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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, G. H. Shortley, The Theory of Atomic Spectra (Cambridge University Press,
Cambridge, 1935)I2#kie b, R BOFLTXOWTFIATS FEMHEN, HARETHDHH D
N -o7- L, M. E. Rose (IHNARE, ZREIEN FR) [ #EE) & S8R | (A7 TEH5F, 1971)2
IZFE T b ZOMOmm IITHE, WO RBELZREBRINZT B LD D TIEZRW N
L4453, Clebsch—-Gordan REOHMRIZZ D K 5 RBEEENE L TCLEYI>DIL, £5T
HEROT-DOHGRTH D L 9 IR < Clebsch—-Gordan fRE & f## L TV D (& H FI%
H 2 D)RENS L, BERMIZ, Clebsch-Gordan 25z Hir7e b DO & LT E B X HHEN
DNz k#*lf%é&mbhé

WIFERNTOTF A MZBWTH2E AV ROEmIITDOILTRY, Wy, WO XD
REATHHR SN TN D,

1OOBEFAE AT LA E (a)& THE(B)DAXRIEELZ LD 5 HDT, 2%%Xt/£ﬁ§<‘:l,

IEFHAODRIEERIREDRH YV, 2N b % aa, af, Pa, fREEL, aak pRTENENAE
/a:%ﬁéﬁ@%ﬁ%ﬁ%%ﬁ:&iﬁ, SP) D A BRI 725 TV B A, aﬂkﬁati%@ii’f‘
FEABEIZ 2 > TWRWD TN L ZIZ X D)MIERGEIT O &, RIKT4->DOE AR K aaq,
(1/N2) (@B + Ba), BB, (\2)@f - Ba) B’FEH D, T b DOBKICK L TETFOIMMmETTH
&, AID3O(triplet; 3ETH)

aa, (N2)p+ pa), BB
HT N TARETH B SRR TH Y, 70 O 1-5(singlet; 1HIE)
(1/2) (e - pa)
[ T AR, W T B D TR Th 5,

V2o TR 3%, el 2 e v ) B TiEm, #LARO2NRNFEL VI ERTH D,
2 J5ZE X M. E. Rose, Elementary Theory of Angular Momentum (John Wiley & Sons, New York, 1957).
3 5T, T BT OWBNE, (0T L7 5)FEE B ERMRICEER L7 b DT,



FROMHICERY I, £, BEROTOOHER VIR TH RV, ZOREB T

PLF D245

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, AEEEIZ OV TEPNIZREITZ VA, RN,
Zare, Angular Momentum (John Wiley & Sons, New York, 1988)3 X 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
DREFICH EONT, BETFALVEBZILO LT 2AEHEDOREIZKITS
Clebsch-Gordan $REt D E M & 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 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)

ZIT, JIMEBERE L, J, I3MESRO z ROOHRE T TH D (RETIE, XM
22D DERET D720, AEFBEORE IOBEMELTOREZLIE LTHRY, rHICA

ZRNEHICL TS, WHELE L TOKRE S 2 ERICET L, R(N)OALITIZAZ BT 5
i, R(2)EX@)DOAHLIZIZR BT ONTIZ/ D), | jm) X, AESEETHN j, z 5
RS S m DIRBE 2 £ EA RIS TH 5 (m 1T B L LIFEN5), JITEENRE S
Nl AEEE TlEe <, BEAEHEL)CA L AEHES), HDWVIET S OFOfiES)

12 OOMEBEICE > T A THY, 22007 MLZE->TiE TEK ThoD,

2 BRI TRFWER) (4—2tt, 1974) % 9 BN 15 TR ASUS OBV FRIAFZE] (55 39 MRl B
DR R THAE, 1999, tETHR, http://www.gen.kanagawa-it.ac.jp/~fujimura/folder/text/natu39.pdf (accessed
on 05/20/2007))Tix, #IEHEA DFREDS Clebsch-Gordan %3 T& 5 Z L B & O} Clebsch-Gordan &% D
WEEDRIT EN TN D

3 P. W. Atkins, R. Frledman, Molecular Quantum Mechanics, Sth ed. (Oxford University Press, Oxford,
2011)X° M. Weissbluth, Atoms and Molecules —-Student Edition—, 2nd ed. (Academic Press, New York,
1978)72 & b AT OHEFETH 573, Clebsch—Gordan REICBT 2 At SN TV 5,

4 IRTOD z 1328 M B AR (R E AR 2 R LT D (x, y BRI,

5 EEEICIX, 7T -y PRI M ERLTERY, BEERTLOTIERWD, KETIE, FRHCRLL
DAETRWIRY, 7707y N COREZRTEERET 5,
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BREERL TS, J, BIOWJI_ IEZNEI step-up operator( LHHHE 1)18 L O
step-down operator( FREHE )2 L FEINAEBE - TH Y, ZNEi
Jp =Jdy+idy (4)

J_=J,—iJy, (5)

TEHEIND, XE@)DOBED m OMEEHEMS TV ED S0 LTWD Z ERLFHOHEkK
ThYs, J, BLOI_EEOETCHBEHAE T LIS, W& I, BXONJI_BHIGT 25 L
fRIZIEC 700 LIV WD, ZHNOOEE 7425 2 2B A TR L T# LWEET
Few, ek, RE@UFKRDOETEIMNDL Z EHEU,

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

| jm) DIRREDATEEN R T D x, y, z F AT X TORKIT DR EZ INRFREFHIRE S22 L1,
ZNENOIFIANZ BT % A 1E E S 51 o 2 B AR
[Jx’Jy]:Uza [Jy,Jz]:in, [JzaJx]ZUy (7)

ML THD, —H,
[(J2, dxl =12, Jy1=[J?, J,]=0 (8)

ThoNb, J2BELCISOFHmOMEREOKE S(EGHE)IZRECRET L2 ENRTX
%, i@, ZO1OOHE z T L B, FOFRER, J2 LI ICONTIHEIC R LB S
BX(1)B LCRIBREFHIRNLT 273, Ty & Jy IOV TEEA LGRS RZ LRV 2 LTk
B BVHRZ DL, B jm) i, HETJIZPBLOJ, OEABKTHLD, J,&J, DR
ARETIIRV, TRTOHATI, &y & | jm ITEHESED &, RO X5 RSB
%

Ty | jm) = éwm - mim+1) | jm+1) 9)-a
+ TG mim 1| jm-1) (9)-b
Jy |jm>=—i%\/j(j+1)—m(m+1) | jm +1) (10)-a
+i%\/j(j+1)—m(m—1)|jm—l> (10)-b

1 ladder operator, raising operator, creation operator(ZEiHE 1) & & FFE 5,

2 shift operator, lowering operator, destruction operator(JHEIEHA 1) & b IFFEH 5,

3 J,, JERELT DN, jOETIERLS mOBELEHMIED Z LITEET D,

4=, =2 d,1 =000, J,, Jy, J, TRTHI? &SmO EA B EA)E o LR L
BETHLN, Jp, Jy, J REVCARTIERV1S, J? LIEOEANE 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 OXOFDITIF2FHOBEEA BN TEY, Lt T OI3EE FMER L- oo B
LRRR LI EFRE L OBAMBIC R TOD 2 Eb, | jmy B J, & J, OEAEEKT
TN ST LN TH D, FAEFREAOIIZITZR 6 T, A 1B OB Bl
55912, (9)+ i(10)BXLO9) - i(10)E1EV 7= 5 KFHIFHEMR L TH 5 25 D TiEis
WEA I, ET, (9) + i (10)H 51,

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

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

DEHND, ZNH200REF LD LONRX(B)TH Y, EAHERITITZR > TRV,
#K(9), (10) LV b T H& VW LB LB LVWEICR> TS, 22T, 262688 Jd,, J_
EWV) RO R(—REMER)EAFEEZDDONE NS Z L E(FHQ) EXA0)ICH LSV E
BRAICRI L7223, RQO)VELOREE Y, A%, J2, J,, J,MOHEGR

[J2,J.]=0 (13)
[Jz, Ji] =£Jd (14)

MHENNDEDTH D, (R(13), (14)DAZHEIRIT, HEFDOERIZHES TR(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(Jp £1)| jm) = (m = 1)J, | jm) (16)
K(15), (16)I%, J.|jm) &5 B E - J2 1okt L CIEEAE jG+1) 2 b b, J, 0%t
LCITEAEMBm+1 %2 b OEAREE 2> TWDH I EEERLTND, OFV, | jm)icd, &
ERSETHAOLN KT, FAECI? &I, DEEERICR>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),

6-4



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, +]) (22)-7
LEREDLME, KE21)ED,
|G = (im | I? =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)



(Xt LCREH 6 2 ET D RERH S, BEHICAEbE T =1435< &1,
Ci =j(j+1)-mm=1) (27)

L%, ZHT, A@AUDREDAENHMFE TE T,

§2 Coupled representation & uncoupled representation

WEWE2ODOAEIBNED T v 7Y T (FER)VEBZ AL LICL L Y2, MARIbEEHE D
AEFETH D Z LIZEDVITRWA, AT “Gi” LRiakRO “FElam” txEbA
EXRBILTEL MERN D D, KREIOEZIZH 5 uncoupled representation [E#E & AT D (6 b
& LT o)A EEAREE % IR L, coupled representation |5 At D (5t & LT D)
AIEEEE AR ER L TW5, BRIV ERBLAZ T1E, uncoupled representation (%
EfEEHL, coupled representation [IEERIRILE VD Z LT 53, AEEIEII~Y ML T
HOHND, TOEILIT=J; + L, TERINDD, ZOFIMER & I1LE, ARORREE O
N JEIDEFRSe, 2FED, R

71— Jol (28)

TRINDEEDEAT FMIVNER SIS Z &2 D (Wb d, X7 LD triangle
condition), Z Z TI¥, AT 2200 MEEB®IZE T JT 2 WD, #iaT 2 M EEE
T LG R CREOAEE) R CH 5 MBI RV, - 20E, AV -HuEMAEERZ2 58T
LHE(L-S#0)4 LE ShH IJ=L+ SHERINLIN, ZOXIBRGEITE, j; =L, j
=S L LTERITLI,
AR PVIDIZ D &2+ IFE L CTWD 05, EARICTEHNDIREOBREIL
it
(27 +1) (29)
=7l

L%, MAHOREREIZ (27 +1)(2j2 +1) TH Y, MEATEHE® TREOBIIFE T TH
BHING,

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

1 ZONAHO & b J51%, [Condon-Shortley ONLAHSR:) & MEEHL, CLEFEBIZE A Z EEZBEWT H(ZITLY,
Clebsch-Gordan f&R#13 T X THEE &L 72 D5), MMl E ED L 912 & - THEAEEOWERN 72 B (F A BN E
LTWAHEG)ILED LR,

2 MEEREON v T T EBEZX LD, MAEEMEZZBEENT LN THD, MAEMEZET L L, HAE
FERERTICE R SN TW 2 AEEN RO BERAERICZ2 > T(H D W0IEKRbR O LE S, 22T, HAIERSE
O EBEAFIF L CHAEDE ), HAEMFEARS LR THIMRICER T 2AEHELED, Z OMEENH
HEH TV NN ThD, Iz, BFHOMAEEREZZZT, KBETFVRERIMITHLLTDH L, £ET
(YOWLEAEREL b A VU AiEl R s, bIAKRE®RE L OMBHE TH LD, BFHIXEHFEAEMEEZET S
L, L s OB ERDERKIC /R 50T, SHUEAEERRL =Sl L SA Y AEEE S = Is; NUEITR
b, EBIT, AV -HUEHEENZEET 5L, RAENRET =L+SPLEIIRD,

3 Uncoupled representation % unperturbed function &MU}, coupled representation % perturbed
function EFESEZ LB H D,

4 Z1 %, Russell-Saunders 7 v 7V v 7 HAHWVNIL-S > 7V 7 LS,
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Jit
27+1)=RAa+1)(2j2+1) (30)
J=i-gl
WAL T 5, BIIEO BHIIE, #iE%O(XEQI)TERINDIEHEDO)VRELID1ID>EFEA HIJ@
(2J; +1)(2Jy + Y EORIEER FINTET Z L Th B, 150 JICEEN TV H2) + LEDRS
JD zRDRES mIZE Y KHIEND0 5, G li#% (coupled representatlon)@lf)O)], m
DA T 2 B A RIS % | jm) L #E< Z L ﬁ"é (| j1jadm) =°|(j1j2)jm) ® & 512K T 2
BE S & D73, X%ﬁ\%’?b\&{mﬁb’?ﬁ‘b\@f, VERNRONHREZRTZ EITLT, BT
TIE| jm) RELERMT ), —F, #idAi(uncoupled representation)DRA&IL, Jq 2D
THEZED z BN m ORE & HOREE, #GHkLFABOERTICLY | jim) L FHE,
I lZDNTh jo & my DIKLIKIET 4R % | jomy) &ELS, FAATDO20D I, JlZxt
G 21 oOEABEIE, 2 b OH/| jimy)| jame) TRENDA, PUT T jimy)| joma) %
| imy, Jomg) & &L
Coupled representation (25t 2 & H 1 O/E R RITX(1)~B) TR LIZb D L [FE
U Ths, —F, Uncoupled representation (Zxt 3 2B 11X, J=J; + I THDHZ LT
RUELT, 72& 20, J, =Jdp, +Joys Jy =Jdis +doe LVWITRCAR S, 22T, Jpp, s
| jimy, joma ) \ITAET 2 & &, | jimy) ODESICLAMERI LN Z &, BRY, Jy, RJdos
%] jomo ) FBATIC LMERI LR S EICEBE T H(EW A D L, [J,J,]=0). L7z,

Jz | imy, joma) = (J1, +Joz) | imy, joma) (31)-1
=my | jmy, jomy) + My | jimy, jomy) (31)-2
= (my + my)| ymy, jomy) (31)-3
BIU,
Ji | amy, jomo) = (J11 +Jos) | imy, joma) (32)-1
= Jiln +)-my(my £1) | jimy £1, jomy) (32)-2a
+Jjalja +1)—mg(my £1) | jymy, jomy 1) (32)-2b
Ens,

§3 Clebsch-Gordan %1
3.1 Clebsch-Gordan DX KR
1> coupled representation % uncoupled representation(DFREREA) TET &,
|jmy= D" Clirjadsmumom)| jimy, joma) (33)

m;,m,



EET D, FHILORELC(j joj;mymom) B3 Clebsch-Gordan £2%1 & FHEI D DO TH 5,
Z OFR#KIL, vector coupling fRE(X7 FILVEEAFRER), vector addition FRE(~XZ hVINZ
f2%), Wigner ffR¥72 & & bIFHTIN D, £, Kl TETHBWNANAH Y, C(jijaj;mimom)
DL,

Cj1jaJ;mumom) = (jimy, jomy | jm) = (jm | jimy, jomy) (34)
EVWIHIEXFHLEHEIND(E S TRHRIZN TV EINLTRTRIUETH D), F2, H3IXNO X

IIRT Ty MERRE, HUCEEFORETIIR S, RO L I IZEZITERZ B L9 0,
KBNS D) (imy, jomg | 0T D &,

(imas jamg | jmy =Y Clivjagsmimaym) jimy, joma | jimi, joms) (35)-1
mi,m,

= > Clirjadsmimam) jimy | jimiXjomg | jomb) (35)-2
m,,m,

= > Clirodsmimsm) S oS m, (35)-3
mi,m,

= C(jjofs mumom) (35)-4

LRV KBYDETEIT L EnbD, UTTREABY)DOT 77y MEREHWS, R(33)
7 7y MR IUL,
| jmy =Y Gima, joma | jm) | jimy s joma) (36)
m;,m,
& 725, Clebsch-Gordan fREDOHIKEZR M E L CT(E&ZIZFLT &L 212, Clebsch-Gordan
{R¥A unitary ITHIOMS TH D Z EMHHARICHTL 52 & ThHA), WARHKIT D,

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

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

N(34)DHU LU DOBROE R o 2B EREZEBFT 5 Z LITEETH D, X(36)iF,
FEEBBIEE {| imy, Jomo)} D3R D (2; +1)(2, +1)IRIGD uncoupled representation D (X7 h

119 {4l KA Y O3 R. F. A. Clebsch & P. A. Gordan (2 £ 2 W 1 RIEXOL# IR E, E. P. Wigner
DAEEHREROBRIIGH LD TZORL RS D,

2 7Ly MIENEIVRERY MV ERT D, 77 L0y hORITRERY MLVONICIHET 5, 77
oy NRFCHET 2FEIE, #E TR IICB T 57 7 v bR (TRt URL) Z 2HR,
https://home.hiroshima-u.ac.jp/kyam/pages/results/monograph/Ref24_bracket.pdf
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INVEMOFESE L, [EAABEEEE{| jm)} BIEAIRKICOD coupled representation D (X2 bk /L)ZE[H]
DHEFZZAE 2 2% unitary(2 =% ) —)EHERL TEY, ZOEBEITIIOEFHE R
Clebsch-Gordan f##C#H % = &£ #/R L C\» 5, Clebsch-Gordan i3, &K, HIEHTHD
B, B LCEIKICARD L SIS E & 50 TE(27), kT 5 unitary AL AT 72
%, unitary 1780 ERITHIG, B8 LHHWVIHATREONEIZOTH Y, 1205 HE H
HZWVIITEEONMIZLE 25 2 L2, EABEMO ERBERMZ AL TV 5 (X(B7)B LUK
(38)), F7z, unitary EHUIB T AEL TH D5, coupled representation % uncoupled
representation OFYERE S TE T Z & b T, i, uncoupled representation % coupled
representation OFEHEG TRT Z L HTE D, ZOMfi[n & DL T 5 B WATH LTS
ThH z b7, unitary 1751 A OWITH A IZZ DT H & OEEBEEFZELEITI2TH Y
(A7l = A" = AT, BT OBSITHICEETI(AT = 1A)Th 5 (B4 O T &A% #E5
Y, S OBESTFHOMEICHIR LTS, BRARN S, W75 AL b unitary 175 T
BB, B, 777y FEFRTO, 77 (O &7y MOYFAEWIHEDRERIZH D1 E, H(34)
OFW EFIDIENER L Th D, ERILEFELNE LW L1, Clebsch-Gordan fREA
EHTHDZ LRI LTINS,

