&2 5P, &P REMEM L 5 2 IS 5 438
H 5,

Q2Iz oWV TIE, 'PIREEDBEDIRIEE: m THBET DL m=M;=1,0,-1L720, [l m
ZHOHLDONRRY, THUE, AV -HUEREENEZBERE L THAWVWIERZLLEETHDL
EEEWT D00, HREMBNEOEFEEERL 2D, LER-T, A -HUEHAER
EEELIIPRE, ©% 0 IPPREEOEABIMITRAOIP WEOBEK LR L O THD, &
WD QADEIETHHL, bk, QIBIUQ2~DHIEZ L LTk L%, BET D
MAEEROZLGEEM)IZ & b7 9 HE 7175 (Hamiltonian 78O E L TELEZH DN
K1ToH D,

Z 2 E CHARM R H T O BRI T 2R Lie sy, SHEEE T O kO —&1)
RFNE(T 7 =27 NNEUTICEELEDTEL,

(1) HEEOMAEE & {J;} D7 ~LFi(triangle condition) % & 2 (J = 2J;), &7 {j;} &
HEWCLTHEER j 2RO D, & jJBREV I DHEEETE m 1357 5 coupled
representation | jm) Z# T X THEZHL, mOEIZL Y 2T 5,

(2) (I} DETE{IDBENENE Y 5 D5EETFE{m;} Z#HAG 1 T uncoupled
representation jimy,jomy,..) & T XTEE LS, m=Sm;OEICE VT D,

(3) FIE()ER)D m IZ LB HEORE, m OMEMA1E LB 2WEIEKIT coupled
representation & uncoupled representation 73 1%f 1IZxfi L THE Y, EDFE £ T
AR L > T D,

(4) FIEQ)ER)D m ITXDmBEORRE, 2L EBENATWS m %D coupled
representation ® 9 6, j= j AIKIGT DEAMH ji (i +1) & b 2EAREEKEHE L 20
1z, W TREINDHEHEA T EZED,

P =] J0? i+ (288)
l#k
TIT, B, WOE LI VEABIED bR TH i IADT ST o T L B,

(5) BB ZE L=\ coupled representation &[R L m OfE% 1> uncoupled
representation (ZXf L C, FMH@A) T HEHE T2 A S €5, Radhc2ml
FHID mThoThH, THED jOHIZED m % -2 coupled representation 731
&l U2MFETE LZa WAL, % 72 1/EH S % uncoupled representation (£ 11872 1)
TEW (AL m % 1> E D uncoupled representation [Z{EAH S THFE UAERNE D
nb)2, —ikiZ, 1O jOFIZFE T m % 1D coupled representation 73 p ffld %

LRIORBEAETDE, £4 0 P03 >OEEIC X 5 Hamiltonian HEF1T51E, AV -#EHAERZEE L
THMOBEE LRI &by, L0z d,
2 RE5ED¥, HHNTY; DIREBRFREZ BT & L,
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& X%, WU m%bH-o pflld uncoupled representation (ZHHE T2 EH S5 (2D
pIEIFEEICEATIW), HAFZEHASETELNT p EORBEN EWIZER LT
W2 WA, Y ICEA ST LEA B E S D,

(6) FE@ICREY, HOEAMIZKICT 25 EHEEFE21EY, FIE(GS) & FEkOBR/ECEA
B a5,

kB, MAEMGEE) 2B A RWAEIENEETESD 25818, ThThOAER O &
FHOMAEDETHET 2, 2L 2iE, R2BLORI TR - 7Bl A ES) & & A v £
B & DA 121E, coupled representation % (Mp,Mg) DflA & ¥ THHE L (#£2),
uncoupled representation [ZOWTidm;, & mg, Mli7=d My = Emy, & Mg = Emg, IZ X
D(Mp,Mg) THHT5(F3), 20L&, TNTNDOMEIEL L SOETHNL=L, S=
Sk THHEAEEERET H-OOBEREITROF LD,

