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i, ZRIREIIERSRERSYIRRIAR T HLRIFEFTENFRN, MENE
FHZF, RAT, MRBEFHFEANFENAZIBRD FERERSIRRITH
R ER. MZzREMEAER N RRNZERZE, FEEREERERITH
HIRIIX MBS RRRIIAT, MIRBEENXMIIHIIA, BAHERER. XTA



RERMEFER, EEA, EFNNIGHERIALIIRAN—RER, MZEME
1926-1927 FAERRMFFFRIX MR, FEXEMHEARE]T Amold Sommerfeld (&
RIE, 1869-1951, fEEA). Niels Bohr (H/R, 1885-1962, f3ZEA). Erwin
Schrodinger (BEREIS, 1887-1961, BMIFIA) FA. MEXEEZ TEFHFHN
g, ZEtBESRIREXMNRAENFPIINA, HEFRAXLREEH
RUFFRIR, s FE, oFRNE, FF, XEEHEIHNBRAIRE
RRPERERCHRAERENGF, EEERNSHEME, EZaEENSES
F1, Albert Cotton BYBBZAN { Chemical applications of group theory) FLE— BEEIRY
WERSRBHCHEN, HLTFRIMEBFRENES, KELR. 2.
RESE—T, HIXNMFPEFINEL, HLEARNBPEIERES
FRIRBRHFRN—MEE, RERAVTAREINFAGENXMAARNEETR,
ERMNBENREARG, EEIFEEENER. WX RATHEMERD, 7k
B, (BEEFER, WFELHRAIR. Eit, BEER, AR
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B—F HNESHE

1.18

EX 1.1 B IRCE—LETR (BMF) WES, 886 ={-, g |, TEGHEYX

TRIZH, MRECHTRGXMSERE TEN R

1) HE: VAR (RMF) MRRNEFXXTE (8 nEa

2) F5E: WYEARE (BF) f. g. h, B(fg)h =f(gh);

3) BME—EBEITE e, [EEXIVI G, Hef =fe=f;

4) ¥vf € G, FEBE—FEBF G, Ef'f=ff"1=¢;

REBAFCE—B, HPTRENT, HBRTE, (1 JmH,

KERIANEN, RAEE—LHIT.

BI1. —NEABRMNREEN, HER=MMATEHI—meiL, BHA
5, WAL, 1B881-i, @{E, |RER— 8
EEIXFMOIHE, MEEHOEN. WTR, BIFEEE 4 7,
E-E. E-1 I-E, 11, ERHI—MEREIL, ERFEME-T, Fll
MRSESEWERRF F—5, AR,

EEE, EUE-D-E = B (- DIXRYFR=MIESABIBRKIL.
ME—EAITERE.
WTTE, EANERE, ISR
FRIA(E, 1RZR—1NBE, FRAZSIARIER,
Bl2. SEE—RFURIEES, BIFE—MRE BWE1 2. ... niXn

* BETRMEASRA,



3.

&, —X—RIINE 1L 20 .. niX n M, B

1 2 ... n .
P = (ml m; ... mn> 3 2.1
FEE 1. 2. ... n XA EIm, . m,. ....... m, t, EFm,. m,, .......
mpE L. 20 .l n BYERHESI,
e rsopgan( 1 2 e n 2 1 ... N \g
RS, e )5 o JR—HE

B9, EAEIRRERE 1 ZAm,, 2 Am,, ... (LULSEHE)
AR REX AR ENSE S R BRI AEE?
1. M REEAT, 1.2, ... n X n MEEPETENIX n MILE,
HIAMHE,
2. HEAE: RPEB 1R, REIB2TR3, PEE3ITN4, B
A
(P1P2)P3=[(12)(2—3)](3—4)=(1—>3)(3—4)=(1—4) 222
P1(P2P3)=(1-2)[(2—3)(3—4)|=(1-2)(2—4)=(1—4) 223
WERS, SEEML
3. Bfipt: BEM—, (HAEAZRIBRMERE
4. ¥ FEEE—, FESERETENx
FLUX ST RIS S IR — N, BAFRD n NEIREF, BRYEE TR
HEnl, EVEL, MESFERFARRIMER, SEEREIX—KE, &
NEESEZIINE,
BN VEERATRYE, BE=#MATEN—NE=AR, TRERE AL B,

Co



1.1 D; BnmEl

MNTFXE—P=/AF, BB/ LUIEE S ERIESHRE, 55l
<

1. e: A&h;

2. d: 5%z $hEE 2n/3;

3. f: 5%z 4% 4n/3;

4. a: 521N,

5. b: %245 n;

6. c: 583 e x;

IR XN MM EREIRES?

XN EREEREREA LENBIRKE, BEEEREINNFEE?
B5IER, FABERTLMER—TREHRIBEREFAEES, EOXLERE
FAERE (A, B, C) MMEB (A, B, C) kZF&, XN UTRIEXS
TEF =M EHRBFAY/ N — XL, EL e IR — Y,
BRAER—1 8, WERNBEINREXRR. d BIETHSER

® B9, mamerwwme(t © O, mw
(A B C)

da=(5 ¢ D ¢ §)=((2 ¢ ‘s)):(;; B Oy o
B A C
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BEFMUEE, ETERER:

e d b c
e e d a b c
d d f c a b

f e d b C a
a a b c d f
b b c a f e d
C C a b f e

= 1.1 D:BHRER
XE—EE Ds 8, SREFTHN=AIAAENEE, SF(IRTHED
EEERY. REXER IR, FHTiaBEs—2, HEAEX D
BT . XERY D; BER B SERE,
B4, ENXERIBEENEAIINE, NEREERIR— 8, 0 REPRISBAITER,
n5-n Bi¥,
B2, SARSCEEEX PRI THER— 8, £FSHBE.
(BANRFANEREE X NEER, BACIAABERN T, RAXMERLT
BATERREER 1, 0 28BN,
MERNERHEEN T REAERE—ENETRIVES, TER(IE—
TIREFERAANEN S— 1 EHE.
EX 1.2 AIRESEIRE: BFRTENLIRARFRN, SEFMBIRE, FRARIR
B, SEMETIRAS, TATIREF. (ZXNFHRNOEZHTIRE)
EX 1.3 Abel Bf: BFRISRIZ—RRATZIR (XNMERFRIEXEmESBEIER, H
IE—RRRIBFPBATEET, thil D:H ad BAAFT da), SEFRTTERIET
PMESEIRES, XABFA Abel B, (HXNMEXEARERIER Abel BRI



AR ABRIZ AR T L RIFRAT)
EHE 1.1 BHEEHE: 186 = (-, go, -} Hvu € G, Hg AUBGHFIAETTRE,
ug LA BN —IRA LR ETTE,
ERR:
FWASE, IMHICHTEEAbug A, U —REH,
1. 5. SHERgBTG, TBu gz € G, #15: u(u'gp) = gp
2. {UR—IREH,
RIE: &Bgu # 8o, E5ugy = uge, BBABMEE: u'ug, = ulugy, #
Mea = B SRRFRE.
=i, LR, WAWE, =AEN (B, AR FREL Abel BY),
—ANEIR (EH), RUHHURENASINR, FElENEEN. BASE
REEXNTRESIEISY, WEABEEITARREER, FENRESRE
RENIEIER, FRSHE,

1.2 FRSIEE
EX 1.4 FEE: I8 HEH CH—FE (BHTEMES), BN G ERN
TELIEE, H i —/ 8, W H A G T,

XEEE TR EM G AETRE. B, EEBIENERHE,
TIOANEM, BULE, EXFROEEXIIMRM 1) S04, 2) A% 3) &
ft. 4) SANTER—YE. EENHBETF G, XEERNTRE, FUEAEE
SARRSI. FRY, MR HBE, BT HE, (T BEFH, REMDEA,
e BABET H. Bit, MIRFEATREN, RE 1)5 DALY,

B {e}5 G ASEE G TR, MTFABE, FUFRASRTE, SFE
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T, Tl G IEPATREFRAEE TR, —RIIHREE G (T EEHRRN

SCNESTH GEFETE).

BIS. nBEREE, BRENR" =e, Bla 2% . a"! a" = e, X
FERORER Abel B, SRATIS, LA 6 MEFREENH, G = {a. a2, . a°,
a® = e}, H{e)SCREATE. {a2. a*. e}5{a’. JHEBTE.

6. TEEMEHOTRENEIIIERANR, B YR RS S R
BT,

BI7.  SYETHKEEERITT R AAORE(CL (V) , v E R — st (XA
LUSTE M) A9BE SOQ BT,

TN 1.5 BTTHIR : ITHES— N EIREEG, MAEN—7 7Ta, MathRIETIRIE,

SRR GRI— MERFEFZ, A9, iZ’l\Zk%-TF{& a?, -, a* a"=e}.

RESFRk (BREMEBSMNK) HETaRm.

SAMESRITIER, B MEFEERE—T, BEREHAR "Matg,
RBEIRGI— MERTEIN' ? XEENMRS = ¢, W2, ST (e}, HHERR,
MR, aze, Ma?+a (Ffa=e), XAF, WRa? = e, NWEARRT, 10
a? # e, WEMHe SaZHMB—NTTR, Kifa?, alEIRMTER, B4fHa°,
Fifa® # a2 (Ffha = e). tBRETFa (Ffha? = ¢), MR’ = e, DF@R, 4
a® e, BB MBI TER, RORKIE, ENGEAIRE (Mn), FLWA
FE—MNTFETn, (E8a = o, RETHXMNIR. XA, fa, 22, . a L,
a = e JXANMEA BRI T KNBR TR T
I8, BETAMEIRIT, 33 DsBE, ANTTRe. d. f. a. b, ¢ Jd, NEHE,

d? =f, d® =e, FIARA/RRAOERTRER e d. £}, dHORIE S,



%, f2=d, 2 =e, FLIRTURIERTEER . d ff, MNEE
30 KL, a, a? =e, HaiRRAMERTEHE . o}, BINE 2; b,
b? =e, EIbHATRAMERTERe. b}, DAME 2 cSa. b—HE,

RIET FRESEETAN, T—MESRMRE,

EX 1.6 FEEE: RHEBGHITE, H= (b}, HEEMg € G, TERMFHHL
ZPEEE: gH = {gh,|h, € H}, tHRTAERAFEFHRYOAREEE: Hg = (hqglh, € H),

ANESUSFEAIREE. —RLHEARTE, BETEINETHIM,
EARETBEAF ER, #* ho {Hghy = ghe Biheg = he gfIER. BHERFEFTR
SiEtErhTE——XIN, RIRERAEY, REALUATHAS, MR EN
Kg e H, BE. MRFET, HAR. XTFFRAISE, MRTRASR, F5—1
REBHNR, REIETE.

EIE 1.2 FEEEHE: IRRHEMGHTFE, WHNAAE (H48) REXERL1E
R, SEgEEAALTE,

RENER, ST — NG, MR CHRIRE FRASRITAE: G = {goH. g H.
gH. -}, go = e, HPIEF Mtk HSgHIXRECIBEARLER, B
LERSBIHIALTTE.

TERR: (LAZERsEEof)

RuH, vHEAEREE.

BBIRUHSVHRIEE—MAHETTRuh, = vhg, MHvluh, = hy, BHTIvIu =
hghg', v lu € H,

AR, BTFHASENE, FIEEHEEEAEY ul = H, BBAv(v"uH)

10



BAZST vH, MREAv(v-1ul) = ul, BERiRud=vH, S5RIEFE.
(IE5e, APFEESIERAZE)

BT XMER, BOWEEN— MR, RBEHN— N FEFIX N TFEHY
PEERHITHE, BIIRBEUTA?

BHEG, FREEH, BRBHME—EE. FRTH, HAITLIER, €G, #E
¢ H, — M HAYFEERu H, XD u HEHEIRBHARHTERERN, EANRuh, =
hg, W, =hghy', Su, ¢ HFE, XEATLUECESH, uH, LARENILING
TTERINES. XMHEESER, BTG, BERETFH, ERETFu,H. #EEE
uH, uHPEJu, AfEeH, BATEu P, Frllu,HSeH, uHEEARR.

HORSEHE, 1R G HIME n, HBIE m, WEMNEERLEHIE 2 m D
B G TR, ESEXMNIRE, BEIE G PnRmR. BBAXA H AREEND
HHMIZE n/m, XD v/m RIRENEY, XBHEWRETE H A m ©98F
G B9B n FIEF. XMERMERINB=1"EE.

T 1.3 HfEEAR (Lagrange) TEXR: BIRBFFRFRIM, HAEMAIETF.

RIXNERE, FIBEDHT D: BHFEE, HITRIBRIFEE (e}, G. {e.
d. f}. fe. a}. {e. b}, {e. ¢}, XEFEHRINDBIR 1. 6. 3. 2. 2. 2, &
6 FIEF. Fle. d. fRDBIBFAGE, G={{e. d. f}. afe. d. f}}, H afe.
d. fXIEBRIERAIRIER, BHAVEIERE {a. b. ¢},

Zlt, BIMTPER. WHINNEN: 1) 8, 2) BFRIM. BIREE. FTIRET,
3) Abel B, 4) FEf, 5) BMFRESEITHOMN, 6) P&, =1EHE: 1) e
I, 2) [BEREHE, 3) iiEHHTEE, ASSEERINREFRE— AT
FNES, XENEHEEREANEOUR, ERETENERHHAR. 3



TR R TR R RN — T E, FE— PSR
FHRES—IE.

1.3 X5RTFEH

B, RERTFHERNESAPNES. BERENEFE—ER],
XANERER IR,

EX 1.7 HiE: FRigitie, EREGHRRAM TR h, NREGHEFE— g,
{156, haJLlEidefg " = hBXFREK, MERf, hitiE, ighf~h,

HILEY, BATSSCMEREEEER. EAMRefg™ =h, Mg 'hg=f,
tFiRe th(g )™ = f, Hhg™ € G, HIR, HIRIEHRIRBEEME, IR
fi~f,, f,~f;, Wf,~f;, FIHA? EF9HL~f,, FIIFE, —EFEg G, 15
gfhig™! = f,, MHf,~f;, BAINIE—EREh € G, fF5hLh ! = f;, BE—
HFRANBAD, HieBhefig 'h™! =f;, #ihgfi(hg) ™" = f;. MhgRBT G
B9, FrLAf ~f3,

FHIEENE, BATATLAREN S,

ENX 1.8 3: ¥ G MEABIEELENTTER NSRS, B8 G H—1 K,

HTFHIERREEMYE, BANE— N RETLAREPHT— N T RATHHE
9, XNELGISLEEFIICTRANK, ZE—, EitNBERERST. It
WA—E AR, (BRI, 2%, RETTLIRRRRZELL, RARK—ER
EEtEEEY. E@Et. DUIRYIIAERIXERS A,

MF BRI — N T EREX N LR ES RS, RER, }Y— P KF
TUEf, ESET G, MuRfFefg™. ZgER G PFAIBETTENEHNE, BRA FHY
FIEREETR, 21, Bi— M eHlT. (bBliEn)

12



BXMHIERREMENEN, FANEATLIEE:

1) — M EPRIBRLoTRBM—3K, BAXER BT G, fef ' =e;

2) Abel BFRIUFTBTTEREBM—X, EAXNER BT G, BIEELET G, &
hfh! = hh™f = f;

3) REfTE fAMNAI m, BIf™ = e, NISEBRZENTREIIMNEA m, XEEA
ERNREETEAILUE Agfg ™, MFIXANTTE, (gfg™)F = gffg™ . & k<m A,
(" RETF o, Fibleffg "BATIRER ¢, AAMEBER ¢, BAMS =, 58X
FiE. Mk-mbd, gfs™" =geg™ =e, FilLlgfe™"AIRI m,
HEZRAN, 2RES SR HRIEES SRR o BIRFNMmM D=, RiEE

DEIT, BTEWESNETES, BREEHMA—ET . FEINEMAgfs™ #HMIE

KRN, ¢ BRRNE, gfg ' AIARLE—REGHE—TTR, kB AITRIRS T

=Y, g AERHA, gfg "EHAVERR e,
IREEXRAIE—NEERXR T EFITENN, IR Lagrange TEIEHEGAYM

73, ABUWT.

EE 1.4 BIRFNSNEPTENNMEEBEHMOEF.

(EERER, IERATHRELERR)

ukBR: (p=%

BAIEHRIZE ¢ X MERTEARERFITENTEL,

F£—, FTILRMEBS ¢ EZRYTTE h FEk— G BUFEE, iC/H,, XMERE

FEHIEN, RFEUBHAFBEMAILLT .

4. ah,g = ghy, h,g = gh,, Wh;h,g=h;gh, = gh;h,, EHEEhh, /BT

BIXPNES.



Bi¥: Whg=gh, Mh™hg=g=h""gh, HMgh™ =h~"'g, " BETFTXITE&E
=P
WSS, MBS ¢ EZNTENEE G BI—F8F, IC/9H,,
S8 RIERAERARER, FATTLUERE G 12IRHAYPEER, 9E1/9{goH. g1 H,.
goHlg. ). XEMg,H G MR,
MEFNBERREE MEE TR h,, Eh UBH,FFFETER, EHEsha
BUEXMEEFETRINER, ghg(gih) EHE— ¢ EPITRgige
BEAFPSEL BRERPITEARE.,
X MIERRERANToE:
1) FE—PEEE—TER, MWEEPESTTEh., #Meihglghy) ™, BFhTF g
B%, &R#Reige .
2) FEBERRTER, gl SegH,ANEE, AHTRNgige ' Segg . Wl
giggi ' = gige, WBg 'giger ' = gg ', Big 'gig = ggj ‘g1, XBHMERR
g g BTFHy, XK, HHEHIEIERTEH, =g g H,, #TgH, = gjH,, 5B
EMARINAERRETE. B, FRESMERRESHARER TR,
E=2, GHEnINITERE, HMA m, HAUZHMEEDESE v/m M FEES
fEgk. B ERSEH— (HERER) ¢lNEETR, —HE vm 4, XBHE
B g BZETERNEN n/m, n/m BAZE n EZF.
IMEFATBREIR— N ZRIRNRaTE, 1) —MERIRAOTREBR—X,
2) Abel BB TTREBEMR XK. NTXFEMER, SEIEERAZEIAIH 2
GAE, FilAm=n, nm=1, XNEHFRE—NITE.
FEnRAYEYe. KRBTSRI SRERRITE. £ (FRFIREEE) B—1, )

14



FERPHRIARINSRIR T TR, BFFaF. B, MOsEtl, EEREIRYET
TCERILARAIRESR N _ e LA R FEF 2 IE,

ENX 1.9 HIEFE: R HH K 28 C WA T8, BFEcBF G, #8K =
gHg™' = {ghg™'|h € H}, iXBYJ, ¥} H K BHIEFEH,

BIXMEN, FIAE: 1) mMHENFRERLERZENTER, 2) 57T
SHIBRMEIBMRL, FRELEREERY, R, SETALRER TS —
BE, {{e}. {g. o). {@. g g5} ...}, BFROFEFOAILURHIRFREERHTT
X5, tban, EfIFR, {e}BER—NHEIRFEE, {e. g1}, {e, glB—PHIEF
R, 5%, XUHSHRED, sEHMhaRER, EEEARIRIME RS,
BN IXEBE/HEAR—T. EXRNFEHNSNESPHAZED, EEIILEEIE
BEREIN—MESEAZ TR, BERIRE.

EX 1.10 ig H 2 G (78, MR H RABETENRANTRERT H, WiRH
2 G HAEFE (P LB AERTE.

FEFHE—MEHNTE, BN EEEENMTRE.

EH 1.5 8 H 2 G WAETE, BAXMEEEEN BT G, Xh BUB H FFr
BTHEEHMR, fhf '4SHBXN—REEE H FRETE.

(XEX f NEKZE f 2EE—1NET ¢ NEETHEA, REKE—EARAET
H, fET, fhof 'H—X—HB4H H REETER.)
UERR: ()
$—2, XWEShET H, EEILIRAM4aH, XMRER, BEAHEFREF
B, FRLAERh, = f~'hgf, Mthf'HitatHhs, FHXhe = fthgf, BF HHY,

FTL, BT HBAEBSh,. hg, fhf 151 AE. XMIRER, FAa



Rhof " Sfhef 8@, Nhe. hgtE, SRIZFE.
(IEER)

RTHEXEE, WEELNMIF.

B19.  LAIMEABRISRE, ZRiY, BEMET, BLMET. RIBd BEET
RLHETE, NEECEFAELHEIIRT T,
WERB—, MEFFHNRETREERTXNFEE? n, BRHIE
TTERR atn-a=n A5, BTEHE, ALUETEFE.
SRk, AT Abel BERFEHEBREAZFRE. AN TTHRAR—X,
HREZTRBAEXNFRF.

KFRZFE, BE—MREZAME,

EE 1.6 FEFHIHERESARERESH,

ERR:

FIFAEEE 1.5, WAYE Hf'=H, BBA fH=Hf (IEEE).

XA T AL FE, FERPEENINE, MARRCREESAREE,
EERREEMALLT . BT EEBMMER, AR FRIBSEEE R EINE
BRMR, RERD AFFER) ARFEEPTRRR, BAB=EEFH
TTE,

XMRAIRMAIR? Hid HE GHIARZFEE, B H, A8 G D8 G={g H.
giH, gH. ..}, XEFIEEX—RIIAFEES, BlgHSgHXRMEEFHITT
Faiho SghptEsk, SREBXHR: SgiHSgHEARe HAY, ¥ETgHSgHIT
HB— s, SgH, gHEP—1Eg HAY, ®BET g HSgHFHIB—; gH
Sg;H&BRg HAT, BT goH,

16



XEERMEMRIARE, E—MEIEELE—T,
UERR: (RIEZ)
gihogihg = gigig 'hagihp = gigjhwhg, FAiHBgigiH XEERICIEgH,
WHERgH =giH, XPM25Hgighohg = gihy, g =h/hg'hy!, BEHZ
TEF, BglBTH, XEMSENgABTHFET.
EH#, MRgH =gH, MEBaighohg = gihagihpg = gih,. XHERIE, BB
gihagjhgg; 'g; = gjh,, HMgih.he g = gh,, #HMgih.hg, = gihyg'=h,,, #H
g/@THTY, AESENFE.
(IEEE)
XHERYIE, RIE EEREIN=FERAMR, BIJTUEN—"ETAETF
BROEEE,
EX 1.11 5B 188 G BATTFE H, B HE G 9B{goH. g(H, g.H. ...,
H, ...}, IBHPSMEEER— M TR, HRAENMESEPTRERSGES
—REEEPRYTTR, EXFNITERE, B
BEEEER > #nE

gOH fo
ng fl
gZH fz
giH f;
E G TWUPSIVE 2%
gih.gjhg = gih, fif; = fy

XEESRIROBE( . 1. ... fi. ...}F0B G WEHAZFEF H RIFSEE, i G/H,



AT, MELENEEIMR—NNITE, ARNFNGE, ESSH

%, FHINZSEHCHRIIRESREIIRMER EERNE, XBNATFIEH

PR, MRS — NG F, FITTLUBHEFSRERAS, LR

TR N EPEE BB TH— B,

KX, FIIRREE— M FRIERRAIERE,

510. D:Bf, CHITTERe. d. f. a. b, ¢}, FERNBENIE 1, BEERE
=, STECHIDERER. IR, ()Bi—K. XY D:EMS, a ' =a,
b™'=b, ¢c'=c dt=f fl=d,
3t a, HEZ%TER d lad = fad = fb = ¢, f 'af = daf = dc = b, alaa =
a. b™ab = bab = bd = ¢, c"ac = cac = f = b,, Eltt;, a WELETER
b. ¢, BARIMERRZ 2, BFA— L.

B, dNEXRTRREf BIINERE 3, R—1%. D:BEE=1E
ZHEFA T, BRIFES (e}, G, {e. a}. {e. b}, {e. c}. {fe. d. f},
Heh, REZEFEB e}, G, {e. d. f}, RERE—MIFFE, iCAH, B
HH, 518G 2 AH, aH}, YEXIRLH XS fo, aH XJ fi, #5Ef G/H, &
E— M. O ERZMEIREE.

1.4 AE5EE
FEEIALE, RITHNEEHESNEN, BESEYE, BEEEXE,

I

TEHNRRSES, RATHEXA.

EX 1.12 ENEE G RIBf F Lk, FE—WRRRRE e, BiX|REFSHR
FHRHRREIESEMEARE, BMER G PR TESRIRNIIRGS, FF8 G PH
AN TeEIRGIROSRIR, WEREF G 58 F @1, iclF G=F. IRGIOFRARIEIRGT.
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EFIBRESHIERR -

1.2 BXETEE

IR TRMEIZEIR TR, EERTRRFRITIETTER, AR, EEREIA T,

—WNXRBEARMI. NEFRE, BRSNS EERNGS, k8

NGNS

B11. ESERHE. LE5ZMERE e, a) TR,

B12. =M EREFS D 2R,

Bi13. B G RN EAHFEFEHEK, HEX, RFEE— M EEN g BF G,
{EEXHERMIh, € H, #88k, = gheg™! € KSZXIN, XNTMFERZE—
X—HY, RBATTEMNNEBAITER, BEETENNEETTERE. LAE—
NIRRT R,

EEan Ds B, B=1FEfle. a}. {e. b}, {e. ¢}, EAEEHLE, {e. c}=fle.
ajf!, BIEEERA,
[EaRIEFE T £ ERVEFEN , (BRERAIEARAE. tbal 2+3=5,

ENZIREERE, RARERS, R LFERPENE. 518, ERHIES

BEIRINERETRE.

XMEEESIREAIREEMR M ASHXRRRBIRLE, BRT XM



FTE—X—BREERENN, R LUE——XMRHESEHE—T, X1 K
M TEEHNER.
EX 1.13 [ RTFEMEE G TUBE F ROHEIRES (E=, 2B—X—7) o,
BN RS FBRIFHIREEEMNESRE, BRER G PR TEFRIIR
5, ST G PR TEBREIRISEIR, WiReF G 58 F BT, icF G~F. K&
PIRARITSIRGS.

ERMREIHIERER

G
g\ N—
g -

1.3 FAXKREREE

BRF—— SR T S0, FTLARISKREAAIE,

XE— P ENEERIHREFEF AR, HEREREEERR T —DREk
EXR, BXfrE, X—OEEANEREZIFEXRT ., H/HBN—NRIH
EESEEE, HE5INXNEEZH, AliR— MARBESZ.

EX 1.14 AS#: & G5 FES, B4 G 5 F HBRATEMRAIFETE

HEF L, XTRSHFEENEIREHRGIXNEKR, thiIgE—ERIEREERER. &
HABIR AT, BAIKERIRHIER T, EHRTRITCT, BRGFIXNERTFE. MRS

HSGHERI—EE, BT — P EK,
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R EE, MEFE—NEE.
T 1.7 (FSEEE) 865 FREE, WE:
1) AS%H 2 G WAEFE
2) @B GH S FE,
(XNEEESLRICESE X AR RRIZEMHFIEATRE T, EAEAIaNR
BMNRSRIE X HREZEVIIER , Fl)aTstanE L REPSHMXENER
1) Bfy. fi. LXINAY G FNEER g TTRERINMA—EHER, BEARRR,; 2)
BNMNEBRRNTEER— &, BEIRESHTAENGN, tilikalLAZF
B TLIERESE, BRETNE, AARERIN.)
(ASZEBESRRINNEER: 1) 8V BEBERTEMUER; 2) 5F4H
RITTERX A NEB RN ¢ TTRIVESHIRN G I— M F8E, 3) XNFEELE
FE, REALTE, 4) HEBENUNETHREE, 5 NRIEXSEB SN
WHITTER , APARETTRIIESTZARIRTS F B2 R, (RRIXNMEEXRE
aE? )
R (9=%)
£, SIRSZETE. HFR DEE. 8.
i, Xh,. hgBTRESZ, FAIRECNIRINRY F hroEehEl,, BTRENR
MAZE, BBAP(hehg) = P(h)P(hg) = fofy = fy, hehgthBTER .
Bi¥, h,BFESK, Bibth,'BETES%. RIE, &h'NETESZ, B3
RIBITTERAS, BBAMS—AEE®(hhy) = @(go) =fo, B—HEP(hehy?) =
O (h)P(hg!) = fof; = fi, WHRWRSLEFTf. XSh ' FEFT H, WNAEAFT



foFiE. BEUFRISAMIZ, h BTFRESZANE, h' BETRSZ,
$F, BILHEAREZTFE. Mvh, €H, Bilfgh,g™' €H X3vg €G plIL.
FBREIEN, FNBECIEAT, gheg ' XIM: @(g)@(h)P(g™") =
D(Rfe®(g™) = ¢(P(g™") = P(go) = fy, FATkAgh.g KRBT H, H ALK
T,
$E=%, GHE5FEM,
EXE, BEHERINC H LIRCRIRESEe H. g H. .. 23lEBSRHTAITTERIZR
RIEE. FUERAES F AN, FIEAA: 1) H SEERPENIESIIMN F f—17T
5, DFASEEUNARTER, XEFE—W—HXEMIZ. BT G5 F ABET,
TOERZBRIFN, AN —RX—RIXENRAIZ, G/H H5 F F4,
XHREESE—RRFE, HPoREEBINT,, XMNEEARSZIEN. FEiT
gHPTTREBXINO(g), iBf. B_R, FEAKESXWNAR F ftE, ARIE
%, RgHAFTgH, BRNAEREE, MEIXMNEL =, XEERSE
g gh SIRLf ify = fo, XBFRiRe ‘gho BT H, #ifei 'g; € Ho XHANE
HEHEE, HMAEgHET g 'gH, FTgH. SEMFE.
(IEEE)

Rk, MEEE =2, HiIRHETESMRERLTFE, H G XE

SAYERES F @S, TEE/LMIT.

ERY, BIEREXMEN, LIRSZNERBETRAIES F B2 BR5E. XEREEE,

{e}2 FOREFE, ES%E CHARTFHMBEEEARAT Y. XNEHE— I ox NEZ
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B114. D BEE"MEREE 22 BS. I ARXANRRIVE? EABATILERT
B —NRIRETR R, XMRRBERFBRENETZE,

1. 4 Ds S "B RISK RS E
EXE, REA{e. d. H2RATZ. MRAZKEZ D: BRIEFRAIBF—IT
HIiE, REZEE—MEEND, B 6x6 BB EILMLALL 3 x3 IER
EATTHY 2 x 2 BIEEH). R —MEAEFRIEEA T,

FERHRGSKERIRPEEFS F B, Ik, WRNETHRHS F R
1, BEG15E G 5 F BER? XNEREEEEN, FNREREEHIE IR
MEFERS. BRESREERZREE.

XM EHEAR AT LR — T RIEH XSRS, EABER—E
PIALEEN HR, RREREEHXNEX L SHIREER. MTENXE
5, MRAEFRENER, JRIFSTEREMHA. BIERX/L91E, INEEHE
HIE, (RS RZMASEEEE SHTTERE, BiE EHNERREENERRER,
EREMXNRE, BTHBRTEARR: EX. BE. EX. E&..... A

£ 2018 FREFHIBRIIHMRRFIRIIREIRY, HRZANRBRIXNTTIURE, XESHE, #

ARAR., HHEHXAREZ!



MR F BT — M IFRI AR, FIRAXMER, RIEEBEEY
B, RSXMESRER, FRUREXIUR—E, #HARES, 7
ESFIREMESRAIER NS BRIX R, FSREDXMXEN—
KEASRHSS ., XTFIXMRFARS, HANBRERERMTA. FTEEHL
MESRRTIXHY,
EX 1.15 BFEEIRET:# G BIBSHIFEEIRET, iTH v, HFEIER Ve, €G,
B V(8w €GE5ZXIR, BRSTEMERE, B v(g.8p)=v(8a) V(8p).
HFXMNEN, HIFNEERIMEHE ¢ PRATRREIB TR, B
ROTTERIREIEERITTER. B IERIE B EHERGTE—MEE, BRILAE—1TT
=. MSICFREEF G NERMEBSTHE—RE, BALUER—E,
EX 1.16 # G HBERISEF: MREANICE G WAABBREREE—E, E
XEAERENGIREE vi 55 v: BISEER viv: BSEHITEEEIRGT v., B#TEEIGIR

72018 FEF, EXMHMUREEEIRETS, EFFFIURSERBRALEH, HbhE
XE—aIERmAEHS : Starting from a few innocuous sounding axioms defining what a group
is, an elegant mathematical structure emerges, with many unexpected theorems, KEUHHIIEZRE
EEXERARIXFRGT, B, FERRSEERIAZMEIARIFL, 5|7 18 HIE—NE
EZEZH Polymath (IHEMISSEFE. J1F. I8) Jean-Baptiste le Rond d'Alembert (1.L-%f
BHIABAIN/R) B9—AIRS: Algebrais generous; she often gives more than is asked of her, tHY
WRXNMEZ, EREEN—MRERGEL, tRET Geometry 72, fthEXMRKK,

WARBETA. EEEHNAREIXBERR R, BERFNRRT, BAREATA, E5

EEE, WREH,
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8 vi, BBAFTERIEEIEIRGIZRZRE— N EERY, XEEAEE G MBRIEEE,
it/ AG),

ERT, FADEATLUREF G NEREWEEE AGRIFEFFRARE G N— 1 EEE

. IR XTAGREETEGCHMEERMMET, m — M EEEE 2
BRIFEE, A — RINTARE. EEEEEE AG)RIFRF, FREXEFRF
B, BRIBEMIRETRIE X LRI,
EX 1.17 AEEEIREE: E8f G PE—1\TE u, HEXE G PES—1 7T
= g iH#fTugu 'RURIE, BMu(gig)u! = ugulugiu!, FRAER— BRI
BT, FRAMBRNGIRGT. ICXEUBRGITE—EERRERYEE, FAORBREEE, ic
AI1G).

EIXE, WAEEERE, FER—a, HEBAE v, FIaEXtNAIRRETE
B—. tal, B2 Abel B, BURE u XIMAYMRETERRESMET., XTFHRERE
1ORETEE, BMER, B2 AGONARETFE, XNEAEMR?

FOERAEE a8, PN HE,

1) A%, ERNEREWEIRE, h, BiIEXRMETAfgf 1. hgh™', iEA vi
v2, BAIIRYERFRYT: fhgh™'f~" = fhg(fh) ™", EER B EHIIRST.

2) B, RINAIKNBERMRE gt~ B5f1EXNRE RERETRIAE
f-lfgf~'f = g, 1EZMRET,

HIFBBEEARE TR, XMEMEZL, MERIEY n E— 1 MHWEREIET (e

1G)), vE@— 1" EEEIET (€ AG)) iF, vw' B— 1 HBE RIS, BHEL

SElEARE G PEE— &g b, 2658 vigaw!, X8 uw 28 G FI—

v



(BEXMREETE), v 21T EEEmRE, v REf¥, EE— 1 EEH
BR&Y. 12 v {EFEEIg, L15%8g,, BBA v EFRIgHiaEEg.. 8. 28 G IR
— TR
MEE vw! FARlg EEAATR (vwi(g,)), STRERAILRER, BE
viv (g = vu(gg). AER W IEH, EABR—INEEEMESS, LSRN
wgp)=ugpu!, HPXD u BBTF G H—MEETTER. vu(g) BEEET viugpu ).
&EE v IFRLEAR, RAFRARESTIRFAIRIA, ATl vuggu)ET
v(uv(gg) v(u!), BIERE, uA G HPEETE, ALK —MFERT v, v(u)/98
G HFE—EETE, B v, FLSREIREESSIEE G F— 1 E
RETTER VWXIRZET v(w)5 vy '. I8 v(gp)=g., BPA v YERIEg, ERIRIERT
B gy, B v BP—PEETER, XM RGN B RIS,

(IEEe)

BI15. =MEIEE Zi={e. a. "} NEEMBRHTAET, BRTTEBMRL?
BATERMNEBAITER, BTXIhiET, FAREEREEERET. 7
{EEMEY, SeBle. aBla’ o FlaiXPMRET, BREEESSHNTE,
SZ”HEIREEREA.

MAB RS, EJ 722 Abel B, RESEEME, NEREEEE
EtIRFHIAT F B,

1.5 TiREE

IR IR ARTARORE, M THTE D TSR IR,
FTLAEASIRE SRS SR, REN TR WIE SRS FEIn—FEE,
SEREEEHOSE. SEE, SOQR, TISLIMMENES, &
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IR RERAVBKBRIIER R, EXYEETHMIEH, HIISAEIERE
—ElEE. TBEIIMEN.

EX 1.18 TR, TLVITrEE. TRBE: I8 X B—NMEEERS, X={x.y. z. ...},
f 21 X MAREBSN——#lRE, fo=ye X, BBAIEAE f 7 X ERIZEIR
SR B,

EEREN E, NRMEEN X _ERIRNERR . g RISRIRY fg /95X X #
178 o, BX X BHTERE f, BINvx €X, B fa(x)=f(g(x)), BBA X LBk
FEHSREMN TR — B, FRA X ENZEXIFREE, 159 Sx. BB 2
Sx BRIt ER, BT f SHFEERAEEITER. TEXREINFEIRA X £
AUHRBFEXIFREE. & X A n DRSS, WRE ERITEXMRE A X EHY
n PYEREE, /9 Sne XIBF G, SFANCETAATIISE, BHEETENIWR
B, iCH Se. XTF S, BNHINEH.
iEIE 1.8 B3 (Cayley) EIE: & G EHETF ScHI—1NFE.

IERE: (MEKE— SciFEF, BIAES G Fi)

EXIXF—PER, B G PEE—TE ¢, BY G HTRIZRRHZ oG, RiE
BEHEEE, BHRHBMNX—REGE G RAETE, ATLUXE G EI—P R,
& G PHIBANTTRESMHE SR ¢, SMENERMTRIINER, SHNIEFE
. T g FAXSRzAISEIRATIE R ¢! FIRSRZAT3EIR, EA ¢'eG=G, XFFEH

LIZR—A Sc BOFEFRY. REAX S BIFEHS G A,
((n2=2)

FENRAIEIREREFARAIMER, RENETIRBMENES, KeEXER
YR, RERSRERNREEN—MESERRRIRPTRAISNME, LR



SZEXATHIE,
EX 1.19 Fff: 18 G 9 X ERYZEIREE, B x, ye X, 3ge G, {5 g)=y,
R x 5 y Fift, B85 x~y.

X MNEN R, BATTLIBSRFETRIHIRILREL, XBIIENRAPIT
RSN BEEEIINTRIE, XEFMBNXNTRYE, ENES x5y SN, vyt
5xEh, BARAFE BT G, 18 e0=y, T GCR—E, BABER
T g B9, #18 g'(y)=x.

TERs, IBRIRH x~y. y~z 58] x~z, XMNERELNEE, FA x~y, &8
g BTG, 8 ex)=y; AR y-z, B BTG, F5 y)—z. HTIERFHIRIE
REM, BIFN fg(x)=f(g(x)=f(y)=z, MEN G EB—NLHREF, . ¢ BHFTER. B
A, fgtER. XA G PITTE fo 5518 x 5 2 1.

BEFEMN, BRAINETLEN— G HUBRIRES:.,

ENX 1.20 x B9 GHiE: i& G 5 X ERYZIREE, x B X PR, HXPRES
x ENMEITROES, B x B GHiE,

XA Z RSB TRRAIBE S EIAINTS, SNSRI,

KFTENGIEEBI—MES, FEFE, XMEFE, HATHE—
MER, XMEGHFIIRER G PREERRX MG+ EL, BRE
BIXNEETHTR. RIS, Ha:

EX 1.21 i G A X ERyZine, A X EHFEY, W G PESTE ¢,
EEINERERTF Y, WiRY B8 G £ X ENATFE,

HIXMEN, FHIJTUEL:

1. X FEA G HUBERRE G AEH, FILUXLE G UEREHESE G
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X EAIARTFEE,

2. X PRMESFE Y, SREHE G B— 1 F8F H, (18 Y Z H AL

EAXRRT RAESEFELR,
BT

Ay,

Bn6. ik X BZHFE, G B5 2 MM HENE, G-{CW)],

X={f = xi +yj}, RIEATIGRE, FEATHER, WF X PEE—R
r=xi+y], G PFLRCGWIEAIHELENKRE: = (xcos¥ -
ysin®)i + (xsin¥ + y cos P)j,

RIBRAIRIENBNEY, rSrEFne, LIRS o AR, SriEE
LR, #EEEN, BIINSEEEHI G Hid.,
XEROEREHE, B XHNFE, B2 GAEN, FUE XK GAE

?

"

SN —E EFEERIN N REA X IFE Y, XY fERRAIARZER
THREFHE G FHIFEF H, H B SRURFM RN n2 LI ERYEEIERN

1BAF.
FERY, XBESFEYHE— GRIFEH, BEYXNHAR, BY
REE X FH—1 R x i, XIARXRRZEATLRREX — RIS, 2

E[FFEF.

FiiE G'={hheG B hx=x}, WiE G2 G I x RIEREFEE.

EEX MATEXEAEFRIT, (RTLUBESR—MRE, MERER

FEE. XTERFEHERIARBENEEREEA. XTea T EE.

EX 1.22 18 G B X LRIFEREE, x B XH—=, GHFHFGCHRIFxFE, t

g



EE 1.9. 12 G'R G X x HiXREFEE, W GBS EREE x A G p—4
HENS y, BARRBEIEERATRENS, LMERE x B ChiELHR, 5
G* MRS ——XI R,
iER: (BER, AR, —2RE81 x 1 G B LRETR—NESE, BixA
PEETFATTRENE x TAX—R, ZRNAREEXYRAFS. )
FEF—R, WHELNEE—Ry, Ho-yEE, g BEARET G H
I, FATATLAEN —MEEE oG*, BEAVES—ITE oh, EFREIx £, #EFTF
ghx=gx=y,
BEE_R, BIARBENNARS, RIE, RAFRESEeG*. g, RRFE—
y, XHEHIEHMSEE hix = gohox =y, HFh, AIXFETFEITER.
XA TR LU —518% g5 g hyx = hyx = x, HERiHg; 1 g, h, BKETFEENITT
= Xtfg; 'g BABRERAFEFPAYTER, XAY, HERFEEMG* = g;'g,G%,
BLg, CHMEARFT.6*, SEHFE.
(IEEE)
FRIXNEERRAIEAESEE G AN n, EEXEFEHCHMA m B, & x8
G B LRI NEFER vm, (REHEPEFSRR)
(BN EXTUAMESHERAYEIF)
BI17. 1% A, B. C EFEE=AFN=TRR, REEE, D; SEIIFRE.
AR XH—R, EREFRHEMNTA? (BF: {e a})
XMEFFEEAIAPEE bie. a}={b. 14§ A BRY C. FBEEE cle. a}={c.

dif A B B, & A B G HUELRRIDELRE 6/2-3,
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1.6 BEIRS¥ER

XEEHNERSFER, SFRESIRS, BXFFEESEEs. K51
TFEIXM T NBXI R EARHEH— PRI, EPREiESaEE T aRan
BEENERTEER/N. FEE55—L, ERMEEN— M XERFER. BEAKX
NMRE, XBEIPREREFER.

TeMNBERRFR, BiRiERRNERNREE G5 G, RWE— 1 G,
MIX MR, 28 G 3Pt E, g, 5 G EPITE L152g,,
BB BRI g.s = (81082p). FERNEHLENITTR s = (81082p) 58w pr =
(810082p) AT TRIERS, WEMMER  8upSurp = (810828) (81e082pr) =
(810810082882 ). FINERXIF, BT G FANTERR, 83— G TX,
BT GBI ANTRIEER, 52— G.tR, BHEXA G 5X4 G uHEA
B,

FRNXE—MEFXLUBSREEN, HAIRALUEN— 1B, EAFEE
N EFAIEEES T, HMEBERENN T .. HNAF2IERX M ESHEEFNT

N &, BTSSR — . TERS—SSUERXINRERZ, XNEF
SRR, B HEXEFRN— MBS G 5 G RIEREE. IERRRIURH T
| SR, RAESCHTAENEEAE, g 5.0 BTIERIAR G 5

G FITEEHRNE R, BRBTIXNE.

2. EERE, BB (8ap8ap) = (Bupa'p) 8up’, EIREENH,
8ap(8arpBarp) = (81a82p) (81a8rarnBap Bapi) = (8108100810 825825/ 82p11)

(8ap8up )8up” = (81081082825 ) (8107 82p") = (8108100 BraB2p82p82p")

METES.



3. B{IITER, (zog0)FERME—,
4. 55, X(giagap). WTTA(grdess), FEEM—,
EFXMNIEE, BRI SMZREMERE T, BENT.
EX 1.23 BREE: BG5S G, SRBM—1MEET, 8198, BHE—E
Fidg.p = (81a82p). XLEBFME—IMES, MBIIE—SENXIMES
BN TR Eop = (81a828) F8uwp = (81082p ) EEHITIRIER, HERIHMME
BapBaps = (81a828) (810 Bap) = (810810 B2p82p ), BBAXANEATRE— L,
XABEREAA G 5 G:HEREE G, 128 GiRG:,
RIEEA 1 A S 2 A T RINTEIESHS (BB RIRI AL RBIREE,
AR G 5 G FETERR G, XNEMINBRIELX, BLhrt, R
HAWEN G 5 G774 G TiERIIKE, #MXIN G oA G 5 GRIER, i
M2 G MBI Y. XPNREKAIESIERD#E, BT,
EX 1.24 HREAF: —1ME G, BN FE G 5 G, IR G FRYEI—4 7T
ST —IFRTIEp = 810826, HPE1/BTF G1. g82BTF G2, Hgra82p =
g2681» WGR GIE GHER, G5 G: 17 G WBEREF.
fig/MEEE, RIEEAESINERERESE, RIAT G5 G E=rmiE
F3t. IMEFINTERE G PTRS G hnRobIiER, AEBRE—IE
R XX NRN, BLEHXN KRR, G 5 G PRITTRBAIRERE,
Bel1EkZ=, HALlES, SikBRENEHR, BEFREFRITERE—E
XS, gia g pafReBIdsREZSEI—En, HMNREEY G5 GEZT—
WMHEREF G, WEREEEHALFEN.
EREXMESBLMRRXYERE G 5§ GHRnEERE BES,
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HEM G ITLIEIEEREF Gi 5 G AIENR.

FENRERPNEXDN G5 G AEARENRE Abel B, EXREXRE(]Z
BSEES. B, Gi. G5 G ZEFERMEEXR, 1) BiIRE— At
TR e, 2) BiIEE G NALEFEE. XNEAIER?

FER R, TRHZIAVBERAITER e XTMRHETE, UESIEE(IREX
— TR, MARIEE. ’RT ¢ K5 a EEMNAITER. MRIXE
B9IE, BBA G FAITTE o, MALAER GiiHe. GoiH a, HERER; ZE Gi
tHa, G:ife, HHRIER, WMER. SEREFENRIMESE &K, E—ib
RIN/Igap = 810828, HFE1/BT Gii g2BT G2, FE.

BEER, G5 G2 GIAREFE. XNMERRER, LLG A%, H
PEETTEg ., HRETEN: (B108)8r1a(8i082p) = BrwB1a(@1a) ™", 5
BT Gi.

B/ BERERGIF.

B18. X xy FHEH ERIRENETER, HSREAEEME, N xy FE EAER
ENESHE—1EE, 1CA G, BX z LB REZRFRIERNIE
BiEF Go,
WElWeER, =4 EaMERENES. [, =% aFErE
HNES, ZREEIMASETTRE, A0/ xy FEAKEE: G 5 z H#
FERRIEE G FIEFR, G5 G, EREF.
X8, o#EEAE— ((HI— M FES— M AETERNELEHLL).
BEE—FTENET TG, G 5 G EHEEIIRE—AHTE,
BEE(1EE G AREFEHXFMER,



B19. 6 PMBIRAEE Ze={a. a*. 2’ a*\ &’. ¢}, ENEHF N FEE Gi={e. a’}, Go={e.
a’, a'}, M Ze PER—NTRETLIE—ERL G RS G TR
TR, BHG 5 GREER. XTEHR, Gi5 G M7/ \MEHREFRER
BHF, tBERENREFE,
XA EEERRGIF, XA RE, RIERIEENT, D BREHRER
tRE, EXECEERRFE?
#5120. D: ¥, BX Gi={e. d. f}, Go={e. a}, XHY D BFPHA— TR BATLAME
—HIRILA G FITERg1. S G2 FITERE IR g 10825, XMIRBERE,
BR, G5 GHFEFRES, 52N .8 # 82p810, XA, DiFEA
BR 65 GHNER, G 5 G tAEAN D NAEFE (G B, G FE).
NHXNMEHE, FAIBERFNE D LA G 5 G IR R RAIAY,
XANEHER, FAITRERERXMES, HITEMKRER, IBXMEEXRHT—
TEREISEH, MRRBIM—MES, WHEER,
FEHIXMESE—RRER, EEFALL (FEARESHRN).
EX 1.25 FEFR:EEE Gi={g1d), Gr={82p}. 3 G, MTFHEERHFIREIEE AGy),
55 G: 5ZEE, BHMRRY G: hESg,;, ESALUESXANFSMES,
HE—1 G BB REERE Y, . FIAXIERERE, BIITUE -1 G
#5 G BHnETRNBRENg s = (814820 9FE, HEMEZMESHTE
FIEFBE: 80p8Barp = (81a82)(8182p) = (B1aVe,p (810 )B2p82p/) FHEIEKAIE
HERBIXHE I — MR SIRIRIXF I — N IEEIGREE, BRI G 5 G 1Y
EEHREE, iCH Gi1®:Gz,
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B TESRARARA X MR, KB, RER, RSB ARSI,
FRABRA JTEE SR AV B T A AR B R AL R R A/ B T OB T 2
T, B, RN, SESORENEIIN, FBARANSHIEREIVE G,
K5 G HIEA B EHIRETRERRS .

SEELLRLE, TRARNIAE, RESR—MIN, ik G 5 G.rER
STBLSHETR, SEIFOERY. BEEARTHERINIR, EREE G, TR
g FEIIREIELE G1 AT, o BB ERIEIR G TR, JAR. RE
Fh, SERBRINERE, EARIIRMEFONESNSEEAEN, BT
XAk, SEERE, B G hTEe, REFHRTE, BIRFETNE, (R
Bk, YRR, B G RIS TRV, (8100

SIS ASIEHSEANE? 3 G FEAUR G HIE FHIRER, 3]
RIS, FIAMEAEAIEER Go FRAOTT R AT ABERE G f9— M E GRS v .
X EFIIRE TAIRHAEBIR? REIRAR— G htRe,., RS
B G B AT R v, (810, AR, EERRITORIEHE, g B MY
e, (810), 51 AR, FURERRITR G BHOTER G Ve, (B1c)e TiEopIE?
EFEA. BUED, BHBIARTE—RIINERS, BOERIAHRIE
A%, BEISEMe. AR, THRTERFNE G BITE.

AEETOER NIRRT EENRE— NSRRI EEER, WT:

A ‘ L]
(L5 G2 5A(G1) K R E)- (BEST EIV g, 5E):

* Vg, “Neag (81



1.5 ¥ERXERFEE

FESEERIX TR, AEROAEET AN, TERIIEX LN

FAERORUE, RATUERE S TR— B, RIMERONERRTS, mxA

e, B IFEIR A EAR MR

1. Ve Bre81) = Very (G1e)Venp Brar), Ve, 2 1 HIEIFEBASY, TRAIROBRSTS
FREIHORI, (AR EEAEI MBS R)

2. Ve 8100) = Ve Vg (8100, 820820, Go BERENFENTERAOTAR, RIRL
G1 B RIS vy, o, AN FHIBRSTVEFRE g, 185 Gi FREI—ANTT
=, BERIDONE SRED, g8 G R— TR, BTS 6 HER
F9BE AGHRIRS, tEXIR—A" G (OEIRIHIRE, v, AN FIBRST/ERD
Blg,0 b, 155) G FTEE vy, (810). SRR g, RIR— Gi BOES FHIER
vy, XN EEINIBST AR, , (5,0 VSEINER S S EMIRE, X4
EEEMERY G 5 G NERIEE AGHRR, EXNFSERT, &
FROBRSTEE T BRGTAOTAR, FiAve, g, T Ve, TV, e (AR T
1 EESDFA FIRETER)

ERE:

PUERA VB RHONER:

1. A, HHE:

(810828 )(810/826")) (8107 82p") = (81a826) ({810 82p W B1a 82p""))

(810Vg, 5 (810/)82p82p") (8107 82p") = (81aVg,5 (810/)Ve,pg,p (81a/7)82p82p"82p")
BBuET
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(810828) (810 Vg, (8101 )82p'82p) = (B1aVeyg <g1a’vg281(g1a”)> 82882p'82p"")

:<glan23 (gm’)"gzg (ngﬁ’ (gla”))gZBgZB’gZB”>



F_EE4RRAYSE — R A& FTUNAL,

2.

HIAM, GHTENGS GHPIETAEFRY, BN TEEmREREE
AMNARXFRIEFXS, BB AL,

. BT g, 20 DHIR G 5 G FRIBALTR, G RERRITTERIIMAIBRES

FEERGT, BRIHER— G NEREMREHERZ g0 LEBEE! gio. FRLA
(8108200810828 = (810Ve,, (B10)82082p) = (81a82p)
(810826)(810820) = (81aVg,5(810)82082p) = (81a82p)

ETT: (81482p) HIETTII(v, 1 (810)824)s IXMEEVEAEHRAT?

5B GBS, BRER, #le;, EATERYREIRES, BMUE

(CIFG:N

BE G &Ry, BRER, BIITRETH GO Hg1w. BEEMHE:

(8108281810 825) = (B1aVg,(810/)820) = (810820)
B RYg, (810) = gra WHERG1LIL, vy (FRRIXANHFFER, BB

81’ = Vg3h (81a)o

(VEEE)

KTHERE, BINUREZNERAE G EERNAZFE. FHJ9:
(810828 )(81/820) (Vg1 (81a)83)- - (220 I RLIEFERET)
= (81a82p) (810Vg;3 (81a)82085)
= (81aVe,p (B1aVgy3 (812))82p82)
= (81aVg,5 (810 Ve, (Vg;3 (87a))820)

= (81aVg,; (81o)81a820)
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B2 G TR, BGIREXMHE, X GHE GIARE TR, FEHHME

Ag=T2N

5121, D: B¥, L Gi={fe. d. f}, Go={e. a}, GiIHIEEIIMEIBFERINITR, Ve
2RSS, v e A e, fBA A dBRAf, FRL G 5 G HIXANER
HERS. XANEHE, HAJTLUENFEREITER: {(ee). (ea). (de).
(da). (fe). (fa)}, TRHE D:BERIE, BATILKIEENIDBINIRL: {e. a.
d. c. f. b}, G5 GHREFAES, EREHT G5 G HIBEEIFFHIE
SIREFRER, Bl 18 (da)(fa) = (dv,(Haa) = (ddaa) = (fe), XIRZE D; Bf
FOTRIERF, FE cb=t.
I (fa)(da) = (fv,(d)aa) = (ffaa) = (de), XIFL Ds BERERHHI be=d,
Eit, Ds BERLL Gi={e. d. f}, G={e. a} WEFRMAIFEERLEN,
REMNFERE, HF G 2 D NATFE,

1.7 J@E58%E

1. E8: RE—N=ME.

2. \F9: FFRIURENTE.

3. E83: BRAINEE, BHER Abel B,

ANIEEG = {1, i, —1. —i}, BREIFFENFETE. I8, GIENEHE
Ha?