X (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

(25 +1)(2)2+1)

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

(27 +1)(2j2+1) (24 +1)(2j2+1)

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

wiz, KBO)DWHAIZ T, ZEH S EIZHEE2E A5, X(2)& X (B1)EHMMLT,

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

BfFHIL, A (40)D| jmy I (36)ZRA L2 DI (41)-20 45 & FE L WD,

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

' '
m;,m,

12 SOIEFEARBFBHEELREOOT 5 1 IREHH unitary B TH Y, ZNENOESERZEEREE 1 RoiT5
THILT D L, EHATHI unitary 75172 5,

2 EREMEF LK E & 5 2 L % Hermite 3% & 2 WITRERE & IFOY, FRBERIBATIN ZHEHTHI LIPS 2 &b b D,
PAIIATHI A DAT LB AIVEE 2 1258475, AT I13ATHI A DEFE BT TH 5.
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= (my +my)(jimy, jomga | jm) | imy, jomo) (42)-2

rn'l’m2
W0 DR URERBBOE(m =my, mh=my)lc oW TEEDD &,
D (m—my—my)(imy, jomy | jm) | jimy, joma) =0 (43)
m;,m,

L7 D0 | imy, jomg) ERDEIKEIE, ST IKINLTH L0 5, K(A3)D3 LT 7201
TT N TOREDOTRIT TR B0,

(m—-my —my)(jimy, jomy | jm) =0 (44)

hk D, m= mp +my @%é\ﬂiﬂz\‘f(jlml,jng |]m) =0ThdHZ ERDIND, %I/\Tﬁi
% &, XBO)DRED S HOTRNH DI,

m=my +my (45)

ZETAHLOEITTHDL,
ST, WEWE Clebsch-Gordan R0 & H L7 BEAFRB) 25562 Ll L L 92 F
F, KBO)DEDICFHBEHE I, 2 F S5 L,

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

L7 (K(3), K@6)D| jm+1) ZHX(B6)DIETEL &,

|jm=1) = D (imi, jomb | jm+1)| imi, jomb) (47)

my,my

Lirn, XA ERE6)IIAT S L,

Je | jmy = JjU+1)-mm+1) D (imi, joms | jm+1)| jymi, jomi) (48)
my,my
Lird, REB)DEMELY, HUOEKED S B, mi+my = m+1&2Wi=T b0 TR0TIE
e, —J5, K(BO)DELIFIEHA A T, = J1gp + oy ZIEHISED &,
(Jis +Jdos) > Cima, oma | jm)y | jimy, joma) (49)-1

ml’ m2

1 — R EM7Z BRI TH 523, coupled representation & uncoupled representation % 27 CIEFIZEE /2K
Thd, SV DHE, mTHEIND 1 20 coupled representation M EI%X % #5% 9% uncoupled
representation OB (R 2 Z OXNSLMB Z LN TX 5,

2 Clebsch-Gordan 25D & & 721 (Bl R B) IC B S e WA, 2 2B E HARIE L T3.21IcH#A T 72
SN
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= > [Vl + D =my(my £1) Gmy, jomy | jm) | jimy £1, jomy) (49)-2a

m,m,

+ 2l + D)= ma(may £ 1) Gimy, joma | jm) | jym, oma £1)] - (49)-2b
PiEbN D, X(48) L (49)IFTE LVDT, T 5L LT| imy, jomy) 2S5 L, X
(49)-2a TiE, mtl=miBLPmy=m,H, 2FY (my,my) = (M1, my)BxfIsL, X
(49)-2b TiX, m=mBLUPmy+l = ms, 2FV (m, my) = (my, mh TN BXRIET 2,
IhoaEESTTL,

JiG+1)-mm£1) (jimi, joms | jm+1)| jim{, jomj) (50)-1

=AU+ 1)~ (mi F)mi Gumi %1, joms | jm) | jymi, jams) (50)-2a

+(j2ljz +1)— (M F)my (imi, joms F1| jm) | jymi, jomp) (50)-2b

PRSI B0 my, molthF N TBEE( )RRV RN THELTHERIEFA L THE00,
FROBRR L LT

JiG+)-mm=1) (jymy, jom, | jm*1)

= JiUy + D)= (my 7 )my Gimy F1, jomg | jm) (51)

+\J2(jz + 1) = (mg F1)my (jimy, jomy F1| jm)

155, Zh, Clebsch-Gordan 2zt AT 5 7= EAM L THD, 22T, #HEF
DEFHFIZER L TCm=jEB &, BUDOIRENPOLRH00,

0=l +1)-(m —)my (Gimy -1, jomy | i) (52)-a
+Jalia +1)— (my —1)my (jymy, jomy —1] i) (52)-b
DFV,
0 =/(ji +my)(jy —my +1) (Gimy =1, jomy | 4) (53)-a
+Ua +ma)(ja —mg +1) (jimy, jomy —1] i) (53)-b

&fcﬁ%)o ::VC, j=m1+m2—10i0 777)2=j—m1+ 1‘6&)575)5,

0=(1 +my) (1 —my +1) Gimy =1, jo j—my +1] i) (54)-a

Uz + 7 —my + 1) (g = j+my) Gima, jo j—ma | B (54)-b

Tbb



imy =L, jo j—my +11 7j)
(55)

_ U+ i-m +1)(jp—j+m) 1/2<jm i ..
[ Ui+ ma) Gy —my +1) } 2= L)
DFELND, WIZ, mEam +1LICESH]RZD L,

(hmy, o J—my | 1)

(56)

:{UQ t o)l ”)Tz Gim +1, g j—my ~11 5
(1 +m +1)(1 —my)
SBlom A1 RIS 5 &,
(hmy +1, jo j—my =11 3)

(57)

z_[(jz +_j_m1_1)(j_2_j+m1+2)T/2<j1m1+2,j2j—m1—2|jj>
1+m +2)(j -my -1
AR KL TH(BE)Dmy S j; —1127e5 &,
W =2 JoJ-n+210)
(58)

z{ug +j- A +2a—j+ -1
(27, —1)2

12
} (hWh-Ljoj—-an+11ip

Bz, R(B5)DOmyMm jjicied L,
Urh =L joj—h+11ip
(59)

ot e i 00— 4 1) 1/2

={J2 SN > J2—J h} Gty o J = | )
J1

WEBND, R(56)1bR(5YETD j; — mADKOI 4 EMFEbED L, 1ZEALD

Clebsch-Gordan {2503 HE SN TROEIZ 2 5,

(hmy, Jo J—my | i) (60)-1

:(_1)j1—m{ Uz +J = m)! Gy + Jo = )! G + )t
CaN (=g +ia+ )02 —J+m)! (L —my)!

1/2
} (Jths JoJ = 1 D (60)-2
ERTEREC A 2 203, X(56)0 HH(59)F TOfEE & HBRITRENICBIN S % < OHEOFEE
PEIR CREIZR S ITEL Z LN TE 5, Clebsch-Gordan 2% DK E A M ((37) £ 7213 X
(38))2 5, K(60)-11%

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



Lo n, A (60)-2122V\T

(o +J7-m) (g +Jo —J) (g +my)!

J
vt g2 = LD }j(

(62)-1
mey, @l g+ g2+ gt G2 =g+ m )t —my)
o Uit S Girmy) Gt -my)
= ) - . . . . 1 62-2
s J2 3= ) (2J1)!(—J1+J2+J)!m§jl(J2 j+ma) G —my) o2
BT 5. =T, BOEAR
Za+s)'b s) _ (@+b+1)(a—-c)(b-Aad) (63)

(c+s)(d-s) (c+d)!(a+b—c—d+1)!

%ﬂzljﬁﬁ LT, a=j1, b=j2 +j, C=j2 _j, d=j1, mlkjb i J‘(62)@$ﬂ@‘“l§ TE

(J1+m1)' Jatj=my)  (1i+Jjo+J+D(h —Jo+ ) (A +j2 + )
2: (64)
mej ( —jHm) G —m) (1 +J2 = J)H(2J +1)
LA BH D ERTESND, H(62)L Y
N 271 (27 + 1) }
< ) - > = . . . R . . 65
(s Jo =i | ) Lh+J2+J+UHh—J2+ﬁ! (3)

PIFOND, BEONMHD LY FIZWEST(EVRADE, m=j=j] +jpDLE+1L N HE
Bzl L O %E & D),

o @) (2] + 1) 12
s Jo J =1 10D = le a1 G- o +j)!} (66)
"ELNRD, TR TER-oE), m=jh2om; = j;® Clebsch-Gordan ¥z kH 5 = &4
T& 72 WIZ, F(66)D (fij1, Jo J— i1 | 0 ZRENRATIUE, (1 -1 joj—h +110)»
Bond, ST, (Gia-Lij-a+1 i) oG8N E> TG —2, joj—h +210) 2
BoNDd, INEIEREDIREIE, m=ja2bo0(im, joj-m | 2T XTRETLHZ L
MTEDH, 2HLT, mOARERMEMmM = —ji, —ja+1,..., p-1, jp)cdT2
(hmy +1, jo j—-my =1 N BERGimy, jo j—my | ) BELAE, Zib 2K (51) 04U
(P 5)IZ & % Clebsch-Gordan R 7 ICHRAL T, m=j - 1Z2 b O%HK
(imy, joj—my =1 jj-DERET D ENAEEIZR D, m OEEZE 2 ARG HE 3,
F_T D Clebsch-Gordan %735 515, Clebsch-Gordan %% & & b2 A%E TE
sRT AR5,



(J1my, jomg | jm)

. . . . . . . . . . 1/2
27+ + g2 = U1 —Jo +J) (=1 +Jo + J)
(h+tJo+Jj+1)

= 8ml+m2,m

(67)

[ +my) (o —my)! (o + mo)! (o —mp) (G +m) (G = m)!]l/Q

<3 17 :

zl(htjo—J-2)1—-my -2\ (Jo+tmyg-2)(J—Jjo+tm +2)(j—j1 —my +2)

2L, 2ITBEETHY, zIZONWTORNE, BRE & D2ENPAICRLRWEIFHTE 5, X(67)
12194242 Racah! 3R IR HIBEIC L BV TEH L= D Th 5, Clebsch-Gordan £
B oo e i NE L L0l Wigner2 T, IX193 14 ICHERM 7 HIETE- L,
Waerden3|Z19324F I 2N B/ L 2 HIETEM L, ZofoEHEE LT,
Majumdar4, Schwingers, Sharpé HI1Z L5 L DN H 5,

Clebsch-Gordan £t > 21,

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

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

DX 7% DVWHDDHHBEMERNH S, Z D L 9 72 Clebsch-Gordan #2471 BFR<4%
BEEET & LR T 2720 KERNEDE LT, [Wigner 3-j symbol] 236 5,
X, Winger 7319404E 2 A L7-H D T7, Clebsch-Gordan &3 & koD X 5 IZfE 1N
%o

(Ji J2  J3

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

7203,

(70)

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

mpy mop —mg

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 FOWRERTIERMIR, EXHIIL, 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).
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#1.j; & j,=1/2 @ coupling IZBIF % Clebsch-Gordan £%#%

. 1/2 r. q1/2
i= g 412 Jj1+m+1/2 Jj1—-m+1/2
! 2j; +1 2j; +1
i ji—12 | A-m+1/2 V2 _j1+m+1/2_1/2
! 2], +1 2j, +1

ST L7z Zare X° Edmonds OARIZE, 3-j symbol DHECHFE FIENFEL @M L b
TW572%, A monograph ® BN HIXTHEDOT, ZHLLENIHASLZ L3 T, LIRET
I% Clebsch-Gordan £23? BARA 224 & #%&EF 2 W T < 2 &2 5,

2ODAEBNE ji, jo DI v TV U T FER)DREREL D120 DI Y z oy (FHEE T
» m Th HFEARIE| jm) % uncoupled representation| jimy, jomy) PFIERES TEE H
ET5EE, X6nefHroEfEchsrnb, £URT X H 7 Clebsch-Gordan %3 D
KEMAT DL X,

3.2 Clebsch—-Gordan &% ® E (k45|

§OTH AR/ 2EBF AL L REHIBEZXTHL I 20DAL L Z ZNETHWTE LR ST
KT L, 1=12, jo=12%,75%, ~Z FLFIO triangle condition IZ XV, ZD2DDA
EUOAEBEPES LT TELR 0 2AEHRE R jITj=1,0TH 52 j= LXK L TIZ
m=1,0,-1%, j=0CKHLTIE m=02L52 LN TEDH, ZNH42/F coupled
representation TH Y, | jm)yEitx T 5 &,

LD, *ji TNENDAE L Dm B L UWmy 231/2(ZHElE, abE)ELIT-1/2(Z
nNx@E, pLtE)THIEAICHE L T4 2D uncoupled representation 23 ¥,
|J1m1,]2m2>§§nﬂ75f'§"5<‘:,
‘ll ll> 11 l_l> 1 1 ll> 1 1 l_l> (72)
22’22/ 122’2 2/7|2 2°22/7|2 2°2 2

b, Zhvbaoik, < ORETEIZT daa, ap, fa, BAKHIE L TWAHDT, LI T
W, |aa), |af), |Ba), | BB Litd ., 2 2 CTOREIL, X(71)DENZENOREEEH(72)

1 7= & %1%, R. N. Zare, Angular Momentum (John Wiley & Sons, New York, 1988)® Table2.4 X A. R.
Edmonds, Angular Momentum in Quantum Mechanics (Princeton University Press, Princeton, 1957)®
Table 5.2 72 &, #FOF#HIL, L. C. Biedenharn, J. D. Louck, Angular Momentum in Quantum Physics
(Addison-Wesley, Reading, 1981)IZF LD LTV 5,

2 RABEHELZEATLIENS Z LY, BFHNEEBET LI LEEZERLTWD,
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DADDREEEHNTE S RTNENI T & ThD,
7z & 2%, Clebsch-Gordan fREDF 1121, j, =1/2, DX D

) 1 )
<J1m1,§ my Jm> (73)

AT ARBER BN TG, WEILfHY2 THENE,

1 1

<§ m1,§ my
EET, jiEj=n+12=1, j=j-12=0020DfE% &5 (ThEh, K1DOFE2ATLHS
ITITHHIR),

ET, |jm)y = |[IDIZOWTIE, j= 1 THLINDLRIDE2T(J = j1 +1/2)BxET 5,
my =120 L XTI, m=m;+my=1K0m; =1/2TH5D, my=-1/2D L E2iX, my
DERKRMENY2 THLHIeH, m=12FEBT L LNTERV (G = /2 THLHMH, m1L3/2
BLDHIZLENTERW), LER->T, ZOFEUTEINOBRBOHRNLETH D, BARMINZE
B L,

jm> (74)

1) [W—“ﬂ” " [MT ¢ (gj”z I,
22 2j; +1 2(1/2) + 1 2

HLIZ, (022D Lo Tb\éﬁi)%Z??%3§IJ®fﬁ%§+% LTHDE,

1/2 1/2
<lm1,l—l‘1l> h-m+1/2 m+1/2]" _|Y2-1+1/2 _(gj o (76)
2 72 2 2j; +1 2(1/2)+1 2
LY, Win/pd (ATREZR) my \oxE LT H0IC Nbomsd, LinsT,
|11>:<ll,11‘11>‘11llHll 11> 77)
22’22 /|22'22/ |22722
oY,
|11) =] aa) (78)
L7 D,

WIZ, | jmy = |[10)IZDOWVWTHE XD, ZOHEL j=1ThHoH00, R1DFEUTHRR L
DM, (my,my) = (-1/2,1/2) & (my, my) = (1/2, =12 DOFENH LMD, K1D
AT & HIFNDOW S BT DM ERH D,

1 111 Gem+121? [y2+0+12T% (12
L N P P i chab o) R ket o Y ) B (79)
2 222 2j; +1 20/2)+1 2 2
111 1 —m+12]? [y2-o0+121? (12 1
S ) T [ SmbChat o R i e Y ) D (80)
22°2 2 2j; +1 2(1/2) +1 2 J2



_ L

7 Iaﬂ>+% | por) (81)-3
=%(Iaﬂ>+lﬂa>) (81)-4

7D, | jmy = |1-DICBILTIE, RIDEATEIFOHNEEBRL,

(L1 t-1ha) {M}” _ {M}” _ (zj”g 1 e

2 2’2 2 2j; +1 2(1/2) +1 2
L72hR-T,
Bt x e
DFEY,
11-1) = 8B (84)