Prorys=s, = | JI? - LuLo+ 1] [ 182 - Sa(Sy + 1) (289)
l#k n#k

K(289) DK 1 Z1EDIR, Ly, S, D&V FITHERET 2MENH D, =& 21, pd EFALE
=1, L, =2BX0s; = 1/2,sy,= 1/2)D%4, L=3,2, 1BL0S=1,0& 7251 5F, IF,
°D,'D, %P, 'P L) term LD, D) BIP(Ly = 1, S = O)DEAREAERE Lz
LE, L2 1, S, 20, LTRQR)DHEHE T E1ED Z LT b M D, LiDEE LT2B LW
3, S, DEEL L TIE1IZHWTHEHEE FEL/ERLIZ I W (EEKBRER O EIZ
(L% -6)(L? -12)(S2 -2) £722), LML, L& S, %(L,S) = (L,O)LSD L& SHRT L
ZZTLEWY, (L, S,) = (2,0), (3,0), (1, 1) D E T (289) DA &S T LE H DL
YT, FEMICIELWEARBENELNRVOTEENMLETH D,

§6 SIEEEFDORE

SSCITS A 7258 L CEABEE I E Lzns, 78, (139 DHAE 112 k- CTHEA
B AT T 5 2 LN TEDOMNEH Loz, UTFTIE, HEERETFO “SifEFE#”
EfEILT 58, T, HET A OBEEAREE ) EE X, {|x)) DEREHERZRITHD

LRE5EDYs, Y HD0NEWe, Vg DIEBREZBEONHTE LV, ZNOOHEE, 1HEED j=1/20FICFHT
m(1/2 H 5\ % -1/2)% £ 2 2 DD coupled representation 73% 55 (p = 2)ICHE T H(m= /2115,
Yo, m= —1/213 ¥, ¥g).

2 YT LW REBBERICER T SR a 0 Ly, [Schmidt ®EZAEE] ( [Gram-Schmidt D E A
bkl & BN D) & HVILE LV, [Schmidt DEAAGIE] IR FOZERFE LTRSS TV D,

3 A. Messiah(/MHRE—E8, FAT ZRRER) MR- 005 ) RO, 1971) 5 1%, % 7 B 11X L. L Schiff(JF |

DHRR S 7)) (SRESE, 1971) % 23 & (Fi351E, L. 1. Schiff, Quantum Mechanics, 3rd ed.
(McGraw-Hill, Auckland, 1968)IZ4 3 EE BT DN H 5,

¢ THKIEZS) OFRDM0 LT 0E Lena, TTEHELR] EWIRABHNSENRD Z EBL W, {| X)) 2
EMEZRTHIUE, (x| x;) =6; Th 2 (6; 1F Kronecker D7 /L¥), E7=, {EHEOBIEA BB ORILHE &
WKEWERFTZERTEDL L, TOMBIE T5E2FR)) &0,

%

)
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15, 0FY,
Al x;)=o; | x) (290)
MBHALLTWA (& 21T, A=J? ThiuTe; = ji(j;+1)). BIEEE(| x;)} e RIEMHIE L

KR THIT, EEOREBEE(RE~Z MV aylE{] )} N TRAD X 5 ITRFEKRRL T 5
ZLEMTED,

la)=> cilx) (291)
i
c;lkay DHERER TH 5| x;) DHEGAETHRE T, 728, AHOHR & §SLRTO#H &

ZxHe 2 5121, | a) 2120 uncoupled representation(=#JEEI%L), {| x;)} % coupled
representation(=#ASLEGBEHEN) & B2 D & L, ¢l

c; ={(x;|a) (292)
THZLNDD, |a)%
la) = cilx)y =Y (xilay| x;) =) | x;Xx; | @) (293)-1
=Y Bla)y=R|a)+P|a)+... (293)-2
ERTIENTEXH2, ZIT,
B, =] x){(x; | (294)