5. eppmmes, vromEa( 0 (] ) LEImESY? st
= =

6. it Ds BT RS AT TRY,

7.9 FETFHASHISEFSATHIT, TR



8. — AR LB ENAZFE.
9. IER: FRETTINEERrETE R —MAYEERE Abel B,
10. I FHI=NERE, RIEMESREAN, RER—1EE?

|

oS OoOr O

B

1. FETENRENES:

fix)=x; fL(x)=1-x,; f3(x) =x/(x—1);

f(x) = 1/x; f5(x) = 1/(A —x); fo(x) = (x = 1/x,

XN RERIFER R L S E R &R HE AR E RSB NSRRI EIR RN
RERRER, W(f£)(x) = £ (f;(x)). IEBZESEHIEEEZNTEA—NEF, B
1ZEE5 D; B¥E,

12, RCABFFRI—DEE, CIHCHTRIFENES. IR CBRE—1 %

13. SHTYIERAE:

:(123 4 5 6 78) _
P1=13 5 7 128 4 6 . P2
(123 4 5 6 78)
2 5 6 8 1 7 4 3

FHE(Pap2) ™t = P2 'Pr

14. TH=MXIFREF S; HOFRE &, FHEHB N FRIRARTH, BITER
By ;o RETES

15. K7\ EREFHIRFE AR TR, LAREXINAIREES.
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16. FARNTTRASBER— B, HIEENENXRI: A? =BX = (AB)? =
E, IHFkEXT 1 BIBIREEEL.

17. X D: BB R, BERRBREEL?

18. RBFRE— W8 2 B97tz=h, A Xdvge G, Hgh = hg,

19. 72D, B, BUFEG, = {e. . 2. r°},G, ={e. a},iBH:D, = G, ®; Gy.
20. £G =HQK, iEBA: 1)EEG/HEKEM; 2) G5 H M KEZ.

21. G =H @K, UEB: 1)@8G/HSKEM,; 2) G5 KEZ.

22. =M EHEEHFHESRERE, MtAar



BT HRTEL

2.1 B#RT

IS T BHOEAE, RS RSEAE S A AR, XA AL
MENCIUEERRG, ERFNAIREEMRY, ETREARSEHET.

INRF—IERIGAREFR X MESAR OBBANE, BATRILUREREE G
LMESE) V_EREIETNREE L(V, OMESISTXER. EHRRETEREMT
SIXR, BREET M RINERTIBSE— M A SRR 8,
IREBMLENEINREE, ARBATLISCEIIRR— MEREE. TIERMITISH,
HAIEHG "R (REIENE) EEmSERS . MmN
FHORHE, BAIHSIEAIBXA "FASMEER (bHERR)", BEESHRE
MBEHR (BRSEIIREEEE) RE,

R, ERRERET MESNEE (BRTMSEEEE 2.1 Z8), &
EAAKIEATR, MAISCERARE TR (RN, L3I
TR MESENERZ 5, BiISMEA R S e — N R
5 — M ECERER TRHRIFRNAR, NEE 2.1 25, RITEFERS,

HAVIBRLIE I, NEERIHMARES, NAae. gt
T, BEIEMIIREL,

B 2.1 SHTE: AHESARNEESE, SRENESE K (AIUELH
% R, ARSI C) LHRBES V=, 7, z, -] &V HEUE
SNLEFIERAMIEE, 8%, J. ZBF V, a. b,  BF K, HEIETERE

SHTERE I REMENERE, XBAREER, REMENIMEEENZEHR,
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AL, BXnEHER:

1. THERE, X+y=y+X

2. £, R+ +2=X+F+2)

3. Bif—0TE, WHESXBF V, 0+x=x+0

4. WMESXERF V, AlE—(—%), EExX+(-%-0,
POES'E 3T TR

1.1 X =X

2. (ab) X = a (bX)

3. a(®@+j)=ax+ay

4. (a+b) X=aX+bXx,
XERHRERE, VN EERSIAERE— M ZMEE.

Lt RIRNEEN—MIFRERANITEAN=4LZE, X a, b, ¢ &2
S, VPR RE=HTETEE. LUTEF, HMEREEN—MESE
SRR EEIETR.

EX 2.2 =@ VR, EF2 0 MREEX,. X, . X MEHEASa, X, +
arXy + o + @y Xy = 0B REa; =a, =+ = a, = ORYRKIZ, HAXLER
BRGNS K _ERYE, XBT, BX,. X, o X RLEREEHETX.
&, elilkiEax.

BT MR — MR &I ERI4EE.

EX 2.3 ZEFEAREETXHNREPNRKANE m, FRA%LIESENYEE, ic
7 dim V=m,

BT %E=E. S, T—EBIIMATLUENEXT.



EX 2.4 BE: 1BV E 0 SHHSE, WV ES—E n MEETRMEE,
EILMARE V ER, iE8(61, & . G)s
MR IR N RRHIUR AR n MEENEHES, X =
Lod, SRR

Hep, BNAX|REAEEXARLX FHMIR, T4 k | HILEN, &

Xn
1 0
i[O () o e [0).
B R Y

ZaTE LT IRES T, EXUT:

ENX 2.5 &4 HHTIH A 2IS%ME=SE V RN V IR, BREvX, ye
V, acK, A: VoV, AZ eV, Aax + §) = aA% + Aj, tHEREIHXATIRIERE
RENZEES L, STFIMTIRMERAZIRNE L& EAES . XHERNTRTR%
T,

KT, B UEZREEERS—MEME, X/ B
HFEHAR? HK(NXEE, AERREKLE, B3y, F(NSH: =A%, BEfy =
Y6, X=Y1 x6;, TRIEAAX +Y) = aAX + Ay, FAIFE:

AR = 30| x;A8; (2.1)
SHEE—NEXS, BliMetETiiag, HEBIM—1EEs , XN EER
BEXBREF, AILAEA:
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\ (2.2)
:

=
=
=
=

ms—AMm:

My = AX, WAREEE, BMREDEEMES, A3k A SRERR
2R AlAlX] = [V]. BEERER A

A11Aqp o Ain X1 V1
A10Qpp == QAon X2 Y2

—

Q

2

Q

=

[\S]

Q

g .

S~

—

2R

S~
Il

-~

5

S~

al 1 al ------ aln
/az 1 azz ------ az n \
EHERIX MM RN R AR ANE, BRE j5, XM EEERF
AREIX M= EFHAERERNERRIE | M EX LERNEEEXEEXT
REARE, XEFNRANETIREREIE LR EMARRIER, MANEHENET



TCHIRERERR 70,
FIEXMERERT, FAIsEHmE 7 efF A&t EFRIEE— 1 EE
Y xé b, SRR ERIAR:

oo : R
Ap1Qpz +oc e ann/ xn/

PSR, LMRRIENERE T, BIERNE T EEM=Er—AE
T, SMERRATENSRR. T, MR E MR IRARE, B4
A AT LUC T A SR SERFRI S M RAR 7, X EFIUZ T HRES,
EX 2.6 HMH3FTIGEF: EXANMEHETIRITEEARANZIEZHRIBE(ER, W n
HEEMZE v LSBT REHITREISRE TIERK—1 8, 8 n fiS
—RRERIERE GL(V, O), EF 8 L(V, OfRA vV EREMETIRET.

EXEFEY "EHFE" XPMEXRMMRE, ATAEESR, RARIIX
MEHZRESGESRE— I, WRFFT (BEFRITHIINATE), XTEES
RBEFZRRE. X HUGIESLEBR A FRE T AARHR, AT SEEURREIZ A —1
#, ENTeadT, BREIEEsEEELICR— M, f—1EE.

X MEXFEAE GL(V, €), E—RE&ME (F8 —R A1 F),
288 V LB ESREEN. ERER T, EREHSEZN, VET, EME
T, BE—RAROE.

TR, REHP— LIRS REMERIINES (GL(VORIFE, ZRET) |
HAROHRBRXA, BARRRENERAIBKERMSRE G, BRIt RR

XAMEFTTIRE T RS M SE) LRI T IREFRIRETT.
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BHRRSIRET X R,

EX 2.7 3R 1288 G, IFE—1 G 3 n E514H v _ERIZ TR
B L(VORIRSHET A, WR A 28 G (I— M EHEERSR, VARTEZH, n 2
FTRRVYELL, 5.

A: G- L
Vg, € G, BA(g.) EL
V8a 8 € G, FA(8q8p) = A(8)A(gp)

R, GHRAITE, HRSHENX, WHR v LRYIESEER, BifTREIN
HEEZRTEIR,

NFEM=E v, NRIEE—RRFENER, IBABNEMETIRTLAE—
FEPFRTR, MBS —MEMET. XA, HSEF G S IRERY
EISRES R AR AT LIRS E G SHEMAFEFRIESIGIRR. ERXERNER
EIXER, DORHSE, AARKMTERE, eE—MEEX TR I—
NMEEFEE, RENENDORIAIBRIRESIET R R,

G A

B 2.1 BERrEE
FAREZE, HIIEF—F=HT, mERENLEESX—, (®SFTENFHRET, a0
RIXNESHE—ETE, TA—T—HEE, BBABMNAR R A 7 BERT.

B, JFRENEEEEGSGE, MR A RHFRR, IBARANGCSCHEM



(—%—) XR, ABRCHFR (RLEEHER).

7.

2.
3.

i EEAROIES:, BIVE/LMIF,
(ERE G, 1511} (—WEREDER) [, RARTHRN—$HESRT,
SEAFR. FRER (wivial representation),
#r—T. eRf(, ))[EEREs. — BRI LR EABEESE D
%=, BAEESNETL, SNRUENETIIREIER, fBiIEE
SO, BEMEA, BIRZATSENTALER (BERH).
(EfAERERE, MRESHFE, BABSLET,
=ATHEE, 1.(E op) (SHESIER xy FEMRSD, 2.(E G} (48
24y, 3.(E 1} (RARERME), FrSah=4srasa), BEKR
(L.).k), BIMERRSBIRMHA?
R, SRR AR TR RO AHERAIE Y. XY E
AR, RES, FNEL J. KR ).k, SRAETEEE
PR FRIRAREABIA(L. 0. 0), (0. 1. 0). (0. 0. 1), FRLAER
FH=MEAERE. ST TR RIAERE R AR,
XIAEEAITT, HE—IMER, OBl . RIRL. . —k. FTURFFEREA(,

10 0
0. 0). (0. 1. 0), (0. 0, —1), XNRMAIFREES: (0 1 0 )
0 0 -1

-1 0 0
BRER, it j. kAR —j. k, fEREA: <0 -1 0>°
0 0 1

-1 0 0
F=MER, 1B J. kEA-L —f. —k, 8RS <0 -1 0 )
0 -1

0
1 0 0 1 0 0

FEE—T, =AERTEEFEDIE: {(o 1 o>, (0 1 o)}
0 0 1 0 0 -1
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100 /(-1 0 0 100 /-1 0 0
{(0 1 0>, (0 ~1 o)}, {(0 1 0>, <0 -1 0)}
00 1 0 0 1 00 1 0 0 -1
ERT, BRI LIRS ErEIAEME R N RSIETR R, FE=D
MSREMEERNE, BBAX=/MEMEFE R LB E A= MESREFRIRT.
Bl4. %2z SAVEETIRE (CL (@)}, FTTBA=HLTE, EXH ), k).
[k, REESRIEARIER L, BHR.

oy

J

ar

2.2 M= EE TR
Cz(@)l=cospi+singj
Cz(@)j = —singpi+cosepj]

Ci(@k =k

cosp —sing 0
= AEREA (sin @ cosg O)
0 0 1

LEFFHPRAERSETFRRIE ] LENESEREMRER, TR,
ETNEREAARRE TR R, BRI —X&tarNER, B—2RE. &
XN EtE=ET, SR ERRIE1S DERAE EE—HFIER, Bi1En
B—T. WIEER{P(). P, - @) (KRUBHREEBENIS
BYFEKR. B KNEREES).

g R SR EFRIEE T, BEASEIEREIV(HIIERES LR, BEEFRR A
FXSRIAYE S EIRIZRIE IR Age)e X Alg)RAFREIY (M) LR, BAE
BAECRERRTTD, RIELENNE, MENE A EREENEEL



FERIRIFRIRETL(Y, (). P2 (). - . W (OIXBERFIETRE. EiX
LR, FRENZE (FFEHE—T).

MAEFNAY, (P, & AQIEREIY () LLBEUTARRIRER? i)
ICA(g) Wi (MAY{ (), FlIFNEY; (F)HI— M HRIEREL.

RSB T AIE X R EFREI 4L A — 1 REr £, 153
—RIEE? = g7, BRAY (XM REABRIZN, BATE, BAITLUIER
WEY () = ¥, () 10, Hfr =g, 7, XEHMEEREY, () = ¥(gz'7). BET
A EERBAHEREIY, () LBEINEEA( )V (P)ICAY, (D, HAi
B W) = ¥(ge'T), XEHEREAIXMELMRR, (FREY,OXITE

BRELE, SRIRIRERY (82", BAEMAIBELY: (g2 HIR(P1(P). ¥.(P).
------ . Pa(MYRFFALLT

2.3 RETHREE

Big—MRiA, XEEFEERE: ¢ 2RI OMSREHIEST, £—TH

10 RIS — AR, RN ERTNSHAR)Y g s = ¥lre HFPA(g,) R NESERE
7, BEEEY.E, FERMAGQ)Y. SRNEMITRE N, SRETVIX MRS RE

IRHERRIE. XNFREASHE 16 FHELDRIIHE—NIUXIBREZ SRR, RREERET.

50



BREBRRIZIEE, BERMA—NEMETIRA(Z) ) XA ORI ERRISRER
#, BHERRAGIIEREIREY, £, BEREBARIY;. XMFHIREL, F(NCH
v FNGERIERZRY, () = ¥,(), BHlERIRERERRET LA RERY
AFRMERIIANRNE, BEAEERRE, RIBXNEKX, (LSRRI AELR
¥ (7) = ¥i(ga' 1),

XE RN FRERMNEER LT HME, MR EFAZXAXI=E
[EE, HRRXMAZM TR ERRIRE L. XETTCESEERTHEER GHY
BENEFRRIFRTTENERMNEZENHEERER. #OiER, REMSREFRIET
ToERFEERHIZE LK, FEATICERERA. i, HNEERE—FR
FANUEFEREL, FBSAXATTE. WEATHEIER, (RIS SRR EHiR
AHEREZE L =EMN T ENEE, MSREFE T EREX N RE LR,

g = LN
BI5.  ZetE==[EJNER NE NP REEMIIRETE: (V) = 22, Y, =y

Y3 (7) = 2%, W4(@) = xy. Ws(7) = yz. Ye() = xz}. FAIKD:BHEE L
HERYRT. XBENEME D; BRIt ERR=EXTamEr LR,
LA d 796, HRIZRIEARTITIE, FAIAERRE:
) (—1/2 —V3/2 0) x [ -Ty
dr =@ j B\ v3/2 -1/2 0 <y>=(i J k)( Vi1 )
0 0 1/
XEFHANMEN f X1 D #8T, EFRE—1TREL,
AW @)=, ()= @D =( —2x - y2=tx? +3y? + Luy, BF
w595 2 00 20 o,

ERRITS A ERZEIY, HEIYs () L, FMMAILUEE f R ERE. HE



BTR R tB ERARRIAY TS AEE,
X)L, X—PREEWHTT, BE—T, =FiA:
1. BRTERNEMSE G SEMT RIS XA,
2. TEKEFRTERFRYRHR, FNEHAIHMEEEIERHTER, RERIEE
&I, RIFRE T TERERYS.
3. SRTTENENRE, MBSRERTAERENTRE, REETRHER

MER: A(g)¥: (D) = ¥i(g'D).

2.2 EHF#R. FUYRFR. BRFE
ETRAVERRRT OB TR, FHATNIHHRE T — RS
B ERTFHEND, HAFrEYESmRAIERERRIX MR, FRTRIIE

T HREMNESRESXEHEIHSTNXERTERNX JTREERLTRERE

4l

N, BEERNBIFRTREAEN . FAUNFRSR. ERERITARTENT
TR, BABSRITHEIERAAZREMN. TL,

FRENFTR, BEX—TIUERHG HiE & X5 TE B
B, TENEXENFHEIMEIAR LR TRN, EEF! BF—MAER
B ((AEEN/EHTT).

EX 2.8 FfFET: 188 G={gJERTZ=HA V LII—1ETR A B{Agy). B
RS g AN ETRERA(gHEZMM. 8 P B V EH—MESFRE
2, det(P)ARRE, WP'A(g,)PHELEHEE G HI—IRE, EhE g BIE—
B — 4 PTAgIP . H : PT'A(g.gp) P= P'A(g.) A( 85 )
P=P~'A(g,) PP 1A(gp)P, RIF/EMEBRE. XNMRFR{PA(HPITRA

{A(g)IBIFEMEDR.
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AE AR —NEA RS2 A4 T A B R SR R AR AR
TR R, XMEHEN, RURRER. ETFER TSR — 8
TIRNIER, HERRSMEEN TRV — MEMSE, EATRIEET
i v, SR b, MR RARREAR—E, Bt IRAETE
MR AT LA — IR T g HOFFET AP, BIP A (g.) PEAFRIESRACRTIR, B
IS, SRR R ZFEN, Bh— MEREE R =E T LE RS,
ESFCHRENFAARTRIBAIA . RN VEELSHEMRE, BN
RSSMBHRIER: AU R R RN R T RS =, B
FEHEE, SNRFORTEITUR—H,
SOXANERR, B=NEEH— SR
1. BT SRR R BRI, BAB N SNERTIRTEN
HERTIER,
2. HIMEANRREDEN, FUL, BAREREIFRE T ¢, AFT SRR P,
SR, STBR b, BAJEESSIN—MURHERASRE, 57 EMRSET.
3. FRARL)I TP AR, PYEREMAEHE, E—EET, FnEks
HARRE? METEFHERNIIR, RARESEEHARE?
v BN, (8, &, o, 6 )REN—ER, HIWFCH B, B
G 1E B AR TMAIRTAEGRA (AR}, ITF—MEMIR A, =
¥, EHERERZEN: [AGe)]sl%]s = []s. XERIA(e,)]sH058, 51, B(61, &,
------ , )RS j NETEA(8) X MM TERIRIH R BIEEE TAY
BITRH,
EiE, WFR—EEE & s &) (IBHB), Al RALETIR



B—MEMRIAT, BIWEREIRER L, B RA: [A(g)]s [X]s = [V]sre
YBIXEES B XAERFE:

RORERAS, FIBAGD]sSIA(R) s FEMHARRIERR?

yiXAEE, BT, &:

/3’1\ X1
V2 X2
= (8, & o : én)kg |= (61, &, - : én)[A<ga>]Bk§ |

v .

X
R Xz
= (&, &, - én) [PlslAGg)]e |
0
URRIEE—TF, NERX, BAIAE P ELHEL (6, &, - . 8,)%Rk(8, s &,

...... & RO,
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x1\ /x1

X3 x,

[A(g,)]5 =[PlalAGg)]e | & | (2.3)
%, N

A
=[P']g
S

BXANFRAAR 23, FfilE:

X1 X1
X2 X2

[A(g)]B =[Pls[A(g)]e[P~]8
* .

SHERRAIL, FTLAIAG)]e = [P~ 15[A(8) 5 [Pls.
RE, ([AGIpIEE G E V HHKMIREHAGOIREEA(S, &,
------ , & JORHEISIAORERERE, ([AGe)lw Y 2BE G 1E v LIS
A} M E XA (8, &', -, &) KBS 18 XY 5L K9 56 BF Bf .
([P~ "15[A(g.) I [PIs}R G 7E V _EAUSMARGEP A PIBERRAE (.,



&y oo, & |BORMES RIAKERERY,
B F(AG)]s = [P 1s[AGR)]s[Pls . BAIKIE {A(ge) | XA AT IREFEY

(/) & ~, &) RABR, ©0RRERB(AG:) B
(PIAGIP XN E M TIRBEI (8, &, -, &) NE WEKEE

{[P~*1s[A(g.)]s[Pls}5e2tER.

ETXEANR, HITTLUMNBS—IMBEXERSNTR. eXRLEEHEI
THREXRRA G THERE, EE—EET, (ReILUR e AT BEIEE
HRFEPEER S ASSRAVAERERSE, I, (A(s)} S {PTA(gIPIFIN, B—HET,
FERER{[A(8) 183 5P~ I[A(8.) ] [Pl s R EFEAEHRARMFER 2B, {RAT LA
—EE, EMNIJLSKRFIERERE. 10, (Algl) X MEMEREFE

(&', &', . & ) XERMRHERIRIAERERLS (P~ Adg,) PR M
TIRBE(2,, &, o, &) PROMAVEREEELIER. EENRS RN
REZMNI,

LFERTHEHNAIRRTTAZE— 1 ZE, BEENARNER. £F
TEEARAZE— AR E, BT LIREARIERAI— AR

BE(s, &, o, &)JERT(E, &, o, &) PLAURER, 55—
NEpETE(e ), & e, &) ) ——XIRIEAEILLT.

PRz 7 FNETr. —0iE, SfIRERLEHRERERRA. BT,

REIEFEMAEAIRHRMZBEISR, Bl —RERARMEREMEI AN, B

IR BRI R, HE—HHE, EEEMFEXENE FEEXALATRY

e SRARTRIERAIARALMERERE. TEBRIEHIIES, FOMEFEX, X

MESEALERT.
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EX 2.9 ATHERT: ] A B G ERF=E V L—1"&R, NIRV FE—
N G AEWEFZE W('E IBHRZXIMNEBEAREEN VFEZRE8TEE),
WFR A BUNERTR. XEB G AEZNEFZE W, 2ENHEAvy, vg, €6,
MA(g.)Y, BERIMNKEMNARTF W, HEMRRVA(gHEFLIE W HEEET
W SMEZ.

BIXMEN, HAIRES V 77E G ARNETF=TE W RIEHER, SeJLifE V
PE—BE (2, &, v, Gw Bmars . ) HRE, &, o, BB WY
M8, WHHEERE m, WRFA G IRRTAEMERE, BRATKTEMETHHY
BN BB R XA :

Gl = (3 5)
XANEEC,Am x miEfE, N, /9m x (n — m)FERE, B,/9(n —m) x (n — m)FER%,

ETARO0, &R0 —m) x mAYERERE,
3’1

XA, WESEFRRNETRR: T = yg‘ . BARAE,)T EW.
o)

FRICNEN, BATERIURE, H— MR TMENERE N E SR
BiE, XNFRRIAE?  (BE: O/4)

RISk, S BET RSN F SRR, XN ST RTAD?
(F—i2, TTHEELREYEN, tLNEBERS: - MAORSTNRE, E=HSE, BET
TH, EARNTEE xy FENERE, ERMEREEEE, MBI TE
F xy FH, BARNFFEEHFLEE FEWET).

BT, I — MR TEETN, FEECEECARE TR,
MEEECEAAEMNSERTER. X NEREIESHERSE L, £



SEMERSMENRTS, FTESIARRERATE, SRENIE.

WEHZTTL, BORED G WERSE v, FEEFSAW, V5,
Xve, € G, fiA(g,)y, BEINERIAET W, TEHIOHMERSTHER
AR ANE ST S EL M 25 O THR IR 3%, KPS M RS
BERSELTL.

REX 2.10 EIF: MFBE G RTEE V, W SWESHFSE, MR cV,
T € W, 7 W, EEXTIE—HEA: X =7 +2, WERV R W 5W
BB i28: V=We W, B—HEEMREERW W = (0],

BREEHTLE R TL,

X 2.1 RLWH: RANE G HETSA v SR W SWRER, MW 5
WEBE G R, WV RARREEELTL,

RAELTLR—FURITL, RIVEUEEI00RS, SBIRSH
I, BHOEE REEETTANRSTL, EXABKIEER, BRI
RS TL2,

HATETOEY, BAETLET S EREE: MR G =% A K
FREB V MFE G FRIIEFEE, WK A 2 G BARTLRT.

FIRY, B EERITE, B DAALEMEBRE G WETRAL, B— RS
=Ry .

0 G MRR=S T, SRR RE s ameh: (o ).

PXBRRANE, THEEARS,
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0

[
_|y}n 0
=l 0

XAS, W RRERRA: § , WHHESRRA: 2= (Zmﬂ .
] ¥
IXESEAIRR A ATLAZIHE C 5 B BIERA, iCHA(g) = C(8.) © B(8o). B
#, X B, C BFT=A, HTH—LIROE, WSNTOMRTEATL,
NMUHAIRTEREEEBAT LA AT T AORTHIEN, 1I2F: Alge) = Xp@ mpAP(8,),
Hrehm, AERFATLRTRAPHIAORE, FRAESE.
BT XEMS, KRIERTLAIER "SHETR, KESIBASFNFATLE
TRENFRFCHNERRE (IREEE, WEEEXEER)" XSET.
RIERAHEEN "ERERTANTETY" X@IE, ATIEAREEME
=, BN EE,
EE 2.1 WFERE, TRTONRLELY (BRFREERNZFHEEAR).
1ERA:
(LCIERRERSY, AT SEskEiR, W TEEMA(g.) R, FMESINHIES)

RAIFRRASK E=/AA:

Ag,) = (Gl(()ga) (i(gggc;)))

BUESIT , EGy(ga)Jm X mfEHE, R(ga)79m x (n — mEHE, Galga)P9(n -
m) x (n —m)FEfE, ATFAER0, RN — m) x mAIZFER,
NRFATILOERR, FE—1ERE P, (£18 P'AP R, 153

P AP = Gotea) = (M 0 )
ABATHEIN T . GEEX B FETEK)

XA P Bz A LAR A



I, C
P= (0 In_m)
Hreph | ABRASEE, XEEEMRE Ci1Xm X (n — m)EE,
EHP A(g,)P = Go(g)FIA(g,)P = PGy (gs), BEMNNEAFRFERADIITAE:
Gi1(g8s) R(ga) m C _ (Im G1(g4) 0
( 0 Gz(ga))(o In_m) - (0 In_m>< 0 G, (g )>
BHE:

(Gl(()ga) G1(gcgzc(g'|;$(ga))=((;1(oga) CGiz((gia)))o

X IR BT

G1(8a)C + R(ga) = CG2(8) (2.4)
R WRFE C, FEKIL,
BAVGEXDNFH—T, ZHREXNEAERIFRY, BT, XTFEURE

A BEER S0, tHE:
Mg = (B8 By (Gl R )

0 Ga(8a)/’ 0 Gz (ga™)
HTARIAY) = 1n, BAIA:
Gl (ga)Gl(g(zl) = Iml Gz(ga)GZ (gal) = In—m :_Et 2-5

RS, A B—ER FEWE:
A@@M@=(@@0 R@w)@ag R@U

0 G,(8q) 0 G,(g)
_ (Gl(ga)Gl(g) G1(82)R(g) + R(8)G: (g))
0 G,(84)G2(g)
_ _ (G1(ga8) R(gq8)
= Aged) = ( 0 Gz(gag))

FE, G1(84)G1(g) = G1(8a8). G2(84)G2(8) = Gy(gq8), FH:
G1(go)R(g) + R(g4)G2(g) = R(g.8)
WMAERT 2.5 2 2.4 W7, BFEFWLARG,(g.1), B

G1(84)CG2(gz") + R(g84)G2(g2") = CG,(g4)Ga(ge") = C
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G1(8a)CG2 (82" = € — R(ga)Ga(gz") 226
HRERIRAERE— C, 1850 2.6 AL,
XA CERFAEIR? BRI
1 -1
C= n—ngEGR(g)Gz(g )
BXANFAIN 2.6, EOEF:
G CG,(gz) =G ! R(g)G,(g™1) G, (gz*
8ICG(E:) =GB ) R@Go(E) Gole:
1
= Gl(ga)n—ngeGR(g) G,(g7"8a")
=~ Tgea G1(8)R(®) G2((828) ™) %27
SXEREMF T, REESKI, XMRMHER A B—FT . HIER
B, EEANEHRAINE: G (8)G1(2) = G1(8eB). G2(8)C2(8) = GalBad).
G1(8)R(8) + R(82)G: (8) = R(gag)s ZEML1G (80) G (€)= G (2o XKLL TLATAY
HAE T, WEMEMGEIRE +REIG() = RE8), EFRAT
G1(8)R(®) = R(ga®) — R(8a)G(R)e XAMKEMN 272, BATAILIEE):
1
G1(82)CG2 (g2 = n—z (R(g28) — R(8a)G2(8)) G2 ((8eB) ™)
1 G geG 1
=2 (RE)G(@®™ — o) REIGE) 6 (g™
1 -1 1 -1
=2 (RE) G(@® ™~ o) ReGalea™)
LRE-BHMEACEETF ¢, BoWHBFMANSe. TX, EF

R(8x)G2(8, 1), FTLAEAEEET:
G1(84)CG2(gz") = C—R(8x)G2(g, ™)
XANFERAIEIERI 2.6 7.

(1EEE)



BE—T, BIREFTANEETZY, MEBRAERITXY g FIINFN, FrLUX/MIE
B RSB PRBFALIL.

5 THARR, T—MEAVERBIESES (unitary, BIYXIE) Fox,
XAMESHERYEFEENE (unitary transformation, AIEZSHE), XMNARELM:
REFPIZFY, B, BETRME—MRRNRTHR, JS&U=ERER
IERF—EmEE, BRINIEER.

EHERETRIMSRE: 010 =1, XET(IEEER. BUERT—EA,
HIEMEHEUU = 1, XEE(I#2%EE, URUNEEHRE, U'EFu', FH
FRHEATAE, BRITERERIF—E, XFEIRAEETEEHEE.

EX 2.12 BERT: HESRHNEENSHTHRRREERT.

RiE LERINE, SRR AT =A™ = Alg. ™). ShETT
RO (A} = [Ag) ' i=[A(ge ™ D]ije

XFERR, BOEE, UET "ERERSUANRETLA" iER.
EHE 2.2 BRFULNELALY,

WEBR:

BRAEEXENIRZE VA, ATH, UV HE G RAENETZTE W,

BV wESHERMWERE W EEM, V=Wo W,

BBAXEERGIE, Xvy e W, vie W, BFIZ) =0, EMBRIEHM W 2 G A~ %
B9, FTERFIEAW R G AZHIE0.,

W2 G A%HY, FrlAXdvg, €G, VWEW, BABIVEW, Alg, DY EW,
Alg) 'Y EW,

XEFRYIENI Ve, € G, ViEWS, B!
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(A(BZIY) = (ZIA(g)*Y) = (ZIA(g)™'Y) = (ZIA(g« DY) = GIY")
Hep, BTy €W, FrLAGY) =0, XBEHERIve, €G, vieW!, B

(Ag)7Iy) = 0, WHBR G FEHI, A LA
(EE)
X MERR, B EATLNEE): BT AT S RN R A AR RS,

2.3 LIS IENRT

MERA AT TR RCXERIRIA T, X—F—HE7\T, (RS
=P ZEIFRR— NXAN T DB ARY, SEENEARRIER.
=
sa—
B=

BFR

o

FINFTR. FHLUFR. BRR

|
o

S IENFRR

o

pi
]
ot

BIRERRIEE

FHIEFRRIS

o
H
ot

S

/\

.

o

FRTAIRIRL

XATER, AIRTEEM, F—0EFIRNTARRERTR, 0T
FINFTR. FHNFRR. ERT. SIINERRN TIERNIHRERS 12—
MERIARFN . AALRT LR,

EXABERIPHE, 28R, B AIZH BRI A EREE T .

e, BEFH—DSIRIA—T, EPE_FRIEN. 50T, BRERREET
Bie SRS, BERZE.
HAIRIRER TBRAKRNSEZMERNFEHS, WAT, #ENTILRSKEE



BEFXH RS, BENE 78RR FM. AT49, BRRErAZE,
EHNXRTZAE], FANEFEH TRE— R XNMERHE (FHHSIE
NFR), X—TERIERIMS, B ENFRR. FEESRERRE
ICEARNTEIERHE, YRERRIXEMES,
FATNERETTIR, £ 7 EAEZE, FIRE—THARKE? (1R
£, BHCEE—MRED
EX 2.13 ig R 28l K FRYZ1ESSE), £ R LAIENSRE, WMiZsRERv,
y, ZER, Va€eK, B:
1. Xy € R (AP RERRRGARINZIETHYRE)
2. X(y+2) =Xy +Xi., X+Yi=xZ+yi (FEDEE)
3. a(xy) = (aX)y = X(ay) (BERULEERIR)
WFR R BLMHEAE, kTE.
RIXPMEMBIFIERMREN TRENRE, BizskiEmEN E=154hY
Z4=sE],
X="MERPAEEREREZNESRE, BMEE)Z =xG7), BXNMES
REH—PAIAETR, WRAINENSEEHEL
ENBIF,
f5l6. £&Bn x nEEE, BIINEMESEEn x nSEME, BRELEMST
[BRIBBLEEK, XLn x nEREFFRISE S RIIPEIEZIE). XM EtEZ=EIRY

BT JATLAEX:
/1 0O 0 - O\ /0 1 0 - O\ /0 0 1 0\

0O 00 -0 0O 00 -0 0 0 O 0

0o 00 " O0f.fOOO ™ 0].]10 0O (U2 ITEREY
kO 0 0 0) \0 0 o0 0) kO 0 0 0)

0O 00 " o0 0O 00 " o0 0 0 O 0
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$tn x nN,

XML EERM L, BITTLUE— P EN MERENEERE, X
AR, XN RESHE: SV ER; G +2) =5y +%2. G+y)z=%+
vz GREDEE); a(y) = (aX)y = X(ay) (HBRAULEE3LR) . FrliX
Mgtz AR AR — MR,

B RTFREMGIFSHNERARBFEX, R, WEHITENN
EARBRESLUBITAE, SINEHESAEE, BX— P &itasE, e
B, 5, BEXMEHTENEM L, EX—EERE, ZERWIEX MM
FTEPHEEEXMRETEAREABEN, WIERIERSHEN, XEHR
EX T —NEHEL

BRI,

EX 2.14 BEM: & C BEMN, G-{gB—18F. ¥ G FRABHEAPTE
pUsRiE. BIIXLTRHEMASHRE, MNEiIEXIMESHRE, HES:
VX =YaXaBar VY = ZaYaBar Xas Yas @ € C, B: X+ =Xo(xg + Ya)8as
ax = ¥ (ax,)gq, BBAEARZNHENESE— N EIEZ=E, XM MEIESE
TRHEEIA, 124 Ve,
EX 2.15 B ELEEXMNEETRNERE, #—SEGREN. T
EfYtRicH, BIIME G PreRe.. gp. g/MIXEPg.8p = gy XA, Wvx =
YaXoBar VY =XpYp8p, B:
XY = CaXa8a)(ZpYp8p) =ZapXa¥p(8a8p)

(XEEEMER, FAERIIxMRESSRIFURYNRESSiSFL)
MRS ERFE, HaLiBteSh:



Xy = 2, X9, 8y, BREY)y = LaXaVo1y: Vo1, ANEAEYES, g, LHIBE.
RHEEXNREFREIRBESSAE (LL—RAKEET™RE) 5, B
RANBZEE T LR E X RSFRER AR AT AR, iTH Ra.

FERBRIZE, £ LEMANIFRIZNFS, IS RAEREN. F—H0
MIRIFIERE, IREMEXS TP ERER, BEyE 1 oEER, B2
PNMER, BREHER.

BIANFHIEFEERFELE, BENY, &), e BEEAERT — M Emi%
MAE, &), ARTEEe, LNDE. EXFFENEEREN, 2IFREHE
GY), FEHERIFEE . BEAREETRMN, BEMEX—HI, HAIFEHITHEM
Yo XaY o1, BIINFN. BHEIZE—VIER, HIMERAERMNERIEEEX
MER LRI ERIEHE, EXIRSYRIS EHITIEIFAENER, INFHEREER
Mo EiEir L, e ElBeF G FATETTHENR, SEEkRyRERNg, g, X
N E ERREHITER, MRIEBREINERR:, XM,

XIEERATREREAKER. ATERLENEEMIGIF, FHINERN C;
B, BEXMESEXEERMARRY?

BI7. C:&, TENe. d. }, BEFTERMEEX =e+2d + 3.y =2e +3d +
f, FALENREREENY, BYFTHA?

1. X = Yo pxayp(gagp) = (e +2d +30N(2e+3d+1) =2e+3d +f+
4d + 6f + 2e + 6f + 9e + 3d = 13e + 10d + 13f

2. iy) = Zy(ﬁ)ygy
g, = efid, MIFIERiEIRL, (EXMINFIXNYFRIEEEK, il e R
BEXIRIyREY ¢, RINREUETRSEL 2; XY d REExIRy+ad £, B

66



BRErEskoTmh 2; XPRY £ REEXINYHRY d, FIDEREESRSIRA 9. 1
£ 13,

g, = dig, XHPHY e REEXIRIyFRY d, INEREAETRSTMA 3, XFRIA R
BEXTNZy AT e, PINZEEETRSTMN 4, XY f REEXT Ry =AY £, &
FREEseomh 3, I0fE—iES 10,

g, = i, XA e REEXIRZyPAY £, FEDREUESRSTM 1; XPAIdR
BEXTNZyRRY d, FINEEETRSTHN 6; XPRY f REEXINyHRT e, B
FREuEseomh 6, IIfE—IEC 13,

IifE—iEiR 2 13e + 10d + 13f,

XEENATGE, BARBESERE MY

1. Xy€ Ra

2. X(y+7Z)=Xy+%XZ, X+Y)i=Xz+YyZ

3. a(Xy) = (aX)y = X(ay)

4. XYz =x(12)

LAz —MCEL,

WER TEZIE Ve EN. BB RIVENX, BBANSBFPERE T, K
MEATLIBIIEHUE R ENX, BB A—PEEZEIE Vo LS MR,
X Vo LIERMEX = X 85, gAFRRELEEFTL(g)X = X, x88;, 28+
TEME, XFEXNE Nt MNABFTEPRIZMEE, FANCHLE).

A NEENEITYNAVEZEE Vo LS TIRERAE—R, 2—1M5&ER
RAIES ., FTIXNEMETIRAIES , WRFNNH—LENFI N EMETIRL(g)S
L(g)RYSEFAL(g)L(g)) NIt L(gHIFA, BiLL(g)IFR, BRARE LEENXA



LRI, FAVRBZUEAX MM RIS R R AT MR (3
7, BAESRETRRNERTT, &6, BuoRiRess, B, BAE
TTXIMIEFER, B, BFfTONERER), XEINERAIAT LR —
NEEG, FERIBFEIE Vo LRYZMERHREF(L(g,) JRUBRET. REIRTXEFRIBREICRIT
& G HBSRERRAZE,

EX 2.16 ZIENFET: B EFMAAGHSREE G SEHITIREEL(g,) RS
BIXER, FREE G —1RER, BEAKHSESL(g) MEiBERRIB=ENRE
£, BIMZAEENRT.

XE—NERR, e # g, FIINAIZERREERRTFER, EARKRE]
1R, BACIWERRlg. L—, MeB8ge. = g8, ¥HiMg: = g;, SRRF
[&. FTAXEESIRGHEZ— N EEIRGY. AIENRRERHRRRIESERT3.

SEENFRTIMN, £EXEERAMIR, Bl IErILAE B Te Frd i
RULMEERIR, FEFRZIEFSIA) Ve RUERREX = X g, LAY, 53RN %887
XMERYNEFEFRI—MAE, FCEEETE EA— it 1I5h
R(g). AMRH—EE XN IRFTRIN AL I T HRAYE S (R (2:) IR TT
ZR(g)SR(g)TERR(g)R(g)NITILLR(g )RR, BILR(g)ER, BBAX ML
TRESEREN— PR, FEE G BilX Mt R REF RN,
EHRIRR(g) HBZEE G={gJl— TR, XPEFRABENERT.

BXAEEREE, RACEWELENRTEMRSHSETRE XK. EFX41

KR, EEEERERRECE—T, BSFBEENRTRENTERNGE, XTETES

eRPERLFS.
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EIENSAENFRRAEFRENZRTR, BiTHIIERRR. BABRIRITE
=, FRLABR—1 n 3R,

MNFEEENXMIL(g)X = 3 xgg; (EEN), BER(E)X=X,xg;8" (A
IEN) XMartE, FISNXNMRESTHMELEER. HLWE(1kR, R
E&tMTE (BHERTE) FE—EHE, BB T/ ERZIXEE -
HNEREHRZ G, XL TR ERAEIX N BT — A2 ERIER
BHMBEAEET.

EFXHE—NRE, AREHEBNIE, £REEAXESTCRE N AIENZR
RN IENIZHEAY:

L(g)g; = gigj, L(g)L(gj)8k = 8ig;8k:
R(g)g; = 8;8i '+ R(8)R(g,)8k = 8x8; '8
XNEMFEAN LENENX, MRE—FHN., A8, MRESXEFENISEHTR
B RISHIXREFIAE
L(g)L(g))er = gigj8x = L(gig; )8k
R(2)R(g,)ge = 88y '8 = 8i(gig;)” = R(gi8))x
HMERTRZ, XE, REEBRENMLERNR—T, HARSE,
EXNMENFTHUEN S, BINESEEE TEAERMES, AHA?

(BAELFNR TETARERRZE, FERAENFRNERAENERT, b
1NEEETESHHINTSETE— Y, A FRIEE N HHIBHEEE
RSN E T ARIBSRIER L, JALEN, EXATRITNAISRIEZL(G:)E; =
g8, NALEN, EMRITHEINAIFEERR(E)E; = g8 - MERERSHIN
AEME)



f518.

f519.

MEBR/ LN ENFRTIFRTER, LUAIENZRTAM,

ZIMBIREE Zo={e. a}, BFEFPAIEA(e). |a). L(e)|e)=ee=1]e) + 0|a),

L(e)|a)=ea=0|e) + 1|a), L(a)|e)=ac=0|e) + 1|a), L(a)|a)=aa=1|e) + 0|a),
-_ v ((1 0 0 1

g msEreEE s (1), (§ o))

L BB, XNMEMTHREEE—NTNE, TR AELERT

BIEFRA IR RIS R —MEE, Bl ik TIARRAILUS

REBRIIFEN. EERNFR—ETY, ERRSBRINERFI—ER

84y, EAELABE R NS BRI .

XIF_EERI M FEREEE, X MIF. EXRELSBSE R,

ERMAERAEX == (7 ) Baxt=2(7 ) e

1 1
awae((} 0. ¢ Dhe-( 0. G 2. moem
BEREHRIET.

Scfr b, XEREF, EEIFX(IEWE (Bumnside EIE), BrT—MEF, EN
FERAJ Y,

D: B, ANMTER, FEFRAER 1. WEAEENRTF, 2 WNAIFRTE
PERHA?

BRERT a WNBF—1T, R LIEBRAN M EETER L, BRIARES
A7 (00 0, 0, 1. 0, 0), (0. 0, 0, 0, 1, 0), (0, 0, 0, 0, O, 1),

(1. 0. 0, 0, 0, 0), (0, 1, 0, 0, 0, 0), (0. O, 1, 0. 0, 0), RFLA
0
( o)

AR K (1))0
0
0
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X)L, BAESTREATNABRERTEL. FHRECXMTIE
BRLSEN B 7. FTEBENSMFRX TREX N HRREENRT.

2.4 BIREFRTIEIE
X—THERERNEE: §F/R5/# (Schurs Lemma) —, §F/R5IE”. §
[REFNIITENENERPEEMNERR. EXUTE, TEUEHE,
EXRNEEREH, ERXUEE, SEMEEENEZD. UHEk, XIJiR
RUERCEMERIME, RIREHR T —HHS, EEEENRAES _E95N.
B0HFT, MXATER, RZONNEXEENBHERY, TEHRNEE,
AT SIHXANEE, BISEHBRANDSEF MBI = MM A. &
XN, ARMFRICERGIXGOIE, RET®REK,
T 2.3 §/REIE—: 88 C ERERYEREZHE VA 5 Ve BRAIURTA S
B, BEXIvg, € G, BIE VABRA Ve RIEIEEIR M, BE: B(g.)M = MA(g,),
ny:
1. HFT A 5 BREMET, M=0 (oSIEF);
2. M FHEM, A5 BEBFM,
EFFIAIERRZ RIFA i ARG A
1. MEHA? BER—IMEESDE, (REE— VAaPHEER, M ERBHNER
MxXE— Ve FHIAEE,
2. W EEXMEENXRR, SFEwE, FrLAER— ALY,
e (FADERSE—9, ARIEZ)
18 A 5 B AREMEY, B M AATHEENER, (B9 =2FREBPXNAAEE

F—F: M VARF=EN, NRIENE VA FEHERES, XEREERE



I M FRZIE LERIRHE, BERIR Ve PRIZERE, BRIE MX =0,
RXMEN, FNJATLRIEXN N Z G 3R, EAXdve, €G, vReN, HE
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IBIX—, ISR — M BRENAFEN A AER T TTAIZ# BRI
R, IEEIIEESE, — M ENERIUERS, BFRSNFTLRTHIBA

o NRBANVHERNEENERTEATY, FBARBEX—DHIAE, &
NERRRBIERETTR R SR IERN, XFANRNARERE T R ERIER, B
KEBRTEIIREEMNT?

ENFNZRINET, BARRIENHREERE— MK TR ThIER X,

BT B(g;) = X" A(g)X, B MEMERFEARER, (BHXA R,

SR BN TTRISE R AR R AR B AR T HEH AR T A BB R B IR, EAXHERET
EREf(g,), FeliTATEEILRL (g, XA (g) FTBIEAL, (g)BIF. MXNEFATLEIE, ()
BREHE T A, (e)REFF. BOiER, IR EAIEILA,, e)EFFAE. B
Ay, (8RR T TR AVRFEREN=SA), XM R T REFILE, RIS RT 2015 RARIELRR

REFRIESED!



TEH—HENMBRUHAIREE, s B TR UFN Ao I RE T —NE
BHENFR. B, SHERECHEALURSZRIEEE AT — = 2Ed
29, Eit, WFHRIXNR, FFRECENARERNECEFERN—T.
BiREFRRECHABEECEM, HIRHCHIABRRIATEA,

2.5 $HER RIS
EN 2.17 $$EER: 18 A={A(g,) =BG = {g H—1ET, EPETHNFER
EXHx(g)}, HA

x(8s) = trA(g,) = Z Auu(ga)
u

HIXNEX, BIMREZAIE:

1. FMFRFIUFEFER, RERBUIRASEEBMEAWFIER, JRBAK
TERNL;

2. TR, HIETRIWHEER, BN

A(f) = A(hgh™) = A(h)A(g)A(h™)
FRY, FEXMERH T, HBREZAIE:

1. K, BEFCTPETTR ML, BPAK,FATETTHRANHIERER. RE1E
i, XRRAIRE. FRZETTR, JAEARRMFHER, BAILIEHEERS
iR, XAPENRBIRE. BE—1EPTR, FIEHRGIER.

2. GHRE(ITRER—K, BTESRMAEMEN, ALUFHERSTHE.
FERIXEAERASATEEERAL, A ERGRERE. SCGE— 1 HIRE,

BIMAFNATLRTE, SRHHERENEFRE, BREEE (REFH—

MR, BEMHR—TH, EESFEEE). XMHErRREEE—MREENIE

AAHIE.
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Ei2.8 SRR —IEZEE: ARMEATORTIHIRAE

1
OP) =2 D X7 @I (8D) = By

i=1

ERR:

TR, BRRXNMEKRET, RERRAERENEI— IR EE
FNMWERT, MENFHETER, LN ERTRIERX, BARALL
RS 7. TIERRRIEHE, FAIRBEIERXIERTHERERE (P X )IER, BB
A ESERMNERDR, X MHERERFZFS P BRI

NAEN., FTHINERR, B8

!/ : !/ n
Z (A Zv(gi)) A /ruw(gi) = S_(Spr(supu&vw

i=1 p

(2] (0 ﬂ

Sp S
Z Z ( Z A (8 AL (D)

S5ZHENAY

0PI = —Z

\/
”‘ﬁMv

(VEEE)

TR ERE, XAMINFLERT LAS A :

OPIx") =

Sl

inixp*(Ki)xf(Ki) = 5pr

Hiehq S8t G SPERNL, Tin B8 | MEPTTRINL,
EAMERE, T A

1. —AFANERSHES, (EHERRRIE, SR8 1

2. WAL, CRTSHA— RIS AL RER: B = 50,0



m,AP, HPENMENATARR, BEENRIBERT. XPMHEBSER
EXRXERE, #i1A:
OA"[x®) = (| 2= ® mpx®™) = m,,
X EIR— N ARTHIENTARTHNESE, THXNMNTEOERRS
XN AETAFRAIRFRLG
3. EF 2, RIIETLFIEXN AR R B, B:

q
OEIXE) = (Zpo,® mpxA” | 23,2, mp xA7) = Z mp > 1

p=1

RN RTHHHETRREEAT 1 8.

IR X TRFRE S X BHIIRAE, BB — M RARURBAES BRI RYR
H—TF. XMEREREATRIERAY Burnside EIRGRLIAIMETS, B—MMEES
HAYEFRTAIIER.

X MMERAEFRNERFE RN B R RIS R R TR, BHREE( I8 2
2, MErEHE— 1T, BAIFE—TE. BRETENETER%E, &2 n.
MREREL, BAIZRIRENY, MRIRGH—E, BAIR— 1. RRX PRI
KRR, RRAYTANEERZD?

BER RRHTANVEEHRX RPN

TSR R EE KB R RIZSRIR e HAVEER] , (XA LAR XS RF R &N T
—DEGMYIBRSE, FEE, A TRRILARSSRENR — IR R EL.

DERFEREAISRRERIR R BB T, BA VBRI F—MERSEREAZFMN
AR AR,

i 2.9 BIREFIFMBEAFNATORTINFIERERRHZRETEH.
WERR:
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BB G BRMXONBIRE, AARENMBAFNATAFRR, Hfp=1,
Qo q BERMENAFENATARTHNEG. WERE, BFEMRTEE
FNMHERTR, FLAPRNRIB B ENFENHAEN FTAERT,
ic/9: AP,
FRZ R AR A SEN AT A B R B TTER RS B @XM, 341
AEXHMERRI— RS (g), CHEPAILISAL:
f(g) = Tppuvapy AL (80 ( 2.10

mReREy, BTFf(g) = f(g;'gig), AUABA:
1 n
f(g;) = ;Z f(g;'8ig;)
j=1
XEEHT 2.10 AR RRE AT LOH—LE R :

f(gl)_ ZZ vaIpv(g] glg]

=t
- %Z;Z 2 AL (8] DA 6 (8DAG(8))
;V;a Ao (8) ( ZA'M(g )A'Gv(g,)>
;; ab A (g0) ( XA'Q_*H(g,.)A'gN(gj)>
;v;a A"’o(gl( 6,08 w) ZZS 0 AP (e
_ 2 (%2 aﬁ,u> (2 A’%(gi)) - zapx'p(gi) - ; PyP(g)

X R EA— P REREY, FLRRX MR AFN AT IR IWHE
PRERECRETT, MREIER, RRBVTEALERE, MNZEFTERASFNATUERT
RINEL



(1EEE)
XA IHERHEA B E S LE DR E M RARHES IR — D BT

UDRE DK, CRIRREBTEMES V4. REAR, HITMITLUEE "—18F

HAFNATIRFONMARFTINEPRINEG XE—MERT.

A ISR SRS THERRIER, IEAFNATYERTRTER
&R HF LAY Burnside EIE, STE—E, RERIIN—IBIRENAF
MATYRFERFARPORABHNIRT.

FAIERNE THAEM /OB R EIRVIESS . Se@dtt. IRIRLE—T7), AR
AENATAERT SRR T, AR RS RIGHAVEHAINIZ
HERT . BLREREX— DRI N RXERRT R, XA TREEM
FEBMER "BREAFNATORTHS TP BX.

EBAVZRTARF RS — AT, BAIIFSEEERTT, BEkR

EERAY, BINZARE:

.
PR COTICOE S

i=1

S

) == 1 (@0 (8 =
i LN SR RO, Bl R R IR R S R0
A q SFOHEONG. TERAIDET ¢ = q, BAXMISAHIES
— I IAER S RO AR ANEIR L, BT, SRS

BIAEET X index FEIERIE? tBEIE:
q

1
= n? (KOXP () = 8

p=1

ENMERR: |, MXMIERKRERAIFRAIIRSE —IEREE,
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q

1

HZ n;x*" (K)xP (K;) = 8;
p=1

ERR:
BATTLURT—ERE F, q x qfY, 1TIEEBASFN AR, JiEnER
XK. FRIEZUA (B riT, Hi5l):
X —NMERE AR TTIRARE B eX IR :
Fpi = \/%Xp*(Ki) = (FDip
Z AR TR R —IERR eI,

q
D 0P (KOX (K) = B

i=1

Sl

RRRIXMERE I, AIRIR:
q
Z Fri(F+)ip = (FF+)rp = 6pr
i=1

XBHEREFF = E, F* =F, #M: F'F=E XM F, SHAERTTHIF

(F'F) = zq:(FJ’)irFrj = zq: [\/%Xr*(Ki)\/%Xr(Kj)l = &y

BT i, j AEFRLEAZE, FABALIER:

S

i}mﬂ&mm@=6u
(EEEE)

ERHERIOB N ERER, RATATUSI A — MREBHRFh R EIREE
TREERE, THORME ITATLIHIER: BMSERRLRy, T

FRFENRTLERTURR, BARUL, EOF—EIRE TR,



HATATLUEA MR, B—MERAMRERR, ST MNHEHNAFNAY
“RmiER. RARKETAFNATLORTE, MLABXAE M HMEEAIRT
YR ERAY, #EFTHRERIRANE. EXITEROE—S, BiNCH
n{K;}, HP{K}EE, nREPTEME. ME—AT, BINCHA?, BREFNF

A[£93RHY index, XPMRIEAFEIZ:

n;{K,} n,{Ky} nq{Kq}
Al Xl(Kl) Xl (Kz) Xl(Kq)
AZ XZ (Kl) X2 (KZ) XZ (Kq)
At X*(Ky) X1(Kz) X9(Kq)

=21 BiHFRTEE
XS, FHZEEEER, MRS NEREE.
BI10. nFNfEREE(a, a2, -,
ENFTIRTHE N, AQR TR, BE—, EEHEN

ah = e}, BRE Abel B, Hn MK, USSR

e (A(a))rl =1, FrLL, AQ@)AILAE: exp[2mi*(p—1)/n], HAF i
BESET, p BEAENMATNRTMUER, W18 n,

EMINAMHERERZ

1{e} 1{a} 1{a?} 1{a%}
Al 1 1 1 1
A? 1 i -1 —i
A3 1 -1 1 -1
A* 1 —i -1 I

XEBITHIRIIER MR AR LIEIE—T.
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2hX)L, BRARHERRETERRILSAE RS J&RRNsT 7. EX— T aaded
i, BANRBIEHERNERTEF, RENDEEHARIZRER. BAXIK
FRETY , Bl A 25INFHERX MRS, IER W B R < T,
EREXANEE, MEXTREE—EE: BMRTSHIIRERGE 8T
ENEE S

DEEARERET, SMHERER, EARLERASESF TR 7T
HEEAER? XPENKRHE AP AFN AT ORTHERRERIIER TS
seEttA. FNRTAUHERER, RIBEMXNAYSRRERER. R—P KSR
1, ERRH=E, BUUSEABRRINASFN AT ORTIF RN IR A
By, BHRIRETE A 5 B, BNEAENY, (ENRE(IFNHERER, BB
MEHRESHICEIDBATREFNATLRTRIENRINER, © mAPRIZIUE
STTE—HFRY, XBHERE FEXR:

1) xil{a(glx, — ———) -...
2) B, —o—) -...