L%, LE3ODOREED jizT XTI THY triplet(3EIH) 2K L T\ 5,
K%IZ, j= 0252|000 12O\ TIE, FI1DOHEIT(j=j; —Y2)BBHRL, (my, my) =
(-1/2,1/2) & (my, my) = (1/2, -1/2) DFHERHENE, TNFREFHEAELT,

(111 1oo) {MT ’ {M}” ’ _H” S S

2 222 2j; +1 2(1/2) +1 2 J2
111 1fooh _[armey2]? _[12:0502 1/2_(lj1/2_i 86)
22°2 2 2j; +1 2(1/2) +1 2 NG
L7238 - T,
|OO>_<11,1_1‘ >‘11,1_1>+<1_1,11‘ >‘1_1,11> 87)-1
22’2 2 22’2 2/ \2 2’22 2 2'22
1111 1\ 1]1 111
e e e 87)-2
ﬁ‘zzz 2> ﬁ‘z 222> (87)

6-17



1 1

=5 b -5 | fe (87)-3
1

=5 (1aB) -1 pa) (87)-4

L%, T singlet(18HIH; j= 0)Th oD, lbhoZ b, ZLORTHEALNTNSH2
EA A ROEA B EZ OEMBEBOBIER G T T 5 BED1%%)% Clebsch-Gordan
RRETHHLZERHEMMTE-THA D,

3.4TR LI ATHIRH(R(39) 2287 A B L RICEMT 2 &,

1 0 0 O
0 /42 o 142
11),]10Y,|1-1),]00)) = | ap), | pay, 88
(111),]10),|1-1),100)) (Iaa>|aﬂ>|ﬂa>|ﬂﬂ>)o JVE 0 _1\3 (88)
0O 0 1 0

LFREIND, AWOEFITHIIME)NC unitary TH(EZATH) Th Y, Bre 251+ b 25 EAFIH
TONFEIZOTHEIMNHEALALTEY, 1205ATH A WIITHHFONFEITLICHEKBILES L TWY
éo

§4 Step-down operator( FREEEF)IC & SEABEHDIRE
41 2BFRORE VEH

§3Tld, Clebsch-Gordan £t 7 % F]H L T uncoupled representation 7> % coupled
representation Z % L7223, BIDOR°V F & LT step-down (F 721 step-up) operator %
HW5 5iE0n & 5!, Step-down operator X° step-up operator |[L=(3) CRZ & 512, EH
L 7B D E?%{’”zlt TR SEL VIS E T2 “Hig” 2b->T0\5h, Zhvz
FIMLT, 719: Z13, |1]) WZJ_ZERESENE, RIS ELTY) | jj- D &aELZ &M
’C‘Jé HIFTTHY, W jj-DICI_ZFHSED &L jj-2) 753‘?%"[52}%5@"91&’6%50 Z

ZNARAT 21, ‘ﬁ“f\’COD_I B2 mIZOWT| jmy kDD T ENAREIC/R D, (MR D,

|J - DB IEDTH L, FOHAT step-up operator T m ZJEXRIEIN X TWVIHIE X

VLT TIEE T, 2B AV RIS L CEAT 5,

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

To b, £72, uncoupled representation(EHFEEE)| jymy, jomy) 1T

11 11\ j11 1 1\ 1 1 11\ )1 1 1 1 (90)
22’22/ 1222 2/ 12 2’22/ ’

THY, INDIE, |aa), |af), | pa), | BB) THH(mM DIEIE, |aa), |ap), | o), | BB)

1 Step-up operator X step-down operator ZF|H9 % Z &%, N. M. Gray & L. A. Mills 7° Phys. Rev., 38,
248 (1931) CRE L 7=,



DJiEIZ1, 0, 0, —1), Coupled representation T % uncoupled representation T%, m= 1,
—HIZNZNLE LB TWARWA, m=032EHN TN D, LEER-T, ROLIICE
252 EMNTED, 420 uncoupled representation D9 H, m= 1, -1IZKIET D aak BB
1%, (m=m; + my TRITNITR 672\ 5)coupled representation & RO K 512 1%F 1%}
JEL TN 5D,

11 HESE
,§§>, |1—1>—|,3ﬂ>=‘ > (91)

11) = = )
1= ae) = R

N | =
N |

5% Y, uncoupled representation % D E FHEAKOBEAEE L > TW5, —J7,
uncoupled representation O HIZ2MHFIET H2m =0 OFEE | apf) & | pa) T ED LI
coupled representation ®|10) & |00) IZxf)E S HIUT LI WTHA D0, ZOXIEEER D
IS, b2 bBM| af) & fay S, ZTHCHEM TR & A s R 7 2 o F 4 Bk
RoTHENEINF=v 7 LTHEISL, WE, J = SET5L, J2rR(©22)40Y,

J? = J Jy +J,(J, 1) (92)

ERTZENTE, FEllEE,

J2=J,J +J2-J, (93)
F 72103,

J2=J J +J2+J, (94)

ThbH, 2T, J2(E(93)F B af) IS ETHD,

J2afy=(J,J_+J2-J,)| aB) (95)
IZBNT,
J_|af) =(Jr_ +Jo_)| af) = 1(1+1]—1(1—1J|ﬂﬂ>=|ﬂﬂ> (96)
B - re2- 2( 2 22
1
ThHMD,
JyJd_lap)=d, | pB)=(J1; +Jo,)| BB (97)-1

VB jmy L, AEB R I (Ul L H 5 WIEA B ) OEAEK TIZ AW R T J,, Iy, J, DO B 1D
PR REIL J, 2RI 2) R EAEE m &2 bOBEEKE 2 2)0, HETJI?OEEMETHL(I? | jm) =
JU+1 | jmy)e LI=Ao>T, MESREETOBEAMENE I DORFECIE T, BEOJI2 25, J, DHE
FEECTHITEFE mAREY, J?OEEEECHIVUTRETRjRRED,
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1(1 1 1 1(1 1 1
=\/§(§+1j+5(—5+lj|a,8>+\/5(5+1j+5(—5+1j |pay  (97)-2

1 1
=|ap) +| Ba) (97)-3
Lhrn, F£i7,
JzIaﬂ>=(J1z+J2z)|aﬂ>=%|aﬂ>—%laﬂ>=0 (08)
BIW
J2af)=0 (99)
ThHNE, R(O5)DREFIT
J? | ap) =|ap) +| pa) (100)

LD, LimMoC, B of) IHEE T I? (= S?)OEABE IRV, b 5 1oD¥%| fa)
12 J2 ZER S HTHLR(100) & [ URERIC2R Y, B of) & | fa) iE% D FE F Tl coupled
representation % #F I H AR/ > T2 b d, B CHEARKIC v e
T, |apf) & | pa) A EDHE T2, coupled representation @ m =0 D BE%L(|10) &
|00 ZMEDMENHH(DFEY, |af), | fa)iL, |10), |00) ZIED =D “MEF (KRS
B)TH D), LT T, TREEFZHWDHFIEIZLD, [10) £|00) % | af), | Ba) DIRIE
A CRT HEETRT,

F9, BEABEKTHD Z LR -TNA|1D (FK(91)DLABIC FRERFJ_ Z1EH &8
5L, REB)LY

J_ |11 = JI(1+1)-1(1=1) [10) =~/2 | 10) (101)

s, —J, ROYNOHA(|aa) \ZJ_2FED Ji_+Jdo_ ZEHSED L, J_|a)=|p) T
HDHIND,

(i +Jy )| aa) =| fa) +| ap) (102)
LB, ZRER(101)8% b,
J2110) = | fa) +| ap) (103)
bbb,
|10>=%(Iﬂa>+laﬂ>) (104)

Ld |a)=|BBLOI, | f) =|a) THIBOFIR T HHEICHMAT 20T, Bx T EEMNLN,
2 MRMERERNEE, (FilEr L > TREHEET DL ] EMILTVDET XA ML H DD, WL AN
BVTHLPEIEST D2 ERRUTH D,
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NELND, |11 & |1-DIET TIZHETW L5 ((X(91), T = LHZEEN5885137
NRTPRELIEZ LR D (MR DD, |[10)0ICJ =J)_ +Jdy ZEASETH|1-1) 5N
DN, TZETTHLEITR), Lk, KO1)EX(104)TH 25N 535D triplet
DA EARBRETH D,

FREEABEIE A2 RE L TORVBEIEIL|00) Th DA%, i, EABEE Lo B
IZHESWTIRET DI ENTE D, m= 0DBEOIKIETH D | af) & | fa) DRIEFEA T
|00) BB S DD,

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

ERE, TTIELNE = 1OEAME|10) LOREEZ LD, 1) BLV1-1) £|00) D
NiflZa & bOREREZES Z L ITIFIEZ 220232, |10) & ONFE

1

(10100) = —=(a(ap | af) + blap | fa) + alpat | af) + b | fr) (106)-1
:%(a+0+0+b) (106)-2
- L@+n=0 (106)-3
2

Ma=-b%5x, THL|00)HEOHKIL

a?+b% =1 (107)
M,
1 1

=*r—, b:_— 108
+\/§ +\/§ ( )

DIFHLNAH(ZZThH, ak baFERETHMMEERMLE), L -T,
|00>=%(Iaﬂ>—lﬁa>) (109)

ERD(BEABEBEEOTFZIX, MHEZKL TWAHIETTHY, WHHREREEZDHH D
TIERWD T, X(108)DFFDONWTNOMAGHLELZHNTH LW), YL ET, ¥ XToD
coupled representation % uncoupled representation Z HHW\\TE$TZ LN TE 7,

42 2BFRDENERESE X E VB
ZZETE, HEEOBBRA YY) ORICHEZMITZEETH o720, BFEICIE, HEHE LT

L J X jmy® mOEZE 1B CAEEFTHY jOEIIEZ RN, J ZHA0NT|10)705]00) 21E5 Z &%
TERU,
211 L 1-Didal bOHEIZELT|00) LELTLHDOT, ab bOBERIKE/TLZ LN TERY,

6-21



%R (FEFBLE) I L CHLERIE & A v B A [FIRFIC S 2 T E A BT 5 BN H
5o 2T, LT CIZEAMICHLUBEICE 2 AN TEL TN, ETEESE L Tsp, 2FY
L=0& L=1DEFMMDOREEZD,

%7, coupled representation Z{E52(&E 7R LOMASEH & LT, E1RXIEHEAIEH
HERET D), BUBIZOWTI,

L=1 (110)
DFr, AEAAZHOWTIE,
S=1,0 (111)

THDHME(LITATEAEB R T8, SITeA v MEREE 7)), 5P L 1P REN 1T
DD ENbND, REERIE, Bx3)+(1x3)=12HTHY, ZNHEELDOILDONRE

7% 2. sp ETELE D coupled representation & % D53 A

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

SPY @ =|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
¥Ye=|L=1,S=1,M; =-1, Mg =0) (-1, 0) O
Y9=|L=1,S=1,M; =-1, Mg =-1) (-1, -1) Hm
¥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 a2 rd, BEHLHEICE, F U (M, Mga b
Bizie 5 (O, A, O)EffiFTh s,

VREIFFCEZ D EVWoTh, 22T, AC-BEMRAERL-S T vy 7Y v ) 2EET b Cldkl, #uE
fEBE L & AL UAERIR S & TN TSI D Z EICERT D, S5 E, L-S=0L1LTEXD
LWHZETHD,

2 BFRLEOMAEEME LT, BEFMREREEHNEEET S,
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2Th D, ok, ZZTIE, L £ SOI vV TEBETHDTTIERNOT, coupled
representation OKit & L TIE, Ak, |L Mp)|S Mg)®HDHWIE|L Mp,S Mg) 7% Th
0%, 2B OFEFEIE uncoupled representation ([ZEI TV 5 72 OIRELT D AIREMED B D D
T, |L,S,M;, Mg) OFKRGLEAEMNDZ L2551 : |[L=1,S=1,M; =0, Mg =-1)),

&WIZ, coupled representation & M; 3 X Mg DIECTHHT 5, FEOE T AL L D
T, mEFICE DT ThHoT20, 22 TIFE E AL U EFRFICEZ TVWDH DT,
20D EAE My, MglZ XV 3T DM EN D DH, K2 b oD K91, (M, Mg) = (1, 1),
(L-1), (0,1, (0,-1), (-1,1), (-1, -1)D6fl, 2LV Mg= 0DBHEII1E LBl T\ 7z
V. —F, (1,0), (0,0), (-1, 0)PIFEII2EINT NS, 2EF A L ROBE L R,
1E LB 72V D, uncoupled representation & coupled representation 231%f 112
s L, 2E[(CAR)BEND b DIX, [FIU (M, Mg) Dfi% &> uncoupled representation 7%
RIEAS & ST coupled representation ZET 5 Z L1272 5,

RIZ, uncoupled representation Z1EA 95, TNEINDOE T OHEE I, BEIZRH
LTI,

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

# 3. sp & 1Al {& ® uncoupled representation & & D43%E

Uncoupled representation (Mp, Mg) X
o =lmy =0,mg =1/2,my =1, mg, =1/2) =|0"1%) (1, 1) Hih
go =|my =0,mg =-1/2,my, =1, mg =-1/2) =[0"1") (1,-1) Efh
¢3 =|my =0,mg =1/2,my, =0,mg, =1/2) =107 0") 0, 1) Hih
¢4 =|my =0,mg =-1/2,my, =0,mg, =-1/2) =]|0"0") (0, -1) High
g5 =|my =0,mg =1/2,my, =-1,mg =1/2) =|0"-1") (-1, 1) Bl

g =Imy =0,mg =-1/2,m =-1,mg =-12) =|0"-1)  (-1,-1)  Hih

g7 =|my =0,mg =12, my, =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,m =0, mg, =-1/2) =|0707) (0, 0) A
g0 =my =0,mg =-1/2,m, =0,mg, =1/2)  =|0"0") (0, 0) A
p1=Imy =0,mg =12, my, =-1,mg =-1/2) =|0"-1") (-1, 0) O
pro=lmy =0,mg =-1/2,my, =-1,mg, =1/2) =|0" -1%) (-1, 0) O

¥ (M, Mghy 1 D720 (WA 28D 5 h a3, D 5561218, R U(M, Mg% b OBERICR 5%
Ths, itm(O, A, ONIXR2 IR LETLFITHIGEL TN,
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2B LTI
mg, =1/2,-1/2, ms, =1/2,-1/2 (113)

Thbd, LT ->T, RIIRLEZ(1x2)x(3x2) =121 ? uncoupled representation 23 &
%o RIDI2MEDOEEEKD > 6, (M, Mg) DIEN 1R LB DF6fid v (R [H
M) LELEH0), K2EOREND, ZRH6MOBEEIISPIcEEND quﬁomlﬁsa%zz
LD TNDIERDND(Y =91, ¥3= 02 4= 03, Yo = 02, ¥7 = 05, ¥9 = o).