TERINT b ORFHEE T D (HEF L bIEIND)3, 7ok, X(293)1 6l b X

212,

L ZD|a) «RERE, {|x)) oBEABEEEEE WO 3G, #iTho L OICBbs b Lt 3, coupled
representation {| x;)} & uncoupled representation {| a;)} DR DO ZEHITER AW TH 5 55 (EAEIIE
unitary B CH 20, BHREE B IEMICEHICE 2O TERERR L2 D), {{a))PO>BD 12THD|a) %
(] )} DIIGELTHE LT & X | x) (K <R (g [ ay 1, {0} DD BD 1 5Th s | x;) & 1] a;)t DRI
ATRLEEE, {{agpDoBbD 1 2Thd|a) iZft<tF#(a| x;) (=Clebsch-Gordan f#E) 1% L\, L7
Mo T, (x; | ay B35F B LU Clebsch-Gordan £2 523572 2 L1270 5, BAKIIZIL, £ 3 ORERED 1 2% a)
THY, F£2 OBBEEN{| x)} IZXHIELTWA,

2 | xNy |BLOEE A ERRTDHE, 777y MRENREDLOTHNTHD, BMORRLE2TDHE, | xX)Ny|a)ix
b dydadr L7200, | xXy |1E [ Jg;00dr OO AERAT 2] LRASNDHEAFIT/R DN,
CRTHIFFICDNV ISV, £, (b x)Xy | a) LV IR, BISELO [ g dr[gg,dric% LA,
| )y | #8532 W7 & aiE, (BWRIER L2 & Th o0y (g (ds.dr)de Lo BRI,

3 fRTE| a) DEEATH | aXa | D iBEHOKABEHR LN 2L HTE D,
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Y B=1 (295)

BT B, Eie, R(298) LD,
B la)=|x;Xx; |a)={x; |a) | x;) (296)

ThoHr0b, JEEET P, BEAOGE)BEEK| a) IT/EH L Tl a) 2> bR OEA BRI x;)
OCREHT BERDH D Z EBNbnDL, Ik, 2RIT(EAE21E O R) TEBRICHI -
HLONRK2TH D, EEEe; 2 b OEAIREN x; O TRIN, ZTOFMITH S KL
B BN Y M) x) TH D, Blayld|a) D x; G H~OHE (x; |a) | x;) %5 %
TWL (D, HEEETOAMOBRTH D), 77, x MIZELZT D x; #7 AICIXE A
Bo; 2 bOEARENH Y, ZOFMOBRALE AKX x;) TH D, x; W1 & RIS,
Pj|a) B3 a) D x; WG~ (x| a) | x;) &5 2 5. (296)DMlIZ ) bR T A%
WFDE, | x) BNEET ADBEAREETH D Z & (X(290)0 5

AF |a) = Al xj)(x; | a) = o | x;Xx; | @) = o | @) (297)

| xJ> (ﬁﬂﬁa)]@jﬂfﬂ)

| xl-> (ﬁﬁﬁwl O)jﬂ_ﬁ])

2. JEEREE| a) & EABEK| x), | x;) OB

1§t (project) T “BRLHT” BWTH IR, BRIV L ONLMLERLOEITERY B4 ERT “kEHd” &%
B, REHUEEABK| x) OKE ST (g |a) THDIR, EARKESTHEARITNES < THRKR
IIERE &2 TITHKBIET 2000, SiEHLIZ L 20oRE SIIMETIRRL, ZELER O’ HE
nhfil/\o
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PEOND, 2, Pla) BHEE T ADEAHe 2 bOEARBETHL Z L E2ERL T
Do BVHZ DL, (T LLEE T A OBEABETITZRV)EERE| a) ICHEHE TP, %
ERSHED L, HE T ADRFEDEAME(w;)% b OEARBEENE LD Z LI D (B TH
X, ZHIEEH VBTN LiEV), ZZ2ETORm T, EFICHEHELRX(294)THZD
N EEHEFE T P, % HE 31, incoupled representation Th % |a) 25 EARETH 5
coupled representaiton| x;) BESHITHFE LN D X DI 2000 LRV, §EITZE 9 Hifl
TR, WE, {| ) ERMOBEKTH L, {|x) ZHD5ZENRHTHLING, |x) T
HER STV R(294) 2 2D E EFINT 5 2 L IETEARV, LEER-T, P& (| x)) D
KFCERTLRBMELRD,

BONS, HET A OXBITE DEAMHEN2072 (0, 0y) THIEEEBZZ LS, 2B A
EURTWRIE, METAZI2LTHLE, j=1, 008051 T, o = 1(1+1) =2% =
00+1) = 0D2oW BB = LIS T 5, (22T, jy=1,j,=0& Li, )20 L&, K(293)
)

lay=R |a)+ B |a) (298)