2.5 R ERNRRF N EE
15 2 BIRLZERAEEHEREHNERR 3 54, M3 54 ZE81TE
BHREENXESMN, FUARRIHEIFER SR SEFNEAFTER M.



BT, BAIXI TRBICE D KRBTSR Y. BEBDE, X
ML, BE T REREREATHEEERT.
—BNRE—T MR, BIRAIR—MTASER? EREaE

X

IR, BAINIZEXE—NMERE, N— MR, RERIMSHMEE
B CRMHEIRR, ERXMHERRIHR, F(RT, Burnside EHE. #IT
Y9338 I IEAR SR B TEBRT LAFI . SRFEER)N, BRI SRR R R AR,
AR XL R HERHERR R R, (BRI VIRARIRHE, XIEMARS S
T XANEHER, BAIRMAY, MENXEREZFMIEHNET, BHELRER
RUBFHAR, FMIEXELEREFAVBRIRT. BAFRTAIENIX—T, HIVE
KIEXFE—NFIE,

EHMEEoMER: BHRTNER. BREFRR. BS%r. HRRER
FRELRYE). HPENMESREE, F=2IMRER. . F=TREH.

2.6 FiFwT ARk

BRI, X MESIRER, BEHCIR, RIVEREE—T
SEREETTR,

A TRHE—An x nBORERE A=(an), —m x mAGKERE B=(by), BXFEANE
MEEETIENC = A ® B, BHEETHG M = (anby). KE—(nx m) X (n x m)

RURBRE, 1TiEtRN i), FUfEts k. RIXAMTAUERET, A5 EREN, FiIME

&zl
a;1B a; B ... a;,B
C = az'lB az'zB aZ.nB
a; B a,B ... a,,B

XEMESTFAIEELAEEN, ERNE— MBI,
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FIRTEE Y A ERUERE B AR NI MAR:
1. PR BT S AAERe
2. TS FRERE A ES TR RS AR
3. FANEEME BRI B RERE
4 FEAOSAO ZMARMNENR, BOSEOZMERMNER, A0

BM)(A® @ B®) = (A®A®) ® (BWB®@),

IXPUMEREE 1. 2 RIFIEME, 3. 4 BEME—T. %8R4, 3FM4
SARIFIRIE T . X 4 PRORTF, EBACRYTIIERA(i, k), BORITEIEIRA
(1. 1), A @ BORIIETA (i1, K), ERACRUTINERA(1, k), BORITH
(i, 1), A® @ BORgEIRA(IT, k1), BA® @ BOEAD @ BOIER
AT, SERRIIRIOESREK = i 1=, FeERvsErEEEA (i), k).

MR FEL, AOACHEEFRR(I, k), MMEKREK =i, BOBORIHERN
(1., 1), DADZER =, FEADARSBOBOIEERRE, SSEIAINER, R
BigEE, BARERA(i, KT). REEHTENRIENIIE, S5—
T, BEIFIER K = i1 = ', FEEREREERA (i, K1), FZDNsE2tEmE.
RIS (A ® BW)(A® @ B®) = (AVA®) @ (BWB@)AEIZ,

AT, BAITEEES 3 AR, X—SUE A B— 1 Ek,
E#A*A = E,, BE— B, BEEB'B = E,,. EH AQB RN,

(A* ® BHA® B = (A*A) ® B¥B = E;, ® Ep, = Enwme
(*h7e: AR CIAEBRAER, BAILURIMRE, BN A 2EERE, BEATA =

Ep, XTREZIEFTIMERRR, BE:



* * *

dgj; A1 .« QApp\ /311 Q412 .- d1n

aj, Ay .. apy |[ @21 A2 .. Azp _E
: : . : : : : = En
aj, ab, .. ahn/ \@n1 anz - am

ML, ajane = See [EFE, X3 B HA: 21111 b;klbjl’ =&y,
H ASBFER CHY, BTG K = anby, BE C ZEENEER, MEEE
CtCRBNBAKER, RIVEERTTE, RN ¢ cy v BEET 606y ? XA

RgfR, 18 C RIERETAN, B!

n m
* — * * — * * —
Z Cij k1Cij k'l = Z(aikbjl)aik’bjl’ = (Z aikaik’> bjlbjl’ = Sy Oy
ij

ij i=1 j=1

*hFEFTER)
WER THEMFERIENSHR, H(IEEHRTNER.
EX 2.18 BRTHIER: 8 G BWIERT A 5 B, (ERFEMIERC(,) =
A(gq) ® B(gy), INEFIEMRHRISHIRENESRE, BNve,, gz €G,
a:
C(e)C(gs) = (Algs) ® B(go)) (Alg) ® B(gy))
= (A(g.)A(gs)) ® (B(8)B(gs)) = A(8a8) ® B(ga8p)
= C(ga8p)
B, C R GH—IPRE. BVMRTIA A BRS B RRHERER.
E R ERITSETEEFTNFRR, A ERER SRS TEREF

HOSHIEFRAYRER :
Xc(ga) = XA(ga)XB(ga)
R A 5 B #28 G NATAERSR, A M =0EXE) =1, ™

XA[XB) = 0, XM BHREIRRRAVHERRRR:
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1 n
Ex© = ;Z XA (8)x (8)x* (g)x>(81)
i=1

XMINFIRIEMO R, —RRER FERAT 1, WNALRR., XMERET
iR, HTERREER, BFRERTERER TRS ., BT AR
HIFRTEBRAPLE Burnside EIEAIRFRID SRIEHERVERRE, FRMHT, B
EABTHIIXMEALEHE.

B CRERRIR N AT ARTRIBERNARTORTHIERZ: A S B
[EMEE— (Fbad B) B—45%m, BEHEX™ (@)X°(g)XME, WHESe#bF

T 1.
EMMF.
F11. FAIRER D: BFCHUSIRERR :
1{e} 2{d} 3{a}
A 1 1 1
A’ 1 1 1
A 2 -1 0
% 2.3 Ds BHIF bR

FRIX/MEFIERER, Bl IRE NI L ERERRHER D 379
Al ® A3 2 -1 0
SAF, AL,

A? @ A3 2 -1 0
SAF, AL,

Al ® A? 1 1 -1



SN, AL,

A3 Q A 4 1 0

AAT, BAWEBIEH C, BOCXY) = 1. (CX*) = 1. () =1,
BN FIEBELHMLTHNERAIA © A @ A%,

A ERFRANERERD, TEHRNBEREIRTR. X2, G = {81
56, = {g,5|RRNEAISHNEE, G REMNEREE. AHE—ERAIH0, X
NERERBEE— G BITER, AR —Shg1g: T, 81082s = G2481a,
B G ITERS148255810/825 FIFRIR, BTHIg14814'825825 1521, G15G,H
TTEREES, BlilERE G BIAEFE,

XE—NMEEEIXR. JXPXRREMIZAAHE, IR A 2G6,HFER, B2
G HIZRTN, BBAXHER G FITERG 10825, EBE—THEMEFA(g10) ® B(g25) 520
N, BiXMIINKRSRE G PuRAIREANERE, HH81.825X1 G 7T
2158148251 X M G PITEXI M AYRERETREHE :

C(810826)C(810827) = (A(810) ® B(g25)) (Alg1ar) ® B(g2p7))
= (Ag1)AG1") ® (B(g25)B(g:51))
= A(81a81a') ® B(825825")
= C(81481a'82882p") = C(814825814'82p')

2810825 X NAIRERES g, 0 82 5 SIMIAIFEFERISRFR, BIDRE 108255814’ 825"
FRFII N AVRERE, FoRERN. XIFRIRIFA IR A ERRERIRT.
EX 2.19 BRERT: 8 G BRINANEFG, 56, B, 6,56, 83l8%R
A5 B, XY, RIEERSFEAN, C(814825) = A(g1a) ® B(g2s), HIRGE¥
G BFTR. BNMRTIRNG 56, BREFNERT.
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XA BERERIRTARNEHERTNERE T AKEIR? REERY
—RRMEEHRTHNERIRE, RELME T ERIR IR, RTHSEREA
XFN R RERHHETR, RIZAGERIRT. THEERRRIRTXE, BlIAKE
AFE G BHHEIRTR, BAIAERNEERNM N AEFRRIR R, BIIERA
EX PN USHRIXA M FHNER. BIIRETX M RALIENR G /1Y
T, BTXANER, ERER R R BRI, B
YRTRRRIFRIR R BE LY, MEXE, IR A 5 B 26,56, ARAILFHR
N, BBAA(g1) ® B(g2p) XA G FIRTFEATA. ENIRGSG6,H979 n #l
m B, B

1 n m
OB = > > 0¥ 10X (@) (@11 (B2p)

a=1f=1

- (%z XA*(gm)XA(gla)) (éﬁi X (g " (828)>
U A 5B RAARY, | L | IER |, EER, X G, MREAER, RATT
RIFERBRE R MES, HERT A RTAR U SRRTARR.

FERVERSER. SMEANREERI X EEmRs 8, %
%, BRIREWRR. FARITRUEERRA,

EREB(ERRAI? SERIAL, SRR — S0 — L8
BENEAENGETNET. SRR, RERENNERRE G lRE
2, EHTEREE, RIENSTENERURIGER G (5w, EH
BB AR — MR, BRI, EERR
RRAE, BB G BIUHENERRIRBN, I EASUTTIS B
NP FRER, TSR R, XEBHMOASER, Y



RUSLEIXERIER. MEMS, FREKE G FE—IMFERIT T, HIOIAXD
FRRFRTRHAEIER G RURxR, BAIAEKXNFHEARAZ TR, HIIEAR
ERIXNBE G AJLAERRD R,

FREEHR, XBEAEEXRZIXERT:

HAJZR R (8]

?B(h) ) W

?

2.6 EERTFIEE—
188 G, BRER, RIIFTMEEEHARTR. HIIMENEREE— 1 Fif
H, X/ HERREZ, 68— B HIME, RRFRIIIEXNMRTIERET
TEZE W, HNEAERXEER, EREH GRI—FR?

XE "FE BERXNERT, MEECHRI HAEE, BHANNGH
=8, BXNTENERE, RIIAEZBEAEST? XNMRAT, MREEENX
—PNERMUTIREE, (518 G SERE. MENXXNMEEREE, RET=2:

1. BX—&ME=E, EEEU R LMERREIX M= EmE L,

2. TEMIXNEMHR,

3. EXELUTRRE—IE, BElEEEMAE, 285 GRE (BHERE
TERNEARE),
SXEEMHGELE, BAIMETLARIRINIM HESH T G I—MRERT. T

EEA TSR S IRX A BRI T,
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— BESFRNCAH U, REZTEICAV, X1V E2HA?
XAV EHBEEN A — M RHTE, BACMEGE H. B, W, FAX
MRPZAVREXLEEMNREFER. BAMERE?
HATTLUENX V FEERXF—PERE, XTREREREREER— 1 G &
A9RET, FHGEIE— W ZEFHNEE, BANEXNREISH 1,
XMESTRIE W T EIERFIEERT, £ G XMEFIEEkXRY, B2
H. BiEi&EFIA. ATIEXA B & H IRRX/MsEBFERER, K18
E, MMEShWETH, E8 BTG, B: f(hg) = B)f(g).
XE—MREFMY, RN f FAREREH— G hEfT, HLF—
N W EEPHNEE, XEFE—DERE. FEEXf(hg) = BO)(IHER h. ¢
P, ERXRNEFNH, AR W TEF— a8, Alf(etEE W =EH—
NMAE, B(hE W TE LAY, (BRE W DERE(g L, B3 w
FENE— P REEBM(Q), RNMFXNERXNMEES { XMREEIELL he
FEINBEIN W SENEEEE.

— TR U(RMHA?
LERMNESKINRTTHNEN, WERNERTHIZMTIE. FH1X
ENERZCEREI VARET L, BN VHREU(f, BE: [U(@Efl(g) =
f(g"g).
TRXEUEE— VHEE, ROEREE— MR, XD REURE
E—1 G i, BRIE— W ZEEE. FANHXA V PEEREKE
MRREE— B tg, FIABSIRN W =EMNEE, S8 Lig g/

AR W SEHHRERE.



XM B LM TRU (RIER. EFE—RH, Fl N T V PRIEE fEHRE:
f(hg) = B(h)f(g). TEIXE, U(e){FRAZEI f L, 53 V PRIB— 1P HEE[U(9)f],
B, [U(@BREHEEK: [U(efl(hg”) = BM)[U(®fl (gAY, XPERK

WARER? EREEHE, AN HF, &
[U(e)f](hg") = f(hg"g) = B(h)f(g"g)
BIRIEU@E") = f(g"g), #EA:
[U(2)f](hg") = B(h)f(g"g) = B(h)[U(g)fl(g")
XtFERU(@ERE V FN— P EE L, SERIHSE vV PIS—1NE

B

X RBFHRIFHEREE G RS ENERE (AR EREE. REBEX).

PERIIREN T TESERRMIRTEE vV, BE— RE=E, HPRE
2, HERIRGIE—EE G PEET, REB(F—1 H TR B NERRTE
wEE, H#E: f(hg) = B(hf(g), XIvh € H, Vg€ GRILZ,
EIREAIE N 5T 7 E&LMEIRU(g), BRE: [U(fl(g") = f(g"g)Tdve. g €G,
vf € VEIZ,

WEHNEU(DIREFANE? LIk G S(UQR)IEEEE? EEERTHIX

A2
[U)U(@f](g") = [U(g'e)fl(g")
Xivg, g. g"€G, Vie VEIZ, BAITIBEXNREMIZ, ARIRBE{U(g)HE

FEY. MESHE—EE, G5{UQ)IETBAMIL

UEBRIX R R LU B R

[UEU(f(g") = [U(gHfl(g"e) (FeXdia—FR, BERTICH(g"g)i X MEREY
o(g"), AANXANNFMS, XER:", SIETREARIR, B—MUg"A
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T ERIRE)

Alt, BELA%ESH:
[U()U(@fl(g") = [U(gHf]l(g"g) = [U(g)el(g") = o(g"g")
XEU(g) IXNMRE KRBT vV, ELUE)ERRle(g) EEFEF0(g"g).

XMHEABeARFAETFRN, BB o(gg) = f(g"g's). FHiMm:
[U(gU()fl(g") = ¢(g"g) = f(g"g'g)
mUEf(e) =f(g's'e). Eit:
[U(gHU()fl(g") = [U(g'e)fl(g")
Xvg. g'. g' € G, Vfe VL,

KENMLF, BI/R: (UIRBTRER? EXE5EN. BEAT
[U(go)fI(g") = f(g"), U(g)BB|ALTE; ERU(g H5 U(@E; E=£t
EiR T U(g)U(g) = U(ge), TEXAEMAET (1), &E(UEHUE))U(g) =
U(g"g)U(g) = U(g"g’s) = U(g"U(g'e) = U(g)(U(eHU(g)), HEEERIMIL.
s, (U())mRE:.

{U(@IREFSRIEmRAIU(g)U(R) = U(g XARB—45EE, (U@IHME G
B— &R, BAHEXNESRAESER, 181F: UG, nUB. (U5,
AT EERMWIC AT ERRE—E, FIHERIZ BB MNENE:



HEIR R R 7 [H]

H 2 3)
B(h) mmmd) W \
(d%5)
5)
SR
BER REE]
U@ 7 @ |°
[U(@f(e) f(hg) =
=1f(g 2) B(h)f(g)

2.7 FERTTERE—
(127 GORHTR, 0 LEf(hg) = Bf(). [U()fl(g) = f(g g) WMRFIS
%, BATATLOER{U (2R G ERT)
tERREE T ESTIENRE, SLRNAT, R XMNERRE, o
R EENER( BB AL B S R IIER?
EREEXNOR, FERIERFERTMERIIBENT, nEEFEHA?
BE: W=,
1. BERRITEREE, EXEHE VIXNRET A%EE;
2. TEXANRE=AS, BXMEENMEMETTRAIRE, FRE,
3. BEMTIEU(QWERRIXLE E, SRR, B8 M TREIRIRERTT,
BFF RIS MR AERERIF.
FEE—, RE=EEZ4E?
1. EME—RETANEE, RETHREEERIFTER/L M ECRE—
BRE, ERFUELAR EXIRATBFREARE, HAIFEEFAIN n NECEE—
ANEEREY, FrLABFREZSIAAER S n, TEERETPE, RITBEEMNHD
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BRI —NRES, FTAKESARE I N,
FEIXE, RATEHEENE v SEXEIORR, (AR BT, BAR—
WSSO, BITA 0 MR (BHEA N, XA W SEPERR
d 4580 (BEEDN d), FTENE—E, SRS, BilEn x d
NEHE, XNEEESER X .

(BREBHIXMNMECHRIR, RITBIT—X V R FHIIRE), e
f(hg) = B(Wf(g), XIvh € H. Vg € GRYSL, XMREIBHARNLIR? XAR
HIESTRERERT f, RAVFBENERS (oME, RBEME—HS, #a
LUERTE ffEEE (he) = B)()EE]. FHAR?
EABATRILUERE G, IREL TR H #HTREENMR, G = {Hg,. Hg,. . Hg),
Eirhg, & G FEAIT, =vm, n 2 GHK, mEHEM, KESERE,
fREB—MERRET o, BETLUECRAER—MNEES, S hg;, X5,
CRTIRIE W SEFEEE, HAILEE(he) = Bh)f(g)182), XEB(h)
BN, i R AR ENIEE FEAREES B S g XIRA(g) , BBART
B MEBEHET, B V MR AR A d, IUEIE! =2

| BT XH—NAR, BTHFHASEE T, XANERIE ixd D, SMBRX
B—AERY, XOEMTOEBRIMAR— LERESRIe, REAIN
—A W SSER IR,

AR NSRRI —E], 1 5, REROTRN: eq(g0 = 8ié:,
Hobr 2 W SIEREIEEE, B8 15 d, &8 W BE d MR R
(H % B UmEE), j B 1 5 hia—N, XK G B 1 < dME

PN
Ho



XEe, (g )EAIWERAIE? 2IFRLER— G iR H BRRESRERIRY, 8. 8.
Blg,FRI—PITER, EREIHE—D W ZEPHRE, SEXPMREEVMALZ
g1. 82. EgHH—1ER, MR G PMEE—IITEHEN, RXPMRESRE
(RIXNTTERER GRS D MRFRIENL BRSkhg IFZR, ARG EK e, (hg) ,
METB(h)ey(g). BT, ey(g)TR, ey(hg) BHAFAIE T,
2R, WEXERER, FEEEE S P3EEN1EId, 15 /7Y
BRY, ey(gi) R BIRIL+ARERIBRER?

BAEE =1, =1 ER, XNEHMR, Xey(g)XPEREY, {REFKe,, i
RW HaYE,, 1REFKg,, FEIR W EFRITEE, (RaFKke:Elg,, FEbE
R W ZEPHNFRE,

=2, j=1 B, Xe,(g)iXMREL, 1REEFKg,, FEMR W RYE,, {REEFe,,
LR W ZEAPNERE, (REFHe:Rlg, BESMR W ZEFHNETEE,
=3, j=1 FEREOREHE,

r=d, j=1 B, Je,(g)iXNREL, 1Ré6Fe,, KGR W FaYE,, 1REEFe,,
LR W ZEAFNERE, (REFHe:Rlg, BESMR W ZEFHNETEE,
r=1, j=2 B, Mey(gu)iXMEREN, 1REFKke,, FEMHRW PHNTRE, (REHK
g2, AR W ZEFHYE,, (REGFe Rlg,, FESGMR W ZEFHNZTEE,
=2, =2 B, Xey(giX RS, ReHKe,, HALIR W PHNERE, (REFK
g2, FERIRW EFRTE,, {REFg:Blg,, FEBLIR W TEFRIZTEE.
=3, j=2 FRRAOREHE,

r=d, =2 B, Xte,(g)XNEREL, REEFKe,, FGIR W FHNFTRE, (REHK
g2, BERIR W ZEPRTE,, REFg:Elg,, FEMAIR W ZEFRITRE.
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=3E BN, o FT 1 8 dRIBRKORSEHE. 2. jRVESER dx I
HE, VR x dPNERET .
. B FEXEFEANEUE, BITMERESRRRTEE T, XMRET,
MEEEU(DIFAEey(gi) LR, RIBURIENX, FAIRIE:

U(g)erj(8r) = erj(gk8)
X8, e(g)WRHARR W =EFHRE, BAITTLURE G & H #1176
ELRNENL, e ghg, AEFERIEe,(hg;) = B(h)e;(g)KHHE.
XA, BR, SEEFLHTRAS, Bfile,(gve)BMligIE
ENRE, FEIEERe,;(@)REF, MiBABZT.
XM EHEFATESCHZPHAIR ¢ R—MAENETT, HMEKNEENS
MR, XPU(IERRe (gL, BEIRe(g8rg). X ey (gk8)EAI]
FHERMA, FAIREET HX G IFEREDHE, IBEWENTE Mg, ¢E
T, T, XN h SgtHMET. AEERMNEL e;(gie) = eyhg) =
B(h)e(g) A LAEE]:

U(g)erj(gr) = B(h)ey(g:)

B(h)2— M EA ISRV HERERE, FATIAEREMI, 2ite, (g)RITERAE
gr, IXHFRNERA AT LB HU (9 RIRERE R T .

Bgi. g2 HlgHH— BT, HFg,. g.. BlgHHFuELE, gSaEN
/_?E_/qufgo 1E§iﬁ 1+t %:.F k, ﬁB/Z\erj(gi) = erj+t(gk)o }Eu j+t ia?g m, %BZ\
L EBBN AT 1

U(g)erj (gk) = B(h)erm (gk)



erm (BORHANEREBTHN—, EFREHMAILIBALHET .

XN FHEREEARNT, Hem (g BIEX, BXR m=k, ERT, Herm(gi) =
ey (gIXMFM, BXK i=j, SItEITHgg = hg;, ¥ h=giggi’. F&H m=k,
i=, FAIAE: gnggi ' =h e H, TR, XEBm, j 2&em(g). er(g)Y
BNER, XERRRAEXMNENE /MR m, | NN, g @l
gmgg; 'MATIEREIEET ¢ LEEIRE Tgmeg ' = h € HEY, U(g)ey(g)Y
BARHATAE, XATREFRSEHB(M), B Bgnge, VRE. HEBRT,
EREET.

BETIXNERE, RBEATARAEERERT. Hvge 6, U@FT:

/B(glggl) B(giggzh) - B(glggzl)\
U(g)=\B(gzgg1) B(gzggz B(gzggz / £ 2.11
B(giger)) B(giggsh) - B(gzggz)
Hrh:
: _ B(gmgg '), if gmggi' €H
B -1} — mooj mo&5j
(gmgg] {O otherwise

EXANRRF, HARIBB(gmee XN x dBVERHEREARRTT, BU(R)
BT x IR, XL x 9, JW—MFER m, EHgmgREEDHERI— HAY
pEEER, FTARBE— 1 B(gmeg )IEE. A, FEgngSgme, LXIRAR
P& (RAARAHEE = higj5gmg = h,gjA5gm = hihy gy, #Hilgn €
Hgm, SHgm. Hgm BREFEEFE), XEFU(IXMERLL B X1 x diY
FEREEAEARRTT, SHERIHETHE:

0 0 0
0 B 0
U(g) = B 0 0
L B
0 O 0
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XA F IENIZRTRIEF T .
M7, 2R D,
BI12. XA G=fe. d. f. a, b, ¢}, H={e, d. f}. HE@AN=WEREF, BFT
B(e) = 1. B(d) =& = exp|=|. B(f) = £ = exp[4ni/3], KEACESHHA
G HURR?
XEFENEERE D; BEREAR, BEEFk 1.1,
G={Hg;. Hg,}, g1=e g2 =2a,

R EESHIESFRRIIF, REE:

_ (B(eee™) B(eea ™)) (B(e) 0\ _ (1 0
UP(e) = (B(aee‘l) B(aea‘1)> B ( 0 B(e)) B (0 1)

_ (B(ede™®) B(eda™)\ (B(d) 0\ (e 0
UP(d) = B(ade™) B(ada‘1)> - ( 0 B(f)) B (0 52)

_ (B(efe™®) B(efa™®)\ (B(H) 0 \_ /e 0
U = B(afe™1) B(afa‘1)> B ( 0 B(d)) B (0 E)

B(eae™) B(eaa™) 0 B(e)
( eae eaa_ )) _ (B e ) _ (O 1)

B(.) —
U@ = B(aae™!) B(aaa!

B(ebe™) B(eba‘1)>=( ?) B(f)>=(0 52)
B(d 0 € 0

B —
Ut ) = (B(abe-l) B(aba™1)

B(ece™) B(eca‘1)>

0 B(d) 0
B(ace™) B(aca™) - >=( E)

P =< = (B(f) 0
XMESFRFERA 2. -1, 0, BRTHERR.
HEIEAIC 2.11, HIERNEESFRHHREATE .
xU(®) = Xj-, trB(g;gg ™) =X 2.12

EXAMIIFIAYEHE, j EBM 1 B I=n/m, XEgge' € HEFBE B, BUEFHE

B, FATLLERENXE—MER, MEHAIX e, Blg HSLEEX G, KB H



HITPEEE D RRIRHMERAEIRY H FMNUBBLEEET, B G AJLAS AkHg, EHg IIFER.
XN—bage, LbanHgFRYEE—1ITE hg, BEEREl ¢ £, HESBXEN
MR MR Regee ' €eH, Mhggeg'h™'eH, MMMRggg ' ¢H, M
hg;ggi'h™' ¢ H, HAMRARR, MekiEtggs " € H, ERTtrB(ggg ") =
trB(hg;gg; *h). XHEANE, =X 2.12 FEB NG HIIIAD, MATLY EE G FFE
iRt BE—FEIRNEN H faRERNRHE, 67 miE (HBM) H8E
SR, FMUEEXNESREHS IR, REF:
2° (@) = = Trea trBtgt™) % 2.13

EESFRXNMEELETRZE, HIIX—0HR TR NMERRZHNRE T !
1. BIRNEFEELRI48/\, 2. Frobenius B, XEMEBEILULAIEIE,

TR EIETFROGE/)\, IRRIRIXE—ER, A 28 G l—1&RT,
XJvg € G, BE—PMEIMTIRA(R) SZXIRL, HEA(g:8,) = A(g1)A(8,). APAIX
MRINKERNT G 9FEF H PRUTTEBEAEMRIZ, BIXdvh e Hc G, HE— %
MEIRA(W) 523N, HEA(hh,) = A(hy)A(hy), BEERGIEZIREFA)}
Rk T G BUFEE H BY—1 &R, FAHBXEN—NERRA GHIFRTR A, FIHE
FEF H A48/, 18/9Al4,

X FRFRTRIGEN, IR A B G NARTARR, BBAAlg= H NARTA
Fng?

BERR: . tHaxdF D: 8, BTHEEATNFRR:

s@=(5 Da@=(5 2 r0=(5 )
a@=(0 o) am=C =) a0=(% )

B D; BUF8F H={e. d. f} A48\, HIARXN=MTBIREFRIAATHNRT.
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XM F R L1848/ RAIERT . BBA Frobenius TEERIE? 1Y
BB GENTFEH, GBERUYERTR A, HEATAERR B, BlIFAKERMNE
LERZE, BERRIEXRR. BEZ2HFAIEITIEHRIIAER H AIATAERTR
B, AILIESH G HI—1RR U, XMER U RS G KiRrAIgERA LRI, BT
G AR A, B H EBEME/Mlg, XPE/\T H KiRthalgeR 4y
AY.

Frobenius TEIRRAYR: MATHESHRTRFRT IS NI NE MK S E-
RIZEHIR R, BAIRTLARIE G RIARRLUZR A 7EH H IR L9%RR B S
K9 G R U FRIEERE, ST H ATLA%RSR B A5E G BIATAERTR
A XS H B4R/ (EHE H BIRTAlL) PHESE. BEFRLGIERE, #ME:

G THFH

. ! |
FoorRA CRafZy) ZeRB (AN #))

Ug Alg
(GIHZE R BE 2 (HIF ] Ben] 29)
Frobenius 7€ #

ATEURM 1Y == BT Al d 21
2.8 Frobenius FIEREE
AHEFFEHR, ME:
o) = 6P

HeyA, V28 G IARTAFRR A 58 H ARATARR B FNESHRAY G 1Y
BSFR U RIS, 5. (28F H A4 B 5H G RN A £ H EAY
FENERERY H R9ZRIRAL 4 BOASERR,

BAUE? FAIILUXEEER, Fmass:



1 1 1 .
G =D @@ =2 ) (@) {52 trB(tgt-l)}

g€eG geG teG

= %z Z 1 (trB(tgt™)

teG geG
XE t 5 g RUNNFIERELE G, iCs = tgt™!, Mg =t""st, FPARS t 5 g RYINFD,

RETLUR(ERS s 15 HODDAIRY, OAbR E=ATakRes T

- %Z z A (t~1st)trB(s)

teG seG

HBENX, B#HEET

) {%Z XA*(t‘lst)}xB s)

seH teG

EAXG KM, BX s BT H, ATLUFTEEBEA%/0\E H, BEiY, XBETE
B G BF, (M (7 st) =y M ()EBARAL, FLA, ETVAREEET

=N OO = G

seH
HTFESE L, BREET
=0
B2
A = GEIY
Frobenius IR,
BRZAEINIZ D; BEa91+,
5113, BAIRA M (e, d. S} BIARRTLIZRIRB(e) = 1. B(d) = ¢ = exp[2ni/3]. B(f) =

e = exp[4ni/3]EHT A RIFES:

wo=(3 9 aw=( 2 a0=(; O

a@ =0 Doam=( ). a0=(5 )
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MMESETRITNBER D ATAET, (EXEESTHE, AL
AL AR L EMES RIS 2.3 TTLUSH, S5 0. o, 1,
SAMHERATEINT Frobenius I8, A1SLEIR D HORATAIETHN A' 5
AZ, XA AV ERAYEE H_EHOSENRR Ar-AW-A(D-1, H SRETASER
EE L EOESESR 0, 5 0 81T A BN ASIERANESER L
(BEEEIAR, SUBALE Frobenius IBHAIAE.
SNSBTRAHE Ds BIARFTARERIEN A°, A 7E B (OBSER HESEN
1. MREAS, A’TEH ERY9E0NA:
o=} O w0=(5 &) a0=(
H ASHATHERBE) =1, B() =« = expl2ni/3]. B() = ¢’ =
exp[4ni/3]#EAly LIBEEE /Y.

(B0 = 3[2X 1+ (e +6%) X o 4 (2 +) X 67

2+ E+e?)x(e2+e)]=1

W] =

Frobenius {&ZARKIZ,

2.7 JBEBE

1. iRA()EREIG = (G— TR, FIE: SHIEERA" (9 R — . W
AR ERAIAMERE XKIER, MA® (o) thERATLINIEE A IEH.

2. A()REIG = {g)fl— TR, IR EEBEWIERE(A'(g)] " [BEILImAEN
[A* (@] MBRGH—NFR. MAQEBRITAREEKIEMN, WA (],
[A* (9)] M BEARTAIEE K IEH.

3. ARG = (GHI—PFER, BA(R). A*(9)RIB? AHA?

4. 1BA(Q) RBMREFGRI— M T ARTR, CRGH— 1R, AEH, ERBAL



FERE. VERD: TeecA(g) = AE. PREIULTERIREPRESX MR,

5. SERFEIREFGFB TR KR TARTIEN A, Y SBH— LIRS
fEFES,

6. REMBIFEFENFALIRR.

7. iBAG) RERBIGHI— N RTTLRT, B9 RAREH— N —HIHESETR,
EBE: A(e)®B(g) B GH— M RE LI

8. &V ={e. a. b. |EHBMTRERNNNE, REFEREMN. FIL%

AR

9. KD BHHIFFEARFN. FHNERTR, FRGHRTNVEREHE.

o |0 |(n |T)|C

eI =2 "I e B N )
Tl |0 (o (o
o || T(a|o

e
a
b
c

10. SRHD,BFERFORBEZEENY: (F) = 22, Vo (D)=y> W3 (D) = 22, ¥y(F) =
xy. Ws(P) = yz. We(F) = v UBERTR, HEHEOANTTIRTR.

1. S ERENAEEN SAENER.

12. 1RAP () SA" () REEGHITINTS . FIIARR, BRFRA ()@ A”(g)
BERESRRND? A(9)0 A @IE? AftA? mEa, Sa/lR?

13. MFBEHNRFAEENER, RESSHIBHNRTEHARET? Mt
X

14. BIREGHEHESNFTARTIRIERZN, Tear (@), T2 A2
15. LG =2 6@ =y% 60 =A%, SHDHN=MHER, HAIL,
16. D,B¥, BTHTEe. ajf0ESHR, SHAESHR, FHN.

17. SHD.BFEFRTARMEEZANER, 1L,
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B=F REr5=TREF

3.1 BBl

BIERNRIRESR, 55— FEEX HRAECERM, HENREHEA]
[EEAHEFRIBHESR. S=RRREN=Es. BE L, YIEER (8t
RER), FHRETHRERRIBRERDA, BMXIFREATAIR, ERHLEST
XA, TE, STLAR AR ST ERRIXIFRIE AR R ET S EA IS FAY
7E. BT, IRaNESFYIEME R AT SRIMFES. FEXAS, YRR
3% (Physical Sciences) R LAMRS BN HA IR RREE,

REREAIUHERRANEH TR FIR, BENRELE—TRR
FAS), XMMTREERIR. 27, ERAHPHsEl. M, 2ETR
S, SRR RRARIRIFRME. RAXNRE, BIX—EREMERE.
EREER, HNABKRFEEFBUIRY. EiHTREZE, Hlilaik, IR



HATEIN—MRS, EHERENNRAFTES BT, BAXMHE, H
A EFBRIREELAERAPFE Y. SeERAPFENRZEPI—ERS.
EAlfED FREAFIURM, R — e 2n/s BIXIFRRIEFER, B
RERAKFHASIF. X5 |HTREARE, ERREHRI—8D. MR
RIBLSRINL, Bl IEBRIRBEEIELE.

BRS, BAITTLLERS—T, ERAHIAR R, S REIRIR— RS,
R SRS AR PRI TR E R AR, (EREISES
PR, ERARROTERB IR SRS B AIRIFRIB( RN 7 X EE— RS, (F9tME,
EECRIITREHEAT, RAEEMEMRIE PR TR B, X4
ETERX MESHILAFEAI. BAMS, SEEREPH T —ERENIE
®ia, MTESRKESEENTR, REEULEEISZRAAT oINS, X
TR ER NI ERETR XMt R 2B E AR, X heseal,
BISRKED HENTFRRA AT RFAIERMEHM 2R, RS, BT
— M FERHT RSB EERES SR, A ERSZRIAT o
RPIRE. XAXIFRRERIITRTRE R B IRANEBE. XL FEAMRT—
PMEEHRART, FACARREHEE, (ECEBRSRANAR. AT R
XML SERRITRERIES , BAISIATERHX M. BXIMNERKALL
ENERCRET R, BNRREAR. BEFNEDENSERER/ LR
RIEMFAR . XE, SERFREM—PBIFRINAE.

RS, MRERHETUHYHIRE, ZEREBLMRNE, REMZEER
BIXAEMS AMNSEIR MRS INREFRIEE:

—. MNRERIBHMAE, =4ECIFSREE OQ) A, X4~ OQ)BFRHEE). iE. LIk
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EMNRESHERN, 2— TR, XM eEHIIeEH. Rk, X4

OQ)BHIBIRF&F
—. NEFRNZEEESS FHE, RIS ENIRXIFRYE, SERRNE —LHRER,

BN,

MHEREERRE, MRREFBLRIEELIRAM/AEIIFTRERIL, Re
RIEERTE S/ RIS EFE—EXEM. —iKiR, F9
BHBSNAMBTERARNE, MEKEFNSKRIBAT, BiHR, SiEHR
trivial 7, FREIISFNED. D&Mt/ IRERAERRIXMNEF. MLE
HEHY, EEAN Frank Albert Cotton, AR I —EHIRLF A BEHXIFRIERT
EHE, SERARNEEE. 3, BRRIHEG—EXEK, BAHRRGISN, XYM,
KRERNMEFEEIFL, B8, FEEW. XEF(HREFER—MTF,
IB=#LIER OQ) B S REFafE—ie, 1B "mEFEA" K.

XEREFE—ME, EXYNAR— LRSS RP EFRIRITRGE
S, XEBRFEMHE MNEHITERFNRE, =E=EPhE— =40,
XNELFRRFTLUBRA, s+, Bfs, BaILTRA, Eangir.

M RE TSI LAME P REERIFRMES, JFRE(F (Symmetry Operation)
SXIFRITER (Symmetry Element), 8. Se&/LMIF:

B, AWK, B)\PNER, aZh, FOE0, x, y. zHoBEF0:



pans|

e f
3.1 MARETREREE

FEMTARXITREE? XBHKAISE Albert Cotton L 18 TUSHIE

X,
EX 3.1: A symmetry operation is a movement of a body such that,
after the movement has been carried out, every point of the body is
coincident with an equivalent point of the body in its original
orientation. In other words, if we note the position and orientation of
a body before and after a movement is carried out, that movement is
a symmetry operation if these points and orientations are
indistinguishable.

BIXNEN, BATEXNFRHEER— movement, 2—MEMIAREILASH
JFRESART DB —MASH movement, RIBXMNEX, 1B LEAZA
B DAXITRIBIE?

1. BMAARRITNRIAE ag. fd, hb, ce #HT 21/3, 4n/3 BV, XiF
HUERER 4x2 =8 1,

2. Bx.y. zHE w2, n 3n2 BURME, XEERUERER 3x3 =91

3. MAHIRE 12MR, BEENIRNPRIEEEER, SXMNELED « A
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RURE, XHFRUER(FE 6 X1 =61,

4. BINERFRHANXNMRE, —3L 8+9+6+1 = 24 NMEEERNEE,

EXBEMENTRIERE, SEBNENEN, B I, X1 Tk, M2
TEEAIEHEXTTRTTR. B, Ff1S%F Albert Cotton F5_ERIE N,
EX 3.2: A symmetry element is a geometrical entity such as a line, a
plane, or a point, with respect to which one or more symmetry
operations may be carried out.

RXNEX, BAIFHENFRTTREE— NI URISER (geometrical entity) , XIFR
BREREXS TN VASERHTRY, £ EERIGIFH, EHEiekid, 28,
FREONSTRITRA—EIFHMERIEEH, LALIRRERD. RETH. BiiEHE

F, XENUESH. ENNERISSHEC EBR ALK, NFRRIFEE
BT THY.

£ EEHM S RRIGIF, IRBAIENERERE [, BB =4
FEHPEE—N(, y, DRIRTHEEI(—x, —y, —2), XN RERIEIRIZ B3R
SCRR B EXFREE. XA 1 5RIZ 24 MERIMRESES, MXALUESH 24
FTHIRIFRIRE, IXFEIIE—CHA 48 MIFREET . X 48 PRIFRIRFIIER S
PY—EE, XA BFEX ML FRIRIFREE, Ff(Nich On, BE— 1 REE (B
XX 48 NME(E, IR FIOERN RERAE).

IAEFATAILAEIE, ARFACXNILITIRER—1EK, FBAIX 48 4™ On BFHY
MIFBRIERSRFIXMIAE? B RiF, 2IE? BT, H(IFEBHAVEX
FIXANKMS, BN ERIT AL, LUEEIFZRIRAE RErIXIFRE
8, SHXERERRRIL, IRETER, WERBAHERERFIX A ZRRIRIFREI R



£, BNRA— T EHN. XM ERMLEAUETERN— I ENEEF
ZR0mEE, MEXNERITE. EXE, HHCESTNREREHA, era=FY
=HESCIEREE, 189 03). FEFKISHERIERNBE—TIXA 03)EE.
BEHIXD OB ZHI, BAIFBEANE—TEEENESNERE, ME=4
SLZSE) (RY) SPRYIEAZEER.
XAN=HESLS AN — MERERERE T —AERA—HEI. 1. kKLUE, EPrHE
B REEAILISR FAFIRERZ, Hean:

X1 X1
P = X2 . F’ = XIZ
X3 X3

3

—>—>
(r-r") Exlx

i=1

PN EERIATR:

HehmErRIKEN:

3 1/2
7= G-V = (Z )

mEErStIEBHE
cos @ = (¥-1")/(|F||F'])
(IXLEERR RS FREEAYIER)

m R PAVIERR N, 2FRF R PEER N RERRAZTAISHR, il
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det(0t0) = (det(0))” =1
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(e )¢

—4
~
~—
>
o
-~
e
N
N~

0 0 1/ \X3 X3
X1
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1. o (W) Ce(W) G (W) 2,
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RyETgE, TERIMFHEE—TEID IR+ ASRRER,

1. ny =n, =n, XPEERE, FE—D ki, BXETHNE. BTXHE
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NERZBIEEITREEERZRER, FILABIIERME=M G HhiE, X
AUBFFRA Co BE.
I+

#iE: B(OID),

3.4 C B I F
IREROBER Abel B, SANBETE—%, — AN,
.1=3.n=2.n,=2 n;=m, n=2m, m=2, 3, 4, -
LERADH=NE, E—NSE_ARELEES = mMEE, BIiIR
m NI SERERIRE A, =B RS = 2MRE, BIIR— m
STRERIRAN SR, XA SAE— G HuBLE,
EFIXEEA m BBAORAER— G 3l E, R E— N M-SR m
IR, TORITSE, X4 m B AT LSRN IR m M52 E0E0
fra,
REAOBERA PR A MRS, LB S EIR Ds B, 1575 Dy B




3.5 DsE. DsBFeE
XNESLRAFBETFIRNMIF, KRB ES I NS —EREEARSIEN,
BERA G g ERRI N ECKE IR ESRER T N R, A4k

Z—(nl—l)

XNRTRIVPRIE 12 XANEF?

XE8n; =2, n, =2, X D:BEKR, BPZMIMSERENRNZRAE—

GHEL, FTLEERSR G BN EEHME [ BHME, 2B double counting

A9, ERRREXEn, Sn,XNAMRIE, RNEMEEEFRIRE, FAEXT G

EFTIIAIAYEHE, 180, 50, 2E T, FRLARFSANEERER E— 2,

Xy Ds BER, B— M SEKENRNZ RS -1ER— G Ul L,

FRLATESSHIE N SOATINFIAYRHRIRE double counting, {BR, HEE—

BB AR R ZFAN AT N EROET R, BARIE -1 REEHE 7? XAT, double

counting FRFARY, BREEKE— G BREMRFAIDMERIIHE,

RELEGIR, TRIBMDIE:

1. TE-HZAE—D G HERIAHE, double counting BALEFERAIINT 1 HY
Fite,

2. r5-E— G HIBEMAHE, double counting EREMEITHELA G
B_ERYEN RSB A S AFE SR ERISI L.

EEFRE, double counting RETFER.

AR IFNE 7 E— KRB EAL RS MR RRYE _EAEF D. 915

. TERIIPREEREADEN. HINEXRIREE: WTEBIERE

FBRVEES), INREEHATLIBI BRI TREREEEk, WEiIRE.
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BATFXNRE, HNREZAES T LE D 5 Di, EfiIIDEBRAMEAR
—.

T Ds, BAZERIFTE MimElal LUBIS SR 3 IRHAVEEERREEK, mid
T Ds, ERZKHHID AR, SRR, T Ds XMEFEURRI_EK
B, B85 AIEESEHT, (r50 TR, XE KER M - 1)/2
e n=3 B 1, n=5 B 2, XEIXFR Dn BFRISHISRAINEBLZE 1+(n-
D/2+1=(n + 3) /2, XEFE— | RIEFER, BN (n - 1)/225 n X
ROARIESRE, &Ie—1 | XINAA 2 R4,

TOXSF Ds IXFMBEORAI_EAEE, B5 n MHRIFESEP, 50
X, XE k ER M - 2)/21, RIEFRIERE—K, ¥BiiREE—
¥, BT 2 REEIDAFEE, FILUSHOSEEE: 1+ =2+ 1+2=2+31,
BRY Ci 5 Dn, TERI=MERRZ:

.1 =3 (B=MRSHIE), n=12 (BFEH 12 DXIFRELE)

n1=2\ n2=3‘ n3=3

F—IMRRER MY, —HE 6 M,
BMRAMNER=MHAY, —HH 4R
F=RRUEHE=ME, —HtE 4 TR

BAKEBXANEe? BAITUNEPERSHHERRER (GEATSE
RRFRIET, BASHERAD, FEZEEFIEER).

Rigr:. To. T3, LEFSMRAHEERNOMER, G FRUES—PTE,
EREIX IO MR R L, BRIESARXIM RS,

Br SR RI=IREETNC;, BAFRE, HERIRART, . BE(FRREIHE=1}



RE, BRIICT,. CiTs. G, EARMERR,. 5 LXTMEGLE? —&
RBEFFEFRIR, APAXA G HiE EHALE PN RT .

B EXFIERIANE, 1. T, T3, LAEXRHETAENER? &
22 AL EIRRNE, 1, T LREER—GE L, 2EHEE

120 BRI=ANR,

3.6 T B~ EreE—
B, 3WF7,, W—IMREN=RE, FIMBATLUSER,. 15, T8EL
EIRRAIGRELE LFRES X — 5.
Xts, TSR, BXEECHE—R, BBAr. Tp. T LAIDTH
MARBEE—MER: HEC(IRKE LEEZEHFRESHHNTR, 14

B— N EPUER,

el

3.7 TEErEE =
y\j:.l:iz/l\IEEMK, F1\ FZ\ ?3\ ?417_]-5“25,‘]—?1\ _FZ\ _F3\ _F4., ‘E’ﬁ'@ﬁz—/l\
R GHE, XM HERIEYEEF N, = 3XINAYER.
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ERT, ZBHRTRIRAT S MRAR, BATLABIT =IREEER R, ton:

3.8 TEREE
XMEEEmUEARTOR] A, ... FIiXYEAESSIKERNRR A, XTRAYER

—REHR AR, NIRRT RZXEEERRER, AR —ME, X
RrfEen, = 209155,
XN — N EEARRE, FAIRA T8, EELHHPEHEIEEARRRY
R, SIRPUMEREHE—EL. BREANEREMENEIREIYEG
SEMERFRE. XER(ICRREFSEREF A TR S,
T BRIE— I REE, BT, N ENEFRANIRE T EIR,
tean:

tban:

G=(; 4 5 3
SFF— MU EAREERR, SRMNEE 4 Bk, tER2 24. M TERE 12
DNITE, BHHA?
[REREER, S TEHENTE KRR, tEEN2aEoiglE, iy
B, 1. 2. 3. 4 P2 BFERETHANTREAEEN. B
&, AELHEH £, B TR S.AYBERTEE,

£ T &, ANRBIIEAMRFIERIER, BHERAIIRIERIX N EEF,



4.

EFRATFENTRITMRFENRR, FESRIXNMEHYNAIE—NE
TRRE Ta, IXMER—EFIR S4 BRI T

BREFXR, TR, EERSEANEN, JUEREISEE RS SRRt
MERISHSREA, SRE=ATRANIR, FIEHY D: 5 S; BEEEE;

LEREMNTRRNIHR, TS5 S: RBEIINIFEERERBHEAE,; XI
FTRNMALTNRAYIER, BMERNENRERIE, AT, EATRZERT
ITEEREATERRETRIVIERMFE (EaIEdEaIiE) ATeiraY, XL
REFREESTEN EMREFAYFRFREN, XPNHMERFISHEERR,

KT T BB K.

E BR—K; TIREERC,. Cp. Cy, HATHHRIEE =REEMERRER, Fr
LARLI—2K; He2n/3FARTIRIEC,. Ci. €Y. ¢, BTFHEHAILIBEHE=
IREERBRZMCSR, FrLABRA—2E; MC,5CizA, HMTEEMSAET T
FRITREARER, FILARR—3, BC3. c2. C42. Cy2ZaRaLuEd T #
TUREARESRAY, FILACS. C. Cy%. cy?Hp—k

Ak, ET PEIME, DHIR: (B}, {C. C G}, {Cs Ci. 5.

Cy'}. {C3. CP. C¥%. Cy%),

XN RERBLEES Burnside B, HIHSHE T HNAFNATLIRR
HHBREHA?

S2+S3+S%+S% =12, UNEERTS, =1, HEHERMERS, = 1. S; =
1. Sy = 3, BHRR T HE=TM—EALAFNATART, —PN=HAFNA
CIESE

Co. Dn. T Z/GRIBIUMPIELL,
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=3, =Mk GHE;

n =24, 24 NIFREE;

n; =2, %0 GHENNAE 2 RIS, EES 1210,
n, =3, HFIA GHIEXMNAIZ 3 XIHAIRS, LEHE 8 TR,
nz =4, HF— GHENAIZ 4 XIHAIRS, LEHE 6 TR,

PHTHNERRM EE—MIF—8, N&SMirRetR. Br. 1. .
Ty Ts. Te/NDRAR. XPDEFARBRIEEIERZ 2. 3. 4 K%,

?«WI\]TE—/I\4?7\$§£7]1’F)EHEU?1\ FZ\ ?3\ F4\ FSs FGJ:, ?\E-.IEEIJH(JLZ‘%J\\X#/I\,@

HESES.
IRXANC,ABTINAIRL 5, BALL. Ts. T4 Ts. XNTREARER?

REREPHNENER—SEL EFREST, ME—1REr, EXSEIER
MR, BRI

3.9 0 B EE

SRR, T, Tho T3 Ty Ts. TEF T, WELEBIMERREE TS
AOPREEE), GRf,. Ta. Tl Tso T, HELRAIBEBRFENRAY. WNHRIE
XEFTERNEREEBE—IE, BARER, BAINRMARERXMER:



3.10 O B~ EE
T, Ty T3 Tao T, Te@—DIE/NEFNIRR, FELXDEBHN O B
(Octahedron) 7, IXANE/\ER, SNEEALIE—MNIGK, BHERRE
SRR T, XANBHANRI 51K, BIE) \EARRIRIFRIE,
XANENER (BEELZ), ENE=ATNFONEERE N =M (SE1HSE

WRIEEZEHETERT LA 4 MEsiEAEEER, AGHELR 8 TR, X
AR A NEAR SRS ERIN, = 3IIBER T .

R, IE/\EMERRRAEL, RIME 2 R (BESTS MBI

FRRIEEL) . XFFERY 2 ORI 6 55, IR 12 MRA. IXERRZIERTLIR 4
IREEENBRERER, FTA G BB LR 12 M, WRAIFERE AR, = 2/Y
BT .

e, BTXEIRE, =RH, XM RE AR EEITRRR
ek, Rl G HUEF=1. #2n/35%54m/3p0R(FEIZR, 4m/25%83n/2
RUBREREISR. MSenaYiR(E, FEMMER, —HE58 2 XIMAIEE, —ME
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2% 4 RENBOSETN, (BEEFIR. IXTRFMEETIRUESAN, SRMEBhETTT
RRFARA, IXREAERL 24 MBIEIN KR

N (o o S N R o R S

{C5. Ci, C¥. C3'. C3, CR2. C¥?%, C§'?}. {C,4. C4. Cy. C3. CP2. C3).
(€3, c2. cy?

HR RIS IRIISAR 45 B, RS RASI TR R
it —REEEIER, (B AOE RN TR R, RRE—%
7.

EREMEERISN, D5 S ML, RITSRIXE T (FANFA) £ S
(24 ANEE) H—NFEE, 0 AR 2 Sof (720 AEK) H—1F
B, RRTENIX 6 NIGSIEEAIBREEELE, O BEUMLL SsBEOM/IMEIR
.

. Co. Du. T. O ZEERE—ME—HLRE:

I =3, SAMRA G B,

n =60, 60 NIFRERIE;

n; =2, B GHERRAIZ 2 RiEkes, LEE 30 M,

n, =3, A G HIBEXMAYR 3 RHRRS, LEH 20

nz =5, HF—1 GHIEXMNAYR 5 KRS, LES 12 17,
RS, R, T, . TRXIROX 12 MR, IINES
ERRET TARZE.

LAGRY | RUSERN M (XL R, e . TR 1 MRFERIENAS.

SRERIDHEEL, XMER, REEKX 11 MRok=4, sREsaa"



B, X+ REEEFN, XEEGEMRR, 53 11 MEERHEXE

RO, Gaiek, ERMABE 6!

3.11 ZHmiAREE

XE— 1N 20 NE=FAFERN —HEA, FItGXANEFEIROE —+HEREE
(Icosahedron), 1B Y. XMNEZ+EMKEALUUARE— N E+T"EK, 81
EXNERIBE., SIINFRERTE—HER.,

F—tEARMS, SRMENERSEESER— TR, —3H8 127k

12 MR,
FER SR MENNE=S P RANELE D=, =AE 201, =
B3R 10 4. AENRRREFAIEE REBRRAEEK, XPMHELS 20 1

\\\\\

BRMEXRIPRIEL A TIRE, —HE 30 Fik, BHE 15 Nk,
BfF, EXNRSTHEE"MEHMERERRER, ALHELS 30 1.

EXNE, BT EESHREERIKTY, MiRtBiskEs, XMMHRES
HEREE BRI T RER E TR FEAEIEER, MNMZR—2K. Y &
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B9 60 MRS KB RBHME:

{EX

(c®, ¢, . e} (154,

€V 0 ¢z L 197y (204,

€ c® ¢ O (124,

O C G OO PPN

MXMNEZHER, (FNRBE8RIEEH=57, REBEELER, BARR
218589, ME—1EEK. EXANERE 1996 FHFE, Ce.

3.12 BERE 1 EIREE

33 KB

BIER BB SR AER AR, S — AR E R E T —
NB, HRBXANE, BAERRIEZ BB TR 3.3 S-S5 =
B, BEENE KRR T,

SESTMIER: %G AREAMIIREN, MR G PESMRIERE
1, B4 G5 K MXERBAR G- KUIK; XARHE, EANEEME LS,
52 RIS R ABHRE TR, TERAIAN, hSRmixX s gy,
I BETREARNER, ‘b KREAPORENRYE. XEHTHORE



MR ESEREEDRIFES , FTLLIK XPMEBDAKNE K 5K, RZE K A7
BHIXRERLE | Z2REE TR,
1. CaUIC,, XZB— 2nKifY Abel B, C,FRIBNITREKR—K, IC,FHE
MTEBEER—X,
2. D, UID,, XED,Z 2n fifY, D, U ID,FER 4n BAY. BIESR T, n J9ETERRT,
DB (n+3)2 13, D, UIDFIEN+3 1N, N ABEES, D, An/2+3 K,
D, U ID, #An+6 4,
3. TUITK 9 24, B 8N, iB AT,
4. OUIOfY 348, B 101K, iICAO,
5. YUIYR/9 120, B/ 1012, iICAYh. (FEHSBEREAMARXA )
bR _EERAYIN. (1, #], B=MERITNE: 3 G AR ESEERE,
B G P E24REERE | B, G E—MEHERFGT FM, XEG* = KUKY,
MKAIENXZ: K* ={Iglg€ G, Bg&K]}.
RARRIXENE _EREANSHRERE, ANEES— 1S —XRER
1, XEREFRAIRFTEXE S ZFEENE—EREFK U K, AEXBMK U IK*
XF— PR AELLY
MXIK U KT IXEFE—NE—K 8, RBEIUE K 2F—Fo, K 2AF—FE
7, ESZHMEREEERSH, BHA?