0% & 3D By, ¥s, We) 35 HIILE, 3P @?AT@F%%Z%H&[E?L%)_&ﬁ)T% 50
/2%, uncoupled representation OFKil & LTI, AK, [limy, lhmy)|symg, spmg,)
DWVNE|Gmy, hmy, symg, Somg, ) EEFESAETHLHN, INHITITLRAROT, LIF TR

| my M my M2y (Mg mg 121/2,-1/2%+, - THGL) (114)
BMOKLEMNDWBI:10717)), [} =0, =1, s7 = 1/2, sy = Y21FT X TOREHIILED
B EME 72O THRL L2 THRMEX RN,

FT, ¥ = |L=1,S=1,M; =1, Mg =0) 21525 7-DIZ, (HMPIIZ)EFEKE Do
TWAHY = |L=1,S=1,M; =1,Mg=1) = |0"1") = 9 IC AL FRHE S 2/EH &
W5, SWIE, fSS+1)-Mg(Mg-1) = JII+1)-1(1-1) = V2 kb,

S¥ =S |L=1,S=1,M; =1, Mg =1) (115)-1

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

[FIREIZ, S_@ L, S_|a)=|B), 2EVS_|H=|") &b,

S_pp =(S1_ +S5_)|0" 1Ty =|0"17) +] 07 17) (116)
L7=1> T,
¥, =|L=1,S=1M; =1, Mg =0) (117)-1
= (01 +]0° 7)) = = (gg + ) (117)-2
\/5 \/5 ] T O7
LD,

WRICW = |L=1,S=1,M; =0,Mg=0) #1525 21 Z20D HIENH D, 121 ¥ =
|L=1,S=1,M; =0, Mg =) ICAL Y FREHEFS_ ZFHSELHETHY, HIH1o0F
EAENCAZRA17) O ¥, = |[L=1,S=1,M; =1, Mg = 0) |CHl& FHER - L_2/EH S ¥
HETHDL, ZITEEDOTEDIZ, WTNDOHIETHR AR YR 6D 2 L 2R L X
. T, W=|L=1,S=1,M;,=0,Mg=1) = |070%) = p3lc A FHEHE T S_ %1k
HEtd &,

S¥,=S |L=1,S=1,M; =0, Mg =1) (118)-1
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—J2|L=1,S=1,M; =0, Mg = 0) =2 ¥ (118)-2

BIOY
S p3=(S._+S5)|070") =]070) +]070") (119)
L7 -> T,
¥s=|L=1,S=1,M; =0, Mg = 0) (120)-1
—L(|O_O+>+|O+O_>)—L( +@g) (120)-2
\/5 \/5 P10 T Po
DELND,

—J, KA1 DO ¥ = |L=1,S=1,M; =1,Mg=0) = (1/J2)(|0 1"y +]|0*17)) =
(1/N2)(pg + o7 ) \CHGE FREBE T L 2{EA S ¥ 5 &,

L¥, =L |L=1,S=1,M; =1, Mg =0) (121)-1
—J2|L=1,8S=1,M; =0, Mg = 0) =2 ¥ (121)-2
BILW
Lo +07)= (L + Ly )—= (] 0" 1*) +] 0* 1Y) (122)-1
—\/5 8 7 1- 2—\/5
=|070") +|0707) (122)-2
L7Z=2-> T,
¥s=|L=1,S=1,M; =0, Mg = 0) (123)-1
=L (100" +10%07)) =L (1 + o) (123)-2
\/5 \/§¢10 P9

L0, WM, (1200 F-72<FAC OB E LT,

F20ZAE L3P OOHEOEE DI LT TIL8MAEBZD, KRIEO LT Y =
|L=1,S=1,M; =-1,Mg=0)Th b, Wi, ¥ =|L=1,S=1,M;,=-1,Mg=1)ICAY
VIRER T EER S YD), W= |L=1,S=1,M; =0, Mg = O) \Z#u FFEF 1% /EH
EHEHOLND D, FUHERICRDIETROT, ZZTHAIELTERT, % =psThD
b,

S_T7=S_|L=1,S:1,ML =_1’MS:1> (124)_1
—J2|L=1,S=1,M =1, Mg =0) =2 ¥ (124)-2

BILO
S g5 =(S;-+S5.)|0" =17y =]0"-1") +]0" 1) (125)
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L7 -> T,

W =|L=1,S=1,M, =1, Mg = 0) (126)-1
= o STy 10T 1Y) = (s + 011) (126)-2
\/5 \/5 P12 T P11

L%, UET, SPICEENLMEOEAREKEHED - LN TET,

Wi, P OEEBESETH D, TALOBBERDICE, TTICEESP OBMKEEE O
Pz HOIIZ R, FU (M, Mg) % b OO BERR HIZEART 506, £3, (ML, Mg)
= (1, 0) DHUZHNT, TP D

¥0=/L=1S=0,M; =1, Mg =0) (127)
L3P0t (M, Mg) = (1,0) Th D P((117))

5”2=|L=1,S=1,ML=1,MS=O>=—|O 1"y +]0%17Y) (128)

Al

B AT 5. Yo%
¥o=al0 1) +b|0717) (129)

LB L, e W oDEZEEGR (W, |Po) =005 a=-b LY, HELEMEG® + b2 =1)
LabET

¥o=|L=1S=0M; =1, Mg =0) (130)-1
= (01 -0 1) = = (g — ) (130)-2
\/5 \/5 s —P7
BESND, WIZ, PO M, Mg) = (0,0), 2D
¥, =|L=1,S=0,M; =0, Mg = 0) (131)

IZoWT, PO M, Mg) = (0,0) Th b ¥(5(123))

5”5=|L=1,S=1,ML=O,MS=O>—T(|O 0"y +]0%07Y) (132)
& DEAMEAEFIH LT,
¥,,=|L=1,S=0,M; =0, Mg = 0) (133)-1
=L (1070%) - 0%07)) = = (p10 - o) (133)-2
\/5 \/5 P10 —Po

L7rb, &b, W= |L=1,S=O,ML=—1,MS=O) IZOWT B BRI, P(EN(126))

Wo=|L=1,S=1M; =-1, Mg =0) =—— |0‘—1+>+|o+—1 ) (134)

&‘
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& DERZMND,
¥,=|L=1,S=0,M; =-1, Mg = 0) (135)-1
=L(|0‘—l+>—|o+—1‘>)=i( -911) (135)-2
\/5 \/5 P12 — P11

BNELND, UETHEIEOEGREEE LD bONRERITHD, ZDOLHIT, ALV
CEEICET 2 ENENO TRIEE A2 WD 2 & T, IBERRRAICEABEEERZES 2
LINTE D,

ZHLTHLNAMEKIIETREEsp ICKVAELIETIREZRTHEABRE CHL D, &
F(Fermi K ) DAZHUZE] L TEROEFML(HRF 1272 D) STV iRiThid e 6720, £ 2T,
¥ = @ = |0T1) OBE & EFOF (AR EZ R LT g (Dal)g (2a(2) & X (BF 10
Hmy =0%¢,, AU mg =12%a BI20HPEM, =1%¢, AErmg, =12 %al
), BLLE22HHT D L, d)al)p,QaR) & 72D, ZIUIZHATD ¢, Val)d, (2)a(2) I

# 4. sp EELE O [E A B

Term A BIER (2 2 D Wy~ W0 IS (M, Mg) m*
¥, =|L=1,S=1,M; =1,Mg=1) =|0"1%) (1,1) 2
¥y =|L=1,S=1,M; =1,Mg =0y =(1/J2)(]0"17)+|0*17)) (1,0) 1
¥y=|L=1,S=1,M; =1, Mg =-1) =|0"17) (1,-1) O
¥,=|L=1,S=1,M;, =0,Mg =1y =|070") 0,1) 1
3p e =|L=1,S=1,M; =0,Mg=0) =(1/+2)(]0"0%)+]0"07)) 0,00 0
¥e=|L=1,S=1,M; =0,Mg=-1) =|070") 0,-1) -1
¥, =|L=1,S=1,M, =-1, Mg =1y =|0"-1%) -1,1) O
Yo =|L=1,S=1,M;, =-1, Mg =0) =(1/J2)(]0" -17)+|0*-17)) (-1,0) -1
Yo =|L=1,S=1,M; =-1, Mg =-1) =|0” -17) (-1,-1) -2
¥o=|L=1,S=0 M, =1, Mg=0) =(1/4/2)(]0"17)-]0"17)) (1, 0) 1
Ip @ ,1=|L=1S=0,M; =0, Mg =0) =(1/+/2)(|0"0%)y—|0"07)) 0,00 0

¥, =|L=15=0,M, =-1, Mg =0) =(1/2)(]0" ~1") -[0" -17)) (-1,0) -1

>:< m:MJ:ML+MS
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AFEZTIETIERWVINDG, %ﬁ=mﬁ+iELWIﬁ%ﬁfiﬁw&%xé®i$DT
bbb, TOXIBRAEENAELTDOIE, ARXFITERWEFICESLMTITT, bbb X
%f%éiauﬁofbiot;&%ﬁlfﬁéoam@zéa,im’,mﬁﬂ%
Vo) (a2 CEXMZ - LENEY THY, BTHREBITERNILEEZELT
$, (Va)dy, (2a(2) DEF1E 2% ANEZTZEEE ¢, (Va(l)g, (2)a(2) HIE LD LR CEATH
532 X5 EES 2T 5700, 2200 % A UEA TEAG DY S HIETWA
WABH DN, IELWHAGDEEBEIMICE 2 T<ILD D) Slater {74 TH H, DFE D,

_ 1| dalell)  ¢p(Da(l)

7, =]0"1") 136
=10 | o) a2 (13
ERENL, HUDREHNG

#1 =l (a1 (2D2) 1y (D) (1371
=75 W (0 (2)~ 6 01 et (187)2

PRELN, ZOEBOET1L22 ANERD &,
75 160 21 0) (2 (2l (1381
=5 U W 2 M er1hr2) =4 (138)-2

&f.ﬁéi))r@, ﬁﬁﬁ)ﬁz&;ﬁ‘%’]"ﬂﬁéhfb\éo Lj‘:zﬁof’ %Sc:%ﬁ)hw(b\élQﬂE@EéiﬁIi%
NENNR12D Slater {THRUTK L L TWADTH 5,

§5 5182;EE F(projection operator)|Z & 5 EHBEEDRE
51 SI#BHEF

§4 Tl MR % T coupled representation % uncoupled representation O#
A CRTFIRZ R LD, £o7BIOFEE L THEEA 1 (projection operator)%
MWD FERD 52, FHEEA 7I1X19554F12 Lowdin3 3 E A L7 6 @O T, uncoupled
representation [Z/EH & H 57217 C, A2 7 % coupled representation O [E A BE 5 5
D END (AL )FERBRNNG DO TH D4, Z OFEFE 71E, BEamIFrE) 2 L To il

UG DY 5 BB O 3 L EOBHE THRBITE TRV,
2 PR T2 V2 B BB ORI R T 2 FERE e fERiAs, J. C. Slater, Quantum Theory of Atomic
Structure (McGraw-Hill, New York, 1960) 5 20, 21 FE|IZfL STV 5

3 P.-O. Léwdin, Phys. Rev., 97, 1509 (1955).

4 Lint, FHEFIENRY VT, BEREEFATOIREGHENREL WO RIFL LWHIETH LN, filaid
LTV HARGEDT F A NI,
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B BT DB, 12ORKE( & TR FPUE) IEH S 2 A1 L REDITEH & %
HOH DT 5 (IEHIBE A BIEER 123 unitary 2 THREIXN S &0 9 BBRCAEWIZFE L b
DT&H D), Coupled representation 7% uncoupled representation O#IEHE A TR I 7=
B¢ C Clebsch-Gordan RN &L D000, HEEE 2 H VT, XG67)ITRLE
Racah <° Wigner O (f#t72) X4 5 Z £ 72 <, Clebsch-Gordan fR¥t%x 5 Z LN TX
2

AR AT D k FHOEAME o 2 b OEAREEES D 20O EHE IR TE
ZHDd,

} (139)

P = H(

l#k

I, U, EH LTS EAE (o) & RS B0 2 ET 2B ETH Y, B k
LA DFTRTO LZHONWTE D, ARFEEFI2OL XL, o = jile +1) ThHDIMH, A
D k7 H OEAEZ b OEAA B A 152 72 O A 71X

I? il +1)
P = 140
* g{jkuk +1) =yl +1) e

L72%, 22T, J = L (HuBAEEE) THIUL, ji & L \CES BT P2 My,
= my o+ omy, o+ BT RREREK| hmy, bmy ) IR SEAUE, L= L2 boREA
F'aé%uLkML >73>%5’f%zn5 Fi2, J =S (A UAEBE) THIUL, FEEE T PO ji & Sk

(CEEHR T Mg =mg +mg, +- ZW =T | symg , somg,) IAEH S EIUL, S= S &b
DA B Sy Mg, >75§%%~%h%50>f~3@60 Fio, AV LHUEE RIRFCEE L - FEAA K
| L My, , S Mg, ) 213 %1213('D R°P &1 9 IﬁB@%@‘C@%%T‘%D 2B BB A
EERTDHEVIEHTIIRYY), TNENOHEEE IO T, L= Lk S= S iZxt
THEAEEERL-OOEE L LT

2 2

Py g = L - Lj(L; +1) S° -5, (S, +1) (141)

k==2k Il kI Li (L +1) = Ly(L; +1) Ilk Sic(Sk +1) =S, (S, +1)
# n#

-

%MLk =mll +m12 +%J:()\Msk = msl +m32 EEP %{%flﬁl llmll Slmsl’ l2m12 SQmSQ""> \z
FER SEAUL RV, SDICA L BB EIEN 2 Z8 L CLpEfE =L+ S )= j %
b OEA R A D IO DA 11X

1 il E e [0 7 OxtFr & B GREEZERIA, 1973)Tld “van Vleck @ generating machine”, F. A. Cotton
(PR 5R) THGROLF~DISH ] (L3, 1980)(J% X, F. A. Cotton, Chemical Applications of Group
Theory, 2nd ed. (John Wiley and Sons, New York, 1971)) Ti&, “*IFERESHIEHE S (Symmetry Adapted
Linear Combination; SALC)” &\ 9 AFRCTREZN TV S,
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| (L +87 - iy +1)
P = 142
. g{jkuk +1)- jils +1>] (142

EWITBIZ D, K(142)1%, 29D_7 MV L E SOARKEITH) ZLEEWRLTEBY, Z0
FRBEE ALY, BREOMAETEOMSIINT S Clebsch-Gordan ffR¥E A RET 5 Z &N
T& %,

52 2BFRDAEVEH

T, WREEEFPEAEBREZ TS DICREANTHLONL W) FEIES T
X FHIIS6CMHNT D), T, 41TH-T2BF A CLRICK LT, BT % 1
L CHEARKEZSLIBEEZIED, TOERIIEERBRL AL LIZL X,

TTIRLIZEDIZ, 2B AL R D coupled representation & L T? jiZ1EB L O0T
HY, j= UKL TEIm=1,0, -1, j=0ZHLTiEm=0DA/i4>D%(11), |10),
|1-1), |00))23H 5 ((71)), —J7, uncoupled representation (21| aa), |aB), | Ba),
| BB DA>13H Y (A (72)), TNHLS mTHETLHIENTET, m=1,0,0,-1&7%-5T
Wo, ZO&E, 1DLDBAELRVY m(-DEY m=1& m=-1)% coupled representation
& coupled representation 28 156f LIZHIG L TV D 0D, SHEEFE 2R A+ 2 0537200
HEHEAEFEZENSETY, &R, RUBEEAELND), Ledi->T, X(91)FERIC

1111 .
11) = ===, =2) BXY® [1-1= - == 143
|>|a>‘2222>ioot | >|ﬂﬂ>‘ > (143)
Thb, —77, m=0iI2oDFEK(| af) & | Ba)) NEENTWEMND, |ap) &| fa) i
HERAZERSET, [10)BIO00) M ELNDLZ L EMRALTHRL D,
jza“‘ j= 1 ’ﬁﬁ“é%ﬁ%@-ﬁﬁ%%{’%o J2OEAHE 25 jIX1E0D220721F DT,

P J2-0(0+1) _J°?
LT e+ -00+1) 2

(144)

155, §6THERD K O1T, WEHEEFOSRORFITENR L TED TRV 6 (1F 572

BERBICHKATIZEY), Py = JPELTHBELTEY, LER-T,
Piylap)y=Jd?|ap) L725, J?|af) 3T TITH(100) T THY,
Pi_i|ap)=J? | ap) =|ap) +| o) (145)

ThoDrb, ThaikkbL T

|10>=%(Iaﬂ>+lﬂa>) (146)

VFEHEID ST 7=y VBT L3S TH DN, o TAHAT “BfE” & “BERE” 2668+ 5L, K
ORI RZ D55 0H 5,
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W(—BEC)E BN,
41TIE, |00) 227 DITHMEARMEEZFIT LR, ZZTIEOE >3 HRHE 7%
FIHF 2, j= 021272 DHEHEEFIIX(140)I2 j, =0, j;= 1Z2fRA L

J2-1(1+1)  J2-2

P o= = 147
=0T 00+ -11+1) -2 (147)
THHN, TZTHHOREEHL TP = J2-2&LTEW, ZHE m=0DA =D

15 THD | af) ITEASETHD, ﬁ“f ZJ? | afy DFEFIEE BTV D55 (R (100), =
nink 2| af) EFELIINT,

Pio lapf) =1 apf) +| pa)-2| af) = - | ap) +| pa) (148)
&%, ThEHKIELT,

|00>=%(—Iaﬂ>+lﬂa>) (149)
PRI BT B LN D, FA BRI () 2 T b HEb AN DT,
|00>=%(Iaﬂ>—lﬂa>) (150)

EENTIY, ZDXKHIT, HEEKE %M\ 5 & uncoupled representation MDIEEEH 5
coupled representation OEH A IEFICESITHED Z LR TE D,

53 3EBEFROAEVEH

SEEEAE OB OFEIL, 32U LOAEEREOLE THEOMEDERE B
EIRTEDZETHD, LTI, 3BT AL RICH LT E%%%%%LT#% J1=
Jo=J3 =12 TH2d1bH, 3EF AL FRD coupled representation (% j = 3/2,1/2,1/2 #
ED(FET, Jy &Iy BB L, TORRICIZERTIUITE), m THETH-DICEN
FROGHRED DD mEBESHTL, (3/2,12,-1/2,-3/2), (1/2,-1/2), 1/2,-1/2) 7%
D, INEELDTHbDNRERSTH D, KEICEBWTIEIL2BNR VD miX, m=3/2 L -3/2

THY, m=12°%L-12FZnENIETOHNLTND Z NN %, —J7, uncoupled
representation & m (= my + my + my) DIETHET D &,
m=3/2 :|aaa) (151)
m=1/2 :|aep), |afa), | fac) (152)
m=-1/2 : | app), | Bap), | Bpa) (153)
m=-3/2 : | BBB) (154)

R, INEFLEDELONRK6THD, THREY, m=3/2&m=-3/231HFT>HENT
BY, TRENWRNZOFEEEAREEKIIR>TNDLOT, bIbIHEHE 2T 545
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# 5. 3 - AL RD coupled representation & % D44

J Coupled representation m PS
¥, =1j=3/2m=3/2) =|3/23/2) 3/2 i
_ Y, =1j=3/2m=1/2) =|3/21/2) 1/2 O
j=3/2
Y, =|j=3/2m=-1/2) =|3/2-1/2) -1/2 A
Y, =|j=3/2m=-3/2) =|3/2-3/2) -3/2  Hih
. { Ps=|j=12m=1/2) =|1/21/2) 1/2 O
j=1/2
Ye=|j=12m=-1/2); =|1/2-1/2) -1/2 A
. { vy =j=12m=1/2), =]1/21/2), 1/2 O
j=1/2
Yo =|j=1/2m=-1/2), =|1/2 -1/2), -1/2 A