THY, ZOWBIZENSEEFAZMNTS E, X(295)8 LXK (297) DR E AW T,

A|a) = AP, |a)+ AP, | a) (299)-1
=o P |a)+woh |a) (299)-2
=oP |a)+m(1-R)|a) (299)-3

EIRDMD,
A= (o - o)P + o (300)

L7235,
p A 3o1)

@) — )

BELND, RIS, &(295)% 0
p-A-a (302)
o) — @
Ehrb, TT, HEEEFEEMORFET TES I ENTERI LIRS,
BB ENI DA EE 2 HHNS, FEEAEFOELELREIEE 2 ENTEBZ 9, 5
HYoE#xRE((294) LV,

LO“RAT LV THIFERE o720 E W i Tidiel, BEERDLro TWRnEWIERTH D,
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THHNG, WIS PAEMTT,

BP;j =P [ x;){x; | =] x;)(x; | x;){x; | (304)-1
=1 x;) 8 | = 6y | x;Xx | = 6 F (304)-2

nELD, DFED,
P?=F BIV PP;=0(i#)) (305)

Th b, RK(295) L (B05)ITHEHE T ORBAMEE & L CHEFICEERLOTH D,
TIEHWEWE, BAENR3SOEAEEZZER LD, L 21X, pBTFNR2O0HLGENEHEL,
L=L=1XkYWL=21,0t%2Y, L>OFAKELT22+1) =6, 11+1) =2, 000+1) =

0D3 2N H D, ZDOHt, AN(298)DAIFIHITARY,

la) =R |a)y+ P |a)+ P3| a) (306)
K(299) DHEE & FIERICHEAET S &,
Ala)=mPR |a)+oyB |a)+ o3P | a) (307)
THoHND,
A= +oyP + o3P (308)
tELzenTED, X2/ EFHTLE, BHETEZ1IOHETHZ LN TE,
A=oR + P +o3(1- P - B) (309)
IhzeZRLT,
(@ —@3)R + (03 —w3)Py = A- w3 (310)

LERBD, ZORIZT TR, P BEED ZENTE RN, 2T, X(308)05 A2 %1EY,

A% = 0?P? + 0,0y PPy + ay 3PPy (311)-a
+wy PoP) + 03 P3 + wywy PPy (311)-b
+w30 P3P, + w300 P3Py + 03 P2 (311)-c

Z NI (295), (305) %@ AT 5 &,

A% = 2P + 03 P§ + w3 P2 (312)-1

= 0P + 03P, + 03Py (312)-2
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= of R + 03Py + 03 (1- P - P) (312)-3
DED,
(@f - @3)P, + (03 - 03)Py = A — 3 (313)

BREHND, H(310) & (313)% P LT Pyl oW THRITIE,

) e e GRS e
W) — w0y )\ B — @3 Wy — W )\ W — @3

X biz, #(295)%k 0

SESEE
w3 — W )\ @3 — @

PRELND, LIeh»>T, AT A DA 2 b OEA K E 5 2 2 A2

_ A-oj
e

J#i

ERDIENDLINY, ZHNEATRLEX(139)TH S (5.ATIE, jONAESE A %R
LT, BELEBT 72012, X(EB16)D i, jofRb T k, I W), 2B, 3BFAL
J1=Jo=Jz= 12mBHTE5, j= 3/2, 1/2, 1/2 L9 K9 EA1E, Ries@EAMOKE
BEEIEA T M, 2MHE LTCHAET A LICHEETILEND S (B : £5), HA%
A=J?L3nE, BEMEIZjG+1) Thoanb, R(140)DBIT/R D = LITASICHETE 5
ThHA A9,

HEDFHBEICEWT, HEEATFZEHSETELNZBENZO X THK LS TH
L2 LT EAERLS, BRBOE R THE LT 22 212D, TOEKTIE, HEEET
DRI H D (EE) R HIXEAE T2 EH S B CIIEE T 20682 <, HEEE 21
il

P=[]a-o) (317)