(AAKUIK*ASE—NEE, KPR ERI XN E—LRENE ZES.
BRTFEHEEE, WKUIKY, B KPEHET—PE, Bt KIXNES, ¥
K XNMES; MERL K'XMNES, #4ed IKIIXNES. B IKTHESTT
R RLEKXNMES, ¥EH IKNXPMES, BRE IKNIXNMES, (HK, #H
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T 1 2TLABRIRIRERY, FTLARIK U KNXADE—E A8, DFEXEFRIMR: K
‘L KFTFK, KFLEKETFKY, K*EKFFK", K'FEK'EFFT K, 5
Ri{K, KNSTHEREES).

XIFRYE K WIR{K, KA EFE, FEMHEe—F. RiExXeE—

NN, BEBAIRRT LAKBIS A JRERI S — K Rt , EIXFE R mEf 7.

FECa. Dy T. O, Y BEMAXIRME, RBCon. Do, Dan. O I
B, TERIRSFNE ((FSERELMSE S RarhIEt F44r) |
6. Con, XEKH, (Chh. Con. . Chn = EVERARTEE.

{Con. Cnv . CHTVNHEBEE, ARIBEEFHE:

{{C%n\ Chne v CB=E}. 1{Con. Chne - C%ﬁ‘l}}o
7. 5D, PSS TR, XEAREABHR: (o G . E), BH—H

2. P My,
BT | 5EETEES, UERNSERERSD,TEERE, n AFHETE
(n+3)72, {BEETEn/2+3,

8. XID,, = n HEEET, BFED,XMER, BRT QXML FE, 8
D, tBRENALTFEF. XNMIHE, WRIEED, AMMXNBE AR, NaeE
Bl—fiER. XMNIHRAENE DR :

{Coe Chye . CR=E, ¢, ¢ . ¢
HRERR D R
{Canv Cine . CETI CEPL €0 ol CPTHY

LADs 918, X BRIV AT FEED,, XEBCV, ¥, . cCPVHDTHE:



3.13 D EFXIFRME

HF 1 SEEHTERS, AUENSEBERED, Bxe—8H, BE
2n/2+3=n+3,

. BE—MER, ETHNE KRR O, BNFREFHET
XNEAIERIR? FAIBE— G, ERERMXITREER O B, IMEEtxd
BS—REENEAR, XNUER, EaREEST 0 Bl T—F,
(BEMRRTIXLALEINEE, TS T —HAtHRIERE, XLERIERIEN
FREBTRAOGEEECIRIE, PRV KRR ES O B¥[EHE, thE 24 NME(E.
ECIMXANEPUEAR, WIRIEXT 2 5% 90 B, BiRE, eEEEdRs. X1
BEMEXNENEARREN, ER—MERIERE, S35 EAS4E 90
FERAAE TR EXI L,
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3.14 O BEXIRRIE
XE K &7
{Cs Ch. CY. CY'. CI. C. CY2. Cy2. E. CZ. CR2. Cy?

IK*&T:

(o o SN o o SR o N0 R PR /AN o/ 5 N N /e

B, BT I SEETEES, XAMES 0 BSRIER, 5 M.

FL, BAIEHE T AR, SIIRNEH%EA? EEHRLERIRRE
{E? BHERLETHR, (MIKREE X, B — s am L S in
IR—ANEERAEE, LUAIT,. Ty, Oy, XEFSEEER TR SEEHA,
TAFLLRNESIN: 5 0 BMNFASRERFNSE SRS, &E T 5F
IR AT RIIAEE, IXLEIRT,

XEFFENEERFIFS, AACERIMETIE-RESEmRT, RIVEX

BiFiR—T. Bl ISR —RERRIFF S S RE I TR EREEN
BRR. R, EXFRTRAYEIAT, RERAIFF ST EREIRGE, AR

HnfiEil. EREANTIeH, RAIREMEETRANA SRR, il
MN—EXAE, FEESE—T. pEHY, B5EIRFEIIXARRER, 2:

o (3) =16 (5 + ).



3.15 ¥EiiESHEEIRES
EREXRAIE BN T, — P REFRREHEH,. SRENRSIEESRM,. SR
HHEHSW S FREH. RAREREETE —XRHINNS, E5RE
BRI RGTHSR TR, EHASE—RRBAFRAERSE. KFRIMESHEICH
on, MEFEMEKFEEERNRIIEICH, Bog. XE v 5 d FEEXE,
M—=) LB,

RERAARAN, RAT , MERENEIIOITHFAISIPEINHE, &
=N LIRRERSRTRIT S, BXMMISHRINERX . BERMEE
2, ERIREENTITR. XOIERERER, BT TR
BIxERkotr, RIBEXE:

LB R

[1]: [1I, #]: [1I, 3E 9]:
Ca CaUTICn 5CaxF#
Dn Da UIDa _L_ngNng];}@
T TUIT 5 Dol #
O OUIO 50/
Y YUILY

To be labeled
3.16 REFDEE—
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HophE KRR F LA T B KR, HIREREL o RRIERE:

(11, ¥]: [1L, 3F +¥1:

i 2n+1 - S4n+2 (6) | 4n+2 — C2n+1h (9)
CnU ICn"_zn_ C2nh ® }—}CZn rﬁ]#“]‘l_fln— S4n @)
20+ = Dypg (12)

J
Da UI Dﬂ—-l_ 20 — Dznh (10) _E_'j Dhn Iﬁ] #J ————— Cov (4)

An+2 - D, (11)
TUIT-—- Th @ E Do El £ 2n+1h
AD=FA b s

317 REFDRE—

TEHR(IHZB=8IRCHT=1EFENE, X 13 1M, HPERERT|
FFSHESER, than 100 11, BI1ERIIZRILAERE 3.3 S RETHY
M, BTEE 3.3 NAREBER, BXEC(IRELRIFRTTRERIRR. Eit, X
13 FRJREME X AT LATERERFRIIEZE Naa/\ 8 9 MImRIVER. TE, FfilfkE
X 13 N=8#F, BXe(IHTREEFRYN:

1. %6& TUIT,

THIRMER: (E. C,. Co. Cj. Ca. Cao Ciu C3L C3. CEL G20 3%, HE
IT, ©EE I{E. C,. C,. C. Ca. Ci. G C3L C3. CZ. C2L G3%), X2
EEMBRIEE,

XEERIER, B4, BRIk, FERERFIRIGMEMNIF, BICXME
s BB ERTS N ARSI E S FA AR B IR, FHEX N RETEKE!
IKERINE, IXEEFA T el LUEASERNER D 848, FonXd T s T LUE
¥rRiEER D BiE. FRSREEaTEEX N HEERTERE, 52BN
XANBFEFAILACA: The



. XJ O, =¥, B ICGIXMEE, BAITLUEENNFEENKFE, FHons
O SEARRIXAEE, iBA: Ope

. XY, BIC,, BEMNAFEE/KFER, FHons Y RIRRIXANEE, i84:
Yhe

. 5D, EMERIE KRR, XIFREEA:

N N - SN )
CalX NEMEEIIAEM, TR C. CZ. . B REEEDR{C].
. o ) BFCPEATELE, RAMIRENEEEAFEIRST
oy, XA v AR vertical, MEBELESIEERE, HAIFC,, RIRRXERIET,
. 50 ANETEAR, SRrRER:

{Cs. Ca. Gy Cy. C3 CEL CP2L G320 E. Ci CEL C3)
uic?”, ¢@. ¢, ¢ . ¢ ¢, ¢ ¢y cdlocRl B

CEEENER D BN T8, RSEAZIXME, HREEBD B =14 X¥Ea]

3
1

2
> 4
3.18 MREE I ESE

MXELRBATAT LA 4 )REFNSCEMFNT 4 REEETH, BefiILUXD
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iRV, XMHEARS O B9 4. %4, BHMETEHAY 2 H:

3.19 O BFRYPUREH
XAEHE, FIXGIXNS O BFEMNE _RKRE, ARMEIE T, Hik

EERD RERH—MEE, TBIRENARIEX M EHRE TR T, &
EAERR, B 0 HABERAKENIIR, YWRICY P, Bk
BHNRES T /K FENRSE, XEMERIIRTLA T 51X
SIESRIMRIXNEE 7
EFEIENE, IERIIREETKFENRNE, SERMER, o8
oge oyl — M —RINEE/KFENRSE, BIEENBAD. Moq, HAY
RXNMRGERR TEETKFER, BFESKFEE LR XMAI%RAE. d 2
diagonal R, FEBMIKERBEX, AFEXERE, TLIE—THE
(BFHNE) £ 93 TABERD'®, & Dresselhaus BAS {Group Theory
Applications o Physics of Condensed Matter) %55 45 T
XFERGIEXS S O RIS R mE¥, BATHALAABTSRIFR T,

6. C,UIC,, n NEFE, __l-laj]CZnﬂ UICont1, XM O ESHTRE:

1 FE—F LRAIHER, —MUZRNFESTRIAE, 55!



{C2n+1\ C%n+1~ ERRN C%EI% = E} U {Cans1. C%n+1~ R C%EH = E}
XETTERAIES SSan+ X NN R EAERERTT, FEREIEEE—HEY,
FRUATERERFFTS S, 18/9S4n420

LASe 951, BTIXMEE, FMNTLAIE— D RIVFN RAIEE N

—,

3

B

1

-
/
s

3.20 FREHREITRE
WA SNIIRIES, RiHRSBESCHXITER:
{c;. 2. E}ur{c,. c3. E}

7. S5C, FHIMIE T RAB R, X 20 0 4 OIS, AR 4n, B
HEUSC, FIIRIEE T SRBE, IR ABEICn U 1(Can — Con), EBA
HEETA:

{Chnv Chv . CH=EJUNCan, Chae . CH7Y)
XLETTRASER 55, X NERRETIE D EAERTT, THRIBRE— A,
FRLMEREXRFIG S, 13595 in.

LAS, 91, @TXMEE, FNALAIE— RIS RAVES X
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17

1

3.21 PREENRESF R
MIXPMEMRIRNES, BRIREEZESRERNNFREER:
{cz. B}ur{ci. 3
8. Cn VIC,EY, n B, EHREC,, UIC,. XNMEFEEHNITRER:
{Con. Choe i CB=EBJUI{Con. Cne . CER=E)
X8, BEBC,, NBEMRHFICS, = o, EHANIEHC 0.
9. 5Cun. FMENETERE, &t
{Chae Chnae o CBE = EJUlCiniae . CRIL 0 CHE3
BCon+ 1 IXNME—ERENBERIE, BICHT] = on, EUIEHCn11n0
10.D,, U 1Dy, BD, IEEBRIFRRIE, BICY, = oy, REULLANEAD20n.
11. 5D 404 EHIRIE S REE, BE/9D2n41 UI1(Dansz — Dans1)e BEBD2nAIE
ERXFRME, BRHAEIFRICIHE = o, FRLAEIE D04 100
12.Dpp41 UIDynyq1, B 2n+1 ANEERE@EICY, -, 1¢™Y,

LAD; U ID3 9/l



3.22 Dypi1aPHo " EE
Brho(” =1cV, o =1c?. 0¥ =1cY, MREETATFENRSE, &K
MNEXEA d MAEA v, 2RAE(NFREDRBNFES % L. BFX
NEFED,,  ILEXIFRYE, X0, BHICADons14e
13. 5D, FIFIRISE 8%, Don U 1(Dan — D2n), LAD, UI(D, — D)%, DB
PANKEZ Rt TIERAMREE (ERcS). ), AR (i2
FIc? . 1cP), EBIERELTE:

(2)
G
(3) 2
C; Cgl)
C ;(24) 6512)
4)
04

3.23 Dypa o EE
ExEeD = 1¢?, B, QTN L, AdiRE, XABEEXED, A
Fﬁﬁy\jﬁj{'lﬁi, FEL\/UE%Dano
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3\5__(. 13 *EPT%E;REF', 6 (S4n+2)~ 7 (S4n) %BX?MSZn; 8 (CZnh)s 9 (C2n+1h) %B
XIMChp; 10 (Dapn)« 11 (Danyqn) EBXIRDnn; 12 (Dangiq). 13 (Dang) EBXY

}ﬁando ﬁEL\)\éE_E?)EZEESZH\ Cnh\ Dnh\ Dnd\ Cnvs Ths Oh\ Yh\ de-l.r*q]'r%E;Ro

3.4 Bt B S=AEF
DHERARIBBFERL, 28t SHEEARIURRBIRIRIFS

7S 7. FIBXERNR, BATTUBRRNERR— MER(IEFI—B S5
KSR ERZOIUNRSE R, RSSHR— TRAERENREE, RS
BIEREXMISHT T 7, H—T=(EE

FMBRRIK, BRANN, MEXNRFAYVNERERN. BRFIESHIMRY
BRI, FEXMEEETTE=4HEFALL "LRit” B8, eEGH%
o) (B¥nIE) ST, BIRREE, B2 T FEIRE, g5
RAREIEASHE N SEHSEITRIERIES . EREFRIFTIEXIMERESR, &
E— I REATIRY.

RBAREE, ENTEERE (HHliRs FHrIAE), RERN—MERER
RERIHIZIEE,
T 3.4 1% G BERIF=EE, W G hiEHREREERC, (BRMEE). C. C.
Cs. Co, FTAKENIRIETTER, REER L. 1C,. 1G5, 1C,. ICe,

(BN EEARHR P ERZN— MR ERE, ERH=1 MR

84d,. 4, LIBEEMETENR. MER, TLEFRBLEESHT, 2

=B w79 8)
1ERAR

IREE LE GAZR, LREARERL,. 4,. 3;, UdvgeG, A:



SHXNMNERH LB LDA, di XN AEAFWRERIE L, EIHAEBNA /9%
. XNRENINCHEEMRIES AN RERINER,

MHE—AHE, G2 OQ)BHIFE:, LXRINENRENFRIEE, . 3,. 3; 9EANE,
R Ec; FERRRIRERE C(o)2RF G IIFRENE. SZHERAY{C(9)}Fi2 G B—
e

XANFTAIBA A =4 S AP IERH A ET. §. KR RENHE—
AMEBIEER, ML 7. KB, 3. 3:AUEIESE, SHE? XMELIEHRERKEE
TR, BRERIT {C(2)IXMNFR, BRHEREST£(1 + 2cos W),
How 24,

XBHERE(C(e)—HAEFTIL i, B—HEFTE(+2c0s¥),
R ¢ JIEEEY, BRA(1 + 2 cos W) RS EEEY, IRFERUIRIX BRIV RBESS 0,
n/3. /2, 2n/3, n, SEEHREAC, (MR E). Co. Ci. Cu G, HAIRE

Tﬁ{’ﬁyg I\ ICZ\ ICSs Ic4s IC6° (CS\ C7s C8\ ”‘?}EZ:%T?E)

(IEEE)
BT RIAHAEE, BREZEENZANFNE—3K. FXKH8, BRIIHMES
ZRIE:

—. FEREFP A UERAFHRNZEC, BEMNC,. C.. C. C. Cs, D,EME
AID,. D3, D4 Dg, O, T, 114, Y RBEFEENEEIIXIM,

= BT RSEEE Y LR R HIAEE:
1. Son™HIS2. Sav See EASuns2 = Cons1 U 1Conys, XTEEALUFERRE

Sz*ussl S10&HL\)\J:%BZ:§E§E, San = Con VI(Cyp — Cap), XE n Hak
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A1, RS, (34Y)

2. Cyy (5D, EHMEERREF) FHIC,. Cave Cave Covo (41)

3. Con®HHICin. Con Cane Can Cono EAIConn = Can U IC,,, ERJLATTRRC,p.
Canv Con; Cont1n = Cont1 U1(Cansz — Conv1), EFILARBACIH. Cano (5
™)

4. Dpy®HIDzn. Dsne Dane Dghe B/IDzn41 b = Dang1 U I(Dansz — Dany1),
BRI LADsh; Danh = D2n U 1Dz, ERILAGI#ADzhn. Dane Dene (4 1)

5. Dng™HID;4. D3ge EEHDona = Dan U 1(Dan — Don) ILATIEAD24; Dons1a =
Don+1 U D041 ATLATRHERD3q. (2 41N)

6. T,=TUIT, (1)

7. T4 =TUIl(0-T), (1)

8. O,b=0UI0, (1)

321 NETR AR,

RENE—ERE 32 FRaEE. TR, R SHEoIRENTRE
S, WETIX 32 MmaEf, FIMX 32 fmgt, BIIETUNSmET—N
PEN., EEHERRENRAK, SISE—LHERRHE, tLINaiNg. RIS,
BEtE, XM EAEEENERTITHE

PRTHRIX 32 MRBRRAHITOE, X 32 Mmif, KBS SEHEx
FRBERIXIFRITRAGEE, X 32 MmERR LU T— 5. AT, O, Ta.
To. OpXEFFREFAM, BEXLEIFRENERE, BI85 4 N=R5H, X441
=4, SUEEMNERNTRESIH LA, BIBEe(1aA—2, X

BI—1N3E, MA—IRR. B4 1MZNRRELLRR, EfiIRRFRFRIFR



MREN—NEHR, ZMRLE, x. y. zI=ESM. WHRIB 2 R
{8, 515 x. y &M, WAISIIAEN, ERN— M ERAERARE—NEE
(z 1) BN Mg, ISP ERXFRTRESEIXMFEN
FREFEA— B, B1EC,. Do Can. Si. Dane Cay. Dyg, EAFRANGE,

A AER TN ER? ZREIINY, RRARRAEENEREE
x, BF X g%, BFRFi50E. Eit, BANEMEHER R IEmREEN
BT —EEMEANSE. T. O. Ti Th. OnXTRNEE, TG 4 1=
xR, AR ETTUEZIRMERE x. y. 2z =MEEN. BEPEUNRREL
B, BNSEE, RERNXYFREERNXTRITER, WINZFRN=RH. £
HERIX L R B 2 (B R ERIRIFRIT SR L A RORTE , FATRTLAEE) T SRAEIX
MR BRI FRIE AV ERINEMI BT, XL IR ERIRIFR T R A RS AERT LAY
RIS (A b, & a By, EXHTE) RIS,

1

"4

a

3.24 BIESHXRATEE
TEEIMRBX CHRAENENX (WHREFRETRITRIEIME), IR
ENRESERFE, HOXIE 32 M@ RERHTIF:
1. =RlE&& (Triclinic Crystal System)
XMBREREF, AEFABEINTRTRNEMERR FE— R e — 5Kk
T4,
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£ EERSTIES, FHIIMEHRBXNERNREFEIE: S, = C; UIC,. C,FEFY,
HEMSHRRHMEE. b, KEFR, KAER, &R 90 B, SR
MEEHORENTRENER, EELRRPURERS. CXIMAYEEIE
RBRIIENR.

. BB (Monoclinic Crystal System)

XMEBRT, N RERISFRITRAH MR RE— N5 DR E Bkl
B — BRI E,

ELETES, BEXNMERNREEE:

1) B8 G,

2) SETRMBf C,UIC, =Cyp. CUI(C, —Cy) =Cyyy

EX=FREER, CnXifRitRE.

WHEEMK, BX2: a#b#c, a=p=90", y#90°,

. IEAZFRZ (Orthorhombic Crystal System)

XMEBERF, NERERRTRIIH M EE = MAEEEN _EEahiiE,
—EEMRER.

ELEETES, BEXNMERNREEE:

1) B—RK[E8F: D,

2) %:;‘é,ﬁg¥: DZ U IDZ = Dzh\ C2 U I(DZ _— Cz) = CZV
FEX=MREFP, DypXIiRERS.

WHEERE, BKE: azb#c, a=g=y=90,
. PUF5 B2 & (Tetragonal Crystal System)

XMEBERF, NEREFRITRTTRAVH MR —SR 5 RS M EeahiH



B PUERSE R,

£ LERNTISH, WEXNERIREEE:

1) $—3KmEE: Cp Dy

2) BHRREE BIEMCHARIC, UIC, = Can. CaUI(C, — C) =S,; AR
D, H&BD,UID, =Dy, C,UI(D,—C,) =Cqy. D, UI(D,—D,) =
Dyd.

EX=FMEEP, Dy XIFRMERS.

NWHEEH, EXE: a=b#c, a=B=y=90

. ZHRARMB=FMEZR, Trigonal Crystal System)

XFBREREF, AREAERXTRTRAH MR ERE—SX 5 RE == 6

B =B 4EnE M.

£ LERNTICH, REXNERRRFEE:

1) 38—2KmEF: C3. D3

2) BEREE: BIEMNCHARRIC; UIC; = Se; LURHED;HARID; U ID; =
Dag. C3UI(D3 —C3) = Caye

FEX=FREER, D3RR,

RIESE, BRIEGE, B—MRa=b#c,a=p=90", y=120"; BEa=

b=c, a=p=y#90,

. 75AERZ (Hexagonal Crystal System)

XMEBERT, NEREHIRSMRITRAHE M R e —SR I Ra 7\ B aiH

B/ BRI R,

£ LERNTICH, WEXNERRFRTEE:

170



1) KB Ce. Dg
2) BTHEEE BIEMCHARIC, UICs = Cop. C3 UI(C — C3) = Cap; LA
B HDH&MID, U IDg = D3 Co U I(Dg — Cg) = Coy. D3 UI(Dg — D3) =
D3he
EX=FMREFR, Do NIRRT,
ERMEAME, a=b#c, a=p=90", y=120,
ZHES/ABR, S=HRNRERE—MEGEER, NRRSHEEFH
HEZER]. ENINARINZESIESAIE IR £, }NABRE/VR.
7. S F5ERZ(Cubic Crystal System)
XFREREF, ARERERIXIFRITRAEER I N =R,
£ LENTIEH, BEXPTEKRIYREEE:
1) F—K=8f: T. O
2) BEKRE: BENTHAMTUIT=T,, UKHBHOHKAOUIO =
Op, TUIO=T) = Tg,
EX=MRE, OISR,
EIESE, a=b=c, a=p=y=90,
BT XA, (RMIBAIZNEELUSERALF, WIRERENFHAFHY
EBIREHARER (Crystal System) ? BRREERMTA? f/itiENRHAER,
MEBEE T RESRERRERMES, T—2L2RETERTE. tHE
RASY 32 fhdt, WTF— 1\, CETERR, REEIILIEI. b, ¢z
[ARXREAR, MFHE. b, FERAAER, BRiIBREESENRSEMNR
FA. LI RETPH0.ENG. MRREHI. b, FERNAEARRSAERT,



BRI LR &R, MNREAVSXNNERRIROIT—NRF, LS —
MK, XNMRABESO,NHYE, EBENEOEII—NMNRT, REERETLESR
B BRI PRI AOESA EAE R — P ER IR, IXLCRIATRERA—HR (AR
—5), BERBESRAXFMESTEMAIXMER, EMRXFER, FI1H
ESING—MES, MERE (FREESF Bravais Lattice), —+ 14 7, 17F
&, @SR TR,

MBIEHFRE—R, X 14 MREEES R TRIER( HEEIRIXRUTRER
RYZRPE. RIER 7 MPEER (Crystal System), BMEH/LRE, IE—ES
9 32 TRAEY, IXER 7 MRIERS (Lattice System), BHPER/ L MBALFER
¥, IE—EEM 14 MpREESF. BUE 7 FERER (Crystal System) FIiXE
Y 7 METRERSE (Lattice System) KEBHHEE, BERAXH, XEOIHRE—
T. BR, EETRARENRENRANSE, SRIEMEZEREPIITREEN
MIFRTTERRVHM . BRRE, RETRANTEFEIXITREX S TS,
EREHREE,

EFMRBAIXANZES, A 15— YItb. BIERY 7 7&K (Crystal System)
SBIZ: Triclinic (=Z$1). Monoclinic (8#}). Orthorhombic (IE3Z).
Tetrogonal (PUfg). Trigonal (=73). Hexagonal (73f). Cubic (3Z73).
XEBRY 7 ThEREE S (Lattice System) 352 Triclinic (=&}). Monoclinic

(88}). Orthorhombic (IF%). Tetrogonal (P9&). Rhombohedral (&
73). Hexagonal (73£). Cubic (3773). H9, XFWEZ[ERY Triclinic (=#}).
Monoclinic (8§}). Orthorhombic (IEZ). Tetrogonal (P9f8). Cubic (3z
73) XEMESTE— . ZRHIMERR (Crystal System) Fr Trigonal (=
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75). Hexagonal (75f) FIEIEES (Lattice System) fJ Rhombohedral

(%75). Hexagonal (73f) L@, BMIZAERX. LUERIENE, HE
Rhombohedral (%77), {/MI—EEMERNERIERSE (Lattice System),
T8I Bravais Lattice f9432%; 1% Trigonal (=/=f), HMI—EE
BiRHIZ Crystal System, BIERIRREZRLIDZ; 11HEl Hexagonal (75/), Bl
AJLAEERE (Crystal System) tEILUSERSER (Lattice System), [FEFAIS
BT RISKFAFRXNED. XBESRBI—MERRA: < 8BR. B8R
. RAEESFZENXR. BEXMXER, 5/H 14 HEHEF. AEHFEHA
NBEIZELRENSZTEEZENXER,

78 & % (Crystal
System )

7 M E R &R G

{ Lattice System

/ N\

EPELEC: 14707 fUIERE T

|'
HEE S A= (B A

3.25 BR. BER%. ~iF. MhIHST. DERXETEE
EXMEG, RFKiER, PEAMEGE—ERK. BRLREREXITRIENR
BT CHMRERET—M, B LURET AR ISR ETEPRERFPRI—H.
CHRREA T AIMEEN 32 MmiE, TR (Lattice System) RI T RIINE
B 14 MRS (RREEST) . REESMAEMEFZETLEEARS, W&

H=S[a)Ef. BAZFR (Crystal System) FOEMEZRS (Lattice System) &EAHGHEY



UERMILES, WUAIRZX,

774 14 FRAEREFRIIRES, FAIDEHNENRERERERRAN
ER, RO, BOXESHHRRAMISNERIREENES ST (RFER
FHIKS) EREREDN. 7T HESRE, BILRINXLEMm, FHNTLI~E
14 MR REEEF. WFXFMENR, FNERIEK:

1. {&ih5e T VA SRR R (RILEImEERD. BEO. BE

EOIXEBIFRRIT) |
2. Bine T LG, SREARERH—LSEAE/ NN IR AERI R IR R,
TE, FEOU=RFRERAG, H—TX 14 HBREHEFEEALRARY:

1. ZRBE: HaRa#b#c, axpxy#90,
EXHFRIRRIEF, WRFAVERD. EOIMEIRINE, IS EEKREIE/NIG
RN REERSFRIERIERME, EEanTE:

T
/

3.26 =RHEFHENETREE

ERMEXN=RHREFRN, BIGEAZMEEER, BRTRNAREERE TR
B, BELIERTIEH, BRIISBRERSBERAIMEFRESEET,
IS P1&F.

2. BB #EEBa2pbxc, a=p=90", y£90,

EXEFRN—TRERT, BRT P&, WRF(WE L PRI OI—MER
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HATATLARZIS—4 P i&F, WE:

-
-

3.27 BREFHhEFENRTREE—

WRFANE—MERIEOIMENS, BPERATTLASEI— 98T, iIE8 A
mECy:

3.28 BREFHFNRTEE T
ER—MUERNEOIMERRE— MR,
EAROINMEIPENE, BAULMESAONESFE—IELD, RIENIEE SR
RO




3.29 BREFHRENRREE=
MRE=MENECERINMEM, TLUBTEFEE a. b #HEZEHOE
&

o / |

_— \

3.30 BRMEFPEFNRTSE
RAOER—MIEC, NERRIEITICRITTURET.
Zea— T, YBERER, MRAEFMEFHE PS5 A B,

FRER: HaRa#b#c, a=p=y=90,
P i FERIRTFIE,
BECEAEMNE O MENS, BERREFE;
PROIMESR, BIREE;
=NEORERIMEND, HERIREE;
FTLASSIERZ &S, B P. A, L. F PUFRRIEERF.
HREE TR, BERIIRBRIXFE—KE:
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A b SER T

BE ik o Wi —
=ERE >y
atb#c
at p#y#90
BEAR
atb#c
a ==
¥ HA1200
ERR % —t — —° —A7
1 :. | 1
atb#c : ! : 'l
whrw | i ; )’
e / e / s ’ e /
P : o
a=bfc E :
a=B=y=90° | , @
L-t- L-d-
SHBE  ammpkT 10 s T
—bh— (Rhombohedral (Hexagonal Lattice)
ah—e . Lattice) ab+c
a=P=y+ 90 a=b+c a=p=90",y=120°
a=p—90°,y=120°
ANABR
BT .
a=b#c (Hexagonal Lattice)
a=f =90 a=b+#c
¥ =120° a=p=90°, y=120°
I ]
I ]
ii::%° e ol

&l 3.31 s FEE



—HZ 14 MHIHE T,

Hrh, BIEREINERZR (Crystal System) S58&ZES (Lattice System)
MENEXEHMEHIN. RT=ZARESBER, HELQMER Crystal
System 5 Lattice System B MESTEES, 1-9. 12-14 H 12 Mg F 55l
BTFE—RR, REEMRTS.

SI=AF/ A (Crystal System), fE Lattice System f9E&F, ©Ai]
HIEE YT RIZEHH&F (Rhombohedral Lattice) 575f#&F (Hexagonal Lattice)
LS. BREBEZBEMAHATNME, E=FREK (Crystal System) BYERIK
B, KIERFREE, BLERERER (Lattice System) REFETIEF

(Rhombohedral Lattice) RIGMAR, BLETF/HIEF (Hexagonal Lattice)
RUBRIK. 7NFERER (Crystal System) RIERAINAVESZ BIERFTET 7 B
F (Hexagonal Lattice) HIGIK, #RAIER, BRINV=FREFIH—EDE
BESET, —BoEB/ BT, M BREMFHEIR Mg, ARENS

AR, #E:

BHR = TREEE T | RISRR
=& 2 (S, Cy) 1 =&}
EaRy 3 (Can. Cy. Cin) 2 2P
IF3Z 3 (Dan. Da. Cyy) 4 IF3
lUtyz] 7 (Dgn. Cuo Syo Dy 2 975

Cavv Can. Dyq)

Rtk

=7 5 (Dza. Se. C3. Cay. D3) |1 73

Trigonal Rhombohedral
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1 7~A Hexagonal
AV=: 7 (Den. Cou Can. Con.

Hexagonal | Cs,. Dg. Dip)

A 5 (Op. T. O, Ty, Tg) 3 AYis)

HE78 £ 32 7 H14¥ (K7

* 3.1 BRSEBRFEEXR
EXANRER, DHRFIRR, R, EETREL SR SR FR R,
AL, RERSF. B8RSR, RETT LSRR SERIFRIER
(BEEHNEFH). XNERAERIRRPN=75 5\ BNEEEA+FH
=75 57 AtSE RN R AN RAYRE.

RE—EHEANETICHE Hermann-Mauguin 45, thEBRImAESEEE
HATFHNERTS., BRIAMIREND FIFRERmANEHE, mFRRERFIR
S WERAREHIEAREE, AT Hermann-Mauguin 55, EAREEXNF®
SRR R S 18,

XA ERMT S IR AR RSN R P ESRMCRARIRITRE 7, 1X
NEE AR SRR EREH, MREIHE 1. 2. 3. 4. 6, BHREHMEL
2. 3. 4. 6, EREXRAFFSH, HAIREHNREIES:. Sz. S3. Sav Se, BAS

HHSEMIIRRR: S1=2. S;=1. S3=6. S, =4, S¢ =3 (FTEBECEE

BHiE), AXPMRR, BIHAE 32 MR EERTS TH3IR:

1. Sp. S4. Se: 1. 4, 3;

BIERERFIFF S AU R RIRIEA R F R AR PR T RAIXIFRITER.



. Cio Cyo Cg. Cyuy Co: 1. 2. 3. 4, 6

. D,: 222;

D;: 32 (B—HEXRN 2 RMSTHMEH),

D,: 422 (FHEIRIHAREZ);

Dg: 622 (FH_IRIHAREZE);

. To 23 (FHR 20K, 3 RGHEREIZR);

O: 432 (EH4)XH#, 3R, 2 XEPEE);

. Cip: M;

Con: 2/m (FE#h 2 %40, m 5ZEH);

Csn (RETRES3): 6;

Can: 4/m;

Coen: 6/M;

. Cay: mm2 (FEMRESKFEREENRITHE);

Cay: 3m (=NREIEBR)

Cay: 4mm (REIEARFER);

Cev: 6MM (RFPTEAREE);

. Doy =D, UID,: 2/m 2/m 2/m (=4 2 EE— 1S ZEERIRSTIE,
ISLEIERNGESD

Dy, =D, UID,: 4/m m m (BEESTHER, XBEIEHASHE, BY
FHAIRSTE D) ;

D3p = D3 UI(Dg — D3): 6 m 2 (694, m HTEHRFIE, 2 AZHH) ;
Dgn = Dg UIDg: 6/m 2/m 2/m (6/m X3k 6 MiifLAR SZEERIREIHE,
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2/m 3R 2 MR S 2 EENRSIE, 2/m BFX);
8. D,y =D,uUl(D,—D,): 4 2m;

Dsy =D3;UID;: 3 2/m;
9. T, =TUIT: 2/m 3;

Tg=TUI(0O—-T): 4 3m;

10.0,=0uUI0: 4/m 3 2/m;

AT HERNNENRR, ~EHIRERF). B S NCs, SaNE

XNRE:

BR (EEXIFRER) REXFIFTS EFR TS

— A S 1

=RER (Sy) 2
Cy 1

. C 2/

BSE (Cyp) & .
C, 2
Cin M

. 2/m2/m 2

ERZR (D) Don /m 2/m 2/m
D, 222
Cov mm?2
D 4/

PUFBER (Dan) #h mmm
C, 4
S4 4
D, 422
Cyv 4mm
C4h 4/m
DZd 4 21’11

— D 32/

:T?J_%;% (D3q4) 3d _m
Se 3
Cs 3
C3V 3m
D, 32

. D 6/m 2/m 2/

AR (D) 6h e e
Ce 6




Csp 6
C6h 6/m
Cev 6mm
D¢ 622
D3h 6 m2
o 0) 4 32
ST (On) h fm 3 2/m
T 23
0] 432
Ty, 2/m 3
Td Zl- 3 m

* 3.2 BAREHERAEDRER
REXNRERET , XA FIRBRREHERRRIRBHEER T . 25
XN N FEABE— TR — MRS RIS AR IR, BERX REFRIFRIERY—
MEFRA, HRXME, AU 6 R, MIRESZIERE:
1. RS ERTER T ARFRIE?
EERKE Sr NiMNEEEMEIAREXITRERIE.
BRIRIRZIKZE Sr, XAV hiES S-N BRARAREFRIEH,
WEIREREE RN, 2EE EHNERA, XN REEEKE _ ERNRAETR
EERsS, ELRSSRERSE, B E
2. BAFHIR?

AR REEELR, — R MEANERKE LNEE—R, E=EFGH
FTE#(F MERRVBERIISS,, AIAMERHE G RIFTEXITRE(ERIRIFR
TR, EREEARS.

3. AR ERAE?
BERWIZE Sr FAN—MEBR, & G PATETEMERT, 5587

G Hig.
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FMBEE, MEXNRE G PRIKETFEOHE, XEFER G EFHEE
G FEFBEXIFRIEIFRISIFR TR S BR SR,

HXMHIE LRI P £ Sr AACFERES, T AIHERRIEX N R SR
WERER, EESFERNRRASLURET.

3.32 HREFREIRE S —

HXMHIE ERIR Q £ Sr AIRFIRET, FAMEURAIHEEIEESItRiE
Bk, ELSRHEIRZRRAT DIBRT.
LFRE_E I ORY, BEX NS R L R E R A E R B RSk
A,

EH=REXTAIX R TRE FRI T =B S ARRY:

4. WRHH, ESrdtFIEER%, BiEFRE ERBRINRARESILFE
AR, EIRHELE.
ERA—ER: ST EEENIRSEERE ERMRAERES; KRR
SIERMASIFERERE; FAYRSIERR/IEAIHZ.

5. HnfmSienifiE, X, RENE(1SACFRAIA REiRss. HKFRT,
FREEFERIEXTAIRR S HI—IR, EX NIRRT, oM. EaliEHRY

FEDRIE:



20 3A 4@ c @
A i®P FO

3.33 REITRERE SR
. BLEPNARH BRI TR ERNTRTR, XITSEFRTSHREE
BEIEHRAE BT HYS/ MO TR TR AN

EILMIF
. C1 8, 2B FENTRITER, REAO—MEHTLL, EFE—R, YLttt

—m/, FLAEA
3.34 REFSFEIRF T SE=
. CQ, BT, Sr EEE—RIVIEERN R, ¥ 180 &, FrLAZ:

DO,

& 3.35 R RER S E

. Cin=CUI(C, — Cy), RIRIMIEHE:

O

& 3.36 RRERE SRR
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4. C2h = Cz V) ICz, XT.I-EE{J 2/_~EE
C

3.37 REIFREIRFSEN

o

5. S4 = Cz V) I(C4 - Cz): XqMEI‘Jﬂ;Z%
<

3.38 REFTREHRE

N
ah
N

\\N\

AN\

6. Cyn =C,LUIC,, STRAIEFR
a
K

3.39 RESFREIRF SR\

N
()
N

7. Ds, MIRAIEIFZR:

3.40 HREFFREIRF RSB



HittpOie BRI S5
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AR R CGEZ4D 1= a2

EA
P ST ] yd i ™ ’ N
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341 BEFERYTEEIA, WEHESEE. INEITEr, B

HIEHGK/IME. SKEIERF 5T




REH—T=ER, XE—MAlSlE?
o S, AXREMERRERT RIFRVEIXIFRIERTEE, IFRRIEA R
o ZT[EEHE, BEFR T RIAENREM L, FRNERERFERAZME, N

BRINFTEXIFRE(ERZAATEY. XIFRZ(EARIG, RAERGERETEZEIS

.

ZEANPF, BIER AR R, BNk T SIRIERSIFRIREE, DRk
7HRR. B, BAIEATLIFIR 7 FERRGEN S 14 MahEesF. 3l
RIERE, REHNEFZARLEEARS.

LI REAB, BRFER. 0. BO=MSF, BERERIFT. 0. Th.
Tq. OpAFRRES, BXMRANREA T, FHNTLEESR, O, BoO=M
18T, XERINVEEIRN=FRCHES—F3? XEZ RER, tFFE, BTE:

& g &4 (RInga; + nyd, +nzas)}

3.42 FTERETE
ZREESTEA—HE., B, RIAESEEE O B, FATLUSERERILCIE, LU
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#, MUBERR, BIMURRAEEXMERNES, HIRTLUGRBZ x5=15

Th=s(EfRs.

PAERERERINRR. PhEHET. RERNEEXRENX, M—

EIERAYfELT
S B RERET | RIERS Ik
=& 2 1 =& 2
By 3 2 By 6
IE3Z 3 4 IExRX 12
975 7 2 ULtY] 14
=5 5 1 =7 5
Trigonal Rhombohedral
5
s , 1 AV=:
Hexagonal 7
Hexagon
al
V5] 5 3 AV ] 15
H78 |32 |H 145 H7H 3£ 66
% 3.3 BT EEHTESI
XMERERNASTLIEH 66 FziEt, EXUTEHER, FRAENR

TR R NE S BRITHIEEEUE. XIFTE R, BXt=0, @A MERET, {R|0}
HETERPIITR. XENZTERRA AR RTERT.

AMIFERPNE CEREEEE( BRI E SRR X E R



7. SEfR EfEEBREERAA L A EEERY 66 M, TR 73 #. XMREZER
BEHAEER T, EERENESHIALE—, INERRRAROET,
MNEEMAEFFE AR, EROMNEDOSEAE—EF, B3850, =
C; UI(D, — C)E5ERIRHE, WISRENEM z Hl, XAMIEFEHRNTEREAR
— Y. XRAIX 7 MEBRR, KUBREITLIBZEE 7 MiERTEE. LIS
BEIERTERF P EE 73 1

PR IXLEB=ER, ERAT, ROBEEFERSI—TER, Mot
AR EFRMRER/NES RTHERE, MEEHNoEE. LN TERFHE
e
1. 8Zhg4H (Screw axis), WAIERFEXFINRME, FENTRENME—CERE

ZE, BnEX M — %, REEE T SREATOHIIRE. than:

N,

3.43 EjeHrEE
XEESEEANE LR ARXS 2 ARREE, BiRERNEERITE Y.
ALZFRE. AFHRRERRMLR a, B55) 60 BB o2 B FERBEERS
FISIFRIZAE. BRI RMNZSEETRRIGH R AT LREEREE. 52
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BN, FEXEHRENTER AR TR AR,
2. B%FE (Slide plane), FERIRXN—MNEEAMKRST, BEBE—/m, L

>

344 BREREE
XEG x MRS a EXITREME, T a2 A2, BIXN 22 SRHEKRSIES
EHE .

I EXEXSTREEE, DEFNERNEEZRE. XMEFFRNRITREEEER
DEESFRITREDEEBRITEEF, RAEERTEE, B8 157 M., &
EIE—EEE 230 . FHAXNSEE, 2 19 HETHEHEOHR—LRAF
K. BFEFIARAR, EARTLUESXMEHLZIFEEEHMRN. X2
EREMETIENENMEESFR, M Leonhard Sohncke, AYEIE 1879 £,
fitfE Y 66 Fr=SiEIEF. XA IRIEHAYEE REFFTSFRIB SRR 66
MATZE—, EASRAMIESEHRNIERNXFIER, (hiY 66 Fr=EiFE
H, #E—EEENER. BEXPTIEZESIRTEEARXFMEEA
Fedorov RYERE, fMilZEREMEEMZ, BXE—ERXANERT, 257F
1891 55 1892 FRFEEME 7 TAEHHY 230 M1E5. X 230 M==iEEE, 1R
ERERINER. BERFIINIDERE:



BR FREE TERF | FREES T BISRE
=& 2 2 1 =&
BAfY 3 13 2 By
IEXR 3 59 4 IERX
ULtys] 7 68 2 Utya]
=75 Trigonal 5 7 1 = Y]
Rhombohedral
18
1 75f Hexagonal
7~fA Hexagonal 7 27
YY) 5 36 3 AV
7 7 3£ 32 7 $£230%h | £ 14 % H 7

& 3.4 TEBED RS
REAMNFERBZAFNEER, —RAZXRANECHERGTS
(Hermann-Mauguin f58), RAEEXMEFFIINFTREIERIT, BITXLEXIFR
B, oI LUBRAEEHIRRE. RRXAS TR ER ORI IRRR RS
FERMEEESR, T—FHISMFANE.
FTEFNTENONRBRIFRORSE, B— 1M REOMIE, A Bilbao
Crystallographic Server (#£ google S#i\ Bilbao Crystal #ETLAEE) [24],
HNXANWEEE, B4 GENPOS RUIEI, mANGEERANFNTEFEFS,

gn 122, 150, FrERTRIFRBMERILESR T . EXAMuSEH, [FRIETIIERESE

FEEFRIRRIH ENXAET, LIRRSECFRILEHRFILRZIRIES.

BRI, XSRS TR EFA AN A R IX N AR F AR BTE
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BRI PR RS ERFRIA .
AXANRUEEARS, REHE— /LS.

http://img.chem.ucl.ac.uk/sgp/large/sgp.htm

BEBRRITIRE, XA ubEBE I IR,

BT IXEITRE PR, MERENEAIRHER, SRR EERSERIT
AEMRFRMNESRFZEE. (MITUMESNEEENENRT, AxXEs
[ERFXITREFRF—IR, MREINRFELXHIT, Hiind, MRKE, 7R
7, NMERIERNRAEH. IE, —LETRMEHEISEREE (Eban
Material Studio) tEEfRHETIRE, MiZIRIS TR EN AL EARTRAIM
AR, B THEKHGEART . RER(IEBEEXEENRE, EMNAXE
IRAGETMR, BANABRIAL ZERIRENTIRER,

3.5 RIFRENATNRT

Rea—H0 REFRENATOERT . EFTAIRELE, BiIEEHEME
—MERRIEE, EASEXNET. SHXNERMA4A, BotTeas OME,
BMEIIDRER, REECIINAFNAIURTRMNA? AHAEEXER
FNATNOFRTR, HT—F (FHESEFNE) PEiFixea,

HETB R REFRIASN AT ORI MES F—EREITAR, A8
32 MERREE. BXfrL, BRI —EEE A IEXEANE XN
., XEEEEENF—EF_EEAER: BHIREG = 6, Q GRIFRBAFMN
AAEFRTR, ALAHG S6MAFN ATLRTEH. F-NREAIXZRIEE

B XMMERRE—FN—EE CREILRAZEFPONGEERS) SR,


http://img.chem.ucl.ac.uk/sgp/large/sgp.htm

3.3: REF=FMENR, fiEn). dREmS(E. INER. SENEHEEINAS
| FUSE K mEf, XAERENREE, RERAINCABINE—XRENAFNAR
AIARTRRIBAT , AT LMREARIBILEE 3.3 NE_—RSE=~152IFT
BHE _ERENAFN AT NRT.

B—RKREFE 11#: G G G, Co Coo Doy D3, Day Do, T, O, FH
BA i — X 11 fiE R —iRE.
1. 68 G BF, XEEHREMEIAE, HIIAmERE, nBEE n 1, B n

MENARTARR, WEMTTa, ERNERTE:
AP(a) = exp[(p — 1)2i/n]
Hrh p EREMATNERSRAY index, A1, 2. . n FE—PMHL

X 11 FE—R B RIRI R BN EE T,

2. F/NFMERRE D8, BBIINTTER: e 5% 2 HAEnBRYERME a. 5 x Hifen
BRYEEb. SRy HenRYR(F c.
{e. A} RERARFEE, B9 2z XN REBEERTFHEHETRER x 5y #,
[EiE{e. b}BR, Hab=ba, XIFRNED, ={c. a}@{e. b}, {e. a}S{e. b}

RIS :
€ a
1 1 1
1 1 -1

%= 3.5 “HEIRERRHIERR
ABAD AHHIERRHZ -

e(ee) a(ae) b(eb) c(ab)
1 1 1 1 1
1 1 -1 1 -1
1 1 1 -1 -1
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1

1

3. D3&f, A=K,

% 3.6 D EHHIEIRER

6 NMTE, GERENARETE, Ble. d. ), DJYCGEES

“WEIREE, TRET AARMERR. BHIERERE, 15 Az, BIRRUFIEIRE

=B
=
1{e} 2{d} 3{a}
Al 1 1 1
Ao 1 1 -1
Aj 2 -1 0

=< 3.7 D.BHF IR
. DaBE, BANEE,

@) (o i) (e3) {0 ) e ¢}
S24+S24+S24+S24+S2=8
S

Dy BFEREFEE: {E. Co. C. CI) (E. €4 Y. ¢y (B, ¢ ¢,
cV}), IXEARERE M TR NSRS —MEIREE, TTLEE
D, BRI MBI =NESSY, HPEERoHEE, IFEFHBLEH=
M—HEIFEERT.

ZIEBHIERRRWARE— 4R T, BRNHERRA:

B} | 1{C3} 2{Cr |, (e} | 2{c®)
A 1 1 1 1 1
As 1 1 1 1 1
As 1 1 1 1 1
A4 1 1 1 1 1




As 2 -2 0 0 0

% 3.8 D, AHHIERER

5. Ds, B 2TTER, .

(E. c2. ¢t ¢ ¢ ¥t cd oci ¢, P, oy
HAg M2 D: 8, BR DiNAZFE, 5H 6 MNEERRES. TEXAE
SEECEKR—X (BEHE/NAHFEMNREARR, STRMENERERE
E{ERMTEBIFPITRRRREE), EI{E. CGIBE—IAEFE,
De=D3®{E. C%},

) Tﬁéﬁ, E{E}\ {Cgl)\ CgZ)\ Cg3)}\ {Cé\ Cé’\ Cé”\ CI3HI}\ {CIZ\ C’3,2~ CSHZ\

Cy I,
SZ+S2+S%+S2=12
SN

THAZSFEE: E. V. c?. Py, B TEHEEEE, ALGE—r=
MMEIREE, =MERBFE=AN—EER, FILAE A B A, BE—1=%

RHIERZKRRIGR:

{E} 3{Cgl)} 4{C3} 4{C3*
Al 1 1 1 1
A 1 1 £ g2
As 1 1 g2 €
Ay 3 -1 0 0

% 3.9 TEHFiiRE

7. ®a—, RXTREN—, 08, §2440nx, o0k

€Y} ()
(E}. ¢V @,

6 ! n nr 224 4 n
M Cg )}‘ {C3\ C3\ C3 N C3 N CZ\ C32\
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{Ch Ci. C'L CPL CJ3L €YY {CPL Cy%. €y
SZ+SZ+S2+S7+S2=24
.
S;=S,=1, S3=2, S, =S5 =3
OBAREZEFEHT, 88!
{E. Ci. Cy. CY'. CY". CP2. CY2. CY'2. Cy'"2, C2. Cy2. )
EtiEd O/T BmES —MEAERIEN, ATLUSEIRA N —4EERTT.
THEERTREAT? FATRI AR FREHEE SRS,
BAVER T &, X1 0 BNFEHIIFESN—4HRT A2, B8 0#HN—
TR, BINEMIIERE, S2IE o ok T SEHIREE, 0={gT. aiT},
X g BEAITE, o BSHIER, TN a-Cl".
TE#HS O HIUXRE:

Al IR BFE SRR AR -

UB(g) = (B(goggg R B(goggi)>
B(g1880 ) B(g1881)

\
/
+H

B(gigg ") = { A,(gige " )ifgiggi * €T |
0 otherwise



(1 if  ggg  €{E. CZ& C2. C2)
A(gigg ) =1¢e if giggt € {C5. Ci. C3. C3}

e if gegle(C CZ C C)F)

BRI (2.12):

X' (@ = %Z trB(tgt™)

teo
XEmZTHM, HMNREZER:

1

¥U(E) = iz rB(EC ) = —- 241 = 2
12 L4 12

2U(Cy) = iz EBECLEY) = =12+ (e + £2) = -1
3 12 £ 3 12

1 .
1U(C) = Ez arB(EC,tY) = 0
teoO

...... tCit™ 1 eT

1 . 1
U 2 = — 12¢—1 = — . =
x"(Cy 3 teéo trB(tC, ™) ) 24-1=2

...... tC:l,Zt_l I= {C"LZ\ C‘II-IZ‘ CZIZ

2V (e = izz trB(tcsPe 1) = 0

teo

XMESRTT O HINAENEMSHERDBIZ: 2. 0. 2, -1, 0, KRR,

WEIT—FM, AFRTLIRT.

E C, 12 C’

{E} 6{Cs} 3{Cy 8{Cs3} 6{C§1)}
A 1 1 1 1 1
Aj 1 -1 1 1 -1
Az 2 0 2 -1 0
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A 3 *(C 4(c *(C
4 x*(Cy) x*(C¥) x*(C3) X4(Cgl))
As 3 x>(CL) x> (C#) x> (C3) XS(Cgl))

% 3.10 OBHfFLIRER
REHMR TR =4HRR 7. KA LE—HF, ®RABESHER. FIX
BERNE TH=4ERTR, SHEY 0 BRTE/ 41, BRUHIERE:

U(E)—lzztrB(tEt 1)_— 24-3=6
teO

1 .
1U(Cy) = Ez aB(tCit) = 0

teo

...... T =R RGNS IHREEE

1 .
1U(C) = Ez arB(EC,tY) = 0

teo

...... tCit™teT

xV(CP) = ZZtrB(tc:Et 1)—— 24-(-1) = -2
teo

...... tC:l,Zt_l € {CZ}Z\ CZZ\ CZ’Z

(1) (1)
C, =1 Z trB tC, 7t
teo

EXNMAERTEEESTAN. NREEMN AT As BIEF, XIRAY Aq
g As BUFHIERRSD: 3. 0, -1, 0, 0, HINFRANEARET |, REFTLNFRT.
EE—HOlEER TR Ad5 AsIIEFN, MRBXHENE, FiIHE:

x*(CP +x°(CH =0
X*(CH +x°(CH) = -
x*(C5) +x°(Cy) =0

x(c5P) +x3(cP) =0



MIXERIFEY, B—MRE:

X(C) = 1. x*(CP) = —1. x*(c) = 0. x*(cP) = -1

X*(C) = =1, x3(CF) = —1. x*() = 0. x5(cV) =1

XMERE IR, [EXHEHERE, LA AR N =4EARA2
Fr (BRI LEANERT). X O BEIAENATARNHERRH B
*¥7 .

RE—1THER— T, MIEE L LS HNREHFERRINENR,
ZEIBINXENGIF. LUl On FHIERR, EBEENEF, RuIARTESEIT
IRART. T Tip Tisy Dosy TiL Too Tl Tise Dps, AL BB .
RN, ATARTXBIRRAAL. Ay EF. T TS, AL Azl E7,

T, Ty ATHEAR—NENNESR, TEZMMEE.,

representation basis functions E 3C2 6C, 6Cy 8Cs i 3iC5 6iCy 6iCs 8iCs

I'y 1 1 1 1 1 11 1 1 1 1
=t (y® — 2)+

I yi(z2 — )+ 1 1 -1 -1 11 1 -1 -1 1
2 —y7)
. 2

I {"f__yg . 2 2 0 0-12 2 0 0 -1
=z -y

I's T,z 3 -1 1 -1 0-3 1 -1 1

I z(z? — y?), ete. 3 -1 -1 1 0-3 1 1 -1
ryz:.i:4(y2 — 29+

ry yi(z2 — )+ 1 1 1 1 1-1 -1 -1 -1 =1
(2 — 7))

I; Tyz 1 1 -1 -1 1-1 -1 1 1 =1

Iy zyz(z—y*),etec. 2 2 0 0 —-1-2 -2 0 0 1

I, zy(z? — 4?), ete. 3 -1 1 -1 03 -1 1 -1 0

TY, Yz, ZT 3 -1 -1 1 0 3 -1 -1 1

3.45 On FHIERREE—
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repr. basis functions E 3C3 6Cy 6C% 8Cs 1 3iCT 6iCy 6:C% 8iCly

Af 1 1 1 1 1 11 1 1 1 1
ot (y® — )+
AT yi(2? — )+ 1 1 -1 -1 1 1 1 -1 -1 1
{z%zyz}
2 2
Et {I;yz . 2 2 0 0 -1 2 2 0 0 ~1
22—z —y
T, 9,z 3 -1 1 -1 0-3 1 -1 1 0
Ty z2(z%—4%)... 3 -1 -1 1 0-3 1 1 -1 0
ryz[at(y? — 2%)+
A7 vt (2% — )+ 1 1 1 1 1-1 -1 -1 =1 —1
Ay zyz 1 1 -1 -1 1-1 -1 1 1 —1
E~  zyz(z® — y?) 2 2 0 0 -1-2 -2 0 0 1
T zy(e? — %) 3 -1 1 -1 0 3 -1 1 -1 0
77 ry,yz, zx 3 -1 -1 1 0 3 -1 -1 1 0

3.46 On FHEARRENE—
FE—FFATT EBEIE Wigner 7E 1936 SEF Bouckert, Smoluchowski SE/Y
—RXEFTHIIR, EXBENERNEERN LSRR, W
REICENGRENXELRNE, BMAENAENX EAARNREE RS
BIXIFRME. I — N RINEREIGRIES, BBACHBRENRHEXMETF:

-~

g
T
X
1
M

347 M HET FERENX

(MHR, BRSEENNANTSERHIIMENX, 5 221 M=EE)
XEN—MERNEER, FENARRNREETRED BT, RAXNRE, X
On X R, HTRE I REBERINTRME, FrLAEIRR On BUARRT£93R7-RIRT



&, BT T XNTREEEYEERA LR ERAIIIR,

lattice point k symmetry
#221* r (0,0,0) Op,
R [(27/a)(1,1,1)] O
X [(27/a)(1,0,0)] Diyn
M [{Qﬁ’faj[l, 1._0]] Dap
A (27 /a)(z, x, )] Cay
¥ (27 /a)(x, z,0)] Coy
A [(27/a)(x,0,0)] Clyy
S [(27/a)(1, 2, 2)] Cay
T [(27/a)(1,1,2)] '
Z [(27/a)(1, y,0)] Cay
348 STARSERAERRKEIIR k AHSERITRE

B (tCRFo AR, EigtFEdl), FJEXEREWA A, B, E.
T RIFCREATART, A, BR—H#HH, ERTHN, TE2=%HH. S, &
EIIERIRSERE SR A, B, E. TiXMIRR. Et, XPMHME— IR
A, BRBXE—1#E, T4,

Y

LREPEETSRNRERE I, S—PRPERN T HlT. XME
XANMRATYRTHIERREZTFRRY. X A, B, E. TIXMFRAR, EERIGIF
BR '+ XEEREROHR. FEEHENNET, SR A AuX
g ulTIRREX S, 1XE g 2 gerade, fEiE even BUER, u R ungerade, &
i5 odd =R, MMNANEZFR,

B/&, 7 basis function Bp—1=, FEXEMPLEH—LE x, y. z BFITFRERE
RIBIF. REHNSH P EFNZRFNMESEEN— MM IRTHIE,
XERIARLS HIX SR RERIGIFARER T . XNEEHISHEH, XEXRK
FICERATLIRTAI— LR BRI R AT LL Y,
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3.6 JAMS5EE

1. ROB=HSLIEAREF—IITER,  Cp(0)REFRIRAENERIE, Sp(0)2EFRY
RENRIHRIE. [H0C(0)0 ' B ARAMNEIE? 0S:(0)0 2+ ARERRIE?
2. HEEENER xy KFEENTMC,, IZCNRSE,, ERHAREE?
LA{xy, xz,yz} 98, BRIFRREMA? BRIAGB? MY, B9,

3. LA{2xy,x* = y*}. {Ry = yp, — zpy, Ry = zp, — xp,} I, KD IR IERE,
4. R EFEE NS 20 MERR RS SZ AR TNEAC, 1.4 KR EIHL
5. 4n NEERNRGTHS ., DEERRTT, RERTERIERIE?