X mAs 172 (B D 2 22 m T D 25813, A Emaz b BRSO,
N ERTTH D,

# 6. 3 - A 2% D uncoupled representation & % D5y

Uncoupled representation m P
¢ =| aaa) 3/2 Hijh
¢o =| aaf) 1/2 O
93 =| afa) 1/2 O
94 =| paa) 1/2 O
95 = aff) -1/2 A
?6 =| pap) -1/2 A
o7 =| ppa) ~1/2 A
vs =| PP -3/2 HUM

X om N1 O (EM)NERS D0 ETRT, EBESDBEEITIER T
m &% b OMBIIREE AT Th D, Lm0, A)FE 5 OfE
IZXHS LTV 5,
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X7, L7 o T,
=13/23/2) = ¢ =|aaa) BLDL ¥, =|3/2-3/2) =93 =| S4B (1595)

ETe D WIS, BEL(BE)D A L R—=03 572D m= 12 DEAREKIZONWTEZDZ LIZT D,
m= 1/2% & 232088 (g, = |aaf), 3= |afa), ¢ = | fac))iX, 32D coupled
representation(# 5D O Bi%k)

=|3/21/2), ¥5=121/2);, ¥7;=|121/2), (156)

ERERLT D A VR (JRIK) £ 72 D (6D gy, @3, @aLMOBIEKIT m OIEAETe D O THRIRIC
X720 2720\ (K(45), K(156)D 55 j= 32462, = |3/21/2) DMBEE 52 D5
BRI, K(140)2); = /2 &2RALT

1(1 5 3
Pign=Jd2-=|=+1|=Jd?-= 157
=32 2(2+J 4 (157)
ETRD(Z 2T, &N BHA(140) D5y RE A AR Lf:) COEESFE m= 12D A =D

12THDpy = |aaf) IHEHSEDLD, TOLOITITET,

J%py =% |aap) = (J,J_+J7 —J,)| aap) (158)
EHETALERD D,
J_|aap) =| pap) +| aff) (159)
ThdND,
JJ_ | aap) =Ty, +Jo, +J3,)(1 Bapy+ | afp) (160)-1
=y, | Bap) + Jn, |y + Ja, | PaB)+Js, |apB)  (160)-2
=|aaf) + | aaf) +| faa) + | afa) (160)-3
=2 | aaf) +| afa) +| faa) (160)-4
Iz
leaaﬂ>—(;+%—§jl aaf) = | aap) (161)
BELOY,
IZ | aap) = | aa) (162)
ThdND,
NE | aaf) =2 | aaf) + | efa) +| pac) +%| aaf) —% | aaf3) (163)-1

6-33



= % | aafy + | afa) +| pac) (163)-2

Lo, &(157)%L 0,

Pj_3/000 = Pj—3/2 | aaf) = (JQ —%j | aaB) (164)-1
7 3

= laap) + | apa) +| poa) - | acp) (164)-2

=|aaf) +| afia) + | fac) (164)-3

Ly, ZnEHREIELT
v, =|3/21/2) = %u acf) +| apa) +| faa)) (165)

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

I, K(156) DI SDRD 5 5 j= 1/2 % b OEARE AT D 72D DREEF F Py %
ED E(Z 2 THHRORFITER L Q),

3(3 15
Pi i =J2—§(§+IJ=J2—T (166)

LRDHME, ke, = |aef) TEMES® S, J2 % | aaf) \ICVEM S W -/RIET TloR
(163) THTWN L0 D,

Pj_1jop2 = Pjoyja | aaf) = (JQ —%) | aafs) (167)-1
=Ly aap) + | apa) +1 pac) =12 aap) (167)-2
= 2| aap) +| afa) +| fac) (167)-3
InEHIEIE LT,
1121/2) = %(—2 | aafp) + | aa) +| Baa)) (168)

2155 (R(168)1L ¥y ((165)) & H oA L EA LTV 5), B R TIEX(156)D 5 Ho j= 1/2
ZHLOBBNIOELNEE T RO T, HH10o012Y2) MELNDE Z AL T, FU
m = ]./2 %%}O}%IJO)%ET&)ZD(% = |aﬂa> L:Pj:1/2 %1@ﬁﬁéﬁfﬁ5:&ﬂlﬁ“éo iﬂ—,
J? | afa) DFENSIED LS,

J_|apa) =| ppa) +| app) (169)

THhoND,

6-34



JoJ_|apa) = (Jyy +Jo, +J3.)(| fBa) +| afif)) (170)-1

= 1, | BB) + I, | BBa) + I | P+ T3, | afif) (170)-2
=|afa) +| faa) + | aaf) + | afa) (170)-3
=|aaf)+2| afa) +| pac) (170)-4
wiz,
Jz|aﬂa>=e—%+éjlaﬁa>=%laﬂa> (171)
BLOY,
JZ | apa) = | apa) (172)
THDHNG,
J2 | apa) =| aaf)+2 | afea) + | ﬂaa)+%|aﬂa)—%|aﬁa) (173)-1
=| aaf) +% | afay + | Pac) (173)-2
Lids-T, 2(166)L 0,
Pj_1j293 = Pjoyja | afa) = (JQ —%J | afpar) (174)-1
=| aaf) +% | afay + | Pac) —% | afcr) (174)-2
—|aap) -2 | afa) +| fac) (174)-3

LY, ZREBBETIUEL 91501212 MELNL (1T TH D),
11/21/2) = %u aaf) -2 | afa) +| faa)) (175)

&AM OREE, kI, m= 1/2 % b 08%|1/21/2) ((168) L EAR L TEH T,
EA R E T DI REY TH D, £2T, R(168) & (175)DIIEREA(Fn & 2L vF LW
B 1ESD &1,

L2, BEar2 R L COTHuEZTERT DBRIZ, 1 RITOFEIE 2 D TE IN TV 2 HEEMENZ Bl (separably
degenerate species) DIFIEE WG A I THE E o7 < AL THD, F. A Cotton(FHFEE R) A
DALZEA~OIEH ] (L, 1980), 6 &, #F 3 HizMR,
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A (168) + R (175) ——( | aafy — | afa) + 2| faa)) (176)

/6
#A(168) — 3(175) = f( 3| aaB) + 3| apa)) (177)

7Y, HWCERZRTHEENEOND, SHICIDZHE b L CE(176)133 TITHM
fbEh T 3),

¥s =[1/21/2), = T( | aap) — | afa) +2| Paa)) (178)
vy =[1212), - %(— | aap) +] apa)) (179)

D, ¥, Pok HIT, BICROTZFELT m= 1/2% H0(j= 3/20) ¥, = |3/21/2) (X(165))
ELMHEELZLTCND, 2T, m= 1/2 %L 232088 (:(156)) 2 T X CTRET D Z &4
T&T,
BHHIE, m= -1/2 % H2RD3DD coupled representation (5D AFIDBI%K)
Y3 =13/2-1/2), ¥¢=[1/2-1/2);, ¥g=|1/2-12), (180)
DPRETH LD, ZIHIZONTIEm =-1/20320(FE6D s = |afB), 05 = | Bap),

p7 = | BPoy BEERE L 70D, £ 2T, BANHEEF T Pi_g)n (N(157) & ps = | afp) 1=
B &2, J?|afBf) DENLIED T,

J_ | apf)=| BEP) (181)
THHMND,
JJ_ | afB) = (Jiy +Jas +J3.)| BBB) (182)-1
— | app) +| Bap) + | fpa) (182)-2
Kic,
1
J, | aBp) = [5—5—5J| ﬂﬂ)———laﬂﬂ> (183)
B LU,
J§|aﬂﬂ>=§|aﬂﬂ> (184)
THHMD,
J2 | app) =\ aBp) +| fap) +| fpe) +§ | afip) +é | afip) (185)-1
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255,

L7 n,

~ L app) +| pap) +1 fpa)

Li=#oT, &(157)% Y,

Pi_3/005 = Pj_3/2 | afip) = (JQ —%j | )

~ L)+ pap) +1 ) < | app)

=|app) +| pap) +| ppa)

Iha Ll T,

¥y =3/2-1/2) = %u app) +| fap) +| fBa))

(185)-2

(186)-1

(186)-2

(186)-3

(187)

WEBND, Pignt m= —1/2 % bORIOIE(peh 5\ eI fE ST bR Uik &

2%,

WIZ, 290|1/2-1/2) #3571, FHEHHE T Pj_y)n (X(166)) % 95 = | aaf) IZfEM S
2%, R(185)%FALT,

Pj_1095 = Pj_1j2 | afiff) = (JQ —§j | af33)

:%| afp) +| faf) +|ﬂﬂa>—$laﬂﬂ>

==2|afp) +| pap) +| ppa)

BB ND, £, BIDA L N—gg =| faf) IZ Pj_yp ZAEEED &,

BLO,

&0,

JJ_ | faf) = (v, + o +J3.) | BBB)

=|app) +| pap) +| ppa)

J, | Paf) = (—1+1—1j | pofp) = —é | paf)

T2 | paf) =~ | pap)

T4

J2| paf) = app) +| fap) + | ﬂﬁa>+§ | ﬂaﬂ>+%|ﬂaﬂ>
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(188)-1

(188)-2

(188)-3

(189)-1

(189)-2

(190)

(191)

(192)-1



— | app) +£ | fap) + | Bpe) (192)-2

Li=ioT, &(166)L 1,

Pi_1j206 = Pj=yj2 | Bapf) = [JQ —§j | BaB) (193)-1
7 15

=1 aff)+ | fap) +| ffa) ==~ | fab) (193)-2

=|app) -2| Bap) +| ppc) (193)-3

LB, X(188) L H(193)ITEALZ L TWRWNDT, m= 1/2D L& & L[EKRIZ, 200K D
WA FEE)E LD,

#(188) + #(193) =— | afp) —| fap) +2 | Bfe) (194)

JE(188) (193) =-3 | afpB) + 3| papf) (195)
BEFENEFNERBILT D L,

%r4v2—Vm1=jge|wwwwﬂW%+2uwm) (196)

W8=Mm—vz2=j§v|ww»wﬂwm (197)

NELND, ZNH2o0MEE, MU m= -1/2% 2% = |3/2-1/2) (R (187) & HER
LTEBY, m= -1/2% L2320 T X THAEWICHELZ LTS,
WEHEFZ2HWTHRONTEIEF AL ROEAEEARTICRT, j = 3/21F34HHE
(quartet) Rk L, 220 j= 1/21XZFNZFN2EH (doublet) Z K L TW\W5H, Z I TOER
SSUE, = 12 OREEESHE - OMTIZ RN L TH D, EROFERBEN S DN LI,
%T ZiE A% £ O uncoupled representation [Z/Ef S 20 K- TRERIFE 22D, 200
BB OMIERE S CHEARBRBE R T 2B E DO L ) ITHIER G2 L 2NCRFE L TR D

ﬁ@ﬁﬁ%%hé%bﬁﬁof pE S EIE S T OBEA RN EI N TN TH ) L
E2R, EE, HETFS?, S, LCTHEAKSS+1), Mgx b b, HUVMIELZT 2 BEEE A
T%%ﬁhﬁib@?%é

LI AT, ETOBEER A FREE T LELEZANTHLY L LESBAICIEE IR T

bHAHIM, £T, XE5OW = |3/23/2) = gD AKX — LT, AR FREE T J_ 2 /EM
EHDE, W=13/21/2), P35 = |3/2-12), ¥ = |3/2-3/2y B’ Fb1 5, KIZ|1/21/2) %
WD HITIE, TTIHLINTWD Y, = |3/21/2) L OERMEL LOH S BE BB LINT
WHZEEFIRATHZEICRD(m P ERD LD, REICLOLTERZLTWD O THREDMH

U b B AT A L TR CEAE az o 2 SOREABEE(w, v, ) DEEDOBIEAE S cyy + dyy 1T X TZ O
B OBEA B2 D (Aley; + dws,) = alew; +dws))o
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#F7.3FBLAL L ROEAG B

J 847 BI%
1 =|3/2 3/2) =| aaa)
vy =13/212)  =(1/V3)(aap) +|apa) +| faa))
v3=13/2-1/2) =(1/V3)(1aBp) +| fap) +| BBa))
¥4 =13/2-3/2) =|App)

j=3/2

. 1/2{ ws =11/21/2) = (1/\6)(~| aapB) - | apa) + 2| paa))
J:
Yo =11/2-1/2) = (1/\6)(~|aBp) | fap)+2| fBa))

12 { v, =11/21/2)y = (1/\/2)(— | aaf) + | afa))
J =
¥g =|1/2—1/2)2 =(1/\/2)(—|aﬂﬂ)+|ﬂaﬂ))

RO D Z LIITEZ 22, |1Y21/2) ZTERT D EIER, |aaB), |afa), | Baa) TH DD
b, ZTNbLOMEHRAEEIED,

|1/21/2) =a|aaf) +b | afa)+c| faa) (198)
ELT, ZoOBME Y = 3/21/2) L OELZMEND,

(3/21/211/21/2) =(1/\/§)(a+b+c)=0 (199)
BELND, BRI 25 bE T,
a+b+c=0
(200)
{az +b%+c? =1

D2ANE LN LD, ZO2XE I CIIRHMOEERD H Z LN TE 720, FEEETZ A0
LHEEITIE, ZOX ) RRBEITAELCRWE/BSL L),

54 2BFRONEFEMERAEVEH

AHIE5) T, ZZFT, WEHETFZHWTAY UV EKEIE L2, EEREZW D I12E
HLERIE D RIFFIZ B E L7e < Tix e b2y, 72 & 20X, 4.2TH-7- sp ETFEIEDLA, Wl
EICEHLTIEL =0,L=1ThodnHL=1ThY, AEUICHLTULs; = 1/2, sy = 1/2
ThoMbH S=1,0Th%, LEEN-T, &kt LTRUTE LEPP &P o 1280 4 B%
(coupled representation)’> CTEX HMR 5, 42T FREAEFZFAMHL T, sp BFEED
uncoupled representation(33)7> 5 coupled representation(34) & kE L7223, & Z T3,
S 2 F)H L C uncoupled representation 75 coupled representation % 757
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£,

FK2THRITYH, (M, M) IZ XA EERD &, (M, Mg) B UE Loy nd (RPN
M) ERE)E, FU (M, Mg) B2fH(LL B)BE D b O(EFIZO, A, OOFREEMHIT)N
H5, MELNRWEDIZZENZT TT CICEA IR > TWD DT, JgEBE 28T
DEE R, SWEE T NERT 501X, RU (M, Mg) IZEEOBEENE T TV DHEE
ThodH, ENLNDHAZ—F L THIDRWD, Iefll, R2TAMZf T2 (M, Mg) = (0, 0)

%%Owskwll%i‘%STﬁb(ML,Ms) = (O, O)%fzfl:)/)
9o =10"07) BLVL ¢=|0"0%

(201)

TRIMEENL LMD L1, X(201)D2 5D KI LT, LBLUS ZZOEAE CRET
ARIEEFAEAMERNH S, 12771, LBEV I AEIZIOHRTHH S, LEiEET 5
T2 DOHEHEETIIARET, SHIVONERETH2T-OOHETEZELZIFTIV, 7,

S=1% b DEABEK V51520 12O O HE T,

Ps_; =82-0(0+1) =82

Thod, —J5, S=0%& b OWEAREEY 255120 DHEER T,

Ps_o=S2-11+1)=8%-2
LAY, CRLOHET e = |0T0) ICERSES, £,
S?=8,5 +S2-5,
T %5 (3(93)),
S_¢g =(S;- +S5.)]0707)=[0707)

S.S_ g9 = (S, +52.)[0707)=[0707) +]070%)

1 1

S0 = (S15 +'82z)|0+ 0) :(E_Ej | 0707)=0

S2p9 =S210707)=0
L7 - T,
S%pg =8210707)=|0707) +| 0" 0")
Lrb, DXV,
Ps_1p9 =S%pg =|0707) +]070")

IR BID (1ol VBRI ST HERIIR L), Zhz Bk L

VR, HAETZEHSELDE 09 £7203 00 DTN —FHET TN E0nD & ThN),
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(202)

(203)

(204)

(205)

(206)

(207)

(208)

(209)

(210)



1
J2
1%, fECEAD S = 1CP) DT OB YR L LD THD, —F, Pogx ool fEMEHED
ka

|L=1,S=1,M; =0, Mg =0y=—(]0707)+]| 0~ 0%)) (211)

Ps_opo = (8% -2)pg =07 07) +]070")-2]0707) (212)-1

——|0%07) +|0"0%) (212)-2

ThHY, Zhzairl T
1

L=1,S=0,M; =0, Mg =0) = 0-0")y-|0" 0" 213
| L s=0) @” ) =1 ) (213)
1%, ThEE4D S=0(lP) 0o Y Th D,
DN, (Mp,Mg) = (-1,0)% & OB Wg & Wiy (X2 TORIZATIT72FE) %
P1=10"-17) BLWY ¢,=/0 -1 (214)

TEREIL, (0110:;@ bT%T/%g{ﬁ%%Pszl s PS=O 2 EH S5,

S_p11=(S1-+S,.)| 0" -17) =] 0" -1") (215)
S.S_ g1 =(S1s +55,)[07=17) =] 0" =17) +] 0" -1") (216)
Lo 1 1), 4+ .
S.011 = (S1p +52,)1 0 -1 >=[5—5j|o 1) =0 217)
Sep1=5710"-17)=0 (218)
L7223 - T,
Ps_1p11 =8%10"=17) =] 0" -17) +]| 0" -1*) (219)