J#l

EEVWTHHEOHFEICEB N TRALIEIZA LR, ZT07®d, R bR(317) % H
BFLLTORLTWAEELD D,

BB, WEEETORE L EWARAL TB 2 LIcT 5, WE, BWETLLTL? %%
2%, bL, &2MEERK| b NEETL? OBEAMLI(L +1) 2 b EEMKTH D2 5T,

[L? - Lj(L; +1)] | b) =0 (318)

MENTT %, iz, Z OB by NFEFRHC SZOEAEES, (S, +1) & bOEGEKTH DD
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BT [LP- LL + 1)][8%- Sy(S, + 1)]
LL;+ 1)E721% S, (S, + 1)U D EAfE

1 L? T §2

[ Al Ly(L; + 1) A E: Sy(S, + 1)

X 3. [EAME L(L; + 1) E721F Sp(S, + 1) & TN DEAEE B
& A AR DA RIS

[S2 -S,(S, +1)]| by =0 (319)
bR L, 22Xk,
[L? — L (L; +1)][S? ~ Sy (S, +1)]| b) =0 (320)

Lird, REEEZDE, ZoRL, [L2 —Li(L +1)][S? =S, (S, +1)] &\ 9 HETA, HE
FL? O L CEAM L(L +1) % o EA B E 31 ST/ LT S,(S, +1) & b o[ AM
Bk “HT” B2 Lo TWVWAZEEZERLTWS, Wiz 5L, HHIREREEICHE
[L? - Ly(L; +1)][S? - S, (S, + )] ZEA S H7= & X 10B B0 5 (=% 2) M, mETFL? o
B Ly (L +1) 7203 82 DA S, (S, +1) % b OB E RE L T 7-B%, > 0 A
fEE U TL(L +1) E7203ES,(S, + ) A2 S oBE L W9 2 LT b (ENE N D E A B
DEA R ZKBIZRT),
L7=MoC, HEF

p=]]Aa-o) (321)-1
J#i
=(A-a)(A-ap)-(A-w;1)(A- o) (321)-2

;gfﬁzﬁﬁ é@é:kﬁ:iOT, a)luﬂ@‘?"\'f@ﬁf‘[ﬁa)l, Wy,..., Wi_1, a)i+1,...;’<\?%)/)géﬁ£i7j§

L TE7213) (or)TH-T [BLVY (and) TRW I EIZHEE,
2 EIMN OIS TNDI EN HT” ZEEBERLTND,
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NERBRZE S Av, A ORE RS DN BB(= K% I - B82S, [EAE o 2 OE A B
LD, THMNHEEE O “UERE” ThDH,

TREBAE T 2 RIEEBICEN S TEABREA RO NIE, £ OBIEM G ORED
Clebsch-Gordan #2£CTH D005, Fimhy CEARAZREE CTld7e < (B DFEFE) — Ry 22 &
BRAEB/DHZEEBZTHD, LFTHE, BIORLERIZHEERE -2 A TERT D &I
T 5, R1UX, jo=12(2FV, myg=11/2)¢ jiZ/HAEIELILEICHISELTND, £7,
coupled representation Z1E% &, jliZ2>DE

J=n+Y2, j1-1/2 (322)
LD CBRARL JIZIZZ D200 L), 2%V, |jmy & LT
lji+Y2 m) BIO |j-12 m) (323)
WHoH, ZOLE, | jj+1/2 m) D mix
m=ji+1/2, j1 =1/2,..., - j1 +1/2, - j; -1/2 (324)
2LV, | jp-1Y2 myom i
m’=j1_1/2’j1_3/25--~’_j1+3/2’_j1+1/2 (325)
el b, R(B24)DMmOm = j; +1/2 Em = —j; —1/21T1EI LBV O T, EZEILIK
D& REAREEE 2D,
|1 +Y2 1 +1/2) =| j1j1, 1/21/2) (326)

|a+Y2 -j-1/2)=|j1—-j,Y2-1/2) (327)

ZNLSND mITLT 22BN L DT, WEHEFEZENS TR LD, 22T, mOE
FREET, B mEEL Z LT 5 L, WU mzH-22{#? uncoupled representation(=
RLEBEE) X

| im-1/2,1/21/2) & |jim+1/2,1/2-1/2) (328)