6. R —HESLSERETE REt.

7. FERERAIRFS, IRHINTREE: 1) EFCHER, BIITRRERE 2) &
ConBfR, KIsFRBHMRERE, 3) ETFT.EYF, BN aRERE.

8. 1)_E Bilbao Crystallographic Server BIMULEETF D, mEF— 1 =SIEEF P222 AYFR
BXFREE, BHXR, 2)ERXTFRIAMSHNEELEEIRHRR G HIFEMN
HIIRFHINIE. WAL HASXNRFE C, CIERIBRATERTAIRE(0.125,0.125,
0.125), BHRERMBRFIIME. 3) IRXN=HEEFE P2122, [BRXERF?
4) T(EFER C222, BRNER? (ARASHEITALIRHATLL)

9. — TR, REIRMHA? IBNALSEAIR, RETNTA? IRERT
XHR, XMRASHETAREZRAARR?

10. BEMRABP=HRABENT R, ASADHEER. =B, REE
BT RISRERIPIFRE, BUHBLEETESNRISRR?

11. $8HTFD FRIREE:



(c) H;0 (d) NH;

(g) =X CHC1Br—-CHC1Br (h) #4324 A CHy~CH;

(1) ZWALH (BF;) () BXFRF L HLIL S T (k) B4 (CH,=C=CH,) (1) e 2% (CHy;~CHy)

(m) CH, (n) SF,

12. BEFATHENSE —EREHFIINR, FESENR, TBMMEH LAY
FHiEnR (BXTE, FRSHE M XE3ETR).
13. EFATHENBE —KREITER, TESEWR, TEMEHD, AT
FHiEnR (BXTE, FRSHEE N XE3ETER).
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BIE HCSEFNY

IERAERANX [ TRAVBICERLANRFAELUSE X LR AR IRIS
FINRNEENREE. TEAT T HA(ERE ) X TREEMREEREH
RS EREE. 2RI, BB X JRIIXI TRIRIERE, &A1
EMERRAESR T REREEBIISSIEEZ RHANEEE2R? Z4
T SERTESSIR L.

X—EREAMEERN. FA2A—SRAENEFNE. EARYE. R
P FYEETRIGIFERRHCEIR EAETA? XEEETF N, EfRE. 7T
DTYRERYIE, HCRHE, ATEFHFEYEXLEREMAIER, X—
SRRMBBICEME (BHESETF ).

BIAMS, (EAMER. WERNFE, BXNHRER, EINIEFERET
PNEVRSEEFEEYE, WRMRAY. FAANUEIRIEERA, REHFRIR
IREPEEURTINR R SR —EARES £, LAD FEGRERSHRR M, iXER
IESHLUZRTE, AILREFS, BALIREIZEREE R E e
. XESRIEFER? ESIRFTRNRSRIRIFRIEFE A ARRIRER? R
N RFE—DINFIN T, AN FESRAB— I NMESEES 2T 4R
RIAE? IXEERERA MELASHIRI P EIBRRISCRRRE, 3 17828 T BEXAS
HEIZXTRE, MRLISERHATEZISSURE, NMEEERRIFRIERE
FiERE, XTRMEZET. BERERAXNRE, BHE (BHESEFHF) X
BERENIXTREERNER.

BHIABSN/\T. F—HIREREMHSEREERRAISHEF N
SWREZENXR, ERHSSERERNEIIX—ERSHTIERIE.



TS [ERIBER DR, B— N EFRIR RN SEI R RY
BlF. X—TEARSIRIBMA AR ANES ZEIAMEEXM IR, B=1
REAFS AT AL, EPREEFRAFEMES, SBaHA]
e —EE R ERYIERFRIRIFRIE. AR TIZRRI BRI FRIAIER
HIEEEREEIR D ERIRHMRAIN A, LB MRFSIE. ST H—LE
TTEESIEEREEN, BRNEFKRFENEEMNE, §—FRINMERKREL.
RIERNFE—THIIAS, NMZAEXEMESE R RIRRFRIITRIE.
AT T M, RASEERIEEMENNES AR E—LERT, U
SERFHEA AR FAXIFRIEAIANR X IR RPLERT AT LUR S . IR ERT A BEAR E?
BATHEHA—TMRNINSHERMNZSE HEMRIRIIING. RSiE. T
5. BATEFTHREEERDE, NFRSENRTBEEHERRPAIXLE
XIFRMEXS BRARBETH RIS, Rfe— T ERER IR, XERABRERERE
HERFHRIFIEARBRANIAS, EERNASTLE— M EHiRT. EEN
PR R ZRIFAMISTIR Dresselhaus BRAT.

4.1 IRFNE A SHEXER

XED TR R RIS EINEE R FHINI TR F FTRVZRMER, {8 ERBER
T, FERSESEEMIERE T . MERAREIMENZIRER, BnEsE
IREIMERMA?

KECE—METE, MEECRIA. EHARPIER, IREMENZEI
RERIMERR:

1. EBE—ER,;

[%F

2. FEMMRRET, RET AR (IXPDTRENT MAVAETR, HiCHX);
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3. HAI—ARIEEIEHRAG);
4. BES—MIERGIINL

FAEIRIAAR, BAMEII I CHE RS ¢ 0IE, ST
gh, XABHE, WMRAR = Ag) (I8, INMEREBNEERERT, 98
RS EEER), WK ¢ SRSSTIREREN—MEME, BOER, ¢ 2
LHRGEIR)S Z BT S PRSI —MEIE.,

SRR ETFIE R RIS AR RRIR? BEA ¢ SEREIR M
—AESi, TR TR ROESENEE— N Re®), BFEEENIR—
MEMIRERD,, RIERNZAHINEIRAN, PR LERN:
Pyo(X) = (g 'x).

IRHAIEN ¢ XAMEFRR ERENRS ©IXMEFRIR EHUZSRITRR f
XY RO AR EI P, = BB, BRARITHSE:

Pg1Pe0(®) = Py (P0()) = Pg10(g™'%) = 9(®)
XA SRR RIESE R EE— MR OEFRZ, Bilt: Per =B, .

XEOE, WA@e®), MLH:

H®)oX) = PaP,-1HX)9X) = P;H(gX)0(gX) = P,H(gX)Py-10(X)
=B,AgHP, o)
SHEE— N RIS AP RS e ORI, FARANRE, HIATHERHE
AR) = P AP, XM, MEMIZENLT g RIRSRAIRZIER I —

MEE, WE: H® = H(g0), BEEHNTHE—LEE]: HE) = BLHEP1 =



Eils, MR ¢ SEHIATIREA ) RERIFERMER, B SRR
SN RN RSN, SO ES,

XMERRENXELESARN—MER, BETLUSEHRSHIEE. £

op

PHXLEIRZ R, FACERMES, DBIRIREMEATRR (BRRGITRET)

AT

WREIREREE (RIFRESHRATRY R RS IR B RTAORE) .
EX 4.1 INEMEGEE: FISEISIRSMENO A BT ¢ MESTRL
B, MAOREIMESMNE, KEEESR0E, RRAIHRE, ioh:
Gy = {g|H(gx) = H®)}
EN 4.2 IREMEGE (LEEEAIEE) : BRSNS SEhaT R
FHIRE AR, MAORSMESE, IEEEsiE, ioh:
Pg, = {Pglg € Gy}

AT RAIFREHE TR ERARE S RS PRSI R, ERBIE
RRMS IR, RTINS, ERATRE PRI R R R
FORRAORE, EORSREAMESANE, SIINXRR: RENEARERFXTR
BT (XSRS T IR E AR ES) .

EE, ATHERSE, "ARNEAR 5 REREMRET XEA

B

ZARNISRER, RAREHMEMHABHE— TR, REIREIIERT.
HATHIEEIEATR IR, BANSHMERFI RIS EINE TR R, &
—HET, BFRA— M EER, XEEFER—HAMES.

BETXANEN, BMEEHNRRBICSEFNFNKR. HHE—1E
X TEEHEEARIBEER AR,
EE 4.1 IREMEEFHOMEBIHRAMIESNF RS, 1GEIREIREM
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BERTHE SR,

(XNBEMERH R ARBE—RIIMIERERD? S0 8ek L, BE— 1 LN
MES. MELIBERAEARRTT, I8 LHNAMESHNZEMAS RS mREE
=E, MNRXPDEERAEF, XIMEMETE—4%,; R0 BB/ F, XEMU=En
%, XN EEHRINEX LT R RIX N R AN B E R R IR,
DEAPRESHE, BERIRA—MERE. RRNTRESZEE)

WERH:

B—AMERERE,  IRERE | EEFH. XEEEMA | MERIETTRNAIEREL,

W, B i\ 1EI L, BlIFERNZEESEIS AW,

SV, € P, BIFAEPRAR = ADP,, EMPFMEINY,EL, E45:
ARBY,® = BARY;® = BEV:® = E,B¥;®)

XBHEREP, Y OFAZEH X AMEE/IE, AR EL,

ZRIBATIE, 2 [ EEFR, XRRYZEME=EAW!, BPAPRY, BRI

[EFRIRE, XIA:

l
PG = ) AR ()W)

ir=1

{AM () IXMEFFEFFLE | HERIIR BRI ERERRAY; ) S E TR AIREREES.
(IEEE)

XEBREA—T, XTNEERAE— R ERNMESE RSt =SB aT LUK
BXNEBWMEFRRT. XPNRR, BARTY, BARTLEHEA—RIIARH
HFRFIEM. ERNXPTEARNS M AT, EIRENNANRESHAR
EREER—HFRY.

RXNEEN, RE—NEE, WAZEARRER LRIAES, MNRETE%



HEATRETENE, R RTEE—  ReAER. SR, B TE
— i,
B 4.2 AEIRERERATAR RN A IR TR —4E.
WERR: (SZik)
RAGHH | MERRY, MRS« MBI AER, e
FRER. DUREROGIT, Bl - 1INETARE, BE—EBTERE. 1
8E, =E, fori<li—-1; E;=E', fori=1,
RN, HEERIRSTE, BAT:

HXW,X) = E'¥Y,(®)
ERVB, € Py, VEREGRASRER,

l
il = BAGOWE = ARRYE = A ) AP @WE
i=1
HepA© () BEoNRALRTNSNT. 515, THRESET:
l

> AP @EW®

i=1
S =i

l
Bl =ERWE =F ) AP @WE
i=1

MAGRHARHEMHTXIRRY, OARISHES. MEES, S DB
ROZAEE, SXEERERE

A ()E; = A ()F
SHERS i ZFST, (BR7E < | — 18T, E; # E', XEEAREAD (@UAT, Xttt
2iA (g) = OXIVeRz, HMFRTATA, XMSTHMFE.
(IEEE)
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XANERGHE—E, GTHMN—MAENEGE? MEN—MER, B
BREEFIME. XMEEMENXNTRMESEHREA XN RFRFXITREE. XTR
FEXITREFE —RIINAFM AT LR, MEEEi=oER— MR, © L\
RIS R AR A LABIT R B A S BIX N R GRS FREE AT AL RO IS B R E AT
BRTTER, RNRFZEATLUTAEE LTS, T4, EaLMCA—FR
FIARRTRTNER. EENE—RIAFRR, A EHMESRREAIAIELE
EWHEFE.,

Hrh, HEETHRNARMESZ EAEREERRANXTRER, FAIFRe
PAEF, BEBXITRES Y, IMENBER LNFRTY, BBXBEARREATLR
EIREERRIFPIRITHEAIFRIUEPA AT

XETTICHYIEERIRSENFRE. EEFHFTP, BATILIARERNMMES
EREASNATORTHRIFRE. A TERK—MRIGECHE, LUSBAIZEE
EFRIBRBIGIF, FAIE—T Si BIBET. Si RREFNERIAEEHE— foc Y
BI8L, BRTHERREA Si, iB3oRIfALe 1/4 &, Bl—". BRBAEERS

FREU. BAREMARISEH XM



Bl 4.1 Si BB ~EE
S NTICHEENER IO LSRR k mAA SRS, AT m.
X M. K, LR ENZErEZ AR, BFXNRANEERNXT:

REREITRMERC, . X AR5 K REEHMZEC,. ATAB=EREEEE M
FERAY k RFTXIMNAYHERFRASHEEFN, BISERES/ N FTHFEN
B, XERFIEZ—T.
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IEIRBEAIRIEIAAIO, = 0 ® {E. 1}, OB 145 — 124 W3 %
AAIEFRTR, FTLAOLRIARRTARTE A 1 4. T4 2 4, PO 3 4549, Dap =
D, ® {E. 1}, D,AIMN 1 HM— 2 HEAFLIFRDR, FrADAIARTAFRTE/N
AN 1RO 2 Ry, C,, 5D, EM, BRARTARTERD 1 419, C4W 5D,
B, ERNAATARTRENN 1 HEN— 2 489, (L RE—1 1 £ERA4%R.

S5ZER, & LR, EXEREERMUXEAFHE. bl =, BB
RO HERRPIA R IRRAY

representation {E|0} 3{C7|0} 6{Ca|lra} 6{Cy|ra} 8{Cs]0} {i|lra} 3{iC3|7a} 6{iC4|0} 6{iCur |0} 8{iCs|ra}

I
I

1 1 1 1 1 1 1 1 1
1 1 —1 —1 1 1 1 —1 —1
T2 2 2 0 0 -1 2 2 0 0
s 3 —1 1 -1 0 —3 1 —1 1
Ihs 3 —1 -1 1 0 —3 1 1 —1
A 1 1 1 1 1 -1 -1 -1 -1
Iy 1 1 -1 1 1 -1 -1 1 1

2 2 0 0 -1 =2 =2 0 0

3 -1 1 -1 0 3 -1 1 -1

3 -1 -1 1 0 3 -1 -1 1

!
Iy
I

I
FQG

1
1
-1
0
0
-1
-1
1
0
0

4.3 Xk FEIR0, B ERE
MT Bl X iEZ FRISICIEA, SIFREFMOLZERL T Cave CuiRB=HAALE
™, FHERERAN:

representation basis functions E c? 20 2iC7 2iC4
Aq 1; 2222 —y? — 22 1 1 1 1 1
As y? — 22 1 1 -1 1 -1
Af yz 1 1 -1 -1 1
A} yz(y? — 2?) 1 1 1 -1 —1
Asx Y. 2, rY, 2 2 —2 0 0 0

&l 4.4 B RZIRYC,, BHFIERR
S5ZER, FKE Mk 3 ERFNRORA 14 2EH (L) 141
B (TH) R
BT XA, WIRER T Dan, B/\N 1HESH 2 AR, FHER



=

representation basis E 20%, Cf 20_3‘” 20y 1 UCT, é.(_','f” 2:Cy 2:C2
X ;207 —y® — 2% 1 1 1 1 1 1 11 11
X y? — 22 1 1 1 -1 -1 1 1 1 -1 =1
X3 yz 1 -1 1 -1 1 1 =1 1 =1 1
X4 yz(y? — %) 1 -1 1 1 -1 1 =1 1 1 -1
X5 Ty, Tz 2 0 -2 0 0 2 0 —2 0 0
X ryz(y? — 2%) 1 1 1 1 1-1 -1 -1 =1 =1
X, Tyz 1 1 1 -1 -1-1 -1 -1 11
X} z(y? — 2%) 1 -1 1 -1 1-1 1 -1 1 -1
X} T 1 -1 1 1 —1 -1 I -1 -1 1
Xt Y, 2 2 0 -2 0 0-2 0 2 0 0

Bl 4.5 SR RZIRYD . BFFHIEIRR
XNER, RERAILLER. ZREUA TR MEEHE X R, 2— 1 "E&H. B
EABHNATARR, MERD 1 EATOFRTR. X EHREEHET AR
RIS T RBAEF.
M X REIK R, FINURTER—4H, £ K RUTRIERC,,, BNAFHIER

Z E ct iC} 1CF )

X E o iC7 i

represen- G K. US E Cy 1 C’f 1C's
tation D E c? 102 1Cy
p3 1 1 1 1
Yo 1 1 -1 -1
Xa 1 —1 —1 1
2y 1 —1 1 —1

4.6 I AEEIRIC, BHFEIRR
XEBEARTARTA = FimR, 2E79 2. U XEMERNKARXITRIEHERRC,, .

EERBIMERIBREE, WEFBIETRIE. WHoRSEHREE— FHIRIER

%, ¥ Dresselhaus # X 12.5 5, §H5IXIEFAEHIREE!
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XM AYEIFEARNAYEERERR, FIERIBERERARFF, AE—EATLIRT.

FXAMETT, HNEFNFEPINESSIEEME TR TR EANZIER RN
5 7. EXMBEXRT, BREHREWIAREL. BRIS(NBINEARE
FROBRARG R, FEEBAIPANERZEAEH. RACRNTEERE
RRFIITREIREHE. DURREITRER SRR, SHEARRTOFRREN
RSB PRI LAEE 7. XA, WIRREREELERANES Z ERIEFF,
EMNEESX IR SR NI LFRTR. BRI TRIEEST20%
TR T AR, FENAYBARF IR 7 AR . XFMER, (12
FHENEELIEFEEEHIAY, E£40. 50 £, SYBEFHRIRIRE
KRS EFHNAEERIR. FEFREE T —MFIRE, (Ratzenk 7 —MRIFRY
ETIEN. EINIXENER, (FISEEEFE|—LXT accidental degeneracy
#0 hidden symmetry RUIFIE, RAMBXFE—IFRB. MEIREFIASRAUSIARE
., EREEEETXPEFHFRFANER M, (FERIXNMEFHEEY
R (IFREFS, ERTERAYEFEREN).

XN EESERN—MIFRERFEFHIMESKE. SRFAREEE
RISITRIERHA? EESEESESMHEFRIRTEN, MREEARRG?

EREIEM AR, BAITREEBSIANNIRIEARE, EREKNITR. HENAIRFXIFR
BHE SOQ)EE. WIRE SO, HMT—ESH, BRNATLORTHIERIKE
BREL, MN—MFER [, AUNRTREHER 21+1. F(IRFIIEPLEHAIR
FHENS H—REEEXFR, BEMNEEE, —RREFDBIZ 1s. 2s. 2p.

3s. 3p. 4s. 3d. 4p. ...



4.7 SOQ) B EEREHSE
XNARNIZERAE, BASBARER.

EENTRRET, MRFKNECHERDMENE, BISERIXEFRIIIS:

4.8 SIRFEEREHTSE
XAER LEAESERARE T, EEER n KNMEEEERER.
I ASTFERXNERN, INMEESER LRl SRFFRECERE 1,
XA Ur {7555, RAREERSCENMRT, AMIBEME, £ 86T =
— k), RIS 185, FFHE—" Laplace-Range-Lenz SHEEA = B x L — mkf,

HAL =t x b, FEARIXLRENF N TE:
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pxL| _~mkt

- XL A r pxL\, . A

TA mkd { 3/ mkt
4
PxL mkt*
£ ¢

A

ﬂ

4.9 Laplace-Range-Lenz FEEREE]
BRFXNFEERIFE, Nocther EEFIFHKAIE (XNTFIEE) BXIR—3S
i, XNSHHNERAERERTF, RTEELERIKITRRRSE, AT
PRENSFRIE B LIRS TRA RS . B HEX M ITREFRA—FMEIFEXIFRME, 1B
RISIRFHIXIFREFRZ SO(4). T SO ERIEH A S _ EEI M ERIBER D T,
YMEERF, EARFZEEEER, XA Ur AXFREARRIZ, MNAEFER
SO(3)E$?0,

X—THREERNEE FNFPREFESIIREEERER. FRIHARS,
R EIBEIRER TR ERRRRTS ERVSETHRIS F S R, BAEHE
BT LAHIR, (BEHMAIRHEFRAVEERIFE D, BAEEEERERIINER
FIREMENNREREHE.

DXTFRRFRINNDEXIRERTFEM. FEANTE, BHEBESEIN (BFNF) BRI 7.1
T, B—1, SEIMHSRTFIISERDFHIA. “HSRFI SOR)XIFRE. =4HS/RFHI SO(4)

XIFREE. n ESURFHY SO+ 1)XIFRIEXSX MERREHIT 7 FHERTITIE.



4.2 s lEREER D=
BT L—TREEICEM, X—TBAIEHRIMIS RAISERE RIRIFER.

RAIRXFE—NER: FRERFAEE MEBIWEH,X) , ENRRXITREFRECy, .

ERNESEAIAGH, FIFRFN R OFRTRIRR,

PAEFRNIERFMT —MAA' (X), BRIIBEIMEZR 7H® = H(®) +
H'®), HNANEFESTREFE G,

B, FHIAMESHERR G AFNATURTHRITRAT . FlIXED 1T
CETHISE, RENREESSENER T, BRH X IeEREFHIBRAY
. BIRERS .

1. Gy AUSIFRMELLIRS, IIAGIHUE, TR T . FRIRFRIFREEGHEGy,
ROFEE. XMER T, FEREFAIBER ERISHIB Gy, AT L%, TEINA
tfzim, eMXNAGHRIRTMA—EATLA T . BNAYEH BRI
RIF, DS RS FRIER RIS A RIBERE .

2. HEOBMTRMEATETH (X)), BRiEiH, BRI RS, XM
&, GuiERSTGu, ARERN. FRAIVABFIEZLAEH. BIELARFRY
R AT LAR EZ R,

ER—MIF, FIRE—TE— MR FFRE—MEX S RIRET T,
ERRBRESREFAFNEN? (BZBXRARCHEREE, EMELE 40 4
Zal, EEFARIETESEIRERNER, 81MENNRF, UEEE
P Crystal Field Theory, X MECEFEMARIIZRFINEERSIAPRIBERE
., FREETFNFESRNC, NARRHAUGE, —RBEER I TR ES
BEFARER, BEIEBRNRERT, BRYCERRESHTIEFIERRE)
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TEBZARENTE. FIHREIE-NEBARS, XERERES
RORHE, EFIEFLA n. L m SAFETECKIRR, Gy, ET—EEifN
SOQ)Ef. MMANSREHZE, IR T EIRASES O.

HATEHEHRA, OAERS, HHE SOG)BIFATARTIE, FEMA
ST R, REHARNTN? EhRE8N, REBEN,QNEN
MBS b (XERIEFHEBRUIARITE), KibPo, FEME. BETIRIBISAET,
SRISSHR O BT, BN FRTANN 0 B RSN R AFRER,
IXHEFRATE T A IO B E R AR EEEL T ?

5o O BYURIRRIBIE, B 240, DR, HBIR: (E). 8(C"). 3(c{V).
6(CM). 6(CV). HINEBBNETIIRLARETE SOO)BMATLR R REIAN
FT AR ERT.

WA s. p. d FEONE. Heb s §E SO BHEN—HFRTARR, &

RRETHIBKIEER D79 -

Y00(9: 90) =

N| =
T

TP XLEERERIFREIAMESHNARES, MEORHSET o [ B
K, FABAERFTERREHR, STLARAEAR DX MERIRERES

X s &, O BFFRUEATTEXIMAYRTAEFEERR 1 X4 1 Freaireps, AlA
FHIERERRZ 1,

X p &, AESMOERHE:

Y;_4(6 €0)=1 ie—iq) sin 8
I 2,’271’



1 (3
Yi0(6,90) = = 2—c059
1(3 .
Y11(9,<p)=z ﬁe"’sme

A EFRRIZMUMERSREE E, BRINRNEMIF TR SENRESX.
FEIt, FATENGR 2 hV%enh, 3T O B¥PRIS AN, BIUPFREIXLE Fred
R, XERTEMAF IR B2

1. {E}: y=1+1+1=3;

2. 8(CV): y=e5 +14+e5 =0;

3. 3(C{"%): y=em+ 14 e = 1

4. 6(CVy: y=e+1+e % =1;

5. 6{C"}: y=eT+14+e =1,

Mdz& &, KERHHNEETAR:

QL+ 1)1 —m)!
4(l + m)!

P/™(cos B)e!™®

Yo (6, 9) = (—1)’”]

Hep™ () A m I DRERERHEZINR,, Mos:
l+m
T X
LA d 5451, O BE AN EFTMAIME ZIERHMERR d SIRREEXEE

PR B AR R |
1. (E}: y=1+1+1+1+1=5;

PI(x) = (1= %)% g (62 — 1)

2T 2T AT

LATT
2. 8{CM}: x=eT +eT +1+e3 473 = —1;
(12 _ .27 it —im —i2m _
3. 3{C, 7"} x=e“"T+em+1+e " te =1;
@ _ T iz —Z —im _
4. 6{C,"}: x=eT+ez2+1+e 2+ =-1;
5. 6{C"}: x = e el 1474727 =1,
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f AR EERH, X O BPRITTHREKERE THRT (JA%RR) AU

{FRRFE
B ee®y | o3y | ey | osic)
: 1 1 1 1 1
P 3 0 -1 1 -1
d 5 1 1 1 1
f 7 1 1 1 1
= 4.1 O Bf o =B RS B AR
XNHE, &% 0 BiIAEN AT ARTNFIERE:
8 8c™ | 3¢ | ec”y | 6(cty
Al 1 1 1 1 1
A2 1 1 1 1 1
E 2 1 2 0 0
b 3 0 1 1 1
T2 3 0 1 1 1
= 4.2 O BHiSiiRE

BAIHATLUEER, s SRR A XNM—HEFRR, p SR T XPARATLR

™, BABH, dTTAH: EDT,; fST/: AT DTy,

Hep d HigfE E MTLASREERDEFZERE, SlEXTIEERE

SR FSINTIE, EXEERT, RETEEBAE—/\EFE 2,

ERIXITRERZEOL. AN LEZ=ESIEIFRME, XMEHERATTLABZIRE X L

KT Eg. T AT, IRAIMEXNTFE.



4.3 I RS AT AL

X—TBERFKIHE RN EF A TRMUAIERE, KB EESIZRY
AHHTHIR. AT ILARMENAESITRME—ER, BIFEEFI—TRER
F, IR ERGIERIRR R AR, BTEXRN R, ZRRISEIR
B EX—TRFEIH, REBMNREFTER, AT ATEXE
R, X MIERREEFNFEER— M E I,

BT X MR, IR EMERCX JERASNEHARE? —aiEH
= MRAULEERNERT. ERERRIET, BIIRFE—HEN, XEE
HATTLUMERS R S8, MRBAWERIRANE, F0SRVEEF—REFES
SERIVFIRN, FNTEEREBTRERTAFAMERETYN (-8R,
AR IETERIER) . BT LUBI G IERRE TX P F. FIfre T
LiE, SIREAY, BIRFEEST— MBS B S B HRATE
PeRRy. (BAEEBEIX MBI, HLRRER.

PRI R, B—R IR LX NIRRT B AR E RIS RS
FHIRTZ AL AN EBEAZRIEFTENEN, UHEEESERERITRL.
XM ERIBHRTREEA TSR, B RERINRTT AU NEAENE
FERIEM, BERGTETFRIZRERITRL.

THEFTEIXEER, FHNMAEERUERRUR A TR AT, 88
BEENERRTZEFEERERN. FITERID/EE, BERTETR
BETHER,

EX 4.3 12 HG: LAV EHEMESP, BHEP: =P, WiFPRV L
I—MRRET.
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PRO(BIR: R, =PV ={(ZcV|i=P%, ZcV}
PHIZR: N, = ZeV|PZ =0}

XNENBUHSR, E— P EANGT, v E=ERATE, PENHE xy F
EHRE.

S

»l

p—

N

X
4.10 REEN, Mal=(E
73: P?% = Pi=7, FMLAPRIGER. - M LFEMEEEPIIZ, xy FHEE

I

HOfES,
HIXMRR, HIMRBZME
1. 3z eRr,, GPi=13;
2. PRV LIER¥ER, WE-PE, BBP(E-P)=0;
3. WFEP, W V=R, ® N,; ARNRE—IZ=E V=W, ® W,, NI—EFE—
MERIAS R ERIP,
FHIXMNEN, FABEATLANE FEX N EE.
EHE 4.3 BEEESTA V=W, O W, @ - O W,, WV LEFERTEFHP,, P,.
o P, BE:

=2

1. P2 =P;;

2. ﬁiﬁj=0' %iil;



3. Py+Py+-+ P, = E;
4. PV=W,;, i=1, 2, . k,

B, RZ, BE4tSE V HEESEHEP,. P, . P AR LENISE, U
V=W, W, @ - B Wi,

HETEMAAEY, BAIERERETETEN, XNEIE— T,
EE 4.4 188 G WATNBERTHA®, a=1, 2, . q, s, PH
G WEMEMNH (RIREWE/TH), P=(Plgccl, EXEHPY =
S AL (8P, WIXLEHFHEFIIRE:

S@p® _ <@
ij Pil - 80([3611P

EP W JRREg.
WERR:
BB == BZA(“)* 2 ) AP @),
gEG g'eG
S SB . .
a Z z A(a) (g)A(B)(g 1) -
geG greG

Sgg’' =g, M ERUEET

S S _
a BZ z A(a)*(g) A(B) "-1g)B,,

geG greG
S SB .
_ Sa Z Z A(oo (@) Z Agﬁz(gu 1)A(B)(g) P,
g€eG grreG

Z Z Z AD" () A% ()| AB (" 1B,

m=1 gue(; g€eG

Z Z daBakm ji A(B)(g” 1) g

m=1greaG
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_ B+, 1 50
= 6018611[ Z A" (8" g"] = 8up8;iPr

&6
ENEHAIEZERANER, WXFE—NEN, Bla=B. i=j=k=I8, B:
RO =B

P RIS/,
(UEEE)
WX ERF, Bme—MER:
EE4.5 31 ¥ P =P, HP IHEEHT,
WERR :
FEAFN AT B R B TIE A E RIS —FhaRiR?!

2XFFPRIARIR R A REHERR NEREIE, AR, BRERMTE—IERREERT
LU 7

> LD @R @) = SupdinrSur
geG

BTN, SRR, = [2A (), B MEiwERe. k. INEE, NI
BETT, IXHEENAOIE, SRS S IRAnERREN), X MEMERTRE

Fiy =20 g) = (FY),
O RS — RTINS LY, B,y (F1) 0 = (FF)p = 8,0 0, F* = F~, SXREE

28 F'F = E, MEEXIMAFRIRRKAHE:
q Sa

(FTF); —Z(Fﬂ]lF =D D RAY @AY @® = 8

B=1k,l=1



Sa

q
> Z LA @A (@) = O
B=1ki=1

HEAPPEY, B: PG = 25 Al ()P,

BNk EAY (. k. 13KFD, B

q Sa
z Z A (g = Z z 2 =AY (A ()| B,
a=1k,l=1 geG |a=1k,l=1
= z OggiPg = Py
geG
Bg =e, EXAIE:
Sa

q
> AL =P,
a=1k,l=1

BFAD (e) = &, FrAETMkERA

q Sa

Z Z 5klﬁ1§?) = Fe

a=1k,l=1

B
q Sa
Z ’lsk(l(:) =P,
a=1k=1
(IEEE)

KFXMERTRREEN, ARMUREENIMR, EEas
EE 4.6 BIREFATHERTEHNEE |
8P = {Py|g € G}2RF G NREFRERE (I THRNMENBISEIRERT

EEMHIRREIRATEEE, XA EFHFPNMES KRS L EE
RIRIATZZL: X W EOW@E) = 6 — 1), BRCEHETNCEFNFINE, AFNATLUERR

AURERETTAIEE TR R En. [EXSAHXnMEE, BABTE.
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B¥), e AU B/ , XAT, B—MER, ME—EEFH 0™, i = 1. 2.

oL SotARkEE G UM AT ABRNERBNAERMER:

Bl = @

13X BB o O RRAIFIFRILELEREL,
UEBR:
1. VEH

(o™, i=1. 2. . s,MIBEEG BN FTNBEFRNERERP o =

)

e, i=1. 2. . sMIRREE G BN RAIAERTE, N

Sa

Bl = > AR o

=1

FHATR EAS ()FFIIBETTRIN, A:

Sa
DAY @Bl = > AL () Z A @0
=

geaG geG

Z

> A @AY @) |0

geG

z 611 jk (Pga)

n (o)

S ik Py

BENPY = 2T, A (@), LXERTF:
B (o) _ (o)
Pia(pka = Jk(pla

B =k, WE:
Pcoo (pga) = @

. Tt (BHP Vel =0, o™, i=1. 2,

o s HIRREE G B9 a



RAIERTE)

BP0} = o[ R:

Fuof® = R0

_ 5 Sa (@ NS ()
—Pg;ZAi(}L (g)Pg’(Pja

g'eG

S .
= D AL (@) Py 0}

g'eG

Egg' =g, W EXTHA:

A(O()* (g— 1gu)’15g” (pga)

A
g'eG
Sa
S *rg— * 0ot
== AR (DAY (@B o
g"€G k=1
Sa
* - S * "
= ) AR E [ ) A @R ol
k=1 g"eG

z AL (@) P @

Z AL (@ o)

=
XFRRE ™, i=1. 2. . s MR G BN FTLERTE,
(IEEE)
FIE 4.7 BRBASHM. FUNEEROESRNEE I:
BREAEN. FTAEETHERS ™, i=1. 20 . s, a=1 2,
.. OEEMTFIERRER:

( a)| (pu?)) = §,;8apf @
Hhf@05 i j Tk,
WERR :
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i G RRGXITREE, PR G XIRIEREE (TREE). X G Fhtk, BPhTE
5239k, BEETOEMNARE, RSk, PR GI— &R
(RIS RRIX AR TEEFR, BPARE, DX MM TREP TR
BT, RS,
BTIXANBHEM, BI—IBMEMHE: 0/, i=1. 2. . s5P, j=
120 . sERREEMTIREIP USRS, REMIRE G B NSERR
SN RTAEET.
XL BN, BATRTLUEE:

( a)|(p(ﬁ)) (g(Pza)l (B))
HAPEETE (M),
TR F BRI S

(T, A @ ol

iz A(a) (@ A(B)(g) )| (p(ﬁ))

k=11=1

RN

Sa
a>| (p(m ZZ A" (g) A(B)(g) )| (p(ﬁ))

k=11=1

XNV FRIBERRT g R0, AARAMKET ¢, HETEESRLE n, MAUBIER
MEE, FiE:

Sa

a)|(p([>’) ZZ 6kl6u6aﬁ )|(p(ﬁ))

k=11=1

_ aﬁz )|(p(ﬁ)

PiAn 945, §:



( oc)|(p(ﬁ) __5 5aﬁz )|(p(ﬁ)

IEATMERRAL,
BY:
F@ = %Z ((pgx) (piﬁ))
k=1
EXNBRRS i j TR, ZEHRHS—MNEREE, FENMATOERRIESR
HHREIE.
(UEEE)

ERTER N EREEES, HITHONE— BRI AR TS R
MR, RIERFIRELRITRME R E RS, RITFEEI— T,

T 4.8 Bol D ERAWHHNBAFZNFTIETIE « M2, B2
A o (D) REBX M BB N RSN AT LORTIE « PETH.
(HREIER, 0O®, i=1. 2. . s, REENFEBNFRENRALZE
RO—EE, WA @), i =1, 2. . s, EHRRAITREBAREN
FAAFT—ER, XFAR, RE—H)

ng:z

P RIS ISR — N IRER, BA, Hol ORRAITRENE MRS
NFETLIFRAIES k& NEATHD:

Pl (®) = Z AR @e{” @)

Po[ AoV = A®P0l” ()
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Sa
= 1@ ) AR @0 ®
=1
Sa

AR @[A® e @)

=1

XEHERELC D, k=1, . s RRANTRENBNRENRTLFRRN
B, HDoW @), k=1, . s R ANTRENS RSN AT LT
fOR.
(iFte)
HERXLCRREEEEREEE, BATTLIHRS G, —
Bl F 5 R AREE R S TRHORHERS A I ORI AR L.
XNEA—NBRER? HERSHEEESRSERITE, B IRBIAHES
SEN— S BA—EAERETRRY, RAENAALTIIR.
BAHEX—ARE: ¢,®. ¢, . 0,®. -, HEENEFHIE:

o]

V@) = > 60,0

p=1

e, WERIORFTRE. R RARBA SRR, FHEEE
MR, RATE:

(0,®[AD0,®) - £ (0,®)]0,®)| = 0
M REHET .

HTRBRAREHE, BAORREESALTN R, BRI p. g
FEE—EETE, K NELMBERLL, & MEBTALEEF AR, X
0, DFBEM 0, (D Elo, (IRIEHE, RIHTFIRIRE— NxN H0/TFIL, (EXA
THIR, BERRASTEH AT, BATHR—MER NN /7
Fist, WREESRITERNE N I IATEEN’, (BRIR, (HASERIRE, 34



RIELERNER, BT ARAREN AR RERFTHMIER. XEXNMERE

BB RIFAN AL, REXMRLET,

ZMEF:
BEHIO; (). . Oe(®XNEREBFALRRERIEF=E., HENIEERAN
REXIFRENFRNELM, (ENREBIEMES, RIIZATLUKEISINS
NMEMTTANAE, RESATARI. MRFERNERFREE, 3B
AAHTHIHMZRIERR 6x6 1751, (EAIRANFRUAIEREL, IBARES
1THIF AT LA RIS,
INRAS RIS IIFRBIRERELR 01, (D). 07, D). 07, (D). 03, (). 03, ().
03, (0, XEFRAIA LRI TAOFRR, FaE—MIREXANARE
AFRNHIMAOREL, BNMHRBINFTTARTSEANE. XERHE
1. 2. 3S#ERATARTFEHIA R, HANITRE,
XEF, BN EEHRNERANERE, FHIRERERT:

K i = (05 D[A® @k ) — E (0 (D) 0kn(®)
BHizxdfa, N7
Kii;s 0 0 0 0 0
0 KZ, 0 0 0 0
0 0 Ki.,, O 0 0 o
0 0 0 K3, 0 0
0 0 0 0 K3, O
0 0 0 0 0 Kiii;s

MANSRA S BRIZ S RIFRICATRERELR : 0], (). 03, ). 02, (). 02, (). 95, (D).
02,(®), 14 2 HEAATARTSHAFR, PAXMTIIXHALETTLXIH
7, (BRET MRS LSRR ES ARHE. SIRBAHBEIIEFHFIR

el M. o} M. 02, D). 02, . ¢%,®. ¢3,@, BBATTFIZA:
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Kﬂ,n Kﬁ,m 0 0 0 0
Kit11 Kiia 0 0 00
0 0 K%in K%im 0 0 -0
00 K311 K3l 00
0 0 0 0 K%%,u K%%,zz
0 0 0 0 K3312 K332

RS, FFNTRMCREREIE RS XM A BT B RRE.

BESATSFRAL AR R ETEIXLEA 1, BPAMN—BRATE A= X TR R
HUR? XANSBRIE, BITUF ARR S amr”. R
RYERERRIR M ERY, HENEL, SANHMEX MNRERX IR
HESE IR, BTIXME, WAL

BWe® = o
BRIHCHERYT.
SR, XHERRIRR RN IAEEAFN A 297 AEMETT, MimaTLA

ISP, AIRBAIRIIER A, B IRMIERHIIRR, BBARIMBATLIE
J FEN=MERASERERIT:
1. SRR AT

- s I
P — ;‘sz(a) (g)Pg

geG
IR EFP VIXRE:
P = /lii(ia)
i=1
2. REHABEXBN— N EEREIEMESE V IEE— AR L, XM EE

ICAY, EFUSHEARRNAEN A ORRAIERIZM:

_ E E § ®B _®
Y= Ay Py
i B 1



Hrh i REENMNENMATARRESHIM index, fEFRSENATAERRH
index, [ BXNMFENATAIRRPER index,
EPOERZIY L, RN

POy — p@ Z Z z (IB)(p(lB)
l L
i B 1
=ZZZ (B)P(a)(p(ﬁ)
i B 1
®) () (B
=2.2.2.4 ZPL

® ®
=2.2.2.4 Z Sugl
®s @
= 2.2, 2, Wl

=), D aiely
"4
EHRRFEREER—TRE, RRCERTHROEN TSN AAIIRRE
AEEREBO B R, MRBXNAAILNRTHER R, REFD. MRS
RZR, HEEEH T PIEBEIRI R,
3. ARIXEMEMTIER, KHECHEER FRAE,
HNBLBIF
1. D:ERIRTREEA X . TXTTRRHZE, A

@1 =%% @ = Y% @3 =2% @4, =XY. Q5 =YZ. Q= XxZ
AR EMINGEBHAS N 6 MITRMUAIERE, ARIEE TRRAY
UL

A IXEEENE D; B RE:
1{e} 24d} 3{a)
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Ay 1 1 1

Az 2 -1 0

7.
F— LK D BRIt EE=HRN A R PRIFR AR B 1805,
NENERENEMETBE— P RETE, BIKENERTIHXRE:

W = W(g D,

4.11 Ds BFTfERRTVESAIRIER R

1 0 O
A(e)=<0 1 0>=A‘1(e)

0 0 1
-1/2 —VJ3/2 0
A =32 -1/2 o>=A‘1(f)
0 0o 1
-1/2 V3/2 0
AD = _v372 -1/2 0>=A_1(d)
0 0 1
1/2 V3/2 0
A(a)=<x/§/2 ~1/2 0 |=AT®
0 0o -1
-1.0 0
A(b)=(0 1 O>:A‘1(b)
0 0 -1
1/2  —V3/2 0
A(C)=<—x/§/2 12 0 |=AT70©
0 0o -1

F L REH=AAFIORTRRSHERRS EAT:

- 1
P(l)=€(Pe+Pd+Pf+Pa+Pb+PC)



B RBEXWHF M B EREER Em, EFPOIERNERM:

'13(1)2—1 2 4 1 +\/§ 2+ ! V3 2+1 +\/§ 2
S X T 2 Y ¥ T Y
V3
+(=0)?+|5x——y) | =507 +y?)

2 2
1
PMy? = 5 (& +y%)
P22 =z
PMxy =0
Myz =0
PMxz =0

HRRIRX—EENANRE, & D BNE— M REN AR IR SR
R8s, RBEERL (2 + y) 52BN EE,
EPOEREIXAMRE L, SLRE:

P@x2 =0
P@y2 =0
P@z2 =0
P@xy =0
P@yz =0
P@xz =0

X7 REIE A XN AFM AT URT IR /IRBIRE.
IBPOERRIXAMRE L, BRE:

[ 2
= 2 1 V3 1 V3 1
P®)x? =2 2x? —<——x+—y> —<—§x——y> ] =—-(x*—y?)

2 2 2 2
i 2 2
- 2 V31 V31
P®z2 =0



POyz = yz
P®xz = xz

XBFERIXANANREL, F A RNFELERR LERPANE, TUFE 44D
LHTFMAR, X 4 MUTRRESHEFRARE A 0E? RIEEE
T ORE R A,

HAEEFRE (2 - y?), FPIFREELE, MRE:

S VAPRRSPASIE ¥ (R SN T WO Y I ’
Ay Y ES\TAT Y T\ T TR

1, .1 V3
LR -yn] - Dy
BHEH (r? — y?) SoyfUl—EE. SZHER, RIBETLUNGy2 a5k, 41
BE SN AR, SERTMUEERE:

1 1
01 :E(xz +y%). 03, =20 93, :E(xz =~y 05, =Xy, 93, =yz. 93, =

XZo
XA FERE AT -
1 0 0 0 0 0
/0 1 0 0 00 \
lo o —-1/2 +3/2 oo |
Ad=|o0 o —3/2 -1/2 0 0 I
ko 0 0 0 —1/2 \/§/2/
0 0 0 0 —3/2 —-1/2

HERML, BPIEREleL . ol.. 030 3. o3, o BTEES.

Bl2.  BIREENTTIEKE D BRIEF=ET 6 MXIFRCAIE, BN BIRER

R AR

XEBERT D; BHEER:
e d f a b c
e e d f a b c

d d f e c a b




f f e d b c a
a a b c e d f
b b c a f e d
c c a d f e

i
F—, B Ds BFRIBFZERIN A
o, =e. 9,=d. o, =f ¢, =a, 9o, =b, ¢, =c
F#, BUFHIRREEN:

- 1
P(l)=6(Pe+Pd+Pf+Pa+Pb+Pc)

F=8, BXUS NS EMERRISETENE L, WPW, HEHEE,
YEREo, Ello AHUERI—MERIRIERZ :
%(e+d+f+a+b+c)

BEE D N—4#EERR. R I3—n:

o =%(e+d+f+a+b+c)
HP®, BAHAIERE 2 (e+d+f-a—b-Off:(a+b+c—e—d—1,
RN EE D B A R LIERS, Tﬁ%ﬁﬁﬁj‘%‘ﬁx%% (e+d+f—a—
b — OXNMERE LHEE. ERHEFII—rs:

1
2 =—(e+d+f—a—-b—c
P11 \/g( )

PIXEBRAEIR—HIEHE, RIFNRTRENE: (ly) =L x"(@)y(), 524 HEmTICEIEF
R RIRFRRIRHERRIBR N E XA —HE, XNEXFAAE—, MEKIERNE. REETICE

PRRREFHARRHMESRISH A G — ST LA, X MRBAS SRR AN S A hiEEe !
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AR TONMEE, BRAGHRN"HEARTAFRR. BHA:
POw =" ol
i l

HAIREG EmXLF FIRERNEREEP O EREIY LHBRIEN AT
FKrTEPHRENGFESSRIFEEEZR. RSERT, BIIEE—E
— AR HIVREIRY index BIINFN, XSTRITRIEDMER, WNSRIA]
BEEAPCHEREe, Blo, £, FMNASBRIZEMAIBER.
ATIRTTEE, BAIRERIRIEE :

PGB (e +a) =§(2e—d—f+2a—c—b)
R A —1L9:

1
p3,=——Re—-d—f+2a—c—b)

2V/3
- 1
Pip3, =——Q2d—f—e+2c—a—-b
d?11 2\/§( )

Papi Sl SR, BHAER. MEIHTERE, 53—, I

/g::
1
¢f2=§(d_f+c—b)
FE, B:
- 2
P(3)(e—a)=g(2e—d—f—2a+c+b)
B

1
3 =——Re—d-f—2a+c+b
P21 2\/5( )

Rk, FRPMERRIELE, 503 #TIERIT—AE, [f5:

3 1
<p22=§(d—f+b—c)



4.4 65 cEIRSEEEN. BIEREKE

XA IS REMTRT, ARBBTEMTT SRS IHRXR. B3
SRREARSE M, RIME—RFIDSINAES L, SAESHTIUR
RATIRRI— A RSN AR TAESARR, W, Y, BIEEEA
FETAIZRRAOE, RIRI0, A RGFFREE,

PEIRAR—MIFIA', REAIAERE, XA RANAEA SRS
(W | W BEERATSE T, (W, |/ RERTAEMETT, PN, BRALUEEET
S, BAH, BREFHY. ERERLREESRRIINEE. BHoX HERE
BETES, SEIRIIDENEECIEIR, KRR MERTTH ARIRSAE
T, HARMETURAT? BRELRIT— N BIEEHE, X MEBEETHR
MEIRERHY,

BAFERXMERIR? RER, RERRX MUTERS TR MY
B4 T, AR G FRRE SRR

H—EWHEN, ETUE—MRT TSR, mXERIEEEE, N
IEEIREAREER (BAD,) WE (XAETF—ERTH).

TEHHEY,, BEREMELN— M RILRETEAREET (250,).

XIS AHER, I WX ANEH, SN, BLED, SDMIERETAEEE.

BE=ANEDEY,, RSN N— T AREIREMEER (BHD,).

XAEHR, FATKERERERETT( o [H Y )XW, S LRI AARTAFRSR

/

BRI KR ERFIMT, BAIEMAVEMZLMD, ® Dy, RSEELE, ERE
BD M. WRE, BREHXIMRERL, 88, WAL, MIXARER,
AT HRERIHRITRESYF, FATH FNTREERBHAER? BRE:
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B, BATEILE—T, BN ARIFRIERES, ST XA, SO FREE
CHAE. BATESHRA N RGO AET?
—UHEZ, XREAGTED, ® Dy = Dy, HEIHA YRR, R SRIFREE

RRR, SV ABRTEER! HEXNNAYRTFRIER index tE522HE!
Jig, XA

XMFR, GIRY, SV HNARE— M ATAORTHIE— N ERE

ERWISIF. AR, LU MRS T2 WL,

Ridsk, SIRBAR', MNREHIIFRIELCHANE, BBAR YR TEREM
,

EMDE, 83V NN AFENATORTRIENLRSAAEMN. B, A
FEH AIITRIE, XA EREZSHERHRSRE,

SIFRERIBE, BAIBE

AARERESZ EIRIERE
BTEMNAR, RIBRESENN—HMIER, MshENEHE, BiF: E=

_"’_A Bith: B=VxA, MABHZE, BERETHT:

A (p - —A) +V(®)
—LA2+V i ——A-Z\’+ N
- 2 p (r) p chz
CIXANERIEER, FHARERAVEH, SH

T35 T, RE—IREIIHIRIT. TIEX

TE:
1
52 + V(¥)

AR, BRIEEIETTN: (Wo| -5 A Wp). XEPRINBEMN, HRUR
S, KRONG, (RIIRGHHTRIFRIE, 3

E ATR
BEETX

FEHITXIFRIRAERORT R,
RIFNRSE, SHEX. - —_R—IEH, WRBMEREEREXT.

M=,
FEILE, MIFREIBESRR, X MRTEMT AT AT, T2H(W.|5|Ys)



HRE, W(Va|p|Wp)XNEE, HIF-[f HRAED, ERILH—SHA:
T Ea = Eg)(WalFWy)
BT RREEHI]—RESMTRR TEL, XA, BfrEREET, B, 3RS
&, NRBVERTREANES KA (Y, [H' Y ) XN MREBHEIZFTS [ERERE
FEFETTROIE (MR FIRKNSTE) , BRMRS (W, ||V ) XM EMTRE—FE.
XE, HTHEERERMY = -5 ERE—NERTEMR, FH(IEITXFER
TEFR I EBABIRERIE.
X FIXAFRI— PN ERBEIRERTE, TR ERISEENE AR IEE?
MALUE—MIF, &R, XFRER0,, FHRRE:

repr. basis functions E 3C? 6Cy 6C5 8C3 i 3iCT 6iCy 6iC% 8iC'y

AT 1 1 1 1 1 1 1 1 1 1 1
i(y? — 2%+

AT yi(2? — %)+ 1 1 -1 -1 1 1 1 -1 -1 1

{ 2(z? — ?)

Et {J v, 2 2 0 0 -1 2 2 0 0 1
22 — " —y”

T, z,y.2 3 -1 1 -1 0-3 1 -1 1 0

T, =z(z* —4%)... 3 -1 -1 1 0-3 1 1 -1 0
J‘y:[.r"l[ ‘l,'.') — 22 )+

A7 yi(2? — )+ 1 1 1 1 1-1 -1 -1 -1 -1
:l(J.Q _ y'_’ ”

A;  zyz 1 1 -1 -1 1-1 -1 1 1 -1

E- xyz(z? —4?)... 2 2 0 0 -1-2 -2 0 0 1

T zy(z? —4?). .. 3 -1 1 -1 0 3 -1 1 -1 0

Ty ry,yz, zx 3 -1 -1 1 0 3

-1 -1 1 0

& 4.12 SEFo, FHiEnREE
XF(W, [t|Wp)TIE, HLERTH, FESENRRET, BT, XMR, N8R

FROW, AT, BIUT,,, BBAXMAHERT,, @ Too XN AWFETHE
E | 3C2 | 6Ci | 6C | 8C4 I | 3iCZ | 6iC] | 6iC} | 8iCs

9 1 -1 -1 0 -9 | -1 1 1 0
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BALISEA: Au®EOT, 8T, BHELENERFH: A, QE QT @T; .
BHMEREX N EERKTIY, NRVSE—NEBT RN, B4

RSHIXIFRIME R BERE - EIX PO,
XEXFBR MG EILIER:

1. FEXNRP, BAOLWBTIZIHLR, x. y. z =ZDHEFEN, ATLARBIIRIES YRy
IRiRTS B BEIEREE, MR BIC RIS FRIEAIA9PUTT , ELAND 4y = D, @ {E, i}:

Dy (422) E Ca = C? 20, 204 201

2 442 22 1, 1 1 1 1 1

R..z As 1 1 1 —1 —1

2 —y? Bi 1 1 -1 1 —1

Y B 1 1 —1 —1 1
N (z,y) - 5

(zz,yz) (R Ry) E 2 2 0 0 0

Dyp = Dy @i (4/mmm) (tetragonal)

Bl 4.13 SZERD 1 SRR EE
RNMHERFMEERE x. v 5 z BN ATNURTAHA—HET . XN
1=, SERYRIRD AMSEENRIEERANEREMERI Y, BAIMREME, &
= FENLPE, BR, BoE. YTE—ME, ®REE 2z SRR,
HAAMEER, RIRSHE xy FEES, FRAEKE. XERTFNRSHESA—
7.

2. A ®E,®T, @, XINEH, BAIEHEN TR u, ARENKSESTTF
o XMESTA?
FHRRER, REWSEBFIR, HMESFIR, IRSUMPATFIR, &
RTEERD AT, RIIE, NRBNISESFIR, BARNKRSHYIE

BFR. EREREERRKEREREER N EFRISZE.