&, ThaHkbtLTHLND
1

J2
1340 S= 1CP)OTOBK%REFAL LD THD, —H,

|L=1,S=1,M; =-1, Mg =0)=——(]0"=1") +| 0" =17)) (220)

Ps_op11 =(8%2-2)]0"-17)=]0"=17)+| 0" =1")-2]|0" -17) (221)-1

=—|0"=1)+]0 -1") (221)-2

THoHN6, ThzelkibL THLND

L ZZTh, HETEZEHISELIDE o 2 g DWTIN—F721F Tl
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1

2

|L=1,5=0,M; =-1,Mg=0)=—=(]0~1") - [ 0" ~17)) (222)

1%, 40 S =0(P)h O, LR LD TH S,
BB, (M, Mg) = (1, 0) % &2k, & ¥ (FE2TOIZMIT 2B Iz >\ TE 2 5,
*xt)id9° 5 uncoupled representation |3

97 =10"1") BIT ¢g=]0"17) (223)
Th b,
S 7 =(S1-+55.)|0"17) =07 17) (224)
S.S 7 =(S1, +S2,)|0717) =] 0" 17) +]071%) (225)
S.07 = (S1z +52,) 1071 >=[5—5j|o I)=0 (226)
S2p, =82|0"17)=0 (227)
v,
Ps_1p7 =S210"17)=]0"17) +| 0" 1%) (228)
L7, 72, Ps.o=82-2X0v,
Ps_op7 =(S2-2)|0"17)=]0"17) +|0"17)-2]0" 17) (229)-1
=—|0"17)+]0"1%) (229)-2
NESND, K(228), (229) 4 HILLTE L DD &,
1 _ _
L=1,S=1,M; =1,Mc=0)=——(|0"1")+|0"1 230
| L s=0 \/E(l )+ ) (230)
1, . o
L=1,8S=0,M; =1, Mg=0y=—(|0"17) —| 0" 1 231
| L s =0) ﬁ(l )= )) (231)

LY, ENENRAD Y E PllHIE LTS, ZO XSS, JHEEAE 2R HATIER
F i ORERICE AR A B L Z LN TEH(HEBFL L),

55 REV-BEMHEER

L, R(142)12 B L TR H2FEOMET EOFE S IZ OV TR 702, A B -#EH
HERZEET 5 ERAOBEBRHIIE SR D THA I M, AV -WuEMEERAZEET D &
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WHZ &L, LS 20, DEVLSHy TV I aEZETLHENIZLTHDL, LIFTIE
BAREZ, RADZP ITHEN TV IEDEABMIC A BUBEM AR 2 BB L THE D
(1P 1T AU AEB BN TH D5 5 A YL -BEMEIERIZA UV, &S coupled
representation £, SP It L CAE - WUl AIEM A ZET 5L, L=1,S=1Th%
N J=2, 1, 0085515, A - BB ALEM 258 LI term i 51325 L, Th 505,
FREND JICHIET 2R881E5P,, 3Py, PPl E D, ML LT, 3Pyt 2, 1,0, -1, -2
%, SPiIE1, 0, 1%, SPoli0% & 25, A YWl AR % &8 L7 A B
FIZ(5+ 3+ 1 =9l TEHbHZ LiZ/b, —7F, uncoupled representation %, (5£13)
TTIAFERLTH D, AV LEGEDOH AN AR L TR O 72 B A B BERH L
LT, AV -BEMEERZEE L0 LW EAREREZES Z N BT HEETH
Binb, RAUTFESNTVEP OIHOBKD, WEDHIIC L > TORERETH Y
uncoupled representation Toh 5,

Z 2 COMEBROMEOMBENL, J; =L, J, = S BV TAMAEREE - J=J; +
J,DEARS AR ET HHBICEEZHZ 5 Z LN TE L0002, HUELAE &V AiEl)E
DI ZEWT 22 &72<, 2O00AEEIEj; = 1, j, = 1O/ LW — KA EE LT
2 21X L, Coupled representation & uncoupled representation % % & & CTHE8ITRT,
J =L Jy,=S BERJI=L+8SEHEIMD, ji=Lmy=M,jp=S my=Mgj=J m=
M;L7e0, m& my, myOBftE m=m; + my»H

My = My + Mg (232)

RN 5, Lo C, WFORBRE m= M) THE LIERE, B0 m %z b oK F L
DEEEND Z L2725, £SIZBWTIEILENL TV m = 2220, uncoupled
representation N Z D F FEAREE LR D00,

@ =% =|1,11)=|0"1%) (233)

D5 =¥9=|1-1,1-1)=|0 -1") (234)

Th b,
L m%aboBMEREED 5541, £ m % - uncoupled representation (255
HEAE 1% EH S T coupled representation Z - ET IV, £9, EAMj=2,1,0

L ELIZHoRRET DL, AEHRER T LBL O S BAL - #EMANEA L+ S 251r%0 Hamiltonian
EAMTIE A< e Y, BT My, Mg R(BEABEE) &l 572010 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
LS, J, Mj IZEo TERINDIH LW EFRBEEREMAR LFHL VWS 2L THD,

23P(L=1,S=1)DAL - #EMAAIERHICL>TJI=2,1,0 084, 3 20RE3P,(J=2,1,0,-1,2D5
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 {KHE), S(M;=0 D LIRE)PERIND Z L%, TRENOROEEBEHIIR LR bOD, BTH1
EH 02 DOMBEBHEORFKELVIBETIXFR L Z LEZEKRLTWD,
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# 8. Mi#EEE j; = 1, j, = 1 RD coupled representation & uncoupled representation ® 4344

T Coupled Uncoupled
erm representation N representation m NG
(/) | jm) | imy, joma)
@) =]22) 2 Hl Y =|115,11) 2 HAMh
@y =|21) 1 O ¥, =]11,10) 1 O
3
Py D5 =|20) 0 A Y =]11,1-1) 0 A
(/=2
Dy =|2-1) -1 ] ¥Y4=110,11) 1 O
D5 =|2-2) -2 HJh Y5 =110,10) 0 A
g =|11) 1 O ¥ =|10,1-1) -1 O
3
Py @; =|10) 0 A ¥, =|1-1,11) 0 A
(=1
g =|1-1) -1 O Yo =|1-1,10) -1 O
3P,
Gy ®9=100) 0 A Yo =1-1,1-1) 2 Hh
X mM 1 OEFEMIEED D0 ERT, BB LH5EITE, AU mEz b BRSO, A, O)&ff
FTHh D,
HE 1. AFK D uncoupled representation OB ¥; 13K 4 OB Y, IZXHL L TWA(727ZL, ETHORK
FEIL S B),

EE 2. @ & ¥, BT 5 EIE RS 20 (RIS H),

Y OEAREBEAESE LT DREHEAE T2 1ES & (X (142) D53 R A R L Q),

Py =J?WJ?-2) (235)
Pi.y =J*J?-6) (236)
Pig=(J?-2)(J?-6) (237)

L7 b, RET2AMBLNTVD m= 1DEHEIE D, & Dg(OFN & T 71-BI%) 1%, ZhZdj=2
EUTBEL TV D20, MEERE T Py & Pjy & YR 7213 ) ISER S BN b 5 135
Thd, OIS, J2-2% BIEASETHONTFERICIZ ZERASES L0 S FIET
Pio¥y = JAJ? -2, DR ZEMED LS, ¥ = |1L,10) IZxf LT,

J |115,10)=(Jp_+Jy )|11,10) (238)-1

=v2(]10,10y+]11,1-1)) (238)-2
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ThHoHND,
J.J_|11,10)=J,+/2(]10,10) +|11,1-1))

=J2211,10)+/2]10,11)++/2]11,10))
=4|11,10)+2]10,11)
Lirn, £z,
J, 111,10) = (J1, +Jo,)|11,10y=]11,10)
ThoiMD,
J2|11,10)=]11,10)
IRHEFELDDE, J2=J,J +J2—J, x BIERSERERE LT
J2P, =J2|11,10)=411,10)+2|10,11)
BELND, ZLLD,
(J2-2p =(J2-2)]11,10)=2]11,10)+2]10,11)

(239)-1
(239)-2

(239)-3

(240)

(241)

(242)

(243)

L, PigWy = JAJ? -2, HEFT H0I01E, (243)Ic I BEA S HE LV
R, FOBKLELR5I?(10,1) 250 UHEELTHI 5 (J?|11,10)11X(242) T3l

B,
J_[10,11)=+/2(]1-1,11) +|10,10))
ThHHND,

J,J_|10,11)=J,V2(]1-1,11) +]|10,10))
=J2(W2]10,11)++/2]11,10)++/2 10,1 1))
=4]10,11)+2]11,10)

Lin, £z,

J,|10,11)=]10,11)
ThHHND,

Jz]10,11)=|10,11)
IhozrzEedd e,

J?|10,11)=4]10,11)+2|11,10)

LS B DUETIMARTE DT, Py #HHT 5 L,
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(244)

(245)-1
(245)-2

(245)-3

(246)

(247)

(248)



Pio¥y =J?(J?-2)|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

=12]11,10)+12]10,11) (249)-3

&Y, Thaiibds e,

1 1

@2 ZE(|11,10>+|1O,11>)=E(¥/2 +5U4) (250)—1

=—(|o 1y +]0" 1 >)+\/_|o+o+ (250)-2
%m)(m/m;ﬁmmfﬁﬂ%%r@u_#% YL WRNEL YA of_)

WIZ, QeZET DD P Wy = J2(J? -6)y ZFFT5I0I1E, (J2 -6}, OFF5H
R T2 HAEH S i;tb\ a“f BT T, (iﬁ(242))%ﬂﬁﬁﬂ‘é L,

J2-6)y =(J2-6)|11,10)=-2|11,10)+2]10,11) (251)

ThHY, THICT?EEASES L (H(242), (248) & FI ),

Pi¥y =Jd%J?-6)[11,10)=J%(-2|11,10)+2|10,11)) (252)-1
=-8|11,10)-4]10,11)+8]10,11)+4|11,10) (252)-2
=-4]11,10)+4]10,11) (252)-3

&Y, ZhzeikibL T,

1 1
%6 =5 -11L10)+[10,1D) == (-5 +¥4) (253)-1
=——(|0 1I") +]0717))+—=1070") (253)-2

\/’
2152,

KB T2MHBNTND m=-1ITONWTHFEKOFIETHED D, m=-1%2bOEAREE O, &
Qg (O Z AT 2B, FEEE T Py & Py & (o3 ) IE SENII/ O D,
EP, 22 kEH L, TOMBIC J2 EERSED L0 ) FIET P % =
J2J2 P FELE S, Y= 110,1-DIHLT,

J_|10,1-1)=+2|1-1,1-1) (254)
THHMD,
J,J_|10,1-1)=J,2]|1-1,1-1) (255)-1
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=V2(2[10,1-1) +v/2[1-1,10))

=2|10,1-1)+2|1-1,10)

Lin, £z,

J,10,1-1)=-]10,1-1)
ThoiMD,

J2110,1-1)=|10,1-1)
horEedsd e,

J2pe =J?|10,1-1)
=2[10,1-1)+2[1-1,10)+[10,1-1)+]10,1-1)
=4[10,1-1)+2|1-1,10)

EETLH, Tk,
(J2 -2 =J2-2)]10,1-1)=2]10,1-1)+2|1-1,10)

(255)-2

(255)-3

(256)

(257)

(258)-1
(258)-2

(258)-3

(259)

NEDND, Pig¥We = J2(J? -2 &FHT H720101%, 25912 J? ZEH ST
LWR, TOBLELRDLJI?|1-1L,104%b06,hLDHIELTELZLIZT 2

(J2|10,1-1) 1Z3(258) TEFE ),
J_|1-1,10=+2]1-1,1-1

ThHDHMD,

J,J_[1-1,10)=J,y/2|1-1,1-1)
=J2(/2110,1-1) +/2]1-1,10))
=2[10,1-1)+2]|1-1,10)

LB, £,

J,1-1,10)=-]1-1,10)
THHND,

J2|1-1,10)=|1-1,10)
InbEEEDD L,

J2|1-1,10)=2]|10,1-1)+2|1-1,10)+|1-1,10)+|1-1,10)

=2]10,1-1)+4|1-1,10)
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(260)

(261)-1
(261)-2

(261)-3

(262)

(263)

(264)-1

(264)-2



k%cj—éo uifzﬁﬁﬁ§f% 7’:@"6\’ PJ:2¥/6 %%Jr%_é_\é k’

Pio¥e =J?(WJ?-2)[10,1-1)=J?(2]10,1-1)+2[1-1,10))
=8]10,1-1)+4|1-1,10)+4]10,1-1)+8|1—-1,10)

=12|10,1-1)+12|1-1,10)

LY, Thzaelkibd s,

1 1
:E”10’1_1>+|1_1’10>):_(¥/6+T8)

2

Dy

1, 1, .
=——10707)+—=(]0" -1y +]0* -1
2| ) 2(| )+ )

7

:p%(|o——1+>+|o+-r})+—%5|0‘0‘>

NG
PRFHND (A -HUEMBEMZ BB LICRR, Yok PR L VB -72),

(265)-1
(265)-2

(265)-3

(266)-1

(266)-2

(266)-3

I, GgEWET HIDIC P W = J2(J? -6 ZatHT 5, ZhE COFH &k
2, (J2 -6\ DEMERRICI? 2EMEE2 L0 ) FIHTED 5, 7 TICX(258) TH7-

J2 2R 5 &,
(J2 -6 =(J2-6)|10,1-1)
-=-2]10,1-1)+2[1-1,10)
ThY, ZhICJI? ZERSETE(258), (264) 2 FI),

P ¥ =J%(J?-6)|10,1-1)=J?(-2|10,1-1)+2[1-1,10))
=-8]10,1-1)-4]|1-1,10)+4]10,1-1)+8|1-1,10)
=-4|10,1-1)+4|1-1,10)

LR, ThEEKELT,

25 =101 411 10) - L

72 72

L

2

(-#6 +¥3)

|O_0_>+%(| 0" -17)+]|]0" -17))

(10" ~1%) +]0* —1‘>)—i2|0‘0‘>

_1
-5 %
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(267)-1

(267)-2

(268)-1
(268)-2

(268)-3

(269)-1

(269)-2

(269)-3



155,

Fettiz, S8 TIHBN TS m= 0DEAMEARET 2, m=0%boGHEEK,;, o,
Do(AFNZ AT T2 BI%)I1E, TN ENHEEA T Pj_y, Pjo1, Pj_o & Ya(X721E, ¥ ¥)ic
ERSEEELND, T, OaE570I10, (J2-2W3 DREFICI? 2ES®S 20
S FMETP %3 = J2J? -2 Zal5id 5, %= |1L1-DIZHLT,

J_ |11,1-1)=+/2]10,1-1) (270)
ThHND,
J,J_|11,1-1)=J,/2|10,1-1) (271)-1
=J2(2]11,1-1)++/2]10,10)) (271)-2
=2|11,1-1)+2]10,10) (271)-3
Lid, £,
J,111,1-1)=]11,1-1)—|11,1-1)=0 (272)
ThoiMD,
J2|11,1-1)=0 (273)
IhbrEedd e,
J2py =J2|11,1-1)=2]11,1-1)+2]10,10)) (274)
EEFD, TnED,
(J2 -2 =(J?-2)[11,1-1)=2]10,10) (275)

PELID, Pig¥y = JAJ? -2 2FHHT 2701013, R(275)I0 J2 2 EH S
LV, J2J%-2)F5 = J22(10,10) THH D, BERLDIXJI? (10,1000 TH 5,

J_|10,10)=+/2(]1-1,10) +|10,1-1)) (276)

v,

J,J_|10,10)=J,2(]1-1,10)+]10,1-1)) (277)-1
=V2(/2]10,10)+42[1-1,11)++/2]11,1-1)+~/2]10,10)) (277)-2
=4]10,10)+2[1-1,11)+2]11,1-1) (277)-3

Lird, E£z,

J,|10,10)=0 (278)

BLO,
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J2110,10)=0 (279)
ThHY, ThborFEsddl,
J2|10,10)=4]10,10)+2|1-1,11)+2|11,1-1) (280)
LET D, LETHEMNTELDOT, PP katfid s,
Pio¥3 =J*(J? -2)¥3 =J?2]10,10) (281)-1
=8]10,10)+4|1-1,11)+4|11,1-1) (281)-2

&Y, Thzeiiibl T,

1 1
¢3=£(2|10,1O>+|1—1,11>+|11,1—1>)=£(2¥’5+¥’7+¥’3) (282)-1
:L[i(|o-o+>+|o+o—>)+|o+—1*>+|0‘1‘>} (282)-2
7|2
=%(|0‘0+>+|0+ >)+f(|o+ 1) +]0717) (282)-3

PEBID (A E - mﬁmfwﬁﬁﬁ BER LR, Yl Wl WSEU D &7,
WIS, D RET DI Pig¥s = JAJ2 -6 ZatfiT 5, ZhETLERMIC,
(J2 -6y DEMERERIC T2 %ﬁaﬁﬁ DLV FIATHED 5, T TICR(274) TR J2¥,