EWVWIHIRTTHD, ZITE, | jm-12,1/212) O FIHEERE FE2ERASE5 2 LicT
50

BT J2 = (J+Jd0)2 2 EA 5L E, ZORETORAMITG+1)THY, jELTED
BN i +1Y2 0 j1 -2 TH D05, T 2EAMIL, (; +1/2)(; +3/2) 8L O
1 —Y2)J1 +1/2) THh B, Lizh-> T, ZNZENOEAMHIZET 25 R 1L,

Py LY Jo)* — (- 1/2)(j +1/2)
=32 G 2) (7 + 3/2) - (g - Y23y + 1/2)

(329)-1

LIELWHDZEEFEVHTEVWI LV L, REALDZ 191 O9BRELTIELVLWLOEET V) “MER” T
»5,
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(Jq+Jo)2 - jE+1/4

= . (329)-2
25 +1
BIW
(J1 +J2)% (1 +12)(j; +3/2)
P._ : 1= 330
J=hTV2 T G S12) () + 12) - (G + Y2 + 3/2) (530)

2j1+1

LD, TROOWETFE| im-12, Y212 ICEH S 2R, WET (J+Jd9)° %
| iy, Jomp) WAEH SETGAE LD D O ETHRTEBITIED &L OFENRIT/L D,
7, X(O92)D FHH DX

J2=J,J +J2-J, (331)
£n,

(1 +do)? = (1 +Jg) (g +Ja)_ +[(Jy + o), * — (g + J3), (332)-1
=J1+J1_+J1+J2_+J2+J1_+J2+J2_ (332)—2a
+J2, + 3, +2d1,da, —J1, — Joy (332)-2b
= (Jpadio + 5 — 1)+ (Jordo_ +J5y — Joy) (332)-3a
+dp do + o i +2Jd1,d5, (332)-3b
=JZ+J3 +J dy +Jdy Jp +2d1,d5, (332)-4

L7223 - T,
(1 +J2) | jimy, jomy) (333)-1
= (JE +J3 +2J1,do, + 1o + o d1) | imy, jomy) (333)-2
=1 + D+ Joljo + 1)+ 2mymy ]| jimy, jomy) (333)-3a
101+ D =my(my + 1)y jo (o + 1) - mg(mg —1) | jimy +1, jomg —1) (333)-3b
+\Jala + 1) = mylmy + )1 (1 + 1) = my(my —1) | jimy -1, jomg +1) (333)-3c
=1 + D+ Jolg + 1)+ 2mymy ]| jimy, jomy) (333)-4a
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+ U —m) (g +my +1)- (o +mo)(jo —mg +1) | jymy +1, jomg —1) (333)-4b

+ UL +m) (1 —my +1)- (o —ma) (o +mg +1) | imy =1, jomg +1) (333)-4c

LB, D%V, BEF (I +Jd0)? | im-12,Y2Y2) TER &®5 2 Lk, X(333)iC
Jo =12, my=m-1/2, my =12%RATHZLTHY, ZNEFTLT,

(J1+J2)? | im—-1/2,1/21/2) (334)-1
=[alh +1)+3/4+m-1/2]| jym-1/2,1/21/2) (334)-2a
U1 —m+1/2)(j + m+1/2) | ym+1/2,1/2 -1/2) (334)-2b

=[Gy + )+ +m]| jym-1/2,1/21/2) (334)-3a
Ui —m+1/2)(ji +m+1/2) | m+1/2,1/2-1/2) (334)-3b

2o, ZOMREFHATD L,

Pi_jy2 |l im=1/2,1/21/2) (335)-1
- .1 {[jl(jl+1)+1/4+m—j12+1/4]|j1m—1/2,1/21/2> (335)-2a
25 +1
+JU1 —m+1/2)(j + m+1/2) | im+1/2,1/2 - 1/2>} (335)-2b
= ,1 [ +m+12)| jym-1/2,1/21/2) (335)-3a
25, +1
+JL —m+1/2)(jy + m+1/2) | fym+1/2,1/2 - 1/2>] (335)-3b
| pAm+Y2 | |ji+m+12 . _ )
_\/ 2,41 N 2, 11 | im-1/2,1/21/2) (335)-4a
y mmEY2 S 0 12— 12) (335)-4b
2J1+1
DEOLND, &L, | NBEBEREIC 22 Lo IcE S TWwb, —F, H(330)
|l jim-1/2, /22 IT/EH &5 &,
Pi_j_yo |l im~-1/2,1/21/2) (336)-1
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=L+ )+ Y4+ m = 2 -2j 341 im-12,Y212) (336)-2a