KNTIEERXIRRZEEPORENTRERIRR, X8, F(ILiES
H'BIRSFRME, RFFEUITIE, RANPOREARE, BARTINIZEREER
BHEEFHRIISZE T .

£ LETIEH, B—MREENAT, FEFRITEEIRE? 2R
IREMERm, TERET, XMEBEFYR. XERERIIAMTICHIRIEL
EEEIS AV FSZERIERE. BHTEREREFREFR, RMHEFSZ
[ERIFFRGIER .

(BfESCRRAYIERT, ERANEIR, WERIERERTERFERAIRE S
FHERZEERR. XBAA? XIMYNAIERER—RERTSEFEET

BEFHEE. XENERIIEEBNRTREG TR — N R T
(W) WelH|¥y'Pe)
BINEMN, MEFD.. D,. DB, Aok BEEEEIAD.QD, 7.

X RGER, RESELRFTHPREMRIRRERTLURET . EHERAER]
RURIFRIEDITE T 1R, MESLRERESRT . MXMEZAIER, JIFRER

IBEEMARER, RAAEERT L,

4.5 eT5h. Risig. FSGiE

BFTAR, RTNREFSZENERTEREERS, eliItErLIRKEE
EETERHLRAY. S 2 BN, BRITIER FERRSLIRFER, 4150 (IR) SHIE (Raman),
EDITIXFFHERIRT R, IR SR IR EERE KA.

XFEE, dHMNERER, RAIRXE—IEFE. BIX— M EmIIA—
MNESRY. SETEIINKERAYGE. RIRBAIAG AR ERERIRE T HE
FPRUXANSELR, BATEE AR, F(eHmiY, B— LUK MRRIR AR
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4.14 THNETREE—
AR ERT R R, N TELRR, BT ESREHE D FRIANE
IRENSERAER], XN BEBSWAEFIRIL, MIEEFR( ER I RARHEISEIRY
IB&R FEPRISEE:, T Hmfa, BRINEESZ. MREEINERER,

= .
= .

[(w)

4.15 IHNEREEC
XME, RREREIRBA RV RELLINXNIRER, BT A FiRaIXIEEHIHAIRIL,
EEIYZTINE,

XIFIXEFR— MR, CRIGEENNIZ ERIEER? T LUXEFEE:
BRAVINREBRLE GEF) MERIFBENE, FIRANNT, E5RIEEAS
RORLTEIR MR ERI— P ANERSHEES, MIIRKEEE, IR, RIXMIRE)
P sRAYF ARFBBIR BRI R R L. XM R HR RS FE &S [EaIE R
EHOHRERN, Y induced dipole moment, HBAHTETFSHEEIAHEBETIH
KEVRFHIBERIRERZ :



SZHERL, XA SRR TR -

(wy|f'19,)
Hehy SRR, BERFROTHEMBRTS, SHIRAIH MRS
SRR AR R E— S IEEER.

A = , HPERNMKMTFRAIEIING (FRYFAR), MR
DFHTHORIFRBEI EAEIER. IREIRNS RNRARBIRENTN, B
TEIRRIBIE FRUESIRAES x. v, 2 RLREE . M MRIREREE,
OS> BEVRTE, ERET, RA. MUERE. SRR, HItTATREIER
5 x FrRGIIR TR,

XES, 7ERSW EERIRHR, BTV RTI—SESRT, SRME
FURE— x ASALURERIFRR, 88, YiXNRKT IR XFFXIRAIAE
RIS, R x ATLVRERI R AER, XA EE BT
xh, REBL x RENFATARTEN A AERITIEE .

XAEAELTI MR IR ENR SR T, BB IFRERIAG, &

AR Z |
Czh(Z/m) E CZ On I
x2. y?. 72 R, A, 1 1 1 1
Xy
z Ay 1 1 -1 -1
XZ~ YZ Ry Ry B, 1 -1 -1 1
X~y By 1 -1 1 -1

%= 4.3 ConBHSERE
FRIX/MFIERR, BA T LARNESmIRIEE 2 30T, EREEEURTITRIENARIE
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AERR; MRIROR x. v A, SRASEARTIRRI B, MAIER.

LFRARS 2 MO R, B8 x 5 y MO BMIHE, SITLBEASES,,
(BB AEREEEEA, 5B,

REEE—TF, KB, XFEMNERE, o IAFEHAL, ¢ XAMEF
BT, ANERHAR? EEREE, RIEEORMEEEROREY
ik, Eilt, BARGHOAMISEERTOER. RIRER IR ERH
HT, BREAS—HESETORSHENMERNS R, BSEETR,
IR, MRS ARRSTRR,

LRGBS ORI ERMAIRIR, A — AR RS
BLINEIIR? ZRRER, EAGI TR HNTCHRART. HERE x.
y. 7 R R R AR A A I R AR AR A LB LI, —
FREMSHREFHFABENIRTHT, BANFTARTASEE v X
TR

BRTLISN, LS RE R SSES , 7ESThrR Fi R T AR E B — K
SR8 (XMISIRE—SENEA, BesEsr, neeT, B
SRR S IRSHEE , XS E YRS SR T IERARER).
FERISETENR RIS — L R AR F AR SIRAAR AT R R, A
R RE— B



Virtual State

IR Rayleigh Stokes Anti-Stokes
4.16 fISETREE—
SHEIZIRFES, SRR DB FER SRR, EREETENS T
—hean LB, EEFNESLE, SREhSHh—EiRaIEER. SlIEeE—ES
By —LReETE, MNNEEFES, RINESSARMES. ZEeE—
MERRIZEKX, XNMEXZ 574 BEFRIB—HASUAR ENNARNESSA
ERUAR .

FELIHMRIT, IREGERI N AYE A FRITHRIRKL, RFRIBRERSUS XA
ElffERRY, BFRERMERES, ERERES, BARFZNT, BFEEE
SLEETEFSH, XNEFMohmE—EENRE, X1 BERESINGEE
PR, RFERORE, RBAEFESHNEFES, BRIBFESHNE AT,

MASIE, EARRIGE, BEEETE. BENNAIBSER — R
mLlle, B FASNE#T, JUER— @A, BIHEX
FHIBHIIE KAV mBIRACHER R — N REARIL, R FNESERIEE!
T ERAEAS. BXMEFRERETEET (EMERTEET) R, JXF
SYREEFRRRMEENE, FHZEE, RARRES., BMWIEIEMG
BHHEARIXEE, (RinFsEIEXNEELEANSRAHERRKERERY,
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ELEREEENEE SIRIKAIIDIRTT AR, BECEETRZE).

PR IXMIEMEEEY, REARBANETLIEZIEHES ST, XM EREEY
B, NSRRI FESHIHR, SIRKEISEI—ERIEE. REETE
MAIREERTEFHES, FFAURAS. SEFRIBEERRALEF7. XY
2 Stokes BY5T., MEEIREERRITENNAIZRFFHIALERTFES, B IR
KRS, B T LERAREBFES, FFES, SZXN, EXMEEPE
EHEFHIERERLE T F. SRTAMIEFXNRAM IR LB IRIRNRIE
R, BXPNIERMEEENIEAFE, EENSEXD TR (1928 F) Z/5,
RIR (1930 ) #METHENRYER, XMEENEERAA, HELRESRK
IR, AIEEX NS FRE BRI ERAIRI AR F 7, NixiiZREE
RRE, EABNMEREELEFHFERNMESHEN, SAMRX MR,
REMBETHRXMUAIERA, SeFARFRIERMERET, 1923 Fa95tie, 1927
FHE THER. WENRTHLE— M ARRRTS, BHARINHE, XITMEE
AREFLINIEFRFBERS. —TE, PEFARE HEAEENERA,
BAEE, XM EEIHEE, BERRNBIIIXMERIGORENT 20
RPQ? SAMEER, BIHMREIBLFRTRIRATA?

[ERIER, EFXMERESEETIREEA, ELER, BERNNSER

BIXHRY:



Stok
ones Anti-Stokes

Wo

v

Wy — Wy Wy + Wy
417 fISErEE—
BRI KIEXI N AR IRFIEET. XI Anti-Stokes I, HHFEZERFTIRHVAHER
ACFEIRAAVEIRS, FTLMRE TARE, BES—LBFN,
ME A AN SRIC M EETRR D bR, BRI LIS RIS RENERD . LEHR
TMERE T —MRaME, SFREEER—FY. X—FR7A0Za), NRAYH

RERGRINE R,

Rayleigh
Scattering
Anti-Stokes Stokes

Intensity

Increasing Wavelength =——
<+— [ncreasing Frequency

4.18 NSETRE=. XEBR—MEX, AURKKK, K8EHs, 5L£
ErE&R

AISIEFNAIM—H, A MNEREN, FJLUBIXIFRERIANREIERE. (BF0

qMFRRIR, ENSEER, BSRENEHAARHRFZIEHEERER.

ELAHMEE, RESRRIIZE FIINERIANSINAZBRIES. BHERA
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TR EIRE, X EENEEE SRR KT ERIL, X ™NE
BRI —hEIE.

MASIERE, —REMFIGTEER. NFEHIEREFE—MESHERE
WA, ARBEANGEEESBERESTISET YO8 S. BTG
FHRRFGAMERS), BEEEBRFERNE, YRBIT—MRAER, MR
KioHa, TEMN3 x 3HKE. NIHLHIEIFAE cos(wt), o INFIIHIR. ©
I—Er=ERESEERER:

fi = & E; cos(wt)
XEBaIRI SR EIKE (Raman polarizability tensor),

EEEERFZANEERIR, Bl HCRFZEHE U ERIRHRIRAER
iICAa,, IBIRFZINEHRTERIERIC AT, BBARKIRUERZT = @, + Aa,
Hepa, FRERTAIZEN, AaRLAREED FRRIAE w, BT EIEL, FF
AZy cos(Wyt), AdRABERTIEIEE LAY EBASHRANS [REAIRICREVIBE.

HEREAFERIESHBBIRER D BIA: & - Ei cos(wt), AZ - E; cos(wt),
HPo ANGTHRER, RIEERE:

fi = & E; cos(wt)
= (&, + A) - E; cos(wt)
= (&, + A&, cos(wyt)) - E; cos(wt)
= @, - E; cos(wt) + AT‘?“’ [cos(w — wy)t + cos(w + wy)t] - E;
HE—TBRR S AGHEER, MHNEESENRABGINEES. £I55

=IXT AV ERIEN HAY Stokes 5 Anti-Stokes 551,

XS MY NARERIEINERITHE



_—~

’ A&O — —
H = - Tcos(a)ia)v)t - E; - Eg

E OB ATRRIARE, X, FUSIEPIRIT, PR THE

lpv)

HAVMERTRISE, SMEFANTRIE, EoTBEXMERTREMTRERTIEEE

(‘P\’,| — [A;E cos(w *+ (ov)t] -E; - ES

m,
FOLIM—HE, BRATRONIRS | W ) RARENES, SR — 4B SRR R,
AT [0 cos(o £ o)t - E; - BB, ESERIMG, HRAITRRERE.
RATERSAED, HRAT XA BIRENS ek BRI R RIIFREE
BIBBLEZETR? SIS SAMIENREN W, FTRI R RGOS FRB R I BLAAT 7«
MAGX ANk, RENRETRFROESRGRUETN, ©
XS RGRIFREE TR IR S DR, ¥, 22 xy. yz. xzAE,
RIS — AR EIFEIS FREA, R EESHILAMERNES
HISTEHN? HESR MR R ORTREERE. ¥2. 22, 1. yz,
xZI XL TREEEFMANT , R EEEHANC B, BERIHTRR, Bf]
HRTLAE I RTEA, 5B, AR AMERAEA AL SE N, JIMA, 5B,
KIS
BB HHIIMORHEITRI RA, 5B ARG RELINE MR, XE
WRHRIFRISR T, EEEMORE, RELIMIN BT, JRHv)E
BEIFHN, FNELINELIGRS TR v TSN RIBFIN, X
R, R ERBTRRY, AT EH SRS FRERE o XA NEE,
BETENE, KHEINIIEEFOREHRIEIRRRIL, URATEHL

[EXIFRMERS, FAITAREY v . ¢ XEARRELIMIAIE A ERRIIX D
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. XNEHR, ENRED, RARIFRISESRSMLINEERT.

SXPEEERN—MIFHREXEFH R TI— N URERRYT5E, U
ABIFEE (Sum frequency generation) . IXPMRATEIAFEME TR RERTR
BE, HEXNFIHMERENENE— I =EE, REPESLIIMRBIX ™/
TESHERIIX PN NIRE, BB MRRNESLIISHEENE. £
RISAER, BT RARSHISSN, BII—MRANRFEESPOREGTRIE. X
TEEHOREYIRENRS, BTAINSHENTEH, B ESHARES. M
WRIASRE, BTHOREXNFRIERIKER, TINSRSEFABEH, XFSSH
SERE. B, FSCERARNEAZHIXEFE—T AR, BERRIFREH
XE—MFE8, 19].

Re— I F RS R EEENEKIEERT:

(‘P",| - [A;E cos(w + oov)t] -E, - E,

¥,

BIHeH, BAMBEE. E AR TFRRENTCEERFEELY. MREXNEE

RE , IXESM7HHE r 1L, BRARIEITISAIEREEN L XM FAERGRIE,

MEEd B EZE I REIA —EERLRFRNEBR. FraBahSs
(Tip-enhanced Raman Scattering, TERS) AR BEHMEIXSEAI—MIIF. X

HEYPERAFEREEN. TREIMENLHE—LS/ERMURETIE, &

HEBHREZFALLT#—T[20, 21],

4.6 FEAEMES Bloch FiE

EZ AR D, BIHERAN—EENERERT (BF. 359 F) HE
FIRIREEAME. XA EHRMY (FRRdRt) AJLARRBEREIA, REpEE—S
RAAA—NERRE, R, BifEA:



—

R; = L1a; + 1,3, + l3a;
Hely, 1, LR, 4, 3,. L ARMERER, 11877 \EmE IR,
XN R R RER A RFERIRIFRYE, LA fec 1 &F 61, BRNREHZ:

4.19 Big5iiE

MRZANFATARER, (REAHEAIRBERIRIFRNE,
BIRE HIXNXIFRIE, W5 — 2R, SiE EEEPRIEeIIT5K,
FeHY cell BXT, IXAAKHRY cell BILARBRE RPFRISIFRME; YRS —F

BUZ, Wigner-Seitz Cell, IAZHEERRAHI, XA cell NBUERHREXNTESR, X
BN ESRAESMES %, FrEH SRS/ @EFR, tbun:

® :><n o

® ' o ®

4.20 Wigner-Seitz Cell

=HIERT, @G, 0. EORY Wigner-Seitz Cell 5512

254



& 4.21 @iz, 0. EOEAREZE=SE Wigner-Seitz Cell
XLEER R SLESEIRIR .
SFRAFITTER, BIIRRESRIT—RTLIBERRER ML, IRREXT
RIFEEIZSE, SSLesiAFPRIapEstn, FIssathampE, Si12Hb,. b,. by
ROERE R A S MARkRY, HA:

2T[ —_ g
=—(d, x
1 Q @@, 33)

ol

ol

Tr—) —
=—(a3z Xa
2 9(3 1)

21 N
=— (3, X
3 Q (@, xay)

ol

QAL=SEPREIEATE, BIRE foc, XIMNEIZBIRER bee; BRIRZ bee, XML



{B=Sa) PR fec,

FERF(NINERIEREP—LEMAIRNER, WEFFBXITRYE. FmET
IR, ISMRKRATER,, KRR SFERATHPHASHENE. HaK
FISART, FRIRIE(ER,} K5 E. BIRGAR, BIISERBRELIREME, B
{EIN,3,} = {EIN,3,} = {E|N;d;} = {E|0}. IXHEANEHTTR(ER, JERMNES 219
R— B, EA:

1. (EER BRI A— MR R(ER R,

2. GG,

3. {EIRi¥H{El - R})};

4 . BFEIFE0],

XNEER A ERBEE.

I RNE T RIAPEEERE, XeHRTARRE? TRREHR, 7
BmEiEE. XN EEZAE 1R —R, EFBEE N I/RE.
Eit, XFE{EIN,d,} = {EIN,&,} = {E[N3ds} = {E|0XMEHIBEOREMAEN
RUBRIR, SFRBRFRURMIIN, X N, X N3, SRAYPEEEN, x N; X N3, BNy X Ny X
N3 MR FN AT IR

DABWRRRYEEF, IXEF— P RSERIRIE AR /9], BRITTH
RYNERES. XNMES, ERAEARFSITREEIDRITIE, SREERR
—MNEEBIMEFRR . XEYREHEERRNRFXITREE, BT ¢ SZHEM,
BNEEMERE, BTEb. RIPHBEFSEERRXNMEEIMEMTRIRTR
Y. EXRXPDRTAIE RS, REENEFREEAENIT(EE,]. {32} {El&;)
FTXIMIATP,AIRNAERE, BEMEEINEFFRFR B T,
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LAMEIA 396, YIRIP,w () = (¥ —4;) = D({EIE}) w(@). BT EERHER
FM, BNV {EE DY) = v — Nidy) = Y@, Mvipkiz. EBDN ((El&)) =
1, 3H{EI,}. {Eld5}, RHFADN({E[d;}) = 1. DV ({E[d5)) = 1, IXEERXID{E[E, ]).
D{EI3,}). DUEIZ:HBIEK. HD{EIE,}. DUEIZ,}). DUEIENEFUE, &
BIARTHE R T s

DN ({Ela, ) = 1. DY2({E[d;}) = 1. DV:({Ela;}) = 1, FAIRFTEN

<
= o

D({E|3,}) = exp [Zm—] D({E[3,}) = exp [Zm ] D({E[3s}) = exp [Z“i;_j' %
WEEK, BHMER TR —EAF . FIURR, %ﬁ%ﬂl«lﬁﬁz—} ;—z ;—Z
XASESRR, XA, B R R SN R aLETS, T
B R, = L3, + L3, + LA NAIRTEMTE
D({EIR.}) = exp [2n1(—l1 b +;Zl )|
XANEHRE, SIAENIZBIXETRISSERNTE, &Eb,. by bySd;. 5. 3
BU%EE, - B = 25, B TRRATLAREES A Ao &
K= ;—131 :IZBZ N3B3
SRR —ERSN. FOLFER, XENK, REFSEhE—HE
WX, BNARTHE:
D.({EIR,}) = exp|ik-R|]
XEEANERARRIRREBE FAAE S (), RNAMISERSHSEE T
BT, 24P (EFREN () LB, —FEA:
PreyU® = U (F —R)
B—HEA:
PeeryWi(® = Dg({EIR D)@ = explik- R ]y



AL :

b (F - R)) = explik - R |y

Uz(®+R)) = exp[—ik - K]y (®)
XANHAE Bloch EFE,
F Bloch FEI8, FRAIAHE, WERBAHEY, ®BSexp[—ik - tluy ®BIF,
BBA(F + R)—HEEE Fexp[—ik- (F+ R)]up(F + Ry), B—AEXET
exp[—ik- Rj|yp(® = exp[—ik- (% + R))]up(®
AL :
up(f +R)) = up(®
R ERSFRE TR SIS KR, —ETIUS M exp[-ik-
Fup® (Hrpu, (O ASSEERRE) B, TXENK, HErsas—6e
XA, BEER, AEREEEATAMETTHR, BULRESEE—H
ENRAISSRIRR, EBRATREL, Bfexp[—ik- t]u(DAUHE. XMNRHE

TEHIFRERIFRIERER].

4.7 HERXSREMITRE

RIERNTIC EE R ER R R PRI TR R RN P AR RO R,
PR %, REZERSBORNERRY, RIEPEEEIRITRIE. XEHERIRY
RIS BANRAFRMERAFTRREREELE. EP&HEERN, HaEa)
HIRERRS BB R AMERARI S —HhENXAIR, TR RS FRIERY
aE, fwNE—MRIXIE, IMATY (irreducible) WX, TEEAIFK
HFARREX NI ARE?
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HAERERASEBNERRE, {«f), XBa = ERF, TRAEHR,, XA
RERETHE. UhIEESENT, WLRAR,. SIRENES, FHE
[EEf, {altiXLTTRANY, TEHREMER:

(alt)f = o +1
{a|tHBISIE = {a|t}(BF + 3) = aff + a5 + € = {aB|as + T}F
FHitk:
{alB}{BIS} = {aBlas + T}
B8 {«ltHBIS} = {E|0}, FHE: {BIS} = {a? —a 't} Elit
(o} = {a ] — 18}
JXLE R ZS AIRF R TR,

XSS TRITT RN F RSN RGP AEH R TR ARIER? HiIIER
LARBFRITTEIR G, {olEPARITRERME, P AESRIAIREGEHRERT. AFXE
FE—THTIEEAAE:

Baj APty = H
Bt EAEI-R Halt} = {a|-R, + T} {«[}{E| — «"'R,} = {a| — R, + &}, FTLA:
{E] - R }{alt} = {«lT}{E] — «"'R}}
BTXEMRE, BIE . Pery B
P mpPag Ve ® = Pl Prei—a-1ry U@
= Pggexplik - (—a 'R [ (@)
= Pyygexp[—iak - K|y (@)
= exp[—iak - Ry]P g b (®)

AR U (DX T TR, AR — P B R AR et



NAIARRTAZRTR.

MB—/5E, BEEENTE, BIMNEY OB ESE GX P E— RN
XAk FT RT3 7R, 24 band index —FERT, BT RAERAISZ S
B, Et:

Vg (®) = AP ()
EEII—ENEIA = 1.

B NER, BT, (DA AL R S (DA AESEA
IEREEBTFEMHAFRIXR? EXRREE:

g = (Wex@IA [¥5®)

= (Aﬁ{a|f}¢§(F) H |7\§{a|f}‘l!§(f‘))
= (,p{oclf}lpﬁ(al ﬁ |§{alf}¢E(F))
= (W ® [P Paglbe®) = Wr® A e ®) = Bz

BHERNTFT=EE, REFERT(), XBMIAERAR, (RIERINES

XEATAEREET, FHIEROWEIAZRANIRE, MERE =@
HREY . RN A ITE{lt), BaRIEHR, FARTERIE
£8. ENXIVEXIMRTE, SHEEEFRRERER.

FRY, EERETHAHR, FIMEAFECMENXAEREBELR. FiIR
REEATAONAERXAILLT A" ERF A6, iR EEN=EEE D4,
AR ERXHE (BBEHD):
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Y

B 4.22 RAeJAmBHXREE—

NRTEEFFNREFR C4, FHNAHENKHE:

A

v

B 4.23 RATAhRRKRRE—
IR mEERI TR, FATATR MR,

4.8 MIIA) BRI RIE

Re—THEATANEREGTRE (ZRNZAERENERFHEETE
A9). X—THIRBFTEM—MESENRBIENE, XPBIRNRRFER,
BT LSRR ERNETEETL. 25, BE—
ERRREICEEAH .

FEMSHENAE. HAREZNZNEASHVRE, ENBNRFENEEY



BETRINENRE: &A-t IAE. pPEH-F (@E&ERKEH-K). [TH-L,
0% -0, ERINEE, BERFRBERHFINE, HTFBEELLTFr?. Bk
VIORZE, FLREMERARESN, RAEERBIRENTRE. B5MN5, &
REEEEEHFNRE, IEEREFS TE - oiX—I, ERERERIEFRE,
MEBINAE, FLUSIREMERN, RAFRSHERENTRIE,
SRR FAIERUR Bloch &, ¢, (), BERIRIBRIESRY, ¢, (). TSI,

BR#SBESHAN, AT REME RSN ARENTRE, W T RIREEREEE,
e

XMEFH R A SRR FRIEERAY.
TERJ BRI FRIERVRAE |, iSRRG LB RSB TR, BRAYES

tHEER AR EAE. SERENFREIE, E . Stk dofIERSE
BiEFHFL.

EAXNRE, Z—1PRFEEEA time-reversal symmetry, X iversion
symmetry BOBTE, T electronic bands W47 spin fEFHAMSF, E—LXFEBF
EHIRTHET, MIRIZEESBR—LHITeaF, il Inorder to break
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the spin degeneracy, one has to break either the timer-reversal or the inversion

symmetry, JHBOFRIX/MEIE,
=SEERIFREISRARE, BRI FRMRIATERE, ¢, = E, 1, BILLEE
HRHRIE NG S A, — N AR IR B SRNES, S Ea N T

; I
#
/
#

A
Bl 4.24 RYE)SEERAIBETEFT

X EBRYBET A X RS R A H A R AT B S I FRIE RIFRT.

REESRERRRAFEMIERA. NRMRRBER CENATHNE, X
NRERKALAH. ERRFEEAONREY, KR — KX TRIEREHFR
& (IR A) RUERE, %3FCs. Civ Co. Can. Can. Con. Sav Se. TIXEEEE,
BNTERRIER, MERIIENSCR I —HRRE—ER E FirR. 1RiE
BAIARTEHISIME, B —REARIFRAZEATAORTN. XEAHABEXEL

HerY. HEHXEMERECIIRTTLIEADSD, SEFXINAIIEHENT
[BSESS AR LIEX P DN AR S BRI B PR IR H R E FSEH . TR
BEAEXAS, BN ki,

AIERY, BfEREE—FME(E. FAITLIEEIC/ET, BMrISEERE: 3
H-t, TR, PER-P (BEWKEN-K), [TA-L. 5TA—-3, BRRERY
RRTEFE: RIS S ERNERERRSYE, 1), BT ¢ —t) =
Ty t), TER(RIBETERF EFERTHA?



MIESAEREIE, RRARGREMEEBHESENIRME, BAXDIAE

S ENeRIRFRI SRR ETH BRI IER

in aq;(gr 2 = HE )Y@ t)

t = ORJRIAYIRERERR ERIRREL, PTLASRSERER (T, 0)23, IXHFAYE, iGRTE

E RS RS

(D) = e~ ANy g o)
SRR R, A:

—ih% = HE, -)Y(® 1)
U@ -0FET:

G, —0) = et AEI/hy i 0)

HRKEEMBEXTRENORR, AE -t) = HE )., Eit:
-t t
J HE@ t)dt’ =Jﬁ(?,t')dt’
0 0
HHEHAERBUE —t) = ¢* (¢ ). XEHREBREAEEBIEIZ, HERES
ATHETEHHLIEERK
EieBie, AR level, BIEHERS, IREMEMT S :

HE O = %ﬁz + V(@) + ——=0oc" (V) x P)

4m?2c2
XANEHR, ATRIEXMEBWMEET FAZE, MEKXTS = -0, AIRIAEE

EAEEBRNITREZITICEN, FZMEEAE, pEST, WEIRE, A

SESREEHEIGO VS, 0) = EY(T,0), E ZLH, WXAMHENEEH-E, BH @Oy ([, 0) =
HOW' 0 =Ey'([0). AXAD, JHHDONWE 0) + ¢ (F 0] =EWE,0) + ' T 0] . M

P(F,0) + U (7, 0)RSERRE, XM ERESKEE AT LAS ALY,
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IGIREES, Xt RIAR AR FREERTS = —oT
BATBELTS = —STIR? FfIHBER FHIBFIEMAMRT. BT =Ko,
BEXREEFEERETS = —TRIER? 68 [0 oy 0. Hefo,=(0 1),

oy=(] ) o=(; 2) T=Fo BT rANERE:

—

T = Koyo = Koy [GX\ Oy GZ] = [ﬁcycx\ Koyoy. ﬁcycz]
T—EARBEENERR: oyo, = —0x0,, HiMKoyo, = —Koyoy, = —04Koy ;
Oy0y = OyOy, iEﬁ'ﬁﬁcycy = —GyKGy; 0y0, = —0,0y, ﬁﬁ'ﬁ’Koyoz = —Kozoy =
_o,Ro,. XHEA LEIRT, BATHE:

T6 = Koyo = — [GXKGY\ o,Koy,. czﬁoy] = —o6Ko, = —oT
BHMETILRST. ZFE— T, MERAEEEENT =K, EEHT = Koy.

AIEREAMR A PRERTAEEEIRNER. XPMHE, LICXNR
B0, BRMSFERREZ:

C.(4) E C, C, c3
X2 +y2. 77 R,. z A 1 1 1 1
2 —y2, xy B 1 1 1 1
(xz. y2) (x v) E 1 i 1 i
(x22. y22) | (Re Ry) 1 i -1 i

& 4.4 CBHERR
EIBRREIMMERAER E XM ATARTEHA, XERESIESTRE
HER(ER Y. EALEIMMNRTEINC/ED, elERY. BT EERERIR
%, XMUENATLUEERFY". D WYRIBREZR B AT LRI M D 3y AIZE L.
XEE, )f—?lﬁiﬂ‘%d’*\’fﬂDJ:EU‘l‘EWi??iSXU‘W’E{E 'T}, U S BB RS R EER S



KT, EMIREEERAREFH.

4.9 J/HBE
1. RIEC, BHSIRE, S TFENNRE: 1) 2. 2) xy. 3) x2. 4) y2RaIL

2SI, £EAC,, BB AR FES AR,

D, BHHUFTRESE A, y. BIAN RN REE R msa). R
BAEETIES AN MRS, HEH d. XA
TR ?

—ANRERFHE RS, BRRRATRER 0. B REIENEE
B, %54 0 BISERRITICRT d BHNERIER, XESERE T—Em—
AR, E— MBI, FEHEE, R T R R E IS
BEIIRER, FERRET 2, 3 dHhill = 2,

(BELE) 2, BRSBTS 2 SEORE, SANFREER T
A? KRB ST AREEE5L?

(LR 2/5, BALBER y SEEHT— AN RRT z 5HEah
B, EARARITREEN R T HA? XIS KRBT AR IS
RIETE, Llafinc”, vimac?, cinc?, BYc., B FRyEn
HIFSSERBEM 1) 2, 2)xy R, HERRAIC, B TREEIR M A (BT,
DAREMTCRATERE) ? AR R R FR?
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7. INBERHE—MERIK, ATIHEHEWERT#, BT — 1M IIMNESE,
N7 —MREEER. AT 1700cm™ . 1750cm™ BINE (BREFAR
BE), MiMELEER2RRE, BETXEN, Bl 17E FEPuF~Es+,

ATLAHERRIBLE, SHA?
a) Th b) Cay c) Tq d) D34
8. ERRGEHE fcc, HEWHXIT:

TEIEAEr. X, K REYANMER TSR, O BINET IR REFrFERRR o HT?
MIFRENBEER, NIRR X RgalfidiEzsd, BFE—REFASER
PE{EE?

SBhE o

AIEEREFRR D A B R =4ESLIEATEF O(3) 5 =HSLISIALE AT SO(3),
ABEERY=HESLRFIRLESZRE SOQ)MZR R NIXBEEHN =R, ©R=HLIF
A28 O(3)HTHIZ08 1 BIBRS . MIER RIS O DI RIRRER SiX R — P EFER



ERIFMIRZE (RTHIELSH. SHZAB XA XA BTREERIX)
XMUELERFRI— M T

FIERIX—E, HAMNRIROESE=1: 1) S03)5 SUQEREMA,
EMEERRIXER? 2) SO3)5 SUQBMRIATARTEMA? 3)EERSH
B4R, X=1RBRNID =Tk, &EINT C-G BZE, ARIVGHERZIX
| TREABSHRESEH.

5.1 SO(3)8f 5 4455 EE8E SU(2)
BATBTEHT SOQ)BERAITTETLUAC: (), HFK(6, o) 25, vEfk

fa. kAt §. kePRORES, 1 j5ZEH,

cosy —siny 0
@) = (sinlp cosy 0)
0 0 1

M SOR)BFFITEFHTHIRE, WAT, MBS KEEISHEENES—
I8, BAKEF . NERORIEE L= AEERNERAAE. FHARE.
HFXANRE, SOG)BFFRITTEI AR Aa. B.y3RHRC, IT1ER (@, B, 7).
IXLERRA AR ATE X B ?
180,y =S HEEAIERRELIRR, R(a, B,v)2 SOR)EFFHHITT
=, BALERTASMNESEENIITRIR, X=MESEERENZ:
1. R 248 afE, 0 <a <2m, HETAHTREMOL, /0,1, ;
2. BEYHPA, 0<p <n, SO, ZTHO0ymm;

3. H%Egjj'zuiyég]/% P 0< Yy < 27‘[, ]J:tEj'OXHyHZHQ?gOxmymzm°
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B 5.1 BRhify

X=PEE—i, HEKE:
R(a,B,v) = Gz (¥)Cyr (B) Gz ()

XERHAERO<a <21 0< B <n 0<y<2g? AFRALIESZ—

%7, BEATIRREERRERR, XIMEAN. Mae. yA92nFRIHALLT .
R XR, BE—RBERA—T. #MEF = 0RIHR, « + yHEREAYEMEXY

RIAYREE— SOQ)BEFHITTE; Hp = nfif, a — yIERANRIEXIRIE— SO3)
BPRYTR. XUMERE— SRR, AR ARANINE, 7
HESMEAIARESXI R E—MERIER. TSRS RL SOR)BFHIIER R
AORTR, IXFRSFESHNRTRX SA—RIR—MEEERR, X)L EKIISHF
=

XARIRAZ G, BAMKE— NMEERRR ARR=4ERE, X4

RVEMEMNIZZTARF? FATBRIERL J. k, iGx. y. z73F, ZEFER
T, R(,B,y) = G (v)Cyr (B)Cz(c), BEEKR(a, B,y), FHEC; (V). Cy(B).



C(OTE. j. KFEHAMALLT.
X=AEEREENSERC(0), BACRSREKIEE o BauRE, E. ).
KRR :
cosa —sina 0
C(a) = (sina cosa 0)
0 0 1
IERESHEEIEC, (v). Cy (BT j. KFEMHA? A TEHIXENMER,

BOIEHGTTE—NEENIIS. Zaiffid, MEENUETE, EHEE
(@182, 85 (f o ), BAHERIBFRAIBEB, FEFNITES, mW&H:
(F,fp - F0) = (81,85, -, 8 (P)
SN R
SF— MR A, BEIREB TSR A(Al S EEMEDR IR,

U[Aly FIREHE
[Alg = P[A]gP™"

XN KRR FA JRNERENCyr (B FEATRAR Oy FHIREE ST -
cosf 0 sinf
( 0 1 0 )
—sinff 0 cospf
FATRERERY, BBy XM AETHIFRT. FAIRIEFHEO,,SIHEO,y,
HUBRR, XPERRE:
R . [cosa —sina 0
(,7.k") = (17k) (sina cosa 0)
0 0 1
ERALERIRR, Cy (BT, PHIRTHZ:
cosa —sina 0\ / cosB 0 sinP\ /cosa —sina 0\ '
Cy(B) = <sinoc cos o O)( 0 1 0 )(sinoc cos 0)

0 0 1/ \—=sinf 0 cosf 0 0 1
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I, o (YFEO oy FROSETER:

cosy —siny 0
(sin Yy cosy 0)
0 0 1
O, ry e, EIEE(, 77, K" ) 505y, SUEE(1, ], K) RUBRER R :

. __[cosa —sina 0/ cosp 0 sinf
T”,f”,k”) = (T,T, k) sina  cosa O 0 1 0

0 0 1/ \—=sinff 0 cosf
XIFHNECS (Y)HEOxy, FHURTHIZE:

cosa —sina 0\ /cosB 0 sinf\ /cosy —siny 0
Cz(y) = sina  cosa 0 0 1 0 siny cosy 0

0 0 1/ \—=sinf 0 cosf 0 0 1
cosB 0 sinB\ " /cosa —sina 0\ !
0 1 0 sina cosa O
—sinf3 0 cosf 0 0 1

B, Cr()Cy BC(EF:

cosa —sina 0\ /cosp 0 sinf\ /cosy —siny 0
<sina cos a O< 0 1 0 ) siny cosy 0)

0 0 1/ \—=sin 0 cosf 0 0 1
cosB 0 sinB\ ' /cosa —sina 0\
0 1 0 sina cosa O
—sinfB 0 cosf 0 0 1
cosa —sina 0\ /cosp 0 sinf\ /cosa —sina 0\ "
sina cosa O 0 1 0 sina  cosa O
0 0 1/ \—=sinff 0 cosf 0 0 1
cosa —sina 0
sina  cosa O
0 0 1
cosa —sina 0 cosB 0 sinf\ /cosy —siny 0
=|sina cosa O 0 1 0 siny cosy O
0 0 1/ \—=sin 0 cosf 0 0 1
cosacosBcosy—sinasiny —cosacosfsiny —sinacosy cosasinf
= | sinacosfcosy+ cosasiny —sinacosfsiny+ cosacosy sinasinf3
—sinfcosy sinBsiny cosf

MIXMEREF S, ARBHLMREZEHS = 08T, a + yHEREIXS N E—4%E);
B =nht, a—yiHERXSNE—i50.



PEB(INIET SO B — N TEE =L AT AR AR EAMANT .
TEREEAX—E, SiO— M7, ROZREF A— N 4R (SUQ)
B) 5 SOQ)BHIRSKER, it SOQ)BNATARRAR CEERYER
HHRIRA, Et, FENE5T SOQ)BHIB T BREAN—MESHENBX
NSUQEE, UIRES SOQ)BNESMETXR.

XA SUQBFIU 4S5 ERRY, BTN 1 MM K IEAERERA.
XN, RBNMRREPTES:

2=z )
Ha, b, c. deC (58). A, HERHXMREG, HiMsH:

(DG )=

ELR
aa*+ bb* =1
cc*+dd =1
ac*+bd* =0
LAK :
ad —bc=1
PO/ N SZAIPRHISR14.

BHac* + bd* = 0, B{IA[18

a‘c+b*d=0
Hid = —a*c/b*, XN\ad—-bc=1, A:
a‘c be = (aa” +bb")c ¢ _q
Tp T PT b* ~Th

Mc = —b
XANEME, RANd = —a*c/b*, X18: d = a*, IXHERE v XNEFEREI
RNT:
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Hrhaga* + bb* =1, a. b HEEL.
BXNEHIRFEIN _HE ARG RS REER? BATTLBERRY:
b= (—ag; Zi)

_( Qz b,
“2‘(—b; a;>

a1a2 - blb; a1b2 + blaz)

uu, =
172 (—azbf —aib; ajal — bib,

XAERFEARE u G, Rl = lulluwl =1, FLUESHENE.

PRYEIAM, SEEEANI, BRAEN, BN, EREMIEEEEEE
FEPF (Hutu=EXl, (uD*ut =uw? =E), ARG ZHEAEEEMFEGN—
ANEE, XNEERFRA SUQBE (CTHERFHREET).

WA T SO R TTRBAIAAIZRIATST, SUQBIMHE. T—MES
HERREIX SUQEHN SOQ)BHIXR. BEFCIICANEKR, HPHRX
BRI R EIEE M KA e S =4S AP HA BT — XX .
XNEAIERENR? FFES INBFIERE (FIERE).

BREE, EEFHFEEAREFY, =1, 92

=i oh % =( 0)e=(o _”1)
EMER M. Zik, BeXavEE. B, e18a 7T ZMZLEKAEEFRIFT
B=A4E (BLEK, BN AYIAsEE, BEAE, MAFIAELTES,
RERBHER).

XL ERRIX AN R EA ) FASCRI R R EUE_EEBR="EFIEMEH TE M E
BHIE, FATTLEY— 1 ZMEILCKER:



-

5 z xX—1
h=xcx+ycy+ZGZ=r-0=< . y)

iR = 0,0 + 0,] + 0,k, S=HERATAFAR—INAR, BHER—

\

Hx, y. zX—h, BXIN—T,
ZIER? XFH x. y. z NATTEAKER h=1-0, SRLABREIISIE
AN AIERERE v #H{Tu(@ - Hu IXEFE— MBI, XMBIUTIRA KT

FERERUITE, RTLAu(E - SuYPAATIE, FES, BRIEEHIEE:
[u@@-Hu ]t = W H*E-o)*tut
uB4AIE, ut=u?t; oK, (¢-a)t=r-0, El:
[u@- Hu ]t =u@ o)ul

u(t - Hu HPATTIE K,

ZEFEAINY, BLEAKEGEA UAS =43 a i — MNaEE AR,
WEATTLUCUGE - )u! =1 -6, XBEKREu(E@ - 6)u 'Hfu, SEFREXTMAIE
ZHLTEPN— TR, BRWEAR: ' =R,

BT u 28 a. b REN, RAEER oo b REWN., XMRMBEESRIEE
B, ®A: u@-Hut=1-75, A

(5 D0l E DG 7o)

x' X x' X
- (y) _R, <y) Rt Eatzc;;&%a@J(y')'_a(y)zreﬂagae%, a5
Z

! Z ZI VA

2
R.=11 1
“ E(a2 —a*? — b? + b*?) E(a2 +a**+b?>+b*?) i(a*b* — ba)

1 [
=(a®+ a** — b%* — b*?) —E(a2 —a?+b*-b?) —(ab+ a*b*)\‘
a'b+b*a i(a*b — b*a) aa* — bb* /

XXPR,, BFHREZRGRA:




LA | = V(X% +y% +272) = (2 +y? +22) = |7,
HHEREA SUQBEPI u, JIRAIR,, BF 00).

2. FRY, FATFR.E a. b BOEEGERER, B a=1. b=0, u NEARHERE, 1T5IRA
1, TISCIERHEMEAOITAIRAES 1 Bi—1, XBELETEHN 1 R, B
RYERT a. b iZEsE, ARSI 1 F)-100BKER, FTLAYESCIESCAEREH, Hil)
B—EHIEIR, | = 1, BHREREH—SETF S00).

IXFEHIHER SUQBERITTE u, EE— SOQ)BFhRES 2

KL, XANEBATHE SUQ)S SOR)BRSHRARMINE—$. ZE, B

R EE RO EEREIU RIS SOG)BHITELE SUQ)BHITESY

SIRIAETLA:

1. TEMERE.
fdvu, veSu(2), & SOR)BFPHITTER,. RASZIIR, BPA uv FrXIRIHY
SHELESETRIEER, . BEZTRR,?

®12x0:
u(@-o)ul=¢-d =R, 0
V- Fv-l =G = R,P- G

AB2Auv(@ - &) (uw) ' —HEFT:
w (@ - d)v) =uv(@-Hviul = uR,F-)ut = RR;F - G
B—HHNEEST:
uv(t-o)(uv) I =Ry Fa
u:t: RuRy = Ryye
2. FHE SO REPHITEEEAIURE] SUCQ BRI S 2R (I aieD).
HEZBFRHEN u SR AIRIRRER, B

uy(@) = (e—ia/z 0 )

0 ei0l/2



EXIN:
cosa —sina 0
Ry, =| sina cosa 0

0 0 1
[ERE, B
cosg - sing
v sing cosg
EXTRL:
cosf 0 sinf
Ry, = ( 0 1 0 )
—sinf 0 cosp
BYX:

_ e_iy/z 0
u() = ( 0 eiV/Z)

cosy —siny 0)

Rul(y)=<siny cosy 0
0 0 1

XEERIE Y, () v, (B)u (VIXA SUQ)BFHRITTER, MAXI:
cosa —sina 0\ /cosfp 0 sinf\ fcosy —siny 0
(sina cosa O)( 0 1 0 )(siny cosy 0)

0 0 1/ \=sinff 0 cospf 0 0 1

XA SOQ)EFHRYEER, TXEBu, ()v,(B)u,(n)FET:

B P
(e‘i“/z 0 ) cosz —siny (e‘”’/z 0 >
0 ela/2 . B B 0 elr/2
sin— cos—

2 2

<cos g e~Ha@/2 _sin g e‘i(“"’)/2>

cos 'g ell@+y)/2

Singei(“_y)/z
BT SOQ)EFPRIERE— M EEanEsI LIR— AR A A, FEREERER
2 £p = R, a +yEHERNABASHNR—4EI; f =Y, « - yHERNEAS

XM [E)—4EaIX MERAE :
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cosge‘i(“”)/2 - singe‘i(‘)“”)/2
singe"(“"’)/2 cosgei(""”’)/2
XA FEERIL,
ZaX A=/ ({3 SUQ)BFITE SOQ)BITEZXIN , /EXRAZE,
wgy), SUQ2)S SOR3)ER. HPHIREZE SOG3)FH:
1 0 O
(0 1 0)
0 0 1
XIMAY SUQ)BFHAITTE. RIE_EEBR:

cosa —sina 0\ /cosfp 0 sinf\ fcosy —siny 0
sina  cosa O< 0 1 0 siny cosy O

0 0 1/ \=sinff 0 cospf 0 0 1

cos g e~i@tyv)/2 _gjn g e—ila-y)/2

singei("“?’)/2 coggei(aﬂ/)/z
MRS, Bl A + v = 0, § = ORIRIHY SOQ)BEPTLRREAATIERE, SUQ)
BhTRBRENIER. B SUQE SR +y =21, =0, JTEN:

G %)

HRIE LERISINIRER, 45HAT SOQ)BFPRITTRILAN
100
(0 1 0)
001

(G D G 2D}

BHESZERE, RIS%E. -E8 SUQBIIAR TR, BEFEE—E

X BRI :

& {u. -u}XINL SOR)BFFRIFR—MEER o (IXMNEILEAINEVIRAER a. b R
FHIBMMRANBALIEL, o b BRGRS, RAE)



5.2S0(3)&+5 SUQR)ERIFATTLIRT
AENRNHEF —DRIRBTMINEENE, EX LR TE=91%:
1. SUQ)EHS SOQ)RHFIE 2 33 1 RIEISIRIT KR, SUQBIR TR 1S —uld
Rz SOQ)EFFRI—MESR, ;
2. WNE SUQ)EFFRITTEY, ATHRAIFRIATKER,;
3. JNEH SOG)EHFAITTER (e, B, v), WATH:

cosa —sina 0\ /cosp 0 sinf\ /cosy —siny 0
sina  cosa O 0 1 0 siny cosy O

0 0 1/ \—=sinff 0 cospf 0 0 1
XF R
Cosge_l(a+y)/2 J— Slnﬁe_l(a_y)/z
2 2
Sinﬁei(a_y)/z COSEei(aH-Y)/Z
2 2
KHu5-u,

FEBAIXA SO0)S SUOMRRIE, F—MES, RER, BEKEA)
FIREH, RAILIZER, BAKR? XAMELERMR T RIFVEN— NI, E5
FEMIHA IR RS —, XERERBIA ARSI — M,
follow B DehlEE RBR AT RIS, THIEABISRIR, 3/1EER
— MBS ERERASE, XAMESSERITERL, BRE— R, &
HESERE A, G), HFD SUQBHX M BT RS ZSEIhRY
, B()FR. SUQBERRISETSI  (EFEIXARR( ) £, BRIHR

1
2

al

B(L!). MEZARHER:

x' X b\ rX

() =0 Ga) =5 G
FEY, BEAABTSLRIESIEILE § SRATR, BRAIT— N0 | (JEmBssiy
FEY), FATFERRY,®), Xity), OBIEHAATRENESE, X2,
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(_1)j—m j-m_j+m

z\/(j+m)!(j—m)!xl 2

Y@ = U (x4, %)

mEUESEEEM IR RE—E]-.

IXREARIERITE A0 RS AN, uFr IS RIBO RSN RERIP, (ARSI
W (%1, %)L, EREOZE:

P, ) = W, (u™1%)

RIE—FBEHH, BEBV, O DR U, @ AL, () BFFRISEERAS,
MTIF=LEmiERE, Erfm'. m UEVEREM ) 5 - j, HEFHBRERASRHES.

BEE TINEL, BATHHRXANEERE SUQBHOTTE u FEMESALL Ry
TERRMAT? FIERTERT SOQ)RHIIEDNS SUQRBRITE (u. -u}il
WRIXR, u ASE L FERRARAR

ﬁ _i(a+y) . 'B _i(e-y)
CcosS—e 2 —Sin—e 2
N e 2
. 'B i(a—y) ’8 i(a+y)
Sin—e 2 COS—e 2
2 2

—ia/2 cosE —siné —iy/2
_ (e 0 2 2 |(e7Y 0
0 el B B 0 e?

sin— cos—
2 2

= u XS z HiRaBINEERIR(a. 0. 0)AT, u:(

e—ia/Z 0
0 eia/Z

). fBuizss

(83 1 a) 1 QETJI

XI R AIZE R
ﬁ(a& a)ll’];n(i) = Ll’jm ((83: 0‘)_1 §) = LI’jm (e%axu e_%axz)

€

(-1
- JGEmIG —m)!

X{_mxé+me_iam — 1|J]m (X1: XZ) e-ima — lIJ]m()_f)e_ima



e

M Py, V@ = Zo by @ Ay, <(‘63, a)) FUHBRAA, . ((83. a))
7

iy

Ajm,m ((63, a)) = Sme ¢

mi 3s(* 1 O, stz s ERER (0. 0. v), Buidh(e, 1),

0 ez
ma:
Ajrn’m <(83' V)) = Sm,me—imy
cosﬁ — sinE
%Eiumg%w< O ;)z/.\z% y SIS BRBEGERIER (0. B, 0), HBu
sin= cos—

iBh(e,, B), BRARMESRE, E:

- -1 cosg sing
o8) = % %
—sin— cos—

2 2
IXREHOTE
R (GO
=y (cosgxl + singxz, - singxl + cosgxz)
- :nl))!"(‘jm_ —(cosb + i) (=sinfx +cosng)

XES, AR e :

n

nl
(x+y)" = Z rl(n— r)!xryn—r

P WL RPREET
(5. 5)
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_Nj-m j—m )l j-m—r r
Jofnglr—mn{EzﬂJKWTTﬂxﬁmgﬁ) Gm§“>}

r=0
jAm . j+m—r' r!
Z G+ m): (—sin'Bx ) (cosﬁx )
n(i AY 541 5 A2
4T 'G+m—r')! 2 2
j—m j+m

= Z Z ri( —\/rr(lj—-l_:;l!)r!’?(j_+mrzl!— r! (COS g)l_m_ﬁr (Sin £>1+m_r "

r=0 r'=0

j+m—r’ 2j-r-r' r+r'!
(-1’ ()Y (x2)
Al ’ C M 2j-r-r'_y4y’ _ _j-m'_j+m’ . ' ; ;o
em' =r+7r' —j, Wx; X7 =X; 0 X, S, r=j+m'—r, j+m-—-1r' =

jrm— G4m =) =r+m—m, HTEREET
—-j j—m

Z Z _ JG+mIG—m)(G+m) (G —m)! 1y (cos£>

G—-m-mIG+m —-—r)!(r+m-—m)! 2

2j-m-2r+m’ m+2r—-m/

e

m'=j r=0

(_1)j_ml j—m/Xj+mr

JGrmnG—my b

—J
= > N ((62, ﬁ)) 1 @)
m'=j

XPEE-1BHEENG - m)+ (+m—1r)=2j—r"TR r+ j—-m XML

HHNREZR: v =j+m' —r, A2 —r' =2j-(G+m' —r)=r+ j—m', 1§

HAREZ,

s, A, (@ 3))—%@%:

j—m

2j-m=2r+m/ m+2r—-m/

JG+mIG—m! (G +m)(—m)! . _
Z r"G—-m—-r)G+m —nr)l(r +m—m’)!(_1) (COSE) (SmE>

r=0

XERTINFNFE IR UK !

1. r=20; 22r<j—-m; 3. r<j+m'; 4 r=>m'—m,

M — SUQ)BFHRITTE



sin— cos—
2 2

p B
_(e7i@/2 OS5 TSI ez g
u_( 0 ei“/2)< B B (0 eiV/2>
FRd A9 L) sh R iasE R 2 -

B (0 8, 7) = ((0 @) (@0 ))& y))}mlm
_ ety m((az, ﬁ)) e-imy

X8, m'. mBEERM | Bl -j, HPIBRRIXMIRFHRAS.
X8, JuEH-ulf, BTEMBARE, BARS. BAERE? Bi0%

BIER (SH) S—REREFTE.
_ia _iy B _sink
warsn—, (<0 0)s(0 o)Fm, (COS; Sm;)a‘-zmz?
0 ez 0 ez sin> cos>
cos? —sink N L, ,
S(E ) s, meed, (@ p))e s, x6E

sin= cos=
2 2

B (821 6) ). ETFHERETERES hcos S0RER2) — m — 27 4, sinh

REE m+2r —m', MEQFIR2j. BAt, ZHiAEBHE, XNEFRABER,
LFEEHE, XNERTIATESR.

BRI, (” ?a>_'a(e’7 %)EPE’\J—/P&%—, B,

0 ez 0 ez

cosZ —smé , . o
A - N (W B

sin>  cos>
T, SjNFEERS,
—RRIER, 1A - uAEESHAN LE=IF—TRS. EXMERTLE
W — MBI A A EERSIABRERRER, ug = auga™, u AR MR
B, u R LEEANFIABR. uB—u LR ERa(—ug)at, XAT:
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A(~ug) = A(a(—ug)a™) = A(WA(—ug)A()

X, RiE EERIREREE, SABEE, A(-u) = A(uy), EA(-u) =

A(ug); %]ﬁﬂﬁgﬁﬁj, A(_us) = —A(us), A(_ug) = _A(ug)o Z:%’:/’51:$I %B/_\EE

SR, RENBRR SiNFEBER, BRAEETR.

1.

TEE—TERNINERERPRTEETETA:
Zj = ORY, XBImEm'HEEAZE, rBREAT, WNAEABH—MERE,
= 1IXMEH, ®EEBEE 1M, 7A:
2% (@, B, v)=1
—HEEER.
Lj = 1/20T,
FE— kTt

_i(aty)

A%1/2,1/2(“' B, y)zcosie 2
XE8j=1/2, m=1/2, m"=1/2, JIFERAIERE:
1. 720, 2 r<j-m=0;3. r<j+m'=1;4 r>m'-m=0, 55
MEr =0, Ft,

1

A (a: p )—e_%acos—e_i?y—cosﬁe_i(a;w
1/2,1/2 ! V)= 2 - 2

FENETT:

ila—y)
1/2 B _ ~
A1/2,— 1/2 (a, B, )/) = —smEe 2

XEj=1/2, m=-1/2, m' =1/2, IFERBERE:
1. r20;2.r<j-m=1;3. r<j+m' =14 r>m'-m=1, 5§

HEr = 1. A,



1

AE ( ) _la ( . ,3> v ) _i(a-py)
= 2 —_ —_ 2 = — —_ 2
12— 12\@ Boy)=e sin=)e sin—-e

2
E="MBEETT:

1/2 . Ua=y)
Ai)2172 (“r B y)—smfe 2

XE8j=1/2, m=1/2, m'=-1/2, NFHEIRAIERE:
1. 720; 2. r<j-m=0;3.r<j+m'=0;4 r>m'-m=-1, &

é’l-‘?jt/_\EEr = Oo Jtt,

: la y ila=y)
A2—1/2,1/2 (“r B, V) =ez sin%&? = Singe 2
S9N ERETT:
i(a+y)
1/2 _
A—1/2,—1/2 (“r B )/) = COSEe 2

XEj=1/2, m=-1/2, m' =-1/2, IMFHEIR-HIEKE:
1. r20;2.r<j-m=1;3.r<j+m' =04 r>m'-m=0, &7

Hier = 0, RA,

2 _la _iy B ity
AZi)2-1/2 (“r B. V) =e zcosme =cosze 2
_i(a+y) _i(a—y)
e —_ N COSEe 2 _Singe 2 -
XD FEFETHRIE e AR ER| e 2 e | RIEsh
sin>e 2 cos-e 2

= SUQIXAEFTRIEERS,
3. JEXH, RRZRXMNER, REBETH-ETEESR—LE,

L EIRFTERIEREES S BT, AAE SUQBHIFIEASEN. A9H
R,

AIEERIREE, AR MESZEER: 1) SO3)5 SUQBREMT4A, B
IEEHRIXER? 2) SOB)5 SUQBRIATARTEZMNA? WAERKIIE—RE
FTENET, FRMET SUQBRIARAZRD, &R SOQ)RFHHIRAR. &
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iXERY, AZIRIFIRFEIZ SO3)5 SUQ)BFHIXE.