ZHMMAT 5 &,

J2-6W3=J2-6)11,1-1) (283)-1
= —4|11,1-1)+2|10,10) (283)-2
ThY, ZhICJI? ZERSETERT4), (280)&FIM),
Pi¥3=J*J?-6)|11,1-1)=J*(-4]11,1-1)+2]10,10)) (284)-1
=-8[1,1-1)-8|10,10)+8|10,10)+4|1-1,11)+4|11,1-1)  (284)-2
=—4|1,1-D+4|1-1,11) (284)-3
EETD, INEHMEILT,

Dy =——(—|1L,1-1) +|1-1,11)) = ——(-¥5 + ¥7) (285)-1

-
&

(-10717) +]0" -17)) (285)-2

ﬁ\H

BELND,
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WEW LR D Q2 IRTET DT Pig¥3 = J2-2)J2 -6 23T, ZhET
LIRS, (2 -6\ DRMEFERIC(J2 - 2B &2 LW 5 FIETHED S, (J2 -6)#;3 1%
T Tz (283) TH TN B 1D,

J2-2)(J2-6)¥3 =(J%-2)(-4]11,1-1)+2]|10,10)) (286)-1
=(WJ2-2)(-4]11,1-1))+(WJ?-2)(2]10,10)) (286)-2

Lirn, X275k,

(J2-2)(-4]11,1-1)=-8|10,10) (287)

*7-, X(280)& Y
(J2-2)(2]10,10)=2J2]10,10Y-4]10,10) (288)-1
=8(10,10)+4|1-1,11)+4|11,1-1)-4]10,10) (288)-2
=4(10,10)+4|1-1,11)+4|11,1-1) (288)-3

ThHND,

Pi_o¥3=(WJ?-2)(J*-6)%; (289)-1
=-8|10,10)+4[10,10)+4|1-1,11)+4|11,1-1) (289)-2
=-4]10,10)+4|1-1,11)+4|11,1-1) (289)-3

EFETD, Izl T,

By =—=(-]10,10) +|1-1, 1) +[11,1-1)) = —=(-¥5 +¥; +¥3)  (290)-1

J3 J3
L L(
J6 J3
WESND, LT, 350 term Py, 3Py, SPlc & £ 115 T R COEAMMA RET 2 2 &
WTE, BONEREKEE LD LONEITHD, HIDMEAG M EF4DP O EABK
TS L, RATIHEAREEE LTHEWCER L TWEED S, FUEDO m= M;=
M, + Mg % b B L 2B & CREITICEIODH L EA B A R LT 5 = & 28
binb, DFD, AV -BLUEHAEREWHIEBENC L - T, EEnE ZERL TV
BRIRLTDE-T-DOTHAHL,

= (]0T0"y+|0T07))+ |0F —17) +]0717)) (290)-2

1 BloFRBEEZTH L, TEFRIKBIIEET S0, A -#uEHAEMRIZZE L2V Hamiltonian 1251 5 %4
DR~ W )IC L DA TATHOIMAERITT I TEr TH DN, AV -WEMREIEHEZSBE L7
Hamiltonian {Z%f L CiE, BI(P 1~ Wo Il KD EHE FATHIOIERAERICE R TRV ONRAE LD, O
TATFN % %341k 5 unitary 1751 TRADO B (P~ Vo ) & 1IREH LT ER N RIOEF (D~ Dy ) TH 5 |
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PLl, #403P REEICOWTAE V- BEMEEMN 2 ZE LISa s B2, Kkio, #4
IRENTVDIP REEICHOWTEZTAD, 1P REBICE N TV A3208%( P10, P11,
Vo) RK8(H) EFRICIM=My; =My + Mg) CHfT5&, m=1,0,-1&7%2%7, ZZT
WD X 5 g EL %,

Q1. £8(4) D3P RAED ISR A &L - BEAR A 2 BB LI5S, FL m= M)
ZHORBIEENAIR T Y G5 THEIER G SN Q) RIDE A BEEBEN K S LT,
AV -BEMHBEAEEZETH LR mZbOBENECVE Y O THIUE, #£
AapPIREEDO m=1, 0, 1kﬂbm%%03Pﬂi EDOBIBMN VIR A5 DT
E22 s, (LAL, FOITIEFA4D P IREEICHRT 2 BP0, P11, Pro)EBiRL
TR0, )

Q2. PRI AV - WLUEM AR % ZE L-5a, EEREILED L > RFIch D0
7%

FO. AV -WUEFAIEN 2% L7z sp dEELE O SP REED[E A B

Term Coupled representation
o =Y =|0+1+
1
@Qzﬁ(ﬁl’ng%}) (|O 1+)+|O+1 ))+\/,|O+OJr
1 _ _ o
3 Dy =—2%¥= +¥- + ¥ =——(|0"0"Y+|]0T 0" )+—=(]0" =1"Y+|0 1
P 3 \/E( 5 +¥7 +¥3) \/§(| )+ ) \/g(l )+ )
(J=2) 1 1 1
¢4=E(T8 + %) =§(|0_—1+>+|0+—1_>)+E|0_0_>
D5 =¥g =|0"-17)
¢6=%(—%+a"4) —— (07T 4] 07T >)+ﬁ|o+o+>
1 1 o
O, =— (¥, - =— (|0t =1"Y—-]071
31:)1 7 \/5( 7 3) \/§(| > | >)
(=1
D =i(5” -%) =l(|0_—1+>+|0+—1‘))—L|O_O_>
S NG} 8~ 7%e 5 NG
3 1
Po Dy = —— (Ve + W7 + ¥ = 0"0") +]0T07))+ 0T -1"+]0717)
(j=0) 9 \/5( 5+%¥7 +¥3) \/—(I | ) \/—(I | )

HE. RPN LR %133 4 OBREHHIHIE L T2,

L% (M1,
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IO DERA~DRIZEZEZ DN, ZHhETORIEE4.2, 54,55 2EEH LTI ),

4.2 : sp BEFEEIZOWT, BT XTHMNLET 5 FRAEIERAZE F 72\ ) Hamilton JHE 1
(Ho) o 176 BIECRE (g} % 0 (23). A7l B B FHIT (G, my , 5, mg )1
J
BT ROEMAAEM(Hy o Yry )22 5B L, RPEAEBHEL =31 &t &2 v Al
S=1Is; #/EY, Hamiltonian % 1-(Hy + Hy) DE A BERE (¥} #1572(F4)3, RE7T
ﬁﬁé%%i‘&ﬂi(lﬂ S: MLaMS)4O
J
55: AV -WUEMAEIEH(Hy « L-S)&xEE L, 2fE#EJI =L+S%{FY, Hamilton
% 1 (Ho+H;+Hy) D [E A R (@) #157-(F£9), Rziidd 2 &4
(L,S, j,m)5TH 06, 4DDETEDHHENNIDOTH ETEH e 2 BAEIF T IXE A
T 5,

AR OEER] QU B> TEXTHL M, IPIRIEICIE m=M,=1,0, -123H 1,
SPRBIC LRI L m & b OBMATEET 5 (#4), LinL, 'PIREELSP REBIZZ L2 LR T
BSHERS>TVDHID, AC-BUEHAENZZELTH, 'PREICEENTVS3MED
B &SP RRBIC & E N TV 29D BB OB OB AR T 5 = L1x7v, 72 & 20F, %9
DOPPRIEICE ENB3MOBIE L £4DP(= P RIEDSE OIS, SO BT J,
m(=My), LIZRCTHDH, 4>HOREFE SNRRDTDITREV A D 2 LIF20 (ER
LCW3), Lo T, P RIEESP WEEDORI U m % & SE8IE A © L - BB EEH %%
BLTHREVADRY, EWHDR QI~DHETH D, EL(!), I TORmIL,
Hamiltonian (2% %72 A E 2 -BEM ANEH Hy ICOW T LROEE 2 EE L2/ RTH Y,
LV EROEBEZEZETIUE, L JE2 5P & IPIHEER L 5 2 & 2 LER
H5,

QI HOWVTIE, TPRIEDIEDRIEEZ m THHETHE m=M;=1,0,-1£70, ML m
ELOLORRY, ThUE, AVV-BEMHAFENEEEL CLEVCELRLEZEETHD
EEEWT D00, REBRENEOEEEAREKLE 2D, LEEN-T, AV -uEMEAEMN
REELIPIRE, %0 IPPRECEABEIIFIOIP WEOMKLFALLOTHD, &
WD DR QADEIETH D7, Uk, QLEBLT Q2ADREIKL L TRzt x, BETD
FEAER OZALGEIIZ & & 72 5 B E 7475 (Hamiltonian 175)DZE{L & L TR L= b DM

VT2, L, 82, s, 73 Hy & AT,

2 i XA i & j O,

3 5.4 TIXZOEEEFEHAE Tz TIT- 72,

4 WET L2 8% L, S, " H) L (L L S Hy &) > Hy+H, &bl

S ETL?, 8%, J2,J, ) Hy L 1[#fs - Hy+H;+Hy & b, (1 : L& SIEHy & aHTIEAR, )

6 ;20 Hamiltonian & A[#efHE 78 LR Z BT 2720 0B THIZ OV T, #iFE DEZEESHOHIY) O
ka2 M, URL LT,

https://home.hiroshima-u.ac.jp/kyam/pages/results/monograph/Ref05_precess.pdf

7T RORRETBHE, £40 1P D3 HOOEKIC XD Hamiltonian JER 717401%, A -#GEMEERZZE L

THMDOREAF LIRSV AR, LR D,
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(#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. spB FRLESROMHANER OZA(IZ & b 72 5 Hamiltonian T4 D%k
(o LISAOITHIEFRET0) & RAE = 1L F — 3 HOBEEIY
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K1TH D,
Z 2 FE CHARM RN A O BRI WG 2R LT22S, S A O EO —#rY
RFNE(T 7 =7 N)EUTICELEDTEL,

(1) B fAiEE & {J;} D7 hLfl(triangle condition) %% % (J = 2J;), &5 {j;} &
HEWZLTHEER j 2RO D, & jJHREV I DIHEETE m X575 coupled
representation | jm) Z T XTHEZHL, mOEIZL Y 2T 5,

(2) (I} DETE A DENENE Y 5 DHEEETH{m;} 25 T uncoupled
representation j;my, jomy,..) TN TEE LT, m=Im; DMEIZE Y 58T 5,

(3) FME(L) & (2)D mIZ X D3OSR, m OMEN 1A LB BT coupled
representation & uncoupled representation 723 1xf LIZxte L TE Y, £DFE £ TH
HRf L 725 TV B,

(4) FIEQ)ER)D m ITXDmBEORRE, 2L EBENATWS m & 6> coupled
representation ® 9 5, j = ji \ZNT 2 EAME ji (Jk +1) & bOEAREBER D729
2, WMATREINDHEHEEFE1ED,

P = [ 12 - it + ) (291)
l#k
ZIT, BIE, WELIEWEARED b OB SO T X TIZTHONTE D,

(5) BEARIEAIE L=\ coupled representation &[A U m OfE% %> uncoupled
representation (2% LT, FlE@G) TlE-T-HEHAE FE2EHIE 5, REET2RILL
EHNDL mTH-TH, 1HEED jOPIZZD m % 1D coupled representation 231
8l LOMFETE L2 WGAE, A %2 1EH S+ % uncoupled representation [ 1487217
TEW(RIT m#% b2 E? uncoupled representation [ZfEH S TH A UAERDE S
o), —EIZ, 1TFEFEO jOFIZFE T m % D coupled representation 73 p il %
& XL, MU m% b pflld uncoupled representation (ZHHE T2 EH S® 5 (£ D
pEIFEREICEA T V)2, HAFZEASETELNE p EORBENEWICERZ LT
WRWGATE, YIS E AR S CHRL LEA B A5,

(6) FNE@A)IZREY, MOBEAMEICKIST DHEEEF2/ED, FIE(S) & FEROERIETHEA
B Z15,

ks, MAMEREES)ZE AR WAESENEEIED 25513, ThThoOAEESROH TR

LRS5DY, HDHWITY; DR EBRFEL BT & L,

2 RE5D¥s, ¥ HDVIE Y, Vg DIREBBEZEWVHT L L, ZhbOEAIE, 1HED j=1/20FIZF LT
m(1/2 H 5\ % -1/2)% £ 2 2 DD coupled representation 73& 55 (p = 2)ICHE T H(m= /21X %P5,
v,,m= -1/21% ¥, ¥g)o

3 “HMITT LW ERBADPBHIZE T SN0 Lviewny, [Schmidt OE AL ( [Gram-Schmidt OE AL
fLik) & BRI 5) & Aviud kv, [Schmidt DERE] ITHEARECEOEREFITL TR I TV D,
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FROMHAEDETHET D, T2& 21, R2BIUORI TR - B MAEE) & & A B £H#
B & DA 121E, coupled representation % (Mp,Mg) DflA & ¥ THE L (%£2),
uncoupled representation (ZOWTidm;, & mg, Mli7=d My = Tmy, & Mg = Emg, IZ X
D (Mp,Mg) CH¥IT5(#3), Z0LE, TNENOMEINELE SOETHN L= L, S=
Sk THHEAREERET DO OEATITROT L 12D,

Prorys=s, = | JI? - LulLy+ 1] [ 182 - Sa(Sy + 1) (292)
l#k n#k
KQRI2)DHE T ZIEDHE, L, S, DLV HFIEET HLEND D, 7-& 21F, pd ETEEL
=1, =2BkUs; = 1/2,s,= 1/2)DHA, L=3,2, 1LV S=1,0& 72575, 'F,
°p, D, 3P, 1P L1 9 term AEL D, 209 BIP(L = 1, S = O)DEA R ZRE L7\
&, Li#1,S,#0L LTRR)DIHAETFZIEDL Z &I D00, LiDfEL LTII2H LT
3, S, PE L L TIFE1IZMVWTHEHEAEFZHFEALIXTIW(EENYREEFORIX
(L% -6)(L? -12)(S? -2) L 72 2), ZDBE, Lk S, %(L,S) = (LLO) LD L L SORT L
ZZTLEWY, (L, S,) = (2,0), (3,0), (1, 1) D E TH(292) DRI EHTLE H DL
YT, ELWEAREEIEOLNRWVO THEENLETH D,

§6 SR EEFORE
S5 CITH A 2R L CEAMKEZE LR, o8, R(139)DHEFE I X - CEA
BB ERRT D 2 LN TEA00IHHA LA -7, UTFTIE, HEEEFO “BifEFRE"
AT 51, £, HET A OBEABIEE ] x)} 25, (| ) NERERERRTH S
L9255, XD,

A|xp)=w; | x;) (293)
DPESE L TWA (& 21, A=J? ThiuTe; = j;(j; +1)). BIEEE{] x;)} NERIERIER
HRTHIURE, EEORERE(RRERY M) a) iX{] ) Z VTR D XL S ICEFRGTET 5
: &ﬁ§\/<\‘\% 60

la) = ci | x;) (294)
cilday DIERRERTH D | x;) DFFEERITHETH L, 7ok, REiOHM & §6LLRTDiHm &

Z XS 5121, | a) %120 uncoupled representation(=J&ERE%R), {| x;)} % coupled
representation(=HFALEABIERE) & B2 D & L, ¢l

1 A. Messiah(/MUFE—BE, HAT ZRRFR) M7 )57 | (RO IXIE, 1971) 5 1%, 5% 7 & IS0 L. L. Schiff(H -
(Bl &%) (&S, 1971) % 23 & (3%, L. L Schiff, Quantum Mechanics, 3rd ed.
(McGraw-Hill, Auckland, 1968)IZ 3 & E 71T i & 5,

2 THIKEZZ ] OFBRLI0RLT0NE LARWA, TTEHEZR] LW RABANLNRD Z EBE 0, {| X)) 2
EMEZRTHIUE, (x| x;) =6; Th 2 (6; 1F Kronecker D7 /LH), E7=, {EEOBIEA BB ORILHE &
WKEWERFTZERTEDL L, TOMBIE T5E2R)) &0V,

3 T |ay oEERE, {| ) oFEAREER L WO RNIGD, WTHD L IITEDNDSAE LIRS, coupled

{1
=
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¢ =(x; |a) (299)
THEXLNDDD, |a)%x
lay =Y cilx) =D (xila) | x) =D | x;Xx; | @) (296)-1

zZPi|a>=Pl|a>+P2|a>+... (296)-2

[

ERTILENTED, TIT,

Po=]x;Xx; | (297)

TERINTEbORFHEE T ThH L (HRF L bIEIND)2 ok, X(296)1 68 bR X

212,

Y B=1 (298)

RIS, E1, #(296) 10,
Fla)=]x)x;|la)={x; |a) | x;) (299)