2j1+].
+JUi -m 12 G +m+2) | jym+1/2,1/2-1/2)] (336)-2b
1 . .
=—2j1+1[—(Jl—m+1/2)|J1m—1/2,1/2 1/2) (336)-3a
+J —m 172G+ m12) | ym+1/2,1/2-1/2)] (336)-3b
_ jl—m+1/2 _ jl—m+1/2 . B _
= J 2 +1 { J 2 +1 | jm-1/2,1/21/2) (336)-4a

g M Y2 0 12— 12) (336)-4b
2]1 +1

BEFEHILD, K(B36)bEMKAD] AN IEINTVD LI ITER SN TS, X (335)-4
BLOEB36)-4D[  |NOREEOALRED Clebsch-Gordan 28 TH Y, £IIIRLTZHD
EFRLHDOTHD Z ENDND, 2O XS, FEEAE 2R 27773, Racah DX (K (67))
EZRWDEE LD LR THDIX00 0, AEEEOR S OWELRE LS Clebsch-Gordan
FREE DAREN 2 B L0370,
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HEME

Clebsch-Gordan fEiNHiT72 b DO TH D EELC TW 2T D X 51T, TOERSOKE %2
(CEDRYKBHELS ROV E IR LIZ(Db Y TT), £72, By 7V 7 LI-fAiEH)
BEOBEABEIEHRICB T 25 HE T DMK B & A~ — F S EFEHE L TWZ< 2Dl
WL ODDISHBIE R LE LTz, TIROME TR OAE THIZE I bkt s —8E
BEH T RURHNCRE LT DL =V RS o TLEWE LR, B BNREE ORI %
HET 720K ZERL L2, —HOFHEH LvR I TR We DR At D 5 EAK
DEFLEDTHZENVEDICEE LTEMRRTTOT, X—=UHOL I ZmEEL KL D
Z R BHRANWTZIZTUEENTT,

IR OB T HFE P D DD K 912, AEE RO G & Clebsch—Gordan #4504 B fiE
T5Z L, BIZEFHFEOT XA NOIOOEOHEMIZ T CTlial, M, BEHL% o1
DHFIRESEIERSHEE TSR Z T CEFET 5 Z L2 o0y £3L,
(LGB 1o A SR O GE 2 AT 5 T2 O DB B “= VX" 12732 5 & B E 9,

Z ® monograph 7%, 4 L T% Clebsch-Gordan &0/ EH & OFE SB35 BiE OBl
FizeEsEnwed, £,

BEE : aa, (I/2)aa+Bp), BB
15« (1/42)(aa - BB)

LWV (B Y SNT)BEET Y, K monograph OFif&I 2 b DRI Z kD DA Z L L T
WD EE L TNV T 57 bIXEAOENTT,

HiEF
Jife & BRIz 2 E, BERHE Z < ZS o IelMAZE RIEHP LHIT £,

VIR OFHEIZZ Z CIIoRS T, a OFEMEE T2 LW IO RBITHE Y ZENH D TR, ZOFRRICHE-
TERYVDOHAEEZLSOTHELWEEMNMEONTE LAY, LWIORBRNEL (RRITEEOHENITRE), Z0F
DEME « FIEL, AP TWRWERBE R, (HED)FETIERNTT,
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Clebsch-Gordan 2% & & 52 A 1

20004 107 9H MR L
20024F 10H 220  F2 4k
20044 2H 24H  HEIMEINM
20064 9H 16H  H4E4H
20184 11H 11H SRS
20204 7H 26H  H6HF4M
20234 4H 23H  HETHE2R

= L W
RAT W kNG HRHT I3
FIfl 7 —ae—

AR Ry FH2
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