HAND PN ERIEBXMRR. —75H, £ SUQBES SOQ)BAIXIRLE,
FAENE SUQ)BEFRIuS —u#BBIIRE SO )BEFAIETIR, , IIRKREFRUUA.
FIRT, 7EH SUQBHNARIARTA HIBHME, FITEIR T 2 AR, &

Al(w) = Al (), XBFEKREFEXHE—NER:
A SU(2) SO(3)

S | [

5.2 SO(3)5 SUR)EREATHIRTHIRATSE—
EHERS AR, AR SOQ)BRFRR. Eit D) ERMEELHIIHE,
A SOQ)BINAFNMATNERT. XEREE(INAFNATARSR

RO T .

5.3 MBS BheF AR FRIbE S REE

LFEBRETISEERNNVEEER, EFEMELAERFEVERNE
SO, BXNAMIERGRPT 0N, MRFEMRARATXITER, AT
MATLARE—T, LEXT SUQERITIEEREEMEN, 2XAFNFALE
BT SOQ)BIRAILIRTA (JAEE).

A AR EHITIXASZHNTIE? MiZiRAR ERRER SUQ) AT LR —
NEIE 1/2 NBARFRFEEIRF NRRERIBe o AR, Eh&
EAN— I RENXE—NRE, (FE=HLT 2 AR, BRIKEREA



EREIEAS, MEST— MRS, B, ZHETEREHER TERS, (BEF
BleNE=ERFIRE. SZHEN, BAMERMAXERGR, BRiA8ER S03)
BT, MEEATHINEFSOP(3). FiY, SRGEAIXIFRIERFOBFENSF
EERAP A REFRORT R, B IR BRIXIFRIERI TR, B AR REHAIREE T,
TR Z M REFRINES,

EBAMNNAERART, — M RERINRENEEE S IENERERIRR,
FAIRIREREREFANMAEE2? TE, BAIMSLUXILMELE (SOP(3). MBI

FPRIRZAE.
58 SOQ)BFHINEFSOP (3), XERIRME— S L LREBEIMIXER, &
XS MAIR) I EEEAIER X NEHR, BTFAT (—u) = AT (0) , IXHFA/FERERT,

SUQ)EE. SOQ)EFHIKZRMETAL 7 IXHF:
N SU(2) SO(3)

5.3 SO(3)5 SUQBFREATARTIXERREZ
XAMHE—D SOQ)EFFHIEETAR (o, B, NEXIMBE—PRSHIFD SUQ)
HPHOTRuS —u, AFBYNEE— N RSHRNMERA (1)5A/(-u) =
—AJ (u),

MRFAUE TR XAMESH "— DTN — MR 5569 "—EE
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T MNARZE—MASHIENMERE" ;. ERHEAREERERNAZX M RETSH /R
FREMNERE— M RSHER TAE, B2 A/ u)A/ (1) = A/ (wuy),
XESERATATLUEBA! (v), 15/ AHEEEEIXT SO BHAIRTIRA— N UERT.

XZALE SOG)EFFRITTER u SA (WX MR BRI IR K FRA—
MFR. MEERS, HITETLURBSBIM—IFER, SHEFA SOG)E+ITER
R(0, B,7) = R(a+ 27, B, v)IXBE—MFE, iBGF ML 2n AR EE X A — Y
JFEFHERMFE, X1NE # E, {BEE =E, XMEHE, FAITBEEN SOG)RHHITT
2R LE, BE—MHTERES, 81 SO PIITHEE—RINAIX 5
BFHITTE.

WELRXNESS SOQ)ME—IE, F—MHIES. XTHNES, &
5 SOQ)EHERABRENNT, 2EM— . X178, §Hi5 sSUQ)RE, 8
RI89, 7 AHEEEETAIRERERF A/ (W], BERBERRIEN T ERN—ER.

BABAIXEBRMIERGRSTF £ RABRIENAE, BRIE SOG)RH K
T—f&, XERZAEI—1EE, FRI SOQ)RFRISEFSOP (3). Rt/ T flidkal
EFRMERIER, FAIJTLMERMEE, —NERWERTIXMES, — N2
WEE. WEFRTHRE— MRS, REBMSRD, BLBMERK, WERISSA
IMERK.

TEIRNEERXNS0P(3)H, SOR)BTENEETM— 1N FE, HE
ABEETHT. BABMEE2AETAE, BHERMT SOQ)BTRITTER,
BE3n/2, FeSThITTERE 3, BEMAET SOQXNMEST. HIERENXNER

&, SOP()HFHARZ SOR)S{E, EMIER, HNAISOPB)RIFTHMABE SOB3)



RUZRTOR L(E, EMI—HESTHIFESRTIARER T2,

XERI—XEE, EYEERSGF, BERNNETFRIBRS. BIIFIEFD
FREFMER FHAAR— M ERNES = EHRERN T, EXE— 1 EREY
/B BENekiEiR. BiE, BRREBESEIN (BEFHZ) XEXBE—M. F/\&.
F—I\H. BF=EPoHE—RIE, BXEHERRN "BIeXMFESAEHNE
MR, ESNERMEARR, ERALEHENN (Sh8IETFEN, BieiE
PAHK). BIeRVRFEEICRTHENICEFNFRTEE, BRBFAETRES
THYFMERIRIR, EAFERHEEFHEH, LSRRI ERIREFRAIE
IERE R, IEFRESHNHFTEREAE. " RIERE CRIEERIREFIIAE
SHEEFHZ, sREHRNS, BNNBICEISBEBNXE—IFRA: ER
FHREREY, ©ERNAIANESHAE, TEAI—TER, BEER I
E.

AT EINEBSHNERE, M— P REFEIRETRIRET, ERNEISHE
j, BieEHNEAHNELSBieAEmIESHIXEM:

j=L+5
SEANEE—MFEH (Eed z) BB R, BFAMESIKEREE— MERIRREL,
FE:

= (520

Wi (@, —h/2,t)

2XAMBE SUQ)BES SOPQ)EEREING, BEIEAS OQ)BEMMIRE, EAT(IF SO3)EE
233 1 H9RZR. X SUQR)S S03), BT ERAIAETELEANTRBFREE, SOPQ)HESR

XERHHE. BXT OQ)8F, [RIEER(F | oI REmsEanrIESRIFEE,

288



HRW,,, (7, h/2,0 DE AT EHEAE 2 MR EH 1/ 2000 S EIKIERS
W, —h/2, O FTEAERS EINERE 2 SRS~/ 2BIZSIEN DS

FAEST, RAEER RN [V (i h/20)| df, BT
BULERS: [| WG —h/2, 0| dif, RESRESIT—RUR: [ [|WinG h/2,0]" +
|Wim @ —1/2,0)|"| aF = 1

XEBORMFRTHR . m, WEHHFREGHER:

J2 Wi = j( + DAY,

J,Wim = maW,,
JARRBHE, |, B 2 TRNRE. MiiFEF8EEmS) = 1/2, 3/2, 5/2,
c SRR, m=—f, —j+ 1 e, =1

XTI —MERFEL, WRBANE—GE 2 M RIIRIED, , =
e iR L, WRAE:

B oW 0) = e 3 W (10) = e Y (7 0) = el (7, 0)
BT A, mEEY, ORERERR AR, AR
RS, REtnfRHEA ERIAS, XA SOG)BHIRESOP (3)HIIAL
BT,

RS RENEEE AR, ITSNAMENES, Fk BT ER
HEITAS. REHNTEHE SOO)HaEE, EXETEISBaZE, o
FRENEATHE, RGHTIHRIERZN T S0P (3) B AaBE, 18RL, 1EAME
BIRERIRT, EREREIEEEAMNIR, RANHEAR SO0R, BA
ERANSE, CHAMESEIE SOQ)HEX MBI FALRT, EX87
EHEIBIEA TS, BTSOP(3)FRE SOG)VS(E, BIERR, SEbmmnet



FRREFS(E, EJRER, BBAFENNARARTHIAMESIES A AS
RAAAFRRT, ENABEEESEE RS RS,

ERFYER, X EIENERS AR — N EEEREEARR L
IEREHR, HIIFERSHANERERXLRFE, HE L, HERHTER
BXLRFIERIFRK, 78T MIRIEFBIBXMWEREM (Uhlenbeck,
Goudsmit, Kronig X AFEEFEISHTE. KRS TR R HRIAITIIE).

FEA TR FIXEFE— P XIFRIEERIERIMT S, FXBERMIF, 2R
HEEERTBIENEREE, sraREEBHENTI? (XMRMIUGESIET)
1. RHEABEDEF, BAUMNE, E. cop. Gy Cope N 4 D—HEARAY

. EIEIEHAEE, XYERINED?, BTERISIN, ST TR, M
FE/\NTTER: E. o Cay. Caz EL Ecypl Ecyyl Ecy,, XEBEASE z 3

HorfURME. BIRME 1. 4. 4. 4. 20 4. 4, 4,

Xco,, BINVEREE z MERIFHEETARTERIE, Ecy,, USRER 2 HEE3nMARYER
18, EfiIAEZF. BRETuRIFE, (o) "Ecy (c)UFREE 2 HfTS
[F%e3n, BHUE z 3eniIR Foore BI(coxn) T ECy,(Cox) = 2z €2z TECy,

EES

Xcor, BANEREE x HIFRIFTEERFRAYIRIE, Ecyy, USRER x HEE3nMARTE
8, BIIFMEZE, TR, XPERN™BIIENESREM. X7 &, &
R LUEERT. (BRET o AFE, (c22) " Ecay (02 )VERER x HHRTIH
Be3m, BHIE x eI Fooxe B(c22) T Ecax(Caz) = Coxs CoxTECo [
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*

Sdcoy. Ecyy, IR, BHERAIDDAEAE, (BN (B}, {c2. Ecar) {2y,
Ecoy ) {cose Eop,}o ABRITFDBHOMA—4EER, DRAY Bumside 75725

= .
= .

124+ 1241%2+1%24+2%2=38
EEAN—HARATNRR, — N _HERATNRR.

D, BFAF IR RR |
1E} | 1{c,, 1c,,
(B} | 1ennd | 4, y | teasd
Al 1 1 1 1
A? 1 1 -1 1
A3 1 1 1 1
A* 1 1 -1 1
& 5.1 D, B IVHIEIRER
DY EFHYRHIEIRR 2 |
1{E} 1{E} Z{CZx} Z{CZy} Z{CZZ}
Al 1 1 1 1 1
A? 1 1 1 -1 1
A3 1 1 1 1 1
A* 1 1 1 1
A® 2 -2 0 0 0

% 5.2 DYRFAUHIEIRR
WEZB—PTEBD AR AES, E5IABIRNERGERY

BETH R IBT.



ESINTEABERT, BRRRERIZEREERD 2 (r), XIFREFAD,, &
TED, RIA BJATHREIRI—, B TFIXEARTLARTE—HERY, NERD R
BER, MBI, IFMI. IFNE (BIENER) , JTREHE SU2),
LA, WBANSHE, FRE SUQIXMERFEE, BifrE:

COSEe_L(a-I-Y)/Z — Slnﬁe_l(a_y)/z
2 2
singei("“l’)/2 cosgei(‘)‘“’)/2

SEEBEIFSAEIAMIAERE, HET, FEM()REAID, A
RE[LIRR SR T EIEREA SUQBI AR LRTIER, AEE
DR HI/RET LIS LAIRBYRITT. 2 (r) FERAID, BRI 0T 2A"  {E)
@) {can. Benc {cy Bl {eann Eoo, RIRIRID, BEROIHEIRS BIR
10101010 1, TSRS SUQBHIRATKIZ RIS TR BIE 2.
-2, 0. 0. 0, XHFANEERFRFAMFERHZ 2. -2, 0. 0. 0, XPEY
IR RIEIBA AT, PEEDSRED, AREIA%RRA",
EIESA EFHBAEEIER L. MTFRANET, BEIEIEEZE, XA
NBFHIAMER IR T DYRIR AT A RA° FTRI R AERS

A () EGEAID, BT LIRREA?, A°, A, (E). (B}, {czx\ Ecz .
{cay. By {cane By, [RIRIROD, BEORHEAFABIR 1. 1. 1. -1, -1,
1010210101, 8010 -1 -1 1, TEVRSE SUQBHOARR
AFMOBERER 2. -2, 0. 0, 0, XEHIEERRE RIS EREE
£2. -2, 0, 0, 0. WRHIERAE—ERAGTHSMEN, ERIEES
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ZAl, HUBBBDRED, AIAATLRTA®, A, 5iA*, BleslnEHELE
Biem L. ATREMET, FEIEBNBEZE, X FRIAESEM
T DY IARATAIZRIRAS XS A AES. R "EEH, (BIX/MHRATER

SEIESZ RSO MABDIULT .

HAFERBRZEE LERNTIEHR, BT BT, (£5c)SEay. x5

Ecy, BNAR—3TTER. BT BIFE, 180 SEc BANE—FKTR, XE

TTRERNFHHREE— P SXAN AR ER. X MHRE T L

ERISHT, BN RESNSERLEZEFEAINTERRTE—X.

2.

3.

RAEASEDE, BAEMNE, B {c. ) (B {c". P}, {c?.
CSV). RIRL 4 P—HERATLIFTR, 1 DR, SEHIREDY,
BFEMBIN, BT/\ANTR, JUE 16 NTR, CHE z MIEMERH
fn/2; ECHAFE z MIEMISATEEE7T/2, 1ANTF 2 MR RSS2,
RItC}SEC;A%. B, C35EC;—3; C5ECI—%; ¢f” BefY. ¢fY,
ECV—3; ¢ Be?. o, ECV—3%, BiLER—%, B,
—HE%,
O B¥E 24 Mo 5 N {E). {3C3). {6C,). {6C,}. {8Cs}. TEMINT
EfE. {E}. {6C.}. {8C:HEBRIERLER, SEKIE). {6C,}. {8C;HXME
SHWFEA, B B 6. {3¢. 385G}, {3c¢ 308G}
{acs. 4ECZ). {4EC,. 4C37AANE, X4(3C3), BTFR=ATRMAEEE
B, (BEC}ISEfIR, 7EOPH, XAMKRE: {33, 3ECE). FK, {6c,)

B, FEOPH, XAMER: {6C,. 6EC,}



sEHEsk, OPBIRE 48 N, (B). {3¢,. 3EC3}. {4c,. 4EC3}. (B}

{3c3. 3Ec,). {4Ec.. 4cz). {3ci. 3ECH). {6C,. 6EC,}\ Mk,

XIRZAY Burnside TEEERE |

12412 4+22+32 432422422+ 4% =48
OPERIARA IRTIHIEIRRR: !

1{E} | 1{E} |6{Ci} | 6{C4} | 6{ECs} | 12{C;} | 8{Cs} | 8{ECs}
r, 1 1 1 1 1 1 1 1
T, 1 1 1 -1 -1 -1 1 1
Iy, 2 2 2 0 0 0 -1 -1
Iy 3 3 -1 1 1 -1 0 0
Iy 3 3 -1 -1 -1 1 0 0
T 2 2 0l 5 | _v3 0 1 -1
T, 2 2 ol _ 5| vz 0 1 -1
Ty 4 -4 0 0 0 0 -1 1

& 5.3 OPEHRHIEIRR

LERNTICRXIN AR REF, EEERERERIRT IR, WEEAIAFEE

HREFE S | 12(F, BRAXIRAYAFAEE ) mETAIXEF O AMRHIEIRER, 127

HAIRIEIHRY, MEFRALNFRR, S{E. M—HARTORTMER.

R RATRTANR, BRMN AT MIXERIE, FFHRE. I,

RS, T5; T2, T, LASEHE,

ERAEE |, HEFBREXAKRE N REFNERHERR R
IR,
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XLEZHBMETTE, WERZREHSERERXMERESTS, IEZERIZHE
iE, EAEENEIHER, 0, ARG MEE AT LA BT,
&R T IR S RANEE, OR FIARTIE MEERL— I EF,

A1 B R BTSRRI R OB B E AT, ZERA T,
— 3 ITESERT, E— RS0 XRMIRAT, | ELERs
E, 5Ty, A E 5 T EX BRI A — TR, IR 5 =4

g ARXNMEZBFIRE.

BLTEk b, £ Wigner BIFRRINES, E ST, oW L,5M 5. M2
NHEFRR, FERONET, RN ERR, SIS MEF, XA

RE—MIMR, iRETAEZR.

DEEREINERS, M50 XANSHaREBRT, WFBFX
HRIBNE 12 (EXT, SERANER CETIeHy, BXNEEE 12
BKFIRIRL SUQBF RS, HEER, SAEBEONIARTY
FRMHEMDERT .

ZR, HERIXERY:



g (6) L 4
T ®@
e @ o

Crystal field Crystal field
with spin but with spin-orbit
no spin-orbit

5.4 TEAEE S HERIBERE R EE
XE— T WTEBO,FERIMRMERIRI, ERISEHTEREESIEN
S BIRHRBA AT LUXFARRA

0.4

02
= o
= >
= 2
= 0 -
-l 2
[t [a
T o
'2—02 <
M =

1
=
I

L
=06l

x(UK)
(A)  (A) (2) (%)
5.5 REEIEMABEHISEHREE

EETIEEELIR, HeR:
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6.0

0.4
4.0
=02
1
iy 2.0
. >
O 0 0 =2
o .
= -
i o
= =2.0 5
-02 =
[EA]
-4.0
-0.4
-6.0
-0.6 -8.0
| | |
[ I X
(A) (A)

5.6 ZIEIEMAEERIBET SR
P 2IXEE? AREEN, FITCBIRTAERE |, BRATAN S
TR, FIMRIEM. ZfF ¢ u (HELE. 1) XEAFRFRAYERERIN
ERTAILATY .
XITF O BRI s AIAMIERS:, OPEFAY FEXEERAWF RS /0

HE} | 1{E} | 6{Ci} | 6{Cs} | 6{EC4} | 12{C,} | 8{Cs} | 8{ECs}

3 3 -1 -1 -1 1 0 0

XL HNEDSE, SUQ)BFRIRAILIZRDN FRORHIERE :
Cosge_i(a‘l')’)/z — Singe—i(a—y)/Z

2 2

No5IETF:

HE} | 1{E} | 6{Ci} | 6{Cs} | 6{EC4} | 12{C,} | 8{Cs} | 8{ECs}

2 2 o | 5 | _»3 0




XA PMRTHET, ERE:

1{E} 1{E} 6{C%} | 6{C,} | 6{EC,} | 12{C,} 8{Cs} 8{EC5}
6 6 o | 5| 0 0 0
XNMER, NIEFS#EA TERNOPENAR YRR RIEF]:
7 2| - 0|z | v2 0 1 1
2
Ig 4| - 0 ol o 0 1 1
4

FARXNREA, BAMEX AT EZINHERIE N ERIER. EFX LR,
EREARESERN SUHER, RRERENEHROH. FEATH
RRERMFHERR SXERFERR. 32 MBRRERHERREAME
PR A BhigH, XIRONEFRNBESE M [5, 22-24],
XERFAAERE? RATEEEE—FMERNSA, 2R TEMFRE
FEBRIRHERIFE R TR — MRE. ARFTRIAISERSIRN—LRravtE,
EEANFRFMEBERIR, Weyl Semimetal, FEFFBGEREEENS 7 &AXEAIER. X
LRBN ZG BT L FIR T 7 REHICREFAIINE , (RMINSHARAIHRR AT 8E
R, ERXANRE, BEEXRESIHMRIFIIRSARERN. USRS

FARSR, BESEATREIRIESIHS, 22-24]F2HH.
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5.4 Clebsch-Gordan F#§

C-G ZHXMESRREHRMEEEIFR Alfred Clebsh (1833-1872) 5
Paul Gordan (1837-1912) 12, I VERFRAYBIRRZ M MKIEREMETRE, 0
BRBKEREUHTIINE?? Bk, AMIRRERTLrEFNFFHEE
BE. MXMIERTER, XEePHNRTAIRTERSEMD AR,
FXNRE, XEOHNERE (BHe) FERENEN, BIIFEF, ZiRERMN
0, HFLUSERIEMRTSEREE.

PREERRER, B/ WRNIBEERETAERERZ2), + 1, B mRAE
BERSTHEER?2), + 1. REERTERNEERQ2), + 1) x (2 + 1. 85
5, JREBUEMN, — 280 +j., BNIEER2 +1, BEEEIAZEQ2), +1) x
(2j; + Do RNERZ—TM(Z); + 1) % (2/; + DEZEF(2/; + 1) x (22 + 1)
WAL, T LEEMEER). miEtTmR. HIFENEN, 2
lj, MXANMESREAH, m)Slj, m,)HISRRIBEIT 2 HGHEMAY? X8

BRI FRER, ME:

SEERITE : XE—MEHFEE, IR NMALEEFR. BEERZFE 19 HiS-20 HC

RRRED, HFR. MEFR. CWEROZREEREEX MR ETRE. Alfred Clebsh &

TEARRH, 1868 SEBSEFEYIEER Carl Neumann (LGBFREMIHARSHIBERMAIFIN

Weber HIRESHAVAB Clausius B35, IFRATERTRBNEFNFRIEFRS) —2E7H

Mathematische Annalen Z¥EXIERAVEIZSYIRARRAHE, Paul Gordan #IFRAARTEEICZ

E, hEMEATRIFE. C-G FEXN BRI LhME, EEFHFRERRXZE, BEIEKE

HTME.



_ 1 2
llem— Z (m1 m,

”)

mq,my
s )21 e, = 1/2m R R R, XA
m; m;m
Jj1+1/2 1 :
itmts\ ji—m+2\
Zit1 2, + 1
j1—1/2 ; :
]1_m+%2 j1+m+%2
2j1+1 2j1+1

*=54 j, =1/28% C-G R¥EER

X, REHEHEFBHIER, FEERESEIEFNE)E—EFNE.
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BNE BiRET

BB FTLEMIETER, — EERRREESAWEERFHEIXERT
XIFRME, HHINERKITFRS. B, FERBICKREYRETARERIGENT
AEIEAIERN A RI RS R TIFEEEER. SIWERT, ArarIaREs,
YR T BRI TR (F—EEER). S, EREFER(] (Bt
—) REEARMED.

BREXEBRIE—RET, MULELHRSAR. REZII—, MEXK
MNREHZINREESTEE. BaIfHERRER— R F ANMESAIXITRIE; M
XEBRERE, HSLEANE— I HERRFRRRISERFRINITRE. LIZH
TR (XPMEFRRITUR—NRTFIZET, BALES FERERSZ
BFFER), HENFANMESHERERERBRIATAORTHE MR, SMUARE
1926 FEFEE ARt AR FXMREFHRREHZE—ER— MR (BF
HRRBBREFRAZEFFRRLEREANY) . EhRERITSERIERILS
HWEERTHR. KM RRE 08, NER(IXEEHRAIE BRI,
2T EtHE 40 X, MIESENARNE T LT R, YRERAKSEDS T
EASZTRISEESRRT. MREHTTEEE TEARREE, (EERRIFRER

8. XAEAVIEICIEC(S7IEIE Ligand Field Theory (ERFRERAIZIEIS, Crystal



Field Theory) [25]. FEfER, BERSHIEFRIIEEMCFRASHBRCART
2, EREECEA—EREREAINAIS.

KiFREF, BANTESRSRE: On WERE, QWENESE, 3)E#k
HHATLRTR, HSBRFIRFIRRREE. HPmERES RO FhETFS
UERR, BTRIERRE, R EEZHBEX MIEARIERZLE, BRI EBRE
Bfiz D . EciimBieReEBRIEFE IS5 HA25], MRS R CHT
ARSI PRIEIRA] 2% Dresselhaus #1458 18 &,

REBERPN—REBRTEBNESHAZECYIE, FILXS i+
YIEP SRR RN RIREH AR, ENGHE(RHE RRFSE HA6.
9-11. 17ITHEEZRZE.

6.1 n [ E¥AE
(BLRERINEN)
EX 6.1 EnMEFEA, 2, -, njiYHSa,, a,, -, a,GEE,B"HEF",

“"HE" JBE—1) BAHSb,, by, -, bAYE(E, TRA—4 nEHE, iC
As, sHERA:
a, az;, -, Qy
S =
bll bZl St bn
RN ERTHERE, Ea,FRb,, a;,FAD,, -, a,FAb,. CAURTFEN
$RORIRHE, SiEMHMBRHIRETX, thil:

a, az, az, -, 4y _ a, az, az, -, Qu

bll bZl b3, Tt bn bll b3' bZI Tt bn
QERXIEREED,
EX 6.2 Hifkf: EXFAEMR r. s BRI rs AFHITER s, BRITEIR T,
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WHELLSFEERU TFAER) n MBIRAISKSIERK—NEE, ZMBEIRA n ER
Bk n IXIFREE, TS,

all azl e, an

EXNEFP, BATRESFER. Xs = ( ) WTAs™! =

bll bz, tty bn

by, by, -+, by . R . .
( b ) BT AR SEAE, S, BHMAn!.

a,, a,, -, Qy
€1, €2, ', €n

eZ' 63' e, el

TEX 6.3 fpifh: —Wﬁﬁﬂiﬂ‘]iiﬁ( >¥$7ﬂ§€?ﬁ iﬂﬂﬂ(el, ez,

 em). SIRESTBAOANE m BRIIECIRATRA,
KFii%, TRMREE:
1. RIRPRISIOIERIR, (MR, BD:
(e e =1 em)= (2 e = emr 1) = (emr e1 €20 1 emes)
2. BANRIR(er, €2) ) em)S(f) oo o fo) EREALLEEY, WAREA]
HEERST, HEDSIIR S BT AR, BD:
(1 €20 1 en)(fi for 0 fo)
el ey e fi fy o fo
:<f1, o f e ey o o

fZI f3l tty fll €, €3, v, €
= (fll f2: t fn) (ell €2, "y em)
3. {2/ n NERS AT LADREE IR AV HRAOIRR, Lban:

<1, 23,45, >( 4 5)@(, o)

4,2,6,5 1,3
FEMYRESR, MELIT LS, EeXi/L, BITLEE, KX

K, XHEEEREI— MR,



EREIX MR, BABTXMCIRIE— 1, BS LE#E. KX
KitE, XEHEHA— N EREATLAD R HRASRIA,

. RIS, BRI, than:

(e e 0 em) = (ems emos =0 1)

. THi(er, e JERANIR, EE— m MSIRESATLIS Am — 1 IHER
FF., HA:

®
N
®
i\
®
w
®
=

—
Q
=y
Q
N
[
=i
N——
Il
~
Q
=y
Q
N
Q
w
)

8
SN~—
Il
P

N

Q

=y

Q

w

)
8

N~

= (81, €3, em) (ell 62)
= (81: €4, em) (ell 63) (ell 62)
== (61, em) (91: em—l) (61: 63) (61: ez)

. LEMBER—MIEBRAISRIIRIORR, MEE— MRS
RPEOTAR, (BEIEX MO BIAIHRAISIES, RIS —E R
SBEORL. ETRBXA, 5 6 MERRAEXY (1, ), B:

(o1 ) = (s @) (ers e2) (22 @)

ESYSK
€1, €2, €
€1, ek, €
e;, ex, e e;, e, ex
(eZI ek) (ell eZ) (921 ek): = :(ell ek)
€2, €k, €1 €k, €2, €1
€y, €k, €1
€k, €2, €

304



XE—MERE, 55 3. 5 ®R, fi—MBEE— D ERo R AEIRXT AT
7, tean:

1, 2, 3, 4
- 1>_(1, 3, 4)_ 1, 4)(1, 3)

2 ) e ) ) D )
(3. 4)(2, 3)(3. 4)(1. 2)(3. 4)(2. 3)(3. 4)(2, 3)(1, 2)(2, 3)

BT EFEINE, FHNTUSHX—EoHNE—NEE,

~

EE 6.1 EEHERIRGEIINBEIRIIpEEIREES, A—1 K.
(FERNRREEXEREERNER, BREe(i1aER N 800 EF, X
BRI EF PR B 2EE)
WERR :
(DA LHE, —EHIENEREHEHRERHREN, —EEBERCHREEINE
Hattip)
1. SoiEHieERBHERERFCHREEN, B
1, 2, -, n
Vs = €S,
()
BB vtes,, AF=E— s LEERR,
1, 2, =, n
t =
dy, dy, -, d

ATREsCIRED, BAWE(1, 2, -, n)BHEA(c, o v, c), XY

Cll CZI e, Cn
t=
fll fZl ] fn

iE t T AR



B, Bl

fll fZl ] fn
Cll CZI e, Cn

mtst HE:

dy, dy, , dp

1, 2, , h

1, 2, =, n <d1, dy, -, dn>

€1, Cyr -+, Cp fir far 0 fa

€1, €24 7ty Cp

fir oo 0 ha
N e _( 1,2, ~, n )_
XELR s fIFEAETTERst 2 t X s B ETFFIT EIRE

C1) Cyr -, Cp

1, 2' e, n

]

BSER. XEt E%ﬁﬂ«l—%ﬁﬁ(
dy, dy, -, dy

>X9‘ s FEFBTEME, RIS

g

.f €11 €24 0y Cp - dll dZI Tt dn
( >5(Ef s TEAMTEME. RENERE: < )
fll fZI St fn fll fZl St fn

BERIR s B k MRIZAYEIRET, s =515, sx, BRARIARst ' A/ E:

ts sttt T X s ISR i MRIRET, Fef(JEtsit T HIRER:

S1v 520 4 Sms Sm+1+ Sm+2+ "1 Sn
Si:(sl, Sy, Sm):

S2, 83, "4 S1y Sm+1+ Sm+2: "1 Sn

FEE—t, EE:
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S1+ S2, "4 Sms Sm+1+ Sm+2: s Sn
b1, t2r 0 by tmt1s a2 00 tn

HRERSMIAFIINETRXMER, A0S t t2a58:

S2¢ "1 Smis S1+ Sm+1s Sm+2: "4 Sn

tZI Tt tm: t1: tm+1l tm+21 Tt tn
XtFRYE, BRIEIMICAS, tsit ' SlEF A LEAIUNT s L Mo aliH TEiR,
tHEE:

i, 2 0 Gyttt tma2s s b
— (t1, tZI e, tm)

o 0ty tir tmt1s tma2s 0 tn

Rttt Ss, Z2EMieR. MEERREF, MERERE, fOREH, XHF

ts t™ st ot t T LS sy s, - s B TEERVR RS, Rt S s BHEER

RN (HARERAVICIREER).

2. MEBBR &Py, BEHERRREFRIERILTE, B MXFRIER:
s=(ar, a0 an)(brs bar o b)) (crr 2 o )
e=(diy dy o do)ers en s em) (B for o o)

XRIR, —REItE S,

Ay, Az, =+, Qu, \[ b1, by, -+, by, €1, €2ty Cp
t = e
dll dZI Tty dn1 €1, €2, vy en2 fll fZI tty fnl



tst™! =

. d19 sy "t
d27 d3’ Tt

= (dly dz, oo

» dnys €15 € v eny f1o fo » foy
An,» bys by, » bn,s €15 Cy» Cn,
an,» bys by, » bn,» €15 Cy» Cn,
a,s by, b3, y bys €3y C3 C1
a,s by, b3, y bys €3y C3 C1
v dis ey, e3 v €15 far fzo v fi
dn,» €15 €20 s eny,s f1o for s fnl>
di, e e3 v e for fzo s f
) dnl)(el’ €25 v enz)"'(fl’ far s fnl):r

BEHEHEEREENIERYIIE,

FEXTR, BAIIEHANE T BRERIR S REMEE—XINAIXER.

(IEEE)

XMERZERE— M RERIMER. EREACHIFE, B TLIE%

(Young Diagram) RoHrE&E#REE. SXMERERNEREHIEEHERT

BiE:

1. AL R D ERERIRE. XMRER, RIS EREIIUE

RRASHREOTRR,
RMCEARBANTER: 1), ) = (17, 272, 37, -
B iR, nNTHRR, -

MEIREI SR [EFE—TINAIXRE,

, ), Bligsken

Yot N BECHR,

BRTERERRAEG n 1, Akl

X8y, ¥

yit2y;++ny=n

o Yo HERERE,

SaFPR () EBRIERET MUY

n!

(171y D@r2y2h) - (0¥nyy 1)

XERAFA—HE n M=EXE, HERn ., BENEFRI—D m ik
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vy en 1 em)=(e2 en 1 €)== (ems err 1 emes)
X m FEEA RN ER. KRG, m NERGE, XUNES
SHWmmR,
FRSSHXy A m BB, BT ESIISEAHET, HFINEEIRF RS
R, XBEBSNAHIY, R, FULENSSEBIET,

3. IRIBIEE—MOROBAGRE() = (11, 27, 3%, -, ), RATREX

HE, BAREARE: =4, L, -, 4| HF:
M=y1+y2++mnm

A=Y+ +¥
An = ¥n
XHEEASEA, < Apy < < 4. BH:
Y142y, + 40y, =n
FAIR0:
M+2d++2A,=n

4. XHEFRNES DKM LIRZERER 7. BHE n ™MIGis, H5IEI0A

F—17. BT, - BnIDBRL. . 0 NN, BIINE—5

SANH,

fl: SsETERISAE]. |2, 1) [1, 1, 1], HER:



¥, =3
v, =
v, =0 vy =1 2_1
y; =0 ¥, = s
DSEFI: y3=
{e} fa. b. ¢} {d. f}

6.1 FERSE—
MmEMmS, MR—MZERBS— M HEETEESE], NFRXEMEE
Hip, MR—NMZERERFE, WREB. mEHESTELREREE.

6.2 IZR KR HS|IE

E—TRAVARIGE, BETERBEDEN— TR, XTRRNEHIS
& (Young Tableau), $HWIHIRERERIAFMATLIERT.

HepR ORIt ss , E7EEE, X eIV, 5 7 1353,
PHEBREILE. MEXLLR, WTAZE (HHeT) HEZ, BESENEL
RURZE., XT2 (BHE) WREZE, RMITSEWRPINTHITIER. TRE
£, BMNEETHEAEZIES: 1) HARWME? 2) HARMER? 3) i+
LRARREZETT? 4) HEEERNEMTA? SEREAILRR (IEXER
MLWR) ? TEH, BIISREXMEERTHE.

EX 6.4 13fR: BEF 1. 2, . n SFRRS,AHEERD n MIHiER, FE
MR (R 789%E).
Bil: SHIRBEI3. 2. 1R MEE Ta. To.
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&l 6.2 HEREE
FRIXNEX A FERE AT IAEE FTEAIMR:
1. B—MZERILMEEI n! MaE,;
2. —MpRPHIEFILAREITSYIKEE,
3. A—"ERNAEGE T.. Ty, AIBI— P EREEER. & T T FRIE
RRNERIE, M ERITRIRFRERE R e, az, =+, an; by, by, -+,
by, MigE T. BipR T B

LA EEFf:

s=<1' 20534 6>=(1)(2, 4)(5, 6, 3)

1, 4, 6,5, 2,3
T, =(1)(2, 4)(5, 6, 3)T,
4. B—NMZE T JLUEXITERR(T) SFIEMRC(T),

R(TEIREHEL T ST R RAIRIT LHIRTE BRI (P}

C(T)BARHFR T OB SRR EEAERIS LA BiRaIES ().

BAR(T). C(DEBRSIXPBIREHOFEE, B11EM—ALTRs,; B
82 T SRAEEAN] = (4, A ) An|, RDEINID: 20! 20! Ank;

CRIAAA L, Loty B[] = [Ty, Ao . Lo SAEEIIAGELSE,

5. BT, FIEHRD. GILAENFNERP(T)SQT):



AD = ) 5

qec(T)

Erhs, = UNRGHIBEIR, 6, = - 1RGNS B, XEEERSSEILE
EEBIRA S IRIRITANS, XN SR ESR AR SHA?
ST, BRI Ta, XIT3RB:

(0, (1, 2), (1.5), (2.5), (1.2 5), (1.5 2); )
R(T) =1 (3, 4), (3, 4)(1, 2), (3, 4)(1, 5), (3. 4)(2, 5),
x (3 4)(1 2.5). (3 (1 5 2)

(@, (1. 3), (1. 6), (3 6), (1.3 6) (1
=) () (). G 9. .
\ (2, 4)(1, 3, 6), (2, 4)(1, 6, 3) )

MP(THFZE R(T)FAAEEREIIM. UTIHZ C(T)HATEERIER LERE

"

v~

A, x3(2, 4)(1, 3, 6)XMRIEME, (1, 3, 6)RMAXIE,
(2, 4)B—Adi, FRLASAIRTIREE 3, XANBIES BN,

B (D EUDMEY, FAFESIRBRETETOSES, X
RESUHABERMEATN—MES: BRY. BE RISBIHE
FHEP(T). QUT) SEHUSECREE,

. GEMESNSE—MWREF— MENRERR, AT EREHE
R, JIBREHEER.

RAMRRER, LU
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6.3 FEIRSE=
79650, R(T,). R(Ty)EMAE, C(T,). C(T,)EM, E—THMAET, EANEE
BYERTET—T.
BTHE. HEXUEHS, T—1TEnET.
EX 6.5 WHEM: SRGE THEMP(MSQMRIER, Fxth:

B =PMAD = ) > 553
PER(T) GeC(T)

EREEFRETER, PHI—PMKRE, —MIRB— MIEH.
SHEMFEXIMERERS, STmi:

1. &p. p'ER(D), §. § €c(T), Bpg=9q, WHH\: p=p. =4, XN
M ERAVEBARIRRERN—REER(T). C(T)IXFMNXIS, HFEF,
BRI ERBRALITERS,, XHFRIERPG = p'qEILAEH: p~'p =49

XANEFIVAHE R(T), Aile C(T), FrLARBERD 'p =49 " =5, XHH
IEREER: p=p. 4=47.

2. FIH EE—RF(IHBREZIEXIE(T) = Xperer) Zgeccr) 84 DARIIIF, —
EASHIARED. ar=4EEERN, HMHT6,ESHHRAIPGIEEH
HIER. B, E(D—ERIFENETEFNEE,

WERH r7E. . MEEAFIIHRST. BiR—1EST, EiI5d

LB EEERASHERT ., XTEFT, MZRRIREEREX.



EN 6.6 BE7T: IERBR A, BT = ehiEe, ARSI, MAEe’ =
AeyrTERe, MAFRFETT.
MNARRFEETT, (REJLUXEEERR: RERES = 18, FPAX M ERER L—
TMEH, ENEEET, EREANRLLANE—EEFT. MXTEH, 8171,
EA: (1718)2 =122 = 1728 = 1718
REEXNTBETNENETEMREHNRFERP? = RAERHS?
ENZERLIFEEEENRR, XTEKRR: BHUERFAENZHEL(G)RIEF
" FREIREREEFSEHAERANES TN, BEATE—
EIE,
EHE 6.2 HHRABESLIES T, HTARES VI EENEIRFEN
F=lE, HRRY, BRBSL MR,
FIFRAXNERER, FE2F—IEE 6.3, XMEERIAIE, FN5GEXT, &
REE 6.2,
I 6.3 XBf G ERT=H V ERIRTA(R), BV ABEAW,0W,0 - ©W,
X k NFEERNEM, WHEAPW ABRAZNFZENTER AW, IIRAYRS
HEPS5EE—1 g WRIAA()ER. BIA(g)P, =P, A(g), Xdvg € GREL,
JERR:

SERETARBFIBESOAFN . FUAURTAR SRR, FiISEEIRHUELAR

ENFRFREATERSHT XMES _BRIIER M. et EBPEE I X EMEEER

BN ATARTERTEILUER. BREFUFFIAFN . FIURRESERNDHT,

ENFRRXEREEARTER, HINXE,
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PWEME W ARERETITESE, EWIRIRE EMD.SEE— g SR
A(QES. BIFPAW ISR, HE: B' =P, PP =0 (Hi=j), Bv=

Wil ’}515(-)1 = 5(-)1, FEL\J\:
A(®PX; = A(g)X; = PA(g)%;
VXL, BT AMERME, AP =P, A(g).

TN, &V HFERSE/RPHBEE: AP =P A, Xve e Gz, MIXY
V% €W, BIPR =%, A
A(®)%; = A(2)PX; = B(A(2)X;) E W,

FTLAW; B AR F =i,

(IEEE)
MEEZIEE 6.2,
\EBA:
EIFAERF R ., BHFTSEIENTEALTFEEN—XNXR, FER

1. BW, = PRGAIENZE G AENF=E, WEFE—NBETEZXR;

2. HE—EET, WEE—N5ZXRM G AEMRMFE B SIREER.
FEF R

BW; = BReAIENENR G AT, PAKRKER. Xif, BE#EBRAHE
XE—NAEE = Pgy (B0 ARHBAITR), XTEERRESTT.

A AR? XA RERZIRAINANBRIEBMERT . EAW, AXIEENZ R
LGSR G ARHIFZE, FLABL(9P = PL()3Ivg € GAAZ, tHRiEeP =

PgXivg € GRR3Z,



XEHYERS

MPARFER, P? =B, PX=x¢, FLAP’X =PX, XHFHA:

ié)i = ié)ié)i
SV € ReBRAZ, IXHFHTIA:
€ =¢

XIW; = PRIXMXIIENZLHE G ATRIFZE), FHATFRE T 52 NAIRETT

BES A
%6, € ReARETT, BEREZXNA G AT EIARBRANEHER.
EXERP, APX =%, §MERRINEMNTE T, XHARFERBE,
RIXPMEX, 0

P2k = B(PX) = B8, = %68, = %&; = P¥
XIVX € RAkZ, EIP? =B, PAOREER,
XML EFHERREEA S LN FZ=EE G AN F=E., XNFIE, &
S EEERE R TE, B

Pigyx = giXe;

MgkPX = gxxé. EIPEX = g PXXMERRALIL, Pg
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PEREEAE LR FZER G AR FEE. XN SPRRTEMEHE—
e, BERIIRERAE N SHE.
PN AEEILET Y, BAMEEHABRIIEENRTR G ARAIFEERER:

RS

B SEHAER TS T — XA
(IEER)

XEXNMNEETTE: Pgo. HMEKRPRH G FEMIRMIFEE, HAEK
EEBATART. BHRIREASRR, BXNERFIA—EARATY, BETS
RGN, A—ESRTARTXINL,

SRATARTYNARETTIRARNRESTT. BRI REEX AR
AT, ATTANEATNTTE, Ba1ER, ERREAN, "X
R" 1. BFTSRM G FERNFTEXIN, NEFFTSRH G FEHARE
SRy F=ERIN, AREEPRIRIERSD.

PEXUHESHRRRT T, BIEREEERNENA? iRt B2
7 N5 EERIRBE=IE.

EE 6.4 (1AEREE)

1. 178 T BBEGE(T) AR H BRI ER , PHI— N EREHFITE(T) /0,
HAoi— 1M EH. hRRii— MiREHEISRHERRTAR PH—P A
LR

2. B MEENARGRAEHHATNRTHEEF N,

3. ARGEGRESHIARTORTAREF M,

X5 ESBIR:

Sl 6.1 iRT. TRHEMR r RRERIERE, T =r T, MRER s (FAE



T.E, 8T, DEFEIsTHRNG, HI, Ws' = rsr ' BEEFT' A, )
REFERS TG, O,

FRERIERE, X5 ERAYHE

T |1)2]s sT| 1|3 |5
s
4| 3 ) |4 | 2
6 6
rl
Tl1|5]|4 ST 134
s'=rsr
2|3 ) | 2 | 5
6 6

6.4 HEEES | EREE—

\
/
|

mrsr T, &7F:
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6.5 7RIS IEREE T
sTOEIE, RIS TH 2, 3ER; sTHSEE, 2BTH3. SE%, 2. 37ET
sRRORIE, F13. 5ETRROME, SERLNW.
FXANEIEE, FRATERATIRNE:
T' =rTRY, BR(T) = rR(Dr™*, C(T) =rC(Dr~*, P(T) =rP(Dr~*, QUT) =
rQ(Mr~*, E(T) = rE(Dr%,
LGSR (6.7) SHRIOEARER, HIHSR.
SHE 6.2 18, GEMAR T W4T, FIER, W T PEFR—GTHESHEIRTER
AHEHIET = pATRIR—3UM; RZ, BT = rTH, T uFR—THEER
MEFHALIET BE—FUh, WIEE T 7. IR0, q, & = pa.
XA 12, AR E R — B ER R RRARINR, SAGREEASRS,
RAECN R EEEREE— M ER R EWFRLA HR R AT RSN R
IBLBF,
SHE 6.3 IRHETHIT SARFEEM]. (W], BAI>[1)
XE, M>WVIRHEA = (A, Ay s A|, W= W0, Ay s 2] A

Z:%:.F%FQE"JAL -1, _E7ﬁﬁll > A, Eban:

6.6 HEEHESEREE=
WEER NN T TRIE— TS T'RIR—5.
SIi2 6.4 HEEMNEZF, UTFHETHE—TSHETHE—, Wellnms



fFE(THE(T) = 0,

(XN [FEXS N ARG ERSEAVER, EIRERE(T)E() = 0, X
MEAICEREMEEEETRNTNER T, RAMEFARZERZRE HA
B N RIS A PRI FEEELIER. BN, BRI AT AFRTMEEARFN. )

SI3E 6.5 iR EREES, RIBHUEIRs PRIKEX = Ycs, Xns, THSHIWEGR. BEVD €
R(T), V4 € C(T), pXq = §,%X, MxSTRMBEFEMEE—NEHEF, B
X = OE(T), BHo5xH/X.

SIIE 6.6 HRTHWARMTE(T) REIREES, HEHUHR, PH— I T RIFERS
7T, AEFZERs E(TREMREHS, H— M ATIRTHRTZE, REHE
n! BEZF,

XFANEIRIARE 6.6 RE, 6.5 2ATIE 6.6, M5/ 6.6 iXHIHED
RERIIRIFERD MR TR ERE(D REEMHHNSII AR AREETT,
Rs, E(T4AHBIRESS II— M AERT.

M3 6.1 % 6.4, SE—E, BATRPHEEENEFED. HIBX
NEHEBDITH A5 6.7,

SI3E 6.7 SEifEEs, HR—MIENARGR, SHHATIRTEFMHN, &
FEEREHINZERBENAFNR. FTNNERT.

5|H 6.6 I L5 6.7, MAHTHETE., BESHE NS TEIRESE
A NEHTMIE T AFNATARTE, BNMREZX—EBDEEARIEEIRE A
TE=:
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1. — N ERENAEN . FARTHETEDERNE,
2. N—"™7E, EAIRLAETEGEFKREREFNATIRT,
3. EA—"MEBNEEBERSE, XN AIURINERSIENT.
BEREBAKINREMN . FUNFRR? BMEIEPESERER—EX, —
TEE,
ENX 6.7 (#FfER, Standard Young Tableau) #%#2rh, 517, 85, HF
MNERR, NLAITHRSFMEMPE, RIUFER.,
LA=BTEAEE A6, B

6.7 =HBHEHFE

ElINERS:
123 112 113 1
3 2 2
3

6.8 =M1EMEFIRER
T 6.5 MEMMMNATYRTHERE, FTRIRERIHINEE.
L EER=EREF G, =M BTN RTARTRRI4ER, 252 1.

T—AMBERT AR EAT R, EPRERR NS TEY NIRRT LR,



2. 1, BNI8FEHNIEF#E Burnside EIE.
ELAX AN =B E B 7901, 1%[2, 1]E’\J7F<EJ2’\J%€B_<IEZEWE? BA TR

~ *
.

1| 2

3

6.9 HE[2, 1189 ER

&, BEXIRAIR(T). C(T)DBIE:

WET:
E(T) = {(1) + (1, 2)}{(1) - (1, 3)}
- (1) + (1, 2) - (1, 3) - (1, 2) (1, 3)
= (D + (1, 2) - (1, 3) - (1, 3, 2)
RATEIRTRTEIAR, E(T), HERE 2. Elt, FMNEREENRIE, BIERT
FEPE, WNMAHEEXE N EYE? FA TS
(DE(T) = (1) + (1, 2) - (1, 3) - (1, 3, 2) = E(T)

(1, 2)E(T)=(1, 2){(1)+(1, 2)—(1, 3)—(1, 3, 2)}
=(1, 2)+(1)—(1, 2)(1, 3)—(1, 2)(1, 3, 2)

=(1, 2)+(1)—(1, 3, 2)—(1, 3)=F(T)
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(1, 3)E‘(T)=(1, 3){(1)+(1, 2)—(1, 3)—(1, 3, 2)}
=(1, 3)+(1, 2, 3)—(1)—(2, 3)

=(2, 3)+(1, 3, 2)- (1, 2, 3)- (1, 2
=—{w+(1, 2)- (1. 3)- (1, 3, 2)}
_{(1, 3)+(1, 2, 3)—(1)—(2: 3)}

=—E(T)—(1, 3)E(T)
(1, 2, 3)E(T)=(1, 3)(1, 2)E(T)=(1, 3)E(T)

(1, 3, Z)E(T)z(z, 1, 3)E(T)
=(2, 3)(2, 1)E(T)
=(2, 3) (1, Z)E(T)
= (2, 3) E(T)
=—E(T)—(1, 3)E(T)
EHRs, EDRFAMER: BT, (1, 3)EM. UEITAE, BITTRHERN=



BB AN, LEET(1, 3, 2) M
(1. 3, 2)EM =-EM - (1, 3)EM
(1.3, 2)(1, 3)Em = (1, 2)(1, 3)(1, 3)EM
=(1, 2)’E(T)=E(T)
IR AR

H e ThIR Bl XKiEE L.

6.3 SHRFRFMIESHEBEL

AR ETRIEmEREEEMIECHAA . B4 FRERIFRIE T
LRENFERR (HHInNEF) AMESRREL.

HNBRGIFRZEFRERFINES, AXMIFH, BRTEFERIFR
%, RENMEEESE: 1. RFARESRISO)MIIRE. 2. B FBEReAISU(2)
XIFRME, WIeH, FIIRTENERBRITRIETH R, HEHRAREREATART
RIZIRKEREL, XNSRRREA—EREREESO(3) 5SUR)RIATART.
(ERTIRRFRNEZX =M, HEREXIFRIEHEHAA R SRR
HRTRREFEH TR ESE, AR EES0(3)5SU()IIRATLIR
T (XMESTELET RN AERERIEERE) . XFESIIRE FARRE
B, BYEZHEFARRSCRRN. Eit, ERBEFARRITeH, Hil=1FEm
RBAES R B RN AT ARSI ANMES BEEE& A S REIEEIS0(3)55U(2)
BHIATART. =B FRUEBFHIGFS, BFXTHNEERSEER
#, HISBIICERBEERYTRE, FHRIS0(3)5SUQR)BIIARLZRTH
ITHRIRITIC,
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XEZERINBFCHIREER— n MEBRE (B #En) R
Burnside EIFEZIRIEAF . FILIRTHILER LN S EREFIWHIERER,
RENAEF—TRRTTLLKE, BIERRER. X—1, HIIARIREHE

SABENAFEMFMLE L.

B | ni=> 12
i
S, | 1 1=1=12
S, | 2 20=2=12+12
S; | 3 3=6=1%+ 1% 4 22
S, 5 4! =24=12+12+2%2+3%2+32
Se | 7 51=120 = 12 + 12 + 4% + 42 + 52 + 5% + 62

Se | 11 6! =720 =12+ 1%+ 5% + 52+ 524+ 52 + 92 + 92 + 102 + 102
+ 162

S, | 15 7' =5040 = 12 + 12 + 62 + 62 + 142 + 14?2 + 14? + 14? + 152
+ 152 + 212 + 212 + 352 + 352 + 207

Sg | 22 | 81 =40320=1%2+4+ 12+ 72+ 7% + 14? + 14% + 20% + 20% + 212
+ 212 + 282 + 282 + 352 + 352 + 562 + 562 + 642
+ 642 + 70% + 702 + 422 + 902

& 6.1 BIREAEN. FUURTHE
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EFIERT, X—RBERVICHEEIRITRYE, S03)5SUQ)NFRIEBEREES
ECRIRHRIFHITIC,
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\BANDIE), BFZEABRTEERE, niFeit. B, BFREEKT, HiK
FREUD IR ISR, BASTRIBX MRS, WA E— B FRR n BF R
b, H n B SRR T AN S REESTFE?

T LEHIREINE—RiRE, B_REE FITERIRS BIeRIR ™8R X
EHERE. AEEER, BABIBISBEE, KSR KRB SHE
WRHTLIR, B ERB T ERNERNRIBEAL = T, [, BiefEs
WENS =YL, 8, BLESZEMBERIFAER, EHEM HoER, Eh
FYERIREZMHIFH, MIBSRAXULE, BEHEST. SiTies 1 EH
ERSHNELRIIRYE, AEEE—RILERERE FEEKFRIMERER, R
BN —MIFREINERER A IXAEF (Baryon) IR, ER—1HIE
32 KiF, =155 (Quark) Bk, =PETehFI—F, BHesto sTIRXITR.
FRS, BRIZE#BSSIK (Flavor) BB HAZHERIFR. MRRBX=1"EHER
5, MMEABHNEXRTFRETFE Y. XNIURELHE 60 FABZENT A
1—ERAJIE. [ERAVUEETSGIUZSIAE (Color) XNEFH, RAEXTEHE
TMERRRIIFRAVERER, HRIRBILR T PIIZERSELT,

HANTIEREFRFS=RFRF. EERBRRITIEMNET. SEME
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rs 1 1
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6.10 [RFHRIRBEFHETRSE
T2 7T ZERIEEIER, AR FSAEREINEE F S EEHEX T
FBEFRENMES. BAIXPMSHE—EREEAKGFT. £ NEITIET, Bl



FeiE AR N REFE? REITICENIRRINE FRFHINE KR
VBN, SR, VB FRRERER, RIS B IEakn SHES s » FHTie.

FEBNERD, MTEFESo3IREIER LTEBIER T, 1C80EkB. Sk
PMEFHBEIRRSHER (BMERREEER) HIItR, RiE%k 6.2 BIEEE 1T, &
BERTTER R, XTSRRI ERES R EFRT. B
SINAIE e RS TR, a0z, BiB2.

SR EFRIBIRCERNEAR, BE— 1 8heRLL. — 1 BheE T
AR, HRIER 6.2 Rie—17, HaBXMREAH B, o B HARI —HFRT
ZE (Mix 1. 2 RREWBNEF) . RPRETERE_EFRR, B8R
&R — N —4#EEE S —4EAFESREMT O I, HpRE—HESFHRT
FPRIERIF—EHR (B, + apB,)/V2, EE—HIFESRRTNERT—ER
(B2 — azB1)/V2, BHFEFEEREFRMRE, XEMER (a0, BiB2.
(B2 + azB1)/V2. (auBz — azB1)/V2) BXIRL 7 RREEFAR B e O ARTE T
B8 HAPa . BiBa (o4Bs + apBy) V2B —MERBN—HEERTY, B
HEXIFR; (04 B, — 0o By) /V2EE BRI —HAFIESRRI?, BIRRITR. SitFE
Y, IRESAEFRITRE (C-G REEF), A= PNSNIFIN—EES = 1
AGBRE=87, Re—TSXNEES = 0RBIeRES. B IFAESU(2)R
ZHARNORTES—HATAOFRTR. XF, BIefYEBoRIRmNIFRIE: SUR)XS
TRIE. S;XIRRME, FEXASIRRREB RS RmR TR TR E 1. X
HY B BESR D PRI R TR BT SRS U (2)RIFRIES S, RIFRIE.