Thor0b, WEEET P, BEAOGE)BEE| a) IT/EH L Tl a) 2> bR OEA BRI x;)
Z CBREHTT BEERDH D I ERbNnDs, vk, 2UTT(EAE2E O R) CEBRIZHIV
HLONRK2TH D, EEEe; 2 b OEAIREN x; O TRIN, ZTOHFMITH L
B BN Y V)| x) TH D, Blayld|a) D x; @G H~OHE (x; |a) | x;) &5 %
TWL (D, HEEETOAMOBRTH D), 77, x MIZELT D x; #7 AICIXE A

representation {| x;)} & uncoupled representation {| a;)} DD ZEHITER AW TH 5 55 (EAEICIE
unitary B CH 20, BHREE B IEICEHICE DO TERERR L2 D), {{a)) PO >BD 1 2ThHD|a) %
{1 X))} DFFEAREE TR LI & X | x) I <IFE G |ay 1E, (| x)} PIBD15ThD|x) % {| a;)) DRI
ATRLELEE, {{agpDPoHBD 1 2Thd|a) iZft<tf#(a| x;) (=Clebsch-Gordan fRF)ICF L\, L7
2o TC, (x| ay B3 bIALL Clebsch-Gordan fRENH7- 2 L2725, 7o & 2L, & 3 DBEEED 1 23| a)
THY, F£2 OBBEEN{| x;) IZXHELTWA,

| XXy |BLOEBA 2 RIATD5E, 777y MREVDEDLDTHEUNTH D, BOKLETDIE, | XNy|a)y i
b bidedr EBDDE, | x)y |1E [ g Jg;0dr DOOHSCEBERAT 51 & RASNHHGTITHR D,
IRTHIFEFICDNV ISV, £, (b x)Xy | a) LV ORI, BISELO g dr[gg,dric% LR,

| )y | #8532 W7 & aiE, (BWRIER UL Z L ThodY) (g (ds,dr)de Lo ERICRD,

WHE| @) DEEATH | a)Xa | D iFHOMMER LN ZLHTED,

F52(project) 1T “BR LT B TH DA, BRIV LONLLERLOLT 2R H&ERT “tha 4 &%
WU, hEHULZERBK| ) OKE &3 (x| a) THDHH, EARKEETH(EARITNE L TH)RKN
WIERE S 2 LICHBIET 200, EHLZEEORE JIMETIERL, EEXNER O T B
kv,

—

w N
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Eo; Z b SEARESN DY, ZOFROBBRCEAREEIL] x;) TH D, x; W7 & kI,
Pj|ay 2’| a) D x; Wi H~DEE (xj | a) | x;) 25 2%, (299 DL ENHIHE T A%
WFDE, | x) NEET ADBEARKETH D Z & (K(293)0 5

AP |a)=A| x;)x;|a)=o; | x;)}{x;|a) = o;P; | a) (300)

PREBND, ZHUE, B la)NEE T ADEAHe; 2z b OEAEETHD Z L EEKRL T
Do BWHZ D L, (T LHIHE T A OREAREECIEZRW) R o) ICHEHE T P %
ERSED L, HE T ADRFEDEAME(w;) % b OEARBEENE LD Z LI (B2 TH
L, ZHIEEH Y BNV &3, 2 FETOMEm T, FEFICHHERX(297)THEA L
DA T P, % HET1E, incoupled representation Th % |a) 2> HEAREETH 5
coupled representaiton| x;) NESHITHFE LN D X DI 2000 LRV, §EITZE 9 Bl
TRV, WE, {|xp)HIRMOBEAEKTH L, {|x) ZH2ZENETHLNG, |x;) T
RSN TVWERQR97)ZZDOEEHMAT L LIETERY, LIER-T, Pa{|x) Uso
K+ TRT LRPLEE D,

BONS, HET A OXBITE DEAMHEN2070 (0, 0y) THIGEEBZZ LS, 2B A
EURTORIE, BETFAZJI?2LTHLE, j=1, 0050 T, o= 1(1+41) =2&m, =
00+1) = 0D2oW BB = LTINS T 5, (22T, jy=1,j, =0 L, )20 L&, K(296)
/)

| ;) (B fiE w; DI5 1)

| xl-> (ﬁﬁﬁwl O)jﬂ_ﬁ])

| x;)

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

LOSRA” Lo THIFRPE 272 < RN eI biIFTIER<, BER D> T RNEWVNIEKRTH D,
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la)=R|a)+P,|a) (301)

THY, ZOWBIZENSEEFAZNTSE, X(298)F LU (300)D R E AW T,

Ala) = AP, |a)+ AP, | @) (302)-1
— R | @)+ Py | @) (302)-2
R @)+ oy1-P) | @) (302)-3

LD,
A= (0 -0)P + o) (303)

L7235 T,
p-A- (304)

) — @0y

NEHND, FEHND, R(298)kY
p-A-a (305)
wy — o
Ehrb, TT, FHEEEFEREMORFET TES I ENTERI LIRS,
B HMEN3 DDA %3 2 AR, WEHE FOEELRBOEE L ENTEI 9, 5
HYoERE(©297) LY,

Pi=]x;)x;| (306)

THDHND, WHLICEND PAEMTT,

BP;j =B [ x;){x; | =] x;)(x; | x;)(x; | (307)-1
= | ) S5(x; | = 85 | x;)(xj | = 5P (307)-2

"L D, DFED,
P?=F BIV PP;=0(i#)) (308)

Th b, X(298) & (308)IFHHHA FORIAIME & L CHFICEER LD TH D,
TIEHWEWE, BEMENR3SOHEEEZXL ), e 21X, pETB20H LAY L,
L=L=1XkYWL=21,0t%Y, L>OFAKELT22+1) =6, 11+1) =2, 00+1) =

0D3ON D%, ZDHaE, A(B01)DAILIFIHIZRY,

lay=R |a)+P|a)+P;|a) (309)
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K (B02) DI & FERIZEIHE T 5 &,
Ala)=oP |a)+wP,|a)+v3P3 | a) (310)
ThHHND,
A=a)1Pl +a)2P2 +(03P3 (311)
EELZENTED, XQIGYEFIHAT DL, HETZ1OHETDHIENTE,
A= P +moP +w3(1-P - B) (312)
INhEEELT,
(@0 —@3)P + (g —w3)Py = A-w3 (313)

ERBD, ZORFET TR, P BEED I ENTE RN, £2T, RB1)1 6 A2 21EY,

A% = 0P + oy, PPy + 003 Py (314)-a
+wy PoP) + 03 P3 + wywy PPy (314)-b
+(()3(01P3131 + (03(02P3P2 + (()%PSQ (3 14)—C

ZHICE(298), (308)&iE AT 5 &,

A? = 2P? + 03 P§ + w3 P2 (315)-1
= w?P + 03P, + w3 Py (315)-2
= 0fR + 3Py + 03(1- B - P) (315)-3
DFED,
(@ - @3)P + (@3 - 03)P, = A® - 03 (316)

BEBILD, K (313)&(316)% Py LU Pyl DWW THRITIE,

e e S = =
W) —wy )\ 0 — W3 o — @ )\ W — @3

X5z, #(298) L0

SESES
w3 — 0 )\ @3 — @

PRELND, LIeh»>T, AT A DA 2 b OEA K E 5 2 2 A2
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I 1
e

J#i

ETRDZENDNY, ZHNEATR LK (139)TH 5 (5.1TlE, jONAES R A2 ERT
LT, BELEBT 72012, X(B1YD i, joORDVIT Kk, I ZHWE), 728, 3BFAL
J1=Jo=Jz= 12mBHTE5, j= 3/2, 1/2, 1/2 L9 X2 EA1E, Ries@EAMOKE
3L IEH T M, 2l e LCEHET D LICHETANEND S (] : £5), HET
A=J? L3, AL jG+1) Thonb, R(140)DBIT /2D Z LIZASICHETX 5,
BEOHEICEWNT, HEHETZENSETELNEEENEOE  THEL ST
HTEFIFEAERL, FREOLE R THELT D2 L b, TOERTIE, HEHEET
DRI H 2 (BN FIIHE 72 EH S BB TIIEBE T 24832, @A 2
Al
P=[]@a-o) (320)
J#i
EEVWTHHEOHBEICBWTARA L KEITA LRV, D70, HulhHR(320)% H#7
B L TORLTWDHRELH D,
Bet%\c, HEHETORE EEREMRL T I LIcT 5, WE, WETELTL? %%
2%, bl, bDILEMEK| b NEETL? OBEAWHLI(L +1) % bOBEAMETH L7 5T,

[L? - L;(L; +1)] | b) =0 (321)

WAL D, F72, Z O by BFEKICSZOEAMS, (S, +1) 2 bOEEEEK CH DD
i,
[S% =S (S, +1)]| by =0 (322)
LESZL, Zhb2atk Y,
[L? - Ly(L; +1)][S =S, (S, +1)]| b) =0 (323)
Lind, REEEZSE, ZoRUL, (L% - Li(L +1)][S% =S, (S, +1)] &\ 5 HE 723,
FL2 1R U CEAM L)L +1) &2 b BEAERE 13182 1okt LTS, (S, +1) & b EAH
¥ W BIRE Lo TWAZLEERL TS, SVHRA S L, & o IRIEEICHE T
[L? —Lj(L; +1)][S? = S,,(S,, + )] ZVEA ¥/ & X103 b 5 (=5 2) M, WEFL? O
B A Ly (L + 1) £721E 82 OFEATES, (S, +1) % b OB A RE L Tk =Bk, >F v @A

U TE721F) (o) Th-T [BEV (and) TRWI LITHEE,
2 FUN 0T/ TWAZ &N “HT7° ZLEBERLTWS,
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DELBIRZKIITRT),
L7=»- T, HET

B =]]a-o; (324)-1
J#i
=(A-o)(A- ) (A-0; 1) (A=) (324)-2

HERSE2 221285 T, oA DOTRTOEAMHe;, oy,..., ©p1, On1,... % b OBEEN
NERBRZE S, AR ORGSO 72 BE(= &% ITE - 23502, BEAE o 2 b D EA B
L%, ZNURNHEHEE O “BIFREE ThoHL,

SEEAE 2 BEREICEN S CTERABEENEG L AILE, £ OB DR
Clebsch-Gordan R TH 576, i) TEMARA 22 HUE Tldie < (& HFRE) — kA 72Uk
RE/JDLZLE2BEZTHD, LT T, BIORLERIZHEEAE FEZHOTER T2 Z I
T2, BUL, EED 1 & jo =1/2(0FY, my =+1/2)2HEIEIEEITHIELTND,
%7, coupled representation Z1E5 &, jII2ODfHE

j= 12, j-12 (325)

& D (myDIED2D L7 D T, ji OEIZERZR < JIZIZZ D2 ODE L 222V, D E b,
| jm) TR 5 &,

BT [LP- LL; + 1)][8%- Sy(S, + 1)]
LL;+ 1)E721% S, (S, + 1)U D EAfE

1 L? T S2

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

X 3. BEAMEL(L + 1) E721% S, (S, + 1) & FNUANDOEAEE &
] 47 B 5k D HE A PR

LIELWHOZEHEEVHT LN L0, RBERLDEZ 1O 1 SBRELTUEILWVEDEET LD /" T
Ho,
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lj+Y2my BXO |j;-1/2 m) (326)

Bod, ZOLE, |j+1/2 m)yd mix
m=j+12, 1 -12,..., - j +1Y2,-j; -1/2 (327)

2LV, |jp-1Y2 m)yom i
m'=j,-1/2, j;-3/2,....,— j; +3/2,— j; +1/2 (328)
LD, RENDI B, HADOmM = j, +12 EH/ADOm = —j, —Y21Z0Fn b 1E LoBhn
RNOTTTICEARIKTH Y, ZRZN| jm) & | jimy, jamy) ELT 5 &,
| i+ 12 j1 +Y2) =] j1j, /2 12) (329)

| A+Y2 -j1-1/2) =] ji-j1,Y2-1/2) (330)

Lied, FELSO mix(E(327) b R(328)IC LHIF o)A b T2EENS O T, HEHET
HERSELRG LD, 22C, mOEIEREET, BicmeECZLIZTDHE, WL m
% & D2l D uncoupled representation (= £ ERIEY) 1%

| im=-1/2,1/21/2) & |jim+1/2,1/2-1/2) (331)

EWVNIXRT ThHD, ML mabODT, FEHEHAFEZEHIEL2OIXELLOBHTH L
N, ZIZTIE, EO|jim-12,12 2 ICHEEAETAERASE5Z L1275,

WE L J? =(J1+Jd) 2 OBEAMIE jj+1) THY, j LLTED S MR j;+1/2 &
J1 =12 THDH5H(X(B25), *sTHEAMEL, (1 +1/2)(; +3/2) & (i1 -Y2)(j; +1/2) T
Hb, LTeN-T, ZNENOEAMIZET 2 HEHAE 742320 THFLT 5 & (EHH R
BOHATHEAE 2 EH S 2 d LT 21T L),

Pi_j 2 = W1 +J2) (i —1/2)(j +1/2) (332)-1
= (I +Jo)? -2 +1/4 (332)-2
BILO
Pi_i 12 =1 +J2)* —(ji +1/2)(j; +3/2) (333)-1
= (I +Jof - jf -2, -3/4 (333)-2

L%, THLOBEETE| fm-1/2,12 Y2 IZVEM SH RN, BET (T +J5)% % M
D\ jimy, jom) IEM SHT-HEE S R DO ERITEITIE, oL TRENR T —RIC
OWTHEEMRAT DT TIVWOTERTSH D,

(93)

J2=J,J +J2-J, (334)

%ljlml, j2m2) ﬁ?_'ﬂzﬁﬁ é’d‘éﬂ%ﬁlw‘ﬂ% Lfa
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(J1 +J0)% = (T +J2), (Jy +Jg)_ +[(J +J2), 1>~ (T + ),
= (J1y +Jpy )1 +Jo )+ iz + oz ) — (J1z + Joz)
= J1+J1_ + J1+J2_ + J2+J1_ + J2+J2_

+J2 +J2, +2J1,dn, —dJi, —J.
1z 2z 1zY 2z 1z 2z
= (JpJ1- + Dy~ J1,) + (Uopdo +J3, —Joy)
+J1+J2_ +J2+J1_ +2JIZJ22

=J2+J2 +2J,,d5, + 1 do +do, Ji_
#1535, X(335)-5%| jimy, jomp) ITEAEE S &,

(J1 +J2)% | imy, joms)
= (JP +J3 +2J1,d0, +J1 Jo_ +Jo, 1) | imy, jomy)

=[aU1 + )+ jalo +1)+2mmy] | jimy, jomy)

1 —my) (i +my +1)- (o + mp)(jo —mg +1) | imy +1, jomy —1)

+JU1 +my) (i —my +1)- (o —mo) (o + Mg +1) | jimy —1, jomy +1)

L 72 % (Jy DI ORERER(6) DI 2RI L),

(335)-1

(335)-2
(335)-3a
(335)-3b
(335)-4a
(335)-4b

(335)-5

(336)-1
(336)-2
(336)-3a
(336)-3b

(336)-3c

WHE T (T +Jd0)% % | jim-1/2,1/21Y2 I {El S 25 121%, 3X(336)-31C j, =1/2,

my =m-1/2, my =12 % RATHIELL, ThEFEFT5L,
(1 +Jd2)? | im-1/2,1/21/2)

=[alh +1)+3/4+m-1/2]| jym-1/2,1/21/2)

+J(y —m+1/2)(jy + m+1/2) | jym+1/2,1/2 -1/2)

=[alh +)+1/4+m]| jm-1/2,1/21/2)

+JUL —m+1/2)(j + m+1/2) | ym+1/2,1/2 ~1/2)

(337)-1
(337)-2a
(337)-2b
(337)-3a

(337)-3b

Lhd, BT, HETF U +Jd)? MERALERERELLE-DT, R(332)-2%

| Am-12,1/2Y2)IT/EHSED &,
Pi_j 2l jim-12,121/2)
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=iy + D)+ 14 +m-jf +1/4]| jym-1/2,1/21/2)

+J(y —m+1/2)(jy + m+1/2) | ym+1/2,1/2 -1/2)

=1 +m+1/2)[ im-1/2,1/21/2)

+J(y —m+1/2)(jy +m+1/2) | ym+1/2,1/2 -1/2)
L7200, 2ODFRED2F DN
(L +m+1/2° +(j, —m+1/2)(j; + m+1/2)
=(1+m+12)(j; +m+1/2+ j; -m+1/2)
= (i +m+1/2)(2j; +1)
ThHoHND, BT 572012, K(339)-3D R THX(338)-3%E|-> T,
Pi_jy2 | 1m=-1/2,1/21/2)

h+tm+12 . h-m+1/2 .
= AT s moy2, 122y + AT i m 12,12 - 1/2
N 3 +1 | Am=-1/2,1/21/2) 2 +1 | Am+1/2,1/2-1/2)

#1595, —F, X(333)-2%|jim-1/2,1/2 2y IZfEHEE S &,
‘Pj=j1—1/2 |j1m—1/2, 1/2 1/2>

=—{ LAl + D+ Y4+ m=j ~2j, =3/41| im-1/2,1/21/2)

wJUr—m 12+ m+1/2) | jim+1/2,1/2-1/2)}

— [ -m+Y2)| im-1/2,1/21/2)

+JL —m+1/2)(ji +m+1/2) | ym+1/2,1/2-1/2)]
L7200, 2ODRED2T DTN
(1 —m+127 +(jy ~m+1/2)(j; +m+1/2)
=(j1-m+1Y2)(j;—-m+12+ j; +m+1/2)
= (jy -m+1/2)(2j; +1)

ThHoHNG, B LT 572012, R (342)-3DFFHIRTH(341)-3%H- T,
Pj=j1—1/2 |]1 m—1/2, ]./2 ]./2)
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(338)-2a
(338)-2b
(338)-3a

(338)-3b

(339)-1
(339)-2

(339)-3

(340)-1

(340)-2

(341)-1

(341)-2a

(341)-2b

(341)-3a

(341)-3b
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