BENERD, WRMMEFES 1shig, BBAMERNERSL =0. F
RPN FRUBNIEER D IREREY, 1RIER 6.2, AEEIREFIIEITRERTL. X
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N, EEKOETERENERRS REUAREI BN ES, ERFYENES
th, FEEIENIEA SR FEIEEIERRNR, SRR 1L
IR, RERTERSIFRIEITIS, SR TFERLTE 1s HUBRT, AYFRIREEFHE
AL 1SS, tATHISARICH 1S, KEAXNSREL = 03I RIAIIEE FHIE (F
FERFREZ MBS ELER),

ANR—MEBTFAME 1s i, B—MME 2s il iERIBBANILIKA
A, BT A5y, SRR, MREEEBS TR, RARRRSAHE
MABTIATEE . (YrsFOP2s(F) + PrsPos P V2. (P1sF)vbas @) —
Yis ()P () V2, 55 BIRE N BB OSSR RRE T SRR FR R 2

Po BHUEEBDRW1s (V25 () + Pus (s (7)) V28T, RTFEIEIIFR, BbE
IS VRBIRRNIIR, RIABES, SRTRREFR L RRRE 1SS,
TEH 'S, HHUBBD R (15 FOV2s (72) — P1s s (7)) V20T, BTN
R, EIHERR SRR, MU=ES (S =1). SANBSENERS, &
RRREFRS  LRATARER *Sot. S, °si, HEWREH ’S. BESE, 4
S—MEBFAME 1s il B—ME 2s i, AYFINERTFAME s, .

MRE—NE s —NRp S, NERHBBSHLE 1, FAPKITR, BT
Yns Ty SRR, PR EATIERR S B RN AT (¢n5<r1>zpn,p(rz>+
Yns F)Pnp () ) V2. (Vns )W (72) = s F)onp (7)) N2, HBIEE "INE
BRI TR R SAIR R IR MBS R (Vs PP () +
s () (7)) V2R, EETF3RHRIFR , ERERBS LR RIFR, IR,
SATRRRERE S L SRARRRER TP, RS, PP, HEFRICH 1P, &
BB (Vs ) (7o) — Y ()W (7)) V2R, ERTSTHRRRIFR, EAHERBSS 44



IRATHESITR, WM =R (S = 1), SUAFIREERER> " Ly RimReeE *PL.
Pt Cprt. PP CRYL PPL PP CRg. CP, HEMRIEH °P.

PN EEFERLE p &5, TUERZNERBSRILEILIZ 0. 1. 2, AS. P, DX¥IR
e Yup B TSR (Pt Yt Wrp-1) + Yrorp ETIRE SRR (WYt Yo
Yrp-t)o (BHEES = n'En = W HANEREF.

Zn = n'BY, FIRRREERIRES : Y (D Vnpt (2) Wnpt () Ppp0 (7).
Yt F)Wnp-1(Fa) e Yrpo G )Wnpt () Winpo FWpo ()« Yo ()1 (7).«
Ynp=1t () Wnpt ()« Wip=1 (P Yo ()« Yrp-1 (P Yp-1 G TLFR (3 3 3).
Yt P)Wnpt (72) 0 Yrpo F)Wnpo (o) Wip-1 (7)1 () =R BRI FHIEER]
BIER, XK 6.2 REEETIT, R EREE—EXNTRIESERT. ™
Yt F)Wnpo o)« Wpt FWp-1 (7). Wino FWpt ()« Yo ()1 (7).«
Y=t FDppr () Y1 P W0 (R)7SFRABAREER, 1RIERFERAN
55K 6.2, Yupr (F)Ynpo () S50 G )Wpr G TR — N N BB R
B EF, (Yt F)Yngo () + Pt ()hnps (7)) /N IR — AT AIESHERIER
T, (Vnpt () Wnpo (o) = W o thypo (7)) ) /N2 ARE—HE R AT TSR R IS PR
T o Pnpt@DPnp1(2) 5 Yup 1)U (15) o Yo (P)Ypp1 (1) 5
PYp=1 P Y0 () D BIFEBRE —M BB R ANER SafIZEI. B
BIRBEAE EERIFREAIER Y 9 45758, S T4MTTE, FJEIB N
MEE (3 MEEBRAIFHNENER, 3 MNMMEBERFHENER) AT
MA—HEFEATLIRT, = MEE (BEAESRAFHNERER) ABRHIRR
TR — A FEEA R ARTR. EEUTRENER ARG EREIRE.

I _EIARGNE , Fefi TeT AR RS I B IR B AN A 2R SR IEIR R EY
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HORZRS. 1B SEHERD RN RE I BB R TR RO RRETT R
SO (3) BTSRRI, EAE i B B MR BRI AR R SR R0t S BRSO (3) B
HORSTRYE, HIEBEBT LR, BATS, M
1 WL =2,M = 2) = 0 )ty ()
2. WL =2,M = 1) = (Yp0 F) Wt (72) + Y )0 (7)) /N2
3. ¥(L=2,M=0)

= (2010 G0 (o) + (Yt G)onp (o) + Prpos B (7)) | /Y6
4 WL =2,M = =1) = (Yo FO)Prp-r (F2) + Pyt (B0 (7)) /2
5. W(L=2,M = =2) = thp1 (7)1 (72)
AR —YEIERIMES R NER, SRRSO BINASRTAET,
RIRIL = 2, AEDHIE, BRTXAMEE, FTFOMA RS, =1
1w =1,M = 1) = (Y0 ()0 () = Yt G () ) /V2
2. WL =1,M = 0) = (Yupr ()Vnps (7o) = Yrpms G (7)) /V2
30 WL = 1,M = —1) = (Y0 ) hypt (7o) = Prpmr GOV (7)) /V2
N BIRBERITRETTS, B SR RIFRIHESR. HS0(3)BNITR
WS, RESHATLER, WL =1, BHREPHE, BEN— EE:
1. Y(L=0,M = 0)

= — [Vp0 FOWrpo (B2) = (Wt )Wt () + s B (72) )| /3

MBS, AR FMBERRS. HS0() BRI
=, RR—HERTUFER, WL = 0, AESHIE, SRS RREEES,
A MBERHE N EIREES,. SO(3)HTT IIFRLALLIE,

WERHENES D S B Gk, SMERDTREYL =0,M =0), 1B



FRRSHAT, EHEERS RALEAIR I FRIISETRS, W RIFRNREEF S LYK
FRREEE 159, HMEMARY (L=1M =0, +1), HHEPTA, EHEHS
RELEAIERIMRI =R, XIRIPRR AR LY RARIRAR 2P, °PYy.
PL. CRet. PRg. P OCPIt. PPl CP, HEMRISH °P. MBS R
w(L=2M=0 +1, +2), OHEDFAS, ENEMRSREETIRIITRAGE
B, MRFRKEREFE " Ly RAmRFE '%,. D%, 'D§. 'D). 'DY,
FFRCH D,
RS = W', SIS EE (n = 02, FREGEFK 9 4
HiiFn = v, ST BIREITE 9 MEE (3L184), BINTIS, MEET
BT 9 MEEMIEELL, BRI SRR RIS, LAL = 2601
RSB, FEAMERE) 5 MEBSSHRIFRIER, T 10 MRS SRR
BEIRRIIFRIERE, Hob:
1 WL = 2,M = 2) = (Yt GO)Prpr () + P Gt (7)) /V2
2. WS(L=2,M =1)
= (Vrp0 PPt (72) + Wt ) (7)) /2
+ (Yrp0 P (7D + W o () /2
3. WS(L=2,M =0)
= {200 FOPrpo ) + (Wt G Wrps (7) + s W () )|
+ [ 200 R o (1)
+ (Ynpt G () + Yt G ()|} /243

4. WS(L=2,M =—-1)
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= (Yo F) W1 (F) + s ) () ) /2
+ (W0 ()Wt (72) + W1 (P ) o (7)) /2
5. WL =2,M = =2) = (Yrpt GO)Prrps () + Yrups G )ty (7)) /2
REREBSO)BHIL = 2 AR, B NARIIFR, m:
1 WAL = 2,M = 2) = (Yt )WY (F2) = Yt G) i () ) V2
2. Y3(L=2,M=1)
= (Prpo FOPp (o) + Pt GO0 () ) /2
= (Yo G2t () + g o (7)) /2
3. Wa3(L =2,M = 0)
= {[20p0 G0 (o) + (Wt )W (Bo) + Wt G () )|
— (2050 Do ()
+ (Yt G () + Yops G (7)) |} /243
4. YL =2,M =—-1)
= (Vrpo F)Wrp2 (o) + Yrps F) o (7)) /2
— (Wrpo B W1 (1) + Y1 R0 (7)) /2
5. WAL =2,M = =2) = (Yps G )Wps () = Yrapms )Wy () /2
FERGSO(BIMIL = 2R ATAR TS HIRERT, RS BRI — 4 FES S
ROSFRER, XHINE, S RAERAR SR ES A S, XS
MESEAEAT. L=1. L= ORISR
BT, RSN R RRUEHE T, A IsAT s
TRFHASHIFIE

R (RTEEE) & SN RESITRIS




o (—4E) S, =1 Iy
BR (—4) =1 i
af () 5=0 e
s? L=0 rs 1g
1s2s L=0 [Ferd 1S\ 3G
sp L=1 Ferd 1p_ 3p
p?(n =n') L=0 s 1g
p?(n=n') L=1 ra 3p
p?(n=n') L=2 s 1p
p?(n #n') L=20 rrery 15 3g
p*(n#n') L=1 r;er 1p  3p
p*(n#n') L=2 rFer 1p. 3p

% 6.3 WHFARRZIRRIITRE
BEHMSEHERETFRENHMRRERER, BTRESLR. RIEX S
. BAINIZANERME R F—ME R RS, BXIFREDITERE, B

FAEER,
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HE) 3{a. B. ¢} | 2{p. E}
> WRE) (1, 2) @), | (1, 2. 3).
(2, 3) 1) . (1, 3, 2)
(3, 1)@.
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% 6.4 = EREIHIERE
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WO MERREMRE=@RMEN, BEFLE 3. (1, 2)O) &
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FHER R 0, BAXE—NEIAFRR, ERLAMEA: IF O,
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R 24 MEE., X2, EA2L, Q@ LAY, X 24 MIBTSENEERE
RN A LA E B =RRERERY. B8RS = 1/2098ENES. X1
ARy RARRANE, FHE %S,

ZHTFHRRNEEWE, S0 BIE LM E BRI FROIFRIALN T

wE & IS AN RESIFRIS




1 1 I

5. +5) | eSS = 2

2 "2 2

3 3 s

£.+2) | s = 2 i

2 "2 2

3 L=20 Iy

1s22s L=0 er, 2g
s?p L=1 [Sr, 2p
sp? L=0 [ ®r, 2g
sp? L=1 2T, 2p  4p
sp? L=2 ISr, 2p

% 6.5 =—ETFRRRBRIIFRES
BEZBEFER, UERBRENGEDT, FERRNEREHTIIIRER. BSER
i55% Dresselhaus PAIARISE 17 &, FANXBARIAEXS FHEAIR9H N E
4, BBmEIMRS.

SE Nk

[1] E. Noether "/nvariante Variationsprobleme". Nachrichten von der
Gesellschaft der Wissenschaften zu Gottingen, Mathematisch-
Physikalische Klasse 1918, 235-257 (1918)

(http://gdz.sub.uni-

338


http://gdz.sub.uni-goettingen.de/dms/load/img/?PPN=GDZPPN00250510X&IDDOC=63716

goettingen.de/dms/load/img/?PPN=GDZPPN00250510X&IDDOC=63716)

[2] E. P. Wigner, Gruppentheorie und ihre Anwendung auf die Quanten
mechanik der Atomspektren (in German). Braunschweig, Germany:
Friedrich Vieweg und Sohn. page 251-254 (1931)

[3] E. P. Wigner, E. P. Group Theory and its Application to the Quantum
Mechanics of Atomic Spectra. translation from German by J. J. Griffin.
New York: Academic Press. page 233-236, ISBN 978-0-1275-0550-3
(1959)

[4] H. Weyl, The Theory of Groups and Quantum Mechanics, Dover
Publications, New York (1950)

(Note: In 1929 Hermann Weyl's The theory of groups and quantum
mechanics was published in German. A second German edition of the
work was published by Hirzel in Leipzig in 1931. An English translation of
the book was published by Dover Publications, New York, in 1950)

[5] M. S. Dresselhaus, G. Dresselhaus, A. Jorio, Group Theory: Applications
to the Physics of Condensed Matter. Springer

[6] #HEE. sitM, Ahe, JbREARFHhMAt

[7] EER), BHEHNK, KRR

[8] TRBEEE. WX, FHEREHEIAYEEFAIAE, SFHE BRT

[9] ZhongQi Ma, Group Theory for Physicists, World Scientific

[10] SR, YEEZFRIFHE, REFHRMT

[11] Wu-Ki Tung, Group Theory in Physics, 1HEIZED


http://gdz.sub.uni-goettingen.de/dms/load/img/?PPN=GDZPPN00250510X&IDDOC=63716
https://en.wikipedia.org/wiki/Eugene_Wigner
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-1275-0550-3

[12] F. Albert Cotton, Chemical Applications of Group Theory, John
Willey&Sons. Inc

[13] BInE, YEZFAIFHE, SFHE LML

[14] skimfA. Z/\NI. (8%, WFEHE, R HRT

(1518038, ABAEHIRIXIHEE, RIRHARE

[16] BiES, EFA0F ®=FHhktt

[17] S. Sternberg, Group theory and physics, Cambridge (HHAREBHRA
G))

[18] P. B. Miranda and Y. R. Shen, Liquid interfaces: A study by sum-
frequency vibrational spectroscopy, J. Phys. Chem. B 103, 3292 (1999)
[19] Z. Chen, Y. R. Shen, and G. A. Somorjai, Studies of polymer surfaces
by sum frequency generation vibrational spectroscopy, Annu. Rev. Phys.
Chem. 53, 437 (2002)

[20] R. Zhang, Y. Zhang, Z. C. Dong, S. Jing, C. Zhang, L. G. Chen, L. Zhang,
Y. Liao, J. Aizpurua, Y. Luo, J. L. Yang, and J. G. Hou, Chemical mapping of
a single molecule by plasmon-enhanced Raman scattering, Nature 498,
82 (2013)

[21]Y.Zhang, Y. Luo, Y. Zhang, Y. J. Yu, Y. M. Kuang, L. Zhang, Q. S. Meng,
Y. Luo, J. L. Yang, Z. C. Dong, and J. G. Hou, Visualizing coherent
intermolecular dipole-dipole coupling in real space, Nature 531, 623
(2016)

[22] G. F. Koster, J. O. Dimmock, R. G. Wheeler, and H. Statz, Properties of

340


http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=8&SID=3CcyclUVau4WrXQmSNk&page=1&doc=3
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=8&SID=3CcyclUVau4WrXQmSNk&page=1&doc=3

the thirty-two point groups, MIT press, Cambridge, 1964

[23] S. C. Miller and W. H. Love, Tables of irreducible representations of
space groups and co-representations of magnetic space groups, Pruett
press, Denver, 1967

[24] http://www.cryst.ehu.es/ Bilbao Crystallographic Server, University of

the Basque Country, Bilbao, Basque Country, Spain
[25] Oleksandr Ney, Magnetism and dynamics of oxide interfaces
(electronic theory), Dissertation (i.e. Ph.D Thesis), Martin-Luther-

University Halle-Wittenberg, 2003, https://sundoc.bibliothek.uni-

halle.de/diss-online/03/04H047/



http://www.cryst.ehu.es/
https://sundoc.bibliothek.uni-halle.de/diss-online/03/04H047/
https://sundoc.bibliothek.uni-halle.de/diss-online/03/04H047/

iz A RIFSEFRSHIIIRR

XEBDEATRBRRDRGH 32 FRRAREIWFIEIRR. FEIERIRA
RIREAFN AT LRTANRRT, FA IR ART 2 FHIIRMRIEE BamRAN,
A, BRRF—EAARR, EFRF_M, TERR=H. WTFELREE, tha
C3. Csv Cs. Cou Can. Cane Cshe Cone Siv Se THF, BlIRFERN—HER
TAEALEAFMAVIER. BHER, (MUKIEX L REFRIRIFRELIR Burnside
T, R PMAATYURTAYNMESAEF IRERERENEH). B
RHTXAN—4RMAERREXAF ), SRSEFERESRIEXIFRIERIRT R,
B SRS FRIEER EN R EF . AR GOXAEHF AR REIFRIEERAY,
REHMIRS A SRS FRIEERAY. TR SRS FRIEER S SERRAFERI E TR
ARPEE, EXEAWHIERRT (BFE S ERT LA BRI AR 4HERRT)
MIEBIMRHEE(IME—R, BT%HRR B &R, BFEA—Ea0TeR
4.8 TIEEREERD . XERTHWHIERREES % Dresselhaus RIEBHLAN THIX

N http:/www.webgc.org/symmetry.php

=RER (S C)

S,(1) E I
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http://www.webqc.org/symmetry.php

1 1
X2, y2\ Z°, Xy. XZ. yZ Ry. Ry. R, Ag
A 1 -1
X, Y. Z v
Ci(D) E
A 1
%ﬁﬂ-g (Czh\ CZ\ Clh) .
Czn(2/m) E C, Oh I
R 1 1 1 1
Xzs yzx Zzs Xy z Ag
Z Ay 1 1 -1 -1
1 -1 -1 1
YZ. XZ Ry. Ry Bg
B 1 -1 1 -1
X,y u
C,(2) E C,
A
X%, y2. 7% xy R,. z
B
XZ‘ yZ Xs y~ RXs Ry
Cin(m)
AI
X%, y2. z2, xy Ro,o Xy
AII
XZ, VZ R4, Ry\ zZ

IERZR (Dap. Dy Cyy)



P75 E ( Dan. C4o Ssv Dao Cyyn Cane Dag)

344

Dzh(Z/mZ/m Z/m) = D2®SZ E CZZ C2y CZX I ICZZ ICZy IC
2X
2.y g2 Ag 1 1 1 1 1 1 1 1
Xy Ry Big 1 1 -1 -1 1 1 -1 -1
Xz Ry | Byg 1 -1 1 -1 1 ~1 1 -1
yz R, | Bag 1 -1 | -1 1 1 -1 | -1 1
XyZ Ay 1 1 1 1 -1 -1 -1 -1
X B 1 1 -1 -1 -1 -1 1 1
Z3\ Z(XZ_YZ) 1u
B 1 -1 1 -1 -1 1 -1 1
yz2, y@3—y?) | 7 o
y/ B 1 -1 -1 1 -1 1 1 -1
xz?, x(x? — 3y?) 3u
D,(222) E Cy, C Cox
2y
A 1 1 1 1
x2, y2. z2 1
Xy B, 1 1 -1 -1
R,. z
XZ B 1 -1 1 -1
Ry, X 2
yz B3 1 -1 -1 1
Ry y
Cyy(2mm) E C, Oy Oy
Z A 1 1 1 1
x2, y2. 72 1
Xy R, A, 1 1 -1 -1
XZ B 1 -1 1 -1
Ry X 1
yz B, 1 -1 -1 1
Ry\ y




(XZZ\ yzz)

(R ®,)

(2A, U (x y)nfl, RERLRGESHEEFRIER, B4R
AFCREFE, XIRA 4R, TERREREREIE, )

D4n(4/mmm) = D,®S, 2c | ¢z | 2c 2c® 1 |21ch | 1c; | 21c(P| 21c®?
X2 4y2. 22 Aig 1 1 1 1 1 1 1 1 1
R, Azg 1 1 -1 | -1 1 1 1 -1 -1
x? —y? Big -1 1 1 -1 1 -1 1 1 -1
Xy Byg -1 1 -1 1 1 -1 1 -1 1
Eg 0 -2 0 0 2 0 -2 0 0
(xz\ yz) R,.
Ry
Ay 1 |1 |1 |1 |=1]|=-1]|-1]-1]=1
23 7 | Ay 11 |-1|-1|-1|-1]-1]1 1
Xyz By, 1|1 |1 |-1]-1|1|-1]-1]1
z(x%? —y?) B,y -1 |1 |-1|1 -1 1 -1 1 -1
E 0 -2 0 0 -2 0 2 0 0
(XZZ\ yzz) (x\ y) "
(x(x2 —3y?). )
y(3x* —y?)
Ci(4) Cs C3 C3
A 1 1 1
x? +y?, z? R,. z
B -1 1 -1
X2 —y2. xy
E i -1 —i
) | )
—i -1 i




S.(4) C3 IC} IC3

x* +y?, z* Ra A ! ! '

Z B 1 -1 -1

E -1 i —i

(oov) | (s
-1 —i i
(XZZ\ yzz) (Rx\ Ry)
2 1
D4(422) Ci | 2G4 2cV | 2¢@
2 4yP 22 A, 1 1 1 1
A 1 1 -1 -1
R,. z 2
X2 — y2 B, 1 -1 1 -1
Xy B, 1 -1 -1 1
E -2 0 0 0
) | (o)
(R« Ry)
C4y(4mm) c2 2C3 20, | 204

2 4yP 22 z A, 1 1 1 1
R, A, 1 1 -1 | -1
X2 — y? B, 1 1 1 1
Xy B, 1 -1 -1 1
E -2 0 0 0

(. v

(x5
(v )
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C4n(4/m) = C,®S; E Ci 3 c3 I IC; Oh Ic3
4
2+ yz 2 R, Ag 1 1 1 1 1 1 1 1
B 1 -1 1 -1 1 -1 1 -1
%2 — y2\ Xy g
E 1 I -1 —i 1 i -1 —i
(xz\ yz) (Ry\ RZ) &
1 —i -1 i 1 —i -1 i
A v/ A, 1 1 1 1 -1 -1 -1 -1
B 1 -1 1 -1 -1 1 -1 1
xyz, z(x* —y?) !
E 1 I -1 —i -1 —i 1 i
(XZZ\ yzz) (Xs y) u ! ! !
1 —i -1 i -1 i 1 —i

D,4(42m) E C, 25, chl) 204
X2 4y 22 A, 1 1 1 1 1
R, A, 1 1 1 -1 -1
x% — y? B, 1 1 -1 1 -1
Xy Z B, 1 1 -1 -1 1
(xzs yz) (X\ y) E 2 -2 0 0 0
(R Ry)




=73%& ( Dza. Se. Cs. Csy. D3) :

Daq(3m) E | 2¢; | 3C, I 21C, | 3IC,
1 1 1 1 1 1
x% +y?, z? Ag
R, Ang 1 1 —1 1 1 —1
2 1 0 2 -1 0
(XZ\ YZ) (Rx~ Ry) g
(Xz —y2, Xy)
A | 1 1 1 -1 | -1 -1
z Ay | 1 1 -1 | -1 | -1 1
E 2 -1 0 -2 1 0
(xy) | ™
S¢(3) E Cs C3 I IC; | IC3
x? +y? z? Rz Ag ! ' ' ' ' '
1 * 1 )
(xz 2 xy) (Rx~ E, 3 € 3 €
1 e € 1 e €
(xzs yz) Ry)
YA A 1 1 1 -1 -1 -1
2%, x(x* - 3y?) !
3 * _
yA (X\ y) Eu 1 € t 1 - 'S*
(XZ‘ yZ) 1 8* & -1 -g* -
(LE3Re = exp(2mi/3))
C1(3) E Cs C3
A 1 1 1
x? +y?, z? R,. z
E 1 € e
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(. )

(XZ—yZ\ Xy) (RX\ Ry)
C3y(3m) 2C; 30,
2 +y?. 72 Z Aq 1 1
R, A, 1 —1
) (v) " R
(XZ\ yz) (RX\ Ry)
D3(32) 2C3 3C,
4 y?. 22 Ay 1 1
R, 2 A, 1 -1
R () | Sk

(s )




/‘_\%g ( D6h\ C6\ C3h\

Coen~ Cev. Dg. D3p) :

622 E | C, | 2¢4 2¢4 3¢V 3¢ 1 | IC,| 21C,| 21C4 | 31cY | 31c?
Den(—=——) = Ds®S,
mmim
2y, g Ag |1 |11 ]1]1 |1 |1]1]1]1] 1 1
R, |Ag |1 |1 |1 |1|-1|-1]1|1]|1 | 1] -1]-1
Big |1 |-1/1 |-1] 1 [-1 |1 |-1| 1 |-1| 1 | -1
Byg |1 | =11 [-1|-1| 1 |1 |-1] 1 |-1| -1 | 1
Eg |2 |-2/-1/1]0 |0 [2]|-2/-1| 1] o0 0
o) | ()
Ry
Esg |2 |2 |-1/-1| 0 |0 [2]|2|-1|-1] 0 0
(Xz_},z\ Xy) 2g
A |1 |1 111 |1 |[=1]-1-1]-1|-1 | -1
2z |Ap |1 |1 |11 ]=1]=1|-1]-1-1]-1]| 1 1
Biu |1 |11 |-1] 1 | -1 |11 [-1] 1 | -1 | 1
Bp |1 |11 |=1| -1 |1 |[=1/1|-1] 1| 1 | -1
B |2 |=2|-1|1]0 [0 |=2/2 |1 |-1] 0 0
(x )
Bau |2 |2 |=1|=1] 0 | 0 |=2|-2[ 1 | 1| o 0
Ce(6) E Ce Cs C, C3 Ce
A 1 1 1 1 1 1
X2 +y?, 72 R,. 7
B 1 -1 1 -1 1 -1
E’ 1 £ g2 g3 et €
o) | ()
1 g5 gt &3 g £
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(RX\ Ry)
" 1 2 1 2
(Xz—yZ\ Xy) E € €
1 et 1 et
(LFd: e =el21/6)
C3n(Ss3) E Cs Oh S3 thg
A 1 1 1 1
x? +y?, z* R,. z
B 1 1 -1 -1
E’ 1 € 1 €
(o) (e
1 g2 1 g2
E" 1 € -1 —€ —&
(XZ\ yz) (RX\ Ry)
1 g2 1 —g2
(L = 2m/3)
oy Agl1 1111 |1 |11 |1 ]1]1]1
B
11 |1-111 - 1 -1 1 -1 1 -1 1 -1
1
E 2 | 3| .4 5 2 3 4 5
(XZ\ yz) (Rx, Ry) g 4 | €| €] ¢ e | ] ¢ |¢ > € £
1 e et |3 e | ¢ 1 e | et | | e | ¢
E 2| 4 2 4 2 4 2 4
(XZ—YZ\ Xy) 26 1 €| | € e ] € 1 |¢ €
4| .2 4 2 4 2 4 2
T e | |¢ € 1 |¢ €
Z S AT T T T N (N O T T O A B
Balgfal o1 a1 a1 ]]1
1




(x\ y) Bl 4 e 1| -e |-g? | -3 |-g* | €S
1 et & 11| -g5 | gt | -3 | -e2 | ¢
(x\ y) Eaul 4 € e’ -1 -2 |-t | -1 |-g2 | -¢*
1 & € et |2 | 1 | et | g2
(£ e = e2n/o)
Cey (6mm) E | ¢, | 2¢, | 2¢¢ | 304 | 30,
X2 4y, 72 z T T T O T A
Rl 2l 0 11 1|1 ] 1| -
Bulog a1 | 1]
S I T B B T I T A R
(xz. yz) (xy) |l 2]-2]11]0]o0
(v )
(- y2. xy) B2l ol 2 a]a]o]lo0
De(622) E G| 26| 26 | pem ] 300
X2 4y, 72 S N T T R O O T A
Rez | M| 1| 111 |1
Bulog a1 1|
Balq a1 1]
(xz\ yz) (x\ y) Erl 2 | -1 1 0 0
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(XZ —y2. xy) 2 -1 -1 0 0
D3, (6m2) = D; Q@ o o, | 2C3 | 2S3 | 3C, | 30,

2 +y?. 72 Ay O T I A
R, Az 10111 | 1] -1

Ay T T I AT

z Ay a1 1] 1]

E

(XZ —y? Xy) (X\ y) ! 2 -1 -1 0 0
(XZ\ yz) (RX‘ Ry) Ez -2 -1 1 0 0




MFE (Op T, O Ty Tg) -

0y,(4/m32/m) = 0®S, E |3C2|6C, |6C,|8C| 1 |3IC2|6IC,| 61C,| 8IC,
X4yt et Ag (T T T T I T IO T O O O T O
Aag T -1 |11 [ 1 1 |-1]-1]1
(222 - x2 B lol2lolo|-<1l2]2 00 |-1
AN —yz)
(R Ry Be 3 a1 (o3 11|10
Rz)
(x. v. 2) e 34|10 |3 [a]-1]1]o0
A /T T T A T [ T O R
z Azu Tl a1
Balol2 oo |1]2|2]0]o0]1
(x. v. 2) Tuls g1 |alo |31 ]1]1]o0
Tl g a1 o311 ]a]o0
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T(23) 3C, | 4C, 4C}
x? +y? +z? 1 1 1
(x2 2. 27 1 & e*
-x* - yz) 1 e E
(yz\ ZX, xy) (Rx\ Ry. RZ) -1 0 0
(x. y. 2)
(LR e =el?m/3)
0(432) 8C, | 3¢2 | 6C, | 6C,
Kyt A 101 |1
Az 11 | 1| -
(2 -y, 222 E 1020 |0
_ 2 y2)
(RX\ Ry. Rz) T 0 1] - 1
(x5, 2)
(xy\ yZ. ZX) Tz 0 -1 1 -1




T, (2/m3) = T®S, 3C, | 4C5 | 4C, | 1 |3IC, | 4IC, | 4IC,
Xyt 2l S T T A T R A T O T A T I
(2 -y 22 N T T I I T T L
—xt —y?) (T A L T R L
(yz\ ZX. xy) (RX\ Ry. e | 3 -1 0 0 3 -1 0 0
RZ)
S T T A T N T R ([ B T [
T T T L L T I R (e
1Tl [ E e aal]e| -
(yoz) |3 [-1]0 |0 |3[1]0]o0
(ke &= e2md)
Ty(43m) E | 8C; | 3C, | 604 | 6S,
X2 +y2, 72 A 1 1 1 1
Az g 1 1| -1 | -1
(2-y2 222 - El 2 ] 2 0 0
)
(vz. zx. xy) | (R Rye Ry) holos 0 -1 -1 1
(xyoz) | 2] 3 0 | -1 0 | -1
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Bzt B ZEIEIRFRiSER

AMREMNB=FET FRITICHRTARFRIBRANFANE, LK 230

M AR R RS RSB AR R BE2S,

a5 i FHSHET SSRGS | fmsEE
=34 2 s |1 = >
sy 3 2 s 6
(Cor Cone Can) ||
ERR 3 4 1IERZ 12

IR, XERNZRRERERE, FERR, BATICHRTEH



020 Cowr D) |(1 [0 (1
B
iy} 7(C4e Sge Cype |2 Uty) 14
Dy. Cav. Dan ;f ﬂ
D24)
=5 5 1 =5 5
Trigonal (C3. D3, Dsq (ﬂ Rhombohe
Se. Cay) dral
1 5
v
NP 7(Cev Cane Cons | [/
Hexagonal |7
Hexagonal | Dg. Dsp. Ceye
Den)
AVl 5 3 AYAa] 15
m o, |0 (]
Th. Op) =7
7 7 3£ 32 7 3£ 14 F H 77 + 66
ARSI ERERNFANBe? #E EEINEIELSTH 66 MiESEF, LR

A= =]

LR 737, BANCSRACIHXLE,

73 MEERERE, —RRESERAS 2 1. BREKSRES 6 . [EXXRRK

RES 137, WARSERSS 16 M. ENRERES 5. NBRERES

16 ¥, ISISERERSS 15 7. MR EE, H(INEENTERAGSHID

PHlE: EXBERFSH 110, WHRERESH 27, 7NBRERESH 4
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.

Hep, [EXBERSS HI—IPRC,, ARESEHOREEGRIR, AEFR
A—HF, TIR=M, BC, AITRIEEEEFFNEFN, RERTLAHMIEIRER.
XHFIERRRIER ST RRTARACSEE 3T 401, FH 137,

PU75 BAS R S S HAIMIED, « SEER., MOREESHIR, EESER
[REJE (EHFoEN R SR SERMER. XESEHIERRERSH
EERSERRI MR 7 200 2, F 16 7,

NEREBRFENERSER. BRASHR, =ZSRATE 5 fHERTE
B, NRRRIE 7 MERTERE, 128, ZHNUMSRIE: =hRRT
AID, iiE/K A 2 RAAIEENEZSTM 1 7, G KIBER S AN ERIENS
Sk 17, =HREATHDMKIEEEARRIRSE (EwFRENTIRM) &
BTk 1 7, LARZNBERERTPRID ), IEE R D AHAI R AN Sk —
M.

BEFEIXE, RRERFHTS. REAARTEESIXTREEERREN
BRMEANBTE Y. 230 ARk, EEBEREET. REFHbA)
HSEKFEET! NERRIBE, KFMEMEFMARSEE Bilbao RIAFMIRS
frL, ASAHALLT.



Bz C RS EBFRINEFRIISIIITR

KM RARAIERE EBR[22]AIE BRLAR SCRR[S] (1E5U/Z Dresselhaus ##4)
RUBSR D20, FORR A KM, BAIERRBRETIE. BT 5221,
ERTREENEFIATLRTHIRHR, F(IABEMR A BPESRA AL B, E.
TiXERFS, MEXRAIINTFRYSE.

HE X aUHERRBRIERRE SR I FImRREfE T, BRIERREZIR

29 HepR[SIRTMR D EESERIEHR22] 53HR[23].
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ERINRRERT. X8, ATHHNERPREoENTIe—E, TS ER
HRE. MTHATELRK, ATEXE, R EREIR. el

BIFIRER:S; =1C;1. S35 =1C,. S, = 1C; 1, S;1 =1C,. Sg = 1C31. Sz =1C5,

1. =R&E (s, ¢7) -

S? E I E El
r 1 1 1 1

vy 1 -1 1 -1
ot 1 1 -1 -1
Iy 1 -1 -1 1

cP E E

I 1 1

I, 1 -1

2. BRR (Ch. CQ. C) :

c E C, Oh I E EC, Eoy El
I 1 1 1 1 1 1 1 1
Iy 1 1 -1 -1 1 1 -1 -1
I 1 -1 -1 1 1 -1 -1 1
Py 1 -1 1 -1 1 -1 1 -1
r 1 1 -1 -1 -1 -1
Iy 1 1 -1 -1 -1 -1 1 1
rt 1 -1 -1 1 -1 1 1 -1
Iy 1 -1 1 -1 -1 -1 1
cP E C, E EC,




cD, E Oh E Eoy,
I, 1 1 1
L, 1 -1 1 -1
I 1 1 -1 -1
I, 1 -1 -1
3. IERZHK (Di,. D7, C3,
D, | E | E | {Cxp | {Coy | {Cix I | EI | {IC;, | {ICy | {ICx
ECy,} | ECyy} | By [EC,,} | IECyy} | IECyy)
I 1 1 1 1 1 1 1 1 1 1
| 1 1 -1 1 -1 1 1 -1 1 -1
I‘3+ 1 1 1 -1 -1 1 1 1 -1 -1
I}t 1 1 -1 -1 1 1 1 -1 -1 1
I 1 1 1 1 1 -1 -1 -1 -1 -1
Iy 1 1 -1 1 -1 -1 -1 1 -1 1
Iy 1 1 1 -1 -1 -1 -1 -1 1 1
I, 1 1 -1 -1 1 -1 -1 1 1 -1
I 2 -2 0 2 -2 0
s 2 -2 0 0 -2 2 0
D? E E _ _ _
{Coze ECop} | {Coyn ECyy} | {Cox. ECyyd
Gl B E e R | o ol | oy, To
I, 1 1 1 1 1
I, 1 1 -1 1 -1
Iy 1 1 1 -1 -1
I, 1 1 -1 -1 1
I 2 -2 0 0 0

4. P95Z ( DD, cP. sP. pP. 2. cP. DY,
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DY, | E| E 2t |28t | (G e | @c® | 1 | B | 21c} | 2Eicd | aci | qzict? | aic®
EC3} | 28c(V} | 2EC} IEC3} | 2E1c{V} | 2E1c}

1] 1] 1 1 1 1 1 1 (1] 1 1 1 1 1
N1 1] 1 1 1 -1 -1 | 1|1 1 1 1 ~1 -1
1] 1] -1]-1]1 1 -1 | 1|1 -1] -1 1 1 -1
Fl1| 1] -1]-1]1 -1 1 1 (1] -1]-1] 1 ~1 1
IF 1221 0 0 | -2 0 0 2121 0 0 | =2 0 0
1] 1 1 1 1 1 |-1|-1| -1 -1 | -1]| -1 -1
|1 1] 1 1 1 -1 -1 |-1|-1| -1 | -1 | -1 1 1
ry (11| -1]-1]1 1 -1 |-1|-1 1 | -1 | -1 1
|1 1] -1]-1] 1 -1 1 | -1|-1 1 | -1 1 -1
Il |2 2] 0 0 | -2 0 0 |-2]|-2 0 2 0
I | 2] -2 AR 0 2 =2 5| _p
ryo|2|-2| vzl 0 0 0 2 |=2|_5| y3 | O 0 0
5 12|-2] 5 |_yz| O 0 0 |=2|2|_5| 5|0 0 0
2| =2|_5] 5| 0 0 0 |=2| 2| 5| _pz| 0 0 0

cP E E Cy EC, C3 EC? c3 EC3

S? E E IC, EIC, C3 EC2 IC3 EIC3

I, 1 1 1 1 1 1 1 1

T, 1 1 -1 -1 1 1 -1 -1

Iy 1 1 I I -1 -1 —i —i

T, 1 1 —i —i -1 -1 I I

Is 1 -1 o) —w i —i -3 Q

Ty 1 -1 -3 w3 —i i Q -3

I, 1 -1 - w i —i w3 -

Iy 1 -1 w3 -3 —i i - w3

FERAw = exp[mi/4].




D T = 2
Dy E E 2Cy 2EC, _{C4 {ZCS) {chz)
EC3}
2ECM} | 2EC?)
ch E E 2C, 2EC, {c2 {20, {204
T2
EC4) 2Ec,} | 2Eog4}
DY, E E 21C3 2EIC3 {C3 2c® {204
EC4} ZEO'd}
2Ec(M}
I7 1 1 1 1 1 1 1
[, 1 1 1 1 1 -1 -1
r, 1 1 —1 —1 1 1 —1
r, 1 1 1 1 1 1 1
I 2 2 0 0 —2 0
Te 2 -2 5 | v 0
I 2 -2
; 5 " 0 0 0
COIE|E | Cy |EC,|C3|ECH C3 |EC3| I |EI|IC, |EICY on | Eayl IC3 | EICS
1111 1 111 1 1 |11 1 1 /1)1 1 1
1|1 |-1|(-1}1|1|-1|-1|1]1|-1]-1]|1 -1| -1
GFl1]1 i i |- —-1|—=-i|=-i]1]1 i i | =1 =1 =i | —i
A1) 1| —i|—i|=1-1| 1 i 1|1 —=i|—=1i|-1-1| I i
I1]1] 1 1 111 1 1 |-1-1-1|-1|-1-1-1]|-1
L1 1{-1|{-1r111|-1|-1(-1 -1 1 1 |-1-1| 1 1
|11 i i | -1 -1 =] —=i|-1-1 —-i|—-i|1 i i
Iy (1)1 —=i|—=i|—-1—-1] i i | =1 =1 1 i 1 —i | —i
IfF1-1 o |~w|i|-i|-0w|1|-1 Q|- |-i|l-0}
IF1-1-o0jwd|-i|i | Q |-l |[-1l-0]jod|-ili|ow|-o
Il -1l-w|l o |i|l-i|od|-0]l|-1-0| o |]|-i|w®|-wj
1 -1w|-0d-ili |-0o|] o |1|-1o|-w]-i]i|-o| o




3 m_ | 3
T3] 3]
w | 3|3
3 T| 7183
— __l — ._l
=] 7]~
3| 3]
B3I T|T]3
3w 3
T3S 1]
[ |
[ |
RRNEN
w | 3] 3
3[ 7|73
3 w | 3
1S 3]
._1 — ._1 —
T =T
3| '3
T3] 3] ]
3| 3|
BIT|7]3
i | v -
RRNEN
— — | —
o) pof g g

FERAw = exp[mi/4].,

DY) :

3vs

D
3C,

C

D
3

% (DY, S2. C

5.

3EIC,

3IC,

—w?

2
3

2EIC

—w

21C2

-1

EI

-1

[

-1

-1

3EC,

—Ww

—Ww

—Ww

—W

—W

—w?

2EC,

—w

—w

2C,

-1
-1

—W

E

-1
-1

E

1
1

D
D34

Iy
Ie




EZRFw = exp[ni/3].

c? E E Cs EC, (oF; EC2
Iy 1 1 1 1 1 1
I, 1 1 w? w? —w —w
I3 1 1 —w —w w? w?
T, 1 -1 w —w —w? w?
Is 1 -1 —w? w? o —w
[ 1 -1 -1 1 -1 1
FERAw = exp[mi/3].
D2 E E 2C5 2EC; 3¢ 3
(o E E 2C; 2EC, 30, 3Eo,
Iy 1 1 1 1 1 1
I, 1 1 1 1 -1 -1
I, 2 2 ~1 ~1 0
r, 2 —2 1 —1 0
e 1 —1 1 1 i i
I, 1 —1 1 1 i i
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= | 4N
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g |11 -0’ ° |-0* o* |[—i| ] | 0? |—-0?| o |—0|-1]1]| 0 |-’ o |[—0*| | | —i|-w?| 0? | —o | Q
I 1|-1|—0o| o | 0 |-0?|=i| ] |[-0* o' | 0° |-0®|-1|1 ]| 0o |~ |- o* | i |-i| o | -0 -0°| o°
Toll| -1 0° |-’ -0 o* | i |- 0 |- -0 o |11 |-’ 0’| o*|-w-ili|-0 | o |-
I l1|=1] =i | 1 | =1 | 1 |i|=i|]-1]|1 il =i | =11 i | =i 1 =1 =i 1 =1 =i i
I |1|=1] i | =i | =1 | 1 |=i| 1| =11 | —=i| i |=1]1]=i] i 1 | =1 i |—=i| 1 |-1 —i
Con| E| B | G | Cs | G | T |G |G| €3 |2 | ¢ | cg | 1|1 |s3*|ss?|Sg'|Sg% |on|ow| Se |Se | S5 |Ss
EFRH o = exp[ni/6]. BT==ERT, XFIERETTA, FIMFERHARERREA,
D2, | E | E | {C; | 2C5 | 2ECs | 2C¢ | 2ECq | 3¢V | 3¢P | 1 | E1 | {IC, | 2IC; | 2IECs | 2ICs | 21ECq | {31¢V | (31c%?
EC,} 3EC{V} | 3ECP} [EC,} 31EC{V} | 31EC(Y}
|11 1 1 1 1 1 1 1 1| 1 1 1 1 1 1 1 1
b1 1 1 1 1 1 ~1 —1 1| 1 1 1 1 1 1 ~1 ~1
|1 | 1] -1]1 1 | -1 | -1 1 —1 1|1 ] -1 1 1 | -1 -1 1 ~1
| 1] 1] -1|1 1 | -1 -1 -1 1|1 ] -1 1 1 | -1 -1 -1
k2|2 |-2|-1|-1]1 1 2 | 2 | =2 -1]-1]1 1
| 2| 2 1| -1 ] -1 -1 0 2 | 2 2 | -1 -1 | -1| -1 0
|11 1 1 1 1| -1|-1|-1] -1 |-1] -1 ~1 ~1
L, | 1|1 1 1 1 1 1 ~1 -1 | -1|-1|-1]-1] -1 |-1] -1 1 1
ry [ 1| 1] -1]1 1 | -1 | -1 1 -1 | -1 -1 -1 -1 | 1 1 ~1 1
ry | 1] 1] -1 1 1 | -1 ] -1 -1 -1 -1 -1 -1 | 1 1 ~1
e | 2|2 | -2|-1|-1]1 1 0 -2 | =2 1 1 | -1] -1 0
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b 2 1| -1 | -1 -1 0 2| =2 | -2 1 1 1 0
r; —2 11| z]_73]| 0 2 | =21 0 -1 5| _v3 0
Iy -2 0 11| _zl 53 0 0 2 | =21 0 1 -1 _zl 3 0 0
Iy —2 -2 2 0 0 0 2 | =2 -2 0 0 0
Iy —2 11| z]_73] 0 -2 2 -1 il v 0
Ty -2 0 11| _=l 53 0 0 -2 2 0 | -1 | 1 | =|_p53 0 0
Iy -2 0 | =2 2 0 0 0 -2 2 0 2 | =2 ] 0 0 0 0
D2, E | {C; | 2C5 | 2EC3 | 2Cs | 2ECe | 3¢S” | 3¢® | 1 | E1 | {IC; | 21C; | 2IECs | 21C, | 2IEC, | {31CS" | (31C¢
EC,} 3EC{V} | 3ECP) [EC,} 31ECV} | 31EC}




CC| E|E | C |EC | C; | EC3 |C, |EC,| C% | EC3 2 | EC?
C).| E|E |ICs |EICs| C3 | EC3 | oy |Eoy | C2 | EC3 | IC? | EIC2
I; 1 1 1 1 1 1 1 1 1 1 1
L[ 1|1 |-w|-w| o | o |1 1 | —w? | —w? Y 0t
|11 0| o |—w|-w|1 1 | o | o | —0?|-w?
[y 1 1 -1 | -1 1 1 -1| -1 1 1 -1 | -1
11| w | 0| | |1]1]|-w -0|-o -t
o | 1|1 |- -0*-w|-w?|1 wt | ot 2 | w?
I, |1 ]-1| o | ~o| 0 |[—0?] i | —i|-0* o |-0°| o’
g |1 |-1|-0| 0 |—0* o* || i | 0 |—-w? -
I |1 |-1|~0o| o | 0 |[—0?| —i] i |-o*|-n* 5| —w®
To | 1 |-1| 0 |-0®° |- o* | i | -] 0 |- -0 o
| 1=t =i | i [=1] 1 ]i]=i]=-1]n1 i
| 1|-1] i | =i | =1 il i | -1 i |
FERAw = exp[mi/6].,
D2 E E _{CZ 2C5 | 2EC3 | 2Cq | 2ECq {3C§1) {3C£2)
EC,}
3ECM} | 3EC?}
5 = = —
Cev E E _{CZ 2C3 | 2EC3 | 2C¢ | 2ECq {31Cgl) {31C§2)
EC,}
3IEC{M} | 3IEC(?}
D3, E E _{Ic2 2C5 | 2EC3 | 2C4 | 2ECq 3 cgl) 3Ic gz)
EIC,)
3ECY} | 31EC?y
Iy 1 1 1 1 1 1 1 1 1
I, 1 1 1 1 1 1 1 -1 -1
I3 1 1 -1 1 1 -1 -1 1 -1
| 1 1 -1 1 1 -1 -1 -1 1
5 2 2 -2 -1 -1 1 1 0
[ 2 2 2 -1 -1 -1 -1 0
I, 2 -2 1 -1 0
7 Vi | 3
¥ 2 -2 0 1 -1 0 0
: V3| \3
Iy 2 -2 0 -2 2 0 0 0 0
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7. S‘ZE/% ( Oh\ T\ O\ Ths Td) :

oP E E 8C, | 8EC; | {3C2 | 6C, | 6EC, | {6C} I I 8IC; | 8IEC, | {3IC2 | 6IC, | 6IEC, | {6IC)
3EC2 6EC)} 31EC2 61EC)}

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 1 1 1 1 1 -1 -1 -1 1 1 1 1 1 -1 -1 -1
I3 2 2 -1 -1 2 0 0 0 2 2 -1 -1 2 0 0 0
L 3 3 0 0 -1 1 1 -1 3 3 0 0 -1 1 1 -1
I 3 3 0 0 -1 -1 -1 1 3 3 0 0 -1 -1 -1 1
I 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1
I 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1
I3 2 2 -1 -1 2 0 0 0 -2 -2 1 1 -2 0 0 0
Iy 3 3 0 0 -1 1 1 -1 | -3 | -3 0 0 1 -1 | -1 1
I's 3 3 0 0 -1 -1 -1 1 -3 -3 0 0 1 1 1 -1
+ — — — —

I 2 2 10| 5| 5 2 2 | 1 Lo | 5 |_z]| 0
+ — — — —

I 2 2 1 1 0 _Vz N 0 2 2 1 1 0 _Vz NG 0
Iy 4 —4 -1 1 0 0 0 4 —4 -1 1 0 0 0

g 2 | 2| 1 |10 | 5| 5 -2 | 2 | -1 | 1 0 | _ 5| v

I 2 —2 1 -1 0 _z N 0 —2 2 -1 1 0 NG _Vz 0
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TP E E {3C, 4C,4 4EC, 4C4 4EC}
3EC,}
I 1 1 1 1 1 1 1
I, 1 1 1 w w w? w?
I3 1 1 1 w? w? o) w
I, 3 3 -1 0 0 0 0
I 2 -2 0 1 -1 1 -1
Ty 2 -2 0 o - w? —w?
I, 2 -2 0 w? —w? o —w
FEFENERF w0 = exp[ni/3],
oP E E 8C, 8EC; | {3Cz% 6C, | 6EC, | {6C}
3EC%} 6ECS}
TP E E 8C; | 8EC; | {3C, 6S, | 6ES, | {604
3EC,} 6Ec4}
I 1 1 1 1 1 1 1 1
I, 1 1 1 1 1 -1 -1 -1
Iy 2 2 -1 -1 2 0 0 0
I, 3 3 0 0 -1 1 1 -1
I 3 3 0 0 -1 -1 -1 1
T, 2 -2 1 -1 0 3 7 0
I, 2 -2 1 -1 0 7| 3 0
Ty 4 4 -1 1 0 0 0 0
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B, MOAE(T)?HsHIRE, B, wlnfIAZF.

FE=2  IERETE(T) /0N AREE T (RN RESETHIBIEEUKR S 1 6.5),

(B _(EMY).  (PEMD) . (ED3
PilTe /¥ 7o 7o /*\Te
- (D), (D) ()
—\To %%\ 7o

HEA3IE 6.5, 7852 % (52) = uED), 3 Emdn( )% (50)ehs, 8,

0

3IVZERs,, PER(M), G€C(T), B

Q)

RRIEHEINAN RS THIEER, HMET)/0ARREEIT, Rs, E(T)/0795,HY
RAEIEFRTRTE. 5ESIE

XS, FAMBH—MERT, ARE—RRFEFTE(T) /0, NTIEEInk
EIRES II— M A %R,

SI3E 6.7 Eifgfs, A— MIBNARZRALNATIRTEFNE, AEGE
MEREHHATORTERFMA.

WERR:



XISy, BHUERs, REHTREMIIAZT(E, MNARTRENFRR, IEF]

EEEIENZFRTRL(E), g€ Sp.

RERMRTST, BEFASBIRE(). E(T), BIIRAREET, MNHFR
HJAFRTRAAR). A'(g), TRZEAW = Rg E(T), W' = Rg E(T"), BF¥=[EAE
IR TSRHSIRE/EREP. P, IREX(T) = 0E(T), EX(T') = 0'E(T"), BUHAR
RIEZTTHE = 071E(T). & =0 'E(T).

£, BIVEELERE: BE/E(T). B(T) RN RTARTENNAESR
HREDEFE—MEHUER,, PRITTERS, HEE(T)CE(T) # 0,

FERDME, BEDEFE—EHER,, FRITTERS, BE(T)CE(T) =0, K
E(T). E(T)FrdRIAIR AT AZRTREN.

EE(TET) =0, TEXBEP: W W, BERNEXvWew, P'w=
weee', IXE, HFweee = P'(wed) e W, FRIAEXHIP EREIWFHER, 5
BREFTEERTW . BAIEEIEEP ENWEIW I— kT,
XAMERBREEL. S5 P YEFZEIW EEZINMENAERW", W EWKTE,
REFPTIES, BEAY, BALMBWERTARRNERSEEEIW %
TFW ., XNMEE—L RIS, Z[EHIERARRN, REES, 2 ——#iREd 7,

BIRIFRCE ST, W = P'W = {Wéce'|w € W}, Xfvw” = wéde' e W', &

——>—>y —o—y

L(gw" = gw"” = gwéce' = (L(g)w)ece’ e W"
FRLAW" BEEAZHF=E., RRIXIe e W, Béede’ =€’ = 0, FrLAW"IE=,

FZEW'BATARTRIRTTE, W' = W, #REIpIL,

%ﬁj ﬁz:lﬁwls W2 € WX?F_“Zﬁ”Wl = IS”WZI 'J'\U?"(Wl - Wz) = O, i&ﬁ,ﬁ(w1 -

384



w,)ed =0, HFwW,—-W, RAAT, FrLhee =0, 5EMFE (BEFZ
E(T)CE(T') = 0, [Ethc = 0, &' # 0), EP"RANEHMET, EE2HS. FE
P,
XANEHER, EAXvw ew, B:

P L(g)w = P (gw) = (gW)ece’ = g(wece') = L(g)P"'W
T8, LEREREWVREETEWE; Ak, L)Z(FREP WHIZt=EwW
., BRHXADNERXIvw € WESZ, B, Spidnmifat, mia:

P"A(g) = A'(g)P”

TP fFE, FTLAA'(2) = P"A(QP" !, ABA'EM, ROMHBIL,
VB, HASAENRIERDEFE—NEHUER, PAITTERS, (FEE(T)CE(T) =

0. BEAEMN, —EFEP", #F5xivges,, vweWw, A:
P"A(QW = A'(g)P"W
1l
P'gw = gP'w
TP NS B ER, BT A S8R € Rs , BP"3w = xP'W,

EXC =P"e, ATP'HIETREMER, ATLAC# 0, SHXHEENHR, B:

¢ =P8 =€P"€ = &¢

HF¢ # 0, FrLAeee # 0, HME(T)EE(T) # 0,
WAERIEATHEME). E(TFNENATARIENNRERMEENE
E—NBRHR, FHTES, EHBEMET)#0, THEHRTST
BFSARTR—mEN, SRENASE?
LRETET BTR—MZER, HBRETHe, &7 Eres,, Bi#0, &5

T =rT , HMWE(T) = rE(T)r 1,



e, Br'eRs,, FHBEMrET)=r"E¥(T)=06r"ET), XN
E(MrE(T") # 0, EARRRIERSBET) =0, IEXH, EX 6.5 118,
WER—ELRNE,

XEERGER LB HNTE, SRE(TrE(T') # 0, HANEE(T). E(T)ATXIM
IR IRTEMN.

B—HER, METSTBTAEBEN]. V], FENAEMZER LB Z /IR
TEEX KN, RE—AME, BUAl > V], XEFRIERDVS € S,, FefIJAEDERST
A ERFRSE(T)s ™,

XANEHE, B 64, FRGERIGERNBAHERHEE(T)SE(T)s™ = 0,
sk Es, BE(T)SE(T) = 0, IXPEHER, HsAI—MRME, BTRIXIVX € Rg,, BB
E(T)XE(T) = 0, IX#¥, AES LENHE, FETST WRNARTARMEE
ZIAIARZEN,

XEA5 I BESTE—E, HLH THECENSTNE.

386






